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1. INTRODUCTION

“R ice ,1 delicious when cooked, is being worshipped as the greatest 

o f  all foods”

Rice means life in the monsoonal Asia, where approAimaiciy yv 

per cent o f  w or ld ’s rice is grown and consumed (Shobarani,  1992). In

fact, Ind ia ’s 1 most important contribution to world agriculture is rice.
[

staple food of  East and South East Asia (Mathews, 1991).

Rice is one o f  the cheapest  source o f  food energy and protein. It 

contributes to 50 per cent o f  dietary needs and forms single most 

impor tant source o f  calories to ha l f  the human race which depend on it in 

East, South Past and South Asia. It supplies on an average,  l / 3 rd o f  the 

calories.  The protein content o f  the rice may be low, however the quality 

o f  the protein,  is superior (Saikia, 1990).

Although rice is an important staple food for majority o f  people,
i

as an item of  commerce,  it is only o f  secondary importance. The w or ld ’s 

rice production increased from 520 million tonnes in 1990 to 597 million 

tonnes in 2000 (FAO, 2001). In India, a total area o f  44.60 million 

hectares was allotted to rice production.  The total production in 1998 -
I

99 was estimated as 85.99 million tonnes giving an-yield o f  1930 kg / 

hectare (Kurup, 2000).

The many diverse uses o f  rice, both domestically and for export,  

require that1 quality be evaluated, according to its suitability for specific 

end use. Quality is based on a combination o f  subjective and objective 

factors.  Quali ty o f  rice is influenced by many parameters like its 

physical, cooking, nutri tional and organoleptic qualities. For planning a 

systematic ireeding programme, an understanding o f  the quality 

attr ibutes is a pre- requisite.

The Pokkali area lies in the coastal regions of Ernakulam and 

Kannur districts. The soils in these areas are saline and inherently
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acidic. Only saline and salt tolerant varieties are recommended in these 

areas.

Through four PG projects,. 90 rice varieties evolved by KAU as 

well as local popular varieties were evaluated on the above parameters. 

In the study conducted at College o f  Agriculture, Vellayani during 1992 

-  95 on the development o f  various quality indices for rice, among the 60 

rice varieties studied,  Pokkali variety * Vyttila-3 ’ was found to be the best 

variety. The studies pertaining to the quality aspects o f  Pokkali rice 

varieties are scarce. Hence the present study is thus a relative 

assessment o f  major quality parameters o f  pre-released and released 

Pokkali rice varieties of  Kerala Agricultural University,  which will be 

beneficial to the breeders as well as to the consumers o f  the State.

The various aspects investigated are :

1. Physical  and cooking characterist ics o f  rice varieties / cultures
.. d2. Their  nutri t ion^composit ion and organoleptic qualities

3. The effect o f  parboiling on the above quality parameters and

4. Selection o f  superior variety based on selected quali ty attributes.
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2. REVIEW OF LITERATURE

The l i terature pertaining to the study, enti t led  “Quality analysis 

o f  Pokkali  rice varie ties/cultures” are rev iewed under  the following 

headings.

2.1 Structure  and composi t ion o f  rice

2.2 Quality aspects o f  rice

2.3 Effect  o f  processing on quality aspects o f  rice

2.4 N e w  technologies developed to overcome losses 

during  process ing and

2.5 Rice products.

2.1 STRU C TU R E AND COMPOSITION OF RICE

Paddy has a pro tective  layer o f  husk,  20-22  per cent by weight 

o f  the grain (Sharp, 1991).  Vijayakhader (1997) repor ted  that , after 

husk is removed,  the internal kernel is called brown rice, with 

cover ing layers, pericarp,  tes ta  or seed coat and aleurone layer 

(Fig. 1).

Accord ing to Athmaselvi  et al. (2001)  the covering layers, 

rem oved  by milling are called polishings or  rice bran.  Gupta et al. 

(2002)  observed that , rice bran is a good source  o f  calories as well as 

essential  fatty acid, as it contains oil and also an  excellent source o f  B 

complex vitamins and vitamin E.

Deka et a l  (2000) found that  majority o f  Indians are 

tradit ionally vegetarians by their dietary habits and derive most o f  

their  nutrient requirement  from plant foods.  Latin  (2000) opined that  

r ice ( Oryza sa tiva ) is the staple food o f  the  Indian popula tion and is 

mainly consumed in the form o f  whole grains.

Saikia (1990) repor ted  that ,  on  an average,  one third o f  the 

calories are supplied th rough  rice. In a study conducted  by Shobarani 

(1992) carbohydrates,  which give energy to body nearly, consti tute 80
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per cent o f  the rice grain in the  form o f  starch. Rice is a poor  source 

o f  prote in  as prote in  content is only seven per cent in rice, but it is 

valued as it is o f  super ior quali ty (Saibaba,  1993). According to 

Sangha and Sachdeva (1999) ,  rice is a fair source o f  vitamins and poor 

source o f  mineral  salts.

Goyal and Sharma (1998)- concluded that ,  the  overall  assessment 

o f  a food grain is determined by its physical,  physico-chemical,  

nutri t ional,  milling, cooking, process ing,  eating and storage  qualities 

besides economic values.

2.2 QUALITY ASPECTS OF RICE

Quality is the degree o f  excellence possessed by the grain 

(Srivastava,  1997). From the view point o f  Vijayakhader (1997) to a 

farmer,  seed quali ty is important,  but consum er’s view is influenced 

by local preference and food habits. The author  also stated that it 

depends upon economic conditions ,  nutri t ive value, palatabili ty, 

appearance  and cooking qualities.

Veenapal and Pandey (2000) repor ted  that , quality o f  rice 

depends upon its physical  quality,  which means,  cleanliness, 

soundness  and absence o f  foreign materials and its milling and 

cooking characterist ics,  which refer to sustainabili ty o f  grain for 

particular end use.

Parameters  like aroma, odour,  and taste  are very important 

quali ty characterist ics,  which have to be evaluated by sensory 

perception.  In order to bring about uniformity and reliability o f  the 

test  results,  BIS has laid down guidelines for sensory evaluation o f  

foods  (IS 6273),  and for selec tion o f  panel members (IS 8140) 

(Kawale,  1997).

As repor ted  by Sr ivas tava  (1997) ,  a scientific examination o f  

quali ty should be done  for various  factors like mois ture content,  

presence o f  foreign matte rs ,  immature  and damaged grains,  red rice
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and varie ta l  purity. There fore ,  accord ing  to Rao (1997) ,  it is only 

th rough  proper  analysis  o f  quali ty aspects  that  the grade o f  paddy, and 

consequent ly  its quali ty can be dete rmined.

2.3. EF FEC T OF PROCESSING ON QUALITY ASPECTS OF RICE

Mill ing  qual i ty  o f  rice is based on the yield o f  whole  kernel 

(head) rice,  having the product o f  greates t  economic  value.  The 

purpose  o f  r ice mill ing is to remove husk and bran from harvested  

dried paddy and to produce  milled,  polished or white rice with a 

m in im um  of  breakage (Indudharaswamy and Bhat tacharya,  1982; 

Pandey and Sah, 1993).  Mil l ing o f  paddy and factors in f luencing  it 

are im por tan t  technologica l  cons idera t ion  in process ing o f  rice for the 

market.  Veenapal and Pandey (2000) found that,  mil l ing  condit ions  

a lter  its phys ico-chemical  charac te r is t ics  and consum er  acceptabil i ty .

Pa rbo i l ing  is one o f  the well  developed pre-mil l ing trea tment 

given to paddy to improve  quali ty.  Parboil ing o f  rice increases  the 

keep ing  quali ty.  The loss o f  prote in  and starch is minimal from 

parbo i led  rice while  cooking.  Thus parboil ing  enhances  nutri t ional 

value o f  r ice (Kaur  and Sekhon, 1994).

A ccord ing  to Santha and Arulmozhi  (2001) parboil ing  process 

o f  paddy is a hydro thermal process ,  which may be def ined as 

ge la t in iza t ion  o f  the starch within  the rice grain.

As repor ted by Pil la iyar (1981) ,  in India, approx imate ly  50 per 

cent  o f  world paddy is parboiled  and about 60 -  90 per cent o f  total 

r ice consum pt ion  is in parboiled  form (Choudhury ,  1991).

Unn ik r i shnan  and Bhat tacharya  (1995) stated that parboil ing  o f  

paddy requires  three steps viz.,  soaking,  s teaming and drying. Several  

methods  o f  parboi l ing  are in vogue in d if ferent parts o f  world and the 

method o f  soaking paddy in hot water fol lowed by open s teaming 

(CFTRI, 1969) has been widely  prac ticed in India,  since long t ime 

(Kaur and Sekhon,  1994). Thirupath i  et al. (2000) repor ted that,
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pressure  parboil ing o f  paddy by applying steam under pressure has 

been recommended,  which is a method in which penetrat ion o f  

mois ture  into the paddy is in the form o f  water vapour  under  pressure  

which gelatinizes the s tarch  in the kernel. The authors  also concluded 

that , paddy soaked for 30 minutes and steamed under 123.60 KPa 

pressure  for 22 minutes gives maximum rice yield, breaking hardness 

value, translucence index and minimum cooking time.

Kaddusmiah et al. (2002a)  stated that,  from the commercial  and 

consumer point o f  view, the main quali ty cri teria o f  parboiled rice are 

optimum milling yield, maximum head rice, minimum broken grain, 

negative internal Assuring, uniform grain size, desirable colour  and 

aroma. .

Unnever et al. (1992) reported that the reason  for stating that  

rice grain quali ty is a multidimensional character,  is as it is composed 

o f  many components  such as eating quality, cooking quali ty and 

nutr i t ional quality.  The authors  also pointed that , each component 

consists o f  many at tr ibutes  including physico-chemical properties.

2.3.1 Physical Characteristics

Physical  charac te ri s t ics  o f  grain are found to be major  

de terminants  o f  quality.  These are decided by factors like, thousand 

grain weight,  grain dimensions,  moisture percentage ,  milling yield, 

head rice yield and L/B ratio (Nandini,  1995).

The physical  dimensions o f  rice such as, size, shape, weight 

and uniformity are o f  prime importance (Sharp,  1991). 

Bandhyopadhyay and Roy (1992) stated that , physical  dimensions o f  

length,  breadth  o r  wid th  and thickness as well as shape o f  the kernel 

vary according  to the  varie ty and are considered as the  most important 

cri te rion o f  rice quali ty and in developing new varieties for 

commercia l  production.



The s tudy conducted by Ali and Bhat tacharya  (1980b) revealed 

that parboiling results  in a bolder appearance  after cooking.  Bold 

grains, at tractive shape, colour and lustre are also observed to be 

major criteria for scoring (Nirmala,  1997).

According to Rosamma et al. (1991),  the two important 

characteris t ics about  which t h e - Kerala  farmers are very specific are 

grain shape and kernel colour.  In  a study conducted by Wen Hua 

Ling et al. (2001) it was found that ,  red  and black rice decrease 

atherosclerotic  plaque format ion and increases antioxidant status in 

rabbits.

As repor ted  by 'Gujra l  and Singh (2001) higher the degree o f  

milling, the more  the bran has been removed from the kernel and' thus 

whiter the  rice The authors  also opined that  undermilled rice has a 

greater nutri t ional value,  but has a low market appeal because most 

consumers prefer the appearance  o f  white  rice.

Rice is very sensitive to co lour  change. Biswas and Juliaono 

(1988) noted the influence o f  t em pera tu re  o f  parboil ing oh the colour 

o f  parboiled rice. In a study conducted  by Varadharaju et al. (2001),  it 

was found that ,  there  was appreciable  change in colour due to method 

o f  parboiling. The authors  also s ta ted  tha t  parboil ing,  alters the  colour 

o f  rice to varying extent.

Parboil ing is an important pre-mill ing process  for paddy, which 

brings about  profound changes in various  propert ies  o f  rice, including 

changes in grain dimensions (Bhat tacharya  and Ali, 1985; Pillaiyar, 

1988; Sowbhagya and Ali, 1991). In a study conducted by Sowbhagya 

and Ali (1990),  a slight change in grain dimension o f  milled rice was 

observed due to parboiling.  But accord ing to Kumari and Padmavathi

(1991),  kernel dimensions were no t  useful indices for the chemical 

composi t ion o f  rice grains.  Sowbhagya  et al. (1993) stated that, 

different methods o f  parboil ing seem to affect the grain dimensions in
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different ways.  The authors  also repor ted  that the grain length is 

significantly influenced by processing method.

Dela  and Khush (2000) opined that  the length breadth  ratio (L/B) 

falling between 2.50 and 3.00 is acceptable,  when the length is more than 

6 mm. Significant varia tion in L/B ratio was observed for paddy, brown 

and milled rice (Saikia,  1990).  Sheena (1997) concluded that as a result 

o f  parboiling, L/B ratio decreases  significantly. Singh et al. (2000) 

repor ted  tha t  varieties w i th ' low er  L/B ratio showed a higher loss o f  ash 

content than those having higher L/B ratio under  similar stages o f  

milling.

Accord ing to Nirmala (1997) thousand grain weight is 

considered to be a function to kernel size and its density,  and this 

determines milling quality.

Significant varia tion in thousand kernel weight  was found for 

paddy, b row n  and milled rice (Saikia,  1990). Ali et al. (1992) had 

found that  split appl ication o f  ni trogen  fertil izer produced 

significantly higher thousand  grain weight.

In a study conducted  by Neelofer  (1992) ,  with different pre 

release rice cultivars,  found that parboiled samples had higher values 

for thousand grain weight than raw rice. The thousand grain weight o f  

high yielding varieties was higher when compared  to tradit ional 

varieties (Nandini, 1995). According to Sheena (1997) ,  parboiling 

significantly increased the  thousand grain weight o f  rice varieties.

Dela and Khush (2000) opined that head rice is the milled 

kernels, tha t  are 3/4 or more o f  endosperm length.  The difference 

between milling yield and head rice yield is amount o f  broken kernels.

Indudharaswamy and Bhat tacharya  (1982) repor ted  that the 

cause o f  breakage o f  r ice grains was influenced by the propert ies  o f  

the grains and also by the condition  under which the grains are milled. 

Saikia (1990) repor ted  that medium fine grain varieties had lowest 

breakage.
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Tempera ture  o f  paddy during drying is very impor tant for 

obtaining bette r milling quality.  When the parboiled paddy was dried 

rapidly without tempering,  a steep moisture gradient developed between 

the surface and centre o f  the kernel and causes cracking (Kaddusmiah et 

a l 2002a).  Elbert  et al. (2001) observed high head rice yield, if drying 

temperature  and initial tempering moisture are low.

According to Kaur et al. (1991) parboiling treatment  o f  paddy 

varieties improved head rice recoveries  and pressure parboiling,  proved 

to be more beneficial in increasing the head rice yield and reducing the 

free fatty acid content.  Sheena (1997) reported that parboiling 

significantly increased the head rice yield o f  rice varieties.

Kaddusmiah et al. (2002a) found that,  with increase in soaking 

time, a significant increase in water  absorption,  milling and head rice 

yield in broken rice was observed. The authors also concluded that 

parboiling fills the void spaces and cements the cracks inside the 

endosperm making the grain hardened and minimizing internal Assuring 

and thereby breakage  during milling.

Swelling capacity / seed is the ratio o f  the final to the initial 

volume or weight o f  the rice (Sood et al., 2002).  According to Taira and 

Shoji (2000) swelling capacity  and viscosity are reduced with  increase 

in amylose and nit rogen contents  o f  rice varieties.

The water  absorp tion  capacity,  as reflected by the swelling 

ratio, is significantly lower for parboiled rice than for raw rice cooked 

for the same period and it was repor ted  recently by Varadhara ju  et al. 

(2001),  that  there was not much appreciable changes in swelling index 

due to parboiling.

2.3.2. Cooking Characteristics

Cooking quali ty is defined as the time required for proper  

cooking, the increase in volume o f  the cooked product,  consis tency 

and loss o f  solids during cooking (Bandhyopadhyay and Roy, 1992)
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Dela and Khush (2000),  found that cooking and eating 

character is t ics are largely determined by the propert ies  o f  the starch that  

makes up to 90 per  cent o f  milled rice. Juliano (1998) quoted that 

gelatinization temperature  and amylose content are important starch 

propert ies  which influence cooking and eating characterist ics,  others 

being kernel e longat ion and aroma. Cooking time is directly affected by 

gelat inizat ion temperature  o f  the starch and by pro te in  content. 

Accord ing to Saikia and Bains (1993) there is significant variation in 

cooking t ime o f  brown and milled rice. Brown rice to o k  longer  time 

for cooking than milled rice.

Kaur  et al. (1991) stated that parboiled rice required more 

cooking t ime than control ,  due to increased kernel hardness during the 

process .  But,  tradit ional parboiled rice required less time for cooking 

than pressure  parboiled rice. According to Sowbhagya and AH (1991) 

roas ted parboiled  rice cooks faster than normal parboi led rice,  which 

has an addit ional  advantage  in saving time and energy for cooking. In 

a study conducted  by Varadharaju et al. (2001) it was found that  

cooking t ime o f  raw rice samples, ranged between 22 and 25 

minutes and those o f  optimum parboiled samples ranged between 

25 — 33 and 30 — 33 minutes.

The loss o f  solids in cooking water generally serves as a good 

parameter  for the assessment o f  cooking quali ty o f  rice (Hirannaiah et 

al., 2001).

Rajalakshmi (1984) and Sreedevi (1989) reported  that  the gruel 

loss was higher  in tradit ional varieties than in high yielding varieties 

The au thor  also indicated a minimum loss o f  gruel in cooking when 

parboiled.  This is in tune with the findings o f  Kaur et al. (1991) and 

Nandini (1995) .  According to Neelofer (1992) gruel loss was found to 

vary among the different rice samples after processing.  More  gruel 

loss was exper ienced from raw rice when compared to parboiled rice
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(Nandini and Prema, 1997). Similar reports were also observed by Sheena 

(1997).

Kumari and Padmavathi (1991) found that volume expansion during 

cooking is directly affected by amylose content. The authors also opined 

that waxy or glutinous rice expands the least during cooking and its 

cooked grain has the heaviest bulk density. Singh et al. (1997) concluded 

that lengthwise expansion o f  rice on cooking without increase in girth is 

considered as highly desirable trait in higher quality rice.

Nandini (1995) observed that volume expansion after cooking was 

found to be influenced by the water uptake and the expansion was higher 

in high yielding rice varieties when compared to traditional varieties. The 

author also reported that volume expansion was found to be decreased 

significantly in the case o f  parboiled rice samples, when compared to raw 

rice samples. According to Kumari and Padmavathi (1991) volume 

expansion was less for short  grain varieties than long grain varieties.

Saikia and Bains (1993) reported that water absorption during 

cooking is directly affected by amylose content. Unnikrishnan and 

Bhattacharya (1995) reported that, ageing through storage results in higher 

head rice yield, greater water absorption and volume expansion during 

boiling.

Water uptake ratio showed a strong negative correlation with 

cooking time (Tomar and Nanda, 1985). Kumari and Padmavathi (1991) 

observed that cooking temperature seemed to be an influencing factor on 

water absorption as it increased with increase in temperature .  Karim et 

al. (1993) noticed that  the water absorption ratio is maximum at the 

intermediate milling pressure  by 2.0 and 2.5.

According  to Saikia and Bains (1993) significant variation in 

water uptake  ratio o f  brown and milled rice was noted.  Nandini (1995) 

observed that  water  uptake  ratio o f  high yielding rice varieties was 

found to be higher when compared  to tradit ional varieties. Varadhara ju
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et al. (2001) observed that there was no appreciable change in water 

uptake  due to the method o f  parboiling o f  paddy, but there  is reduction 

in w a te r  uptake  in parboiled rice over the raw rice.

Time required for cooking is determined by the gelatinization 

tem pera ture  o f  starch (Marshall et al., 1993).

Kaddusmiah et al. (2002b) repor ted  that  gelatinization 

tempera ture ,  is the range o f  temperature  where in at least 90 per cent 

o f  the  starch granules swell irreversibily in hot w a te r  with loss o f  

crystall inity and birefringence. The gelatinization temperature  o f  rice 

varie ties may be classified as low (55 to 69°C),  intermediate (70 to 

74°C), and high (> 74°C) (Dela and Khush, 2000).  The authors  also 

repor ted  that  rice varieties o f  intermediate gelatinizat ion temperature  

are prefe rred  all over the world, as the high gelatinization temperature  

rice becomes excessively soft when over cooked , e longate  less and 

remains under cooked  under standard cooking procedure .  Tomar and 

N anda  (1985)  stated that  gelatinization tem pera ture  affects the water 

uptake ,  volume expansion and linear kernel elongat ion.  Kumari and 

Padmavath i (1991) observed that short  grain varieties showed lower 

spreading and clearing values than long grain varie ties a lthough some 

exceptions  were  there.  According to Saikia and Bains (1993) 

gelatiniza tion time and temperature at peak viscosity  decreased with 

degree  o f  milling.

Bandhyopadhyay and Roy (1992) studied the influence o f  

ge latiniza tion temperature  on cooking behaviour o f  rice varieties and 

found that  grea te r  the degree o f  gelatinization,  higher is the hydration 

ability o f  the resul tant rice at tempera ture  be low 70°C. The authors  

also concluded that  above the gelatinization point,  the rate o f  

hydra tion  decreases  on parboiling, the extent o f  decrease  was again 

p ropor t iona l  to the severity o f  parboiling.

Elongation  ratio is the ratio o f  the dimension o f  the cooked and 

uncooked  rice. Kumari and Padmavathi (1991) opined that grain



length showed a significant negative correlation with e longat ion ratio. 

The authors  also repor ted  tha t  short  grain varieties elongated more  

than medium and long grain varieties, though the difference is less. 

Ali et al. (1993) s ta ted  that  rice stored  as milled grain improved in 

cooking quali ty as it is aged and recorded greater elongation.

The expansion ratio both  along the length and breadth  o f  

parboiled rice are lower than the ratios for the raw rice cooked for 

same period (Sheena,  1997). Kaur et al. (1991) repor ted  that 

parboil ing t rea tment increases elongation ratio.

2.3.3 Nutritional Composition

Nutr it ional  quali ty o f  rice is o f  primary consumer interest  and 

milling processes  designed to produce a white and acceptable  

commodity,  result  in loss o f  nutrients (Misaki and Yasumatsu,  1985).

Chat tarjee  and Maiti (1985) reported that  there is an ever ­

growing need for grain to meet the energy and prote in  requirements .  

Rice provides  upto 75 per cent o f  the dietary energy and prote in  for

2.5 billion people  (Juliano, 1990).  The author also repor ted  that  rice 

provides 68 per cent o f  the to ta l  energy and 69 per cent o f  the total  

dietary prote in  in South  Asia

In a s tudy conducted  by Sreedevi (1989) using 13 varieties o f  

rice, revealed tha t  high yielding rice varieties evolved by Kerala 

Agricultural  University were  found to be richer sources  o f  calories 

when compared  with local /  tradit ional varieties.  The author  also 

observed that the calorific value was increased after parboiling.  

Similar findings were also repor ted  by Nandini (1995) and Sheena 

(1997).

Devi et al. (1997) stated that proteins present in food are a 

mixture o f  several  fractions and each fraction differs in its solubility, 

amino acid composi t ion and digestibility. Protein is the second highest
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const i tuent o f  the milled rice. It makes a fundamenta l  contribution to 

nutri t ional quali ty (Juliano, 1998).

According  to Athmaselvi et al. (2001) the  covering layers, 

namely pericarp,  testa  or seed coat and aluerone layer are fibrous and 

contain  phytin,  which interfere in absorption o f  p ro te in  and makes rice 

difficult to cook. Kaur and Sekhon (1994) observed tha t  rice among the 

cereals,  ■ has  been reported to have relatively good amino acid 

pa tte rn  and its PER value varies from 1.38-2.56 depending upon 

variety.  Negative  correlat ion between content o f  pro te in  and starch, 

prote in  and volume expansion and protein percentage  and water uptake 

were observed (Juliano, 1998). Saikia (1990) repor ted  significant 

var ia tion in pro te in  for brown and milled rice. Sikka  et al. (1993) 

found tha t  with  increasing doses o f  ni trogen fert il izer, there was an 

increase in pro te in  content

Wimberley (1983) stated that parboiled rice retains more 

pro te in  and thus  is more nutri tious than raw milled rice. According to 

Nandini (1995)  the prote in content dropped sl ightly after parboiling, 

because o f  leaching out o f  non-protein nit rogen  and also due '  to 

decrease  in the to ta l  amino acids.

