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INTRODUCTION

Spices p lay  a v i t a l  r o le  in  world trade due to  

th e ir  v a r ie d  p rop erties  and u ses . India, w ith its  

favou rab le  c lim a tic  and s o i l  con d ition s  fo r  growing sp ices  

and oth er s e m i-tro p ica l herbs enjoys an en v iab le  p o s it io n  

as w orld 's  major producer and exporter o f  s p ic e s . The 

g lo r io u s  past h is to ry  o f  the s p ic e  industry  has been 

d escr ib ed  by Parry (1953).

Pepper (P iper nigrum. L inn .) is by fa r  the most 

important s p ic e  o f the world accounting f o r  about 35 per 

cen t o f  the t o t a l  world trad e  in  s p ic e s .  Its  supremacy 

remains unchallenged (ASTA, 1964) . India , which once 

con trib u ted  f o r  80 per cen t Qf  the g lob a l tra d e  in  pepper, 

now accounts on ly  f o r  20 per c e n t . Other major produe ing 

cou n tr ies  o f  pepper are B ra z il , M alaysia (Sarawak) and 

Indonesia .

The v a st bulk o f pepper traded in te rn a t io n a lly  is  

in  the b la ck  and white form s. These products are further 

processed  in to  powders and ex tra cts  such as o i l s  and 

o le o r e s in s . The major d e fe cts  o f  powdered sp ices  are the
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presence o f  th erm o-resistan t b a c te r ia l  load# non-uniform ity 

o f  f la v o u r  and stren gth  and the lo s s  o f  q u a lity  during 

stora g e  compared t o  natural s p ic e  (Pruthi, 1980). A s iz e a b le  

quantity  o f  pepper o i l  and o le o r e s in  is  being exported from 

India s in ce  e a r ly  se v e n tie s . At present, the growth ra te  f o r  

th ese  commodities appears to  have le v e l le d  o f f  to  a c e r ta in  

exten t, which c a l ls  f o r  immediate steps t o  f in d  out new forms 

and oth er uses (Nair and Devakaran, 1981)•

R ecently  Germany, France and other European 

cou n tr ies  p re fe r  t o  ob ta in  pepper in  i t s  natural form possessing  

a t t r a c t iv e  green co lo u r  and aroma so as to  serve  them with 

s p e c ia l  meat d ish es . This aptitude crea ted  a growing demand 

f o r  green pepper in  canned and p ick le d  form s. As not much o f  

co n tro l over the s e le c t io n  o f  the raw m ateria l is  e x e rc ise d ,, 

th ese  products now exported are not o f  uniform  q u a lity  

(Lewis, 1981). High co s t  o f  packing and f r e ig h t  charges are 

o th er  problems encountered. Research at the Central Food 

T echn olog ica l Research In s t itu te  (CFTRI) has le d  t o  the 

development o f a noval product, namely, dehydrated green pepper. 

This product is  being exported from India s in c e  1976 in  a 

very  lim ited  quantity<Mathew, 1978 a ) .

Green pepper products are s t i l l  con sidered  .a 

luxury item and hence have on ly  lim ited  market at p resen t,th e
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t o t a l  world trade amounting t o  on ly  about 2#000 MT a year. 

These are used in the ca te r in g  s e c to r  f o r  garn ish ing steaks 

and oth er  s p e c ia lis e d  p rep a ra tion s . The major producing 

and exporting cou n tries  are Brazil# Madagascar and India. 

During 1983-84# 100 MT o f dehydrated green pepper was 

exported from India which earned a fo r e ig n  exchange o f 

Rs.46.3 lakhs. In view o f  i t s  s p ic y  fla v o u r  l ik e  fr e s h ly  

harvested produce# fu rth er  improvement in  i t s  c o lo u r  

re te n tio n  and oth er  q u a lity  fa c to r s  is  necessary as it s  use 

is  bound to  in crease  in  years to  come.

Lewis e t a l .  (1976) found th at the technique p resen tly  

a v a ila b le  is not so su cce ss fu l f o r  p rocessin g  b e rr ie s  o f 

c e r ta in  l ig h t  co lou red  cu lt iv a rs  such as Uthirankotta# 

Balankotta and P anniyoor-I which are a lso  some o f  th e  

important on es.

Therefore# i t  is necessary to  assess the a ttr ib u te s  o f  

Karimunda as w ell as P anniyoor-I t o  exp lore  the p o s s ib i l i t i e s  

o f  improving the already a v a ila b le  technique fo r  p rocessin g  

dehydrated green pepper. Hence# s tu d ies  were undertaken 

at the C ollege  o f H orticu lture# V ellan ikkara during 1983-84 

w ith the fo llo w in g  o b je c t iv e s :

(I) To standard ise  techniques to  r e ta in  green 

c o lo u r  in processed  pepper.
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( i i )  To assess the accum ulation pattern  o f  chem ical 

con stitu en ts  in  pepper b e rr ie s  o f  d i f fe r e n t  

m aturity sta g es .

( i i i )  To study the extent o f  re ten tion  o f  chem ical 

con stitu en ts  in the p rocessed  m a ter ia l.

( iv) To fin d  out optim al stora ge  con d ition s  f o r  the 

p rocessed  produce and

( v ) To work out th e  economics o f  p rocess in g  techniques.
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REVIEW OF LITERATURE

Pepper, the most important s p ic e  earns va lu a b le  

fo re ig n  exchange to  the tune o f  300 to  400 m illio n  

rupees annually to  In d ia . Due t o  heavy com p etition  in  

the world market f o r  b lack  pepper, d iv e r s i f i c a t io n  in 

export commodities su it in g  to  in tern a tion a l demand is 

necessary . According to  George and Velappan (1981), 

our pepper produ ction  is  expected to  go up in  the near 

fu tu re  lead in g  to  surplus fo r  p rocess in g  and fu rth er  

exp ort. Of la t e ,  th ere  is  a growing demand from European 

co u n tr ie s , Japan and U.S.A. f o r  p rocessed  green pepper 

p ossessin g  q u a lity  a ttr ib u te s  o f  fresh  green  pepper.

L ocal in d u stries  a lso  demand f o r  newer s c i e n t i f i c  techniques 

and q u a lity  standards (Lewis, 1981) .

L ite ra tu re  on product d iv e r s i f i c a t io n  in  pepper is  

rath er sca n ty . A review o f  the work done so fa r  in  th is  

f i e l d  is  presented in th is  ch a pter.

2 .1 . Chemical Com position

In p la n ts , chem ical con stitu en ts  are not homogeneously 

d is t r ib u te d . D eta iled  understanding o f  the d is t r ib u t io n  o f
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chem ical con stitu en ts  in  p la n t t is su e s  have helped in 

d ev is in g  methods f o r  p rocess in g  and p ro te c t in g  the 

constitt££|£s o£ economic and commercial v a lu es .

Mangalakumari (1983) found th a t h istoch em ica l changes 

occu rred  in  pepper b e rr ie s  as a r e s u lt  o f  f e r t i l i z a t i o n .  

Important p o s t - f e r t i l i z a t i o n  changes reported  were 

b iosyn th esis  and d e p o s it io n  o f  chem ical con stitu en ts  l ik e  

e sse n tia l o i l ,  p ip e r in e , s ta rch  and f la v a n o ls .

■Data on chem ical an a lysis  o f  pepper have been reported  

by Jacob (1951) and Dwarakanath e t  a l . (1959/ 1961 and 1963) • 

Physio-chem ical c h a r a c te r is t ic s  o f  8 2 samples o f  d if fe r e n t  

grades o f  b la ck  pepper have been d iscu ssed  by M alik and 

Battacharya (1965). Pruthi (1968), has a ls o  review ed the 

work done on the physio-chan  deal ch a ra cters  presenting  the 

range o f  v a r ia t io n  o f  each c o n s t itu e n t . Jose and Nambiar 

(1972 a and 1972 b ) , and Pruthi et a l .  (1976) have reported  

th e  proxim ate an a lys is  o f  b la ck  pepper samples o f  d if fe r e n t  

c u lt iv a r s  o f  In d ia . The main con stitu en ts  g en era lly  

analysed were m oisture, v o la t i l e  o i l ,  non v o la t i l e  ether 

e x tra ct  (NVEE), a lcoh o l e x tra c t , ash, crude f ib r e ,  s ta rch , 

crude p ro te in  and crude p ip e r in e . A ccording to  Mathew (1978), 

the proxim ate percentage com position  o f  b la ck  pepper was



m oisture 10 t o  12# v o la t i l e  o i l  2 to  4# p ip er in e  4 .7  to

5 .9 , n o n -v o la t i le  ether e x tra c t  6,4 to  11.5# crude f ib r e  

10.3 to  18.3# starch  22 to  48 and ash 5 to  6. Although 

the major con stitu en ts  o f  pepper are starch# f ib r e  and 

f a t ,  the pungent p r in c ip le s  and arom atic e s s e n tia l o i l  

are o f  s ig n if ic a n c e  from q u a lity  p o in t o f  v iew .

2 .1 .1 . Pungent p r in c ip le s

Guenther (1952) and Gillman (1957) described  

ch a v ic in e  as the most important pungent component in  b lack  

pepper. According to  Nambudiri e t a l . (1970) # th e  pungency 

in  b lack  pepper known as 'b i t e '  was a ttr ib u te d  t o  a lk a lo id s 

belonging  t o  the p ip e r id in e  group. Of th is  p ip er in  form 

was found to  be 90 to  95 per c e n t . Jose (1973) d escribed  

the re la t io n sh ip  between pungency and s tru ctu ra l 

con fig u ra tion s  o f  the compounds. V erse le  e t  a l .  (1979) 

e s ta b lish ed  that p ip er in e  was th e  b e s t  pungent p r in c ip le  

i f  i t  cou ld  be made a v a ila b le  in  pure form and a l l  o th er  

isomers have l i t t l e  ta s te . A ccording to  Sumathikutty 

e t  a l .  (1981)# the p ip er in e  con tent in  pepper gave the 

measure o f  the pungency which ranged from 2 to  6 per cent 

in  pepper c u lt iv a r s .  However# th ere  were many reports 

about i s o la t io n  o f  minor a lk a lo id s  such as p ip erettin e#  

p iperan ine, p ip e r y lin  e tc . apart from the isomer ch a v ic in e .
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Only s ca tte re d  reports are a v a ila b le  on the p iperin e  

con ten t o f  pepper c u lt iv a r s  o f  K erala (Dwarakanath e t  a l.#

1958; 1963; Lewis e t e& ., 1969 a and Jose and Nambiar,

1972 a ) ;  c u lt iv a r s  o f  d i f fe r e n t  region s o f  India (Dwarakanath 

e t  a l.,1 9 6 1 ) and o f d i f fe r e n t  trade grades and byproducts o f  

pepper (Dwarakanath et a l .# 1959 and Sumathikutty et a l.#  1979).

Lewis et a l .  (1969 a) n oticed  th at the co n stitu e n t 

p ip er in e  was concentrated  towards the endosperm o f  pepper 

b e r r ie s .  Mangalakumari (1983) found that p ip er in e  was 

lo ca te d  in  oval shaped and th in  w alled  c e l l s  presen t in 

the inner co re  o f  the pepper b e r r ie s .  Further# in  pin-head 

stage# the p ip er in e  c e l l s  were absen t. When the sk in  and 

inner co re  o f  the mature b e rr ie s  were separated  and p ip erin e  

estim ated, the inner co re  was found to  con ta in  83 and sk in  

seven per c e n t . But p ip er in e  cou ld  not be lo ca te d  

h is to ch em ica lly  in  the sk in .

A ccording to  Janot and Chaignean (1947), p ip er in e  

sublim ed at 104 °C a t 0 .02 ram p ressu re . Chinova e t  a l . (1969) 

found that p ip er in e  was s ta b le  both  q u a n t ita t iv e ly  and 

q u a lita t iv e ly  even a ft e r  s ix  months p reserv a tion  in  paper. 

Aluminium t in  lin e d  paper helped i t s  p reserv a tion  even 

upto 10 months. Sumathikutty e t  a l .  (1981) have reported  

p ip er in e  as in so lu b le  in water# sp a rse ly  s o lu b le  in  a lcoh o l



9

and h igh ly  s o lu b le  in  ch loroform , eth er, benzene and 

a c e t ic  a c id .

2 .1 .2 . Aroma con stitu en ts

The aroma and f la v o u r  o f  pepper are determ ined by 

the com position  o f  steam v o la t i l e  o i l  con ta ined  in  i t .

The com position  o f  b lack  pepper o i l  was f i r s t  reported  

by Dumas (18 3 5 ). Suberaine and C apitaine (1840) found that 

pepper o i l  contained  a high p rop ortion  o f  monotarpene 

hydrocarbons and a small p rop ortion  o f  oxygenated compounds. 

According to  Lewis et a l .  (1969 a ) , pepper con ta ined  three 

oxygenated compounds. Lewis j§t a l . (1969 b) c le a r ly  

i l lu s t r a te d  the p o s s ib le  extent o f  d if fe r e n c e  in  o i l  

com position  accord ing to  raw m ateria l u sed . They have 

a ls o  summarised th e  reports o f  e a r l ie r  workers on the 

com position  o f  pepper o i l .  The v o la t i l e  o i l  con ten t o f  

some popular c u lt iv a r s  was rep orted  by Nambudiri e t  a l . (1970) 

and i t  ranged from 2.4 to  3.5 per ce n t . R ichard jst a l .  (1971) 

screened  the e sse n tia l o i l  con ten t o f  seventeen c u lt iv a r s  

o f  pepper grown in K erala . Debrawere and V erze le  (1975) 

id e n t i f ie d  51 oxygenated compounds in pepper o i l .  Mathew 

and Sankarikutty (1977) reported  the d is t r ib u t io n  o f 

hydrocarbons in the o i l s  obtained  from some o f  important 

c u lt iv a r s  o f  K erala.
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Lewis (1981) esta b lish ed  th at d i f fe r e n t  cu lt iv a r s  

o f  pepper gave o i l s  o f  d i f fe r e n t  aroma q u a lity , consequent 

to  the d i f fe r e n t  p rop ortion  o f terpen es, sesqu iterpenes 

and oxygenated compound conta ined  in  them, Rajaraman 

e t  a l . (1982) found that pepper o i l  contained  c h ie f ly  

terpenes and sesqu iterpenes and t o  a sm all extent some of 

th e  oxygenated compounds. These again v a r ied  w idely  

between c u lt iv a r s .

Hardman (1972)reported  th at the o i l  c e l l s  in  pepper 

b e r r ie s  were lo ca te d  in  the inner p art o f  the f r u i t  w a ll. 

According to  Mangalakumari (1983), th e  e s s e n tia l o i l  c e l l s  

in  pepper b e rr ie s  were d is tr ib u te d  mainly in  the sk in  and 

these c e l l s  c o n s t itu te d  a membraneous la y e r  in  the inner 

c o r e . The e sse n tia l o i l  c e l l s  were r e s t r ic t e d  t o  a very  

sm all reg ion  in  the t ip  o f  the b e rry . Lewis e t a l .  (1969 b) 

had a lso  re fe r re d  about a s i lv e r  sk in  in pepper berry  which 

probably corresponded t o  the membraneous la y e r .

2 .1 .3 . N on vola tile  ether e x tra c t  (NVEE)

Analysis o f  b lack  and w hite pepper o f  d i f fe r e n t  

c u lt iv a r s  showed con s id era b le  v a r ia t io n  in  the NVEE content 

which ranged from 6 to  12 per c e n t . (Dwarakanath e t  a l .,1 9 5 9 ; 

Guenther e t a l . ,1 9 6 9 ; Jose and Nambiar, 1972 a and 

G ovindarajan, 1977). The major part o f  NVEE was represented
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by pepper a lk a lo id s  (Jose# 1978) •

The e a r l ie s t  method o f c a lcu la t in g  pungency was through 

n itrogen  estim ation  in the NVEE, which gave an exaggerated 

va lu e  because o f  the presence o f  other nonpungent nitrogenous 

compounds (ASTA, 1960) .

2 .1 .4 .  Starch

M itra e t  a l . (1966) suggested  th at an estim ation  o f

sta rch  in  pepper cou ld  g iv e  an idea about the l ig h t  pepper 

con ten t. Lewis (1969 a) in d ica ted  that l ig h t  pepper showed 

a low sta rch  and high f ib r e  con ten t as the c o re  had most 

o f  the sta rch  and le s s  o f  f ib r e .

According to  Govindarajan (1977), sta rch  was the 

predominant co n st itu e n t in  b la ck  pepper which ranged from 

35 to  40 per cen t by w eight. I t  was much h igher in  white 

and d e co r t ica te d  peppers. The values ranged from 53 to  58 

per cen t in  w hite pepper and upto 63 per cent in  d e co r tica te d  

pepper, Jose (1978) found th a t sta rch  con tr ib u ted  to  30 to  

50 per cen t o f  t o t a l  weight o f  d ried  b e rr ie s  on m oisture 

f r e e  basis  and i t  was d ir e c t ly  p rop ortion a l to  bu lk  den sity  

(w e ig h t / l i t r e )• High sta rch  con tent allow ed f in e  powdering. 

According to  Mangalakumari (1983)# sta rch  in pepper b e rr ie s  

were seen as aggregates, en closed  in  sheaths. She cou ld  not 

lo c a te  sta rch  in the u n fe r t i l iz e d  b e rr ie s  and cou ld  f in d  the
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same in  the inner c o re  a f t e r  f e r t i l i z a t i o n .  At f u l l y  mature 

sta ge  profu se  quantity  o f  sta rch  was observed .

