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I xm>imcTicm

Rice is  Asia*s s ta ff o f U fa . It is  the key o f 
survival for one third o f honanity* Kiss is  cultivated 
in 200 B illion  acres o f land a ll over the world* ninety 
per sent o f this area are located in Asia* Xn 1963 *
19641 the world production o f paddy was 164y306|000 
tonnes*« 33 per cent o f which c«ae fron Asia* India 
produced 34 B illion  tons o f r io t in the year 1961 as 
estimated by the Indian Council o f Hedieal Research 
(ICm) (1964)^*

Because rice means •life* to e large section o f 
the world 4s population* the food end Agricultural Organ!* 
satioa o f the united nations, (FA0)a has rightly dsaig* 
noted the year I960, as the “ International Rice tber*
(XRT) • The oajor objective o f the XRf Is to  give a 
hatter chance in  l i fe  for the often Impoverished 1V1D0 
a illio n  people fo r  *hc» rice  is  ths basic food* Twenty 
three countries including Ini is  are participating in  the 
* International Rice Tear* through a ctiv ities such as* 
distributing improved seedst expanding the use o f fe r t i­
lise rs  and working on better water sane gen ant and mechani­
sation.

* 1 netrlc tonne »  1606 kg* or *9343 ton*

\

v
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The number o f poisons consuming rice  in India it 

on th« increase# According to the Indian Council of 
figrleaitarid Research* (ICAR) (I960)3* in certain part® 
of the country* people who were accustomed to grains 
other than ric# are a lto changing over to  rice* because' 
o f Its  attractive colour* taatef shape* capacity for 
fillin g  xn* giving satlsfactl >n eaS prestige* In Madras 
state* the per capita consumption o f  cereal is  high* 
with 833 g* o f rice and 140 s# m illets* while the intake 
of other food stu ffs Is loo* the amount o f cereals 
present In the average d iet Is 4? per cent more than the 
recuirenent (1934)^*

Bice is  consumed as •raw* and •parboiled*** both 
o f which may* be •husked1**, 1 home-pound ed**» or m illed44 
to varying degrees* In Assam* vest Bengal* Bihar*
Orissa* the coastal regions o f Bombay and the Most coast* 
parboiled milled rice is  preferred by the poorer classes 
o f people (1954)®* The mss o f raw riee is  limited to the 
coastal area of the Bay o f Bengal* specially in Andhra

* parboiled rice has boon defined as the rice obtru-ed 
from paddy which has been steeped lr. water, steamed 
and subsequently dried, by pounding or milling*

*• Husked rice is defined as 'brown r ic e 1* which is rice  
with the husk removed in such a manner that the germ* 
pericarp and aleurone layers are In tact*

* Hose pounded rice is  rice  prepared by using a household 
pounding apparatus* In this process the br*n* germ* 
pericarp and aleurono layers are partially removed from 
the endosperm*

** Killed rice is  rice obtained by dehasking the rice  In s 
power machinery* where husk* gem* pericarp arc comple­
tely removed ana i t  is  polished*
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Pradesh (1040)®# I t  was In those areas9 that \ykroyd 
Mid Xrishnar (193?)7 and Hawm  (1040)® observed the 
frequent occurrences o f the deficiency disease her! bcri 
asong those who c asutned highly a llied  raw rise*

The preference for a llied  rise In the place o f 
hone-pounded rice la bnsod on attfeetlvenoss9 aese In 
buying m  It is  available readily in the aarkets and low 
eost (Mr*k and 3towart) (1943)9. Sewrever as Ohosa fjfc, ql 
(1900)3 point out um illed rlee Is superior in that iV 

contains greater eaouats of proteinf coiciun, phosphoroust 
lron f thiamine, and niaoln# Hilled rise  oontalns 17 per 
cent less protein than hushed rise and also less fat* 
ThlaeUne* riboflavin and nlaeln losses are also greater 
in  Killed rise regardless o f  the type o f processlngX^sV)^ 
Therefore several workers (1040) (I960)13* have advoca­
ted the use of hoce-pounded or unbilled rlee in the place 
o f  the highly Killed rise* Promotion o f  the use o f 
unearned rise  was one o f the Items o f constructive work 
suggested by Hshatna Gandhi (1943)*8, (IM S)13* The 
Village and Cottage Industries Commission is s t i l l  pur* 
suing this Objective.

is  far the antrlent content of rlee processed by 
the different methods, the studies o f 3vmntnathan and 
Bhagavan (23*0)** and Bsaaisurthy and Gspaien (1366)14 
have proved that parboiled and dehuskel rice  contain the 
highest amounts o f minerals and vitamins* The national
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Research Council o f the u*l*A*ORC) (1545)15 has also 
shown that parboiled rice  Is better than rsw rice  because 
of its  greeter contents o f thiamine end niacin* the PAG 
(1364)15 has computed that parboiled riee contains two to 
four times as atieh thiamine as milled raw riee*

washing and cooking of s ice  lead to notable losses 
in nutrients* Sweninathaa Civ'll)1® reported that the 
loss o f n icotin ic acid daring washing and cooking was 
greater in rev milled rice than in parboiled riee*
Swam ina than (1342)17,  Millar (1MB)U % Kilt and Williams 
(1345)^® and Vinacke ( 1 3 6 1 ) demonstrated that the less 
o f thiamine ves greater when raw rice was washed and 
cooked than when parboiled and brown rices underwent 
similar treatment* According to the F10 CU56I)®, husked 
rice  gets less Impoverl&ed by washing and cooking then 
home-pounded or milled rice*