According  to Juliano (1998),  starch is the major consti tuent o f

rice, as starch and prote in  are 98.5 per cent o f  the  consti tuents  o f

milled rice. Starch,  a polymer o f  glucose occurs  in the endosperm as 

compound  polyhedral  granules,  three to ten microns in size 

(Kaddusmiah et a l 2002b).

Aberg  (1994)  found that starch is the nutri t ional reservoir  in

plants. The author  also reported that prote in  is negatively correlated

to s tarch  content.

Singh (1993) stated that starch is a mixture  o f  amylose and 

amylopectin.  Kaddusmiah et al. (2002b) observed tha t  starch granules 

are fairly hydroscopic;  therefore,  the mois ture content o f  the rice grain 

readily changes with a change in storage tem pera ture  or relative
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humidity. The authors  also stated that the hydro dynamic volume o f  

starch increases because o f  irreversible swelling ie ., gelatinization.

The  physico-chemical properties o f  s tarch as measured by 

amylose con tent ,  and gelatinization temperature ,  largely decide the 

cooking quali ty o f  rice (Sood and Siddiq,  1980). Accord ing to 

Marshall  et al. (1993) variability in posit ive corre la tion was observed 

between percentage  starch content  and the volume expansion o f  the 

rice kernel.  The authors  also reported that the  degree  o f  starch 

gelatinizat ion is responsible for many o f  the a tt r ibutes  in parboiled 

rice. Kaddusmiah et al. (2002b) observed that  the degree o f  

gelatinization o f  starch, a physical,  chemical and biological  parameter,  

is important in milling rice quality,' as it was found to increase on 

increasing soaking time.

Marshall  et al. (1993) opined that  incomplete parboil ing result 

in partial  surface starch gelatinization. The dried kernels produced 

trans lucent ou te r  layers and an opaque or white centre from the non 

gelatinized starch.  The authors  also stated that completely  gelatinized 

parboiled rice kernels are translucent.  Neelofer (1992)  and Nandini 

(1995) repor ted  that  starch content o f  rice varieties were  decreased as 

a result  o f  parboiling.

Rashmi et al. (2000) observed that many o f  the cooking and 

eating charac teris t ics o f  milled rice are influenced by the ratio o f  two 

kinds o f  starches,  amylose and amylopection in the rice grain. 

Amylose content is the principle factor for the rice quali ty which 

causes great  increase in volume, water uptake ratio,  tex tu re  and gloss 

o f  cooked  rice (Juliano, 1990). Ram et al. (1998) noted a linkage 

between amylose content,  L/B ratio and gelatinization temperature .  

Hermansson  and Svegmark (1996) reported  that , during the process  of  

gelatinization,  amylose molecules leach out o f  the micellar ne twork  

and diffuse into the surrounding aqueous medium outs ide  the granules.



Hot water insoluble amylose content o f  rice is the key 

determinant o f  the varietal differences in the  tex tu re  o f  the cooked raw 

rice (Bhattacharya et a l ., 1982). According  to Unnikrishnan and 

Bhat tacharya (1988) insoluble amylose and cooked  rice firmness were 

corre la ted.  Sowbhagya et al. (1987) and Kaur et al. (1991) concluded 

that the firmness o f  cooked rice increases and its st ickiness decreases,  

as insoluble amylose content o f  the variety increases and vice versa. 

Radhika  et al. (1993) observed that  the  insoluble amylose is an index 

o f  the long outchains o f  its amylopectin molecule.

Unnikrishnan and Bhat tacharya  (1995) opined that insoluble 

amylose content may be an intrinsic basic quali ty at tr ibute  o f  rice, 

irrespective o f  variety, ageing and parboiling.  The authors  also 

repor ted  that  the estimated value o f  insoluble amylose increases,  when 

the rice is parboiled or aged or both. Accord ing to Kaur et al. (1991), 

parboil ing process increases the amylose content compared  to control.

The amylose / amylopectin ratio is the major factor  influencing 

water absorption and volume expansion during cooking, as well as the 

texture  and gloss o f  boiled rice. As repor ted  by Bhat tacharya et al. 

(1982) amylose/amylopectin  ratio and gelat inizat ion temperature  are 

independent  propert ies  o f  rice starch,  which influences eating quality. 

Amylose content ranges from 9-37 per cent in the starch, 

corresponding  to 63-91 per cent amylopectin.  Amylose content is 

there fore  an index o f  amylose /amylopect in  ratio (Dela and Khush,

2000).

Takahash et al. (2001) sugges ted tha t  during starch 

gelatinization,  water molecules are incorpora ted  into the soluble high 

density amylopectin molecule result ing in swelling o f  the starch and 

changes it to a soluble st ructure  with low molecular density.

Grain  should be dried to 14 per cent approximate ly  to avoid 

losses due  to breakage in milling (Nandini, 1995). Kunze (2001) stated 

that mois ture re -adsorption by low mois ture  ie. dried grain causes



starch to expand and produce  compressive st resses  that  can lead to 

fissured grain which usually break during milling.

During soaking, when grain mois tu re  exceeds  30 -  32 per cent,  

then husks split causing leaching and ult imately de-shaping the rice. 

High tempera ture  soaking should be str ictly monitored and stopped at 

appropria te  point  when mois ture content o f  the rice is about 30 per 

cent (Bhattacharya ,  1985). Ramalingam and Raj (1996) stated that 

paddy is generally soaked in cold water for 24-48 hrs, which produced 

a high popula tion ' o f  anaerobic bacteria,  lactic acid bacteria,  

staphylococii  and yeast. The authors  also repor ted  that  this period o f  

soaking and use o f  same water repeatedly  p roduces  o f f  odour,  poor  

quality and bad taste to final product.

According to Saikia (1990) milling interact ion is greatly 

affected by variety and environment o f  growth ,  t ime o f  harvest , field 

moisture content,  s torage  conditions and drying temperature .

Bandhyopadhyay and Roy (1992) found that  head rice yield o f  a 

variety depends  upon mois ture  content o f  grain during harvest . The 

authors  also reported  that  paddy harvested  at high moisture  content 

(21-24 % wet basis) and dried by a mechanical  drier gives better yield 

o f  milled rice when compared  to paddy dried in the sun. Sheena

(1997) repor ted  that due to parboiling, mois ture  content was found to 

be decreasing.

De Vries et al. (1999) opined tha t  dietary fibre consists o f  the 

remnants  o f  edible plant cells, polysaccharides,  lignin and associated 

substances resistant to hydrolysis by the digestive enzymes o f  humans. 

Feldheim and Neues  Von den (1990) s tated that  an increased daily 

intake o f  approximately 30 g o f  fibre is encouraged to promote  health 

benefits associated with fibre components.  Mirko et al. (2001) 

reported that cereals form quantitat ively most important sources o f  

dietary fibre in many industrial ized countries.

I*
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In a study conducted  by Eggum et al. (1983) and Knudsen and 

Munch (1985) ,  the  dietary fibre conten t was increased on heat 

processing.  Sil jestrom el al. (1986) observed that  different thermal 

process ing used in the  prepara t ion o f  cereals for human consumption 

resulted in redis tribution o f  insoluble to soluble dietary fibre. The 

authors  also indicated -Sr& increase in soluble dietary fibre

fraction after thermal  processing,  probably due to physical disruption 

o f  cells.

Studies conducted by Topping el al. (1991) reported that the

Non Starch Polysaccharide (NSP) content  o f  white rice was

significantly higher than brown rice. According to Devi and Geervani

(2000) varietal  difference has no implication on increase in dietary 

fibre. The authors  also stated that the dietary fibre content has 

decreased as a result o f  parboiling.

Rice is repor ted  to be modera te  source o f  minerals. Sood et al. 

(1980) reported  that  rice bran contained maximum calcium, potassium, 

magnesium and phosphorus ,  while milled rice, contains the lowest

level in all the rice varieties studied. According to Atmaselvi et al.

(2001) the phytin content interferes the absorpt ion o f  minerals like 

calcium and iron. In a study conducted by Singh el al. (2000),  using 

four Indian rice varieties which differ in shape for evaluating ash 

dis tribution patte rn ,  revealed that all o f  them differed significantly 

with respect to percentage  loss o f  ash content at various milling

stages.

Santha and Arulmozhi (2001) repor ted  that parboiled rice 

retains more vitamins and minerals and thus is more nutri t ious than 

raw milled rice. Accord ing to Sangha and Sachdeva (1999),  calcium 

content o f  some studied varieties ranged from 15.96 to 24.80 mg/lOOg, 

while that  o f  phosphorus,  149.12 to 244.83 mg/100 g and iron content 

40 to 70 ppm. The authors  also opined that  the varia tion in trace 

element composi t ion o f  rice may be a tt r ibuted to various factors viz.,
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availability o f  soil nutrients during crop growth, diverse sampling 

prepara tion and analytical  methods used by various investigations.

Parboil ing process  posit ively influences the calcium conten t  o f  

rice varieties (Pillaiyar, 1988; Nandini, 1995). Nandini (1995) found 

that phosphorus  content o f  parboiled rice was higher compared  with 

that o f  raw milled rice but Sreedevi (1989) had repor ted  a decrease  in 

phosphorus  content during parboil ing. Neelofer (1992) and Nandini 

(1995) repor ted  that  iron content was found to be re ta ined more  in 

parboiled rice samples when compared  to raw rice samples. Studies o f  

Koga et al. (2001) sugges ted that  climatic factors affect  mineral 

composi t ion particularly Na, P and K contents  o f  polished rice.

2.3.4 Organoleptic Qualities

Organoleptic  quali ty viz., eating quality consists o f  judg ing 

quality o f  foods by means o f  human sensory organs -  eye, nose and 

mouth.  Sensory evaluation is designed to reflect common preference ,  

to maintain the quality o f  food at a given standard,  for the assessment  

o f  process  variation,  cost  reduct ion,  product improvement,  new market 

development and market analysis (Manay and Shadaksharaswamy, 

2001).
The ratio o f  amylose to amylopect in in starch,  as indexed by 

amylose content is the  chief  influence on eating quali ty (Araullo et 

a l ., 1976). It correla tes  negatively with taste panel scores  for 

cohesiveness,  tenderness  and gloss o f  the boiled rice (Chatte rjee  and 

Maiti, 1985).

Mundy et al. (1989) repor ted  that new rice varieties need 

evaluation for their  suitability for specific end uses in commercial  

applications and consumer preferences.  Grain length, e longat ion ratio,  

gel length, amylose and prote in  content are some o f  the characteris t ics 

o f  rice used for predic ting palatabil i ty o f  rice (Nirmala,  1997).



Sowbhagya  et al. (1993) stated that parboil ing has direct 

influence on consumer appeal and its acceptance.  The authors  also 

repor ted  tha t  a l though individual preferences  may exist among 

different sec to rs  o f  consumers,  finer rice is normally preferred. 

Roasted  parboiled rice had a finer appearance as compared  to normal 

parboiled rice and may have a bette r consumer appeal.

Accord ing  to Kumari and Padmavathi (1991) all the  sensory 

evaluations  were  highly correlated positively with  each other.  The 

authors  also repor ted  that  f lavour was found to be most strongly 

posit ively corre la ted  with overall quality followed by cohesiveness,  

appearance  and texture,  the important factors which affect the 

palatabili ty o f  a particular rice variety. Accord ing to Ramarathanam 

and Kulkarni (1983) and Daliwal et al. (1990),  the rice lipids are 

liable to oxida t ion  and on hydrolysis during s torage,  contr ibute  to the 

flavour charac te ri s t ics  o f  the aged rice.

N eelo fer  (1992) reported that parboiled rice samples were 

preferred most for their taste and flavour. Bandhyopadhyay and Roy

(1992) s ta ted that  the flavour o f  the parboiled p roduc t  is the result o f  

hydrolysis and decomposit ion  o f  certain consti tuents  such as 

carbohydra tes  and proteins under the influence o f  s team at high 

tem pera ture ,  during parboiling.  The authors  also concluded tha t  the 

secondary  p roduc ts  responsible for the charac te ri s t ic  f lavour are the 

pro te ins  consis t ing o f  the sulphur containing amino acids which 

produce  sulphurous compounds (mercaptans).

According  to Ramesh et al. (2000),  the factors  affecting texture 

and eating quali ty o f  cooked rice include genet ic  variation eg ., 

varietal  re la ted differences in amylose content,  pasting characterist ics,  

p ro te in  content ,  alkali degradation and ge latinizat ion properties.  

Yifang and Corke  (2002) stated that amylose con ten t  influences the 

tex tu re  o f  cooked  rice.

Zt>
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Accord ing to Fumio (2000) the main ingredients tha t  affects the 

taste o f  rice are protein,  starch,  water and fat con tent .  The author 

found that  lower the protein,  be tte r  the taste, lower amylose content, 

means more  viscosity and vice versa, when mois tu re  content o f  rice 

drops  to below 14 per cent, the taste drops  as well and when rice gets 

old, the fat turns  rancid and releases a peculiar odour  which becomes 

an undesi rable  part  to the taste. Studies o f  Asano et al. (2000) 

sugges ted  that late harvest  o f  rice improved taste  due to decrease  in 

number o f  green kernelled rice grains and content o f  protein  and 

amylose.

2.4 N E W  TECHN O LOG IES DEVELOPED TO O V ER C O M E  LOSSES 

DURING PROCESSING

Rice processing loss is high in Asia (Haque et a l .y 1997). The 

ou tcome o f  the new technologies  has brought dramatic  increase in the 

crop yield, global per capita food production has increased 140 per 

cent over  last 50 years keeping pace with popula t ion  growth ,  which 

has doubled to its current level o f  about 6 billion people  (Charles,

2 0 0 1 ).

2.4.1 Enrichment and Fortification

The purpose  o f  rice enrichment and for tif ication is to res tore to 

milled rice,  the levels o f  vitamin B and minerals removed from the 

grain during milling.

Lee et al. (2000) stated that rice fort if ied with ultra r ice™ 

containing retinyl palmitate was tested as a po tentia l  vehicle for 

vitamin A delivery.

The work  done by Het tiarachchy et al. (1996) repor ted  a method 

o f  calcium fortification o f  milled rice. The results  revealed that

for t if ication process met the US standards  for calcium-fortif ied rice 

(110 - 2 2 0  mg / 100 g rice) and resulted in minimal washing losses.
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According to Romera  et al. (2000) brown rice should be 

fort if ied with high levels o f  iron than white rice, as iron availability is 

reduced  by the presence o f  phytic acid. Haas  et al. (2000) ,  in a survey 

conducted  on field trials o f  iron enhanced rice, resulted in positive 

results  in people where there is high preva lence o f  iron deficiency and 

consuming rice as staple food.

2.4.2 Biotechnology

Charles (2001) stated that o f  all the technologies  used to 

increase the global food supply in the last millennium plant genetics 

and crop breeding has a greatest  impact. Sehgal and Chouhan (2000) 

opined that biotechnology applied to food product ion  and processing 

clearly encompasses  a very long and diverse fields. The authors also 

repor ted  that  capabili ties o f  biological  systems are being utilized 

rapidly into a variety o f  food applications and consequent ly  many new 

food sources,  processed products  are being developed.

Some o f  the beneficial aspects regarding rice achieved through 

bio technologica l  approach as repor ted  by Dut ta  and Bous (2000) were 

increase in iron content th rough ferri tin genes, in troduction o f  heat 

stable phytase gene to break down phytic acid, an anti nutri tional 

factor in rice, increase in lysine content o f  rice by genetic 

engineering,  p roduc t ion  o f  transgenic rice containing p carotene.

One o f  the major technology o f  b io technology to genetically 

modify foods is ‘Genetic engineering’. Sehgal and Chouhan (2000) 

repor ted  that  the basic principle o f  genetic engineering is that genetic 

material  (DNA) can be transferred from a cell o f  one species to 

another  unrelated species and made to express i tsel f  in the recipient 

cells.

Rice grains contain  16 KDa globulion prote in  tha t  is heat stable 

and resists  proteolyt ic  enzymes in human gut. A study conducted by 

Kato et al. (2000) on prote in  enhancement in rice grains results  using
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b io technology  showed posit ive  results .  Shih and Paigle (2000) 

observed  that  var ious  enzymes like amylase,  fo llowed by

glucoam ylase ,  cellu lase  and xylanase were treated to prote in enriched 

rice flour for the production o f  prote in isolates.  The authors  stated 

that this techn ique  raised prote in content from 49 per cent o f  rice flour 

to 91 per  cent.

Gra ins  and legume staples are rich in phytic acid,  which is a 

po ten t  inh ib i to r  o f  iron absorption  (Hurrell  et al., 1992). Studied 

conducted  by Paola  et al. (2001) repor ted that  to increase  iron

bioavai lab i l i ty ,  thermo to le rant phytase  can be in troduced into the rice 

endosperm.  In addit ion,  as cysteine peptides  are considered as major 

enhancer  o f  iron absorption,  endogenous  cys te ine rich meta l lo th ion ine  

l ike p ro te in  can be over expressed.  The authors  concluded that  such 

rice with an increased iron content has a great  potent ia l  for

subs tan t ia l ly  improving the nutr i t ion in rice eating popula tion.

H am ada  (2000) reported that u l trafi l teration process  with  KDa 

molecu lar  cut o f f  (MWCo) method for recovering high value

com ponen ts  from rice bran for many industria l  applicat ions .

Accord ing  to Chander et al. (2001) ,  a simple  flat solar air 

trea ting module  by using cheap rate materia ls  like thermocol and 

a lum in ium  sheet was developed for insect  d is in fect ion  o f  food, as a 

novel approach  for preserv ing food mate ria ls  especially in countr ies  

l ike India,  where p lenty  o f  sunshine  is available .  Kaasova et al. (2001) 

repor ted  a combination  o f  mic rowave trea tment and conventional 

dry ing o f  r ice can be recommended due to the reduction o f  dry ing t ime 

and s tabi l i ty o f  total  starch content  dur ing micro wave treatment .

Onishi et al. (2001) repor ted that improvement  o f  eating qual i ty  

and preservab i l i ty  o f  cooked rice, can be obta ined from aged grain by 

weak  e lec tro lysed  cathode water.



2.5 RICE PRODUCTS
Processed rice p roduc ts  may be derived from rough rice, brown 

rice, milled rice, cooked rice, brokens,  drymilled flour, wet milled 

flour or rice s tarch (Juliano and Hicks,  1993). Pszezold (2001) 

reported  that use o f  rice based ingredients will reduce the amounts  o f  

fat absorbed during frying resulting in development o f  crisp rice 

products  which are shelf  stable,  does not require cooking and lastly 

has health benefits  associa ted  with rice bran and oil derived from rice.

Juliano (1993) sugges ted  that pre cooked rice is used for rice 

based convenience food products  in which non rice ingredients are 

packed separately and mixed only during heating. Hyllstam et al.

(1998) p roposed  the method o f  processing rice to provide a quick 

cooking rice.

Ready to eat  pre cooked pasta or rice based dish containing a 

sauce,  which does not require cooking and jus t  treated or toasted  or 

grilled was sugges ted  by Comparini  (1999).

A process  for the manufacture  o f  reconsti tu table  rice grains was 

developed by Dupar t  et al. (1999) and is based on cooking a mixture 

o f  rice flour, water  and hydrogenated oil in a cooker-ext ruder  to 

produce a partly gelatinized mixture into rice grain shaped pieces and 

drying and cooling the pieces to room temperature.

Menezes et a l  (1999) suggested the method for freeze-drying 

Basmati  rice. This process  involves cooking o f  Basmati  rice for one 

minute (retains maximum aroma).

According to Kemp and Hopkins  (1999),  refrigerated rice meals 

involves mixing o f  cooked rice with oil to form a rice mixture, placing 

this mixture in a hermatically sealed container to form a packaged rice 

meal, heating the packaged  rice to more than 165°F, cooling to 

temperature  less than 41°F. The resultant product will have a shelf  

life o f  at least 90 days at temperature  about 41°F.

2*1



Piriya Thai Food Co. Ltd (1999) were able to produce  ready to 

eat canned rice from scented long and slender jasmine grains cooked  

to soft tex tu re  with their  na tural  aroma and can be stored for two 

years.

Juliano and Sakura i  (1985) observed tha t  fermented rice 

products  are prepared from various waxy rices by fermenting steamed 

waxy milled rice with fungi and a yeast  starter.  Wang et al. (2000) 

produced Anka (red rice,  p roduced  by fermenting rice with M onascus  

spp.) ,  which is used as tradit ional Chinese medicine to promote  

digestion and blood circulation.  The authors  suggested that it is also 

used to suppress hyper triglyceridaemia and hyper l ipidaemia in 

humans. '

Bean and Nishi ta  (1985) developed successfully baked rice 

products  for those  suffering from celiac disease.  The authors  have 

developed these p roduc ts  from yeast  leavened bread, 75 parts water,

7.5 parts sugars,  6 par ts  oil, 3 parts  fresh compressed yeast,  3 parts 

hydroxypropyl  methyl cellulose and two parts salt.

Wet milled non waxy or waxy rice flour kneaded with water and 

conver ted to sweetened  rice cake by adding sugar and other 

ingredients before steaming was proposed by Juliano (1993).  The 

author also repor ted  tha t  rice flour is made from waxy and non waxy 

rice and both  raw and gelatinized rice.

According to Bryant  et al. (2001),  the main difference in the 

invitro  digestion profiles o f  the flour was due to tempera ture  factor.  

The authors  sugges ted  tha t  the flours extruded at 100°C were digested 

more slowly than those  at 125 and 150°C. Kadan et al. (2001)

proposed prepara t ion o f  r ice fries. Ext ruded rice flour shaped and

fried, reduces fat, as an alternative to conventional french fries. The

authors  also opined tha t  rice fries has 1 2 - 5 0  per cent less fat than

pota to  fries.
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Chia-mao and An-I-Yeh (2001) opined that  rice can be made 

into snack foods using extrus ion cooking techniques.

According  to Juliano and Sakurai  (1985) puffed and popped 

rices are tradit ional breakfast  cereals and snack foods. Vijayakhader 

(1997) found that  raw rice is tradit ionally popped  by heating rough 

rice (13 to 17 per cent moisture) at about 240°C for 30 to 35 sec or at 

275°C for 40 to 45 sec or in an oil bath at 215 to 230°C.

Rice noodles  are an important part  o f  the diet in many oriental 

countr ies  His-Mei Lai (2001).  Frame (1996) repor ted  tha t  flat and 

extruded round  noodles  and rice paper are tradit ionally prepared from 

wet milled flour tha t  has been ground using either a stone or a metal 

mill.

Ins tant  r ice nectar was prepared for a long time still maintaining 

its taste  and charac te ri s t ic  flavour by Jung-Man et al. (1998).

According  to Mishra et al. (2000) hurum is an expanded rice 

p roduct  made from waxy rice. Steps involved in p repara t ion  are fully 

soaking o f  paddy, parboiling,  dehusking o f  paddy at high moisture,  

immediate flaking, rubbing o f  fat to the flaked rice and expansion in 

sand.
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3. MATERIALS AND METHODS

The present study entitled “Quality analysis o f  Pokkali  rice 

varieties / cul tures” encompasses assessment of  physical,  cooking, 

nutri t ional and organoleptic qualities o f  three released and seven cultures 

o f  Pokkali  rice varieties of 'Kerala Agricultural University.

3.1 MATERIALS SELECTED

Three released Pokkali  rice varieties and seven cultures were 

selected for the study. The varieties /  cultures are presented in Table 1.

Table 1. Rice varieties / cultures selected

Released varieties Cultures

Vyttila-2 Culture-1026

Vyttila-4 Culture-1734

Vyttila-5 Culture-2006

CIRJ- 7

CIRJ- 8

CIRJ- 9

C IR J-19

One to one and a ha lf  kg o f  the above rice varieties / cultures were 

collected from the Kerala Agricultural  University,  Rice Research Station, 

Vytti la and were processed into two types ie., raw milled and parboiled 

milled and the samples obtained after milling were stored in airtight steel 

containers for various laboratory studies.

3.2 QUALITY PARAMETERS SELECTED

A detailed study of  different quality parameters o f  rice viz., 

(a) physical  characterist ics (b) cooking characterist ics (c) nutri tional 

composi t ion and (d) organoleptic studies were envisaged.
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Under each parameter, a number o f  indicators are available. 