2 .1 .5  F ib re  and ash
i

According to  Govindarajan (1977), the f i b r e  and ash 

con ten t were con sid era b ly  low er in  w hite pepper because of 

the removal of ou ter layers  during it s  p reparation . 

Sumathikutty e t  a l .  (1979) reported  in crea se  in  f i b r e  content 

u n t il  m aturity s ta g e . The decrease  in  the con cen tra tion  o f 

f i b r e  towards m aturity was o b v iou s ly  due t o  la rg e  s c a le  

in crea se  con trib u ted  s ig n i f ic a n t ly  by s ta rch . Purseglove 

e t  a l . (1981 a) in d ica ted  th at 25 per cen t o f  th e  dry weight 

o f  b la ck  pepper was due t o  the ou ter sk in  which co n s is te d  

mainly o f  f i b r e s .

2 .1 .6 .  Change in  con stitu en ts  corresponding with m aturity 

o f  b e r r ie s

A ccording to  Poulose (1973 b) and P ruth i (1977), 

pepper requ ired  s ix  t o  e igh t months p er io d  from flow erin g  to  

h arvest. P urseglove e t a l .  (1981 a) reported  th at pepper 

requ ired  about s ix  months from flow erin g  t o  h arvest.

V ariation s in  q u a lity  fa c to r s  during the course o f  

development o f  pepper b e rr ie s  have been stu d ied  by few 

workers (Dwarakanath e t a l . ,  1963; Govindarajan, 1976; Pruthi 

e t  a l ..1 97 6  and Mathew, 1978). They found th at pungency
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decreased  corresponding w ith m atu rity . V o la t i le  o i l  a lso  

exh ib ited  a f a l l in g  tendency p rop ortion a te  to m aturity . 

Starch con ten t increased  w h ile  m oisture and crude f i b r e  

decreased w ith in crea sin g  m aturity .

Suraathikutty e t a l .  (1979) reported  th at accum ulation 

o f  p ip er in e  in  a berry  reached the maximum at about a 

sta ge  s l ig h t ly  le s s e r  than th e  normal m aturity  and 

afterwards th ere  was no in cre a se . She has observed an 

in creasin g  trend in  starch  con ten t and decreasing trend 

in  f ib r e  con ten t w ith increased  grade s i z e  which was 

in d ica t iv e  o f  the p o s s ib i l i t y  o f  g e tt in g  la r g e r  grades at 

h igher m aturity s ta g e s . But a c t iv e  con stitu en ts  l ik e  

v o la t i l e  o i l  and p ip er in e  d id  not show any pattern  o f 

change.

According to  P urseglove e t  a l .  (1981 a ) / the v o la t i l e  

o i l  con tent o f  immature pepper b e r r ie s  reached maximum a t 

a r e la t iv e ly  e a r l ie r  s ta g e , about fo u r  and a h a lf months 

a ft e r  f r u i t  s e t t in g  in  some cu lt iv a r s  in India and then 

d im inished. But the p ip er in e  con ten t continued to increase  

f o r  some more p e r io d .

Mathai (1981) found th at the steep  f a l l  in  the 

con cen tra tion  o f  crude f i b r e  during m aturity corresponds to  

a s im ila r  r i s e  in  sta rch  co n te n t . To some exten t th is  might 

be due t o  in te rco n v e rtio n  o f  th ese  two co n s t itu e n ts . He has
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a ls o  reported  th at the sudden f a l l  in  crude f ib r e  content 

during the f i r s t  h a lf was re la te d  to  an almost r is e  in  

o le o re s in  and p ip er in e  co n te n ts .

Ratnawatha and Lewis (1983) found th a t, as the b e rr ie s  

became more and more mature, the fla v o u r  p r in c ip le s  got 

reduced which was a ttr ib u te d  to  d ilu t io n in g  p r in c ip le s  

due to  in crea se  in  starch  con ten t.

P urseglove e t  a l .  (1981 a) cou ld  pre-determ ine the 

chem ical c h a r a c te r is t ic  o f  pepper b e rr ie s  by e x e rc is in g  

co n tro l over the time o f  harvest depending on the v a r ie ty .

2 .1 .7 .  V a ria tion  in q u a lity  a ttr ib u te s  between c u lt iv a r s

Dwarakanath e t a l .  (1953) and Lewis (1970) assessed 

the v o la t i l e  o i l  and NVEE con ten t o f  some w e ll known 

c u l t iv a r s . I t  was reported  th at Kumbhakodi, Kottanadan, 

A rik otta , K uth iravally  and Arikottanadan possessed  about 

10 per ce n t  NVEE and they were c l a s s i f i e d  as good v a r i e t i^  

f o r  o le o r e s in  e x tra c t io n . A ccording to  Jose and Nambiar 

(1972 a ) , Kottanadan and K u th irava lly  were su p er io r , w hile 

U thirankotta, Balankotta and Talakodi were low in  p ip er in e  

and v o la t i l e  o i l  con ten ts .

Lewis (1973) id e n t i f ie d  some important pepper cu lt iv a rs  

as s u ita b le  f o r  o i l  and o le o r e s in  ex tra ction s  in d ica tin g  

the contents o f  v o la t i l e  o i l ,  NVEE and p ip e r in e . He a lso



15

recorded  th e  com p osition  o f  pepper o i l .  P ou lose (1973 a) 

rated  P ann iyoor-I as medium pungent. Govindarajan et a l . 

(1973) evaluated c u lt iv a r s  l ik e  Balankotta, Karimunda, 

K u th irava lly , Mundi and P ann iyoor-I f o r  th e ir  q u a lity  

aspects and found d iffe r e n c e s  in  odour q u a lity .

S t a t is t ic a l  techniques have been reported  (Kahan and 

S tah l, 1973) to  d is t in g u ish  between Lampong and Sarawak 

b la ck  peppers on the basis  o f  the amount o f  strontium , 

barium and calcium  p resen t. S im ilar approach was a lso  

reported  (Russel and E lse, 1973) on the b a sis  o f  v o la t i l e  

o i l  com position . Lewis e t  a l .  (1976) found v a r ia t io n  in 

q u a lity  due to  s o i l  and c lim a tic  c o n d it io n s . However, 

some c u lt iv a r s  gave c o n s is te n t ly  h igher e x tr a c t iv e s .

Lewis (1981) e sta b lish ed  th at d i f fe r e n t  c u lt iv a r s  o f pepper 

possessed  d if fe r e n t  aroma q u a lity  and pungency fa c t o r s .

As the u ltim ate  use o f  pepper is found in  fla v ou r in g  o f 

fo o d s , the c h o ice  o f  a c u lt iv a r  should depend on the 

fla v o u r  q u a lity  o f  the f in a l  p rodu ct. A ccording to  

Natarajan (1981), in  the recen t years the pepper importing 

cou n tr ies  in s is t  on chem ical standards in  pepper and i t s  

p rod u cts .

2 .2 . P ost-h a rvest technology

According to  A iyadurai (1966), the p rocess in g  steps
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should  ensure proper con serva tion  o f q u a lity  a t tr ib u te s , 

keeping the lo s s  to  the minimum. Larcher (1967) described  

the p ost-h a rv est handling techniques o f  b la ck  pepper 

p ra ct ise d  in  d i f fe r e n t  parts o f  th e  w orld . Shankaracharya 

and Natarajan (1973) have d iscu ssed  th e  problems o f 

p ost-h a rv est handling o f  s p ic e s .  The im porters o f  pepper 

attach  s p e c ia l  s ig n if ic a n c e  t o  appearance apart from 

q u a lity  a ttr ib u te s  such as aroma and pungency (Mathew, 1978).

2 .2 .1 .  Pre-treatm ents

According to  Larcher (1967), the technique o f keeping 

b e rr ie s  f o r  48 hours in  shade had helped in  manual 

sep aration  o f b e rr ie s  and fo r  ob ta in in g  h igh est y ie ld s  o f  

e sse n tia l o i l  and p ip e r in e . The b o i l in g  water treatment 

was found to  a lt e r  the chem ical com position  o f  the o i l .

2 .2 .2  Washing

Natarajan and Shankaracharya (1974) found that redu ction  

in  m icrob ia l load  in pepper was re la te d  t o  the e f f ic ie n c y  o f  

washing and hence, c lean ing  under pressure  was suggested . 

According to  Ramakrishnan and Ramanathan (1981), the 

t r a d it io n a l  method o f  c lea n in g  and drying o f  pepper had 

inherent d e fe c ts  warranting su b sta n tia l improvement. They 

cou ld  g e t  b e t te r  q u a lity  produce through m echanisation o f  

the p rocess .
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2 .2 .3 .  Blanching

Blanching Is g en era lly  p ra ct ise d  in v eg eta b le  

dehydration  c h ie f ly  f o r  a tta in in g  enzyme in a c t iv a t io n  

(Gooding. 1956). In the ca se  o f  turm eric, b o i l in g  is  

e s se n tia l to  reduce drying time and to  g e la t in iz e  the 

sta rch  (AMS, 1965) . Krishnamurthy e t  a l .  (1975) found 

th at by b o i l in g  turm eric rhisomes in  w ater, the 

o le o r e s in  c e l l s  got raptured and the pigments became 

more evenly d is tr ib u te d .

In c h i l l i e s  and g in g er , b lanching was not found 

d e s ira b le  because o f  the d es tru ctio n  o f enzymes 

resp on s ib le  f o r  the gen eration  o f th e ir  r e s p e c t iv e  

fla v ou rs  (Natarajan e t a l . ,1 9 7 0 ) .  In ca se  o f  c h i l l i e s ,  

steam treatm ent f o r  about f i v e  minutes gave fa s t  co lo u r  

t o  the fin is h e d  product (Laul e t  a l . .1 9 7 1 ) ,

Thiessen and Scheide (1970) found that o rga n o lep tic  

ch a ra cters  o f  both b lack  and w hite peppers as w e ll as 

th e ir  o le o re s in  con ten t changed at 90 °C . The d e te r io ra t io n  

became more pronounced with fu rth er  in crea se  in  tem perature. 

The duration  o f  heating and the type o f  con ta in er  a lso  

in flu en ced  the degree o f  d e te r io r a t io n . Major q u a lita t iv e  

changes on heating were n oticed  in  the v o la t i l e  o i l ,  

e s p e c ia lly  t o  monoterpene hydrocarbons. Pruthi e t a l .  (1974)
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found th at 90 per cen t o f  v o la t i l e  o i l  g o t  removed in 

ju s t  30 minutes by d i s t i l l a t i o n  and t o  ensure com plete 

e x tra c t io n , d i s t i l l a t i o n  f o r  an hour was recommended. 

A ccording t o  P ruth i £ t  a l .  (1976), b lanching reduced 

the recovery  o f  both v o la t i l e  and non v o la t i l e  ether 

e x tra c t , Lewis e t a l .  (1976) reported  that a blanching 

treatm ent o f pepper b e rr ie s  f o r  about a minute in 

b o i l in g  water gave very  dark g lo s s y  co lo u r  t o  the d ried  

b e r r ie s .  Prolonged blanching helped to  a r re s t  th e ir  

blackening tendency.

Mangalakumari (1983) found th at heating green b e rr ie s  

le d  to  in crea se  in  the s iz e  o f the sta rch  aggregates 

but with no apparent d is t o r t io n  in  shape.

2 .2 .4 .  Chemical treatm ents

Chemical treatm ents are a lso  visually adopted fo r  

p rocessin g  c e r ta in  s p ic e s . But resid u e  l e f t  behind by 

th ese  chem icals should be con sid ered  w hile  f ix in g  the 

optimum dosage. (Natarajan and Shankaracharya, 1974)•

The ISI s p e c i f ic a t io n s  (1980) do not allow  a d d ition  o f 

Sodium m etab isu lph ite  more than 1500 mg/kg fo r  dehydrated 

green pepper. According to  Govindarajan (1981), presence 

o f  even one ppm o f  SO2 in  pepper products are not le g a l ly  

allow ed in  c e r ta in  co u n tr ie s .
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2 .2 .4 .1 .  A lk a li  treatments

B o ilin g  in  0*1 per cen t sodium carbonate s o lu t io n  

is  a commercial p r a c t ic e  in  turm eric p rocess in g  as i t  

helped proper development o f  c o lo u r  (Desikachar e t  a l.# 1 9 5 9 ).

The a t t r a c t iv e  green co lo u r  o f  cardamom g o t  s t a b i l iz e d  

to  a grea t extent by steep in g  i t  in  two per cen t sodium 

carbonate s o lu t io n  f o r  10 minutes (Natarajan e t  a l.# 1 9 6 8 ).

A lk a li treatm ent has been found to, be  u se fu l in  co n ju ct io n  

w ith o l iv e  o i l  in  drying c h i l l i e s  (Laul e t  a l . ,1 9 7 0 ) .

2 .2 .4 .2 .  A ntioxidant treatm ents

The a t t r a c t iv e  red co lo u r  o f  capsicums or  c h i l l i e s  

is  m ostly due t o  Carotenoids which cou ld  be s t a b i l is e d  to  a 

g rea t extent by tre a t in g  w ith a s u ita b le  a n tiox id a n t (Lease 

and Lease# 1956 b) •

A ccording to  Natarajan e t  a l . (1969)# treatm ents 

g iven  t o  whole c h i l l i e s  w ith BHA (B utylated hydroxy a n is o le )# 

propyl g a l la te  o r  a scrob ic  a c id  d id  not show a very  

s ig n i f ic a n t  e f f e c t  on the p reserv a tion  o f  c o lo u r  o f  s p ic e  

on s tora g e .

2. 2 .4 .3 . B leaching

B leaching powder# sulphur d iox id e  o r  hydrogen 

peroxide are g en era lly  used f o r  b leach in g  cardamom (ICAR, 1967)•
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B leaching g in ger  with lim e not on ly  improved th e  co lou r  

but a lso  helped t o  preserve i t  b e t te r  (Rodrigueze, 1971).

2 .2 .4 .4 .  Canning

A ccording to  Pruthi et a l .  (1976), th e  b e s t  technique 

f o r  preserving  and reta in in g  the green c o lo u r  o f  b o t t le  

preserved pepper was through a d d ition  o f  100 ppm sulphur 

d io x id e  and 0 .2  per cen t c i t r i c  a c id  in  20 per cent b r in e .

2 .2 .5 .  Dehydration

Sun drying though economical# has the disadvantages 

that i t  le d  to  contam ination and development o f  

non-uniform ity in  co lo u r  and fla v o u r  components. Raised 

p latform s or  racks, besides enhancing drying ra te , reduced 

contam ination  (Pruthi, 1980) .

Mangalakumari e t a l .  (1983) found that during drying 

green pepper b e r r ie s ,  the tu r g id ity  o f  the c e l l s  were l o s t  

and ph en olic  e x tra ctiv e s  spread outwards along with the 

movement o f  m oisture from in s id e  t o  o u ts id e .

2 .2 .5 .1 .  M echanical methods

Pruthi e t a l .  (1959) s tu d ied  the com parative e f f i c ie n c y  

o f d i f fe r e n t  methods o f  dehydration  such as h o t -a ir  drying, 

c r o s s - f lo w  drying, through-flow  drying, fr e e z e  drying and
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vaccum s h e lf  drying and compared them w ith  sundrying. They 

found th rough -flow  dehydration  as b e t te r  from th e  p o in t of 

view o f  economics and re te n tio n  o f  q u a lity  a t t r ib u te s .

2 .2 .5 .2 .  Drying temperature

P ruth i e t a l . (195 9) reported  that the temperature 

o f  a ir  used in  dehydration  g re a te ly  in flu en ced  not on ly  the 

time but a lso  the q u a lity  o f  the f in is h e d  p rod u ct. They 

had a lso  reported  that the optimum drying tem perature and 

the c r i t i c a l  tem perature v a r ie d  w ith the nature o f  the 

p rodu ct. They have advocated an in i t i a l  tem perature o f  

54 °C f o r  three hours, fo llow ed  by 45 °C f o r  30 hours and a 

f in a l  tem perature o f  54 °C f o r  th ree  hours, in vo lv in g  a 

t o t a l  drying p eriod  o f 36 hours.

According to  Murthy e t  a l .  (1968), the c r i t i c a l  

tem perature f o r  dehydration o f  c h i l l i e s  is  46 °C . But 

Kuppuswamy (1974) found th is  tem perature to  be to o  low f o r  

economic dehydration as the time involved  was 40 to  42 hours. 

Natarajan and Shankaracharya (1974) observed  no ap p recia b le  

darkening o f  c h i l l i e s  even a t tem perature range o f  140 -  

150 °P .

Natarajan e t a l .  (1972) found th at drying temperature 

o f  sp ices  was c r i t i c a l  due to  lo s s  o f  q u a lity  a ttr ib u tes
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e s p e c ia l ly  v o la t i l e  substances at high tem perature. In 

most ca ses , the tem perature advocated was between 50 and 

60 °C . They found p e rce p tib le  darkening o f g in ger at 

temperatures above 60 °C . There was no s ig n i f ic a n t  

d if fe r e n c e  in  co lo u r  o f  samples d ried  a t temperatures 

between 50 °C and 60 °C. Raina e t  a l . (1978) have a lso  

confirm ed th e  c r i t i c a l  tem perature f o r  dehydration  of 

Himachal g in ger as 60 °C . Purseglove e t a l .  (1981 b) 

reported  th at in  the ca se  o f  turm eric, dehydration  at 

65 °C adopting c r o s s -f lo w  a ir  oven method y ie ld e d  

s a t is fa c to r y  product.

