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I. Introduction

India is richly en d o w ed  with non-conven t iona l  e n e rg y  sou rces  in the lorm 
o f  solar energy,  w ind  energy,  b iomass ,  urban and industrial  w as te  and  more.  These 
environmental  fr iendly ene rgy  sources  have  low or  com p a t ib le  capita l  costs .  In addi t ion  to 
this the deplet ing nature  o f  fossil fuel resources ,  rising import  bil ls for oil and  coal and  lor 
managing pollut ion and env ironm enta l  degradat ion  con f i rm s  the  need  for r en ew ab le  energy 
in the country.

With increas ing use o f  fossil fuels, s t ronger  threat  to c lean  e n v i r o n m e n t  is 
being posed as burn ing  o f  fossil fuels is associa ted with  em iss ions  like C O 2, C O ,  SCK N O : .  
These emiss ions  are the m ajo r  gases  caus ing  air and hence  e n v i ro n m e n ta l  pollut ion.  
Despite this, fossil fuels cont inue  as the major  convent iona l  e n e rg y  sou rce  in m e e t in g  the 
faster increas ing w orld  energy  dem and .  T he  harmful  exhaus t  em iss ions  from eng ines ,  rapid 
increase in the prices o f  petro leum products  and uncer ta in t ies  o f  their  sup p ly  h av e  jo intly  
created renewed interest  a m o n g  researchers  to search for su i tab le  a l te rna t ive  tuels 
(Chaturvedi,  1995).

Energy ,  especia l ly  from fossil fuels, is a key  ingredient  for all sec tors  o f  a 
modern e co n o m y  and plays a fundamenta l  role in im prov ing  the quality o f  life in less 
developed econom ies .  E nergy  crops  could  be used for m u l t ip u rp o se s  namely  for energy ,  
food, medicine and industrial  uses, including paints ,  lubr icants  etc. T h e  B otan ica l  Survey 
o f  India has identif ied about  400  plants w hich  yield vege tab le  oil. A m o n g  the 40 0  plant 
species 60 have the m os t  potentia l  and are importan t  b ioenergy  crops .  B ioenergy c rops  are 
fast growing crops  growm for the specif ic  purpose  o f  p ro d u c in g  e n e rg y  from the  resu l t ing  
plant (O ECD , 1984). Main  ad v an tag eo u s  env ironm enta l  qual i t ies  inc lude  eros ion  contro l ,  
soil organic mat ter  build up and reduced  fertil izer and pest ic ide  requ i rem en t .

B ioenergy  crop plants  funct ioning as so lar  en e rg y  co l lec to rs  and 
thermochemical  energy  s to rage  sys tem are the basis lor bio logical  s y s te m s  that are expec ted  
to contr ibute  renew ab le  energy ,  help s tabil ize the rising levels  o f  C i I It i ( f a b l e  I) and 
mitigate thc risk o f  global  c l imate  change  (Parr ish and I ike. 2005) .

B iofue ls  are renew ab le  l iquid fuels c o m in g  from b io log ica l  raw mater ia l
and have been p roved  to be good  subst i tu tes  for oil in thc t ranspor ta t ion  sector.  A s  such
biofucls like ethanol and  biodiesel are gain ing w o r ld w id e  a c c e p ta n c e  as a so lu t ion  for
problems o f  env i ronm en ta l  degrada t ion ,  energy  securi ty ,  rural e m p l o y m e n t  and  agr icul tura l
economy. Biodiesel is a diesel fuel substi tu te  p roduced  from r e n e w a b le  sou rce  such as
vegetable oils, an imal  fat and  recycled  coo k in g  oils th rough  t ranses tc r i l lcu t ion  p rocess
(Lcle, 2006).  T he  use o f  hiofucl in convent iona l  diesel en g in e s  resu l ts  in substant ia l
reduction o f  unburn l  hydroca rbons ,  carbon  m o n o x id e  and par t icu la te  mat te r .  A lso  it is
considered a clean fuel since it has  a lmost  no su lphur ,  a ro m a t ic s  and  ab o u t  10%  built-in
oxygen which helps lo burn fully (A chtcn  cl a l . ,2008).  Us h igher  c e la n c  n u m b e r  im proves
the ignition quali ty  even  w h en  b lended  in thc pe t ro leum  diesel .  T h e  annual  es t im ated
potential ol biodiesel is abou t  20 millon lonnes  per an n u m .  It is e x p e c te d  that c o u n t r y ' s
energy dem and  w ould  g row  at an annual  rate of 4 .8 %  over  thc nex t  c o u p le  o f  decade  
(Mohan et ill, 2 0 1 0 ).



In 2001 ,  India w as  ranked  8th in the w orld  in te rm s  o f  e n e rg y  d e m a n d ,  and 
consumption is expec ted  to g row  at 48 percent  in the future  (S iv a n a p p a n ,  2006) .  India 
imports 72%  o f  the oil used and there  is a gradual  increase  in the im por t  o f  c rude  oil and 
petroleum produc ts  yea r  after  year  (F ig . l ) .  Pe tro leum p ro d u c ts  c o n s u m p t io n  increased 
from lOOmt from 2 001-02  to I 3 4 m t i n  2008-09
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Fir; 1 India's import of crude oil and petroleum products (Petroleum planning & analysis cell. 2nna)

3. Energy scenario in India

ftncrgy is the key input for technologica l ,  industrial  and s o c io - e c o n o m ic  d e v e lo p m e n t  o f
a nation. The  c o m m erc ia l  sources  o f  energy  such  as coal ,  fossil fuel, natural  gas  and
electricity are ex tens ive ly  used, but these resources  arc finite. It is e s t im a te d  tha t  246  ml
o f  coal. 323.5 billion units  o f  electr ici ty.  25.9 nil ol diesel oil and 8 .7m t  ol k e ro sen e  arc
available in the coun try  to meet the energy  d e m a n d  o f  va r ious  sec to rs  (M ah es ln v a r i  and 
Chaturvcdi ,  1997).
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3. Energy scenario in India

Energy is the key input for technologica l ,  industrial  and s o c io -e c o n o m ic  d e v e lo p m e n t  o f
a nation. 1 he com m erc ia l  sources  o f  energy  such  as coal ,  fossil fuel, natural  gas  and
electricity are ex tens ive ly  used, but these resources  arc finite. It is e s t im a ted  that 246  mt
o f  coal. 323.5 bill ion units  o f  electr ici ty.  25.9  mt o f  diesel  oil and  8 .7 m t  o f  k e ro s e n e  are
available in the country  lo meet the energy  d e m a n d  o f  va r ious  sec to rs  (M a h e s h w a r i  and 
Chaturvcdi ,  1997).
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Crop A n n u a l  ethanol  
yield (L/ha)

G H G  sa v in g s (% )

Sugarcane 6800  - 8000 8 7 - 9 6

Corn 3100  - 4 0 0 0 1 0 - 2 0

Switch grass 3100  - 7600 3 7 - 7 3

(Parr ish and Pike. 2005)
3.1 Oil status in the world

The earth w as  o r ig ina l ly  en d o w ed  with about  2 ,000 bill ion barrels  o f  oil . W e  have  used 
about 1.000 billion barrels.  As o f  2004,  w e  co n su m ed  abou t  28 bil l ion barre ls  per  \ e a r .  If  
we consum e at this rate, oil reserves would  last only  for 35 yea rs (B harad \va j  ct al..2007) .

4. Green energy' sources

Green energy sources  refer lo var ious  technolog ies  used to meet  the e n e re v  needs  o f  
society in w ay s  that can con t inue  indefini te ly  into the future w i th o u t  d a m a g i n g  or  
depleting natural resources .

The main  c a t e g o r i e s  o f  g r e e n  e n e r g y  include:

I .Wind energy 
2 .Solar energy
3 .Fuel cell pow er
4.Ocean Curren t  Rncrgy C onve rs ion  System
5.Biofucls

4.1 Biofucls

Biofuels are a lcohols ,  es ters  or o ther  chem ica ls  m ad e  from ce l lu lo se  biomass, r enew ab le
sources such as fast g ro w in g  trees, grass,  aquat ic  plants  in c lu d in g  a lgae  and  waste  
products  (K um ar ,  2008) .



The major  advan tage  is that these sources  are renewable .  It qua l i f ies  for ca rbon  credits  
through reduct ion o f  G H G  emission.  W e get  an addi t ional  incom e  from byproduc t  
utilization. There  sources  are pollut ion free. H ow ever ,  the  p ro d u c t io n  o f  ene rgy  Irom 
these sources are expensive .  It can p roduce  energy  on ly  un d e r  cer ta in  c i r cum s tances .  For 
example to p roduce  solar  energy  sufficient sunl ight  is required .  These are  less ene rgy  
efficient also.

5. Classification o f  biofuels

5.1 First generation biofuels

First generation b iofuels  are the biofuels  m ade  from sugar  ( su g a rcan e .su g a rb ee t ) .  starch 
(seeds or grains such as maize  kernels)  using convent iona l  techno logy .  T h e  best  know n 
first-generation biofuel  is ethanol made  by fe rm ent ing  sugar.  With d i f fe ren t  fe rm en ta t ion  
organisms, other  a lcohols ,  like butanol can be obta ined.  C o m m e rc ia l i z a t io n  effor ts  for 
butanol are ongo ing  , while  e thanol is a lready a w e l l -es tab l ished  industry .  G lobal  
production o f  f i rs t-generation bio-ethanol  in 2006 w as  abou t  51 bil l ion litres, w ith  Brazil  
(sugar cane as a source)  and the United Slates (maize  as a source)  each  co n t r ib u t in g  35 
percent o f  the total (Tab le  3). China  and India contr ibu ted  1 I per cent  lo global  e thanol  
production in 2006,  and  product ion  levels were  m uch  low er  in o th e r  coun t r ie s  w i th  
feedstocks that include cane,  corn, and several  o ther  sugar  or s tarch  c rops  ( su g a r  beets ,  
wheat,  potatoes).  M an y  countr ies  are expand ing  or co n te m p la t in g  e x p a n d in g  their  llrst- 
generation ethanol p roduct ion ,  with Brazil and the United States  h av in g  by  far the largest  
expansion plans.  Ethanol p roduct ion  is expec ted  to m ore  than d o u b le  be tw een  n o w  and 
2013 in Brazil and product ion  capac i ty  in the United States will d o u b le  from the 2006  
level once new plants  current ly  under  const ruc t ion  are com ple ted .  Such  feeds tocks  w h ich  
are important sources  o f  hum an  foods in India, will not be d iver ted  for gene ra t ion  o f  
biofucls because  this will lead to food shor tages  and price  rises in the coun try .

5.2 Steps in ethanol production

First the ju ice  is extracted  from the b iomass .  Then il is conver ted  into su g a r  by  e n zy m a t ic  
reaction. After convers ion ,  il is t ransfcrcd lo the fe rmenta t ion  lank  and  a se lec ted  strain 
o f  yeast is added. M ix ing  is done  and the fermenta t ion  p roceeds  for 2-3 d a y s  at 20-40°C 
to produce an alcohol  concen tra t ion  o f  8-10 percent  . I his m ix tu re  is d is t i l led  first to g ive  
50-60 percent alcohol .  T he  alcohol  s t ream is redisti l led lo g ive  a 0 5 %  product .  The  
annual fuel e thanol  p roduc t ion  in the world  is given in T ab le  2.

5.3 Second generation (2G) bio fuels

I he second genera t ion  biofucls  are p roduced  from the n o n - fo o d  c rops ,  including 
cellulosic and l ignoccl lu losic  materials .  We can use e i ther  n o n -e d ib le  re s idues  o f  food 
crop (corn stalks) or  non-ed ib le  w ho le  plant b iomass .



Second generat ion biofuel p roduct ion  p rocesses  can use a var ie ty  o f  non - food  crops  
which have  t r em en d o u s  potentia l  in India. T hese  include w as te  b io m ass ,  the stalks o f  
wheat, c o m ,  w ood ,  etc. T here  are certain advan tages  o f  2G  biofuels .  T h e y  can be 
produced on deg raded  agricul tural  lands and p rocesses  are h ighly  sus ta inab le  and  ensure  
stable fuel supply.  T h e  2G  biofuels  do not con tam ina te  the g round  w a te r  and  help 
maintain c leaner  rivers.  Econom ica l ly ,  they p rov ide  m ore  en e rg y  per  acre  than  lood-  
based biofuels  in India. Transester i f ica t ion  is the process  invo lved  in the  p roduc t ion  o f  
biodiesel. G e rm a n y  ranks first in biodiesel p roduct ion ,  m a in ly  from R ap eseed  and 
sunflower.  Top biodiesel p roducers  are given in( T ab le  3).

Transes te r i f ica t ion  (Fig .2) is the chemica l  conve rs ion  o f  vege tab le  oil into 
biodiesel. It is also cal led a lcoholysis .  This  process  has  been w id e ly  used  to reduce  the 
viscosity o f  tr iglycerides.  Vegetab le  oil is chem ica l ly  reacted w ith  a lcohol  (m e th y l /  e thyl)  
in the presence o f  ca ta lys t  K O H  at a tm ospher ic  pressure  and at a t e m p e ra tu re  o f  about  
60-70°C. The  m ix ture  at the end o f  reaction is a l lowed  to settle. T h e  low'er g lycer ine  layer  
is drawn o f f  while  the upper  methyl  ester layer is w ashed  to re m o v e  en t ra ined  g lycer ine  
and is then processed  further. The  excess  methanol  is recovered  by  dis t i l la t ion  and  sent  to 
a rectifying co lum n for purificat ion and recycled.  The  t ranses te r i f ica t ion  w o rk s  well  
when the star ting oil is o f  high quali ty.  Biodiesel fuel m ade  from vege tab le  oil are non 
toxic, b iodegradable ,  renew ab le  sources.

5.4 Third generation (3G) biofuels

The third generat ion biofuels  arc p roduced  from algae. A lgae  are low  input,  h igh yield 
feedstock to p roduce  biofuels  in India. It p roduces  30 t imes m ore  energy per  acre  than 
land crops such as soybeans .  I he interest in algae as a potent ial  biofuel  feeds tock  s tem s  
from two main features.  Firstly, m any  a lgae species  are r e m a rk a b ly  eff ic ien t  at 
photosynthesis,  conver t ing  up to 6%  o f  incident solar  energy  into b io m ass .  S econd ly ,  for 
a handful o f  these algae, m uch  o f  this captured  energy  is s tored in the form o f  plant  oils 
(lipids) that can be extracted and processed  into b iodiesel  (S ingh  cl u / . .2 0 1 0 ) .T h e  
production o f  a lgae  for p rocess ing  into biofuels  has g rea ter  po ten t ia ls  in India b e c a u se  o f  
availability o f  ab u n d an t  solar energy.  Further,  high grow th  rates and  nea r  c o n t in u o u s  
harvest ing which is poss ib le  with algae m akes  them a very im por tan t  a l te rna t ive  ene rgy  
resource for biodiesel in India. In USA the p roduc t ion  te ch n o lo g y  for p roduc t ion  o f  
biodiesel from algae are a l ready  popular ized ,  but the cost o f  p ro d u c t io n  is very high 
which co m es  a round  Rs.500/li l rc .  In India w e  arc t ry ing lo red u ce  its cos t  20/l i t rc  by 
using super  s trains o f  algae. In India,  research w ork  arc p ro g re s s in g  at Insti tute  o f  
Chemical  T ech n o lo g y  M alunga .  Bombay.
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Table 2. Annual fuel ethanol production (Million gallons/year)
World rank C o u n t ry 2007 2008 2009

1 USA 6498 9000 10750

Brazil 5943 6053 7264

3 Europe 5943 6053 7264

4 China 486 501 541

5 7 hailnnd 79 89 435

6 Canada 211 237 290

7 India 52 66 91

8 Colombia 74 79 83

9 Australia 26 26 56
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Country
O u ant i ty  
(mil lon tonnes)

%  sh are  o f
w orld
populat ion

C rop s

E T H A N O L

Brazil 15,110 37 S ugarcane

USA 13,390 33 M aize
China 3650 9 Maize ,  cereal  gra ins
India 1750 4 Sugarcane
France 830 2 Sugar  beet.  W h ea t
BIO D IE SE L

I Germany 1310 50 R apeseed ,  S u n f lo w e r
France 440 17 Rapeseed
Italy 400 15 Sunf lower .  R apeseed
US 95 4 Soya  bean

( Soltani and A lm o d a re s .  2004 )
6 . Conventional bioenergy crops

6.1 Sugarcane (Sacchartun officinarum)

Sugarcane is a tall perennial  grass .nat ive  to w arm  tem pera te  to tropical  reg ions  o f  South  
and South Hast Asia.  T h e y  have stout,  jo in ted ,  fibrous stalks that are  rich in sugar ,  and 
measure tw o  to six meters  tall. S ugar  cane  p roduc ts  inc lude  table  sugar ,  m olasses ,  
bagasse and ethanol .  Total  product ion  is 55-60t /ha .  From one  ha o f  su g a r  cane  \  ield 
around 4000  litres o f  e thanol  /yr  (A lm eida .  2007).

Brazil is the biggest g ro w e r  o f  sugarcane ,  which goes  for sugar  and  e thano l  for gaso l ine -
ethanol blends (gasohol)  for t ransporta t ion fuel. Today, su g a rcan e  is g ro w n  in o v e r  110
countries.  In 2009, an es t im ated  1,683 mill ion metr ic  tonnes ,  w ere  p ro d u c e d  w o r ld w id e
which am oun ts  to 22.4 percent  ol the total world  agr icul tura l  p ro d u c t io n  by weight .
About 50%  o f  p roduct ion  occurs  in Brazil and India.  In India,  the s ta tes  o f  u t te rp radcsh
(38.57 %).  Maharash tra!  17.76 %) and Karnataka  ( 12.2 0 % )  lead the na t ion  in sug a rcan e  
production.

6.2 Sugar beet (Beta vulgaris)

It is a hardy  perennial  crop,  that can be g rown c o m m e rc ia l ly  in a w id e  var ie ty  o f  
temperate  cl imates .  D u r in g  its first g row ing  season ,  it p ro d u ces  a large s to rage  root 
whose  dry m ass  is 15 20  percent  sucrose  by weight .  M a jo r  a d v a n ta g e s  arc  lower  cyc le  o f  
crop product ion,  h igher  yield,  high to lerance o f  w id e  range  o f  c l im at ic  var ia t ion ,  low 
water  and fertil izer requ i rem ent  com pared  to sugar  cane .  Y ie ld  potent ia l  is 60  t/ha.



Ethanol yield is abou t  6500  to 7000  L/ha (Devlin ,  2009) .  E thano l  is p roduced  th rough  
fermentation. It can  also be used for prepara t ion  o f  beverages  and su g a rb ee t  syrup.

6.3 Cassava (.Manihot esculenta)

It is a w oody  shrub, native to South America .  C assava  is g row n  for its en la rged  starch- 
filled roots, w hich  con ta ins  the m a x im u m  concentra t ion  o f  s tarch on a dry  w e ig h t  basis 
among food crops. Fresh roots contain about  3 0 %  starch. Its yield  is abou t  30 to 40  t /ha. 
Ethanol p roduct ion  from one tonne  is about  200  to 280  L. It can  be used  tor starch 
extraction and cul inary  purpose.

6.4 Sweet sorghum {Sorghum bicolor)

It is a drought  to lerant  crop,  which  is s imilar  to grain so rg h u m  with  su g a r  rich s ta lks  and 
a water-use eff icient crop, has a very good potential  as an a l te rna t ive  feed s tock for 
ethanol product ion. Its origin is in Africa.

6.4.1 Comparative advantages of  sweet sorghum over sugarcane

Growing period (about  4 months)  and w ater  requ i rem ent  are four t im es  low er  than those  
o f  sugarcane (12 to 16 m onths) .  Cost  o f  cult ivat ion o f  sw eet  s o rg h u m  is th ree  t im es  low er  
than sugarcane. Su i tab le  for m echan ized  crop product ion  in sw ee t  so rg h u m .  T h e  e thanol  
production process  from sweet  so rghum  is eco-f r iend ly  c o m p a red  to that from molasses .  
Ethanol burning qual i ty  is super ior  - less su lphur  than from su g a rcan e  and  h igh  oc tane  
rating.
6.4.2 Sweet sorghum based ethanol production

Stalks passed in scries o f  two rollers. Juice yield to an ex tent  o f  40  percen t  o f  cane  yield 
on weight  basis. Juice pas teur ized  at I00°C for 30 minutes .  E n z y m e  a d d e d  to b re a k d o w n  
starch to glucose. Yeast  is added and a l lowed lo ferment for 34 lo 40  hours .  M e th a n e  
collected from spent  wash ,  used as fuel in boiler. M o le c u la r  s ieve  used  to conver t  
rectified Spirit into fuel e thanol  upto 99 .8%. Ethanol  yield is abou t  3 2 0 0  L /ha  ( R e d d y  ct 
al., 2005).

6.5 Corn {Zea mays)

Corn is the main feedstock for the product ion  o f  e thanol  fuel in U S A .  In o rd e r  o f  w or ld  
grain product ion,  corn ranks  second  aflcr  wheat .  Il has  a grain  yield o f  12 t /ha /y r  and 
ethanol yield is about  45001 /ha.

6.5.1 Production process o f  ethanol is by dry and wet milling
I) Dry milling

In the dry mil l ing p rocess  the enti re  corn kernel is g round  into f lour  to p ro d u c e  meal .  The  
meal is then slurried by ad d in g  w ate r  and e n z y m e  to conver t  s tarch  to dex trose ,  a s imple



sugar. A m m o n ia  is added  to control the pH  and as a nu tr ien t  for the  yeast ,  w h ich  is 
added later. T h e  m ix tu re  is processed  at h igh- tem pera tu res  to  reduce  the bac ter ia  levels 
after that cooled  in fermenters .  Yeas t  is added  to conver t  suga r  to e thano l  .

The entire process  takes be tw een  40  to 50 hours ,  dur ing  w h ich  t im e  the  m ash  is kept  cool 
and agitated in order  to facilitate yeast  activity.  A f te r  the  p rocess  is com p le te ,  every th ing  
is transferred to dist i l lat ion co lum ns  where  the e thanol  is r em o v ed  from the  stil lage. The  
remaining sti l lage then undergoes  a different p rocess  to p ro d u c e  a h igh ly  nutr i t ious 
l ivestock feed.

2) Wet milling

The process o f  wet  mill ing takes the corn grain and s teeps it in a d i lu te  co m b in a t io n  o f  
sulfuric acid and w ate r  for 24 to 48 hours in o rder  to separa te  the grain  into m any  
components .  The  s lurry mix then goes through a series o f  g r inders  to separa te  ou t  the 
corn germ. The  remain  process  is sam e  as that o f  dry mill ing. C o m  oil is a b y -p ro d u c t  o f  
this process and is extracted  and sold.

6.6 Purging nut (Jatropha curcas)

It can be g row n in w ide  range o f  soil (gravely,  sandy,  sa l ine  and  rocky  soils) and 
climatic condit ions  (from high tempera ture  to light frost). J a t ropha  o r ig ina ted  in Centra l  
America  and w as  in troduced in India by the Por tuguese .  T h e re  are n u m b e r  o f  spec ies  o f  
Jatropha like J. cure as, J.yassTpifolia, J.ylamhilifcra, J .mullifida. J.uana  etc. Out  o f  this 
.la trap ha curcas is the potential  oil y ie ld ing species.  It is a pho to in sens i l ive  perennial  
plant, have a life span o f  30 years.  It can be es tab l ished  from seed  and  vegc ta t ivc ly  from 
cuttings.  The  use o f  curcas  oil as a source  o f  fuel has p r imar i ly  been  inves t iga ted  in 
Thailand (D harm a l ingam  and Palaniappan,  2008).
Jatropha plantation starts g iv ing seed in a m a x im u m  period o f  tw o  yea rs  af ter  p lant ing.  
Seed production ranges  from about  0.4 t /ha in first year  to o v e r  5 t /ha af ter  3 years ,  w ith 
approximate ly  3 0 -4 0 %  oil. From It o f  seeds  a round  600 litres o f  b iod iese l  ob ta ined  and 
oil potential  is a round  1890L/ha/yr  (Singh and S r iv a s ta v a .2 0 1 0). B iodiese l  can  be 
obtained by thc process  o f  t ranscslcr i l lca t ion (Figure  3 ).
Jatropha curcas  is used as a p ioneer  species  for rec lam at ion  o f  d e g ra d e d  lands  in a 
country with a largest forest cover.  Var ious  parts o f  the plant  arc o f  m ed ic ina l  va lue ,  its 
bark conta ins  tannin and  thc plant has honey  product ion  potent ia l .  B e in g  r ich in n i t rogen 
.the seed is an excel lent  source  o f  plant nutr ients

6.6.1 Non-forest areas proposed for Jatropha cultivation

200 districts in 19 potent ial  s tates  have  been identif ied on thc basis  o f  avai labi l i ty  o f  
wasteland, rural pover ty  ratio, b e lo w  pover ty  line (B P L )  c e n su s  & agroc l imat ic  
condit ions sui table  for j a t ro p h a  cult ivat ion.  Each  district  will be treated as a b lock and 
under each block 15000 ha ja t ro p h a  planta t ion will be unde r taken  th ro u g h  formers.  It has



been proposed to p rov ide  green coverage  to abou t  3 mil l ion  ha o f  w as te lan d  through 
plantation o f j a t r o p h a  in 20 0  identified districts over  a per iod  o f  3 years  .

6.6.2 Organisation for promotion o f  the production o f  Jatropha

1. P lan t  Bio-Set  up in the year  2005. T he  c o m p a n y  is e n g a g e d  in the produc t ion  o f  
ja t ropha seeds.  T h e  c o m p a n y  is located in Thirunelvel i ,  Tam il  N adu .  T h e  c o m p a n y  is into 
contract farming and it also deve lops  nurser ies  for j a t ro p h a  cu l t iva t ion .  T h e  serv ices  
offered by the c o m p a n y  to growers  in ja t ro p h a  plantat ion inc ludes  c o n su l ta n c y  w o rk  for 
soil testing, cult ivat ion technology,  nursery  raising, seed m ark e t in g  w i th  assoc ia t ion  o f  
best professionals.

2. J a t r o p h a  V ik a s  S a n s t h a n

JVS came into ex is tence  dur ing the year  2002-2003 .  T h e y  p rov ide  overal l  d e v e lo p m e n t  
techniques for the ja t ro p h a  cult ivation, supply  o f  tes ted seeds  and  sap l ings  o f  best 
varieties. JVS has s t re tched its area o f  funct ioning to north,  east  and sou thern  ends  o f  
India.
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7. Emerging bioenergy crops

7.1 Switch grass (Panicum virgatum)

It is a w arm  season,  perennial  grass indigenous  to Centra l  and  N o r th  A m er ica .  It is 
widely adapted  due  to high b iom ass  product ion ,  high pho tosyn the t ic  e f f ic iency  and 
efficient use o f  wate r  and nitrogen. Switch  grass to lera tes  d ive rse  g ro w in g  condi t ion ,  
ranging from arid sites in the shor tgrass  prairie to brackish  m arshes .  In sou thern  range  it 
grows to more  than 3m in height. Deep  vigorous root sys tem,  w h ich  m a y  ex tend  to depth  
o f  more than 3.5 m (M argar i ta  et al, 2010).  It rep roduces  both by seed  and vegeta t ive ly .

Switch grass are classif ied  as 1 ignocellu losic  crop, it is p r imar i ly  the  ce l lwal l  that are 
digested to form sugars ,  which  can subsequen t ly  be fe rmented  to p ro d u ce  liquid fuels. 
Developing 1 ignocel I n losic crops  for energy  require less in tensive  p roduc t ion  techn iques  
and poor quali ty  land, there by avo id ing  compet i t ion  with food p roduc t ion  on better  
quality land. It is harvested with conventional  eq u ip m en t  af te r  the to p g ro w th  has 
completely died back. It is done  from mid-late  October .  Switch  grass  yield is a round  10- 
25 t/ha/yr. Ethanol yield is about  l3 0 0 0 L /h a /y r  ( Brejda et a l ., 1998)

In addition to e thanol p roduct ion ,  it w ould  help reduce deg rada t ion  o f  agr icu l tura l  soils.

7.2 Elephant grass (Miscanthus giganteus)

Miscanthus has been trailed as a biofuel in Europe s ince the ear ly  19S0. na t ive  to 
subtropical and tropical regions  o f  Afr ica  & Southern  Asia.  It can  grow to a he igh ts  o f  
more than 3 .5m in one  growth  season.  I he rapid growth,  low minera l  con ten t  and  high 
biomass yield m ake  it a favori te cho ice  as a biofuel.  It can to lera te  b rack ish  w a te rs  and 
utilize m in im um  am o u n t  o f  nutr ient  from the soil. It has high p ro d u c t iv e  in yield,  high 
ensilage capacity  and low d em an d  lo soil fertility that m akes  it ve ry  c h e a p  to p roduce .  It 
is also a l ignocellulosic  crop. M iscan thus  is spr ing-p lan ted ,  and  c a n e s  p ro d u c e d  dur ing  
the sum m er  arc harves ted  in winter .  Th is  g rowth  pattern  is repea ted  eve ry  vcar  for the 
ifctimc o f  the crop, which  will be at least 15 years.

Using extens ive c ropp ing  the yield m akes  50-1 OOt/ha/yr. In tens ive  a p p ro a c h  is poss ib le  tc 
achieve upto 400t/ha/yr .  I lie top growth  can he harves ted  2yr  af te r  p lan t ing .  Its annual  
yield can reach 25t/ha and  fuel yield is about  I2t/ha (Chr is t ian  and Riche ,  1998).  T h e  dry 
and leafless b a m b o o  like s tem is util ized as a solid fuel. M iscan th u s  has  a lso  excellent  
fihre propert ies  for papcrm aking .

7,3 False flax (Camdina saliva)

It as an undcrcxplo i tcd  oi lseed crop.  It has an a g ro n o m ic  low  input features and  an 
unusual fatty acid com p o s i t io n  with high levels o f  a lpha  linolcic  acid  &. high choles terol  
& brassicastcrol content .  Seed yield upto  2800kg /ha  In the p re sen ce  o f  om ega-3-fn t ly  
acid makes  its oil un ique  and nutr ional ly  rich.



It is an annual plant w i th  a maturi ty  o f  90-100  days,  posses  35 -40  %  oil exh ib i t ing  a 
potential o f  1400-1500L/ha/yr  (A garw al  et al., 2010) .  Co ld  pressed  meal  o f  cam el ina  
after oil extract ion conta in  10-14% oil by w e igh t  &  protein  w ith  low er  g lucos ino la te  
levels, making  it is a des i rab le  animal  feed. The  w o rk  w as  done  in U t ta rakhand ,  India to 
study the pe r fo rm ance  o f  C am el ina  under  var ing  so w in g  da tes  ( tab le .4). T h e  result 
shows that m a x im u m  seed and oil yield obta ined from plant  so w in g  in September.

Table 4. Performance o f  Camelina sativa in a polyhouse under various  
sowing dates

Date
of
sowing

P la n t
he igh t
(cm)

D ay s
to
h a r v e s t

B r a n c h e s / p l a n t P o d s /
p l a n t

S e e d s /
po d

S e e d
y ie ld /
p l a n t

S eed
yie ld
( g / m 2 )

June 
1 2009

47.25 82 1 1.4 185.4 9.40 0.865 120.2

July
2009

47.50 84 1 1.6 190.8 9.80 0 .970 123.5

August
2009

50.75 86 12.4 201.0 1 1.20 1.245 136.4

Sept
2009

51.50 86 12.8 203.0 13.75 1.400 150.1

(A g a rw a l  ct a I.. 2010)
7.3.1 Advantages

The crop has high oil content  in the seed (40% ) and abili ty to w i th s tan d  low tem p e ra tu re  
to frost. It has high mult ip l ica t ion  ratio and lit for c rop  rotation due  to short  life per iod.

7.4 Karan j {Pongamia pinnata)

It is a non edible oil p roduc ing  tree legum e native to tropical & sub t rop ica l  reg ions  o f
Asia. It is a d rought  resistant photo  insensi t ive perennial  plant,  p r o d u c in g  an av e rag e  o f
160 kg o f  sccd/trcc/yr.  Ihe  seed o f  po n g am ia  conta in  v iscous ,  n o n c d ib lc  oil are a
potential source  o f  biodiesel.  Ih e  seed contain  a round  30-40  percen t  oil. Oil m a d e  from
seed known as  honge  oil. A single tree yield 9 -90kg  seed/ t ree ,  an  y ie ld  poten t ia l  o f  900-  
9000kg seed/ha  (Suja tha  et a l.. 2010).

Pongamia  seed oil as a biofucl has  physical  proper ty  very  s im i la r  to co n v en t io n a l  diesel.  
Il has no po lyarom al ic  c o m p o u n d s  &  reduced  toxic  s m o k c &  soot em iss ion .  A drast ic  
reduction in su lphur  conten t  (< 3 5 0 p p m )  & h igher  cc tanc  n u m b e r  (> 5 1 )  will  be required 
in thc petro leum diesel p roduced  by refineries.



Juice from the plant  as well  as oil are antiseptic  &  resis tant  to pest.  U sed  for m a k in g  cart 
wheels,  posts,  agricultural implements .  The  press cake,  r em a in in g  oil is ex tracted  from 
seed used as poultry  feed. T he  oil is used as lubricant ,  aga ins t  h u m a n  &  an imal  skin
disease.

7.5 Artichoke thistle/Cardoon ( Cynara cardimculus)

It is a herbaceous  species ,  m os t  sui table  for Southern  E u ropean  C oun tr ie s .  C a rdoon  
requires a long, cool g row ing  season,  but it is frost sensit ive.  T h e  oil ex trac ted  from the 
seed called ar t ichoke oil and is s imilar  to saff lower  & su n f lo w er  oil in com p o s i t io n  & 
use. Cardoon has high b iom ass  product iv i ty  s tands a round  20 -30 t  o f  d ry  mat ter /ha .  T he  
plant contains oil bear ing  seeds that can be directly cold p ressed  to ob ta in  oil su i tab le  lor 
biodiesel. Cardoon  is p ropagated  from stem port ions hav ing  axial bud /suckers / seed .

The bulk o f  the b iom ass  can ei ther  be used as a solid biofuel for the  p roduc t ion  ol 
electricity & heat through direct com bust ion .  G ood  crop  for c o m p o s t in g  d u e  to large 
amount o f  fibrous leaves & stalks.

7.6 Poplar/ Cotton wood

It is a dec iduous  f lowering  plant, native to Nor thern  hem isphe re .  Pop la r  have  ve ry  
vigorous & invasive root sys tem stre tching upto 40m  from the trees. Pop lar  used as an 
energy crop for b iom ass  and biofuel,  in energy  forest sy s tem s  due  to h igh  ene rgy  in- 
energy out ratio, large carbon mitigation potential  & last g row th .  T h e  tree has  abil i ty  to 
capture C O ;  from the a tm osphe re  while  im prov ing  the fast g ro w th  m a k e  it bet ter  
renewable b ioencrgy  resources  (Hansen ,  1993). The  c o m p o u n d  in the ce l lwal l  cal led 
lignin that contr ibute  to plants structural s t rength .but it h inders  the ex t rac t ion  o f  
cellulose, which is needed to m ake  the fuel ethanol .  In eene t ica l lv  m od i f ied  hybrid  
poplar, lignin will not im pede  the release o f  ce l lu lose  for d e g rad a t io n  into fe rm en tab le  
sugar, which then conver ted  into ethanol .

Hybrid poplar  could  p roduce  320  liters o f  fuel/t o f  w ood .  It has  a p ro d u c t iv i ty  o f  abou t  
25t wood/ha  (I l a m /e h  and D ayanandan .2004) .  Due lo high tannic  acid  con ten t ,  the bark 
is used for tanning leather.  Also  used for m anufac tu re  o f  paper.  L ogs  from p o p la r  p rov ide  
a growing m ed ium  for shi i take m ushroom .

7.7 Rape seed (Brassica nap us)

Rapeseed oil w as  p roduced  in the 19th century  as a source  o f  lubr ican t  for s team  engine.  
Rapeseed oil is used in the m anufac tu re  o f  b iodiesel  for p o w e r in g  m o to r  vehic les .  It is 
frequently co m b in e  with fossil fuel diesel in ratio from 2-20  pe rcen t  b iod iese l .  It is the 
preferred oils tock for biodiesel p roduct ion  because  it p ro d u ces  m o r e  oil per uni t  o f  land 
area than o ther  oil seed crop. R apeseed  oil cake  is used  as n ferti lizer.  Biodiese l  is 
produced through transcstcr if icat ion process .  Yield is a round  11501/ha .



7.8 Duck weed (Lenina gibba)

It is a small  floating perennial  aquatic  weed  found w o r ld w id e  & g ro w in g  in thick, b lanket  
like mat, s low  m oving ,  seen in nutr ient rich waters .  Its g ro w th  rate  is ve ry  fast, less 
economic value, conta in  high am o u n t  o f  ca rbohydra te ,  ce l lu lose  and  hem ice l lu lose  
compared to several o ther  aquatic  plants. It yield 10-30 t dry mat ter /ha /yr .

Lemna gibba  has w ide  spread dis tr ibution ranging  from tropical  h u m id  c l im ate  to 
temperate areas.  Saccharomyces cereviceae eff ic ient ly  ut i l izes ca rb o h y d ra te s ,  ce l lu lose  & 
hemicellulose  & conver ted  into s imple  sugars ,  then to e thanol  u n d e r  o x y g e n  l imiting 
conditions.  From 1kg dry w eigh t  can p roduce  an average  o f  330m l  o f  e thanol .  E thanol  
yield is about  20  percent  &  the eff ic iency o f  e thanol  p roduc t ion  c o m e s  a round  2 5 %  
(Sharma et al.. 2 0 107

The rapid growth o f  d u ckw eed  has applicat ion in b io rem ed ia t ion  o f  po l lu ted  waters .  
Used for product ion  o f  com plex  b iopharmaceut ica ls .  T he  meal  is a good  cat t le  feed.

7.9 Willow (Salix herbacea)

Willows form the genus  Salix , a round  400  species  o f  dec id u o u s  tree and  shrubs ,  found 
primarily on moist  soils in cold and tempera te  regions  o f  the N o r th e rn  hem isphere .  
Willow is grown for b iom ass  o r  biofuel,  in energy  forest sys tem s,  as a c o n s e q u e n c e  o f  its 
high energy in-energy out ratio, large carbon mit igat ion potential  and fast g ro w th  (M ola -  
Yudego and A ronsson ,  2008).  Large scale projects  to support  w i l lo w  as an ene rgy  crop  
are already at com m erc ia l  scale in Sweden ,  and in o ther  coun t r ie s  there  are be ing  
developed through initiatives such as the w i l low  b iom ass  pro jec t  in the U S and the 
Energy Coppice  Project in the UK.

7.10 Blue Agave (Agave tequilana)

Agave, known for its use in the product ion  o f  a lcohol ic  bev e rag es  due  to h igh  p ropor t ion
o f  sugars in the Torm o f  fructose.  G ro w s  chief ly  in M e x ic o  and  the so u th -w es t  o f  the
United States,  as well as tropical South America .  A gave  g ro w s  best  in sem i-a r id  reg ions
where it will not likely c o m e  into conflict  with food and feed p roduc t ion .  A g a v e  is a
succulent with the abili ty to surv ive  long per iods  o f  t ime w i th o u t  water .  It is basic
ingredient o f  tequila,  a popula r  disti l led spirit. I he leaves can be bea ten  to m ak e  fibre 
(Dalton. 2005).

7.1 I Jerusalem Artichoke (HeliantUus tuberosus)

It is a herbaceous  perennial  plant,  cul t ivated wide ly  across  the t e m p e ra te  zones .  Tubers  
arc an important  source  o f  fructose for industry.  C rop  yield is ab o u t  l6 -2 0 t  tubers/ha.  Il 
has a potential  as a p roduce r  ol e thanol  fuel us ing inu l in -adap ted  strain  o f  yeas t  for 
fermentation. Ethanol fermentat ion  o f  juice is done  by the bac te r ium  Zytnonwtis mobllis. 
Acid hydrolysis  al 80 f for 40  minu tes  using concen t ra ted  I L S O j  gives  m a x im u m  
ethanol yield.  Il can  yield m ore  e thanol /ha  than conven t iona l  c ro p s  used  in a lcohol



production,  but the m a jo r  constraints  are difficulty in ha rves t ing  as, tube rs  are ir regularly 
shaped and difficul t  to store.  The  stalks and leaves can be used for si lage.

8. Algae

Algae range from small ,  single  celled o rgan ism s to mul t ice l lu la r  o rg an ism s ,  so m e  with  
fairly com plex  and differentiated form. A lgae  are usual ly  found in d a m p  p laces  or bodies  
o f  w ate r  and thus are c o m m o n  in terrestrial as well  as aqua t ic  e n v io u m m e n t .  A lgae  
contain 2- 40 percent  o f  lipids/oil by weight.

Aleae  grow rapidly and can have a high percentage  o f  lipids, o r  oils w h ic h  conven t iona l  
petroleum refineries can convert  into diesel fuel, a p roduc t  k n o w n  as g reen  diesel .  Like 
plants algae require pr imari ly  three com ponen ts  to g row  that is sunl ight ,  ca rbon  d iox ide  
and water. During photosynthes is ,  a lgae o rgan ism s  use energy  from the sun to c o m b in e  
water  with C O :  to create  b iomass.  T h e y  can p roduce  30 t imes m ore  oil pe r  acre  than 
alternatives such as rapeseed,  palm, ja t ropha .  A s  the s l im e g row s ,  it m a k e s  a kind o f  
vegetable oil. s imilar  to the oil p roduced  from sun f low er  seeds.  B ecause  a lgae  can g row  
under severe cond i t ions -ex t rcm es  o f  temperature .  pH and sal ini ty ,  a lgae  g ro w in g  
facilities can be built  on arid coastal  land unsui table  for conven t iona l  agr icu l ture .  Key 
technical chal lenges  include identifying the strains with the h ighest  oil con ten t  and 
growth rates and deve lop ing  cost effect ive g row ing  and harves t ing  m e thods .

The per unit area yield o f  oil from algae is es t imated  to be from b e tw e e n  4 7 .5 0 0  to 
1,87,500L/ha/yr.  this is 7 to 31 t imes greater  than the next  best crop, pa lm  oil (6010  
litres). Product ion through transcstcr if icat ion process .  In addi t ion  to its p ro jec ted  high 
yield, alga culture,  unlike  c rop-based  biofuels  does  not entail a d e c rea se  in food 
production, since it requires  ne i ther  farmland nor  fresh water.

8 .1 Advantages of  biodiesel from algae oil

Algae has high growth  rate & certain strain can able lo harves t  co n t inuous ly .  I l igh yield. 
Biofucl obta ined from algae  con ta ins  no sulphur,  non- tox ic  and  h igh ly  b io -deg radab le .  
Algae consum e carbon  d iox ide  as they grow,  so they could  be used lo cap tu re  C O :  from 
power stations and o ther  industrial  plant that w ould  o therw ise  go  into the a tm o s p h e re

9. Opportunities

It was es t imated  that a round  55 m ha  waste  land arc repor ted  in India.  I f  this areas  arc 
effect ively conver ted  for thc product ion  o f  b iocnc rgy  c rops  that will  reduces  thc 
dependency on o ther  coun t ry  Tor oil products .  N o w  a days  there  is a h igh d e m a n d  for b io 
fuel due to more  conce rns  about  env ironm ent .  3G b io- fue ls  o f fe r  sco p e  for further 
exploi tat ion. ( ost c f lcc t ivc  e thanol  product ion Irom l igno-cc l lu losc  , it will increase  the 
scope for selection o f  b iomass .



9.1 Constraints

Competi t ion with  food m arke ts  is the m ajo r  constrain.  E thanol  sup p ly  is cons t ra ined  by 
arable land availabil i ty.  Compet i t ion  with  food p roduc t ion  for land use  could  dr ive 
possible increase in both  ethanol and food prices.  P roduc ing  m ore  b iofuels  from 
conventional feedstocks  could  confl ic t  with conserva t ion  o f  b iod ivers i ty  and  for 
increased am oun ts  o f  water,  pest ic ides and fertilizers,  thus ra is ing sus ta inab i l i ty  issues.  
Ethanol recovery  from feedstocks is less in convent ional  crop. W e a k  research  w o rk  are 
there in this area.

10. Conclusion

The use o f  b ioenergy  offers  s ignif icant opportuni t ies  for reduc ing  g reen  house  gas 
emissions and for increasing energy security.  H ow ever ,  an increase  in b ioenergy  
production can also put addit ional pressure  on farmland and b iod ivers i ty  as well  as on 
soil and water  resources .  Hence, it is important  to k n o w  h o w  m u ch  b ioene rgy  could  
technically be produced without  increasing pressure  on the e n v i r o n m e n t  (O E C D .  1984).

Fuel security is one  o f  the major  concerns  su r round ing  the use o f  b iofuels .  Biofuel 
feedstock product ion  com pe tes  with food, fibre and t imber  for land, w a te r  and  fertil izers 
(NRC, 1981). T ransform at ion  o f  b iomass  bound energy  into a usable  form o f  en e rg y  such 
as heat or liquid biofuel is not 100 percent  efficient.  H o w ev e r ,  seco n d  and  third 
generation biofuels  do not threaten food supplies.  They  hold p rom ise  for low er  feedstock  
costs and substantial  energy  and environmenta l  benefi ts.
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Discussion

1. W ha t  are  the m a j o r  a lgae  used  for  b iofuel  ex t rac t ion?

Botrycoccus braunii a n d  Chlorella vulgaris are  m a jo r  a lgae  u s e d  fo r  b io fue l  

extract ion and  ex t rac t ion  is m a in ly  th ro u g h  t ranses te r i f ica t ion  p rocess .

2. W hat  are the m a jo r  d i s a d v a n ta g e s  o f  us ing  algal s t ra in  for b io fue l  e x t r a c t io n ?

Too m u ch  d irec t  sun l igh t  inhibi t  the g ro w th  o f  a lgae .  S o m e t i m e s  local sp ec ie s  ol 

algae o v e rg ro w  the des i red  strain.  A lso  o v e rc r o w d in g  inh ib i t  the  g ro w th .

3 .W ha t  are the m a jo r  d i f fe rence  b e tw e e n  e thano l  and  b io d ie se l?

Ethanol is m a in ly  p ro d u ced  from su g a r  and  s tarch  c o n ta in in g  c ro p s  th ro u g h  

fermentat ion process .  M a in ly  food crops  are in v o lv ed  in e th an o l  p ro d u c t io n .  But  in 

biodiesel  p roduc t ion  non  ed ib le  vege tab le  oil by the  p rocess  o f  t r a n se s te r i f i c a t io n  .

4. What  is the m a in  d i f fe rence  b e tw e e n  first and  seco n d  g e n e ra t io n  b io f u e l?

The basic feeds tocks  for the p ro d u c t io n  o f  first g e n e ra t io n  b io fu e l s  a re  s e e d s  o r  g ra in s  
such as wheat ,  w h ic h  y ie lds  s tarch  that is fe rm en ted  into b io e th a n o l  . S u c h  feed s to ck s  
which are im por tan t  so u rce s  o f  h u m a n  foods  in India.  T h e  s e c o n d  g e n e r a t i o n  b io fu e l s  
are p roduced  from the n o n - fo o d  crops ,  in c lu d in g  ce l lu lo s ic  and  l ig n o ce l lu lo s ic  
materials.  S econd  g en e ra t io n  b iofuel  p roduc t ion  p ro cesse s  c a n  use  a v a r i e ty  o f  n o n 
food crops  w h ich  have  t r e m e n d o u s  po ten t ia ls  in India.  T h e s e  in c lu d e  w a s t e  b io m a s s ,  
the stalks o f  w hea t ,  corn,  w o o d ,  etc.

5 M ent ion  the m a jo r  c o m p a n ie s  invo lved  in b iofuel  p ro d u c t io n ?

1) E nhanced  biofucl  and  te c h n o lo g y -  d ev e lo p s  o f  m u l t ip le  v e g e ta b le  oil B io fue l  
technologies .  E B ' P s  h e a d q u a r te r s  are  in L o n d o n .  U K  and  the  c o m p a n y  h as  a b io fue l  
research and d e v e lo p m e n t  cen tre  in India.

2) Green f uel I c c h n o lo g ie s  - p rocess  ha rnesses  p h o to s y n th e s i s  to g r o w  a lgae ,  c a p tu re  
C O 2 and p ro d u ce  h ig h -e n e rg y  b iom ass . I  Icadquar lc r  is in New York .

3) A q u a f lo w  B io n o m ic s  C o rp o ra t io n -  New Z e a la n d -b a s e d ,  first c o m p a n y  in the w o r ld  
to eco n o m ica l ly  p ro d u c e  b iofuel  from wild  a lgae  h a rv e s te d  f rom o p e n - a i r  
en v i ronm en ts  and  to m ark e t  it.

6 . H ow  these e thano l  and  biodiese l  arc used  in e n g in e s ?

In eng ines ,  e thanol  and  b iodiese l  arc  b lended  w i th  c o n v e n t io n a l  d iese l  anil p e t ro leu m .  

We can n o rm a l ly  go  for 5% ,  10%  and  15%  b lend ing .  I f  w e  go  for 2 0 %  b lend ing ,  
so m e  eng ine  m o d i f i c a t io n  are n e c e s sa ry  for u s in g  this.



Abstract

India produces only 30 percent o f  its annual crude oil requirement,  which is nearly 
105 Mt. Petroleum consumption increased from 100 Mt in 2001-02 to 134 Mt in 2008-09. 
Petroleum resources are finite and therefore searches for alternative sources are continuing all 
over the world.

Biofuels are alcohols, esters or other chemicals made from cellulose biomass,  renewable 
sources such as fast growing trees, grass, aquatic plants including algae and waste products. 
Bioenergy' crops can be grown for producing ethanol or biodiesel. Ethanol is a product o f  
fermentation while vegetable oils/fats on transesterification are converted into their alkyl 
esters to produce biodiesel . Ethanol can be extracted from starchy crops such as corn, tubers 
like cassava and sugar yielding plants like sugarcane, sugarbeet and sweet sorghum (Kumar. 
2008). Biodiesel is extracted from oil bearing crops like jatropha and rapeseed. and from 
aquatic plants including algae. Research is going on in many new sources like switch grass, 
miscanthus and jerusalem artichoke.

The use ofb iocnergy  offers significant opportunities for reducing green house gas emissions 
and for increasing energy security. However, an increase in bioenergy production can also put 
additional pressure on farmland and biodiversity as well as on soil and water  resources. 
Hence, it is important to know how much bioenergy could technically be produced without 
increasing pressure on the environment (OECD. 1984).

Fuel security is one o f  the major concerns surrounding the use o f  biofuels. Biofuel feedstock 
production competes with food, fibre and timber for land, water and fertilizers (NRC. 1981).
I ransformation o f  biomass bound energy into a usable form o f  energy such as heat or liquid 
biofuel is not 100 percent efficient. However, second and third generation biofuels do not 
threaten food supplies. They hold promise for lower feedstock costs and substantial energy 
and environmental benefits.
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1. Introduction

Climate change is real and it has become one o f  the biggest threats that humanity is 

facing today. The main reason for this is the global warming due  to increase in green 

house gases in the atmosphere.  As a result o f  industrialisation there was a gradual build 

up o f  green house gases over the last century (Rao and Ramakrishna.  2004).  It lias been 

reported that mean global surface temperature over the century increased by 0.74 f 

(IPCC. 2007). Since climate is closely related lo human activities and economic 

development,  there is a serious concern about its stability (Sinha cl a!.. 2000).

Several approaches are being adopted to reduce carbon emission to promote  activities, 

which help to store and remove carbon from environment.  These  include the 

commitments o f  national governments lo reduce emission through the 1092 United 

Nations Frame Work Convention on Climate Change (U N F C C )  and its 1997 Kyoto 

Protocol. Per capita emissions in the industrialised countries are typical ly as much as ten 

times the average o f  developing countries. According lo U N F C C .  industrialised 

countries, which shall have the main responsibility to mitigate c l imate  change, are listed 

as Annex I countries and the others as Non -  Annex countries. Under  k \ o t o  Protocol, 

emission caps where set lor each Annex-I countries, and aims to reduce carbon dioxide 

level o f  5.2 percent from 1990 level (IPCC. 2001).

Kyoto Protocol defines three flexibility mechanisms to meet their emission reduction 

commitments . I he ellorts  made by governments  to reduce carbon emission h a \ e  made 

carbon a viable economic commodity .  I he Kyoto Protocol m echan ism s  has evolved into 

carbon trading mechanisms.

Carbon credits and carbon markets are components  ol national and international attempts

to mitigate the growth in concentration ol green house gases, l o  Find a com m on  unit loi

this commodity  all green house gases arc converted lo carbon d ioxide  cquixalcnlx and arc

traded in carbon markets. I he currency used in these markets  is carbon credit One

carbon credit is equal to one tonne o f  carbon dioxide .Similar lo t rading o f  shares ol

companies and commodit ies  in share markets we arc trading carbon credits in carbon 

markets.



The market based measures have the greatest potential to attract profit — minded investors 

for climate — change mitigation. The main idea o f  market based mechanisms is to solve 

environmental problems in an economically efficient way. The market based measures 

are sometimes favoured due to ideological reasons, for example,  the beliet that 

government is not capable or efficient enough for providing solutions (Stavins. 1989). 

However,  markets require clear price signals and a legal framework. Therefore,  market 

based measures necessarily imply a role for the government.  They would not thrive in an 

environment entirely free from regulation, where the government does not provide clear 

rules and frame -  working conditions (Hans, 1989).

2. B a c k g r o u n d

The view that the human activities are likely responsible for most o f  the observed 

increase in global mean temperature since the mid -20 ,h century is an accurate reflection 

of  current scientific thinking (NRC, 2008). Everyday human activities release substantial 

amount o f  green house gases such as methane, carbon dioxide, nitrous oxide and haloncs 

to the atmosphere which contributes to global w arming  and consequently cl imate change.

2.1 G reen  House  Effect

Earth receives 47 percentage ol solar energy reaching the a tmosphere  Water vapour,  

carbon dioxide and other green house gases play a major role in regulating the eartlw 

surface temperature.  About 00 percentage o f  green house effect is caused b\ green house 

gases .of which 30-37 percentage is caused by water  vapour .The concentrat ion o f  water 

vapour in the a tmosphere  is beyond the control o f  man .But man has direct elTect on the 

emission of Ihe other green house gases .

2.2 G reen  House  Gases

Major green house gases included under Kyoto Protocol arc carbon dioxide, methane, 

nitrousoxide and haloncs (sulphur hcxafluoride, pcr l lurocarbons and hydrollurocarbons) .  

Among these green house gases carbon dioxide is responsible for (4 ) percent o f  green 

house effect, followed by methane (20%). nitrous oxide (6%) and haloncs 114%).



Each green house gas traps different amounts o f  heal and stays in atmosphere for 

different lengths o f  time. Studies use measures o f  Global Warming Potential (G W P) to 

compare between different green house gases (IPCC. 2000). Carbon dioxide is used as 

the benchmark gas. so all other gases are measured in carbon dioxide equivalence.  Global 

Warming Potential o f  different green house gases is given in Table  I.

Tab le  1. G loba l  W a r m i n g  Po ten t ia l  o f  d i f fe ren t  g reen  house  gases

GIIGs G W P A T M O S P H E R I C  LIFE  
(Y E A R S )

C 0 2 1 100

Cl lq 23 12

n 2o 289 1 14

MFC 142 to 1 1.700 1.4 to 260

PFC 6500 to 9200 10.000 to 50.000

s f 6 23.900 3200

(IPCC. 2001)

Global Warming Potential ol methane is twenty three .that means heal produced b\ one 

molecule o f  methane is equal to heat produced by twenty three m olecu les  o f  carbon 

dioxide.

2.3 Global  W a r m i n g

Global mean temperature is M.7"C. The increase in global tempera ture  alter  1000 js

0.74 of which 0.5r,C has increased during the last fifteen years. If  global temperature is 

increasing in this manner.  In 2100 . it may rise In I 1'V to <v4"f ( IPCC. 2007)

2.4 Sec tor  wise emission o f  g reen  house gases

Among the different sectors the major part o f  the green house  gases  emission is

contributed by energy supply sector ( ll’C C .  2007).( I able 2 )



Sector E m iss ion  (% )

Energy' supply 26

Industry 19

Forestry
*

17

Agricul ture 14

Transport 13

Residential  and C om m erc ia l  area 1 1
(IPCC. 2007)

3. Important world initiatives to combat climate change

1972 -  International Conference  on H um an  Environment .

The first conference  on c l imate  change  was held at S tockho lm  in 1972. k n o w n  as 

International Confe rence  on H um an  Environment .  It adop ted  the m o t to  “ O n l y  O n e  

E a r t h "  and declared J u n e  5, T h e  W o r l d  E n v i r o n m e n t  Day.

1987 -  Brundtland Report

In 1987, World C o m m iss io n  on E nv ironm ent  and D eve lopm en t  subm it ted  the famous

report O u r  C o m m o n  F u t u r e .  At that t ime Gro Har lem Brund t land  w a s  the cha i rperson .

hence known as Brundt land Report.  It produced the concept  o f  sus ta inab le  deve lopm en t .

I here is a need for using susta inable  deve lopm en t  as a frame w o rk  for c l im a te  c h a n g e  

policies.

1988 -  Inter governm enta l  Panel on ( l imate ( hange

According to thc famous  Brut land Report  World M eteoro log ica l  O rg an isa t io n  ( W M O )  

and the United N at ions  E nv ironm ent  P ro g ram m e (U N E P )  fo rm ed  Inter  g o v e r n m e n ta l  

Panel on f  l imate C h an ge .  I lie Inter governm enta l  Panel on C l im a te  C h a n g e  was 

established with the m anda te  to provide relevant scienti fic  data  a ssoc ia ted  with hum an  

induced cl imate  ch an g e  , its potential  impacts  and op t ions  for adap ta t ion  and  mitigation.



1992 -  Earth Summit

In 1992. United Nations Conference for Environment and Development  was held at Rio 

de Janerio. known as Rio S u m m it .  It produced the famous international environmental 

treaty “ Uni ted  N at ions  F r a m e  W o r k  C onven t ion  on C l im a te  C h a n g e ' .  This treat) 

divides ihe entire world countries in two. Annex I countries . which includes the 

developed countries and others as Non-Annex countries (U N FC C ,  1992).

4. K y o to  P ro toco l

The Kyoto protocol is a protocol to the United Nations Frame Work Convent ion  on 

Climate Change, aimed at lighting global warming was amended in 1 I D ecem ber  1997 at 

Kyoto in Japan. The treaty was opened for signature on 16 March 1998. and closed on 15 

March 1999. The agreement came into force on 16 February 2005 .As on July 2010. 191 

states have signed and rati lied the protocol.

4.1 Object ives

1. To assign mandatory targets for reduction o f  global emission o f  green house gases 

to signatory nations.

2. To slablisc green house gases concentration in the a tmosphere  at a level that would 

prevent dangerous anthropogenic interference with the climate system.

Kyoto Protocol is a legally binding commitment for developed countr ies to reduce green 

house gases emissions by an average o f  5.2 percent relative to | 9 0 ( p s level. It must be 

achieved by 2008 2012. According to this Protocol developed countr ies  has agreed on

the stabilization ol green house gases concentration in the a tmosphere  at a level that 

would prevent dangerous anthropogenic interference with the cl imate  svstcm ( U N I T T
9

1992).

5. K y o to  P r o to c o l  M e c h a n i s m s

Kyoto Protocol defines three flexibility mechanisms to meet the emission reduction 

commitment o r  the Annex I countries d i g .  I) I hose m echan ism s  has evolved into 

c a rb o n  t r a d in g  mechanisms Ihe climate change mitigation policies which do not 

minimize the cost are doomed to fail (Reddy and Asscnzn. 2 0 0 9 ). Ihe  trading emission



may be an instrument with the greatest potential in terms o f  cl imate — change mitigation. 

The idea o f  carbon trading has developed even before the Kyoto Protocol.  The first 

emission trading schemes have been developed in the United States (Svendsen and 

Vesterdak 2003). The most well known programme is the sulphur dioxide trading scheme 

established at the beginning o f  the 1990s to tackle acid rain. This  system enables firms to 

buy and sell rights to emit  sulphur dioxide in a manner equivalent to buying and selling 

currencies in a foreign exchange market. The fact that it combines  both environmental  

and economic benefits makes it an attractive model for carbon trading systems. High 

penalities have prevented sources from violating the cap level -  the m ax im um  amount ol 

allowable emissions.

Kyoto Protocol Mechanism s

U N F C C C  
Kyoto p ro to c o l

A l l o w a n c e  b a s e d

E m  I s s i o n  T r a d i n g
Clean 

Do v o l o p m o n t  
M o c h a  n is m

P r o j e c t  B a s e d

J o i n t  
I m p i c  m o  n ta  t i o n

I ig. I Kyoto Protocol Mechanisms

5.1 A Mow a nee based

Under allowance based mechanism comes the International I mission t rad ing .  I he 

countries have accepted certain targets lor limiting or reducing green house gases 

emission. These targets are expressed as levels id allowed emiss ions  or “assigned 

amounts". The allowed emissions are divided into units know n as “ ass igned  a m o u n t  

units” (AAUs).  Assigned amount units are the trading units used m International 

Emission Trading. Under  International Emissions I rading (II I)  countr ies  can trade in 

the international carbon credit market to cover then shortfall in Assigned amount units

h



Countries with surplus units can sell them to countries that are exceeding their emission 

targets under Annex I o f  the Kyoto Protocol.

Purchase

Exceeds emission  

level educes

em issions
mzz

allowed e mission

fig.  2 Mechanism involved in International Emission Trading 

fo r  example, consider that A and B arc two countries. I f country A exceeds  the emission 

level and country B reduces the emission, llicn countrs 13 can sell its assigned amount 

units in carbon market and country A can purchase A A U s from carbon market to meet its 

emission reduction target (I ig. 2 ).

5.2 Project  based m e c h a n i sm s

Project based mechanisms generate carbon credits from the projects.  I lies arc d i \ id cd  

into two Ivpcs

1) Joint Implementation

2) Clean Development Mechanism

5.2.1 Jo in t  I m p l e m e n t a tion

Joint Implementation is a project based mechanism which encourages  participation ol 

developed countries in reducing the green house gases emission Ihe  trading unit is 

known as Emission Reduction Units ( ERU s ).



1 E R U  = 1 tonne o f  carbon dioxide

Joint Implementation allows a developed country to earn Emission Reduction Units Irom 

an emission — reduction project implementation in another country.

Joint Implementation

r ° je
Z ' f i n * n CLIn g

Emission reduction cos

B

Carbon credits

Pig. 3 Mechanism involved in Joint Implementat ion

l o r  example, consider that A and It are two developed countries.  II emiss ion  reduction 

cost of country A is more than dial o f  country It . counlrv A can implement  a project in 

country M. in turn counlrv It will provide carbon credits m the lorm ol I mission 

Reduction I Jn its ( l i p  3)

5.2.2 Clean D e v e lo p m e n t iM echan ism

Ihe ( lean Development Mechanism encourages the part icipation o f  Non-Annex 

countries that do not have green house gases emission reduction com m itm en ts  under the 

Protocol Ihe ( l e a n  Development Mechanism envisages tcchnologv transfer and

S



financial flow from developed countries to developing countries for environment -  

friendly projects that are in tune with the sustainable development needs o f  people in 

developing and least developed countries.

The Clean Development Mechanism (CDM) is defined in Article 12 o f  the Protocol, and 

is intended to meet two objectives:

(1) to assist parties not included in Annex I in achieving sustainable development 

through climate friendly technologies

(2) to assist parlies included in Annex I in achieving compliance  with their emission 

reduction commitments

The trading unit involved in Clean Development Mechanism is known as C er t i f ied  

Emission R educ t ions  (C E R ) .  One tonne o f  C'O; (or its equivalent)  that is prevented 

from releasing into the atmosphere (emission reduction) or removed from the atmosphere

1 C E R  = 1 tonne  o f  C O ,

Clean Development Mechanism

Technology transfer

Project f inancing
&

Developed
Countries

Developing
Countries

Carbon credits

fig.  4 Mechanism involved in Clean Development  Mechanism



The developed countries will provied technology and implement a project in developing 

or least developed countries,  inturn they will provide carbon credits in the lorm ol 

Certified Emission Reductions (CER) (Fig. 4). Thus developed country can offset the 

carbon dioxide emission targets.

Types of  Clean D eve lopm ent  M ech an ism  projec ts

The concentration o f  green house gases in the atmosphere can be reduced either bv 

reducing their emission or by capturing and storing them in plants.The capturing and 

storing o f  green house gases is known as carbon sequestrat ion.1 lie developed countries 

can implement projects based on these methods.The different types o f  projects includes

■ Energy efficiency projects

■ Transport

■ Methane recovers projects

■ Agro-projects

■ Land use. and land use chances

■ Industrial projects

■ Cogeneration

Major part o f  the ( DM projects are from renewable sources o f  energv. Percentage ol 

CDM projects in each category is shown d  ig. 5).

Some ( DM rules: (Seeberc I lverleldt.2010)

Addit ionali ty :  Emission reductions or sequestration must be additional to a m  that would 

occur without the project, (d  ID emissions alter the implementat ion o f  the project have to 

be lower than m the business as usual case.

I c rm an cn cc .  When accounting lor credits, the length ol the carbon storage and the iish 

o f  loss (natural or human disturbances,  such as fire. Hood or pest outbreak)  are an 

important issue. Carbon is not stored indefinitely in loicst b iomass and soils;  therefore, a 

separate temporary crediting system was developed lor alTorcstation/relbresiation t \  K) 

projects m which credits expire roughly between live and thirlv sea t s  and can be renewed
w »

and resold.



Leakage:  The unplanned, indirect emissions o f  GHGs.  resulting Irom project activities 

For example, if  the afforestation o f  agricultural land leads to the migration ol people who 

used to farm this land: and who then clear forest somewhere else.

( hanging these and switching to new sustainable land management  pract ices can support

amount n f  organic matter and carbon in the soil In using cover  crops or reduce the 

emissions o f  methane tliioiigli improving feeding practices. Sustainable forest 

management can avoid the destruction ol forests and the release o f  (. 0 2 , and planting 

new trees sequesters more ( (L. Many of these practices also have additional potential 

benefits for the farming systems

Outers5%

renewables
60%



C D M  project implementation steps

1) The project proponent (PP) prepare Project Design Document (PDD)

2) The PDD is valiJatcd by Designated Operational Entity (DOE)

3) The project should he approved by Designated National Authori ty  (DNA)

4) Monitoring is done by PP

5) Certification /Verification is done by DOE

6 ) Issuance o f  Certilied Emission Reductions by the Executive Board o f  LTNFCC

Types of  emission reduc t ion  activit ies  in ag r icu l tu re .  fo res t ry  a n d  o t h e r  land  uses

Fores try  activit ies such as afforestation and reforestation, sustainable forest 

management, agroforeslrv. avoided deforestation/reducing emiss ions  from deforestation 

and forest degradation ( Kl I) I)).

A gr icu l tu ra l  activit ies such as cropland and grazing land management ,  livestock 

management (improved feeding practices), peatland management  and manure 

management.

Energy  activities such as  increasing the encrgy-efficicncv at household or community 

level, sustainable bioluel production, and the employment o f  Integrated I ood and I nergv 

Systems.

Biodiversity enhancing activities such as watershed and soil management ,  hiodiversitv 

conservation.

6. Carbon Trading;

( arhon Irading is a market based mechanism for mitigating the increase ol t ( T m the 

atmosphere. Carbon trading markets bring buyers and sellers o f  carbon credits togclhei 

with standardized rules ol trade. Any cut its .typically a business  . that emits carbon 

dioxide to thc atmosphere may have an interest or may he required by law to balance 

their emission through mechanism o f  carbon sequestration or reduction arc potential



buvers o f  carbon credits. The business entities those who reduce their carbon emission or
J

the entities that manage agricultural land are potential sellers o f  carbon credits.

6.1 Carbon Markets

The carbon markets are a prominent part o f  the response to climate change and have an 

opportunity to demonstrate that they can be a credible and central tool lor future climate 

mitigation (Singh. 2007).

6.1.1. Types of c a rb o n  m a r k e t s

1. Regulatory compliance markets

2. Voluntary markets

I R egula to ry  co m p l ian ce  m a rk e t s

The three Kyoto Protocol mechanisms arc very important for the regulatory market 

Carbon credits are mainly purchased by com pan ie s  a n d  g o v e r n m e n t s  in regulator) 

compliance markets

2. V o lun ta ry  m a r k e t s

On the voluntary market the trade o f  carbon credits is on a voluntarv basis. C arbon 

credits on the voluntarv markets are called Verified ( mission Reductions.  Vohmiaiy 

carbon credits (VI K) are mainly purchased by the private sector. I lie main task lot 

private investors is lo calculate the effects o f  green house gases regulations and carbon 

price sensitivities into the analysis o f  project economics ( Weiss. I dOO).

II an emission trading system is implemented at an international level, it could create 

strong demand lor investment projects designed to reduce green house gases emissions 

Private capital could he mohi l i /cd  through this mechanism because  green ho u s e  gases  

reduction projects would yield credits that can be sold in the market f i r m s  that are able 

to reduce green house rases  at a price below the trading price can make a pro lit out ol 

mitigating climate change In this way . climate change could becom e the basis lor 

growing sector ol business activity, ultimately developing into a major  economic chiving 

force in the coming decades

llic United Kingdom (UK) is the major buyer o f  carbon credits . nnd C hina is the 

potential s e l l e r . followed by India and llra/i l .  (I ig. 6 ), (I ig 7).



Japan
11%

l-ig. 6 Buyers o l 'C D M  and Jl ( World Bank. 2007)

A,rj„Oth.r»

I ig 7 ( ilohal ( I U supply l ounlry w ise ( \ \  orlil Bank. 701)7)



6.2 Carbon Trading Exchanges

Climate exchanges have been established to provide a spot market in allowances,  as well 

as futures and options market to help discover a market price and maintain liquidity. 

Carbon prices are normally quoted in Euros per tonne o f  carbon dioxide or its equivalent 

Currently there are six exchanges trading in carbon allowances: the Chicago Climate

Exchange. European Climate Exchange. N A SD A Q  O M X  Commodit ies  Eti.ro pe.

PowerNext. Commodity  Exchange [Bratislava and the European Energy Exchange. 

NASDAQ OMX Commodit ies  Europe listed a contract to trade offsets generated by a 

CDM carbon project called Certified Emission Reductions (CERs).  Many companies 

now engage in emissions abatement,  offsetting, and sequestration programs to generate 

credits that can be sold on one o f  the exchanges. At least one private electronic m a rket 

has been established in 2008: CanlorC’0 ; e .  Carbon credits at C om m odi ty  Exchange 

Bratislava are traded al special platform - Carbon place.

6.3. C a rb o n  t r a d in g  a n d  r u b b e r -  A case s tu d y  (Yogaratnam. 2007)

Under a Carbon trading arrangement,  natural resource users who adopt and or 

reintroduce land management technologies that store additional carbon in soil and 

vegetation compared to existing practices would be eligible to receive payments  for the 

carbon those practices sequester. I wo types o f  payments are anticipated. namely 

payments for C capture and C storage. Perennial tree crops as in the case o f  forest trees 

are known to function as natural “Sponges" for absorbing carbon dioxide Irom the 

atmosphere. ( arbon sequestration is achieved through the uptake of carbon dioxide Irom 

the atmosphere and its co iu c i s io n  into cellulose and organic matter.  Rubber  tree bchn \es  

as a typical tropical ram lores! tiee that would at least function as efficient as forest trees 

in ( sequestration

Malaysian estimates indicates that mean annual leaf litter fall for a mature  I levca rubber 

ecosystem which included billing branches,  twigs and fruits to be around 3.7 to 7 7 

tonne/ha. .Some preliminary studies clone in Sri I anka on b iomass  accumulation and 

carbon sequestration in rubber plantations from year I to year 13 when the trees are due 

lor uprooting, indicates that total biomass accumulated in a tree at the age ol 33 \eurs  is 

1.8 Mg. which amounts is 06 3 Mg per hectare. I his value is made up ol biomnss



accumulated in fruits, leaves and fallen branches and trees uprooted at the end ol the 

trees* economic life span of 33 years. The amount ol carbon sequestered in one hectare ol 

a 33 year-old stand is 596 ml. the major portion coming from the trunks and branches 

The total amount o f  carbon sequestered in one hectare o f  rubber plantation made up of 

tree biomass, latex produced and contribution from leguminous cover crops amount to 

680 mt. The possible credit revenue entitlement per hectare at the end ol 33 years al the 

rate o f  US 12 per mt is about USS 8 160 Table 3.

Tabic  3. C a r b o n  t r a d in g  and  r u b b e r  -  A case s tu d y  ( Y o g a r a t n a m ,  2007)

Total biomass accumulated in a tree at 33 years 1.8 Mg

For 1 ha 963 Mg/lia
Amount o f  carbon sequestered in Ilia 596M g

Amount o f  carbon sequestered in Ilia (latex and 
cover crops)

680M g

Equivalent value in dollars US S 8160
(carbon credit a U S S  12/Mg)

7. In d ian  S c e n a r io

The ministry of Environment and fores ts  is the prime ministry for coordinating the climate 

change policy in India India being non Annex I country has a large scope in carbon trade. 

Carbon like any other commodity has begun to trade on India 's  Multi C om m odi t \  

Exchange and has become first exchange in Asia to trade carbon credits India has 

generated approximately 30 million carbon credits.Indias market is growing lastei than 

even information technology, bio technology MPO sector as 850 projects with a huge 

investment ol Ks. 650.000 million are in pipeline. As per Prime Ministers Counv.il on 

( limate ( hange. Ihe revenue Imm 200 projects is estimated at Ks 97 billion till 2

7.1 F a v o u r in g  points  for India

• India has high potential o f  generating carbon credits

• Wide spectrum of projects with different s i /cs

• Vast technical human resource

• Strong industrial hasc

If-



Even though India is a largest beneficiary o f  carbon trading, it still does not have a proper 

policy for trading o f  carbon credits in market. So to unleash the true potential o f  carbon 

trading in India a special statue is to be created to govern the issues related to carbon

credits.

8. C a r b o n  Trading merits a n d  demerits

8.1 C a rb o n  t r a d in g  m er i t s

Helps to meet the ultimate objectives o f  the Climate Change Convention 

A cleaner path for rapid economic development 

Assist developing countries in achieving sustainable development  

Flow o f  foreign investment

Capacity building through C D M  projects'  development and implementat ion

8.2 Carbon trading demerits

• Lack o f  com prehens i \e  global structure for trading

• Affects the economic development in developing <£ least developed countries

• Introduction o f  biofuel projects reduce the area under food grain production

• A lot o f  green house gases are emitted during project implementat ion

9. C onc lus ion

Nature has taken millions o f  years to capture and store the carbon as fossil fuel, but man 

has let it out in a levs centuries.  Man has opened the Pandora 's  Hox and let out the evil 

hut still there remains hope. Carbon trading provides excellent opportunit ies  to reduce 

carbon emissions, especially that ol industrialised countries.  Climate  negotiations will 

succeed only il developing countries are driven by development  priorities, and if there are 

countries or groups of countries among them willing to take a leadership role to push the 

process forward. I lie issue ol climate change should be approached al multiple levels 

through local and national development projects with an effort lo establish cooperation 

mechanisms with an efficient sustainable development regime.  Il is hoped that v iable 

policies ol national governments  along with belter carbon trading m echan ism s will help 

in achieving the goal of protection o f  the ear th 's  climate.
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Discussion

1. Is there is any country  w hich has not ratified the KyotoProtoco l?

The most notable country who is yet to sign the Protocol is the United Stales, which is 

a party to U N FC C C.

2. What do you m ean by A nnex  and Non A nnex countries?

Annex I countr ies are industrialized countries and eco n o m ies  in transition, lor 

example countr ies like Australia.  Austria,  Russian Federa t ion ,  Ukraine.  United 

Kingdom, and United Stales o f  America.  A sub-group called A n n ex  II countr ies  are 

also [here , who are developed countries which pay for costs  o f  deve lop ing  countr ies  

and include countr ies  such as Australia.  Austria.  Belarus.  Be lg ium .  Bulgaria .  Canada,  

the UK and the USA. I he Non-Annex  countries are deve lop ing  countr ies ,  and they 

have no emission reduction laruels.

3. W h a t  a r e  the  ac t ions  m a d e  in C o p e n h a g e n  in r e la t io n  to c a r b o n  t r a d i n g ?

The experts com m en ted  that the outcome o f  the C o p en h ag en  c l imate  sum m it  was 

"disappointing". For example ,  the I IS President.  Barack O b a m a  has not p roposed  a 

target for US emiss ions  cuts, it is the only obstacle  to a s t rong  c l imate  agreement  

ll iereforc, other countr ies  diil not support the convent ion  o f  parties,  and no more 

actions were made with regard to carbon trading.

4 .W h a t  (In you  m e a n  by e n e rg y  supply sec to r?

The energy supply sector consists ol a .sequence o f  e labora te  and  com plex  processes 

for extracting energy lesources .  co n v en in g  these into m ore  desirable  and  suitable 

forms o f  energy, and delivering energy lo places where  the d e m a n d  exists.

5. W h y  C h in a  is h a v in g  m o r e  ( T ,U  th a n  In d ia ?

f hina has a strong industrial  base compared  to India,  which  provides more 

opportunities for hos t ing  emission reduction projects than India



Co-generat ion is the sequential  or s imultaneous generation o f  multiple  forms o f  useiul 

enerev in a single integrated system. For example ,  use o f  wasted  heat from electric 

eeneration such as exhaust  from gas turbines for industrial purpose  or lor heat ing .

7.How does watershed m anagem ent  earn C ER s?

Watershed m anagem ent  activit ies are means  o f  conserv ing  the flora and tauna. The 

conservation o f  forest is a Clean D evelopment  Project, which  can earn CERs.

8.1s there any exchange  in India for carbon trading?

The Multi C o m m o d i ty  Exchange which has its base  at B o m b a y  is the ex ch an g e  do ing  

carbon trading in India. It is the A s ia 's  first and largest carbon  trading exchange .

9.W hether  carbon trading is taking place in Kerala?

Yes. for example,  the carbon credits, earned by around 16.000 farmers  for their 

contribution towards controll ing emission o f  greenhouse  gases,  are being traded now 

at Chicago Climate  Exchange (CC.Y) providing them a small  amount  annuallx It was 

an NGO. Anthvodava .  which pioneered the idea o f  carbon  credit  for farmers  in the 

state. Anlhyodaya functions as an aggregator  o f  carbon em iss ion  offset c red i ts  for the 

CCX and pools the credits generated from the operat ion o f  b iogas plants  for sale in 

the exchange.

10.Is there any chance  fur carbon trading affecting food security?

Yes, convert ing land ol agricultural land to forest and sw i tch ing  on to biofuel 

production al the expense  id loud grain production can affect food s e c u r i t \ .

I I . What  do you mean b\ leakage in ( DM rules?

Leakage means, the unplanned,  indirect emiss ions  ol ( i lK i s ,  resu l t ing  Irom protect

activities, l o r  example ,  il the alloreslation ol agricultural kind leads to the migrat ion

o f  people who used to cultivate and who then clear forest so m e w h e re  else is a eleui 

case o f  leakage.



Abstract

Climate change is one  o f  the biggest threats hum ani ty  is facing today.  It has been 

reported that the mean global surface temperature  over  the cen tu ry  increased by 0.74' C 

(IPCC. 2007).  The  v iew  that human activities are responsible  for most  o f  the observed  

increase in global mean temperature  since the mid 2 0 lh century  is be ing  accep ted  based 

on scientific facts (N R C ,  2008).  Everyday,  human activit ies  release substantia l  am oun t  o f  

ereen house gases such as methane,  carbon dioxide,  nit rous ox ide  and halones  to the 

a tmosphere  which contr ibutes  to global w arm ing  and consequent ly ,  c l im a te  change .

Several approaches  arc being adopted to reduce carbon emiss ion  and to p rom ote  

activities, which help to store and remove carbon from the env ironm ent .  These  include 

the commitments  o f  national governm ents  to reduce emiss ion  th rough  the 1992 United 

Nations Framework Convent ion  on Climate  Change  (U N F C C )  and its 1997 Kyoto  

Protocol. Pcr-capita emiss ions  in the industrialised countr ies  are typical ly  as m u ch  as ten 

times the average o f  deve lop ing  countr ies.  A ccord ing  to the pro tocol ,  industr ialised 

countries, which have the main responsibi li ty  to mitigate  c l imate  change ,  are listed as 

Annex I countr ies and the others as N o n - A n n e x  countr ies .  U nder  K yoto  Protocol,  

emission caps were set for each Annex-1 country, and a im s to reduce  ca rbon  d iox ide  level 

o f  5.2 percent from 1990 level ( IPCC, 2001).

Kyoto Protocol def ines  three flexibility mechanisms .  International E m iss ions  l eading 

(IBT), Clean Developm ent  M echanism  (CI)M ) and Joint Im plem enta t ion  (.11). w hich  can 

be used by Annex-1 countr ies  in meet ing their emiss ion  reduct ion  c o m m itm e n ts .  Hie 

efforts made by governm ents  to reduce carbon emiss ion have m ad e  ca rbon  a valuable  

economic com m odity ,  l o  Imd a co m m on  unit for this c o m m o d i ty  all green house  gases 

(GHGs) arc converted  to ( ( T equivalents ,  which arc traded in ca rbon  markets .  Flic 

currency used in these markets  is carbon credit,  which  is equ iva len t  to one  tonne o f  

carbon dioxide emissions.



International Emissions  Trading  allows Annex-I  countr ies to trade their  em iss ions  and to 

meet their emission reduction com m itm en ts  at a reduced cost. C lean  Development  

Mechanism and Joint Implementat ion  are project-based m e c h a n i sm s  and  they  generate  

carbon credits through projects.  Most o f  the C 0 2 emiss ion  reduct ions  are through 

renewable energy, energy  efficiency and fuel switching projects .  In agriculture ,  forestrv 

and other land use sectors,  different types o f  activit ies can help to reduce  or avoid 

emission o f  greenhouse  gases (Seebcrg-Elvcrfeldt ,  2010).

Carbon trading provides excellent opportunit ies  to reduce carbon emiss ions ,  especial ly  

that o f  industrialised countries.  It is hoped that viable polic ies o f  national gove rnm en ts  

along with better carbon trading mechanisms will help in ach iev ing  the goal o f  protection 

o f  the ear th 's  climate.
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1. I n t r o d u c t i o n

W eeds  are the m a jo r  cons t ra in ts  in c rop  p roduc t ion  tech n o lo g y .  A b o u t  pe rcen t  ot y ie ld  
loss in crop p roduc t ion  is caused  sole ly  due  to w e e d s  and  a m a jo r  sh a re  o f  cos t  o f  cu l t iva t ion  
e0 es for w eed  control.  A d v a n c e s  in b io techno logy  p rov ide  us  a l te rna t ive  a p p ro a c h e s  in 
dealing w i th  w eed  p rob lem s .  B io techno logy  is the app l ica t ion  o f  b io log ica l  o rg an ism s ,  

systems,  p rocesses  to p rov ide  des i rable  goods  and sen d ees .

Agricultural b io techno logy  is the appl ica t ion  o f  a d v a n c e d  c o n c e p t s  and  tech n iq u es  ol 
biological sc iences  l ike r e c o m b in a n t  D N A ,  genet ic  eng inee r ing ,  cell  fus ion,  t issue  cu l ture  etc 

that are re levant to specif ic  agricultura l  p rog ram m es .  D ur ing  the n in e -y e a r  per iod  Irom 1996 
to 2004, global area o f  t ransgen ic /b io tech  crops  increased  m o re  than 47  fold,  f rom 1.7 m h a  in 
1996 to 81 m h a  in 2004  and  it reached 134 mil l ion  hec ta res  in 2 0 0 9  ( J am es .2 0 0 9 ) .  Percent 

adoption o f  biotech crops in USA is given in f ig .2. T h is  rate o f  a d o p t io n  is one  ol the h ighes t  
rates o f  crop techno logy  adop t ion  in agr icul ture  and  ref lec ts  the g r o w in g  a c c e p ta n c e  of 

biotech crops by fa rm ers  in both  industrial  and  d e v e lo p in g  coun tr ie s .  T h e  potent ia l  

applications o f  b io tech n o lo g y  in address ing  se lected  issues re la ted  to w e e d  m a n a g e m e n t  and 

herbicide technology  are qui te  p rom is ing .  Th is  co m p r ise s  the use o f  b io h c rh ic id e s  m a in l \  

from microbial  sources ,  use o f  na tura l ly  occu r r ing  he rb ic ides  o f  p lan t  o r ig in  and  their 

synthetic analogues ,  genet ic  im p ro v e m e n t  for c rop  to le ran ce  to h e rb ic id e s  and 

decontaminat ion  o f  he rb ic ide  res idues  in soil us ing m icro  o rg a n i sm s .  O f  these  app l ica t ions ,  
the widely exploited area is the breeding o f  crops having herbicide tolerance and pest tolerance.

2. B io tech n o lo g y  / G e n e t i c  E n g i n e e r i n g  in A g r i c u l t u r e

Biotechnology played an im por tan t  role in con tr ibu t ing  va r ious  a c h i e v e m e n t s  in the  Held o f  

agriculture.  S o m e  o f  them  are a) im proved  crop  yield b) adap tab i l i ty  to v a r io u s  e n v i ro n m e n ta l  

stresses c) increased nutr i t ional  qual i t ies ,  taste, tex ture  or  a p p e a ra n c e  d)  c ro p  p ro d u c t io n  

technologies  c ) reduced  d e p e n d e n c e  on  ferti l izers and  a g ro c h e m ic a l s  f) sy n th es i s  o f  novel  

substances in plants. Tissue cu l ture  helped us in easy  p ro p a g a t io n  in c ro p s  l ike pepper ,  

garcinia,  banana  etc. G o ld e n  rice (with increased v i tam in  A con ten t ) .  F lav r  s a v r  to m a to  

( improved she l f  life) are e x a m p le s  for im proved  nutr i t ional  qua l i t i e s  and  a p p e a ra n c e .  A plant 

gene, A t-D B F2 ,  from Arahiilo/i\i\ l/niliana, a t iny w eed ,  w a s  inser ted  into to m a to  and 

tobacco cells,  thc cells w ere  able  to withs tand  en v i ro n m en ta l  s t resses  l ike salt ,  d ro u g h t ,  cold 

and heat. O i lseeds  can  be m odif ied  to p roduce  fatly ac ids  for d e te rg en ts ,  subs t i tu te  fuels and  

petrochemicals .  Po ta toes ,  tom atoes ,  rice tobacco ,  le ttuce, s a f l lo w e rs .  and  o th e r  p lan ts  l u n c  
been genetical ly  en g in ee red  to p ro d u ce  insulin and cer ta in  vacc ines .

An analysis  o f  thc g lobal  area  un d e r  G M  crops  dur ing  2 0 0 0  to 2 0 1 0 ,  s h o w s  an increas ing  

trend in the area  espec ia l ly  in the case  o f  herb ic ide  tolerant ( I IT )  g e n e t i c a l ly  m o d i f i e d  c rops  

Globally,  U S A  ranks first in area  (64 m h a )  un d e r  G M  crops  fo l low ed  by Brazil  (21.4  m ha)  

and A rgen t ina  (21.3 m ha) .  In India,  o f  the total area  u n d e r  c o t to n  cu l t iva t ion ,  8.4 m h a  is 

under  Ml cotton.  Global  area  (coun t ry  w ise)  o f  G M  crops  is g iven  in T ab le  1. f i r s t  I I I  

soybean  w as  released in A rg en t in a  in 1996. I rait w ise  a rea  u n d e r  G M  c ro p s  is dep ic ted  in 

f ig .  1. In IJSA, 100% arcn un d e r  soya  and c an o la  cu l t iva t ion  is h e rb ic id e  to lerant  varieties



More than three-quar ters  (7 7 % )  o f  the  90 mil l ion  hec ta res  o f  s o y b e a n  g r o w n  g lobal ly  w ere  
biotech: for cotton,  a lm os t  h a l f  (4 9 % )  o f  the  33 mil l ion  hec ta res  w e r e  b io tech :  for maize ,  
over  a  quarter  (2 6 % )  o f  the 158 mil l ion  hec tares  g r o w n  g loba l ly  w^ere b io tech :  and  finally 

for canola,  2 1 %  o f  the 31 mil l ion  hectares  w e r e  biotech.

8 0 -j------------------------------------------------- -------------------------------

70 J 
60 -  

50 J 

4 0  1 

30 - 

20 

10 

0

- o -  Herbicide tolerance

- D -  Insect resistance

Herbicide tolerance/ 
Insect resistance

> 8 0 %  of transgenic crops were 
glyphosate-resistant in 2 0 0 6

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Fig 1. Trai t  w ise  area  (% ) un d e r  G M  crops

(S c r \  ice .2007)

Stacked products  arc an im por tan t  feature o f  b io tech  c rops  and fu ture  t rend ,  w h ic h  m ee ts  the 

mult iple needs o f  fa rm ers  and co n su m ers ,  and these are n o w  inc reas ing!)  d e p k w e d  b \  1 1 

countr ies o f  which  8 are d ev e lo p in g  countr ies .  T h e  n e w  b io tech  m aize ,  S m ar t  S t a x ™ ,  w as  

released in the U SA  in 2010  with  eight  dif ferent  genes  c o d in g  for a total  o f  th ree  traits,  two 

for pest resistance,  (one  lor ab o v e  g round  pests and  the o th e r  for u n d e r g r o u n d  pests)  and  

herbicide tolerance.  B io tech  herb ic ide  tolerant soybean  c o n t in u ed  to be the p r inc ipa l  b io tech  

crop in 2009, o c c u p y in g  69.2  mil l ion hectares  o r  5 2 %  o f  g lobal  b io te c h  a rea  o f  134 mil l ion  

hectares, fo l lowed by bio tech maize ,  41.7 mil l ion hec ta res  at 3 1 % .  b io tech  co t ton  16.1 

million hectares  at 12%. anil b io tech cano la  6.4 mi l l ion  h e c ta re s  at 5 %  o f  the  e lobal  

biotech crop area. O f  the var ious  c o m p a n ie s  p ro d u c in g  G M  c rops .  M o n s a n t o ' s  sha re  is abou t  

90 percent (G lyphosa tc  to lerant  soybean ,  corn, cot ton ,  cano la ,  su g a r  bee t )  and  the r e m a in in g  
10 percent by Bayer  C ro p  Sc ience  , Syngen ta .  Du Pont  etc.



Rank Country Area B iotech Crops
(m illion hectares)

1* USA* 64.0 Soybean, maize, cotton, canola, squash, papaya, alfalfa, sugarbeet
2* Brazil* 21.4 Soybean, maize, cotton
3* Argentina* 2 1 J Soybean, maize, cotton
4* India* 8.4 Cotton
5* Canada* 8.2 Canola, maize, soybean, sugarbeet
6* China* 3.7 Cotton, tomato, poplar, papaya, sweet pepper
7* Paraguay* 1 7 Soybean
8* South Africa* 2.1 Maize, soybean, cotton
9* Uruguay* 0.8 Soybean, maize

10* Bolivia* 0.8 Soybean
11* Philippines* 0.5 Maize
12* Australia* 0.2 Cotton, canola
13* Burkina Faso* 0.1 Cotton
14* Spain* 0.1 Maize
15* Mexico* 0.1 Cotton, soybean
16 Chile <0.1 Maize, soybean, canola
17 Colombia <0.1 Cotton
18 Honduras <0.1 Maize
19 Czech Republic <0.1 Maize
20 Portugal <0.1 Maize
21 Romania <0.1 Maize
22 Poland <0.1 Maize
23 Costa Rica <0.1 Cotton, soybean
24 EgYPl <0.1 M.1I7C
25 Slovakia <0.1 Maize

• 15 bicrfech mega-countries growing 50,000 hectares, or more, of biotech crops 
SciirLK Cm* Ur>3( 2009.