Among these parameters,  physical characteristics and cooking 

characterist ics influence the consumer appeal immediately,  while the 

organoleptic  quali ty posit ively influences the populari ty o f  the rice in the 

long run. Parameter like nutri tional composit ion has little influence on 

the populari ty o f  the rice varieties among consumers. Under each 

parameter,  a number o f  indicators are reported to influence the quali ty o f  

rice and are listed below.

3.2.1 Physical Characteristics

Physical characteristics of  the rice grains were found to be a major 

determinant o f  quality and acceptabil ity o f  rice.

Different indicators ascertained under physical characteristics are

a. Size : For determining size, the rice samples were classified into three 

categories ie,, extra bold, bold and medium bold as per the method 

suggested by FAO (1970).

b. Colour : Colour o f  the rice varieties / cultures was ascertained by 

direct observation.

c. Shape : Shape o f  the rice varieties was determined by classifying 

them, according to length -  width ratio. The rice samples were classified 

into three classes i e Slender and long grain rice, bold and medium grain 

rice, and round and short grain rice according to the method suggested by 

FAO (1970).

i. Slender, long grain rice -  L/B ratio > 3.0

ii. Bold, medium grain rice -  L/B ratio 2.0 -  3.0

iii. Round, short grain rice -  L/B ratio < 2.0

d. Length -  Breadth ratio : Length -  Breadth (L/B) ratio o f  rice varieties 

was estimated as per the method outlined by Pillaiyar and Mohandoss 

(1981a).

e. Thousand grain weight : Thousand grain weight o f  different rice 

samples was determined by weighing one thousand rice grains randomly
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selected (Sindhu et a l ., 1975). An electronic balance was used for 

recording thousand grain weight.

f. Swelling capacity / seed : Swell ing  capacity  is the ratio o f  the final 

to the  initial vo lume or weight o f  the rice. It was determined by the 

method suggested by Sood et al. (2002)

g. Swelling index : Swelling index o f  different rice sample was 

determined by the method o f  Sood et al. (2002),

h. Head rice yield : Head rice yield o f  different rice samples was 

determined as per the method suggested by Rajalakshmi (1984),

3.2.2 Cooking Characteristics

Cooking and eating quali ties vary with consumer acceptance in 

different parts o f  the world and they are decided by various indices,  as 

furnished below.

a. Optimum cooking time : Optimum cooking time was estimated by the 

method outlined by Bhattacharya and Sowbhagya (1971).

b. Volume Expansion : Volume expans ion  or kernel expans ion  is 

de termined  from the ratio between the cooked volume o f  r ice to tha t  o f  

uncooked  rice.  It was estimated by the method suggested by Pil laiyar 

and Mohandoss  (1981b).

c. Water uptake : Wate r uptake is a measure  o f  the hydration 

charac te r is t ics  o f  rice. It was estimated by the method outlined by 

Bhattacharya and Sowbhagya (1971).

d. Gruel loss : The loss o f  carbohydrates  pr incipally  starch and n o n ­

s tarch po lysacchar ides  and l ipids th rough the gruel is termed as gruel 

loss.  It was measured by the method suggested by Sanjiva Rao et al. 

(1952).

e. Elongation ratio : Elongation ratio  is the ratio between the length o f  

cooked  grain and that o f  the raw grain.  It was measured by the method 

outl ined by Pil laiyar and Mohandoss (1981c).
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f. Gelatinization temperature : Gelatinization temperature o f  rice 

varieties was estimated by the method suggested by Mac Masters (1964).

g. Elongation index : Elongation index is the ratio between the length 

and wid th  o f  cooked grain and that  o f  uncooked grain.  Method o f  Sood 

and Siddiq (1980) was used for the determination o f  elongation index of  

milled rice (both raw and parboiled).

3.2.3 Nutritional Composition
The major nutrients analysed in the raw and parboiled samples 

were listed below:

a. Energy : Energy or calorific value was estimated using a Bomb 

Calor imeter as per the method outlined by Swaminathan (1984).

b. Protein: The protein content was estimated by Kje ldahl’s wet

digestion method o f  Hawk and Oser (1965).

c. Starch : Starch was estimated by the ferricyanide method suggested 

by Aminoff  et al. (1970).

d. Fibre : Crude fibre content was estimated by the method o f

Raghuramalu  et al. (1983).

e. Calcium : Calcium was estimated after wet digestion o f  the sample 

with triple acid (Jackson, I975j.  The triple acid digest was titrated by 

EDTA method.

f. Iron : The iron was estimated in an atomic absorption

Spectrophotometer by feeding the triple acid digest of the sample

prepared into an AAS (Jackson, 1973).

g. Phosphorus : Phosphorus was estimated after wet digestion of the 

s am ple -by  the vandomolybdate yellow colour method as outlined by 

Jackson (1973).

h. Amylose  : Total amylose content was estimated by the method o f  Me 

Cready and Hassid (1943).
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i. Am ylose-Amylopectin ratio : Amylose -  Amylopectin ratio o f  different 

rice samples was estimated by the method o f  Me Cready and Hassid 

(1943).

j .  M oisture : Moisture content was estimated by the method o f AOAC

(1990).

k. Sodium : Total sodium concentration o f  samples was determined from 

the triple acid extract in an EEC Flame Photometer (Jackson, 1973).

1. Potassium : Total potassium concentration o f  the samples was 

determined from triple acid extract in an EEC Flame Photom eter 

(Jackson, 1973).

3.2.4 Organoleptic Qualities

Organoleptic quality consists o f  judg ing  quality o f  foods by means 

o f  human sensory organs -  eye, nose and mouth. Sensory evaluation is 

designed to reflect common preference, to maintain the quality o f  food at 

a given standard, for the assessment o f  process variation, cost reduction, 

product improvement, new market developm ent and market analysis.

Organoleptic qualities o f  different rice varieties, both raw and 

parboiled were evaluated by a taste panel. For the acceptability trials, 

ten panel members were selected by using triangle test (Jellink, 1964) 

and the test was conducted as per the standard procedure prescribed by 

Sw am inathan (1974) (Appendix - I). The major quality attributes such as 

colour, appearance, flavour, texture and taste were scored by the panel 

m embers on a five point hedonic scale (Appendix -2 ) .

3.3 STATISTICAL ANALYSIS

Statistical analysis was carried out as follows :

1. Analysis o f  variance for the comparison o f  cultivar with respect to 

various quality attributes (Snedecor and Cochran, 1968).

2. D iscriminant function analysis to determine the superior variety 

(Fisher, 1936).
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4. RESULTS

The results  o f  the study entitled “Quality analysis o f  Pokkali  rice 

varie ties  / cu ltu res” are presented under,

4.1 Physical characteris tics

4.2 C ooking  characteristics

4.3 N utrit ional com position

4.4 O rganoleptic  qualities  and

4.5 Selection o f  superior variety

4.1 PH Y SICA L CH ARA CTERISTICS

Size, shape, colour, length, w idth , length/breadth  ratio, thousand 

grain  weight, and head rice yield were determ ined to assess the physical 

charac teris tics  o f  rice varie ties/ cultures.

Table 2 depicts shape and colour o f  rice varie ties/ cultures. 

Based on length -w id th  ratio, FAO (1970) classified the rice grains into 

three categories such as;

1. S lender, long grain rice -L/B ratio > 3

2. Bold, m edium  grain rice-L/B ratio 2 - 3

3. Round, short grain rice-L/B ratio < 2

In the present study all the three varieties and' seven cultures 

were found to be bold.

A m ong the three varie ties  and seven cultures analysed, two 

varie ties  and four cultures such as Vytti la-2, Vyttila-4, CIRJ-7 , CIRJ-8 , 

CIRJ-9  and CIRJ-19  respectively  were found to have red colour and 

cu ltu res  Cul-1026, Cul-1734 , Cul-2006  and variety Vyttila-5  were white 

in colour.
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Table 2. Shape and colour o f  rice varieties / cultures

Varieties Shape Colour
Raw Parboiled Raw Parboiled

Vyttila-2 Bold, medium Bold, medium Red Dark red
Vytlila-4 Bold, medium Bold, medium Red Dark red
Vyttila-5 Bold, medium Bold, medium White Creamish, white
Cul-1026 Bold, medium Bold, medium White Creamish white
Cul-1734 Bold, medium Bold, medium White Creamish white
Cul-2006 Bold, medium Bold, medium White Creamish white
CIRJ-7 Bold, medium Bold, medium Red Dark red
C1RJ-8 Bold, medium Bold, medium Red Red
CIRJ-9 Bold, medium Bold, medium Red Red
CIRJ-19 Bold, medium . Bold, medium Red Red

Physical dimensions o f  rice kernels such as length, breadth or

w idth  and thickness as well as size and shape o f  the  rice kernels are o f

vital in terest to those engaged iri rice industry (Dela and Khush, 2000). 

These qualities may vary from variety to variety.

Table 3 presents the length, w idth and length  /breadth  ratio o f

the rice varieties. Length o f  the grain is m easured in its greatest

dim ension, width along the ventral side and th ickness across the dorsal 

side. In the present study, length and width varied significantly among 

the varieties. The length was found to be highest for the  Cul-2006  

(6 .77  mm) and lowest for the variety Vyttila-5  (5.51 mm)

When statistically analysed, there was significant difference 

betw een the rice varieties. Parboiling significantly decreased  the 

length  o f  rice varieties. The length was found to be ranging from 5.47 

to 6.93 mm in raw  rice varieties and betw een 5.23 to 6.60 mm in 

parboiled  rice varieties.

The width was found to be ranging from 2 .36-3 .00  mm in raw 

rice and 2 .27-2 .67  mm in parboiled rice. The width was found to be 

highest for variety Vyttila-4  (2.83mm) and low est for Cul-1026  (2.32 

mm).

T here  was significant difference betw een the varieties for width 

and also between the width o f  raw  and parboiled  varieties. Parboiling



Table 3. Length, width and L/B ratio o f  rice varieties / cultures

Varieties r  ' Length (mm) 1 Width (mm) L/B ratio I
| Raw Parboiled Mean Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 5.80 5.40 5.60 2.80 2.67 2.73 2.07 2.02 2.05
Vyttila-4 6.10 5.80 5.95 3.00 2.67 2.83 2.03 2.18 2.11
Vyttila-5 5.80 5.23 5.51 2.60 2.53 2.57 2.23 2.07 2.15
Cul-1026 6.53 6.33 6.43 2.36 2.27 2.32 2.76 2.79 2.78
Cul-1734 5.93 5.63 5.78 2.43 2.43 2.43 2.44 . 2.32 2.38
Cul-2006 6.93 6.60 6.77 2.77 2.53 2.65 2.52 2.61 2.56
CIRJ-7 5.60 5.73 5.67 2.57 2.67 2.62 2.18 2.16 2.17
CIRJ-8 5.47 5.80 5.63 2.57 2.47 2.52 2.13 2.35 2.24
CIRJ-9 6.00 5.93 5.97 2.50 2.63 2.57 2.40 2.25 2.33

CIRJ-19 5.77 5.83 5.80 2.40 2.50 2.45 2.40 2.33 2.37
Mean 5.99 5.83 2.60 2.53 2.32 2.31

Varieties
F value 49.17* 14.61* 25.72*

SE 0.05 0.03 0.04
CD 0.162 0.112 0.126

Processing
F value 20.69* 6.45* 0.088*

SE 0.025 0.01 0,019
CD 0.072 5.041 0.056

Variety x Processing 
F value 5.882* 3.66* 2.16*

SE 0.080 0.05 0.062
CD 0.229 0.159 0.178

* Significant at 5 % level
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process was found to significantly decrease the width o f  the rice 

varieties.

Length/breadth ratio varied significantly between the different 

varieties. The highest leng th /bread th  ratio was recorded for Cul-1026  

(2.78) and lowest for the variety  Vyttila-2  (2.05). In raw rice, the L/B 

ratio ranged betw een 2.03 -  2 .76 and in parboiled rice, it was between

2.02 -  2.79.

The statistical analysis o f  the data also revealed that, there was 

no significant difference betw een the L/B ratio o f  rice varieties with 

respect to processing method.

Table 4 represents  thousand  grain weight and head rice yield o f  

the rice varieties.

Table 4. Thousand grain weight and head rice yield o f  rice varieties / 

cultures

Varieties Thousand grain weight (g) Head rice yield (%)
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 24.20 24.80 24.50 75.75 76.50 76.12
Vyttila-4 22.70 25.30 24.00 75.50 81.10 78.30
Vyttila-5 21.70 21.70 21.70 77.00 79.50 78.25
Cul-1026 20.30 20.60 20.50 65.14 66.63 65.88
Cul-1734 18.50 18.20 18.40 73.05 75.05 74.05
Cul-2006 22.60 22.20 22.40 72.95 76.67 74.81
CIRJ-7 21.30 22.70 22.00 70.00 80.90 75.43
CIRJ-8 22.00 23.70 22.80 70.00 80.00 75.00
CIRJ-9 21.30 24.70 23.00 78.50 80.00 79.25

CIRJ-19 23.30 23.30 23.30 70.00 80.00 75.00
Mean 21.80 22.70 72.79 77.63

Varieties
F value 55.63* 31.31*

SE 0.023 0.66
CD 0.068 1.961

Processing 
F value 36.06* 132.84*

SE 0.01 0.29
CD 0.030 0.877

Variety x 
Processing 

F value 7.16* 9.08*
SE 0.033 0.94
CD 0.096 2.773

* Significant at 5 % level
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Values for thousand grain weight was recorded  highest for the 

variety Vyttila-2 (24.20 g) for raw rice varieties and lowest being 

observed  in Cul-1734  (18.50 g). In the  case o f  parboiled  rice varieties, 

h ighest value was noted in variety Vytti la-4  (25.30 g) and lowest in 

Cul-1734  (18.20 g). The thousand grain w eight values ranged between 

18.50 -  24.20 g in raw rice and betw een 18.20 -  25.30 g in parboiled 

rice samples.

The thousand grain weight was found to vary significantly. The 

da ta  when statistically analysed, revealed tha t there  exists significant 

difference between the varieties. The thousand grain weight was found 

to vary significantly after parboiling. Parboiled samples had 

significantly higher thousand grain weight values com pared to raw rice 

samples.

The data  also revealed a significant in teraction  between the 

varieties and the processing m ethod with exceptional cases like 

C u l - 1026, Cul- 1734, Cul-2006  and CIRJ-19 which were on par.

The head rice yield was found to be ranging from 65.14 -  78.50 

per cent in raw rice and 66.63 — 81.10 per cent in parboiled rice 

samples.

The highest percentage o f  head rice yield was observed for the 

Cul CIRJ-9  (79.25 %) and the lowest value for Cul-1026  (65.88 %).

Statistical analysis o f  the da ta  revealed that there was a 

significant difference between the rice varieties in terms o f  head rice 

■yield.

Significant difference also exists betw een raw and parboiled 

samples with respect to processing m ethod applied.
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Table 5. Swelling capacity ana swelling index values o f  rice varieties /

cultures

Varieties Swelling capacity (ml / seed) Swelling index
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2. 0.01 0.017 0.014 0.37 0.70 0.54
Vyttila-4 0.01 0.01 0.01 0.40 0.41 0.41
Vyttila-5 0.01 0.01 0.01 0.46 0.69 0.58
Cul-1026 0.01 . 0.02 0.01 0.44 1.22 0.83
Cul-1734 0.01 0.02 0.012 0.45 1.80 1.13
Cul-2006 0.01 0.03 0.012 0.44 1.63 1.04
CIRJ-7 0.01 0.03 0.012 0.46 1.30 0.88
CIRJ-8 0.01 0.03 0.012 0.50 1.25 0.88
CIRJ-9 0.01 0.03 0.011 0.53 1.33 0.93

CIRJ-19 0.007 0.03 0.019 0.32 1.33 0.83
Mean 0.010 0.025 0.44 1.16

Varieties
F value 4.49* 6.72*

SE 0.001 0.08
CD 0.005 0.26

Processing 
F value 159.35* 172.49*

SE 0.008 0.03
CD 0.002 0.114

Variety x 
Processing 

F value 4.91* 5.83*
SE 0.002 0.12
CD 0.007 0.36

* Significant at 5 % level

Table 5, reveals the  swelling capacity and swelling .index o f  rice 

varieties. Swelling capacity  per seed was found to range from 0.007 to 

0.01 in raw rice varieties and 0.01 to 0.03 in parboiled rice varieties.

Statistical analysis revealed  that there  was significant difference 

betw een the rice varieties and also between raw and parboiled samples 

in terms o f  swelling capacity  / seed.

Swelling index was found to range between 0.32 to 0.53 in raw  

rice samples and 0.41 to 1.80 in parboiled samples. Highest value for 

swelling index was observed  in Cul-1734  (1 .13) and lowest in Vyttila-4  

(0.40). Significant difference exists betw een rice varieties and 

processing m ethod applied. In terac tion  between varieties and 

processing m ethod was also found to be significant.
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4.2 COOKING CH A R A C TERISTICS

The cooking charac teris tics  o f  the rice varieties were evaluated 

by determining the optim um  cooking time gruel loss, volume 

expansion, w ater up take, ge latin ization tem perature , elongation ratio 

and elongation index.

Table 6, presents  details on optimum cooking time and gruel loss 

o f  the rice varieties.

Table 6. Time taken for cooking  and gruel loss o f  rice varieties / cultures

Varieties Optimum cooking time (min) Gruel loss (%)
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 35.00 37.50 36.25 1.50 1.45 1.47
Vyttila-4 19.00 25.00 22.00 3.60 2.94 3.27
Vyttila-5 24.00 27.50 25.75 2.45 0.75 1.60
Cul-1026 20.00 19.00 19.50 2.10 1.20 1.65
Cul-17 34 20.00 19.00 19.50 1.65 0.60 1.12
Cul-2006 18.00 17.50 17.75 1.95 0.90 1.42
CIRJ-7 20.00 22.50 21.25 1.85 1.50 1.67
CIRJ-8 23.00 23.50 23.25 1.65 1.10 1.37
CIRJ-9 22.50 32.50 27.50 1.55 1.35 1.45

CIRJ-19 21.50 27.50 24.50 2.35 2.09 2.22
Mean 22.30 25.10 2.06 1.38

Varieties
F value 14.76* 16.18*

SE 1.38 0.15
CD 4.099 0.449

Processing 
F value 10.51* 49.29*

SE 0.62 0.06
CD 1.833 0.200

Variety x 
Processing 

F value 1.69* 2.75*
SE 1.96 0.21
CD 5.798 0.635

* Significant at 5 % level

Cooking time is one o f  the major determ inants o f  the quality o f  

rice grains and consum ers p refer rice grain with lesser cooking time.

The optim um  cooking time was found to be significantly 

different among the varieties. It was observed that the variety Vyttila-2 

took  higher cooking time (36.25 min) and Cul-2006  took  lesser time 

(17.75 min). In the present s tudy  the optim um  cooking time o f  the raw 

rice varieties ranged betw een 18.00 -  35.00 min.



The optimum cooking  time was significantly affected by 

parboiling. It was observed  that parboiling process increased the 

cooking time o f  rice varie ties. The optimum cooking time o f  the 

parboiled rice varieties ranged betw een  17.50 min to 37.50 min.

The statistical analysis revealed that the interaction betw een the 

varieties and processing was found to be significant, exceptional cases 

being Vyttila-4 , CIRJ-9  and C I R J - 19, where there was significant 

difference between the varie ties  and processing method.

Gruel loss is considered  as an im portant cooking characteristic  o f

rice.

As evident from Table 6, there was a significant difference 

among the varieties with respec t to gruel loss. Among the ten varieties 

the percentage o f  gruel loss was highest in variety Vyttila-4  (3.27 %) 

and lowest in Cul-1734  (1 .12  %).

In the present study, gruel loss was significantly affected by 

process o f  parboiling. Results  focused that gruel loss has been 

significantly decreased in parboiling. It was also revealed that a 

significant interaction exists be tw een varieties and processing.

Table 7 presents  da tas  on volume expansion, w ater uptake and 

gelatinization tem perature  o f  the  rice varieties

Volume expansion or kernel expansion is determined from the 

ratio between the cooked  volume o f  rice to that o f  uncooked rice. A 

com parison o f  the rice varie ties  revealed significant change in volume 

expansion.

Higher volume expansion  was observed in Cul-2006  (9.15) 

followed by CIRJ-8  (9 .12). The lowest expansion was observed in 

Cul-1026  (6.65) fo llowed by CIRJ-9  (7.00).

The volume expansion for raw rice varieties was in the range, 

5.80 -  9.94 and that o f  parboiled  rice varieties, it was between 7.40 -  

10.13.
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Table 7. Volume expansion, water uptake and gelatinization temperature of rice varieties / cultures

Varieties Volume Expansion 'ratio) Water uptake (ratio) Gelatinization temperature (°C)
Raw Parboiled Mean Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 5.80 10.13 7.96 3.21 4.99 4.10 75.50 68.50 72.00
Vyttila-4 7.40 9.33 8.36 3.88 5.16 4.52 75.00 72.50 73.75
Vyttila-5 7.10 8.30 7.70 4.46 6.35 5.41 77.00 72.00 74.50
Cul-1026 5.80 . 7.50 6.65 4.69 6.23 5.46 67.50 71.00 69.25
Cul-1734 8.90 9.25 9.07 5.35 6.36 5.85 74.50 73.50 74.00
Cul-2006 9.41 8.90 9.15 4.90 6.57 5.74 72.50 70.00 71.25
CIRJ-7 9.43 7.75 8.59 6.00 5.05 5.53 70.00 68.50 69.25
CIRJ-8 9.94 8.30 9.12 7.30 4.67 5.98 74,50 71.00 72.75
CIRJ-9 6.10 7.90 7.00 3.86 4.15 ' 4.01 70,00 71.50 70.75

CIRJ-19 7.60 7.40 7.50 4.32 3.86 4.09 70.50 75.50 73.00
Mean 7.74 8.47 4.79 5.34 7-2.70 71.40

Varieties
F value 7.52* 2.89* 6.48*

SE 0.32 0.46 0.74
CD 0.968 1.380 2.187

Processing 
F value 12.34* 3.35* 7.68*

SE 0.14 0.20 0.33
CD 0.432 0.617 0.978

Variety x 
Processing 

F value 7.95* 2.50* 6.29*
SE 0.46 0.66 1.04
CD 1.366 1.951 3.094

-I"
O

* Significant at 5 % level



A significant increase in volume expansion  was observed when 

rice varieties were parboiled. The mean value o f  volume expansion for 

parboiled rice varieties was 8.47 and that o f  raw  rice varieties, 7.74. 

The present study also revealed significant interaction between 

varieties and processing.

W ater uptake is a measure o f  the hydra tion  characteris tics  o f  

rice. It was evident from Table 7, that the  w a te r  uptake ra t io ’s o f  rice 

varieties, were significantly different. Am ong the rice varieties, 

CIRJ-8  possessed higher w ater uptake ratio  (5 .98) and CIRJ-9  had the 

lowest (4 .01).

When analysed statistically, the data revealed  that there was no 

significant difference between the raw and parboiled  rice, but it was 

noticeable that parboiled rice o f  same varie ties  had higher value for 

water uptake ratio . The mean value o f  w ater  up take  ratio o f  raw rice 

varieties was 4.79, while that o f  parboiled rice  varieties was 5.34. 

Statis tical data  revealed that no significant difference exists between 

the varieties and processing methods except in the case o f  CIRJ-8.

The gelatinization • tem perature  o f  s tarch  is the range o f  

tem peratu re , within which the starch s tar ts  to swell irreversibly in hot 

w ater  with s im ultaneous loss o f  crystallinity (Govindaswam y, 1985).

A significant difference was observed in the gelatinization 

tem pera tu re  among the different rice varieties (Table  7). As noticed 

from  the table, the  highest value for the gelatin iza tion  tem perature  was 

observed in variety Vyttila-5  (74.5°C) and low est in Cul-1026  and 

CIRJ-7  (69.5°C).

The gelatinization tem perature  o f  raw rice varie ties  was found to 

be ranging from 67.5°C -  74.5°C and that o f  parboiled  rice varieties 

were  betw een 68.5°C to 75.5°C. There was a significant difference 

between raw and parboiled rice varieties. A significantly higher 

gelatin ization tem perature  was observed in raw  rice  samples compared 

to parboiled rice samples. The in teraction be tw een  varieties and
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processing  m ethods was also found to be significant except for variety 

Vyt ti la-2 , C u l -1734  and CIRJ-9.