2 .2 .5 .3 .  M oisture l im it  f o r  s a fe  stora ge

P ruth i (1980) found th at most o f  the dehydrated foods 

are h y groscop ic . Chen and Gujmanis (1968) observed that 

c h i l l i  powder s tored  w ith m oisture con ten t o f  9 t o  10 per 

cen t reta in ed  b e t te r  co lo u r  than samples s to red  with 

lower m oisture con ten t. Natarajan e t  a l .  (1969) found 

th at s to red  c h i l l i e s  w ith m oisture con ten t o f 11 t o  12.9 

per cen t gave h igher co lo u r  values than samples s to re d  

with m oisture below 9 per ce n t .

CFTRI (1963) work revea led  th at in  green cardamom 

m oisture le v e l  o f  12 per cen t and above was d e le te r iou s  

because o f  mould attack  and co lo u r  re v e rs io n .
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According t o  White (1957), pepper should  be  dried  

to  le s s  than 11 per cen t m oisture f o r  s a fe  s to ra g e . The 

151 s p e c i f ic a t io n s  (1961) allow ed a maximum m oisture 

con ten t o f  12 per cen t in  b la ck  pepper. The ISI s p e c i f i c a t io n  

(1980) f o r  dehydrated green pepper allow ed a maximum m oisture 

con ten t o f  e ig h t per cen t o n ly .

2 .3 . Chemistry o f  c o lo u r  re te n tio n

2 .3 .1 . Pigments

A ccording to  Caxton (1972), the c o lo u r  o f  p lant 

pigments was produced by th e ir  power to  absorb a l l  other 

co lou rs  from the l ig h t  fa l l in g  on them. They r e f le c t e d  what 

they cou ld  not absorb. Purseglove e t  a l .  (1981 a and b) 

reported  th a t the a t t r a c t iv e  c o lo u r  o f  green  cardamom and 

green pepper were due to  ch lo ro p h y ll pigm ents. According 

to  Leopold and Kriedemann (1981), c o lo u r  change in  fr u it s  

on ripen ing was due to  form ation  o f  caroten oid s  or 

d is in te g ra t io n  o f  ch lo ro p h y ll pigm ents.

The co lo u r  o f  red r ip e  capsicum and paprika is  due 

to  a complex m ixture o f  ca ro ten o id s , xanthophylls , 

anthocyonins e tc . (Sharma and Seshadri, 1955) . Atal jet a l .  

(1966) reported  the occurence o f  sesamin in long  pepper.

Pruthi (1980) op in ioned  th at pink d is co lo u ra t io n  o f g inger 

on dehydration was due to  the presence o f  leucoanthocyon in . 

According to  Purseglove e t  a l . (1981 b ) , the yellow  orange
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co lo u r  o f  turm eric was due to  non-steam v o la t i l e  d ife ru lo y a l 

methane d e r iv a t iv e s  o f  which curcumin was most Important.

2 .3 .2 .  Cytokinins

Richmond and Lang (1957) have observed that cy tok in is  

were found to  d e fer  senescence in  xanthium le a v e s . According 

to  Woolhouse (1967), th e  ch lo ro p h y ll and p ro te in  con ten t 

f e l l  ra p id ly  as senescence developed  which cou ld  be 

s tr u c tu r a lly  a ssocia ted  with d e te r io r a t io n  o f th e  ch lo ro p la s t . 

Singh (1980) found that cy tok in in s  prevented break down o f 

ch lo ro p h y ll .

2 .3 .3 .  Enzymes

According to  Mayer and Anderson (195 2 ), the enzyme, 

Phenolase ox idase  was w idely  d is tr ib u te d  in  p lants which 

o x id ise d  a la rg e  number o f  p h en olic  compounds resu ltin g  

in  the form ation  o f c h a r a c te r is t ic  dark co lou red  compounds. 

Looney and Patterson  (1967) reported  th at changes in  enzyme 

components were involved  in  a lte r in g  p igm entation . The 

development o f c h a r a c te r is t ic  c o lo u r  and fla v o u r  during 

ferm entation  o f  tea  and cocoa  were found to  be due to  

enzymic o x id a tio n  o f polyphenols (Mathew and Paripa, 1971) . 

Occurance o f phenolase ox idase  in  f r u it s  and vegetab les 

was reviewed in  d e ta il  by Vamos -  Vigyazo (1981) .
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According to  P urseglove e t  a l .  (1981 b ) # during the 

cou rse  o f  curing  o f  v a n il la  beans a f t e r  h y d ro lysis  of 

g lu co s id e s , v a n i l l in  and oth er l ib e ra te d  phenols underwent 

transform ations by the a c t io n  o f o x id is in g  enzymes y ie ld in g  

oth er arom atic compounds and quinones and eventually# 

s ta b le  pigm ents. Two enzymatic o x id a tio n  systems were 

id e n t i f ie d ,  perox idase  using hydrogen perox ide  and an 

ox idase  using atm ospheric oxygen. The oxidase was b e liev ed  

to  be re sp on s ib le  f o r  the major o x id a t iv e  transform ation  

inclu d in g  much o f the browning. Some methods o f  k i l l in g  

beans caused damage t o  the ou ter tissu e#  which in  turn 

a cce le ra ted  the in i t i a l  ra te  o f  ox idase/atm ospheric oxygen 

r e a c t io n s .

Mangalakumari e t  a l .  (1983) reported  that blackening 

o f  pepper b e rr ie s  on dehydration  o r  m aceration  was as a 

r e s u lt  o f enzymatic o x id a tio n  o f  p h en o lic  compounds.

Unlike most oth er enzymes which lo o s e  th e ir  a c t iv i t y  at 

high temperature# th is  enzyme was found to  be p e cu lia r  in 

two re sp e c ts , v i z . ,  ( i )  optimum a c t iv i t y  at high temperature 

o f  73-78 °C and ( i i )  heating f o r  10- 15 minutes in  b o i l in g  

water was necessary fo r  com plete in a c t iv a t io n .

2 .3 .4 . Polyphenols

Polyphenols impart c o lo u r  to  f r u i t  w a lls , besides
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taking part in  a number o f c o lo u r  re a ctio n s  (Batesmith# 1954). 

On s l i c in g  pota to  and banana# they became brown due t o  

phenol o x id a tio n  and id e n t i f ie d  sodium m etab isu lph ite  as 

a good phenolase in h ib ito r  (Mathew and Paripa# 1971). In 

tom atoes, green ones con ta in ed  h igher bound polyphenols 

which g o t gradually  hydrolysed as ripen in g proceeded 

re su lt in g  in  co lo u r  change (Skorikova e t  a l.#  1978) . A 

p o s s ib le  p a r t ia l  c o n tr ib u tio n  o f enzymatic a c t iv i t y  by 

y ea st was in d ica ted  in  ferm entation  o f  tea  (Pederson# 1979).

A ccording to  Mangalakumari e t a l . (1983)# at young 

sta ge  o f  pepper berries#  the p h en olic  compounds were 

d is tr ib u te d  through ou t. But on maturity# they got con fin ed  

to  the ep icarp  and mesocarp. The blackening occu rrin g  in 

the drying p rocess  o f  pepper a lso  showed a s im ila r  pattern  

o f  d is t r ib u t io n . The phenols in  pepper g o t  enzym atically  

o x id is e d  and gave r is e  to  b la ck  c o lo u r  when the c e l l s  were 

d isturbed  by dehydration  o r  m aceration . This was found 

to  be s im ila r  to  the a c t iv i t y  o f  yeast in  tea .

2 .3 .5 . A ntioxidants

Chen and Gujmanis (1968) in d ica ted  that d e te r io ra t io n  

o f c o lo u r  pigments in  dehydrated ground c h i l l i e s  during 

stora g e  was due to  an a n tio x id a tiv e  p rocess  having k in e t ic s
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o f  second order re a c t io n . P ruth i (1969) a lso  reported  

a n tio x id a tiv e  a c t iv i t y  during b leach in g  o r  degradation  

o f c o lo u r  on s tora g e  in  Hungerian paprika.

2 .3 .6 . Sunlight

Krishnamurthy e t a l .  (1975) reported  th at exposure 

o f  sp ice s  to  su n lig h t re su lte d  in  su r fa ce  b leach in g  but 

the extent o f  co lo u r  lo s s  was not rep orted . According to 

Singh (1980), the red l ig h t  had th e  lo n g e s t  wavelength 

ranging between 650 and 760 nra. B lu e -v io le t  reg ion  was 

composed o f  sh o rt  wavelength ranging between 390 and 

430 nm.

According to  Leopold and Kriedemann (1981), fo llo w in g  

exposure to  r e d lig h t , the cy tok in in s  were su b je c te d  to  

rap id  f lu c tu a t io n s . The q u a lity  o f  su n lig h t had s p e c i f i c  

e f f e c t  in  the sp e ctra l s e n s it iv i t y  o f  many p la n t p rocesses . 

The maximal e ffe c t iv e n e s s  to  red l ig h t  was approxim ately 

560 nm and t o  b lu e l ig h t  430 nm.

According to  Narayanan (1983), ch lo ro p h y ll  was 

absorbed in  the reg ion  o f 600- 650 nm. He op in ioned  that 

drying w ith f i l t e r e d  l ig h t ,  cu tt in g  r e d ia t io n  between 575 

and 675 nm may l ik e ly  t o  have some p o s it iv e  response in  

re te n tio n  o f green co lo u r  in  dehydrated green pepper.
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2 .3 .7 . Colour re te n tio n  techniques

2 .3 .7 .1 .  Pepper

P ruth i e t  a l .  (1974) showed th at pepper b e rr ie s  

dehydrated a f t e r  steep in g  in  a c id i f ie d  s u l f i t e d  s o lu t io n  

(1 per cen t potassium m etab isu lph ite  + 0.25 per cent 

c i t r i c  a cid ) y ie ld e d  good product w ith many green b e rr ie s  

and l i t t l e  dark b e r r ie s .  Steeping overn igh t in  e igh t 

per cen t hydrogen perox ide  b leached  the c o lo u r  o f  the 

b e rr ie s  g iv in g  a white product on sun d ry in g . Steeping 

overn ight in  12 per ce n t  hydrogen peroxide y ie ld e d  a s t i l l  

w hiter produ ct. But, steep in g  f o r  f i v e  hours in 12 per 

cen t hydrogen perox ide  p r io r  t o  dehydration  gave a l ig h t  

green produ ct. Lewis e t a l .  (1976) reported  that a 

blanching treatm ent o f  the b e r r ie s  f o r  about a minute in  

b o i l in g  water a c tiv a ted  the blacken ing enzyme and the 

d ried  product a tta in ed  a dark g lo o sy  c o lo u r . A prolonged 

treatm ent in  b o i l in g  water in a ct iv a te d  the blackening 

enzyme and b la ck  co lo u r  cou ld  be avoided .

Mathew and Sankarikutty (1977) found that green pepper 

b e rr ie s  turned brown during drying and afterwards black 

because o f  enzymatic ex id a tion  o f  a c o lo u r le s s  su b stra te  

m ostly polyphenol present in  the sk in . This su b stra te  

masked the green co lo u r  that was l e f t  a ft e r  d ry in g . They



found th at f o r  preparing dehydrated green pepper, harvesting 

had to  be done a month e a r l ie r  than the normal harvesting 

m aturity .

2 .3 .7 .2 .  Cardamom

The p rocess  o f  co lo u r  degradation  in  cardamon has been 

stu d ied  in  d e ta il  by many w orkers. A ccording t o  Natarajan 

e t  a l .  (1968), during the course  o f  ch lo ro p h y ll degradation  

the Mg ions in  the ch lo ro p h y ll m olecule g e t su b stitu ted  

w ith hydrogen ions donated by organ ic acids present in  the 

f r u i t ,  which d is in te g ra te d  the p y rro le  rin g  stru ctu re  

lead ing  to  an ir r e v e r s ib le  con v ertion  to  pheophyten.

According to  Thomas and John (1966), the pigm entation 

in  cardamom cou ld  be i n i t i a l l y  f ix e d  by su b je c t in g  the 

harvested capsu les to  a sudden tem perature r is e  o f about 

60 °C f o r  th ree  hours in  heated chambers lead ing  to  

k i l l in g  o f the c h lo ro p la s t  and fu rth e r  a rres tin g  o f  

v e g e ta tiv e  developm ent. Natarajan e t  a l .  (1968) recommended 

a lk a l i  treatm ent p r io r  to  d ry in g . The a lk a l i  was found to 

delay the a ttack in g  a ctio n  o f hydrogen ions on the 

c h lo ro p h y ll , which resu lted  in  a prolonged s t a b i l is a t io n  

o f  green c o lo u r .  According t o  P urseglove et a l .  (1981 b ) , 

the fad ing  o f  green co lo u r  in  cardamom was due t o  

degradation  o f ch lo rop h y ll which was b e lie v e d  to be
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in  analogous w ith peas and o th er  v eg e ta b les .

2 .3 .7 .3 .  Turmeric

A ccording to  Krishnamurthy e t a l .  (1975), on 

b o i l in g  turm eric rhyzomes, the o le o r e s in  c e l l  raptured 

and the pigments got more evenly d is t r ib u te d . The 

k e to -en o l s tru ctu re  o f  the pigments rendered then s e n s it iv e  

t o  co lou r  changes due to  pH v a r ia t io n s . T h erefore , 

b o i l in g  the rhyzomes in  an a lk a l i  medium re su lte d  in the 

development o f  rhyzomes o f  uniform  c o lo u r  and fla v o u r .

2 .3 .7 .4 .  Caps icum

Lease and Lease (1956 a) reported  th at co lou r  

re te n tio n  in  red pepper was in flu en ced  by the sta ge  o f 

ripen ess at h arvest. Lease and Lease (1962) again  found 

th at w ith  the a d d ition  o f an an tiox idan ts V iz . ,  BHA
i

(Butylated hydroxy a n iso l) t o  the ground pepper, the 

r e te n tio n  o f  c o lo u r  cou ld  be improved.

2 .3 .7 .5 .  Green peas

B la ir  and Ayres (1962) found th a t on processin g  

green peas, pH f e l l  t o  s ix  causing degradation  o f  green 

c o lo u r . By a s u ita b le  treatm ent, when th e  pH was ra ised  

to  e igh t the co lo u r  cou ld  be preserved  w e l l .

2 .3 .7 .6 . Onion

Lukes (1959) reported  that development o f  pink
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d is c o lo u r a t io n  in  on ion  during dehydration  was due to  a 

n a tive  enzyme re a c t io n  w ith a substance in  the ju ic e  

when the c e l l s  were raptured, fo llo w e d  by a non-enzymatic 

re a c t io n  w ith  amino a c id s . A patented process  (l»i e t a l . .  1967) 

developed f o r  the preven tion  o f d is c o lo u r a t io n  in onion
i

co n s is te d  o f  a d d ition  o f 0.05 to  0 .3  per cen t cy s te in  and 

an an tiox ida n t ( c i t r i c  or a scorb ic  a cid ) and heating to  

160- 190 °F .

2 .3 .7 .7 .  Green vegetab les

In e a r ly  part o f  cook in g , c e r ta in  green vegetables 

l ik e  cabbage were found to  produce con s id era b le  v o la t i l e  

a c id s , which i f  not allow ed to  escape, q u ick ly  changed the 

co lo u r  o f  the produce to  o l iv e  green and then to  d u ll 

brown. When the v o la t i l e  acids were a llow ed to escape 

by keeping the v e s s e l  open w h ile  cook in g  th e  c o lo u r  re ten tion  

was b e tte r  in d ica tin g  th at th e  r e te n tio n  o f  green co lou r  

was b e tte r  on ly  in  an a lk a lin e  medium (Meyer and Anderson, 

1952).

According to  Cruess (1958), b lanching spinach 

a t b o i l in g  p o in t resu lted  in  lo s s  o f  green co lo u r  due to  

decom position  o f  ch lo rop h y ll to  pheophyten. When blanched 

at 170 °F , i t  re ta in ed  i t s  natural green  co lo u r  to  a 

remarkable exten t, even when su b jected  to  la t e r  s t e r i l i z a t io n  

a t 250 °F .
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The assumptions on re te n tio n  o f  green c o lo u r  at lower 

temperature were th a t:

( i )  the oxygen in  the leaves o x id ise d  the ch lo ro p h y ll 

a t b o i l in g  p o in t and d id  not do so  at 170 °F . The gases 

being  given  an opportun ity  to  escape from the t is s u e  at 

lower tem perature, o x id a tion  d id  not occu r during subsequent 

s t e r i l i z a t i o n .  Further, su b je c t in g  the spinach leaves to  

a high vacuum f o r  severa l minutes under water removed gases 

from the t is s u e  thereby improving the c o lo u r  a tta in ed .

( i i )  b lanching at lower tem perature, leach ed  con s id era b le  

acids from the vegetab les which led  t o  le s s e r  h yd ro lysis  o f  

ch lo ro p h y ll to  pheophyten and

( i i i )  a t low er tem perature, th e  enzyme ch lo rop h y lla se  

remained a c t iv e  f o r  a few minutes and converted  ch lo rop h y ll 

t o  p h y llin  which helped to  r e ta in  i t s  green co lo u r .

2 .4 ,0 . Packaging

White (1957) found th at a f t e r  proper c lea n in g  and drying 

t o  le s s  than 11 per cen t m oisture the whole b lack  pepper 

cou ld  be s to re d  s a t i s f a c t o r i l y  in  double bu rlop  bags with 

sea led  polythene l in e r s  o f  300 guage o r  more th ick n ess .