Figure  2. Pe rc e n t  A d o p t i o n  o f  H i o l c r h  C r o p s  in the  U S A ,  I 9 9 h  to  2 0 0 9 .
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3. M a j o r  A p p l i c a t i o n s  o f  B io te c h n o lo g y  in w e e d  m a n a g e m e n t

Applicat ions o f  b io tech n o lo g y  in w eed  m a n a g e m e n t  can  be  g ro u p e d  as:-

a) use o f  b ioherb ic ides  m a in ly  from microb ia l  sources

b) use o f  natura l ly  occu r r ing  herb ic ides  o f  p lant  o r ig in  and  the i r  syn the t ic  a n a lo g u e s

c) genetic im p ro v e m en t  for c rop  to lerance  to herb ic ides  and

d) decontam ina t ion  o f  herb ic ide  res idues  in soil us ing  m ic ro  o rg an ism s .

T w o  m ajor  s trategies for biocontrol  o f  w eeds  inc lude  class ical  a p p r o a c h  and  b ioher ic ida l  

approach. Classical ap p ro ach  deals  w ith  in t roduct ion  o f  an insect  b io a g e n t  into w eed  

population. For eg. P a r th en iu m  can be contro l led  by Zygograma bicolorcita and  Cyrtobagous 
salviniae and Neochetina bruchii con tro ls  Salv in ia  and  E ic h h o m ia .  respec t ive ly .

3.1 B iohcrbic idc  A p p ro a ch

In bioherbicidal  approach ,  var ious  microbial  b io-agents ,  u sua l ly  a na t ive  p a th o g e n o u s  fungi 

or  bacteria is cul tured  art if icia lly  and  sprayed  like a p o s t - e m e r g e n c e  h e rb ic id e  on target  

weeds.  Form ula t ions  o f  Phytophthorcipalmivora  (De Vine'*) as a se lec t ive  m y c o h e r b ic id e  for 

the control o f  milk w eed  (Morrcnici odorcita) in cit rus,  and  Colletotrichum glocosporioicJcs 
(Col lego *■) for the contro l  o f  N o r th e rn  jo in t  vetch in rice and  so y b ean ,  are n o w  w id e ly  used  in 

developed countr ies .  S o m e  o f  the co m m e rc ia l i s e d  b iohe rb ic ides  are  g iven  in T a b le  2.

Kerala Agricultural U n ive rs i ty  ( K A U )  has  a lso con t r ibu ted  to this  field. T h e  herb ic ida l  

action o f  Fusarium pallidow scum  for the control  o f  n o x io u s  aqua t ic  w e e d  Eichhom ia  
crassipes was s tud ied  by N a z e e m a  and B a lakr ishnan  (1999)  and  a p p l ica t io n  o f  five percent  

C ashew  Nut Shell  Liquid  (C'NSL) so lu t ion  fo l lowed by five pe rcen t  W c t t a b le  P o w d e r  ( W P )  

o f  Fusarium pullidoroscum  is be ing  r e c o m m e n d e d  for its e f fec t ive  con tro l  (K A l ’.2(107) 

Abraham and A b ra h a m  (1999)  reported that fungi like C ollctofriclium glocosporioilhw 

Allernaria ullcnuila  and  ( 'oryncspura cassicola  are potent ia l  b io a g c n l s  for the contro l  ol 
alien invasive weed  Mikaniu micranllui (M ile -a -minu te ) .

Criteria needed for a potent ia l  b iohcrb ic idc  include fast g ro w th  and  s p o ru la t io n  on  artificial  

media,  high v im lc n c y  agains t  target w eed  species ,  gene t ic  s tabi l i ty ,  host spec i f ic i ty ,  b road  

tolerance range,  prol if ic  p ropagu lc  p roduc t ion  and p o o r  d i s se m in a t io n .  T h e  m a in  ad v a n ta g e s  

o f  b ioherbic idcs  o v e r  chem ica l  herb ic ides  arc their eco - f r iend ly  na tu re ,  h igh  hos t  specif ic i ty ,  

lack o f  residue build up and absence  of  w eed  res is tance  d e v e lo p m e n t .  S ince  they are host 

spccilie they lack broad sp ec t ru m  act ion,  which  necess i ta tes  m u l t ip le  app l ica t ions .  A s  they 

are microbes ,  they are m o s t ly  incom pa t ib le  w ith  o the r  a g ro c h e m ic a l s .  P o o r  s h e l f  life and 

restricted c o m m erc ia l  po tent ia l  (m arke tab i l i ty )  m a k e  their  a d o p t io n  diff icul t .



T ra d e  Dame of  
bioherbicide

M icro  organism Target weed

DeVine Phytophihora palmixora Morrenia odorata in citrus 

(milk weed, strangler vine)

Collego Collelotriclnmi gloeosporioides 

f  sp. aeschenoniene

Aeschenoniene virginica (northern 
joint vetch) in rice , soybean

Casst A Iternaria cassiae Cassia obtusifolia (sicklepod) in 
sovbean. cotton

Biomal Collelolrichiim gloeosporioides 
fsp . mulvae

Malva pus ilia (round leaved 
mallow)

Bipolaris Bipolar is sorg/iicola Sorghum halapense (Johnson 
urass)

Dr.Bioscdge Puccinia cainiliculala C] perns esculent us

3.2 Natura lly  occurring herbicides and its synthetic analogues

Naturally occurr ing  he rb ic ides  inc ludes  uti l ization o f  plant and  m ic ro b ia l  p h y lo to x in s  

(al le lochemicals)  as herb ic ides .  O f  this, the first herb ic ide  d e v e lo p e d  is ‘B t a l o p h o s ” a 

microbial product  isolated from the fe rm enta t ion  bro ths  o f  Streplom yccs hvgroscopicus and  

S  viridichromogenes and  is m arke ted  in Japan  under  the t rade  n a m e  i l e r b i a c e * .  It exh ib i t s  

strong hcrbicidal ac t iv i ty  aga ins t  a w ide  range o f  g rasses  and  b ro ad  leaved  w e e d s  on  foliar 

application. In sens i t ive  plants  B ia lophos  gets conver ted  ter p h o sp h in o th r i c in .  a p hv to lox ic  

metabolite inhibi t ing the e n z y m e  g lu tam ine  syn the tase  (CiS) in v o lv e d  in a m m o n ia  

ass imila t ion and regula t ion  ol n i t rogen m etabo l ism .  As a result ,  a m m o n i a  a c c u m u la t io n  

occurs and thc plant dies.  A n iso m y c in  is effec t ive  aga ins t  Ecliinochlon crus-galh  and 

Digitciria sp. S o m e  o f  the phy lo tox ins  with a l lc lopnhl ic  effect  arc  g iven  in T a b le  3. S ince 

these natural herb ic ides  are l imited in their se lect ivi ty  and  lack s tab i l i ty ,  a n o th e r  a p p ro a c h  is 

the biorational syn thes is  o f  m ore  s table  and se lec t ive  syn the t ic  a n a lo g u e s  o f  these  natural 

com pounds  based  on  novel  chem is t r ie s  p rov ided  by a l l c lo c h c m ic a ls  and  m ic rob ia l  toxins .  

Som e o f  thc c o m m o n ly  ava i lab le  synthe t ic  an a lo g u es  nrc g iven  in T a b le  4. G lufos inn te .  a 

broad spec t rum non-sc lcc l ivc  herb ic ide  can be used  for thc c o n t ro l l in g  a lm o s t  all w eed s  in a 

non-croppcd s i tuat ion. M e th o x y p h c n o n c  is m arke ted  in J a p a n  ns a se le c t iv e  he rb ic ide  for the 

control o f  Echinochlno crus-gaHi. P ic lornm is a ch lo r ina ted  d e r iv a t iv e  o f  fusnric acid 

produced by Im a riu m  sp. and  it is used  for thc contro l  o f  w o o d y  w eed s .  A s tudy  was  

conducted  in (JSA to s tudy  thc ef fec t  o f  Q u inc lo rac  for the contro l  o tS csb a n ia  hcrhacru  l he



result show ed  100 percen t  contro l  w h e n  applied  @  0 .5 6 k g /h a  at 4  w e e k s  a f te r  t rea tm en t  and 

w as  com parab le  w ith  2 ,4 -D  and  propani l  ( Norsw^orthy et a / . ,2010) .

Table  3. P l a n t / M i c r o b i a l  to x in s  w i th  h e r b i c i d a l  a c t iv i ty

P h y t o t o x i n S o u r c e

Bialophos Streptomyces hygroscopicus, 
S. viridochrumogenes

A nisom yc in Streptomyces sp.

Caffeine. T r im ethy l  xan th ine ColTee plants

Juglone Walnut

1.8 cineole Eucalyp tus .  C a r d a m o m

Cercosporin Cercospora sp.

M onil i formin Fusariiini monilifonne

Tentoxin Alternciria alter nut a

Table 4. S y n th e t i c  a n a l o g u e s  o f  n a t u r a l  c o m p o u n d s

N a t u r a l  p r o d u c t S o u r c e S y n t h e t i c  H e r b i c i d e  %

Phosphinothric in Streptomyces viridochroniogenes Cilulbsinate

Anisomycin Streptomyces sp. M e t h o x y p h e n o n e

Cineole Euca lyp tus C in m c th v l in

Fusaric acid Fusurium  sp. P i c lo m m

Monil i formin 1‘iisaritim mnniliforme 3 ,4 -d ih u to x y -n io n l i fo t t t i in

Quinolinic  acid Nicotianci lahactim Q u in c lo ra c

( I l a t / io s ,  I l,87)



3 3  G e n e t i c  m a n i p u l a t i o n  o f  c r o p  to l e r a n c e  to  h e r b i c i d e s

Crop tolerance tow ards  herb ic ides  is the  m a jo r  a rea  w h e re  app l ica t ion  o f  b io tech n o lo g y  in die 
field o f  w eed  m a n a g e m e n t  has  been  w ide ly  exploi ted .  T h e  c rops  res is tan t  to he rb ic ides  can  be

engineered  genet ica l ly  by  four  m a jo r  ap p roaches  such  as:-

1) classical p lant  b reed ing  techn iques  and  m u ta t ion  b reed ing

2) in vitro m utan t  se lect ion at the cell o r  t issue level

3) somatic  hybr id iza t ion

4) transfer o f  c loned  genes  into suscep t ib le  crops.

Classical plant b reed ing  techn iques  involves  se lec t ion  o f  w h o le  p lan ts  lo r  to le rance  and  

using those plants in a tradit ional  b reed ing  p ro g ram m e .  T r a c y - M ,  a m e t r ib u z in  to lerant  

soybean cult ivar d ev e lo p ed  by p lan t ing  soybean  in soil treated w i th  m e t r ib u z in  and  su rv ivo rs  

are used as parents  for breeding .  M ate rna l ly  inherited t raz ine  re s i s tance  has  been  t ransfe rred  

from weed Brassica campcstris (b i rd ' s  rape) to cu l t iva ted  Brassica napus (cano la )  by back  

crossing followed by se lec t ion.  A traz ine  resis tant cano la  ( O A C  T r i to n )  is cu l t iva ted  in 

Canada. Mutat ion  b reed ing  inc ludes  m u tagenes is  o f  seeds  ( E M S )  fo l lo w ed  by  sc re e n in g  ot 

seedl ings for resis tance. T o le ran ce  to su lfonyl  urea he rb ic ide  in s o y b e a n  by  m u ta t io n  

breeding was success fu l ly  done  by Sebas t ian  and  C h a le f f  (1987) .  It takes  m a n y  yea rs  lo 

develop a plant with  herb ic ide  to lerance  by s tandard  se lec t ion  techn iques .

In in vitro m utan t  se lec t ion  ce l ls / t issues  are cu l tured  in the p r e s e n c e  o f  he rb ic ide  

concentrat ion that is toxic to norm al  cells  and  the in teract ion b e tw e e n  ce l l s  and  inh ib i to rs  are 

studied, ITte regenera ted  plants  with res is tance are se lected .  T o b a c c o  m u ta n t s  sh o w in g  

tolerance to sulfonyl ureas  has  been isolated. M utan t  se lec t ion  bv so m a t ic  h y b r id iza t ion  is
» w m

done by protoplast  fusion, main ly  appl ied  in c rops  h av in g  sexua l  incom pa t ib i l i ty .  P ro top las ts  

from different plants  can be induced  to fuse in culture ,  c o m b i n in g  the i r  gene t ic  in fo rm a t io n  to 
create a new  hybrid (S ke lsey . l  984).

The direct t ransfer  o f  c loned  genes  into cells o f  suscep t ib le  p lan ts  is the m o s t  pow erfu l  

approach for gene t ica l ly  m an ipu la t ing  crop  to le rance  to h e rb ic id e s  ( I l a t / i o s . l 987).  

D eve lopm ents  in b io tech n o lo g y  have  led to success fu l  g en e  t r ans fe r  t e c h n iq u e s  like 

Agrohacterium  m ed ia ted  transfer,  e lec t ropora t ion ,  m ic ro in je c t io n ,  m ic ro  projec t i le  

bombardment .  It is usua l ly  d o n e  by reco m b in an t  D N A  te c h n o lo g y  u s in g  the vec to r  

Agrohacterium tumefacicns w h ich  con ta ins  the gene  for in d u c in g  h e rb ic id e  to le rance  

(A braham  et al., 1993).  In tobacco ,  us ing  Agrohacterium tumefacicns ns v e c to r  to exp ress  a 

mutant  allele o f  a m  A gene  from Salmonella  sp. c o d in g  for an e n z y m e  5-Hnol P v r u w l -  

Sh ik im atc -3 -Phospha le  S yn thase  (E P S P S ) ,  caused  a d e c re a se d  a f f in i ty  for  g lyphosute .  Hut 

due to certain l imita t ions  like pa thogen ic  nature  ol vec to r  to w a rd s  e c o n o m i c  c rops  and 
limited host range o f  I i p la sm id  (only  dicots) ,  n o w  gene  gun is used  lor g en e  transfer



33.1 . iMechanisms of crop tolerance/resistance

The various m e c h a n ism s  o f  c rop  to le rance/res is tance  to w ard s  he rb ic ides  are.

•  over  p roduc t ion  o f  target  enzym e,

• in t roducing  gene  to p roduce  the target  site w h ic h  is in sens i t ive  to he rb ic ide

•  metabol ic  de tox i f ica t ion  o f  herbic ide  and

• by a l tered up take  and t ranslocat ion.

Phosphinothr ic in  (act ive ingredient  in glufosinate)  is a c o m p e t i t iv e  inh ib i to r  of g lu tam in e  
synthetase  (GS) e n z y m e  o f  plants  and bacteria.  Synthe t ic  p h o sp h in o th r i c in  is m a rk e te d  as 
Basta. Tobacco  plants  to lerant  to phosph ino th r ic in  w ere  d e v e lo p e d  by  am pl i f ica t ion  ot 

g lutamine syn the tase  act iv i ty  (D o n n  et al., 1984).

A nother  m ech an ism  by w h ich  plants  acquire  res is tance  is by in t ro d u c in g  a g e n e  to p ro d u ce  

the target site w h ich  is insensi t ive  to herbicide.  U sua l ly  t r iaz ines  and  u rea  de r iva t ives  are 

inhibitors o f  pho tosyn thes is  (ch loroplas t )  inside plant sys tem  and they  d is rup t  pho tosyn the t ie  

electron transport in p h o to sy s tem  II. So by in t roduc ing  a m u ta n t  gene ,  w e  can  m a k e  the target 

site insensitive to the app l ied  herbic ide .  T h e  m utan t  gene  'psb  A '  f rom Am aranthus hybridus 
(weed) was in t roduced in tobacco  us ing  Agrobacterium  Ti t r an s fo rm a t io n  t e c h n iq u e  and  its 

protein product o f  nuc lea r  psb  A w as  identif ied in ch lo rop las ts  o f  t r an sg en ic  tobacco ,  m a k in g  

them tolerant to he rb ic ides  (C h e u n g  el r; /. ,1988).  S im ila r ly  su l fonyl  u reas  and  im id a z o l in o n e  

herbicides inhibit acc to lac ta te  syn thase  (A L S )  involved  in b io sy n th e s i s  o f  b r a n c h e d  cha in  

amino acids like val ine,  leucine  and isoleucine. M utan t  A L S  gen es  e n c o d in g  A L S  res is tance  

to these herbic ides  are found in yeast ,  bacter ia  and  in p lants  ( to b acco  and  ArabiJopsis). 
Transgenic  tobacco  p lan ts  with  m utan t  A L S  gene  from A ra b id o p s i s  to le ra te  he rb ic ide  

concentra t ions four t i m e s ‘ ‘ \ , 1 field app l ica t ion  ( M a z u r  i7 <//.. 1987).

C o m  is tolerant to atra/ . ine because  the e n z y m e  g lu ta th ione  -s - t r ans fe rase  (CiS 1 ) ins ide  corn  

binds with a trazinc  and  conver t s  il into de toxif ied  form. M ix e d  func t ion  o x id ase s  are 

involved in de tox if ica t ion  o f  2,4-1) in pea and d ic a m h a  in ba r ley  w hi le  3 c n / v m e s -  super  

oxide d isamutase .  ca ta lasc  and  perox idase  are invo lved  in re s i s tance  aga ins t  paraqua t .  In 

metabolic de tox if ica t ion ,  c n / y m e s  from plants  and  m ic ro b es  are  used  to d e to x i fy  the appl ied  

herbicide before  it inhibi ts  a m etabo l ic  process .  Propani l  is a post  e m e r g e n t  he rb ic ide  to 

control m onoco t  w eeds  espec ia l ly  Echinochloa  sp. in rice. But rice in spi te  o f  be ing  a grass,  it 

is not affected by propani l  due  the p resence  o f  e n z y m e  aryl acy l  a m id a s e  ins ide  rice w hich  
convert propanil  into its inact ive  form and Echinochoa  h av in g  less c o n c e n t r a t io n  o f  e n z y m e  

is controlled by propani l .  S o m e  o f  the e n z y m e s  inside p lan ts  h a v in g  the abi l i ty  to d eg rade  
herbicides  arc p resen ted  in T ab le  5.
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Herbic ide Enzym e Plant source

Atrazine.  A lach lo r G S T C o m

M onuron.  D iuron N -d em eth y la se C o t ton ,  S o y b e a n

2,4-D H ydroxy lase Peas .  C u c u m b e r

----------------------1
Arylamines Peroxidase Peas

Metribuzin,  Acif luorfen GST, D eam inase S o y b e a n

I Metr ibuzin N -g lucosy l - t ransfe rase T o m a to

i
Propanil A m id ase Rice

Chloramben N -g lucosy  1-transferase S o y b e a n

(I la tz ios . IWS?)

Since it is very d i l l leu l i  to isolate and transfer  these e n z y m e s  f rom plants ,  m ic ro b e s  hav ing  

such genes capable  o f  d e g ra d in g  herb ic ides  are n o w  using  w id e ly  (T ab le  6). T h e  bar gene  

from Streptomyces hygroscopicus en c o d in g  for P hosph ino th r ic in  A ce ty l  'Transferase  (P A  I ) 
which convert  phosph ino th r ic in  to non- tox ic  form has been e n g in e e re d  into tom ato ,  tobacco  

and potato m ak ing  them tolerant  to g lu fos ina te  and  b ia lophos .  S im i la r ly  the hxn g en e  from 

Klebsiella ozuenac e n c o d in g  for nitri lase e n z y m e  conver t  b ro m o x y n i l  (3 .5 -d ib ro m o -4 -  

hydroxy benzonit r i le)  to its inact ive metabol i te  ( 3 ,5 -d ib ro m o -4 -h y d ro x y  b e n / o i c  acid).

fahle 6. H e r b i c i d e s  a n d  its r e s i s t a n t  genes

H erb ic id e R e s i s t a n t  g e n e /e n /v  m e G e n e  s o u r c e

Glufosinate.  Bialophos.  
Phosphinothric in

liar ( PAT- Phosph ino th r ic in  Acetyl  
1rans lc rase)

Slreptomvees sp . .  llcaligcni s 
sp.

Glyphosate am  A ( T PSPS) E.coli, Salmonella  sp.

Bromoxynil hxn (Nitr i lase) Klcbxiclla ozaeniie
Sulphonyhirca .  
Imidazoli  nones

A TS (A ce loE ac ta lc  S yn thase ) Nicoliann inhacum

(I latzios.  1987)

In altered uptake  and  t rans loca t ion  m e c h a n i sm  o f  res is tance,  thc h e rb ic id e  is p reven ted  from 

reaching the target  site o f  action. W e rn e r  and  P u tn am  (1 9 8 0 )  repo r ted  to le rance  o f  c u c u m b e r  
to alrazine is by m odi f ied  t rans loca t ion  and vascu la r  c o m p a r tm e n ta t io n .



33.2 . M ech a n ism  o f  to lerance  in R o u n d  U p R ea d y  crops

Glyphosate  (R o u n d u p )  is a non-se lec t ive  sys tem ic  herb ic ide  w h ic h  is a po ten t  com p e t i t i \  e 
inhibitor o f  the e n z y m e  5-Enol  P y ru v y l -S h ik im a te -3 -P h o sp h a te  S y n th as e  ( E P S P S )  needed  lor 
the product ion  o f  a rom at ic  am in o  acids  like phenyl  a lan ine ,  ty ros ine ,  t ry p to p h a n  and there  b \  
protein  synthes is  ins ide  plants .  In R o u n d u p  ready  c rops  l ike so y b e a n ,  c o m .  cano la  etc. the 
tolerance is due  to tw o  m e c h n a i s m s  1) over  p roduc t ion  o f  the  e n z y m e  E P S P S  w i th in  the 
transgenic plant 2) by  t ransfer ing  a gene  cod ing  for m uta ted ,  g ly p h o s a te  res is tant  EPSPS .  
Glyphosate  to lerant  Petunia hybritla w as  p roduced  by inc reas ing  E P S P S  act iv i ty  (40 fold) 
using C a M V  35 S as the promoter .  Plants  fo rm ed  w'ere to le ran t  for 0 .8 K g /h a  level of 

glyphosate.  A  m utan t  aro A gene  cod ing  for E P S P S  insens i t ive  to g ly p h o sa te  has  been  
isolated from m ic robes  E.coli (D u n can  et al., 1984),  Salmonella typhi murium  (S ta lke r  el 
al., 1985) and a w eed  Arabiclopsis thaliana  (Klee  et al., 1985).  T h is  w a s  fused  to p ro m o te r s  to 

permit  express ion  in tobacco  and  tomato.

Similarly, herbic ide  to lerant  rice w as  also p roduced .  ‘L iber ty  L in k '  r ice to leran t  to 

glufosinate.  was p roduced  by A v e n d s  and ‘C lear  F ie ld '  to le ran t  to im id a z o l in o n e  g roup  o f  

herbicides by B A SF.  C lea r  field is very successful  in areas  w h e r e  w e e d y  rice is a severe  
problem because  on app l ica t ion  o f  N ew p a th  ( im aze thapyr) ,  rice will su rv iv e  and  w e e d y  rice 

will perish.

The last and final app l ica t ion  o f  b io techno logy  is d e c o n ta m in a t io n  o f  he rb ic ide  re s idues  in 

soil using micro o rgan ism s .  It can be e i ther  by microbia l  d eg ra d a t io n  o f  he rb ic ide  re s idues  or 

by the use o f  microbial  herb ic ide  safcncrs .  S o m e  o f  the m ic ro b e s  d e to x i fy in g  h e rb ic id e s  in 
soil arc given in Tablc7 .

fable  7. H e r b i c i d e  d e to x i f y i n g  m i c r o b e s  in soil

H e r b ic id e M i c r o b e
2,4-D, M CPA rs.

-rV
l

.w
Jj

S«J
S

j

Dalapon.  G lyphosa te Pseudomonas sp
Alachlor Rhizoelonia solani, busarium oxysporum

Propanil busarium solani
EPTC
* m a • mm ^

Artlirobactcr sp.

used as crop protectants ,  l or  exam ple ,  herb ic ide  in jury to su g a r  beet  is r ed u ced  by using 
bacterial fertil izer “ A zo tobac le r in" .

Though there arc several  benef i ts  for G M  crops,  s o m e  o f  the risks  a s s o c ia te d  arc.

a) em ergence  o f  super  w eed s

b) excess ive  use o f  sonic  herb ic ides

c) genetic con tam ina t ion  o f  n o n - G M  crops  and

d) threat to b iodivers i ty



Super  w eeds  are those  w eed s  w h ich  show' res is tance  tow ards  a  pa r t icu la r  he rb ic ide  (Tab le  8). 
Nowr the c o m m o n  supe r  w eed  spec ies  is Amaranthus palm eri (P a lm e r  am a ran th )  res is tant  to 
glyphosate .  There  is a lso chance  for  out  c ross ing  w i th  re la ted  w e e d  spec ies  and  they  also 

acquire  to lerance to herbicide.

Table 8. H erb ic ide  res is tant  w e e d s

C o m m o n  n am e Scient if ic  n a m e R es is ta n t  h e r b ic id e /g r o u p

Rigid rye grass Lolium rigidum Su lfony l  u reas

Sm ooth  pig w eed Amaranthus hybridus T r ia z in e s . Im id a z o l in o n e s

Wild oats A venafatua F e n o x a p r o p - p - e t h y l .  D ic lo lop -  
m e thy l

Redroot pig w eed A muranthus retroflexas M e tr ib u z in

C o m m o n  lam bsquar le rs Chcnopodium album T r iaz in es

Green foxtail Setaria viridis F e n o x a p r o p - p - e t h y l ,  D ic lo fop -  
m e thy l

Barnyard grass Echinochloa crus-galli Propani l
G oose  grass Elcusinc indica D in i t roan i l incs

Kochia Kochia scoparia A traz in e
Horseweed.  Pa lm er  
amaranth

Conyza canadesis, Amaranthus 
palmeri

G ly p h o s a te

4. C o n c lu s io n

Despite the con t inu ing  deba te  on biotech crops,  m i l l ions  o f  large and  sm al l  fa rm ers  in both 

industrial and deve lop ing  coun tr ies  con t inue  to increase  their  p lan t in g s  o f  b io tech  c ro p s  b\ 

double-digi t  adopt ion  g row th  rates every  year  s ince 1996, b ecause  o f  the  s ign i f ican t  m ul t ip le  

benefits biotech crops  offer.  Ib is  high rate o f  adop t ion  is a s t rong  vo te  o f  c o n f id e n c e  in 

biotech crops. T o d a y  abou t  840  mil l ion people  in the d e v e lo p in g  c o u n t r ie s  su f fe r  from 

malnutr it ion and 1.3 bill ion are affl icted by poverty.  T h o u g h  there a re  ce r ta in  r isks  a s soc ia ted  

with,  b io technology can  m ake  a vital contr ibut ion ,  but not a total so lu t ion ,  to g loba l  food, 

feed and fiber secur i ty  and  can also m ake  a cri t ical ly im por tan t  c o n t r ib u t io n  lo a l lev ia t ion  o f  

poverty, the most fo rm idab le  cha l lenge  facing global soc ie ty  w h ic h  has  m a d e  a p le d g e  lo 
decrease pover ty  by h a l f  by 2015.
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D iscuss ion

I. W hat  is P ic lo ram ?

Picloram is the ch lo r ina ted  deriva t ive  o f  fiisaric acid,  a syn the t ic  an a lo g u e  ol 

natural phy to tox ic  chem ica l  used  for the control o f  w o o d y  w e e d  plants .

2. W hich  are the w eed s  contro l led  by  G lu fos ina te?

Chenopodium album  ( c o m m o n  lambsquar te rs) ,  Ambrosia artemisiifolia  ( r a g w e e d )  

Digilaria sanguinalis ( large crab grass).  Pig w eed  sp.

3. H ow  the ch loroplas t  is m ade  insensi t ive lo he rb ic ides  us ing  Agrobacterium  as 

vector?

The psb  A m utan t  gene  from Amaranthus hybridus w a s  c o n v e r ted  into a nuc lea r  

genom e by fusing its c o d in g  region to t ranscr ip t ion - regu la t ion  and  t ransi t  pep t ide-  

encoding  sequences  o f  a nuc lear  gene. T h is  ch im er ic  cons t ruc ts  will be in t roduced  to 

nuclear gene o f  tobacco  us ing  Agrobacterium  Ti t r an s fo rm a t io n  seq u en ces .  The  

protein product  o f  nuc lea r  psb  A w as  identif ied in ch lo rop la s t s  o f  t r ansgen ic  tobacco  
plants.

4. What is the reason for l imited host range o f  Agrohacterium ?

Agrohacterium lume/acicns is a gall induc ing  bac ter ia  c o m m o n h  used  as a s e c to r  

in genetic eng ineer ing .  Hut it is m ain ly  effect ive  in d ico ts  for g e n e  t r an s fe r  and  its 

application is l imited in m onoco ts .  As our  m ain  food c rops  are  m o n o c o l s .  n o w  gene  
gun is used for gene  t ransfer  in m o n o co ts  (cereals).

5. H ow  super  w eed s  can be con tro l led?

Super  w eeds  arc those  w eeds  w hich  s h o w  res is tance  to w a rd s  a p a r t icu la r  herbic ide  

So by using a he rb ic ide  o ther  than the herb ic ide  to w h ich  the  w e e d  is res is tant  we cat 

control super  weeds .  I lie w eed  Amaranthus palm eri (P a lm e r  a m a r a n th )  is rcsislun 

lo glyphosate .  By us ing  paraqua t ,  a con tac t  herb ic ide  w e  can  kill Am aranthus  sp.



W eeds  have  long been  recogn ized  as a m a jo r  p ro b lem  cau s in g  s ign if ican t  reduc t ion  in 
agricultural p roduct ion .  Several m e th o d s  are be ing  e m p lo y e d  to o v e rc o m e  w eed  
infestation in crop fields.  Recen t  advances  in agr icul tura l  b io t e c h n o lo g y  provide  us 
with n e w  opt ions  and  a l ternat ive  approaches  in dea l ing  w i th  w e e d  p ro b le m s .  T h e  four  
m ajor  areas in the field o f  w e e d  m a n a g e m e n t  te ch n o lo g y  w h e re  o p p o r tu n i t ie s  to r  the 
application o f  b io techno logy  exis t  are: d e v e lo p m e n t  and  use  o f  b ioherb ic ides ,  

d iscovery  and use o f  natural ly  occurr ing  herb ic ides ,  genet ic  im p r o v e m e n t  o f  c rop  
tolerance to herb ic ides  and use o f  gene t ica l ly  e n g in e e re d  m ic ro b e s  tor 

decon tam ina t ion  o f  herb ic ide  residues.

In the b ioherb ic ide  app roach ,  microbial  plant pa thogens  are app l ied  to target  w eeds .  
Fungi, bacteria  and viruses  offer  great p rom ise  as b ioherb ic ides .  F o rm u la t io n s  ol 

Phytophthorci pcilmivoru (De  V ine* )  as a se lec t ive  m y c o h e r b ic id e  for the  contro l  o f  
milk weed  (Morrenia adorata) in citrus,  and Colletotrichum gloeosporioides 
(C'ollego*) for the control  o f  N or the rn  jo in t  ve tch  in rice and so y b ean ,  are  now widely 

used in deve loped  countr ies .  T h e  hcrbicidal  p roper ty  o f  Fuscirium pallidoroseum  for 

the control o f  n ox ious  aquat ic  w eed  Eichliornia crassipes w a s  s tud ied  by N a z e e m a  

and Balakrishnan (1999)  and 5 %  C a s h e w  N ut  Shell  L iquid  ( C N S L )  so lu t ion  +  5°o 
Wcttable Pow der  o f  Fuscirium pallidoroseum  is be ing  r e c o m m e n d e d  for e f fec t ive  

control (K A U ,  2007).  A b ra h a m  and A b ra h a m  (1999)  repor ted  that fungi like 

Colletotrichum gloeosporioides, Altcrnaria alternata  and  Corynespora cassicohi are 

potential b ioagen ts  for the control  o f  al ien invas ive  w eed  Mikania micrunthu.

Extensive research  has dem o n s t ra ted  that several  a l l c lo c h e m ic a l s  p o sse s s  good  

hcrbicidal activity.  B ia lophos ,  a microbia l  product  from Streptomyces  s p . . exh ib i t s  

strong hcrbicidal act iv i ty  agains t  a wide spec t rum  o f  grass  and  b road  l e a \ e d  weeds .  

However ,  due  to their l imited selectivity ,  stable synthet ic  a n a lo g u e s  w ere  d e v e lo p e d  

for com m erc ia l  use. O ne  such  herb ic ide  is the a m m o n i u m  salt o f  g lufosinute .  

marketed in India under  the trade nam e  Basta* (B a y e r  C ro p  Sc ience) .

Genetic im p ro v em en t  ol c rop  to lerance lo herb ic ides  is an area  w h e re  c o m m e rc ia l  

exploita t ion o f  b io techno logy  has been very successfu l .  The m e c h a n i s m s  o f  plant  

tolerance to he rb ic ides  vary with Ihe plant and  the herb ic ide .  A p p r o a c h e s  for 

deve lopm ent  o f  herb ic ide  resistant crops include c lassical  plant  b r e e d in g  techn iques .  

in vitro mutant  se lec t ion  from callus  cultures ,  and  t ransfe r  o f  c lo n e d  genes  to 

suscept ihlc  crops. In the case  o f  g lyphosa te ,  w h o s e  11011-sc lec t ive  b ro ad  spec t rum  

activity is due  to inhibi t ion o f  5 -Fno l  P y m v y l -S h ik im a te -3 -P h o s p h n te  Syn thase  
(F.PSPS) in S h ik im ic  acid p a th w ay  o f  a m in o  acid syn thes is ,  to le rance  in c rops  has 

been ach ieved  by in t roduc ing  c loned  bacterial  genes  for a l te r ing  the lcvel /scnsit iv  il\ 

o f  F.PSPS. O f  the total area under  genet ical ly  m o d i f i ed  c ro p s  in the w or ld .  8 0 %  is 
occupied  by herb ic ide  tolerant  c rops  such  as R o u n d u p  R eady  ( R R )  so y b ean ,  RR corn. 

RR canola ,  RR co t ton  and RR alfalfa ( Jam es ,  200-1). In the ca se  ol so y b e a n  and 
canola,  the ent i re  cu l t iva ted  area is under  herb ic ide  to lerant  G M  varieties .



Apart  f rom this, innova t ive  future appl ica t ions  o f  gene t ica l ly  e n g in e e re d  m ic robes  
include microbia l  deg rada t ion  o f  soil appl ied  herb ic ides ,  m ic ro b ia l  h e rb ic id e  safeners  
and use o f  m ic robes  as b iocata lys ts  in the p roduc t ion  o f  syn the t ic  herb ic ides .

Though  there  are  several  benefi ts ,  em erg en ce  o f  super  w eed s ,  gene t ic  c o n tam in a t io n  
o f  n o n -G M  crops,  loss in biodiversi ty ,  h u m a n  hea l th  rela ted issues  and  ex cess iv e  use 
o f  selected herb ic ides  arc so m e  o f  the risks associa ted  w i th  this tech n o lo g y .
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NON-FOOD USES OF FOOD CROPS

1. Introduction
There are many crops in the world which can be used for non-food  purposes  but ol this 

only a few crops have been exploi ted commercial ly .  It is due to var ious  econom ica l ,  technical 

and social constraints. People realize that if  they depend only on food purpose  o f  crops, they 

wont get much profit. Once upon a time, tapioca was the major  food crop  in Kerala  but now  its 

area is decreasing day by day. It is due to the less price that the farmer get by the sale o f  its 

product. In this context,  if we increase the non-food use o f  tapioca then definitely its market  

demand will be increased and it will give more profit lo the farmers.  Th is  will be a motivat ion  

for the farmer to produce more and thus we can prevent a crop from extinction. Thus  non-food 

use o f  food crops is very important particularly at this t ime as the non-food  use o f  food crops is 

increasing day by day.

I will be dealing with the non-food uses o f  certain important food crops  o f  Kerala  and 

South India.

1.1. Benefi ts  o f  n o n - fo o d  use o f  food c ro p s

It exploits the potential  use o f  the resources

• Allows new opportunit ies  for crop rotation, diversif icat ion and en h an ces  biodiversity
•*

• Offers employment  and also beneficial to environment

• Utilisation o f  waste lands



2. Rice

Rice is the most  important food crop in the world.  M ore  than 4 0 %  of the people  in the 

world consume rice as their major  food. Apart from its use as food crop there are m any  non-tood 

uses for this crop and the most important one is its medicinal uses. N javara  is a rice variety 

which is cultivated in Kerala exclusively for medicinal purpose.  It is used in Panchakarma 

treatment where njavarakizhi and njavarathepu is practiced. Nutr i t ionally  also njavara rice is 

very much superior to other  rice varieties.

2.1 .Nutritional composit ion o f  Njavara  and Jyothi

Njavara  (%) Jyothi (%)

Carbohydrate 73.5 72.8

Protein 0.5 7.07

1 hiamine 0.52 0.35

Riboflavin 0.071 0.052

Niacin 0.73 0.71

(l)eepa cl ol .2008)

Ihe crude mcthnnnlic  extract from Njavara rice bran conta ins  s ignif icantly  high amount

o f  polyphenolic co m p o u n d s  with superior antioxidant  activity which  will help in scavenging

o f  free radicals including DIMM I ( I . I-d iphcnyl-2-picrylhydrazyl)  and N O  (nitrous oxide) 

(Rao el a / ,2010).



Rice var ie t ies M e d ic in a l  uses

Gathuan Rheumatism

Karhani Paralysis

Baisoor 1 leadachc, hemi crania & epilepsy

Nagkesar Lung diseases

Maharaji Ionic for w om an  after delivery

Bhejri For early removal o f  placenta

(Oudhiu. I Odd)

Apart from the medicinal use. rice has also many other  non-food uses. I lie who le  rice grain 

is filled in a vessel called ‘Para ’ and used for religious purposes.  The  broken rice is used for 

making animal food and also used for brewing. Rice Hour is also important .  S om e  religious 

group use rice Hour lor d raw ing  'K olanT .

B y p ro d u c ts  of rice

Rice has many by-products  o f  which the most  important is rice bran.

2.1.1. Rice b r a n

Rice bran const itutes about 10% o f  rough rice. It is general ly  used as an imal  feed.



Rice varie t ies M e d ic in a l  uses

Gathuan Rheumatism

Karhani Paralysis

Baisoor I leadachc, hemi crania &. epilepsy

Nagkesar Lung diseases

Maharaji Tonic for w om an  after delivery

Bhejri For early removal o f  placenta

(Oudhia .  1999)

Apart from the medicinal use. rice has also many other non-food uses. I he whole  

is filled in a vessel called ‘Para '  and used for religious purposes .  The  b roken  rice i: 

making animal food and also used for brewing. Rice Hour is also important .  Some 

group use rice flour for d raw ing  ‘KolanT.

B yproduc ts  of  rice

Rice has many by-products  ol which the most important is rice bran.

2 .1 .1. Rice b r a n

Rice bran const itutes about 10% o f  rough rice. It is general ly  used as animal  feed.

rice grain 

; used for 

rel igious



2.3. Nutrit ional status o f  rice bran

Fat 18-24%

Dietarv fibreJ 25%

Protein 14%

Carbohydrates
90

45%

2.1.1. M ed ic in a l  p r o p e r t i e s  o f  rice b r a n  oil

Rice bran oil contains high amount  o f  g am m a oryzanol which  will im prove  the l i \ e r  

function. Il also contain locotrienol which lowers the cholesterol synthes is  (C heruvanky  ct 

c// .2003).

2 .4 .Com par ison  o f R B O  and other oils

Vitamin H (p p m ) O ry /ano l  (ppm) Total Natural A nl iox idan l  (ppm)

Rice bran oil 1600 2500 4 100

Coconut oil 20 K) - 2010

Sunflower oil 670 - 670

Soybean oil 1150 - 1150

’aim oil 1 170 - 1 170

( Scnvaricllo  nnd Arellano.  1098 )



RBO contains high free fatty acid and hence sui table for the m anufac ture  ol different 

types o f  soap.

2.1.2. Rice bran wax

It is the w ax  extracted from rice bran oil. It is used in paper  industry,  textile industry, 

printing ink etc. It can also be used as a substitute for carnauba wax.

De-oiled bran is a rich source o f  protein (17 to 20% ) and can be used as animal feed. It 

can also be used as manure.

2.2. Rice Husk/Hull

Rice husk is generated during the first stage o f  milling. It is used for manufac tur ing  

activated charcoal, a catalyst for removal  o f  colour, taste and odour  in edible  oil. foodstuffs  and 

pharmaceuticals.  It is also used as a plaster for soil stabilization.

Rice husk is used lo retain soil moisture.  It also absorbs mois ture  and prevent  the caking 

o f  fertilizers. It can also be used as a fuel, both in the industry and household .  Because  o f  its high
m w

silica content, it is used in the ceramic industry for the preparation o f  glasses.

Rice hull ash contains about 9 2%  silica and hence it is used as manure .

A study was conducted  by Lakshmikanthan in 2000 in our  college lo studs the effect o f  

rice husk as a source o f  silica for rice, l ie  found that the increase in yield w hen  lie applied rice 

husk was equivalent to the increase in yield when he applied fine silica.

2.5. Silica nutrition

Treatments Panicle 

length (cm)

Panicle 

weight (g)

ChalT

/panicle

(No.)

( irain \ i e ld

K

52.5

K70.0 K

52.5

K70.0 K

52.5

K70.0 k

52.5

K70.0



Rice husk 

(Si 250)

23.1 23.0 2.3 2.7 14.0 11.0 5763 5823

Rice husk 

(Si 500)

23.3 22.8 3.3 3.2 12.0 17.7 6356 6507

Fine silica 

(Si 250)

22.3 23.2 2.6 3.0 12.0 12.7 5972 6094

Fine silica 

(Si 500)

23.8 22.8 3.2 3.3 15.0 13.7 6484 6577

Sodium

silicate

(Si 250)

24.2 22.9 3.0 3.0 17.7 17.0 6240 6290

Sodium

silicate

(Si 500)

21.7 22.5 3.2 3.7 14.0 14.7 6741 7306

( I akshm ikan lhan .  2000)

2 .3 .  R i c e  s t r a w

Depending upon the variety, we get 2 to K tonnes o f  straw from one  hectare.  The most 

important use o f  rice st raw is as animal feed. Since rice s t raw conta ins  only  very less quantity o f  

nitrogen, il is enriched with urea. 4kg of urea is mixed with 1001 o f  w a te r  for 100kg o f  rice 

straw. Spread the straw in layers in a container and spr inkle urea after each laver until the s t raw
w

is about 10 cm from the top o f  the container.  Then cover  it with po ly thene  sheet. Keep it for 2 

weeks (K A l l .  2007).



Ethanol can also be produced from rice st raw using genetical ly  engineered 

Saccharomyces. Genetical ly  engineered Saccharomyces will hydrolyze  both glucose and xylose 

unlike other microorganisms,  which will hydrolyze only glucose.  5 0%  increase in ethanol yield 

will be there (Jeffrins, 1999: N ancy  et. al, 2003; Bera et. a / .2009).

2.3.1. Rice straw wattles

It is a new product from the rice straw which is used for soil stabil ization and controll ing

erosion.

Fig-2 .1

2.3.2. S t raw  in c o r p o r a t i o n

A study was conducted  by Rathish in 2010 in our college to find the effect o f  straw 

incorporation on rice grain yield, l ie found that the grain yield was \ c r \  much h igher  for straw 

incorporation than c o w d u n g  incorporat ion or no organic manure.



No OM Straw Cowdung
incorporation

Fig. 2 .2 .Effect o f  st raw incorporation on grain yield 

Rice straw can also he used for thatching house especial ly  in village areas.

2.3.3. O th e r  uses o f  r ice  s t r a w  

Handicrafts 

I land made paper 

I lard hoard 

Packing material 

F or ripening fruits 

As incubator



3. Coconut
Coconut is the most  important oilseed crop o f  Kerala  and also in the South India. It is 

called as ‘Kalpavriksha '  because each and every part o f  the tree can be used for one purpose or 

other.

3.1. Coconut husk

Coconut husk is used as a planting medium mainly for horticultural crops  like orchids.

Husk burial is an important method o f  conserving soil moisture .  It is done  by  taking 

trenches in the Held and filling it with coconut husk with the convex  side upw ards  till the ha l f  o f  

the pit.

h  v
V.-. /, '.--.I,''!

Fig. 3.1.

Mulching can also be done by putting coconut husk around the tree with the c o m  ex side 

upwards. I his also helps in moisture conservation.

Fig. 3.2.



3.2. Coir

Coir is the most  important product from coconut.  It is made  from coconut  fibre. The most 

important product from coir  is rope. It fetches a very good price in the market .

Coir geo-textile is another  product from coir. It is used for contro l l ing  soil erosion mainly 

in slopy areas. It can be laid on slopy areas and planting can be done on it. It will  prevent  the soil 

from erosion till the crop establishes itself. There is no need to rem ove  this after the crop 

establishment as it is biodegradable.  Since soil erosion is a major  problem especial ly  in the slopy 

areas while clearing land for cultivation, the coir geo-textile is very useful.

Fin. 3.4
Coir log is another  product similar to coir geo-textile.  It is prepaed by filling coir  fibre in 

a coir net. It is used lo prevent erosion from stream banks.

Fig. 3.5

3.2.1. C o i r  B r iq u e t t e

Another important product from coir librc. It is used as n p lant ing  m ed ium  especial ly

when cultivated in the terrace or in the desert. A hole is made  in the briquette  and it is kept in

water overnight. On the next  day it is taken out and used as a m ed iu m  lor planting. Only 

disadvantage is that over- irrigation should be avoided.



Fig. 3.6

3.2.2. O t h e r  f ibre  p r o d u c t s

a. F ib re  t r a y  : It is used for planting seedlings that are to be transplanted

b. F ib re  pots  : It is used for planting seedl ings that arc to be transplanted and the advantage  is 

that it is not needed to remove the pot while transplant ing as it is b iodegradable .

c. F ib re  disc : It protect the plant root from direct 

sunlight and prevent the water  loss.

d. F ib re  p lan t  c l im b e r  : Il is used for trailing creepers.

3 .3 .  C o c o n u t  s h e l l

Ihe most important product from coconut shell is activated charcoal.  It is p roduced b\ 

the incomplete burning o f  coconut  shell. It is used for rem oving  impuri t ies  from dr ink ing  water  

and also to remove odour  from edible items. Nowadays,  the activated charcoal is hav ing  great 

demand in international market and the coconut development  board is expor t ing  it.

Many toys, jars ,  cups, handicrafts can also he prepared from coconu t  shell.

3.3.1. C o co n u t  shell p o w d e r

Il is produce hy grinding coconut shell to finer particles.  It is used as filler in synthetic  resin 

glues. It can also he used to produce mosquito  coils, ngarbnthis,  etc.



3.4. Coconut leaves

Coconut leaves are mainly used for thatching houses and also for m ak ing  fences. Baskets,  

brooms etc. can also be made from the leaf. Tender  leaves are used for decorat ion during the 

auspicious occasions.

Compost  can also be prepared from coconut leaves. C oconut  leaves contain midrib which 

is very difficult to decompose .  So it takes more time for forming compost .  C PC R I  has developed 

a technique for quicker  compos t ing  where they add microorganism Eudrillus eugineae. Here the 

compost will be prepared within 45 days.

3.5. Coconut oil

There arc many uses for coconut  oil. The major  non-food uses arc,

• As it contain free fatty acids, it is used for preparing soaps, cosm et ics  & hair  oils.

• Virgin oil is having medicinal properties as it prevents the formation o f  bad cholesterol 

and reduces the risk o f  heart attack.

• Bio fuel can also he prepared from it hut it is not commercia l ized

• Oil cake is a very good source o f  protein and nutrients and hence  can be used as cattle 

feed & manure

3.6. Coconut trunk

f he coconut trunk is very strong and can be used for preparing furnitures.  As it is vcr\  

strong, it can be used to prepare  bridges especially in thc village areas.  In m an y  areas,  the trunk 

is carved from inside and boats arc prepared. Agriculturally  also it is very important  as it is used 

to prepare handle for hoc, pick axe etc. Many handicraf ts  can also be prepared  from it.

3.7. Coconut flower

Medicinally coconut  flower is very important as it is used to prepare 

‘pookuInrasayanam’, which is used by w om en  nftcr del ivery. It is also kept in T a r n ” and used to 

adorn auspicious occasions.  Beverage toddy is prepared from unopened  spndix.

12



4. Banana
After mango, it is the most important fruit crop o f  India. Apar t  from its use as food crop, 

it is having many non-food uses also. The whole plant as such can be used for decorat ing 

buildings during auspicious occasions.

4.1. Fruit

Fruit is the most important part o f  the plant. The main product  that we get from the fruit 

is starch which is industrially very important. The ju ice  can be taken from it and can be used to 

prepare wine. After using the fruit, the banana peels can be used to prepare  compost .  It is 

nutritionally more rich than compost  from the leaves (Pangnakorn.  2006).

Green bananas can be used as animal feed. It is mainly used for feeding pigs.

A good silage can be made from equal parts o f  chopped green bananas  and grass,  or from 

chopped green bananas mixed with 1.5% molasses  and on such a diet, pigs tend to have less 

carcass fat (Stover and S immonds .  1987).

4.2. Pseudostem

It is another  important part o f  the plant. Fibre is extracted from the pseudos tem.  fhe re  are 

two types of fibre, coarse fibre and fine fibre. Coarse fibre are called man ilia hem p  and is used to 

prepare paper and rope and fine fibre is used lo prepare c lothes and high qual i l \  paper.  I he 

clothes prepared from banana fibre is o f  very high qualil> and fetches a vc r \  good price in the 

market. ' Ihe national dress o fT h i l l ip incs  called ‘Harong'  is prepared from the banana  fibre.



Fig.4.1

Pseudostem is having medicinal property also. It is used for curing  k idney  stone and also 

anaemia.

4.3. Leaves

• Used for making disposable  plates.

• For thatching

• Wraping food

• Used for making cigarette papers and hats

'K azhchakkula '  is a form o f  value added banana bunch. Here the farmers  will polish the 

banana bunch and make it into an attractive form. These  are used as offer ing  lo the temple,  

especially in the G uruvayoor  temple.  It is generally done dur ing  the O n am  season,  where  one 

bunch will cost about live hundred to two thousand rupees.

5. Tapioca
It is also called cassava. It is native lo South America,  but now  it is cult ivated world 

wide. Once upon a t ime . il was  the staple food o f  Kerala. I lie most important product  from 

cassava is hiofucl.

5.1. Biofucl

It is produced from cassava  chips.  T w o  processes arc there, wet mil l ing and dry grinding. 

In both the processes,  3 steps arc involved Iiquifact ion,fermentation and purification. From one



tonne o f  dry cassava chips w e  will get about 333 litres o f  ethanol.  T h e  product ion  cost o f  ethanol 

from cassava is very less compared  to other sources o f  ethanol.

5.1. Estimated production costs o f  ethanol from various raw materia ls

Raw material Cost o f  raw material

(USS)

Ethanol 

Yield (L t '1)

Product ion cost o f  

ethanol (USS L*1)

Molasses 37.5 260 0.144

Sugarcane 14.6 70 0.209

Sweet sorghum 10.0 70 0.143

Cassava 25.0 180 0.139

Maize 87.5 375 0.233

Rice 200.0 375 0.533

After extract ing ethanol,  the pulp is used for the product ion o f  biogas.

.2. Cassava starch

Starch is another  important product o f  cassava. I he main uses o f  cassava  starch arc. 

Used as adhesive 

In paper industry

In textile industry for cloth printing and warp s i / ing

It is incorporated into plastic lo improve the biodcgrodabiIi ty



Added to concrete  to reduce the set time 

Used as a stain remover

5.3. Animal feed

Cassava hay is produced at a young growth stage ie., at about  three to four month stage. It 

is harvested at about 3 0 ^ 5  cm above ground and then it is sun-dried for about one to two 

days until it has a final dry matter o f  at least 85%. It is having very high crude protein content 

(20-27%) and condensed tannins (1 .5-4% CP). It is used as a good roughage  source tor dairy,  

beef, buffalo, goats, and sheep by cither direct feeding or as a protein source in the 

concentrate mixtures.

5.4. Biopesticide

Recently, a biopesticide has been developed by CTC R I.  The  C yanogen ic  glucosides in 

tapioca is converted lo biopesticide. They prepared this by grinding the cassava  leaves, s tems and 

roots with water and after filtering it in a special temperature.  Right liters o f  bio pest icide can be 

developed from one kg o f  tapioca leaves. It is available in the market  by the nam e ‘N e n m a '  

which cost about twenty  rupees per litre. They are c laiming that it is more  effect ive than furidan 

as it is having no health hazards or residual effects. It is effect ive against  red palm weevil  o f  

coconut and pseudostem weevil  o f  banana (Shanavas.  2010).  As thev hav e submit ted  application 

for patent, more information about this biopesticide is not available.

6. Sugarcane

Sugarcane is the most important sugar producing crop in the world.  It is indigenous to 

tropical South Asia. I lie sugarcane mills produce three important by -p roduc ts  which  is having 

many non-food uses. I hey arc bagasse,  pressmud and molasses.



Sugarcane . after crushing and squeezing, w e  will get sugarcane  ju ic e  and bagasse.  This  ju ice  

after clarification with l ime or gypsum, we will get clear ju ice  and pressmud.  This  clear ju ice  

after evaporation, we will get sugar  and molasses.

6.1. Sugarcane bagasse

There are many uses for sugarcane bagasse. They are.

Fuel

Cattle feed by mixing with molasses

Paper industry

Mulch

Xylitol. which is a calorie free sugar is prepared using m ic roorgan ism  Candida 

guilliermondii . Xylitol can be consumed by diabetic patients  and is ga in ing more 

popularity now'. Candida %uillicrmondii uses bagasse as a carbon source  and feed on it. 

After the metabolism, it will produce xylitol (Carvalho .2002).

6.2. Pressmud

Pressmud is used to produce ‘BioeartlT. Biocarlh is prepared by m ix ing  pressmud with 

spcnlwash and keeping it for one month. It is also called b iocom post .  It con ta ins  - 2 5 -3 0 ° o 

organic carbon. 1.2-2 .0% N, 1.5-2.0% IM T  and 2 .5-3 .0% K: ().

6.3. Molasses

• It is used to produce ethanol.

• 11scd as animal Iced. Molasses,  allcr extract ing sugar is called b lackstrap  molasses  

and is used as cattle feed.

• Used as an addit ive for silage making.



For producing biofuel from molasses,  a fermentat ion system for the cont inuous ethanol 

production from sucrose and molasses using Saccharomyces cerevisiae strain HAU-1 has 

been optimised (Sheaoran, 1998).

It is having 1 1% more fermentation efficiency .

Sugarcane ju ice  is used for preserving different food items.

.4. Sugar based products

6.4.1. Sucrose  es te rs  - Sucrose esters are obtained by linking sucrose with  fatty acids derived

from animal fats or vegetable  oil.

>  Can be made into mild, biodegradable detergents with inherent anti-bacterial  properties.

> VVidelv used in the cosmetic  industrv.
00 00

r' Used as emulsifiers  and tcxturizing agents in the food industry

6.4.2. Sucrose  epoxy  - Sucrose is the main ingredient in new liquid epoxies  that can bind wood,  

metal, class, concrete and other materials.

6.4.3. Bioplastics  -  Bioplastics (Poly,3-hydroxyalkanoates) .  are p roduced  from sucrose  using 

microorganisms like Kalstonia, Azospir i l lum etc.

r  F.co - friendly

7. Sorghum

Sorghum is the third most important grain crop o f  India. It is a c rop  sui ted lo dr \  and arid 

climatic regions o f  our country.  India is the largest producer  o f  S o rghum  in Asia.



Alternative Uses of Sorghum in 
India

a lcohol

6%

starch
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Fig. 7.1
(ICRISAT. 2002)

In India, sorghum is mainly  used as poultry feed and cattle feed. 10-15% o f  sorghum  is 

added to the conventional poultry feed. It is more profitable than maize.  T he  dem and  o f  

sorghum is increasing as poultry sector is growing at the rate o f  10% per annum.

Sorghum is mainly used as animal feed in the northern India. S o rghum  bagasse  sprayed

with 2% urea is good feed for animals.  It is having good nutrit ive value and can be used 

for silage making

Main varieties uscd-Pusa Chari - I,.IS 263, Pant Chari -3.-1.5.CO 8 .UP Chari -1.2 etc.

• Sorghum grains are used as fungal medium for m ushroom product ion  and also used for

malting

Fthanol can also be produced from sweet sorghum. Product ion o f  ethanol  from sorghum 

is more profitable than from sugarcane



7.1 .Comparison o f  sweet sorghum and sugarcane

Properties Sugarcane Sweet  sorghum

Crop duration (months) 1 0 -  1 1 3 . 5 - 4

Sugar content (%) 1 1 - 1 3 9 - 1 1

Ethanol yield ( L t '1) 6 8 - 7 4 55 - 65

Water requirement (%) 100 30 - 36

Fertilizer requirement (%) 100 25

( ICR1SAT. 2002)

8. Bajra
Bajra is lhe fourlh most important grain crop o f  India. S imilar  to sorghum, bajra is also 

suited lo dr> and semi-arid climatic areas o f  our country.

• It is generally used as poultry feed and is included in -17—4«S°„ o f  the total conventional  

feed

• Although sorghum and bajra arc excellent for producing silage, particular!) in regions

with dry spells, bajra can produce higher silage yields with h igher  protein and it is more 

succulent than sorghum and maize.

9. Maize
Maize is one o f  the most  important cereals in thc world.  It is thc filth most important 

jrain crop o f  India.



9.1. Biofuel

Yellow com  is used for producing biofuel. It is produced by dry mill ing and wet milling 

and com oil is a byproduct  o f  wet milling.

9.2. Fodder

Maize leaves are generally used. It has got good digestabili ty and good nutrient content 

(25% crude fibre and 1 1% crude protein). Ganga 5, African tall, etc. are the major  varieties 

used.

9.3. Corn starch

Com starch is a major  product from corn which has got m any  uses. T hey  are.

Burn  re l ief  - Mix cornstarch and water  until a paste is made. A pp ly  direct l \  to sun burn 

and allow to dry.

S p r a y  S t a r c h  - Handy in an emergency  w hen ironing - using a mix o f  one  tablespoon o f  

corn starch and two cups o f  cold water  in a spray bottle, mix well and mist onto  shirt 

collars and pants.

P e r s p i r a t io n  S p o n g e  - A natural alternative to deodorants ,  mix I part baking soda with 6 

parts cornstarch.

Dry S h a m p o o  - Sprinkle on pet or human hair and brush out 

S ta in  r e m o v e r

It is also used in thc production o f  porcelain part o f  spark plugs

• In thc product ion o f  tires, corn starch is sprinkled on the molds  before  pouring  the rubber, 

lo prevent thc rubber from sticking lo thc molds.



9.4. Other uses of maize

• Finely grounded corncobs are used as carriers for pesticides,  fertilizers, vi tamins,  hand 

soaps and cosmetics.

Tetrahydrofurfuryl alcohol is a resin developed from process ing corncobs.

Useful in the paint and varnish industry as solvents for dyes,  resins,  and lacquers 

Sorbitol produced from dextrose is used in the production o f  tooth paste

10. Conclusion
Non-food uses o f  food crops is increasing day by day. Biofuel,  starch, compost ,  etc. are 

the major areas where most  o f  the food crops are being used apart from its use as food. Coir  

geotextiles, coir mat. fibre, etc. arc the new areas where food crops are being utilized. N o w  a 

days, microorganisms are also being utilized to exploit  the full potential  o f  the crops.

Commercial ization o f  alternative food, feed and industrial products  is the best way to increase

the market demand.  Although these are some o f  the positive effects o f  food securi ty,  it is hav ing 

some negative impact also. If more food crops are utilized for biofuel product ion  or any other  

non-food purposes,  then the food security will be affected especial ly  al this t ime when the 

population is increasing at an alarming rate. So it should he judiciously used such that the food 

security is not affected.
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12. Discussion
•  W h a t  is m e a n t  by c a m a u b a  w a x ?

C a rn a u b a  w a x  is the w ax  ob ta ined  f rom  the  leaves  o f  c a m a u b a  palm. 

This pa lm  g ro w s  in the arid and  semi arid  c l im a t ic  c o n d i t io n s  o f  the  world .  

The  w ax  from this  tree is used  in the p ap e r  and  tex t i le  industry .

• H o w  w e  can  increase  the e thanol  p roduc t ion  u s in g  g e n e t ic a l ly  e n g in ee red  

S a c ch a ro m y c es?

If  w e  are us ing  the conven t iona l  S a c c h a ro m y c e s ,  it wil l  h y d ro ly z e  

only the g lucose  p resen t  in the substrate .  But  i f  w e  are  u s ing  g ene t ica l ly  

eng ineered  S acch a ro m y c es ,  it will hyd ro lyze  both  g lu c o s e  and  xy lose .  T h u s  

the e thanol  y ie ld  will increase  to about  50 percent.

• H ow  can w e use  co ir  pith br iquette  as a g ro w in g  m e d iu m  for  p lan ts?

T ak e  the co ir  pith b r iquette  and dip  it in a bucke t  o f  w a te r  ove rn igh t .  

T hen  take it and  m ak e  a small  hole  at the centre .  W e  can  p lan t  s e ed l in g s  at 

this hole. O ver - i r r iga t ion  shou ld  be avo ided .

• H ow  can we prepare  ac t iva ted  charcoal  from c o c o n u t  she l l?

A c t iva ted  charcoa l  can be p repared  from c o c o n u t  shell  by part ia l  

burn ing  o f  the coconu t  shell .  It ab so rbs  toxic  su b s ta n c e  from  ed ib le  i tems 

and fetches a good  price  in the in ternational  m arke t .

•  Which tap ioca  varie t ies  arc used to p ro d u ce  b io p es t ic id e?



T hose  tap ioca  varie t ies  w h ic h  has  h ig h  c o n te n t  o f  H C N  is used  to 

p roduce  b iopes t ic ide .  All  the local var ie t ies  o f  t ap io ca  can  be used  for this 

purpose.  S o m e  im p ro v ed  varie t ies  like H  97 can  a lso  be  used .

• W hich  varie ty  o f  b an an a  is used  to p roduce  K a z h c h a k k u la ?

C h a n g a l ik o d a n  is the best  var ie ty  w h ic h  can  be u sed  to p roduce  

K azhchakku la .

• H ow  we can p ro d u ce  xylitol  using  m ic ro o rg a n ism  Candida gu illierm ondiil

Candida guilliermondii  uses su g a rcan e  b ag asse  as its c a rb o n  sou rce  

and feeds on it. T h is  m ic ro o rg an ism  will c o n v e r t  the x y lo se  in the  b agasse  to 

xylitol,  w h ich  is a ca lor ie  free suua r  and h en ce  can  be c o n s u m e d  bv  d iabe tic  

patients



13. Abstract

N O N  F O O D  U SES O F  F O O D  C R O P S

A b s t r a c t

The range o f  crops which can be used for non food purposes is very large but in practice 

only a small amount o f  this potential is used on a commercia l  basis. The  principal end 

products sought for non food use are carbohydrates,  fats and fibres (Spelman.  1994).

Rice is the most important cereal crop in India. Several rice varieties have been identified 

which possess medicinal properties (Nanda and Agrawal ,  2004).  N javara  is an important 

medicinal rice in Kerala,  used in panchakarma treatment.  Rice bran and husk are the major  

by-products obtained during the processing o f  grain. Rice bran oil also has some medicinal 

properties. Rice straw, besides being used for feeding the cattle, can be incorporated in the 

field itself, which will enhance the productivity ( Rathish. 2010).

Coconut,  com m on ly  known as ' Kalpavriksha '  is highly valued for its non-food uses.

Coconut husk is used as a growing medium for orchids,  an thur ium s etc. I lusk burial is an

important practice to conserve soil moisture.  Coir  produced from coconut  husk is a major

product which is used to make ropes, coir mats,  beds etc. Coir  gcotcxt i lcs  are widely used for

soil conservation in slopy areas which is cco friendly. Coconut  shell is used for making

different products and the most important product is activated charcoal .  C oconut  leaf is

mainly used for thatching and to make baskets,  mats,  hats, etc. C oconu t  oil is the main

ingredient in soaps, cosmetics  and hair oils. Oil cake is used as cattle Iced. Biodiesel can be

made Irom Ihe coconut  oil. C oconut trunk is useful for making  furniture, boats, handicrafts 

etc.



Banana, one o f  the important  fruit crops, also has wide uses. Banana  plants along with 

bunches are used for ceremonial purposes.  Banana bunches,  especial ly  Nendran .  were  

offered as “ Kazhchakkula” to the landlords during O nam festival and now  these are offered 

to Lord Guruvavoorappan.  Banana fibre is obtained from stem and leaves. Clothes from 

banana fibre is the national dress o f  Philippines,  called i;Barong".  Banana  starch is used for 

making glue and fruit ju ice  for making alcohol. Silage can also be prepared from green 

banana (Stover and S immonds,  1987).

Cassava is another  important food crop having m any  non-food uses. Cassava  starch is 

used as an adhesive and is having great use in paper and textile industry.  Recently,  a 

biopesticide extracted from tapioca leaves is found to be effect ive lo control borer pests 

(Shanavas.  2010).  Cassava  hay is produced from young plants after sun dry ing  and biofuel is 

another product.

Biofuel is the major  product from sugarcane which is produced from thc bagasse.  Other  

important sugar based products  include sucrose esters, sucrose e p o \ \  and bioplasties. 

Pressmud is used to make compost .  Molasses  is widely  used as an addit ive and also for 

alcohol preparation.

Sorghum, bajra and m a i /e  are the other important food crops  which are used for 

making biofucl and also used as cattle feed. Starch extracted from maize  has also got m a in
m

uses.

The wider range o f  crops grown for non-food purposes  will a l low new opportunit ies  for 

;rop rotation and diversif ication,  and thus potentially enhancing  biodiversi ty .  Non-food uses o f  

bod ciops can also make  a positive contr ibution to environmental  protect ion and conservation. 

Ihe rapid progress ol new technologies such as bio technology has provided  a solution lor a wide 

angc o f  problems in using agricultural raw materials for non-food purposes .
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For centuries onwards  Kerala has marked  its com petency  in treating 

almost all diseases using rare medicinal plants. T he  foothills o f  Western  Ghats  extending 

throughout the eastern boarders  o f  Kerala are enriched with  a rich biodiversi ty  for 

valuable medicinal  plants. Due to uncontrol led deforestation and other encroachment  

many o f  these biodiversity has been in the verge o f  extinct. R aw  materials  for ayurvedic  

medicines  are adulterated due to the unavailabil i ty o f  required quali ty  materials.  

Developing countries derive a significant part o f  their subsis tence needs and income 

from gathered plant and animal products  (Waller 2001). Gather ing  o f  high value p roduc ts  

such as mushrooms (morels,  malsutakc, truffles), medicinal plants (ginseng, b lack 

cohosh, goldenseal) also continues in developed countr ies for cultural and economic  

reasons (Jones ct al. 2002).  By collecting the medicinal plants from the forest to m ee t  the 

requirement o f  Ayurvedic  drug industry is now seems to be impractical.  Domest ica t ion  

and cultivation o f  these medicinal plants in the homestead gardens  as well as in areas 

suitable for its cultivation is only the other alternative to cope  with the demand .  

Increasing the number o f  medicinal plants species in cultivation would  appear  to be an 

important strategy for meet ing a growing demand (Uniyal ct al 2000).

2. W o r ld  scena r io

It is well known that traditional medicines  have  been wide ly  used  all 

over the world for centuries. However,  the extend and forms have varied. Major i ty  o f  

population worldwide has used traditional medicine at least once, most ly  for m ino r  or  

chronic ailments. Botanical drug products and raw material is g row ing  at an annual  

growth rate between  ̂ to I5n/n. Globally,  over  one and hall mill ion pract ioncrs  use 

traditional medicine in preventive and curative applications.

3. In d ia n  scenar io

India has one  of the richest traditional medic ine  cul tures  in the world.  Near ly  

8000 species have been for long known and used for their medicinal properties.  Millions 

o f  households,  particularly in rural areas, use medicinal plants for self-medication, for



preventive and curative applications.  The  Government  o f  India has identified medicinal 

plants as one o f  the thrust areas, and various p rogram m es  have been  initiated for 

conservation o f  medicinal plants found in the forests and protected areas as well  as 

cultivation o f  these plants in the degraded forest areas. Medicinal Plants Conservat ion  

Areas have been established in the southern states o f  Kerala,  Tam il  N ad u  and K arna taka  

and Medicinal plants conservat ion network for in situ conservation.

The domestic  market for ayurvedic,  herbal and plant based products  is es t imated 

to be around Rs. 3000 crores,  growing at 15-20 percent per  acre. T h e  crude drugs and 

extracts are used by Pharmaceutical industry for production o f  O T C  products ,  ethical 

formulations as well as traditional and home remedies.  There  are est imated to be o v e r  

7800 manufacturing units in India, the major  players being Kottakal Arya  Vaidyasluila.  

Dabur, Himalaya, Zandu and Baidyanath. Most  o f  this leading producers  are not leading 

exporters in India.USA is the single largest export destination for Indian medicinal  plants 

or products, accounting for almost 50 percent o f  total exports.

4. K e ra la  scena r io

Kerala possess all the three kinds o f  bionics, nam ely  hills, plateaus and coasts,  

making it a biodiversi ty hotspot having a rich source o f  medicinal plants. A lmost  70 per 

cent o f  the medicinal plants used in the formulat ion o f  Ayurvedic  remedies  are nat ive to 

Kerala India’s premier  learning insti tutions impart ing Ayurvedic  education are in Kerala.  

Kerala has the largest pool o f  qualified and commit ted  Ayurveda  doctors  and exper ienced  

therapists. Almost all the hotels and resorts in the state have Ayurveda  centres,  run In 

authentic and traditional Ayurveda institutions, making health tourism a unique  selling 

proposition o f  the state. Kerala is the only stale in the country  where  A yurveda  is 

practiced in its purest form More than 50 tonnes ol medicinal  plants arc required for 

meeting the demand o f  ayurvedic industries o f  Kerala annual ly  (Skaria cl al., 2009).  T he  

demand for ayurvedic  medicine  is growing at a com pound  rate o f  10 23 percent per

annum in Kerala .(Monish Jose, 2010). 1 he annual dem and  ol medicinal plants is growing  

at a rate of 12-15 percent,  but still the de ~ f !y arc mismatching.  At the sam e

lime, medicinal plants biodiversi ty  in the forest is under  threat due  to collection From the 

wild. As a result the raw drugs are adulterated with poor  quali ty  types. In order  to

18986939



conserve the biodiversity and to increase the supply  o f  quali ty  raw material  herbal 

farming is the possible way.

5. Herbal farming

General ly the terms “medicinal plants” and “herbs” are used in terchangeably.  

Herbs include p l a n t ,aerial such as leaves, flower, seed, stem, wood,  bark, roots, rh izomes 

or other plant parts, which m ay  be entire fragmented or  powdered .  Based on  the 

definition it can be inferred that medicinal plants are in fact herbs,  which  are used lor 

preparation o f  traditional medicinal products.  Herbal fann ing  is the scicnti 1 i c  and 

systematic cultivation medicinal plants. The  main object ive o f  the herbal fann ing  is the 

production o f  uniform quali ty  medicinal plants which  are easi ly accessible.  For 

sustainable herbal farming several factors should be considered  such as choice  o f  crop 

and varieties, season and dale o f  planting, selection o f  p lanting material ,  depth  o f  

planting, method o f  planting, spacing, light intensity, nutrient m anagem ent ,  stress, t ime 

o f  harvesting, pr imary process ing and storage etc. are som e  o f  them.

6. F ac to rs  in f luenc ing  h e rb a l  f a r m in g

6.1. Choice  o f  c rop ,  va r ie t ie s  a n d  p lan t in g  m a te r ia l

Considering herbal farming the choice o f  crop and varieties arc important.  Il 

depends on the market demand  o f  the crop, purpose for which the crop is cul t ivated as 

well as the area ol cultivation. National Medicinal Plant Hoard had suggested  a list o f  

medicinal plants which are suitable loi cultivation under  Kerala condit ions.  C rops  like 

Adatlunla heddomei, Kaempleria galanga, Ilolo\tcmma adakodien. Plumbago rove,;. 

Indigo fern tintnria, Hacopa monnieri. Aloe vcra, Acont\ calamus. Coleus vetiveroides etc 

are some o f  them.

Due to low holding s i /e  and non availabili ty of land hom es tead  fanning  is the 

unique feature in Kerala.  T he  important advantage o f  cul t ivat ion o f  medicinal plants in 

home sic.id is the ease of Ihcir incorporation in existing cropping  system. I his is due  to 

the availability o f  large num ber  o f  species,  choice o f  plant type and their suitabili ty to 

grow indifferent cco-physical condit ions Medicinal plants are suitable as inter crops in



plantations. Piper longitm, Kciemferia galanga, Pogosteinon patchouli are suitable inter 

crops in coconut gardens ,were Plumbago roseea aucl Ram’olfia serpentina are suitable  

for inter cropping in rubber plantations (KAU, 2009). A ccord ing  to A j i thkum ar  (2009) 

Kaempferia galanga, Zingiber officinale, Ocirnum sanctum, Adathoda bcddomei, 

Curcuma longa, Curcuma aromatica, Maranta arundinaceae, Coleus aromaticus, Saraca 

asoca and Azadiracta indica are suitable for homestead farming system.

General ly in medicinal plants cultivation farmers prefer  the local varieties. High 

yielding improved varieties are also available. For susta inabili ty  in the herbal lan u  

suitable high yielding variety should be selected for cultivation. D epending  on the 

climatic condit ions o f  the field the performance o l ' the  varieties varies.  V isw am  is a Piper 

longum variety released from All India Co ordinate Research Project on Medicinal  and 

Aromatic Plants, College o f  Horticulture.  Kasthuri and Rjani are Kampfcria galanga 

varieties, Vasika and Ajagandhi arc Adathoda vassica varieties,  Mridula  and Agni arc 

Plumbago rosea varieties Jecva is a Holostcma-ada-kodicn variety.  All these varieties are 

released from Dept o f  Plantation Crops, College o f  Horticulture.

Depending upon the medicinal plants different types o f  p lanting materia ls  are 

used. Rooted stem cuttings are used crops such as Plumbago rosea, Adathoda beddomi. 

Piper longum, Coleus ambonicus etc. were in crops like linligofera tinetoria, Ocirnum 

sanctum, Saraca asoca, Aegel mannelos etc. seeds arc used as propagules.  Kaemfcria 

galanga, ( iircuma longa, Maranta arundinacca iVe.are propagated  by rhizomes.

6.2. T im e  of p lan t in g

I he yields o f  medicinal plants are estimated by assess ing the quanti ty  as well as 

quality o f  the produce. For getting good yield and quali ty  it is important to plant the 

propagule at correct time. Lnlha (2010) reported the t ime o f  p lant ing have an cITeel on  the 

yield and quali ty o f  Sida cordifolia. During the experiment p ropagules  were  planted in 

the Fit Id at dil lcrenl months ol May. June and July and the Ircsh yield (kgdm) obtained 

were 657.52. 604.08 and 284.47 whereas the ephedrine content(%),  which is the quali ty 

component ,  were 0,010, 0.005 and 0,004 respectively. I his data  infers that m ax im um  

yield and quali ty was obtained for the crop which was planted in the month  o f  May.



Treatments

Fresh yield (kg/ha) Dry yield (kg/ha) Ephedrine  content  

(%)

Time o f  planting

M a y 657.52 488.12 0.010

June 604.08 336.62 0.005

July 284.47 217.21 0.004

CD (0.05) 128.80 100.73 0.001

To achieve sustainability in herbal farming time o f  p lant ing should be considered  

depending on the crop and varieties.

Widuuiia somnifera is an important medicinal plant cult ivated in the dry tracts o f  

north India. It is com m on ly  known as Aswagandha.  A ccord ing  lo Chouhan  (2008)  the 

yield and quality o f  the crop is influenced by the date o f  planting. During the exper iment

'I able 2. Effect o f  date o f  planting on the yield and quality o f  Withania somnifera

Dale o f  sowing

K---------------- ----- -- ---- -- ------

Dry root weight (qdia) Total alkaloid content

Si
1 week o f  September

1---------------- ------- ----- -* — —■

11.26 4.447

rn
3 week o f  September 14.40 5.804

*1
I week of  O c to b e r 16.48 5.787

CDf0.050) 0.51 0.251

thc seeds o f  thc crop were sown at three different dates o f  l M week o f  September.  Vd

week o f  September and \"  week o r  October.  M ax im um  yield o f  10.48 q/ha and highest

total alkaloid content (%) o f  5.787 was  obtained from the crop sown at I5' w eek  o f

October. Date of planting influence the yield and quali ty  oT medicinal plants and it 

depends on the crop and varieties used.



6 3 .  Days to sprout and sprouting percentage

The irregularand low germination is the main  p rob lem  in the propagat ion ol m a n y  

medicinal plants (Koppad and Umarbhadsha. ,  2006).  Selection o f  planting material  

influences the days o f  sprout  and sprouting percentage o f  medicinal  plant. Shina (1996) 

reported that the sprouting percentage and days to sprout are influenced by  the type  ol 

propagule used.Different types o f  propagules used in the exper iment  were  main  root 

cutting planted vertically, main root cutting planted horizontally ,  root stumps, vine 

cuttings planted vertically. A m ong  thc various propagules used main  root cutt ings w hich  

were planted vertically showed highest sprouting percentage o f  60 and 6 days o f  sprout.  

Observations o f  field experiment revealed that 84 -  88 per  cent o f  5cm long m ain  root 

cuttings planted vertically established within the first week  o f  planting.  So choice  o f  

suitable planting material influences the t ime taken for the sprout initiation and the c rop  

establishment. Good crop establishment favours the crop yield and quali ty

Table 3. Influence o f  propagule  on days o f  sprout and sprout ing  percentage  in 

Ucmidcsnuis imlicus

Treatments Days lo 

(DAP)

sprout Sprouting 

percentage fV )

Main root cuttings (5 cm) planted vertically 6 60

Main root cuttings (5 cm) planted 

horizontally

6 40

Root s tumps ( 5 c m ) 5 40

Vine cuttings planted vertically (5 cm) - 0

6.4. Depth  of p lan t in g

Depth o f  planting influences the yield and quali ty  o f  medicinal plants. An 

experiment conducted in Dept of A gronom y o f  College o f  I lort iculture  reveals that in all 

the accessions o r  Kacmfeha galmiga such as Echippam, VcUunikkitru and Thoilupiizha 

which were planted at two depths of  It) cm and 20 cm  Juliippinn  accession when 

planted at 10 cm was found to be giving higher fresh rh izome yield and olcoresin content.



Table 4. Fresh rhizome yield and oleoresin content o f  Kaempferia galanga as influenced 

by the depth o f  planting

Accessions 10 cm depth 20 cm depth

Fresh rhizome 

yield

Oleoresin

content

Fresh rh izome 

yield

Oleoresin

content

(t/lia) (%) (t/ha) (%)

Echippara 5.07 5.43 4.53 4.90

Vellanikkara 4.25 4.55 3.62 4.30

Thodupuzha 7.08 3.44 6.40 3.30

6.5. P lan t in g  m e th o d

A mong the different species o ['Plumbago, Plumbago rosea is a com m erc ia l ly  

cultivated species in coconut gardens. Here the roots are the econom ic  parts. M cnon  

(1099) reported that among the different planting methods such as ridge and furrow'. Hat 

bed. mound and pit followed by mounds ,  flat beds were found to be bet ter  for high root 

weight followed by mound method.

Table 5. Effect o f  planting method on yield and quality in Plumbago rosea

Planting methods Shoot weight Root weight Purified Plumbagin

(t/ha) (1/ha) content ( °n)

Ridge and furrow 3.99 5.55 0.32

Flat bed 5.35 5.99 0.33

Mound 5.29 5.85 0.35

Pit followed by 5.67 5.70 0.32

mound

CD (0.05) NS NS -

6 .6 . S pac ing

Spacing influences the yield and quali ty  o f  medicinal plants.  High densi ty  

planting is preferred mainly in medicinal plants. Joy (2003) reported that m Curculigo

l



orchioides which is com m only  known as Nilappana, lower spacing o f  10 cm x 10 cm 

was found to be opt imum for higher rh izome yield as well as curcul igoside  content.

Table 6 . Effect o f  spacing on yield and quality o f  Curculig orchioides

Spacing (cm) Fresh rhizome yield 

(kg/ha)

Dr}' rh izome yield 

(kg/ha)

Curculigoside

(%)

10 x 10 1896 796 0.093

2 0 x 10 1137 499 0.097

2 0 x 20 648 259 0.084

30 x 20 353 146 0.0S3

CD (0.05) 110 28 -

6.7. L ight  in tens i ty  a n d  s h a d e

Intensity o f  light influences the yield and quali ty  o f  medicinal plants.  In 

Curculigo orchioides also shade was found to be a favourable factor for better yield as 

well as quality. A m ong  the different shade levels tried in the experiment .  25 p e r c e n t  was 

found to be opt imum for rh izome yield as well as quality.

fable 7. Effect o f  planting method and light intensity on yield anil quali ty  o f  Plumbago 

r o s e a

Planting methods Root weight (l/ha) Purified p lumbagin  content ( ° 0)

Shade ( )pen Shade Open

Ridge and furrow 4.60 6.50 0.23 0.35

Flat bed 5.91 6.07 0.3.3 0.34

Mound 4.97 6.68 0.36 0.35

Pit followed by mound 5.09 6.44 0.37 0.27

CD (0.05) 0.70 NS - -



6 .8 . S h a d e

Proper shade influences better performance o f  medicinal  plants.  It is as m uch  

important as light intensity. The  requirement o f  shade depends  on the nature and habitat  

o f  the crop. Mild shade intensity o f  25%  is ideal for m a x im u m  fresh and dry herbage  

yield (Palanikumar and Jessykulty,  2007)

Table  8 . Effect o f  shade on yield and quality o f  Curculigo orchioidcs

Shade (%) Curculigoside

(%)

Fresh rh izome yield (t/ha) Dry rh izome yield (t/ha)

(J 0.000 420 129

25 0.137 1482 643

50 0.094 965 4 19

75 0.125 1166 509

CD (0.05) — 134 34

In Curculigo orchioidcs shade was found to be a favourable factor for yield as 

well as quality. In an experiment conducted, different shade levels o f  I. 25. 50 and 75 

were tried. A m ong Ihe different shade levels tried 25 %  shade w as  found lo be op t im um  

for better rhizome yield as well as curculigoside content.

Another experiment was conducted with Kacmpfcria gidanga which  is c o m m o n ly  

called as Kacholam. In this experiment different ecotypes o f  Kacholam w as  grown in

coconut garden under two different shade levels o f  70 %  and 50 °b. The  rh izome yield 

was maxim um  under 50%  shade.

( rops like Plumhago rosea. Kampferiu galanga and Curculigo orchioidcs are

shade tolerant and can be cult ivated as intercrop in coconut gardens. But when com ing

to Sida cordifolia there was a threefold increase in root weight anil a fivefold increase in

Ephedrine content under open situation. So Sida sp prefers  open  condit ion lor h igher 

yield and Ephedrine content.



6 .8. S h a d e

Proper shade influences better performance o f  medicinal  plants.  It is as m u c h  

important as light intensity. The  requirement o f  shade depends  on the nature and habitat  

o f  the crop. Mild shade intensity o f  25%  is ideal for m a x im u m  fresh and dry herbage  

yield (Palanikumar and Jessykutty,  2007)

Table 8. Effect o f  shade on yield and quality o f  Curculigo orcliioicles

Shade (%) Curculigoside

(%)

Fresh rh izome yield (t/ha) Dry rh izome yield (t/ha)

0 0.000 420 129

25 0.137 1482 643

50 0.094 965 419

75 0.125 1166 509

CD (0.05) - 134 34

In C u r c u l i g o  n r c h i o i d c s  shade w as found to he a favourable factor for yield as 

well as quality. In an experiment  conducted,  different shade levels o f  1. 25. 50 and 75 

were tried. A m ong  Ihe different shade levels tried 25 %  shade was  found to be op t im um  

for better rh i /om e  yield as well as eurculigosidc content.

Another experiment was conducted with Kaonipfcria gidanga which is c o m m o n ly  

called as Kacholam. In this experiment different ecotypes o f  K aeholam w as  grown in

coconut garden under two different shade levels o f  70 %  and 50 %. T he  rh izome yield 

was maximum under 50%  shade.

( lops like I Iti/nhugo rosea, hatnpfcriti galanga and C urculigo orchioides arc

shade tolerant and can be cultivated as intercrop in coconut gardens But w hen coming

to Sid a cordifolia there was a threefold increase in root weight  and a fivefold increase in

P.phcdrinc content under open situation. So Sida sp prefers  open condit ion for higher 

yield and Ephedfinc content.



C h a r a c t e r s O p e n S h a d e

Dry matter production fg/pl) 42.51 16.74

Fresh root weight (g/pl) 9.33 3.37

Dry root weight (g/pl) 6.30 2.22

Ephcdrine content (%) 0.013 0.002

6.9. N u t r i e n t  M a n a g e m e n t

Nutrient management is another  important factor in herbal fanning .  The  growth 

promoting effect of FYM as a source  o f  plant nutrients and humus,  which  improves  the 

soil physical condition by increasing its capacity to absorb water  and to store it. enhances  

the aeration and by favoring microbial activity is well established. Addit ion o f  any  form 

o f  organics has been found to improve the soil health, buffer ing capacity ,  water  retention 

capacity, chelation, release o f  micronutrients,  microbiological  process.  e le . . (Sara \ana  

f’andian et al., 2005).

Effect of Bioagcnls ami soil amendments  on yield and quality o f  Pachouli

A m ong  the different bioagcnls and sod amendment  used in Pachouli T r ichodcm ia

was found to be effective for leal as well as oil yield when applied a long with EYM and

fertilizer Soil amendments  and bioagcnls were also applied in combination. In this

treatcmcnt fresh leaf yield and oil content was obtained m ax im u m  with the application o f

neem cake and Pseudomonas along with FYM and fertilizers. C om bined  application o f

Azospiril lum and AMI- w as  found to be more  effective for h igher  herbage yield and

essential oil content over their sole application in medicinal plants (Mnnjnnthn cl al., 
2009)



T re a tm e n t R h iz o m e  yield (kg/ha) C u rc u l ig o s id e

Fresh Dry ( % )

F Y M  (t /ha)

10 405 151 7.232

20 518 201 7.266

30 490 191 9.154

CD (0.05) 21.152 7.221 -

FY M  @ 20 t /ha : Fe r t i l i se r  N

100:0 448 167 7.417

75:25 736 293 8.033

50:50
t------------------------- --------

567 222 7.4 SO

, 25:75 340 130 8.163

0:100 363 135 S.327

CD (0.05) 21.152 9.322

Joy (2003) reported that in ( ’ o r c h i o i d c s  when FY M  w as  applied al different 

doses in which 2 0 l/ha was found to he m ax im um  for rh izome yield and curcul igoside 

content was maximum obtained at the rate o f  10 t/ha. W hen  it w as  substi tu ted with 

inorganic fertilizer with different proportion it was found that 75%  o f  FY M  and 25 %  as 

N fertilizer gave higher rhizome yield and comparable  cureul igosidc  content.

Njavara is an important medicinal rice variety cult ivated in Kerala.  Its medicinal  

property is due to thc presence o f  amino acid. The  grain yield and am ino  acid content was 

higher at 50% substitution o f  organic manure  with inorganic fertilizers. Hacopa moncri is 

cultivated in marshy and water logged wet lands. It is c o m m o n ly  known as Rrahmi. Lalha 

(20 1 0 ) reported that am ong  different source of organic manure, ( nirpith compost  was a 

better source for higher b iomass  yield and bacoside content In case o f  biol 'ertihsers the



combined application o f  azospir il lum and PSB was more  ef iect ive  in yield and quality.  

The interaction effect showed that the combined application o f  coirpith compost  with 

biofertilizer was better for higher yield and bacoside content in Brahmi.

6.10. Stress

Under stressed condition medicinal plant produces  secondary7 metaboli tes  as a 

defense mechanism. These  secondary' metabolites are responsib le  for its medicinal  

properties. So stress is an important factor for the quantity and quali ty  deve lopm en t  in 

medicinal plants. Menon (1999) reported the effect o f  stress on the yield and quali ty  

development in Njavara,  which is a medicinal rice variety.  During this exper iment  

Njavara rice was cultivated under  three different condit ions which  included wetland,  

open upland and 50 -  70 % shaded upland. The yield obta ined was m a x im u m  under  

wetland situation and lowest under  50 -  70 %  shaded upland. But when com ing  to total 

amino acid content which is the quality component  o f  N javara  rice it was  found that 

maximum content was noticed in coconut garden followed by open uplands.  In coconut  

garden light intensity and soil moisture  are the two limiting factors which influence the 

yield and quality. Quality was found to be belter.

Table 1 I. Yield o f  Njavara under  different systems o f  cultivat ion

Type ( Jniin  yield (k g /h a )

Wet land 2d (11

Open upland 841

With 50-70 % shaded upland 684 ~ ~

Jalccl (2009) reported I lie cllccl of water stress on the yield and quali ty  o f  

Jl itlumid so/uni fa  a, which is co m m o n ly  known as AswiigaiullKi. In the experiment the 

crop was irrigated at different drought interval days (DID) M a x im u m  percentage o f  

ascorbic acid, reduced glutathione and tochophcrol was obtained at 20 DID. This



experiment indicates the importance o f  stress on yield and quali ty  o f  medicinal  plants. 

For the sustainabili ty o f  medicinal plant cultivation stress factor also should considered.

6.11. Stage o f  harv est

Seasons influence the t ime o f  harvest ing in medicinal plants  as any  o ther  crops. 

The chemical constituents in the plant parts impart medicinal qualit ies to the crop. Nature  

and quality o f  chemical constituents vary with season. So harvest ing at op t im um  stage is 

important in medicinal plants. Harvesting should be done at correct stage o f  m ax im u m  

yield and highest content o f  active principle.

Mcnon (1999) reported m ax im um  yield and P lumbaginc  content  in Plumbago 

rosea when the crop was harvested at 18 months after planting.

Table 12.Plumbaginc content in the roots o f  Plimbago rosea at dif ferent stages o f  harvest

Stages of ha rv es t  (M A P ) Yield (t /ha) P l u m b a g i n  c o n te n t  ( % )

o 2.06 1.12

8 3.08 0.82

10 3.42 1.17

12 5.77 1.14

14 6.64 0.69

16 7.55 1.40

18 8.42 1.72



Latha (2010) reported that maxim um  fresh and dry yield o f  S i d a  c o r d i f o l i a  was 

obtained when il was harvested al 8 MAP.