Table 8. Elongation ratio and elongation index o f  rice varieties /  cultures

Varieties Elongation ratio Elongation index
Raw Parboiled Mean Raw Parboiled Mean

Vyitila-2 1.25 1.41 1.33 1.52 1.92 1.72
Vyttila-4 1.09 1.27 1.18 1.08 1.61 1.35
Vyttila-5 1.23 1.37 1.30 1.62 1.89 1.76
Cul-1026 1.16 1.24 1.20 1.63 1.74 1.69
Cul-1734 1.36 1.34 1.35 1.99 1.75 1.87
Cul-2006 1.22 1.19 1.21 1.58 1.50 1.54
CIRJ-7 1.45 1.32 1.39 2.02 1.76 1.89
CIRJ-8 1.44 1.34 1.39 1.69 1.95 1.82
CIRJ-9 1.20 1,22 1.21 1.44 1.43 1.43
CIRJ-19 1.31 1.28 1.30 1.80 1.78 1.79

Mean 1.27 1.30 1.64 1.73
Varieties 
F value 

SE 
CD 

Processing 
F value 

SE 
CD 

Variety x 
Processing 

F value . 
SE 
CD

10.92*
0.02

0.070

3.51*
0.01

0.031

4.99*
0.03
0.100

6.17*
0.02

0.079

9.67*
0.06
0.177

4.95*
0.08

0.250
* Significant at 5 % level

Table  8 shows elongation ratio and elongation index o f  the rice 

varieties.

E longation  ratio is the ratio between the length  o f  cooked grain 

and th a t  o f  raw  grain. A significant varietal varia tion  was. observed in 

the e longation  ratio o f  different rice varieties as show n in Table 8.

In the p resen t study, the highest elongation ra tio  was possessed 

by Cul CIR J-7  (1 .39) and lowest by variety Vytti la-4  (1 .18). The 

e longation  ratio  o f  raw rice ranges between 1.09 to 1.45 and that o f  

parboiled  rice ranges between 1.19 to 1.41.

Parboiling process significantly increased the e longation  ratio o f  

the rice varieties. The elongation ratio mean for parboiled rice was
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1.30 and that o f  raw rice was 1.27. The interaction between the rice 

varieties and processing methods was also found to be significant.

Elongation index is the ratio betw een the length and width o f  

cooked grain and that o f  uncooked  grain. This is related to grain 

dimension and is a measure o f  the percentage increase in grain 

dimension after cooking.

It was observed that the e longation  index o f  the rice varieties 

varied significantly. The highest value for e longation index was 

observed for variety CIRJ-7  (1 .89) and lowest for variety Vyttila-4 

(1 .35). For raw rice, e longation index ranged between 1.08 to 2.02 and 

for parboiled rice, it ranged betw een 1.43 to 1.95. Parboiling process 

significantly increases the e longation  index o f  the rice varieties. The 

interaction betw een the rice varieties and processing method was also 

found to be significant; exceptional cases are Cul-1026 , Cul-1734 , 

Cul-2006, CIRJ-9  and CIRJ-19 .

4.3 N U TR ITIO N A L CO M POSITIO N

The calorific value, pro te in , starch, amylose, amylose- 

amylopectin ratio, moisture, crude fibre, calcium, phosphorous, iron, 

sodium and potassium  content o f  the rice varieties / cultures were 

determ ined to assess the nutritional composition.

Calorific value o f  rice can be determined by oxidizing a known 

quantity o f  sample in a bomb calorim eter and then measuring the heat 

liberated.
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Table 9. Calorific value and protein  con ten t o f  rice varieties / cultures

.Varieties Energy (kcal) Protein (g / 100 g)
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 404 482 443 4.23 4.23 4.23
Vyttila-4 334 357 345 8.96 11.42 10.19
Vyttila-5 334 357 345 9.18 5.24 7.21
Cul-1026 334 380 357 5.52 9.83 7.68
Cul-1734 445 357 351 8.96 13.34 11.15
Cul-2006 368 461 415 8.72 5.26 6.99
CIRJ-7 345 380 363 4.65 3.98 4.31
CIRJ-8 334 357 345 8.09 15.96 12.03
CIRJ-9 345 380 363 6.99 10.05 8.52
CIRJ-19 345 380 363 7.43 10.05 8.74.

Mean 349 389 7.27 8.94
Varieties 
F value 

SE 
CD 

Processing 
F value 

SE

24.72*
6.65
19.46

91.97*
2.97

12.66*
0.73
2.14

12.89*
0.32

CD 8.70 0.96
Variety x 
Processing 

F value 
SE 
CD

3.81*
9.41
27.52

6.32*
1.03
3.03

* Significant at 5 % level

Calorific value/energy and pro te in  con ten t o f  the rice varieties 

are p resented  in Table 9.

The calorific value was found to vary significantly among most 

o f  the rice varieties studied. The variety  Vyttila-2  was found to have 

highest calorific value (443 Kcal) fo llowed by Cul-2006  (415 Kcal) 

and the variety Vyttila-4, Vyttila-5  and C IRJ-8  were found to have 

lowest calorific value (345 Kcal). The calorific value among the ten 

rice varieties was found to range betw een 334 Kcal to 404 Kcal for raw 

varieties and 357 Kcal to 482 Kcal for its parboiled  counterparts.

Parboiling p rocess  significantly influences the calorific value o f  

the rice varieties. The in teraction betw een the variety and processing 

m ethod applied was statistically analysed and found out that there was 

significant difference in half o f  the varieties and no significant 

d ifference was observed in the remaing ha lf  o f  the varieties.



Rice is considered  to be a major source o f  dietary pro te in  in 

Indian diets. Significant difference betw een the rice varieties was 

observed in the study  with respect to protein  content. The protein  

content o f  raw rice was betw een 4.23 g to 9.18 g and that o f  parboiled 

rice was betw een 4.23 g to 15.96 g. Highest value o f  protein  content 

was noted in CIRJ - 8 (12.03 g) and lowest in Vyttila-2  (4.23 g).

In the present study, it was also noticed that parboiling resulted 

in increase in p ro te in  con ten t o f  rice. The mean value for parboiled 

rice was 8.94 g, while tha t o f  raw rice was 7.27 g. When statistically  

analysed, there  exists a significant interaction betw een the rice 

varieties.

Table 10, rep resen ts  starch, amylose, am ylose-am ylopectin  ratio 

o f  the rice varieties. The highest value o f  s tarch  content was recorded  

in the variety Vytti la-4  (88.58 %)and the lowest in Vyttila-5  (64.89 %). 

In raw rice varieties, s tarch  content ranged betw een 63.32 -  88.75 per 

cent and in parboiled  rice varieties, the starch content ranged betw een 

61.34 -  94.88 per cent.

The data when analysed statistically revealed that there exists a 

significant difference among the varieties.

Parboiling reduced  the percentage o f  starch content o f  rice 

varieties. The m ean value for parboiled rice varieties was 76.28 per 

cent and that o f  raw  rice varieties was 77.75 per cent. The in teraction 

between the varie ties and processing when analysed statistically  

revealed that there  was no significant difference between varieties and 

processing.

Amylose con ten t o f  rice verities / cultures varied significantly 

(Table 10). The highest amylose content (24.41 %) was noticed in 

Cul-2006 , which was on par with variety Vyttila-2  (23.54 %) while the 

lowest (15.85 %) no ted  in variety Vytti la-5 , which was on par with 

Cul-1026  (16.62 %).
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iaDie  i u . ataren , am yiose  ana a m y io s e -a m y i o p e c u n  ratio or rice var iet ies  / cul tures

Varieties Starch (%) Amylose (%) Amylose-amylopectirl ratio
Raw Parboiled Mean Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 63.32 71.59 67.46 25.23 21.84 - 23.54 0.67 0.43 0.55
Vyttila-4 88.58 88.58 88.58 18.51 16.74 17.62 0.27 0.23 0.25
Vyttila-5 63.50 66.28 64.89 16.74 14.96 15.85 0.35 0.29 0.32
Cul-1026 82.89 75.05 78.97 17.65 15.60 16.62 0.27 0.26 0.26
Cul-1734 79.61 94.88 87.25 21.60 19.93 " 20.77 0.37 0.26 0.32
Cul-2006 79.54 61.34 70.44 27.71 21.11 24.41 0.55 0.53 0.54
CIRJ-7 88.75 82.59 85.67 20.65 20.33 20.49 0.30 0.33 0.32
C1RJ-8 81.60 67.96 74.78 23.50 23.34 23.42 0.40 0.52 0.46
CIRJ-9 72.39 71.61 72.00 20.00 15.07 17.53 0.38 0.26 0.32

CIRJ-19 77.32 82.89 80.11 25.58 20.23 22.90 0.49 0.31 0.40
Mean 77.75 76.28 21.71 18.91 0.41 0.34

Varieties
F value 6.28* 75.75* 13.83*

SE 3.36 0.36 0.02
CD 9.912 1.085 0.086

Processing
F value 0.47* 144.93* 11.58*

SE 1.50 0.16 0.01
CD 4.432 0.485 0.038

Variety x 
Processing 

F value 2.30* 8.81* 3.14*
SE 4.75 0.52 0.04
CD 14.017 1.534 0.122

Jr-

* Significant at 5 % level



Rice varieties are grouped on the basis o f  their amylose content 

into waxy ( 0 - 2  %), very low (3-9%), low (10-19% ) intermediate 

(20-25% ) and high (> 25%) (Kumar and Khush, 1986).

C onsum ers prefer a rice grain with intermediate amylose content. 

Among the ten rice varieties / cultures studied, two varieties and two 

cultures viz., Vyttila-4  (17.62 %), Vyttila-5 (15.85 %), Cul-1026  

(16,62 %) and CIRJ-9  (17.53 %) belonged to low amylose group. The 

remaining varieties / cultures belonged to interm ediate amylose group 

viz., Vytti la-2  (23.54 %), Cul-1734  (20.77 %), and Cul-2006  (24.41 %), 

CIRJ-7  (20 .49  %) CIRJ-8  (23.42 %) and C IR J - I9  (22.90 %).

A significant decrease in amylose content was observed after 

parboiling. This might be due to the loss o f  gluten into the  gruel. Such 

negative effect o f  parboiling on amylose content was also reported  by 

Sreedevi (1989), Nandini (1995) and Sheena (1997). The mean value o f  

amylose content among the raw rice varieties was 21.71 and that o f  

parboiled rice varieties was 18.91. The interaction betw een the 

varieties and processing method was also found to be significant.

The am ylose-am ylopectin  ratio varied significantly among the 

different rice varieties (Table 10). The highest ratio was observed in 

variety Vyttila-2  (0 .55), which was on par with Cul-2006  (0.54) and 

lowest ratio in variety Vyttila-4  (0.25), which was on par with Cul-1026  

(0 .26).

The am ylose-amylopectin ratio in raw rice varieties ranged 

between 0.27 — 0.67, while in parboiled rice, the ratio ranged between 

0.23 -  0.53 respectively. There was a slight but significant decrease in 

am ylose-am ylopectin  ratio in parboiled rice (0 .34) when com pared  to 

raw rice (0 .41). When analysed, the data revealed that the  interaction 

betw een variety  and processing method was found to be statistically 

significant in ha lf  o f  the samples and in the remaining ha lf  it was not 

significant w ith  respect to amylose-amylopectin ratio.
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M oisture  and fibre content o f  the rice varieties are presented in 

Table 11.

Table 11. Pe rcen tage  o f  moisture and crude fibre con ten t o f  rice varieties

/ cu ltures

Varieties Moisture (%) Crude fibre (%)
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 11.10 12.50 11.80 0.25 0.26' 0.25
Vyttila-4 12.30 10.50 11.40 0.24 0.25 0.25
Vyttila-5 11.10 11.50 11.40 0.27 0.28 0.28
Cul-1026 11.50 10.70 11.10 0.27 0.29 0.28
Cul-1734 12.50 13.10 12.80 - 0.30 0.31 0.31
Cul-2006 11.10 12.50 11.80 0.42 0.42 0.42
CIRJ-7 10.50 12.30 11.40 0.30 0.31 0.31
CIRJ-8 10.70 11.30 11.00 0.32 0.34 0.33
CIRJ-9 10.50 12.30 11.40 0.29 0.29 0.29

CIRJ-19 11.10 12.30 11.70 0.29 - 0.30 0.29
Mean 11.24 11.90 0.29 0.31

Varieties
F value 52.09* 0.014*

SE 0.07 0.0007
CD 0.208 0.010

Processing 
F value 218.11* 0.001*

SE 0.03 0.0003
CD 0.093 0.004

Variety x 
Processing 

F value 68.12* 0.0005*
SE 0.09 0.0009
CD 0.294 0.014

* Significant at 5 % level

In the  p resen t study, the moisture content was found to be 

ranging from  10.50 -1 2 .5 0  per cent in raw rice and 10.50 -  13.10 per 

cent in parbo iled  rice  varieties. Highest moisture content was observed 

in Cul-1734  (12.80 %) and lowest in variety CIRJ-8  (11.00 %). When 

analysed statistically , the data revealed that there  exists significant 

difference am ong the rice varieties.

A significant increase in the moisture content was observed in 

parboiled rice sam ples, when com pared to raw rice samples. The mean 

value for raw  rice was 11.24 and that o f  parboiled rice, it was 11.90. 

The in teraction  be tw een  the varieties and processing m ethod was also 

found to be s ignificant w ith  respect to moisture content.



It was observed that there was a significant difference among the 

varieties. The crude fibre content o f  rice varieties ranged between 0.24 

to 0.42 per cent in raw samples. The highest fibre content was 

observed in Cul-2006  (0.42 %) and the low est in variety Vyttila-4  (0.25 

%). Statistical analysis o f  data revealed tha t parboiling significantly 

influenced the crude fibre content o f  the rice varieties. The fibre 

content o f  the parboiled samples ranged betw een 0.25 to 0.42 per cent. 

Similar to raw rice, in parboiled rice also, the h ighest fibre content was 

observed in Cul-2006  (0.42 %) and the lowest in Vyttila-4  (0.25 %).

Calcium, phosphorus and iron content o f  the rice varieties were 

estimated and are depicted in Table 12. The statistical analysis o f  the 

data  revealed that there exists a significant difference for Ca content 

among the rice varieties. Highest value for calcium content was 

observed in Cul-1026  (15.84 mg). Cul-1026  is almost on par with 

CIRJ-7  (15.36 mg). Lowest value for calcium content was noted in 

C u l -1734  (7.68 mg). Calcium content in raw  rice ranges between 6.72 

mg -  15.36 mg.

Parboiling significantly increased the calcium content in the rice 

varieties. Mean value noted for parboiled rice was 12.91 mg and that o f  

raw rice was 12.07 mg. The calcium con ten t in parboiled rice ranges 

betw een 8.64 mg to 16.56 mg. The highest calcium content after 

parboiling was noticed in Cul-1026  (16.56 mg) and the lowest value in 

C u l - 1734 (8.64 mg).

Phosphorus content o f  raw rice ranges from 178.25 mg -  341.85 

mg, while that o f  parboiled rice ranges between 96.45 mg -  212.75 mg 

(Table 12). A significant difference was observed in phosphorus content 

o f  rice varieties. Highest value o f  phosphorus content was noticed in Cul- 

1734 (237.05 mg) and lowest in variety Vyttila-2 (144.08 mg). Statistical 

analysis o f  the data revealed that due to parboiling, there was a significant 

decrease in phosphorus content o f  rice varieties when com pared to raw 

rice. The mean value noted for parboiled rice was 155.4 mg and that o f



Table 12. Calcium, phosphorus and iron content o f  rice varieties / cultures, mg / lOOg

Varieties Calcium Phosphorus Iron
Raw Parboiled Mean Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 11.52 13.92 12.72 191.70 96.45 144.07 1.60 0.82 1.21
Vyttila-4 11.52 12.72 12.12 221.15 148.58 184.87 0.80 0.38 0.59
Vyttila-5 12.96 12.24 12.60 178.25 201.30 189.78 0.91 0.45 0.68
Cul-1026 15.12 16.56 15.84 248.80 138.06 193.43 . 0.94 0.50 0.72
Cul-1734 6.72 8.64 7.68 341.85 132.25 237.05 0.81 0.49 0.65
Cul-2006 10.32 13.44 11.88 248.30 159.16 203.73 1.08 0.52 0.80
CIRJ-7 15.36 15.36 15.36 218.12 146.48 182.30 0.90 0.59 0.75
CIRJ-8 13.20 10.80 . 12.00 212.75 171.30 192.03 1.05 0.57 0.80
CIRJ-9 10.80 12.72 11.76 - 237.56 148.03 192.78 0.85 2.45 1.65

CIRJ-19 13.20 12.72 12.96 212.80 212.74 212.77 0.75 0.49 0.62
Mean 12.07 12.91 231.12 155.44 0.97 0.72

Varieties 
F value 

SE 
CD 

Processing 
F value 

SE 
CD

Variety x Proce: 
F value 

SE 
CD

I 1.87* 
0.64 
1.896

4.26*
0.28

0.848
ssing

1.73*
0.90
2.682

141 17.26** 
0.326 
0.954

5261.80*
0.146
0.427

134792.9**
0.461
1.349

15.72*
0.083
0.245

21.703*
0.037
0.109

15.75* 
0.119 
0.347

^Significant at 5 % level 
** Significant at 1 % level
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processing method was also found to be significant with respect to 

phosphorus content.

There was significant difference in iron content o f  the rice varieties 

studied. Highest value o f  iron content was noticed in CIRJ-9  (1.65 mg) 

and lowest in Vyttila-4 (0.58 mg). Iron content o f  raw rice ranged 

between 0.80 mg -  1.60 mg and that o f  parboiled rice, it ranged between 

0.36 mg to 2.45 mg (Table 12).

Statistical analysis revealed that there was significant difference 

among the rice varieties with respect to processing method. Mean value o f  

raw rice was found to be 0.97 mg, while that o f  parboiled rice 0.72 mg. 

There was slight decrease in iron content o f  rice varieties due to processing. 

The results revealed that significant interaction was noticed betw een 

varieties and processing m ethod.

Table 13 depicts the sodium and potassium content o f  the rice varieties.

Table 13. Sodium and po tass ium  content o f  rice varieties / cultures,
m g / 100 g

Varieties Sodium Potassium
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 4.00 6.05 5.02 419.50 219.50 319.56
Vyttila-4 1.50 2.75 2.12 433.50 395.50 414.50
Vyttila-5 0.95 2.20 1.57 346.50 221.50 284.00
Cul-1026 1.55 3.00 2.27 411.00 308.50 359.75
Cul-1734 2.50 7.05 4.77 395.00 956.50 675.75
Cul-2006 5.20 2.85 4.02 423.50 636.50 530.00
CIRJ-7 3.00 11.90 7.45 319.00 435.50 377.25
CIRJ-8 1.50 12.35 6.92 400.00 475.50 437.50
CIRJ-9 3.65 3.55 3.60 484.00 383.00 433.50

CIRJ-19 2.90 5.45 4.17 355.50 515.00 435.25
Mean 2.67 5.71 398.75 454.65

Varieties 
F value 

SE 
CD 

Processing 
F value 

SE 
CD

Variety x Pre 
F value 

SE 
CD

140.47*
0.16

0.485

851.71*
0.07

0.217
icessing

150.21*
0.23

0.687

54.07*
15.16

44.725

33.98*
6.78

20.001

54.60*
21.44
63.250

* Significant at 5 % level
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There was significant difference in sodium content o f  rice 

varieties. Sodium content o f  raw  rice ranged' betw een 0.95 mg -  5.20 

mg, while that o f  parboiled rice, it was between 2.20 mg -  12.35 mg. 

The highest value for sodium  conten t was observed in CIRJ-7  (7.45 mg) 

and low est in variety Vytti la-5 (1 .57 mg).

Parboiling significantly increases the sodium content o f  rice 

varieties. From Table 13, it was observed that the mean value for 

sodium content o f  parboiled rice was 5.71 mg, while that o f  raw rice, it 

was 2.67 mg. The interaction betw een variety and processing method 

was much significant, with respec t to sodium content o f  rice varieties.

Potassium  conten t o f  raw  rice varieties ranges between 319.48 

mg -  484.00 mg, while that o f  parboiled  rice, it ranges between 219.50 

mg -  956.50 mg. There  was significant difference in potassium content 

o f  rice varieties. Highest value was observed in Cul-1734  (675.75 mg) 

and lowest value in variety Vytti la-5  (284.00 mg).

Data when analysed statistically revealed that parboiling 

significantly increases the p o ta ss iu m . content o f  rice varieties. Mean 

values for potassium  content o f  parboiled rice was 454.65 mg, while 

that o f  raw  rice, it was 398.75 mg. The in teraction  between variety and 

processing m ethod was also found to be significant with respect to 

potassium  content.

4.3 O RGA N O LEPTIC  CH ARA CTERISTICS

Param eters  like aroma, odour and taste  are very important quality 

characteristics, which have to be evaluated by sensory perception 

(Kawale, 1997).

Quality a ttribu tes  selected in this study were colour, appearance, 

flavour, tex ture  and taste. The a ttribu tes  such as appearance, 

tenderness and flavour o f  cooked  rice are the  final criteria o f  cooking 

quality and determ ines the palatability or eating characteristics o f  

cooked  rice.



The scores  obtained for the quality a ttributes , ‘co lo u r’ and 

‘appearance’ o f  the ten rice varieties are presented in Table 14.

Table 14. C olour and general appearance o f  the rice varieties / cultures,

£ 3

scores

Varieties Colour Appearance
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 2.80 2.90 2.85 2.50 3.00 2.75
Vyttila-4 2.60 2.80 2.70 2.60 2.60 2.60
Vyttila-5 2.90 2.60 2.75 2.70 2.70 2.70
Cul-1026 3.60 2.60 3.10 3.40 2.50 2.95
Cul-1734 2.90 3.70 3.30 2.90 3.70 3.30
Cul-2006 3.70 3.50 3.60 3.20 3.80 3.50
CIRJ-7 3.20 2.50 2.85 3.10 2.40 2.75
CIRJ-8 3.30 2.90 3.10 2.70 3.00 2.85
CIRJ-9 3.40 3.10 3.25 3.20 3.00 3.10
CIRJ-19 3.10 2.50 2.80 2.90 2.60 2.75

Mean 3.15 2.91 2.92 2.93
Varieties
F value 1.25* 1.55*

SE 0.71 0.23
CD 0.718 0.644

Processing 
F value 2.14* 0.004*

SE 0.32 0.28
CD 0.321 0.288

Variety x 
Processing 

F value 0.96* 1.42*
SE 1.01 0.91
CD 1.016 0.912

* Significant at 5 % level.

A significant difference was observed in the mean scores 

obtained for the quality a ttribu te  ‘co lour’. Among the ten rice varieties 

Cul-2006  had obtained highest score (3.60) for colour, while the variety 

Vyttila-4  has obtained the lowest score (2.70).

The co lour preference was found to be significantly affected by 

parboiling process. In the present study, preferences were shown for 

the co lour o f  raw rice samples, when compared to parboiled  samples. 

M ean score obtained  for co lour o f  raw rice varieties was 3.15, and that 

o f  parboiled rice varieties was 2.91. There was not much significant 

difference for the in teraction  between variety and processing  m ethod 

with respect to a ttr ibu te  ‘c o lo u r’ .



A significant difference was observed in the mean scores 

obtained for different varieties o f  rice for the a ttribu te  ‘appea rance ’ 

(Table 14). Am ong the ten rice varieties, Cul-2006  had obtained the 

highest score  for appearance (3.50), while variety, Vytti la-4  had 

obtained the low est score (2 .60).

There  w as not much significant difference in the mean scores 

obtained  for each  variety, for the quality attribute  ‘appea rance ’ when 

processed  by raw  and parboiling methods. Mean score for raw  rice was 

2.92, while tha t  o f  parboiled rice was recorded as 2.93. The interaction 

betw een the varieties and processing method was found not to be 

significant w ith respect to a ttr ibute  ‘appearance’.

‘F lav o u r’ and ‘te x tu re ’ o f  rice varieties / culture were presented 

in Table 15.