Pruthi e t a l .  (1962) worked out the packaging requirement 

o f  various sp ice s  such as capsicum , paprika , green cardamom 

e t c .  which possessed  natural co lo u r in g  pigments requ irin g
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p ro te c t io n  from l ig h t .  Viraktamath e t a l .  (1964) reported, 

th at cardamom w ith an i n i t i a l  m oisture con ten t below ten  

per cen t w ithstood  tran sport and stora g e  when packed in 

300 gauge b lack  p olythylene l in e d  wooden c h e s ts . With 

regard to  the e f f e c t  o f  u l t r a v io le t  l ig h t  on the reversion  

o f cardamom co lo u r , i t  was observed that samples kept in 

polythene bags oth er than b la ck  showed gradual d e te r io ra t io n , 

in  the b lu e  and yellow  reg ion  a ft e r  fo u r  months o f  s tora g e . 

Samples kept in  b lack  f ilm  bags packaged in wooden ch est 

were e f fe c ie n t  in  co lo u r  r e te n tio n .

According to  P h ilip  (1969) , Cartons were the le a s t  

expensive u n it package f o r  whole s p ic e s . Most o f  the 

disadvantages co u ld  be overcome by coa tin g  the inner s id e  

w ith b es t  se a la b le  f ilm  such as p o ly e th y len e . Aluminium 

f o i l s  were e x ce lle n t  f o r  s p ic e s , those needed p ro te c t io n  

from l ig h t .  A b e t te r  package f o r  c o s t ly  sp ices  was found 

to  be a ir  t ig h t  wooden boxes s u ita b ly  l in e d . Kumar and 

Anandaswamy (1974), found th at low d en s ity  polyethylene 

f ilm  had good chem ical re s is ta n ce  and low water vapour 

transm ission  but was h ig h tly  p erm iss ib le  to  gas and organic 

vapours. High d en s ity  polythene sheets were having b e tte r  

r ig id i t y  and b a rr ie r  p rop ertie s  compared to  low density  

sh eets . They a lso  reported  th at heat and l ig h t  a cce lera ted  

d e te r io r a t io n  e s p e c ia lly  w ith oxygen s e n s it iv e  products.



According to  Pruthi (1980), sp ices  and s p ic e  products 

were h igh ly  s e n s it iv e  to  m oistu re . Loss o f  v o la t i l e  and 

arom atic p r in c ip le s  and a b sorp tion  o f fo r e ig n  odours 

re su lte d  due to  in e f f i c i e n t  packaging.

2 .5 .0 .  Dehydrated green pepper patented by the Central 
Food T echn olog ica l Research I n s t it u t e . Mysore 
and re lea sed  through N ational Research Development 
C ou n cil, New D elh i.

According to  Nambudiri e t  a l .  (1978), the v a r ie t ie s  

s u ita b le  f o r  making dehydrated green pepper were those 

which produce dark green small and uniform b e r r ie s .  The 

c o r r e c t  m aturity f o r  harvesting was f ix e d  as 20 to  30 days 

b e fo re  r ip en in g .

F resh ly  harvested green pepper a ft e r  d esta lk in g  were 

fre e d  from pinheads and l ig h t  b e rr ie s  and then washed. The 

cleaned b e rr ie s  were trea ted  in  hot water and d r ied  in 

mechanical d r ie rs  under c o n tr o lle d  c o n d it io n s .

A fter  proper drying to  s a fe  s tora g e  le v e l ,  they were 

garbled , c o lo u r  graded and packed in polythene lin e d  bags 

or  tea  ch e s ts . The green c o lo u r  o f  th is  product was f a i r l y  

s ta b le .  B esides, fla v o u r  q u a lity  was a lso  m aintained.
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The presen t in v e s t ig a t io n  on the S tandard isation  

o f  techniques f o r  re ten tion  o f  green co lo u r  in  processed  

pepper (P iper nigrum/ L inn .) was undertaken at the C ollege  

o f  H orticu ltu re , V ellan ikkara during the year 1983-84.

The m ateria ls u t i l i s e d  and the m ethodology adopted 

are narrated hereunder.

3.1 S e le c t io n  o f  green pepper b e rr ie s

3 .1 .1 .  C ultivars

B erries o f  c u lt iv a r s  o f  Karimunda and Panniyoor-I 

were used f o r  the in v e s t ig a t io n .

3 .1 .2 .  Vines

Ten regu lar bearing h ealthy  vines o f  about 15 years 

age from each o f  the c u lt iv a r  were s e le c te d . They were 

maintained at the s ta te  seed  Farm, liannuthy adopting the 

package o f  p ra ct ice s  recommended by the Kerala A gricu ltu ra l 

Univers i t y .

3 .1 .3 . S e le c t io n  o f  b e rr ie s

Pepper spikes o f  d i f fe r e n t  stages o f  m aturity were 

harvested in  the morning, desta lk ed  c a r e fu l ly  w ithout damage 

to  b e rr ie s  and then s iz e  graded. For g e tt in g  uniform b err ies
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having maximum d en s ity , they were immersed in water contained 

in  a deep v e s s e l .  The b e r r ie s  which f lo a te d  above one h a lf 

o f  the volume were r e je c te d  and the remaining immersed ones 

were alone u t i l i s e d  f o r  th e  s tu d ie s . The percentage recovery 

o f  green b e rr ie s  so  obtained^ from the harvest o f  each stage  

o f  m aturity was ca lcu la te d .

3 .2 . Period o f flow erin g

Normally, pepper vines take about 1 to  1V2 months fo r  

com pletion  o f  flo w e r in g . This causes d i f f e r e n t ia l  period  

f o r  f r u i t  s e t ,  consequently  in  th e ir  m aturity a ls o .  Therefore, 

i t  was not p o s s ib le  to  f i x  th e  c o r r e c t  dates o f  m aturity o f  

b e r r ie s .  Taking in to  account th is  d i f f i c u l t y ,  a v in e  was 

con sid ered , when more than 50 per cen t flow erin g  cou ld  be 

observed . Based on t h is ,  the p er io d  o f  flow er in g  was f ix e d  

as second week o f  July f o r  Karimunda and fou rth  week o f July 

f o r  Panniyoor-1 f o r  th e  p a r t icu la r  season o f  study.

3 .3 . Harvest stages
The spikes were harvested at d i f f e r e n t  p r e - f ix e d  stages 

o f  m aturity . The d if fe r e n t  harvest stages f ix e d  are in d ica ted  

in  the T a b le -1.

Table 1. Harvest stages o f  Pepper b e r r ie s .

Harvest s ta g e . Approximate m aturity 
o f  b e r r ie s  in  months.

........... . I n  .. .................. .  - - - n r  -
I 3

I I 4
I I I 5IV 5V2

V 6
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Spikes possessin g  maximum development were a lon e c o l le c t e d  

at each h arvest.

3 .4 . P rocessing  treatments

Since the b e rr ie s  harvested  a t th e  1st s ta g e  were too 

immature, they were not su b je c te d  t o  p rocess in g  treatm ents. 

However, they were su b jected  to  b io  chem ical analysis to  

study accum ulation pattern  o f  variou s chem ical con stitu en t 

d e ta ile d  under S ection  3 .6 .

The s e le c te d  b e rr ie s  o f  th e  Iln d  to  Vth stages o f 

harvest o f  both the c u lt iv a r s  were processed  as d e ta ile d  

hereunder.

3 .4 .1  Cleaning

The b e rr ie s  were f i r s t  washed thoroughly in  running 

water t i l l  a l l  the adhering m ateria ls got removed. They 

were then rin sed  tw ice  in d i s t i l l e d  water and kept in  a woven 

basket to  drain  o f f  the excess w ater.

3 .4 .2  K inetin

The b e rr ie s  were trea ted  with k in e t in  o f  two 

con cen tra tion s  v iz .  10 and 20 ppm, by steep in g  them in the 

re sp e c t iv e  so lu t io n s  f o r  th ree  hours. Dipping the b err ies  

in  d i s t i l l e d  water was con sid ered  as c o n tro l  f o r  com parison. 

The b e rr ie s  so trea ted  were su b je c ted  to  blanching fo llow ed  

by m echanical dehydration .
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, 3 .4 .3 .  Blanching

D is t i l l e d  water at th e  ra te  o f  one l i t r e  per kg 

o f  b e rr ie s  was taken in a s ta in le s s  s t e e l  v e sse l and heated 

on L .P .G . burner. Magnesium su lphate was added ju s t  p r io r  

to  b o i l in g  sta g e  using th ree  con cen tra tion s v i z .  1 ,2 .5  and 

5 per cen t and then the b e r r ie s  were added. The temperature 

was ra ised  to  around 100 °C and then a scorb ic  a c id  o f two 

con cen tra tion s v iz .  0.025 and 0.05 per cen t was added. The 

tem perature o f  the media was maintained s te a d ily  a t  around 

100 °C but w ithout b o i l in g  f o r  varying periods o f  time 

v iz  10 ,12 .5  and 15 m inutes.

3 .4 .4 . S u lph ite  treatm ent

The blanched b e rr ie s  were su b je cted  to  su lp h ite  

treatm ent f o r  one minute by d ipping them in a s o lu t io n  

con ta in in g  sodium m etabisu lph ite  {one per cen t SC^) and 

c i t r i c  acid  (0.05 per cen t) and th e  temperature o f  th e  

s o lu t io n  was maintained at 70 °C . As c o n t r o l ,  blanched 

b e r r ie s  in  d i s t i l l e d  water kept at the a fo re sa id  temperature 

were used.

3 .4 .5 .  M echanical dehydration

The samples o f  b e rr ie s  obtained  a ft e r  k in e t in  and 

blanching treatm ents were dehydrated in  e l e c t r i c a l l y  operated 

'C ross-flow  A ir Oven* and 'Cabinet D rie r ' . In the i n i t i a l  phase 

o f  one hour, the temperature o f  th e  dehydrators was maintained
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a t 70 °C . L ater, i t  was reduced to 50 °C which was 

continued t i l l  the com pletion  o f  dehydration  when the 

m oisture o f  th e  dehydrated m aterial g o t  reduced to about 

10 per cen t .

3 .5 . Evaluation o f  p rocessin g  treatm ents

3 .5 .1  O rganoleptic characters

O rganoleptic t e s t  com prising o f  c o lo u r , appearance 

and textu re  was undertaken with the produce o f d i f fe r e n t  

treatm ents. Colour grading was done as per 'Ganges Standard 

Colour g u id e '.  Grading fo r  appearance was rated  v is u a lly  

as u n sa tis fa c to ry , s a t is fa c to r y  and good. Texture was 

adjudged through fe e l in g  f o r  s o ftn e s s  and c la s s i f i c a t i o n  

done as coa rse , medium and f in e .

3 .5 .2 .  F ix in g  b est treatment com bination

Based on the resu lts  o f  o rg a n o lep tic  eva lu ation , the 

b e s t  p rocessin g  treatments d fyboth  the c u lt iv a r s  f o r  every 

harvest stages were determ ined. The b est treatm ents so 

id e n t i f ie d  were a lone la t e r  su b je cted  to  fu rth e r  stu d ies  as 

d e ta ile d  below .

3 .6  w uality  assessment of p rocessed  and fresh  b err ie s

On the Processed  m ateria l the e f f i c ie n c y  o f  re ten tion  

o f the fo llo w in g  con stitu en ts  was judged by comparing with 

th at o f  fresh  b err ie s  o f th e  corresponding stages o f  h arvest.
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3 .6 .1 .  M oisture

The m oisture con tent was determined adopting the 

technique o f  th e  Indian Standard Methods o f  Sampling and 

Test f o r  Spices and Condiments (1974) using to lu en e  as 

the ex tra cta n t.

3 .6 .2 .  C hlorophyll

C h lorophyll was analysed a ft e r  e x tra c tio n  in acetone 

by m acerating one g sample o f  green b e rr ie s  in a mortar with 

a pinch o f CaC03 to  avoid pheophyten form ation . C hlorophyll 

estim ation  was done by record in g  the d i f f e r e n t ia l  a b so rp tiv ity  

o f  th e  f i l t e r e d  ex tra ct  at 663 and 645 nm as suggested by 

Starnes and Hadley (1968). The t o t a l  ch lo ro p h y ll was 

estim ated using the fo llo w in g  form ula.

Total C hlorophyll mg/g = 8 .05  A g^  + 20.29 A^^
Where A is  the a b s o r p t iv ity .

3 .6 .3 .  V o la t i le  o i l

V o la t i le  o i l  was ex tra cted  using 10 g samples by 

water d i s t i l l a t i o n  fo r  two hours adopting Clevenger 

d i s t i l l a t i o n  method and the data were expressed in  percentage 

(ASTA, 1960) .

3 .6 .4 .  P iperin e

P iperin e  was ex tracted  from 5g samples by d i s t i l l a t i o n  

f o r  two hours in  95 per cen t eth an ol. The f l i t e r a t e  was
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reduced by evaporation  at low tem perature and 10 ml eth an olic  

KOH was added and kept over n ight. The yellow  needles o f 

p ip er in e  c r y s te l  were separated and th e ir  w eight recorded  

(Ikan, 1969).

3 .6 .5 .  N on vola tile  ether e x tra ct  (NVEE)

The NVEE was estim ated a f t e r  e x tra c tio n  qf 2 g samples 

in  anhydrous ether f o r  20 hours. The ether in  th e  ex tra ct 

was f i r s t  allow ed t o  evaporate at room tem perature and 

f in a l ly  at 110 °C in  a drying oven u n t il  con stan t weight is  

ob ta in ed . The weight o f  the resid u e  so  obta in ed  was recorded 

as NVEE (Hart and F isher, 1971).

3 .6 .6 .  Starch

Two g samples were chosen f o r  sta rch  estim ation . 

Separation  o f  s o lu b le  sugars was done by ex tra ctin g  in 

a lc o h o l. The sta rch  fr a c t io n  was hydrolysed to  so lu b le  

fr a c t io n s  tw ice  with 5 2 per cen t p e rch lo r ic  a c id  at 0 °C f o r  

20 minutes and the content was estim ated adopting anthrone 

method. The con version  fa c to r  o f  0 .9  was used to  c a lcu la te  

the sta rch  con ten t as suggested  by Me -  Cready et a l .  (1950).

3 .6 .7 .  Crude F ibre

The estim ation  o f  crude f i b r e  con ten t was done from 

the d efa ted  samples (a fte r  e x tra c t io n  o f NVEE/piperine).
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The fa t  fr e e  m ateria l was tre a te d  s u cce s s iv e ly  with 1.25 

per cen t H2SO4 and 1.25 per cent NaOH. The weight o f  the 

m ateria l l e f t  u nd issolved  le s s  the weight o f  i t s  ash was 

worked out as crude f ib r e  (AOAC, 1970).

3 .6 .8  Ash

T otal ash was estim ated by ig n it in g  two g samples 

at 500-550 °C to  w hite ash. The ac id  in so lu b le  ash was 

estim ated by d ig e s t io n  with (1 :1 , V/Vj d ilu te  HC1.

3 .7 . Solar dehydration

The samples o f  b err ie s  obta in ed  out of the b est 

p rocessin g  treatm ent com binations were su b jected  to  so la r  

dehydration  to  compare i t s  e f f i c ie n c y  w ith mechanical 

dehydration .

A s p e c ia l  fcype o f  p la s t ic  drying chamber f i t  f o r  

f ix in g  g la ss  covers ( f i l t e r s )  was s e le c te d  (p la te  l a ) .  To 

allow  fr e e  escaping o f m oist a ir ,  V e n t i l la t io n  was provided  

to  the chamber on a l l  i t s  fo u r  s id es  and a lso  a t th e  bottom . 

Ground g la ss  o f  assorted  co lou rs  v i z . ,  green, b lu e , amber 

and w hite were used as covers o f  chambers to  obta in  f i l t e r e d  

l ig h t  o f  s p e c i f i c  wave lengths on the b e rr ie s  (P late  I - b ) .

The wave lengths o f  f i l t e r e d  l ig h t  passing through the 

co lou red  g la ss  covers were determined using S p e c tro n ic -20.

To serve  as c o n t r o l ,  drying in  open sun was a lso  resorted  t o .



PLATE I a

PLATE I b

Drying Chamber (a fte r  d isp la c in g  

f i l t e r  g la ss)

Drying Chambers with d i f f e r e n t  

f i l t e r  g la sses  in  p o s it io n .





43

The dehydrated m ateria l so obtained under d iffe re n t  

treatm ents were then su b jected  to  o rg a n o lep tic  eva lu ation  

as d e ta ile d  in  para 3 .5 .1 .

3 .8 . Dehydration and rehydration  r a t io s

The dehydration r a t io  was worked out based on the 

quantity  o f  raw m ateria l used and the recovery  obta in ed  a fte r  

p rocess in g .

The rehydration  e f f i c ie n c y  o f  the processed  produce 

was judged by keeping in water at room tem perature and at 

70 °C. Based on the gain  in  the weight o f  the rehydrated 

m aterial# rehydration  ra t io  was worked ou t.

3 .9 . Storage e f f i c i e n c y

The fo llo w in g  stora ge  methods were te sted  f o r  th e ir

e f f  ic ie n cy

( i )  Brown paper l in e d  wooden boxes.

( i i )  Black polythene l in e d  wooden boxes.

( i i i )  Aluminium f o i l  l in e d  wooden boxes.