F ig 2. Effect ol t ime o f  harvest on Ephedrine content in S i d a  c o r d i f o l i a  

0.03

0 0 2 ‘j

0.02

0 01

0 005

0 001

7 M A P  8 M A P  9 M A P  1 0 M A P  1 1  M A P  1 2 M A P  1 3 M A P 1 / I M A P

Maximum ephedrine content  was found when  harvested at 8 MAP. Ephedrine 

content was round to he decreasing with the delay in harvest ing and slightly increasing at 

the lime o f  new llcsh emergence with the onset of  rain



Primary processing and storage are very much important  in medicinal plants.  It 

helps the farmer to store the produce after processing for a prolonged period. Farmers  can 

also fetch good price for the produce at lean period or at high demand.  T h e  m ajo r  

problem under storage o f  medicinal plants is fungal attack due to insufficient drying,  

rodent attack and contamination and decaying due unhygienic  s torage etc .storing the 

produce under correct driage will help to reduce those problems.  Thc  requirement  o f  

driage percentage for better storage depends on various plant species

Sujatha (2002) reported the effect o f  various storage method on quali ty  o f  

Adathoda vcissica. which is an important medicinal plant used for extract ion o f  vascicine.  

Vacsicine is the chemical component  which imparts medicinal property  to the crop. T he  

effect o f  various storage methods on the preservation and retention o f  quali ty  and 

quantity o f  vacsicine was studied with the experiment.

Table 13. I:IIeel o f  different storage condition on Vasicine content in Adathoda 

zevlanica

Storage  m e th o d s Days a f t e r  s to r a g e

0 45 90 150

Open storage o f  dried product 1.25 0.72 0.48 0.13

Dried chopped material in gunny bags 1.25 0.72 (166 0.54

Dried chopped material in gunny bags and nccm leaf 1.25 0.77 0.68 0.52

Dried chopped material in 250 gauge polythene bag 1.25 1.06 1.05 1.03

Powdered material in plastic container 1.25 1.03 0.90 0.82

Powdered material in 250 gauge polythene bag 1.25 1.02 L 02~ 1.00

Powder in steel container
p . .1 . ». I "Z ■ ■

1.25 ~ 1.00 0.99 0.90

From the experiment it was  inferred that copped dried material when  kept in 250

gauge poythene bag retained m ax im um  vasicine content even after 150 days o f  harvest.



These are some o f  the important factors to be considered w hile  going for herbal 

farming. Depending upon the crop, habitat, adaptation etc inf luence o f  these tactors m ay  

change. For making an herbal farm sustainable considerat ion ol these factors are 

important. Harvest o f  the crop at correct stage give good quali ty  produce,  but was tage  o f  

the economic parts during harvesting is a major  problem in herbal farming. Apart 

following these factors care should be taken to reduce such wastages  for making  the farm 

sustainable. For reducing such losses certain special methods  o f  cultivation can be 

practiced. Eg. Poly bag cultivation

7. M a r k e t in g

hi Kerala marketing o f  medicinal plants are done pr imari ly  through com m iss ion  

agents and traders. Cultivators,  gatherers from non forest areas, dealers  outs ide the state, 

tribes and illegal collectors do business with the commiss ion  agents. The  bulk o f  the 

material is sold to the traders. Major  portion o f  the profit is taken by the traders. Traders  

are well versed with facilities o f  huge warehouses for storage and value addition. Thev  

can fetch good price for the produce al the time o f  high demand.

Marketing is a major  problem for the farmers anil hence they are reluctant to 

cultivate medicinal plants on commercial scale. Farmers find it difficult to sell their 

products m reasonable price prevai ling in the market.  This  is due  to unorganized market 

facilities prevailing in the stale. There  is no declared market for raw drugs and fresh 

picks. The  traders are reluctant to reveal the source o f  plant. All these will force the 

farmers to sell their produce in a non competit ive price. To a small  extend these problems 

can be addressed by some o f  the pharmaceutical companies  through contract farming.

Contract fanning is a prc determined agreement be tween the farmer and 

pharmaceutical com pany  about the quanti ty  and quali ty o f  the produce. The  companies  

may give subsidy for the cultivation ol the crop and through buy-back system they will
m •  m

procure the produce for drug manufacturing. Oushadi ,  Kollakal Arya Vnidyoshaln, 

Nagarjuna, Dabur etc do contract farming in Indin.



SI No D ru g  m a n u f a c t u r i n g  uni ts

1 Kotlakkal Arya Vaidyasala ,Malappuram

2 Arya Vaidya Pharmacy (Coimbatore)  Ltd, Palakkad

3 Nagaijuna Herbal Concentra tes ,Thodupuzha

4 Vaidyaratnam Oushadasala ,  Thrissur

5

L

Oushadhi.  Thrissur

1 6

i

Kerala Ayurvedic Pharmacy, Thrissur

! 7 Silaram Ayurveda Pharmacy. Thrissur

8 Kandamkulathil ,  Thrissur

9 Ihaikaatlu moos ETM oushada( Ind) Ltd, Thrissur

10

_______________1

Santhigiri Ayur\’eda and Sidha Thiruvananthapuram

Source : (Kerala Ayurvedic Medicine Manufacturers  Association.  2008)

8 . Value add i t ion

Value addition and diversification o f  the products  helps the fanners  to fetch good 

price in the market. I his is another alternative approach to make  the' herbal farm 

sustainable, ft is an additional source of income generat ion and open new arenas o f  

livelihood improvement.  Value addition includes product diversif ication like health 

products, food products, initraccuticals, food flavours, natural dves,  pesticides,  cosmetics,  

aroma therapy etc. AICRP on Medicinal and Aromatic plants  w ork ing  in C ollege o f  

Horticulture have developed several value added products  I hese products  get good price 

in the market than those sold in the fresh form N am necnd i  syrup. Dnntapala oil.



Adalodaka choomam, Kesaraksha hair oil, Kesasudhi herbal sham poo  etc are some o f  the 

products.

9. Sustainability in herbal farm

W om en can play a prominent  role in herbal farming and value  addition. In Kerala  

Kudumbasree unit is an organized sector among women.  T h e y  can enter in to a contract  

with pharmaceutical agencies.  T h e y  can collect the material harvested by individual 

house hold and sell the produce through there co- operat ive societies.  The  can also enter  

into micro enterprises like processing, extraction o f  the herbal extracts etc, without  

marketing in raw form.

10. E x p o r t in g  h e rb a l  p r o d u c t s

Medicinal plants and herbal products  have got a wide acceptance  in the outs ide 

world. Farmers gel premium price for their products from foreign markets .  T hey  can also 

make trade agreements with the pharmaceutical agencies in o ther  countr ies.  Organized 

fanning and export are practiced in many parts o f  the country. For export ing the 

medicinal plants and products,  farmers should follow the guidel ines put forward by 

WHO.

W I K ) have given guidelines for collection and cultivat ion o f  medicinal plants and 

manufacturing ol herbal medicines.  I Ins includes Ciood Agricultural Practices (GAP),  

Good Collection Practices (GCP) and Good Manufacturing Practices (GMP).  U nder  

herbal farming Good Agricultural Practices ( ( JAP) is the major  concern.

11. G ood  A g r ic u l tu ra l  P rac t ices  (G A P )

The major  factors under  Ciood Agricultural Practices (G AP) included site 

selection, ecological environment,  climate, soil and nutrient m anagement ,  irrigation and 

drainage, plant maintenance and protection, harvest and post harvest processing.



Sustainable herbal fanning helps us to conserve the precious endangered 

medicinal plants in our ecosystem. Herbal farming provides the s teady supply  o f  quali ty 

raw materials in its fresh fonn and also for the preparat ion o f  medicinal  preparations.  

Homestead fanning and value addition o f  herbal products provides the households  a new 

source o f  income which will improve the standard o f  living. Organized  cultivation and 

marketing can search out new arenas for marketing. Establishing small  process ing units 

will help to product diversification and fetching premium price for the produce
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14.1. What  is meant by Nutraceuticals?

Nutraceuticals are processed medicinal products.  T hey  are prepared after value 

addition o f  the medicinal herbs. These  include any materials  wh ich  are considered as 

food or a part o f  food that provides medicinal or health benefits.  Consum ption  o f  

nutraceuticals daily prevents the diseases and also provides health.

14.2 What is the relevance o f  the word ‘susta inabili ty’?

Above discussed various factors should be considered when w e  plan lo start a 

herbal farm. The major  concern is the economic sustainabili ty o f  the farm than the crop 

sustainability. In this regard value addition, export ing o f  the processed products  and co 

operative cultivation o f  the crops are important thing to be considered.

14.3 What is your  suggest ion to the farmer regarding the shade adjustment in the cropped 

field, while going for a medicinal plant as an intercrop?

Shade tolerant crop and their varieties perform better in such conditions .  I would  

suggest for crop selection than shade level adjustment.

14.4 hxplain the polybag cultivation?

In many o f  the medicinal plants roots are the officinal parts. Harvest ing o f  

these crops is labour intensive and most ol the roots w ill be dam aged  while  harvested by 

hand pulling. I lie damage ol the roots leads to decaying o f  the portion, pest and disease 

infestation at storage, reduction in shell life etc. Blemished roots will gel on ly  lower  price 

in the market. In polybag cultivation half  o f  the polybags arc filled with pott ing mixture.  

These bags are kept in 15 cm deep pits at a distance o f  1 IT the bags arc planted with 2 

rooted seedlings, bamboo splits are used as a support to the polybags.  Organic  manuring 

is done twice at 6 moths intervals. Harvesting is done afier 2 years. Roots  are extracted 

nfier tearing the polybags.  No root will get damaged al the t ime o f  harvest ing. Wastage o f  

the crop during harvesting can be reduced to an extent.



14.1. What is meant  by Nutraceuticals?

Nutraceuticals are processed medicinal products.  T hey  are prepared after value 

addition o f  the medicinal herbs. These  include any materials  w h ich  are considered as 

food or a part o f  food that provides medicinal or health benefits.  Consum ption  o f  

nutraceuticals daily prevents the diseases and also provides health.

14.2 What is thc relevance o f  thc word ‘susta inabili ty’?

Above discussed various factors should be considered when w e  plan lo start a 

herbal farm. The major concern is the economic sustainabili ty o f  thc farm than the crop 

sustainability. In this regard value addition, export ing o f  the processed products  and co 

operative cultivation o f  thc crops arc important thing to be considered.

14.3 What is your suggest ion to the farmer regarding the shade adjus tment  in the cropped 

field, while going for a medicinal plant as an intercrop?

Shade tolerant crop and their varieties perform better in such condit ions.  1 would 

suggest for crop selection than shade level adjustment.

14.4 Explain the polybag cultivation?

In many o f  the medicinal plants roots arc the officinal parts. Harvest ing o f  

these crops is labour intensive and most o f  the loots will be dam aged  while  harvested by 

hand pulling. I lie damage o f  the roots leads lo decaying o f  thc port ion, pest and disease 

infestation at storage, reduction in shelf  life etc. Blemished roots will gel on ly  lower  price 

in the market.  In polybag cultivation half  o f  Ihe polybags arc filled with poll ing mixture.  

These bags arc kept in 15 cm deep pits at a distance o f  1 ft. the bags are planted with 2 

rooted seedlings,  bamboo splits are used as a support to the polybags. Organic  manuring 

is done twice at 6 moths intervals. Harvesting is done after 2 years. Roots are extracted 

after tearing the polybags. No root will gel damaged at the l ime o f  harvesting. Wastage  o f  

the crop during harvest ing can be reduced to an extent.



K E R A L A  A G R I C U L T U R A L  U N I V E R S I T Y  
C O L L E G E  O F  H O R T I C U L T U R E ,  V E L L A N I K K A R A

A g ro n .  5 9 1 - M a s te r s  S e m in a r

Name o f  the student:  V a n i n  k u m a r  A.V. V enue :  S e m in a r  Hall
Admission No : 2010-11-126  Date  : 13-05-2011

T i m e  : 10.00 am
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A B S T R A C T

Kerala  is considered  as the hom e  land o f  ayurved ic  t reatments .  D ue  to uncon tro l led  

deforestation and des t ruc t ive  collection, the b iodivers i ty  o f  medic inal  p lants  is under  threat. 
The raw materials required  for the preparat ion o f  ayurvedic  drugs  are often adul tera ted  due  to 
the unavailabil i ty o f  quali ty  materials.  Dom est ica t ion  and com m erc ia l i sa t ion  o f  m edic ina l  
plants is an approach to ensure  the supp ly  o f  quali ty  raw materials.

In India, 70 per cent o f  the popula t ion  use traditional medicines .  T h e  annual  d e m a n d  
o f  botanical raw drugs  in the country  w as  320 mill ion tons in 2007-08  (Vcd  and G oraya .  
2008). About 90 per cent o f  the requirement  o f  the medicinal  plants is p rocured  from the wild 
and cultivation accounts  for on ly  10 per cent o f  the supply  in active trade. A s  a result ,  the  

demand and supply  o f  medicinal  plants  are m ism a tch ing  and this gap can be filled th rough 

herbal farming. Herbal farming is the scienti fic  and sys temat ic  cul t ivat ion  o f  herbs ,  w h ich  
include plant materia ls  such as leaves,  flowers,  fruits, seeds,  s tems,  w o o d .  bark,  roots,  

rhizomes or o ther  plant parts which  m ay  be used as entire, f ragmented or pow dered .

Homestead farming is a unique  sys tem prevalent  in Kerala  and the m ed ic ina l  p lants  
can he easily incorpora ted  in this system. A ccord ing  to A j i thkum ar  (2009)  Kactnpferia 
galanga, Zingiber offficinale, Ocirnum sanctum, Adathoda haldomci, Curcuma longa. 
Curcuma aromatic a. Maranta arundinaccac, Coleus aromaticus, Saraca asoca and 

Azadiracta indua  arc sui table  lor homes tead  farming system. 1 he m a jo r  factors  in f luenc ing  
the yield and quali ty  of medicinal  plants are choice  o f  crop and variety ,  spac ing ,  light 

intensity, nutrient m an a g e m e n t ,  stress, s tage  o f  harvest,  p r im ary  p ro cess in g  and s torage. 
Selection o f  crops depend  on the soil characteris t ics ,  sys tem o f  cu l t iva t ion  and m arke t  
demand.

In medic inal  plants several factors inf luence both yield and quali ty.  C lose r  spac ing  
was found to be better for higher  yield and qual i ty  in Curculigo orchcoidcs (Joy,  2003).  

Combined applicat ion o f  coir  pith compost  with Azosp ir i l lum  and ph o sp h o ru s  so lub i l is ing  
bacteria gave  higher  yield and bacos idc  content in liaco/m monnicri (Tallin and 

Radhnkrishnan, 2 0 1 0 ). T h e  ant ioxidant  content o f  Withania somni/cra  increased un d e r  w ate r  
stress situation com pared  to irrigated condi t ion  (Jalecl.  2009).

Many farmers  cons ider  the cult ivat ion o f  medic ina l  plants uneconom ica l  As there is 
no organised m arke t  for the raw drugs or  the fresh picks,  farmers  find it difficult  to sell then
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1. In tr o d u c t io n

Herbicides are chemicals  used lo kill the herbs or we can say weeds, because  majority 

o f  the weeds are herbs. From the following table it is clear that the insecticide and 

fungicide use is decreasing year alter year where us the herbicide uses is having an 

increasing trend.

Pest ic ide

( . ' roup

95-96 97-98 00-01 02-03 04-05

Insecticide 38.788 33.379 26.756 28.197 25.029

fungic ide 10.653 10.05-1 8.307 10.712 6.397

1lerhicide 6 .0-10 7.103 7.299 7.364 7.857

Others 5.869 1.703 1.222 1.398 1.000

I ah I Pesticide consumption in India ( M  IPM. 2005)

( ominu lo world scenario,  out ol the total pesticides,  hcibic idc  use is 1V’0, 

insecticide m e  is iV'r, and liuigicide use is »»i 11 \ I 7".. I he  increased use ol h c ih iu d e  is 

due to application ol herbicides belore the crop loi min imum tillage pract ices in most ol 

the developed countries.  In Kerala, herbicide use increased from 6%  lo 10% during the 

period o f  2007-2010.

Hie erratic and continuous use o f  herbicides may create toxicity p roblems to crops, 

residual effect in soil, toxicity to aquatic flora and fauna and finally to the hum an beings 

Recently some ol the pest icides including herbicides are banned in Kerala. So we should



know what arc all the things taking place when an herbicide is applied to the

environment.

2. C o m m o n  h e r b ic id e s  in K era la

• Paraquat is a contact herbicide famous under the trade name gramoxonc  It is a 

bipyridiIlium compound with broad spectrum action. Mode of action is by inhibiting 

photosystem-1 o f  photosynthesis.  The recommended dosage is 0.4 kg ai/ha.

• 2. 4-D is a systemic post emergent herbicide known under the trade name fernoxone. 

It is a selective killer o f  broad leaved weeds and sedges. The m ode  o f  action is by 

increasing biosynthesis o f  ethylene causing uncontrolled cell division and so damages  

the vascular tissue. The typical symptom shown by the weeds to 2. 4-D is "epinasty 

syndrome" It is the twisting and bending ol tender parts ol the plant lhe  

recommended dosage is 0 >- \ kg ai ha

• Glyphosate  is an organophosphorus  systemic broad spectrum herbicide famous under 

the trade name roundup. Mode o f  action is In inhibiting I PSP synt lusc .  which is an 

e n /y m e  responsible for the production o f  essential amino acids m shikimic acid 

pathway Ihe  typical symptom shown by the weed is “ witches broom appearance"  It 

is the characteristic discolouration lollowed In yellowing and d iv ing  ol plants 

Roundup is produced by the company Monsanto I hey were having patent up to 

2000. after which another  companies  also started producing glyphoxte under  the trade 

names like tjlvccl. weed o f f  Due o f  thc major impacts o f  biotechnologv was the 

introduction ol roundup ready crops by Monsanto I bey produced roundup rcadv 

soybean, canola  and maize. Rvery year area under these crops is increasing. The 

recommended dosage is 0.8 kg ai/ha
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O.xyfluorfen is a selective contact pre emergent  herbicide com m only  used under  the 

name goal. It is a diphenyl ether compound and is specifically recom m ended  I or dry 

sown rice I he mode o f  action is by inhibiting protoporphyrinogen oxidase leading to 

cell membrane damage. I he recommended dosage is 0 . 15 kg ai ha.

Cvhalofop butyl is a selective systemic post emergent herbicide known under the 

traJe name clincher. Mode ol action is by inhibiting Acetyl k o . \  and thereby 

inhibiting the lipid synthesis. Echinochloa is the major weed in the rice lields ol 

Kerala. It can be effect ively controlled by this herbicide. 1 he recom m ended  dosage isJ  *

0.08 kg aid),i

Umron is a pre emergent  selective urea substituted herbicide. Mode id action is b\ 

inhibiting hill reaction o( photosynthesis.  I lie recommended  dosage is 1.0 kg ai ha.

W .fr * *  AgroSk Wrcs
Motyffcs



I 'endimethnlin is a pre emergent selective herbicide known under the trade name 

stomp. It is a dinitro aniline compound and the mode o f  action is by inhibiting 

mitosis and cell division. It is a seedling root growth inhibitor widely used in rice 

fields and also used in vegetables. It is effective against Cuscutta \p Rut the
W  1

drawback is it is having high price in the market Ihe recom mended  dosage is 1.5 

kg ai 'ha

Rutachlor and I’retilachlor are selective systemic pre emergent herbicides famous 

under the trade names machete and rilit respectively. I liese are chloro acelamide 

compounds inhibiting the mitosis and cell division and therein  inhibiting seedling 

shoot growth. I lie recommended dosage are 1.5 cK: 0.75 kg ai ha respectively 

Nominee gold is the leading herbicide used in rice Helds o f  Kerala. Ihe  chemical is 

bispyribac sodium and is a selective systemic post emergent herbicide It can 

ellcctively control grasses, broad leaved weeds and sedges,  but the weed 

f.eptnchlfHi thincnsii is found to he resistant against nominee  gold I hat can be 

controlled by spray ing clincher Mode ol action is by inhibiting \ l  b ( \ c e lo  I acinic

Synthase) pathway.  I he recommended dosage is 30 g ni/lin.



3. Herbicides for major crops in Kerala

Rice is the crop in which herbicide usage is maximum. The pre emergent  herbicides 

used are Butachlor. pretilachlor. oxyfluorfen and pendimethalin.  Care should be taken to 

drain the field while applying the herbicides and flood the field with thin film o f  w ater lor 

the next few days Post emergent herbicides used are 2.-1-D. nominee gold and almi.v 

Almix is the combination o f  chlorimuron e t ln l  and metsulfuron m e t ln l .  which is 

effective in controlling marselia. It is recommended at -I g ai/ha. N om inee  gold is used to 

control all t>pes o f  weeds.

Ihe herbicides used in the plantation crops like coconut,  coffee,  ca rdam om ,  cashew 

and rubber are paraquat and gh p h o sa te .  In banana and pineapple pre emergent  herbicides 

like diuron and oxyfluorfen are used, while the post emergent  herbicides used are 

paraquat and glyphosate.

H e r b i c i d e  c l a s s i f i c a t i o n  b a s e d  o n  t o \ i c i t \  lev e l

T o x i c i t y
•

O r a l  L D 5„ 
( m g / k g  b o d y  w e i g h t )

D e r m a l  L D 50 ( m g /  
k g  b o d y  w e i g h t )

f xtremelv toxic
J 1-50 1-200

1 lighlv toxic 
(Paraquat. 2.4-D)

S | -  SOI) 201-2000

Moderately toxic 
(Butachlor. f)mrnn)

S O I - 5000 2 001- 20000

Slightly luxic 
(Pretilachlor. 
sul losul luroii)

■5000 '2 0 0 0 0

Tab 0 Herbicide classification based on toxicity level (Kulshrcsthn,  2006)



H erb ic id e  c y c le  in the e n v ir o n m e n t

When an herbicide is applied in lo the environment it will reach in plants, soil. air. 

aquatic environment and in human beings. From plants it may enter in to food chain and 

comes in to human beings. From soil it may reach air by volatilization or reach the soil 

water by leaching. From the aquatic environment it enters in lo fishes and tmally to 

human beings through food chain.

Fig.I: Herbicide cycle in the environment
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4. Fate o f  herbic ide in soil

Herbicides when comes in soil tinder goes man\  reactions like p lns ien l  processes,  

chemical decomposit ion, microbial transformations, formation o f  soil bound residues.

photochemical decomposi t ion  and adsorption

h



V o l a t i l i z a t i o n

Volatile chemicals  may escape in to the a tmosphere  through the process ol 

volatilization. It depends on vapor pressure o f  thc compound,  its concentrat ion and 

adsorption to soil and solubility in water. It is also alleclcd l\\ air temperature,  wind 

velocity, soil temperature relative humidity. Ihe eslcis ol p h e n o w  av .dk  acids are more 

volatile than free .acids and their salts I Kao. I d d ? )

Leaching

It  i s  the downward  movement  into Ihe s o i l  a s  solution in the s o i l  water  I caching isL

influenced by water  solubili ty o f  the herbicide as well as soil properties  like soil texture, 

permeability and colloidal adsorption. It occurs through mass flow and di lfusion 

Leaching  p a t t e r n  o f  p r e t i l a c h lo r  in d i f fe ren t  soil types: I lie experiment  was done in 

two different types o f  soils to find out the leaching pattern o f  pretilachlor.  flic results



obtained were, fine textured soil with high organic matter content recorded lower lc \e ls  

o f  leachate compared to coarse textured soil with low’ organic matter and pretilachlor is 

not a potent herbicide lo cause ground water pollution

Dose
(kg/ha)

D epth  of
soil (cm)

C o n c e n t r a t i o n  ( p p m )

C o arse  tex tu red  low O..M. 
soil

Fine tex tu red  
high O .M .  soil

Pretilachlor
(0.75)

0-2 2.56 2.85

2-4 0.19 O i l

4-6 0.09 0.06

6-8 0.06 0.03

8-10 0.03 0.01

Leachate 0.006 U.UU4

lab 3 I caching pattern o f  pretilachlor in different soil types (K \ l  . 2007)

Run o ff

Run o ff  takes place when the rale o f  precipitation is greater than the rate o f  

infiltration. Duration and intensity ol rainfall and foimuLilion ol h c ih iu d c  aic the two  

factors affecting run o f f  Water soluble herbicides are susceptible to run off. if ruin 

occurred shortly alter the application. 2 , l-l) was found susceptible to um  oil (Slcurman 

and Wells. 1007).

Photochem ica l decom posit ion

Decomposition by light is one n f  the mechanisms ol herbicide conversion in soil It is 

induced by I V radiation. When exposed to light, organic molecules  m the herbicide 

absorbs radiant energy and excitation o f  electrons takes place lending to t ransformat ions  

such as breaking and formation o f  chemical bonds, fluorescence Kate ol decomposit ion



and nature o f  products  depends on light source, intensity o f  light and structure o f  

herbicide. Compounds  like paraquat having weak bonds are subjected to decomposit ion 

(Gino. 1993).

Adsorption by soil particles

The process o f  adsorption results in binding o f  a chemical to sites on soil mineral or 

oreamc surface. Adsorption is the ke) factor determining the environmental  late ol an 

herbicide in soil, its biological activity and persistence. Type o f  clay colloid,  soil organic 

matter content, soil pH. soil moisture and chemical nature o f  herbicide are the (actors 

affecting adsorption. Inorganic colloids with high CIZC adsorb more (Kao. 1992). 

Adsorption occurs when a soil is having organic matter content above 2%  (k u m a r i  and 

Singh. 1994). Glyphosate is adsorbed at low pi I (Sprankle cl al.. 1995). \dsorp t ion  ol 

cationic herhicide is more in soils with high organic matter content ( I V \ t  . 1903). So 

Ja>  luii be used as an antidote against paraquat. I lie positively charged paraquat ions 

will bind lo the negative!) charged clay lattices.

A dsorp t ion  of U u la c h lo r  in d if fe rent  t r e a tm en ts :

T rca tm cn t T o t a l  

c a r b o n  %

organ ic Dissolved o rg a n ic  

c a rb o n  %

A d s o rp t io n

B u ta c h lo r*

of

Soil alone 0.62 0 .012- 0.022 5.50

Soil t-Cowdung (I 94 0 055- 0.062 4 04

* In the tup 5cm laser (pg 'u )  at I das alter spinsing 

Tab.4: Adsorption o f  l iutnchlor in different treatments

I k  \1 . 2

I com the above research work, it is cleai that, adsorption increases as the 

organic matter content o f  the soil increases.



C h e m i c a l  d e c o m p o s i t i o n

It is not a significant pathway in herbicide decomposition. However  it is signiticani 

in case o f  triazines, dinitro anilines and diphenyl ethers. It occurs through hydrolysis,  

oxidation, reduction and dealkylation reactions. The rate o f  decomposit ion is directly 

proportional to the concentrat ion o f  the chemical.

M i c r o b i a l  t r a n s f o r m a t i o n s

I houeh microbes occupy a very small volume o f  soil (< 0.1 %). they arc responsible 

for a number o f  transformations taking place in nature. Microbes degrade herbicides 

predominantly through ester or amide hydrolysis,  alkylation. dealkylation. 

dehalogenation. oxidation, reduction, aromatic ring hydroxylation. ring cleavage and 

conjugation I here fore, it is significant in case o f  aliphalics. amides,  carbamates  and

phenoxv acids Soil temperature  o f  20-30 C. soil moisture near held capacity and 

moderate organic matter arc optimum for this. Intracellular and extra cellular mechanisms 

are there. Microbes utilizes carbon atom as the energy source and releases carbon 

dioxide

Mono-oxygenase  enzyme produced by alcaligcns e o m e i l s  2. -l-l) into 2. -l-dichloio 

phenol. Phosphcnata.se enzyme produced by pseudomonas which convert glyphosate m to 

amino methyl phosplionie acid

Formation of soil bound residues

Rinding n f  hcrhicidc to insoluble organic material will result in decrease in mobilitx 

and bio availability ol the residue Round residues aie quantified by rudio-luheled 

compounds However ,  these labeling techniques do not provide any information about 

chemical structure Studies using 1'( labeled alrn/inc and 2. -1-1) reveals that most ol the



applied radioactivity is bound irreversibly to humin fraction (Xie el aL. 1997). I he in 

extraciable nature o f  humin has made it difficult to understand the nature ol bound 

residue. It can be assumed that, bound residues are less toxic, less bioavailable and less 

mobile (Kastner el cil.. 1999).

5. P ers is ten ce  o f  h e r b ic id e

Persistence o f  herbicide is the residence time o f  chemical in soil, before being 

completelv removed bv physical, chemical or biological degradation (Scheuncri  ct o/.. 

1993). The factors affecting the persistence o f  an herbicide are soil organic matter, soil 

microbes, soil texture, soil pi I and soil moisture.

Soil organic matter

KAU (2003) studies revealed that the increased soil organic matter results 

increased rate o f  adsorption, degradation and microbial activity in soil. Ihe  organic 

matter improves the bioeflicaey o f  herbicides in Rice- Rice cropping system by 

increasing the adsorption o f  herbicides (KAU. 2 0 1 0 ).

F.chinochloa popu la t ion  (20(12- 2010) i iumber / i tF :

1 rent men Is 2002 2003 2006 2009 2(110

T! 7 0 1 1 26 0

T2 20 Ml 1 1 II VI

T  3 16 9 20 5 0

T4 22 9 so 90 32

15 9 6 19 8 o

fab .5: Hchinochloa population (2002- 2010) number/m ( KAU.  2010)



Ti l land weeding

T2: Butachlor + 2. 4- D (100% NPK)

T 3: Butachlor + 2. 4- D (75% NPK+ 25% FYM)

T4: Pretilachlor + 2, 4- D (100% NPK)

T5: Pretilachlor + 2. 4- D (75% NPK+ 25% FYM)

The work done by KAU in the period o f  2002- 2010 showed the effect o fo rg a n ic  

matter in improving the efficiency o f  herbicides. Farm yard manure  treated plots showed 

less number o f  Echinochloa population compared to fertilizer treated plots.

Soil microorganisms

Microorganisms are able to degrade a wide \a r ie l \  ol chemicals .  Irom simple 

polysaccharides, amino acids, proteins, lipids etc. to more complex materials such as 

plant residues, waxes and rubbers. Many herbicides are retained in the surface laser  o f  

soils for a relative!), long period and are degraded mostly In soil microbes.  According to 

Chakrabortlw and Bhattacharya ( l (F ) | ). Fiisariitm \nlamtin and /• <m v/v>rwu effective!) 

degraded Butachlor in 0.02M KIFPO.i buffer solution at pi 1 5 . 2 . . l.v/vrg/////.\ is the major 

organism responsible for degradation o f  2. 4-1) in acid soils (D e \ i .  2002).  The graph 

below shows that the application ol herbicides decre.ises the population ol bacteria in the 

soil I he total population ol micrnlloia attained normal le \e l  In the t ime ol ha r \e s l  n . 

the treatments
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I ig 3 I f l e e t  o t  h e r b i c i d e s  n n  soi l  b a c te r i a l  p o p u l a t i o n

Soil tex tu re

Clay content is one ol the principal factors inlluencing persistence o f  herbicides in 

soil, rhe herbicides are deactivated easiK in coarse textured soil (M iles  and M in e .  Ioop) 

Adsorption and bmaelixilx ol herbicides were correlated with cla\ content (W eber and 

Peter, 1999). Adsorption of ( dyphosale related to cla\ content and C l t ol soil Kilass. 

2000)

Soil pH

Soil p l l  has significant eflcct on detoxification of herbicides b\ inlluencing then- 

ionic and molecular characteristics, anion and cation exchange capacity ol  soi l  colloids 

and the inherent capacity ol soil m i c r o b e s  to react with the heibiudcs \ ic m d in g  to 

Grover ( I9 9 9 ) ,  acidification o f  soil enhanced thc ability to retain 2. A- I )



Soil moisture

B o th  c h e m i c a l  a n d  m i c r o b i a l  d e g r a d a t i o n  d e p e n d s  o n  m o i s t u r e  c o n t e n t .  B u t a c h l o r  

d i s s ip a t io n  vvas t a s t e r  u n d e r  h e l d  c a p a c i t y  f o l l o w e d  by s u b m e r g e n c e  ( P r a k a s h  a n d  D ev i ,  

2 000) .  I lalt  l i v e s  o l  B u t a c h l o r  in s o i l s  u n d e r  a i r  d r \ .  Held c a p a c i tv  a n d  s u b m e r g e d  

c o n d i t i o n s  r a n g e d  f r o m  5 2 . 4 0 -  5 0 .5 7 .  12 .35-  2 0 .5 8  a n d  2 8 . 4 8 -  3 9 . 2 0  d a y s  r e s p e c t i v e l y .  

The h e r b i c i d e  p e r s i s t e n c e  o f  s o m e  h e r b i c i d e s  in so i l  is Given b e lo w  in th e  T a b l e :

<  3 m o n t h s 3 - 6  m o n t h s >  6 m o n t h s

Paraquat Diallale Atrazine
Anilofos Dinitramine Bromacil

1 B utjeh lor Isopri Huron Diuron
1 luchluralm O w  11 our fen • Sim a/ine
C ily phosate 1 inuron I ri llciralin
Pretilachlor ( hlorhnm il l io n
Sul losu Huron
2 . 4 - D
Pr< ' p a n i l  
1 )alapon

i
I

I a h  6  h e r b i c i d e  p e r s i s t e n c e i S u n k a r a n  ct <//. 1U 9 3 )

6. Herbicide residue in aquatic system

P o t e n t i a l  s< >u r c c s  o f  p o  11 ill ion  o I a q u a l  ic sy s t e m s  w i th  hci hie id e s  a r e  ( i ) lie i b ic  ides  

a p p l ie d  for  w e e d  c o n t r o l  in r i c e  I n )  c h e m i c a l s  a p p l i e d  Ini acjiiatic w e e d  t o n i i o l  l u i i  

h e r b i c id e s  a p p l i e d  to  p l a n t a t i o n  in hilly a re a s .  A m o n g  the  th r e e  s o u r c e s ,  h e r h i c i d a l  w e e d  

con t ro l  m  a q u a t i c  a r e a s  h a s  m o r e  d i r e c t  im p a c t  o n  a q u a t i c  s y s t e m s  \ \  a te r  so lub i l i ty  is the  

m a j o r  f a c to r  d e t e r m i n i n g  th e  e x t e n t  ol p o l l u t i o n  c a u s e d  I n  an h e r b i c i d e  in g r o u n d  w a te r  

An h e r b i c i d e  is c o n s i d e r e d  a s  a p o t e n t i a l  p o l lu t a n t  w h e n  th e  s o l u b i l i t y  .s g r e a t e r  th a n  

30mg/ L Phenoxy olkanorcs, Sulfonyl ureas and Hlpyridilliums a re  m o r e  water s o l u b l e  

than the o t h e r s  Hydrolysis h a l f  l i fe  ( *23 weeks), photolysis hall l i fe  ( ■ I week). Held



dissipation half l i fe  ( > j  w e e k s )  and sp ec ia t io n  (n e g a t iv e ly  charged ,  fu l ly  or partialis at 

ambient p H )  are the o th er  factors  that indicate  high ground w a ter  co n ta m in a t io n  o f  

herbicides.  T h e  p e r s i s t e n c e  o f  paraquat in water  are g iv e n  b e low

T r e a t m e n t s P a r a q u a t  r e s i d u e  ( p g / m l )

ID A S * 7 DAS 15 DAS 30 DAS

Paraquat
0.5 kg/ha

0.36 0.143 0.135 BDL**

Paraquat 
1 Okg/ha

3.10 0.310 0.280 13DL

1 --- 1
Lib 7 persis tence «»l paraquat

* Davs after spraving ** below delectable level ( K A l 1. 2010)



Common aquatic a lg aec id es  and herbicides are g i \ e n  below

Name of the 
compound

Rate of application Target plants ToxicitAwt

C o p p e r  s u l p h a t e  
pen tah yd  ra te 5 .0  p p m

W a t e r  b l o o m  
C o m m o n  s c u m  
A l g a e  ( C h a r a  
sp .)

2 .3  to  12.0 p p m  in h u m a n  
d r i n k i n g  w a t e r .  100 p p m  
in a n i m a l  d r i n k i n g  w a t e r

T r i a / i n e s 0  5 to  1.25 
p p m

\ \  a te r  h l o o m
I n s a f e  for  t r e a t i n e  
i r r ig a t io n  a n d  d r i n k i n g  
w a t e r  b o d i e s

D iu ro n 0 2 - 0 4  p p m M a c n  > algae \ c c u m u l a t c  in f id i  t issues

Pnraqauf U 25  1 5 p p m
P i m a .  L e n in a  and  
1 lch lm rn ia

I n>aie  t iu d r m k i n e

Cilvpho ; j rc
1 1 [.u ha  m HMl 1.r ’
\v a i v r

N \  m p l iaea N* >n res idual

Sib. rx  b r n o T J p r o p 11 S t o  p p m \ | i i  r i i au ih e ia ,
\  \ IUj ’1 Ul .1,

\ i  l im ib n

I nlii I'M i rn g a tn  mi m d
< M In ! W'i_~

2 . 1 I ) 1 H f i» / | i a  * >r 2 0 

p p m

1 ii bin>i ilia, 
M\ n n p h v l l u m

t nil! 1' m n rig un  mi. n >m> ii\ 
I n  fish

.  /  « i % > 1  |  .

lab H C o m m o n  aquatic algaccides and herbicides (Ciupln. 2001)

I he study conducted at A IC R P  on weed control. K A l '  .showed that there is 

accumulation o f  2. 4 - D r e s i d u e s  m the fish up to 30 D A S  and the bottom sediment 

depending on the quantity applied against Salvinto. lh e  residues id ( 

Accumulation m fish are shows in the graph below

l o
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I he p e r s i s t e n c e  ol r e s i d u e s  ol c o m m o n  h e r b i c i d e s  in w a te r .  m u d  o r  s e d i m e n t  is g iv e n

below

H e r b i c id e W a f e r  ( d a y s /  
c o n c . )

R e f e r e n c e M u d /  s e d i m e n t s  
(day s / c o n c . )

R e f e r e n c e

2. 4 - 1 ) U , S ( | ) |  , ,) K M ?0() i M 2 0 Is M . 
2 0 0  I

C 'y h a lo lb p  b u ty l 00 (1 )1 I SI P A . 2 0 0 2 O 0 ( i ) i  i 1 SI P V  
2 0 0 2

Paraquat 12 0 ( D T m ) K A t  1 .2 0 0 4 0 10- 0 . 5 6  p p m  al 
60 d a v sw

K A U ,
2 0 0 4

<i lyphosn ie < 0 . 0 1 p p m  at 6
d a y s

N a in  cf al . 2 0 0 0

V 1 * * 1

8 5 (I) 1 so)

it ifnr iii 11 1 nr Civ lin

P a v e u l io  
et al.. 
10Q6

P



Maximum residue limits in water ,  m i lk  and food commodities are

Herbicide Water 
(fig/ L)

Milk 
(fig/ L)

Fruits
(Mg/ g)

Vegetables 
(fig/ g)

2. 4- D 30 0.05 5.0 0.05

Diuron - 0.1 0.5 -

G K phosale 700 0.1 0.05-0.2 0.01-0.1

Paraquat - 0.01 0.05 0.05- 0.2

lYndim elhalin 20 0.01 0.05 0 05

( ) \ v lluorlen  * •• 0.01 0.05 0.05

Atrazine 0.01 - 0.01

Tab. 10 M a x im u m  res idue  limits  in water,  milk and lood com m odi t ie s  ( S a n k a r u n  cl j ! 
H e r b ic id e s  s h o w i n g  a c c u m u l a t i o n  in the  a q u a t i c  f lora  a n d  l a u n a

H e r b i c i d e C o n c e n t r a t i o n  in fish  o r  p l a n t

2.4- 1) Fish  Ihilapia  
2 17- 11 22 (ie e

P jra q u jt 1 ish ( larias la /c ia  
0. }8h- 1 1 h()pg/g 
plant ( liara- 2.3ppm

S p i r o g y r a -  l.3ppm

. • i s  .......1 I ........~ i L' VII  A/
I a b . I I. H e r b i c i d e  a c c u m u l a t i o n  in the aquatic  flora and fauna ( K A l  . 21)0-1)

7. Banned herbicides in Kerala
Four herbicides namely, nlra/inc. anilofos. Ihiobcncarb and paraquat are banned 

in Kerala I he reasons for banning and their alternatives are descried below



Atrazine: It is h a v i n g  h i g h  p e r s i s t e n c e  in so i l  (> 6  m o n t h s )  a n d  it is a p o te n t i a l  h e r b i c i d e  

cau s in g  g r o u n d  w a t e r  p o l l u t i o n .  T h i s  is w ide ly  u s e d  in s u g a r c a n e  a n d  s o r g h u m  w h i c h  is 

not c o m m o n  I > g r o w n  in K e r a l a .  A c c o r d i n g  to  G a s s  ( 1 9 9 2 ) .  it c a u s e s  c o l o n  c a n c e r  a n d  

eas i ro  in t e s t in a l  c o m p l a i n t s

A n i lo f o s :  It is a  h ig h l y  t o x i c  c h e m i c a l  w i th  y e l lo w  label .  It is no t  u s e d  in K e r a l a  b e c a u s e  

there  a re  a l t e r n a t i v e s  l ike  B u t a c h l o r  a n d  p r e t i l a c h lo r .  I U P A C  ( 2 0 0 5 )  s t u d i e s  s h o w e d  that  

it c a u s e s  R e s p i r a t o r y  t r a c t ,  e y e  a n d  sk in  i r r i ta t ion .

T h i o b e n c a r b :  It is n o t  u s e d  in K e r a l a  b e c a u s e  th e re  a re  a l t e r n a t i v e s  l ike  B u t a c h l o r  a n d  

p re t i l ach lo r .  11 P A G  ( 2 0 0 5 )  s t u d i e s  s h o w e d  tha t  it ac t  a s  a p o t e n t i a l  n e u r o t o x i c a n l .  

P a r a q u a t :  It is a h ig h ly  t o x i c  c h e m i c a l  w i th  y e l lo w  labe l .  It is c o m m o n l y  u s e d  t h r o u g h  

out  k e r j l a  I h e  t w o  m a m  a l t e r n a t i v e s  a re  g l y p h o s a l c  a n d  g l u f o s in u lo  II PA L  ( 2 0 0 5 )

s tud ies  s h o w c  I t ha t  ii act  as a m i i t a c c n .  r e s p i r a t o r y  t rac t ,  s k i n  and  e y e  i r r i t a n t

8. F u t u r e  t h r u s t

I h e  h e r b i c i d e s  c a u s e s  r e s i d u e  p r o b l e m  in the  soi l ,  a q u a t i c  e n v i r o n m e n t  a n d  Im a lK  

lo h u m a n  b e i n g s  e i t h e r  d i r e c t l y  o r  t h r o u g h  lo o d  c h a in  A s a l e  a l t e r n a t i v e  is n e e d e d  lo r  

be t te r  Future S o  th e  f u t u r e  t h r u s t  s h o u l d  be* g iv e n  lo r  h i o h c r h i c i d c s  B i o h e r b i c i d e s  a t e  the  

f o r m u l a t i o n s  m a d e  f r o m  l i v in g  o r g a n i s m s  l ike b a c t e r i a ,  lu n g i  cic  I s a m p l e  lo r

h io h c r h i c i d c s  u s e d  is g i v e n  b e l o w .

C olle lo tr ichum  glocospot'ioicics  u s e d  to  c o n t r o l  Acschy m  nw nc  sp .

P uccina  eam ilicu la ta  a g a i n s t  ( yperus  s p p  

P h o m o p tfa  a m aran th ico la  a g a in s t  A m arun thus  s p p  

D o tty h ir ia  h ig ^ in s ii  a g a in s t  ( y p erm  s p p



Conclusion
« O p t i m u m  d o s e  o t  h e r b i c i d e :  a p p l y  th e  h e r b i c id e  o n l y  at  t h e  r e c o m m e n d e d  d o s a g e  

o n ly -  T h e  h i g h e r  d o s e  a p p l i c a t i o n s  m a y  re su l t s  in r e s id u a l  p r o b l e m s  in soi l  a n d  

a q u a t i c  e n v i r o n m e n t .

• C r i t i c a l  p e r i o d  o t  w e e d  c o m p e t i t i o n :  It is the  t i m e  s p a n  w h e n  w e e d s  p r e s e n t  f rom  

the  b e g i n n i n g  o t  c r o p  c v c l e  nu is i  be  r e m o v e d  o r  p o in t  a l t e r  w h i c h  w e e d  g r o w t h  no  

l o n g e r  a f f e c t s  c r o p  y ie ld .  S o  h e r b i c i d e s  s h o u l d  a p p l y  in th i s  p e r i o d  o n lv .  l o r  r ice,  

it is th e  f i rs t  4 5  d a y s .  In g e n e r a l ,  for  100 d a y s  d u r a t i o n  c r o p s  th e  first  35  d a v s  

s h o u l d  b e  c o n s i d e r e d  as  c r i t i ca l  p e r io d  o f  c o m p e t i t i o n .

H e r b i c i d e  f o r m u l a t i o n :  L o w  v o la t i l e  e s t e r s  a re  c a u s i n g  less  in jury  lo th e  n o n  ta rg e t  

p l j n t s  \ \  a t e r  s o l u b l e  l o r m u l a t i n n s  a rc  s u s c e p t i b l e  to l e a c h i n g  a n d  th e re b v  c a u s i n g  

e r o u n d  w a t e r  c o n t a m i n a t i o n  W e t t a b l e  p o w d e r  f o r m u l a t i o n s  a re  l e s s  p h v t o t o x i c  

c o m p a r e d  lo  e m u l s i l i a b l e  c o n c e n t r a t e s .

P r o p e r  u s e  a n d  c l e a n i n g  ol s p i a v c i s

P r o p e r  d i s p o s a l  o l  c o n t a i n e r s

• C r o p  r o t a t i o n  G r o w i n g  s a m e  c r o p  in a s a m e  a re a  wil l  r e su l t  in u s i n g  an  h e r b i c i d e  

for l o n g e r  p e r i o d  in tha t  a r e a  I b i s  wil l  lead  to r e s i d u e  p r o b l e m  S o  c r o p  ro t a t i o n

c a n  b e  a d v i c e  to  o v e r c o m e  th is  p r o b l e m .

• Application o f  F Y M ,  activated charcoal.
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12. Discussion
1. H o w  c a n  w e  e s t i m a t e  h e r b i c i d e  r e s i d u e  in s o i l ?

[here  are b i o lo g i c a l ,  c h e m ic a l  and instrumental m e th o d s  for res idue  an a lys is .  T h e
w

b io lo g ica l  m e t h o d  in c lu d e s  b io  assay and 1.1 ISA. l h e  c h e m ic a l  m e th o d  in c lu d es  gas  

c h r o m a to g r a p h )  and IIP L C .  Instrumental  m ethod  in c lu d es  spectro  photom etry  and

colour im etrv
*

2. What are the h e r b ic id e s  g o in g  to be banned in the future?

2. 4 -  D  and D iuron .  2, 4 -  D  is a h ig h ly  tox ic  herbic ide  h a v in g  v e l l o w  label It is highly

so lu b le  in water.  H e n c e  it c a u s e s  aquatic  e n v iro n m en ta l  p o l lu t ion .  D iuron  is a

h em ica l  h a v in g  lo n g  per iod  o f  pers is tence  in soi l  l ike alrazine.

. w h a t  is m e a n  h \  I I  I C a n d  I) I p.,,*

I D is the a v e r a u e  lethal d o s e  in mill i  gram body w e ig h t  in kg  required lo  kill 50%  

t e s t  p o p u la t io n  I (. is the a v e i a g c  lethal concentrat ion  m m g  kg i c q u i i e J  lo kill 5 0 " u 

o f  test p o p u la t io n ,  l o r  a h ighly  toxic  herbic ide  the I D m. va lu e  is very low D I u* is 

cal led  the d i s s ip a t io n  t im e  I hat m e a n s  the t im e required for 10(1 percent o f  initial 

quantity  or c o n c e n t r a t io n  o l  a p es t ic id e  to d iss ipa te  Irom a s y s t e m .

4. H o w  are round  up ready  crops  m ad e?

T h e  act ion  o f  g l y p h o s a t e  is b lo c k in g  the activity o f  I I’SP S y n t h a s e  in the S h ik im ic  

acid p a th w a y .  H ie  f P S P  S y n th a s e  is re sp on s ib le  lor the b i o s y n t h e s i s  o f  a m i n o  acid  

Round up ready c r o p s  are produced  hy thc insertion o f  the g e n e  c o d i n g  lor a 

g ly p h o s a te  in s e n s i t i v e  I P S P  S y n th a s e  that is obta ined  from u soi l  bacter ium  cal led

Igrohacrerium  C P - 4



13. Abstract
H o w  s a f e  a r e  t h e  h e r b i c i d e s  w e  u se  in K e r a l a ?

A b s t r a c t

H e r b i c i d e s  a r e  th e  c h e m i c a l s  u s e d  to  kill the  w e e d s .  O u t  o f  the  to ta l  p e s t i c i d e  

c o n s u m p t i o n  in Ind ia ,  i n s e c t i c i d e s  a re  u se d  m a x i m u m  f o l l o w e d  h \  f u n g i c i d e s  a n d
• w

h e rb ic id e s .  B u i  t h e r e  is a d e c r e a s i n g  t r en d  in th e  c o n s u m p t i o n  o l  i n s e c t i c i d e s  a n d  

fu n g ic id e s  w h e r e a s  th e  h e r b i c i d e s  c o n s u m p t i o n  is in an i n c r e a s i n g  t r e n d  ( N C I P M .  2 0 0 5 ) .  

T h e  h e r b i c i d e  c o n s u m p t i o n  o f  K e r a l a  h a s  a l s o  i n c r e a s e d  f ro m  6 %  to  I 0 °o in th e  t im e  

pe r iod  o f  2 0 0 7 -  2 0 1 0 . I h e  w id e ly  u s e d  h e r b i c i d e s  in K e r a l a  a re  p a r a q u a t .  2. -1- D. 

g l y p h o s a t e .  o x y l l u o r f e n .  c l i n c h e r ,  d iu r o n .  p e n d i m e t h a l i n .  b u t a c h l o r .  p r e t i l a c h l o r  a n d  

n o m i n e e  g o l d  B u t  th e  e r r a t i c  a n d  c o n t i n u o u s  u se  o f  h e r b i c i d e s  c a n  c a u s e  p r o b l e m s  to 

c rops ,  r e s id u a l  e f f e c t s  in so i l ,  tox ic i ty  to a q u a t i c  Horn a n d  f a u n a  a n d  f inally to th e  h u m a n

be ings

W h e n  a n  h e r b i c i d e  is a p p l i e d  t*' d ie  s o i l  u u n d e r g o e s  d i l l e i c n l  p i o c e s s  l ike

a d s o rp t io n ,  c h e m i c a l  d e c o m p o s i t i o n ,  m i c r o b i a l  t r a n s f o r m a t i o n ,  f o r m a t i o n  ol so i l  b o u n d  

re s id u e s  a n d  p h o t o c h e m i c a l  d e c o m p o s i t i o n  A d s o r p t i o n  is th e  key f a c to r  d e t e r m i n i n g  the  

fate o f h e r b i c i d e  in so i l ,  its b i o l o g i c a l  ac t iv i ty  a n d  p e r s i s t e n c e .  W h e n  a  soi l  is h a v i n g  

m o r e  th a n  2 %  o r g a n i c  m a t t e r  th e  a d s o r p t i o n  o c c u r s  a n d  it i n c r e a s e s  w i th  in c r e a s e  m 

organic m a t te r .  A d s o r p t i o n  o f  c a t i o n i c  h e r b i c i d e s  l ike p a r a q u a t  is m o i e  in s o i l s  w i th  h ig h

clay content ( f N A U ,  1993).

P ers is ten ce  o f  h e r b ic id e s  is the res id en ce  t im e  o f  h erb ic id es  in soi l  before  be ing  

co m p le te ly  r e m o v e d  by p h y s ic a l ,  c h e m i c a l  or b io lo g ic a l  degradat ion  S ev era l  factors l ike  

soil organic matter,  so i l  m ic r o b e s ,  soi l  texture, so i l  pi I and soi l  m o is tu re  are a f fec t in g  the



*
p e r s i s t e n c e  o t  h e r o i c i d e s  in so i l .  So i l  o r g a n i c  m a t t e r  i m p r o v e s  

h e rb ic id e s  in p a d d y  f ie ld  by i n c r e a s i n g  th e  a d s o r p t i o n  ( K A U ,  2 0 1 0 ) .  W h e n  w e  apply  

h e rb ic id e s ,  t h e  p o p u l a t i o n  o t  b a c t e r i a  d e c r e a s e d  c o n s i d e r a b l y .  A t r a z i n  a n d  d i u r o n  a r e  the  

h e rb ic id e s  h a v i n g  th e  m a x i m u m  p e r s i s t e n c e  in soi l  w h e r e  as  p a r a q u a t .  2. 4-  D  a n d  

g ly p h o s a t e  a r e  h a v i n g  l o w  p e r s i s t e n c e .

P o t e n t i a l  s o u r c e s  o l  h e r b i c i d e  p o l lu t i o n  in a q u a t i c  e n v i r o n m e n t  a r e  th e  h e r b i c i d e s  

a p p l i e d  lo r  w e e J  c o n t r o l  in r ice ,  a q u a t i c  e c o s y s t e m  a n J  p l a n t a t i o n  c r o p s  in hilly a rea s .  A 

h e rb ic id e  is c o n s i d e r e d  to  b e  a p o te n t i a l  p o l lu t a n t  w h e n  th e  so lu b i l i ty  o f  tha t  is g r e a t e r  

than 30mg/L. h e r b i c i d e s  c o m i n g  u n d e r  p h e n o x y  a l k a n o i c s ,  s u l f o n y l  u r e a  a r e  h igh ly  

so lu b le  in w a t e r .  H y d r o l y s i s  h a l f  l ife,  p h o t o l y s i s  h a l f  life a n d  f ield  d i s s i p a t i o n  h a l f  l ife a re  

the fac to rs  w h i c h  i n d i c a t e  g r o u n d  w a t e r  c o n t a m i n a t i o n  p o te n t i a l  o f  h e r b i c i d e s .  H e r b i c i d e  

r e s id u e s  w e r e  f o u n d  in f ish  u p t o  6 0  d a y s  a f t e r  s p r a y i n g  w h e n  2. 4- I)  w a s  a p p l i e d  to 

con tro l  S a l v i m a  ( D e v i  cl a l . 2 0 0 6 ) .

I h e  h e r b i c i d e s  c a n  e n t e r  in to  th e  h u m a n  b e in g s  t h r o u g h  lo o d  c h a in  a n d  c a u s e  m an y  

hea l th  p r o b l e m s  l ike  s k i n  a n d  e y e  i r r i t a t io n ,  c o l o n  c a n c e r ,  g a s t r o  in t e s t in a l  p r o b l e m s  a n d  

n e u r o to x ic i t y  I h e  h a r m l u l  e l i c i t s  n l  h e i b i c i d e s  can  be m a n a g e d  by a p p l y i n g  o p t i m u m  

d o se ,  c o r r e c t  c h o i c e  o l  f o r m u l a t i o n ,  p r o p e r  u se  a n d  c l e a n i n g  o l  s p r a y c t s  a n d  p i o p c r  

d i sp o sa l  o f  h e r b i c i d e  c o n t a i n e r s .  I u tu r c  th ru s t  s h o u l d  b e  g iv e n  to  th e  u s e  o f  bit. 

h e rb ic id e s .  M a n y  o f  th e  l i v in g  m i c r o b e s  l ike  fung i  a n d  b a c t e r i a  a r c  u s e d  to  c o n t r o l  the  

growth o f  weeds S o  b i o  h e r b i c i d e s  c a n  h e  used a s  an  e c o - f r i e n d l y  a p p r o a c h  to  w e e d

management.
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1.INTRODUCTION

Soil is a heterogeneous body and forms the part o f an ecosystem includes both 

biotic communities and abiotic environment mutually influencing each other to maintain 

the dynamics ot life on earth. Rhizosphere is the region of soil which is subjected to 

influenced by plant roots. The term "rhizosphere* was first introduced in 1904 by die 

German scientist Hiltner. Rhizosphere is characterized by greater microbiological 

activity than the soil away from plant roots. The intensity of such activity depends on the 

distance to which exudations from the root system can migrate. The term Thizosphere- 

effecf indicates the overall influence of plant roots on soil microorganisms. Greater 

number of bacteria, fungi and actionomycctes are present in the rhizosphere soil than in 

non-rhizosphere soil. Several factors such as soil type, its moisture. pH. temperature, the 

age and condition o f  plants are known to influence the rhizosphere effect. The rate ol 

metabolic activity o f  the rhizosphere microorganisms are different from those of the non- 

rhizosphere soil. There are many interactions between plant roots and soil 

microorganisms and these microorganisms produce many secondary metabolites.

There are beneficial and harmful effects for soi l  microorganisms.

i) T h c  b e n e f i c i a l  e f f e c t s  i n c l u d e s ;

1. Decomposition o f  organic matter

2. I n c r e a se  the  s o i l  ferti l i ty

3. P r o d u c t io n  o f  s e c o n d a r y  m e t a b o l i t e s

Soil organic matter comprises residues ol plant and animals at all stages of 

decomposition mediated by soil microorganisms. Various organic compounds which 

reach the soil hv way o f  animal and plant residues arc made up of complex 

carbohydrates, proteins, fats. oils, simple sugars, starch, ligniu. cellulose, pectins and 

other products, i he s i /c  o f  particles in organic matter, the nature and abundance .>(' 

microorganisms involved, thc extent o f  availability o f  carbon, nitrogen, phosphorus and 

potassium, the moisture content o f  soil, its temperature, pi I. aeration, presence of 

inhibitory substances etc. are some of thc major factors which influence the rate of  

organic matter decom position . Soil microorganisms increases tire fertility of soil hv many



processes including phosphorus solubilization, nitrogen fixation by biological nitrogen 

fixers. Microorganisms especially bacteria and fungi produce a wide range o f  secondary 

metabolites. These secondary metabolites they produced will vary according to the 

microorganisms and the media they grown. The metabolites includes antibiotics and 

plant growth regulators like indole acetic acid, gibberellins, cvtokinins and ethylene.

ii) The harmful effects include;

1. Disease causing microorganisms

2. Production o f  phytotoxins

S o m e  m i c r o o r g a n i s m s  p resen t  in the so i l  are plant p a t h o g e n i c  nature  w h i c h  c a u s e  

d i s e a s e s  in p la n ts  and  s o m e  p r o d u c e  s u b s t a n c e s  w h i c h  are t o x i c  to p lan ts  l ike  a f l a t o x in s  

from A sperg il lu s  fluvus, h e lm in t h o s p o r in  from H elm inthosporium  sa tivu m . 

l y c o m a r a s m i n e  or  fusar ic  a c id  from Fusarium nxysporum.

2.PHYTOHORMONES

P h y t o h o r m o n e s  or  plant g r o w t h  regulators  are the o r g a n ic  s u b s t a n c e s  that  

in f lu e n c e  p h y s i o l o g i c a l  p r o c e s s e s  ot p lants  at very l o w  c o n c e n t r a t io n s .  1 hey in f l u e n c e  

the plant g r o w t h  fro m  the g e r m in a t io n  to all s t a g e s  o l  plant g r o w t h  in c l u d i n g  root  

g ro w th ,  f l o w e r i n g ,  a g i n g ,  p r e v e n t io n  or p r o m o t io n  ol s t e m  e lo n g a t i o n ,  lea! e m e r g e n c e ,  

l e a f  fall an d  m a n y  o t h e r  p h y s i o l o g i c a l  p r o c e s s e s .  H o r m o n e s  are vital  to p lant  g r o w t h  and  

la ck in g  th e m  p la n ts  w o u l d  be m o s t l y  a m a s s  o l  u n d i f feren t ia ted  c e l l s .  G e n e r a l i )  p lants  

i t s e l f  s y n t h e s i / c  plant h o r m o n e s  e n d o g e n o u s l y  and m o \ c  l i o m  the s i te  ot p r o d u c t io n  to  

the s i te  o f  a c t i o n  P lants  a l s o  r e sp o n d  the e x o g e n o u s  a p p l i c a t i o n  o f  plant g r o w t h  

regulators .  E x o g e n o u s  a p p l i c a t i o n  can  be g iv e n  as fo l iar  sp r a y in g ,  so i l  a p p l ic a t io n ,  root

feeding etc. 

There are five major hormones in plants

a) Auxins 

h) Gibberellins

c) Cytokinins

d) Ethylene



e) Abscisic acid

Also od ier  p lan t  g ro w th  regulators  w hich  affects the g row th  and deve lopm ent  ot  

plants includes f lavonoids ,  brass inosteroids ,  ja sm ona tes .  salicylic acid, plant peptide 

horm ones  etc.

a) Auxins

A u x i n  first d i s c o v e r e d  b y  W e n t  in 1 9 2 8  and it is first i s o la te d  b y  K o c l  and  c o w o r k e r s
* w

in 1 9 3 4  trom  h u m a n  urine  after that o n l y  it is i so la te d  from  plant  t i s s u e s  b y  H a a g e n -  

S m ith  in 1 9 4 6 .  T h e s e  are the c o m p o u n d s  that p o s i t i v e l y  i n f l u e n c e  ce l l  e n la r g e m e n t ,  ce l l  

d iv i s io n ,  root  in i t ia t io n  and root  g r o w t h  inh ib i t ion  and s t im u la t io n  o f  prote in  s y n t h e s i s .  

T h e y  inh ib i t  the  g r o w t h  o f  lateral b u d s  (apica l  d o m i n a n c e )  and a l s o  p r o m o t e  lateral and  

a d v e n t i t io u s  root  d e v e l o p m e n t .  P h o lo t r o p i s m  and g e o t r o p i s m  are m a in  r e s p o n s e s  d u e  to 

auxin.  P h o t o t r o p i s m  is the r e s p o n s e  to l ight so u r c e  and g e o t r o p i s m  is the r e s p o n s e  to 

gravity .

b) G i b b c r e l l i n s

It is first d i s c o v e r e d  in a s s o c i a t i o n  w ith  the fo o l i sh  or b c k a n c  d i s e a s e  o f  r ice  c a u s e d  

by G ih h erc lla  / u jikuro i  w h i c h  is an im p e r fe c t  s ta g e  o f  F usarium  m o n ili fo n n a c .  I he  

in fec ted  p lants  s h o w s  o v e r g r o w t h  or ab n orm al  g r o w th  and this  is d u e  to s o m e  s u b s t a n c e s  

p ro d u ced  by the fu n g u s .  I h is  s u b s t a n c e  is i so la ted  by t a b u l a  and S u n iu k i  in 1 9 3 8  and  

n a m e d  g ib b c r e l l in .  (J ib b c r c l l in s  in c lu d e  a large n u m b e r  o f  c h e m i c a l s  that arc p r o d u c e d  

naturally  w i t h i n  p lants .  I b e y  p r o m o te  ce l l  e l o n g a t i o n  w h i c h  resu l ts  in in c r e a s e  o f  

in ternodal  l e n g t h ,  c e l l  d i v i s i o n ,  b rea k in g  o f  d o r m a n c y  and P o w e r i n g .  1 h e y  arc im portant  

in s e e d  g e r m i n a t i o n ,  a f f e c t i n g  e n z y m e  p r o d u c t io n  that m o b i l i z e s  fo o d  p r o d u c t io n  u se d  

for g r o w t h  o f  n e w  c e l l s .  It a l s o  reverse  the in h ib i t io n  o f  s h o o t  g r o w t h  an d  d o r m a n c y

in d u ced  by  A B A .

c) Cytokinin

The synthetic cytokinin. kinctin was first isolated by Miller anil coworkers in I*>55 

an,I naturally occurring cytokinin, zeatin first isolated by l.ethnm after *) years ol 

isolation of kinctin. I hey promote cell division, morphogenesis and lateral hud 

development. They also help to delay the senescence or aging o f  tissues and arc



re sp o n s ib le  tor  m e d i a t i n g  a u x i n  transport th rou gh ou t  the p lant  and a f f e c t  in term o d a l  

length  and le a f  g r o w t h .  T h ev  h a \ e  a h ig h ly  s y n e r g i s t i c  e f f e c t  w i t h  a u x i n s  and the ratios  

o f  th ese  t w o  g r o u p s  o f  p lant  h o r m o n e s  a f f e c t  m o s t  m a jo r  g r o w t h  p e r io d s  du r in g  p la n t ' s  

Lifetime.

d) Ethylene

This is the only phytohormones in gaseous form and it is produced through the Yang

cycle trom the breakdown ot methionine. Ethylene is produced at a faster rate in rapidly

growing and dividing cells. It helps lor cell division, morphogenesis, stomatal opening.

delay ol senescence and Iruit ripening. It affects cell growth and cell shape, when a

growing shoot hits an obstacle while underground, ethylene production greatly increases

preventing cell elongation and causing the stem to swell. When stems of trees are

su b jec ted  to w i n d ,  c a u s i n g  lateral s tress ,  greater  e t h y l e n e  p r o d u c t io n  o c c u r s  resu l t in g  in

thicker more sturdy tree trunks and branches.*

c) Abscisic acid

It is d i s c o v e r e d  b \  Hennct-C lark and c o w o r k e r s  in 1952 .  I h e  n a m e  ‘a b s c i s i c  ac id 'm’

w a s  g i v e n  b e c a u s e  it w a s  fo u n d  111 h igh  c o n c e n tr a t io n s  in nevvlv a b s c i s s e d  or lreshlv  

fallen l e a v e s .  It is  the  g en era l  g r o w t h  inhibitor,  that a f f e c t s  bud g r o w t h ,  s e e d  and bud  

d o r m a n c y .  It a c c u m u l a t e s  w i th in  s e e d s  du r in g  Iruil m atu rat ion  and p r e v e n ts  s e e d  

g e r m in a t io n  w i t h i n  thc fruit. It a l s o  h e lp s  in s tom ata l  c lo s u r e  and o p e n i n g .  It r e s p o n d s  the  

stress c o n d i t i o n s  an d  so .  a l s o  c a l l e d  s tress  h o r m o n e .

3 . P H Y T O H O R M O N E S  IN S O I L

The current trends in agriculture which focuses on the reduction ol' chemical 

pesticides and inorganic fertilizers and the search for alternatives that sustain the 

Agricultural inputs and environmental quality. An important means of this is through thc 

use of microbial inoculants that have a bearing on soil health and plant growth 

promotion The bacteria that have a beneficial effect on plant growth and development 

are referred as plant growth promoting bacteria. Such strains usually stimulate plant 

growth by nitrogen fixation, solubilization of nutrients, production o f  growth hormones 

and through biological control mechanisms. Ihe major sources of phvtohommnes in soil 

are microbial production and root exudation, lhe microorganisms found in rh i/osphm



including actinomycetes. fungi and bacteria produce phytohormones as a secondary 

metabolite. The roots o f  plants exude many substances to soil and it also includes some 

phytohormones.

4 . M I C R O B I A L  P R O D U C T I O N

A  d i v e r s e  g r o u p  o f  s o i l  m i c r o o r g a n i s m s  are c a p a b le  o f  p r o d u c i n g  p h y s i o l o g i c a l l y  

a c t iv e  s u b s t a n c e s  that m a y  h a v e  p r o n o u n c e d  e f f e c t s  o n  plant g r o w t h  and d e v e l o p m e n t .  

M icrob ia l  p r o d u c t i o n  o f  p h y t o h o r m o n e s  in so i l  o c c u r s  th rou gh  precursors .  M ic r o b ia l  

i so la tes  trom  the  r h iz o s p h e r e  o l  v a r io u s  crop s  h a v e  a great p o ten t ia l  to s y n t h e s i z e  and  

re lease  s e c o n d a r y  m e t a b o l i t e s  b e c a u s e  o f  the  rich s u p p ly  o f  substrates .  B a rca  el al. ( 1 9 7 6 )  

found that 8 6 %  o f  the  bacter ia l  i s o la te s  from the r h iz o s p h e r e  o f  v a r io u s  p lants  p r o d u c e d  

a u x in s  in a d d i t io n  to o th e r  plant g r o w t h  regulators .  R a d e m a c h e r  ( 1 9 9 2 )  t e s te d  2 8  s p e c i e s  

b e l o n g i n g  to the  fu n g a l  g e n e r a  Spluiceloma  and Elsinoe  for G A  p r o d u c t io n  and reported  

that 8 s p e c i e s  b e l o n g i n g  to Spluiceloma  w e r e  c a p a b le  o f  p r o d u c i n g  G A  l ike  s u b s t a n c e s .  

T h e  m ic r o b ia l  p r o d u c t i o n  o f  phy t o h o r m o n e s  d e p e n d s  on the s p e c i e s  o f  o r g a n i s m  and the  

strains o f  s a m e  s p e c i e s ,  g r o w t h  s ta g e  o f  m ic r o o r g a n i s m  and cu lture  c o n d i t i o n s ,  the  

nutrients  o b t a i n e d  for g r o w t h  o f  m i c r o o r g a n i s m s .

T a b l e  1. P r o d u c t io n  o l  plant g r o w t h  p r o m o t in g  s u b s t a n c e s  and their  a c t iv i t i e s  by fu n g u s  

D isc m ia  sp

i I n d o l e  d e r i v a t i v e s A c t i v i t y  ( p g / m l )

I n d n le - a c c lu ld c h y d e

f l A A I d )

2.1 tO .30

In d o le  a ce t ic  ac id  
( I A A )

0 . 3 1 0 . 0 1

In d o le  a c e t a m i d c
( 1 A M )

0 . 7 1 0 . 0 5

In d o le  p y r u v ic  ac id

(IP A )

7 . 0 1 0 . 6 0

5.ROOT EXUDATION



T h e  ro o t  s y s t e m  o t  h i g h e r  p lants  is  a s s o c ia te d  w i t h  r h iz o s p h e r e  bacter ia ,  s o m e  o f  

w h ic h  c a n  s y n t h e s i z e  p la n t  g r o w t h —p r o m o t in g  su b s ta n c e s .  T h e  s y n t h e s i s  o f  growth 

p r o m o t in g  s u b s t a n c e s  b y  r h iz o s p h e r e  bacter ia  o f t e n  d e p e n d s  o n  d ie  p r e s e n c e  o f  h o r m o n e  

precursors  in the  r o o t  e x u d a t e s  o f  plants.  M i c r o o r g a n i s m s  p r o d u c e  p h y t o h o r m o n e s  as  a 

se c o n d a r y  m e t a b o l i t e  f r o m  precursors  e x u d e d  b y  p lant  roots .  It is  o b s e r v e d  that a h ig h  

c o n c e n tr a t io n  g r a d ie n t  o t  p h y t o h o r m o n e s  e x i s t in g  in r h iz o p la n e  than the adjacent  bu lk  

soi l  a w a y  fr o m  r h iz o s p h e r e .  T h i s  is d u e  to the e x u d a t i o n  o f  precu rsors  by  the plant roots .  

D ifferent  h o r m o n e s  are p r o d u c e d  from  dif ferent  precursors .

T a b l e  2.  H o m o n e s  an d  their  precursors

H o r m o n e s P r e c u r s o r s

A u x i n s T ry p to p h a n

G i b b c r e l l i n s M e v a l o n i c  ac id

C v t o k i n i n0
A d e n i n e

I t h v l e n c0
M e t h io n in e

' A b s e i s i c  ac id M e v a l o n i c  acid

( A r s h a d &  l r a n k e n h c r g c r  19 0 5 )

T a b l e  3 .  I h e  a m o u n t  o f  tryp top h an  in the e x u d a t e s  o f  to m a t o  and  radish  s e e d l i n g s

P l a n t M a s s  o f  o n e  

s e e d ,  m g

A m o u n t  o f  t r y p t o p h a n  e x u d e d  p e r
d a y*

n g / s c c d l i n g s n g / m g  s e e d s

T o m a t o  cu l t iv a rs :

K a r m c l l o 3 .3 5 . 3 1 0 . 7 1 .6 1 0 .3

A r o m a t o 3 .2 2 . 8 1 0 . 4 0  8 7 1 0 . 1 0

R adish  cu l t iv a rs :

S a k s a  N o v a 9.1 2 9 3 * 3 5 3 2 . 2 * 4 . 8

T e p l i c h n y i 1 4 . 1 3 9 0 * 4 2

I V

2 7 . 7 * 3 . 9

.1/ . 1 / 1



6.FACTORS AFFECTING MICROBIAL SYNTHESIS

a) S u b s tr a te s  &  c a r b o n  s o u r c e

b) N i t r o g e n

c )  P h o s p h o r u s

d )  p H

e )  A e r a t io n

0  T e m p e r a t u r e  

g)  T r a c e  e l e m e n t s

a) Substrates and carbon source

A  v a r ie ty  o f  c o m p o u n d s  h a v e  b een  id en t i f ied  as p o s s i b l e  su b s tra te s  or s t im u la to r s  

for the b i o s y n t h e s i s  o f  p lant  g r o w t h  regulators .  S e v e r a l  c o m p o u n d s  can  act as  p recursors  

and a c a r b o n  or  e n e r g y  s o u r c e  is n e e d e d  for the m icrob ia l  p r o d u c t io n .  A m o n g  th e s e  

m e t h io n in e  wi t h  or w i t h o u t  g l u c o s e  is the m o s t  frequent ly  u sed  precu rsor  and  is 

c o n s id e r e d  as  the m o s t  fa v o u r a b le  substrate  lor m ic r o b ia l  b i o s v n t h e s i s  o f e t h v l e n e .

b) [Nitrogen

T h e  e x te r n a l  a p p l i c a t io n  o f  n i trogen  n e g a t iv c l s  a f f e c t s  the m ic r o b ia l  p r o d u c t io n  

o f  plant g r o w t h  reg u la to rs .  A n  e x c e s s  o f  a m m o n i u m  ( l O m M  N l l j t ' i )  led to ear ly  g r o w th  

term in at ion  o f  b a c te r ia  c a u s e d  by  g l u c o s e  d e p le t io n  and res idual  N I L C l  a c c u m u la t io n .  

T h e  in h ib i tory  e f f e c t  o f  th e s e  sa lts  w e r e  found in proport ion  lo  their  c o n c e n tr a t io n  in the  

range o f  0 - 5 0 m M .  l h e  n e g a t i v e  e f f e c t  o f  N on  p h y t o h o r m o n a l  b i o s y n t h e s i s  b y  m ic r o b ia l  

i so la te s  m a y  b e  re la ted  to the  p r e fe r e n c e  o f  thc i s o la te  u t i l i z in g  N  from  the a d d e d  s o u r c e

rather than N  o f  th e  p r e c u r s o r

c) Phosphorus

Low levels o f  phosphates favours  the production o f  growth regulators hv 

microorganisms. A reduction in the c o n c e n tr a t io n  of phosphate in growth medium 

without reducing any other c o m p o n e n t s  in m e d i u m ,  markedly stimulated the production 

This in c r e a s e d  p r o d u c t i o n  was strongly inhibited b y  e x o g e n o u s  addition o f



orthophosphate to a low level phosphate medium. A low level o f phosphate (O.OGlmM) 

was about 200-500 times as effective as a high phosphate level (lOOmM) in stimulating 

the production and stimulation was readly reversed by addition of phosphate.

d) pH

A  w i d e  p H  b u f f e r  r a n g e  h as  o f t e n  b e e n  e m p l o y e d  in p h y t o h o r m o n a l  p r o d u c t io n  

by m i c r o o r g a n i s m s .  A  c h a n g e  ot  m e d i u m  pH from  6 - 1 2  had a n e g a t i v e  e f f e c t ,  w h e r e a s  a 

c h a n g e  fro m  6-1 had  a p o s i t i v e  e f fe c t .  O p t im u m  pH le v e l  is n e e d e d  for the m ic r o b ia l  

p rod u ct ion  o f  p h y t o h o r m o n e s  and the o p t i m u m  pH lev e l  d i f fer s  for d i f feren t  o r g a n i s m s ,  

nature o f  su b s tr a te s  an d  in c u b a t io n  c o n d i t io n s .  A  c h a n g e  from 6 to 12 to 1 resu l ted  in an  

outburst  o l  e t h y l e n e  b y  an e x tr a c e l lu la r  preparation from Mucur heinialis  ( L y n c h .  1 9 7 4 ) .

e) A e r a t i o n

A e r a t io n  is o n e  o f  the crit ical  factors  that a f f e c t s  m ic r o b ia l  p r o d u c t io n  o f  p lant  

g r o w t h  r egu la tors .  G e n e r a l ly  a e r o b ic  c o n d i t io n s  are c o n s i d e r a b l y  m o r e  fa v o u r a b le  lor  

prod u ct ion  o f  p lant  g r o w t h  regu la tors  by m icro b ia l  cu l tu res  and a l s o  restr icted o x y g e n  

su p p ly  is m o r e  c o n d u c i v e  for m ic r o b ia l  p ro d u c t io n  in so i l .  Hal im  ct al. 1 1 9 9 2 )  s t u d ie d  the  

e f fec t  o f  d i s s o l v e d  o x y g e n  t e n s io n s  on  e t h y l e n e  p r o d u c t io n  by Pseth iom om u syr in yac  pv 

phaseohcnlu  in c o n t i n u o u s  cu lture  and reported that a h ig h  lev e l  o l  d i s s o l v e d  o x y g e n  

( > 4.5  m g  1 , ') w a s  req u ired  lor e f f i c i e n t  prod u ct ion  o f  e t h y le n e .

f) T e m p e r a t u r e

S i n c e  t e m p e r a tu r e  a f f e c t s  m icrob ia l  g r o w th ,  resp irat ion  and  e n z y m a t i c  rea c t io n s ,  

it is very  l i k e ly  that p h y t o h o r m o n a l  b i o s y n t h e s i s  by m ic r o b ia l  i s o la t e s  may be  a f f e c t e d  by 

tem perature .  A  t e m p e r a tu r e  o f  3 9  ( is o p t i m u m  lor h o r m o n a l  p i o d u c t i o n  by bacteria ,  

w h e r e a s  m a x i m u m  g r o w t h  w a s  o b s e r v e d  at 37"C and d e c r e a s e d  p r o d u c t i o n  w a s  o b s e r v e d  

w h e n  t e m p e r a tu r e  is r e d u c e d  b e l o w  2 5 ° C .  It is fou n d  that e t h y l e n e  p r o d u c t io n  by 

Pseudomonas syringae p v  phaseolicola at 3 0 ° C  w a s  1.5 t i m e s  greater  tlum that at 18°C  

In creas in g  t e m p e r a tu r e  from  0 °C  to 2 5  T  in crea sed  the p r o d u c t io n  an d  b e y o n d  this  

tem perature  the  rate  o f  p r o d u c t io n  o f  p h y t o h o r m o n e s  d e c r e a s e d .  H o w e v e r ,  w i t h  l iv in g

c e l l s  the o p t i m u m  te m p e r a tu r e  w a s  3 0  C .



Table 4. Plant growth promotion attributes o f ELxignobacterium acety'licum influenced by

temperature

Temperature of  

incubation (°C)

IAA production 

(pg/ml/dav)

P solubilization 

(pg of P/ml/dav)

4 10.4+0.04 1,5±0.01

15 14.9+0.06 21. 1±1.18

30 17.U0.02 22.6±2.16

( S e l v a k u m a r  et al.,  2 0 1 0 )

g) Trace elements

T r a c e  e l e m e n t s  are k n o w n  to in f lu e n c e  the g r o w t h  and a c t iv i ty  o l  

m i c r o o r g a n i s m s .  C u 2‘ (20  m g  L 1) M n 2 ‘ ( 2 0 0  m g  L ') had n e g a t i v e  e f f e c t s  o n  m ic r o b ia l  

p r o d u c t io n  but.  the  p r o d u c t io n  ca n  be s t im u la ted  by  the a d d i t io n  o f  F e '  ( 2 0 0 m g  L ') 

e v e n  greater  s t i m u l a t i o n  w a s  fo u n d  w i th  I e~ ( 2 0 0  m g  L ').

T a b le  5. [- .f leets n f  m e t a l s  o n  e t h \ l c n c  f o r m a t i o n  b y  Pcnic ill ium  J i^ i ta n m i

Metal (0.1 mM) Ktliylcne production 
rate (nl/mg protein)

( o n l r o l 0.26

IcSOi 7114) 5.21

MgSOi 71 l i t ) 0.17

r-\ry

KT)a

1 w-jT.
i w'w 0.15

A i5 so 7 )i 0.51

C0 S 0 4  7H jo 0

N iS 0 4 .6 H2 O "0

“ Z n S o T ^ fS o “ 0

(I ukadii e) n/ l ‘>8M



P h y t o h o r m o n e s  in  s o i l  a f f e c t s  n o d u la t io n  in m a n y  p lants ,  s o lu b i l i z a t io n  o f  

in organ ic  p h o s p h a t e s ,  m i n e r a l s  an d  nutrient uptake  b y  p lants .  A  root  n o d u l e  is a u n iq u e  

and h igh ly  o r g a n i z e d  structure that d e v e l o p s  as  a result  o f  the  s y m b i o t i c  re la t ion sh ip  

b e t w e e n  a m i c r o s y m b i o n t  an d  p lants  ( e .g . .  l e g u m e s ) .  T h i s  s y m b i o s i s  is  e s s e n t ia l  for the  

su p p ly  o f  a t m o s p h e r i c  n i t r o g e n  to p lants  f ix e d  by  the  rh izob ia .  A u x i n s  se c r e te d  b y  the  

m i c r o s y m b i o n t .  R h i z o b i u m ,  m a y  be  a regulator  in the d e v e l o p m e n t  o f  n i trogen  f ix in g  

n o d u les .  T h e  first v i s i b l e  p h a s e  o f  n o d u la t io n  is the character is t ic  root  hair c u r l in g  and  

o n e  o l  the s u b s t a n c e  c a u s i n g  the d e f o r m a t io n  o f  root  hairs is I A A  p r o d u c e d  b y  both  plant  

i t s e l f  and  the b a c t e r iu m .  T h e  n o d u l e s  o f  l e g u m e s  c o n ta in  su b s ta n t ia l ly  h ig h e r  a m o u n t  ot  

G as than the  roots .  R o o t  n o d u l e s  o f  three l e g u m i n o u s  trees.  Eryihrina indica, Sesbania  

grcindiflora  and  P tero ca rp u s  santcilinus had h igh er  l e v e l  o f  p h y t o h o r m o n e s  than the  

roots.  H o w e v e r  the  e x o g e n o u s  a p p l ic a t io n  o f  e t h y l e n e  and G A  had a n e g a t i v e  e f f e c t  on  

the fo r m a t io n  a n d  fu n c t io n  o f  n o d u le s .  In the p r e s e n c e  o f  e t h y l e n e ,  the n u m b e r  o f  

in fec ted  root  hairs  d id  not c h a n g e ,  but m a n y  in fe c t io n  threads w e r e  aborted ,  and the  

e p id e r m is  or o u te r  c o r t e x  and n o d u l e  pr im ordia  did not  form.

C’y t o k i n i n  p lay  a cr it ica l  role  in root n o d u le  d e v e l o p m e n t  and fu n c t io n in g .  H ig h e r  

c v to k in in  a c t i v i t v  w a s  o b s e r v e d  111 n o d u le s  than in roots ,  m icrosy  m b i o n l  has  an ab i l i ty  lo  

re lease  c v t o k i n i n  in cu l tu re  m e d i a  and the form at ion  id p s e u d o n o d u l e s  or in d u c t io n  o l  

early n o d u l e  f o r m a t io n  can  be s e e n  in r e sp o n s e  to external ly  a p p l ied  c y l o k i n i n s .  A b s c i s i c  

acid  ( A B A )  a l s o  p l a y s  a regu la tory  role  in n o d u le  form at ion  and i t 's  l e v e l s  in n o d u l e s  are 

usu a l ly  m u c h  greater  than the c o n t e n t s  in roots.  I h e  A B A  c o n c e n t r a t i o n s  a p p e a le d  lo  

increase  at thc o n s e t  o l  n o d u l e  s e n e s c e n c e  and there is a n e g a t i v e  r e la l io n  o b s e r v e d  in 

between nitrogcna .se  a c t i v i t y  and  A B A  l e v e l s  in n o d u le s .



Phosphate source Phosphate solubilization over 
control (%)

T r ica lc iu m  phospha te 62.8

A lu m in iu m  phospha te 1.2

Iron phospha te 1.3

M u sso o r ie  rock phospha te 0.7

U d a ip u r  rock phospha te 0 1

| N or th  C aro l ina  rock phosphate 40.9

(Rahi cl a l . 2009)

7 . C O N C L I S I O N

M a n y  so i l  m i c r o o r g a n i s m s  (e .g . .  Rhizohium . Azotohaclcr. Azaspirillum.

P seudom onas , m v c o r r h i / a l  funui  and o th e r s )  that s i g n i l i c a n t l v  a f f e c t  the plant g r o w th  are 

a lso  c a p a b l e  o l  p r o d u c i n g  the m ajor  phy t o h o r m o n e s .  M ic r o b ia l ly  re leased

p h y t o h o r m o n c s  are not  o n ly  e c o n o m i c a l ,  but a l s o  p r o v id e  a c o n t i n u o u s  s u p p ly ,  w h ic h

m a y  bo better  than a o n e  t im e  a p p l ic a t io n  o l  s y n t h e t i c  h o r m o n e s .  H i g h  c o n c e n tr a t io n  o l

h o r m o n e s  are in h ib i to r y  to root g r o w t h ,  h e n c e  a c o n t i n u o u s  r e le a s e  o l  h o r m o n e s  at low  

c o n c e n t r a t i o n s  a s  a result  o l  m ic r o b ia l  act iv ity  in the r h i / o s p h e r e  may be  m o r e  b e n e f ic ia l .  

Lack o f  s u i ta b le  e x t r a c t i o n  m e t h o d s  l im i t s  the s tudy o f  p h y t o h o r m o n c s  in so i l ,  h a v e  to 

g iv e  a t ten t ion  to the  p r e c u r s o r - i n o c u l u m  in tera c t io n s  and  s c r e e n i n g  o t  su i ta b le  p iec u r s o r s  

and a l s o  for the in te r a c t io n  w i th  o ther  p h y t o h o r m o n c s .



Phosphate source Phosphate solubilization over 
control (%)

T r i c a l c i u m  p h o s p h a t e 6 2 . 8

A l u m i n i u m  p h o s p h a t e 1 .2

Iron p h o s p h a t e 1.3

M u s s o o r i e  r o c k  p h o s p h a t e 0 .7

I U d a ip u r  rock  p h o s p h a t e o 2

I N o r t h  C a r o l in a  rock  p h o s p h a t e 4 0 . 9

( R ah i  cl a l . 2 0 0 9 )

7 . C O N C  L  I ’S  I O  N

M a n y  s o i l  m i c r o o r g a n i s m s  (e .g . .  Rhizohium, Azolabaclcr . Azospirillum, 

P seudom onas . m y e o r r h i / a l  fung i  and o th e r s )  that s ig n i f i c a n t ! }  a i l e c t  the p lant  g r o w t h  are 

a lso  c a p a b l e  o f  p r o d u c i n g  the m ajor  p h y t o h o r m o n e s .  M ic r o h ia l ly  re leased  

p h y t o h o r m o n c s  are not  o n l y  e c o n o m i c a l ,  but a l s o  p r o v id e  a c o n t i n u o u s  su p p ly ,  w h ic h  

m ay he better  than a o n e  l i m e  a p p l i c a t io n  o l  s y n t h e t i c  h o r m o n e s .  H ig h  c o n c e n tr a t io n  id  

h o r m o n e s  arc in h ib i to r y  to root g r o w t h ,  h e n c e  a c o n t i n u o u s  re lea se  o l  h o r m o n e s  at low  

c o n c e n t r a t io n s  a s  a result  ol m ic r o b ia l  act iv ity  in the r h iz o s p h e r e  may be  m o r e  b e n e f ic ia l .  

L a ck  o f  su i ta b le  e x t r a c t i o n  m e t h o d s  l im i ts  the study o l  p h y t o h o r m o n c s  in so i l ,  h a v e  to 

g iv e  a t ten t io n  to the  p r e c t i r s o r - in o c u lu m  in tera c t io n s  and s c r e e n i n g  o l  su i ta b le  precursors  

and a l s o  for the in te r a c t io n  w i th  o th er  p h y t o h o r m o n c s .
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9.DISCUSSION

x. What is jasmonates? Explain it’s function.

T hey  are a l s o  the  p lant  g r o w t h  regulators  id en t i f i ed  v e r y  recen t ly .  T h e y  are p r o d u c e d  

from fatty a c id s  a n d  s e e m s  to p r o m o t e  the p ro d u c t io n  o f  d e f e n c e  p ro t ien s  that are u se d  to 

fend o f f  i n v a d i n g  o r g a n i s m s .  T h e y  are b e l i e v e d  to a l s o  h a v e  a ro le  in s e e d  g e r m in a t io n ,  

and a f fe c t  the  s t o r a g e  o l  p ro te in  in s e e d s ,  and s e e m  to a f fec t  root  g ro w th .

2. How these indole acetic acid (1AA) estimate?

T h e  e s t i m a t i o n  o f  I A A  p r o d u c t io n  w a s  carried out  at three  d i f feren t  in c u b a t io n  

tem p eratu res  4 .  15 an d  30"C.  E s t im a t io n  o f  I A A  w a s  d o n e  b y  in o c u la t i o n  o f  2 0 0 p l  ot  

bacterial s u s p e n s i o n  ( 3 * 1 0 7 c e l l s  ml 1) in 10 ml Luria Bertani ( L B )  broth a m e n d e d  w ith  

L-tryptophan  ( 1 0 0  pi ml 1). and in cu b a t in g  it for a per iod  o f  4 8 h .  T h e  I A A  c o n te n t  in the  

culture s u s p e n s i o n  w a s  e s t i m a t e d  b y  the standard c o lo r im e tr ic  p ro ced u re .



T h e  p o r t io n  01 s o i l  ad jacen t  to the  root  s y s t e m  o f  p lants  w h i c h  is  in f lu e n c e d  b y  

the root  s y s t e m  is  c a l l e d  rh iz o s p h e r e .  It is  tound  that the  roots  o f  h ig h e r  p lants  ex er ts  

greater i n f l u e n c e  o n  s o m e  g r o u p  o f  o r g a n i s m s  and  this  is d u e  to the root  e x u d a t e s  o f  th e s e  

plants.  M a n x  m i c r o b i a l  in tera c t io n s  w e r e  tak ing  p la c e  in r h iz o s p h e r e  and the m i c r o b e s  

produce  s e c o n d a r y  m e t a b o l i t e s  in c lu d in g  p h y t o h o r m o n e s .  T h e y  are o r g a n ic  s u b s ta n c e s  

that i n f l u e n c e  p h y s i o l o g i c a l  p r o c e s s e s  o f  p lants  at v e r y  l o w  c o n c e n tr a t io n s .  T h e y  

p rod u ced  e n d o g e n o u s l y  b y  p lants  and m o v e  from the s i te  o f  p r o d u c t io n  to the s i te  o f  

action.  T h e y  are the  c o o r d in a t o r s  o f  plant g r o w t h  and m o r p h o g e n e s i s .  T h ere  are f iv e  

major p h y t o h o r m o n e s  l ike  a u x in s ,  g ib b ere l l in s .  c y to k in in ,  e t h y l e n e  and a b s c i s i c  ac id  

w h ic h  p e r f o r m s  d i f fe r e n t  fu n c t io n s  in plants.