Table 15. F lavour and tex ture  o f  rice varieties / cultures, scores

57 ,

Varieties Flavour Texture
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 2.60 3.50 3.05 2.00 2.20 2.10
Vyttila-4 2.70 2.80 2.75 2.30 2.00 2.15
Vyttila-5 2.90 2.20 2.55 2.60 2.20 2.40
Cul-1026 2.80 2.70 2.75 2.30 2.60 2.45
Cul-1734 2.90 3.20 3.05 2.90 2.60 2.75
Cul-2006 2.80 3.50 3.15 3.00 3.10 3.05
CIRJ-7 2.70 2.60 2.65 3.30 2.40 2.85
CIRJ-8 3.10 2.90 3.00 2.20 2.50 2.35
CIRJ-9 2.60 2.90 2.75 3.20 2.60 2.90

CIRJ-19 2.70 2.70 2.70 2.40 2.10 2.25
Mean 2.78 2.90 2.62 2.43

Varieties
F value 0.97* 2.34*

SE 0.20 0.22
CD 0.571 0.609

Processing 
F value 0.84* 1.86*

SE 0.09 0.09
CD 0.255 0.272

Variety x 
Processing 

F value 1.23* 0.84*
SE 0.29 0.31
CD 0.808 0.862

* Significant a t 5 % level
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There was a significant difference among the different rice 

varieties for the quality a ttribute  ‘f lavour’ as shown in Table 15. As in 

case o f  the attributes ‘co lou r’ and ‘ap p ea ran ce ’, the highest score for 

flavour was also obtained for Cul-2006  (3 .15 ) , and the lowest score for 

the variety Vyttiia-5 (2.55).

The flavour o f  the different rice varieties were found to have not 

much significant influence on parboiling method. The mean score 

obtained for flavour o f  raw rice varieties was 2.78 while that o f  parboiled 

rice varieties was 2.90. The interaction between varieties and processing 

method was not significant with respect to attribute ‘flavour’.

The texture o f  the rice varieties was also found to be the highest for 

Cul-2006  (3.05), which was found to be on par with CIRJ-9 (2.90). It was 

found to be the lowest in variety Vyttila-2 (2.10), which was found to be 

on par with variety Vyttila-4 (2.15). There was a significant difference 

among the different rice varieties with respect to quality attribute 

‘tex ture’.

Statistical data revealed that there was no significant difference 

among the ten rice varieties with respect to quality attribute ‘tex ture’ due 

to parboiling process. Mean scores obtained for ‘tex tu re’ o f  the raw 

cooked rice was 2.62, while that o f  parboiled cooked rice was 2.43.

Details on quality attributes, ‘ta s te ’ and ‘overall acceptability’ is 

depicted in Table 16.

Among the various quality a ttributes , ta s te  is the primary one and 

o f  utmost important. Significant difference was noticed among the rice 

varieties for quality a ttribu te  ‘ta s te ’ (Table 16). Among the ten rice 

varieties, highest score for taste  was obtained for Cul-2006  (3.25) and 

lowest for variety Vyttila-4  (2.30).

No significant difference was observed  with respect to the 

quality attribute ‘ta s te ’ in the ten rice varieties due to parboiling 

process. In raw rice, mean score obtained for the quality a ttribute  

‘ta s te ’ was 2.87, and that o f  parboiled cooked rice was 2.70.



Table 16. Taste and overall acceptability o f  rice varieties / cultures, scores

Varieties Taste Overall acceptability
Raw Parboiled Mean Raw Parboiled Mean

Vyttila-2 2.60 3.40 3.00 2.50 3.00 2.75
Vyttila-4 2.40 2.20 2.30 2.52 2.48. 2.50
Vyttila-5 3.20 2.60 2.90 2.86 2.46 2.66
Cul-1026 3.00 2.30 2.65 3.02 2.54 2.78
Cul-1734 3.20 2.80 3.00 2.96 3.20 3.08
Cul-2006 3.10 3.40 3.25 3.16 3.46 3.31
CIRJ-7 3.00 2.80 2.90 3.06 2.54 2.80
CIRJ-8 2.60 2.70 2.65 2.78 2.80 2.79
CIRJ-9 2.80 2.60 2.70 3.04 2.84 2.94

CIRJ-19 2.80 2.20 2.50 2.78 2.42 2.60
Mean 2.87 2.70 2.86 2.77

Varieties
F value 1.68* 1.91*

SE 0.21 0.17
CD 0.592 0.475

Processing 
F value 1.57* 0.75*

SE 0.09 0.07
CD 0.265 0.212

Variety x 
Processing 

F value 1.17* 1.07*
SE 0.30 0.24
CD 0.838 0.672

* Significant at 5 % level

The overall acceptability o f  different rice varieties were 

significantly different. Cul-2006 , was found to be m ost acceptable rice 

with a maximum score o f  3.31, followed by Culture CIRJ-9  (2.94). The 

minimum score  was obtained for variety Vytti la-4  (2 .50). There was no 

significant difference between the raw and parboiled  rice varieties with 

respect to overall acceptability.

4.5 SELECTIO N  OF SU PERIO R VARIETY

The superior variety was selected based on physical, cooking and 

nutri t ional qualities o f  rice varieties (Table 17).
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Table 17. Selection o f  superioi variety based on physical, cooking and

nutritional qualities

SI.

No.
Varieties

Index score

Raw rice Parboiled rice

1. Vyttila-2 394.36 (1) 531.36 (1)

2. Vyttila-4 333.00 (8) 378.90 (6)

3. Vytti la-5 316.61 (10) 347.54 (9)

4.* Cul-1026 326.42 (9) 366.88 (8)

5. '' Cul-1734 350.29 (5) 401.72 (3)

6: Cul-2006 392.22 (2) 524.88 (2) ;

7. CIRJ-7 354.18 (3) 391.76 (4)

8. CIRJ-8 343.30 (6) 326.55 (10)

9. CIRJ-9 350.31 (4) 388.49 (5)

10. CIRJ-19 338.58 (7) 374.03 (7)

(F igures in paranthesis  indicate  rank order)

V ariety  Vyttila-2  was found to be the superior variety o f  rice in 

both raw (394.36) and in parboiled  (531.36) forms, followed by 

Cul-2006  having scored 392.22 in raw form and 524.88 in parboiled  

form. The cultures CIRJ-7 , Cul-1734  and CIRJ-9  assum ed the next 

three  ranks in both forms, with varia tion among them selves. Parboiling 

had favourably  influenced the scores o f  Cul-1734  com pared to the other 

two cultures. Parboiling had sim ilar negative effect on culture CIRJ-8.  

The culture CIRJ-19  occupies seventh position  in both the cases. In the 

case o f  varieties Vyttila-4, Vyttila-5  and Cul-1026 , there was a positive 

shift in the ranks with respect to parboiled samples.
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5. DISCUSSION

This chap ter  encom passes a critical appraisal o f  the  salient 

findings o f  the study “Quality analysis o f  Pokkali  rice 

varie ties/cu ltu res” and the discussion is presented under

5.1 Physical characteris tics

5.2 Cooking characteris tics

5.3 N utr it iona l com position

5.4 O rganoleptic  qualities and

5.5 Selection  o f  superior variety

5.1 PH Y SICA L CH ARA CTERISTICS

Rice is p roduced  and m arketed according to grain size and 

shape. T herefore  physical dimensions such as weight and uniformity 

o f  kernels is o f  prime importance. Grain type categories  are based 

upon three  physical qualities: length, w idth and weight. All the ten 

rice varieties studied are classified into bold medium category.

Preference for grain size and shape vary from one group o f  

consum ers to the o ther. Some ethnic groups prefer short bold grains, 

some for m edium  long grains and others long slender grains. In 

general, long grains are preferred in Indian subcontinent (Dela and 

Khush, 2000).

C olour w hen observed among ten varieties, two varieties and 

four cultures were found to have red colour and three  cultures and one 

variety were white in colour. Rice is very sensitive for co lour change. 

Parboiling, depending on the processing conditions, alters the colour 

o f  rice to varying extent. In the present study, parboiling process was 

found to change the colour in some varieties. According to 

V aradharaju  ei al. (2001), if  the tem perature  is at I40°C range, it 

would influence the change o f  colour in optimum parboiled  samples. 

Similar results  w ere  also reported  by Biswas and Juliano (1988).



Physical dimensions o f  leng th ,b read th  or width and th ickness o f  

the kernels vary according to the variety and are considered as most 

im portant criteria  o f  rice quality in developing new varieties. Length 

o f  the  grain is m easured  in its grea test dimension, w idth a long the 

ventral side and th ickness across the dorsal side.

There  was slight but apparent change in the length o f  milled 

rice due to parboiling. Parboiling significantly reduced the length o f  

the rice varieties. This may be due to vertical shrinkage due to escape 

o f  m oisture during parboiling. This result confirms with the  earlier 

observation on parboiled  rice by Das et a l . (1983) and Sheena (1997). 

Bandhopadhayay and Roy (1992) had reported  tha t parboiling and 

subsequent drying might cause a decrease ' in the length and an 

increase in the w idth  o f  rough and brown rice.

But, in some varieties (C IRJ-7 , CIRJ-8  and CIRJ-19)  it was 

noticeable tha t due to parboiling treatm ent, there was an increase in 

length instead o f  decrease in length. This may be because, the grain 

length is significantly influenced by the processing m ethod 

irrespective o f  the  size and shape o f  the grain. Sowbhagya and Ali

(1991) opined tha t pre soaking causes an increase in the grain length 

by about 20 p e r  cent, but a reduction  in thickness by about five per 

cent, in firmness by about ten  per cent, and in elasticity o f  the  grain 

by about 25 per cent over unsoaked control. Sadhna et al. (1998) 

reported  significant difference between raw and parboiled rice with 

respect to grain length and L/B ratio. The authors also rep o r ted  that 

long grain rice had g rea te r  length and L/B ratio, while grain  weight 

was higher for o thers . Also, hand pounded rice had significantly 

higher grain length, grain weight, and L/B ratio, while density  and 

bulk density  values were higher in machine milled rice. .

When observed the w idth o f  the rice varieties, it was found that 

there was significant difference between the varieties, as well as 

processing m ethod applied. It was found that the width o f  the  rice
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varieties decreased  due to parboiling treatm ent. This may be because 

parboiled  rice showed rounding o f  the peripheral con tour and 

d isappearance  o f  the lateral ridges along the short axes, which makes 

the grain look  roundish as compared to raw rice. Similar results  were 

also observed  by Sowbhagya et al. (1993). But in some varieties like 

CIRJ-7,  C IRJ-9  and C lRJ-19 , there was an increase  in width due to 

parboiling. White belly grains in general possessed  higher breadth 

and weight, lower absolute density and equilibrium moisture content 

and exhibited higher susceptibility to crack  form ation  than translucent 

grains. This findings is on par with the study rep o rted  by Bhashyam 

et al. (1985).

The L/B ratio is used in classifying the shape. Based on length 

/ w idth  ratio  (FAO, 1970) rice grains are classified as slender long 

grain  rice, bold medium grain rice and round short grain rice.

The L/B ratio varied significantly be tw een the  rice varieties. In 

the  p resen t study it was found that there  was not much significant 

difference betw een the L/B ratio o f  ten rice varieties with respect to 

processing  m ethod, but it can be observed tha t  there  was slight 

d ecrease  in L/B ratio o f  parboiled rice (2 .31) w hen com pared to raw 

rice (2 .32). The result is on confirm ation w ith  study conducted by 

K aur et al. (1991) and Sheena (1997). T raditional parboiling 

significantly decreased the L/B ratio o f  milled rice kernels than the 

co n tro l  (K aur et al., 1991). But L/B ratio o f  some varieties ( Vyttila- 

4, Cu l-1026 , Cut-2006  and CIRJ-8)  increased after parboiling. This 

may be due to the variation in the grain dimensions and shape o f  the 

varie ties selected. This result is on  confirm ation  with the study 

conducted  by Sowbhaghya et al. (1993). The au thors  reported  that 

the  L/B ratio o f  parboiled rice (2.40) was higher, when com pared to 

raw  rice (2 .28).

Thousand grain weight is considered to be a function o f  kernel size 

and its density and, this determines milling quality. Thousand grain



w eigh t is a m ajor d e te r m in a n t ' in ad judg ing  the popu larily  o f  rice 

va rie tie s .  Farm ers p refer grains with h igher thousand grain weight.

A s ign if ican t d ifference  in the thousand grain w eigh t was 

observed  am ong the rice varie ties  (Fig. 2). In the present study, it 

was observed  that varie tal va ria tion  had a profound in fluence  on this 

va riab le .  A ccord ing  to W ebb and S terner (1972) the thousand  grain 

w eigh t o f  rice va rie ties  varied considerab ly  with the m ois tu re  content 

i n ’the grain. T herefore , varie ta l varia tion  in thousand grain w eight 

may occur due to varia tion  in the shape and s truc ture  o f  the grains and 

c lim atic  conditions  at the tim e o f  harvest. In ear lier  s tud ies , it was 

rep o rted  tha t  the grain  harvested  during  the ‘v ir ip p u ’ season (J u ly -  

A ugust) had h igher  volum e and w eight than the grains harvested  

during  the ‘m u n d ak an ’ season (D ecem b er-Jan u ary )  (Dev, 1991). 

From the study conducted  by Saik ia  (1990), it was found that s lender 

g ra ins  has low est thousand  kernel w eight for paddy, brown and m illed 

rice. S im ila r  resu lts  were also reported  by B hattacharya  and Ali 

(1972) and S indhu  et al. (1975).

The thousand  grain w eight was found to vary s ign if ican tly  after 

pa rbo iling . Parbo iled  sam ples had s ign ifican t higher thousand grain 

w eight com pared  to raw sam ples. The increase  in thousand grain 

w eigh t after pa rbo iling  m ight be due to the excess  m ois tu re  content 

abso rbed  during  the process. But contrary  to this, in some varie ties , 

there  was s ligh t decrease in thousand  grain weight after parbo iling . 

U sha et al. (1999) reported  that ex tended m illing  o f  rice decreases  the 

inc idence  o f  m ic ro flo ra  and reduce the kernel w eight and head rice 

y ie ld  o f  the  rice varie ties.

H ead rice  y ie ld  is the  yield o f  m illed  rice  ob ta ined  on m illing  

o f  paddy. It is one o f  the m ost im portan t c rite ria  o f  rice quality  

e spec ia lly  from m arke ting  s tandpoin t. A varie ty  shou ld .possess  a high 

tu rn  out o f  w hole  grain (head) rice and to ta l m illed  rice (D ela  and 

K hush , 2000).
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Fig. 2. Effect of parboiling on thousand grain weight of rice varieties/cultures



The head rice yield is sensitive to the mode o f  drying. The head 

rice yield may increase upto one per cent, if  drying is postponed for a 

day in order for the internal m ois tu re  gradients  in the kernels, and the 

different moisture contents be tw een  the individual kernels to 

equilibrate, but delaying the drying beyond 24 hours does not affect 

head yield. As reported  by B andyopadhyay and Roy (1992), paddy 

harvested at higher moisture con ten t (21 -  24 % wet basis) and dried 

by a mechanical drier gives be tte r  yield o f  milled rice when compared 

to paddy dried in the sun.

In the present study, there  was significant difference between 

the rice varieties with respect to head rice yield. Head rice yield o f  

the parboiled rice samples were significantly higher (77.63 %), when 

com pared to the raw rice samples (72.79 %) (Fig. 3). This may be due 

to the changes in the process o f  hardening o f  the endosperm  o f  the 

grain. Similar observations w ere  repo rted  by Neelofer (1992), 

Nandini (1995) and Sheena (1997). A study by Vimala (1997) 

concluded that a pre treatm ent m ethod o f  soaking during parboiling 

will increase the head rice yield. Daniels et al. (1998) s tated  that low 

tem perature  dried rice gives significantly greater head rice, yield 

cooking properties  and peak  viscosity  than did high tem perature  dried 

rice. As reported  by Im oudu and Oku Fayo (2000) it was noticed that 

parboiled rice dried on a concre te  gave a higher yield percentage and 

lower p ropor tion  o f  broken grains than the grains dried on a mat.

Swelling capacity is the ratio o f  the final to the initial volume 

or weight o f  the rice. In the present study it was observed that 

swelling capacity / seed was m ore for parboiled rice (0.025 ml/seed) 

when com pared to raw rice (0 .010 ml/seed). Swelling index was also 

more for parboiled rice samples (1 .16) than raw  rice samples (0.44).

The w ater absorption  capacity , as reflected by swelling ratio is 

significantly lower for parboiled  rice than for raw rice cooked for 

same period. But, samples o f  raw  rice and parboiled rice soaked to an
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equivalent degree show  that parboiled rice can absorb more w ater 

w ithout losing its shape and raw  rice cooked for 15 or 20 minutes had 

a lower swelling ratio than parboiled  rice cooked for 30 or 40 minutes 

respectively (Araullo et a l . , 1976). As reported  by Sowbhagya et al. 

(1993) rice tends to becom e coarser by parboiling and these  coarser 

varieties have higher porosity , therefore more swelling.

Begum and B hattacharya  (2000) reported  that the nature  and 

amount o f  non starch  consti tuen ts  are important factor? which act as 

physical barrier to the swelling o f  starch granules due to lower w ater 

uptake by rice kernel on cooking. The authors also s tated  tha t the 

difference in surface area o f  the kernel among the varieties would also 

influence w ater absorp tion  during cooking.

5.2 COOKING C H A R A C TE RISTICS

Cooking and processing  qualities largely determined the 

economic value o f  rice. These are assessed by determining optim um  

cooking time, gruel loss, volume expansion, w ater uptake, 

gelatinization tem pera tu re , e longation ratio and elongation index.

Cooking time is one o f  the major determinants o f  the quality o f  

rice grain. Consum ers p refer rice grain with less cooking time. In the 

present study, op tim um  cooking time was found to significantly vary 

among the rice varie ties. Parboiling process significantly increased 

the cooking time o f  rice varieties. The increase in the optim um  

cooking time after parboiling may be due to the variation in the ra te  o f  

hydration and consequent gelatinization. Parboiled rice took  25.10 

min. to cook, com pared  with 22.30 min. o f  raw milled rice. Sreedevi 

(1989), Nandini and Prem a (1996) and Sheena (1997) have also 

reported  similar observations.

But, while considering few varieties in particular (C u l -1026,  

Cul-1734, Cul-2006  and CIRJ-8),  it was observed that there  was a 

decrease in cooking  time after processing. This may be due to
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ie te ro g rad a tio n  o f  parboiled paddy, i f  the  m oisture  is rapidly reduced 

Followed by quick dissipation o f  heat. Similar results  were also 

'ep o r ted  by V aradharaju  et al. (2001). The decrease in the cooking 

dme was also speculated by Sowbhagya and Ali (1991), and may be 

fue to higher moisture content o f  pre soaked rice facilitating faster 

heat transfer. According to Usha et al. (1999) d isco loured  rice 

requires significantly less time to cook. The au thors  also repo rted  that 

pre soaking  causes a reduction in cooking time.

B egum  and Bhattacharaya (2000) found that when more fat was 

available in raw  rice, cooking time increases. Reverse phenom enon 

was observed  in glutinous varieties, which consum e more time as 

against low fat content.

The loss o f  carbohydrates principally s tarch  and non-starch

polysaccharides and lipids through the gruel is term ed as gruel loss. 

Gruel loss is an im portant cooking characteris tic  o f  rice. H igher the 

gruel loss, g rea ter will be the nutrient loss. So the variety  which has 

lower gruel loss is nutritionally  superior.

In  the  present study, gruel loss was more experienced from raw 

rice (2 .06 %) when com pared to parboiled rice (1.38 %) (Fig. 4). 

Because s tarch  in parboiled rice is already cooked  or gelatinized.

This s tudy  confirms w ith  the findings o f  Rajalakshmi (1984), Sreedevi 

(1989), N andini and Prema (1997) and Sheena (1997).

V olum e expansion or kernel expansion is determ ined from the

ratio be tw een  the cooked volume o f  rice to that o f  uncooked rice.

Higher volum e expansion after cooking is a desirable tra it  preferred 

by consum ers.

A significant increase in volume expansion was observed when 

rice varie ties  were parboiled. Volume expansion o f  parboiled  rice was 

noted to be high (8.47), com pared to raw rice (7.74). This may be due 

to loosened  husk and o ther factors related  to changes b rought about 

during the  parboiling operations. The findings are on line w ith  that o f
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Sheena (1997). But in some varieties (Cul-2006 , CIRJ-7,  CIRJ-8,  

CIRJ-19)  volume expansion was decreased  a fte r  processing. This can 

be explained from the findings o f  Kumari and Padmavathi (1991) who 

found tha t volume expansion was less for short grain varieties than 

long grain varieties and parboiling process decreases  the length o f  the 

varieties. Usha et al. (1999) s tated  that d isco loured  rice reduces 

kernel e longation  in cooked rice.

W ater uptake is a measure o f  the hydra tion  characteristics o f  

rice which may be influenced by fac to rs  such as gelatinization 

tem peratu re  and porosity  o f  the kernel (B andhyopadyay and Roy, 

1992). H igher w ater uptake is an indicator o f  be tte r  cooking quality 

o f  rice. Begum and Bhattacharya (2000) repo rted  that when more fat 

was available in raw rice, w ater uptake decreases.

In the present study compared to raw  rice varieties, parboiled 

rice had a significantly higher value for w ater  up take  ratio. The mean 

value obtained for raw rice was 4.79 and that o f  parboiled rice was 

5.34. This was explained as parboiling changes the absorptive 

capacity  o f  rice and radically alters the hydration characteristics. 

Parboiled rice samples were found to absorb  higher amount o f  water 

during cooking. Similar results w ere  also repo rted  by Neelofer

(1992), Nandini (1995) ,Sheena (1997) and Otebayo et al. (2001). In 

some varieties ( CIRJ-7 , CJRJ-8, CIRJ-19 ), the  w ater  uptake ratio was 

found to decrease as a result o f  parboiling trea tm ent. This may be due 

to the fact that parboiled rice was hard due to gelatinization and 

resists  absorp tion  o f  w ater into it during cooking . Similar findings 

were observed by Patil et al. (1982) and V aradhara ju  et al. (2001).

G elatinization tem perature  is the range o f  tem perature  where in 

at least 90 per cent o f  the starch granules swell irreversibly in hot 

w a te r  with loss o f  crystallinity and birefringence. According to Dela 

and Khush (2000), gelatinization tem perature  o f  rice ranges from 55 to 

79°C.
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Gelatinization temperature strongly influences the cooking quality 

o f  rice. Rice varieties with intermediate gelatinization temperature (70 -  

74°C) are preferred all over the world, as the high gelatinization 

temperature rice becomes excessively under cooked, under standard 

cooking procedure and hence least preferred (Singh el al., 2000). In the 

present study, all the rice varieties (both raw and parboiled) were found to 

be o f  intermediate gelatinization temperature type.

A s ligh t s ign if ican t low er ge la t in iza tion  tem pera tu re  was 

observed  in parbo iled  rice sam ples (71.40°C) when com pared  to raw 

rice sam ples  (72.70°C). ‘ In • pa rbo iling  process, norm ally  starch 

g e la t in izes  in the grain to ensure  d iscre te  rice kernels  when cooked. A 

s ig n if ican t  low er ge la t in iza t io n  tem pera tu re  values o f  parbo iled  rice in 

the p resen t  study reveals that during  parbo iling  process, the starch 

con ten t o f  rice has not fu lly  ge la t in ized . This may be due to 

en v ironm en ta l  cond ition  such as low heat applied  during  process ing , 

as high am bien t tem peratu re  resu lts  in starch with high g e la t in iza tion  

tem pera tu re . Contrary  to the above resu lts ,  in some o f  the cu ltu res  

( C u l -1 026, CIRJ-9,  CIRJ-19) ,  the g e la t in iza tion  tem pera tu re  was 

found to increase  w ith  pa rbo iling  process. This may be because  

g e la t in iza t io n  tem pera tu re  is negative ly  in fluenced  by the total 

am ylose  content. S im ilar  results  were reported  by Ali and 

B hattacha rya  (1980a), Sreedevi (1989) N andin i (1995) and Sheena 

(1997).

E lo n g a tio n  ratio is the ratio  betw een the length o f  cooked grain 

and tha t o f  the raw grain. H igher values for e longation  ratio  o f  

cooked  rice  are a positive  and desirab le  character.