( iv  ) Transparent polythene l in e d  wooden boxes.
(C ontrol)

The extent o f  p ro te c t io n  a ffo rd ed  against ingress 

o f  m oisture and re te n tio n  o f  q u a lity  a ttr ib u te s  was assessed 

t i l l  three months o f  stora ge  in  d i f f e r e n t  s tora g e  re ce p ta c le s .
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3 .1 0 . Economics o f  p rocessin g

Cost o f  produ ction  o f  one kg o f  dehydrated green 

pepper was worked out and compared w ith th e  conventional 

produ ction  c o s t  o f  equ ivalent qu antity  o f  b la ck  pepper.

A comparison on the re la tio n sh ip  e x is t in g  between treatments 

in  resp ect o f  th e ir  raw m aterial requirem ent was a lso  made 

to  enable the industry to  procure b e rr ie s  at the d esired  

m aturity stages that too  s a fe  guarding the in te res ts  o f  the 

c u l t iv a t o r s .



RESULTS



RESULTS

In v e s t ig a tio n  was c a r r ie d  out to  stan dard ise  

techniques f o r  re te n tio n  o f  green co lo u r  in  processed  

pepper. Results o f  the stu d ies  are presented  in th is  

chapter.

4 .1 .  S e le c t io n  o f  green pepper b e r r ie s

The data on the recovery  percentage o f  uniform green 

pepper b e rr ie s  from d if fe r e n t  h arvest stages s u ita b le  fo r  

p rocess in g  are presented in  Table 2.

Table 2. Recovery percentage o f  id ea l pepper b e rr ie s  
f o r  p rocess in g , from d if fe r e n t  harvest 
s ta g es .

Stages o f  harvest Percentage o f  recovery  
Karimunda PanniyoOr-I

(1) (2) (3)

I 34.0 32.8

II 35.3 34.0

I I I 38.0 40.5

IV 47.8 47.2-
V 4 7 . 9 4 8 . 0
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The percentage o f  recovery  o f  pepper b e rr ie s  

s u ita b le  f o r  p rocessin g  was on the in crease  towards 

m aturity o f  b e rr ie s  in  both  th e  c u lt iv a r s .  Though the 

recovery  in  P ann iyoor-I was s l ig h t ly  le s s e r  in  the 1st 

sta^ e , i t  was more o r  le s s  par with Karimunda in the Vth 

s ta g e .

4 . 2 .  P rocessing  treatments

4 . 2 . 1 .  K inetin

On dehydration, the k in e t in  trea ted  b e rr ie s  devoid 

o f  blanching were o f  uniform b la ck  c o lo u r  and were not 

su p erior  over co n tro l in  re sp ect  o f  the o rg a n o lep tic  

ch a ra cters , v iz .  c o lo u r , appearance and te x tu re .

4 . 2 . 2 .  Blanching

The blanching treatm ents at varying  le v e ls  caused 

d is t in c t  v a r ia t io n  in  co lo u r  and o th e r  characters in the 

dehydrated produ ct. The blanching requirement f o r  the 

re te n tio n  o f  green co lo u r , was found re la te d  to  the m aturity 

stages o f  th e  raw m a teria l. The optimum blanch ing requirement 

f o r  the Iln d , I l l r d  and IVth sta ges were found t o  be 10,12.5 

and 15 minutes r e s p e c t iv e ly . But in  re sp ect  o f  the b e rr ie s  

harvested at the Vth sta ge , none o f  the treatm ents was
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h e lp fu l to  r e ta in  the d es ired  c o lo u r . On the con tra ry , 

th e  blanching o f  f u l l y  matured b e rr ie s  led  t o  q u a lity  

d e te r io r a t io n  in re sp e ct  o f  c o lo u r  appearance and 

te x tu re .

The preblanching treatm ent w ith k in e t in  a lso  d id  

not help  in  co lo u r  re ten tion  as th e  standard o f the 

produce was s im ila r  to  c o n t r o l .

4 .2 .2 .1  Magnesium Sulphate

The magnesium su lphate in  th e  blanching media 

was e f f e c t iv e  in  re te n tio n  o f  green co lo u r  in  b e r r ie s ,  the 

con cen tra tion  requ ired  being p rop ortion a l to  the m aturity 

o f  the b e r r ie s .  The requirement o f  magnesium su lphate in 

the blanching media was one per ce n t  fo r  the Ilnd  and I l l r d  

sta g es , whereas, i t  was 2.5 per cen t f o r  the IVth sta g e . 

However, much v a r ia t io n  in  th is  re sp e ct  was n oticed  in Vth 

sta ge , f o r  which, the range from 1 to  5 per cen t was not 

e f f e c t iv e  f o r  th e  co lo u r  re te n tio n  on b e r r ie s .

4 .2 .2 .2 .  A scorb ic acid

A scorbic a c id  treatm ent was a ls o  u se fu l fo r  

re te n tio n  o f c o lo u r  in  b e r r ie s .  But, no d if fe r e n c e  in e f f e c t  

cou ld  be n o ticed  between the two con cen tra tion s t r ie d .
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4 .2 .3 .  S u lph ite  treatment

P ost blanching treatm ent with a s o lu t io n  o f  sodium 

m etab isu lph ite  and c i t r i c  a c id  was found very  e f f e c t iv e  

in  th e  re te n tio n  o f  green c o lo u r  in  b e r r ie s .  While the 

tre a te d  b e rr ie s  possessed  w ell pronounced c o lo u r , the 

produce obta in ed  from c o n tro l  had a b la ck ish  t in g e .

4 .2 .4 .  Mechanical dehydration .

Of the two mechanical dehydration  methods adopted, 

C ross-flow  Air Oven drying helped to  ob ta in  w e ll pronounced 

b r ig h t co lou red  b err ie s  which were su p erio r  to  the product 

obtained from Cabinet D rier in  co lo u r  exp ress ion . The 

produce obta ined  from th e  Cabinet D river was d u ll and poor 

in  appearance.

4 .3 .  Evaluation o f  p rocessin g  treatm ents.

4 .3 .1 .  O rganoleptic characters

The eva lu ation  o f dehydrated produce w ith  re feren ce  

to  treatments f o r  o rga n o lep tic  ch aracters (colour,appearance 

and textu re) are presented in  Table 3.

I



TABLE - 3 .  O rganoleptic eva lu ation  o f  prom ising p rocessin g  treatm ents under varying  
blanch ing le v e l s .

Stages i
o f  j

[Characters) 
[evaluated j

[Blanching* 10 Minutes ) 
[period  a  Jj 12.5 Minutes J 15 Minutes

harvest!
TIT 1\------- ?2T----- j

^Cultivar *Karimundaj[
1-----------------i — i i? — i

Pann iyoor  - 1 j[ Kar imundaj Pann iy  o o r -
-------T i ) --------- 1— 117 X------- leT —

IJKar imundal

■ "x ~ T * y — f

P an n iyoor-I

i i Colour V iv id
green

l ig h t  green Bleached
l ig h t
green
patches

Bleached
l ig h t
greenpatches

F u llyBleached
~FuTTy 

Bleached

Appearance Good Good
\

Uns a t is -  
fa c t o r y .

U nsatis- 
f  a c to r y .

U nsatis­
fa c to r y

U nsatis­
fa c t o r y .

Texture F ine Fine Medium Medium Coars e Coars e
h i Colour Bronze

brown
Sepia P rocess

green
M iddle
green

Bleached 
l ig h t  
green 
p a tch e s ’

B leached
l ig h t
green
patches

Appearance U nsatis­fa c t o r y . Unsatis­
fa c t o r y .

Good S a t is fa ­c t o r y , U nsatis­fa c t o r y . U nsatis­fa c to r y
Texture F ine Fine Fine F ine Medium Medium

IV Colour Black Black Sepia Mahago ny 
brown

Pea green N eobright
green

Appearance U nsatis­
fa c t o r y

Uns at i s -  
f  a ctory

Unsatis­
fa c to r y

U nsatis­
fa c to r y

Good Good

Texture Medium Medium Fine Fine Fine Fine
*V Colour Black Black Bronzebrown Sepia L ightgreen

t in g e
Very l ig h t  green t in g e

Appearance Unsatis­
fa c to r y

Unsatis­
fa c to r y

U nsatis­
fa c to r y

U nsatis­
fa c to r y

Unsatis­
fa c to r y

Unsatis­
fa c to r y

Texture Medium Medium Medium Medium Fine Fine

co
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E valuation  d e ta ile d  in  Table 3 in d ica ted  th a t th e  green 

co lo u r  re te n tio n  remained r e s t r ic t e d  to  a c e r ta in  le v e l  

o f  b lanching depending on the m aturity  o f  the b e r r ie s .

The blanching treatm ent h igher t o  th is  le v e l  had resu lted  

in  b leach in g  o f  the b e r r ie s ,  whereas, low er le v e ls  e ith er  

imparted b la ck  or  brown co lo u r  t o  the b e r r ie s .  The 

appearance o f  the b e rr ie s  was a lso  in d ic a t iv e  o f  the 

e f f i c ie n c y  o f  re te n tio n  o f  green c o lo u r . The tex tu re  o f  

the b e rr ie s  improved much a t optimum le v e l  o f  b lanch ing. 

B erries g o t malformed under prolon ged  b lan ch in g .

4 .3 .2 .  F ix in g  o f  b e s t  treatm ent com bination.

Based on th e  org a n o lep tic  eva lu ation  o f  th e  processed  

m ateria l as in  Table 3, th ree  stages o f  harvests (second, 

th ird  and fou rth ) were found prom ising fo r  fu rth e r  s tu d ie s . 

Their requirements o f  p rocess in g  are fu rn ish ed  in  Table-4 

along w ith th e  d e ta ils  o f  th e  f i f t h  sta ge  f o r  com parison 

although i t  was found in fe r io r .
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Table - 4 .  The b e s t  treatm ent com binations re ta in in g  
green co lo u r  on dehydration  o f  pepper 
b e rr ie s  o f  varying m aturity*

Stage
o f

harvest

Blanch­
ing time 
(Minutes)

A d d itive  to  blanching 
media

Mg SÔ  

%

A scorb ic
ac id

%

S u lph ite  treatment

SO2 % C itr ic
(Sodium acid 

m etabi- % 
su lp h ite )

(1) ( 2) (3) (4) (5) (6)

I I 10 1 .0 0.025 1 .0 0.05

I I I 12.5 2.5 0.025 1 .0 0.05

IV 15.0 2.5 0.025 1 .0 0.05

V 15.0 5 .0 0,05 1 .0 0.05

The dehydrated samples obta in ed  out o f  d if fe r e n t  

p rocessin g  techniques along w ith  the fre s h  a*nd rehydrated 

b e rr ie s  are presented in P lates I I  to  V.



A -  Fresh pepper b e rr ie s  •

B -  Dehydrated pepper b e r r ie s . 

C -  Rehydrated pepper b e r r ie s .

PLATE I I  a  -  P e p p e r  b e r r i e s  -  Im m a tu re
( S t a g e  I I  -  4 m o n th s  o l d )  -

K a r im u n d a .

PLATE I I  b -  Pepper b e rr ie s  -  Immature
(Stage I I  -  4 months o ld ) 

P a n n iyoor-I.

Â  -  Fresh pepper b e r r ie s .

-  Dehydrated pepper b e rr ie s  

C1 -  Rehydrated pepper b e rr ie s





I -  Fresh pepper b e r r ie s .

I I  -  Dehydrated pepper b e rr ie s  

I I I  -  Rehydrated pepper b e rr ie s

PLATE I I I  a -  P epper b e r r ie s  -  Immature
(S ta g e  I I I  -  5 months o ld )

Karimunda.

PLATE I I I  b -  Pepper b e rr ie s  -  Immature
(Stage I I I  -  5 months o ld ) 
P anniyoor-I

1 -  Fresh Pepper b e r r ie s .
2 -  Dehydrated pepper b e rr ie s
3 -  Rehydrated pepper b e r r ie s





(Stage IV -  5V2 months o ld ) -  
Karimunda.

1. Fresh pepper b e r r ie s .

2. Dehydrated pepper b e r r ie s .

3. Rehydrated pepper b e r r ie s .

PLATE IV a -  Pepper b e r r ie s  -  Immature

PLATE IV b -  Pepper b err ies  -  Immature

(Stage IV -  5V2 months o ld ) -  
P ann iyoor-I

I -  Fresh pepper b e r r ie s .

II -  Dehydrated pepper b e rr ie s  

I I I  -  Rehydrated pepper b e rr ie s





PLATE V a

PLATE V b

I -  Fresh pepper b e r r ie s .

I I  -  Dehydrated pepper b e rr ie s  

I I I  -  Rehydrated pepper b e rr ie s

P epper b e r r ie s  -  Mature
(S ta g e  V -  6 months o l d ) -

Karim unda. <

Pepper b err ie s  -  Mature 
(Stage V -  6 months o ld ) -  
Panniyoor-1

1. Fresh pepper b e r r ie s .
2. Dehydrated pppper b e r r ie s .
3. Rehydrated pepper b e r r ie s .
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4 .4 ,  Q uality  assessment o f  p rocessed  and fre s h  b e r r ie s .  

4 .4 * 1 . M oisture

The m oisture con ten t in  fre s h  and processed  b err ie s  

are furn ished  in  Table 5.

Table-5 : M oisture con ten t in  fre sh  and processed  
pepper b e rr ie s  at d if fe r e n t  harvest 
s ta g es .

Stage o f  harvest
M oisture con ten t in  percentage 

Karimunda P ann iyoor-I

1 
1 

1 
1 1

ItH 1 
f— 1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1

Fresh

— : : " " : : r27: :

P rocessed Fresh
T5T”

Processed
” ~ " " i 5 r ~

I 79.40 — 80.35 -
II 75.90 9.20 76.30 9.50

I I I 70.40 8.90 70.65 9.10
IV 67.30 9.50 66.60 10.10
V 62.30 8.50 61.80 9.20

The m oisture con ten t o f  th e  fre sh  b e rr ie s  o f  both 

the c u lt iv a r s  showed a decreasin g  trend as th e ir  m aturity 

advanced. The same which was more in  P ann iyoor-I in  the 

1st stage g o t reduced by 18.55 per cen t at the Vth sta ge .

In Karimunda the redu ction  during th e  corresponding period  

was on ly  17.1 per ce n t . In the p rocessed  b e rr ie s  the m oisture 

con ten t was lim ite d  to  around 10 per ce n t .
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The ch lo rop h y ll con ten t in  fre s h  and processed  

b e rr ie s  at d i f fe r e n t  harvest stages are g iven  in Table 6 

and F ig . 1 a and 1 b .

Table- 6  Chlorophyll con tent in  fr e s h  and
processed  pepper b e r r ie s  at d i f fe r e n t  
harvest s ta g e s .

(Data in parenthesis in d ica te  percentage o f 
re ten tion ) .

4 . 4 . 2 .  C h l o r o p h y l l

Stages
o f

harvest

C hlorophyll con ten t (mg/g) 
dry w eight b a s is .

on

Karimunda P anniyoor-I
Fresh P rocessed Fresh Processed

(1) ( 2) (3) (4) (5)

I 3.10 - 2.67 -

I I 2.72 1.87
(68.75)

2.41 1.59
(65.98)

I I I 1.83 1.41 
' (77.04)

1.67 1. 32 
(79.04)

IV 1.03 0.79
(76.69)

0.82 0.63
(76.83)

V 0.47 0.19 0.39 0.12
(40.4 2) (30.77)

In both  the c u lt iv a r s ,  ch lo ro p h y ll contained in 

the b e rr ie s  showed a d ec lin in g  trend towards th e  m aturity 

o f  the b e r r ie s .  I t  was more in  Karimunda in  a l l  the stages 

o f  development compared to  P a n n iyoor-I.

In both  the c u lt iv a r s  th e  b e rr ie s  harvested at 

the I l l r d  sta ge  were found most e f f i c i e n t  w ith regard to the 

re te n tio n  o f  ch lo rop h y ll a f t e r  p rocess in g .
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The data present in  Table 7 and F ig . 2 a  and 2 b 

indicates the v o la t i le  o i l  content o f  fresh  and processed  

b erries at d iffe r e n t  m aturity le v e ls .

4 . 4 . 3 .  V o l a t i l e  O i l

Table 7 . V o la t ile  o i l  content in  fre sh  and processed  
pepper b erries at d iffe r e n t  harvest s ta g e s .

(Data in parenthesis in d icate  percentage o f retention)

Stages o f  
harvest

Percentage o f v o la t i l e  o i l  on 
dry  w eight bas is .

Karixnunda P anniyoor-I
Fresh P rocessed Fresh Proc essed

( 1) ( 2) (3) (4) (5)
I 10.1 ■ mm - ■ 8 .3 -

II 10.4 3.1
(29 .8 )

9.1 2.7
(29.7)

I I I 9 .6 4 .0
(41 .6)

8 .2 3.8
(46.4)

IV 6 .8 3.7
(54 .4 )

5 .1 , 2*9x(56.9)
V 3.7 2 9

_________ n s .4 )
2.9 2 .1

(72.4)

The data revea led  th a t  th ere  was wide v a r ia t io n  in

the accum ulation pattern  o f  v o la t i l e  o i l  in the fresh  b err ie s  

depending on th e  stages o f  m aturity . But the pattern  o f 

accum ulation was q u ite  s im ila r  in  both the c u lt iv a r s ,  which 

was a t  a peak in the Ilnd sta ge  and d e c lin in g  trend th e re a fte r .