In s o i l ,  m ic r o b ia l  p r o d u c t io n  and root e x u d a t io n  are the m a in  s o u r c e s  o f  plant  

g r o w th  regu la tors .  M i c r o o r g a n i s m s  p ro d u ce  p h y t o h o r m o n e s  as a s eco n d a ry  m e ta b o l i t e  

(Rahi  el n l . 2 0 0 9 ) .  S c l v a k u m a r .  cl a l  ( 2 0 1 0 )  reported that Exiguobaclerium acclylicum  a 

co ld  to lerant  bacter ia l  strain from U ttarakhand e x p r e s s e d  p h o s p h a t e  s o l u b i l i z a t i o n  and  

Indole  a c e t i c  a c id  ( I A A )  p r o d u c t io n  d i f feren t ly  at s u b o p t im a l  g r o w t h  tem p eratu res .  The 

m icrob ia l  s y n t h e s i s  is m o r e  in the rh izo sp h ere  b e c a u s e  o l  the root e x u d a t i o n  ol  

precursors ,  f h c  p h y t o h o r m o n a l  ac t ion  o f  the r h izo sp h ere  m i e r o l lo r a  w a s  fo u n d  to be  

e f f i c ie n t  w h e n  the c o n c e n t r a t io n  o l  tryptophan in r h iz o s p h e r e  w a s  sn lI lc ien t ly  h igh.  

A s e p t i c  t o m a t o  an d  rad ish  roo ts  w er e  found to e x u d e  4 . 0 5  and 3 4 0  n g  t n p l o p h a n  per  

s e e d l in g  per d a y  r e s p e c t i v e l y  ( K r a v c h e n k o ,  cl a l , 2 0 0 4 ) .

S o i l  fa c to rs  a f f e c t i n g  m ic r o b ia l  s y n t h e s i s  in c lu d e s  substrate  and carbon  s o u r c e s ,  

nitrogen ,  p h o s p h o r u s .  p H .  aerat ion ,  tem perature  and trace e l e m e n t s .  P h v t o h o r m o n c s  

in f lu e n c e s  n o d u l a t i o n .  p h o s p h o r u s  s o lu b i l i z a t io n ,  m in era l  u p tak e  and nutrient  c o n t e n t s  in 

plant p r o d u c e .  I n o c u la t io n  w i th  e f f e c t i v e  bacteria l  s tra ins  in c r e a s e d  root  and sh o o t  

grow th  an d  n o d u l a t i o n  in p e a s  and it is found that the b a c tc i in l  s t ia in  p r o d u c e d  I A A  

w h ic h  is a c c o u n t e d  for o v e r a l l  s y n c r g e s t i c  e f f e c t  o n  g r o w t h  o f  p e a s  ( F g a m b e r d i e v a .

2008 ). 

Phytohormoncs in soil are supplementary to endogenous production and a 

scontinuous low level supply will he lliere which is more effeclive than single 

exogenous application. M o r e o v e r  the studies have to b e  undertaken for suitable
15



extract ion  m e t h o d s ,  i n o c u lu m - p r e c u r s o r  in teract ions  and  s c r e e n i n g  o f  su i ta b le  precursors  

for further i m p r o v e m e n t  o f  p h y t o h o r m o n a l  c o n d i t io n s  in  so i l .
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Plant k i n g d o m  is vas t  and d iverse .  T h e  range o f  l o n g e v i t y  that e x i s t  is a lso  

vast. T here  are cer ta in  d eser t  a n n u a l s  w h ic h  l ive  o n ly  for f e w  d a y s  w h i l e  certa in  other  

giant trees l ike  br is t le  c o n e  p in e s  l i v e s  upto  or m o r e  than 4 5 0 0  years .  D u r in g  the  

course  o l  their  l i v e s ,  all m u l t i c e l lu la r  o r g a n i s m s  and their o r g a n s  and t i s s u e s  reach a 

peak in term s ot  their p h y s i o l o g i c a l  funct ion  and then they d e c l i n e  until  they  die .  T h e  

death o t  w h o l e  p lant  o c c u r  c o m m o n l y  o c c u r  upon  c o m p l e t i o n  o f  fruiting. T h e  

ditferent I i te-history s t r a te g ie s  o f  p lants  are better d escr ib ed  b y  the term s  m o n o c a r p y  

and p o ly ca r p y .

2 . P O L Y C A R P I C  V E R S U S  M O N O C A R P I C  L I F E  H I S T O R I E S

T h e r e  are t w o  e x t r e m e s  o f  l i fe -h is tory  s tra teg ies  in p lants  p o ly c a r p y  and  

m o n o ca rp y .  P o ly c a r p i c  p lan ts  are th o se  w h ic h  h a v e  m o re  than o n e  rep r o d u c t iv e  p h ase  

before  death ,  w h i l e  m o n o c a r p i c  plants  h ave  o n ly  o n e  rep ro d u ct iv e  p h a se  b e fo r e  death  

A c c o r d i n g  to W o o l h o u s c  ( 1 9 X 3 ) . m on ocarp y  has p o ly p h i la t ica l ly  e v o l v e d  from  

polycarpy  through  natural s e l e c t i o n  and h yb r id iza t ion  M o n o c a r p i c  p lants  are a l so  

k n o w n  a-, s e m e l p a r o u s  s p e c i e s  I hey d e v o t e  m ust  ol their energy and r e so u r c e s  to 

m a x i m i z i n g  the n u m b e r  o l  o f f s p r in g  in a s in g le  c y c l e  ol r ep rod u ct ion ,  and d ie  s o o n  

after r e p r o d u c in g  S e m e l p a r i t y  may be a d v a n t a g e o u s  w h e n  the p r o s p e c t s  lor l o n g 

term su rv iv a l  arc l o w .  A n n u a l s  and b ien n ia l s  are e x a m p l e s  ol m o n o c a r p i c  h i e  form s  

P olycarp ic  p la n t s .a l s o  k n o w n  as i ieroparous  s p e c i e s  is a d v a n t a g e o u s  lor lo n g - term  

survival  M o s t  o f  the p eren n ia l  p lants  b e l o n g s  to this group

3. P L A N T  D E A T  H

W h e n  w e  th ink a b o u t  d ea th  in l iv in g  th in gs  w c  a u t o m a t ic a l ly  th ink about  death  

in h u m a n  b e in g s ,  w h i c h  ty p ic a l ly  f o l l o w s  a per iod  o l  p r o g r e s s iv e  a g in g .  But in t h e  

case  o l  a n n u a l  p la n ts ,  w h o l e  p o p u la t io n s  o f  annual  p lants  w i l l  d ie  u i  m a s s e  a t  a s e t  

t ime o f  year,  w i t h i n  the sp a n  o f  a f e w  d a y s ,  b e fo r e  had w ea th e r  has hit 1 w o  broad

q u es t io n s  w i l l  ar ise  : W h y  annua l  p lants  kill t h e m s e l v e s  and h o w  they  d o  s o

I he q u e s t io n  o f  w h y  annual  p lants  kill t h e m s e l v e s  can he split  in to  t w o  parts;



I L o n g  r u n  a d v a n t a g e s

To  e n s u r e  greater  p o p u la t io n  g r o w th  

• T o  l e a v e  s p a c e  an d  fer t i l i ze  the so i l

2. Short run advantages

To g e n e r a te  large  n u m b e r  o f  s e e d s  for s u n  ival

T o  route  the nutr ients  from the adult plants to the s e e d s

T o  a v o i d  a b io t ic  s tress

For  the  q u e s t i o n  h o w  pi 

ab io t ic  s t ress

4. AC 1 1 M i  I S  SL N L .SC  K M  I

A g e i n g  re le r s  to the p r o c e s s  ol attaining malui i tv  with  the p a s s a g e  ol t im e  

A g e i n g  in c l u d e s  m u c h  w i d e r  span o l  p h y s i o lo g i c a l  c h a n g e s ,  s o m e  o l  w h i c h  mav lead s  

to thc w e a k e n i n g  o f  o r g a n i s m  w h i l e  others  mav be quite  neutral w ith  respect  to 

capabi l i ty  o f  thc b i o l o g i c a l  o r g a n is m  to su r v iv e  A g e i n g  is a c o n t i n u o u s  

d e v e lo p m e n t a l  p r o c e s s  from  c m b r y o g e n c s i s  to death

T h e  later part o f  flic d e v e l o p m e n t a l  p r o c e s s  that starts after r e a c h in g  the  

reproductive m a tu r i ty  and  le a d s  to lo s s  o f  o r g a n iz a t io n  and fu n ct ion  is term ed as  

senescence I lie w o r d  s e n e s c e n c e  c o m e s  Irom thc / a i i t i  w o rd  S c n c s e c i c  m e a n i n g  to 

grow o ld '  It w a s  first u se d  by  M in o t  in 1879 for a n im a ls  and for p lants  b\ ( hild  in 

I'M5 S e n e s c e n c e  is d e f i n e d  as  the deter iorat ive  p r o c e s s e s  that are the natural c a u s e s  

or death ( I c o p o l d .  I % D  W o o l h o u s e  (1984). d e sc r ib e d  S e n e s c e n c e  as a norm al  

energy  d e p e n d e n t  d e v e l o p m e n t a l  p r o c e s s  that is c o n tr o l le d  by  the p l a n t ’s o w n  g e n e tu  

p r o g r a m m e s  in i t ia ted  by e n v ir o n m e n ta l  c u e s



LI.Types of senescence

T h e r e  a r e  f o u r  m o r p h o l o g i c a l  p a t t e r n s  o f  s e n e s c e n c e  in  p l a n t s ,  v i z . .

i . O v e r  all s e n e s c e n c e :

•  S e n e s c e n c e  o c c u r s  in w h o l e  plant b o d y

P lan ts  s e n c s c e s  to death after f l o w e r i n g  and fruit se t t ing .

E x a m p le :  annua ls ,  b ien n ia ls

2 I o p  s e n e s c e n c e

• A b o v e  ground parts d ies  w ith  the end o f  grow th s e a s o n

•  I 'nder gro u n d  parts l ive  for severa l  years

E x a m p l e  Perennia l  w e e d s  Cypcrus rotundus

Mulbs I il ly

] D e c i d u o u s  s e n e s c e n c e

I h e  l e a f  fa l l s  in p a r t i c u l a r  s e a s o n s  .w h i l e  in .ill o t h e r  s e a s o n  the  p l a n t s

r e m a in  g reen  

I x a m p l c  I J e c i d u o u s  trees Rubber

T  P r o g r e s s i v e  s e n e s c e n c e

S e n e s c e n c e  o c c u r s  in o l d e r  o r g a n  a n d  01 t i s s u e s  w h i l e  n e w  o r g a n s  a n d  t i s s u e s

d e v e l o p c s  s i m u l t a n e o u s l y  

E x a m p l e :  g r e e n  trees

.2. Mechanism of senescence

i c n e s c e n c e  is the  Iasi p h a s e  o f  d e v e l o p m e n t  o f  a w h o l e  o r g a n i s m ,  o r g a n ,  c e l l ,  or  

irganel lc  II is b a s i c a l l y  a w e l l  o r g a n iz e d  d e g e n e r a t iv e  p r o c e s s  thul l e a d s  to ihe  death  

i f  the l i v in g  s y s t e m .  I h e r e  a p p ea r  to  be three  w a y s  plants  eon  s e n e s c e

\> rh ey  d ie  s i m p l y  b e c a u s e  o f  ag in g;  that is, a c c u m u l a t e d  entropy c a u s e s  in crea sed  

tensitlvity to  e n v i r o n m e n t a l  s tress ,  b r in g in g  o n  death.



B) S i m p l e  n u t r i e n t  w i t h d r a w a l  b y  th e  s e e d s  f r o m  th e  l e a v e s  e v e n t u a l l v  b r i n g s  o n  

s t a n - a t i o n  o r  s o m e  o t h e r  n u t r i e n t  d e h c i e n c y .  c a u s i n g  d e a t h  . T h a t  is. t h e  s e e d s  t a k e  

w h a t  n u t r i e n t s  they  n e e d  b y  d i f f u s i o n  t r o m  th e  a d j a c e n t  c e l l s  a n d  th i s  s e t s  u p  a  s o u r c e  

s ink  d i f f u s i o n  g r a d i e n t  w h e r e  th e  n u t r i e n t s  p a s s  f r o m  th e  l e a v e s  to  th e  s e e d s ,  w i t h  n o  

a c t iv e  b r e a k d o w n  o f  t h e  l e a v e s .

C) A  h o r m o n a l  or o th e r  k ind  o l  s igna l  is re leased  by the d e v e l o p i n g  f l o w e r  or se e d ,  or 

the p h o t o - in d u c e d  l e a v e s .  I h i s  c a u s e s  the plant to b eg in  d e g r a d in g  i t s e l f  and  

transporting the r e su l t in g  nutr ients  out  o f  the c e l l s  into the d e v e l o p i n g  seed .

S e n e s c e n c e  is a t w o - s t e p  p r o c e ss .  It c o n s i s t s  o f  a fu n ct ion a l  s e n e s c e n c e  and a 

final s e n e s c e n c e .  F u n c t io n a l  s e n e s c e n c e  refers to the d e c l i n e  in p h o t o s y n t h e s i s .  

w h ereas  final s e n e s c e n c e  w i l l  refer to actual l e a f  and ce l l  death.

4.3. F u n c t io n a l  senescence

F u n ct io n a l  s e n e s c e n c e  i n v o l v e s  the in v is ib le  c h a n g e s  that m arks  the b e g in n in g  

o f  s e n e s c e n c e  It i n v o l v e s  the red uct ion  in p h o to s y n th e s i s  d u e  to the break d o w n  ol  

R u b i s c o  and the e x p o r t  of  resu l t in g  a m i n o  ac id s  to the d e v e l o p i n g  s e e d s  R u b i s c o .  the  

iiio .i abundant  prote in  o n  earth co n tr ib u te s  up to 5 0  per cent  ol the s o lu b le  prote ins  

and up to 3 0  p e r c e n t  o l  total leaf n i trogen  (h e l l e r  cl u l , 2 0 0 8 ) .

4.4. F i n a l  s e n e s c e n c e

A n u m b er  o l  c e l l  p h y s i o l o g i c a l  c h a n g e s  ( l is ted  b e l o w )  are k n o w n  to o c c u i  in all types  

o f  plants d u r in g  final s e n e s c e n c e  I he ce l l  b io lo g ic a l  c h a n g e s  d i n i n g  final s e n e s c e n c e

are

Large  d e c r e a s e s  in c h lo r o p h y l l .

A  large d e c l i n e  in p ro te in s  and D N A .

A  large  in c r e a s e  in the a c t iv i t i e s  o f  h y d ro ly t ic  c n / y m e s -  l ip a ses .  H N a s e s .  

R N a s c s .  p r o t e a s c s  and c h lo r o p h y l la s c s

A d r o p  in lh e  l e v e l  o f  p o l y a m i n e s .  S p e r m in e  and  S p e r m i d i n e  in the  ce l l s .

A large  in c r e a s e  in resp irat ion



M i t o c h o n d r i a  r e m a i n s  i n t a c t  a n d  f u n c t i o n i n g  un t i l  la te  s t a g e s  o f  s e n e s c e n c e .  T h e  

m o s t  i m p o r t a n t  o t  t h e s e  c h a r a c t e r i s t i c s  is t h e  r i s e  in h y d r o l y t i c  e n z y m e  a c t iv i t y .  T h i s  

rise  c a u s e s  th e  d e c l i n e  in  p r o t e i n ,  c h l o r o p h y l l  a n d  D N A .  P r o t e i n  a n d  D N A  a re  t w o  o f  

the  m o s t  i m p o r t a n t  e l e m e n t s  o l  c e l l  f u n c t io n .  T h e i r  d i s a p p e a r a n c e  is p r o b a b l y  the  

m o s t  d i r e c t  a n t e c e d e n t  o f  d e a t h .

5. C H L O R O P H Y L L  M E T A B O L I S M  D U R I N G  S E N E S C E N C E

L e a f  s e n e s c e n c e  c a u s e s  a  lo s s  o f  all t y p e s  o f  p h o t o s y n t h e t i c  p i g m e n t s .  

H o w e v e r ,  d e p e n d i n g  o n  th e  p l a n t  s y s t e m  a n d  e n v i r o n m e n t a l  c o n d i t i o n s ,  d i f f e r e n t i a l  

ra tes  o f  l o s s  o t  c h l o r o p h y l l  a, c h l o r o p h y l l  b,  a n d  c a r o t e n o i d s  h a \ e  b e e n  d e m o n s t r a t e d .  

L e a f  s e n e s c e n c e  is c h a r a c t e r i z e d  b y  a  m a s s i v e  loss  o f  g r e e n  p i g m e n t s ,  a p r o c e s s  

r e fe r r e d  to  a s  d e g r e e n i n g .  I h e  d e g r e e n i n g  p r o c e s s  o f  m a t u r e  l e a \ e s  d ia l  o c c u r s  in 

n a tu re  o r  i n d u c e d  bv d a r k n e s s  is a c c o m p a n i e d  by  th e  d i s o r g a n i z a t i o n  o f  v a r i o u s  

c e l l u la r  a n d  s u h  c e l l u l a r  s t r u c t u r e s .

I h e  b i o s y n t h e t i c  p a t h w a y  o l  c h l o r o p h y l l  h a s  b e e n  s t u d i e d  in c o n s i d e r a b l e  

de ta i l  C h l o r o p h y l l  is m e t a b o l i z e d  to  n o n  f l u o r e s c e n t  c h l o r o p h y l l  c a t a h o l i l e s  ( N C C s )  

T h e  p a t h w a y  o f  c h l o r o p h y  ll d e g r a d a t i o n  c o m p r i s e s  a t l c a s t  s ix  r e a c t i o n s  . w h e r e b y  th e  

first fou r  a r c  r e s p o n s i b l e  h>r th e  c o n v e r s i o n  ol c h l o r o p h y l l  to  a p r i m a r y  c o l o u r l e s s

c a t a b o l i f c  p r i m a r y  f l u o r e s c e n t  C h i  c a t a b o l i t e  (p i  CC )

C h l o r o p h y l l  is f i rs t  d c p h y t y l a t c d  t o c h l i d c b y  th e  a c t i o n  o l  c h l o r o p h y  l l a se  a n d  

s u b s e q u e n t l y  th e  c e n t r a l  M g  a t o m  is r e m o v e d  by M g  d e c h e l a l a s e . t h e  p r o d u c t  ol the  

r e a c t io n  . P h e i d c  is th e  last  c o l o u r e d  in t e r m e d i a r y  c a t a b o l i t e  ol th e  p a t h w a y .  Its 

p o r p h y r i n  m a c r o c v c l c  is o x y g c n o l y t i c a l l y  o p e n e d  in t w o -  s t e p  r e a c t i o n  w i th  a i c d

catabo l i te  ( R C C )  as  an in term ed ia te ,  the product .  p H  ( . is a f l u o r e s c e n t  l i n e a r

tetrapyrrolc T h i s  k e y  s t e p  in c h l o r o p h y l l  break d o w n  is c a t a l y s e d  by th e  jo in t  a c t i o n  

o f  P e h i d e - a - o x y g e n a s e  (P a O ) n n d  R C C  r e d u c t a s e  a n d  it f o r m a l l y  o c c u r s  lw th e  

addit ion  to P h c t d e  a  o f  t w o  a t o m s  o f  o x y g e n  and fo u r  a t o m s  o l  h y d r o g e n .  I h e  

structures o l  t h e  f ina l  p r o d u c ts  o f  c h lo r o p h y l l  b r e a k d o w n ,  N C C .  f r o m  dif ferent  p lants  

s p e c ie s  s u g g e s t  that t w o  further c o m m o n  reac t ion s  lake p lace ,  n a m e ly  h y d m x y l a t i o n  

and n o n - e n / y n u c  t a u t o m e n z a t t o n  of  the I luorescent  to n on-  f lu o r e sc e n t  c a tu b o l . te s



6. IMPACT OF SENESCENCE ON PLASTIDS

T h e  l a m e l l a r  s t r u c t u r e  o f  c h l o r o p l a s t s  v a r i e s  b e t w e e n  p h o t o t s y n t h e t i c

o r g a n i s m s .  T h e  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  r e v e a l  th e  f o l l o w i n g  b a s i c  f e a t u r e s  o f  a 

typ ica l  h i g h e r  p l a n t  c h l o r o p l a s t .  The o r g a n e l l e  is l e n s  s h a p e d  a n d  th e  l a m e l l a r  s y s t e m  

is e n c i r c l e d  b y  a  d o u b l e  m e m b r a n e  e n v e l o p e .  T h e  e n v e l o p e  a c t s  a s  s e l e c t i v e  b a r r i e r  to 

the t r a n s p o r t  o l  v a r i o u s  m t a b o l i i e s  in to  a n d  o u t  o l  c h l o r o p l a s t s .  I h e  l a m e l l a r  s y s t e m  o f

the  o r g a n e l l e  is b a s c a l l y  c o m p o s e d  o f  p r o t e in  d i s k s  tha t  a r e  s t a c k e d  at r e g u l a r

in t e rv a l s  to  f o r m  s t r u c t u r e s  k n o w n  as  g r a n a .  T h e  u n s t a c k e d  lo o s e  l a m e l l a e r ,  w h i c h  

c o n n e c t  s t a c k e d  g r a n a  z o n e s ,  a r e  i n t e r g r a n a l  o r  s t r o m a  l a m e l l a e .  T h e  e n t i r e  l a m e l l a r  

s y s t e m  is  s u s p e n d e d  in a  g r a n u l a r  s t r o m a  tha t  is m a i n l y  c o m p o s e d  o f  p l a s t i d  g e n e t i c  

m a te r i a l s ,  r i b o s o m e s  a n d  s t a r c h  g r a in s .  T h c  p r o t e i n s  p r e s e n t  in th e  s t r o m a  a rc  m o s t l y  

the  e n z y m e s  o l  t h e  C a l v i n  c v e lc .  I h e  o t h e r  c o m p o n e n t s  o f  th e  s t r o m a  a re

p l a s t o g o b u l i ,  w h i c h  is d a r k l y  s t r a i n e d  s t r u c t u r e  c o n s i s t i n g  o f  l ip id s .

T h e  g r a n a  a n d  s t r o m a  l a m e l l a e  a re  the  s t r u c tu r a l  u n i t s  o f  p r i m a r v  

p h o t o c h e m i c a l  r e a c t i o n s  a n d  c o n t a i n  the  p h o t o s y n t h e t i c  p i g m e n t s  in a d d i t i o n  to  l i p id s  

a n d  p r o t e i n s  I h e  l i p id s  o l  th e  t h v l a k o i d  m e m b r a n e  c o n s i s t  id  g a l a c i o l i p u l s .  

p h o s p h o l i p i d s ,  a n d  s u l p l m l i p i d s

D u r i n g  s e n e s c e n c e ,  t h c  o r g a n e l l e  s h o w s  d i s o r g a n i z a t i o n  al th e  lev e l  o l  b o t h  

the  e n v e l o p e  a n d  l a m e l l a r  s t r u c t u r e s  I l ira s l i u c t u r a l  d e g r a d a t i o n  c o n s i s t s  o l  l l u c c  

major e v e n t s  I h y l a k o i d  b r e a k  d o w n s ,  l o r m a l i o n  ol p l a s l o g l o b u l i  a n d  r u p t u r e  ol 

e n v e l o p e ,  I a m c l l a r  b r e a k  d o w n  e x h i b i t s  u n s t a c k m g  ol g r a n a  t h y l a k o i d s  I h is  is 

f o l l o w e d  b y  th c  f o r m a t i o n  o f  lo o s e ,  e l o n g a t e d  l a m e l l a e  s c a t t e r e d  in th e  o r g a n e l l e  In 

thc  n e x t  p h a s e  t h e s e  l a m e l l a e  u n d e r g o  l u r t h c r  d e g r a d a t i o n  w i t h  the c o n c o m i t a n t  

a p p e a r a n c e  o f  p l a s l o g l o b u l i .  I h e  s i / c  o f  t h e  g l o b a l ,  i n c r e a s e s  a s  s e n e s c e n c e  a d v a n c e s .

I lie f ina l  m e m b r a n e  d i s r u p i i o n  is  c a u s e d  by th e  v a c u o l a r  p r o l e a s e s  V a c u o l e s  l o l l o u  

an a u t o p h a g i c  p a t h w a y  l e a d i n g  to  t r u e  ce l l  d e a t h

7. SENESCENCE ASSOCIATED GENES
S e n e s c e n c e  r e p r e se n ts  ih e  s e q u e n c e  o f  m e ta b o l ic  e v e n t s  o c c u r r in g  in  thc final  

stage o l  d e v e l o p m e n t  a n d  u l t im a te ly  c u lm in a t in g  in the d ea th  o f  the w h o l e  plant  

organ, t i s s u e  or  c e l l s  It is  an actively ordered  p r o c e s s  that i n v o l v e s  the  s y n t h e s i s  o f  

new  U N A  . a n d  pro te in  and  resu lts  in highly c o o r d in a te d  c h a n g e s  m  m e t a b o l i s m  and



the p r o g r a m m e d  d i s a s s e m b l y  o f  c e l l s .  In r e c e n t  y e a r s  m o l e c u l a r  b i o l o g i c a l  a p p r o a c h e s  

h a v e  b e e n  u t i l i z e d  to  i d e n t i t y  g e n e s  th a t  m a y  b e  i n v o l v e d  in  t h e  i n i t i a t i o n  a n d  

r e g u la t io n  o t  s e n e s c e n c e  p r o g r a m m e .  T h e  i d e n t i t i c a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  t h e s e  

s e n e s c e n c e  r e l a t e d  g e n e s  h a s  b e g u n  to  p r o v i d e  u s  w i t h  an  u n d e r s t a n d i n g  o f  the  

p ro c e s s  o f  s e n e s c e n c e .

7.1. F u n c t i o n  o f  s e n e s c e n c e  a s s o c i a t e d  g e n e s  in s e n e s c e n c e

T h e  f u n c t i o n  o t  t h e  s e n e s c e n c e  a s s o c i a t e d  g e n e s  fa l l s  in to  f o u r  c a t e g o r i e s :

1 ) I h o s e  i n v o k e d  in d e g r a d u l iv e  p r o c e s s e s  in c lu d in g  g e n e s  e n c o d i n g  p ro lea ses ,  

n u c l e a s e s ,  l ip id and carb oh yd rate  m e t a b o l i z in g  e n z y m e s  and th o se  in v o lv e d  in 

nutrient m o b i l i z a t i o n

2) I h o s e  that c o d e  p r o te c t iv e  or stress  re sp on se  prote ins ,  many o f  w h ic h  h a v e  

p rev io u s ly  b e e n  id en t i f i e d  as p a t h o g e n - r e s p o n s iv e

3) T h o s e  that c o d e  for the e n z y m e s  in v o lv e d  in the e t h y l e n e  b i o s y n t h e s i s  and  

p ercep t io n .

4)  rhose w h o s e  identity h a s  been  d e term in ed  based  on h o m o l o g y  but for w h ic h  

no k n o w n  fu n c t io n  in s e n e s c e n c e  is o b v io u s .

1. ( l i n e s  i n v o l v e d  in p r o t e i n  d e g r a d a t i o n

D e c r e a s e  in total prote ins  during  s e n e s c e n c e  results  Irom in cr e a se s  m 

p r o te o ly t ic  e n / y m e  act iv ity  and d e c r e a s e s  in prote in  s y n t h e s i s  

rRradv.  IdKX) d ie  d e g r a d a t io n  ol prote ins  and r e m o b d i / n l i o n  o f  a m i n o  a c id s  to 

the d e v e l o p i n g  t i s su e  is the pred om in an t  m e ta b o l ic  p r o c e s s  d u r in g  s e n e s c e n c e .  

C y s t e i n e  p r o t e o s e s  arc b e l i e v e d  to he the m ain  p r o tc a se s  in v o l v e d  in g c i ic ia l  

prote in  h y d r o l y s i s ,  and recent ly  a n u m b er  o r  C y s t e in e  p r o tc a se s  h a v e  been  

id e n t i f i e d  from  s e n e s c i n g  le a v e s ,  s e n e s c i n g  Mowers and r ip en in g  fruits

(1 u h le .  I ). 

2. Genes involved in (lie break down of nnclcic acids.
W h i le  l e v e l s  o l  lotnl D N A  rem ain  re la t ive ly  c o n s la n t ,  total KN \  alls  been

shown to dccreasre in senescing tissue (Hardy. I"8K) I ho RNA is m 

important source o f  C. N. and I*, which is recycled to mctabolicallv active 

tissue during eel! death and when I’ is limiting. I his is accomplished through 

the netivitv o f  rihonuclease. I his activity has been shown to increase



s u b s t a n t ia l ! > d u r in g  s e n e s c e n c e .  In A rabidopsis , three R N a s e  g e n e s  w e r e  

id en t i f i ed  R^\S2. R_\S3 0  ay lor  and G reen ,  1 9 9 1 ).

G e n e s  inv o l v e d  in  m e m b r a n e  d i s a s s e m b l y

T h e  d i s r u p t io n  o f  m e m b r a n e  integrity  is the m ajor  d e g r a d a t iv e  p r o c e s s  during  

s e n e s c e n c e .  A  ch arac ter is t ic  o f  m e m b r a n e  deter iorat ion  in l e a v e s  and peta ls  is  

a d e c r e a s e  in p h o s p h o l i p i d s  and an e n r ic h m e n t  in fatty ac ids .  R e c e n t ly  a uene  

e n c o d i n g  p h o s p h o l i p a s e  D. the e n z y m e  that c a t a l y z e s  the first s tep  in the 

m e m b r a n e  l ip id  d e g r a d a t io n  p a th w a y ,  has b een  s h o w n  to be  up regulated  

d uring  d a r k - in d u c e d  s e n e s c e n c e  o f  e x c i s e d  castor  bean  leaves!  R yu  and  

W a n g ,  19 9 5 )

G e n e s  i n v o l v e d  in r e m o b i l i z a t i o n  o f  n i t r o g e n

F o l l o w i n g  th e  d e g r a d a t i o n  o f  m a c r o  m o l e c u l e s ,  n i t r o g e n  m u s t  b e  e x p o r t e d  

f r o m  s e n e s c i n g  o r g a n s  to  m e t a b o l i c a l K  a c t i v e  o r g a n s .  I h e  d e a m i n a t i o n  ol 

a m i n o  a c i d s  a n d  c a t a b o l i s m  ol n u c le i c  a c i d s  d u r i n g  s e n e s c e n c e  r e l e a s e s  

a m m o n i a ,  w h i c h  e x p o r t e d  v ia  the  p h l o e m  in the  f o r m  o f  the  a m i n o  a c i d s  

g l i u t a m m c  o r  a s p a r a g i n e s  I lie c o n v e r s i o n  ol a m m o n i a  lo  g l u t a m i n e  o r  

a s p a r a g i n e s  is c a t u l v / e d  hv  the  e n z y m e s  g l u t a m i n e  s y n t h a s e  t ( i S )  o r  

a s p a r a g i n e s  s v n t h a s e  ( A S )  r e s p e c t iv e ly  In p l a n t s  th e r e  a r e  t w o  l o r m s  ol

O S . c y t o s o l i c  i G S I  ) a n d  c h l o r o p l a s t i c  (CiS 2). C y t o s o l i c  ( i S  1 m a y  f u n c t i o n  in 

the  m o b i l i z a t i o n  o l  N I r o m  p r o t e i n s  d e g r a d e d  m the  c y t o s o l  o l  s e n e s c i n g  

o r g a n s  In s u p p o r t  o l  the  ro le  ol G S  I m  s e n e s c e n c e  . ( iS 1 g e n e s  that  a i e  up  

r e g u l a t e d  d u r i n g  s e n e s c e n c e  h a v e  b e e n  i d e n t i f i e d  m  a n u m h e i  ol p l a n t s

G e n e s  e n c o d i n g  p r o t e c t i v e  o r  d e f e n s e -  r e s p o n s i v e  p r o t e i n s  

A c la s s  o f  s e n e s c e n c e  a s s o c ia t e d  g e n e s  ap p ears  to e n c o d e  pro te in s  w i th  the  

p r o te c t iv e  or s t re s s  r e s p o n s e  funct ion ,  and in c lu d e s  a n u m b e r  o f  g e n e s  w ith  

h o m o l o g y  to p r e v i o u s l y  iden t i f ied  p a th o g e n e s i s - r e la te d  ( P R )  g e n e s  I h e se  

d e f e n s e  re la ted  g e n e s  m a y  s e r v e  to protect  v u ln e ra b le  s e n e s c i n g  t i s s u e s  from  

p a th o g e n  attack unti l  the s e n e s c e n c e  p r o g r a m m e  has b een  c o m p l e t e d  and to 

preven t  p a t h o g e n s  from sp rea d in g  to hea lthy  parts o f  the plant \  n u m b e r  ol  

th e s e  g e n e s  m a y  a l s o  p lay  a role  in d e t o x i f i c a t io n  of  the b y p r o d u c t s  o l  m acro



m o l e c u l e  an d  o r g a n e l l e  c a t a b o l i s m  w ith in  the ce l l  and m a n y  fu n c t io n s  in
J

m a in t a in in g  c e l l  v iability until the c e l l s  c o m p o n e n t s  h a v e  b e e n  s a lv a g e d .

6. G e n e s  i n v o l v e d  in  e t h y l e n e  b i o s y n t h e s i s  a n d  p e r c e p t i o n

T h e  b i o s y n t h e s i s  and p e r c e p t io n  o f  the plant h o r m o n e  e t h y l e n e  are k n o w n  to  

m o d u l a t e  s p e c i f i c  c o m p o n e n t s  o l  l e a f  s e n e s c e n c e ,  fruit r ip en in g  and f lo w e r

1 -a m in o c y c lo p r o p a n e  - 1 -c a r b o x y la te  ( A C C )  

s y n t h a s e  a n d  A C C  o x i d a s e ,  h a v e  b een  ident i f ied  as c a t a ly z in g  the rate l im i t in g  

s tep s  in e t h y l e n e  b i o s y n t h e s i s  .

T a b l e .  1. S o m e  id e n t i f i e d  S e n e s c e n c e  a s so c ia te d  u e n e s  and their fu n c t io n s

N a m e Plant Ident i lv / F u n c t i o n

S A G  23 A r a h i d o p s i s  '
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Protein  d egradat ion
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sv n th e ta se
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13. n a n u s C hit inase D e f e n s e  - r e s p o n s e

D C A C S  1
1 Ml f  ---- - —----—  4b -  l- l̂ ■ ■ — .  - — — - "  "  ■ — - ■■ •  - I I  . M ■■ —

( a m a t i o n A C C  sy n th a se E th y le n e  
b i o s v  nth es isI__ • .

8. ABSCISSION

A b s c i s s i o n  i t h e  last  s t e p  in .1 p l a n n e d  s e n e s c e n c e  p r o c e s s  w i t h i n  t ree  l e a v e s  

S e n e s c e n c e  is a n  o r d e r e d  s c i i c s  ol e v e n t s  w h i c h  a l low  t i e e s  to c o n c e i v e  i c s o m e c s .  

prepare fo r  a d o r m a n t  p e r i o d ,  a n d  s h e d  i n c l l t c i e n l  t i s s u e s  N e a i  th e  e n d  ol the  

s e n e s c e n c e  p r o c e s s ,  d e s i g n e d  I r a c lu re  o r  l a ih i r c  l in e s  d e v e l o p  at the b a se  id t i s s u e s  to 

he shed ,  l ike  l e a v e s .  1 h c s c  prearranged Iracturc l in e s  a l lo w  l e a v e s  to leai  avvav 

w ith ou t  e x p o s i n g  the  Irec to add it iona l  d a m a g e .  1 c a f  a b s c i s s i o n  is part o f  n p r o c e s s  

w h ic h  a l l o w s  the tree to  s c a l - o f f  t i s su e s  w h ic h  w i l l  s o o n  b e  k i l led  or c o n s u m e d  by the  

environment Abscission is  referred to as  the natural s ep ara t ion  o f  o r g a n s  from the  

parent plant S p e c i f i c  c e l l s  in the p e t i o l e  form an a b s c i s s io n  layer  a l l o w i n g  separat ion

o f  ffgfiesccnt o r g a n s  fr o m  the plants
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F i g . 1. A b s c i s s i o n  l a y e r

A u x i n  is a p r i m a r y  g r o w t h  r e g u l a t o r  p r o d u c e d  in th e  l e a f  a n d  s l o w l y  

t r a n s p o r t e d  t o w a r d  th e  s t e m  b a s e  t h r o u g h  I n i n g  ce l l s .  A s  lo n g  a s  a u x i n  is e f f e c t iv e ly  

Heine t r a n s p o r t e d  a c r o s s  th e  a b s c i s s i o n  / o n e .  a b s c i s s i o n  / o n e  c e l l s  r e m a i n  i m r e u c t o e  

A s  a u x i n  p r o d u c t i o n  b e g i n s  to  w a n e  in tall a n d  a u x i n  t r a n s p o r t  r a t e s  b e g i n  to d e c l i n e  

d u e  to  le s s  a u x i n  a v a i l a b i l i t y . d a m a g e  to l iv in g  c e l l s  t r a n s p o r t i n g  a u x i n ,  a n d  o r  

a c c e l e r a t i n g  i n f e c t i o n  of l i v i n g  t i s s u e s  by p e s t s ,  cell  w al l  c h a n g e s  a re  in i t i a t e d .  C e l l  

wal l  c h a n g e s  i n c r e a s i n g l y  in h i b i t  a u x i n  t r a n s p o r t  a n d  a c c e l e r a t e  e t h y l e n e  p r o d u c t i o n

S m a l l  a m o u n t s  o l  c l h v l c n e  h a s t e n  a b s c i s s i o n  / o n e  d e \ e l o p m e n t  A H  M a b s c i s i c  a c id ) .
0

r e s p o n s i b l e  ( in  p a r t )  lo r  d o r m a n c y  o n s e t  in the  lea l ,  s t i m u l a t e s  e t h y l e n e  p r o d u c t i o n  

a n d  i n h i b i t s  a u x i n  t r a n s p o r t

8 . 1 . M e c h a n i s m  o f  a b s c i s s i o n  

A b s c i s s i o n  Z o n e s

A b s c i s s i o n  / o n e s  occur al the base  o l  leal p e t io le s  and al the b a se  o l  lea f le ts  

Abscission /ones arc designed to allow leal shedding. I ca%cs are slud through a 

number of biological actions which weaken cell walls nnd initinlc cells tearing away 

from o n e  another A b s c i s s i o n  / o n e s  arc c o m p o s e d  o l  three i riiK.il p o i l i o n s

A) a ce l l  w a l l  d e g r a d a t i o n  area;

B) n shear force  g e n e r a t i o n  area. and.  

f  ) a tree p r o te c t io n  / o n e



All  three a b s c i s s i o n  z o n e  p o r t io n s  are required for s u c c e s s f u l  l e a f  s h e d d in g  and  

e f fe c t iv e  tree s u r v iv a l .  M o s t  a b s c i s s i o n  z o n e s  are p r e -p o s i t io n e d  to faci l i tate  sh ed d in g .  

A b s c i s s io n  z o n e s  m a y  n o t  be  n e e d e d  or used ,  but  

they are s e t - u p  to act  a s  an  e s ta b l i s h e d  barrier and boundary ,  i f  n eed ed .

Wall Weakening

T h e  a b s c i s s i o n  p r o c e s s  b e g in s  w ith  grow th  regulator  s ig n a l s  in it iat ing ce l lu lar  

changes .  A b s c i s s i o n  z o n e  c e l l s  secre te  p ec t in a se  and c e l lu la s e  (w a l l  degradat ion  

e n z y m e s ) .  T h e s e  e n z y m e s  d e g r a d e  the strength o f  the

m id d le  la m e l la  an d  primary w a l l  b e t w e e n  ce l l s .  T h e  m id d le  la m e l la ,  the .g lue ,  w h i c h  

holds  c e l l s  to g e th e r ,  b e g i n s  to d i s s o l v e  in the a b s c i s io n  z o n e .

At the s a m e  t im e ,  s u r r o u n d in g  pr im ary w a l l s  b eg in  to s w e l l  from c h a n g e s  in c h e m i c a l  

c o m p o n e n t s .  C a l c i u m  b r id g e s  a c r o s s  cel l  wall  m ater ia ls  are r e m o v e d .  A l l  ce l l  wall  

c h a n g e s  are c a u s e d  b y  e n z y m e s  and other

materials  d e p o s i t e d  in the ce l l  w a l l s  produced  by surrounding  hv ing c e l l s .  1 he  c e l l s  in

the .»H i i n  / » 111c ire «.len>e w i th  c \ t n p l a s m  a n d  o r g a n e l l e ^  I a c h  ce l l  ac t ive ly  

respiring and u s i n g  c n c r g v  to p r o d u c e  a b s c i s s i o n  m a t e r i a l s  1 h e s e  te l l ' '  r e m a i n  a l i v e  

and a c t iv e  until a b s c i s s i o n

M o r e W a l l  ( h a n g e s

A s  ce l l  w a l l  in t e r c o n n e c t io n s  arc w e a k e n e d ,  w ater  pressure  w i th in  thin w a l le d

ce l l s  ( turgor p ressu re  in p a r e n c h y m a )  c a u se  these  c e l l s  to e x p a n d  A s  c e l l s  e x p a n d ,  

they g e n e r a te  sh ear  fo r c e s  by  p u s h in g  and pul l ing  on s u i i o u n d i n g  w e a k e n e d  w a l l s  

M e c h a n ic a l ly ,  fracture l i n e s  b e g in  lo  d e v e l o p  b e t w e e n  ce l l  w a l l s .  In a d d i t ion  lo  

internal fo r c e s ,  g r a v i t y  and  w in d  lu g g in g  on l e a v e s  h e lp  l iac i i irc  l in e s  g r o w .  A s  cel l  

w a l l s  pull  apart Irom  o n e  another ,  this o p e n  w o u n d  is h c in g  c l o s e d  by  d e p o s i t i o n  o l  

b lo c k in g  m a te r ia l s  and  p r o te c t iv e  c o m p o u n d s .  A s t r o n g  p r o te c t iv e  boundary  z o n e  is 

prepared to d e f e n d  r e m a i n in g  tree

tissues Irom the e n v i r o n m e n t  and pests ,  l y l o s e s .  su b e r m ,  l ign in  and  o ther  pro tec t ive  

boundary-setting m a t e r ia l s  ore d e v e l o p e d  and d e p o s i t e d  o n  the tree s id e  o l  the

a b s c i s s io n  / o n e



In T h e  Z o n e

A b s c i s s i o n  z o n e s  in trees  can  be b e t w e e n  5 - 4 0  c e l l s  w id e .  W ith in  this  

a b sc i s s io n  z o n e  on ly  1 - j  c e l l s  w i l l  d i s c o n n e c t  from  e a c h  other.  C e l l s  in the a b s c i s s i o n  

z o n e  are o f  the  s a m e  t y p e s  as  fo u n d  e l s e w h e r e  in the tree.

A b s c i s s i o n  z o n e  c e l l s  tend to be  sm aller ,  m o r e  d e n s e l y  p a ck ed ,  w ith  n o  

intercel lular s p a c e s ,  l e s s  l ign in .  and h a v e  rem ain ed  in a ce l l  d i v i s i o n  p h a se  lon ger  than  

surrounding  c e l l s .  A d d i t i o n a l  c e l l  d i v i s i o n s  in this z o n e  prepares  th e s e  c e l l s  for later 

a b sc i s s io n  p r o c e s s e s .  S tarch  is s tored in the a b s c i s s io n  z o n e  c e l l s  to ass is t  in 

generat ing  turgor p r e ssu r e  and e n z y m e s  for wal l  degradat ion .  In m o s t  a b s c i s s io n  

z o n e s  there is a s i n g l e  lault  l ine  w h ic h  d e v e l o p s  and is accen tu a ted  by addit iona l  wall  

degradat ions .  C e l l s  a d ja c e n t  to fault l ine c e l l s  w i l l  have  w e a k e n e d  w a l l s  a lso ,  a l l o w i n g  

any fractures to p r o p a g a te  a lo n g  sev era l  paths for short  d i s ta n ces .  R are ly ,  s evera l  full 

fault l ines  o c c u r  l e a v i n g  the a b s c i s s io n  w o u n d  r a g g c d - lo o k in g .  Fault  l ines  f o l lo w  the  

path o f  the m i d d l e  la m e l l a  b e t w e e n  ce l l s .

P a s s iv e  &  A c t i v e

In the a b s c i s s i o n  / o n e .  x y le n i  e l e m e n t s  and e p id e r m is  ce l l  w a l l s  are e i ther  n o t  

degraded  o r  are 4 o w  t o  be w e a k e n  I h e s e  c e l l s  usually m ust  be  t o r n ,  stretched .  01 

broken p h v s i c a l k  a l t er  c o n n e c t i o n s  b e tw e e n  su rrounding  c e l l s  h a v e  b e e n  already  

fractured M a n y  t y p e s  o f  grav i ty ,  w in d ,  prec ip i ta t ion  and an im al  a c t io n s  can  break any 

rem ain ing  c o n n e c t e d  t i s su e  to a l l o w  leal tall. 1 lie a b s c i s s i o n  p r o c e s s  d o c s  require  

respiration and turgor pressu re  control  B r e a k d o w n  ol se lec t  c a r b o h y d r a te s ,  lo s s  ol  

small  but key c a r b o h y d r a t e  and protein wall  c o m p o n e n t s ,  in crea se  ol p e c t in a s e  and  

cellula.se e n z y m e s ,  and r e m o v a l  o l  c a lc iu m  br id ges  lead to w a l l  w e a k e n i n g .  A s  c e l l s  

w a l ls  w e a k e n ,  p a r e n c h y m a  c e l l s  o s m o t i c n l ly  e x p a n d ,  g e n e r a t in g  t r e m e n d o u s  shear  

pressure o n  s u r r o u n d in g  ce l l  w a l l  c o n n e c t i o n s  Water  is n e e d e d  to generate  shear

force.

I III- C O  IN C E P  r O F  P R O G R A M M E D  ( E L L  D E M  II

P r o g r a m m e d  c e l l  d e a th  ( P C D )  is  the a c t iv e  p r o c e s s  o f  ce l l  death  w h i c h  o c c u r s

during d e v e l o p m e n t  a n d  in r e s p o n s e  t o  e n v ir o n m e n ta l  c u e s .  In p lants ,  P C D  is  e s sen t ia l  

for d e v e l o p m e n t  a n d  s u r v iv a l  for e x a m p l e ,  x y l e m  v e s s e l s  arc d e a d  at maturity the  

evi ls  that are e l e m e n t s  o f  the  w ater ,  and nutrient c o n d u c t i n g  s y s t e m  l i r e  to m a k e  

strong w a l l s  P lants  a l s o  e m p l o y  P C D  in r e s p o n s e  to  p a t h o g e n s  P r o g r a m m e d  ce l l



»aLh ( P C D )  is a p h y s i o l o g i c a l  c e l l  dea th  p r o c e s s  in v o l v e d  in the s e l e c t i v e  e l im in a t io n  

f  u n w a n te d  c e l l s  ( E l l i s  e t  al . ,  1 9 9 1 ) .  T h e  c e l l s  o f  m u l t ice l lu la r  o r g a n i s m s  are 

lem bers  o l  h i g h l y  o r g a n i z e d  c o m m u n i t y .  C o n tro l l in g  the rate o f  ce l l  d i v i s i o n  and o f  

i l l  death  s tr ic t ly  r e g u la t e s  the n u m b e r  o f  c e l l s  in this  c o m m u n i t v .  I f  c e l l s  are no  m o re
j

zeded .  t h e y  d i e  b y  a c t iv a t in g  intrace l lu lar  death  program , for th is  rea so n  this  p r o c e s s  

a m ed  as  p r o g r a m m e d  c e l l  d ea th  ( P C D ) .

T h r e e  m a jo r  t y p e s  o f  p r o g r a m m e d  cel l  death,  b a sed  m a in ly  on  m o r p h o l o g i c a l  

hanges ,  are r e c o g n i s e d  s o  far: a p o p to s i s ,  a u to p h a g y  and n o n l y s o s o m a l  ce l l  death  

/a n  D o o m  and W o l t e r in g ,  2 0 0 5 ) .

.1. A p o p t o s i s

A p o p t o s i s  is c h a r a c te r i se d  by a s p e c i f i c  set o f  ce l lu lar  m o r p h o l o g i c a l  features  

uch as p l a s m a  m e m b r a n e  b le b b in g ,  d is in tegrat ion  o f  c y lo s k e l e t a l  e l e m e n t s ,  

ortdensation o f  the n u c l e u s  and the c y t o p la s m ,  in le r n u c le o s o m a l  c l e a v a g e  o l  D N  \  

nd m e m b r a n e  c o n f i n e d ,  D N A  c o n ta in in g  v e s i c l e s  (a p o p t o l i c  b o d ie s ) .  A  

i s t in g u ish in g  feature  o f  a p o p t o s i s  is that fragm ents  o f  the d y in g  ce l l  are e n g u l f e d  and  

iges ted  he the l y s o s o m e s  o f  n e ig h b o u r in g  ( l iv in g )  c e l l s  (e .g .  p h a g o c y t e s ) .  I h is  latter 

rocess  has .  s o  tar, noi  b e e n  o b s e r v e d  in any  plant s y s t e m ,  w h i c h  in d ic a te s  that true 

p op tn s is  d o c s  n o t  o c c u r  m plants
< a t  >

* f  • .f3- *.
'■ -tzti*

i
< i • >

irc)

-■ . ■ » '

'  C  J?

{ '

,p" rm

> r ' ,  _ - v * '

A  | i *

F i g .2 .  ,S c h e m a t i c  d i a g r a m  o f  a p o p t o s i s



9.2. Autophagy

A u t o p h a g y  ( s e l f - e a t i n g )  is a m ajor  degradat ion  and r e c y c l i n g  s y s t e m  in 

eukaryotic  c e l l s ,  ft is  l ea tured  by d egradat ion  ol ce l lu lar  c o m p o n e n t s  b \  form at ion  o f  

a u t o p h a g o l y s o s o m e  O o s h i m o r i ,  2 0 0 4 ) .  A u t o p h a g y  is a s s o c ia te d  w i th  ce l l  surv ival as  

w el l  as  ce l l  dea th  an d  it m a y  b e  a s trategy  to r e m o b i l i s e  part o f  the  ce l l  c o n te n ts  prior  

to ce l l  death .  A u t o p h a g y  w a s  found to p lay  a role  in plant im m u n e  re sp o n se ,  

e sp e c ia l ly  in p r e v e n t i n g  o l  death  and p a th o g en  spread in c e l l s  adjacent  to H R  le s io n  

(G reen berg .  2 0 0 5 ) .  D e v e l o p m e n t a l  P C D  ( w h ic h  is a s s o c ia te d  w i th  the normal  

d e v e lo p m e n t a l  p r o c e s s e s )  is i n v o l v e d  in d e g e n e r a t io n  o f  s p e c i f i c  c e l l s  and m o s t  o f  the  

e x a m p l e s  o l  d e v e l o p m e n t a l  P C D  in plants  c o n fo r m  to the d e f in i t io n  o f  a u to p h a g ic  

PCD.

9.2.1 PC I) in th e  S o m a t i c  e m b r y o s  o f  N o r w a y  s p r u c e - a n  a u t o p h a g i c  P C D

T h e  k e y  m o r p h o g e n e t i c  e v e n t  in plant e m b r y o g e n c s i s  is fo rm a t io n  o f  the  

apica l-basa l  pattern v ia  e s t a b l i s h m e n t  o f  the prol i ferat ing e m b r y o  proper or e m b r y o n a l  

m ass  (a p ic a l )  and the terminal ly  d i f ferent ia ted  su s p e n s o r  (basa l) .  W h i le  thc e m b r y o n a l  

mass g i v e s  rise to thc plant,  the s u s p e n s o r  fu nct ions  during a brief per iod  as a conduit  

o f  grow th  factors  in thc d e v e l o p i n g  e m b r y o  and is subsequent ly  e l im in a t e d  by P C D  

The terminal  d i f f e r e n t ia t io n  o l  the c m b r y o - s u s p e n s o r  is the earl iest  m a n i fe s ta t io n  ol  

P C D  in plant l i fe  In s p r u c e ,  the s u s p e n s o r  is c o m p o s e d  o f  sev eral lay ers  o l  terminally  

different iated  c e l l s ,  o r ig i n a t i n g  Irom a s y m m e tr ic  ce l l  d i v i s i o n s  in the e m b r y o n a l  m a s s  

S u sp en so r  c e l l s  d*> not d i v i d e  bill instead b e c o m e  c o m m it t e d  to 1 ( D  as s o o n  as they 

arc p ro d u ced  W h i l e  (he c e l l s  in the upper lay or ol the s u s p e n s o r  (i e adjacent  to the 

em b r y o n a l  m a s s )  are in Ihe c o m m i t m e n t  phase  o l  PC I), the c e l l s  in the lo w e i  layers  

exhibit a g ra d ien t  o f  s u c c e s s i v e  s t a g e s  ol a u to p h a g ic  d i s m a n t l in g  to w a r d s  the basal  

end o f  the s u s p e n s o r  w h e r e  h o l l o w  w a l le d  ce l l  c o r p s e s  are located .  1 bus ,  s u c c e s s i v e  

cell-death p r o c e s s e s  c a n  be o b s e r v e d  s i m u l t a n e o u s ly  in a s i n g le  e m b r y o  M o r e o v e r  the  

position o f  the ce l l  w i t h i n  thc e m b r y o  can be u sed  as a marker o l  the s t a g e  ol cell

death.

9.3. INonlysosomal cell d e a t h

l h e  third morphological type o f PCD is called m n-lym om al lor necrosis 

like) PCD. It does not involve a role o f  the lysosotnc ol the dying cell itself nor of

- l h e ,  c e l l s  It ,S a s s o c i a t e d  w ith  s w e l l i n g  o l  o r g a n e l l e s  and  fo rm a t io n  o l  em pty



spaces  In the  c y t o p l a s m .  A l t h o u g h  not  m u c h  deta i led  in fo rm a t io n  is  a v a i la b le  o n  ce l l  

m orp h o logy  d u r in g  the  p lant  H R .  m o s t ly  this  s e e m s  to c o n f o r m  to this n o n l y s o s o m a l  

type o l  P C D  (v a n  D o o m  and  W e l t e r in g .  2 0 0 5 ) .  I n v o lv e  s y n t h e s i s  o f  n e w  prote ins  

an d .or a c t iv a t io n  o t  s p e c i f i c  m e t a b o l i c  p a th w a y s .  Rapid P C D  p r o c e s s  are ac t ivated  to 

inhibit the sp read  o t  i n v a d i n g  p a th o g e n  in the h y p e r s e n s i t iv i ty  react ion  (H R ) .

10. NECROSIS

W h e n  c e l l s  d i e  as  a result o f  injury, ty p ica l ly  s w e l l  and burst  and th ey  spill  

their c o n te n t  all o v e r  the  n e ig h b o r in g  c e l l s ( U n s a l  et al., 2 0 0 5 ) . O c c u r s  in r e sp o n s e  to 

pathogen  in fe c t io n .  It is a d e s t r u c t iv e  p r o c e s s  and lead to in f la m m a t io n .

Tiblc 3 : Pathological fealures of apoptosis and necrosis.
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11. C O N C L U SIO N
Senescence and programmed cell death plays a very important role in the lifc 

cycle of leaving organisms. Senescence is a natural dcgradalive process Ihn, leads to 

deathof .he plants tin. i. is nol a c o m p l e t e  devastation process I. involve, the 

reutllbaiinn o f  nutrient, by the developing plan, par, fo, the maintenance ol next



spaces  in the c y t o p l a s m .  A l t h o u g h  n o t  m u c h  deta i led  in fo rm a t io n  is  a v a i la b le  o n  ce l l  

m orp h o logy  d u r in g  the  p lan t  H R .  m o s t ly  this  s e e m s  to c o n f o r m  to this  n o n l y s o s o m a l  

type o f  P C D  K a n  D o o m  and W o l t e r in g .  2 0 0 5 ) .  I n v o l v e  s y n t h e s i s  o f  n e w  prote ins  

a n d .or a c t iv a t io n  o i  s p e c i f i c  m e t a b o l i c  p a th w a y s .  Rapid  P C D  p r o c e s s  are ac t iva ted  to 

inhibit the sp read  o l  i n v a d i n g  p a th o g e n  in the h y p e r se n s i t iv i ty  reac t ion  (H R ) .

10. NECROSIS

W h e n  c e l l s  d i e  a s  a result  o f  injur}', ty p ic a l ly  s w e l l  and burst and th ey  spi l l  

their c o n te n t  all o v e r  the n e ig h b o r in g  c e l l s ( U n s a l  et al., 2 0 0 5 ) . O c c u r s  in r e sp o n s e  to 

pathogen  in l e c t i o n .  It is a d e s tr u c t iv e  p r o c e s s  and lead lo in f la m m a t io n .

Table 2 • Pathological features of apoptosis and necrcnis.

Apoplosis Necrosis

Pjtvrrn « 1 .k.nh Single volh <iroup\«>i ncishUxin.: veils
i  I1 l/V Li mk.i :x

I r.iguwiiuiimi Swcllmj:
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fncrcucrl membrane permeability
Mi Ick. hood ru Cunlcnl* released mlii v.\loplasm 

C\1ik hrorne u. Apafl 
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Spelling D im  fdcnrd virucli

(. uniTtiv 1 Su cllmtw
Organelk Shape * Apoptulic bodies’ 

('hmmnnn'
Disruption

Nuclei Clumps and F:rJgrnented 
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lnKMnuckosom.il cIcav age

Membrane disruption
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II. C O N C L USIO N
Senescence and programmed cell death plays n very important role In the life 

cycle o f  leaving organisms. Scncsecnee is a natural degradativc process that lends to 

deathof the plants But it is not a complete devastation process It involve, the 

reuli I taction o f nutrients by the developing plant par. for the maintenance ol nest



generation^ P C D  is  g e n e t i c a l l y  p r o g r a m m e d  death  o b s e r v e d  in b oth  d e v e lo p m e n t a l  

process  a n d H R .  S e n e s c e n c e  is  a ty p e  o f  p r o g r a m m e d  ce l l  death.

12. DISCUSSION

1) \V hy annuals die after a short period while perennials leave long?

P eren n ia l s  h a v e  the c a p a c i t y  to retain the sh o o t  apica l  m e r i s t e m s  after e a c h  ol  

its g r o w t h  s e a s o n  but the annua ls  d o  not h ave  the ca p a c i ty  to do  so .

2) W h a t  is t h e  r o l e  o f  g e n e s  e n c o d i n g  p r o t e c t i v e  p r o t e i n s ?

D u r in g  the s e n e s c e n c e  the plant parts b e c o m e  w e a k  and m o r e  s u s c e p t ib le  to 

p es t  and d i s e a s e s .  S i n c e  s e n e s c e n c e  a lso  i n v o lv e s  the e f f e c t i v e  m o b i l i z a t io n  ot  

nutrients  t h e s e  p r o te in s  arc n e e d e d  to protect the plant.
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T H E  ENIGM A OF PLANT DEATH  
ABSTRACT

O n e  o t  the m o s t  p u z z l i n g  e v e n t s  in a liv ing s y s t e m  is its death.  P lants  and their 

parts d e v e l o p  c o n t i n u o u s l y  Irom g e r m in a t io n  to death. A m o n g  a n g i o s p e r m s .  l i fe span  

is h igh ly  v a r ia b le  It r a n g e s  from desert  annuals  w h ic h  l ive  for o n l y  o n e  w e e k  to red 

w o o d  tress and br is t le  c o n e  p i n e s  w h ic h  l ive  for about  3 0 0 0 -  4 5 0 0  years.

T h e  d i f feren t  l i fe  s t ra teg ie s  o f  plants  can be d escr ib ed  by the term s m on o ca rp y  

nr semilparity  and  p o ly ca r p y  or lteroparity ( A m a s i n o ,  2 0 0 9 ) .  P o ly c a r p ic  s p e c i e s  

reproduce rep eated ly  and l ive  lo n g  l e g .  p eren n ia ls )  w h i l e  m o n o e a r p i e  s p e c i e s  

reproduce o n c e  and d ie  ( e g  a n n u a l s )  I his su ic idal  death ot plants  can  be e x p la in e d  as  

a way o f  in c r e a s in g  the n u m b e r  ol progeny miiv i \  m g  to l e p r o d u e l iv e  a g e  and a way ot

increas ing  the  rate o f  e v o l u t i o n .

A g e i n g  is o n e  o f  llie m o s t  important lactor that leads  to death.  I h e  c o m p l e t e

loss  o f  o r g a n i z a t i o n  and lu n c t io n  during  the latter part o l  a g e i n g  is term ed  as  

s e n e s c e n c e .  L e o p o l d  ( I 9 M ) d e f in e d  s e n e s c e n c e  as the d e ter iora t ive  p r o c e s s e s  that arc 

the natural c a u s e  o f  d e a th  M o r p h o l o g i c a l l y  plant s e n e s c e n c e  can be c l a s s i h c d  as o v c i  

all s e n e s c e n c e ,  top  s e n e s c e n c e ,  d e c i d u o u s  s e n e s c e n c e  and p r o g r e s s iv e  s e n e s c e n c e

.S e n e s c e n c e  is a t w o  s t e p  p r o c e s s  c o n s i s t i n g  ol lu n c im n a l  s e n e s c e n c e  and final  

s e n e s c e n c e .  D u r in g  fu n c t io n a l  s e n e s c e n c e ,  ru b isco  c o n s t i tu t in g  5 0  per cen t  o f  the  

voluble leal' p r o te in  and  3 0  per c e n t  n f  lea l  n i trogen  ( I d l e .  . 2 0 0 8 )  is d e g r a d e d  by 

hydrolytic e n z y m e s  and  u t i l i z e d  by  the  d e v e l o p i n g  plant parts r ep r o d u c t iv e  

organs.  In the  s e c o n d  s t e p .  i .e .  f inal s e n e s c e n c e ,  there is a genera l  c e l lu la r  d egradat ion  

o f  the w h o l e  p lant  I h i s  i n v o l v e s  d eg ra d a t io n  o f  c h lo r o p la s l  and o th er  o r g a n e l l e s

P r o g r a m m e d  c e l l  d ea th  ( P C D )  is  the a c t iv e  p r o c e s s  o f  ce l l  death  w h i c h  o c c u r s  

during d e v e l o p m e n t  and  in r e s p o n s e  to  e n v ir o n m e n ta l  c u e s  I f  c e l l s  arc no  m o re



process is n a m e d  as  p r o g r a m m e d  c e l l  dea th  ( P C D )  (P a la v a n - U n s a l  et al., 2 0 0 5 ) .  P C D  

include a p o p t o s i s .  a u t o p h a g v  a n d  n o n - l y s o s o m a l  c e l l  death .  A p o p t o s i s  is not  o b s e r v e d  

in plants w h i l e  a u t o p h a g y  o p e r a t e s  in the  d e v e l o p m e n t a l  p r o c e s s e s  and plant im m u n e  

responses  that p r e v e n t  the  sp r e a d  o t  d i s e a s e s .  N o n - l y s o s o m a l  ce l l  death  is in v o lv e d  in 

the death o f  c e l l s  d u e  to  p a t h o g e n  attack.

D eath  is  the  i n e v i t a b l e  en d  o l  the p r o c e s s  o f  s e n e s c e n c e .  Plant death is the  

process o f  r e c y c l i n g  o f  nu tr ien ts  and m ater ia ls  a m o n g  g en era t io n s .  P lants  l ive  for the  

great pu rp ose  o f  s u s t a i n i n g  the  u n iv e r s e  and th ey  d ie  for the sa m e .
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I N T R O D U C T I O N

Starch, the m ajor  dietary source  o f  carbohydrates,  is the m ost  abundant storage  

polysaccharide  in plants ,  and occu rs  as granules  in the chloropiast  o f  green leaves  and the  

amy lop last ot s e e d s ,  p u l se s ,  and tubers.  Starch provides  an e c o n o m ic a l  m e a n s  o f  storing  

carbohydrate in an in s o lu b le  and tightly packed manner.

Food s tarches  m a y  be  either g l y c e m ic  or resistant. G ly c e m ic  starches  are those  

that are degraded  to g l u c o s e  b y  e n z y m e s  in the d iges t ive  tract. Resistant starch refers to 

the portion o f  starch and starch products that resist d igest ion  as they  pass  through the 

gastrointestinal tract. R es is tant  starches show  potential health ben ef i t s  and show  

promising p h y s i o l o g i c a l  b en e f i t s  in humans.  Ihe  greater aw a ren ess  on  the part o f  

consumers ,  o f  the re la t ionsh ip  b e tw e e n  a nutritious diet and health and w e l l - b e in g  has  

been one  o f  the reason s  for the increase  in popularity ol nove l  foods  with g o o d  nutritional  

properties.

CLASSIFICATION OF STARCH

C h e m ic a l ly ,  s tarches  are po lysacchar ides ,  i c  they are c o m p o s e d  ol a number ol  

m o n o sa c ch a r id e s  or su gar  ( g l u c o s e )  m o le c u le s  linked together with a-(  1 —4)  and/or a - ( l  

6 ) l inkages .  Two m ain  structural types  o f  starch exist: a m y l o s e  and am v lo p ec t in .  

A m y lo s e  is a l inear r/-(l - 4 )  m o l e c u le  and typica l ly  const i tutes  1 5 - 2 0  p e r c e n t  o f s t a r c h .  It 

has a m o le c u la r  m a s s  o f  105 lo  106 g /m o l .  I lie chains  can e a s i l y  lorm s in g le  or d o u b le  

helices.  A m y l o p e c t i n  ( 1 0 7  lo  109 g /m n l)  w h ic h  is a larger branched m o le c u le  with  u-l  l -  

9) and a-  ( 1 - 6 )  l in k a g e s  and is a major c o m p o n e n t  o f  starch. Its structure is o l l e n

described by a c lus ter  m o d e l .



A m y lo se
(linear)

Am vlopectin
(branched)

F i g u r e  N o . l  S t r u c t u r a l  c o m p o n e n t s  o f  s t a r c h

On the b a s i s  o f  X -r a y  diffract ion exper im ents ,  starch granules  are said to have  a 

se m i crystal l ine character ,  w h ic h  indicates  a high degree  o f  orientation o f  the glucan  

molecules .  A b o u t  7 0  per cen t  o f  the m a s s  o f  starch granule is regarded as am o rp h o u s  and 

about 30 per cen t  as crys ta l l in e .  T h e  am orp h ou s  reg ions  contain the main am ount  ol  

amvlose  but a l so  a c o n s id e r a b le  part o f  the am vlopect in .  The crystal l ine  region co n s i s t s

primarily o f  the a m v l o p e c t i n .

T Y P E S  O F  S T A R C H  IN  F O O D S

Classif ication b ased  on the ex ten t  ol digestibil i ty  ol the starch as fo l low s .

a. D ig e s t ib le  s t a r c h e s :  I h c s c  in c lu d e  thc starches d iges t ib le  by b o d y  e n z y m e s ,  namely  

the rapidly d i g c s l t b l c  s tarches  ( R I ) S )  and the s l o w l y  d iges t ib le  s tarches  ( S D S ) .  R D S  

consists  m a in ly  o f  a m o r p h o u s  and d ispersed  starch and is found in h igh  a m o u n ts  in 

starchy f o o d ,  c o o k e d  by  m ois t  heat,  such as bread and potatoes .  I. is measured

chemically  as  th e  s tarch,  w h i c h  is con ver ted  to the const ituent  g lu c o s e  m o l e c u le s  in 2.1

.. . , » n s  S D S  is exp ec ted  to be c o m p le te ly  d iges ted  111
minutes o f  e n / y m e  d i g e s t io n .  I ike K U o ,  orz * \

ii,;, r :■ (lippttetl more s l o w l y .  It is measured  
the small in test ine ,  but for 1 reason  or anoth ,

I nOnr n further 100 m inutes  o f  e n z y m e
chemical ly  as starch c o n v e r te d  to g lu co

digestion.



b. R e s i s ta n t  starch(RS): R S  is  in d iges t ib le  by intestinal e n z y m e s .  T h e  term -resistant  

starch- w a s  first c o i n e d  by  E n g ly s t  el al. ( 1 9 8 2 )  to descr ibe  a small  fraction o f  starch that 

was resistant to h y d r o l y s i s  by e x h a u s t iv e  a  -  a m y la s e  and pul lu lanase  treatment in W/ro.  

RS is the starch not h y d r o ly z e d  after 120 m inutes  o f  incubation.

WHAT IS RESISTANT STARCH?

In 1082 .  w h i l e  d e v e l o p i n g  an  in vitro  a s s ay  for n o n - s t a r c h  p o l y s a c c h a r i d e s .  

Engl>st a n d  c o - w o r k e r s  l o u n d  tha t  s o m e  s ta rc h  r e m a in e d  a f t e r  e n z y m i c  h y d r o ly s i s .  

F o l lo w -u p  s t u d i e s  w i t h  h e a l t h s  i l e o s t o m y  s u b j e c t s  c o n f i r m e d  the  p r e s e n c e  o f  s i m i l a r  

s tarches,  w h i c h  r e s i s t e d  d i g e s t i o n  in the  s t o m a c h  and  sm al l  in tes t ine .  F u r th e r  a n a ly s i s  

revea led  tha t  t h e s e  s t a r c h e s  c o u l d  b e  f e r m e n te d  in the  large  in tes t ine  in vivo. T h e  t e r m  

' r e s is tan t  s t a r c h '  I R S )  w a s  c o i n e d  a n d  u se d  to d e s c r i b e  th e se  s t a r c h e s  (I n g ly s t  cl ol.. 

1982). R S  tha t  r e a c h e s  th e  la rg e  in te s t in e  can  act as  a su b s t r a t e  for m i c r o b i a l  

f e rm en ta t ion ,  th e  e n d - p r o d u c t s  b e i n g  h y d r o g e n .  c a r b o n  d io x id e ,  m e t h a n e  a n d  shor t  c h a in  

fatty a c id s  (SC F A)

" R e s i s t a n t  s t a r c h  h a s  b e e n  d e l i n e d  a s  the  t rac t ion  ol s ta rch ,  w h ic h  r e s i s t s  d ig e s t i o n  

in the sm a l l  i n t e s t i n e  o l  h e a l t h s  i n d i v i d u a l s  anil  is a v a i l a b le  lor l e r m e n ta t io n  in the la rge  

in tes t ine"  ( f . n g l y s t  <’/ o ! . 1 9 9 2 )

Rapidly digested

Slowly digested

Resistant

F igure-2 Mode of digestion of RS



Resistant starch is subdivided into 4  fractions: R S i .  R S : , R S 3, and R S 4.

R Si  represents  starch that is resistant because  it is p h y s ica l ly  in a ccess ib le  to 

digestion by en trap m en t  in a non d iges t ib le  matrix. Examples:  w h o l e  and partially m il led  

grains and seed s .

RS: represents  starch that is in a certain granular form and resistant to e n z y m e

digestion. In raw starch granules ,  starch is tightly packed in a radial pattern and is

relatively dehydrated .  T h is  c o m p a c t  structure limits the a ccess ib i l i ty  o f  d ig es t iv e

enzvmes,  var ious  a m y l a s e s ,  and a ccou n ts  for the resistant nature o f  RS: such as. 
0 *

ungelatinised starch E x a m p le s :  raw potatoes ,  green bananas, s o m e  pu lses  and high  

amylase  corn RSi  and R S :  represent residues  o f  starch forms, w h ich  are d iges ted  \ e r \
m

s lowly  and i n c o m p l e t e l y  in the small  intestine.

R S\  represents  the m ost  resistant starch Iraclion and is mainly retrograded  

am ylose  formed d u r in g  c o o l i n g  ol ge lat in ised  starch. Most  m ois t -heated  lo o d s  therefore  

contain s o m e  RS». R S i  is entirely  resistant to d igest ion  by p a n c ica l ic  a m y la se s .

Examples: C o o k e d  and c o o l e d  starch products .

R s |  is the R S  w h e r e  n o v e l  ch em ica l  b o n d s  other than n - ( l - 4 )  or u - ( l - 6 ) arc 

formed. M o d i f i e d  s ta rch es  ob ta in ed  by various types  o f  c h em ica l  treatments arc included

in this ca tegory .



Figure 3-6  s h o w  the  structure o f  d ifferent types  o f  RS

p

Figure-3 RSI Figure-4 RS2
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F O O D  S O I  R C K S O F  R E S I S T A N T  S T A R C H

Legum es, lentils , navy  beans. green gram , raw banana, raw  potatoes, w hole  

grains, cooked and coo led  rice, rice Hakes, corn Hakes ele. are the m ajo r o f  food sources

of resistant starch.

RECOMMENDED DIETARY A L L O W A N C E S  (RDA)OI' m  s i s  i a m  s i  a i u  ii

tn nhtnin thc beneficial health benefits of Approximately 20 g/d is recommended to obtain
rx I* 1 1.1 /liaxinrv intakes of R S arc believed to varyRS (Sajilata et a l 2006). However, worldwide, dietary inu

. , ri riiinn were estimated at 10 and 18g/d (Plate!
considerably. Dietary intakes in India and

and Shurpnlekar, 1 0 0 4 , M uir et



a. In vitro methods

T he m ain  s tep  o t  any  m e th o d  to measure  the content  o f  RS in foods  is to r e m o v e  

all ot the d ig e s t ib le  starch from the product  us ing  thermostable  - a m y l a s e s  (G on i  et al 

1996). Figure- 7 s h o w s  p ro to co l  for the determination o f  RS in foods.

Rcirosradcd starch wlubilhation • add 4M KOI 1 and ‘hake 
at mom temperature for 10 min

Retrograded Min* hydrolysis. M m  with imylogtocmid»e and

tedium aceuie buffer, pll 4.15. it 60!C for 45 rain

Determination of jta ts*  f<* R5
Meaiun ahtottaca *  5® am w *  *haMe 1®“"“ ** w y i n e w n .

F & T + 1  e m i t * ( 1 9 9 6 )  p r o t o c o l  for  th e  d e t e r m i n a t i o n  o f  R S  In f o o d .



b. In vivo methods

Thx. c la s s ic  wav  to substantiate  starch d iges t ion  is by  m easuring  the g ly c e m ic  

index. T h is  im p l i e s  m e a s u r in g  the area under the curve ( A U C )  o f  the serum g lu c o s e  

concentration o v e r  the first _ h after administer ing  a starch and d iv id in g  this by the serum  

glucose re sp o n se  after  c o n s u m p t io n  o f  an equal am ount  o f  g lu cose .

r e s i s t a n t  s t a r c h  a n d  d i e t a r y  f i b r e

D iffe rence  b e t w e e n  R S a n d  d i e t a r y  fibre is g iv e n  in T a b l e - 1.

Tab le -  1 R S  a n d  d ie ta r y  f ibrew

R e s i s t a n t  s t a r c h D ie ta r y  f ibrem

C o n st i tu en t  o f  starch N o n  starch p o lysacchar ide

Propert ies  o f  s o lu b le  fibre C onsis ts  o f  so lu b le  and inso lub le  fibre

Fermentation in large intest ine  produce  

SCI-A (B u tv r ic  ac id )

Fermentation in large i n t e s t i n e - p r o d u c e  S C F A  

(Butvric  acid, acetic  acid and propionic  acid)

H elps  in a b so rp t io n  o f  m inera ls 1 l inder absorption o f  minerals

B len d s  w e l l  w i th  other fo o d s D o e s  not blend wel l  w ith  other foods

Sat ie ty  va lu e  * Bulk producing

B E N E F I C I A L  P H Y S I O L O G I C A L  E F F E C T S  O F  K E X IS T  A N T  S T A R C H

R S has r e c e iv e d  m u c h  attenlion for both its potential  health benef i t s  and  

functional propert ies  (Saj i la ta  cl al., 2 0 0 6 ) .  R S  acts  largely through its large b o w e l  

bacterial fe rm en ta t io n  p ro d u cts  w h ic h  are. in adults,  short-chain fatty ac id s  ( S C F A )  (T op -  

ping ei a l . 2 0 0 1  > hut interest is increas ing  in its prcbiot ic  potential.

« n  , . • *•„. Dr^Mniirs arc non-d iges t ib le  food ingredients thata- Resistant starch as a prcbiotic: Prcbio l ics  nrc
i • i the sirovvih and/or activity of one orbcricficinlly affect the host by selectively stimulating k

innl tract and thereby exert a health-more bacteria (probiotics) in the gastromte



prom ot ing  e f f e c t .  R S  a c i^  a s  a  s u b s t r a t e  for  th e  g r o w th  o f  p ro b io t i c  m i c r o o r g a n i s m s  and  

therefore  is c a l l e d  a  p r e b i o t i c  . R S  h as  a lso  b e e n  s u g g e s t e d  fo r  u s e  in p ro b io t i c  

c o m p o s i t io n s  to  p r o m o t e  t h e  g r o w t h  o f  su c h  b en e f ic ia l  m i c r o o r g a n i s m s  as  b i f i d o 

bac ter ium ( B r o w n  et al., 1996) .

(a)  (b) (c)

(a)  H u m a n  intest ine  (b) Porcine intestine  

(c )  S h o w i n g  a d h eren ce  bif idobacteria

F i g u r e -8  H ig h  a m y l o s e  s ta rc h  g r a n u l e  t h r o u g h  in te s t in e

b. P r e v e n t io n  o f  c o l o n i c  c a n c e r :  Starch unabsorbed in the small  intest ine is fermented  

by the m icro f lora  of the large intest ine.  Ihe fermentation ol natural resistant starch 

reduces intestinal pi I and the production ol potential ly  harmlul secondary bile  acids.

ammonia and p h en o ls .

Ferm enta t ion  o l  resistant starch increases  slinrl-chain falls ac id s  in lire c o lo n .  KS 

ferment in lire large hosvel  and produce  high leve ls  o f  butyric acid A s  hots rate is on e  o f  

the main e n e r g y  su b s tra tes  for large intestinal epithelia l  ce l l s  and inhibits  the m al ignant

transformation o f  s . ,eh  co l l s  .■Urn: this m a k es  eas i ly  fermentable  R S fractions

. . . .  . .• ersinnir n n c e r  1; icurc-9  s h o w s  the act ion o f  butvrate.especial ly  in terest ing  in p rev en t in g  c o lo n ic  cancer,  g
T, , . . .. . „ r r ^ t  nn ihr crawth and proli feration o f  tumor c e l l sIh e  hutyrate ca n  h a v e  an inhibitory  c l f cc t  on m e  grow.. .  j

in vitro ( Sharm a et a l 2 0 0 8 ) .

s n u  fed RS preparations h ave  s h o w n  that
Popula t ion  s tu d ie s  in the  c e c u m  o f  rats tu t  tea p I

r .1 « i i  wel l  as greater production o l  S( I V  are
increase in fecal h u lk in g  and lo w er  fecal pi .



associated w ith  the d ec r e a se d  in c id en ce  o f  co lo n  cancer (Tharanathan and  

M ahadevam m a.  2 0 0 3  ) .Rs h e lp s  in co lorecta l  cancer  mit igat ion (Zhang  el al.. 2 0 0 7 ) .

A study w a s  c o n d u c te d  in w h ich  2 0  vo lunteers  with a family  history o f  co lorecta l  

cancer. The stud> in c lu d ed  3 diets: control .  Wheat bran fibre ( W B )  (12  g fibre/d),  and 

Wheat bran fibre p lus  resistant starch ( W B R S )  (12  li W B  libre plus 22 u RS/d) .  each  

continued for _> w e e k .  D u r in g  5 c o n s e c u t iv e  d ays  ol each dietar\  period,  the subjects  

collected their total faecal  output lor analys is .  I he W B R S  diet resulted in greater faecal  

output, low er  faecal pi I, h igher  laecal concentrat ion  and dailv excret ion  o f  acetate,  h igher  

faecal concentra t ion  and dailv excre t ion  of butyrate.  a higher faecal ratio o f  butvrate to 

total short-chain fatly ac ids ,  and low er  concentrat ions  o f  total ph en o ls  and a m m o n ia  

( Muir et al.. 2 0 0 4 ).

I nr i r ' uU .lt̂ i

f i g u r e  '> A c t i o n  o f  h u t v r a l e

c. H y p o g l y c e m i c  e f fe c t :  C o n s u m p t i o n  o l  resistant starch by hum ans  has been s h o w n  to 

result in d e c r e a s e d  g l y c c m i c  resp on se  in healthy individuals ,  decreased  g ly c c m ic  

response in d iab e t ic s ,  increased  insulin sensit ivity in healthy individuals ,  ind iv iduals  with  

l>pe  II d ia b e te s  ( / h a n g ,  r l  al.. 2 0 0 7 )  as wel l  as insulin resistant indiv iduals  (Johnston,  e/

ul.. 2 0 1 0 )

Forty randomly selected newly detected type 2 diabetic patients were screened 

•ltd they were placed in 2 homogenous groups of 20 patients each, lo  one group (group 

'I. 1 %  retrograded rice co n ta in in g  K-10 per cent KS was tested and the other group



(g roup  - )  a c t s  a s  c o n t r o l .  T h e  p a t i e n t  s in g r o u p  2 to o k  usua l  and  n o r m a l  food  i n c l u d in g  

sam e var ie ty  o t  r ice  ( 1 5 0  g o l  th e  r ice  p e r  d a y ) .  T h e  s tu d y  c o n t in u e d  for  th ree  m o n t h s  a n d  

effec ts  in the  b l o o d  p a r a m e t e r s  w e r e  o b s e r v e d  a f te r  t a k in g  b lo o d  s a m p l e s  o f  all the  

v o lu n tee r s  at  m o n t h ly  in t e rv a l s .  It w a s  fo u n d  that  fas t ing  b lo o d  s u g a r  ( F B S )  v a l u e s  o f  

g roup  1 s u b j e c t s  w e r e  r e d u c e d  t r o m  1 5 8 m g /d l  to 140 m g /d l ,  w h e r e a s  in g r o u p  2 s u b j e c t s  

FBS v a lu e s  r a n g e s  b e t w e e n  152 m g /d l  to  154 m g /d l  (M i t r a  cl al.. 2 0 0 7 ) .

I a g g a r t  ( 2 0 0 6 )  r e p o r t e d  tha t  r e p l a c i n g  f lou r  w i th  h igh  a m v l a s c  re s i s t a n t  s t a r c h  

ed u c e d  the  p o s t p r a n d i a l  p l a s m a  g l u c o s e  r e s p o n s e  by 45 p e r c e n t  ( F i g u r e  - 10 ).

a»
ou

<D

F ig u r e  -10  Resistant  starch lowers glucose response

rl. H y p o c h o l e s t  e n d e m i c  e f f e c t s :  K cs is tan t  s ta rch  a p p e a l s  to p a i l icu la r ly  a l l e c t  l ipid 

m e ta b o l i s m .  K c s i s t a n t  s t a r c h  i n c r e a s e s  the  fo rm a t io n  ol S( FA and  its a b s o r p t i o n .  SC FA  

s u p p r e s s e s  c h o l e s t e r o l  s y n t h e s i s  by an  in c r e a s e  in b i le  ni id s ec re t io n .

I l y p o c h o l e s t e r o l e m i c  e f f e c t s  o f  I t s  h a v e  h e e n  w id e l y  d e m o n s t r a t e d .  In ra ts .  I t s  

d ie ts  ( 2 5 %  ra w  p o t a t o )  m a r k e d l y  r a i s e d  Ihe c e c a l  s i / e  a n d  the  eeen l  p o o l  o f  s h o r t - e h n in  

ratty a c i d s  ( S C I  A ) ,  a s  w e l l  a s  SC I  A a b s o r p t i o n  a n d  lo w e r e d  p l a s m a  c h o le s t e r o l  a n d

• n g ly e e r id e  l e v e l s  ( S a j i l a t a  ct a l  * 2 0 0 6 ) .

.. Weight reduction: A  n u m b e r  o f  a u t h o r ,  h a v e  e x a m i n e d  the po ten t ia l  o f  I t s  to  m o d i fy  fa. 

oxida t ion  a n d  v a r i o u s  s tu d ie s  h a v e  e x a m i n e d  its po ten t ia l  ns satiety a g e n t  a n d  a l so  an  

ingredient hv w e i g h ,  m a n a g e m e n t .  It is p r o p o s e d  tha t  e a t in g  a  d ie .  r ich in R S  mnv increase



the m ob i l i za t ion  a n d  u s e  o f  fat s to re s  as  a d i rec t  resul t  o f  a reduc t ion  in insul in  secre t ion .  

R e p la c e m e n t  o f  5 .4  p e r  c e n t  o f  to ta l  d ie t a ry  c a r b o h y d r a t e s  w i th  R S  in a m e a l  o f  12 

subjects  s ig n i f i c a n t ly  i n c r e a s e d  p o s t p r a n d ia l  l ipid o x id a t io n ,  s u g g e s t i n g  r e d u c t io n  in fat 

a c c u m u la t io n  in th e  l o n g  t e rm  ( H i g g i n s  et <//.. 20 0 4 ) .

F ig u r e  -11 T o t a l  fat o x i d a t i o n  in r e s p o n s e  to R S  c o n t e n t  o f  m e a l

f. A b s o r p t i o n  o f  m i n e r a l s :  R e s i s t a n t  s ta rch  e n h a n c e s  the  ileal a b s o r p t i o n  o f  a n u m b e r  o f  

m ine ra ls  in ra t s  anti  h u m a n s .  S a p l a t a  ct al. ( 2 0 0 6 )  r e p o r te d  an i n c r e a s e d  a b s o r p t i o n  ol 

ca lc ium ,  m a g n e s i u m ,  / i n c .  i ron  a n d  c o p p e r  in rats  ted RS r ich  d ie ts .  In h u m a n s ,  th e s e  

e ffec ts  a p p e a r  to  h e  l i m i t e d  to c a l c i u m .  RS c o u ld  h a \ e  it p o s i t i s e  e l l e c t  o n  in tes t ina l  

ca lc ium  a n d  i ron  a b s o r p t i o n .  A s tu d y  to c o m p a r e  the a p p a r e n t  in te s t ina l  a b s o r p t i o n  ol 

ca lc ium ,  p h o s p h o r u s ,  i ron ,  a n d  / i n c  in the  p r e s e n c e  ol e i t h e r  r e s i s t a n t  o r  d ig e s t i b l e  s t a r c h  

sh o w e d  that  a m e a l  c o n t a i n i n g  16 I pe r  cen t  RS re su l ted  in a g r e a t e r  a p p a r e n t  a b s o r p t io n  

o f  c a l c iu m  a n d  i ron  c o m p a r e d  w i ih  c o m p l e t e l y  d ig e s t ib le  s ta rch  ( M o r a i s  i t  al.. 19Q6).

F A C T O R S  I N F L U E N C I N G  T H E  F O R M A T I O N  O F  R S

I, A m y l o s e  c o n t e n t

A h igh er  co n ten t  o f  a m y l o s e  lo w e r s  the d iges t ib i l i ty  o r  starch due  to pos i t ive  

tie ,ion b e t w e e n  a m y l o s e  content  and formation o f  R S , S i e v e d  and P om eronz .  I PRO,. 

Importance o f  the  a m y lo s e :  n m ylopeet in  ratio In the postprandial g ly c e m ic  and 

l inaemic r e s p o n s e s  to  corn w a s  studied in c o m m o n ly  c o n s u m e d  corn products t h e



meals  c o n t a i n i n g  h ig h  a m y l o s e  ( 7 0 % )  c o m  f lour  h a d  an R S  o f  2 0  g /1 0 0  g D M  th a n  tha t  

c o n ta in in g  o r d i n a r y  c o m  f lo u r  ( 2 5 %  a m y l o s e )  tha t  had  R S  o f  3 g / 1 0 0  g D M  ( G ra n fe ld t  

et al., 1995).

2. T h e r m a l  p r o c e s s i n g  ( H e a t  a n d  M o is t u r e )

O p t i m u m  h e a t  a n d  m o i s t u r e  in p ro c e s s in g  h e lp s  RS f o rm a t io n .  P rocess ing  

techniques m a \  a t l e c t  b o th  the ge la t in isa t ion  and re trogradation processes ,  in f luencing  RS 

formation. ITiis tact is o f  grea t  im p o r t a n c e  lor  the  lood  indus t ry  s ince  il o f fe r s  the  poss ib i l i ty  

o f  increas ing the R S  c o n te n t  ol p rocessed  foods and foodstuffs .  B ak ing ,  pas ta  p ro d u c t io n ,  

extrusion c o o k i n g ,  a u t o c l a v i n g .  and  so lor th  a re  k n o w n  to in f lu e n c e  th e  \ i e l d  o f  R S  in 

foods. C o o k i n g  u n d e r  c o n d i t i o n s  ol h igh  m o i s tu r e  a n d  t e m p e r a t u r e  c a n  s ign i f ican t ly  

lower  the  R S  c o n t e n t  bv d i s r u p t i n g  c ry s t a l l i n e  s t ru c tu re  (S a j i l a ta  at al.. 2 0 0 6 ) .

VVhen h e a t e d  to  a b o u t  5 0 :'C\ in the  p r e s e n c e  o f  w a te r ,  the  a m y l o s e  in the  g r a n u le  

swells ,  the  c r y s t a l l i n e  s t r u c tu r e  ol the  a m y l o p e c t i n  d i s in t e g ra t e s  a n d  the  g r a n u l e  ru p tu re s .  

The  p o l y s a c c h a r i d e  c h a i n s  l a k e  up  a r a n d o m  c o n f ig u r a t i o n ,  c a u s i n g  s w e l l i n g  o f  the  s ta rch  

and t h i c k e n i n g  o l  th e  s u r r o u n d i n g  m a t r ix  such  as. g e l a t i n i s a t i o n — a p r o c e s s  that  r e n d e r s  

the s tarch  easi ly  d ig e s t i b l e .  O n  c o o l i n g /d r y i n g ,  rcc ry s ta l l i s a t io n  ( r e t r o g r a d a t i o n )  o c c u r s

( F i g u r e -12 a n d  1 1 ) I h i s  l a k e s  p la c e  very last for the a m v l o s e  m oie ty  a s  the  l inea r  

s t ruc ture  f a c i l i t a te s  cross  l i n k a g e s  by m e a n s  ol h y d r o g e n  b o n d s .  I lie b r a n c h e d  n a tu re  ol 

a m y lo p e c t in  i n h ib i t s  its r e - c r y s t a l l i s a t i o n  to so n ic  e x te n t  a n d  it t a k e s  p l a c e  o v e r  sev e ra l  

days.  R e t r o g r a d e d  a m y l o s e  in p eas ,  m a i / c .  w h ea t ,  a n d  p o ta t o e s  w a s  fo u n d  to  b e  h ig h ly  

res is tant  to a m y l o l y s i s  ( R i n g  et a l . 1988 ) .