A s ign if ican t varie tal va ria tion  was observed  in the e longation  

ra tio  o f  d iffe ren t rice varie ties .  In the p resen t study, it was noticed  

tha t  p a rbo iling  s ign ifican tly  increased  the e longation  ratio as noted  to 

be 1.30 in parbo iled  rice sam ples  and 1.27 in raw rice sam ples. The 

increase  in e longation  ratio m ight be due to increased  grain length
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brough t about by pa rbo iling  o f  paddy. This resu lt  was in line with 

f ind ings  o f  Kaur et al. (1991) and Sheena (1997). The e longation  

ratio  va lues  in some o f  the cu ltu res  ( C ul-1734 , Cul-2006, C IRJ-7 , 

CIRJ-8  and CIRJ-19)  was found to be low er after pa rbo iling  when 

com pared  to raw counterparts . This may be because  tem peratu re  of 

p a rb o il in g  in fluence  the linear e longation  o f  the rice kernel. These 

va lues  are in con firm ation  with the study conducted  by Sreedevi 

(1989).

Sow bhagya and Ali (1991) reported  that e longation  ratio 

increases  m arg ina lly  by about five per cent only, by pre soak ing  and 

cook ing  in long grain  rice, even though  they e longate  m ore on direct 

cooking .

E longation  index is the ratio  be tw een the length  and w idth o f  

cooked  grain and that o f  uncooked  grain. It is re la ted  to grain 

d im ension . The e longation  index will give a m easure  o f  the 

percen tage  increase  in the grain d im ension  after cooking.

In the p resen t study, it was noticed  that pa rbo iling  process 

s ign if ican tly  increased  the e longation  index o f  rice varie ties . The 

m ean value for e longation  index o f  parbo iled  sam ples was 1.73, while 

tha t o f  raw rice sam ples was 1.64. The parbo iled  rice grains after 

cook ing  appear b igger and bo lder than cooked raw rice. S im ilar  trends 

w ere also observed  by Sreedevi (1989), N andin i (1995) and Sheena 

(1997). C ontrary  to the above resu lts ,  in some cu ltu res  {C ul-1734 , 

Cul-2006, CIRJ-7, CIRJ-8,  CIRJ-9  and C IR J-19 ), the e longation  index 

was found to decrease  when com pared  to raw  m illed  varie ties . This 

m igh t be due to short and plum p appearance  o f  the grain.

5.3 N U T R IT IO N A L  C O M PO SITIO N

M ajority  o f  Indians are trad it io n a lly  vegetarians  by the ir  d ie tary  

hab its  and derive  m ost o f  the ir  n u tr ien t requ irem en t from p lan t foods.



T here  is an ever-grow ing  need for c e rea l 'g ra in  to meet the energy and 

p ro te in  requ irem en ts .

Rice is a rich  source o f  energy and m odera te  source  o f  pro te in . 

C erea ls  are the main source o f  energy con tribu ting  7 0 -8 0  per cent o f  

the daily  energy needs. Rice prov ides  more ca lories  when com pared 

to o the r  cereals .

N u tr i t io n a l  quality  o f  rice can be evaluated  by de te rm in ing  

energy , p ro te in , s tarch  am ylose, am y lose-am ylopec tin  ra tio , m ois tu re , 

fibre  ca lc ium , phosphorus , iron, sodium , and po tass ium .

R esu lts  from  the p resen t study  revealed  that all the rice sam ples 

were found to have higher ca lo r if ic  va lues after parbo iling  (Fig. 5). 

The m ean value o f  rice sam ples  after parbo iling  was estim ated  to be 

389 kcal w hile  that o f  its raw coun terpar ts  was 349 kcal. During 

p arbo iling , the brown outer layers (scu te llum  and germ) adheres  to the 

g ra in  and m ost o f  the nu trien ts  in it are driven into the in te r io r  o f  the 

grain. S im ilar  find ings were also reported  earlier by R ajaiakshm i 

(1984), Sreedevi (1989), N andin i (1995) and Sheena (1997).

P ro tein  in rice, is considered  to be o f  good quality , therefore  

rice is conside red  to be m ajor source o f  d ie tary  p ro te in  in Indian diets, 

even  though  per cent p ro te in  in it am ounts  less. P ro tein  is the second 

m ost abundan t consti tuen t in rice. Total quantity  and qua lity  o f  

p ro te in  p resen t, de term ines  the overall nu tr i tional quality  o f  the grain. 

A m ong cereal p ro te ins , rice p ro te in  is the m ost nu tri tive  because o f  its 

h igher  lysine content (B andhopadhyay  and Roy, 1992).

In a study conducted  by Sheena (1997), protein  content o f  rice 

was in the  range , 8.83 to 10.15 g/100 g, but in the p resen t study, there 

was a d ras tic  d ifference  in the p ro te in  con ten t o f  the ten rice va rie ties  

w h ich  ranged from 4.23 to 12.03g / 100 g. The d ifference  may be due 

to severa l factors . The va riab il i ty  in pro te in  content o f  rice was 

m ain ly  due to the env ironm ent in w hich it has grown. The protein  

con ten t varied  from plant to plant. The pro te in  contents  o f  rice varied



much with cu ltu ra l p rac tices also. High solar radiation during grain 

developm ent generally  reduced  pro te in  content.

Chen et al. (1998a) s tated  that protein content decreases with 

increasing kernel th ickness to 1.69 mm after which it remains 

constant. U sha et al. (1999) reported  that p ro te in  content, ash, 

reducing sugars, non reducing sugars and free fatty acids increase with 

number o f  d iscoloured  grains where as amylose content decreases with 

the same. O kaodom e et al. (1999) noticed that surface hardness was 

positively corre la ted  with protein  content. The surface hardness would 

distinguish differences in pro te in  content among rice samples o f  the 

same cultivar.

In the p resen t study, it was noticed that parboiling resu lted  in 

increase in the p ro te in  content o f  most o f  the rice varieties. The 

increase in p ro te in  content may be due to parboiling process  which 

forces the nutrien ts  from the bran layer into the centre  o f  the grain. 

The resulting rice is fluffy and separate and retains m ore nutrients 

than un-enriched  regular milled white rice. The result was in 

confirm ation w ith  the repo rt  o f  Wimberley (1 983). The study

conducted  by Sadhna et al.  (1999) reported  that parboiled rice was 

found to have higher p ro te in  and ash contents and lower free amino 

acids and free fatty  acids com pared to raw rice.

Starch  is a polysaccharide found in nature by the condensation  

o f  a large num ber o f  g lucose molecules. S tarch  forms 90 per cent o f  

rice by weight.

In the p resent study, it was observed that varietal differences 

exist with respec t to s tarch  content o f  the rice varieties. The physical 

p roperties  o f  the  grain are more closely related to the starch content or 

to p ro te in  con ten t than to amylose content. Also, s tarch  content 

decrease with an increase in protein  content. Zheng et al. (2000) 

reported  that as drying tem peratu re  increases, the fatty  acid content o f
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grain increases resulting in more rapid rice ageing and prevents  starch 

gelatin iza tion . This lead to degradation o f  quality afte r  drying.

I t  was noticed that the starch content o f  rice varieties reduced 

as a resu lt  o f  parboiling (Fig. 6). This may be due to the fact that 

during parboiling, starch granules are gelatin ized and squeezed 

to ge ther ,  making the endosperm hard and com pact. But, when each 

variety  was analysed, it was observed that in most o f  the varieties, the 

s tarch  con ten t increased due to parboiling. Each  variety may be 

consti tu ting  with different am ylose-am ylopectin  ratio, which 

determ ines the tex tural properties o f  rice. The low er the percentage o f  

am ylopectin , the lower the w ater absorption capacity  o f  the starch, the 

g rea te r  the tem perature  at which starch o f  the grain  will gelatinize. 

Ali and B hattacharya  (1980a) had stated that the to ta l  s tarch  content 

was una lte red  in parboiling, but the soluble amylose content was 

increased  depending upon the severity o f  parboiling. Similar findings 

were also reported  by Kuzimina and Torzhinskaya (1973).

Amylose is a linear fraction o f  s tarch  and has negative influence 

on tas te  panel scores o f  tenderness, cohesiveness and gloss o f  cooked 

rice. I f  the amylose content is absent, as in waxy (glutinous) rice, such 

rice do no t expand in volume^are glossy and sticky, and remain firm 

w hen cooked . High amylose content rice shows h igh volume expansion 

(no t necessarily  elongation) and a high degree o f  flakiness. They cook 

dry, are less tender and become hard upon cooling. Low amylose rice 

cook m oist and are sticky. Intermediate amylose rice* cook moist and 

tender and do no t become hard upon cooling. In term edia te  amylose 

rice are the p referred  types in most o f  the rice grow ing areas o f  the 

world.

In  the present study, amylose content varied  significantly 

among the varieties. A significant decrease in amylose content was 

observed  after parboiling. This may be due to the loss o f  gluten into

*O
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the gruel. Such negative effect o f  parboiling on amylose content was 

also reported  by Sreedevi (1989), Nandini (1995) and Sheena (1997).

The ratio o f  amylose to amylopectin  in s tarch  has chief 

influence on eating quality. The am ylose/am ylopectin  ratio is the 

m ajor factor influencing w ater absorp tion  and volume expansion 

during cooking, as well as the texture  and gloss o f  boiled milled rice.

In the present study it was noticed that amylose and 

amylopectin ratio varied significantly among the rice varieties. But 

no significant difference was observed due to processing method 

applied among the ten rice varieties, and it was found that parboiling 

process slightly decreases the am ylose- am ylopectin  ratio values 

(0 .34), when compared to raw rice values (0 .41). This may be due to 

variation in total starch and to ta l amylose content.

M oisture content is the most im portant quality criterion for rice. 

High quality grains are those having minimum m oisture , microbial 

de ter io ra tion  and spoilage.

According to Pillaiyar (1988), the ex ten t o f  re tro-gradation 

depend upon tem perature  o f  storage  as well as the m oisture content o f  

parboiled  paddy.

In the present study, a significant increase in moisture content 

was observed in parboiled rice samples (11.90 %) when compared to 

raw  rice samples (11.24 %). This may be due to the fact tha t the water 

absorbed by starch granules during parboiling may be excess. This 

depends upon the am ylose-am ylopectin  ratio  o f  rice samples. But 

m oisture  content was found to decrease in some varieties ( Vyttila-4 

and Cul-2006).  This may be due to significant variation in rice 

hardness among cultivars and this was corre la ted  with the moisture 

content o f  rice kernel endosperm . Similar resu lts  were  observed by 

Chen et al. (1998b).

Fukum ori and M ohri (2001) reported  that during the paddy 

tem pering state  o f  in term ittent drying, it increases the velocity o f
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m oisture  transporta tion , if  the initial d ifferences o f  the moisture 

con ten t o f  husk, brown rice and paddy tem perature  are high.

Crude fibre is a mixture o f  substances, which make up the 

fram ew ork  o f  plants and is com posed o f  cellulose, hemicellulose and 

lignin o f  the cell walls. Rice is a m oderate  source  o f  fibre.

In the present study, it was noticed tha t parboiling significantly 

influence the fibre content. As in the case o f  parboiled rice varieties, 

the same variety also showed the highest percentage  o f  fibre content. 

This may be due to the fact tha t the nutrients from fibrous outer layers 

are forced into the centre o f  the grain during parboiling. Similar 

findings were also reported  by Sheena (1997).

Generally, rice has 10 mg calcium per 100 g and it is mostly 

present in bran. In the present study, a significant difference in the 

calcium content o f  rice varieties was observed among the ten  varieties. 

It was noticed that parboiling significantly increased the calcium 

con ten t o f  the rice varieties. Raw rice had lower content o f  calcium 

(12.07 mg / lOOg), when com pared to parboiled rice (12.91 m g . /  

100 g). This may be because due to parboiling process nutrient 

elem ents like calcium present in outer layers m igrated deep into the 

grain, resulting in a grea ter  re ten tion  in milled parboiled grain 

(D eosthale  et al., 1979). Also, as reported  by O cker et al. (1976) 

steaming increases the calcium content o f  the parboiled rice samples 

com pared  with that o f  raw  milled rice. The increase was more 

noticeable if  paddy samples are soaked for 18 hours; but soaking for 

24 hours resulted in loss o f  calcium content o f  rice.

Contrary  to the result, calcium content o f  few varieties 

( Vyttila-5 , C IRJ 8  and C IR J  79), was found to decrease with 

application o f  parboiling technique. The loss in calcium content may 

be due to the reason that the calcium being dissolved ou t by the 

parboiled  water. Sreedevi (1989) also repo rted  loss o f  calcium due to 

parboiling.



The effect o f  parboiling on the phosphorus content o f  the rice 

samples when analysed, revealed tha t there  was drastic  decrease in 

phosphorus  content o f  parboiled rice (155.44 mg / 100 g) when 

com pared  to raw  rice coun terparts  (231.12 mg / 100 g). In variety 

Vyttila-5 , it was found that phosphorus  content increased after 

parboiling, contrary  to the results  o f  the rest o f  the varieties, where a 

drastic  decrease in phosphorus con ten t due to parboiling was 

observed. The present study revealed  that iron content in parboiled 

rice samples decreased  (0.72 mg / 100 g), when com pared to that o f  

raw rice varieties (0.97 mg / lOOg). Iron  content was found to be 

decreasing in m ost varieties, but surprisingly in cultures (Cul-2006  

and CIRJ-9), it was found to increase drastically after parboiling. 

This can be explained by the fact that severity o f  steaming in 

parboiling influences the mineral d is tribu tion  in parboiled rice (Ocker 

et a l ., 1976).

Results  in the present study revealed that there was a drastic 

increase in sodium content. M ean value o f  parboiled rice samples was 

5.71 mg / 100 g while that o f  raw  rice samples was 2.67 mg / 100 g. 

Also, their is a drastic increase in po tassium  content o f  parboiled rice 

varieties (454.65 mg / 100 g), w hen com pared to raw counterparts  

(398.75 mg / 100 g). This may be due to the fact that, parboiling 

process resu lted  in the transfer o f  na tura l vitamins and minerals from 

the rice bran layer into the s tarch  endosperm . This confirms with the 

results  o f  D oesthale  et al. (1979) and Damir (1985).

5.4 O RG A N O LEPTIC  C H ARA CTERISTICS

Quality will be considered as the relative excellence o f  a food 

based on sensory estimates o f  co lour, tex ture  and flavour. These 

a ttribu tes  make food desirable to consumers. Quality also 

encom passes wholesom eness, econom y, convenience and market 

appearance. ■ Food quality is evaluated  by sensory, chemical and
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physica l m ethods. Sensory m ethods are used to determ ine w hether 

foods d iffer  in such qua lities  as taste , odour, ju ic in e ss ,  tenderness  or 

tex tu re  and the ex ten t and d irec tion  o f  the d ifferences . They are also 

used to de te rm ine  consum er preference  am ong food.

Sensory  evalua tion  is a sc ience  that uses the hum an senses to 

m easure  the tex tu re , appearance , arom a and f lavour o f food products . 

The q u a li t ie s  can be m easured  objectively  using  proper 

in s tru m en ta t io n  and sub jec tive ly  using a sensory  panel.

Sensory  evalua tion  by labora tory  panels and consum er panels 

give ind ica tion  to the eating  quality  o f  rice and it varies accord ing  to 

personal preference .

Q uality  a ttr ibu tes  selec ted  in this study were co lour, 

appearance , f lavour, tex ture  and taste. The a ttr ibu tes  such as 

appearance , tex ture  and f lavour are final c rite r ia  o f  cooking  quality  

and de term ine  palatabi 1 ity or eating  charac te ris t ic s  o f  cooked rice.

C olour is used as one c rite ria  o f  quality  o f  all rice varie ties. 

The assessm en t is perform ed on whole milled rice. The co lour o f  rice, 

also referred  to as “general ap p ea ran ce” , is in fluenced  by such th ings 

as sm ut which im parts  a gray co lour or red rice seeds that gives the 

m illed  rice a rosy colour.

A s ign if ican t d ifference  was observed  in the mean scores 

ob ta ined  for the quality  a ttr ibu te  ‘c o lo u r ’. Parbo iling  process 

s ign if ican tly  affects  the, 'c o lo u r ’ o f  rice varie ties. In the p resen t 

study, it was observed that p reference  for co lour was shown for raw 

rice sam ples , when com pared  to parbo iled  sam ples (Fig. 7a). Lesser 

a ccep tab il i ty  o f  parbo iled  rice may be due to the fact that the absorbed 

w ater during  pa rbo iling  d isso lves  the co louring  p igm ent in the hull 

and the heat applied  during  pa rbo iling  process drives away the 

p igm ents  inw ards to the endosperm , w hich im parts  a darker co lour to 

the grain. S im ilar  f ind ings were also reported  by Gariboldi (1974) and 

Sheena (1997).



The score  obtained for ‘c o lo u r’ o f  raw rice was 3.15, com pared  

to p a rbo iled  coun terparts ,  2.91. C ontrary  to this resu lts , in few 

v a rie t ie s  ( V yttila -2 , Vyttila-4  and C u l-1 7 3 4 ), parboiled  rice sam ples 

sco red  more. This con trad ic t ion  may be because K eraliles  mostly 

p re fer p a rbo iled  rice.

G eneral appearance  is an im portan t quality  tra it, because  mostly 

rice is consum ed  in w hole  grain form. N um erous factors  consti tu te  

general ap p earance  inc luding  size and shape, un iform ity , translucency . 

cha lk iness ,  co lour, dam aged and im perfec t grains.

In the p resen t study, it was observed  that there ex ists  s ign ifican t 

d iffe rence  in the m ean scores obta ined  for d ifferen t va rie ties  o f  rice, 

w ith  respec t to quality  a ttr ibu te  ‘ap p ea ra n ce ’. But it was also found 

tha t there  was no s ign if ican t d iffe rence  between the rice va rie ties  with 

respec t to p rocess ing  m ethod viz.,  p a rbo iling  for the a ttribu te  

‘a p p e a ra n ce ’ (Fig. 7a). The reason  may be that all the rice varie ties  

are ca tegorized  o f  bold and m edium  shape. M edium  grain rices when 

cooked , are more m oist and tender than long grain ones and also have 

a grea ter  tendency  to c ling together.

A ttr ibu te  ‘ap p ea ra n ce ’ had gained much preference  in parboiled  

form  than in raw form. This may be because, parbo iled  rice retained 

be tte r  shape after cook ing  and were fluffy and less cohesive . Sreedevi 

(1989) also reported  that parbo iled  rice score high value for 

appearance . But p re fe rence  is g iven in the raw form in som e varieties 

fo r the a ttr ibu te  ‘ap p ea ra n ce ’ ( C ul-1026 , CIRJ-7, C IRJ-9  and 

C IR J-19) .  This may be because  the grain  length was found to be 

co rre la ted  with palatabi 1 ity evaluation .

F lavou r is one o f  the im portan t c r ite ria  for se lec tion  o f  superior 

varie ty . In the present study it was revealed  that there was sign ifican t 

d iffe rence  am ong d ifferen t rice va rie ties  with respect to quality 

a ttr ib u te  ‘f la v o u r’, and f lavour o f  d iffe ren t rice varie ties  were found 

not to be s ign if ican tly  in fluenced  by pa rbo iling  m ethod (Fig. 7a).
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Fig. 7a Effect o f  parboiling on sensory evaluation o f  rice varieties / cultures



Flavour preference, in general, was found to be higher for 

parboiled varieties. Parboiled rice has a characteristic flavour compared 

to raw rice. This may be the reason for the increased acceptability of 

parboiled rice. According to Bandhyopadhyay and Roy (1992), the 

flavour o f  the parboiled product is the result o f  hydrolysis and 

decom position o f  certain- constituents such as proteins, under the 

influence o f  steam at high temperature during parboiling. They also 

reported that the secondary products responsible for the characteristic 

flavour are proteins consisting o f  “S” containing amino acids, which 

produce sulphurous compound (mercaptans) having a characteristic 

flavour and aroma.

C ontrary  to the above result, ‘f la v o u r’ was preferred  in raw 

form for varie ties  such as Vyttila-5, C ul-]  026, C IRJ-7  and C IRJ-9  than 

in parbo iled  form.

Texture  is ano ther im portan t quality  crite ria  to be analysed. 

P arbo il ing  changes the tex ture  o f  the rice. Rice becom es firm er and 

less sticky and also, it makes it much more durable  kernel. It can be 

over cooked w ithou t being m ushy or losing  its grain shape.

Lyon et al. (2000) s tated  that, m easurem ent o f  cooked rice 

tex ture  a ttr ibu tes  by sensory and ins trum enta l methods is im portan t 

because  o f  the increasing  popularity  o f  rice and rice p roducts  by 

g lobally  d iverse  cu ltures. The au thors  also opined that factors 

in fluenc ing  cooked rice tex ture  are cu ltivars , physico-chem ical 

p rope rtie s ,  post harvest handling  practices  (m illing  degree, grain 

cond itions  and final m oisture) and cooking  method.

But resu lt  o f  the present study revealed  that, there was a 

s ig n if ican t d ifference  am ong the rice varie ties  for the quality  a ttr ibu te  

‘te x tu re ’. The mean score obta ined  for raw sam ples (2 .62) was more 

w hen com pared  to parboiled  sam ples (2.43) (Fig. 7b). In few 

varie ties ,  tex tura l p reference  was given for parboiled  ones and in
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som e, for raw varie ties . A ccord ing  to Ju liano  (1998) am ylose content 

m ainly  de te rm in es  the tex tu re  o f  cooked rice.

A m ong the various qua lity  a ttr ibu tes  ‘ta s te ’ is o f  prim ary 

consum er in terest for its m arke tab ility .  Zheng and Zhao (2000) 

repo rted  that drying tem peratu re  o f  paddy is the main fac tor a ffec ting  

rice taste . A fte r high drying, tem pera tu re , rice fatty acid and am ylose 

con ten t increase  and pro te in  con ten t was not no ticeab ly  changed. If 

the d ry ing  tem pera tu re  exceeds 45°C, the order o f  s tarch  pa rtic le  

becom es m ixed  and d isorderly .

In the  p resen t study, it was observed  that there was s ign if ican t 

d iffe rence  in the m ean score  for the quality  a ttr ibu te  ‘ta s te ’ for 

d ifferen t v a r ie t ie s ,  bu t there  was no s ign if ican t d ifference  w ith respect 

to p ro cess in g  technology  v/z., ‘p a rb o i l in g ’ applied  (Fig. 7b). 

Parbo iled  rice had a charac te ris t ic  taste  and arom a, which is m ostly  

accep ted  by K era lites  com pared  w ith  o ther S tates  o f  India. But in the 

p resen t  study, it was found that raw rice sam ples scored s lightly  

h igher values (2 .87), com pared  to parbo iled  sam ples (2 .70). Open 

crack  fo rm ation  in po lished  rice during  soak ing  results  in dam aged 

cooked rice and a ffects  the taste  o f  the cooked rice. The open crack 

fo rm ation  increases  w ith  decreasing  m ois tu re  con ten t o f  po lished  rice 

and low er w ater  tem peratu re . S im ilar  resu lts  were also reported  by 

K oide  et al. (2001).

The a ttr ibu te  ‘ta s te ’ was p referred  for varie ties  V ytti la -2 , Cul- 

2006  and C IR J - 8 in the parbo iled  form ra ther than in raw form.

The overa ll  accep tab il i ty  o f  d ifferen t rice va rie tie s  was 

s ign if ican tly  d ifferen t but, th is  aspec t was not affected  by the 

p ro cess in g  techn ique  applied  (Fig. 7b). This means that raw as well as 

pa rbo iled  rice  was equally  accep tab le  after cooking  depending  upon 

the mode o f  consum er p reference  and the ir  food habits.

O kaodom e et al. (1999'! reported  that w ith  increas ing  n itrogen 

fe r t i l ize r  app lica tion , the surface  hardness  increases  and overall
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evaluation by sensory test decreased. Therefore physical properties  o f  

grain can discriminate the effects o f  n itrogen fertil izer on protein 

con ten t and palatability.

As repo rted  by Youngpei et al. (1999) there  is significant 

positive correla tion  betw een albumin fraction o f  proteins and 

appearance , flavour, and overall acceptability o f  milled rice in the two 

varieties studied. A reverse  relationship was found betw een  storage 

p ro te ins and eating qualities.