Due t o  p rocessin g  treatm ents th ere  was lo s s  in  

th e  v o la t i l e  o i l  con ten t in  both  the c u lt iv a r s .  R etention  of 
v o la t i l e  o i l  in  the b e rr ie s  was minimum in th e  Ilnd  stage 
which increased  gradually  as the m aturity  o f  the berry

advanced
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The data regarding th e  p ip e r in e  con ten t in  fre sh  

and processed  pepper b e rr ie s  a t various m aturity le v e ls  are 

g iven  in  Table 8 and F ig . 3 a and 3 b .

T a b le -8 . P iperin e  con ten t in  fre sh  and processed
pepper b e r r ie s  a t d i f f e r e n t  harvest s ta g es .

4 . 4 . 4 .  P i p e r i n e

Stages of
Percentage of t 
dry weight basi

)iperine
Ls

on

harvest _____ Karimunda_________ ___ Panniypor-I________

-------717“ --------------
Fresh

■“ “•727“ “ "
Processed 1

H
u 13* 1 1 Processed

----------(57----------
i 5 .2 — 4.8

i i 6.5 5 .9 6.3 5 .3
h i 6 .8 6 .6 6 .0 6 .2

IV 4 .6 4 .7 4 .1 4 .4
V 4 .0 4 .2 3.4 3.6

wide v a r ia t io n  in  the accum ulation pattern  o f  

p ip er in e  cou ld  be n oticed  in  b e r r ie s  during th e ir  course  o f  

developm ent. V a ria tion  cou ld  a ls o  be observed between the 

c u lt iv a r s .  The peak accum ulation was n oticed  in th e  Ilnd 

sta ge  in P ann iyoor-I and I l l r d  sta ge  in Karimunda. There a fte r  

i t  d e c lin e d .
/

Higher p ip er in e  con ten t was observed in  the 
processed  b e rr ie s  o f  IVth and Vth stages in Karimunda and 
I I I ,  IV and V stages in  P ann iyoor-I compared t o  the fre sh  ones. 

Marginal lo s s  o f  p ip er in e  con ten t during p rocessin g  was 

n oticed  in  the b e rr ie s  harvested  in  the Ilnd  and I l l r d  stages 

in  Karimunda and Ilnd  sta ge  a lon e in  P a n n iyoor-I.
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4 .4 .5  N on vola tile  ether e x tra c t  (NVEE)

The data presented in  Table 9 and F ig . 4 a and 4 b 

revea led  the NVEE con ten t in  fr e s h  and p rocessed  pepper 

b e rr ie s  a t d i f fe r e n t  harvest s ta g e s .

Table 9. N onvolatile  ether e x tra c t  con ten t in  
fre sh  and processed  pepper b err ies  at 
d i f fe r e n t  harvest s ta g e s .

(Data in parenthesis in d ica te percentage o f re ten tion )

Stages o f  
h arvest.

Percentage o f  NVEE on dry weight bas is
Karimunda Panniyoor-I

Fresh P rocessed Fresh Processed
( l ) ( 2) (3) (4) (5)
I 10.5 - 9.3 -

II 9.3 6.7
(72.1)

8 .9 6 .9
(77.5)

I I I 8 .8 7 .2
(81 .8)

8 .3 7.4
(89.2)

IV 7 .6 6.3
(82.9)

8 .0 7.2
(90.0)

V 7 .2 6 .0
(83 .3)

7 .6 6.5
(85.5)

In resp ect o f NVEE con ten t a d e c lin in g  trend towards

the development o f berries was noticed in  both the c u lt iv a r s . 

The v a ria tio n  in Panniyoor-I was marginal compared to

Karimunda.

The NVEE content got reduced during p rocess in g . 

Percentage re te n tio n  was maximum in processed  b e rr ie s  o f  TVth 

sta ge  in P ann iyoor-I and Vth sta g e  in  Karimunda.
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The sta rch  content in  fre sh  and processed  pepper 

b e rr ie s  at d i f fe r e n t  stages o f  harvest are presented  in 

Table 10 and F ig . 5 a and 5 b .

4 . 4 . 6 .  S t a r c h

Table 10. Starch con ten t in  fre sh  and processed  
pepper b e rr ie s  at d i f fe r e n t  harvest 
s ta g e s .

Stages o f  
harvest

Percentage o f w eight b a s is .
sta rch  on dry

Karimunda Panniyoor-1
Fresh P rocessed Fresh Processed

(1) (2) (3) (4) (5)

I 17.35 — 19.42 —

II 21.42 22.10 21.90 23.00
I I I 26.60 27.30 25.35 26.90

IV 38.47 40.80 38.57 41. 10
V 42.70 43.20 43. 20 44.80

The accum ulation p a ttern  o f s ta rch  exh ib ited  an 

in crea sin g  trend during th e  cou rse  o f  development o f  b e r r ie s . 

The ra te  o f  in crea se  was slow er in  th e  i n i t i a l  s ta g e s . I t  

became rapid  as the m aturity o f  th e  b e rr ie s  advanced in 

both the c u l t iv a r s . Starch con ten t was h igher in  processed  

b e rr ie s  compared to  the fre s h  ones o f  th e  corresponding 

stages in  both  the c u lt iv a r s .
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The data d ep icted  in  Table 11 and F ig . 6 a and 6 b 

in d ica te  the crude f i b r e  con ten t in  fresh  and processed  

pepper b e rr ie s  a t d i f f e r e n t  stages o f  h arvest.

4 . 4 . 7 .  C r u d e  f i b r e .

Table 11. Crude f i b r e  con ten t in  fre s h  and 
p rocessed  pepper b e r r ie s  at 
d i f fe r e n t  harvest s ta g e s .

Stages o f Percentage o f  crude f i b r e  w eight b a s is . on dry
harvest Karimunda P ann iyoor-I

Fresh Proc essed Fresh Processed
(1) (2) (3) (4) (5)

I 20.17 21.85 _

I I 19.56 22.35 18.10 21.80
I I I 13.50 16.90 16.05 19.20

IV 12.82 15.75 15. 15 18.10
V 11.87 13.50 12.90 14.35

The con ten t o f  crude f i b r e ex h ib ited  ai d e c lin in g

trend w ith the advancement in th e  development o f  b e rr ie s  in 

both the c u lt iv a r s .  The accum ulation was found t o  be more 

in  immature stages compared to  mature b e rr ie s  ir r e s p e c t iv e  

o f  the c u lt iv a r s .

Crude f i b r e  con ten t was h igher in  the processed 

b err ie s  compared t o  the fre sh  on es.
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tf

4 .4 .8 .1 .  T otal ash
*

The data presented in  Table 12 and F ig . 7 a and 7 b 

show the t o t a l  ash con ten t in  fre s h  and p rocessed  pepper 

b e rr ie s  at d i f fe r e n t  stages o f  h arvest.

Table 12. T ota l ash con ten t in  fre sh  and processed  
pepper b e rr ie s  at d i f fe r e n t  harvest 
s ta g e s .

4 . 4 . 8 .  Ash

s ta g e s  o f  
h arvest.

Percentage o f____ _ ^ e i2h t_b§sis_.
Karimunda

ash on dry

P ann iyoor-I
Fresh P rocessed Fresh P rocessed

(1) (2) (3) (4) (5)

I 5.81 — 7.20 —

II 6.56 6.95 6.21 6.80
I I I 4.95 6.10 5 .48 5.60

IV 4.43 5.78 5.43 5.65
V 4.12 4.95 5.10 5.30

The accum ulation pattern  o f  t o t a l  ash d i f fe r e d  at 

varying m aturity le v e ls  o f  b e r r ie s  in  both the c u lt iv a r s .

The peak accum ulation was in  the 1st sta ge  in  P anniyoor-I 

and in Ilnd  sta ge  in Rarimunda. T h erea fter a gradual decrease 

was observed in  both the c u lt iv a r s  t i l l  m aturity . The to ta l  

ash con ten t was higher in processed  b err ies , compared to  the 

fre sh  ones in  both the c u lt iv a r s .
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4 .4 .8 .2 .  Acid in so lu b le  ash

The acid  in so lu b le  ash con ten t in  fre s h  and 

processed  b e rr ie s  are d ep icted  in  Table 13 and F ig . 8 a

and 8 b .

Table 13. Acid in so lu b le  ash con ten t in  fre s h  
and processed  pepper b e rr ie s  at 
d i f fe r e n t  h arvest s ta g e s .

Stages o f  
h a rvest.

Percentage o f  A cid in so lu b le  ash 
on dry w eight b a s is .
Karimunda Panniyoor-1

Fresh Processed Fresh Processed

(1) (2) (3) (4) (5)

I 0.57 — 0.61 —

II 0.62 0.64 0.67 0.69
III 0.72 0.76 0.74 0.74

IV 0.78 0.78 0.81 0.85
V 0.86. 0.91 0.85 0.89

The accum ulation pattern  o f  a c id  in so lu b le  ash 
showed an in crea sin g  tendency in both th e  c u lt iv a r s  as

th e  m aturity o f  the b err ie s  advanced.

In the processed  b err ies  the con ten t o f  a c id  insoluUe 

ash was s l ig h t ly  h igher compared to  th at o f  fre s h  ones.

. * *
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The assessment o f  treatm ents using f i l t e r e d  l ig h ts  

with d i f fe r e n t  co lou red  g la sses  is  presented  in Table 14.

Table 14. Assessment o f  p rocessed  m ateria ls under 
s o la r  dehydration .

4 . 5  S o l a r  d e h y d r a t i o n

Colour o f Wave Extent o f O rganoleptic ch a ra cters .
S olar 1ength green
chamber. o f co lo u r  re - Colour App eara- T extur e

l ig h t
(nm)

te n tio n . nee.

(1) (2) (3) (4) (5) (6)

1. D irect Poor Bleached Unsat i s -  Medium
su n ligh t f u l l y fa c to r y .

2. F ilte re d
su n ligh t
through
( i )  White

g la ss 575 Poor Bleached Unsat i s -  Coarse
l ig h t ly fa c t o r y .

( i i )  Blue 730 r S cattered Dim with U nsatis- Coarseglass Y 1 ig h t- 1 ight fa c to r y .
( i i i )  Green 

g la ss
(iv  ) Amber

685 | 
Y

green * 
p a tch es .

green
patches U nsatis- Coarse 

fa c to r y
g la ss 665 i U nsatis- coarse

f  ac t o r y .

S olar dehydration  o f produces o f  d i f f e r e n t  treatment 

com binations d id  not y ie ld  s a t is fa c t o r y  re su lts  in  any o f the 

harvest s ta g es . However, there was v a r ia t io n  in the time 

requ ired  f o r  dehydration . I t  was 15 to  20 hours under d ir e c t  
sun and 25 to  35 hours under f i l t e r e d  l i g h t .  The d if fe r e n c e  in 

the wave length  o f  l ig h t  allow ed t o  pass through has not 

a ffe c te d  the drying p eriod .
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The data in d ica ted  th a t the b e r r ie s  dehydrated in the open 

sun were com plete ly  bleached in  appearapce. The produce 

obta in ed  from the f i l t e r  g la ss  chambers had patches o f  

green c o lo u r . N either th e ir  appearance or tex tu re  was 

s a t is fa c t o r y .  The d is t in c t io n  between th e  dehydrated 

m ateria l from the d i f fe r e n t  f i l t e r  chambers was a lso  not 

c le a r .

4 .6 .  Dehydration and rehydration  r a t io s

The recovery  o f  dehydrated m ateria l w ith re fe ren ce  to  

time o f b lanching f o r  d i f fe r e n t  harvest stages are given  in 

Table 15 a and F ig . 9 a .

Table 15 a. Percentage recovery  o f dehydrated pepper 
under varying blanch ing durations from 
d i f fe r e n t  harvest s ta g e s .

(Data underlined  in d ica te  the b e s t  treatm ent)

Duration
o f
blanching
(Minutes)

Istages 
J o f harvest II I I I IV V

I c u lt iv a r
X

K P K P K P K P

0 21.60 21.7P 27.10 27.55 30.2 31.6 36.4 37.
10.0 18.90 17.20 24.30 24.00 28.1 29.0 34 . 2 35.
12.5 16.90 16.10 20.73 20.20 27.0 28.9 33.0 34.
15.0 12.30 12.10 18.30 18.25 27.0 28.64 33.80 34.

, 20
10
70
20

K
P

Karimunda
Panniyoor-1



63

The data revea led  th at th e  recovery  o f  the dehydrated 

m aterial was in v erse ly  p rop ortion a l to  blanching time that 

to o  depending on the m aturity o f  the b e r r ie s .  The drain  

s o lu t io n  obta ined  a fte r  blanching was found t o  possess 

deeper brown co lo u r  which again was re la ted  to duration  o f  

b lanch ing. With increased  blanching tim e, the drain  s o lu t io n  

became more and more deeper e s p e c ia lly  o f  produces of ea r ly  

h arvests .

Rehydration in  water at 70 °C was found more e f f i c i e n t  

taking on ly  30 t o  50 minutes accord in g  to  advancement in 

m aturity f o r  maximum e f fe c t s ,  as aga inst 5 to  8 hours at room 

tem perature.

Rehydration in water at 70 °C a lso  helped to  wash o f f  the 

su lp h ite  residu e adhering to  the b e rr ie s  as v i s i b l e  from the 

rehydration  media.

The extent o f rehydration  a ffo rd ed  by d i f f e r e n t  treatments 

are presented in  Table 15 b and F ig . 9 b .

Table 15 b . Rehydration ra te  per kg o f dehydrated 
m ateria l in d i f fe r e n t  treatm ents.

C u ltiv a r
Kar imunda Panniyoor-I

( 1) ( 2) (3)
II 5 .00 5.60

I I I 4 .10 4.05
IV 3.10 2.75
V 2.40 2.15
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The data revea led  th at th e  rehydration  e f f i c i e n c y  decreased 

as the m aturity o f  ,the b e r r ie s  advanced. In both  the 

c u lt iv a r s , the redu ction  was to  a tune o f  50% between Ilnd 

and Vth stages o f  harvest.

0
A comparison o f  dehydration  and rehydration  ra t io s  o f 

p rocessed  pepper b e rr ie s  o f  each c u lt iv a r  is d ep icted  in 

E i g . 10 a and 10 b .

4 . 7 . Storage e f f ic ie n c y

The fo u r  stora g e  methods t r ie d  were s im ila r  in 

p ro te c t in g  the dehydrated m ateria l from th e  ingress o f  

moisture# lo s s  o f  co lou r  and o th er  v o la t i l e  substances fo r  

a period  o f three months# f o r  which# they were observed.

The an alysis o f  b e rr ie s  o f  d i f fe r e n t  treatments fo r  

colour# v o la t i l e  o i l  and ingress o f  m oisture b e fo re  and 

a ft e r  stora g e  d id  not revea l any v a r ia t io n .

4 .8 .  Economics o f  p rocessin g  tech n iqu es.

The lo s s  in weight o f  b e rr ie s  during th e  process  o f 

preparation  o f dehydrated green pepper adopting d if fe r e n t  

treatm ents was high compared t o  conven tiona l preparation  of 

b la ck  dry pepper. The extent o f  dehydration  was le s s  as 

the m aturity stage  advanced# th e  maximum dehydration  being 

ex h ib ited  by immature b e r r ie s .  The data presented in  

Table 15 a a lso  in d ica ted  th at compared to  p rocessin g  o f  

dry b lack  pepper# a p ra c t ic e  la r g e ly  in  vogue# more quantity 

o f  raw m ateria l would be requ ired  f o r  the produ ction  o f  

dehydrated green pepper.
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The quantity  o f  fre s h  pepper b e rr ie s  at d i f fe r e n t
i

stages o f  m aturity requ ired  f o r  the p rod u ction  o f  one kg 

dehydrated green pepper and the q u a n tita tiv e  lo s s  o f  

produce accru ing due t o  premature h arvesting  are presented 

in  Table 16. Conversion fa c to r s  worked ou t f o r  d if fe r e n t  

immature stages t o  n u l l i f y  the lo s s  in  w eight o f  b err ies  

accrued due to  th e ir  immaturity are a lso  presen ted .

Table 16. Q uantitative  re la t io n s h ip  between
immature and mature pepper b e r r ie s . 

(Fresh w eight b a s is )

Harvest 
s ta g e s .

Requirement fo r  
the produ ction  
o f  one kg o f 
the dehydrated 
product.

(kg)

Quantity to  be Convertion 
reckoned as equ i- fa c to r  -  
v a len t to  100 kg immature to 
b e rr ie s  o f  V stage  mature 

(Mature) b e rr ie s  
(kg) (Vth stage)

K ari-
munda

Panni-
y o o r -I

K ari-
munda

Pannl- 
y o o r -I

K ari-
munda

Panni-y o o r -I
( 1) ( 2) (3) (4) (5) (6) (7)
I I 5.29 5.81 169 171 1.69 1.71

I I I 4 .82 4.95 134 135 1.34 1. 35
IV 3.70 3.50 121 118 1 .21 1. 18
V 2.96 2.93 100 100 1 .0 1 .0

The data in d ica ted  th at the requirem ent o f  raw m aterial 

f o r  p rocessin g  was on the decrease  as the m aturity o f  the 

b e rr ie s  advanced.

A com parison o f  data revea led  th at the requirement o f  

raw m ateria l f o r  dehydrated green pepper produ ction  continued 

to  in crease  as the m aturity le v e l  o f  b e rr ie s  decreased .



Compared to  usage o f  100 kg fre s h  m ateria l o f Vth stage 

(mature) requirem ent o f  I I ,  I l l r d  and IVth stages would 

be  169 kg, 134 kg and 121 kg f o r  Karimunda and 171 kg,

135 kg and 118 kg f o r  P ann iyoor-I r e s p e c t iv e ly .