A: N a t iv e  starch B: Gelat in ised  starch C: Retrograded starch

F i g u r e - 12 Retrogradat ion  o f  a m v l o s e



Monaom Junction Zones—  _ .
Coil Double Helices Crystallites

F i g u r c - 1 3  S c h e m a t i c  o f  a m y l o s e  r e t r o g r a d a t i o n

The rate and extent  to w h ich  a starch m ay retrograde after gelat in isation  

essentially d e p e n d s  on the am ount  o f  a m y lo s e  present.  Repeated au to c la v in g  o f  w heat  

starch may generate  up to 10 per cent  RS. Ihe level obtained appeared to be strongly  

related to the amy lo se  content ,  and the retrogradation o f  amy lose  w a s  identif ied as the 

main m e c h a n i s m  for the formation o f  RS that can be generated in larger am ou n ts  by 

repeated a u to c la v in g  (B jorck  cl al.. 19 9 0 ) .  During storage, the dispersed p o ly m ers  ol  

gelatinised starch are said to undergo  retrogradation to sc mi cry stall inc forms that resist 

digestion by pancreat ic  o - a m y l a s e .  It forms a major portion o f  RS in w h eat  bread and 

corn flakes w h e r e a s  o n ly  25 per cent  o f  the RS in co o k ed ,  c o o le d  potatoes  can be  

accounted for as retrograded a m v l o s e  (b n g lv s t  and t u m m in gs .  l l ,S5).  Ih e  digestibil i ty  o l  

legume starch is m u ch  lo w e r  than that ol cereal starch, w h ich  is attributable to higher  

content o f  a m v l o s e  in the former. I he digestibili ty ol high a m y lo s e  cereal starch is 

reported to be s ig n i f i c a n t ly  lo w er  ( I haranalhan and M a lu id e \a m n ia .  2 0 0 3 ) .

Water content  is an important factor that affects  formation o f  RS. Repeated  

heat/moisture treatment is a ssoc ia ted  with a decrease  in the hydro lys is  l imit o f  pancreatic  

n -a m y la sc  and in creased  formation nl RS. M a x im u m  R S yie ld  w a s  obta ined  at a starch: 

water ratio o f  I: 3 .5  ( w / w )  (S ievert  and Pomeranr.  1981).  Heal  treatment at 18 per cent  

moisture g a v e  increased  l e v e l s  o f  the degree  o f  crystal l in ity  o f  normal and w a x y  starches  

and thus reduced  e n z y m e  suscept ib i l i ty .  H o w e v e r ,  at 27  per cent moisture,  starch

, , . i r»r Qtnrrh more  Accessible  to cn / .ym c  attnck. Ihus,
degradation to s o m e  ex ten t  m a d e  areas o l  siarcn
_ . I ■ l . _ lic^ i  oe n m ethod o f  preparation o f  RS (Franco el <//.,proper heat treatment c o u ld  be used  as a me i

1995).



Different types of Thermal Processing Methods Includes
A* Steam cooking

B. Autoclaving

C. P a r b o i l i n g

D. Baking

E. E x t r u s i o n  c o o k i n g

F. M i c r o w a v e  c o o k i n g

A. S te a m  c o o k i n g

Steam cook ing  helps in the production o f  RS. Starches isolated from several s team -  

heated le g u m e s  w ere  rich in indigest ib le  RS (19%  to 31%). which  w as  not observed  in raw 

beans .Similarly. RS measured directly in convent iona l! )  and high-pressure s team ed  beans  

were 3 to 5 l im es  higher than in the raw pulses,  sugeest inu retrouradation to be m a i n k  

responsible for the reduct ion  in digest ib il i ty .  Prolonged steaming as wel l  as short dry 

pressure hcatinu decreased the e n /y m ic a l lv  assessed total starch content o f  w h o le  beans by 2 

per cent to 3 per cent ,  indicating that these treatments may induce formation ol other types  

o f  indigestible starch I Invar and Meli lo .  1996).

B. A u  toe lav ing

A u to c la v in g  results in increase in RS Autoclaved w heat  starch has 9 n R5 

compared with  less  than I per cent in u n co o k ed  wheal  starch (S i l je s irom  and A sp .  1985)  

A u toc laved  w h e a t  starch con ta in ed  6.2 per cent RS; this increased to 7 .8  per cent  after 3 

further r e h o i l in g / c o o l i n g  c y c l e s  (Bjorck et a l 1987).  The thermoanalvt ica l  date 

suggested that n m y lo s e - l ip id  c o m p l e x e s  were  not in vo lved  in the formation o f R S .  Yields  

in excess o f  2 0  per cen t  RS can be obtained from autoclaved a m y l o m a i / c  starch containing  

70 p e r  cent  a m y l o s e .  T h e y  can be raised to leve ls  o f  4 0  per cent by increas ing  the number  

of a u to c la v in g -c o o l in g  c y c l e s  up to 20  (I.crlingcn and Dclcour, I > *5).



Heat-moisture °C)  w i th  su b se q u en t  c o o l in g  w a s  u se d  to 

produce a m y la s e - r e s i s t a n t  s ta rch  ( k S )  from purif ied  h ig h -a m y lo se  s tarch  sam ples .  T h e

formation o l  R S  in bar ley s ta rch  w a s  s t rong ly  affected  by  the  n u m b e r  o f  a u to c lav in g -co o l in g

cycles; inc reas ing  the  n u m b e r  o l  cy c le s  Irom 1 to 20  raised the R S  yield f rom  6 p e r  c e n t  to

26 p e r  c e n t  ( S z c z o d r a k  a n d  P o m e r a n z ,  1991).

C. Parboiling

P a rb o i l in g  in c r e a s e s  R S  p ro d u c t io n .  S tud ies  on  5 rice va r ie t ie s ,  d i f f e r in g  in a m y l o s e  

conten t ,  the  in vitro a n d  in vivo RS  levels  w e re  low and  pos i t ive ly  co r re la ted  w i th  a m y l o s e  

content.  H i g h e r  R S  s t a r c h  le v e l s  w e r e  found  in c o o k e d  and  p a r b o i l e d - c o o k e d  r ice  th an  in 

raw rice; w axy  r ice  h a d  very  low va lu es .  H ig h e r  c o n te n t s  o f  RS h a v e  b e e n  r e p o r t e d  in 

parbo i led  r ice  th a n  raw w h i l e  rice,  w h ic h  a lso  inc reased  by  c o o l i n g  o r  f r e e z in g  ( M a r s o n o  

and T o p p in g ,  1999) .

D. B a k i n a

B a k i n g  in c r e a s e s  RS c o n te n t .  A lo w - te m p e ra tu re ,  lo n g - t im e  b a k e d  p r o d u c t  

con ta ined  s ig n i f i c a n t ly  h i g h e r  a m o u n t s  ol KS than  b read  b a k e d  u n d e r  o rd ina ry  c o n d i t i o n s  

i . i l j e h c r g  et a l . 1996) .  A d d i t i o n  o f  lact ic  ac id  inc reased  KS recovery  fu r th e r  w h e r e a s  mal t  

tod no  im p a c t  o n  KS y ie ld .  I h e  h ig h es t  level <>l RS w a s  no ted  in lo n g - t i m e  b a k e d  b read  

tiased on h ig h -  a m y l o s e  b a r l e y  Hour  KS iso la ted  I rom w h e a t - b a s e d  foods  sueh  as  chapa l t i  

ind p h u lk a  w a s  s t ruc tu ra l ly '  c h a r a c t e r i z e d  as a l inear  I. 4 -  l inked  - l ) - g l u c a n  essen t ia l ly  

Jerived f rom  r e t r o g r a d e d  a m v l o s e  frac t ion ,  w h ic h  w a s  d e p e n d e n t  o n  th e  sever i ty  o l  the  

i r o c e s s in g  t r e a t m e n t s  a s  w e l l  a s  ihe  leve ls  o f  g lu ten  a n d  d a m a g e d  s ta rch  in th e  w h e a t  Hour 

f h a r a n a t h a n  a n d  f h a r a n a t h a n .  2 0 0 1 ).

K. Extrusion cooking

Effect  o f  extrusion co o k in g ,  at different temperatures (00 , 100, 12 0 , 140, or 160

C). m ois ture  c o n t e n t s  ( 20%. 25% . 40% . 45% , or 4 0 % )  an,I s c r e w  s p e e d s  (60 .  80 .  nr 100



rpm). w a s  in v e s t ig a te d  o n  the  fo rm a t io n  o f  RS o f  type  3 ( R S 3 ) in h u l l - l e s s  b a r l e y  f lours  

from C D C - C a n d l e  ( w a x y ) a n d  P h o e n i x  ( regu la r ) .  T h e  R S 3 c o n te n t  o f  the  n a t iv e  f lours ,  in 

general ,  d e c r e a s e d  by e x t r u s io n  c o o k in g ,  bu t  not  s ign if ican t ly .  S to ra g e  o f  e x t r u d e d  f lour  

sam p le s  a t  4  C  fo r  2 4  h b e f o r e  o v e n  d r y in g  s l igh t ly  inc reased  R S 3 c o n te n t  (Faraj  ct n l .,

2004).  E x t r u s i o n  f o l l o w e d  by c o o l in g ,  to ind u ce  c ry s ta l l iza t io n ,  in c r e a s e s  the  leve ls  o f  RS 

( H a ra la m p u .  2 0 0 0 ) .

F. M i c r o w a v e  c o o k i n g

M i c r o w a v e  i r r a d ia t io n  i m p r o v e s  the digestibil i ty  o f  tu b e r  s ta rches ,  w h ic h  c o u ld  be 

a c c o m p a n ie d  by p h y s i c o c h e m i c a l  and  s t ruc tu re  c h a n g e s .  M i c r o w a v e  c o o k i n g  o f  l e g u m e s  

such as c h i c k p e a s  a n d  c o m m o n  b e a n s  p ro d u c e d  a red is t r ibu t ion  o f  the  in so lu b le  n o n -s ta rc h  

p o ly s a c c h a r id e s  to  s o l u b l e  f rac t ion ,  a l th o u g h  the  total n o n -s ta rch  p o ly s a c c h a r id e s  w e r e  not 

affected T h i s  w a s  e v a l u a t e d  b \  a s s e s s in g  the p h v s i c o c h e m ic a l .  nu t r i t iona l ,  a n d  m ic roa U  I »

structural m o d i f i c a t i o n s  in s ta rch  and  non -s ta rch  p o ly s a c c h a r id e s .  T h e  RS level d e c re a s e d  

from 32.5  per  c e n t  ol" to tal  s ta rch  in raw c h ic k p e a s  and  beans ,  re spec t ive ly ,  lo  abou t  10 pe r  

:en t  in c o o k e d  s a m p l e s  w i th  a c o n c o m i t a n t  inc rease  in the level of rapidly d ig e s t ib le  s tarch  

from 35 f) p e r  cen t  a n d  27 .5  p e r  c e n t  to ab o u t  SO per  cent  (M a r c o n i  cl <//.. 2000) .

3. In te rac t ion  o f  s tarch w itli o th e r  components

In t e ra c t io n s  o f  s t a r c h  w i th  d i f fe ren t  c o m p o n e n t s  presen t  in the  food  s y s t e m  arc  

m o w n  to in f lu e n c e  the  f o r m a t io n  o f  R b  as fol lows.

1. Protein: Starch-protc in  interaction lias been bel ieved to reduce US contents  as observed  

n c a se  o f  potato starch and added albumin w hen  autoclavcd and subsequently  c o o le d  nl

2Q°C (E sca r  p a  ct a I.. 1097).

>. Enzyme i n h ib i t o r s :  P o lyp h en o ls ,  phytic acid and lectins present m ain ly  in legum inous  

leads, have heen  reported to inhibit in vitro starch hydrolysis and to low er  the g lycam ic



index ( T h o m p s o n  a n d  Y o o n .  1984).  T a n n ic  acid  s ign i f ican t ly  inhib i ts  bo th  a m y la s e s  and  

intestinal m a l t a s e  a c t iv i ty  ( B j o r c k  and  N y m a n .  1987).

c. S u g a r s :  T h e  a d d i t i o n  o f  s o lu b le  su g a rs  such  as g lucose ,  m a l to se ,  suc rose ,  and  r ibose  has  

been tound  to r e d u c e  th e  level  ol cry s ta l l iza t ion  and  s u b s e q u e n t ly  r e d u c e  the  y ie ld s  o f  RS 

( K o h y a m a  a n d  N i s h i n a r i ,  1991).  T h e  m e c h a n i s m  o f  r e t ro g ra d a t io n  inh ib i t ion  w a s  

cons idered  as  the  in t e r a c t io n  b e tw e e n  su g a r  m o le c u le s  and  the  s ta rch  m o l e c u la r  cha ins ,  

which c h a n g e  the  m a t r i x  o t  ge la t in i sed  s ta rch  ( the su g a rs  act as an t i -p la s t i c i se r s  and  

increase the  g la s s  t r a n s i t io n  te m p e ra tu re ) .

d. L ip i d s  : F r o m  s tu d ie s  on  i so la ted  b a r ley  s tarch  au to c la v e d  w i th  s o d i u m  s i e a m v l  lac ty la te  

(SSL),  d is t i l led  m o n o g l y c e r i d e s ,  d iace ty l  tartar ic  acid  es te rs  o f  m o n o - d ig l y c e r id e s  

( D A T E M ) .  a n d  e t h o x y l a t e d  m o n o g l y c e r id e s  (b ak e ry  add i t ives ) ,  it is p o s tu la te d  that 

am y lose  c r y s t a l l i s a t io n  tha t  is in v o lv e d  in the fo rm at ion  o f  RS is com pe t i t ive ly  a f fec ted  by 

its c o m p l e x a t i o n  w i th  l ip id s  ( S z c / o d r a k  and  P o m c ra n z ,  1992).

A m y l o s c - l i p i d  c o m p l e x e s  can  a lso  he fo rm ed  d u r in g  food p ro c e s s in g  ( a u to c l a v in g  

and c o o l in g )  I c c i t h in .  p a lm i t i c  ac id ,  o le ic  acid  anti soya  bean  oil a l lec t  r e t ro g ra d a t io n  to a 

lower ex ten t  th an  m o n o g l v c c r i d e s .

4. M i s c e l l a n e o u s  t r e a t m e n t s

a. M i l l in g :  I e g u m i n o u s  s e e d s .  in w h i c h  cell  s t ru c tu re s  a r c  p r e s e r v e d  o i l e r  c o o k i n g  and  

bean I lnur  w i t h  in lac t  c e l l s :  h a v e  lo w e r  phys ica l  a cces s ib i l i ty  o f  s ta rch  to  ante  lose ac t io n ,  

and thereby c o n t r i b u t e  In h i g h e r  KS co n te n t s .  In s o m e  foods ,  p h y s ic a l ly  in a c c e s s ib le  s ta rch  

is l ikely to he an  i m p o r t a n t  f rac t ion  o f  the total  s ta rch  that is res is tan t  to d ig e s t i o n  in vivo.

b. Germination: G e r m i n a t i o n  is s h o w n  to  d e c r e a s e  the KS c o n te n t  in b e n g a l  g r a m ,  field 

beans ,  c o w  pen .  a n d  g r e e n  g r a m  (K a v i tn  e i «/. .  1998).

„ r, , , i n ^ c  R S  c o n te n t  R S  fo rm a t io n  h a s  a l s o  b e e n  s h o w nc. F e r m e n t a t i o n  : F e r m e n t a t i o n  r e d u c e s  t o  c o m t m



5. Storage conditions

G e n e r a l ly ,  R S  in c r e a s e s  o n  s to rage ,  e spec ia l ly  lo w - t e m p e r a tu r e  s to rage .  C o ld  

s torage s e e m s  to  s u p p o r t  an  in c re ase  in RS con ten t .  Rice  s to red  at -20  °C  re t ro g ra d e d  m o r e  

than rice s to red  in th e  r e f r ig e r a to r  (M i t s u d a ,  1993).

Inc rease  in R S  w a s  r e p o r t e d  lo r  ge la t in i sed  s a m p le s  o f  c o m .  w h e a t ,  ragi.  r ice.  sago ,  

and po ta to  Hours  on  l o w - t e m p e r a t u r e  s to rage .  RS c o n ten t  w a s  o b s e rv e d  to inc rease  in the 

sam ples  s to red  at r e f r ig e r a t io n  t e m p e r a tu r e  for longe r  dura t ion  ( Y a d a v  ct al.. 2010) .  I he  

longer the  d u r a t io n  ol s to r a g e  o f  g e la t in ized  w hea t  Hour, the  g rea te r  w a s  the  fo rm a t io n  o f  

RS f K av i ta  ct al.. 1998) .

FUNCTIONALITY OF RS

R e s i s t a n t  s t a r c h  h a s  d e s i r a b l e  p h y s i c o c h e m ic a l  p ro p e r t i e s  su c h  as  s w e l l in g ,  

viscosi ty in c r e a s e ,  gel f o r m a t i o n ,  a n d  w a t e r - b i n d in g  c a p a c i ty ;  m a k i n g  il u s e lu l  in a 

varie ty  o f  fo o d s  (I a u s t o  ct al.. 1997).  Il has  a sm al l  pa r t ic le  s ize ,  w h i t e  a p p e a r a n c e ,  and  

b land  f l a v o u r  a n d  a l s o  p r o v i d e s  g o o d  h a n d l i n g  in p r o c e s s in g  a n d  c r i s p n e s s ,  e x p a n s i o n ,  

and im p r o v e d  t e x t u r e  in the  l inal  p ro d u c t .  RS a lso  has  a low w a t e r - h o l d i n g  c a p a c i ty .  

These propert ies  m a k e  il p o s s i b l e  to use  m os t  res is tan t  s t a rc h e s  to i c p l a c c  Horn on  a 1- 

for- l  b as i s  w i t h o u t  s i g n i f i c a n t l y  a l l o t t i n g  d o u g h  h a n d l i n g  or rh c o lo g y .

T h e  f u n c t io n a l  p r o p e r t i e s  a n d  a d v a n t a g e s  o f  c o m m e r c i a l  s o u r c e s  o f  R S : a n d  R S ,  

have  h e e n  s u m m a r i z e d  a s  f o l lo w s .  T h e y  a rc  na tu ra l  so u rc e s ,  b l a n d  in f lavor ,  w h i t e  in 

color, w ith  l ine  p a r t i c l e  s i / c  ( w h i c h  c a u s e s  less in te r fe re n c e  w i th  t ex tu re ) .  I h e y  h o v e  h igh  

gclatinization t e m p e r a t u r e ,  g o o d  e x t r u s io n  and f i lm - f o r m in g  q u a l i t i e s ,  a n d  lo w e r  w a te r -  

h o ld ing  p r o p e r t i e s  t h a n  t r a d i t io n a l  f iber  p ro d u c t s .  T h e y  a l lo w  the fo r m a t i o n  o f l o w - h u l h  

h ig h - l ih e r  p r o d u c t s  wit l t  i m p r o v e d  tex tu re ,  a p p e a r a n c e ,  a n d  month feel ( s u c h  a s  b e t t e r  

organoleptic qualities) c o m p a r e d  w i th  t rad i t io n a l  h ig h - f ib e r  p r o d u c t s .  They  in c r e a s e



:oa t ing  c n s p n e s s  o f  p r o d u c t s  a n d  th e  b o w l  life o f  b re a k fa s t  ce rea ls .  T h e y  a re  fun c t io n a l  

food in g r e d ie n t s  l o w e r i n g  th e  c a lo r i f i c  v a lu e  o f  fo o d s  and  use fu l  in p r o d u c t s  for  ce l iac ,  as 

nulk lax a t iv e s  a n d  in p r o d u c t s  lo r  ora l  r e h y d ra t io n  th e r a p y  ( S h a r m a  et a l ., 2 0 0 8 ) .  S o m e  o f  

Jiese p r o p e r t i e s  o f  R S  h a v e  b e e n  s u c c e s s f u l ly  u sed  in a r a n g e  o f  b a k e d  a n d  e x t r u d e d  

products.

\PPLICATION OF RS IN FOOD INDUSTRY

The in d u s t r i a l  a p p l i c a t i o n s  ol RS are  m a in ly  in the  p r e p a r a t i o n  o f  m o i s t u r e - f r e e  

:ood  p ro d u c t s .  B a k e r y  p r o d u c t s  s u c h  as  b read ,  m u f f in s ,  and  b r e a k f a s t  c e r e a l s  c an  be  

prepared b y  u s i n g  R S .  I h e  a m o u n t  o f  R S  used  to re p la ce  Hour  d e p e n d s  on  the  p a r t i c u la r  

itarch b e in g  u s e d ,  th e  a p p l i c a t i o n ,  the  d e s i r e d  fibre level ,  and  in s o m e  c a s e s ,  th e  d e s i r e d  

i t ru c tu re - fu n c t io n  c l a i m s .  F r o m  a q u a l i ty  s t a n d p o in t ,  s o m e  a p p l i c a t i o n s  arc  m o r e  

;ensit ive to  ( lour  r e p l a c e m e n t  th a n  o th e r s .  F o r  e x a m p l e ,  b re a d  and  rol ls ,  w h i c h  g c n c r a l l )  

lave  a h la n d  f lav o r ,  a re  l o w - f a t  a n d  r e q u i r e  a m i n i m u m  a m o u n t  o f  g lu t e n  for  s t ru c tu re :  

he m a x i m u m  f lo u r  r e p l a c e m e n t  is tvp icn l ly  10 per  cent  to 2 0  per  cen t  w i t h o u t  no t iccah lv  

:h an g in g  the  t e x t u r e  i S a j i l a l a  cl t i l 20 0 6 ) .

I. RS in b r e a d - m a k i n g :  ' I h e  p h y s ic a l  p ro p e r t i e s  o f  RS.  pa r t icu la r ly  its low w a lc r -  

lo ld ing  c a p a c i l v .  a l l o w  it to  b e  a fun c t io n a l  ing red ien t  that p r o v i d e s  g o o d  h a n d l i n g  in 

process ing  a n d  c n s p n e s s ,  e x p a n s i o n ,  a n d  im p r o v e d  t e x tu re  in the  l inal p ro d u c t .  B re a d  is 

: o m m o n l y  fo r t i f ied  w i th  d i e t a r y  l ibrc .  H o w e v e r ,  da rk  co lo r ,  r e d u c e d  loal  v o l u m e ,  p o o r  

n o u th f e e l .  a n d  m a s k i n g  o f  f l av o r  a rc  all n e g a t iv e  a t t r ib u te s  that a ic  o f t e n  a s s o c i a t e d  w i th

l ig h - f ib e r  b r e a d s  ( B a g h u r s t  cl n l . 1006).

!. R S  as a t e x t u r e  m o d i f i e r  in f inked  good s:  RS w e r e  incorporated in a variety o f  baked  

?oods. many o f  w h ic h  in c lu d e  hatter sy s te m s ,  such  as in cakes ,  ca k e- l ik e  m uff ins ,  or 

TOwnies.  In genera l ,  app l ica t ion  tests s h o w e d  that R S acts as texture modif ier ,  imparting  

i favorable t e n d e r n e ss  to Ihe crumb. A panel rated 4 0  per cent R S l o a f  ca k e s  as best for 

flavour, grit t iness  m o is tu r e  percept ion ,  and tenderness  24 h after baking (I uentes  

2010).



3. R S  35 a  c r i s p i n g  a g e n t .  A m o n g  o th e r  func t iona l  p ro p e r t i e s ,  R S  can  be  u se d  as  an 

ing red ien t  th a t  i m p r o v e s  c r i s p n e s s  in fo o d s  w h e r e  h igh  hea t  is a p p l i e d  to  a p r o d u c t ' s  

surface  d u r i n g  p r o c e s s i n g .  F r e n c h  toas t  and  w af f le s ,  e s p e c i a l ly  f rozen  r e h e a te d  types ,  

rep resen t  t o o d s  in w h i c h  s u r f a c e  c r i s p n e s s  is des i red .  B a se d  on  an e v a lu a t io n  by a t r a in ed  

sensory p an e l  o l  t o a s t e d  w a f f l e s  for initial c r i sp n e s s ,  c r i s p n e s s  a f te r  3 m in .  m o i s tn e s s  and  

overal l  t e x tu re ,  R S  w a f f l e  s h o w e d  g re a t e r  c r i s p n e s s  th an  co n t ro l  o r  t r ad i t io n a l  fibre  

(F uen te s  el al.. 2 0 1 0 ) .

4. R S  a s  a f u n c t i o n a l  i n g r e d i e n t  in o t h e r  fo o d s :  A l o n g  w i th  tex tu ra l  e n h a n c e m e n t .  RS 

can im p r o v e  e x p a n s i o n  in e x t r u d e d  c e re a l s  and  sn ack s .  D r ie d  pas ta  p r o d u c t s  c o n t a i n in g  

up to 15 pe r  c e n t  R S  c a n  be  m a d e  w i th  litt le o r  no  e f fec t  on  d o u g h  rh eo lo g y  d u r in g  

ex trus ion .  A l t h o u g h  th e  r e s u l t a n t  p a s ta  w a s  l igh te r  in co lo r ,  a f i rm t e x tu r e  w a s  o b t a i n e d  in 

the s a m e  c o o k i n g  t i m e  as  a c o n t r o l  that  had  no  a d d e d  fibre.  RS m a y  a l so  be  u s e d  in 

th ickened ,  o p a q u e  h e a l th  b e v e r a g e s  in w h ic h  in s o lu b le  fibre is d e s i r e d .  In s o lu b le  t ib res  

genera l ly  r e q u i r e  s u s p e n s i o n  a n d  a d d  o p a c i ty  to b e v e ra g e s .  C o m p a r e d  w i th  in s o lu b le  

fibres. RS  im p a r t s  a le s s  gri t ty  m o u t h l e e l  a n d  m a s k s  f lavors  less.

C O M M F . R C I  \ I .  S O U I U T . S  O F  U S

T h e  first  c o m m e r c i a l  R S  w a s  in t ro d u c e d  a s  l l i - m a i / e  in A u s t r a l i a  in 1W  by 

Starch A u s t r a l a s i a ,  f l i i s  p r o d u c t  is a na tu ra l  g r a n u la r  l o im  ol s ta rch  p r o d u c e d  Ironi a c o m  

hybrid  c o n t a i n i n g  m o r e  th a n  HO p e r  cent a m y lo s e .  I l i - m a i / c  a n a l y s e s  as  4 _ pe r  cen t  R S  

and has  g a m e d  w i d e s p r e a d  use  in A u s t r a l i a  in b r e a d s  a n d  o t h e r  b a k e d  g o o d s .  L is t  ol

c o m m e r c i a l  s o u r c e s  o f  R S  is g iv e n  in I ab le -2 .

T h e r e  a r c  a  n u m b e r  o r  a d v a n t a g e s  to  u s in g  c o m m e r c i a l l y  m a n u f a c t u r e d  R S  in 

rood p r o d u c t s .  U n l i k e  n a tu r a l  s o u r c e s  o f  R S  ( tha t  is. l e g u m e s ,  p o t a t o e s ,  b a n a n a s ) .

commercially m a n u f a c t u r e d  R S  a r c  n o .  a f fe c te d  by p r o c e s s i n g  a n d  s t o r a g e  c o n d i t io n s .

r  . . c  n c  :n „ rccn  b a n a n a s  d e c r e a s e s  w i th  i n c r e a s in g  r ip en ess ;I or ex a m p le ,  the a m o u n t  o l  K V  m green imum
u . 11 ' n f i K  H i - m a i z e  d o c s  no t  e x p e r i e n c e  th e s e  d i f f icu l t ie s ,however, a c o m m e r c i a l  f o rm  o l  KS?, m  m m / * ,  »



Among the n e w e s t  d e v e lo p m e n ts  in resistant starches is an R S : that rem ains resistant  

after mild food  p r o c e s s in g  (T sovelose  2 4 0 ) .  M ost importantly, the com m erc ia l  RS has a 

much low er w a te r -h o ld in g  capacity than do various traditional fibers. B e c a u se  it absorbs  

less water, adjustments in product form ulations and p rocess in g  are substantially

m inimised.

1 a b le -2  C o m m e r c ia l  s o u r c e s  o f  R S

P r o d u c t  n a m e P e r  cen t  o f  R S S o u r c e A g e n c y  a n d  C o u n t r y

Hi- m a iz e 42 H y b r id  corn  • S ta r c h  A u s tr a l ia ,  

A u s tr a l ia

C r y s t a l . c a nm 41 a e -V II  h y b r id  o f  corn O p ta  F o o d  I n g r e d ie n t s ,  

U .S . A

■ ■ -i -  ̂— — ----- *
iNovclose 2 4 0 47 a e -V II  h y b r id  o f  corn N a tl .  S ta r c h  a n d  

C h e m ic a l  C o . ,  U .S .A

- - - — - — - ____ _

N o v e lo s c  2 6 0 60 a e -V II  In b r id  o f  corn  • N a t l .  S ta r c h  a n d  

C h e m ic a l  C o . ,  U .S .A

C * A c t i S t a r 5H T apioca  s ta rc h C c r c s t a r  F o o d  a n d  

P h a r m a  S p e c ia l i t ie s .  

U .S . A

F ib e r s y m n i  If A 70 H igh  a m v lo s e  co rn M (J P  I n g r e d ie n ts ,  Inc ..  

U .S .A  a n d  C a r g i l l ,  

U .S .A



RS is vvell su i ted  to r  low -m ois tu re  food system s w here  they can be used at very

high levels c o m p a re d  to trad it ional starches. The m ajority  o f  the co m m erc ia l ly  available

RS rely on in tact g ra n u le s  o r  c o m p a c t  crysta lline  regions w ith  high m elt ing  tem pera tu res

to resist d iges t ion .  T h e re fo re ,  these products  generally  will not swell or contr ibu te

viscosity d u r in g  m o s t  p ro cess in g .  Essentially  insoluble. RS w ould  not replace 

viscosifying s ta rch  in liquid  app lica tions .

C om p ared  w ith  c o n v e n t io n a l  fibers, it has m any ad vantageous features. It is w h ite  

and has a bland f lavou r  and a tine particle s ize  betw een  10 and 15 jim. It a lso  has a 

reduced ca loric  con ten t  and m a \  be used as a bulking agent to c o m p le m e n t  reduced sugar  

or reduced-fat form u la t ion s .

C O N C L U S I O N S

R esis tant  starch, the portion o f  starch and starch products that resist d iges t ion ,  

appears to c o n fe r  sev era l  health benefits .  B e ing  nondigest ib lc .  KS can be used  in 

reduced-fat and sugar form ulations ,  f o o d s  conta in ing  high lev e ls  o l KS vie ld  low er  

calorics and lo w er  g lv c e n i ic  loads-im portant formulation con sid eration s  lor d iabetics  a'' 

well as the w e ig h t - c o n s c io u s .  KS is c la ss if ied  as tihrc com p on en t  with partial or c o m p le te  

fermentation in the c o lo n ,  p roducing  various benefic ia l c l l c c t s  on health. It is likcK that 

RS m ed ia tes  s o m e  or all o f  its e f fec ts  through the action ol St f A . R S  a lso  o ffer  an 

exciting: n e w  potentia l as a food  ingredient. Its fine particles and bland taste m ake  

possible  the form u lat ion  o f  a num ber o f  food products with better c o n su m e r  acceptability  

and greater p a y a b i l i t y  titan th ose  m ade with traditional fibres. KS s h o w s  im proved  

crispness and e x p a n s io n  in certain products and better m o u lh fcc l .  co lo r ,  and flavor over  

products p rod u ced  w ith  s o m e  traditional, in so lub le  fibers. It is ideal for use in K HI 

cereals, sn ack s ,  pasta / n o o d le s ,  baked g o o d s ,  and fried food s ,  con ferr in g  additional  

nutraccutical b e n e f i t , .  T e c h n ic a l ly ,  it is p oss ib le  to increase the KS content in f o o d ,  by  

m odify ing  the p r o c e s s in g  c o n d i t io n s  such as pH , heating  temperature nnd time, num ber  

f>r healing  ami c o o l i n g  c y c le s ,  freez ing , and drying. A num ber o f  c o m m e r c ia l ly  availab le  

RS preparations w o u ld  m a k e  it p o ss ib le  for a wide range o f  app lications w ith



nutraceutical im p lic a t io n s .  R S  has r e c e i v e  m u
n a s re c e l' ed much attention for both its potential health 

benefits and fu n ct iona l properties.

Future research priorities inclnHp i  • j  <
more in-depth exploration o f  the efTects o f  RS

on colonic function and inflammatory bowel disease. There is also a need for properly

designed, controlled studies to determine the exact effects o f  RS on human lipid and

glucose metabolism, particularly over longer time periods and. in individuals with

impaired glucose responses. The potential o f  RS as an agent in weight loss and

maintenance regimens w ill undoubtedly he explored as part o f  attempts to curb the global

increasing incidence ol obesity. Ifowevcr, there is a real need to determine the molecular

mechanisms o f  action o f  RS. Resistant starch may he the future “ Weight Buster" and 

“Health Mascot” (Potty, 201 1).
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d i s c u s s i o n

1, W h a t  IS m e a n t  b y  m o d i f i e d  s t a r c h  a n d  g iv e  an e x a m p l e  for  m o d i f i e d  s t a rc h ?

Ans; M o d i f i e d  s t a r c h e s  a r e  p r e p a r e d  by  p h y s ic a l ly ,  e n z y m a t i c a l l y ,  o r  c h e m i c a l l y  t r e a t in g  

native s ta rch ,  t h e r e b y  c h a n g i n g  the  p ro p e r t i e s  o f  the  s tarch .  S ta r c h e s  m a y  be  m o d i f i e d  to 

increase th e i r  s tab i l i ty  a g a i n s t  e x c e s s i v e  heat ,  ac id ,  shear ,  t im e ,  c o o l in g ,  o r  f reez ing :  to 

change  th e i r  t e x t u r e ,  to  d e c r e a s e  o r  in c rease  the i r  v i scos i ty ;  to l e n g th e n  o r  sh o r te n  

ge la t in isa t ion  t i m e ,  o r  to  i n c r e a s e  the i r  v isco -s tab i l i ty .  M o d i f i e d  s t a r c h e s  a re  u sed  in 

pract ically all s t a r c h  a p p l i c a t i o n s ,  su c h  as  in food p ro d u c t s  as a t h i c k e n i n g  a g e n t ,  

s tabil izer  o r  e m u l s i f i e r ;  in p h a r m a c e u t i c a l s  as  a d i s in te g ra n t ;  o r  in p a p e r  as  a 

b i n d e r . E x a m p l e s : a l k a l i n e - m o d i f i e d  s ta rch  (E1402)vvi th  s o d i u m  h y d r o x i d e  o r  p o t a s iu m  

hy d ro x id e  a n d  b l e a c h e d  s t a r c h  ( K I 4 0 3 ) w i t h  h y d r o g e n  p e ro x id e .

2. W hat  is the  d i f f e r e n c e  b e t w e e n  p r c h io l i c s  and  p ro b io t i c s?

Ans; P r o b io t i c s  a re  d ie t a ry  s u p p l e m e n t s  c o n ta in in g  po ten t ia l  1\ b e n e f ic ia l  b a c te r i a  o r  

yeasts. A c c o r d i n g  to  I A O  W H O  p ro b i o t i c s  a re  " l ive  m i c r o o r g a n i s m s  w h i c h  w h e n  

a d m in is te red  in a d e q u a t e  a m o u n t s  c o n f e r  a hea l th  benef i t  on  the hos t  . P r e h io l i c s  a re  n o n 

digest  i h ie  food  i n g r e d i e n t s  tha t  s t im u la t e  the g r o w th  a n d /o r  ac t i \  its o l  b e n e f i c i a l  b a c te r i a  

in Ihe d i g e s t i v e  s y s t e m  in w a y s  c l a i m e d  to be bene f ic ia l  to hea

3. W hat  is m e a n t  b y  b l a n d  f lavou r ' /J
Ans: Bland flavour is one which l a c k s  laslc nr flavour, not irritating and not stimulating 

and having soft, and soothing qualities.

4. Germination decreases R S .  S o  as a nutrition student which kind ol lood you suggest to 

take, germinated or non-germinated?

Ans: Germinated food, are easily digested with maximum nutrient availability. So while

considering the nutritional function, germinated foods arc recommended. But when we

• r ^.ulitinns of diabetes, obesity etc., where there 
dre 8n|ng lor functional properties, ns in cone

is a restriction in tnatal calories, we can r e c o m m e n d  RS in their diets. So the use of food 

Hems either f o r  their nutritional p r o p e r t i e s  or for -heir functional properties, d e p e n d  on

the condition o f the body.



5 . Which is more beneficial, dietary fibre or resistant starch?

Ans: R e s i s t a n t  s t a r c h  is m o r e  b e n e f i c i a l  th a n  fibre.  R S  u n d e r g o e s  f e rm e n ta t io n  in the  

large intest irK a n d  p r o d u c e s  b u ty r i c  a c id ,  w h i c h  ac t  a s  a p r i m a r y  e n e r g y  s o u r c e  for  the 

large in tes t ine .  R S  h a s  a  s m a l l  p a r t i c le  s ize ,  w h i t e  a p p e a r a n c e ,  b l a n d  f lav o r  and  lo w  

w a te r -h o ld in g  c a p a c i t y .  H e n c e  it b l e n d s  w e l l  w i th  o th e r  foods .  B u t  th is  p ro p e r ty  lacks  in 

fibre. RS h e lp s  in m i n e r a l  a b s o r p t i o n  w h e r e a s  fibre h in d e r s  the  a b s o r p t io n  o f  m in e ra ls .  

RS also p o s s e s s e s  th e  p r o p e r t i e s  o f  s o lu b l e  fibre.

6. W hat  is the  f u n c t i o n  o f  Bifido  b a c t e r i u m ?

Ans: B i f i d o b a c t e r i a  e x i s t  in th e  la rge  in te s t ine  are he lp fu l  for m a i n t e n a n c e  o f  h u m a n  

health. P r e b i o t i c s  i n c r e a s e  th e  n u m b e r  a n d /o r  ac t iv i ty  o f  b i f id o b a c te r i a .  B i f i d o b a c te r i a  

have severa l  b e n e f i c i a l  e f f e c t s  o n  the  host ,  e sp ec ia l ly  in t e rm s  o f  i m p r o v i n g  d ig e s t i o n  

( inc lud ing  e n h a n c i n g  m i n e r a l  a b s o r p t i o n )  and  in t r ins ic  s t reng th  o f  the  i m m u n e  s y s te m .  It 

p rom otes  the  g r o w t h  of o t h e r  b e n e f i c i a l  m i c r o o r g a n i s m s  in o u r  in te s t in e  a n d  re l e a s e s  

useful s u b s t a n c e s  in th e  in te s t in e .

7 Is the re  any r e s i s t a n t  s t a r c h  i n c o r p o r a t e d  p ro d u c t  in India?

Ans: No. T h e r e  is n o  r e s i s t a n t  s ta rch  in c o r p o ra te d  p ro d u c t  in India  till dale .

8. H o w  re s i s t a n t  s t a r c h  p r e v e n t s  c o l o n  c a n c e r . ’

Ans: Fermentation o f  resistant starch reduce* intestinal pi I. production o f  potentially 

harmful secondary hilc acids: ammonia and phenols and increases short-chain tally acids 

in the colon, especially high levels ol hutyric acid. Hulyratcs have an inhibitory efTccl on

the growth and proliferation o f  tumor cells.

9. How resistant starch helps to decrease blood glucose level.

Ans: Resistant starch helps to maintain healthy blood sugar levels by lowering the 

glycemic and insulin response o f  foods.



[0 Is the re  a n y  u n d e s i r a b l e  m a n i f e s t a t i o n s  for  R S ?

Ans: ^ es.  n o t  *n  h u m a n s .  T h e r e  a re  tw o  u n d e s i r a b le  m a n i f e s t a t i o n s  o f  R S  in 

exper im en ta l  a n i m a l s .  O n e  is th e  cec a l  e n l a r g e m e n t .  But ,  in h u m a n s ,  it is sa id  to  b e  ol 

little r e l e v a n c e  b e c a u s e  o l  t h e  c o n s i d e r a b l y  s m a l l e r  s ize  a n d  w e i g h t  o f  c e c u m  as  w e l l  as  

its m in o r  ro le  in th e  h u m a n  p h y s io lo g i c a l  func t ion .  Pe lv ic  n e p h r o c a l c i n o s i s  is a n o th e r  

p h e n o m e n o n  o b s e r v e d  in e x p e r i m e n t a l  a n im a ls .

I I .  Raa i  o r  r ice ,  w h i c h  c o n t a i n s  m o r e  re s i s tan t  s ta rch?

Ans: Ragi  c o n t a i n s  le s s  a m o u n t  o f  r e s i s t a n t  s ta rch  c o m p a r e d  to rice,  bu t  ragi is r ich  in 

fibre.



a b s t r a c t

S t a r e ,  t e  m a j o r  le tary  s o u r c e  of c a r b o h y d r a t e s  is the  m o s t  a b u n d a n t  s to ra g e  
p o ly sacch a r id e  in p l a n t s .  C h e m i c a l l y ,  s t a r c h e s  a re  h o m o g l y c a n s ;  c o m p o s e d  o f  a n u m b e r
of m onosacch arid es  or su gar  m o le c u le s  linked together. A m v lo s e  and a m vlop ect in  are the 
two main structural c o m p o n e n t s  o f  starch.

T h e  t e r m  r e s i s t a n t  s t a r c h  w a s  first c o in e d  by E n g ly s t  et al. (1 9 8 2 ) .  R es i s tan t  
starch has  b e e n  d e f i n e d  a s  th e  f rac t ion  ol s ta rch ,  w h ic h  res is ts  d ig e s t io n  in the  sm al l  
intesLine of  h e a l th y  i n d i v i d u a l s  a n d  is a v a i l a b le  for f e rm e n ta t io n  in the large  in te s t ine  
(Englys t  et a l , 1992) .

R e s i s t a n t  s t a r c h  ( R S )  is s u b - d iv i d e d  into four  f rac t ions :  R S , .  R S : , R S 3. and  RS., 
(Fuentes  et al., 2 0 1 0 ) .  R S ,  is p h y s i c a l l y  in a c c e s s ib le  to d ig es t io n  by  e n t r a p m e n t  in a n o n -  
d igest ib le  m a t r i x .  R S ;  is u n g c l a t i n i s e d  s ta rch  or  na t ive  s ta rch .  R S 3 r e p r e s e n t s  r e t ro g ra d e d  
starch. R S ,  i n c l u d e s  s e l e c t e d  c h e m i c a l l y - m o d i f i e d  s ta rches .

S e v e ra l  f a c to r s  l ike a m y l o s e  c o n te n t ,  p r o c e s s in g  w h ic h  in v o lv e s  h e a t - m o i s lu r e  
t rea tments ,  i n t e r a c t i o n  o f  s t a r c h  w i th  d i f fe ren t  c o m p o n e n t s  in the  food  and  s to ra g e  
condi t ions ,  i n f l u e n c e  thc  f o r m a t i o n  o f  RS. l e ch n ica l ly ,  it is p o s s ib l e  to in c r e a s e  the  RS 
content  in s ta rch y  f o o d s  by m o d i f y i n g  the  p r o c e s s in g  c o n d i t i o n s  su c h  as  h e a t in g  
tem pera tu re  a n d  t im e ,  m o i s t u r e  c o n te n t ,  r ep ea ted  h e a l in g  and  c o o l i n g  c y c l e s  a n d  f re e z in g  
and d ry in g  o f  g e l a t i n i s e d  s t a rc h .

A n u m b e r  o f  p h y s i o l o g i c a l  e f f e c t s  h a v e  been  a sc r ib e d  to  R S .  w h i c h  h a v e  b een  
proved to he b e n e f i c i a l  lo r  h ea l th .  RS ac ts  largely th ro u g h  its la rge  b o w e l  b ac te r ia l  
fe rm enta t ion  p r o d u c t s  w h i c h  are  sh o r t  c h a in  fatly ac id s  (SC FA ) .  R S  in ta k e  s e e m s  to 
decrease  p o s t p r a n d i a l  g l y c e r i n e  a n d  in s u l in c m ic  r e sp o n s e s ,  im p r o v e  w h o l e  body insu l in  
sensit ivity,  l o w e r  p l a s m a  c h o l e s t e r o l  and  t r ig ly c e r id e  c o n c c n l i a l i o n s .  in c r e a s e  sa t ie ty ,  and

reduce fat storage (H iggins, 2094).

Approxim ately 20g/dav id RS is r e c o m m e n d e d  lo ohlnm Ihe beneficial health 
effects o f  RS (Sajilata c l a t .  20(lh). RS can be determined by m vitro  and m  vivo

methods.

Resistant starch has desirable physico-chemical properties, making it suitable for 
incorporating in a variety o f  foods. A number o f commercial y available RS preparations 
would make il possible, for a wide range o f applications w,.h nu.raccu fical ,mPl,canons 
RS has received much ailcn.ion for both its potent.al health benefits and lune.mnal

properties.
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i n t r o d u c t i o n

C atalysts  are s u b s ta n c e s  that m o d ify  and increase the rate o f  a ch em ica l  reaction  

without be ing  c o n s u m e d  in the p ro cess  (M a n a y  and Shadaksharasw am v, 2 0 0 7 ) .  B ased  on  

the source, ca ta ly s ts  can  be d iv id e d  into two: chem ica l catalysts  and b io log ica l  catalysts.  

Enzymes arc the b io lo g ic a l  ca ta ly sts .  Pclczer  ct al. ( 1 9 9 6 )  defined  e n z y m e s  as the 

biocatalysts, w h ic h  break d o w n  the m a c r o m o le c u le  to sim pler forms, w ithout undergoing  

any change by t h e m s e lv e s ,  l . n / v m c s  are protein m o lecu le s  that cata lyse  or accelerate  

reactions w ithout u n d e r g o in g  a net ch a n g e  th e m se lv e s  (M a t / ,  1996).

H I S T O R I C A L  B A C K G R O U N D

The term ‘e n / v m e ’ w a s  introduced by Germ an p h ys io log is t  W ilhe lm  k u h n e  in

1877. The term e n / v m e  c o m e s  Irom the Greek word z )w o \ is  m ean in g  ‘ in leaven  or
*

yeast. In 1897 Eduard B u c h n e r  identif ied  the ability ol yeast extracts that lacked any 

living ce lls  to ferm en t su gar  l i e  nam ed  the e n / v m e  that brought about the fermentation

of  sucrose “ z y m a s e ”

ENZYME ACTION

r- r i a , ninc n f  nm ino acids. Ih e  chains  are folded toEnzymes are m a d e  up o f  lon g  chains  o l a m m o  nuu».
p . . . , . i • i l  l fir During a reaction the substrate can
Form the act ive  site . A c t iv e  s ite  is h igh ly  sp cc i l ic .  s
i . - r -  substrate c o m p le x .  The reaction
hind to the a c t iv e  s ite  n f  e n z y m e  to form enzy

a  „ , t..rt<; W hen the reaction is co m p le te  the
proceeds at the b in d in g  s ite  to p rod u ce  the p ro d u c t . .

products are re lea sed  and the e n z y m e  can be used again.



Figurc-No.l Enzyme action

MECHANISM OF ENZYME CATALYSIS

S ta b i l i s a t io n  o f  t h e  t r a n s i t i o n  s ta te  o f  the  su b s t r a te  r e d u c e s  the  a c t iv a t io n  e n e r g y  

of the overa l l  r e a c t i o n :  th i s  is the  m o s t  im p o r t a n t  fea ture  o f  e n z y m e  ca ta ly s i s .  T h e  

binding s i tes  o f  e n z y m e s  b i n d  m o r e  s t rong ly  to the  su b s t ra te  m o l e c u l e s  in the  t r an s i t io n  

state than to t h o s e  in th e  g r o u n d  o r  s t a b le  s ta le .  In a d d i t io n ,  w h e n  a s u b s t r a t e  m o l e c u l e  in 

ground s ta le  h i n d s  to  t h e  b i n d i n g  si te,  it is fo rced  in to  a c o n f ig u r a t i o n  c l o s e r  to tha t  o f  

transition s ta te ,  t h i s  l o w e r s  t h e  e n e r g y  n e e d e d  lo r  r e a c h in g  the  t r an s i t io n  s la te .

Energy

Figure No. 2
catalysed and uncatalysed reaction

Reaction co-ordinate diagrams for on enzy



E n zym es  are c la s s i f i e d  and nam ed  b y  the C o m m is s io n  on  B io ch em ica l  

Nomenclature o f  the  International L n ton  o f  B iochem istry .  T h e  var ious  e n z v m e s  have  

been classif ied in the  f o l l o w in g  s ix  c la sses ;  on the basis  o f  general type  o f  reaction th ey  

catalysed (M a n a y  and S h a d a k s h a r a s w a m y ,  2 0 0 7 ) .

a) Oxidoreductases. T h e s e  are  in v o lv e d  in r e d o x  re a c t io n s ,  i.e., t r an s fe r  

o f  h y d r o g e n  o r  o x y g e n  a t o m s  b e tw e e n  m o l e c u le s .  T h i s  c la s s  inc ludes :  

d e h y d r o g e n a s e s ,  o x id a s e s ,  o x y g e n a s e s ,  a n d  p e r o x id a e s .  E x a m p l e :  

g l u c o s e  o x i d a s e .

b) I ransfcrascs: C a t a y s e  the  t r a n s fe r  o f  an a to m  or  g r o u p  o f  a t o m s  

b e t w e e n  t w o  m o l e c u l e s .  T h e  t r an s fe r red  g r o u p s  a re  d i f f e re n t  f rom  

t h o s e  t r a n s f e r r e d  b \  the  o th e r  c la s se s  o f  e n / .v m e s  like o x id o r e d u c t a s e s .
•  m

e tc .  E x a m p l e :  a s p a r t a t e  a m in o t r a n s f e r a s e .

c) H y d r o l a s e s :  I h e s e  a re  th o s e  e n / y m c s .  w h ic h  c a ta ly s e  h y d ro ly t i c  

r e a c t i o n s ,  th i s  c l a s s  i n c lu d e s  e s te ra se s ,  g ly c o s id a s e s ,  p r o t e a s e s  and

l i p a s e s .  E x a m p l e :  ( h y m n s i n .

(J) Evsascs: A r e  i n v o K c d  in e l im in a t io n  r e a c t io n s  re su l t in g  in thc r c m o x a l

o f  a g r o u p  ol a t o m s  f rom  the  su b s t r a te  m o le c u le .  I h i s  c l a s s  in c lu d e s  

a l d o l a s e s ,  d e c a r b o x y l a s e s .  d e h y d r a t a s e s  and  s o m e  p e c t in a s c s .  E x a m p le :

h i s t i d i n e  a m m o n i a  lyase .

e) Iiomcrases C a ta ly se  the formation o f  isom ers  o f  m o lecu le s :  they

i n c l u d e  c p i m e r a s c s .  r a c c m a s e s  and  i n t r a m o le c u la r  t r an s fe ra se s .

E x a m p l e :  x y l o s e  i s o m c r a s e .

f) E ig n e ,  I hese catalyse .he formation of covalent bonds between two

molecules utilising the energy obtained front hydrolysis of a nucleoside 

triphosphate like A TP or O TP. Example: glutathione synthase



E N Z Y M E S  V s c h e m i c a l  c a t a l y s t s

E n z y m e s  a r e  s i m . l a r  t o  c h e m i c a l  c a t a ly s t s  in th e  f o l l o w i n g  r e sp e c t s :  (i)  th e y  lo w e r  

the ac t iva t ion  e n e r g y  o l  r e a c t i o n .  I n )  t h e y  d o  n o t  p a r t i c ip a te  in the  r e a c t io n ,  a n d  re tu rn  to 

their o r ig inal  f o r m  a t  t h e  e n d  o f  r e a c t i o n ,  a n d  (i i i)  th e y  o n ly  in c re a s e  the  r e a c t io n  ra te .  But  

(!) en zy m es  i n c r e a s e  t h e  r a t e  o t  r e a c t i o n  at  a  p h e n o m e n a l  sca le .  T h e y  a re  (i i)  h ig h ly  

specific in th a t  t h e y  c a n  d i s t i n g u i s h  b e t w e e n  s im i l a r  p a r t s  o f  the  s u b s t r a t e  m o l e c u le  

( regiospecif ic i ty) ,  a n d  b e t w e e n  o p t i c a l  i s o m e r s  o f  the  s u b s t r a t e  ( s te r io s p e c i f i c i ty ) .  In 

addition, e n z y m e s  ( i i i )  a r c  s u b j e c t  to  a v a r i e ty  ot r e g u la t io n s ,  a n d  ( iv)  th e i r  r e a c t io n  ra tes  

show su b s t ra te  s a t u r a t i o n ,  w h i c h  is no t  the  c a se  w i th  c h e m i c a l  ca ta ly s t s .  E n z y m e s  arc  

attractive b e c a u s e  ( \ )  they  o p e r a t e  u n d e r  m i ld  c o n d i t i o n s  ol t e m p e r a tu r e ,  p r e s s u re  and  

pH, which  s a v e s  e n e r g y ,  a n d  ( \ i )  u n d e s i r a b l e  by-  p ro d u c t s  a re  not  p r o d u c e d  bv e n z M n c s .  

Hence e n z y m e s  a r e  th e  u n i q u e  n a tu ra l  p r o c e s s i n g  a ids  in the food a n d  b e v e r a g e  indus t rv .

I ab le  -1 E n zym es  Vs C hem ical Cata lysts

H n /  \ n i e sm C h e m i c a l  c a t a l y s t s
•

E n z y m e s  a rc  p r o t e i n s M eta l  and  no n  m e ta l  in o rg a n ic  
m o l e c u l e s

N a t u r a l  n o n  t o x i c  s u b s t a n c e s M av  /can  be tox ic

I l i g h l v  s p e c i f i c N o n  spec i f ic

W o r k s  at m i l d  t e m p e r a t u r e ,  pi 1 and
p r e s s u r e

O l te n  h igh  t e m p e r a tu r e  a n d  p re s s u re
re q u i re d

A c t i v e  at  l o w  c o n c e n t  r a t io n R e q u i r e  hitzli c o n c e n t r a t io n
. __ _ r  __  ,  _ —-  m —

R a te  o f  r e a c t i o n  e n h a n c e d  by  a 
f a c t o r  o f  1 0 ’ -  1 0 '

R a te  o f  r e ac t io n  e n h a n c e m e n t  o n ly  a 
f rac t ion  o f  tha t  b v  e n z y m e s  ___

R e a c t i o n s  t h e y  c a t a l y s e  c a n  be 
c a s i lv  c o n t r o l l e d

R e a c t io n s  th e y  c a ta ly s e  c a n n o t  
he  c a s i lv  c o n t r o l l e d _______

N o  u n v v a n te d  s i d e  r e a c t i o n s
S ide  r e a c t io n s  m a v  o c c u r

P o s i t i v e  i m p a c t  o n  e n v i r o n m e n t
N e g a t iv e  im p a c t  o n  e n v i r o n m e n t



M o d e m  e n z y m e  t e c h n o l o g y  in v o l v e s  the  u se  o f  e x o g e n o u s  e n z y m e s  o b ta in e d  

from va r ious  p l a n t ,  a n i m a l  o r  m i c r o b i a l  s o u r c e s  ( I U F o S T ,  2 0 1 0 ) .  P l a n t  e n z y m e s  are  

derived f rom  a  v a r i e ty  o t  p l a n t  s o u r c e s  a n d  a re  m o s t  e f f e c t iv e  w h e n  a d d r e s s in g  a b ro ad  

pH range.  P a p a i n ,  a  p r o t e i n  d e g r a d i n g  e n z y m e  f rom  p a p a y a ,  is u sed  in m ea t  

tenderizat ion. b r e w i n g  a n d  o t h e r  p ro te in  m o d i f i c a t io n  a p p l i c a t io n s .  A n i m a l  e n z y m e s ,  

such as p a n c r e a t i c  e n z y m e s ,  t r y p s i n  and  r e n n e t  h av e  a l im i ted  p H  r a n g e  and  a re  spec i f ic  

in action. C h y m o s i n .  a  w i d e l y  u s e d  e n z y m e  ot a n im a l  o r ig in ,  is a v e ry  s e l e c t iv e  c lo t t in g  

protease e x t r a c t e d  I ro m  th e  fo u r th  s t o m a c h  o f  u n w e a n e d  ca lves .  F u n g a l  a n d  b a c te r i a  

enzymes w o r k  in a b r o a d  pi I r a n g e  and  a re  e x t r a c te d  f rom m i c r o o r g a n i s m s  a l t e r  

fermentat ion.  M o s t  c o m m e r c i a l  e n z v m e  p r e p a r a t io n s  c o m e  f rom  b ac te r ia l  o r  funga l  

fermentat ion. M i c r o b i a l  s o u r c e s  o f  e n z y m e s  are  cos t  e f f e c t iv e  as the  t i m e  r e q u i r e d  for 

large scale  p r o d u c t i o n  is less .  I he  d e s i r e d  e n z y m e  h as  to  he r e c o v e r e d  in fairly la rge  

quantit ies w i th  m i n i m u m  c o n t a m i n a t i o n  o f  o th e r  e n z v m e s ,  sp o re s ,  p r o t e in s  etc.  L is ts  of  

some indus t r ia l ly  i m p o r t a n t  e n z y m e s  a re  g iv e n  in I ab le  -2-6.

T a b le  -2

A n i m a l  c n / . v i n e s  in fo o d  p r o c e s s i n g

—--------------------—----------- 1
; F . n / y m e  j

i
S o u r c e

I— -------------
I i p a s c Bov m e  p a n c r e a s

T ry p s in
B o v in e  p a n c r e a s

R e n n i n
S to m a c h  o f  u n w e a n e d  c a lv e s

C’a l a l a s e
B e e f  l iver



E n z y m e S o u r c e

A l p h a  a m y l a s e M a l te d  b a r l e y

B e t a  a m v l a s e M a l te d  b a r l e y

B e t a  g lu can a .se M a l te d  b a r l c v
j

P ic in Fig  latex

L i p o x s g c n a s c

----------------------------------- ---------------------------------------------  j

S o y a b e a n s

B r o m e l i n P in e a p p le

P e c l i n a s e L e m o n  peel

P a p a i n
1

P a p a y a  la tex

T a b l e - 4

B a c t e r i a l  e n z y m e s  in food  p r o c e s s i n g

E n z y m e
S o u  r c c

T ~ — M  l — — B M — T 1 ---->

A l p h a  a m y l a s e
Bacillus

B e t a  a m y l a s e
Bacillus

G l u c o s e  i s o m c r a s c
Bacillus

P u l l u l o n a s e
Klebsiella



1 E n z y m e S o u r c e

Alpha amylase Aspergillus

Glucoannlase
#

Aspergillus

Peclinase Aspergillus

lactase Aspergillus

Slachva.se
•*

Aspergillus

Protease Aspergillus

Rennin [ Sfucor miehci

T a b l e  -6

Y e a s t  e n z y m e s  in fo n d  p r o c e s s i n g

Enzyme Source

Invcrtasc
Saccharomyces

R a ff in a s e
Saccharomyccs

Lactase
Kluyveromyees

(Beta galactosidase)
__iii ^ ~ •



P rocessed  fo o d s  p r o \ i d e  c o n v e n ie n c e ,  im proved  s h e l f  - life, increased p a y a b i l i t y  

and offer variety  m the d iet .  S ev era l  p ro cess in g  techniques-  physica l and ch em ica l - are 

used for o b ta in in g  the f in ish e d  product. C h em ica l  m ethods are harsh and affect the 

quality o f  the prod u ct  a d v e r s e ly .  E n z y m e s  o lfer  an alternative to ch em ica l  cata lysts  as 

they work under m ild  c o n d i t io n s  o l  pH and temperature.

E n z y m e s  a r e  p r o t e i n s ,  w h i c h  c a ta ly s e  and  r e d u c e  the  e n e r g y  th r e sh o ld  

requirements  for  c h e m i c a l  r e a c t i o n s .  T h e y  func t ion  at the  m o l e c u la r  level on  su b s t r a te s  

such as c a r b o h y d r a t e s ,  p r o t e i n s  a n d  lals.  H y d r o ly s i s  by e n z y m e s  is la rge ly  r e s p o n s ib l e  for 

many o f  the  c h a n g e s  r e q u i r e d  by th e  food  indus t r ie s .  A f te r  m o d i f i c a t io n  o f  the  subs t ra te ,  

the e n z y m e  r e m a i n s  u n c h a n g e d .  E n z y m e s  are  the  u n iq u e  na tura l  p r o c e s s i n g  a ids  in the  

food and b e v e r a g e  in d u s t ry  .

E n z y m e s  p r e s e n t  in th e  raw  m a te r ia l  can .  a lo n g  w i th  p ro c e s s in g ,  a f fec t  the 

functional a n d  n u t r i t i o n a l  p r o p e r t i e s  ol the  l inal p roduc t .  E n z y m e s  arc  c o m m o n l y  

employed for t e x t u r e  m o d i f i c a t i o n ,  i n c r e a s in g  y ie lds ,  r e c o v e r in g  h igh  v a lu e  in g red ien ts ,  

beverage c l a r i f i c a t i o n ,  a s  b a k e ry  a id s ,  lor  m e a t  ten d e r i sa t io n .  m i lk  c o a g u la t i o n  and  

protein h y d r o l y s a l c  p r e p a r a t i o n  ( J a m e s  and  S i m p s o n .  1 9 % ) .  S o m e  c o m m o n ly  used  

enzymes in fo o d  p r o c e s s i n g  a r e  th e  c a r b o h y d r a s e s .  p ro tea se s ,  l ipases  and  s o m e  o x id i s i n g  

enzymes ( M a n a y  a n d  S h a d a k s h n r n s w a m y .  20 0 7 ) .

A) C A R B O H Y D R A S E S

A m o n g s t  c a r b o h y d r a s e s .  alpha and beta a m y la se s  w h ich  bring about hydrolytic

cleavage n r starch .  in v cr ta se  w h ic h  h y d ro ly ses  sucrose  into g lu c o s e  and fructose.

„ w h ich  bring about the h yd ro lys is
pcclmases w h ic h  h y d r o ly s e  p cct ic  su b stan ces ,  cel

- . . , • 'f(lc (Tiiif-ncc to fructose are so m e  o f  the
°F cellu lose and g l u c o s e  Isom e ra se  w h ic h  iso m c  . ft

enzymes used in food industries.

linns is extensively important
®) A m y l a s e s  in  l i n k i n g :  f h e  u s e  o f  sp ec ia l  e n z y m e  ^

. ih f  available fermentable sugar. I lour
m baking, improving the l o a f  volume by increasing



ncr^ai.y con ta in s  t w o  a m y ia s e  a .p h a  and beta a m y la se s  both together k n ow n  as

diastases- T h e  substrate  o f  th e  e n z y m e  ts starch. C om p lete  h yd ro lys is  o f  starch m o lecu le  

can be carried out b y  the  j o in t  a c t iv ity  o f  the tw o  enzymes.

The  first  s t a g e  in t h e  b a k i n g  p r o c e s s  im m e d i a t e l y  f o l lo w in g  m i l l in g  is the  

fermentation p e r i o d ,  d u r i n g  w h i c h  th e  a l p h a  a m y l a s e  c a ta ly se s  the  d e x i r in i s a l io n  o f  the  

damaged s ta rch  g r a n u l e s .  T h e  d e x t r i n s  are  fu r the r  h y d r o ly s e d  b y  be ta  a m y l a s e  and  

converted to m a l t o s e  w h i c h  p r o v i d e s  the  f e rm e n ta b l e  s u g a r  for the  y e a s t  cel ls .  T h e  

damaged s ta rch  g r a n u l e s  p r o d u c e d  b y  m i l l in g  are  the  o n ly  o n e s  a c c e s s ib l e  to the e n z y m e  

attack and t h e r e f o r e  b e c o m e  th e  l i m i t i n g  fac to r  in the  f e rm e n ta t io n  per iod .

T h e  e n z y m a t i c  p r o c e s s  d i s c u s s e d  p r e v i o u s ly  c o n t i n u e s  t h r o u g h o u t  the  nex t  s tage ,  

the baking p r o c e s s .  I h e  h ig h  o v e n  t e m p e r a t u r e s  d u r in g  this  p e r io d  g e la t in i s e  the  

undamaged s t a rc h  g r a n u l e  p rov  id in g  a m o r e  than  a d e q u a te  su b s t r a te  for fu r the r  e n z y m i c  

attack. It d u r i n g  th i s  b a k i n g  p e r io d ,  the  d e x t r in o g e n ic  ac t iv i ty  o f  a lp h a  a m v l a s e  w a s  

uncontrolled, an o v e r  l i q u e f a c t i o n  o l  s ta rch  c o u ld  result ,  p r o d u c i n g  a s o f t e n in g  o f  the  

bread s t ruc ture  w i th  th e  p o s s i b l e  f o r m a t io n  o f  a s t ick )  c ru m b .  T h i s  can  be m i n im i s e d  by 

using the funga l  {A sperg illus)  a l p h a  a m v l a s e  p rep a ra t io n s .  S ince  th is  e n z y m e  is hea l  

sensitive, its a c t i v i t y  w i l l  h e  d e s t r o y e d  a s  the  o v e n  t e m p e r a tu r e  rises.  I he m a in  a d v a n t a g e  

of  fungal a lp h a  a m v l a s e  is to  p r o v i d e  l e r m e n t a h l e  su g a r  lor yeas t  f e rm e n ta t io n  lo p r o d u c e  

bread with a s o f t e r  c r u m b ,  d e e p e r  c ru s t  c o lo u r ,  g rea te r  v o lu m e  (d u e  to c a rb o n  d io x id e

production) a n d  i m p r o v e d  g r a i n  a n d  tex tu re .

b) A m y la s e  in c o n f e c t i o n e r y  : I h e  t h e r m o  s tab i l i ty  o f  bac te r ia l  (Bacillus) a m v lo ly t i c  

enzymes, m a k e  t h e m  u n s u i t a b l e  lo r  thc  b a k in g  indus t ry ,  th e y  m a k e  an ideal p re p a ra t io n  

for starch l i q u e f a c t i o n .  T h e s e  e n / y m c s  wil l  not a t tack  raw s ta rch  hut  w i l l  d e g r a d e  s ta rch  

gels, thus .he i r  c a p a c i t y  to  h y d r o l y s e  s t a rc h  at th e se  h igh  g e l l in g  t e m p e r a t u r e s  b e c o m e s  an 

important feature I h e y  a r e  f u r t h e r  a p p l i e d  in the  l iq u e fac t io n  o f  h eav y  s ta rch  p as te s  

formed as a r e s u l t  o f  e x c e s s i v e  h e a t  t r e a tm e n t  o f  c o n c e n t r a t e d  s t a r c h y  p r o d u c t s  in the  

manufacture  o f  g l u c o s e  o r  g l u c o s e  s y r u p s ,  E x a m p l e :  c h o c o la t e  sy rup .

. r»f hncterial (Bacillus) a m v lo ly t ic
c) Amylases in brewing industry : The thermo stnhili *

, i i n r e  in thc  b r e w in g  indus try
' " ' y m e s  e v e n  nl h i g h  l e m p e r a i u r e s  is o f  c o n s i d e r a b l e  im |



g fra e  microbial am> lo s e s  are a d d ed  to  su p p lem en t  lo w  diastatic malt. A m y la s e s  he lp  in 

^ c o n v e r s io n  o f  starch to  m a l to s e  for ferm entation.

suc rose .d) [ o v e r t a s e  in  c o n f e c t i o n e r y :  I n v e r t a s e  is r e s p o n s ib l e  for the  h y d r o l y s i s  o f  

This hydro ly t ic  p r o c e s s  is c a l l e d  th e  in v e r s io n  o f  su c ro s e ,  s in c e  th e re  is an  a c c o m p a n y i n g  

change in the  o p t i c a l  r o t a t i o n  t r o m  p o s i t i v e  (d e x t ro )  to n e g a t iv e  ( l ev o ) .  T h e  p r o d u c t s  o f  

hydrolysis -  i n v e r t  s u g a r  c o n s i s t s  o f  c q u i m o l a r  a m o u n t s  o f  g lu c o s e  and  f ruc tose ,  h a v e  a 

much s w e e te r  t a s t e  t h a n  t h e  o r ig in a l  su c ro s e .  It is th is  p ro p e r ty  o f  s w e e tn e s s  

characteristics o f  i n v e r t  s u g a r  th a t  m a k e s  it in v a lu a b le  in the c o n f e c t i o n e r y  indus t ry .  

Invertase is a v a i l a b l e  c o m m e r c i a l l y  f ro m  a n u m b e r  ol s o u r c e s  in c lu d in g  b a k e r ' s  and  

brewer’s y e a s t  a s  w e l l  a s  m o l d s .  It is c o m m e r c i a l l y  a p p l i e d  in the  p r o d u c t io n  o f  c r e a m  

and liquid c e n t e r s  t h r o u g h  its ab i l i ty  to  l iq u e fy  c r e a m  or  fo n d a n t  c o n ta i n i n g  m a te r ia l ,  

invertase h a s  a f u r t h e r  c o m m e r c i a l  a p p l i c a t i o n  in the  p r o d u c t io n  o f  inver t  s u g a r  s y ru p  as 

well as ar t i f ic ia l  h o n e v .

c) G lu co se  i s o m e r a s c  in c o n f e c t i o n e r y  : ( i lu c o se  i s o m e ra s e  c o n v e r t s  g lu c o s e  to  I ructosc .  

Cornsyrup t r e a te d  w i t h  th i s  c n / y m c  g iv e s  h ig h -  I ruc tosc  sy rup ,  w h ic h  is 50 pe r  cen t  m o r e  

sweet than s u c r o s e .  I l ie li  f r u c t o s e  s y r u p  is u sed  in the m a n u f a c tu r e  ol a e ra te d  d r inks .

0  Pectina.se  in j u i c e  a n d  w i n e  industry : O n e  o f  the m a jo r  c a u s e  o f  h a / e  fo rm a t io n  in 

fruit ju ic e s  a n d  w i n e s  is a t t r i b u t e d  to  the p r e s e n c e  ol c lo u d  f o rm in g  p cc t ic  s u b s t a n c e s  

particularly p e c t i n ,  f h e s e  s u b s t a n c e s  are loca ted  in the cell  w a l l s  a n d  a rc  l ibe ra ted  w h e n  

the fruit is p u l p e d ,  f h e  c o l l o i d a l  p r o p e r t i e s  a s s o c ia te d  w i th  pec t in  in Iruil j u i c e s  h in d e r  

them from th e i r  s e d i m e n t a t i o n  In the  p r e s e n c e  o f  su i tab le  e n z y m e  p re p a ra t io n  -

pectinase- the  p e c t i n  m o l e c u l e s  a rc  h y d r o l y s e d ,  the p r o d u c t  fo rm e d

colloidal p r o p e r t i e s  a s s o c i a t e d  w i th  p e c t in .  T h i s  loss  in co l lo id a l  p r o p e r t y  fac i l i ta tes  a

.car i i r l rc  w h ic h  enn n o w  b e  read i ly  
rapid s e d i m e n t a t i o n  o f  th e  c l o u d  -  f o r m in g  p ‘

cenir ifugcd. f i l t e red  o f f  o r  d e c a n t e d .
. , u iin- ic d e s i r a b le  in fruit ju ices  or  t o m a to  pu ree

There a r e  c a s e s  w h e r e  c l o u d  s tab i l i ty
. * n rehea t  the ju ice s  to d e s t ro y  a n y  

manufacture  In t h e s e  p r o c e s s e s  it is im p o r  an

P ^ t i n a s e  w h i c h  m a y  h e  p r e s e n t ,  t h u s  e n s u r i n g  a  r e ta in e d  c l o u d l n e



Saritha (2011) found that a combination of banana fruit pulp, 0.3 per cent 

pectinase. saccharomyces cerevisiaeand sugar gave maximum yield ,82%) and clarity

(g7%) f ° r * *  P r e P a r e d  b a n a n a  w i n e -

Pectinase fo r  f ru i t  j u i c e  c l a r i f i c a t io n  u n d e r  c o ld  c o n d i t i o n s  is p r o d u c e d  

cheap raw  p e c t in  r i c h  s u b s t r a t e s  l ike  o r a n g e  pee l ,  a p p le  pee l ,  g r a p e  m u s t ,  g u a v a  p u lp  and  

mango peel,  w h i c h  a r e  w a s t e s  I r o m  t ru i t  p r o c e s s i n g  in d u s t ry  ( P a d m a  et a l .. 2 0 1 1 ) .

u s in g
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Peclinnsc production  fr.un pectin rich substrates like fru it wastes

Fruit waste utilisation lor pectinase production through solid slate fermentation 

was studied and m axim um  pec.inase production was Found from grape waste using

Atptrgtlhu fhelklml 15 fVenkatesh, 2003).

n .Iirsc n f  noe t ic  e n z y m e s  arc  used  in 
8) Pectinases in coffee manufacture: Small q
colTee manufacture to accelerate the digestion of the mucil g '

i . -  nnd  o th e r  ju ices  w h e r e  h a z e
V  C'ellulaxcx: f ' e l l u l a s c  is u s e d  in th e  c la r i f i c a t io n  < ■

-  * *  ,  a   lose cloud ft -on . * -  —  ", ^
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m d also to e x t r a c t  f l a v o u r  c o m p o u n d s  f ro m  sp ice s .

Vani l l in  is  e x t r a c t e d  t r o m  v a n i l l a  g r e e n  p o d s  u s in g  c e l l u lo s e  a n d  p e c t in a s e  (T e re n  

„ fl/ , 2 0 0 l ) .

|) H e m ic e l lu l a s e s :  T h e s e  e n z y m e s  a r e  u s e d  in colTee m a n u f a c t u r e  to  d e g r a d e  lhe  g u m s  

which norm al ly  c a u s e  t h e  l i q u id  c o l l e e  c o n c e n i r a l e  to gel  d u r i n g  the  p r o d u c t io n  o f  the

instant product.

j )  Lacta.se: L a c t a s e  h y d r o l y s e s  l a c t o s e  in d a i ry  p ro d u c t s  to g lu c o s e  and  g a lac to se .  It is 

used to p re v e n t  l a c t o s e  c r y s t a l l i s a t i o n  in ice c r e a m .  It is a l so  u sed  to  p re p a re  lac tose  

hydrolysed p r o d u c t s  fo r  l a c t o s e  i n t o l e r a n t  pa t ien ts .

H) S t a c h v a s e :  H y d r o l y s e s  s t a c h y o s c .  I l e n c e  it h e lp s  lo d e c r e a s e  f l a tu lence  in l e g u m i n o u s  

products.

I) N a r a n ^ i n a s c :  H s d r o l v s c s  th e  h i t l e r  c o m p o n e n t  ' n a r i n g in  in g ra p e  fruit ju ice .  T h u s  

namginase d c h i t t c r  g r a p e  f ru i t  | u i c e s .

Vij) Limoninasc: H y d r o l y s e s  the  h i t l e r  c o m p o n e n t  ‘ l im o n in  in o r a n g e  juice.

B) P R O T E A S F S

P r o t e a s c s  a r e  e n z y m e s  tha t  c l e a v e  a p ro te in  m o l e c u le  In  the  h y d r o l y s i s  o f  p e p t i d e
*

l , • r.xM.l indus t r ie s ,  such  as  b a k in g ,  m ea t
bonds. They f ind  i m p o r t a n t  u s e s  in m a n y

tenderisation. c h e e s e  m a n u f a c t u r e  a n d  h e e r  m a n u f a c t u r e .

a  n  i- in the  b a k in g  in d u s t ry  s in c e  the  m a in
i) B a k in g  i n d u s t r y :  P r o t e a s e s  a r e  u t i l i sed

. i ,u~ h i l i n f r  indus t ry ,  to  ob ta in  a p ro d u c t  o f  
,ngredicnts o f  f l o u r  a r e  s t a r c h  a n d  p ro te in .  In ,

« n m n r r i i e s  it is n e c e s s a ry  that bo th  
Squired volume, texture, flavor and hctler storage p P

i „ . n  c o m e  d c g r a d a t i v e  ch a n g e s .
5huxh and the protein gluten o f  wheat flour underg



2nd also to extract flavour com pounds from spices.

Vanillin is extracted from vanilla Preen  nnrk „ c in n „ n i . •5 n p o a s  u s in g  c e l lu lo s e  a n d  p e c t m a s e  (T e re n

e t a l 2001)-

l) Hem icellu lascs: These enzymes are used in coffee manufacture to degrade the gums 

svhich normally cause the liquid coffee concentrate to gel during the production of the 

instant product.

j )  L a c ta s e :  L a c t a s e  h y d r o l y s e s  l a c to s e  in da i ry  p ro d u c t s  to g lu c o s e  a n d  g a la c to se .  It is 

used to p r e v e n t  l a c t o s e  c r y s t a l l i s a t i o n  in ice c re a m .  It is a lso  used  to p re p a re  lac tose  

hydrolysed p r o d u c t s  fo r  l a c t o s e  in to le r a n t  pa t ien ts .

H) S t a c h y a s e :  H y d r o l y s e s  s t a c h y o s e .  H e n c e  it h e lp s  to d e c re a s e  f l a tu lence  in l e g u m i n o u s  

products.

I) N a r a n g i n a s c :  H y d r o l y s e s  th e  h i t l e r  c o m p o n e n t  ‘na r ing in  in g rap e  Iruit j u i c e .  T h u s  

narnginase  d e b a t e r  g r a p e  f ru i t  ju ices .

Yij) Limnninnsc: H y d r o l y s e s  the  h a t e r  c o m p o n e n t  l im o n in  in o r a n g e  juice.

B) PROTEASF.S

Proteases ore enzyme' .ho. cleave a pmlcin molecule by .he hydrolysis of peptide 

bonds They find importan, uses in many food induslries. such as baking, meal

tender isa t ion.  cheese manufacture and hcer manufacture.

n n , .  iiiic/vft in the baking industry since the main*) Baking industry: Prolcases are utilised in
i .un hnlino industry. to obtain a product of

ingredients of flour are starch and protein. In the aki g
■■squired volume, texture. flavor and b e e r  storage properties, it is necessary that both 

«**h and the protein gluten o f wheat flour undergo some degradat.ve changes.



[„ g e n e ra l  w h e a t  c o n t a i n s  a  v e r y  lo w  p r o t e a s e  ac t iv i ty .  So  tha t  f lo u r  m i l l e d  f rom  

nonna] w h e a t  u s u a l l y  r e f l e c t s  s u c h  a  d e f i c i e n c y .  A s  a  resu l t  s u p p l e m e n t a t i o n  o f  th is  

enzyme is r e q u i r e d  in t h e  b a k i n g  p r o c e s s .  T h e  so u rce  o f  th is  e n z y m e  p re p a ra t io n  is the  

same as tha t  for  th e  a m y l a s e s  i.e., t h e  fu n g u s  Aspergillus oryzae. T h e  a c t iv i ty  o f  the  

proteolytic e n z y m e  is c o n f i n e d  to  th e  p ro te in  g lu ten ,  w h ic h  is r e s p o n s ib l e  for the  v i s c o  

elastic p ro p e r t i e s  o f  t h e  f lo u r .  It is in fac t  the  q u a n t i ty  a n d  q u a l i ty  o f  the  g lu t e n  w h ic h  is 

the critical f ac to r  o n  t h e  r e s u l t a n t  H our  s t r e n g th .  A h igh  p ro te in  c o n c e n t r a t i o n  is n o r m a l l y  

associated w i th  s t r o n g  f lo u r ,  r e s u l t i n g  in d o u g h  w i th  g o o d  to l e r a n c e  to m ix in g .  T h e  

property can  b e  m o d i f i e d  by i m p r o v i n g  a g e n t s  such  as b r o m a te s  o r  p e r o x i d e s  w h ic h  

produce s t r o n g e r  f lou r .

T h e  p r o t e o l y t i c  e n z y m e  a t t a c k  b r in g s  a b o u t  a d e c r e a s e  in the viscosity '  o f  the 

flour. T h is  d e c r e a s e  in t h e  v i s c o s i ty  r e su l t s  a r e d u c t io n  in m i x in g  t im e  to o b ta in  the 

optimum gas  r e t e n t i o n  in the  d o u g h ,  r e n d s  it m o r e  p l iab le  and  e x te n s ib le .  T h e r e  is 

however a d a n g e r  o f  e x c e s s i v e  s o f t e n i n g  le a d in g  to  u n m a n a g e a b l e  sticky d o u g h  i f  the  

enzyme c o n c e n t r a t i o n  is lo o  h ig h  M o d e r n  indus tr ia l  t e c h n iq u e s  can  p r o d u c e  funga l  

enzyme s u p p l e m e n t s  o f  r e q u i r e d  act iv i ty  e n a b l i n g  the b a k in g  industry  to c o n t ro l  the 

condition o f  the  d o u g h  to  t h e i r  o w n  spec i f ic  r e q u i r e m e n t s .  I he  lunga l  p ro t e a s e  a lso  play s 

an impor tan t  ro le  in i m p r o v i n g  the  qua l i ty  ol the b read .  E n z y m e  t rea ted  d o u g h  a p p e a r  to 

have a m u c h  i m p r o v e d  g a s  r e t e n t i o n  a n d  ov e ra l l ,  exh ib i t  an inc reased  v o lu m e ,  b e l t e r  

symmetry and  t e x t u r e  a n d  i m p r o v e d  f l a v o u r  as  wel l  as be t te r  s to rage .

ii) Meat industry: P r o t e o l y t i c  e n z y m e ,  a r c  used  in llic le n d c r i s a t io n  o f  m e a l .  I lie v a lu e

i * * i * i»niv r n m m c r c i a l  bill h as  a nu t r i t iona l  role .  T h eof e n z y m e s  in ten cJe r i s in g  m e a l  is not  om v  m m u m
n .   iim i im cr lp  fk ^ n p  r n m n o n m K  in

e n z y m e s  in t e n d e r i s i n g  m e a l  is not o n ly  c o m m c r u t n  

function o r  a  t e n d e r e r  is t o  hydrn ly .se  o n e  or  m o r e  o f  lhe m u s c l e  t i s s u e  c o m p o n e n t s  I

part icular  s a r c o l e m m a  w h i c h  h o l d s  lh e  m u s c l e  f ib res  to g e th e r .  I f  t h e r e  is to o  g rea t  .. 

degradation o f  lh e  m u s c l e  f ib re s ,  th i s  c o u ld  lead .0  a  m u s h y  l i ssuc .  A n u m b e r  o f  

proteolytic e n z y m e ,  o f  p l a n , ,  a n i m a l  a n d  m ic ro b ia l  s o u r c e s  h a v e  p r o v e d  ,0  he  e f f ic ien t
h ro m e l i n  a n d  R H o z y m c  P. I I  r e s p e c t iv e ly

tendensers. A m o n g  t h e s e  a r e  t r y p s in ,  p a p a in .

from b o v in e  p a n c r e a s ,  p a p a y a  la t e x ,  p in e a p p l e ,  fig I# '** an<l
n ,  , , 1; « , l \ e  Ihe  s a r c o l e m m a  f o l lo w e d  b y  the  d i s a p p e a r a n c e  o f
I he  in i t ia l  s t a g s  is to  d i s s o l v e  inc

. /-u o o c c u r s  w i th  c o m p l e t e  loss  of c ro ss  
,l>e nuc leus ,  a n d  d e g r a d a t i o n  o f  th e  m u s c l e  h h r c s



s t a t i o n s .  P lan t  e n z y m e s  a r e  c h a r a c t e r i s e d  b y  th e i r  s t ro n g  a c t io n  on c o n n e c t i v e  t i s su e  

(c0, |agen) a n d  th i s  d e g r a d a t i o n  c a n  b e  e n h a n c e d  b y  h e a t in g  as  ca r r ied  o u ,  d u r in g  c o o k in g .  

Elaatin the o t h e r  m a j o r  c o m p o n e n t  o f  c o n n e c t i v e  t i s sue  is no t  a l t e red  e i th e r  b y  c o o k i n g  o r  

aging and  is p r e s e n t  in l a r g e  a m o u n t s  in th o s e  t i s su es  r e q u i r in g  te n d e r i s a t io n .  F icin .  

papain and b r o m e l i n  al l  s h o w  e x t e n s i v e  a c t iv i ty  on  e las t in .

T h e re  a r e  s e v e r a l  w a y s  b y  w h i c h  t e n d e r i s e r  is ap p l i e d .  S u ch  m e t h o d s  in v o lv e  

either sp r in k l in g  th e  m e a l  c u t  w i t h  a p o w d e r e d  e n z y m e  p re p a ra t io n s  o r  im m e r s i n g  it into 

3 liquid p r e p a r a t i o n .  I n j e c t i o n  o l  a p r o t e o ly t i c  e n z y m e  into the  v a s c u l a r  s y s t e m  o f  ca t t le  

prior to s l a u g h te r  is a l s o  a d o p t e d .

T h e  t e n d e r i s a t i o n  cfTect o f  a new e la s ta se  from Bacillus  sp .  E L 3 1 4 I 0  and  pap a in  

was inves t iga ted  o n  b e e !  m e a t  a n d  fo u n d  tha t  Bacillus  e la s ta se  ( E L 3 I 4 1 0 )  is a p r o m is in g  

substitute for p a p a i n  a s  a f a v o u r a b l e  m e a t  t e n d e r i s e r  ( Q ihe ,  20 0 6 ) .

iii) B r e w i n g  i n d u s t r y :  P r o t e a s e  is u s e d  to  r e m o v e  n o n -b io lo g ic a l  h a z e  in beer .  H az e  in 

beer can be e i t h e r  d u e  to  th e  p r o l i f e r a t i o n  ol in fec t ing  m i c r o o r g a n i s m s  (b io lo g ic a l  h aze )

or as a resul t  o f  c h e m i c a l  r e a c t i o n  b e t w e e n  s u b s t a n c e s  in the b e e r  (non  b io lo g ic a l  haze ) .

Modern t e c h n o lo g y  h a s  n o w  e l i m i n a t e d  the  b io lo g ica l  type  ol h a z e  w h i l e  the  la t ter  type  is

still a se r ious  p r o h l c m

The n o n  b i o l o g i c a l  h a / e  is a resu l t  o f  the c o m b i n a t i o n  o f  p o l y p e p t id e  a n d  tan n in

molecules in b e e r  g i v i n g  r i se  to  eas i ly  o b s e r v e d  par t ic les .  C a r b o h y d r a t e s  and  heavy

metals are a l s o  i n v o l v e d  in th i s  r e a c t io n  O v e ra l l  the re  a p p e a r  to  he  tw o  s ta g e s  in b e e r

leading to th i s  t y p e  o f  h a z e  f o r m a t i o n

1) T h e  p lo y m e r is a l io n  n l ihe lam im  m o le c u le s  to form active  po lym ers .

2) f l i c  r ea c t io n  b e tw e e n  the ac t iv e  p o lym ers  and po lypeptide  m o lecu le s .

The c o n d e n s a t i o n  o f  a l a n n m  a n d  p o l y p e p t id e  o c c u r s  in seve ra l  s teps .  In i t ia l ly

there i ,  a r e v e r s i b l e  a s s o c i a t i o n  b e t w e e n  ta n n in  a n d  p o l y p e p t id e  th r o u g h  h y d r o g e n

l  r .i , innnin  nnrl the  c a r b o x y l  g ro u p  ol the
E n d i n g  between t h e  h y d r o x y l  g r o u p  o f  (he

• .t f..Hhpr stabilised bv the formation o f  a strong 
Polypeptide link. I h i s  w e a k  l inkage  is then

. A e i . r r e s s f u l l v  in p r e v e n t in g  ib is  ty p e  o f  haze; 
Cnvalent b o n d .  P r o t e o l y t i c  e n z y m e s  a re  u s e d  -

. . i i l n n  the tannin co m p o n en t ,  it is their 
since the protein m o l e c u l e  is con sid erab ly  arg

. ( onsetiuently  by reducing the polypeptide
size which d e te r m in e s  the  final aggregate  size.



- ,i,irh suitable enzym e preparations, the time fnrgtze wim bu u,c ume tor the aggregate to reach optical size
*j|I be increased.

w Cb<*K manufacture: Rennin. a major proteolytic enzyme obtained from the stomach 

of calf. pla.vs an 'm Portant r° le  the production o f  cheese. The primary stage in the 

process involves the curdling o f  m ilk  by rennin. obtained commercially from the stomach 

of a calf-

O th e r  p r o t e a s C i  c a n  a l s o  c u r d l e  m i lk  but  o f  all ol th e m ,  renn in  a n d  p e p s in  p ro d u c e  

the largest a m o u n t  o t  c u r d  o v e r  th e  s a m e  p e r io d  o f  t ime.  I he  f e rm en t  cu rd  o b ta in e d  u s in g  

rennin had  an e n z v m e  a c t i v i t y  ten  fold g r e a t e r  than  that o f  a n y  o th e r  p ro tea se .

v) P r o d u c t i o n  o f  p r o t e i n  h y d r o l v s a t e s :  P ro tea sc .  h av e  b een  used  to h y d r o l y s e  s o v b e a n  

or ground nu t  p r o t e in  i s o la t e s ,  c a s e i n ,  fish,  m e a t  etc.  to p ro d u c e  p ro te in  h y d ro lv sa te s .  

Papain and funga l  p r o t e a s e  a re  u s e d  o n  a c o m m e r c i a l  scale .

Pro te in  h y d r o l y s a t e s  w e r e  p r e p a r e d  from b o v in e  lung, b o v in e  r u m e n  and  f rom  

partially d e fa t t e d  t i s s u e  bv t r e a t m e n t  at 5 0 ° C  w i th  peps in  at pi I 3-0 ( W e b s t e r  cl al.. 20 0 3 ) .

C) L IP A S E S

Lipases are cn /vm es that hydrolv se ester linkages in glvceridcs.

i) Cheese m a n u fa c tu re : I b i s  group ol cn/vmes plavs a major role in cheese

manufacture and rhcir hydrolytic activity is determined bv the micro flora of cheese. \ l  

various phases during the ripening " I Hie pr cl n different microorganism will

predominant by its en /y m ic  activity.
r I „cn inn  I mul sofl In the hard cheese the ripeningThere are two main type of tliccsc. hauJ onu sou.

i • .i hnncp iicpl f  1 or example in cheddar cheese,
ts brought about by bacterial action in the chce.

r.iQi m this the sol) varieties involve yeasts,
the organism involved is /. c irw m rum .  In contrast
-I- . r rhoese limiting the final product to a small
slime molds or bacteria on the surface ol the cl

^rwonicms which w ill result in uniform  
size to ensure penetration o f  the surface micro ^

favour throughout the cheese.
. iinnlvsis o f  the buttcrfat and work hasDuring c h e e se  ripening there is extensi .

_ f  m i c r o o r g a n i s m s  w i th  e n z y m e s .
carried out to supplement lipolytic oclivi



7 *  “ *  o f  pregaStriC e s te r a s e s  has  b een  s u c c e s s fu l ly  utilised in c h e e s e  ripenin* T h ese  

enzyWes have b een  e x tr a c te d  from  the e x e r c ise d  g lands o f  cattle , lamb and goats. T h ey  

Iterate free fatty a c id s  from  crea m .

ji) Break down em u lsion s. L ip a s e s  he lp s  to break d ow n  em u ls io n s

Hi) W h ip p in g  p r o p e r t i e s  o f  e g g  a lb u m in :  L ipases  helps to im prove w h ip p in g  properties  

of  egg albumin

The n e g a t iv e  e f f e c t s  ot  e g g  yo lk  contam ination  in eg g  w hites  on the functional 

properties like lo a m  v o lu m e ,  lo a m  capacity ,  and foam ing  p ow er  can be reversed bv 

treatment w ith  M ucor miehci  l ip ase  ( M ach erey  cl <7/.. 2 0 1 I ).