5.5 SELECTIO N  OF SU PERIO R VARIETY

V ariety Vyttila-2  was found to be the superior variety in both 

raw and in parboiled forms, followed by C ul-2006 . While considering 

palatability evaluations, it was found that C ul-2006  was found to be 

the m ost acceptable  com pared  to other varieties. Comparing the 

scores, it was observed that parboiling had favourably influenced few 

varieties and had shown negative effect on others. The reason  can be 

explained because o f  the significant variation in the param eters  o f  

these varieties after parboiling (Fig. 8).
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6. SUMMARY

A study entitled “Quality analysis o f  Pokkali  rice varieties / 

cu ltu res” was conducted to assess the major quality parameters such as 

physical characteristics, cooking characteristics, nutritional com position 

and organoleptic  characteristics; also the effect o f  parboiling on the 

above characteristics. Ten rice samples (three varieties and five 

cultures) were collected from Rice Research Station o f  Kerala 

Agricultural University, Vyttila to conduct the study and the results 

obtained are summarized below.

The parameters selected to study under physical characteristics 

were size, shape, colour, length, width, L/B ratio, thousand grain weight, 

head rice yield, swelling capacity/ seed and swelling index.

The results revealed that all the three varieties and seven cultures 

were found to be bold and in medium shape.

Two varieties and four cultures v/z., Vyiiila-4, Vyttila-5, CIRJ-7, 

CIRJ-8, CIRJ-9  and CIRJ-19  respectively were found to have red colour 

but cultures such as Cul-1026 , Cul-1734, Cul-2006  and variety Vytiila-5  

were white in colour. There was slight change in colour o f  the rice 

varieties due to parboiling.

The length o f  the rice varieties was found to be the highest in 

C ul-2006 , and lowest in variety Vyitila-5. Parboiling significantly 

decreased the length and width o f  rice varieties, and the width was found 

to be the highest in variety Vyttila-4  and lowest for C ul-1026 .

Statistical analysis revealed that there was no significant 

difference between L/B ratio o f  the rice varieties due to parboiling 

process. L/B ratio was highest for Cul-1026  and lowest for the variety 

Vyttila-2.

Thousand grain weight was recorded the highest for variety 

Vyttila-2. Parboiled samples had significant higher thousand grain 

weight values compared to raw rice samples.
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The highest percentage o f  head rice yield was observed for Cul 

CIRJ-9  and the lowest for Cul-1026. Parboiled rice samples had 

significantly  higher head rice yield when compared to their raw counter 

parts.

Values for swelling capacity / seed were found to be the highest 

for CIRJ-19. Parboiling process significantly increased the values for 

swelling capacity per seed, among the rice varieties.

Swelling index value was found to be the highest in Cul-1734  and 

there was a significant increase in swelling index as a result o f  

parboiling.

The cooking characters studied were optimum cooking time, gruel 

loss, volume expansion, water uptake ratio, gelatinization temperature, 

e longation ratio and elongation index.

The optimum cooking time o f  the rice varieties increased when the 

rice samples were parboiled. Cul-2006  took lesser time to cook, while 

variety Vyttila-2  took maximum time to cook.

More gruel loss was experienced from raw rice when compared to 

parboiled counterparts. N utritionally  superior varieties are those which 

experience the least gruel loss. Cul-1734  was recorded to experience the 

least gruel loss in the present study.

Higher volume expansion was observed in Cul-2006  followed by 

CIRJ-8. A significant increase in volume expansion was observed, when 

rice varieties were parboiled.

Among the ten rice varieties studied, water uptake was found to be 

the highest for Cul-1734  and lowest in CIRJ-9. There was no significant 

difference between the raw and parboiled rice, but it was noticeable that 

parboiled rice o f  same varieties had higher value for water absorption.

H ighest value for gelatinization temperature was observed in 

variety Vyttila-5  and a significant higher gelatinization temperature was 

noticed in raw samples compared to parboiled rice samples.
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L engthw ise elongation was considered to be a desirable character, 

and am ong the ten  varieties studied highest e longation  ratio was 

p ossessed  by C IR J-7 . Parboiling process significantly increased the 

e longation  ratio  o f  the rice varieties.

E longation  index was observed to be the highest in CIRJ-7.  There 

was a s ignificant increase in the e longation index as a result o f  

parboiling.

N utr it iona l composition o f  the rice varieties were assessed by 

estim ating  calorific  value, protein, starch, amylose, am ylose-amylopectin 

ra tio , m ois tu re , fibre, calcium, phosphorus, iron, sodium  and potassium.

Am ong the ten rice varieties studied Vyttila-2  was found to have 

the highest calorific value followed by C ul-2006.  It was found that 

parboiling p rocess  positively influences the calorific value o f  rice 

varieties.

Pro tein  content was observed to be the highest in CIRJ-8  and it 

was noticed  that as a result o f  parboiling process, there  was increase in 

p ro te in  con ten t o f  the rice varieties.

Parboiling process reduced the percentage o f  s tarch  content in rice 

varie ties  and highest value o f  starch content was reco rded  in the variety 

Vyttila-4.

C onsum ers  prefer rice with intermediate am ylose con ten t and in 

the p resen t study. Vyttila-2, C u l-1734, Cul-2006, C IR J-7 , CIRJ-8  and 

C IR J -19 were g rouped  under intermediate amylose group.

A significant decrease in amylose content was observed after 

parboiling. The highest amylose content was noticed  in C ul-2006 , which 

was on par with variety Vyttila-2.

Am ylose-am ylopectin  ratio varied significantly among the rice 

varie ties  and there  was a slight but significant decrease in amylose- 

am ylopectin  ra tio . It was recorded highest in varie ty  Vyttila-2 , which 

was on par with Cul-2006.
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M oisture content was recorded to be low est in variety Vyttila-4  

and a significant increase in the m oisture content was observed in 

parboiled  rice samples when com pared to raw counterparts .

There  was a slight but significant difference betw een the raw and 

parboiled rice varieties with respect to fibre content. Parboiling 

significantly increased the fibre content.

The C ul-1026  was observed to have the highest value for calcium 

conten t, C ul-1734  for phosphorus and potassium  contents, CIRJ-9  for 

iron content and CIRJ-7  for sodium content respectively. Parboiling 

process showed a positive effect on concen tra tion  o f  some minerals like 

calcium, sodium and potassium  contents  and negative effect on 

phosphorus  and iron contents  respectively.

Organoleptic  qualities, o f  cooked raw and parboiled rice were 

scored in the present study taking into account o f  the quality a ttributes 

like co lour, appearance, flavour, tex ture  and taste.

S tatistical analysis revealed that eventhough parboiled rice 

samples obtained the highest scores for the quality a ttribu tes  such as 

‘ap p ea ran ce ’ and ‘flavour’, com pared to their raw  coun ter  parts, but, no 

significant difference was recorded due to the  processing method 

applied. Contrary  to this results, quality a ttr ibu tes  ‘c o lo u r’, ‘tex tu re ’ 

and ‘t a s t e ’ were scored maximum for raw rice samples. There  was no 

significant difference between the varieties with respect to overall 

acceptability . C ul-2006  was found to be the m ost acceptable rice in both 

raw and parboiled forms as far as sensory evaluation by tested  taste 

panels view was concerned.



REFERENCE



7. REFERENCES

AOAC. 1990. Official Methods o f  Analysis. Fifteenth edition. Association 

o f  Official Analytical Chemists. Inc., Arlington, VA, p.381

Aberg, L. 1994. Infratech starch calibrations for wheat and barley now in 

use in Denmark. Infocus 18 : 12

Ali, S. Z. and Bhattacharya, K. R. 1980a. Changes in sugars and amino 

acids during parboiling of rice. J. Fd Biochem. 4 : 169

Ali, S. Z. and Bhattacharya, K. R. 1980b. High temperature drying-cum- 

parboiling of paddy. J. Fd Process Engng  4 : 123 -  136

Ali, A., Karim, M. A., Hassan, G., Ali, L., Ali, S. S. and Majid, A. 1992. 

Rice grain quality as influenced by split application of nitrogenous 

fertilizer. Int. Rice Res. Newsl. 1 7 : 7

Ali, A., Karim, M. A., Majid, A., Hassan, G., Ali, L. and Ali, S. S. 1993.

Grain quality of rice harvested at different maturitie

Aminoff, D., Binkeley, W. W., Sdhaffer, R. and Mowry, R. W. 1970. 

Analytical methods for carbohydrates. The Carbohydrate Chemistry 

and Biochemistry. Academic Press, New York, p. 480

Araullo, E. V., Depadua, D. B. and Graham, M. 1976. Rice Post Harvest 

Technology. International Development Research Centre, Ottawa, 

p.450

Asano, H., Hirano, F., Isobe, K. and Sakurai, H. 2000. Effect of harvest 

time on the protein composition (glutelin, prolamin, albumin) and 

amylose content in paddy rice cultivated by Aigamo duck farming 

system. Jpn. J. Crop Sci. 69 : 320 -  323



Athmaselvi, K. A., Selvan, M. M. and Ramana, C. 2001. Prospects of rice 

bran -  as animal feed and human food. Kisan WId 8 : 17

Bandhyopadhyay, S. and Roy, N. C. 1992. Fundamentals o f  parboiling. Rice 

Process Technology. Oxford and IBH Publishing Company, New 

Delhi, p.290

Bean, M. M. and Nishita, K. D. 1985. Rice flours for baking. Rice 

Chemistry and Technology (ed. Juliano, B. 0 .) .  American 

Association of Cereal Chemists, Minnesota, pp. 539 -556

Begum, M. and Bhattacharya, R. 2000, Fat contents in raw and cooked 

Assam rice varieties. J . Fd Sci. Technol. 37 : 58 -  60

Bhashyam, M. K., Srinivas, T. and Khan, T. A. 1985. Evaluation of grain 

chalkiness in rice. Rice J. 10 : 5 -  16

Bhattacharya, K. R. and Sowbhagya, C. M. 1971. Water uptake by rice 

during cooking. Cereal Sci. Today 16 : 420 -  424

Bhattacharya, K. R. and Ali, S. Z. 1972. Hydration and amylose -  solubility

behaviour o f  parboiled ric m -  Wiss u Tec 20 7 -

Bhattacharya, K. R., Sowbhaghya, C. M and Indudharaswamy, Y. M. 1982. 

Quality profiles o f  rice : A tentative scheme for classification. J. Fd 

Sci. 47 : 5 6 4 - 5 6 9

Bhattacharya, K. R. 1985. Parboiling of rice. Rice Chemistry and  

Technology (ed. Juliano, B. O.). American Association o f  Cereal 

Chemists, Minnesota, p. 450

212

Bhattacharya, K. R. and Ali, S. Z. 1985. Changes in rice during parboiling 

and properties of parboiled rice. Advances in Cereal Science and



Technology (ed. Pomeranz). American Association o f  Cereal 

Chemists, Minnesota, pp. 1 0 5 - 1 6 7

Biswas, S. K. and Juliano, B. O. 1988. Laboratory parboiling procedure 

and properties o f  parboiled rice from varieties differing in starch 

properties. Cereal Chem. 65 : 417 -  420

Bryant, R. J., Kadan, R. S., Chanpagna, E. T., Vinyard, B. T and Boykin, D. 

L. 2001. Functional and digestive characteristics o f  extruded rice 

flour. Cereal Chem. 78 : 131 -  137

CFTRI. 1969. Project Circular on Parboiling o f  Paddy. Central Food 

Technological Research Institute, Mysore, India, p. 69

Chander, R., Dongre, T. K. and Bongirwar, D. R. 2001. Solar air heating 

module for disinfection o f  food grains. .7. Fd Sci. Technol. 38 : 183 —

Charles, A. 2001. Key note lecture on Agricultural Biotechnology. J. Sci. 

Fd Agric. 81 : 805 -  809

Chatterjee, B. N. and Maiti, S. 1985. Harvesting, processing and storing. 

Principles and Practices o f  Rice Growing. Oxford and IBH 

Publishing Company Pvt. Ltd., New Delhi, p. 419

Chen, H., Siebenmorgen, T. J. and Griffin, U. K. 1998a. Quality 

characteristics o f  long grain rice milled in two commercial systems. 

ASAE Annual International Meeting, 1 2 - 1 6  July 1998. American 

Society o f  Agricultural Engineers, Orlando, Florida, USA. Abstract :

Chen, J. J. Lu, S. and Lii, C. 1998b. Rice hardness and endosperm tissue

microstructure in 14 rice varieties hin. agric. Chem. So 6 :

186

18

576 -  588



u

Chia-Mao Chen and An-I Yeh. 2000. Effect o f  amylose content on 

expansion o f  extruded rice pellet. Cereal Chem. 70 ; 261 -  266

Choudhury, N. H. 1991. Parboiling and Consumer Demand on Parboiled  

Rice in South A s ia . International Rice Research Institute, Manila, p. 

150

Comparini, E. 1999. Ready to eat precooked pasta or rice based dishes. 

PCT International Patent Application WO 99/29185 Al

Damir, A. A. 1985. Chemical properties and structure o f  raw and parboiled 

rice. Fd Chem . 16 : 1 - 1 4

Daniels, M. J., Marks, B. P., Siebenmorgen, T. J. and Me New, R. W. 

1998. Effects o f  rough rice storage history on the end use quality o f  

rice. Res. Ser. - Arkansas agric. Exp. Stn 460 : 180 -  188

Das, G. R., Ahmed, T. and Barthakumar, B. C. 1983. Classification o f  grain 

shape and relationship between grain weight and grain dimensions in 

unmilled rice. Indian J. agric. Sci. 53 : 749 -  751

De Vries, J, W., Prosky, L., Li, B and Cho, S. 1999. A historical 

perspective on defining dietary fibre. Cereal Fd Wld 44 : 367 -  369

Deka, S. C., Sood, D. R. and Gupta, S. K. 2000. Effect o f  storage on fatty 

acid profiles o f  Basmati rice (Oryza sativa  L.) genotypes. Fd Sci. 

Technol. 37 : 217 -  221

Dela, C. N. and Khush, G. S. 2000. Rice grain quality -  Evaluation 

procedures. Aromatic Rices (eds. Singh, R. K., Singh, U. S. and 

Khush, G. S.). Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi, 

p. 1 5 - 2 8



Deosthale, Y. G., Shankar Rao, S. D. and Belavady, B. 1979. Effect o f  

milling on mineral and trace element composition o f  raw and 

parboiled rice. J. Sci. Fd Agric. 30 : 40 -  46

Dev, S. 1991. Shape, nature and weights o f  paddy varieties. Subeejam  

Sukhshethray. Kerala Agricultural University, Mannuthy, p. 55

Devi, K., Geervani, P. and Sumathi, S. 1997. Changes in solubility and in 

vitro digestibility o f  rice proteins subjected to heat processing. J. Fd  

Sci. Technol. 34 : 345 -  347

Devi, K. and Geervani, P. 2000. Rice processing -  Effect on dietary fibre 

components and in-vitro  starch digestibility. J. Fd  Sci. Technol. 37 : 

315 -  318

Dhaliwal, Y. S., Sekhon, K. S. and Nagi, H. P. S. 1990. Effect o f  drying and 

storage on the fatty acid composition o f  rice. J. F d  Sci. Technol. 27 : 

107 -  108

Dupart, P., Mohanan, Y. O. and Reimerdes, E. H. 1999. Rice grains to be 

reconstituted. European Patent Application EPO 913 096 Al

Dutta, S. and Bous, H. E. 2000. Application o f  biotechnology to improved 

nutritional quality o f  rice. Fd Nutr. Bull. 21 : 451 -  456

Eggum, B. O., Monowar, L. Knudsen, B. K. E. and Munck, L. A. 1983. 

Nutritional quality o f  sorghum and sorghum food from Sudan. J. 

Cereal Sci. 1 : 127 -  137

Elbert, G., Tolaba, M. P. and Suarez, C. 2001. Effects o f  drying conditions 

on head rice yield and browning index o f  parboiled ric 

47 : 37 - 4 1



Vb

FAO. 1970. Subeejam Sukhshethray , Kerala Agricultural University, 

Mannuthy, p. 55

FAO. 2001. World’s rice production, 2000. Agriculture Data. FAO, Rome, 

p. 250

*Feldhein, W. and Neues Vonden, B. 1990. Center besonderer Berucksich 

tigung du sojakeie. Ernahr-Umsch  36 : 40 -  44

Fisher, R. A. 1936. The use o f  multiple measurement on taxonomic 

problems. Am. Eugen. 7 : 179 -  188

Frame, N. D. 1996. Extrusion and expansion o f  cereal products. UK Patent 

Application GB 2 297 936 A

Fukumori, T. and Mohri, K. 2001. Scientific Reports on Study o f  Moisture 

Transportation between Husk and Brown Rice. Faculty o f  

Agriculture, Okayama University, p. 50

Fumio, K. 2000. Rice quality analysis by advanced instrumentation. J. Jpn. 

Soc. Fd. Sci. Technol. 48 : 80 -  89

*Gariboldi, F. 1974. Rice parboiling. FAO Agricultural Development 

Paper, 5 - 1 7  August 1974. Food and Agriculture Organisation, 

United Nations, Rome. Abstract  : 97

Govindaswamy, S. 1985. Quality features o f  rice. Rice Research in India. 

Publications and Informations Division, ICAR, New Delhi, p. 339

Goyal, K. C. and Sharma, M. C. 1998. Electrophoretic pattern and quality 

characteristics o f  some seed varieties o f  Indian rice (Oryza sativa  

L.). Phys. Mol. Biol. PI. 4 : 9 1 -  92



§9

Gujral, H. S and Singh, N. 2001. Relationship between parboiling, degree 

o f  milling, ash distribution and conductivity in rice. J. Fd Sci. 

Technol. 38 : 629 -  631

Gupta, R. R., Gupta, R. and Gupta, I. 2002. Solvent process is useful tool 

for rice bran oil extraction. Indian Fd Ind. 21 ; 43 -  46

Haas, J. D., Mundo del, A. M. and Beard, J. L. 2000. A human feeding trial 

o f  iron -  enhanced rice. Fd Nutr. Bull. 21 : 440 -  444

Hamada, J. S. 2000. Ultrafilteration o f  partially rice bran protein to recover 

value -  added products, J. Am. Oil Chem. Soc. 77 : 779 -  784

Haque, A., Quasem, M. A., Choudhary, N. H., and Arbolede, J. R. 1997. 

Rice post harvest practices and loss estimates in Bangladesh -  Part 

III : Parboiling to milling. Agric. mechanization in Asia, Afr. Latin  

Am. 28 : 51 -  55

*Hawk and Oser. 1965. Practical Physiological Chemistry. Tata Me Graw 

Hill, Bombay, p. 1214

Hermansson, A. M. and Svegmark, K. 1996. Developments in the 

understainding o f  starch functionality trends. J. F d  Sci. Technol. 7 : 

345 -  353

Hettiarachchy, N. S., Gnanasambandam, R. and Lee, M. H. 1996. Calcium 

fortification o f  rice : Distribution and retention. J. Fd Sci. Technol. 

61 : 195 -  197

Hirannaiah, B. V., Bhashyam, M. K and Ali, S. Z. 2001. An improved 

cooking quality test for basmati rice. J. F d  Sci. Technol. 38 : 116 —

119



9o

His-Meilai. 2001. Effects o f  rice properties and emulsifiers on the quality 

o f  rice pasta. J. Sci. Fd  Agric. 82 : 203 -  216

Hurell, R. F., Juillerat, M. A., Reddy, M. B., Lynch, S. R., Dassinko, S. A. 

and Cook, J. D. 1992. Soy protein, phytate and iron absorption in 

humans. Am. J. Clin. Nutr. 56 : 573 -  578

Hyllstam, M., Norburg, M. and Pahlsson, S. 1998. Method o f  processing 

rice to provide a quick-cooking rice. Unites States Patent US 5 820. 

909

Imoudu, P. B. and Oku Fayo, A. A. 2000. The effect o f  sundrying on 

milling yield and quality o f  rice. Bioresource Technol. 4 : 267 -  269

lndhudharaswami, Y. M. and Bhattacharya, K. R. 1982. Breakage of rice 

during milling-I. Types o f  cracked and immature grains. J. Fd Sci. 

Technol. 19 : 1 0 6 - 1 1 0

Jackson, M. L. 1973. Soil Chemical Analysis. Second edition, Prentice Hall 

o f  India (Pvt.) Ltd., New Delhi, p. 498

Jellink, G. 1964. Introduction to and critical review o f  modern methods o f  

sensory analysis (Odour, taste and flavour evaluation, with special 

emphasis on descriptive sensory analysis (flavour profile method). 

J. Nutr. Diet. 1 : 222 -  233

Juliano, B. O. and Sakurai, J. 1985. Miscellaneous rice products. Rice 

Chemistry and Technology  (ed. Juliano, B. O.). Second Edition, 

American Association o f  Cereal Chemists, Minnesota, p. 730

Juliano, B. O. 1990. Rice grain quality : problems and challenges. Cereal

F d  Wld 35 ; 245 -  253



3s

Juliano, B. 0 .  1993. Major processed rice products. Rice in Human 

Nutrition. Food and Agriculture Organization, United Nations, 

Rome, p. 162

Juliano, B. 0 .  and Hicks, P. A. 1993. Utilization o f  rice functional 

properties to produce rice food products with modern processing 

technologies. (JruTllice Comm. Newsf. ^ 9  : 1 6 3 - 1 7 9

Juliano, B. 0 .  1998. Physico-chemical properties o f  starch and protein in 

relation to grain quality and nutritional value o f  rice. Cereal Fd Wld 

30 : 651 -  656

Jung-Man, K., Bong-Jae, L., Joung-Yeoul, L. Sang-Hwan, H. and Kwang- 

Ho, L. 1998. Preparation o f  instant rice nectar. United States Patent 

US 5 804 232

Kaasova, J., Kadlec, P., Bubnik, Z. and Pour, V. 2001. Microwave 

treatment o f  rice. Czech. J. Fd Sci. 69 : 62 -  66

Kadan, R. S., Bryant, R. J. and Boykin, D. L. 2001. Effect o f  processing 

conditions on quality o f  rice fries. J. Fd Sci. 66 : 6 1 0 - 6 1 3

Kaddusmiah, M. A., Anwarul, H., Paul, M. D and Brain, C. 2002a. 

Parboiling o f  rice Part I : Effect o f  hot soaking time on quality o f

Kaddusmiah. M. A., Anwarul, H., Paul, M. D and Brain, C. 2002b. 

Parboiling o f  rice Part II. Effect o f  hot soaking time on the degree o f  

starch gelatinization. int. J .F d  Sci. Technol. 37 ; 538 -  548

Karim, M. A., Ali, A., Ali, L., Ali, S. S. and Mahmood, A. 1993. Influence 

o f  degree o f  milling on grain quality characteristics o f  basmati 365.



Kato, T., Katayama, E., Matsubara, S., Omi, Y. and Matsuda, T. 2000. 

Release o f  allergenic proteins from rice grains induced by high 

hydrostatic pressure. J . agric. Fd Chem. 48 : 3124 -  3129

Kaur, A., Sekhon, K. S. and Nagi H.P.S. 1991. Parboiling o f  Rice : Effect 

on physico-chemical, milling and cooking properties. J. Fd Sci. 

Technol. 28 : 384-385

Kaur, A, and Sekhon, K. S. 1994. Evaluation o f  nutritional quality of 

parboiled rice. J. Fd  Sci. Technol. 31 : 1 6 2 —164

Kawale, N. P. 1997. Quality control through standardization. Lecture 

delivered to the participation o f  short course on ‘Recent 

Developments in Grain Processing, 4 — 23 August 1997. College o f  

Home Science, Acharya N.G. Ranga Agricultural University, 

Hyderabad, p. 6

Kemp, L. E. and Hopkins, K. J. 1999. Process for preparing refrigerated 

rice meals. United States Patent US 5 897 902

Knudsen, B. K. E. and Munck, L. 1985. Carbohydrate composition and 

nutritional quality o f  sorghum prepared from decorticated white and 

whole grain red flour. J. Nutr. 118:  588 -  597

Koga, I. T., Muramoto, N., Katayana, O., Shinohana, A. and Chiba, M. 

2001. Comparison o f  mineral contents in polished rice in different 

cultivation years. J. Jpn. Soc. Fd Sci. Technol. 48 : 598 -  605

Koide, S., Takko, T. and Nishiyama, Y. 2001. Open crack formation in 

rice with cracked endosperm and cracked surface during soaking. 

J. Jpn. Soc. Fd Sci. Technol. 48 : 69 -  72

Kumar, I. and Khush, G. S. 1986. Gene dosage effect o f  amylose content in 

the rice endosperm. Jpn. J. Genet. 61 : 559 -  568



Kumari, S. and Padmavathi. 1991. An objective and sensory assessment o f  

cooking quality o f  some rice varieties grown in Andhra pradesh. J. 