The c o s t  o f  produ ction  o f  one kg o f dehydrated green 

pepper under d i f fe r e n t  m aturity stages worked out are 

presented  in  Table 17.

Table 17. Cost o f  produ ction  per kg of dehydrated 
green pepper b e r r ie s .

(Rs.)

B tage 
o f

harvest

Karimunda............ X Panniyoor I
Cost o f
green
b e rr ie s

P roce- T ota l 
s s ing 
charges

i c o s t  o f
♦green
jb e r r ie s

P rocessing ch a rg es . Total

( 1) ( 2) (3) (4) (5) (6) (7) _
II 44.70 26.45 71.15 49.68 29.05 78.73

I I I 32. 29 24.10 56.39 3 3.41 24.75 58.61
IV 22.38 18.50 40.88 22.34 17.45 39.79
V 14.80 14.80 29.60 14.60 14.60 29.20

The data revea led  that the produ ction  c o s t  decreased

as the m aturity o f  the b e rr ie s  advanced. But th e  b err ie s  
from the Vth stage o f harvest ( f u l ly  matured b e r r ie s ) were 
not s u ita b le  f o r  dehydrated green pepper p reparation .

The data on economics revea led  that harvesting  of 

b e rr ie s  15 days p r io r  to  normal m aturity (IVth stage) was

most econom ical
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DISCUSSION

Black pepper (P iper nigrum, L .)  is  an important s p ic e  

crop  which accounts f o r  about 35 per cen t o f  the World 

trade in  s p ic e s , Supermacy o f  pepper in  th e  world trade 

o f  sp ice s  remains unchallenged.

The presen t commercial products o f  pepper are b lack  

and white form s, although attemps are underway to  d e v e rs ify  

the exp orts . The bulk and raw forms exported are reprocessed  

in to  oth er forms in the consuming cou n tr ies  accord ing  to 

th e ir  s p e c i f i c  needs.

The trend prevalent in  India to  export d iv e r s i f ie d  

forms o f processed  pepper o f fe r s  much scope provided  the 

q u a lity  standards are ensured. One such com m ercially 

important product is  dehydrated form o f  green pepper, which 

is  sa id  to  be a d e lic a c y  en joy in g  premium p r ic e  in  the world 

tra d e . This product has the advantage o f  low c o s t  o f  

packing and transhipment compared to  canned produ cts . 

R ecognising these aspects , in v e s t ig a t io n  was undertaken in 

th e  C ollege  o f  H orticu ltu re , V ellan ikkara on the techniques 

f o r  re te n tio n  o f green co lo u r  and oth er q u a lity  a ttr ib u tes  

in  th e  p rocessed  b err ie s  o f  two important pepper cu lt iv a rs  

o f  Kerala v i z .  Karimunda and P ann iyoor-I and the resu lts  

obtained are d iscu ssed  in  th e  fo llo w in g  s e c t io n .



5 , 1 .  S e l e c t i o n  o f  g r e e n  p e p p e r  b e r r i e s

The recovery  o f  w ell formed b e r r ie s  as evidenced by 

th e ir  u n iform ity  in  s iz e  and d en s ity  held  c lo s e  re la tio n sh ip  

w ith th e ir  m aturity s ta g es . The recov ery  percentage 

gradually  improved in  both  the c u lt iv a r s  as the m aturity 

o f  the b e rr ie s  advanced. This can be a ttr ib u te d  to  the 

d i f f e r e n t ia l  period  in  f r u i t  s e t  in  pepper v in e s . Higher 

recovery  percentage in the advanced harvest stages is  a lso  

because o f  fa s t e r  development o f  b e rr ie s  due t o  rapid 

accum ulation o f  starch  as revea led  in th is  study which 

supported the e a r l ie r  fin d in g s  o f  M itra e t  a l . (1966),

Mathai (1981) Mangalakumari (1983) and Ratnawatha and 

Lewis (1983) •

5 .2 ,  P roc es s ing treatments

5 ,2 ,1 .  K inetin

With regard to  r e te n tio n  o f  green  c o lo u r , k in e t in  

treatm ent was not e f f e c t iv e  as the c o lo u r  o f  the trea ted  

b e rr ie s  as w ell as those o f  c o n tro l  were s im ila r . But,

Singh (1980) reported  that cy tok in in s  helped to prevent the 

break down o f  c h lo ro p h y ll . Hence, i t  cou ld  be presumed 

that in  the present study the duration  o f  d ipping and 

con cen tra tion  used might have been not adequate to  a s s is t  

c o lo u r  re te n tio n  in  b e r r ie s .
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i

5 .2 .2 .  Blanching

Blanching helped r e te n tio n  o f  green c o lo u r  in 

pepper b e r r ie s .  The e f f e c t iv e  b lanching requirement was 

very s p e c i f i c  depending on th e  m aturity o f b e r r ie s .  For 

b e rr ie s  o f  Ilnd sta ge , b lanching fo r  10 m inutes, I l l r d  

sta ge  12.5 minutes and IVth sta ge  15 minutes were found 

id e a l. B erries o f  Vth sta ge  fa i l e d  to  r e ta in  green 

co lo u r  with the blanching le v e ls  attem pted, which in d ica ted  

th at b e rr ie s  beyond the IVth sta ge  are not id ea l fo r  

p rocessin g  dehydrated green pepper. B lackening o f  pepper 

b e rr ie s  during drying was due t o  enzymatic ox id a tion  

o f  polyphenols in  the b e rr ie s  (Mangalakumari et a l . ,1 9 8 3 ) .  

R etention  o f  green co lo u r  by blanching treatm ents observed 

in  the present study was due t o  p reven tion  o f  enzymatic 

o x id a tion  o f  phen olic  compounds as reported  by Lewis e t a l .  

(1976), Mathew and Sankarikutty (1977) and Nambudiri 

e t  a l .  (1978). V a ria tion  in  the e f f e c t iv e  blanching 

requirement w ith re fe ren ce  t o  the harvest stages observed 

in  the presen t study might be due t o  the changes in the 

d is t r ib u t io n  p a ttern  o f  phen olic  compound in b e rr ie s  o f 

d i f fe r e n t  m aturity le v e ls  as reported  by Mangalakumari 

e t  a l .  (1983) .
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5 .2 .2 .1 .  Magnesium Sulphate

A lka line media has been reported  very e f f i c i e n t
A y res ,1962)

in  green co lo u r  r e te n tio n  in  peas (B la ir  and An Cardamom# 

(Nararajan e t  a l.#  1968). In the presen t study blanching 

b e rr ie s  in  a media con ta in in g  magnesium su lph ate  was found 

e f f e c t iv e  in  co lo u r  reten tion#  the co n ce n tra tio n  varying 

accord in g  to  m aturity o f  b e r r ie s .  One per cent magnesium 

su lphate was requ ired  f o r  b e rr ie s  o f  Iln d  harvest stage# 

which had to  be increased  to  2.5 per cen t f o r  b err ies  o f 

both I l l r d  and IVth harvest s ta g e s . In the ca se  o f b erries  

o f  Vth harvest s ta g e , c o lo u r  re te n tio n  cou ld  not be 

observed even w ith f i v e  per cent magnesium su lphate. The 

ch lo ro p h y ll degradation  (su b s t itu t io n  o f  magnesium ions 

in  the ch lo ro p h y ll m olecules by the hydrogen ions)# stood  

retarded  by th e  presence o f  magnesium ions in th e  blanching 

media. This was a ttr ib u te d  as the reason fo r  th e  b e n e fic ia l  

e f f e c t  o f  magnesium su lphate on green co lo u r  re te n tio n  in 

b e r r ie s .

5 .2 .  2. 2. A scorbic acid

In th e  present study, a d d ition  o f 0.025 per cent 

a scrob ic  acid  in  blanching medium imparted b e tte r  green 

co lo u r  to  dehydrated pepper, which cou ld  be a ttr ib u ted  to 

i t s  a n tio x id a tiv e  p rop erty . S im ilar r e s u lt  has been 

reported  by Lease and Lease (1956 b) in  C h i l l ie s .



71

5 .2 .3 .  S u lp h ite  treatm ent

The su lp h ite  treatm ent w ith sodium m etabisu lph ite 

along w ith c i t r i c  acid  was found e f f e c t iv e  in  c o lo u r  

re te n tio n  a fte r  dehydration  compared to  the processed  

m ateria l o f  the co n tro l which possessed  a b la ck ish  t in g e .

The b e t te r  re te n tio n  o f  green co lo u r  was due to  e f f ic ie n c y  

ex h ib ited  by Sodium m etabisu lph ite as a good in h ib ito r  of 

phenols as reported  by Mathew and Paripa (1971). 

Mangalakumari e t a l .  (1983) had observed outward spreading 

o f phen olic  ex tra ctiv es  along with m oisture during the 

p rocess  o f  dehydration , which she found as resp on sib le  f o r  

imparting b la ck ish  co lo u r  t o  dehydrated b e r r ie s  devoid  o f  

any treatm ent. The p ost b lanching dip in  th e  su lp h ite  

s o lu t io n  helped to  wash away the adhering phenolic compound 

besides p rov id in g  a p r o te c t iv e  coverin g  on the b e r r ie s , 

which reduced the p o s s ib le  b lackening o f  the b e r r ie s .

C it r ic  acid  retarded the p o s s ib le  o x id a tiv e  p rocess  in  

s tora g e , as reported  by Natarajan e t  a l .  (1969) in c h i l l i .

5 .2 .4 .  Mechanical dehydration

Dehydration o f  b e rr ie s  u t i l i z in g  'C ro ss -flo w  Air 

Oven* was found su p erior  than 'C abinet D r ie r '.  The 

s u p e r io r ity  o f  'C ro ss -flo w  A ir  Oven' can be a ttr ib u ted  to  

i t s  e f f ic ie n c y  in ex p e llin g  the humid a ir  accumulated during 

the process o f  dehydration . S im ilar r e s u lt  was reported  

by Purseglove e t a l .  (1981 b) in  turm eric.

Regarding tem perature requirem ents, i t  was found 

th at an in i t i a l  tem perature o f 70 ° C durin9 the f l r s t  hour-
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fo llo w e d  by 50 °C as id e a l.  These fin d in g s  were s im ila r  

to  th ose  reported  by P urseglove e t  a l .  (1981 b) in 

cardamom, they have found t£ e  n e ce ss ity  f o r  th e  maintenance 

o f  a h igher temperature in  th e  in i t ia l  phase.

5 .3 .  Evaluation o f treatm ent com binations

Success in any method o f p rocessin g  dehydrated green 

pepper would depend on the e f f i c i e n c y  with which the 

enzymatic o x id a tion  is  a rrested  and a lso  the p ro te c t io n  

a ffo rd e d  to  ch lo ro p h y ll from degradation . T herefore, to 

assess the e f f ic a c y  o f  d i f fe r e n t  treatm ent com binations as 

d ep icted  by the expression  o f green co lo u r , eva lu ation  fo r  

o rg a n o lep tic  ch aracters was done in  the study.

5 .3 .1 .  O rganoleptic ch aracters

Study on o rg a n o lep tic  ch a ra cters  v iz .  co lo u r , 

appearance and tex tu re  o f  th e  samples revealed , that the 

b e rr ie s  o f  Iln d , I l l r d  and IVth harvest stages were b e tte r  

f o r  p rocessin g  as dehydrated green pepper. Karimunda, was 

found b e t te r  than P ann iyoor-I in  green co lou r  re ten tion  

because o f  i t s  h igher ch lo rop h y ll con ten t in  the b e r r ie s .  

For b e rr ie s  o f Vth harvest s ta g e , the techniques t r ie d  were 

not e f f i c i e n t  presumably due t o  the f a c t  that as the 

b e rr ie s  tended to  a tta in  f u l l  m aturity , degradation  o f  

ch lo rop h y ll o r  pigment con version  would have s e t  in as 

p ostu la ted  by Woolhouse (1967) and Leopold and Kriedemann 

(1981). The r e s u lt s ,  thus in d ica te d , th a t m aturity of
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b e rr ie s  at harvesting time was an important fa c to r  to  be 

reckoned f o r  th e  su cce ss fu l p reparation  o f  q u a lity  

dehydrated green pepper.

5 .3 .2 .  I d e n t if ic a t io n  o f b es t  treatm ent com bination

The p rocessin g  requirements were found t o  vary 

accord ing  to  harvest s ta g es . Hence# the b e s t  com bination 

among the treatm ents t r ie a  was id e n t i f ie d  f o r  each stage 

o f  harvest by org a n o lep tic  t e s t s .  The p o s s ib le  reasons 

have a lready been d escr ib ed  under s e c t io n  5 .2 .

5 .4 .  d u a lity  eva lu ation  o f  fre s h  and p rocessed  pepper
b e r r ie s .

The chem ical con stitu en ts  in  the pepper b e rr ie s  

showed flu c tu a t in g  trend during th e  p eriod  o f  development. 

The same trend was seen r e f le c t e d  in the b e r r ie s  processed  

from then. As th e  p rodu ction  o f  dehydrated green pepper 

is  mainly intended f o r  fo r e ig n  markets# q u a lity  a ttr ib u tes  

other than orga n o lep tic  characters a lso  assume importance 

as p o in ted  out by Natarajan (1981).

5 .4 .1 .  M oisture

The m oisture con tent in  fre s h  b e rr ie s  exh ib ited  a 

decreasin g  trend as the m aturity  advanced. Accordingly# 

the dry weight o f  b e rr ie s  continued to in crease  from 

e a r l ie r  phase to  f in a l  phase o f developm ent. The decrease 

in  the m oisture con tent o f  b e rr ie s  during advanced m aturity 

is  a ttr ib u te d  to  the fa s t e r  accum ulation o f  starch  as 

reported  by Mathai (1981) and Ratnawatha and Lewis (1983) .

co
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Dehydration o f  produce to  a s a fe r  m oisture le v e l  is  

im perative f o r  s a fe  stora ge  and co lou r  re te n tio n  as most 

o f  than are hygroscopic (P ruth i, 1980) . In a dehydrated 

product/ a m oisture percentage above 12 was d e le te r iou s  

causing mould attack  bes id es co lo u r  revers ion  (CFTRI, 1963).

For dehydrated green pepper, ISI(1980) has s t ip u la te d  the 

maximum m oisture percentage f o r  stora ge  as e ig h t . In the 

present study, i t  was found th at under V ellanikkara 

co n d it io n s , product w ith 10 per cen t m oisture had a s h e lf  

l i f e  f o r  three months.

5 .4 .2 .  C hlorophyll

Thebe was gradual red u ction  in  ch lo ro p h y ll content as 

the m aturity o f  b e rr ie s  advanced. The red u ction  in the 

ch lo ro p h y ll con tent o f b e rr ie s  towards m a tu rity -is  a ttr ib u ted  

t o  the d e te r io r a t io n  o f c h lo ro p la s t  as suggested  by 

Woolhouse (1967) and due to  d is in te g ra t io n  o r  con vertion  o f 

ch lo ro p h y ll pigments as indicated , by Leopold  and 

Kriedemann (1981).

R etention  o f  maximum ch lo ro p h y ll is  an important 

a ttr ib u te  fo r  dehydrated green pepper. B lanching at b o il in g  

p o in t re su lte d  in lo s s  o f  green co lou r  in spinach (Cruess ^1958). 

But the p resen t study revea led  th at ca re fu l b lanching avoiding 

b o i l in g  minimised the d is t o r t io n  o f ch lo rop h y ll t issu e s  

ensuring b e t te r  re te n tio n  o f  green co lo u r .
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5 .4 .3 .  V o la t i le  o i l

The trend in  v o la t i l e  o i l  con tent in  b e rr ie s  o f 

d i f fe r e n t  m atu rities d id  not show co n s is te n cy . In general# 

th ere  was an upward trend in its  con ten t upto Ilnd stage 

fo llow ed  by a d e c lin e  t i l l  the Vth sta ge  in  both  the 

c u lt iv a r s ,  s im ila r  to  the observation s  o f  Purseglove 

e t a l .  (1981.a). They have p ostu la ted  th a t the maximum 

accum ulation o f v o la t i l e  o i l  in  b e rr ie s  o f  Indian cu lt iv a rs  

was at 4V2 months maturity# which decreased th e re a fte r .

The redu ction  in the v o la t i l e  o i l  con ten t in  the advanced 

stages o f  development o f  b e rr ie s  was due to in crease  in 

sta rch  con ten t d ilu t in g  th is  f la v o u r  p r in c ip le  as found 

by Ratnawatha and Lewis (1983).

The lo s s  o f  v o la t i l e  o i l  due t o  p rocessin g  was 

maximum in  immature b e r r ie s .  As the b e r r ie s  advanced in 

maturity# redu ction  in  the lo s s  o f  v o la t i l e  o i l  cou ld  be 

observed . Higher percentage lo s s  o f  v o la t i l e  o i l  due to  

blanching can be a ttr ib u ted  to  the lo c a t io n  o f  e sse n tia l 

o i l  c e l l s  in  the inner part o f  th e  ou ter  sk in  o f  the 

b e rr ie s  as rep orted  by Hardman (1972) and Mangalakumari(1983). 