D) O X ID O  R E D  l rC T  A S  KS

Som e im portant o x id o r c d u c t a s c s  are g lu c o se  ox id ase ,  catalase. perox idase  and 

l ipoxygenases .

i )G lucose  o x i d a s e :  (T lu co se  o x id a s e  is an e n /v m e  w hich  o x id ise s  g lu co se  to g lu con ic  

acid in p resen ce  ot o x y g e n  and in the process  hydrogen peroxide is formed.

G lu co se  o x id a s e  is c o m m e r c ia l ly  used to rem ove  traces ol g lu co se  and o x y g e n  in 

a variety o f  food p ro d u c ts ,  su ch  as beer, c h e e se ,  carbonated b e v e ia g e s ,  dried eg g s ,  w ines ,  

etc.. to prevent d e ter io ra t io n  d u r in g  storage  by ox idation  or brow ning.

ii) Catalan?: C a ta la se  d e s tr o y s  h y d ro g en  peroxide  used lor food sterilization. I. is a lso  

used to remove h y d r o g e n  p e r o x id e  from g lu c o s e  o x id a se  reaction.

»> P ero x id a se :  P e r o x id a s e s  are e n z y m e s  w h ich  o x id ise  hydrogen peroxide  or organic  

Peroxides in the p r e s e n c e  o f  an n x id isa b lc  substance, .h i s  e n z y m e  is quite  hen, stable. 

A|w ui 50 per cen t o i ' e n z y m c  a c t iv i ty  rem ains  ev en  nllcr the e n z y m e  is healed al 85 (. for 

3 0  minute,.B e c a u s e  o f  th is  property  the activ ity  o f  this e n z y m e  is used to detect  

' f c c t iv e n c s s  „ f  b la n c h in g  I he lo s s  o f  p erox idase  activity in a b lanched  lood  produc, ,s

tak'n  to indicate  the  in a c t iv a t io n  o f  the deteriorative  en zy m es .

I f .



ir) L ip °* y g e n a s c s :  L ,p O X y g en aS eS  a r e  u s e d  in s o m e  c o u n t r i e s ,  p a r t i cu la r ly .  U n i te d  S ta te s  

Canada in th e  p r o d u c t i o n  o f  b r e a d .  T h e  e n z y m e  b r in g s  a b o u t  b l e a c h i n g  b y  o x id a t io n  

o f  the natural p i g m e n t s  o f  t h e  H o u r  to  p r o d u c e  a v e r y  w h i t e  c ru m b .

jVflSCELLANEOUS A PPLICA TIO N OF ENZYMES IN FOOD PROCESSING

E n z > m e s  h a v e  b e e n  u s e d  in th e  p r o c e s s i n g  o f  seve ra l  o th e r  food  p ro d u c t s .  T h e se

a re  briefly d e s c r i b e d  b e l o w .

j) Diacetyl r e d u c t a s e :  D ia c e lv l  is form ed in varying am ounts  in beer during  

fermentation. It im parts  the f lavour  o l  butler to beer. I he e n z v m e  d iace lv l  reductase
■* m

obtained from A erobac tcr  acruf>enc\ has been added to beer to reduce d iace lv l  to 2. 3 

butylene g ly co l  w h ic h  h as  n o  f lavou r  (S w a m in a th a n . 1987).

ii) Tannasc: Tanna.se h e lp s  in so lu b i l i s in g  tea solids. B rew ed tea b e c o m e s  turbid due to 

the precipitation o f  p r o te in s  bv tannins. I he e n /y m e  tan nasc obtained from A nigcr has  

been used to h y d r o ly s e  ta n n in s  and prevent the precipitation ol proteins.

Hi) My rosin a se: M y r o s m a s c  h e lp s  to delo.xily  th iog lu eos id e  in mustard and rape seeds.  

By the action o f  the e n / y m e  m yrosina.se . on the toxic  g ly c o s id e  present in rape and 

mustard seeds ,  ally  I i s o th io c v a n a tc  is released  I his is recovered as n vo lat i le  material by

steam distillation.

fo) L y so zy m e:  This e n / y m e  has  b een  used in hum anising  cow  s m ilk. H um an m ilk  

contains l y i o z y m e  w h i l e  c o w ' s  m ilk  d o e s  not contain  ibis e n z y m e .  L y s o z y m e  is b e in g  

aided to cow's m ilk  to  m a k e  it m o re  su itab le  for human infants. L y s o z y m e  has a lso  been

used as a p reserv a t iv e  for m ilk ,  c h e e s e ,  etc.

o n  h iu h  hut  the  b ioavt t i lnbi l i lv  is
v) Phytascs: T h e  m in era l  c o n te n t  o f  le g u m e s  is gene

. .  , ~u,Kite Iron and zinc absorption, The
P001- due to the presence o f phytate, which mh



^ t i o n a l  enect o. pnytate ,s due ,o it, chela[ing nmure ^  ^

e|iminai« the chelating ability o f  phytate. Chinese Academy of Agricultural Sciences 

(CAAS)deve,°Ped a com v-lth hlSh levels of phytase ( I U F o S T .  2010).

si) .A sp a rag in a se :  M a n y  p l a n t  d e r i v e d  fo o d  in g r e d ie n t s  s u c h  a s  r ice ,  w h e a t ,  corn ,  bar ley .  

*o»- P°uro m d  °atS "* Primaril> c a r b o h y d r a t e  r ich  w i th  su f f ic ien t  a m o u n t s  o f  a sp a rg in e  

i t  the prote in  c o n t e n t .  T h e  r e a c t i o n  b e t w e e n  r e d u c i n g  s u g a r s  a n d  a m i n o  ac id s  is 

responsible for  t h e  c o l o u r  a n d  f l a v o u r  in m a n y  o f  the  b a k e d ,  fr ied and  to a s ted  foods .  

Aery lam ide. a  b y -  p r o d u c t  o f  t h e  c o o k i n g  p ro c e s s ,  is f o rm e d  b y  th e  re a c t io n  o f  

asparagine- tin a m i n o  a c i d  a n d  a c a r b o n y l  g r o u p  ot r e d u c in g  s u u a r s  (g lu c o s e )  at h igh  

temperatures o f  c o o k i n g .  T h e  d i s c o v e r y  o f  a c r y l a m i d c  in lood  is o f  g rea t  c o n c e r n  b e c a u s e  

it ig a potent ial  h u m a n  c a r c i n o g e n .  A s p a r a g i n a s e  c a ta ly s e s  the  c o n v e r s i o n  o f  aspariz ine to 

aspartic acid  a n d  a m m o n i a .  I r e a t m e n t  o f  p o ta to  c h ip s  w i th  a so lu t io n  of a s p a r a u in a s e  

decreased the c o n t e n t  o f  a c r y l a m i d e  by 6 0  p e r  c e n t  (P e d re s c h i  cl al., 2 0 0 8 ) . A sp a r t i c  acid,  

the product d o c s  n o t  r e a c t  f o r m  aery lam  id c Fhe b r o w n in g ,  tas te  and  nu t r i t iona l  

properties r e m a in  u n a f f e c t e d

IMMOBTI.IS AT ION Ol i n / a  MIS

The t e r m  i m m o b i l i s e d '  m e a n s  u n a b le  to m o v e  o r  s ta t iona ry .  I n / y m c  

immobilisation c a n  h e  d e f i n e d  as  th c  a t t a c h m e n t  o f e n / y m c s  to d i f fe ren t  ty p e s  o f  s u p p o r t s  

resulting in r e d u c t i o n  o r  h . s s  o f  m o b i l i t y  o f  the  c n / y m c  ( K h a n  a n d  A l / o h a i r y .  2 0 1 0 ) .  T h c  

materials u sed  for  i m m o b i l i s a t i o n  of e n / y m c s .  co l led  ca r r ie r  m a t r i c e s ,  arc  usual ly  o rg a n ic  

inert p o ly m e rs  o r  i n o r g a n i c  m a t e r i a l s  I he  v a r io u s  m e t h o d s  u sed  for im m o b i l i s a t i o n  o f  

'nzym es  m a y  h e  g r o u p e d  in fo  th e  f o l l o w i n g  fou r  types :  (a) a d s o rp t io n ,  (b)  c o v a le n t  

E nd ing ,  (c )  e n t r a p m e n t ,  a n d  f d )  m e m b r a n e  c o n f i n e m e n t .



F ig u r e -  N o . 4

M e t h o d s  o f  im m o b i l i z a t io n

a) A d s o rp t io n :  In c a s e  o t  a d so r p t io n ,  the e n z y m e  m o le c u le s  adhere to the surface o f  

carrier matr ix  due to a c o m b in a t io n  o l  h yd ro p h o b ic  e f fe c ts  and the formation o f  several  

salt links per e n / ' - m e  m o l e c u l e .  S o m e  o f  the c o m m o n ly  used m atrices are ion ex ch a n g e  

matrices, porous ca rb o n ,  c la y s .  h y d r o u s  m etal o x id e s ,  c la sses ,  and p o lym eric  aromatic

resins.

Invena.se wa.s a d s o r b e d  o n to  m icro -p o ro u s  acid-activated  m ontm cril lon ite  clay 

(K-IO)by tw o p r o c e d u r e s .  n a m e ly  ad sorp t ion  and cova len t  binding (Sanjay and Sugunan.  

2006),

b) Covalent b in d in g :  [n (h is  s y s t e m  the c n /> m c  m o le c u le s  arc attached to the carrier 

falrix by the fo r m a l ,o n  o f  cova len t  b o n d s  \ s  a result, the strength o f  funding is very 

* W g .  The m o s t  c o m m o n l y  em p loyed  m atrices are agarose, c e l lu lo s e s  and

Polyacrylamides.

c| Entrapment: In this approach, enzyme m olecules arc held or entrappc  

suitable gels or fibres and there may or may not be covalent bond formotio

Bnzyrne molecules and the matrix.

.... in nn amicous solution, may be
' Membrane confinement: I n/yme molecules, usu ^  ^ ^  mnvemen. in

^ r'ncd Within a wmipcrmeable membrane which i.



direction to the su b s tr a te s  an d  p ro d u c ts  but doe*
^  ^  n° l p e n ™  e n z y m e  m o lecu le s

3jes^Pe '

y4yTAGES O F  I M M O B I L I S A T I O N

, Enzymes are c o s t l y  i t e m s .  I m m o b i l i s a t io n  perm its  their repeated use  

I  The product is readilv  treed  from  the e n z v m e .

,  Continuous p r o d u c t io n  s y s t e m s  can  he u sed , w h ic h  is not p o ss ib le  w ith  free 

enzymes.

The production  o f  g a la c t o - o l ig o s a c c h a r id e s  ( G O S l  from lactose  b y  ,1

to-galactosidose im m o b i l i s e d  o n  c o t to n  c lo th  u a s  stud ied . The thermal stabilitv  o f  the
*

enzvme increased a p p r o x im a t e ! )  2 5 - f o l d  u p on  im m o b il iz a t io n  on cotton cloth  (A lbavrak  

and Yang, 2002).

C O M M E R C IA L  F .N Z V  M I  S

List o f  s o m e  ot the c o m m e r c i a l  c n / v m e s  a v a i la b le  in the market is uiven below :

T a b l e -7  

( o m n ic r c ia l  e n / \  mes

Product N a m e Industrial application

BakeW ell F A f u n g a l  arnvlnse c n / y m c  for d ou gh  im provem ent
in bread-m aking

Bake W ell FP f u n g a l  p r o le a se  for d o u g h  dou gh  im provem ent
in bread-m aking

Ultrahrew APG

7 ^ -  ^  1 m j

M ix t u r e  o f  Amylase. Protea* and B e la  Glueanase
for liberation

--------------F ^ g a l T i ^ A ^ *  t o  fermentationI'ltrabrew FA



E n z y m e s  o c c u r  in a l l  l i s i n g  o r g a n i s m s  and  ca ta ly se  b io c h e m ic a l  r e a c t io n s
m

n ecessary  to  s u p p o r t  l i te .  E n z v m e s  h a v e  m a n y  a p p l i c a t io n s  in m o d e r n  food p ro cess in g .  

Their p roper ty  b e n e f i t s  b o t h  the  food  indus t ry  and  the c o n s u m e r .  E n z y m e s  are  ab le  to 

se le c tiv e ly  i m p r o v e  f l a v o u r ,  t e x tu re ,  nu tr i t iona l  va lue  and  diges t ib i l i ty  o f  foods ,  b e c a u s e  

o f  their e f f i c i e n c y  a n d  s p e c i f i c i t y .  l h e  ro le  o f  e n z y m e s  in e f f ic ien t  use  o f  r a w  m ate r ia l s ,  

improved p r o d u c t  r e c o v e r s  a n d  q u a l i ty  m a n a g e m e n t  m a y  lead to be t te r  a p p l i c a t io n s  of 

en zv m es in the  c o m i n g  d e c a d e s .
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d i s c u s s i o n

Ans: C o m m e r c i a l  s o u r c e s  o f  e n z y m e s  a rc  o b ta in ed  fm m  ,i
i rom  th ree  p r i m a r y  so u rc e s ,  i.e.

animal tissue, p lants and m ic r o b e s .  T h e se  n a tu n ltv  non
 ̂ o c c u m n g e n z y m e s  a re  q u i te  o f ten  no

readily a v a i l a b l e  in s u f f i c i e n t  q u a n t i t i e s  fnr fnnrt .■
r 7 H ILS ,o r  ,00d  ^ P l i c a t i o n s  o r  indus tr ia l  use .  H o w e v e r

by i so la t ing  m i c r o b i a l  s t r a i n s  tha t  p r o d u c e  the d es i red  e n z y m e  a n d  o p t i m i s i n g  thc

conditions for g r o w th ,  c o m m e r c ia l  quantities can be obtained. This  techn ique  is callec

fermentation. O n c e  ferm en tat ion  is com p le ted ,  the m icroorganism s are destroyed: thc

enzymes are iso la ted ,  and further processed  for com m ercia l use.

2. What is lU F o S T ?

Ans: International I n ion  o l  I o o d  S c ie n c e  and T ech n o lo g y
W  •

3. W'hat is the p u rp ose  o f  im m o b il isa t io n ?

Ans: E n zy m es  are genera lly  rather difficult to isolate in pure form. H ow ever ,  after 

purification, th e )  s p o n ta n e o u s ly  denature. I mails to he used, they need to he m ixed  with  

the substrate, after w h ic h  n may be very difficult to gel the e n z y m e  back. 1 n / \ m c  

immobilization is a te c h n iq u e  to s o lv e  this problem.

4. Are e n z y m e s  l iv in g  o r g a n is m s ?

Ans: No. A lth o u g h  e n z y m e s  arc form ed in living cells ,  they arc not liv ing  materials.



a b s t r a c t

C a ta l y s t s  a r e  s u b s t a n c e s  tha t  m o d i f y  a n d  in c rease  the  ra te  o f  a c h e m ic a l  r e ac t io n  

without b e in g  c o n s u m e d  in t h e  p ro c e s s .  B a s e d  on the  sou rce ,  c a ta ly s t s  c a n  be  d iv id e d  into 

two: c h e m ic a l  c a t a l y s t s  a n d  b io lo g i c a l  ca ta ly s t s .  E n z y m e s  are  the  b io lo g ic a l  ca ta lys ts .  

Pelczer el al.(1 9 9 6 )  d e f i n e d  e n z y m e s  as  the b ioca ta lys t s ,  w h ic h  b reak  d o w n  the  

macromolcculc to  s i m p l e r  t o r m s ,  w i t h o u t  u n d e r g o in g  a n y  c h a n g e  by th e m s e lv e s .  In 1877.  

German p h y s i o l o g i s t  W i l h e l m  K u h n c  first used  the  te rm  e n z y m e .  T h e  n a m e  c o m e s  f rom 

the G reek  w o r d  zy m osis  m e a n i n g  *in l e a v e n ’ o r  vcast .

An e n z y m e  m o le c u le  has a h igh ly  spec if ic  binding site or active site to w hich  its 

substrate b inds to p ro d u ce  enzy m e-subslrate  co m p lex .  The reaction proceeds at the 

binding site to p ro d u ce  the products , w hich  remain associated with the e n zy m e .  The

product is then liberated and the e n / y m e  m o lecu le  is freed in an active slate to initiate

another round o f  ca ta ly s is .  I he m ost important feature o f  e n zy m e  cata lysis  is stabilisation  

o f  the transition state o l  the substrates and the reduction ol the activation energy ol the 

overall reaction. E n z y m e s  are ca tegor ised  into six main groups on the basis ol the general 

type o f  reaction they c a ta ly s e

E n z y m e s  are the u n u |i ic  natural processing  aids in the lood  and beverage  industry. 

There are a n u m b er  o f  a d v a n ta g e s  ol using  e n /y m c s  in lood processing . I n z y m c s  are 

natural n o n to x ic  substance-,  ili.il ca ta ly se  n g iven  reaction without cau sin g  unw anted side  

reactions. T h e y  arc a c t iv e  under m ild  cond it ions  o f  temperature and pi I. ac t ive  at low  

concentrations and the rea c t io n s  they  cata lyse  can be easily controlled.

 ̂ w, „rn nhtnined from three primary sources ,  i.e..E n z y m e s  u sed  in food  p ro cess in g  arc obtained iro.n \

animal , i „ u e .  p l a n t s  a n d  m i c r o b e s .  E n z y m e s  a rc  c o m m o n l y  e m p l o y e d  for i e x .n re  

modification, i n c r e a s i n g  y i e l d s ,  r e c o v e r i n g  h ig h  v a lu e  ing red ien ts ,  b e v e r a g e  c la r i f i ca t ion .  

-  b ak e ry  a i d , ,  f o r  m e a t  i e n d e r i s a . i o n ,  m i lk  c o a g u la t io n  a n d  p ro .c u ,  h y d ro ly sn tc

Preparat ion ( J a m e s  a n d  S i m p s o n .  1096).



S o m e  c o m m o n l y  u s e d  e n z y m e s  in j

. . .  . P ro c e s s in g  a r e  the  c a rb o h y d r a s e s
proteases, l i p a se s  a n d  s o m e  o x i d i z i n g  e n z v m e s  A m „  , . o r a . e s .

, • „  „  , • S' Am 0n^s' "orbohydrases. alpha and beta -
jjjnylases. invertase, cellulose, glucose isornemcp o a

, . ,  . . ' s o m e r a s e  a n d  p e c tm a s e s .  a re  s o m e  o f  the
enzymes u se d  in f o o d  p r o c e s s i n g  in d u s t ry .  P e c t in a se s  rn r  r  •

’ r e C t ,n a s e s  for fruit  j u . e e  c la r i f i ca t io n  un d e r  
cold c o n d i t io n s  is  p r o d u c e d  u s i n g  c h e a p  r a w  pec t in  r ich  c„ k r , 

1 pec l ln  n c h  s u b s t r a t e s  l ike o r a n g e  pee l ,  a p p le
pee, and m a n g o  p ee l  w h ic h  are w a s .e s  from fruit p rocess in g  industry (Padma «  a ,  

2 0 , , ) .  Proteases are e n z y m e s  that c le a v e  a protein m o le c u le  by the h yd ro lys is  o f  peptide  

bonds. T h ey  „ n d  im portant u s e s  in m an y  industries such as baking, m eat tenderisation  

cheese and beer m a n u fa c tu re .  L ip a ses  are e n z y m e s  that hydro lyse  ester linkages in fats 

liberating tree fatty ac id s ,  l i p a s e s  are m a in ly  in vo lved  in the m anufacture o f  cheese .

Ordinarily, a d d ed  e n z y m e s  are inactivated after they serve  the desired purpose, so

it cannot be used  a g a in .  E n z y m e  im m ob il isa t ion  is a technique to s o lv e  this problem.

Enzyme im m o b il is a t io n  can  he d e f in ed  as lhe attachment o f  e n z y m e s  to different types  o f

supports resulting in red u ction  or loss  o f  m obility  o f  the e n z y m e  (Khan and Alzohairy.  

2010).

P n z y m c s  are a b le  to se le c t iv e ly  im prove flavour, texture, nutritional value and 

digestibility o f  fo o d s ,  b e c a u s e  o l  their e ff ic ien cy  and spec if ic ity .  Ihe role o f  e n z y m e s  in 

efficient use  of raw m ater ia ls ,  im p roved  product recovery and quality may lead to better 

applications of e n / y m c s  in the c o m in g  decades .
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D IA B E T E S M E L L IT U S - A GLOBAL TH REAT AND ITS

d i e t a r y  m a n a g e m e n t

. in t r o d u c t io n

Diabetes m e l l i t u s  i s  a s i l e n t  ch ro n ic  d isorder  characterized  b y  e le v a te d  h lood  sugar  

levels either d u e  to  d e t e c t i v e  in su l in  secre t io n  or action  or both. It is a ssoc ia ted  w ith  

altered m e ta b o l i s m  o t  c a r b o h y d r a te s ,  fats and proteins. Diabetes  is  the G reek w o rd  for 

‘siphon’ ( s in c e  p e o p l e  w i t h  u n c o n tr o l le d  d iab etes  tend to urinate c o p io u s ly )  and m ellitus  is 

Latin w ord for • h o n e y '  or  ‘s w e e t ’ .

2. WHAT IS DIABETES?

Diabetes or m a d h u m e h a m  is a d is e a s e  related to sw e e tn e ss .  M an requires cncrgv for 

all o f  the d a i ly  a c t iv i t i e s .  T h is  e n e r g y  is m a in ly  der ived  from carbohydrates.  W h en  w e  eat 

carbohydrates th r o u g h  o u r  d ie t ,  our b lo o d  sugar increases. I f  it rises b e y o n d  180 m g d l .  

sugar is e x c r e te d  in the  urine. N o r m a l ly ,  insulin , a h orm on e  produced  by the beta c e l l s  o f  

the pancreas h e lp s  to  u t i l i s e  su gar  for the production  o f  en ergy  by the body . It h e lp s  in 

glucose uptake by th e  c e l l s ,  p r ev en ts  a rise in b lood  sugar and m ainta ins  its level w ith in  

certain standard l im its .  In d ia b e te s ,  e ither  the pancreas cannot produce e n o u g h  insu lin  or 

what is p ro d u ced  is not e n o u g h  m c o n tr o l l in g  the b lood  sugar. I h is  a l te c ts  the m e ta b o l ism

o f  several n u t r i e n t s .

3. DEFINITION

The term d ia b e t e s  m e l l i t u s  describe!, u m etab o lic  d isorder o f  m u lt ip le  aet io logy

characterized b y  c h r o n ic  h y p e r g ly c a c m in  w ith  d isturbances o f  carbohydrate , protein and

r . . . . r . • nni■ Iin qprrriion action , or both. T h e  e f fe c ts  o f
fat m e ta b o l ism  r e s u l t in g  fro m  d e f e c t s  in insulin

avafn n ct ion  and failure o f  various organ s  
diabetes m e l l i tu s  in c lu d e  lo n g - te r m  d a m a g e ,  dy.

(W HO. 2 0 1 0 ) .

. , . I wve nnt nroducc or properly  use  in su lin  to 
D iabetes  is a d i s e a s e  in w h ic h  the body

.  , , sn/srav n eed ed  for da ily  l ife  ( A D A ,  2 0 1 0 ) .  
convert sugar, s ta r c h e s  an d  other fo o d  into «.

i ,  tUat nrrvents  the bod v  to utilise  g lu c o s e  
Diabetes m e l l i tu s  is  a c h r o n ic  m e ta b o l ic  d iso r  c

• , ,  hv raised blood glucose concentration and 
completely or partially. I. is characterised h> 20fl0,
t ltw attons in the  c a r b o h y d r a te ,  p ro te in  and fat me a



Warfd  H ea lth  O r g a n i s a t io n  p re d ic ts  that d e v e lo p in g  co u n tr ies  w i n  bear the  b u m , o f  th is  

i d e n t i c  in  the  2 1 s t  c e n tu r y .  C u rren t ly ,  m o r e  than 7 0  per cen t o f  p e o p le  in the w o r ld  w ith  

^  live  in  l o w  a n d  m t d d le - i n c o m e  cou n tr ies .  A n  es t im a ted  2 8 5  m il l io n  p eop le .

cotrespnndinS t0  6  4  p er  c e n t  o t  th e  w o r l d 's adult pop u la tion , l ived  w ith  d iabetes  in 2 0 1 0 .

number is  e x p e c t e d  to  g r o w  to  438 m il l io n  by 2030. co rresp o n d in g  to 7.8 per cent o f  

the adult p o p u la t ion .

[n the U n ited  S ta te s ,  th ere  are s o m e  21 m i l l io n  d iab etics ,  o f  w h o m  rou gh ly  15 m il l io n  

are diagnosed an d  th e  r e m a in d e r  are u n d ia g n o s e d  ( Katz. 2 0 0 8 ) .

With an e s t im a t e d  5 0 .8  m i l l i o n  p e o p le  l iv in g  w ith  d iab etes .  India has the world's  

largest d iabetes  p o p u la t io n ,  f o l l o w e d  b y  ( h ina w ith  4 3 .2  m il l io n .  T h e  largest age  group  

currently a ffe c te d  b y  d ia b e t e s  is b e t w e e n  4 0 - 5 9  years (ID F . 2 0 1 0 ) .  In Kerala. 14.9 percent  

men and 13 .2  p e r c e n t  w o m e n  l iv e  w ith  d ia b e te s .  A p p r o x im a te ly  16 m il l io n  m en  and 14 

million w o m e n  s u f f e r e d  from  I y p e  2 d iab etes .

Though, the h i g h e s t  in c r e a s e  in p r e \a l e n c e  w ill  be in C hina , the greatest increase in 

numbers w il l  he s e e n  in India . I he  n u m b e r  >4 d ia b e t ic s  w ill  rise Irom 19 m ill ion  in 199S m  

57 million in 2 0 2 5 .  h e a d in g  the list o l  co u n tr ie s  w ith  the greatest n um bers  o f  d iabetics ,  

ndia is thus d e s ig n a t e d  In b e c o m e  thc - d ia b e t e s  capital o f  the w o r ld " .  T h c  g lobal increase  

n diabetes o c c u r r e d  b e c a u s e  o f  p o p u la t io n  a g e in g  and grow th ,  and ol in creas in g  trends  

owards o b e s i ty ,  u n h e a l t h y  d ie t s  and  sed en ta ry  l i fe s ty le s  (D u s  and Rai. „ 0 0 8 ) .

t i  a / » • • *  * f i* * tinsi 11 is m ,T t'm in i’ in thc urban areas from *— • IThe p r e v a le n c e  o f  d i a b e t e s  in India is stead ily  m e «. t

ercem reported in  e a r ly  1 9 7 0  to  12 4 per e c u ,  in 2 0 0 1 .1  h e r e  is a lso  e v id e n c e  to su g g es t

«  prevalence o f  d t a h e .e s  e v e n  in rural areas is  s l o w ly  in creas in g  from  1.3 per cent ,n

i «;i iKii-s there are about 25 m il l io n  
w  In 2 .5  per c c n l  in 2 0 0 1  B a s e d  on  (he a v a i la b le  d .
-  , W  ui!n ,i  r e c e iv e  p h a r m a c o lo g ic a l  treatm ents (R au
Wons w ith  d ia b e t e s ,  o f  w h i c h  o n l y  3 .6  m i l l io n  rece iv e  p.

td Shivashankara. 2 0 0 8 ).
i „ n r h lw id c  E verv  10 s e c o n d s  a

" * ■ “ "  «  ° r  "*■■ o f  p; ; r r »  L v — » — > » — » ■
d ie ,  from  d i a b e t e s - r e la t e d  c a u s e s ,  m  . n V / A ! D S . In India. 6 2 .5 0 6  p eo p le

« •  ^ i d e n t i c  Hint c l a i m s  a s  m a n y  l i v e s  e a c h  year as o ^ i a t c d  w ith

“Than and  4 6 , 6 2 7  people in rural area d ie  1 '

mellitua (WHO, 2004).



The classification encompasses both clin ica l
, . - and aeliological types o f  diabetes

mellitu5 and other categories o f  hvperglvcaemin n ,»  • .
^  . .  . -m ,a ' ^ c l lm c a l  w a g in g  ref lects  that d iabetes .

^  ° f  US . '“  * " " *  —  «  stages during  hs natura,

* * *  MOre° VCT' SUbjeC,S may move stage to stage in either direction
Persons who have, or who are developing, diabetes mellitus can be categorized b y  stage

according to the clin ica l characteristics, even in the a b s e n c e  o f  information c o n c e r n i n o  the

underlying a e t io lo g y .  T h e  c la s s i f i c a t io n  b y  a e . io lo g ic a l  type results  from im p roved  

understanding o f  the  c a u s e s  o f  d ia b e te s  m ell i tu s .

The first w i d e l y  a c c e p t e d  c l a s s i f i c a t i o n  o f  d i a b c l c s  m e l l i t u s  w a s  p u b l i s h e d  b y  W H O  in

I9S0 and. in m o d i f i e d  fo r m ,  in 1 9 8 5  ( W H O .  19X5,. A c c o r d in g  to this, there arc m a in ly  5 

types.

I. Insulin d e p e n d e n t  D ia b e t e s  M e l l i t u s  ( I D D M )

• Ketnsis prone

• fCetosia resistant

• With pancreatic calculi

2. Non-insulin dependent Diabetes Mellitus (N ID D M )

3. Gestational Diabetes M ellitus ( ( iD M )

3. Malnutrition related Diabetes M ellitus (M R I)M )

*• Impaired g l u c o s e  t o l e r a n c e  ( ICi I )

•1.TYPE1 OR INSULIN DEPENDENT DIAHETES MELLITl'S (IDDM)

-r . . . .  i a in lv'trs  T vn c  1 d iabetes  can occu r  atType 1 d ia b e t e s  is  o f t e n  c a l le d  ju v e n i le  o n se t  d iab etes ,  t y p e
■ , i n  u d e v e lo p s  m ost o ften  in children

■ hut n u s u a l ly  starts  in p e o p le  y o u n g e r  than
.    I hr> rhilil is tisunllv

y age. hut it usually starts in people younger tnan
i ,y,-riir ranidlv. I he child is usually

young adults. Symptoms arc usually severe .
. , , rK„ n lncreas produces little or no insulin A

We,ghi Ketoacidosis is common, Tfw p®
■ «

dcr
• '  * *  V  V'  / i n ,  | M  \  >. I I » * '  » ’" * •

raon who has type I diabetes must take insulin daily to live.



W ithout a d e q u a te  m s u l u ,  g l u c o s e  b u i ld s  up in the b lo o d strea m  instead „ f  g o in a

the cells- T h e  b o d y  ts u n a b .e  to  u se  th is  g ,u c o s e  for e n e r g y  d esp ite  h tgh  let  e ls  in th 'e

bioodstieam- le a d in g  to  in c r e a s e d  h u n g er .  In add it ion , d ie  h igh  le v e l  o f  g lu c o s e  in the

blood causes  the d .a b e t ic  p a t ien t  to  urinate m ore , w h ic h  in turn c a u se s  e x c e s s i v e  thirst,

^ t y p e  can  be turther c l a s s i f i e d  in to  three types .

5.1.1 Ketosis-pronc

T h ese  are e s p e c ia l ly  s e e n  in the w es t .  T h e  o n se t  is sudd en  and the ch ildren  are 

prone to lapse in to  c o m a

5.1.2 Ketosis-resistant

T h ese  are e s p e c ia l l>  s e e n  in the tropics. It is or ig in a lly  d e v e lo p e d  in Jam aica  and  

labeled 'J ’ type; th e y  arc a l s o  s e e n  in India.

5.1.J W ith  p a n c r e a t i c  c a l c u l i

T h is  is m o s t  c o m m o n  in S o u t h  In d ia  w i th  in t e rm i t t e n t  a b d o m i n a l  p a in .  S t o n e s  a rc  

observed in th e  p a n c r e a t i c  d u c t .

RISK FAC T O R S

A u t o im m u n e  a t t a c k

T yp e  I d ia b e t e s  is  an a u .o in t m u n c  d ise a se  A n  a u to im m u n e  d ise a se  results  w h e n

' body's  s y s t e m  for  f i g h t in g  in fe c t io n ,  the im m u n e  sy s te m , turns aga inst  a par. o l  the

i on.I rlrstrovs the in su lin -p ro d u c in g  beta  
In d ia b e te s ,  th e  i m m u n e  s y s t e m  attacks and dc.

tii \ i lv ii  enures  the b od v  s im m u n e  
la in the p a n c r e a s .  S c i e n t i s t s  d o  not k n o w  exact l .

« „  iv d ir v c  that a u to im m u n e ,  g en e t ic ,  and  
tom to attack (he b eta  c e l l s ,  but they b e lie

vironmenial fa c to r s ,  p o s s i b l y  v ir u s e s ,  are in vo lved



j .  Family h * * " *

Heredity is a small factor in predicting type! diabetes Peop,e ^  ^  

member w h o  h a s  t y p e  1 d ta b e t e s  are f i f teen  t im e s  m o re  l ik e ly  than the general  

^faring to d e v e l o p  th e  d i s e a s e .

Table 1. of diabetes based on heredity

Family history“ «r Risk of diabetes (% )
One parent diabetic 5

Father diabetic 6

Mother diabetic j

One twin diabetic 30 to 70

Close relative diabetic
1.............................._ 10 _______________

3. Environmental  t r ig g e r s

The exact theory behind environmental factor is not known. Tnvironmenial toxins.
*

vims nr medication may be the physiological straw lor children predisposed to the disease. 

Clinical studies implicated that fourteen different viruses develop the disease namely, 

adenovirus, coxsackie H virus, m u m p s  virus, enlerv iruses, rubella virus etc.

Symptoms of fDDM

* P o l y d y p s i a  ( i n c r e a s e d  I h i r s t  )

* P o ly u r ia  f i n c r e a s e d  u r i n a t i o n  )

* P o l y p h a g i a  ( i n c r e a s e d  a p p e t i t e  )

* Weight loss

* Nausea

1 V o m i t i n g

* A b d o m i n a l  p a i n

* P&tigue 

Blurred vision
s



.  p r y .  itchy sk in

R eadaches

f l ieh  b lo o d  p r e s s u r e  

p e la y e d  w o u n d  h e a l i n g

5J.TYPE II OR INSULIN DEPENDENT DIABETES MELLITUS (NIDDM)

Type 2 d ia b e te s ,  o f t e n  c a l l e d  a d u lt  or n o n - in s u l in -d e p e n d e n t  d ia b e tes  .T y p e  2 d iabetes  

[S a chronic, l i f e - l o n g  d i s e a s e  that resu lts  w h e n  the b ody's  insulin  d o e s  not work  

e f f e c t i v e l y .  T h e  in s u l in  is  e i th e r  t o o  little  or e x c e s s .  S o  rarely d e v e lo p  K etoac id os is .  

In su lin  is n ecessary  for g l u c o s e  to m o v e  from  the  h lo o d  to the in s ide  o f  the ce lls .  A s  

insulin is present, the  p a t ie n t s  c a n  c o n tr o l  h lo o d  sugar  by oral h y p o g ly c e m ic  drugs, diet

and exercise.

ty p e  2 d ia b e te s  u su a l ly  o c c u r s  g r a d u a l ly .  M o st  p e o p le  w ith  type  2 d iabetes  are 

overweight at the t im e  o f  d i a g n o s i s .  H o w e v e r ,  the d is e a s e  can a lso  d e v e lo p  in lean peop le ,  

especially i f  e ld e r ly .  1 h e  o n s e t  a p p e a r s  al ter -40 years  o f  age .

Unless g lu c o s e  g e t s  in to  c e l l s ,  the b o d )  ca n n o t  use it lor en ergy .  I x c c s s  g lu c o se  

remains in the b lo o d ,  a n d  is th en  r e m o v e d  by the k id n ey s .  A  m ain  c o m p o n e n t  ol type -  

diabetes is " insulin  r e s i s ta n c e " .  I Ins m e a n s  that the insu lin  produced  bv the pancreas  

cannot c o n n e c t  w ith  fat a n d  m u s c l e  c e l l s  to let g lu c o s e  in s id e  and produce  energy . l h i s

causes h y p e r g ly c e m ia  ( h i g h  b l o o d  g l u c o s e )

RISK factors

fhe b igges t  in d ic a to r  o f  ty p e  2 d i o b c .e s  is lire d ia g n o s e d  p r e sen ce  o l  pred iab e .es .  Bui  

'He vast m a j o r i t y  o f  p e o p l e  w ith  p r c d ia h c .e s  rem ain  u n d ia g n o se d ,  a s s e s s ,n g  the  

Presence o f  the o th e r  c o m m o n  risk fa c to rs  for  ty p e  2 d in b e lc s  is  important.

»• Age

• |f  0 f  all c o se s  of type 2 occur in 
According to A m e r i c a n  D i a b e t e s  Association, o v e r  n ^  , u(Tcr from  the

over age 5 5 ,  and close 10 seven m il l io n  Iw o p l* ^  relcMC(, every m on th  If

* * *  Individuals over a g e  45 should he tested lor i1* 

initial test i ,  n o r m a l



Heredity p la y s  a  m a jo r  ro le  m  th e  d e v e lo p m e n t  o f  type  2 d iabe tes .  I f  there  is a first 

degree relative w ith  ty p e 2  d ia b e te s ,  th e  c h a n c e  o f  d e v e lo p in g  the  d isease  is doubled .

Table 2. Risk of diabetes based on family history

Family history

Both parent diabetic  

One parent diabetic

R isk of diabetes (% )

99

50

Close relatiye diabetic

I u  in diabetic

25

90

3. Obesity

People  vvho e a t  t o o  m u c h  f o o d  a n d  le a d  a s e d e n t a r y  li fe  b e c o m e  o v e r w e i g h t  a n d  o b e s e .  

Obesity r e d u c e s  t h e  s e n s i t i v i t y  o f  t i s s u e s  to  the  a c t i o n  o f  in su l in  in the u t i l i s a t io n  ol

glucose.

Why weight is a risk  factor?

Too m u c h  fa.  m a k e s  J i l l i c . , 1 .  lo r  th e  b o d y  lo  u se  i ts . m i .  in s u l in  to p r o c e s s  b l o o d  

glucose a n d  b r i n g  il d o w n  to  n o r m a l  c i r c u l a t i n g  leve ls .  I h e r e  a r c  th r e e  r e a r

*  Overweight people have fewer available insulin rcccpti t.

, n r ,„ ,,-M s have fewer in su lin  receptors, the place where
When c o m p a r e d  to  m u s c l e  c e l l s ,  lal  ce l l

i i * ai 1.1 nnu't'^s uIucosc into L11CIg\.
Ihe insulin hinds w ith  the cell and u n l o c k s  il I

More fat requires m ore insulin

and larger quantities o f  insulin in order to W
The pancreas starts producing larger - - mu5, K . storcd M  f„,.

n̂dy mass, and consequently insulin resistance 

“"d excess fat promotes further insulin resistance.

fat cells release free I ally acids



Oh glucose metabolism. ' - acids' which inlert'ere

Leptin- a h o r m o n e  in  fat c e l l s  that h e lp s  ,0 m e ta b o l iz e  fany ac ids ,  has prov ided  an

important c lu e  to  th e  r e la t to n sh tp  b e tw e e n  o b es i ty  and type 2 d iabetes .  Leptin  a lso  p lays  a

,art in se n d in g  sa t ie ty  or all lu ll s igna l to the h n i n  tn
0 S*°P eating w h e n  b o d v  fat increases.

jid an -empty* s ig n a l  w h e n  b o d v  fat is insuffir.Vn, i,
i n s u i l i c i e n t .  It a p p e a r s  tha t  a ty p e  o f  lep t in

esistance m a y  lea d  to a s i tu a t io n  w h ere  fat tv nrirk n r .r i  • . • ,
- a u d s  a re  d e p o s i t e d  in s tead  o f  m e t a b o l i z e d .

eading to e v e n tu a l  in s u l in  res is ta n ce .

1. S m o k in g

S m o k i n g  c o n s t r i c t s  b l o o d  \ e s s c l s .  r a i s in g  b lo o d  p r e s s u r e  a n d  i n c r e a s i n g  the  r isk  o f

;oronar> a r t e r y  d i s e a s e .  It a l s o  s t i m u l a t e s  the  re lease  o f  c a t e c h o l a m i n e s ,  w h i c h  h a v e  b e e n  

d iown to p r o m o t e  i n s u l i n  r e s i s t a n c e .

S. Stress

D u r in g  s t r e s s  t h e  b o d y  r e l e a s e s  a d r e n a l i n e ,  n o r a d r e n a l i n e  a n d  c o r t i so l  h o r m o n e s  that 

raise b lo n d  g l u c o s e  Jewels  tn  p r o v i d e  a q u ic k  s o u r c e  ol energv  for  c o p i n g  w i th  s t ress .  In 

acute c a s e s  o f  s t r e s s  b l o n d  g l u c o s e  l e v e l s  m a y  r ise  q u i t e  p r o f o u n d ! )  a n d  in e x t r e m e  c a s e s  

diabetic  k e t o s i s  a n d  c o m a  a l s o  ma> resu l t  pa r t icu la r ! )  in th o s e  w i th  a g e n e t i c

p re d isp o s i t io n

6. H is to r y  o f  g e s t a t i o n a l  d i a b e t e s

Pregnant w o m e n  w h o  h a v e  a r i sk  ol d i a b e t e s  d e v e l o p  re la ted  c o m p l i c a t i o n s  a n d  a f te r  

de l ivery  c a n  a l s o  c o n t i n u e  w i t h  th e  d i a b e t i c  c o n d i t i o n s .

SYMPTOMS

• Polydypsia (increased thirst )

• Polyuria (increased urination )

• Polyphagia (increased appetite )

• Sudden weight l o s s

• 1 iredness



• Blurred vision

• Headache

•  H igh  b lo o d  p r e s s u r e

• Delayed w ound healing

• Sexual problems

•  N u m b n e s s  o r  t in g l in g  in h a n d s  and feet

•  V ag in a l  in f e c t io n s

T a b le  3 .  D i f f e r e n c e  b e t w e e n  I D D M  a n d  N I D D M

I D D M N i l )  D M

Inflam m atory r e a c t io n  in 

is le ts  ( in s u l i t i s )

N o  insu lit is

. D estruction  o f  b e ta  c e l l s N o  destruction  o f  beta ce l ls

P resence  o f  is le t  c e l l  

a n t ib o d ie s

N o  islet ce ll  an tib od ies

N o  g e n e t ic  b ia s Strongly  gen et ic  bias

_ _

5.3 G E S T A T IO N A L  DIABE'I ES

G e sta t io n a l  d ia b e t e s  m c l l i t u s  « i l ) M l  re sem b les  tvpe  2 d iab etes  111 several respects ,  

involving a c o m b i n a t io n  o f  re la t iv e ly  inadequate  insulin  secret ion  and r e sp o n s iv e n e ss .  Ir 

occurs in a b o u t  2 5 per c c n l  o f  all p reg n a n c ie s  and m ay im p rove  or d isappear after

delivery. G e s ta t io n a l  d ia b e t e s  is  fu l ly  treatable but requires careful m ed ica l  su p erv is io n

throughout p r e g n a n c y .  A b o u t  2 0  5 0  r cr cent o f  a ffec ted  w o m e n  d e v e lo p  type  2 d iab etes

later in life.

. i „.„i<uir>nnl diabetes can damage the health 
1 ven though It may he transient, untreated I-
, ' , . t include macrosomia (high bmh weight).

>( the foetus or mother. Risks lo the bob)
.  .vstcm anomalies, and skeletal muscle

congenital cardiac and centra, nervous ^  _

"wllnrmalions Increased foetal insulin may in W„(X,

* + * > ry distress syndrome Hyperbilirubinemt. may



d i c t i o n .

pertusi
[n sev ere cases, perinatal death mav oem r ^

_ . . . ’ o st  c ° m m o n l y  as a result o f  poor
rtiLaion d u e  lc s e c u la r  im p a irm en t  I nki-. • j

p a irm em . Labor in d u ction  m a y  be indica ied  w ith
la cen ta l  f u n c t io n .  A  c e s a r e a n  sec t io n

P * *  p B m " , 7  ““  m ,“ - U b -  Induction m a y  be indica ied  w i*
^  p la c e n ta l  f u n c t i o n  A  c e s a r e a n  s e c t io n  m a y  b e  p e t f o m ie d  i f  there is m arked

^  distress o r  an  m c r e a s e d  n s k  o f  injury a sso c ia te d  w ith  m a cro so m ia .  such  as shouider

jv stocia-

(ivnipto ins

Increased thirst 

Increased urination

W eigh t  lo s s  in s p i t e  o f  in c r e a s e d  appetite  

Fatigue

N a u sea  and  v o m i t i n g

Frequent in f e c t i o n s  in c lu d in g  th o se  o f  the bladder, vag ina , and skin  

Blurred v i s io n

5.4MALNUTRITION R E L A T E D  1)1 \B E T E S  MELLITI S (MRI).M)

T h is  t v p e  o f  d i a b e t e s  h . is  b e e n  c a t e g o r i / e d  a s  a s e p a r a t e  en t i ty .  It is o f t e n  s e e n  

commonly  in d e v e l o p i n g  c o u n t r i e s .  I n d i a  b e i n g  o n e  ol th e m .  It o c c u r s  in the  y o u n g  m o s t h  

between the a g e s  o f  1 5 - 1 0  > c a r s .  P e o p l e  lo o k  th in ,  lean  a n d  m a l n o u r i s h e d ,  f l ic  r e a s o n  for 

Ibis type o f  d i a b e t e s  is t h a t  t h e  p a n c r e a s  d o e s  not p r o d u c e  e n o u g h  in su l in  ( n e c r o t i c  t i s s u e s  

on the p a n c r e a s )  a n d  h c n c c  t h e s e  i n d i v i d u a l s  r e q u i r e  in su l in .  \  c r \  o f t e n  h o r m o n a l  

disorders m a y  o c c u r  It h a s  a l s o  b e e n  s e e n  tha t  w h e n  in su l in  is d i s c o n t i n u e d ,  the

complications a r e  l e s s e r  than type I diabetes.

5 -5. I M P A I R E D  G L U C O S E  T O L E R A N C E  (I(»*I)

Glucose tolerance is assessed hy taking the fasting blood sugar value. An oral glucose 

lo«l of 75 grams glucose is administered and blood sugar value checked again after 1 ' . -2
i • . ,K , n nrm fll faStillK vnlllC. II VIllllCS flR*
hr̂  I he value o f  sugar obtained is checked against the -
*L M I ;™mired tilucose tolerance. In this type.

3Ve normal, then the condition is described as p. Hinhetes at
|L , f liahctcs But they could develop diabetes at

individuals are free from the symptoms o Kcgll|ar exercise .Iso
J la,(r stage if they are unable to control the diet an< aw

P* in maintaining the blood sugar levels.



m e t a b o l i s m  i n  d i a b e t e s

ir.J

arc

es.

the

so

tffca insulin is not produced or is ineffective. ihe fonna •

^  utilisation o f  glucose in the peripheral ris„ J ° n ° fgl>COgen is decreased.
^  ^-ucs  is reduced  TTi*
werg)vcemia and gluconeogenesis. When the blood E,ucose ' , * * * * *  b>

^  glycosuria develops. The loss o f  g ,ucose in ^  ^  -  « -

elimination o f  s o d i u m  a n d  w a te r .  A s  a result rap.d d eh v d  ,• “  mCreaSed
r-  r  u . . . P d c h >dral*on and thirst occurs W ith

deficiency o f  m s u lm .  c a r b o h y d r a t e  ,s  n o t  fu l ly  u ti l ised  for e n e r o v  r v
r r  t i this purpose fat is

used and h p o ly s t s  is  g r e a t ly  in c r e a s e d .  T h e  fatty  a c i d ,  r .i ,
. . *  ,  ,  , '  a u d s  re leascd  f o m  a d ip o se  t issue  a!

oxidised by the l iv e r  to  fo r m  'k e t o n e  b o d ie s '  T h e  .„
. . . , , " K app<' aran“  o l  o n e  o f  these  k eton e

acetone in the u n n e  p r o d u c e s  k e t o a c i d o s i s  A c e to n e  i i  i . ,
!  „  u  U r  .. L 'd b y  lh e  l u n g s  “ d g iv e s  tn

“ et0ne Sm e"  ‘hC b r C a , h  ° ‘ d , a b c , i C S ' T h a  k e t o n e s  ( o r g a n i c  a c i d s ,  c o m b i n e d  w i th  b a se  s. 

t h e a l k a h n e  r e s e r v e  is  d e p l e t e d ,  a n d  t h e  a c c o m p a n y i n g  d e h y d r a t i o n  l e a d s  to c i r c u la to r ,

fa.lure. rena! f a i l u r e  a n d  c o m a .  T h e  r a p i d  r e l e a s e  o f  fa t ty  a c i d s  in to  th e  b lo o d  c i r c u la . io r

results in h y p e r c h o l e s t e r o l a c n n a  a n d  d e v e l o p m e n t  o f  a t h e r o s c l e r o s i s .  T i s s u e  p ro te in  is alsc

broken d o w n  in  a n  e f f e c t  t o  s e c u r e  e n e r g y  c a u s i n g  w e i g h t  lo ss  a n d  n i t ro g e n  e x c r e t i o n  in

Ihe unne. A ls o .  W o o d  su p p ly  th e  brain  is  a f fe c te d  d u e  to d e fec t  in g lu c o s e  m etab o lism

and as a resu l t  s t u p . t r  ( a  d e e p  s l e e p  l i k e  s l a t e )  a n d  l e t h a r g y  ( r e d u c t i o n  in alertness) o c c u rs .

7. DIAGNOSIS

A d i a g n o s i s  o f  d i a b e t e s  is a  sca rv  th in g ,  but  h a v i n g  a h e a l th  t e a m  that is 

knowledgeable a n d  c o m m u n i c a t i v e  c a n  m a k e  the  r id e  a l i t t le  Ic^s b u m p y .  D ia b e te s  is 

diagnosed t h r o u g h  a l a b  t e s t  t h a t  m e a s u r e s  th e  lev e l  o l  g l u c o s e  in th e  b lo o d .  In the  a b s e n c e
r*

0Vcrt s y m p t o m s  o r  a  h y p e r g l y c e m i c  c r i s i s ,  l u n  te s ts  t a k e n  o n  d i f f e r e n t  d a y s  a rc  

C o m m e n d e d  to  c o n f i r m  t h e  d i a g n o s i s  I h e r e  a r c  d i f f e r e n t  t y p e s  o f  d i a g n o s t i c  b lo o d  a n d  

nc tests c o n d u c t e d  to  d e t e c t  d i a b e t e s  m c l l i t u s .

» Ca s t in g  b l o o d  s u g a r  t f . s t  ( fb s>

lh is  lent m e a s u r e s  p l a s m a  g l u c o s e  l e v e l s  al (he fast ing  stage. N o  food  or drink is g iv e n  

« < o  12 h o u rs  prior to test .  E a st in g  s t im u la te s  (he re lea se  o f  the h o rm o n e  g lu ca g o n .  

^  « <um r a i s e ,  p l a s m a  g l u c o s e  l e v e l s  b y  tr ig g er in g  the b rea k d o w n  o f  g ly c o g e n  (stored  

in lhe l iver .  ,n  p e o p l e  w i t h o u t  d ia b e te s ,  the b o d y  w i l l  p rod u ce  and  process  insulin



„ , u r ^ ttaS nS£ m  g,UC° Se IeVe,s' W i*  diabe.es. this does on, k
„ i»  remain high. Blood i,  „  „  ,  ^  ^  ^  « »  —

I l ia

Fiager-priek Blood Sugar Screening: I. fa a qujck process
fa a prick on die fingertip  squires o n ly  a d r o p  o f

btood P;

.  B lood sam ple is placed on a plastic strip.

•  The strip is then inserted into a s n n l l  u-
sm a l l  m a c h in e  that  reads accura te  hlood

suaar lev e li s

Frora vein: Blood is d raw n  from  the vein and tested for hlood glucose level.

According to A D A  (2010) c l in ic a l  p ra c t ic e  g u id e l in e s ,  a fasting  reading o f  126 m g  dl 

or higher ind icates  d i a b e t e s ,  a n d  a s e c o n d  test  on  a d ifferen t  d a y  sh ou ld  be perform ed to 

confirm the d ia g n o s i s .  I f  test  r e s u l t s  are l e s s  than 126 m g /d l .  hut s y m p to m s  o f d i a b e . e s  are 

present a fo l lo w -u p  oral g l u c o s e  to le r a n c e  test sh o u ld  he perform ed .

7.2. ORAL G L U C O SE  T O L E R A N C E  TEST (OGTT)

The O G T T  h  a test  that m e a s u r e s  b lo o d  g lu c o s e  at hourly intervals  o v e r  a three-hour  

penod. This test is a lw a y  s c o n d u c t e d  early in the m o r n in g  on  an c m p t \  s tom ach

• The e ight to t w e l v e  h o u r  in terva l  b e t w e e n  last m ea l and the lir.st h lood  sa m p le  g iv e s  

us the la s t in g  g l u c o s e  l e v e l  m the h lo o d .

• After that 7 5 g  o f  g l u c o s e  for a d u lts  and 1.75 g kg ol body w e ig h t  g lu c o s e  for 

children is o r a l ly  a d m in i s t e r e d

• Blood s a m p le s  are then taken on l iourlv  basis lor next three hours and the glucose

level is measured. 

glucose is g iven  to the subjects, il c a u s e s  glucose levels to rise in the first hour. 

fe n  fall hack to norm al w ith in  three hours as the body produces more insulin to 

glucose levels. So die test is done at hourly intervals. People who have worse 

lllc"w  tolerance m ay have h igh hlood sugar level after meals. Their fasting level may 

^  'ie w ith in  the norm al range. Such people are no. diabetic but are likely to develop
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> p O M  BLOOD S L  G A R  T E S T  (R B S )

Hie
pndom blood sugar test, also called a casual plasma glucose test, can be given at 

r the day. regardless ot whether the patient has eaten
or not. T h is  test form s a

regular physical examination and helps to assess the state of health. Small blood
rtlit ot a

•« draw n from the vein tor analysis. 
c a m p l e  13

fable 4
Criteria fo r  d i a g n o s i s

N o r m a l  le v e ls  

( m g /d  I)

I II

OGTT i ifn

Im p a ired  

g lu c o s e  to leran ce  

(m g/d!)

1 10 and <120

1 10 and  ^ 200

Diabetes (mg/di)

>126

200

>200  in presence 

o f  s> mptoms

(ADA. 2010)

Table 5. G u id e lin e s  fo r  d ia g n o s in g  gestational diabetes

—
T e s t

R a n g e  ( n i g / d l )

- <) N
j ~  F B S

i 1 hour OCr I 1
• 1140

1____L- ——
|  2 hour O G  1 T

-----------< 1 2 0

11 ^ ( A D A ,  2 0 1 0

p6LYCATF.D HAEMOGLOBIN TEST (HbA-H
TEST)

d haemoglobin test is done to 
^ er diabetes is confirm ed another test vailed g /   ̂  ̂ inlikc other blood tests, this

^  av',['age hlood sugar level lor around three this test are

hlood sugar only at a point o f  time. Ihe prine.p

i t



. Some sugar attaches to the haemoglobin of the red celk u-h l

.  They « n » n  »  tto „ „  ,„ |lrt ^  ||fc ^

months)- This is called glycated haemoglobin.

.  Blood is drawn from a vein in the arm to determine glycated haemoglobin

,e v e |. T h e  h ig h e r  th e  p e r c e n ta g e  o f  g ly c a te d  h a e m o g lo b in ,  the h igher the 

b lood  g l u c o s e  l e v e l s  o v e r  the  past  3 m o n th s .

.  p e o p le  w i t h o u t  d i a b e t e s  h a v e  an  1-lbA -1C o f  around 5 per cent. A m erican

D ia b et ic  A s s o c i a t i o n  s u g g e s t s  <  6 .5  per cen t for d ia b e t ic s  to m in im iz e  the risk 

o f l o n g - t e r m  c o m p l i c a t i o n s .

• F D A  a p p r o v e d  a s i n g l e - u s e  test  kit. w h ic h  u se s  b lo o d  from a finger prick, and 

d isp la y s  r e s u l t s  in e ig h t  m in u te s .

7.5. U R I N E  T E S T S

Urine testing is an e s s e n t ia l  part o f  c o m p l e t e  p h y s ica l  e x a m in a t io n  routine. Thev help  

in diagnosing state o f  th e  h o d v  a n d  p r o v id e  v a lu a b le  in form ation . H o w e v e r ,  u n n e  lest are 

rarely used to d i a g n o s e  d ia b e t e s .  I h e \  are le->s accu ra te  and arc d i l l ic u lt  to understand. 1 he 

level o f  sugar in the  b l o o d  r e q u ir e d  to  p r o d u c e  sugar  in the urine c h a n g e s  Irom person  to 

person. A person  c a n  h a v e  b l o o d  su g a r  w ith o u t  h a v in g  sugar in the urine. Apart Irom  

glucose, other r e d u c in g  s u g a r s  s u c h  a s  la c to s e  ( in  lae ta lin g  w o m e n )  w h ic h  are u m ela ted  k  

diabetes, can g iv e  rise  to fa l s e  p o s i t i v e  resu lts .  I h cre io rc .  v a lu es  ol b lo o d  glue  

reliable than urinary su g a r .  C o m m e r c i a l l y ,  d ia g n o s t ic  s t o p s  (u i is t ix  test)  

tat are conducted to d e t e c t  th e  p r e s e n c e  o l  su g a r  in the urine. U is belter lo  carry

morning in the s e c o n d  u r in e  s a m p le

c  m o r e

7-3.1. liristix test

1 his 

R e a l l y

Dtri<

I cted in a fevv minutes. Here 
Sa te!" squires small quantity o f urine and co ^  rcmovcd Immediately.

lCa*ly Cl'tted plastic -strips or paper is dipped in t a ccurate and the
w i  I i * |C  l l ' S f  I - '

hluc color indicates high sugar level in the unlK

ia



Benedict s test

^  is a v e r y  sr m p le  a n d  e f f e c t i v e  m e t h o d  o f  a sc e r ta in in g  the p resen ce  or the am ount  

rfg|ucose in the u n n e  a n d  c a n  b e  d o n e  b y  the  d ia b e t ic  h i m s e l f

pmcedorc:

.  Take 5 m l ( o n e  t e a s p o o n )  o f  B e n e d ic t ' s  s o lu t io n  in the test-tube.

.  Hold the  t e s t - t u b e  w i t h  th e  h o ld e r ,  heat it o v e r  a spirit lam p till the Benedict's  

so lu tion  b o i l s  w i t h o u t  o v e r f l o w i n g

■ Add 8 to 10 drops of u r in e  in to  the  b o i l in g  B e n e d ic t ’s  so lu t ion

• Agajn boil the  m ix tu re  and let it c o o l  down.

• W hile  c o o l i n g ,  th e  m ix t u r e  c h a n g e s  c o lo u r .

• The c o lo u r  o f  th e  m ix t u r e  s e r \ e s  a s  a g u id e  to the am ou n t  o f  sugar in the urine. 

Table 6. I n t e r p r e t a t i o n  o f  B e n e d i c t ' s  test

Colour

Green

i discolouration

i Green

j Precipitate

Greenish- 

ydlow precipitate

I j j *  Precipitate  

I B^ck-red  

■ p"*lpiUte

R e p o r t

0  to  trace

9

s u g a r  in u r in e

(g/I()() m l)
1--------------------------------------------------------------------------------------- — •

s u g a r  in h lood

( m g  /ill)

• 2 0 0

f . 0 .2 5 2 0 0 - 2 5 0

r + 0  5~ t J i

_ _ ___________
3 0 0 - 3 5 0

+ t- f 1.0

+  >  +  +
^ 2 . 0  I

>  3 5 0

(Raghuram e I a l •

i s



^  pcsinve s.gn -  me report shows the severity of the disease. ,t is dear that these 

n*d not only be used for tdentiftcation of new cases but a,so for the management of 

a|d chronic patients. Regular assessment ot vital parameters such as renal, blood and liver 

^cnon tests along with blood glucose and glycated haemoglobin can prevent or delay the

of several c o m p lic a t io n s  w h ic h  arise  due to sustained elevated blood glucose levels.

8.
CO M PLICATIO NS

The c o m p l ic a t io n s  m ay  b e  a c u te  or  c h r o n ic  in nature and need  to be handled  as o f  

utmost urgency.

8.1 Acute complications

Acute c o m p l i c a t io n s  are  w h e n  s o m e t h in g  h a p p en s  su d d en ly .  T he body d o e s  not have  

time to adjust to  th e  c h a n g e s  and  a p erso n  su d d en ly  fee ls  very sick with  m ultip le  

symptoms. Acute c o m p l i c a t i o n s  o f  d ia b e te s  are se v e r e  and can  lead to co m a . They are 

directly related to  b l o o d  g l u c o s e  l e v e l s  and in c lu d e  the fo l lo w in g .

a. H y p o g ly c e m ia  

b K eto a c id o s is  

c Infection  

d. S n m ogv i e f f e c tw J

s. H y p e r g lv c c m ic  H y p e r o s m o la r  N o n k e to t ic  ( o n u

8.1.1 Hypoglycaemia

i i I. mnN he cau sed  by e x o g e n o u s .
H y p o g ly ca em ia  is  a l o w e r e d  b lo o d  g lu c o s e  e c

, . h ,  tp,n i l  o ccu rs  w h e n  b lood  g lu co se  
endogenous. or fu n c t io n a l  c a u s e s  In g e n e r a l ,  h y p o g  .

r . IVI 1 8  hours ol life, and 45-bO mg dim
'cvels are b e lo w  15 m g.«ll in th e  n e w b o r n  for the
afcttj * . . fliflhc!cs is sometimes called insulin shock or
children and adults Hypoglycaemia in diabetes

m,lj|in reaction

notation o f fast-acting enrbohydrflte is 
11 ’he hypoglycaem ic individual is conscious, in ^  ^  of suhcutnneou5 glucagon

Inferred II the in d iv id u a l  is  u n c o n s c i o u s ,  in trave '  ̂ ^  individual should  he

•^'wuratton will reverse the hypoglycflemia A" ‘ r ' . urce„fcafN>h\dr.«e<
r i «n addiltonaJ. long-Ias

iy*d lor a subsequent relapse, and an



provided. Prevention o f  episodes o f  hvpoelvrsn™ >
^isld ^   ̂ * Câ rnia throush ihprpr,-, <

- and prof** education should be the goal w e lheraPeullc
fg P * * *

SVTIipt0nlS

,  Sweating 

,  Shakiness 

9 js'ervousness 

, Dizziness 

,  Weakness

• Irritability

• Hunger

8.1.2 Ketoacidosis

Ketoacidosis, a s e r i o u s  c o m p l i c a t i o n  o f  d ia b e te s  m e l l i tu s .  is a c o m m o n  cau se  for 

hospital a d m iss io n s ,  an d  m o rta l i ty  ra le s  D ia b e t ic  a c id o s is  d e v e lo p s  vvhen there is an 

absolute or re lative  d c f i c i e n c v  o j  in s u l in ,  and an in crease  in insulin  counier-reeulatorv  

hormones: c a t e c h o l a m in e s ,  c o r t i s o l ,  g lu c a g o n ,  and grow th  horm one. I 'nder these  

conditions, hepatic  g l u c o s e  p r o d u c t i o n  in c r e a s e s ,  peripheral g lu c o s e  u sa g e  d ecr e a se ^  I at 

mobilization increases, a n d  k c t n g c n c  is is s t im u la ted  I he sc  c h a n g e s  ca u se  h v p o r g h c e m ia .  

osmotic diuresis, v o l u m e  d e p l e t i o n ,  an d  a c i d o s i s  D iab etic  c o m a  can d e v e lo p  in l_ -_ 4

hours.

Without e n o u g h  in s u l i n ,  th e  c e l l s  n l  the  b od y  «> "  he '‘"ab lc  10 "K 8 lu eo sc  in thc 

for en ergy .  S e c o n d l y ,  g l u c o s e  c a n n o t  b e  c o n v e r te d  In g ly c o g e n  in the liver for lu«urc

“*  So to make en e rg y  a v a i l a b l e ,  th e  fat s o u r c e s  w il l  be u sed  for gett ing  en erg y  as  a result 

®f whjch k e tn a c id s  in t h c  b l o o d  a n d  ur in e  vvill in crea se  S e v e r e  K e to a c id o s is  is a l ife

 .......   , h c  M n «  » l

n r - d . «        * -

■ * »  I", fluid volume, nod l - * ~ *
^°*phnmiis



S ym p tom s

Polyuria 

Polydypsia 

P oh p h ag ia  

D row siness

Unexplained weight loss 

Slow healing o f  cuts and wounds 

Dry itching skin 

Vaginal itching 

Abdominal pain

Rapid s h a l l o w  b r e a th in g  w ith  a c e to n e  sm e l l

8.1.3 I n fe c t io n

A variety o l  ta c to r s  m ay  p r e d is p o s e  the d iabetic  patient to an increased in c id en ce ,  or 

increased sev er ity  o f  in f e c t io n s .  I h e s e  factors include  ad verse  e f fe c ts  o f  dehvdralion .  

malnutrition, v a s c u la r  in s u f f i c i e n c y ,  and neuropathy . In addition , in h v p e n i lv c a e m ic  

individuals, p o l y m o r p h o n u c le a r  l e u k o c y t e  function  is impaired and d e layed  

hypersensitivity is r e d u c e d  W ith  the e x c e p t io n  o f  m u c o r m y c o s is  and m alignant external  

otitis, most in f e c t io n s  in the d ia b e t ic  patients  are s im ilar  to those  o b serv ed  in 11011- 

diabetics. R h in o c c r c h r a l  m u c o r m y c o s i s  o c c u r s  a lm o st  ex c lu s iv e ly  in ae idot ie  diabetic  

patients. The p a t h o p h y s io l o g y  of m u c o r m y c o s i s  in lec t io n  is not com p lete ly  understood ,  

hut it has been  h y p o t h e s i z e d  that d u r in g  a c id o s is  iron m eta b o l ism  is im p a iicd  leading to

compromised c e l l - m e d i a t e d  im m u n i t y  

”•1.4. S o m o g y i  e f f e c t

The S o m o g y j  e f f e c t  is  a u n iq u e  c o m b in a t io n  o f  h y p o g l y c e m i a  during  the night with  

reh™ nd hyperglycaemia in th e  m o r n in g ,  t h e  p ro b lem  is m ore  c o m m o n  in in d iv idua ls  w ith  

V  I d ia b e te s  m c l l i . u s .  p a r t ic u la r ly  in ch ild ren ,  and sh o u ld  be in vest iga ted  w h e n e v er  

""ctuations in b l o o d  s u g a r  l e v e l s  arc ser iou s .  The S o m o g y i  e f fec t  occu rs  w h en

• « « - .  « * » , .  glucagon “  “  '

IR
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[j addition to fluctuaung giucose .evels. subde symptoms of hypog,ycaemia occur The 

^ d u a l often compkuns o f nightmares and early moming headaches. Both symptoms

j -ajv reflect a hypoglycaemic state. Ketonuria mav occur if ur ■ proba*1- ll,d> occur n the mobilization of energy
^  overshoots the body 's need for glucose and exogenous insulin is depleted, 

fiestnient consists ot decreasing insulin dosage or changing the time of administration.

S. 1.5 Hyperglycemic Hyperosmolar Nonketotic Coma

Hyperglycemic h y p e r o s m o l a r  n o n k e to t ic  c o m a  ( I I I I N K C )  is character ized  bv severe  

hyperglycemia (glucose l e v e l  t y p ic a l ly  greater  than 6 0 0  to 8 0 0  m g /d l) .  dehydration, and 

altered mental s ta tu s  in the  a b s e n c e  o f  k e to s is .  In IIIIN K C . h y p e r g ly c e m ia  ca u ses  

glycosuria. O s m o t ic  d iu r e s i s  re su lts  111 v o lu m e  contraction  and a reduction  in both the 

glomerular filtration rate an d  g l u c o s e  e x c r e t io n .

HHNKC o c c u r s  m o s t  o f t e n  a m o n g  p e r so n s  o v e r  6 0  years o f  age. W hen persons w h o  

are chronically ill. d e b i l i t a t e d ,  nr in s t i tu t io n a l iz e d  h a \ c  m ild  renal in s u lf ic ie n c y  and lack 

normal thirst m e c h a n i s m s  or a c c e s s  to w ater , they arc al risk o l d e v e lo p in g  IIIINKC . 

Acute i l ln esses  ( s t r o k e ,  m y o c a r d ia l  m la r c l io n ,  or p n eu m o n ia ) ,  drugs (d iuretics or 

glucocorticoids), s u r g e r y ,  a n d .  o c c a s io n a l ly ,  large g lu c o s e  load s  (through enteral or 

parenteral nutrition nr p e r i t o n e a l  d ia ly s i s )  may precipitate  IIIINKC . I lie mortality rate lor

HHNKC has b e e n  r e p o r te d  to be  a s  h igh

The patient w i t h  I I I I N K C  Ims s e v e r e  h y p e r g ly c e m ia  and a /o t e m ia  w ithout  

ketoacidosis. B o th  d i f f u s e  a n d  foca l  centra l n er v o u s  sy s te m  d e f ic i t s  m ay occur. I h c s c  mac  

include h a l lu c in a t io n s ,  a p h a s ia ,  n y s t a g m u s ,  h e m ia n o p s ia ,  h e m ip le g ia ,  hem tsensory

and focal or grand mnl s e iz u r e s .  Coma may also occur. Therapy is  pnmanlv
j. 1 1 vr care is given. Insulin
,J|tCctcd at replacement o f  fluid and electrolytes while .up|
.1 i_-.pi fo ‘i near normal rnnjic, vvitnin

"W is designed to slowly return the hlood g ucosc scnsi,iVc to• W » designed to slowly return ihe hlooc g ^  signineanlly sensitive to

l  ̂  h° UrS WhCn lheraPy "  “ " ' ^ r ' l t a h o l i c  control through die, and/or 
*er insulin. Ultimately, the patient may achieve

J4

fiirth

!'r,il ayenic;
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or p o ss ib ly  n o n e  at a ll.

Chronic co m p lica tio n s  o f  d ia b e te s  in v o lv e  ch an ges  in b lood v esse ls , tissues and organs. 

Consistory high b lo o d  g lu c o s e  le v e ls  can  cau se  a hardening and thickening o f  the blood  

vessels which can lead to m a n y  o th er  d isea ses .

8.2.1. A t h e r o s c l e r o s i s

Cardiovascular d i s e a s e  is  th e  l e a d in g  c a u s e  o l  m orb id ity  and m ortality  a m o n g  persons  

with diabetes. In the  1. n i t e d  S ta t e s  in 1 9 8 6 ,  a p p r o x im a te ly  8 0 .0 0 0  deaths from

cardiovascular d i s e a s e  w e r e  a s s o c i a t e d  w ith  d ia b e te s .

The annual n s k  tor d e a th  Irom  c a r d io v a s c u la r  d is e a s e  is tw o  to three l im es  greater for 

persons with d ia b e te s  than  for  p e r s o n s  w ith o u t  d ia b e te s .  A m o n g  persons w ithout diabetes,  

women have a lo w e r  rate <>1 c a r d io v a s c u la r  d i s e a s e  than m en  do; a m o n g  persons with  

diabetes, w o m e n  are not p r e fe r e n t ia l ly  spared

In persons w ith  d i a b e t e s ,  s m o k i n g  is a p n w e r lu l  risk (actor lor c a r d io \o sc u la r  d isease ,  

and the preva lence  o f  s m o k i n g  a p p e a r s  to be h ig h er  in y o u n g  p eo p le  ( le s s  than -1 years  

old) with d iabetes  than  in y o u n g  p e o p l e  w ith o u t  d iab cte

Hypertension, a lso  a s tro n g  risk (actor lor cardiovascular d isease, occurs twi 

fam  more often  in p e r so n s  w ith  d ia b etes  than in persons without diabetes. I he risk for

^ to v a scu la r  d ise a se  in c r e a s e s  early w ith  increases in b lood prc. -

Abnormalities in the co n ce n tra tio n  o f  lip ids and lipoproteins in plasma have been 

" K W  'a occur in a lm o s t  3 0 %  o f  p erso n s w ith  dtabe.es, Ihc nsk  for ear , m a s ^  ^

^  »  directl> p rop ortion a l to  the c o n c e n tr a t io n  o f  lo w -d c n s t .y  j o p r

^ r o l  and in v erse ly  prop ortion a l to the ^ en,ra" ° "  ” ^  ^  wilh non.

L> cholcerot Although hypertriglyceridemia is com"1«' jndep#ndent|y predicts

dependent d ia b e te s  m e ll i tu s ,  w hether the trig V 

Va*cular d ise a se  is uncerta in
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^  the diet can reduce the cholesterol in the blood.
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Among P ^ 50ns W’th d i a b e l e s ’ Pa n  ° f  'h e  in crea sed  l ik e l ih o o d  o f  cardiovascular  

jiseise appears to be a c o n s e q u e n c e  o l  th e  in c r e a s e d  fr e q u e n c y  o f  risk factors. Y et  d iabetes

0 -a an independent r isk  fa c to r  for  c a r d io v a s c u la r  d ise a se .  A ll  d iab et ics  should  check  

*archolesterol in s e r u m  o n c e  in 2 y e a r s .

T a b le t  D esired  b lo o d  l ip id s

Desirable c h o le s te r o l  le v e ls  m g /d l

TotaTchoiesterol <  2 0 0

H D L  c h o l e s t e r o l  ; > 4 0

LDL cholesterol ' 150

VLDL ch o les tero l  *" 4 0

(S rcc la k sh m i.  2 0 0 0 )

•̂2.2. Retinopathy

not fulls 

c o m e  functiona lh

process by w h i c h  d i a b e t e s  r e su l t s  in rc linopu lh y  «uul m acu la i  o cd em  

^od. It is k n o w n  that d i a b e t e s  c a u s e s  the retinal ca p il la r ie s  to hoc  

npetent. l o n g  d u r a t io n  d i a b e t e s  u n i t  u n c o n tr o l le d  su gar  m a y  affect  the sntnll b lood  

o f  the e y e s  ( m i c r o a n g i o p a t h y )  I b is  c a n  resu lt  in rapid deter ioration  o f  thc ey es tg h l  

« % )  Diabetic r e t i n o p a t h y  is  o f t e n  a s y m p t o m a t i c  in its m o s t  treatable stag  

* o f  the m a c u la ,  par, o f  th e  re t in a ,  i s  c a l l e d  m a cu lar  o e d e m a ,  and .  " I -
. o nf retinopathy are not n o titcu

•®tion that ca n  c a u s e  b lurred v i s i o n .  O ften , s y m p  cannol be
Qincc d iab etic  retinopathy canni

L> reached an a d v a n c e d  o r  p r o l i f e r a t iv e  s ta g  * ^ ro] |0 w -u p  nre critical,

routine e a r ly  e v a l u a t i o n ,  t i m e l y  la ser  su rg ery .  carc t-flrly

c lV- o n ly  a b o u t  h a l f  o f  persons w it h  d ia b e te s  rccetvitely.

°1 diabetic retinopathy is critical



occurs 25 times more frequentl
. t~*rcnis than in control subjects

„ ffl0St often after the disease has been present for at leas. I s 
is s**m , -  .. . least 1 >'ears. m the senine

. — * * * * * * *  ̂  S' th° U8h * *  lncidence o f bltndness is lower
'  dtsease prevalence results m an even larger number of patients affected with severe

£ „ < « < - •  a * 3 1

^ .V p h r o p a t h .v

Diabetic nephropathy represents a distinct clinical syndrome characterized by 

jmninuria. hypertension, and progressive renal insulTtciency. Diabetic nephropathy can 

g ito end-stage renal disease (ESRD). a serious condition in which a patient's survival 

toends on either dialysis or kidney transplantation.

Among persons who have had insulin-dependent diabetes mellitus (IDDM) for 20 

can, the incidence o f  ESRD approaches 40%. Among whites, the incidence of ESRD is 

jweramong those with non- insulin-dependent diabetes mellitus CNIDDM) than among 

hrae with IDDM. In certain populations including blacks, Ilispanics. and Nati\e 

tmericans-persons with NIDDM have a higher incidence of ESRD.

Within three years o f  diabetes, thickening of the glomerular basement membrane, the 

epical changes o f diabetic glomerulosclerosis appear. Renal blood flow and the 

iomerular filtration rate (OF R i are characteristically elevated, correlating with an increase 

■J kidney si/e and weight Mild albuminuria may be present il glycacmi 

^aied. Because o f  renal hyper filtration, scrum creatinine and urea nitrogen

Ptarations are usually slightly reduced

Mw 1 0  to 15 years, the first laboratory evidence of renal damage may appear with the
s i  hniirO I n  IDDM. the

P ^ o f  persistent microalbuminuria (30 10 300 mg pcr
of hypertension increases markedly in patients with microa.bumi

clearly contributes to the progression of renal disc.

. 11lie the scrum creatinine
feu. f o u r  y e m  ancr (he on se , o f  clinical dkbelrc ncp m> • • ^ h a l f  o f

* »  «  J ... W  »  -    * " *  5 • '
"III i k . , i np i s p  1 1



history o f  ren a l  in v o lv e m e n t  in  ner^nnc - 1

V * 0 *  ■ lh  • ■ u WMh NT D D M  is  nol w e n
" '  j ^ t h o u g h  m i c r o a l b u m i n u n a  h a s  b e e n  s h o w n  , o  b e  , «  ■ a
uKtidT , . , ■ 1 0  be assoc ia ted  w ith  the

&  , af  clinical d ia b e t i c  n e p h r o p a th y ,  t h e  p re c is e  l e v e l  „ f  • ...
.*i0f®eIlt . * , ,  . J level ° f  microalbuminuria that
%  P * * 8  ^  C°  d e te r m in e d .  S o m e  in d iv id u a ls  w ith  l o w  leve ls

> * u n a  d o  n ot  d e v e l o p  r en a l  fa i lu r e .  In th e s e  p e r so n s ,  a lbum inuria  m ay  be due to

I  f* * *  ° f  0ther COmP' 1Cal,n8  rCnal d i S e a S e s ‘ s u c h ^  o b s tr u c t iv e  u ro p a th y

^ . o n .  or a r t e r io l o s c l e r o s i s .  o r  m a y  r e l l e c ,  an a g e -re la ted  in crease  in urinan

^bunun excretion.

0  > c n r o p a th y

Persons w ith  d i a b e t e s  h t > d e v e l o p  n e u r o p a t h y  m a y  h a v e  n o  s y m p t o m s  or m a y  

gmgrience pain, s e n s o r y  l o s s ,  w e a k n e s s ,  a n d  a u t o n o m i c  d y s f u n c t i o n .  N e u r o p a t h y  m a y  

jjsult in s ign if ican t  m o r b i d i t y  a n d  m a y  c o n t r i b u t e  to  o t h e r  m a jo r  c o m p l i c a t i o n s ,  su ch  as  

lower extremity a m p u t a t i o n .

There arc three major types o f  diabetic neuropathy:

» D istal s y m m e t r i c a l  p o ly n e u r o p a t h y  

» F oca l n e u r o p a t h y .

• A u t o n o m i c  n e u r o p a th y

Distal s y m m e t r i c a l  p o l y n e u r o p a t h y  I h i s  m o s t  c o m m o n  o l  the  d ia b e t ic  n eu r o p a th ie s  

» characterized h y  i n s i d i o u s  o n s e t ,  s y m m e t r i c a l  d i s t r ib u t io n ,  and  p r o g r e s s iv e  co u rse .  

Although its c a u s e  is  u n c l e a r ,  d i s t a l  s y m m e t r i c a l  p o l y n e u r o p a t h y  is  b e l i e v e d  i< rc. ul 

i*’oorrnal neural m e t a b o l i s m ,  g e n e r a l i z e d  n e u r a l  i s c h e m i a ,  o r  b o th .  The o n s e t  an d  c o u r s e  o

cannot b e  p r e d i c t e d  f o r  a n  i n d i v i d u a l  p a t ie n t ,  but in c r e a s in g  a g e .  m  e  s e x .
i  ̂ r'.'inirol hypertension. 

* ■ * •8  heigh,  |ongcr dura(ion o f  diabetes, p o o r e r  glucose c o n tr o l .  .

^ fo l consumption. and smoking may be independent risk fa

overlapping clinical syndromes have been describe

mon ho* <"'cmch UnplMS3nt
* A c u te  p a in f u l  n e u r o p a t h y ,  an u n c f  0 thcr signiIicant

im p lica tio n  o f  diabetes, often occurs wi ,lhesia flrKI paresthesia in the 

neurologic impairment, Patients deve p



(nItaneous hyperesthesia and is worse at night.

• Small fibre neuropathy may occur after only a few yeais Qf

patients  h a v e  v a r y i n g  d e g r e e s  o f  p a in  and  se n so r y  loss;  thev  usually  feel a 

burning p a in  a n d  m a y  d e v e l o p  d y s e s t h e s ia .  P rom in en t  features o f  sm all  

fibre n e u r o p a t h y  a r e  d i s ta l  l o s s  o f  tem p eratu re  sen sa t io n  and o f  pinprick or 

pressure s e n s a t i o n .  V ib r a to r y  s e n s a t io n ,  p o s i t io n  s e n s e ,  m u sc le  strength, and

ankle r e f l e x e s  are  g e n e r a l l y  u n im p a ir e d .  N e u r o p a th ic  u lcers occas ion a lly
*

occu r  at s i t e s  o f  tra u m a .

. Large fibre n e u ro p a th y  genera lly  occurs  in ihe selling o f  small fibre

n eu ro p a th y .  P a t ie n ts  h av e  im pa ired  distal vibration sensation and impaired

distal p o s i t io n  sen se .  A n k le  ref lexes  are reduced or lost. In more severe 

instances, p a t ie n ts  d e v e lo p  sen so ry  a tax ia

Focal n e u r o p a t h y .  F oca l n eu ro p a th y  is an u n co m m o n  condition believed to occur 

liter the acute occlusion  o f  a b lo o d  vesse l  p ro d u ces  ischem ia in a nerve or group o f  nerves. 

Both sensory and m o to r  c o m p o n e n t s  may be p resen t Near total recovery generally occurs

within two weeks to 18 months.

Autonomic n e u r o p a t h y  I h i s  t r o u b l in g  c o m p l ic a t io n  o l  d iabetes  e n c o m p a ^  

multiple disturbances a f f e c t i n g  th e  I n f l o w i n g  s y s t e m s ,  s u d o m o lo r  (p o ss ib le  . j p 

* M e  heat e x h a u s t io n ) ,  p u p i l la r y  ( p o o r  n ig h t  v i s io n ) .  aJrcnom edullary  (h y p o g ly c e m ia

Wwnreness). c a r d io v a s c u la r  ( o r t h m l a i i c  h y p o t e n s io n  and p a in le ss  m yocardia l isch

i .M.i Pircal incontinence
ptlrointestinal (g a .s tr o p a r e s is .  c o n s t i p a t i o n ,  d iarrhoea .

•genital (bladder d y s f u n c t i o n  a n d  s e x u a l  d y s l u n t l i o n ) .

Stroke

I  . 11 n iv cut off. which can

A stroke results w h e n  I he  b lo o d  s u p p ly  t °  ^ ra ' n ^ ^  Brain cells are then

^ Â n  a blood vessel in the brain or neck is bit c ]|"speech or vision or can

V'J of oxy gen and die. A stroke can result in Pr"hk’n,s vv ^  c|ols thai
■fi f i hv fattv  d e p o s it  or

Vcakness or paralysis. Most strokes arc cau>e<  ̂ ^  ^  ^  ^  stay where

y  n r  one o f the blood vessels in the <>' ncck ‘ ' incrcased risk for 

, *  can travel w i,hin ihe body. People w ith  dm ‘

 ̂ blood clots

) .  a n d



3 1 5 0  De CaUieU ° y 3  Weedln® blood vesse, i* lhe brain
1 _ f. ̂  J « _    -LU

«*. •  break
risk fetors o f diabetes. 

^ A F F E C T E D  BY D
iO

According to the American Diabetes Association, nearly 8  percent of the population 

^ W S .  including both children and adults. As diabetes is a chronic condition of lack 

attend sugar control, many organs may eventually be affected by the disease, sometimes 

jpetely. Diabetes is the leading cause of many serious disorders such as cardiovascular 

- kidney disease and blindness.
(JOBS'" ^  /

Heart and Blood Vessels

Cardiovascular d i s e a s e  l'l a I r c q u e n l  c a u s e  o l  d ea th  in d ia b et ic s .  Increased hlood suear  

levels have an a d v e r s e  e l f e c t  u p o n  l ip id  l e v e l s  in the b lo o d strea m , resulting in plaque  

formation in the b lo o d  v e s s e l s .  I h e  d e v e l o p m e n t  o f  a th ero sc lero s is  contributes to 

congestive heart fa i lure  ( O I F ) ,  h eart  a ttack  an d  s tro k e  d u e  to narrow ing  o f  b lood  vesse ls .  

High blood pressure in c r e a s e s  t h e s e  r isk s

Genitourinary S y s t e m

High hlood sugar levels in diabetics can contribute to the development ol kidney disease 

Due to the constant stress o f  filtering high levels "I hlood sugar, the kidneys may lecom 

taiago) and leaky, eventually leaking protein into the hlood and progressing to end tag 

''"H disease. High blood pressure increases tins risk. Some patients with dia 

te'lop bladder problems. Nerves leading to the bladder may malfunction and create 

* » »  known as overact! ve bladder and some patients lose control of the sphincter 

^  «  nrine, resulting in incontinence. Erectile dysfunction is a oortrp'o.nt onic.r.g som 

* * *  mcn- as nerve ce„s and hlood vessels become damaged and can no longer 

Id blood necessary to the formation of an erection

U  N.
ol|s System

- i -«rnl diabetic neuropathy)u I p(*fipilfCT̂ i
diimagp may result from high blood sugar famd*, feet arn*

">*iPtoms su ch  a s  t in g l in g , p a in  and  n u m b n ess  m t c
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e can Plan ^  ^  exeCUte lL Clin ical param eters  should be monitored from

jflcf ^ m ake  the  necessary  ch an g es  i f  required. Dietary changes can be made

* *  « o re  accep tab le  a n d  c a n  easily be fo llow ed. T he  diet should be planned based

\vhic  ̂ . ^ t u s  o f  th e  p a t ie n t .  It th e  p at ien t  is  under nou r ish ed  feed  m ore calories  

n u r ish ed  r e d u c e  th e  c a lo r i e s .  C a lo r ie s  are m a in lv  ob ta in ed  from carbohydrate,  

-ph’ f o l l o w i n g  fa c to r s  s h o u ld  b e  c o n s id e r e d  in the prescription o f  diabetic

f t *  t a t '

aid-

I B o d y  w e i g h t ,  a g e ,  s e x .  activ ity  

i  E c o n o m i c ,  s o c i a l  an d  cu ltura l factors

3 T y p e  o f  d i a b e t e s ,  m o d e  o f  t r e a t m e n t  a n d  c o n tr o l  o f  d ia b e te s

4 O th e r  fa c to r s  l ik e  p r e g n a n c y ,  o b e s i ty ,  card iovascu lar  and renal

d i s o r d e r s ,  i n f e c t i o n s  

The objectives in  d i e t a r }  m a n a g e m e n t  o f  d i a b e t e s  arc  lo :

.  SodoIv o p t im u m  n u tr i t io n  f .  m a in ta in  g tm d health

i i ; .hi m il  a l l o w i n e  for n o rm a l  g r o w t h  and
.  prn v ,d e  c a l o r i c s  f o r  m a i n t a i n , n g  n l e .,1 u c . g h l  a n d  a l io  g

development (cspeciallv in case ol children)

• Maintain blood sugar control

• A c h ie v e  o p t i m u m  b l o o d  l i p i d  l e v e l

• M inim ize  a c u te  a n d  c h r o n ic  c o m p
N a t i o n s  o f  d ia b e te s  m cll i tu s

Improve thc o v e r a l l  q u a l i ty  o l  h i e

10.1 P r i n c i p l e s  o f  d i e t

L ow  c a lo r ic

Low c a r b o h y d r a te  e s p e c i a l l y  s im p le

High protein 

1 ligh fibre diet 

' Low fat

Liberal vitamins and mineral



£jj0flc8

C a m ° f  caJorie ^  to achie' e  normal Weigh( .
L p a ff lt  of all types of diabetics. Both the ,ype ^  “  * Pnmaiy ohje«i' e in u*

ffitin&aence P°stPrandial g |uco«  levels and can also aHe0™ ' ° f 'Carb° hydra,e fou"d in 

^viduals with diabetes. ( W heeler and Sunyer. 2008) ^  ° Vera" glycemic control in

n e  calorie a l l o w a n c e  is  e s s e n t i a l l y  th e  s a m e  as  ih-,. r
a:> m ai lor  normnl inrT • j

privity, size and s e x .  O b e s e  i n d iv i d u a l s  s h o u ld  be p la ce d  on "  ^ ^  ^

tfe desirable weight for h e ig h t  a n d  ag e  is a tta in e d  f'nl T *  Cal° nC rCStnCled diel unlil
u - c a lc u la t io n  o f n L r i o  

jone based on the b a s i s  o f  b o d y  w e i g h t  requirement is

How to calculate thc id e a l  b o d y  w e ig h t

“ t  T  T »  ”  *  * *  -  h> — » t -  « .  .....
sms) by the Broca s index .

ie., Ideal body H eigh t = he igh t (cm ) loo

The ideal body w e ig h t  s h o w s  w h e th e r  the person is overweight (2()°o above his idea 

Wight) or under w e ig h t  ( 2 0 %  below  his ideal body weight). Based on this, the daily 

wlorierequirement o f  an in d iv id u a l  per kg body weight is calculated.

Table 8. (  alorie requirement based on body weight

f  ategory
■ # *" _

K c a l /k g  b o d y  w e ig h t /d a y
--------------------

Ideal w cighi
f t

t o

Underweight 40

Overw eight 20
— i

1 regnancy 30-35

Disabled 25 ---------

Ihia is
*ith great

in te n d e d  for  t h o s e  w h o  d o  se d e n ta r y  w o rk .  Ih e  intake shou ld  be im .leased

er Physical ac t iv i ty



0 ,3 * ®  n « d rec'uiremems than *<** of adults talcing care of their growth

aopmen*. * * *  can take normal dtet except stmple sugars. Calorie requirement for 

^  1 0 0 0  kcal + 25 kcal for boys and 1000 kcal + 100 kcal for eirls

T a b le  9 .  D i s t r i b u t i o n  o f  n u t r i e n t s  in  t o t a l  c a lo r ie s

Ca|ories are d i s tr ib u te d  s o  a s  to  c o i n c i d e  u n i t  the ty p e  o f  insulin  and m od ,l ied  

according to each  p a t i e n t ' s  n e e d s  in o rd er  to  a c h ie v e  the best p o ss ib le  regulation o f

carbohydrate utilisation.