Fd Sci Technol. 28 : 31 -  34

Kunze, 0 .  R. 2001. Effect o f  drying on grain quality -  moisture 

readsorption causes fissured grain. Cereal Fd Wld 46 : 16 -  19

Kurup, K. N. 2000. All -  India area, production and yield o f  rice. Data

Book o f  Agriculture, 2000. Agricultural Division, State Planning 

Board, Kerala, p. 346

Kuzimina, O. V. and Torzhinskaya, L. R. 1973. The effect o f  hydrothermal 

treatment o f  rice and buck wheat and properties o f  starch. Fd Sci. 

Technol. Abstr. 6 : 252

Latin, R. 2000. Rice : Post Harvest Operations. International Rice 

Research Institute, Manila, Philippines, p. 482

Lee, J., Hames. M. L. and Eitenmiller, R. R. 2000. Stability o f  retinyl

palmitate during cooking and storage in rice, fortified with ultra

rice™ fortification technology. J. Fd Sci. 65 : 915 -  919

Lyon, B. G., Champagne, E. T., Vinyard, B. T. and Windham, W. R. 2000. 

Sensory and instrumental relationships o f  texture o f  cooked rice 

from selected cultivars and post harvest handling practices. Cereal 

Chem. 77 : 64 — 69

Mac Masters, M. M. 1964. M ethods in Carbohydrate Chemistry. Academic 

Press Inc., New York, p. 390

Manay, N. S. and Shadaksharaswamy, M. 2001. Food Facts and  

Principles. Second edition. New Age International (P) Limited, 

Publishers, New Delhi, p. 525



Stf

Marshall, W. E., Wadsworth, J. I., Verma, L. R. and Velupillai, L. 1993, 

Determining the degree o f  gelatinization in parboiled rice, 

comparison o f  subjective and objective methods. Cereal Chem. 70 : 

226 - 2 3 0

Mathews, N. 1991. Rice : The grain o f  life. Discov. India  4 : 22 -  25

Me Cready, R. M and Hassid, W. Z. 1943. The separation and quantitative 

estimation o f  amylose. Am. Chem. Soc. J. 65 : 1154

Menezes, B. R., Menezes, A. V. and Kumar, K., 1999. Freeze drying o f 

basmati rice. PCT International Patent Application WO 99/13736 AI

Mirko, B., John,' R., Jane, M., Marita, R. D. and Hans, S. 2001. 

Disfurulates as structural components in soluble and insoluble cereal 

dietary fibre. J. Sci. Fd  Agric. 81 : 653 -  660

Misaki, M. and Yasumatsu, K. 1985. Rice enrichment and fortification. 

Rice Chemistry and Technology (ed. Juliano, B. 0 .) .  Second edition. 

American Association o f  Cereal Chemists, Minnesota, p. 280 -  296

Mishra, A., Goswami, G. R. and Mahanta, L. C. 2000. Identifying the 

essential steps and process variables to make hurum. J. Fd Sci. 

Technol. 31 : 455 -  458

Mundy, L. K., Gobber, J. S., Dabney, S. M. and Rao, R. 1989. Processing 

characteristics o f  long grain rice grown under sprinkler or flood 

irrigation. Cereal Chem. 66 : 42 -  46

Nandini, P. V. 1995. A multi variate approach to define the quality o f  rice. 

Ph. D thesis, Kerala Agricultural University, Thrissur, p. 198

Nandini, P. V. and Prema, L. 1996. A multi variate approach o f  define the 

quality o f  rice. Proceedings o f  the eighth Kerala Science Congress,



I f

27 -  29 January 1996. State Committee on Science, Technology and 

Environment, Government o f  Kerala, Kochi, pp. 159 -  161

Nandini, P. V. and Prema, L. 1997. Effect o f  parboiling on the cooking 

quality of rice varieties. Abstracts o f  the 7lh Swadeshi Science 

Congress, 6 - 8  November 1997. Swadeshi Science Movement, 

Kasargode, Kerala, p. 1 0 9 - 1 1 1

Neelofer Illiaskutty. 1992. Quality parameters of certain pre-release 

cultures o f  rice. M.Sc. thesis, Kerala Agricultural University, 

Thrissur, p. 144

Nirmala, B. 1997. Objective and subjective evaluation o f  foods. Lecture 

delivered to the participation o f  ICAR -Sum m er short course on 

Under Utilized Food Grains : Quality Assessment, Technology for 

Use and Popularization, 23 July -  1 August 1997. College of Rural 

Home Science, University o f Agricultural Sciences, Dharwad. p. 7

Ocker, H. D., Bolling, H. and El-Baya, A. W. 1976. Effect of parboiling on 

some vitamins and minerals o f  rice-thiamine, riboflavin, calcium, 

manganese and phosphorus. II. Riso 25 : 79

Okadome, H., Kurihara, M., Kusuda, O., Tuyoshima, H., Kimjeongil, 

Shimotsubo, K., Matsuda, T. and Ohtsubo. K. 1999. Multiple 

measurements of physical properties of cooked rice grains with 

different nitrogen fertilizers. Jpn. J. Crop Sci . 68 : 211 -  216

Onishi, R., Hara, Y. and Araie, E. 2001. Improvement of eating quality and 

preservability o f  cooRed rice obtained from aged grains by weak 

electrolyzed cathode water. J. Jpn. Soc . Fd Sci. Technol. 4 8 : 1 1 2 -  

118



e c

Otebayo, B. O., Osamuel, F. O. and Fashakin, J. B. 2001. Effect o f  

parboiling on physico-chemical qualities o f  two local rice varieties 

in Nigeria. J. Fd Technol. Afr. 6 : 6

Pandey, J. P. and Sah, P. C. 1993. Rice kernel breakage kinetics in the 

process operation for bran removal. J. F d  Sci. Technol. 30 : 365 -  

367

Paola, L., Richard, H. and.Ingo, P. 2001. Approaches to improving the 

bioavailability and level o f  iron in rice seeds. J. Sci. Fd Agric. 81 : 

828 -  834

Patil, R. T., Bal, S. and Mukherjee, R. K. 1982. Effect o f  parboiling 

treatments on rice quality characters. J . Agric. Engng  19 : 91 -  95

Pillaiyar, P. 1981. Household parboiling o f  parboiled rice. Kisan Wld 8 : 

20  -  21

Pillaiyar, P. and Mohandoss, R. 1981a. Cooking qualities o f  parboiled rice 

produced at low and high temperature. J. Sci. Fd Agric. 32 :

475 -  480

Pillaiyar, P. and Mohandoss, R. 1981b. A processing device to measure the 

texture o f  cooked rice. J. Texture Stud. 12 : 473 -  481

Pillaiyar, P. and Mohandoss, R. 1981c. Cooking qualities o f  parboiled rice 

produced at low and high temperature. J. Sci. Fd Agric. 32 : 475 -  

480

Pillaiyar, P. 1988. Rice Post Production M anual. Wiley Eastern, New 

Delhi, p. 429

Piriya Thai Food Company Limited. 1999. Ready to eat canned rice. Fd 

digest 22 : 3



n

Pszezold, D. E, 2001. Rice : N ot just for throwing. Fd Technol. 55 : 

53 -  59

Radhika, R. K., Ali S. Z. and Bhattacharya, K. R. 1993. The fine structure 

o f  rice-starch amylopectin and its relation to the texture o f  cooked 

rice. Carbohydr. Polym. 22 : 267 -  275

Raghuramulu, N., Nair, M. K. and Sundaram, K. 1983. Food Analysis -  A 

Manual o f  Laboratory Techniques. Indian Council o f  Medical 

Research, Hyderabad, p. 32

Rajalakshmi, R. 1984. Effects o f  cooking on the digestability and nutritive 

value o f  foods. A pplied  Nutrition. Oxford and IBH Publishing 

Company, New Delhi, p.394

Ram, S., Dhar, M. K., Singh, V. P. Mahapathra, T. and Sharma, R. P. 1998. 

Molecular mapping o f  loci affecting cooking quality traits in rice. 

Seventh ARBN Annual meeting, 8 - 1 7  August 1998. University o f 

Agricultural Sciences, Bangalore, p.48

Ramalingam, N. and Raj, S. A. 1996. Studies on the soak water 

characteristics in various paddy parboiling methods. Bioresourcer 

Technol. 55 : 259 — 261

Ramarathnam, N. and Kulkarni, P. R. 1983. Effect o f  aging on fatty acid 

composition o f  some Indian varieties o f  brown rice. J. Fd Sci. 

Technol. 26: 284 -  285

Ramesh, M., Bhat, K. R. and Mitchell, J. R. 2000. Developing and 

understanding the basics o f  cooked rice texture. Crit. Rev. Fd Sci. 

Nutr. 40 : 449 -  460

Rao, R. K. 1997. Rice milling technology. Lecture delivered to the 

participation o f  short course on Recent Developments in Grain



Processing, 4 -23  August 1997. College o f  Home Science, Acharya 

N.G. Ranga Agricultural University, Hyderabad, p. 24

Rashmi, R., Singh, R. K., Singh, U. S., Khush, G. S., Singh, J. P., Singh, G. 

and Shekhar, K. S. 2000. Small and medium grain aromatic rices in 

India. Aromatic Rices (eds. Singh, R. K., Singh, U. S. and Khush, 

G. S.). Oxford and IBH Publishing Co. Pvt. Ltd, New Delhi, pp. 155 

-  171

Romera, G. F. Zuleta, A., Sarchi, M. I. and Sanbucetli, M. E. 2000. Invitro 

assessment of iron availability on fortified rice. Archives Latin o 

americanos de Nutricion 50 : 265 -  269

Rosamma, C. A., Elsy, C. R., Karunakaran, K., Nair, R. N. and Sukumara 

Dev, V. P. 1991. Red Triveni -  An answer to the low rice 

productivity of the state. Proceedings of the Kerala Science 

Congress, 28 Februay -  3 March 1991. State Committee on Science, 

Technology and Environment, Government of Kerala, Kozhikode, 

pp. 72 -  73

Sadhna, S., Kalia, M. and Gupta, R. 1998. Effect of parboiling, milling and 

genotype on grain dimensions in rice. Agric. Sci. Digest 18 : 67 -  76

Sadhna, S., Manoranjan, K. and Malhothra, S. R. 1999. Effect o f  

parboiling, hand pounding and machine milling on chemical 

composition o f  rice. J. F d  Sci. Technol. 36 : 434 -  435

Saibabai A. 1993. All about Rice. Nutrition  8 : 3 - 1 5

1B

Saikia, L .1 9 9 0 . Studies of some Assam rice varieties for processing and 

nutritional quality. J. Fd Sci. Technol. 27 : 345 -  348



Saikia, L. and Bains, G. S. 1993. Studies o f  some Assam rice varieties for 

cooking, organoleptic 'and viscoelastic properties. J. Fd Sci. Technol. 

30 : 40 - 4 1

Sangha, J. K. and Sachdeva, R. 1999. Mineral and trace element 

composition o f  some rice varieties. J . Dairying Fd Home Sci. 18 

: 130 -  132

Sanjiva Rao, S. B., Vasudevamurthy, A. R. and Subramanian, R. S. 1952. 

The amylose and amylopectin contents o f  rice and their influence on 

the cooking quality o f  the cereals. Proc. Indian Acad. Sci. 36 : 70 — 

80

Santha, S. and Arulmozhi, N. 2001. Nutritional quality o f  parboiled rice, 

Kisan Wld .2 8  : 10

Sehgal, G. and Chouhan, G. S. 2000. Genetically modified foods -  A 

biotechnological achievement. Indian Fd Ind. 90 : 1 7 - 2 8

Sharp, R. N. 1991. Rice : Production, processing and utilization. Hand  

Book o f  Cereal Science and Technology  (eds. Lorenz. K. J and Kulp, 

K.). Marcel Dekker, Inc. N ew  York, USA, pp. 301 -  330

Sheena, M. K. 1997. Quality analysis o f  pre-release rice cultivars. M.Sc.(FS 

& N) thesis, Kerala Agricultural University, Thrissur, p. 85

Shih, F. F. and Paigle, K. W. 2000. Preparation and characterization o f  rice 

protein isolates. J. Am. Oil. Chem. Soc. 11 : 885 -  889

Shobarani, N. 1992. Research Efforts to develop scented quality rices for 

increased productivity and export purposes. Paper presented as the 

special seminar for the awardees, 2 1 - 2 5  April 1992. International 

Rice Research Conference, IRRI, Los Banos, Philippines, p. 163 — 

177

73



Sikka, K. C., Lodha, M. L. and Mehta, S. I. 1993. Nutritional quality of 

cereal and grain legume proteins. Recent Advances in Plant 

Biochemistry. Indian Council of Agricultural Research, New Delhi,

p. 110

Siljestrom, M. E., Westerland, I., Bjorck, J., Holm, J., Asp. N. G. and 

Theander, G. 1986. Effects of various thermal processing on dietary 

fibre and starch content o f  whole grain wheat and white flour. ,/. 

Cereal Sci. 4 : 315 -  323

Sindhu, J. S., Gill, M. S. and Bains, G. S. 1975. Milling o f  paddy in 

relation to yield and quality of rice of different Indian varieties. J. 

Agric. Fd Chem. 23 : 1 183 -  1185

Singh, R. 1993. Starch metabolism in higher plants. Recent Advances in 

Plant Biochemistry. Indian Council o f Agricultural Research, New 

Delhi, p .l 10

Singh, V. P., Khush, G. S. and Dela Cruz, N. 1997. Variability o f  quality 

indices in aromatic rice, germplasm. ini. Rice Res. Notes 22 : 22 -  23

Singh, N., Singh, H., Kaur, K. and Bakshi, M. S. 2000. Relationship 

between the degree of milling in ash distribution pattern and 

conductivity in brown rice. Fd Chem. 69 : 147 -  151

Snedecor, G. W. and Cochran, W. G. 1968. Statistical Methods. Sixth 

edition. Allied Pacific, Bombay, p.381

*Sood, B. C. and Siddique, E. A. 1980. Studies on Component Quality 

Attributes on Basmati Rice (Oryza sativa  L.). Genetic Division, 

Indian Agricultural Research Institute, New Delhi, p. 39



161 l i n e  ’

Sood, H., Al-Bayathi and Hadi-Al-Reyeos. 1980. The chemicarSA 

composition o f  Iraq rice and rice by-products. ./. Fd Sci. Technol. 1 S

: 13 -  19

Sood, M., Malhothra, S. R. and Sood, B. C. 2002. Effect o f  processing and 

cooking on proximate composition o f  chickpea (Cicer arieiinum ) 

varieties. J. Fd Sci. Technol. 39 : 69 -  71

Sowbhagya, C. M., Ramesh, B. S. and. Bhattacharya, K. R. 1987. The 

relationship between cooked-rice texture and the physio-chemica! 

characteristics o f  rice. J. Cereal Sci. 5 : 287 -  297

Sowbhagya, C. M and Zakiuddin Ali, S. 1990. Effect o f  pre soaking on 

cooking time and texture o f  raw and parboiled rice. Cereal Science 

and Technology. Central Food Technological Research Institute, 

Mysore, p. 290

Sowbhagya, C. M. and Ali, S, Z. 1991. Effect o f  presoaking on cooking 

time and texture o f  raw and parboiled rice. J. Fd Sci. Technol. 28 :

Sowbhagya, C. M., Zakiuddin Ali, S. and Ramesh, B. S. 1993. Effect o f  

parboiling on grain dimensions o f  rice. J. Fd Sci. Technol. 30 : 

459 -  461

Sreedevi, A. 1989. Quality parameters o f  popular rice varieties. M.Sc. 

thesis, Kerala Agricultural University, Thrissur. p. 140

Srivastava, L. 1997. Quality standards o f  food grains in India. Lecture 

delivered to the participation o f  short course on Recent 

Developments in Grain Processing, 4 - 2 3  August 1997. College of 

Home Science, Acharya N.G. Ranga Agricultural University, 

Hyderabad, p. 18

76 -  86



Swaminathan, M. 1974. Diet and nutrition in India. Essentials o f  Food and  

Nutrition- II, Ganesh and Co., Madras, p. 515

Swaminathan, M. 1984. Energy value of foods and energy requirements. 

Hand Book o f  Food and Nutrition. Fourth edition. BAPPCO 

Publication, Bangalore, p. 288

Taira, T. and Shoji, I. 2000. The relationship between amylographic 

characteristics or cooking qualities and components of milled rice. 

J. Jpn. Soc. Fd Sci. Technol. A l  : 882 -  887

Takahash, K., Matsuda, T. and Nitta, Y. 2001. Time -  course changes of 

the fine structure o f  rice starch grains during cooking process by 

scanning electron microscopy. Jpn. J. Crop Sci. 70 : 47 - 53

Thirupathi, V., Narayanan, L. and Sreenarayanan, U. V. 2000. Performance 

evaluation of pressure pa:boiling systems for paddy. Madras agric. 

J . 37 : 376 -  378

Tomar, J. B. and Nanada, J. S. 1985. Genetics and association studies o f  

kernel shape in rice. Indian J. Genet. PL Breed. 45 : 278 — 283

Topping, D. L., Mornono, Y., Jackson, K. A., Illman, R. J., Clarke, J. M 

and Trimble, R. P. 1991. Effects of cereals, cereal brans and navy 

beans on large bowel volatile fatty acids in the pig. Cereals 

International. Proceedings o f  an International Conference, 5 - 8  

August 1991. American Association o f  Cereal Chemists, Brisbane, 

Australia, pp. 384 -  387

Unnever, L. J., Duff, B. and Juliano, B. O. 1992. Consumer Demand fo r  

Rice Grain Quality. International Rice Research Institute, Manila p. 

283

101



103

Unnikrishan, K. R. and Bhattacharya, K. R. 1988. Application o f  gel 

consistency test to parboiled rice. J. Fd Sci. Technol. 25 : 129 -  132

Unnikrishnan, K. R. and Bhattacharya, K. R. 1995. Changes in properties 

o f  parboiled rice during ageing. J. Fd Sci. Technol. 32 : 1 7 - 2 1

Usha, B., Sekhon, K. S. and Kaur, M. 1999. Black tip discoloration in Indian^ 

rice -  Effect o f  extended milling on milling characteristics, chemical 

composition and cooking quality. J. Fd  Qual. 22 : 329 -  340

Varadharaju, N., Sreenarayanan, U. V. and Thayumanavan, B. 2001. Effect 

o f  moisture content, temperature and contact time on milling and 

cooking qualities o f  rice in conduction parboiling. J. Fd Sci. 

Technol. 38 : 509 -  51 1

Veenapal, S. and Pandey, J. P. 2000. Effect o f  storage on rice yield 

recovered. J. Fd Sci. Technol. 37 :427 — 429

Vijayakhader. 1997. Composition and quality aspects o f  rice (Oryza saliva 

L.). Lecture delivered to the participation o f  short course on Recent 

Developments in Grain Processing, 4 - 2 3  August 1997. College o f  

Home Science, Acharya N.G. Ranga Agricultural University, 

Hyderabad, p. 14

Vimala, V. 1997. Advances in parboiling techniques o f  paddy. Lecture 

delivered to the participation o f  short course on Recent 

Developments in Grain Processing, 4 - 2 3  August 1997. College of 

Home Science, Acharya N.G. Ranga Agricultural University, 

Hyderabad, p. 14

Wang, I. K., Shiau, S. Y., Chen, P. and Lin, J. 2000. Hypotriglyceridemic 

effect o f  anka (a fermented rice product o f  Monascus  spp.) in rats. J. 

agric. Fd ChemAR  * .3 1 8 3 -3 1 8 9



Webb, B. D. and Sterner, R. A. 1972. Criteria o f  rice quality. Rice 

Chemistry and Technology. The American Association o f  Cereal 

Chemists. Inc., Minnesota, p. 392

Wen Hua Ling, Qi Xuan Cheng, Jing Ma and Tong Wang. 2001. Red and 

black rice decrease atheroselerotic plaque an^increase antioxidant 

status in rabbits. J. Nutr. 131 : 1421 -  1426

Wimberly, J. E..1983. Technical Handbook fo r  Paddy Postharvest .Industry 

in Developing Countries . International Rice Research Institute 

(IRRI), Los Banos, Laguna, Philippines, p.283

Yifang, T. and Corke, H. 2002. Factor analysis o f  physico chemical 

properties o f  63 rice varieties. J. Sci. Agric. 82 : 455- 752

Youngpei, W. U., Hsu Aina, Chen Yisin, Chen Lungche and Huang Yih 

Ching. 1999. Studies on the differences o f  storage proteins content 

among rice varieties and its relationship to palatability o f  milled 

rice. J. flgric. Res. China  48 ; 1 -  11

Zheng, X. and Zhao, X. 2000. Calculation o f  taste value and study on 

drying quality o f  rice. Trans. Chin. Soc. dgric. Machinery  31 : 54 -  

56

Zheng, X., Zhao, X. and Chen, L. 2000. Effect o f  drying conditions o f  

paddy on rice taste and quality. Trans. Chin. Soc. agric. Engng  16 : 

126 -  128

* Originals not seen



QUALITY ANALYSIS OF POKKALI RICE VARIETIES / CULTURES

KODEM SRI BHAVANI

Abstract of the thesis submitted in partial fulfillment of the 
requirement for the degree of

Master of Science in Home Science

Faculty of Agriculture 
Kerala Agricultural University, Thrissur

2002

Department of Home Science 
COLLEGE OF AGRICULTURE 

VELLAYANI, THIRUVANANTHAPURAM-695 522



8. ABSTRACT

“Quality analysis o f  Pokkali rice varieties / cultures” was a study 

undertaken to determine the quality aspects o f  the above said rice 

varieties by assessing parameters like physical characteristics, cooking 

characteris tics, nutritional composition and organoleptic qualities. The 

effect o f  parboiling on the above mentioned parameters were also 

studied.

As far as physical characteristics was concerned highest value for 

thousand grain weight was recorded in variety Vyttila-2 , and for head 

rice yield, CIRJ-9. Parboiling significantly increased the thousand grain 

weight, head rice yield, swelling capacity / seed and swelling index 

values, while L/B ratio decreased as a result o f  parboiling.

When parameter, cooking characteristic, was taken into 

consideration, Cul-2006  and Cul-1734  were observed to record the least 

values for optimum cooking time and gruel loss which are generally 

considered as positive and desirable characters. Higher values for 

volum e expansion was observed in Cul-2006 ; for water uptake, Cul-1734  

for gelatinization temperature, Vyttila-5  and CIRJ-7  for elongation ratio 

and elongation index respectively. Parboiling had a positive influence 

on most o f  the cooking characteristics o f  rice varieties.

Consumers prefer varieties o f  higher nutritional quality. 

Compared to other varieties, Vyttila-2  had obtained higher values for 

nutritional characteristics such as calorific value, amylose-amylopectin 

ratio. Vyttila-4  had highest starch content and lowest moisture content. 

CIRJ-8• had recorded highest value for protein content. The Cul-1026  

was observed to have highest value for calcium content, Cul-1734  for 

phosphorus and potassium content, CIRJ-9  for iron content and CIRJ-7  

for sodium content respectively. Parboiling process positively 

influenced the nutritional com position o f  the rice varieties, exceptional



cases being starch , amylose- amylopectin ratio, phosphorus  and iron 

contents.

O rganoleptic  evaluation o f  cooked rice, revealed that Cul-2006  

scored the highest and therefore  can be considered as the most, acceptable 

variety with respec t to the given quality a ttribu tes  such as colour, 

appearance, flavour, tex tu re  and taste.

To conclude, from the discriminant function analysis, it was found 

that Vyttila-2  was considered best among the varieties studied, next 

being Cul-2006.
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APPENDICES



Specim en evaluation card for triangle test

APPENDIX- I

Name : Date :

Product : Time :

Two o f  the three  samples are identical.

Determine the odd sample.

Pair number C ode num ber o f  samples Code number o f  odd,sample

1

2

3

4

(Signature)



APPENDIX- II

Specim en evaluation card for com posite  scoring test 

Name : Date :

P roduct : Time :

Assign scores for each sample for various characteristics

Quality a ttr ibu tes Maximum score
Code number o f  samples

1 2 3 4 5 6 7 8 9 10

Colour 5

A ppearance 5

Flavour 5

Texture 5

Taste 5

Total 25

Comments

Number o f  panel m em bers selected : 10 

N um ber o f  rep lications : 2

(Signature)