The q u a lita t iv e  changes occu rrin g  to  the components due t o  

blanching treatm ent were not stu d ied , but th ey  deserve 

d e ta ile d  investiga tion#  as Pruthi et a l .  (1976) have 

reported  wide v a r ia t io n  in aroma con stitu en ts  as a r e s u lt  

o f  blanching treatm ent.
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5 .4 .4 .  P iperin e

In Karimunda, maximum p iper ine content was noticed  

at the I l l r d  sta g e , w hile  in  P an n iyoor-I, i t  was at the 

Iln d  s ta g e . In P ann iyoor-I, the p ip er in e  con ten t was 

com paratively  low . Poulose (1973 a) a ls o  found s im ila r  

v a r ia t io n  and rated  i’a n n iyoor-I  as a medium pungent v a r ie ty . 

According t o  Purseglove et a l .  (1981 a ) , the p ip erin e  

con ten t continued to  in crea se  even a ft e r  maximum 

accum ulation o f v o la t i l e  o i l  in the b e r r ie s .  The present 

study a ls o  gave concordant r e s u lt s .  The red u ction  in 

p ip er in e  con tent towards m aturity o f  b e r r ie s  was due t o  

rapid  in crease  in  starch  con ten t which d ilu te d  the pungent 

p r in c ip le s  (Ratnawatha and Lewis, 1983). The contents o f  

p ip er in e  in  the processed  m ateria ls o f  d i f fe r e n t  harvest 

stages were s l ig h t ly  more than th a t o f  raw b e r r ie s , except 

in  the Ilnd stage o f h arvest, wherein the p ip er in e  con ten t 

was le s s e r  than that o f  raw b e rr ie s  of the corresponding 

sta ge  o f h arvest. Karimunda p ossessed  h igher p ip erin e  

con ten t in  the processed  forms a ls o .  Comparison o f  harvest 

stages in d ica ted  that b e rr ie s  a t I l l r d  sta ge  contained  

maximum p ip erin e  in the processed  m a ter ia l.

The b e t te r  re ten tion  o f p ip er in e  in  the b e rr ie s  was

due t o  the lo c a t io n  o f p ip er in e  c e l l s  in the inner core  o f 

the pepper b e rr ie s  (Mangalakumari, 1983), i t s  water
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in so lu b le  nature (Sumathikutty e t a l .,1 9 8 1 )  and it s  

a b i l i t y  to  sublim ate on ly  at 104 °C (Janot and 

Chaignean, 1947) •

The higher p ip er in e  con ten t observed  in  processed  

product compared to  raw forms can be a ttr ib u te d  to  the 

lo s s  o f  o th er  con stitu en ts  during p ro ce ss in g .

5 .4 .5 .  N on volatile  e th er  e x tra c t  (WEE)

In both  the c u lt iv a r s ,  maximum NVEE co u ld  be

observed in the b e rr ie s  o f  1s t  harvest s ta g e  and i t  got

reduced as the m aturity o f  b e r r ie s  advanced. In the

present study, WEE ex h ib ited  a b e tte r  re te n tio n  compared

to  v o la t i l e  o i l .  The re su lts  obtained were s im ila r  to

th ose  published  by Pruthi et a l .  (1976) . The water

in so lu b le  a lk a lo id s , which sublim e on ly  at very  high

tem perature, form the major part o f  WEE (Jose, 1978) .

The b e tte r  re te n tio n  o f  the WEE in  the p rocessed  m aterials

can be a ttr ib u te d  to  th is  f a c t .  In the present study, i t

was found that th ere  was only p a r t ia l  lo s s  o f  WEE, which
e t  a l .

corrob ora ted  the fin d in g s  o f  P ruth i 4 1 9 7 6 ).

5 .4 .6 .  Starch

The sta rch  con ten t showed an in crea sin g  trend 

towards m aturity in  both the c u lt iv a r s  con tra ry  t o  the 

pattern  n oticed  in resp ect o f o th er  m ajor co n s t itu e n ts . The
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in crease  o f  sta rch  con ten t was gradual t i l l  the I l l r d  

sta ge  and th e re a fte r  ra p id . The trend in s ta rch  content 

was found in v erse ly  p rop ortion a l to  crude f i b r e  content 

as already reported  by M itra et a l .  (1966), Govindarajan 

(1977) Jose (1978) and Wathai (1981).

There was no appreciab le  lo s s  o f  sta rch  due to  

p rocess in g  treatm ents. This was due to  in s o lu b i l i t y  o f 

sta rch  in water and no d is t o r t io n  t o  granules when blanched 

as they remained en closed  in sheaths (Mangalakumari ,1 9 8 3 ).

5 .4 .7 .  Crude f  ib re

The crude f i b r e  con ten t decreased  as the maturity 

o f  b e rr ie s  advanced. The red u ction  in the crude f ib r e  

con tent p rop ortion a te  to  m aturity o f  b e r r ie s  has been 

reported  by Pruthi e t  a l .  (1976) t Sumathikutty et y , .  (1979) 

and Mathai (1981). The sudden f a l l  in  the crude f i b r e  content 

in  the e a r l ie r  stages o f  berry  development fo llo w e d  a r is e  

in  the contents o f  v o la t i l e  o i l  and p ip e r in e  during the 

f i r s t  h a lf o f  berry  development and r is e  in  sta rch  content 

in  the second h a lf in  both the c u lt iv a r s .  These observations 

are a lso  q u ite  s im ila r  to  the fin d in g s  o f  Mathai (1981).

The reason f o r  le s s  con cen tra tion  o f crude f ib r e  can a lso  

be a ttr ib u te d  to  the s ig n i f ic a n t  in crease  in  sta rch  content
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as Sumathikutty et a l .  (1979) reported  syn th esis o f  f ib r e  

t i l l  m aturity . In the p rocess in g  treatm ent the crude 

f i b r e  con ten t remained unchanged.

5 .4 .8 .  Ash

The accum ulation pattern  o f t o t a l  ash was qu ite  

s im ila r  to  that o f  crude f i b r e  in  both  the c u lt iv a r s .  The 

peak accum ulation was at the Ilnd  sta ge  in  Karimunda and 

at th e  1st stage in Panniyoor I .  The accum ulation d eclin ed  

th e r e a fte r  in  both  c u lt iv a r s .

The acid  in so lu b le  ash con tent increased  w ith 

m aturity o f  the b e r r ie s .  In the processed  b e r r ie s , ash 

con ten t was on par with that o f  fre sh  b e r r ie s .

5 .5 . S olar dehydration

The present study using d if fe r e n t  co lo u re d  glasses 

allow ing f i l t e r e d  l ig h t  o f  wave length  beyond the range 

o f  600-650 nm revea led  th at none o f them was su cce ss fu l 

in  help ing green co lo u r  re ten tion  in  pepper b e r r ie s .  

However, Narayanan (1983) observed b e tte r  c o lo u r  reten tion  

in  pepper b e rr ie s  by using l ig h t  cu tt in g  wavelength o f  the 

range o f 600-650 nm. The fa i lu r e  in  co lou r  re te n tio n  in 

the present study may be due t o  prolonged p eriod  taken fo r  

dehydration .
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5 .6 . Dehydration and rehydration  r a t io s

The data revea led  th at the extent o f  dehydration  

was c lo s e ly  re la te d  t o  the duration  o f  b lanch ing as 

lo s s  o f  con stitu en ts  occurred  due t o  prolonged blanching. 

The co lo u r  o f the drain  s o lu t io n  was. in d ica t iv e  o f th is , 

more co lo u r  and high v is c o c i t y ,  in d ica tin g  excess lo s s  of 

c o n s t itu e n ts . In the p rocessin g  treatm ent adopted 

ca re fu l b lanch ing, avoiding b o i l in g  helped to  minimise 

th is  lo s s  to a great exten t besides a rres tin g  d e s to r t io n  

o f  t issu es  which gave presen ta b le  appearance t o  the 

f in is h e d  produ ct. The red u ction  in  the w eight o f the 

dehydrated m aterial observed in  the study can be 

a ttr ib u te d  to  the lo s s  o f  v o la t i l e  substances in  the 

process o f  blanching as has been in d ica ted  by Pruthi 

et a l .  (1976) .

Rehydration was qu icker w ith water at 70 °C compared 

to  water at room temperature (30 °C ) . The v a r ia t io n  was 

so g rea t, th a t w hile s a t is fa c t o r y  rehydration  cou ld  be 

achieved w ith water at 70 °C in  30 to  50 minutes, the time 

requ ired  was as high as 3 t o  5 hours w ith w ater at room 

tem perature.

Presence o f  su lp h ite  residu e  in the fin ish e d  product
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is  an u ndesirab le  fea tu re  (Govindarajan# 1981). Usage of 

water a t h igher tem perature also helped to  wash o f f  the 

su lp h ite  coa tin g  o f  processed  m aterial# the exten t o f  which 

has not been estim ated.

The e f f ic ie n c y  o f rehydration  was re la te d  t o  stage o f 

harvest# maximum rehydration  ra te  being accounted in 

sta ge  I I  and the values decreased  accord ing  t o  the ascending 

order o f  the s ta g es . Between cu ltiv a rs#  the v a r ia t io n  in 

th is  resp ect was not very  much p e r c e p t ib le .  The minimum 

e f f i c ie n c y  in rehydration  ex h ib ited  by Vth sta ge  is 

a ttr ib u te d  to  reduced crude f ib r e  and high sta rch  contents 

in  the advanced sta ge  o f development o f  b e r r ie s .

5 .7 . Storage o f processed  m ateria l

A ll the fou r  s tora g e  methods te s te d  were equally  

e f f i c i e n t  fo r  a p eriod  o f  th ree  months upto which stu d ied . 

However, i t  is  worthwhile to  study the e f f i c i e n c y  o f  storage  

techniques f o r  a lon ger p eriod  as the produce is  intended 

m ostly f o r  overseas shipment.

5 . 8 . Economics o f  p rocessin g  tech n iqu es.

The trade in  pepper is  at p resen t o r ien ted  towards 

preparation  o f  dry b lack  pepper losing s o la r  dehydration of 

f u l l y  matured b e r r ie s .  Compared to  the recovery  e f f ic ie n c y
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o f  th is  product# lo s s  in  w eight was in e v ita b le  when 

processed  in to  dehydrated green pepper. Further# the 

in te n s ity  o f  lo s s  was more when raw m aterial o f  

immature stages were used. But f o r  su cce ss fu l production  

o f  dehydrated green pepper# f u l l y  matured b e rr ie s  were 

not so id ea l from the p o in t o f  view o f  c o lo u r  re ten tion  

which is  a most important a t tr ib u te  fo r  dehydrated green 

pepper. C onsidering th e  above aspect, more quantity  o f 

raw m aterial w i l l  be requ ired  f o r  p rocess in g  dehydrated 

green pepper. The c o s t  o f  produ ction  o f  dehydrated 

green pepper w il l  a lso  be  h igher than that o f b la ck  pepper# 

the fa c to r s  con tr ib u tin g  fo r  th e  same being excess raw 

m ateria l and p rocess in g  charges. These aspects c a l l  fo r  

s a fe  guarding the in te re s t  o f  the c u lt iv a to r s  through 

awarding premium p r ic e  as they w i l l  be in te res ted  to  

harvest the produce at an e a r ly  sta g e  which w i l l  b e  at 

the expense o f  it s  w eight. Payment o f  premium p r ic e  is  

worthwhile a lso  as dehydrated green pepper enjoys higher 

p r ic e  than black  pepper. From the q u a lity  p o in t o f  view 

also# dehydrated green pepper is  in  no way in fe r io r  to  

b lack  pepper except f o r  i t s  s ta rch  con ten t which is  o f 

l i t t l e  s ig n i f ic a n c e  so fa r  as th is  s p ic e  is  concerned.
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Among the pepper cu lt iv a r s  stu d ied  the data were in  

favour o f  Karimunda than P ann iyoor-I, although whose 

produce was a lso  o f  a ccep ta b le  q u a lity . Screening o f  

o th er important cu lt iv a r s  f o r  th e ir  s u i t a b i l i t y  f o r  

dehydrated green pepper produ ction  is  one o f  th e  fu tu re  

l in e  o f  work suggested .



SUMMARY



SUMMARY

In v e stig a tio n  was ca rr ie d  out at the C ollege 

o f  H orticu ltu re , V ellan ikkara during 1983-84 f o r  the 

'S ta n d a rd isa tion  o f techniques f o r  re te n tio n  o f  green 

co lo u r  in  processed  p e p p e r '. The resu lts  obtained are 

summarised below :

1. The percentage o f  recovery  o f  pepper b e rr ie s  

s u ita b le  f o r  p rocessin g  gradu a lly  increased  in  both  the 

c u lt iv a r s  as the m aturity o f  th e  b e rr ie s  advanced.

2. Blanching helped in  green co lou r  re te n tio n  on 

pepper b e r r ie s .  However e f f e c t iv e  blanching requirement 

v a r ied  w ith m aturity . K inetin  treatm ents were not 

e f f e c t iv e  in  co lo u r  r e te n tio n . Magnesium su lphate and 

a scorb ic  a cid  used in th e  blanching media and c i t r i c  

acid  and sodium m etab isu lph ite  in  the p o s t  blanching 

media were e f f e c t iv e  in  th is  regard, the con cen tra tion s 

v a r ied  accord ing to  the m aturity o f  b e r r ie s .

3. The chem ical con stitu en ts  in  th e  pepper b e rr ie s  

showed flu c tu a t in g  trend during th e ir  p eriod  o f  

developm ent. M oisture, c h lo ro p h y ll , v o la t i l e  o i l ,p ip e r in e ,  

n o n v o la t ile  ether e x tra c t , crude f ib r e  and t o t a l  ash 

ex h ib ited  a d ec lin in g  trend, w hile  starch  and ac id  in so lu b l 

ash showed an increasin g  trend as the m aturity o f  the
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b e rr ie s  advanced. There was lo s s  o f  ch lo ro p h y ll , v o la t i l e  

o i l  and n o n v o la t ile  ether e x tra c t  during p rocess in g  w hile 

oth er con stitu en ts  were not a f fe c te d  ap p reciab ly  by the 

p rocessin g  treatm ents.

4 . H arvesting b e rr ie s  a t  IVth sta g e  (5V2 months maturity) 

was found idea l fo r  th e  p rocess in g  in to  dehydrated green 

pepper. This harvest s ta g e  proved to  be econom ical and the 

produce o f  which possessed  d e s ira b le  exten t o f  pungent

and arom atic p r in c ip le s .  The s ta rch  con ten t was a lso  low 

and f ib r e  con ten t high at th is  m aturity l e v e l .

5 . Karimunda was found su p erior  w ith regard to  

ch lo ro p h y ll , v o la t i l e  o i l ,  p ip e r in e  con ten t and in green 

co lo u r  re te n tio n  a ft e r  p rocess in g  compared to  P anniyoor-I, 

the produce o f  which was a lso  o f a ccep ta b le  q u a lity .

6 . S olar dehydration under d ir e c t  sun and f i l t e r e d  

l ig h t  d id  not help  to  re ta in  the green co lo u r  in  the processed 

m ateria l and the re su lts  were in  favour o f  mechanical 

dehydration  with C ross-flow  A ir Oven.

7. The recovery  o f  dehydrated m aterial increased with 

m aturity o f  b e r r ie s .  Rehydration was qu icker with water

at 70 °C . The extent o f  rehydration  decreased  with m aturity.

8 . The processed  m ateria l o f  10 per cent m oisture 

cou ld  be s u c c e s s fu lly  s to re d  f o r  three months under a l l  the 

fo u r  methods t r ie d .
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ABSTRACT

In v e s t ig a tio n  was c a r r ie d  out a t the C o lleg e  o f 
H orticu ltu re , V ellan ikkara, during 1983-84, to  standardise 
techniques f o r  re ten tion  o f green c o lo u r  in processed  pepper 
by adopting treatm ents o f k in e t in  (10,20 ppm), magnesium 
su lphate (1 ,2 ,5 , 5 % ) ,  a scorb ic  acid  (0 ,025 , 0.05% ), c i t r i c  
acid  (0,05% ), sodium m etabisu lph ite (1% SO2) and blanching 
(10, 12 ,5 , 15 m inutes). Mechanical and s o la r  dehydration 

methods were a lso  compared,

. The study revea led  th at improvement o f  th e  blanching 
media through a d d ition  o f  magnesium su lph ate inducing an 
a lk a lin e  co n d it io n  was d e s ira b le . A ntioxidants such as 
a s co rb ic  a cid  and c i t r i c  acid  were e f f e c t iv e  in improving 
green co lo u r  re te n tio n  in b e rr ie s  through re ta rd a tion  o f 
o x id a tiv e  process resp on s ib le  f o r  blacken ing o f  b e rr ie s  in  
the dehydration p rocess . The phen olic  in h ib ito r , sodium 
m etab isu loh ite  was a lso  e f f e c t iv e  in  th is  regard . But k in etin  
was not found e f f e c t iv e .  Among the dehydration  methods, 
mechanical dehydration that too  Cross-P low  A ir Oven method 
was su p e r io r .

A ll the chem ical con stitu en ts  in  pepper b err ie s  studied , 
showed a flu c tu a t in g  trend during the p eriod  o f  development, 
Except ch lo ro p h y ll v o la t i l e  o i l  and n on v o la tile  ether ex tra ct 
no oth er con stitu en ts  su ffe re d  lo s s  during p rocess in g . The 
processed  produce o f  10% m oisture cou ld  be s u c c e s s fu lly  
stored  f o r  three months under V ellan ikkara co n d it io n . 
H arvesting sp ikes at 5^2 months m aturity f o r  th e  preparation  
o f  dehydrated green pepper proved to  be econom ical. Among 
pepper cu lt iv a rs  stu d ied , the data were in  favour o f  
Karimunda than P ann iyoor-I, whose produce was a lso  o f 
a ccep tab le  q u a lity .