Tabic 10 . Distribution of calorics for each meal

Meal

Break fast 

Mid morning 

Lunch
Tiffin

Dinner 

Bed time

% of calories 

2 0  

It) 

tn

10

20

10

c ,rbl% d r M e ,

,  but they can  alter the type o f

D»hctics need not r e s tr ic t  th e  carbohydrate  intake ^  jin1p |e carbohydrates

^ v , I r a t e  in their diet C o m p l e x  c a r b o h y d r a t e -  are #bsorb e d  and are pre-cat

i*IPl' cause a rapid rise in hlood sugar lh*-> t t  an() s w e eten ed  b e v e r a g e s

* * * •  h°ney and jaggery. H i g h e r  intake o l  f r u e u " c .  ^



type 2  diabeteS 3 1 , 1 0 1 1 2  men 3 1 1 ( 1  w0men of-40-60 years (Mom
.     :___i__ i , . - ViV̂ >nio

K *  * e b l0 0 d  SUgar “  S™ p le  c a rb °h > 'd ra te s .  It fa' p r« e nPtreSCnbed a m ° Um' “
0 ^  P en l ln n c «- " h e a t  flour, raei

^  c a r b o h y d r a t e s  should b e  avotded. Refined carbohydrmes ^  ^

R o t a t e  glucose metabohsm tn J a p a n e s e  w o m e n  wtth in takes o f  white n e e  (A k iko  „  

d:OIO). Studies shown th a t  a  s p e c ta l  v a r ie ty  o f r i e e  is p ro c essed  w hich  con ta ins m ore  o f  

resistant starch. T h is  h ig h  r e s i s ta n t  s ta r c h  c o n ta in in g  rice  w a s  fed to 4 0  d iabe tic  patien is for 

three months and  e f f e c ts  o b s e r v e d .  R e s u l t s  s h o w e d  that, fas ting  h lood  sugar w as reduced 

iVlitra (?/ d., 2007).

10.2 Glycem ic i n d e x

It is the extent  o f  r ise  in b l o o d  su g a r  in r e s p o n s e  to a food  in com p arison  with the 

response to an e q u iv a le n t  a m o u n t  o f  g l u c o s e  or any o th er  re feren ce  food.

Gl= Blood g l u c o s e  a r e a  o l  tes t  f o o d

 ----------------- X 100

Blood g lu c o s e  a rea  o f  r e f e r e n c e  lo o d

Different carbohydrates r a is e  th c  b l o o d  su g a r  to var iab le  ex ten ts .  G ly c e m ic  index help  

s  ^ erm in e  thc extent o f  r is e  in b l o o d  su g a r  w il l i  d ifferent food s ,  f o o d s  with low

tc index are r e c o m m e n d e d  for  d ia b e t i c s .

in



rjble

Ice  c r e a m

Y o g h u r tw

W h o le  m i lk  

S k i m m e d  m i lk  

W h ite  r ice

Potat I)

-

Banana 

Sweet potato 

Fructose 

Soya hean dn I

proitins

*>r°teinj do no, raise blood sugar during absorption as much as carbohydrate and

**> i M much c | j |-a( proteins also promote satiety and P
Of diah< „ conlv essential amino

1 s"PPly as m uch caloric a s  fat. Proteins also ------ -----------
, „ „ i«  supply essentia l am ino

e , |c s  to adhere t o  the c a r b o h y d r a t e  a l lo w a n c e

 * ! . ^ : r r r : r -l,ssuc reP:”r* For u n m '  ' * . .  . f|brc imd low cholesterol.
8 ^ 8  b o d y  w e i g h t  is  recommended. *)ll° tn ,gl



.  ftom  v e g e ta b le  s o u r c e  is  b e t te r  th a n  a n ,m al so u rce

p ro te in  r e s t r i c t io n  to  0 .5  g /k g  b o d y  w e ig h t  id p re sc rib ed  renal

fit

n e  MB1 fat r e c o m m e n d e d  b y  W H O  is  l e s s  than 3 0  p e t  cen t  o f  the to,a, c a lo n e s  „  is 

^ p a l  that o b e s e  d t a b e t t c s  s h o u l d  n o t  ta k e  m o r e  than 15 -2 0  per cent  o f  total energy  from

dietary fat- iM a k e  l n c r e a s e s  h o d >' fa> - d  lea d s  to o b e s i ty .  T h e  best w a y  to

atatntain ideal b o d y  w e t g h ,  ,s  to  c u t  d o w n  fa, in take. Fa, from v e g e ta b le  sources  with  

^ s a t u r a t e d  fatty a c t d s  are  b e t te r  th a n  fr o m  a n im a l  so u rces .  D ia b et ic s  can take 2 0 g  

visible fat/day •

The dietary c h o le s t e r o l  in ta k e  s h o u l d  he  kept b e lo w  3 0 0  m g /d a y  for d iabetics  without  

jnv complications. I f  s u f t e r i n g  tr o m  c a r d io v a s c u la r  d ise a se ,  the intake should  not exceed  

200 mg/day. A v o i d a n c e  o f  e x c e s s  fat and  sa turated  fats control b od y  w eigh t and are 

e ffec tiv e  in d e c r e a s in g  th e  r isk  for  ty p e  2 d ia b e t e s  ( S t o e c k l i .  2 0 0 4 ) .  Inclusion o f f i s h ,  as a 

source of om ega-3  tatty a c id >  in the  d ie t s  o l  in d iv id u a ls  w ith  d iab etes  had a posit ive  effect

'Rudkowska, 2000)

Vitamins and m i n e r a l s

They arc the p r o t e c t i v e  f a c to r s  p r e se n t  in lo u d  and arc m a in ly  present in l im t1- and 

vcgetab!es. L o w  carbohydrate fru its  ( a p p le ,  g u a v a ,  o r a n g e )  and v eg e ta b le s  (excep t potato.

potato, and y a m )  are  p r e s c r ib e d  lor  d ia b e t ic s .  A  study on  d iabetics  

Gum ption o f  v e g e t a b l e s  l o w e r e d  th e  risk o f  d ia b e te s  (R a il .  2 0 0  ))

f ib r e

D*l.y lihrc j, .h... pan ... f,„„| a hid. ia n"l .lipcstcd lhc "llC'" r1- " 1 ^
* *  - h . ™  g l y c c m i c    . . U P  , « . * » «  ' « "  “  "

^ Cal°ne value and also have a low glyccmic index. So diabetics must c* n.

j * * * * ™ - . . .................

,Mfy Ve« « * h' «  «in- luble f,hreS) Many S,’h,blC Wood sugar andn bc.inu r n w t i v c  in con tro ll in g

*ntn, CnUgreek ,eed " are r<mnd t 0  bC m,’r° ' 1  , 0 0 0  calorics'day is considered
11,1,1 le v e ls  In ta k e  o f  25g o f  dietary fibre per ^  ,nNl. rse  association

llm fnr •  diabetic. A ccording to M ontonen el al.



„*)le-grain intake and the risk o f type 2 diabetes was fni ■

^  d u e10 the Pre sen ce  o f  f ib re  in the  grain. "  *" dlat,etlc mer> and

Salt

SaJ[ shou ld  b e  r e s tr ic te d  i f  h y p e r t e n s iv e .  F o o d s  , ik e  p ic k le s . pappads drjed ^  

^jparations c o n ta in ,n g  s o d . u m  s a l t s  s h o u ld  b e  restr icted . It w a s  found that sal,  sen su iv itv

is strong^ associated w it h  in s u l in  r e s i s t a n c e  in h y p e r te n s iv e  patients w h en  the 

changed from l o w  to  h i g h  q u a n t i t y  | Y a t a b e  el u i .  2 0 1 0 ) .
salt diet

was

[nolin

[nulin is a c a r b o h y d r a te  u s e d  to  s to r e  e n e r g y  in the roots  o r  certain plants. Inulin is not 

broken down *n ^hc d i g e s t i v e  tract,  a n d  s o  lo w  el l e d  on  b lo o d  sugar and very few calories.  

B ec a u se  ot its low  g l y c e m i e  in d e x ,  an d  b e c a u s e  it d o e s  not break d o w n  to g lu cose ,  inulin is 

i d e a l  for diabetics. J e r u s a le m  a r t i c h o k e  or s u n c h o k e .  h o n e y - l ik e  sw ee ten er  agave svrup. 

onion, narlic. leek , w i ld  y a m  a n d  c h i c o r y  root  are food  so u r c e s  o f  inulin.

Fenugreek seeds

Fenugreek s e e d s  are r ich  in f ibre  w h i c h  is m u c i la g in o u s  (2 0 - 5 0  °o libre content). It also  

contains Trigonelline , an  a l k a lo id  m fe n u g r e e k  k n o w n  to reduce b lood  sugar, fen u greek  

powder reduces b lo n d  an I u r in e  s u g a r  levels and im p r o v e s  g lu c o s e  tolerance. It lias an 

action on blood l ip id s  in  l o w e r i n g  b lood  cholestero l, f e n u g r e e k  se e d s  appear to have a 

significant h y p o g l y c e m ic  a c t iv i tv  in ty p e  2 d ia b e t ic  patient** ( Ikiw.uii c l  <// .*-

Alcohol

Alcohol provide, empty color.es. stimulates appetite and makes a diabetic obese. It

^  essential n u tr ie n ts  a n d  m a y  t h e r e fo r e  p r o m o te  k e to a c id o s is ,  h y p er tn g ly ccrd em

induced h y p o g l y c e m i a ’ H y p o g l y c e m i c  d ru g s  sh o u ld  never  he consum er ^  

^  Patients o n  in s u l in   ........1 la k e  n o ,  m o r e  than 2 drinks per d ay  .o n e  c n ^

** U  beer. 5 n /  w i n e .  11  ............... s k y , ,  . o t a ,  f o o d  m ta k e    , k .  b e  reduced « h e n ,

Pttient to
ls c o n s u m in g  a l c o h o l

d v

. ,  _ 0 f  impaired lasting

Hi8h alcohol consumption was related with higher inc,

,,r diabetes in ohese men ( Won-t i \» n el ol -•> 1



s«eeteneR have no adverse effect on diabetes control and can be taken in limited

ant
Som e o f  r e c o m m e n d e d  s w e e t e n e r s  are sacch ar in , aspartam e, acesu lfam e K

ie free.h are c a lo rie
g/iiich

,8j  Di«‘ar> guidelm es

•  A v o i d  s w e e t s

« T a k e  c e r e a l s  a n d  p u l s e s  in the  p rescr ib ed  a m o u n t

•  U s e  fat in l i m i t e d  a m o u n t s

• In c lu d e  v e g e t a b l e s  a s  a n d  w h e n  required

• T ak e  p e r m i t t e d  fru its  in l im i t e d  a m o u n ts

.  In c lu d e  f ib re  r ich  f o o d s  a s  m u c h  as  p o s s ib le

10.4 A sample menu

1800calorie d ia b e t i c  d i e t  lo r  a  r e f e r e n c e  m a n  o l  M ik e  ideal h o d j  w e ig h t

Breakfast

• ld li(3 ) ,  S a m b a r  (1 b o w l ) .  I cat 1 IB) m l m i lk )

nr

Appem O). Vegetable curry- 1 ici'P

o r

• ldiappam(3 ), Bengal gram curry - iCl,P

morning

* Uats porr idge  -'/a c u p

o r

porridge - 1 \ cup

u
o r



Vegetable salad -1 bowl. Lime juice 1 glass 

L unch

• * ce  - ' CUP- FiSh CUrr>'- '  S m a "  PieCe' Ihoran-'/j c u p .S a la d - ,  bow l

B u tterm ilk -1 g la s s  ( 5 0 m l  c u r d ) .  O r a n g e - 1
or

• C hapathi-3 . C h i c k e n  c u m  -1 s m a l l  p ie c e  . A p p l e - 1

or

.  Rice gruel -1 c u p .  G r e e n  g r a m  thoron'/acup. M ix e d  v e g e ta b le  thoran-'/a

Evening tea

> Bread (2  s l i c e )  s a n d w i c h  . l e a  ( 1 0 0  m l m ilk

cup

or

L’pma - 1 :c u p .  R o b u s t a  -1

or

• A rrow root b i s c u i t - 3  or  V ad a-1

Dinner

Chapathi -3 .  D h a l  c u m -  ';  c u p

or

Wheat d o s a  -3 .  V e g e t a b l e  k u r u m a  - 1 jc iip

or

* Wheat gruel - I S  c u p .  R e d  g r a m  t h o r a n - ' icup. M a n g o  chutney ( u i t h  out c



| j i £ * C H » G E  L I S T

food exchange lists are groups o f  measured foods of the - 

^ p r o t e t n .  fat and carbohydrate .One food cM s u b s t i t u t e d ^ ^ r

meal Pla a

.  R es tr ic t  th e  f o o d  in ta k e  a c c o r d in g  to the insul

• V a r ie ty  in th e  d ie t*

• E asy  le a r n in g  o f  th e  p r in c ip le s  o f  d iet

• M a in ta in  body w e i g h t

in prescription

List of food e x c h a n g e s

C erea l  e x c h a n g e  

D hal e x c h a n g e  

M ilk  e x c h a n g e  

M eat e x c h a n g e  

f a t  e x c h a n g e  

F ruit e x c h a n g e

h  f  e r e a l  e x c h a n g e

Calorie 8 5  k c n l

C a r b o h y d r a t e 18 - 2 1 g

Protcicm I

Rice

Wheat n
Oats

tdli

( hapothi

u a

I pnui

2 5 g

25g

1

i/
i  C l i p



,  Y a m  "  7 "  g

,  potato '  10° g

# sunset potato  - 7 5  g

g Tapiooa " 5 ° g

,  Breail 2 s l ic e

2. Dhal e x c h a n g e

C a r b o h y d r a t e  - 15g

p r o te in  - 6g

C a lo r ic  - S5 k c a l

• pulses - 2 5 g  ('A c u p  c o o k e d )

3. Milk e x c h a n g e

Protein - 3 g

C arbohydrate  - 4 g

Fat - 4 g

Calorie - 6 5  k c a l

• Cow’s milk - lOOmll

• Buffalo’s milk - ’4*

• Curd - I DDrn I

• Skimmed milk -

Skim m ed m ilk  p o w d e r  - IS g

e x c h a n g e

* ““ <» - 7 .5 g

Fat
6 g

®‘ ,0rl'  - 85  k c a l

1 hieken 7 5 g

; Clip )



J  t  L i r &
- 75g

1  *  E g g ■ I m edium

I  , Meat 50g

I  •  Fish 7 5 -I00g

5, Fat exchange

Calorie 90 kcal

Fat lOg

• Oil 10g
•  Ghee lOg

•  Butter I2g
• Vanaspa t i

w

lOg

6. Fruit exchange

Caloric
dO kca

Carbohydrate - n i g

* Am la 4-S
# Apple

1
Banana 1 /J

Grapes

Guava
7 0  n u m h  

1

’ pieces 

7 piece

âck fruit 

Mango

EATMe iv t

^flary control
ls ccn,rfll Jo success in treatment o f  diabetes. It is accompanied, when

aajy by jng I -

n ()r oral hypoglyc cmic drugs. A regulated programme ol exercise and 

^'n ii! , , ,  rSnnnl ,ly8 *>ne are important. I he many aspects of thenip> require a 

^ lh ^ /cj Pr<lgr:lnime , , f  education for the patient together with periodic evaluation hv

Z io n is t ,  an«| other specialists in health care.

U



11.'
g j e r t i s *

„ * *  »  « * ” »  »  * .  d i , t a e

Wp, » i ~ ~  * « -  utilisation. „ h„K _ . n _  *
^  « * * .  !■ 1 »  W * « —  W  P to v id o , ,  o f  ’  “ *
^  *  « * »  o r  in s u i i n  a n d  * .  W p !  ,0  „ „  f c  ^  ^

^  f c  * • *  -  -  - — * .

« * *  "  f c  * “  r° m ' ° r  I'1.  " »  o ld u t ly  11 o n  o v c r. lh t  „ d

j^non  o f  e x e r c is e  d e p e n d s  o n  th e  a y e  a n d  p h y s ic a l  s ta tus  o f  the individual. Initiate the 

a s d s e  program m e g e n t ly  a n d  th e n  b u i ld  tt up grad u a lly .  W alk in g ,  b icy c l in g ,  jo g g in g .

swimming, g o l f in g ,  g a r d e n in g ,  p l a y i n g  t e n n is  and  b a d m in ton  can  be adopted. T hose  on  

insuJin require extra  c a r b o h y d r a t e  b e f o r e ,  d u r in g  and after the ex erc ise .

In the field o f  d i a b e t e s  a n d  e x e r c i s e ,  a m o n g  the e p id e m io lo g ic a l  studies o f  physical  

exercise, recent m e g a - t r ia l s  s u c h  .is the  D ia b e t e s  P reven tion  Program (D P P )  in the I .S. 

have shown that l i t e s t y l e  in t e r v e n t io n  p r o g r a m m e s  involv  ing diet and or exerc ise  reduce  

the progression o l  im p a ir e d  g l u c o s e  to le r a n c e  ( l ( i l  > to type 2 diabetes. I ifes ly lc  change  

may reduce the in c i d e n c e  o f  t y p e  2 d i a b e t e s  by 2.X 5 ‘>°o and n en h an ces  the action o f  

insulin (Walker e t a  I . 2 0 1 0 )

 ̂ 1*2 O r a l  d r u g s

When diet, exercise or  e v e n  w e i g h !  r e d u c t io n  d o  not im p rove  the diabetic  sym ptom s  

^ b lo o d  sugar l e v e l s ,  th e  . . s c  o f  h y p o g l y c e m i c  d ru g s  b e c o m e s  necessary . Oral drugs are 

^ c o m m e n d e d  to  N i l ) D M  p a t ie n ts .  S e v e r a l  ty p e s  o f  oral drugs arc available,  

hy stimulating the p a n c r e a s  to r e le a s e  a d d it ion a l  in su lin  or to help .he  ee lls  of
.o u t i l ise  th e  insulin p r o p e r ly .  S u lp h o n y lu r e a s  and b ig u a n id es  arc .he  Ivvo groups  

” H m  w h i r l , _____________  ,  i K i i n n M  C o m m o n l y  used  sulphony u n a s  nri

'nth 

%

^ li ich  are c o m m o n l y  u s e d  in N I D D M  ( 0u i i i m u i i i i v  UBCII Ml  ............  / 1 ii . i lnr, tn

* * . « « . » * * * ,  *  ' » * ” “ >• < • « ...........

«  « » « w  an.l (ilipi/idc (ffly— r “

Pbage) and p h e n f n r m in  ( I ) B I )



th e  discover).' o f  in s u l in  h a s  d r a m a t ic a l ly  c h a n g e d  the  lives

a i t h  this w o n d e r  d ru g  d iab e t ic s  can  lead a n  , °  pe° P,e havuiS '>Pe

* * • * - *  7  " 7  T  n .  *  —  i .  k "
^ k|v ,t Starts worktng. tune o f  peak act.vtty and how long i, works. The three tvpes are 

m  acting- intermed,ate acttng and long acting, 'the quantity of carbohydrates should 

the dose of insulin given. Small Irequent feedings is advised in IDDM to avoid

hypoglycemia

11.4 Education

Education is v e r y  im p o r ta n t  for  d ia b e t e s  b e c a u s e  ii is a l i fe lo n g  disorder. In order to 

CBflble the patient to le a d  a h ea lth ' ,  an d  a g o o d  q u a l ih  life  free from com plications ,  the 

diabetics must be e d u c a t e d  s u f f i c i e n t ! )  I hcv s h o u ld  he r igorous!)  cou n se led  so that tliev 

can manage their b lo o d  g l u c o s e  l e v e l  t h e m s e l v e s .  Patient ed u ca t ion  can help to reduce the 

mortalities and m o r b id i t i e s  a s s o c i a t e d  w i th  d ia b e te s .  I he nature o f  d isease ,  its acute and 

chronic co m p lica t io n s ,  s e l f  m o n i t o r i n g  o l  b lo o d  g lu c o s e  lev e ls ,  adequate intormalion on 

diet, knowledge a b o u t  in s u l in  a n d  d r u g s ,  im p o r ta n c e  of e x e r c ise  and clarification ol 

common food fads a n d  m i s b e l i e f s  are  s o m e  of the areas in w h ich  the d iabetics are to be

educated.

PLUS

Diabetes is a chrome metabolic d.sordcr which .llccls almost all age groups. India 

second larges, nation vulnerable to chabetcs mcllitus. I he global increase in diabetes 

tnn because o f population ageing anti growth, anti o f  increasing trends towards ol l >. 

***>  and sedentary lifestyle,. Lie, is .he corner stone in .he ntanagentcn o

* *  -  offers a greater hope in the management of -his ' h'  ^

^  are ln m a in ta in  a n d  p r o l o n g  a h e a l t h y ,  p r o d u c t iv e  and a Pf



p i s c u s s r o N

i.
Does intake o f  e x c e s s  su g a r  c a u s e  d iab etes?

^  EMeSS C a l 0 n e i fr° m  th e  SUgar iS S1CTed ■" >he b od y  as fat due to the i n c i t e d

carbohydrate m e t a b o l i s m  tn d ia b e te s .  T h is  iea d s  to o b es i ty  and is one o f  the major risk

fcaoB  in d ia b e te s .  S o .  s u g a r  in tak e  d o e s  not d irectly  c a u se  d iabetes .  But i f  any o f  the

parents h3S di3.bc.tcs. the lntcikc s h o u ld  be restricted

? How stress c a u s e  d ia b e t e s ?

Ans. In stress ,  the  b lo o d  g l u c o s e  le v e l  is increased  to provide a quick  source  o f  energy

f o r  coping w ith  s tress .

3. Is there any rela tion  b e tw een  hypertension  and diabetes?

Ans. Patients w ith  d iab e te s  have elevated blood sugar compared lo patients without 

diabetes. This excess  su g a r  has m any  consequences, including slow but serious damage to 

sensitive blood vesse ls  ca l led  capillaries. Damage to certain capillaries in the kidneys 

impairs the k id n e y 's  b lond  p ressu re  regulating abilities, leading to higher blood pressure. 

Elevated blood pre .sure can  a lso  at feet the delicate insulin secreting areas ol the pancreas, 

leading to higher hi nod  sugar. Sn, d iabetics  should restrict salt in thcii diet.

4. There is im In s t itu te  o f  D ia b e t i c  M .u i. ige ine ii l  in I l i in ivanlliapuram . < m c  m ore  details  

about ihe institute.

Ans II i ,  a D iabetic  d i m e .  I here  arc a num ber nl -1 label ic clinics in various parts „l 

Kerala, th ese  c l in ic s  arc  m ain ly  concentra ting  cm comlncling camps lor iliabshcs.

providing dietary c o n su l ta t io n s ,  educa tion  etc.

■ Mow s m o k in g  in d u c e s  d ia b e t e s ?

a , i  | nrrccure and increasing the risk of
' ns Smoking constricts blood vessels, raising “

r Jnmincs, v\luth Mi^c ni.cn
COr°nary artery disease It also stimulates the release  o 
sh n

,VNn p r o m o te  in s u l in  r c s is ta iu  e



yfojt is auto im m u n e  a tta ck ?

^  ^  auto im m u n e  d i s e a s e  r e s u l t s  w h e n  the  b o d y ’s  sy s te m  for f igh t in g  in fec lion  lhe

^  sy s te m , turns a g a t n s .  a par, o f  the b o d y .  , n d ia b e te s . its ^  ^

^  and destroys the  tn su lm -p ro d u c in g  beta  cells in the pancreas thinking the beta cells 

^  a foreign body.

7 Why the  sme11 a c e t o n e  in lh e  breath o f  d ia b et ic s?

Arts. WUk d e f i c ie n c y  o f  in s u l in ,  ca rb o h y d ra te  is not fully  u tilised  for energy and for this 

purpose fat is u se d  a n d  l i p o l y s i s  is  g r e a t ly  increased . T h e  fatty ac id s  released  from adipose  

tissue arc o x id i s e d  b \  the  l iv e r  to l o m i  k e to n e  b o d ie s  . I he appearance o f  one  o f  these  

ketones, ace ton e  tn the  u r in e  p r o d u c e s  k e to a c id o s is .  A c e to n e  is excreted  by the luntis and 

gives the a c e to n e  s m e l l  in the  breath  o f  d ia b e t ic s .

8. Can carrots and  b e e t r o o t s  be  c o n s u m e d  bv a d iab etic  patient?

Ans. The g ly c c m i c  in d e x  <>l carrot is 4 7  and that o! beetroot is 64 . I hough  both ol these  

root vegetables p r o v id e  tew  c a lo r ic s ,  carrot w ith  low g ly c c m ic  index can be taken in 

moderate a m o u n ts .  O n e  or t w o  s e r v in g  ot carrot can  be included  daily in curries or in

salads. But b ee tro o t  w i th  h ig h  g ly c e r in e  in d ex  sh o u ld  be avo id ed .

9. Suggest any h o m e  r e m e d i e s  tor c o n tr o l l in g  d ia b e tes

• Include tu r m c r tc .  e n n u m n n .  le n n g re e k  s e e d s .  hitter g o u r d  c h e w in g  bittcr herbs  

like I N e e m ) .  In d ia n  gooseberry lA m la t .  Indian p lum  (Jam un). the holy  Inn, o l

I n d i a -  t h e  B a e l  f r u i t ,  g a r l i c  m  t h e  d i e t .
r , vnfrr K e e n  it o v er  night and filter

•  Boil arou n d  f i f t e e n  m a n g o  le a v e s  in o n e  cu p  <

in the m o r n in g .  D r in k  e v e r y  m o r n in g  on  an em p ty

What is c a c h e x ia ?

achexia 

hte and 

f luid I

, hv atrophied muscles, fatigue, loss
t is  e x t r e m e  w e i g h t  l o s s  a c c o m p a n y .  ^  ^  , r ) in g  to lose

g e n e r a l  b o d i l y  w e a k n e s s  in a n y o n e  w eigh t  loss  in a

o s s  d u e  t o  p o l j u r i a  a n d  h ig h  g l u c o *  le v c  s  t



W hen t h o s e  fa c to r s  are  c o m b i n e d  in  d ia b e te s  =. ~  
i . Person increases  his risk o f

. ca ch ex ia -

11

A®

„  bitter gourd  b e n e f i c i a l  for  d ta b e t e s ?  Is i, p ra e t ica h |e  for a „  ^

Bitter g o u r d  c o n t a i n s  G u r m a r in .  a p o ly p e p t id e  .h a ,  is  con s id ered  to he similar to 

bovine insulin, w h ic h  h a s  b e e n  s h o w n  in e x p e r im en ta l  s tu d ies  to a cco m p lish  a positive  

jugar regulating e f f e c t  b y  s u p p r e s s i n g  the neural r e sp o n s e  to sw e e t  taste stim uli.  Eating  

bitter gourd o v e r  lo n g  p e n o d  o l  t i m e  e x t e n s i v e ly  r ed u ces  the g lu c o s e  le v e ls  in the hlood  

and urine. It can  be  r e c o m m e n d e d  to all t y p e s  o f  d ia b et ic s .

12. If there is any  h istory  o f  d i a b e t e s  in the fa m ily ,  at w hat age  on w ard s  w e  have to control 

our diet?

Ans. Heredity is the m a in  risk la c to r  h>r ty p e  2 d ia b e tes .  S o .  i f  there is any history o f  type  

2 diabetes in the fa m i ly ,  th e  d ie t  s h o u ld  he  c o n tr o l le d  after 3 0  years onw ards.
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Diabetes m e l l i t u s  o r  'm a d h u m e h a m -  h a s  b e e n  k n o w n  for centuries » a-

J eworld l ived  w i t h  d i a b e t e s  in  2 0 1 0  a n d  the  number' is e s p e c .T to  g r o w ^ T m i l S  

Jjy 2030. India has the  w o r l d  s s e c o n d  la rg es t  d ia b e t ic  p op u la t ion  (ID F . 2 0 1 0 ) .

Diabetes m e l l i t u s  is  a c h r o n ic  m e ta b o l ic  d isord er  w ith  a strong hereditary basis, 

associated w ith  h ig h  b l o o d  s u g a r  a n d  u su a l ly  w ith p a ssa g e  o f  sugar in the urine. Other risk 

factors include o b e s i t y ,  s e d e n ta r y  l i t e ,  s tre s s ,  s m o k in g ,  a g e in g  and unhealthy eatine  habits.

The three m a in  t y p e s  o t  d ia b e t e s  are typ e  I d iab etes ,  type  II d iabetes  and gestational  

diabetes. Type 1 d ia b e t e s  a t t e c t s  c h i ld r e n  w ith  little or no production o f  insulin. T ype II 

affects overw eight or o b e s e  a d u lt s .  I he  in su l in  production  m ay  he normal or high but is 

not as effective as n o r m a l  in s u l in  G e s ta t io n a l  d ia b e te s  o ccu r  during pregnancy and require

insulin injections.

A lthough, it is n o t  p o s s i b l e  to  cu re  d ia b e te s  c o m p le te ly ,  d iabetics  can lead alm ost a 

normal life. D ietary  c o n tr o l  is  cen tra l  ti> s u c c e s s  in treatment and m anagem ent ol diabetes. 

Hie diet should  a l w a y s  p r o v id e  the  e s s e n t ia l s  for g o o d  nutrition and adjustm ents must be 

made from lim e  to t im e  for c h a n g i n g  m e t a b o l ic  n eed s ,  grow th , pregnancy, or m id i  lie

activity.

i ic; n nrimarv objective  in the
Control o f  c a lo r i e  in ta k e  to  a c h i e v e  n orm a u c  ^ ,mt o f  c ,i r M m |raic found in

®““gemem o f  all t y p e s  o f  d ia b e t e s .  D oth  the  ty p e  a * ■ ^  jn

^  influence p o s tp r a n d ia l  g l u c o s e  l e v e l s  and  can  a so  . n diabetic

‘dividuals w ith  d ia b e t e s  ( W h e e l e r  an d  S u n y c r .  2 0 0 » ) .  »  ccnl from
derive 6 0  to  6 5  p er  c e n t  o f  c a lo r ie s  from  carbohydrates .  15 .  P

and 15 to 2 5  per  c c n l  fr o m  fat ( R a g h u r a m  2 0 0 3 ) .

lor if ic  va lu e  and lo w  g ly e c m ic  index  

Diets c o n t a in in g  h ig h  d ietary  f ibre h a v e  o w  < a Ct|u cc  b lood  sugar.

N  * * * * *  d ia b e t ic s  s h o u l d  c o n s u m e  su c h  f o o d .  I d * - *



Fenuereek seeds appear to have a significant hvnoo|vrfW . .
... when they are allowed to drink the extract and chew 'the , ? " ' • ?  ^  "

J ^ tesen ce  o f fibre and an alkaloid namely trigonelline (Bawadi e, aI 2i009)“^  dUe

Exercise h e lp s  in  r e d u c t io n  o f  b o d y  w e i g h ,  and  e n h a n c e s  the action  o f  insulin and

m ° dinC ati0n  lhr° Ugh “ > —  delay
rjje onset a

Diabetes c a n  b e  k e p t  u n d e r  c o n tr o l  w ith  certa in  c h a n g e s  in the life sty le  -  food  

jjjtaloj, exercise and r e g u la r  in ta k e  o f  p r e sc r ib e d  m e d ic in e s .



F O O D  S E C U R I T Y -  T H E  IN D IA N  S C E N A R IO

Bvm

b l o s s o m  k .l

2 0 1 0 - 2 4 - 1 0 2  

D E P A R T M E N T  O F  H O M E  S C IE N C E

Seminar R ep o rt s u b m itte d  in p a r t ia l  fu lf ilm e n t of the requirem ent for the course

F V  002- D o cto ra l sem inar

C o l l e g e  o f  H o r t i c u l t u r e  

K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  

V c l l a n i k k a r a ,  T h r i s s u r  - 6 8 0 6 5 6

K e r a l a

D E C  E A R  A 1



CONTENTS

SI. N o . T i t l e
P a g e  N o.

1 I n t r o d u c t io n  “ ------------------------------
1

2 D i m e n s i o n s  o l  fo o d  secu r ity
I

F o o d  a v a i la b i l i t y  ~* 2

___ — *

F o o d  a c c e s s 9

F o o d  a b s o r p t io n 16

3 I

J

F o o d  sec u r ity  m a p  o f  India "IT

4

*---  _ 1

C o n c l u s i o n 26  ,

5 1 ) i s c u s s i o n 27

6 R e f e r e n c e s 28

- - ■ — -



Per c a p i t a  n e t  p r o d u c t io n  o f  plant fo o d s  (g /d a y )

P er  c a p i ta  net p r o d u c t io n  o f  an im al food  item s

(g /d a y )

Per cc 1

A v a i la b i l i t y  o f  t w o  square  m e a ls 'd a y  (per 1000
h o u s e h o ld s )

Per c a p i t a  i n c o m e  o l v a r io u s  S tates  o l India

P e r c e n t a g e  o f  p o p u la t io n  c o n s u m in g  less  than

1 ,8 9 0  k c a l

P o p u la t io n  u i i l i  prote in  ca lo r ic  d e f ic ie n c y  ("ol 

I i f e  e x p e c t a n c y  at a g e  o n e

r t a h . v  r a t e  n n d  c h i l d  i n o r t n l i t m t c
Infant m o

In d e x
value and rank nr percentage of women

with anaemia

8

11

11

C omposite in d e x  o f  . W i n s c c n r i . y  w i t h - . c n

indicators 2004- 06

- S , « ,  M ............................ ..................... ........

24

25



•1

T a b le  N o . T i t l e
P a g e  N o .

----------- ----------------------------

C o n c e p t  d ia g ra m  o f  food  

in s e c u r i ty

7~- ■-----------------------

2

E B b T *  2-

_ " 1 . — 1

G r o w t h  o f  p o p u la t io n  in 
In d ia 3

•------- '  3 C o rn p a r iso n  o f  p o p u la t ion 4
o l  India  and C h in a  o v e r  the

v ea rs*
L-- _--- . _ m ___

T

4 f o o d  s e c u r i ty  m a p  o f  rural
2 6

India



F O O D  S E C U R I T Y -  T H E  IN D IA N  S C E N A R IO

| p t t r o d u c t i o n

A decade o n  from  th e  f irs ,  W orld  F ood  S u m m i, held in Rome< | 9 %  

of food and nutrition in se c u r ity  st . l l  rem ain s  a great threat to a large number o f  poor 3  

vulnerable p e o p le  a c r o s s  the  w o r ld . .  A ,  the g lobal level,  the South Asian region is the 

home to m ore c h r o n ic a l ly  lo o d  in secu re  p e o p le  than any other region in “the world 

(MSSRF, 2 0 0 8 ) .

I t  h a i s  b e e n  e s t i m a t e d  t h a t  i n  I n d i a ,  o n e  o u t  o f  f o u r  p e r s o n s  g o e s  t o  b e d  h u n g r y

w i t h  a  h i g h  G l o b a l  H u n g e r  I n d e x  v a l u e .  I n  t h e  r e p o r t  p u b l i s h e d  b y  I n t e r n a t i o n a l  F o o d

P o l i c y  R e s e a r c h  I n s t i t u t e  i n  O c t o b e r  2 0 1 0 .  I n d i a  w a s  r a n k e d  6 7  o u t  o f  8 4  c o u n t r i e s  i n  t h e  

G l o b a l  H u n g e r  I n d e x  b a s e d  o n  c h i l d  m a l n u t r i t i o n ,  c h i l d  m o r t a l i t y  a n d  p r o p o r t i o n  o f  
p e o p l e  w h o  a r e  c a l o r i e  d e f i c i e n t  ( K u m a r .  2 0 1 0 ) .

F o o d  s e c u r i t y  e x i s t s  w h e n  " t i l l  p e o p l e  a t  t i l l  l i m e s  h a v e  p h y s i c a l  a n d  e c o n o m i c  

a c c e s s  t o  s u f f i c i e n t ,  s a l e  a n d  n u t r i t i o u s  l o o d  t o  m e e t  t h e i r  d i e t a r y  n e e d s  a n d  f o o d  

p r e f e r e n c e s  f o r  a n  a c t i v e  a n d  h e a l t h y  l i f e - '  ( I  \ < ) .  1 9 6 6 ) .  A c c o r d i n g  t o  U n i t e d  N a t i o n s  

( 1 9 9 7 ) .  a  h o u s e h o l d  i s  f o o d  s e c u r e  w h e n  H  h a s  a c c e s s  t o  a d e q u a t e  f o o d  n e e d e d  l o r  h e a l t h y  

l i f e  f o r  a l l  i t s  m e m b e r s .

2. DIMENSIONS O F FO O D  SFC T R IT Y

Food i n s e c u r i t y  m a v  h e  p r e s e n t  < » r  p o t e n t i a l .  A  s t a l e  p r o d u c i n g  s u f f i c i e n t  f o o d  a t
/  # * *

present may not he a h lc  lo  p r o d u c e  ihe sa m e  am ount in future, due lo environmental 

factors such as land d e g r a d a t io n  "r <Iuc e c o n o m ic  factors such as lack ol price 

incentives A reg io n  w ith  in a d e q u a te  food  production w ould  lace (bod msecunty at 

Present. Potential fo o d  in se c u r ity  is related not only to ex is t in g  m alnutrit ionol thc people  

in a region hut a l s o  to  the  lack  o f  a c c e s s  to sa fe  dr ink ing  water, poor sanitation and lie 

- W o n  II,us. p o te n t ia l  fo o d  in se c u r ity  can occu r  either due to a potential lack o f  

l a b i l i t y  Of rood or d u e  to  a p o te n t ia l  lack o f  l ive l ih ood  or n potential threat o

* ■ ' * " * ' " »  (M S S R 1 - .  2 0 0 1 ,

Food insecurity may he chronic or trnnsi ory. ca|orjCs and e s s e n t i a l

’"Won in which people consistently consume diets inadequate m ^  food
”"Went* due to in a b il i ty  ,o a c c e s s  food by  production  pure 1‘V’°  * fh is  |s due to

i .  a temporary short fa„ m food ’



0  in income- in c re a se  in fo o d  p r i c e ,  sh o rtag e  o f  p roduction , natura, ca,antities such as

floods, droughts etc.

Food secu rity  h a s  th re e  b a s ic  c o m p o n en ts  nam elv  a v i ih h i in  

absorption- A v a ila b il i ty  o f  fo o d  is a  func tion  o f  food produc'tion and access " f o o d  " a  

fbnction Of p u rc h a s in g  p o w e r  a n d  e m p lo y m e n t.  A bsorp tion  o f  food in the body is 
influenced by n u tr i t io n a l  s ta tu s ,  e d u c a t io n  and  health  care (Sw am inathan . 2010).

The c o n c e p t  d ia g r a m  l in k s  the three d im e n s io n s  o f  food security. The interaction 

ofthese three a sp e c ts  r e su l ts  in a s ituation  o l  food insecurity.

F i ^ u r e l . C o n c e p t  d i a g r a m  o f  food insecurity

l l r O O D  a v a i l a b i l i t y  whlchis
' f | Stocks in daslrcd lluan,l,K '

Food availability is the physical availability o  ̂ ^  ^  distrihirtton ol

a Unction of domestic production, changes m stoc ks ^ abundancf i f every body
across territories (M S S R F, 2008) Food has to be ava 3



nt enough- Food availability may be hampered bv ■

production, environmental sustainability and natural disasters!" '°W 'eVe,S of

g r o w t h  o f  p o p u l a t i o n

*  ,„di3-s population  is very la rg e  i n  s iz e  a n d  is g r o w in g  rapidly. T h o u g h ,  rhe f o o d  erair

Ruction in India is h ig h ,  it is very  d i f f ic u l t  lor the country  to satisfy  the hunger o f  all segment! 

R a t i o n .  The grow th  o t  p o p u la t io n  is s h o w n  in the Figure 2.

Figure 2 .G row th o f population in Ind i a
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a 1,1 p op u la t ion  h y  2 0 3 0  and is s h o w n  in 1 ifcture
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2l,-2 FOO D P R O D U C T I O N

F""tl grain p rn d u clin n  is a v ital e le m e n t  to en su re  food and nutrition security in Indur 

''®Wlltv n f  r i _  ............................................................ inir rood an,I nutrition security. Wt.hou, sustatned
*ty nf rood grain is a key e le m e n t  in ensuring  

0Ver time in d o m e st ic  food  grain production, this is on impo.

^ • 1  R E A S O N S  F O R  L O W  F O O D  P R O D U C  r i O N

Ralan and S in g h  ( 2 0 1 0 )  p o in te d  out the  la c to r s  for lo" production o
s as

V i



Q u ality  s e e d  in India  a l w a y s  rem ains  in acute  shortage.

H ig h  p r i c e  o f  q u a l i t y  s e e d

r h e  p r o d u c t io n  c o s .  o f  q u a l ity  s e e d s  are a lw a y s  beyond  the purchasing limits 

o f  the s m a l l  and m a rg in a l  p oor  fanners.

L a c k  o f  k n o w  l e d g e  oT s e e d  t r e a t m e n t s

M ost  o f  the  farm ers  g e n e r a l ly  d o  not treat their seed. Further, thev do not 

know  the d i f f e r e n c e  b e tw e e n  s y s te m ic  or contact fungicides and insecticides  

su itable  for s e e d  treatm ent.

L a c k  o f  k n o w  l e d g e

iteracv i'' a l im i t in g  factor  to eel inform ation on latest ad \ancem ent  *

regarding p r o d u c t io n  te c h n iq u e s  and p o l ic ie s .

H igh  s e e d  r a t e

Farmers u s e  h ig h  rate o l s eed  in the lield w hich  increase cost ol cultivation, 

c o m p e t i t io n  b e t w e e n  p lants  lor nutrients, light and space which affect

y ie ld  o f  c r o p s

U se  o f  u n b a l a n c e d  f e r t i l i z e r s

I h is  in c r e a s e  c o s ,  o f c u l t i v n t m n  and interfere with uptake o f  nutrients.

L a c k  o f  i r r i g a t i o n  fa c i l i t i e s

• .  l im iting factor that affects
U n a v a i la b i l i ty  o f  w a te r  at certa in  o c c a s io n s

p ro d u ct iv ity .

W e a k  e x t e n s i o n  s y s t e m
•„n scientists  and production

Uloaer interaction between farmers, cxten
i«i o u r  extension s y s t e m .

sy s tem  r e s e a r c h e r s  is needed to  rem L ^



Public investm ent is essential to create infrastmot.
- .. . ure*assel formation and

improvement in quality o f  existing assets.

The trend in food  p r o d u c t io n  d u r in g  1 9 5 2 -5 3  to 2 0 0 9 - 1 0  is described i
in Table 1

table
1 Food grain p r o d u c t io n  in India

y S r  A rea  ( M i l l i o n  h e c  t a r e s ) P r o d u c  tion T M iT l i^ T m n n ^ y

2003-04
2004-05"
2005-06

2006-07
1007-08
2008-00
2009-10

1 0 2 .0 9  

1 1 7 .8 4  

1 1 9 .2 8

5 9 .2 0
80 .15

Yield  
(K g/h ectare)

580

97 .03
1 2 5 .1 0  
1 2 3 .1 5  

1 3 .8 6  

1 2 3 .4 5  
1 2 0 .0 0  

121 TO

129.52
79 .48

174.77
2 1 3 .1 9

9 8 . 3 6

2 0 8 ,6 0

123 71
124 0 7  

122 83
1 2 1 .3 7

217.2.8
230.7.8  
234  47  
21,8.20

680
813
1035
1457
1535
1727
1652
1715
1756
1,860
16()6
798

_ — - — —- ■ ■ ■ 1 1 ■

( I ripaihy and Mishra, 2(111)

According to A y y a p p a n ,  D irec to r  f icncral nl Indian ( ouncil ol Agricultuidl Research. 

Ml’, food production c r o s s e d  2 75 m i l l io n  to n n e s  during  2(1111-11 ns per the latest estimates  

®dlhis is the liiuhes, s in c e  I n d e p e n d e n c e  I An«>n.. 2 0 1 1).

*" terms o f  food grain  p ro d u c tio n . Ind ia  is lliiril largest producer o f  cereals a l l c r  t  Inna 

" ®  S A. being second in w h e a t and rice and firs, in total pulses. In terms o f  horucul.ura 

India is the second larges, producer o f  vegetables and fruits. In terms o 'm m  
***"■ N i a  is ,he highest p ro d u cer o f  m ilk ,  -bird in egg production and f i t * ............

^ " " " (R a ta n a n d  S in g h .  2 0 1 0 ) .
Jnrfion of various foods

According m m s s RI (2001). a study on per capo-1 "ll ' r( . hih in the slates of'■ruing m MSSRI (2001). a study on re >-i itl, is high in the slates of
• diITeren, stoics in India revealed that ctrcal product, P I Rajasthan fuher

S b - -  ar ,’mdesh. Hl-nachal Pradesh and .
n,l Haryana f o l l o w e d  h y  I



^inii per caPita is in W e s t  B e n g a l ,  fo l lo w e d  b v  kVr i -r

^ ^ a v a i l a b i l i t y  o f  p o i s e s  is  h igh  in M a d h y a  Pradesh 1

P- sugar production is high in Maharashtra. Thus, the

,  i l l  foods e x c e p t  t r u i t s  a n d  v e g e t a b l e s  a r e  h i g h  T h e  ■,
.  T  .  ,  ,  P  P l l a  n e I  P r o d u c t i o n  o f  p l a n t

is shown in T able  2.

Tabic 2. Per capita net production of plant foods (g/day)

Cereals

CVR NORMS

3 6 3 .3 5

3 18 4 0

ija n l
.

t. in j

221 0 0

I 201 4

m  n

2 7 4  11

3 8 9 .2 7

M i;M

158 77

2 7 0 . 3 1  

5 4 5  6 8

1 1 3 . 2 4

T u b e r s P u ls e s

*------

S u g a r E d ib le
oil

Fruits Veg.

7 5 4 0

►----------------------------- . — .

3 0

►-------- — ~

2 2 50 125

6 . 8 7 2 2 . 6 8

k--------------- -  i

3 0 . 6 7 2 7 . 7 8 106. 33 66. 41

5 8 . 0 1 5 . 8 4

>■ -  — - — — — —— — ^

0 . 6 7

k.---------------- _  _ _ ^

4 . 8 4 4 9 . 8 3 196. 33

4 2 . 4 8 1 5 . 0 0

i  ■ ■ ■■■ HI

1 0 . 6 7 0 . 9 8 4 5 . 1 7 199. 52

3 0 . 4 6 2 8 . 0 6 5 4 . 6 7 44 . 0 1 5 8 . 8 3 109. 04

2 2 . 8 4 4 5  0 8 6 0  DO 3 7 . 1 0 11. 50 162. 98

5 0  8 8
k  -*----- — ----------- - .4

4 17 I) 0 0 1. 03 7 0 . 1 7

. ___________________

21 1.70

2 2  - >  j 1 0 0 . 2 2 3.3 3 4 6 . 6 2 2 0 . 1 7 85. 55

3 0 5 I 3 01) 1 10. 67 18. 45
-------------------------------------------------------------- 1

s s
I. *  * •

J

3 5 4 . 3 3

_ . ______-—  — — -

2 8  2 0 21.20 5. 3  3 ■1.55 55. 3  3 3 5 4 . 3 3

r
-

K
r>

 

1 OC L 7 6 7 0 1 ( i7 10 38 4 8 . 0 0 166. 75

1 . 0  2 8 9  2 7 1.3 3 4 8 . 1 9 7 . 0 0 15. 95

1 2 3  17 0 . 2 6 6 8  0 0 24. 1 1
8 4 . 8 3 158. 05

1 16 7 6 3 . 3 . 6 2 6 5 . 6 7 7 16
.38.17 160. 95

2 1 0 . 8 5

6 5 . 7 3

4.7.3

3 1 . 0 4

0 . 3 3  

41 0 0

4 . 3 2

1 8 . 1 0

________________________________________________

21 17 

58.3.3

(MS'

438.77

179. 22

sRI 2001)



J in a  the per c a p ita  p r o d u c t io n  o f  an im al fo o d s  Puniah

* £ .  o f  -  - .  *  „  ;;r r ::;r : — —

^  o f» “ ' “ *  "" ™ ™ "  »■“ > f  Indio is , htm„ in T ll|; ,

r j b ( e 3 .  P e r  capita net production o f  animal food items (g/day)

^ s t a 5 _ — —
M i l k E g g s Fish

• ^ U R j o n n s ____ 150 45 25

"" Assam

1 5 8 .0 5 2 6 .7 4 13.01
8 1.05 2 6 .7 4 16.35—-----------

' Rihar _ 0 2 .3 4 4 .8 7 6.35i---------‘
' ^ G u j a r a t _  .. 2 6 5 . 2 2 3 .6 3 4 0 .3 2
^ U r v a n a ^ 5 7 0 . 6 0 10.72 3.83
r — 2 8 1 .3 2, I . | ■ 1 M f -" - 3 .6 2- ■ ■ ~r’~“ * m M m t 2.41

Karnataka 1 7 1 .4 7 10.35 15.52
Kerala 1 3 9 .0 0 2 1 .4 6 51 .94

MP~ 1 7 8 .4 7 N 21 3.27
Maharashtra 1 5 1 .7 2 9 .9 0--- ■ ■ " ■ — ■ — _ . - i, 15.26g- — ------- -

Orissa 4 8 . 0 0■-------------------------- 5 .7 8— - - ■ 20 .4 7

Punjab 7 7 6 .9 1 3 7 4 8 2>. J 2>i — ■ ■ ———— i.
Rajasthan 2 7 0 .6 1 37 48 - 0 .70

Tamil Nadu 1 7 0 .1 7 17.51 20.1 8,— ----------------- ----- {
Lttar Pradesh 1 9 3 .6 9 1.36 2.37» — ------ -------- ----- 1
West Renual 1 1 6 .3 9 11.28 3 1.06 - ■ i-|

L AH India 18 1 3 3 9 .3 8 14.01 |

( M S S K I . 211011

l |jENVIRONMENTAL s u s t a i n a m i . i t y

^lab ility  in p r o d u c t io n  ,s  a c a u s e  nl short-term rood insecurity. I nvimnmcn.nl 

^ a l i o n .  soil degradation and c l im a t e  c h a n g e  are lung term threats to sustained product! 

it not lim ited to food p rod uction  hut in c ludes  environmental suMamat-till.

*^tttial for long-term v ia b le  c r o p  and  a n im a l  production .

Attainability is d e f in e d  a s  the  u s e  o f  natural resources or the opphcat ^  negalive. 

a m anner in w h ic h  th e  lo n g  term net im pact on  natural resource.

'S' practices o f   .......   preservation o f Toma. land,, less e s ,o .ta . ,o n  ot

ground water etc would sustain production for longer period,.



nA1X R A L

« — r 15 "  eVem; f ' na,Ure’’ < ■ * * . crops, assers and t a  „

^  » * •  “  in te7 hPU,0 n  ' I  I  5UPP'y  ° f  f° ° d ^  reSUl' "  insecurity o f
^people in region . T h e  len g th  o .  in se c u r ity  d ep en d s  upon the severity  o f  the disaster.'the

ess systems in p la c e  and the  a b i l i ty  o f  the p eop le  to co p e  with the shock.

n ihe

f t ®tdn

a(>IATE CHANGE A N D  FO O D  SECURITY

Threats o f  c l im a te  c h a n g e  l o o m s  large  o v e r  Indian agriculture. Climate change will result 

emergence o l  n ew  in s e c t  p e s t s ,  s h i l l in g  the range o f  various species , decline in food 

faction and in creased  su s c e p t ib i l i ty  to  var ious  d iseases.  Unfavourable changes in 

icmperalijre, droughts H o o d s  e tc  a f fe c t  fo o d  production  w hich  in turn result in food insecurity.

One degree c e n t ig r a d e  rise  in the tem perature  w ill  reduce the duration o f  wheat and rice 

in north and western India by a w e e k .  I b is  w il l  result in reduction o f  rice and wheat by 4 to 5 

quintals per hectare and 4 to 5 m i l l io n  to n s  r e s p e c t iv e ly  In Northern parts o f  India, in December. 

j«night temperature c o n t in u e s  to  be  7 -8  f and das temperature is about 20 "C . At this stage, the 

light temperature sh ou ld  not he  m o r e  than I ( and the day temperature should not be more than 

i4-!6"C. High temperature at th is  s ta g e  s tunts  the growth ol crops (Kumar. 2010). Moods and 

tonights destroy the fie ld  and c r o p s

U FOOD ACCESS

Access is d e ter m in e d  by th c  b u n , l ie  o l  cn li l lcm cii lx .  i.e., related to people v initial 

Miwmeab, what they  can  a c q u ir e  ( e s p e c ia l l y  in  terms o f  physical and e c o n o m i c  a ssess  lo  

‘ ■ t o  the opportunities o p e n  to  th em  to a c h i e v e  entitlem ent sets with e n o u g h  food either 

^  '•'•ir own e n d e a v o u r s  or  th ro u g h  S ta le  in tervention  or both. W hile  dealing  

5 * * !  “ cess in ihe d i s c r im in a t io n  a g a in s t  fe m a le s ,  or d iscrim ination  based on 

P % t h e  problem  o f  a f f o r d a b i l i t y  r e m a in s  c c n lr c s t a g c .  Food pris es  play an ,m Po .

ilily of ’be h o u se  h o ld  lo  p u r c h a se  an adequate diet

I have access to food and

P‘ "ple have  a c c e s s  to  l i v e l i h o o d ,  they w o u ld  in g con<uimption,
* l t t k  , | .• , .  i nccess  such as

factors that re v e a l  fo o d  a c c e s s  and livelih< < ‘ rt nt indicator thatinfrastructure is an .mporta.•  —  *  I  V  * U  I I  I  I  1 H  * V * ^  -----------------

employment are to he considered. Rural 'n r̂a



/-rFSS TO A D E Q U A T E  FOOD
P  AC

nereco m m e n d ed  d a . ly  a l l o w a n c e s  o f  var ious  foods  proposed by .he Indian Council o f  

^  Research ( I C M R )  h a v e  b e e n  u se d  ,o  e x a m in e  .he  adequacy  o f  consum p.ion o f  cereal 

^on-cereal food item s.  T h e  N a t to n a l  S a m p le  S u rv ey  data g iv e  information on the quantity o f  

, flas foods c o n s u m e d  and the  c a lo r ie  in take le v e l s  o f  various per capita monthly expenditure 

^  It provides in fo rm a tio n  on  the p e r c e p t io n s  o f  p eo p le  about food adequacy.

Table 4 indicates a d e c r e a s e  in the a v era g e  con su m p tion  o f  cereals, pulses, meat and 

ugar in the country d u r in g  2 0 0 4 - 0 5 .  W h en  co m p a red  to the previous years, consumption o f  

alses and pulse products , there  h as  b e e n  a Jrastic  reduction in per capita monthly consumption  

a Rajasthan. West B e n g a l .  M a d i n a  P rad esh  and A ndhra Pradesh w hile  consumption levels ha\ e 

mproved in Kerala, f a m i l  \ a d u  and \ s s a m  A v era g e  consum ption  o f  milk has marginal!) 

mproved Tor urban c o n s u m e r s  in all the S la te s  ex cep t  Rajasthan and West Bengal. Rajasthan 

lands nut in terms o f  d e c l in e  in m o n th K  per capita  consum ption  ol all major food items, 

'onsumption o f  eg g s ,  fish and m ea t  w a s  a ls o  b e lo w  the required norm in almost all the States, 

towevcr. the status w ith  regard  !•• m ilk ,  e d ib le  oil and sugar w as lound to he lar better.

2 2  NUM BER  O F  M F .A I . S

* be persons rep o r t in g  / c m  m e a l s  arc spread across all expenditure groups, though the 

* « n i t io n  is higher a m o n g  th e  lo w e r  e x p e n d itu r e  groups. I hough. India is one o f  the largest 

****1 or the food fo the  w o r ld ,  n car lv  .100 m il l io n  p eo p le  struggle for meeting two sq 

ty and 2 1 p e r c e n t  o f  n a t io n a l  populai   m tl l io n ,  are  .......................„  rtpathy aa 'lay and

'*shra. 20111

t , -| in i t v  o f  two square meals per

U s indicates th e  d is tr ib u t io n  o f  h o u s e h o ld s  by av  ̂ ^  ^>rissa is n statc 'n

ln,l h o u seh o ld s  In O r is s a .  154  households art w  t £ inv be more vulnerable to

“tere is high tribal p o p u la t io n  w h o  l iv e s  in r e m o t e  art ^  SI| liation is seen in P u n j a b

: *'u-fj in adequacy  in s u m m e r  and  m o n s o o n  month ‘ ^

^  'h°USFUnl

S  i8



or* ®nong 11,6 th0USand ho,Jseh° ld  is not gening food. In Kerala fn, h u
* ineals throughout the year. ' r ouseholds arc

IP

•II India 331.3

Pulse 
4 0

Milk
15 0

30

366.3 
270.7 

437.0
300.3 : 3 0 .0

6 0 .0
1 17 .0

2 0 1 . 0
2 8 7 .7  

1 4 6 .0
10 0 .7
1 1 2 . 7

1 3 1 . 7

361.3 17 0

316.0
365.0
346.3

123 FO O D  P R I C E S

2 0 .3
3 5 .3

2 0 .3

11.0
2 1 .7  U . 7

Fish M ea t
25 25

2.7 3.3
22.7 3.0
6.0 2.0

0 .66 1.7
0 .6 6 0.33
4 .0 3.7

6 5 .0  *—--------- 0.33
r _ . 2 . 7 1.3
1 3.7  » — 3.3
! 12.3 3.0 |

0 .0 0 0.66
0 .33 2.7
4.7 *■*

J .  J

1.3 2.0
30 .0 1.7- -  —1 —
7.0 2 4

L—î— ■ ^

( N S S O .  2 0 0 7 )

Pood access d e p e n d s  u p o n  (he a f fo rd a b il i ty  o l  adequate mt 

- c o m e  o f  ,h c  p e o p le  a n d  .h e  p r i c e ,  p reva il in g  in ihe markc,. If  inconte rises . .  a slower  

^  than food • ■ -■....... •' n , e  nnor can access  only smaller

access d e p e n d s  u p o n  ih e  a f fo r d a b i l i ty  o f n d e q u a .c  food. I hus. food access depends
. a i r : ^ m n  ricpQ nl a slower

f oi me people and m e prices piLvann.g, , ,,nr
•. ilTccted Ihe poor can access only smaller 

prices, the purchasing power is allo tted. .

food. Ihu5 leading ,o  inadequate calorie is gfcen

in food insecurity o f  the people. Ih e  per capi a •pr*Ce rcsuh i 

Tab|e i5



TabIe 5 Availability o f  tw o square m eak/day (per I000 hoa

Assam

Bihar

Through out  

the year (2)

Only some 

months of 

the year (3 )

9 2 8

Kerala

MP

VIA

Orissa
- L

RA

FN

Op

WB

India

9 10

971)

454

84  1.00

9 9 9  Of )

9 8 5  0 0

9 6 9 .0 0

61

51

X

2 7

74

II

19 0 0

f i l l

0  Of

5 0 0

9 6 3 .0 0 2 9 .0 0

856T00 1 1 1 .00

9 4 5  0 0 4 2 . 0 0

Not getting 

through out 

the year (4 )

30

0

Not getting 

meals

Col . (3 +4 )

66

13

8

8

11

0

8 35 4

4 78 12

28 1

___ —------------------
4 45 1

_ t
S III) 154.00

*3

1) 01) 1.00 0

I) (10 6 .00 8

9 .0 0 2 4 .0 0 7

5 o o
34 .00 3

3 0 .0 0
‘ 141.00 4

9 .0 0
-------- 5 1 0 0 '  4

( M S S R F ,  2 0 0 1 )



c a p i t a  incom e o f  various states of India ( U N I D O W F 1 S ,  2 0 1 1 )

Chattisgarh 

Gujarat 

Haryana

HP”

j& K  '

Jharkhand 

Karnataka 

Kerala

M P  

M A  

( )rissa  

Punjah  

Rajasthan

T N  

U P

63,961 

78.781 

50.365 

3f)~582~ 

30.719"

50.676 

"“ 50.179 

27 .250  

74 .027  

33 .226

6 2 . 1 5 3

 - 3 4 J 8 Q

 “ 62 .499

■ 2 3 0 3 2



,  * to to  p „ viJ„  „

M  * '  o r in c o m e  and prices

flg* » BnL

j D,s c r i m i n a t , ° n  b y  g e n d e r

I  Food access  and  l i v e l ih o o d  a c c e s s  arc not availab le  equally  to everybody. Gender 

jjjcrirnination preva il ing  in m a n y  s o c i e t i e s  is translated into denial or  access  lo adequate food. 

^  eat only after they h a v e  fed  the  o th er  m e m b e r s  o f  the fam ily. The bias againsl females is a 

^ 1, of the ‘ intangible v a r ia b le  o f  cu ltu re  and c u sto m '.  This  result in preference for male  

members in food and h e a lth ca re  a l lo c a t io n  w ithin  a household . Ihe  intra-household food 

ŝecurity becomes e v e n  m o re  p r o n o u n c e d  under con d it ion s  o f  poverty and when there is limited 

access to resources.

Women and girl c h i ld r e n  arc the w orst sufferers o f  the decline in food, which is 

compounded by the a n t i - f e m a le  b ia s  p reva len t  in India .Over burdening o f  w om en means that 

they require high energy fo o d s  that m any o f  them  d o n ’t get. I here is also discrimination in work 

paiicipatinn and w a g es .  W a g e s  o f  w o m e n  are less  than that of w om en .

2.2.5 FEMALE LITERACY

Female literacy is the first step tow ards empowerment. Il gives self confidence, redu 

b n d en cy  on others and im proves  know ledge  It helps in getting better deals in the purchase ol 

better paid sem iskilled  jobs I itcracy im p ro v e s  knowledge of nutrition and medical

f c ' f e ,  enabling them  to lo o k  after their children heller and r e d u c e s  c h i l d  m 

H  the p r o c e , ,  o f  e d u c a . in n  can  h e lp  n girl ch ild  In esca p e  .he  drudgery o f  child labour both

* home and outside.

The states with the l o w e s t  f e m a le  literacy in rural India arc Rajasthar 

* * 53 3 cent r e s p e c t iv e ly .  K era la  is w a y  ahead in fem ale  literacy at

^ d i s c r i m i n a t i o n  b y  c a s t e
rvnit livelihood access due

r  • i f food access ®ntl 11
en-im sec t io n s  o f  the  p o p u la t io n  are deprives i c o n s t i t u t e  a high

......................................................      / ’- . mc nr S ch edu led  Iribe.
^•odvantBged p o s i t io n  a ,  a S c h e d u le d  ( asic  ° r 14



ft& P  ° f  * *  l0 n e t  6  ' T .  . ^ UP:’ ' T h e  m a j° r occuPat>on o f  the SC population is
<  neit economic condition ,s  bad. consum p,ion Ieve | „  ^  ^  ^

^  ° f  in t3 k e - S C  and S T  « * •  N a t i o n ,  incom e and iand when

C r d  »  * her c a S W S -

^ P O V E R T Y

Poverty and food  and  n u tr it ion  secu r ity  are intricately linked. Pood access  depends upon 

^dosing power l inked  to  l i v e l ih o o d  a c c e s s .  L iv e l ih o o d  access  m eans assured access to income  

^  t o g periods. P o v er ty  is th e  b ig g e r  p ro b lem  than unem ploym ent.  The spiral increase in the 

junicsiic and international p r ic e s  o l  fo o d  artic les  has raised a question on food security in India, 

where nearly 26 percent o f  c o u n t r y ’s c i t i z e n s  are l iv ing  be low  poverty line. Though. India has 

thieved self suffic iency  in fo o d  p ro d u c t io n  and there is 'food  for a l l’, the biggest challenge  

King the nation is to e n su r e  ‘ fo o d  to all' lo  a c h ie v e  food security.

Daniel el al. (200-1) o b s e r v e d  be lter  h o u se  hold food security am ong high and middle 

income families due to s ta b le  e c o n o m i c  status and increased level ol education with proper 

mmaitement o f  ava ilab le  r e s o u r c e s  In .1 Uud\ con d u cted  am on g  the households ol agricultural 

labourers of organ i / e d  and u n o r g a n i / e d  sec to rs .  I a w ren ce  cl nl. (2 0 0 5 )  observed food insccurilv 

without hunger and w ith  m o d e r a te  h u n ger  a m o n g  33 to 4 0  per cent of  the households i l

Wwgnnized sector.

t W S E L F  E M P L O Y M F ' . N ' I

f e l l  em p lo y m en t  im p r o v e s  the slandard ol l iv ing  1,1 ,l,c Pe 0 Plc ' "
g w , i " g  power and d ec reases  food insccunty. II helps «» cHm-wlc the discrimination

^  Ru r a l  i n f r a s t r u c t u  r i
i - transport system , water supply.

'tlrastructure refers  to  p h y s ic a l  a s s e t s  such  as road ..  P ^  ^  inpulJ

. ll>* irrigation fa c i l i t ie s ,  s to r a g e  fac i l i t ie s ,  market p lace , h n h e s e  communities.
■ CUllllre« c  ll i ,  not n o s s ib l e  lo  im p r o v e  l iv e l ih o o d  opportunities  vv,

IS



be5t states for infrastructure are Hitnaehal Pradesh. Gujara, Tami, Nad „

Bihar is the state with the worst infrastructure facilities foil a u

A ssam  and 0 r i s s a ' W es‘ B ensal'

^ 0 0 0  ABSORPTION

Absorption is d e f in e d  as  the  ability  to b io lo g ic a l ly  utilize the food consum ed. This in turn 

,  ^  -o several fac tors  s u c h  as  nutrition k n o w le d g e  and practices, stable and sanitary 

jjpjcal and environm ental c o n d , l i o n s  to a llow  for e f fe c t iv e  biological absorption o f  food and 

ĵllh status (M S S R F . 2 0 0 8 ) .  F o o d  ab sorp t ion  relates to food assim ilation. Absorption in turn 

jgpend-S upon the state o l  hea lth  o f  the in d iv idua l,  f o o d  consum ption  depends upon habits, 

preferences, perceptions, p r e fe r e n c e s  and k n o w le d g e  o f  basic nutrition.

The indicators o f  a b so r p t io n  are o u t c o m e  indicators that indicate the health and nutrition

(jams of the population India h o u s e s  a h u g e  population  o f  malnourished and several stuJics

have established that h m h  le v e l s  o f  m alnutr it ion  have a negative  impact on productivity and 

{conomic growth \  p erso n  w h o  is not healthy cannot assim ilate  food even if  she or he 

consumes a balanced diet O n e  s health  d ep en d s  upon sanitation and hygiene ol the 

wroundings. It a lso  d e p e n d s  u p o n  the t im ely  availability  ol medical facilities to recover Ironi 

diseases. The ou tcom e o f  p r o b le m s  c o n n e c t e d  with  absorption in an unhealthy population leads 

10growth disorders, h ig h  l e v e l s  <>l m orbid ity  and high leve ls  ol mortality ol infants, children.

“When, women and m en .

^ m a l n u t r i t i o n

,l includes protein  e n e r g y  m a ln u tr it io n  and d e f ic ie n c ie s  o f  one or more

^•2 P O P U L A T IO N  C O N S U M I N G  L E S S  E N E R C O

calorie, a unit  o f  e n e r g y ,  h a s  a lw a y s  requirement* o f  an

■y and is the h a s h  o f  p o v e r ty  m e a su r e m e n t  in m u 1 ^  o p liich
— i i Ax w e ie h t  and nature ot

‘Jepcnd on factors  s u c h  as  g e n d e r ,  ag e .  body h ana|vsis  o f  the population

s individuals. I ix in g  a n o r m , therefore , require’

»nd ,s the h , ,

^  «crod

N nudigj



FAO accordingly a s s ig n s  m in im u m  energy  requirement lev e ls  to different countries, 

f I 890 Kcal per cap ita  per d ay .  7 0  per cent o f  the international norm o f  2.700 Kcal used 

taken as a m easu re  o f  the extent o f  food inadequacy, and the percentage o f  rural 

K f 3 S jng less  than th is  figure w a s  included as an indicator in thc index o f  food and

insecitnty
‘u ^jj for rural Ind ia  a s  a vs h o le ,  there is a marginal reduction in the percentage o f

I * a a calorie  in take  le s s  than 1 ,8 9 0  R ea l .  In 2 0 0 4  -  05 , Andhra Pradesh, Assam,
^ r c o n s  r c p o r t i r i —

i r  Karnataka, R er a la ,  M a d h y a  Pradesh. Punjab, Tamil Nadu. Uttar Pradesh and

^  , |  i showed a d e c l in e  in the p e r c e n ta g e  o f  persons with a calorie intake less than 1,890

..nW w ith  im p r o v e m e n t s  in Jam m u and Kashmir and Himachal Pradesh
fcal per consumer unit. 1

/Table 7).

Table7 Percentage o f  p o p u l a t i o n  c o n s u m i n g  l e ss  than 1,890 Kcal /day

S t a t e s  

A n d h ra  

A s s a m  
Hihar  

C h a tt isg a rh  

(iujar.it  
1 lary a n a

IIP

I & K
Jharkhand
K arn atak a

K era la

M P  

M A  
O r is sa  

P u n jab  

R a ja s th a n  

T am  i 1 N a d u  
U P

W est B e n g a l  

A ll  India

2 0 0 4 -0 5
12.5
S.9
10.0
10.2
17.1
7.8
2.8 
2.4

1 vs _____ _
2 0 .5 ___---------------
17.5 _ - -----
16.0 _______ - —
19.7
15.4 __ ____—
6.4 — ■“

-------- 5.2 ------—i
—

- — — :
------------ H



OTEIN c a l o r i e  d e f i c i e n c y

fable

Protein is n eed ed  for b o d y  b u i ld in g .  E n o u g h  ca lor ies  are essential to achieve protein. The 

in calorie d e f ic ien cy  is h ig h  in T a m il  N a d u  and lo w  in Gujarat (Table 8).

g population with protein calorie deficiency (%)

Rajasthan  

Tamil N ad u  
I i t . i r  I'radesh

(MSSRI n 2001)

anaemia am ong  w om en a n d  c h ild re n
, v 1 w h o l e  e s p e c i a l l y  a m o n g  v u l n e r a b l e  

Anaem ia h a s  b e e n  o n  t h e  i n c r e a s e  i n  t h e  c o n n  . ^  ^  s c H in g S f

i w  iu c l i  a s  c h i l d r e n  a n d  p r e g n a n t  w o m e n  K  h a n d r a s c k h a r  n n O M  It m u s t .
r  n  M e d i c a l  A s s o c i a t i o n ,  "  " Iu;”

'c n c y  is  k n o w n  t o  h e  t h e  m a j o r  c a u s e  o l  a n a e m i a  i n   ̂ e r c u l o s i s  a n d  1 I I V / A I D S  a r e

he n o t e d  t h a t  i n f e c t i o u s  d i s e a s e s  i n  p a r t i c u l a r ,  s u c h  a  «• ^ n u l a t i c m s  N u t r i t i o n a l

fa c to r s  c o n t r i b u t i n g  t o  t h e  h i g h  p r e v a l e n c e  o  • * a | s 0  c f l u s c  a n a e m i a ,  a l t h o u g h  t h e

b e s i d e s  i r o n ,  s u c h  a s  f o l a t e ,  v i t a m i n  B n  a l lc l  v ' , , i n  « n n c m i a  m a y  h e  s e e n  a s  an

'  « r  I h e i r  contribution is u n c l e a r  On t h e  w h o l e ,  h i g h  l e v e  s  o

P°°r health and nutrition.

is



A* data P ^ inS 10 anaemia amo"8 =ver-married women i„ m
*  su r v e y ,  o f  2 0 0 5  -  0 6  s h o w e d  that m ore than

, • T . • _ ' p m oP the w om en in rural*  ^  ™ - «  n ,  « , d „ «  o r « « .  ..............,

> “ »  *■ P ' l d " h - ” - * * ■  " ■ > « ” • T «  N adu, M a d in a  J!
* « « < »  W1'“  " “* " » “ >• » .  b o o o u d i d o n  i , i n K r t ,  '

In aaae o f  c h d d ie n  n n h  a n a o m ia ,  il Kerala and Himachal Pradesh a te  left our. all other 

Sums have uniformly very  h ig h  f ig u r e s  w ith  the w orst situation in Bihar.

, j 5 CHRONIC E N E R G Y  D EFIC IEN C Y  (CED)

A typical and freq u en tly  u se d  in d ica tor  o f  poor  nutrition is the B ody M ass Index (BMI). 

fleBMI is defined as the ratio  o l  w e ig h t  o f  a person to the square o f  the person’s height, with 

die weight normally m e a su r e d  in k i lo g r a m s  and the height in meters. BMI is known to be a good 

predictor of the risk o f  m orb id ity  and mortality A l e \ e l  o f  BMI below IS.5 thus measured 

indicates a state o f  C E D

At the State le v e l s ,  on ly  lou r  S ta tes  reported a higher level ol incidence ol C ED in 2005

-06.These are A ssa m , B ihar . I la r s a n a  and M ad h va  Pradesh. A s  with the percentage of women• *

"ith anaemia. Jharkhand is the  w o rs t  perform er  in 2 0 0 ?  0 0  in respect ol the percentage of

with CED Jharkhand is f o l l o w e d  In  Bihar. ( hhottisgarh. Madhya Pradesh. West Bengal
0

*dOrissa. Surprisingly. West B e n g a l ,  which performs a good deal hotter in respect of som

Vindicators, does poorly w ith  rc .pec I to ( I D

^ stunting  a m o n g  c h i l d r e n

Growth stunting, defined as height for age b elow  the liHh percentile on n

" *  « " « .  i ,  trad it ion a lly  u s e d  a s  an indicator  o f  nutritional status in children m

Is a population-h a sed  in d ic a to r  and can  indicate the prevalence o f  malm n m  ^  

p l a t e d  d isorders  a m o n g  an id en t if ie d  population  o f  chtldrcn. G r o w .i  

Ptnhinged or repented episodes o r  nutritional d e f ic ie n c y .  Ihc petccrt 6

    Hunted is  included as a measure o f  chron ic  food  — «  .

.1 the best is found in Kerala

lh'  "nrst situation is seen in C hhattisgarh and Gujarat a
'\\l' { I

v ^iniil N adu

fni



cEs S t o  DRINKING W A T E R
j j  *

is d e f in ed  a s  s a f e  i f  it is free from b io log ica |

^  an d C h C m ,C a  C° n ,a m ,n a ‘i0n  ( a “ «  * * *  brackishness, iron arsenic
£tc, .  Besides p la y in g  a v ita l  role in nearly even- function nr ,n„  

jnorane system
Q0[i- u , - . . , ' ' U , ° n 01 lhe b0d-  ̂ from protectin

to h e lp in g  in th e  r e m o v a l  o ,  w a ste  matter, water is crucial f o r  our nutrition

• is thus a fu n d a m e n ta l  h u m an  need  and should be considered a basic huma 

d r in k in g  w a te r  is cruc ia l  for ensurinu .......................
1 0 0 * 10 safe VVattr 15 tHU — wu,u ^  considered a basic hum;

#  Access to safe d r in k in g  w a te r  is  crucia l for ensu r in g  e f fec t ive  biological utilisation o f f o ,

oja by an individual. It is a k e y  e l e m e n t  o l  the absorption  aspect o f  food and nutrition securin

According to a R ep o rt  o f  the N a t io n a l  C o m m is s io n  on Population (2003)  on ‘Strateuies 

u>address unmet need s  tor d r in k in g  w a te r  supply  and sanitation . as per an estimate. 1.5 million 

tfildren below age five d ie  and  _ta i m i l l io n  hum an days  are lost every year due to water-related 

sjueases. Most deaths o c c u r  d u e  to w ater-re la ted  d isea ses ,  such as diarrhoea and jaundice and 

.jolea casts o f  these tw o  d i s e a s e s  are red u ced , the IMR and morbidity rate cannot he reduced.

As per the C e n su s  o f  India, if a h o u s e h o ld  has a c c e ss  to drinking water supplied from a 

tap or hand-pump or tube w e l l  w ith in  «>r o u ts id e  the prem ises ,  it is considered as ha \in g  access to 

■afedrinking water D r in k in g  w a te r  in K erala , m ostly  Irom w ells ,  is generally n o t \c r y  unsale.

®din any event, not m o r e  u n s a fe  than w ater  in other Stales. More important!), there is a long 

tradition ol drinking b o i le d  w a ter  in K era la  vi et. g o in g  by o l l lc ia l  data. Kerala has the highest 

Ventage o f  h o u seh o ld s  w ith o u t  a c c e s s  to ' s a le '  drinking water, the figure being 83 percent.

A®is because the principal s o u r c e  o l  drink m g  w ater  111 Kerala is the open well,  which. h> 

d e f i n i t i o n ,  is not c o n s id e r e d  as  a so u r c e  o f  sa le  drin king water. I he best slates with

drinking water fa c i l i ty  are P unjab  fo l lo w e d  by Him achal I radcsh.

ACCESS T O  T O I L E T  W I T H I N  P R E M I S E S

• Hrnlih and human well-being.
' * re lat ionsh ip  e x i s t s  b e t w e e n  w ater, sanita io

\ wal o f  humnn excreta, taiK Ul 
,n ol c o n ta m in a te d  d r in k in g  w ater , im proper c |SP‘ djscQSCS jn India (OOI.

d fnod h y g ie n e  e tc .  h a v e  b e e n  the m ajor causes of many



o f ^ e

,  —  »  « ,  Kerala „  „  ^  ,

pr^nlAon deprived of aceeaa, it la , e |„  ^  - ^

>  - • *"1”  *• I ' T  “ * — «-* -  « ,in Chhattisearh and Jharkhand.
are

e x p e c t a n c y

The long-term o u t  come o f  fo o d  se c u r i ty  is u lt im ate ly  reflected in an improvement in the 

Lexpectancy o f  the p o p u la t io n .  A s s a m  has the lo w e st  life expectancy  at age one with 60.6  

.girt Thc best state is K era la  w ith 7 3 .2  years  (T a b le  9).

Table 9 Life expectancy at a g e  on e

S ta te s
Andhra P radesh

A s s a m
Bihar

Maryana
  -. - * - —

H im achal P radesh  

Karnataka  

K erala  
M adhya P radesh  ____ y

M aharashtra  
__ Orissa 

Punjab 
Rajasthan 
ra m iln a d n  

Uttar Pradesh 
West Bengal

L ife  ex p e c ta n c y  at age one
65.2
60.6
63.2
65.1
67.6
68.1
66.6
73.2
61.2 
68.1 
62.0
70.5
6 4 . 6  

6 0 . 1 

02.2 
0 5 . 8

(M SSR F. 2001)

^ C H IL D  H E A L T H  I N D I C A T O R S

I h o f  infants and children below  5
nutrition is e x t r e m e l y  im portant lor better h e a l  rnci|jiics. 1 he

. in d isea ses  nnd mcntai
1 Wd nutrition is e x t r e m e ly  im portant tor hotter ic   ̂ m cntal facilities- t he

,nHuence their future g r o w t h ,  h ea lth ,  im m unity  t ' I h e  details on
• ■■ « f b  drinking water etc.

e their future g r o w t h ,  hea lth , im m uni y details on
• i hfiln safe drinking water etc-

u , —  to lack o f  im m u n iz a t io n ,  m e d ic a l  ■ P-

N C MR of various « « «  o f  India »re given in T .b to  10.

arise dUe



fjbIe 10 . in fa n t m ortality rate and child mortality rate

Pradesh

Assam 
~l}ihar~ 
(3u jarat 
Haryana

IMR
47.70
50.60 
52.32
44.60 
30.20
40.00
11.60 
59.66
28.40 
40.90 
4160  
65.10
3 1.00  
5 3 .4 7

4 6 . 4 0  
4 I 50

West Bengal 
All fndia

Karnataka 
Kerala 

Undhva Pradesh
\ l a h a ra s h t r a _

Orissa

(MSSRF. 200S)

13.11 H E A L T H  I N F R A S T R l  C T l  R F .

To keep the population tree Irom diseases, existence ol hospital beds, doctors and 

Onmar}' health centres are essential (Quality " I  services provided l\\ the hospitals is also 

in,Pnrtant. Rihar and Uttar Pradesh occupy the worst position. Himachal Pradesh has best 

Punjab and Tamil Nadu have good health infrastructure

Ul2 NUTRITION KNOWI.F.nOF.

Adequate nutrition know ledge and awareness often result in malnutrition

n.e N C O S, research fm .n d .tin n * and private sectors have taken significant and

*'tes’ ive initiatives inwards agriculture development, nutrition security, and poverty reduction.

° D SECURITY MAP OF INDIA

S  " •  overat, picture o f the f,   situation a. the .eve. and is assessed

®0f conipojiig index values of food insecurily with seven md ^



? with anaemia

j, women with CED

»  c h i l d r e n  w i t h  a n a e m i a

•, children with stunting

,  p o p u l a t i o n  c o n s u m i n g  l e s s  t h a n  1 8 9 0  K c a l

,  p o p u l a t i o n  n o t  a c c e s s  t o  d r i n k i n g  w a t e r

>  p o p u l a t i o n  n o t  a c c e s s  t o  t o i l e t

C O M P O S I T E  I N D E X  O F  F O O D  A N D  N U T R I T I O N  I N S E C U R I T Y

With the selected seven indicators, a composite index o f food and nutrition insecuritx was
m

computed for rural India. I he index is intended as a summurv measure o f a complex,

multidimensional concept, which cannot be captured hv a sinde indicator alone.

To compare the performance ol each Stale with respect to each individual indicator was

p̂ressed a.s a value between 0 and I by using the formula.

index =  actual value m inim um  value

maximum value - m inim um  value

1

Among the Stales compared, the most insecure State with rcspccl to any | arti 

*"at"r will have a ‘dimension index' value ol' I while the least insecure Slate will have a value 

rhe Sates have been placed into one of live categories based on the level of food and 

*hl"’n insecurity as very low insecurity, low insecurity, moderate msciuritj. high m

High insecurity.

A" s a m p le  | ,  givcn xvjlh respecI lo wom en w i t h  anaemia and the index " ,lm- 

^  » f t h e  above form ula w i t h  r e s p e c t  to percentage o f  women with anacm



rjfcie'1'
n e  ranking o f  d ifferen t States w ith  respect to food insecuri,

■nsecunty on this index is also

iven
■n same table.

rtis procedure is carried out for all the seven indicators and the finn,

„ uisecurit) was computed for each State, by adding ,hc ^  ^

^  average value. The final composde index o f  food insecuri,, with seven indica.ors f !

j a r 2004-06 is given in Table ,2 . The differem  S.aies have been categorised into differed 

w ( M ffood insecurity I,Ice very low Insecurity, low insecurity, moderate insecurity, high 

jaunty 2nd very high insecurity. 1 he details are given in Table I 4

Table 11. In d ex  v a l u e  a n t i  r a n k  o f  p e r c e n t a g e  o f  w o m e n  w i t h anaemia

Assam

Bihar
Chattisgarh

Gujarat
Haryana

HP
J&K

Jharkhand

Indicator
6 3 . 7

6 9 . 5

68.2
5 9 .4  

5 9  2 

5 6  o 

41 2

5 3 6 
74  7 

52 5
42.4  

o l  0  

51 I
6 1 0

3 7  4 

5 1 9 
54 9

4 9  8 

6 5  6

I n d e x  v a lu e
0 .758
0 .898
0 .8 6 7

0 .6 5 4
0 .6 4 9
0 .593

0 .2 1 3
0 .513  

1.000 
0 .4 8 7  
0 .0 0 0  

0 .6 9 2  
0 .4 5 3  
0 .7 6 5  

0 121 
I) 545

0.521 
0 .4 2 2  
0 805

In s e c u r i t y  risk

8

II
12
16
4

( M S S R 1 . 2 0 0 8 )

vi * jtiri hfisis of the final
^  a rood insecurity map o f  Rural India was dcve opu o ^  ^  ^

'!r" " c in,l,’ v I lie Slnlcs in darker shade o f red indicate vcrv ^
. n f  insecurity, witn m

lie index.

" ' ^ ’er  sh ad e

I he States in darker shade of red in tea 0 |ea5t rtX|

■» o f red indicate relatively lower levels o f insecurity. *

the least insecure



Com P°site indeX ° f  f ° ° d in secu r it> w ith  seven indicators 2004- 06

C o m p o s i te  index

Gujarat____

"jiEIII-
jharkhand__
JCarnataka_

K f r a b _ _ _

MP____
Maharashtra

Orissa
Punjab

Rajasthan

(M S S R F

able 13. States fall un

S ta te s

.1 Sc K
J h a r k h a n d

K a r n a t a k a



figure 4 Food security map o f  Rurg| In
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nity ,lr,(* n ^ i o n  I h o u g h .  In d i a  h a s  a c h ie v e d  s e l f  su f f ic iency  in food product ion
|*

0 r  b II . (be  b i g g e s t  c h a l l e n g e  fac in g  the  na t ion  is to ensure  ‘food to all to 

* f c r . r i  M c u r i ,y - A m o n g  th e  S ta t e s ,  t h o s e  that  fall u n d e r  very low level o f  food insecurity 

^ J L .  l,n' ah  a n d  H i m a c h a l  P r a d e s h  f h e  S ta te s  w i th  very h igh  insecur i ty  are Chhatt isgarh
^ t n d



IJ
orscussioiN

j Tamil N a d u  a t t a i n e d  t h e  l o w e s t  p o s i t i o n  in
c o n s u m p t i o n  o f  ctI * 

state c a m e  in m o d e r a t e  f o o d  s e c u r i t y  in d e x ?  Pr° ‘ein e tc ' Then how

An,.  In the c a s e  o f  a l l  o t h e r  i n d i c a t o r s  tha t  a r e  u sed  to as

the condition in Tam il Nadu is better. So this is ” 355655 ' he ° f  f° 0d sccuril>-

indicators together, and not using a single indicator ^  ^  lakmg a" lhc

. Which arecrops that u e  can cultivate in consideration o ffn o  I ■

v  ^  R „  _ " " » * *

3. Is Kerala considered as the best state in food security in India? Why?

A t*. Yes Literacy rate, health facilities. Public Distribution System etc. are highest in 
India.

4. Kerala is in the  h i g h  f o o d  i n s e c u r i t y  lev e l  in the c a s e  o f  acce ss  to safe  d r ink ine  water  

Why?

Ans. D r in k i n g  w a t e r  in K e r a l a  is m o s t ly  I rom  o p e n  wells ,  w hich .  In C ensus  definition, is 

not c o n s id e re d  a s  a s o u r c e  o l  s a l e  d r i n k i n g  water .  A s  per  the C ensus  o f  India, if  a 

household h a s  a c c e s s  to  d r i n k i n g  w a t e r  s u p p l i e d  from a tap o r  h a n d -p m n p  or  tube well 

in o r  o u t s i d e  flic p r e m i s e s ,  ii is c o n s i d e r e d  as lias m g access  (o safe dr inking  water.
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chronically food insecure people than any other region in the world (MSSRF, 2008).

It h a s  b e e n  e s t i m a t e d  th a t  in  In d ia ,  o n e  o u t  o f  fo u r  p e r s o n s  goes  to bed hungry  

with a h igh  G l o b a l  H u n g e r  I n d e x  v a lu e .  In the  r e p o r t  p u b l i s h e d  by  In ternat ional  Fo&od 

Policy R e s e a r c h  I n s t i t u t e  ( I F P R I )  in O c t o b e r  2 0 1 0 .  Ind ia  w a s  ran k ed  67 out  o f  84 

countries in th e  G l o b a l  H u n g e r  I n d e x  b a s e d  o n  c h i ld  m a ln u t r i t i o n ,  ch i ld  mortal i ty  and 

proportion o f  p e o p l e  w h o  a r e  c a l o r i e  d e f i c i e n t  ( K u m a r .  2 0 1 0 ) .

F ood  s e c u r i t y  h a s  t h r e e  b a s i c  c o m p o n e n t s  n a m e l y  ava i lab i l i ty ,  access  and 

absorption. A v a i l a b i l i t y  o l  f o o d  is a  ( u n c t i o n  o f  food  p r o d u c t io n  and  access  to food is a 

function o f  p u r c h a s i n g  p o w e r  a n d  e m p l o y m e n t .  A b s o r p t i o n  o f  food in the body  is 

influenced by n u t r i t i o n a l  s t a t u s ,  e d u c a t i o n  a n d  h e a l th  ca re  ( S w a m i n a t h a n .  2010) .

T h o u g h .  I n d i a  is o n e  o f  th e  l a r g e s t  p r o d u c e r s  o f  the  food  in the  w or ld ,  nearly 300 

million p e o p le  s t r u g g l e  l o r  m e e t i n g  t w o  s q u a r e  m e a l s  a day and  _1 per cent  ol national 

population ( 2 1 0  m i l l i o n i  a r e  m a l n o u r i s h e d  < I r ipa thy  a n d  M ish ra .  2011) .

F ood  i n s e c u r i t y  m  r u r a l  I n d i a  is p r im a r i ly  a  r c l l e c t io n  o f  rural poverty , and  thus 

overall e c o n o m i c  g r o w t h  a n d  its d i s t r i b u t i o n a l  p a t t e rn  a re  im p o r t a n t  in so lv in g  the  hunger  

problem. T h o s e  d e p e n d e n t  u p o n  lo w  w a g e  i n c o m e  a n d  c a su a l  e m p l o y m e n t  d( n i t  1 p 

eat enough  t h r o u g h o u t  t h e  y e a r  I l u n g s  get w o r s e  w h e n  d ro u g h t ,  c l im a te  ch an g e  an 

other transitory p r o b l e m s  o c c u r  D i s c r i m i n a t i o n  by c a s te  a n d  g e n d e r  are  ingrained ,n 

society and  h a v e  a  b e a r i n g  u p o n  l i v e l i h o o d  a c c e s s  a n d  lo o d  acce.

Further, problems of absorption ol d̂ ing water and
unbalances and diseases, lack of health cn „„ |ifc expectancy, maternal
sanitation worsen the situation which m turn have an in aQOl).
mortality, child mortality, infant mortality and malnutrition i

lisitc for the economic and social 
Food security is in fact flic imperative pre rc 1 .vflljon 0f the basic need

Ability n| ihe family, community an^ nat*on nrccursors to nutriticrtial, health
^presented by food insecurity and hunger art p(
J,lfl developmental problems.
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Vitamin A deficiency (V A D , is ,he ieading cause ofchHdhood blindness 

^dw ide. It is more prevalent in developing countries, with the World Health 

O ^ t s o t t o n  estimates o l  approximately 2 2 8  m i | | ion  c h l |d r e n  ^

moderate to s e v e r e  d e f i c i e n c y .  A .  g r e a t e s t  r i sk  a re  the  m a l n o u r i s h e d  ch i ld ren  b o m  

„  vitanun A-deficient m o t h e r s ,  p a r t i c u l a r l y  i f  t h e y  a re  affected c o n c u r re n t ly  by 

other b io log ica l  s t r e s s e s ,  s u c h  a s  d i a r r h o e a  o r  m e a s le s .  A l th o u g h  rare in the 

United S ta tes ,  v i t a m i n  A  d e h c i e n c y  h a s  h e e n  k n o w n  to o c c u r  as a result  o f  poor  

dietary in take ,  l i v e r  d i s e a s e s ,  a n d  g a s t r o i n t e s t i n a l  m a la b s o r p t io n .  I he sp ec t ru m  o f  

ocular d i s e a se  a r i s i n g  t r o m  v i t a m i n  A  d e h c i e n c y  is k n o w n  as x e ro p h th a lm ia  

Ocular c h a n g e s  i n c l u d e  c o n j u n c t i v a l  a n d  c o rn e a l  d ry in g  (xeros is ) ,  corneal  

ulceration a n d  m e l t i n g  i k e r o t o m a l a c i a ) .  n ig h t  b l in d n e s s  (nyc ta lop ia )  and 

retinopathy In a d d i t i o n  to  i t s  i m p o r t a n c e  in the  lu n c l io n s  ol the eye .  v i tamin  A is 

necessary for p r o p e r  i m m u n e  f u n c t i o n  V i t a m i n  \  d e h c i e n c y  is a ssoc ia ted  with  a 

higher d e g r e e  o f  m o r b i d i t y  a n d  m o r t a l i t y ,  m a in ly  b e c a u s e  a l l e e t e d  ch i ldren  are 

more su s c ep t ib le  To r e s p i r a t o r y  a n d  i n t e s t i n a l  i n l c c l i o n s

V i t a m in  \  D c f i u e n c v  is a t h r e a t  to h ea l th  a n d  l ives  oi m i l l ion  ol children 

in the developing world ( l i i l d r e n  d e f i c i e n t  in v i t a m i n  A grow  poor ly ,  have  j i i i  

appetites, h a v e  more i n f e c t i o n s ,  a r c  m o r e  a n a e m i c ,  a rc  m o r e  likely to go blin 

are more l ike ly  to  d i e  m  c h i l d h o o d  th a n  t h e n  j i e c r s .V A D  in c rease s  the risk ol 

death from c o m m o n  c h i l d h o o d  i n f e c t i o n s  s u c h  as d ia r r l ioca l  d i s e a se  and  m eas les

M ises t im ated  th a t  o v e r  3 m i l l i o n  c h i l d r e n  w o r l d  w i d e  h a v e  c l in ica l  s igns  1 1
• i  r»f V A l)  It is most  

ar,d the approximately 2 5 0  m i l l i o n  c h i l d r e n  aic a rts

Cnmmon in India and other developing countries IKrislinasuam’



V I T A M I N S

Vitamins are o rg a n ,c  c o m p o u n d s  occurring in small quamilies in differem 

foods and  n e c e s sa ry  for the g row th  and maimainence o f  eood health 

Vitanuns are requ ired  in m in u te  quantities  and their deficiency results in 

structure and functional d iso rd e rs  ol various organs in the body (Swaminathan.

IQ90).

3 . C L A S S IF IC A T IO N

Fat soluble v i t a m in s

V itam in ' )  s o l u b l e  in l a b  a n d  la t  s o l v e n t s  bu t  in s o lu b le  in water .

Eg, V i t a m i n  A .  0 .  I a n d  K 

W ater  so lu b le  \  i t a m in s

V i t a m i n s  s o l u b l e  in w a t e r  b u t  i n s o l u b l e  in fats a n d  fat so lven ts  

Fg .  H - c o m p l c x  v i t a m i n s ,  v i t a m i n  ( etc

4 V I T A M I N  A

V i t a m i n  \  is a la t  s o l u b l e  v i t a m i n  w h i c h  c o m e s  in  t w o  lo rm s  I he lirM b  

retinol w h i c h  is f o u n d  i l r e . o I v  p r e - l o r m e d  m  a n im a l  l o o d s  11k  o th e r  is | n  

vi tamin A .  w h i c h  is f o u n d  i n  p l a n t  f o o d s  in  the l o r m s  o l  c o m p o u n d s  

carmen,d s  V i t a m i n  \  is  a l s o  k n o w n  as a n t i x c . o p h t h a l m . c  la c lo rs .  b r ig h t  eve

vi tamin and \ n t i - i n f c c t i v e  v i t a m i n

5 H I S T O R Y

Vilamins are the discovery o f  twentieth Mc (.ol|um an(j

ri!lln"l was the l'r'(l essential fat soluble vitamins (|cn,onsun,ctl that
Dnv'* in 1 9 0  Me folium and Simmonds in 0ock in 19|0

Ophthalmia tv as due to lack o f  a fat soluble vitamin. .



covered the vitamin A activity of carotenoids. Karser in 1931 obtained ^  

r̂ucturc of vitamin A .Inl937. khon and Morris synthesised vitamin A.

ABSORPTION a n d  s t o r a g e
6-

V i ta m in  A  a l c o h o l  o r  e s t e r s  a r e  a b s o r b e d  as  re t iny l  es te rs  in the small  

intestine. V i t a m i n  A  e s t e r s  a r e  h y d r o l y s e d  in th e  l u m e n  o f  the  in tes t ine  to free 

vitamin A  a l c o h o l  p r i o r  to  i t s  a b s o r p t i o n  t h r o u g h  m u c o s a l  m e m b r a n e .  V i tam in  A 

alcohol ( r e t in o l  is a b s o r b e d  t h r o u g h  th e  m u c o s a l  m e m b r a n e  as v i tam in  A 

painuiaie I h i s  v i t a m i n  A  p a l m i i u i c  p a s s e s  v i a - th e  l y m p h a t i c  sy s te m  to the blood 

stream and t h e n  to  t h e  l i v e r .

V i ta m in  A  is s t o r e d  in t h e  k u p f f e r  c e l l s  o f  l iver  W h e n  v i tam in  A is 

mobilised f ro m  th e  l i v e r ,  t h e  s t o r e d  v i t a m i n  A e s t e r  is h y d r o ly s e d  to free v i tamin 

A alcohol, w h i c h  is t r a n s p o r t e d  to  t h e  d i f f e r e n t  t i s s u e s  h \  the b lood  1 i \ e r  can

s t o r e  a b o u t  2 t n  '  l a k h " .  M  o l  v i t a m i n  \

7 V I T A M I N  A IN i H i ;  i t o i n

R e .rn .H k  m l  c a m i e . r  Is a r c  i r .m s p o r l e d  Iron. the  m tcs l inc  « i l h

chylomicrons. I h c «  I , p . , p r o l a n s  d e l n e r  .h e  r e l i n o id s  a n d  c a r n . c m o .d s  .0  body

tissues

In the  l i v e r  H o m e  c . i r o l c i n o i d s  m i .  be   c r ied  .............. I To  m o r e
\ m u s t  he  h o u n d  to Retinol

from liver s t o r e s  to  t h e  t i s s u e s ,  preformed v i l n m n  <

Bteding Protein (RBP) In the body the diflcrcnt forms ° f onc l0 pt,icr

Afferent f u n c t i o n s  R e t m n l  a n d  r e t i n a l  c a n  h e  in t e r  ’  h i c h  i s  m * d e  from 

Retinol is the  f o r m  t h a t  is i m p o r t a n t  l o r  v i s i o n  R e t in  ^  j j f fe ren t ia t io n ,

rc,in"l nr  r e t in a l  a f f e c t s  g e n e  e x p r e s s i o n  a n d  is rcsp< n



- h  and reproduction. Caroteinoids ,ha, are’ no. converted ,o re.inods f .
s  antioxidani (Sherm an. 1952) .  " unct,ori

g FORMS o f  v i t a m i n  a

Vitamin A is present in the form of

Retinol tMtamin A )

R e t i n a l  ( v i t a m i n  A a l d e h v d e )
w

R e l i n o i e  a c i d  ( v i t a m i n  A a c i d )

R e t i n v l  e s t e r s

C a r o t e n e  ( p r o v i t a m i n  A).  I A l p h a  ca ro ten e

2 |J c a ro te n e

3 t i a m m a  ca ro tene

Vitamin \  in i ts p u r e  l o r m  is a p a l e  v c l l o u  s u b s t a n c e  so lu b le  in I at ̂  Retinol i^

the general I v a c c e p t e d  c h e m i c a l  n a m e  to r  v i t a m i n  \

9. FI N f 'T  I O N S  O f  V I  I \ M I N  \

I .  V i t a m i n  \  a n d  \  is iun

V i t a m i n  \  p l a c e s  a c r i l i t a l  ru le  in m u m  m d im  light In the eve. 

(he r e t in a l  f o r m  o l  rh c  v i U i n i n  A c o m b i n e s  w i th  ihe p i n k  in o f 11 

the v i s u a l  p i g m e n t  r h n d o p s i n  Kliod,  . p s m  h e lp s  lo i r a m f e r  energy I m m  

h g h ,  in ,o  n e r v e  i m p u l s e  -ha ,  is s e n d  lo he  b ra in  I Ins n e n c  impulse

allows us lo see when vitamin A is deficient llicrc is n d ' 

regeneration o f  rhodopsin in which causes difr,c.,Hy in a ting tn cm

■•yhi after experiencing a bright li^ht



excita tion

K i i m r ’ izat ion

a l l - t n n w  vitamin A II  - ( /\ vitamin A

2. Regulating gene expression

In th e  hod;- r c l i n o K  a u d  . i l o r m  o l  u iam in  \  e n t e r s  specific target 

cells I n s i d e  the n u c l e u s  o l  these target s e l l s ,  i c l i n o i c  acid binds to 

regulatory regions o l  l ) N A  I Ins binding e h . m g e s  the amount ol 

messenger R M A  I m R N A  > that is made In the gene I lie change m mRNA  

changes I he am ount o l  protein that is produced

C ell r l i r f e r e n t ia t io n

C ell d itfe re n iia lio n  is the process cvlierc hy immature tells chance 

"i siruclurc and linn non In become specialised. Vitamin '  «



d i f f e r e n t i a t i o n  t h r o u g h  i t s  e f f e c t  o n  g e n e  e x p r e s s i o n  -ru-
r r  . m ean s  that itcan turn on or oil the production of c e r ta in  « « ■

• „ * , na,n Prole>ns that regulate
functions w ith in  cells and through out the body

4. M a in t e n a n c e  o f  e p i t h e l ia l  tissue
»

E p i t h e l i a l  t i s s u e  o n  b o d y  s u r f a c e  c o n t a i n s  ce l l s  that p ro d u c e  m ucus  

for l u b r i c a t i o n .  W h e n  m u c u s  s e c r e t i n g  c e l l s  d ie .  the  n e w  cells  do  not 

d i f f e r e n t i a t e  p r o p e r l y  a n d  I n s t e a d  th e y  p r o d u c e  a p ro te in  cal led keratin.  

A s  the  m u c u s  s e c r e t i n g  c e l l s  d i e  a n d  a r c  r e p l a c e d  w i th  kera t in  p roduc ing  

cells,  t h e  e p i t h e l i a l  s u r f a c e  b e c o m e  h a rd  a n d  dry .  I his p rocess  is know n  

as k e r n t i n i s a t i o n  I h e  h a r d .  dry e p i t h e l i a l  c e l l s  d o  not h av e  the protect ive 

c a p a b i l i t i e s  o l  n o r m a l  e p i t h e l i u m .  1 h e re  by in c re a s in g  the chances  for 

in f e c t io n

5. R e p r o d u c t i o n ,  g r o w t h  a n d  i m m u n i t y

The uh i l iP .  i»| v i t a m i n  \  t "  reg i l la tc  the g ro w th  and  dif ferentia t ion 

o f  c e l l s  m a k e s  it e s s e n t i a l  t h r o u g h  o u t  l i le  lor  no rm a l  reproduct ion ,

g r o w t h  a n d  i m m u n e  l u n c l i o i i  (< ) b e r e d , l ‘)X7)

Poor over ill growth is an early symptom o f vitamin A deficiency

in c h i l d r e n  W h e n  v i t a m i n  \  is d e f i c i e n t ,  the  activi ty of spec i f ic  im mui

cells can not he stim ulated I his impaires immune function, mere

risk o f illness and infection due to defective epithelial tissue barriers

6. O t h e r  f u n c t i o n s

1. Lssenlial for normal hone formation

2. M ucopolysacharridcs and sulpl'n,c mclabohsm

3 Mucoprotein and glyc° rr>’lein s>n,hcs,s



Ij -carotene is undoubtedly the major source of vitamin \ r
. , ... . , . amm A Carotene was Hrsl

ij0laIed from carrot by Wackenroder tn 1831. Moore in ,930 suggested tha, the 

c0„vernon of P-carotene to Vttamtn A takes place in the liver. Duel and coworkers 

,947 proved that P-carotene when administrated orally is probably convened in 

,0 vitamin A in the intestinal wall |J -  carotene occurs in plant foods along with 

alpha and gamma carotene.

functions

p- c a r o t e n e  a s  a s o u r c e  o f  v i t a m i n  A

p  c a r o t e n e  is a n  a c t i v e  p r e c u r s o r  o f  v i t a m in  A w hich  is 1'ounJ 

on!> tn o r a n g e  a n d  \ cl low  c o lo t i i e d  l iu i i s  a n d  vegetab les ,  dark 

c o l o u r e d  g r e e n  l e a l )  v e g e t a b l e s  e le .

2 R o le  tn o r h c r  m e c h a n i s m s

\. Oxidant rcductant

P c a r o t e n e  is  a n  u n c o m m o n  l> pe ol b io lo g ica l  r e d o s  reagent,  one 

th a t  r e d u c e s  o x i d a t i o n  p r o d u c t s ,  b e s t  at low part ia l  p ressu res  oI o x \ g e n  

w h i c h  a r c  r e l e v a n t  in  m  mv p h v s m l o g i c a l  t i s sues

It c a n  I n r i c t i o n  a s  .... a n l t o x t d a n l  a  r e d u e . a n .  d e p e n d ,u g  upon 

r e a c t i o n  c o n d , t u r n s  It tv k n o w n  to d e c r e a s e  Itp o p r o . c n  and  U N A  

o x i d a t i o n .  W h i c h  is o x i d i z e d  in i t i a t e  a t h c r o g c n e s i s  a n d  cance r  o. o ther

degenerative diseases (Rajammal e la l . 0 8  )

I! Tinp junction communication



Gap junctions like cells w i t h i n  an organism to form a 

c o m m u n i c a t i n g  system. allowing small molecules to pass through 

cells. ( 3 - c a r o t e n e  and vitamin A  both can structure gap junction 

formation between cells. Prevention ot cancer may also occur through 

these gap junctions. by mainiaing carcinogen initiated cells in 

functional communication with non- transformed cells. Preventing 

their transformation, in a corrected ability to inhibit neoplastic

transformations

C .  I m m u n o l o g i c a l  response

It h a s  b e e n  i m p l i c a t e d  in I a n d  II cell  p ro l i fe ra t io n

D. E n z y  m e  r e g u la t io n

[ i p o x i g c n a s e  w h i c h  is i n v o l v e d  in a r a c h id o n ic  acid  m e tabo l i sm  is 

k n o w n  to  b e  i n i t i a t e d  by ( V c a r o te n c

||.  V IT A M IN  a  DI- I K  ll-.M  \  DIST.ASKS (VAD)

N u t r i t i o n a l  b l i n d n e s s  d u e  . »  x e r o p h t h a l m i a  is an im por tan t  public

healths problem ann.ni- >"ime thildrcn m ,nt,ul <( "w 'u  n,’r ‘,m
II , ,i ir m an i lcM at ions  ol V A U  

1997). th e  t e r m  x e r o p h t h a l m i a  c o m p i l e s  all »

I B a m j  t et  t i l , 19 9 X )

WHO recommends 'be fn l l o w in i !  t l . W ' l i c a t m n  of xcrophth.

1. N i g h t  blindness ( X N )

2. C o n j u n c t i v a l  x e r o s i s  ( X I  A )

3 I b l o t s  s p o t s  ( X I  M )

4 ( orneal xerosis ( X )



6. Comial scar (XS)

7. Xerophthalmia fundes (XF)

I. N ig h t  b l in d n ess

When Vitamin A  is decreased there is a delay in the regeneration of 
rhodopstn which causes d ifficu lty  m adapting to dim light alter experience a 
bright light. I his condition is called night blindness

2 Conjunctival xerosis

It m a n i f e s t  a s  dry p a t c h e s  o f n o n - w e t l a b l e  con juc t iva .  It m ay  be associated 
with v a r i o u s  d r y n e s s  o f  t h i c k e n i n g ,  w r in k l in g  and p igmenta t ion  o f  the 
con junc t iva .

3. Bitots spots

It is an e x t c n t i o n  <>| th e  x e ro t ic  p ro c e s s .  I hesc  spo ts  arc raised, muddy and 

dry t r i a n g u la r  p a t c h e s

4. Cornial xerosis

It is d i a g n o s e d  b y  th e  p r e s e n c e  ol h a / i n c s s  or d ryness  of cornea, 
( ienera l ly .  th e  c h a n g e s  t a k e  p l a c e  at the  lo w e r  por t ion  o! the eve. The  cornea 
takes g r o u n d  g l a s s  a p p e a r a n c e  S u b s e q u e n t ly  co rnea l  u lcers  may occur.

5 Keratomalacia

Xerosi, or .he cnniuncliva and cornea lead In keratomalacia .In .his 
condition softening and dissolution of flic cornea occurs

6. Xerophthalm ia

• iiip iris extrusion of the
The perforation o f  the cornea leads to prolcpsis

, , » if ipnds to total blindness,
ens and infection of  the whole eyeball and at a

o



7. Follicular hyp erkeratos is

This  is m a i n l y  d u e  to  h y p e r k e r a t i n i s a t i o n  o f  e Di the l i„m  r  • ,
ep i th e l iu m  lining, the follicle

The sk in  b e c o m e s  d r y  a n d  r o u g h .

12. PREVALANCE OF VAD

Currently, the prevalence o f  severe forms of VAD such as comeal xerosis

and keratomalacia has become extremely rare. The prevalence of milder forms

such as bitots spots, conjuctival xerosis and night blindness exist in varvine
*

degrees in different parts o f the country. According to National Institute of 

Nutrition (NIN. 2004) survey indicate that the overall prevalence of night

blindness and bitots spots in India among children under six years is 0.8

percent and 0.3 percent respectively

13. ASSESSMENT OF VAI)

1 O a r k  a d a p t a t i o n  test

2 S e r u m  p l a s m a  v i t a m i n  A levels

3 R e l a t i v e  d o s e  r e s p o n s e  testl R D R )

4  M o d i f i e d  v e r s i o n  ol K D K  lest  ( M R D R )

5. D r i e d  b l o o d  s p o t  m e t h o d

I. Dark adaptation test

In early stages of VAD the i n d i v i d u a l s  can not see objects in dm g 

^  test carried in one of the following two ways.

In the  llrst method, t h e  subject is k e p t  in a dark room for ^  ^

'Entity an object which is dimly i l lu m in a te d .  The intensi >

Creased till the subject is able to see the object.



Bgfcl for « m e  -  —  ^ u r r a  by uic  ability of the
subject in ^ e i n 6  a dimly llIuLm,nated object.

The studies carried out under the Medical Research Council. U.K (1949) 

0„ expenmental vitamin A dehciency. human subjects showed that dark 

jjapuuon test is a sensitive measure lor detecting early vitamin A deficiency.

2. S c r u m  p la s m a  v i t a m i n  A  levels

In v i t a m i n  \  d e f i c t c n c v  s c r u m  l e v e l s  o f  v i t a m i n  A are low S tud ies  carried 

out b» G o p a l a n  a n d  Cv> w o r k e r s  I 10 ( j ( I ) in In d ia  h a v e  s h o w n  that s e ru m  vi tamin  A 

levels are r e l i a b l e  i n d e x  o f V A D  in c h i l d r e n .

T h e  s u g g e s t e d  g u i d e l i n e s  lo r  th e - in t e rp re ta t io n  ol daia  are;

< 2 ' i u g  d l - d e l l e i e n c v . h i g h  r isk

2 0 - 3 0 | i g d l - l o u .  m o d e r a t e  r i sk

>30pg/dl-acccptable. lo w  r i sk

V R e l a t i v e  d o s e  r e s p o n s e  tes t  ( K D R )

In <hi i (e J p e r c e n t a g e  i n c r e a s e  in s e r u m  v itamin \  level,  live In ur. 

small dose o f  4 5 0 - 1 0 0 0  p g  ol retinal is m e a s u r e d .  I he  post  d o se  increase  in scrum 

vitamin A is i n v e r s e l y  r e l a t e d  to  v t t . u m n  A Mali,s. '".-cause m 

deficiency r e t in o l  binding pr<-tct>s t R lll'l a c c u m u l a t e s m  the l iver  

Of exogenous e t f i t m m  \  r e s u l t s  ,n  r e l e a s e  o l  h o i . .  Kl«* R a i s e d  c ircula tory  I c ' c K  

"r vitamin A arc maintained depending upon the amount ol a c c u m u la te  

taund R B P

RDR% plasma retinol ai 5 hour plasma rctimdm 0 hour____

" piejma retinol at S h",ir

tn the second method, the visual purple is bleached hv ».
. . .  • p> exposure to bright

r 5 0 me time and the „me regenerated is measured by the ability of ihe



>?0 %-suggestive vitamin A deficiency 
 ̂1 4° o-marginal 

0 _1 4 % - normal

4 M odified  v ers io n  o f  R D R  tes t  ( M R I ) R )

[n this test dehydroretinol (vitamin Al is administrated instead of vitamin 

A .The prescribed dose is lUOng kg body weight for children. The advantage of 

this method  is only one post- oral- dose sample of blood need to be drawn and 

raiio of  v i t a m in  A  m d  . \ j  is m e a s u r e d .

R a t i o  o t  v i t a m i n  A A.; -■ 0  n o  s u g g e s t i v e  v i t a m in  A deficiencv

3. D rie d  b lond spot m ethod

This m e thod  w a s  s u g g e s t e d  by  N a t i o n a l  In s t i tu te  o f  N u t r i t i o n  (N I N ) in 2004 In 

this method  firs t w e  c o l l e c t  t h e  b l o o d  s a m p l e  m  a spec ia l  tvpe  ol t i l ler Paper  using 

linger prick I h i s  f i l t e r  p a p e r  c a n  b e  d r i e d  a n d  t rn n sp a n lc d  u n d e r  cold condit ion  

and this m e a s u r e  s e r u m  v i t a m i n  \  l e v e l s  

Tab ic  I R I )  \

rmup K e l i n o l i  m i c r o

gram d)

man j 000

woman M i l l

Pregnant
woman i

000
lactation [ (,s0
infants 150
Boyst 10-
18) 600
<urlst 10-
18) 600

I k i a
carotene! micro

,1111 d)
. &

2 4 0 0
tsoo
1400

3 4 0 0

2400



, o L RCEi>
Vitamin A is tound only in foods of animal n • •

jftablrs contain com pounds, called caroteinoids th „  " Y  SOme fruits and
iumin A. Food sources o f  preformed vitamin A i n c l u d ^ | A Wn' ened inl°

egos. er* milk. and
Table  2 S o u r c e  o f  v i t a m in  A

1

1 Sources ■ V itamin A (pig /]00g)

Fish liver oil 6000-100000

I i\cr 6000-10000 1i
Butter and ghee 600-800

Fgg . milk 300-500

f ahle } S o u r c e s  o f  |i -  C a r o l i  n e
/S u n m in a t h a n .  l o o m

Si m r c c s

Red palm  ml

r ,i v

|i - c a r o t e n e  (f ig  lOOg)

25i)l)ii-1(lli(ii)

I Slid (»()()()

( , i rn  •(

Ripe m ango  

Ripe p;ip,i \ . i

m 1 1 k

| s o m j o n n

HOU-2000

8 0 0  2 0 0 0

50-60

/Sunminnihan. I q0,)/



, t o x i c i t y
14.

v i t a m i n o s i s  o c c u r s  w i t h  m a s s i v e  in take  ot v i tamin  A. Excessive 
ftyPerf  ^ o t c n e  c o n t a i n i n g  f o o d  s tu f f s  s u c h  as carrot ,  papaya  or mango may 

“' ^ “ '’c ^ o i e n e m i a l A n i i a a n d  A b r a h a m ,  1997)

S vm p i-o r n s
F.arlv s y m p t o m s

•  l o s s  o f  a p p e t i t e

•  N a u s e a

•  \ o m i i m g

•  I r r i t ab i l i ty

•  l a t i g u c

•  W e i g h t  l o s s

•  i n f l a m m a t i o n

•  C r a c k i n g  o l  l ip*

•  l i c h i n t '  a n d  lu m  I" •

I a te r  s y m p t o m s
i n i i v n  w i th  iaim

• I n l . i r g c m e n t ' d  l , v c r  "  ‘

• \ s u t c x

• H e a d a c h e

• Pain in |oints a n d  bones

• Stunted growth

13. AF/riOUX,V

1. In a d e q u a te  in ta k e n  o f v it*,n

d u e



The pH mar) cause o f  VAD is ina(lequa,  ^  ^  %

precursors in th e  d i e t  t M N .  2 0 0 U )  "'s

2. L ack  o f  a w a re n e s s

D u e  to  l a c k  o f  a w a r e n e s s ,  the  c o m m u n i n  does  not make  use o f  the 

p i i M O  h e a l th  c a r e  s e r v i c e s  l ike  d i a r r h o e a  con t ro l  p ro g ra m m e ,  immunisat ion 

programme, v i t a m i n  A  s u p p l e m e n t a t i o n  a n d  o the r  basic health services 

(Sabarwal. 1999)

3. In fections

I n f e c t i o n s  d l e a s e s  l ike m e a s le s ,  d ia r rhoea .  respirator) tract 

infections a n d  i n t c s t a l i n n s  l ike a s c a r i a s i s  and  g iard ias is  interfere with the 

absorption o f  v i t a m i n  \  ( B e g u m .  2 (><isi

A m o n g  t h e s e  m e a s l e s  i m o r e  s ig n i t lc an l  not on l \  on lowering the 

vitamin \  s t a tu s  hii( .11 ,•» lead inc '  t*• in c r e a s e d  nutr i t ional  b l indness  in children as 

well (Srilak »hmi. 2 0 0 5  »

4. P r o t e i n  c a l o r i c  m a l n u t r i t i o n  ( l ’( M l

Recent studies mdic.itc thiil prulcin dclicicuc) ma> cause impaired 

svmhesis o f  relinol h indinc protein, the protein that carrier s rcli 

protein Irom fhe liver ( Bourne. I os \ j

P R L V F N  I I O N  \ M )  ( O N  I R O B

• I , nrmenlablc nutritional 
Vitamin V defieiencv ,s one o f  the simples, prevent*

iiir m n l r o l  n iUimin
disorders (K am alam m a, 19 % ). I here arc several strategic.

deficiency

I Supplementation



r i

2 Food fortification 

- Dietary modification 

4 N u t r i t i o n a l  awareness

1. S u p p l e m e n t a t i ° n

National Vitamin A Prophylaxis Programme

b e t w e e n  o n e  a n d  f i v e  y e a r s  o f  a g e  for  a s ix  m o n t h  d o se  o f  2 .00 .000 11 

v i t a m i n  A  a n d  s i x  to  e l e v e n  m o n t h  o ld  in fan ts  for a 1 .00.000 IU dose

p r o g r a m m e  p r o m o t e s  i m p r o v e d  d ie ta ry  in take  ol lo o d s  rich in vitamin \  

( J o s h v .  2 0 0 2 ) .

A f te r  1 0 9 2 .  t h i s  p r o g r a m m e  w a s  l in k e d  w i th  the rou t ine  immuniza t ion  

Pro e  r a m  m e  ( h e  f i rs t  d o s e  1 on .n o n  I I '  v i t a m in  g iven  to c h i l d r e n  o f  9 

m n n r h i  a l o n g  w i t h  m e a s l e s  i m m u n i s a t i o n  a n d  the seco n d  and  .subsequent 

d o s e s  o f  2 . 0 0 . 0 0 0  11 o |  v i t a m i n  \  a re  g iv e n  everv s ix  m o n th s  until the

children com plete t h r e e  y e a r s  •»! a g e

. Food fori ideal ion

F o r t i f i c a t i o n  < * r  e n r i c h m e n t  o l  w i d e l y  c o n s u m c i
I lo o d s  with  v i tamin A

c o n d u c t e d  w i t h  m o n o s o d i u m  g lu t a m a t e



the most rational and sustainable long term solution to control VaD 1 
include foods nch in vitamin A or its precursors ^  ^

(NlN^OMb) The major tnexpensive dietary sources of provitamin A are 

d2rk green leafy vegetables, deep yellow and orange coloured fruits and
_ -» o .u ir r .c  P r e f o r m e d  V i t a m i n  A  i c  _ _ i  •

J ^  coloured fruits and
.egetables. Preformed Vitamin A is found only in animal foods such as 

,gĝ  fish, and animal liver and dairy products.

Nutritional awareness

VC]

egg-

4,
It is an important tool to increase awareness and improve 

c o n s u m p t i o n  of vitamin A rich foods.

N u t r i t i o n a l  a w a r e n e s s  c a n  h e  g i v e n  m a in ly  th ro u g h :

v  I n d i v i d u a l  c o n t a c t  t h r o u g h  h o m e  visit 

v  G r o u p  c o n t a c t  t h r o u g h  s i m p l e  talk 

v  D e m o n s t r a t i o n  a n d  d i s c u s s i o n s  

v  i |i • >pual  v l i t

N u tr itio n  reh lhitali tlioii naming ( S r e e d c v  i.iuo

f O N f  l . I  S I G N

V ita m in  \  is a n  essential m i c r o m i t r i c n l  lor  \ i s i o n .  g row th ,  i x p m d u c t u n .  

cell differentiation and g e n e  e x p r e s s i o n  h u t ,  still vitamin A d U k i c n c .

extremely challenging p r o b l e m  111 India and oilier developing <.

view o f ’.he  c h a n g i n g  s c c n n r . . .  r e g a r d i n g  .h e  c h i ld  h c a l .h  m  the coun try . rcgu’n
, nniTitional status, dietary

specific strategies arc required tor improvemen in
. nutritional blindness, 

mtake. im munisation status.and for virtual chm inat.on ol



rt eolden n e e :
I ^ g e n e t i c a l l y  m odified variety o f  rice which is rich in p-caro,e„e.

• food fo r t i f ica t ion?

’ *T oo4 fortification is th e  public h e a l th  p o l i c y  of ad d in g  micronutrients 
fo0d  Stuffs to  e n s u r e  tha t  m m . m u m  d . e t a n  requ i rem en ts  are met

atiat is tansferrin?
5' Transferrin is a p ro te in  f o u n d  in b lo o d  p l a s m a  and  in milk.  

har „  tonned o r  d o u b l e  t o n n e d  m i l k ?
^ I joIc buffalo m i lk  is a d d i n g  to  s k im  m i lk .  I his is tonned  milk 
\Ii\ iruzcows o r  b u f f a l o  m i lk  w i th  t resh  sk im  milk I his js double 

Tonned milk

What is the method ol retaining b-v.arotene '
Cooking in the p r e s e n c e  o f  oil  h e lp s  in re ta in ing  [5- ca ro tene  better.

IK
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M ic r o n u t r i e n t  d e f i c . e n c i e s  h a v e  b e e n  re c o g n i se d  as  one  o f  the m aior  public health 

problems Of d e v e l o p i n g  c o u n t r i e s .  V i t a m in  A is the m o s t  l imiting nutr ient in Indian 

dietaries a n d  h e n c e  v . t a m m  A  d e f i c i e n c v  ,s w id e  spread  in Indta. V ttamtn  A deficiency 

disorder s p e c t ru m  h a s  th e  u n i q u e  d i s t in c t io n  o f  b e in g  one  o f  the m os t  important  causes o f  

Preventable b l i n d n e s s '  t h e  w o r l d  o v e r .

V itamin  A is an  i m p o r t a n t  m ic ro n u l r i e n t  for main ta in ing  normal growth, 

regulating c e l l u la r  p r o l i f e r a t i o n  a n d  d i f fe ren t ia t ion ,  contro l l ing  development ,  and 

maintaining v isua l  a n d  r e p r o d u c t i v e  ju n c t io n s .  \  i tamin A plays  a vital role in the normal 

fu n c t io n in g  ol  o c u l a r  e p i t h e l i a l  c e l l s  a n d  in the regenera t ion  ol visual p igment  rhodopsin. 

Hence de f ic iency  o f  v i t a m i n  A is  closely  l inked with  vision. "Ihe deleterious 

consequences o f  s e v e r e  v i t a m i n  \  d e f ic iency  d iso rde rs  | Y \ I ) I ) I  are night blindness 

followed be c»«n[unct ival x e ro s i s .  b i t i< t \  spots ,  corneal  xerosis,  kcra lomalacia  and total

blindness

In a d e q u a te  d ie t a ry  in t a k e  ol v i t a m i n  A rich foods is the major  cause  of VAD D. 

Poverty and h ig h  c o s t  o l  v i t a m i n  A rich non  v ege ta r ian  loods.  lack ol avvaiencss al out 

low cost, nu t r ien t  r ich  fo o d  s o u r c e s ,  I rcqucn i  in fec t ions  like d u i i h o c a .  inadequate  1 ret 

feeding and faulty  w e a n i n g  p r a c t i c e s  a rc  the o th e r  con t i ib i i i ing  lac to is  ol \  Al

V i tam in  A  d e f i c i e n c y  .v e s t i m a t e d  In a i l e d  app rox im ate ly  127 million children

under ihe a g e  o f  f ive  a r o u n d  (lac w o r ld  Vpprnximalcly  2 5 0 .0 0 0 -500 .000  children i
M a i ii*umu' v hall llicni developing countries become W in d  e a c h  y e a r  o w in g  In vil .imi , .

'lying within 12 ......... ,  o f  los ing  the i r  s igh ,  e  a ,cs  d,a,  a round  7  on preschool

children in ih e  w o r l d  w e r e  a f f e c l c d  w i th  xerophthalmia I h e  gloha p n - ' a e  

t t r ophthalmia  w a s  f o u n d  to  h e  0 » m i l l io n  a m o n g  pregnant w o m e n
1 i



p e r io d ic v i t a m i n  A  s u p p l e m e n t a t i o n  is the m o s t  w id e ly  im p lem en ted  intervention 

for controll ing v i t a m i n  A  d e f i c i e n c y  in the  d e v e lo p in g  w or ld .  Food fonir ,cat ion with 

v|Urain A is a l r e a d y  p r a c t i c e d  in t a c k l in g  V A D D  to benef i t  poo r  groups,  w h o se  diets are 

m05l deficient.  I C D S  ( I n t e g r a t e d  C h d d  D e v e l o p m e n t  Serv ices)  has  laken effect ive steps 

l0 impart nu t r i t io n  e d u c a t i o n  a m o n g  the  rural p o o r  th rough  a n g a n w a d i  centres.  Promotion 

of household n u t r i t i o n  g a r d e n i n g  at rura l  a re a s  en su re s  the suff ic ient availabili ty  o r  low 

cost p -caro iene  r ich  v e g e t a b l e s  a n d  u lead to nu tr i t ion  securi ty  o f  the societs
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N U TR ITIO N , DIET A N D  
C A N C E R

INTRODUCTION

C a n c e r  is one o l '  the d r e a d e d  diseases and is the second most important cause of 

death in m o s t  affluent countries. The relationship between diet and health has been 

recognised throughout recorded history. Disease prevention through healthy preparation 

of  foods a n d  eating habits has been discussed for thousands of years. Since the I9,h 

century. W e s t e r n  scientific methodologies have been applied to the study of diet and 

diseases with intent ol reducing the disease burden from non-communicable diseases 

(NCD) such as cancer, coronary heart disease (CIID) and other condition endemic to 

societies after the advent of industrialisation

T h e  word cancer is derived Irom the I.atin word ‘crab . so ascribed b\ 

Hippocrates (500 DC j lor ils invasive and intrusive properties li was ‘Song He San 

(960 A.D.) of the song dynasty who lirst related diet and cancer He slated that poor 

nutrition was (he cause of oesophageal cancer. I ambc in ISI.s warned against the danger 

of excess consumption ol food in general and meal in particular. Roger William, 

observed that excessive feeding especially meat, deficient exercise and prola! 

sufficient vegetable food arc the predisposing factors lor cancer

The role of diet lakes special importance in countries like India which
• lion n ie ta rv  factors ina> he potentiating

moving towards industrialisation and wcsternisa u>

lhe role o f other risk factors Most o f  the cancers have some u la t I
r lieesm e tract (mouth, tnrouu. 

Predominant a m o n g  th e m  are cancers o f  upper acr< bH>lsUiincer in women

O^ophagus ( fond p ipe  and lungs), stomach, large intestine, on

nnil t u m o u r s  Neoplasia-is „vint neoplasms ami nmu 
f aneer is the te rm  used to refer n w  L  ̂ ^   ̂ .g caU?ielj due to

means cell m a tissue p ro life ra te  w ithout contr riAu i i  ami vdl
that control w ii

halations or abnormal activation of cellular gl



« * * *  <S"*lakhmi- 200’5i' 71,6 abn° nn“  arc called oncogen-s „ 
olber par. o f  the body through the ,ymphatlc ^  or ^  ^

e d b  r e g a i n  l o c a l i s e d ,  i t  is  c a l l e d  b e n i g n  t u m o u r  a n d  w h e n  i, in v a d e s  and  ' a

nssues o f  the  b o d y  i, is  c a l l e d  a  m a l i g n a n t  t u m o u r s  o r  in s im p le  t e rm s  cancer ^  ° ‘her

U n d e r  n o r m a ,  c o n d i t i o n s ,  t h e  n o r m a l  g r o w th ,  m u l t ip l i c a t io n ,  repair  and dead, o f  

,  b i o l o g i c a l l y  p r o g r a m m e d .  H o w e v e r  g e n e  m u ta t i o n s  can  lead to uncontrol ledcells are

growth.
6

HOW CANCER DEVELOPS?

i n i t i a t i o n

When normal cells are exposed to carcinogens and carcinogens are allowed to 

enter the cell, it alters DNA.

PROMOTION

When there is enhancement ol cancer development, cells begin to multiple m an 

uncontrolled manner

PROGRESSION

humour formation lakes place It may spread to others tissius 0 1  oigan 

cells released and earned n> oilier part ol body are called mciasis

PREVALANf E O F  ( A N ( I K IN I I N ’, W O R M )

In the world every  year 7 r. nullum cancer deaths occur Breast eanee, o the

leading cause of cancer death in females, accounting lor 23 per cent ol UU
ic .in' leading cancer in males 

Qnd U per cent of cancer deaths whereas lung can h
l .>,•! cent ol cancer deaths i \imii .

comprising I / per cent • >1 total new cases and - I 

r’ancer Society. 201 I )

’V'ALAINC E  O F  C A N C E R  IN  I N D I A
. . i n  /. neI 100 000 o f

,n N e w  D e lh i  is 10 ft
Incidence of gallbladder cancer m w< nu ccnlral sutiih and

th s cancer I )»̂ n 'c-* ,n
P°puIation, world h i g h e s t  rate lor women I*r tobacco, which

r  r i n c c r  n s s o c ia te a
Northeast I n d ia  h a d  world h i g h e s t  i n c i d e n c e  o



^  «* 5 m ° - e d ' d lS tn c ;  o f  ™ w h  c a s ,  su«c o f  M iz o ra m  has worid

jjjghest incidence o f  cancer in men o f  lower pharynx (11.5 per 100,000 people!. The

incidence o f  mouth c a n c e r  a m o n g  m e n  in Pondicherry w a s  8 .9  per 100.000. one of the 

highest rates in w orld  for men. Rate o f  stomach cancer is high among men in Bangalore 

and Chennai. Belt o f  thyroid c a n c e r  in w o m e n  is high in coastal district of Kerala. 

Karnataka and G o a  (W H O ,  2 0 0 5 ).

r i s k  f a c t o r s  o f  c a n c e r

U n d e r  n o r m a l  c o n d i t i o n s ,  t h e  g r o w t h ,  m u l t ip l i c a t io n ,  repa i r  and  death  o f  cells are 

biological ly p r o g r a m m e d .  H o w e v e r  g e n e  m u t a t i o n  can  lead to uncontro l led  growth. 

These m u t a t i o n s  c a n  b e  s p o n t a n e o u s  o r  i n d u c e d .  S p o n t a n e o u s  m u ta t io n s  occur  follow inn 

an injur- eg.  B u m  i n j u r y  o r  d u e  to  p r o l o n g e d  s t im u la t io n  by h o r m o n e  like oestrogens. 

thyroxine, th is  r e s u l t  in i n c r e a s e d  ce l l  m u l t i p l i c a t i o n  and  inc reases  the chances  o f  gene

mutations

M u t a t i o n s  m a y  h e  i n d u c e d  by in f e c t iv e  a g e n t s  like v iruses ,  physical agents  like 

radiations a n d  by c h e m i c a l s .  C h e m i c a l s  m a y  b e  th o se  w h ic h  are lo rm ed  during the 

normal m e t a b o l i s m  l ik e  o x y g e n  f r e e  r a d ic a l s ,  m e th y l  g ro u p s ,  hydroxy l  ions or may be 

those w h ic h  g a i n  e n t r y  f r o m  o u t s i d e  t h r o u g h  the f ood .  1 hese  inc lude  n i t iosammes.  

aromatic h y d r o c a r b o n s ,  a r o m a t i c  a m i n e s  a n d  o thers .  S o m e  ol the r o b  U i o i s  , i k
J

follows

Infect ive a g e n t s

, ->!»„ „l m n l m n a n c i e s  arc  cau sed  hv infectious
In developing c o u n t r i e s ,  u p  to  23  o . i

i i n , i n n  n a p d l o m a  v iu i s ( c e m e a l  and
agents, eg. Hepatitis B a n d  ( v i r u s  (livci uiiicc . involve \ -

.1, t i m e r )  Plivsicol agen ts  involve A
arm-genital cancer). / felicohcn-tor pvrnli (stoma 

rays, other ionizing radiations emitted by radioactive sul

Chemical agents in f o o d s
,iv present in foods, formed during

Chemicals can be classified as those na „i(iiti\cs I hese include
hied as food nuoio"-

Processing preparation and storage and those me • |)N \  and lorm
I hese gubstflocffs aitm

n,(rosamincs, aromatic amines, and others
ultim ate carcinogen

complexes called I )N A adducts I hese act as



T h is  includes ionising and non ionising radiations ReDealeH ,
exposure to the s u n l i t  resuits in skin cancer in lighl skinncJ ^  ^

iropics-Australians Radiat.on exposure in middle age  causes cancer.

Stress

rhere is a relationship between the onset of mnrm- .oi cancer and emotional deprivation.
Depression may afTect the body's hormones and may inhibit the immune system's ability 

to counter disease.

Heredity

Family history of cancer plays a significant role in determining personal risk 

Individuals of cancer- prone families need to pay particular attention to the avoidance of 

carcinogens and typical 1> need closer cancer surveillance than other people.

Obesity and la c k  o f  p h y s ic a l  a c t iv i ty

O Hcsi ty  a n d  lack  ol p h y s i c a l  ac t iv i ty  a re  a s s o c ia te d  w i th  inc reased  usk  ol various 

cancer si tes,  i n c l u d i n g  b r e a s t  a n d  e n d o m e t r i a l  c a n c e r  M a in ta in in g  ideal weight  through 

physical e x e r c i s e  h a s  b e e n  a s s o c i a t e d  w i th  d e c r e a s e d  risk ol breas t  l a n c e i .

Dietary factors

D ie ta r y  f a c t o r s  a l s o  p l a y  a s i g n i f i c a n t  ink- m cance l  risk W least o ik - th i rd  

annual c a n c e r  d e a t h -  in I S a r c  d u e  I"  d ie ta ry  Inc lo ts  A recen t  u u e w  

est imates tha t  u p  to  8 0  p e r c e n t  o l  c a n c e r s  ol la rge  b o w e l ,  b reas t ,  and  pr 

dietary fac to rs  In . l a n u a r v  I K ' * .  s c i c n t . I . c  A m e r i c a n  p r in t  he o h s e n a u o n  that cancc.
ivhrrc carnivorous habi ts  prevail

is most frequent among those branches of human rac  ̂ wor|d

India is a developing country with most diverse population.

Diet is an important factor in cancer aetiology because

* Diet may he direct or indirect source ol care g
. , ■ c o n u c .  c o o k in g ,  or p re se rv a t io n  o i l

* t arcinnuens can he formed during •

• Diet may contain inhibitors. IBfn< in ibe body
, Mr the formation of cart mop

• F o o d  stulls mav act s a substrates »



Dietary factors influencing cancer

Cancers

o e s o p h a g u s

s t o m a c h

C o l o n  a n d  rec ta l

N a s o p h a r v  n g e a l  

I arv nx 

I . i ing

l i l . i d d e i

R r c a s t  a n d  c m  ica l  c a n c e r

P a n c r e a s  

I a v e r

p r o s t a t e

D i e t a r y  f a c to r s

and  vegetables

N i t ra te s  and  n i t r o s a m i n e T j ^ i n e a n d

sa l ted  loods .  s m o k e d  and fried foods, 

foods  rich in starch with very little 

fruits and  \e g e la h le s

Re l ined  ca rbohydra te s .  low fibre, low 

v eg e tab le  intake.  Inch meat  intake

Salted lish

I o b a c c o  . a lcohol

I o b a e e o .  low intake ol ereen and 

vellow vegetables

( l iem icaK.  a r l i l i i l a l  sweetener ' '

col lee

I l igh in take  ol lal. low intake ol Iruils 

and  vegetables

I o b a c c o .  eolTcc and meal 

M v c o t o x in s  and  alcohol
w

H ig h  m o m  in take  an d  lo «  lihrc intake



The various dietary aspects whirh ...
piay a role in can.

subdivided into two groups- those thm cause, arc described here I,
auses cancer and those th a ia r.

The former includes- ' * *  P n ?-

•  Excess energy and fai jnlake
• Meat

• Alcohol

• Tobacco

• Coffee

• M vco tox in s

• Food additives

Protective a g e n t s  i n c l u d e s

• Dietary fibres

• Mi o n e  l i v e  c o m p o n e n t s  p re se n t  in foods

• Micrnnutricnt

EXCESS ENERGY AND FA I INTAKE 

Caloric

A n  e x c e s s  o f  c a l o r i c s  in h u m a n s  is a s s o c ia te d  w i th  increased  nsk  ol cancer 

Excess c a r b o h y d r a t e s  ncl  a s  a m o d i f i e r  ol c a r c i n o g e n s  ol c a rc in o g en s .  ( >n excess  calorie 

intake, the re  is h i g h  r isk  o f  e n d o m e t r i a l  a n d  breas t  c a n c e r  I Ins is due  to the increased 

conversion o f  a n d r o g e n s  in to  e s t r o g e n s  in a d ip o s e  t i ssue  Obes i ty  may possibly assoc iate 

wifh gall b l a d d e r  c a n c e r  a n d  c o l o n  c a n c e r  O b e s i t y  a n d  lack of  physica l  activity arc 

BMociated w i t h  i n c r e a s e d  r i sk  a t  v a r i o u s  c a n c e r  si tes,  i n c lu d in g  breas t  and  endometria l  

cancer. E n e r g y  b a l a n c e ,  w h i c h  i n c l u d e s  m a i n t a i n i n g  ideal  w e igh t  through physical 

exercisc.  h a s  b e e n  a s s o c i a t e d  w i t h  d e c r e a s e d  risk o f  b reas t  cancer

Kiel a r > fat

[)icH high in saturated lats have been associated with increased nsk lor car 

' ° rl,I i ancer Research Fund, 1997) Diets high in fat have been linked to inert 

' srious cancers, particularly breast, colon, prostate and possibly pancr



^ o n t e t r i u m .  A  h i g h  . a t  « u a k e  i n c r e a s e s  in te s t in a l  a n a e r o b ic  b a c t e n a  and  b . l iarv  stero .ds 

secred0,  A n a e r o b i c  b a c t e n a  a r e  c a p a b l e  o f  sym thes is ing  e s t r o g e n ,  w h ic h  are believed to 

be potent ia l  c a r c i n o g e n s  ,n  m a m m a .  g . a n d s .  B i le  ac id s  a re  d e g ra d e d  bv intestinal micro 

flor3 to s e c o n d a r y  b , l e  a c d s .  d e o x y l i t h o c o l a t e .  l i thoco ia te .  etc.  w h ich  may ac, as 

carc inogen in  c o l o n .  A c c o r d i n g  to  W i l l e t  e l  (1 9 9 2 )  in c reased  in take  o f  total saturated 

and m o n o  u n s a t u r a t e d  f a t s  is a s s o c i a t e d  w i th  in c re a s e d  risk o f  co lon  cancer.

F a t ty  f o o d s  a f f e c t  t h e  b o d y  in m a n y  w a y s  and  h a v e  a s t rong influence on 

hormonal  a c t i v i t y  in  t h e  b o d y .  H i g h - f a t  d ie t  in c rease s  the  a m o u n t  o f  es trogens,  female 

sex h o r m o n e s ,  in  t h e  b l o o d .  It is k n o w n  tha t  m a n y  breast  tu m o u rs  a re” fuelled"  by 

estrogens. E s t r o g e n s  a r e  n o r m a l  a n d  e s s e n t i a l  h o r m o n e s  for w o m e n  and men.  hut the 

more o e s t r o g e n  t h e r e  is g r e a t e r  th e  d r i v i n g  fo rc e  b e h in d  s o m e  k inds  o f  breast  cancer.  On 

high-fat d ie t s ,  o e s t r o g e n  l e v e l s  in c r e a s e .  W h e n  w o m e n  ad o p t  low- fat diets,  oestrogen 

levels d r o p  n o t i c e a b l y  in a v e r y  s h o r t  t im e ,  v eg e ta r ian s  have  s ignif icant!) lower 

oestrogen l e v e l s  t h a n  n o n -  v e g e t a r i a n s ,  in par t  b e c a u s e  o f  lo w e r  fat content  ol their diet

D ie ta rv  fat  i n t a k e  a n d  c a l o r i e  i n t a k e  is h ig h ly  co r re la ted .  Dietary lal is the most 
*

concentrated source of energy. So reduction in fatty acid should also accompanied b> 

reduction in calorics and body weight

A c c o r d i n g  to  l e d n c h o u s k ,  ,•/ al  O IK M l lish oil low ers  the t isk ol c n c e r  In 

p e r c e n t  F i sh  o i l .  in g e n e r a l  is a n h - t n l l a m m a l o r y  agen t  a n d  pro tec ts  bods Iron, cancer

development

H ig h  c o n t e n t  o l  o m e g a - 3 ra t ty  a c id s  in I N )  oil a lso  play a r

a c d x  a r c   ......................  «  ........ ...... .. ..............prevention. O m e g a -1 laity  

communication, prevents inflam m ation

m e a t

rinns in western countries Studies 
These are integral part of the diet of non vc p . crcflSC(| incidence or cancer at

bV Usha and Sujatha ( 1 9 8 5 )  shows that vcgclnrians line 

number o f  sites

Meal.

nies. i r'ii i *< I• i is a conccntrHtLu
,w lanib and pork)

— Al, especially reel meat ( i c mcal  ̂ j calth 1994) In thH com*,,,on 

*>un* of ral H.ph mtake leads to obesity ( W  <>' 0 c , |rogCn slirmiW*'

in the body convert cireulnting sex steroid



^luphcaiion in breasL endometrium and colon. Thus m erging  the risks f

these sites. The fat o f  meat can also dissolve many carcinogens like benzo  ̂ ‘ ^  “  
a c c u m u la te  to alanningly higher levels. '' P>rene "hlch

processing o f  foods is an achievement of modem food technology Bu, i, has its 

0Wn adverse effects. For example, the processed foods such as cured and smoked meat. 

Bacon, ham. sausages, salted and dried fish contain prefonncd carcinogens, nitrosamines 

They include N -  nitrosodimethyl amine (N D M A )  and N-ni.roson,ethyl benzyl amine 

(NMBZA) (N1N, 1994).

a l c o h o l

It was observed in 19th and 20lh centuries that the patients with cancers of 

oesophagus were alcoholics or worked in the alcohol trade. Consumption of alcohol 

differs in different parts ol the world and within countries. Alcoholic drinks in general 

are identified as carcinogenic by International agency for research on cancer

Higher consumption of alcohol causes hepatic injury and cirrhosis and lead to 

formation of hepatoma because the metabolism of alcohol lead to generation of tree 

radicals and acctaldchvdc that hinds DNA and proteins, destroy lolate and seems to

contribute c i r r h o s i s  o f  l i v e r

Alcohol stimulate carcinogenesis in the induction ol cytochrome 

associated with production ol free radicals and enhanced activation ol pri 

found in hcvcrngcs. which leads to nutritional dcltcitncics

tobacco

Tobacco chewing ami smoking arc .he two import*., risk faciom ol-a.
c.Tinkers is b e tw e e n  30 -10  fold Mors

India. I.ung cancer risk o f  regular smokers lo no Tobacco related

'han 50% of cancer in men and ?0% in women are related to to acco, ^  ^

wnccr is in the oral cavity, pharynx, larynx and 

tinies higher chances for oral cancer (Iran who <i

m y t o t o x i n s
\ irioiis m v c o lo x in 

ti A m o n g  vtlMl
rh e y  are to x ic  substances produced , h* fungus grows

ailuutxin is a to x ic  m e ta b o l i te  produced by ungi



on improperly stored foods, particularly on grain,. gruundnuls c

Aflatoxin on oxidation in liver forms epotoxins which afT ' C0C° "U1 '1"d PCppcr‘

forms DNA adducts which induces cancer in the cells ^  ^  ^  ^  ° f C C "S and

Aflatoxin

o

E po xide  + D N A  (liver cells)

\ >

D N A  adducts  (carcinogen)

FOOD ADDITIVES

Different food additives arc idcntilicd as ilie source ol carcinogen All non 

permitted synthetic lood colours are mutagenic and most of them have been identified as 

potential carcinogens. M c ta m l yellow , a non permitted food colour was common 

adulterant in foods like laddu. turmeric etc. Sudan dve and lead eliminate are other non 

permitted food colours w hich in high amounts will do harm. It causes different types ol 

allergic reactions; dam age to liver, kidney and that can lead to carcinogenicity 

Jonnalagadda r t  a ! . 2004  reported that processed meats, non-alcoholic beverages, and 

ready to cat foods and sugar confectionaries contains food colours 111 higher

concentrations o f  above lOOOppm while the allowed amount is lOOppm

M onosodium  glutam ate ( M S ( i )  c o m m o n l y  ca l led  a g m o m o t t o  is 

brain cancer. A rtif ic ia l sweeteners, l ike saccharine, aspartame, cyclamntes develop 

bladder cancer A spartam e is a s s o c i a t e d  w i th  brain c an ce l  R l Ii i i u I c a d  

^gar h igh  fructose corn syrup, white Hour arc devoid ol nu t r ien t s  R e f ined  carbol.

Provide too much calories and can lend to obesity ami cancel.

( AIU INOGENS IN FOODS  

Carcinogens can he defined as substances lh«l cause rapid uncc i
fll I I



t r a n s  f a t t y  a c id s

Ttey are the imitation o f fat in shortenings and margarines ana
, -r-i i ana most commerrini

baked foods. They are commonly seen in a„ processed foods ^  ^  ^

increase the requirement o f essential fatty acid. They competes wi,h E F A  (essential fan'  

nods) in incorporation of total fatty acids, by altering the membrane bound en rv m e s  and 

receptors- Trans fatty acids arc strongly associated with cancer of lungs and reproducme

organs

r a n c id  f a t s

In d u s t r i a l  p r o c e s s i n g  a n d  p o o r  s t o r a g e  c rea te s  ranc id i ty  in vegetab le  oils This 

rancid fats a re  a  p o o l  o f  f r e e  r a d i c a l s  a n d  s o  k n o w n  as po ten t  carc inogens .

POLYCYCYLIC AROM ATIC HYDROCARBONS

C o o k i n g  f o o d  at very  h ig h  t e m p e r a tu r e ,  especia l ly  directly over  the tl.inic. 

generates c h e m i c a l s  w h i c h  a r e  c a r c i n o g e n i c  in nature .  B c n z o p y r e n e  is p roduced by heal 

induced c h e m i c a l  r e a c t i o n  o n  fat It is f o r m e d  d u e  to in c o m p le te  co m b u s t io n  ol m b  and 

smoke w h i c h  w i l l  g e t  d e p o s i t e d  o n  lo o d  ( o o k in g  by d irec t  s m o k in g  o \ e i  the flame 

cooking o v e r  h i g h  t e m p e r a t u r e  e tc  c a n  lead  to fo rm a t io n  ol there  ca rc inogens  M<"t ol 

the p ro c e s s e d  f o o d s  a r e  p r e p a r e d  by th e s e  unhea l thy  c o o k in g  m e thods ,  so ihcy are

identified as th e  c a r r i e r s  o f  t h i s  c a r c i n o g e n

SODIUM N ITR A T E S

N i t r o s a m i n c s  a r c  d e r i v e !  f ro m  Ihe r e a d m i t  " I  m l ra le  w i th  a co r respond ing  .mime. 

They p r o d u c e  c a r c i n o g e n i c  c o m ,    n , l r „ a „ „ n c  a n d  n i l ro sam ulcs .  which arc
,, I oso/n ^ e  found to be carcinogenic h um  

carcinogenic. f ) f  300  nitroso compounds tcslcd. «  ̂ n con be

cither preform ed as g e r m i n a t e d  barley, meat, meat prr  ̂ ^ ^  mU1KCs (, i

formed from  us p r e c u r s o r s  e g  O r e c n  leafy x e g c i a b K ^ ' l ^  ^  ^  ^  ^  ^  ^

nitrates I rcsli vege tab les ,  fruits, and m ilk ,  art foun , i r s vSicm N iirow
r . . m . ' I  m a s k d .  baked in an  o p e n  air
orm ed  in t h e s e  f o o d s  w h e n  t h e y  a r c  grille 1 catalyst So

nd  c h lo r in e  ocis
im p o u n d s  are fo rm e d  d u r in g  acidic conduit n. fjon o f  niuo<o compound*

Pickling is one of the sources of cooking la\ ur  ̂  ̂ H a m h u r g c i v  hot dog"
Alcoholic  b e v e r a g e s  c o n t a i n  m t r o s * »  v o m p <n,n‘i



such fast foods Lave become the most favourite food of youngsters to

contain cured and smoked meat and contain high amounts of ^  ^  A" ^  f°°ds
nitroso compounds

p R O T E C T r V T  A G E N T S  I N  F O O D S

Protective agents present in food stuffs are

• Dietary fibre

• Bioactive compounds present in foods

• M icronutrients

DIETARY F IB R E

D ie ta r y  f i b r e  c a n n o t  b e  s e e n  o r  la s ted  hut it c a n  w o rk  w o nders  for our hod>.

Dietary f ibre  is k n o w n  a s  c a n c e r  f i g h t e r  fo u n d  o n ly  in the cell  wal ls  o f  plant foods. This

protective e f f e c t  is d u e  to

• I e n d e n c v  to  a d d  h u lk  to the  d ig es t iv e  svs tem

• S h o r t e n i n g  ol a m o u n t  o f  t im e  that w as te s  travel th rough  colonC c

• I n c r e a s e d  f ib re  d e c r e a s e s  c h a n c e s  for in test inal wal ls  get a fleeted b\ 

t o x i c  s u b s t a n c e s

• W h e n  b a c t e r i a  in l o w e r  in tes t ine  break  d o w n  libie.  buwraic  is 

p r o d u c e d  w h i c h  in h ib i t s  g r o w t h  o f  tu m o u r s  o f  co lon  and rectum

• I h g h  fibre diets are often lowers llic absorption ol lai

• I i b r e s  b i n d s  w i t h  o e s t r o g r e n  and  p re v e n t s  breast  cancel

T h e r e  a r e  ( w o  t y p e s  o f  f ib re s  m  o n r  d ,c t .  s o lu b le  fibre  and  inso lub le  fibre. Soluble 

fibre d i s s o l v e s  in w a t e r  a n t i  is f o u n d  in a v a r i c ly  o l  Im i ts .  v eg e tab le s .  I c g u m i s a n d  grain.

cuts c h o l e s t e r o l ,  a d d s  to  (b e  f e e l i n g  o f  fu l ln e ss  a n d  s l o w s  lltc re lease  o f  g  

food in to  b l o o d  f r o o d  s o u r c e s  o f  s o l u b l e  f ib re s  a rc  oa ts .  b ran ,  app le ,  c i t rus  fruits, . t ra

berries, d r i e d  b e a n s ,  r y e  H o u r ,  p o t a t o e s ,  r a w  c a b b a g e  etc.

, • w a t e r  a n d  is fo u n d  in g ra m  hum . Iruils pulp.
Insoluble f i b r e  d o e s  n o t  d i s s o l v e  in . ^  L.n m , . r pouee l ion  and

in.l vegetable peels and skins. This type ol fibre strong 

iniprnvcd waste re m o v a l



Plant foods such as cereals, pulses fn.itc .  iiruits and veoetahlpc iu.„, . • - ^ t i a o i e s  like onion.  oa r |;c
*3,,ion, and chtves are an tmportan, group with anti-carcinogenic eiTec, Thev have a 

distinct flavour and aroma as well as medicinal effects. Their ami-carcinogenic'activity
can be attributed to-

.  Inhibition o f  bacterial conversion o f  nitrate to nitrite, the precursor o f nitrosamine 

• Activation o f  detoxification enzym e system

i s o t h i o c y  a n a t e s

Thev cUl found in crucilerous vegetables and spices. They protect against cancer

bv-

I n h i b i t i n g  c n / v n i c s  tha t  a c t i v a t e  c a r c i n o g e n s  

Bv i n d u c i n u  d e t o x i f y i n g  a g e n t s

They s p e e d  u p  t h e i r  r e m o v a l  f ro m  b o d y  ( A r a b  and  sleek.  2000)  

E f f e c t i v e  in f i u h t i n g  l u n g  a n d  o e s o p h a g e a l  cance rs .

L Y C O P E N E

Lycopcnc is a part ol caroletioid lanuly; n is a pigment present in most Iruits and 

vegelahles fhc mechanism ol action involves-

• A c t  as a t r e e  r a d t c .d  lighting a n t , os,dan. So  that they cannot attach to the cells

a n d  d i s i n t e g r a t e  th e  i m m u n e  s y s t e m

•  P o t e n t i a l  n i t r o s a m i n e  i n h i b i t i n g  agen t

• Studies show that lycopcnc helps I" prevent prostate, lungs and stomach cancel

(O iovannucci <’/ <tl ■ 1 •

h a v a n o i d sI :  % T  . A l l  /  1 1 P 1

C omprisc one of the larges, groups of scconda.y

^avanoids h a v e  b e e n  i d e n t i f i e d  o l  w l m h  s< i ,>n | \ p h e n o l s  having
,.u nrc structurally poiyp

CMcchins. hillavins Most of these flavon < * sonK o the r  nnliaxictan^ l,kt'

antioxidant activity I lavauouls and tannin'' are



^  acid and tocopherot. Tne antioxidan, effect is attributable to radica|
activity of flavanoids. g,ng

The major functions are the following-

Structurally flavanoids are having anti oxidan, activity 

Blocks heterocyclic aromatic amines from promoting gastric and 

colorectal carcinogenesis (Susata, 2001).

Important in protecting DNA from high rates of mutation.

d-u m o n i n e

• T his is a terpenoid and major component o f citrus fruit peel

• U s e d  a s  a  f l a v o u r i n g  a g e n t .

• I n d u c e s  t h e  e n z y m e ,  g lu t a th io n c - s -  t ransferase .

PHENOLIC COMPOUNDS

They include ellagie acid found in fruits and nuts like straw berries, raspberries, 

blackberries, walnuts. I he> inhibit mlrosation reaction by trapping nitrate to form n-

ni t rophenol ic  c o m p o u n d .

PHYTIC AC II)

F o u n d  in h i g h  a m o u n t s  in s e a s a m e  seed s ,  l im ahenns .  peanuts ,  and  sovabcan  and 

also in cereals, n u t s ,  s e e d s ,  a n d  p u l s e s .  It c o n t r o l s  cell  p ro l i lc ia l

SAPON I INS

Sapom ns are fe.....................................    » .’ ^ 2. iv I cells lhe> bind to niK acius
cytotoxic effects and g ro w th  inh ib it ion  against a . . .  ijvitv

and regulate their rec irc u la t io n  I hey have known mutagenic inh ib it in g»

ALLniM VF.GFTABI.KS a n d  GANGER

O A R I.ir  , ..
. ,v due . 0  presence 0f »n.iox.dan. all,v,n

Oarlie p o sses  Strong aniioxKl*tnt a c t w  nJgjgfli a n d  ehole>tef J  I •
ĥe reported health benifits include cheniopr



«— * •  t  r r  “ ■ — « *  , h . ,reducing th e  r i s k  o f  c a n c e r  ( s a x s e n a .  1998) .

b r o c c o l i

B r o c c o l i  is  k n o w n  a s  . h e  c r o w n  j e w e l  o f  nu .r i . ion  for i t ,  v i tamin and fibre 

richness a n d  is  l o w  in  c a l o r i e .  M u l t i p l e  c a n c e r  f igh t ing  p roper t ies  o w in g  to v i tamin C. 

beta c a r o t e n e  a n d  f i b r e  c o n t e n t s .  It is r ich  in p h y to c h e m ic a l s -  Indole ,  carbinol. and 

s u lp h o ra p h a n e .  I n d o l e  a n d  c a r b i n o l  b r e a k s  d o w n  oes t rogen .  A m e d iu m  sized stalk o f  

broccoli  p r o v i d e s  2 0  p e r  c e n t  o l  d a i l y  v a lu e  o f  v i t am in  C, 15 per cent  o f  daily value o f  

vitamin A ,  in th e  f o r m  o f  b e t a  c a r o t e n e .

SPICES AND CANCER PREVENTION 

TURMERIC

A m o n g  th e  m o s t  s t u d i e d  in r e c e n t  y ea rs  is tu rm er ic ,  an ingred ien t  in the com m on  

Indian currv  a n d  a s p i c e  th a t  l ias b e e n  s h o w n  to be a potent  an l iox idan t  and anti

inflammatory a g e n t  w i t h  a d d i t i o n a l  p r o m i s e  as  a c h c m o - p rc v e n l iv e  agent.  A study m 

human r e v e a l e d  t h e  p o t e n t i a l  o f  t u r m e r i c  in s u p p r e s s in g  and  des t roy ing  the blood cancer 

cells. I u r m e r i c  h a s  b e e n  s h o w n  to  s u p p r e s s  t u m o u r  in i t ia tion, p ro m o t io n  and met.

ex p e r im en ta l  s t u d i e s  ( A g g a r w a l  cl al.. 21)03).

GINGER

. K n o w n  In p . o d u c c  s u b s t a n c e s  ll.nl p ro lcc t  s to m ach  lining.

• P r e v e n t s  Ihe  f o r m a t i o n  of  gns l r ic  u lcer .

i t o m n l a t c s  flic b o w el  to empty quickly 
.  S t i m u l a t e  g a s t r i c  a c t i v i t y  a n d  s t im u la te s

• Promotes digestion

• D e a c t i v a t e s  c a r c i n o g e n s .

.  Enhance tissue level o f protective cn/ym cs.

OTHER SPIC ES r .. r ..ntlv decreased the incidence ol bolh

CUMIN SEEDS AND BASIL LEAVES-sigru 'C i011,<ljn pthalidca which increase*

squamous cell carcinoma and heputonuix 

anti cancer protective enzymes



p0P,V  SEEDS- SignifirajHiv

carcinoma.

CL0\ t S -  C o n t a i n  e u g e n o l  w h i c h  h a s  ant i  mutagenic effect .

SOYABEAN A N D  C A N C E R  PREVENTION

S o y a  f o o d  p r e v e n t s  c a n c e r  as  wel l  as  d i seases  assoc ia ted  with estrouen 

deficiency.  T h e  i s o i l a v a n o i d  g e n i s t e i n  is a  p h y to e s t ro g e n  found in ab u n d an ce  in s o . a  

food. In s o y a b e a n  o i l  a c t i v e  a n t i o x i d a n t  is to c o p h e ro l .  O th e r  a m io x id a m  com ponen ts  are 

isoflavines,  g l y c o s i d e s ,  p h o s p h o l i p i d s  a n d  p h e n o l i c  acids .

WHOLE GRAINS AND C A N C ER  PREVENTION

T h e y  a r c  c o n c e n t r a t e d  s o u r c e s  o f  d ie ta ry  fibre resistant  starch and 

o l igossach r ides .  f e r m e n t a b l e  c a r b o h y d r a t e s  e tc .  W h o le  g ra ins  are rich in antioxidants  

trace e l e m e n t s  a n d  p h e n o l i c  c o m p o u n d s .  T h e y  are  s ign if ican t  sou rces  o f  ph>toestrogens 

They m e d ia t e  g l u c o s e  r e s p o n s e .

GREEN TEA AND C A N C E R  PREVENTION

I h e  g r e e n  te a  w h i c h  is a  p o p u l a r  d r in k  in C h in a  has  in fact s h o w n  to have an anti- 

mutagenic  e f f e c t  I l u s  is d u e  to  p r e s e n c e  ol tw o  spec i f ic  c o m p o u n d s  Kahvvei 1 pahni 

and cafes ln l  p a l m i t a t c  1 h i s  c o m p o u n d  in c r e a s e s  the activity ol c n / y m e  gluiat 

transferase,  i h t s  e n z y m e  h a s  im p o r t a n t  . . .Ic in Plav ,n Pa lhogcncx ,s  nl cancer  It can 

reduce n r  d e t o x , f y  p o t e n t  c a r e t n o g c n x  < i reen  tea  cn .Ua .ns  a n . io x td an t  k n o w n  ax cateclnn 

Daily c o n s u m p t i o n  o f  c 3 c u p s  n l  g r e e n  tea r e d u c e s  the r t s k    cancer  am ong

non smokers and d r i n k e r ’s ( W s. 200 H  

m ic r o n u t r ie n t s
. . I fruits and showing strong anti- 

The main m icronulrienls present in vegetables

carcinogenic effect include

Vitamin A  

Vitamin C  

Vitamin I)

Vitamin I 

Selenium



c  AROTK NO i DS/VTTAMI \  A

t  r  " ' i  T * "  ' *  ’ r c " " ' "  “  “ •  -foods r e d u c e  t h e  n s k  o f  l u n g  c a n c e r .  se

T h e y  a r e  a n , . c a n c e r  n u t n e n ,  t h a t  s u p p o n  n o rm a ,  c e „  d if ferent ia t ion  o f  tissue and 

internal l in ings -  T h e y  p r e v e n t  c a n c e r  cell  fo rm a t io n  by inh ib i t ing  the binding o f  

ca rc inogen  to  c e l l  w a l l .  B e t a  c a r o t e n e  m a y  p ro tec t  D N A  in the nucleus  o f  the cell by

decreas ing  th e  b o n d i n g  o f  c h e m i c a l s  to  the  m e m b r a n e  a r o u n d  the nucleus.  Both nutrients 

are a n t i o x id a n t s  a n d  c a n  s c a v a n g e  f ree  rad ica l s .

D e c r e a s e d  l e v e l s  o f  v i t a m i n  A a re  a s so c ia te d  w i th  increased rales o f  cancer o f  

lungs m o u t h ,  o e s o p h a g u s ,  b l a d d e r ,  cerv ix, and  s to m a c h .  I he m ajo r  sources o f  beta- 

carotene are  I ru i t s  a n d  v e g e t a b l e s  s u c h  as ca r ro t ,  sw e e t  pota to ,  sp inach  and broccoli. 

Direct s o u r c e s  o f  v i t a m i n  A  a r e  n o n -  v e g e ta r i a n  foods  such  as fish, eggs  and liver.

VITAMIN (

V i t a m i n  ( is i n v o l v e d  in c a n c e r  d e l e n c e  func t ions  and  it is highlv protective

against c a n c e r

Anti c a n c e r  a s p e c t s  o l  v i t a m i n  ( a r e  l i s ted  b e lo w -

• A n l i o x i d a n t  a c t i v i t y

• S t i m u l a t e  l y m p h o c y t e s  to p r o d u c e  in te r fe ron  w h ic h  d e c rea se s  virus reproduct ion

• R e d u c e s  p r o d u c t i o n  o l  m l r o s a m m c  and  dietary n i t ra tes  and  nitri tes

i i i I.. I \n  c a n c e r s  bv m e a n s  of its multiple
• R e d u c e s  s t o m a c h  o e s o p h a g e a l  a n d  K

p r o t e c t i v e  e f f e c t s  o n  m u c o u s  m e m b r a n e
^ rv ir i i l  dvsnlasio. and cancer. 

• A long w ith  folic acid vitam in ( m i n i m i s e s  c

,i rn|c o f  vitamin C’ in cancer prevention

Various ep idem io log ica l studies o rotcclion against cancer and

revealed that v itam in  ( has significant rol j v j|amin C  o f f e r s  protection

lumerogcncsis ([Hack ct til.. | ‘)04). Hipl'nl,1,cnU igo9) Vitamin t is
I jogndccsan. i '

against childhood brain tumours (Krishnnswamv - • ^  . sprw,ied pu l«*

in citrus fruits particu larly  c i.ru , fruits m d  (trecn le« > ‘lound 
etc



CAROTENOIDS/VITAMIN A

Z ig le r  el a h . ( 1 9 8 9 )  e x a m in e d  the role o f  c a ro tene  r ich foods  and  found that these  

foods  r e d u c e  the  r i sk  o f  lu n g  cancer .

The> are  a n t i c a n c e r  nu t r ien t  that suppor t  no rm al  cell  d i f fe ren t ia t ion  o f  t issue and  

in ternal  l in ings .  T h e y  p rev en t  cance r  cell fo rm at ion  by  inh ib i t ing  the b in d in g  o f  

c a r c in o g e n  to  cell  w a l l .  B e ta  ca ro ten e  m a y  pro tec t  D N A  in the  n u c le u s  o f  the cell by

d e c r e a s in g  the  b o n d i n g  o f  c h e m ic a l s  to the m e m b r a n e  a ro u n d  the nuc leus .  B o th  nutr ien ts

are  a n t io x id a n t s  a n d  c a n  s c a v a n g e  free radicals.

D e c r e a s e d  lev e l s  o f  v i tam in  A arc associa ted  w i th  inc reased  ra tes  of c an ce r  ol 

lungs  m o u th ,  o e s o p h a g u s ,  b ladder ,  cerv ix ,  and  s to m a c h .  T h e  m a jo r  so u rce s  ol be ta-  

c a r o t e n c  arc  fru i ts  a n d  v e g e ta b le s  such  as carrot ,  sw ee t  po ta to ,  sp in ach  and broccol i .  

D irec t  s o u r c e s  o f  v i t a m i n  A are  non -  vege ta r ian  foods  such  as fish, e g g s  and  liv er.

VITAMIN C

V i ta m in  ( '  is in v o lv e d  in c an ce r  d e fen ce  func t ions  and  it is highly p ro tec t ive  

auain.st c a n c e r

Anti c a n c e r  a s p e c t s  o f  v i t a m in  C arc l isted b e l o w -

• A n t io x i d a n t  a c t iv i ty

• S t i m u l a t e  l y m p h o c y t e s  to p ro d u ce  in terferon w h ic h  d e c re a s e s  v irus  rep ro d u c t io n

• R e d u c e s  p r o d u c t i o n  o f  n i t ro sa m in e  and dietary n i t ra tes  and  ni t r i tes

• R e d u c e s  s t o m a c h  o e s o p h a g e a l  and  b ladder  c a n c e l s  by m e a n s  ol it- m u l t ip le

p r o t e c t i v e  e f f e c t s  o n  m u c o u s  m e m b r a n e

.  A l o n g  w i th  folic  a c id  vitamin ( ’ m in im is e s  ce rv ica l  d y sp la s ia ,  and  cance r .

Various epidemiological studies on the role o f  vitamin ( '  in cancer prevention 

revealed that vitamin C has significant roles in protection against cancer and 

tumerogenesis (Black el  „ /  . 1904). High maternal intake o f vitamin ( nfTcrs protection 

against childhood brain tumour* (Krishnaswamy and Jagndcesan. | W »  Vitamin C is 

found in citrus fruits particularly citrus fruits and green leafy vegetable*, sponged pulses

etc



VITAMIN D

i t a m i n  D is  r e q u i r e d  f o r  m i n e r a l  a b s o r p t i o n  i n  t h e  b o d y .  S t r o n g l y  p r o t e c t i v e  

a g a i n s t  b r e a s t  c a n c e r  a n d  c o l o n  c a n c e r .  V i t a m i n  D  is  e s s e n t i a l  f o r  p r e v e n t i o n  o f  s k i n

c a n c e r .

VITAMIN E

F u n c t io n  w el l  w i th  a d e q u a te  levels  o f  se len ium  as  se le n o m e th io n in e .  T h is  act as 

a n t i o x id a n t s  a n d  cell  m e m b r a n e  protec tors .  It r educes  the  c a r c in o g e n  p roduc t ion  and 

s t r e n g th e n s  i m m u n e  c e l l s  a n d  cell m e m b r a n e s  agains t  the p en e t r a t io n  o f  v i ruses  and  toxic  

c h e m i c a l s .  V i t a m i n  I: inh ib i ted  tu m o u rs  in e x p e r im en ta l  a n im a ls  and  been  l inked to

r e d u c e d  risk o f  o ra l ,  s t o m a c h ,  and o the r  c an ce r  in e p id e m io lo g ic a l  s tudies .  Blot cl al. 

( 1 9 9 3 )  s tu d ie d  the e f f e c t  o f  a lp h a  tocophero l  a m o n g  s m o k e r s  and  ind ica ted  the intake ol 

these  n u t r i e n t s  t h r o u g h  food w as  found  to be a ssoc ia ted  w ith  d e c re a se d  risk ol lung  

c a n c e r .  V i t a m in  M h a s  a l s o  b een  su g g e s te d  to play a role in the p re v e n t io n  o f  n i t ro sa m in e

in d u c e d  u p p e r  g a s t ro in t e s t in a l  tract tu m o u rs  by inh ib i t ing  the n i l rosnl ion  o f  dietary

a m i n e s  in s t o m a c h .

T h e  m a j o r  f u n c t io n s  o f  v i t a m i n  b in cance r  de fence  m e c h a n i s m -

• V i t a m i n  P. ac t  a s  a n t io x id a n t  and  cell m e m b r a n e  p ro tec to r

• R e d u c e s  the  c a r c i n o g e n i c  p roduc t ion

• S t r e n g t h e n s  i m m u n e  ce l ls  and  cell m e m b ra n e s  aga ins t  pene t ra t ion  ol v i r u s e s  .md

to x ic  c h e m i c a l s

• P r e v e n t s  n i t r o s a m i n e  fo rm at ion

rile m a j o r  s o u r c e s  o f  t o c o p h e r o l  arc  un p ro cessed  oi ls ,  an im a l  (in. hultcr .  e g g  xolk  cic

SELENIUM

II h e l p s  10 r e g u l a t e  the  g lu ta th io n e  pe rox idase ,  a s t ro n g  u n l io x id a n .  x w x m c  I ow 

e n i u m  le v e l s  in the  b o d y  are  c lea r ly  a s so c ia ted  w i th  in c re a s e d  ra les  o f  l eu k aem ia  and

,cers o f  breast, lungs, colon, rechun. pros,ate. ovary, skin, and pancreas Selenium

/• ,>itnmin I mid /me was found to be protective ren in combination with vitamin ( . vitamin L
ains. the development o f  oral lesion who practice smoking ( W o l f . l W t  Ihe ma,or 

,d sources arc whole grains, legumes and green leafy vegetables



ANTICARCINOGENIC p h y t o c h e m i c a l s

Phytochemical classes Food sources

carotenoids Y e l lo w /o ra n g e  v e g e ta b le s  dark g reen

v ege tab le

D i th io l th io n e s

G lu c o s in o la t e s / i n d o le s

i s o th io c y a n a te s

C ru c i f e ro u s  vege tab le s

A l l i u m  c o m p o u n d s O n io n ,  uarl ic  . leeks,  ch ives

c o u m a r in s V eg e ta b le s  and  c i t rus  fruits

F la v a n o id s M o s t  v e g e tab le s  and  frui ts
^ ------------------------- ---------- " "  ■  ■ ■  -  - 4

Plan t  s te ro ls v e g e ta b le s  j

Iso f l avano ids s o y a b e a n

CANCER PREVENTING DIET

S o m e  d ie t a r y  c h a n g e s  h a v e  p reven t ive  effect  lor m a n y  types  ol cancer ,  l l ig h c i  

in take  o f  v i t a m i n  r ich  v e g e ta b l e s  and  Iruits, s t reng then  the im m u n e  sy s tem  and  he lp  to 

k n o c k  ou t  c a n c e r  ce l ls .

• I he  d ie t  s h o u l d  c o n ta in  h igh  nutr ients ,  low lat and  h igh  lihre.

• I o w  fat in take ,  a b o u t  2 0 %  of  total ca lor ics

.  M o r e  fat s h o u l d  he  m o n o  a n d  poly  o n sa to ra tcd  fats w i th  r e d u c t io n  ol sa tu ra ted  fat 

i n t a k e  a n d  l i t t le  or no  c o n s u m p t i o n  o r r c l m c d  o r  h e a le d  oils 

.  C o m p l e x  c a r b o h y d r a t e s  can  c o m e  up to 6 0 %  o! the diet

•  I’ro tc in  in ta k e  s h o u l d  be  1 5%  o f  d i r t

• F ib re  s h o u l d  be 40g/clay.

SOMEI DIF.TARV SUUOFSTION FOR CANCER PREVENTION

- Avoid obesity

• ( ut down total fat intake

• Eat more fibre foods



• C u t  d o w n  total  la t  in take

•  E a t  m o r e  f ib re  foods .

•  I n c lu d e  c r u c i f e r o u s  v e g e tab le s

I n c lu d e  io o d s  r ich  in v i t am in  A  and  v i t am in  C

•  A v o i d  a lc o h o l  c o n s u m p t i o n

• L o w e r  in take  o f  p ro c e s s e d  foods

•  A  variety  o f  fo o d s  s h o u ld  be used  m o d e ra te ly

CONCLUSION

N o t  all h ea l th  p r o b l e m s  are  avo idab le ,  but von h av e  m o r e  con tro l  o v e r  v o u r  health
* *

th an  y o u  m a y  th ink .  R e s e a rc h  s h o w s  that a large p e rc e n ta g e  o f  c an ce r - re la ted  d e a th s  

m a y b e  e v e n  the m a jo r i t y — are  d i rec t ly  l inked to l i festyle  c h o ic e s  such  as sm o k in g ,  

d r in k in g ,  lack  o f  e x e rc i s e ,  and  an u n h e a l th y  diet.  A v o id in g  c iga re t te s ,  m in im iz in g  

a l c o h o l ,  a n d  g e t t in g  r e g u la r  ex e rc i s e  a re  a great start to an a n t i - c a n c e r  l i festyle .  But to 

b es t  s u p p o r t  y o u r  h ea l th ,  y o u  a lso  need  to look at y o u r  ea t ing  habits .

W h a t  y o u  eat a n d  d o n ' t  eat has  a pow erfu l  effect  on  y o u r  hea l th ,  in c lu d in g  y o u r  

r isk  o f  c a n c e r .  W i t h o u t  k n o w i n g  it. yo u  m a y  be ea t ing  m a n y  foods  that fuel c an ce r ,  w h i le  

n e g l e c t i n g  the  p o w e r f u l  fo o d s  and  nu tr ien ts  that can  pro tec t  you.  II you  c h a n g e  youi diet  

a n d  b e h a v i o r s ,  y o u  c a n  m i n i m i s e  you r  risk o f  d isease  and  possibly e v e n  s top  c a n c e r  in its 

t r a c k s  C h a n g e  o l  d ie t  is a m o n g  the factors  that may be r e sp o n s ib le  for the  c h a n g in g  

d i s e a s e  r a t e s  P r o m p t  a c t io n  has  to be taken  to spread  the m e s s a g e  ol healthy li le s ty le  and

p rac t ice s .
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O ra l  c a n c e r  is m o r e  p reva len t  in K era la  b ecau se  o f  h ig h e r  l iquor  c o n s u m p t io n  in
Irprnln

2. W hy  g r e e n  tea  is p re sc r ib ed  in cance r  p rev en t io n  ra the r  than  b lack  tea?

G r e e n  tea  c o n t a i n s  a n t io x id a n t s  like ca tech ins  w h ic h  he lps  in c a n c e r  p rev en t io n  

b la c k  tea  a l so  c o n ta in  an t iox idan t  but in less a m o u n t  than g reen  tea b ecau se  of 

d i f f e r e n c e  in h a r v e s t in g  and  p rocess ing  o f  g reen  a n d  black  lea. so green  lea is 

m o r e  e f f e c t i v e  a g a in s t  p re v e n t io n  o f  cancer .

Is m e a t  h a r m f u l  to o u r  hea l th  and h o w  it c au se s  c a n c e r?

Y es .  e x c e s s  c o n s u m p t i o n  o f  mea t  will inc reases  c a n c e r  risk b ecau se  it is a 

c o n c e n t r a t e d  s o u r c e  o f  fat. H igh intake leads to obes i ty .  In this cond i t ion ,  lat ce l ls  

in the  b o d y  c o n v e r t  c i r cu la t in g  sex s tero ids  into e s t rogens .  E s t ro g en s  s t im u la te  

cell  m u l t i p l i c a t i o n  in breast ,  e n d o m e t r iu m  and co lon .  T h u s  inc reas ing  the n - k -  ol 

c a n c e r  at t h e s e  si tes.

4 I low s t r e s s  c a u s e s  c a n c e r ?
E x c e s s  s t r e s s  will  lead to p roduc t ion  o f  1 - c e l l s  in o u r  body that lead to

u n c o n t r o l l e d  m u l t i p l i c a t io n  o f  cells  and  this wil l  lead to c a n c e r  d e v e lo p m e n t

W il l  c o o k e d  m ea l  c a u s e  c a n c e r  and h o w ?
Y es .  c o o k e d  m cn l  is h a rm fu l  and c a u se s  c a n c e r ,  b e c a u s e  mea l  is r ich  in 

c r e a t e n i n c .  c o o k i n g  o f  l l icsc foods  p ro d u ces  c a r c in o g e n ic  s u b s ta n c e s  l ike a ro m a t ic

h y d r o c a r b o n s

6. W h a t  is full  fo rm  o f  PI IF A ?
Poly-unsaturated lafty acids

7. W h i c h  antioxidant is p re se n t  in tu rm er ic  o th e r  th a n  lu m e n . in
o



t i r cu m in  is p re se n t  w h ic h  act as an  an t iox idan t  and  inhibi t  the  g ro w th  ol fungi  
a n d  bac te r ia .

8.  W i l l  w i n e  c a u s e  c a n c e r ?

\  e s  w in e  w il l  c a u s e  c a n c e r  i f  taken  in excess  a m o u n t .

9.  L a c t a t i o n  r e d u c e s  the  c a n c e r  risk W h y ?
D u r i n g  la c ta t io n  o e s t ro g e n  level will  be red u ced  and as a result  breast  c a n c e r  risk 
is a l so  r e d u c e d

10. \V hv  d o e s  the  a d d i t io n  o f  mi lk  in tea reduce  the risk o f  c a n c e r?*

Y e s  a d d i t i o n  o f  m i lk  in tea reduces  risk o f  c a n c e r  b e c a u s e  milk  has  p ro tec t ive  

e f f e c t s  it wil l  b in d  w i th  tan n in s  and  inhibi t  the fo rm a t ion  ol c a r c in o g e n s  in our  

b o d v .

11. W h a t  k in d  o f  d ie t  is p re sc r ibed  for c an ce r  pa t ien ts?
D ie t  s h o u l d  be  rich in nutr ien ts ,  low in lal and  p ro te in  shou ld  be g iven

m o d e r a t e l y  a n d  l iqu id  and  soft  diet  shou ld  be given.

12. f i t  vc  n a m e  o f  a n y  p ro te in  p o w d e r  that is ava i lab le  in m a r k e t .  

A m  w a y  N u l r i l i t e



C a n c e r  is o n e  oi the m o s t  d readed  d iseases  and  is the  se c o n d  most  im por tan t
c a u s e  o f  d e a t h  in a f f lu en t  coun tr ies .  C a n c e r  is the te rm  used  to refer m a l ig n an t
n e o p l a s m s  a n d  tu m o u r s .  N e o p la s i a  m e a n s  cel ls  in a t i ssue  p ro l i fe ra te  w ithout  no rm al
c o n t r o l  o n  g r o w th .  C a n c e r  is caused  bv  ac t iva t ion  o f  ce l lu la r  g e n e s  that contro l  the 
cel l  g r o w t h  a n d  cel l  mi tos is .

T h e  p r e v a l e n c e  o f  c a n c e r  in w or ld  is e s t im a ted  as 7.8 mi l l ion .  C a n c e r  o f  oral 
c a v i ty  is an  i m p o r t a n t  c o n t r ib u to r  to c an ce r  m o rb id i ty  and  m o r ta l i ty  in India.

Die t  is an im p o r ta n t  factor o f  c an ce r  ae t io lo g y  and  c a n c e r  p rev en t io n .  Die t  is 
a c o m p l e x  c o m p o s i t e  ol nu tr ien ts  and non -nu t r ien t  food co n s t i tu e n ts  and  m a n y  
n u t r i e n t s  h a v e  r e l a t io n s h ip  w i th  the fo rm at ion  o f  cancers .  E x c e s s  ca lo r ic  in take can  
lead to  o b e s i t y  a n d  c a n c e r  inc idence .  H ig h e r  the b o d y  w e ig h t ,  h ig h e r  is the risk o f  
c o lo r e c t a l  c a n c e r ,  b reas t ,  p ros ta te ,  and  ova r ian  cancers .  H igh  in take  o f  fat is 
a s s o c i a t e d  w i th  in c reased  inc idence  o f  cancers .

C a r c i n o g e n  in foods  inc ludes  poly  hyd ro x y l  a ro m a t ic  a m in e s ,  n i t ra te -  and  
n i t r o s a m i n c s ,  ar t i f ic ia l  sw e e te n e r s ,  food add i t ives  etc. S o m e  o f  these  are p ro d u c e d  
d u r i n g  c o o k i n g ,  p ro c e s s in g ,  and s to rage  o f  foods. U nheal thy  h a b i t -  like to b acco  
c h e w i n g ,  s m o k i n g ,  and  a lc o h o l i s m ,  w h ic h  are widely p reva len t  in India r e m a in s  a 
p r e d i s p o s i n g  fac to rs  for d i f fe ren t  types  o f  cancers .

O t h e r  c o n s t i tu e n t  in foods  l ike d ie ta ry  fibre,  s e l e n iu m ,  b c ia -ca rn icn c .  
i tn m in  C .  v i t a m in  E etc.  have  s ign if ican t  p ro tec t ive  func t ion  aga ins t  c an ce r  

s o t h i o c y n a t c s  p resen t  in c ru c i fe ro u s  v eg e tab le s  like b ro cco l i ,  c au l i f lo w er ,  tu rn ips  
lc h a v e  b e e n  p ro v e d  lo he e f fec t ive  aga ins t  lung c a n c e r  and  o e s o p h a g e a l  cancers ,  
. y c o p c n c .  an  im p o r t a n t  an t io x id an t ,  and  m a jo r  c o lo u r in g  p ig m e n t  in to m a to  he lps  to 
i revcnt  p ro s ta te ,  lu n g  and  s to m a c h  cancers .  I’hy to c h e m ie n l s  p resen t  in plant loods  
ict a s  p o w e r f u l  a n t io x id a n t s  p ro tec t ing  cel ls  and  o rg a n s  f rom d a m a g e  c a u se d  by free 

a d i c a l s ,  n e u t r a l i s in g  the i r  d a m a g e d  effects .

The consumption o f  fruits and  v e g e ta b le s  in da i ly  diet  co n t r ib u te  var ious  
cronutrients w h ic h  h a v e  m a n y  b io log ica l  effects .  I he n o n -n u t r ien t  c o m p o n e n t s  
th e s e  p r o t e c t i v e  fo o d s  a rc  a lso  as  im por tan t  as m ic r o n n l r t c n l s  I s p e c i a l  benef i ts  
i n c o r p o r a t i n g  a w id e  va r ie ty  o f  fruits and  v e g e ta b le s  a n d  w h o l e  g r a m s  liberally in 

m in e  d ie t  m a y  lo w e r  the  risk o f  c a n c e r  b u t  a lso  r e d u c e  t h c ^ J M ^ chron ic