Rice contalas only six  to nine per cent protein 
(136G)2$ ana the proteins o f rice  are o f good quality 
(194?)8* , although deficient in the amino acids,
lysine and. methionine* nice is  deficient also in ealela®, 
iron , the fa t soluble vitamins and vitamin C (1348)^
Several Investigators hove reported on the beneficial 
results o f supple -anting riee diets with different nutri­
ents* Aykroyd and Krlshnaa (1337)^ , Krlshnsmurthy and 
Jubraaonyan (1947)*% and ftappuswami (1349)26 ,
demonstrated the supplementary values o f  calcium, phosphorous
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and vitamins to rice  d iets* * Hie (1940)2® and Pecora 
and Hundley (19S1)27 found that when ft combination of 
araino adds such as lysine and threonine were added to 
whit® rise| the quality o f rice  proteins wee improved 
es evidenced by increased rate o f growth in rats*
Devades and button (X98X)23 observed significant inpro* 
var-ent in growth o f rats fed on a basal rice  diets 
supplemented with defatted egg folk*

Today* India faces an unprecedented food cr is is  
In which shortage o f rise  is  crucial* Attempt# are 
being aade to Increase the availability o f rice through 
evolving improved hybrid strains with desirabls economic 
characteristics such ss yield* quality* nutritive value 
and resistance against disease* Aduthnral 27 (ADT~27) 
is  one msh strain* It  has already to its  credit ado 
o f the highest yield in  rice  cultivation In the country 
with a record o f 4731 fcg of gyain/heotsers* (1906)29* 
AOT-27 is n derivative o f a cross between the Japonic* 
varletyi 3ortn-3 and the Indies variety* a3«@4* It 
needs a duration of only 10© days for saturation* The 
♦Hr*"crop is sown daring June to duly* In the year 
1906 alone* 8000 acres were cultivated in nairas State 
with ADT-2 7*

♦ One hetchar# * 2*471 acres
* fHtrl season « Pro© June to October



Since AST-87 Is * new strain and Has vast poten­
tia ls  for Increasing rice prodtastlenf there Is need to 
study Its nutrient content after processing by different 
methods. The present investigation was therefore u d if »  
taken to eoopere the nutrient content o f  d ©husked* hsnd- 
poonded soft milled ADT-27* both raw and parboiled with 
the values obtained for the loca l strain, A3D-8, treated 
similarly* I t  Sc hoped that the findings o f this study 
w ill give further Impetus to production o f ADT-27 In the 
country sad Its  balanced oo-sumption.



u  w m m  or L irnuTtjns

Since the objective o f this etady is  to coopers the 
nutritive value o f dehusked, hand pounded and s illed  
samples o f both rev and parboiled rise o f a selootod - 
strain ADT -  27, with that o f a iooal strain ViDg, the 
available literature is  reviewed under the following 
headst

A* Consumption o f rise  in India*
B* Cultivation and production o f rice* 
c» Nutritive value o f rise*
D. Befiolenoiea in  r ise  diets*
S* Types o f rise  differently processedi 

1* new and parboiled rise*
8* Dehusked, hand pounded and milled rioe*

P* Efforts to improve the nutritive value o f rleet 
1* Hybridisation*
8* Influence o f fe rtilise rs  and environ* 

aent on nutrient content•
3* Bias enrichment*
4* Parboiling or conversion*

G* implementing rioe diets with minerals, 
vitanIns and amino acids.

a* Sanaaattan frf aits la lute*

Results o f the d iet surveys which have been carried 
out by the ICIft (1961) (1864)* reveal that c®reels
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constitute a ssajop portion o f th# d ietaries, in which, 
as Pstvardhaa (1965)®° states, 70 • 30 par cent o f the 
total calories are furnished by rioa* out o f the 
average par capita inooma o f 423 Rupees par annun, the 
Indian oltisen spends a aajor proportion, nearly 30 *
30 per cent on food *  Therefore hie d iet sons lets only 
o f  cereals and negligible quantities of other fooda and 
It la lopeldad because o f the extremely high cereal 
eon tan t (K itra ) ( i9 5 i )3 i *

Tha par capita consumption of rlaa variaa widely 
froit place to place, from 314 lbs/year in %rast Bangui 
and Aaaan which ara tha highest rlaa contusing areas,
863 lbs/year in  Madras itate and 80 lbs/year in  Madyaa 
State and 80 lbs/yoar in Punjab (1980) 3« The FAO (1964) S 
has reported that the average Indian diets consist o f 
477 g* o f rloe with 120 1* o f  other cereals* The son** 
suaption o f protective foods sash as nlltc, vagatablaa, 
meat and fru its is l i t t le  or nil* Tha Central Food 
Technological Research Institute states that there ara 
considerable regional differences in the level and 
pattern of food and grain consumption (CFTRI) (1966)
Tha Eastern, Central and southern states favour tha 
consumption of rice and B ille ts , while la th® Perth 
and north west, consunotioa o f wheat is  predominant*
A combination o f rise and a illa ts  such as ragi and 
Jowar Is preferred by tha people o f the South, imia



a coablnatio® o f rlftft and wheat Is desired by those Is 
the North (ICIfQ ( m ) 33.  The people in  the II or thorn 
port o f  India consuae also larger quantities o f  pulses 
than those in the South (1951)31* The surveys o f the 
ICKE (1953)3*! awl Priori (I960)3® show that Joimr* 
rftglv bftjrft and eholen are the different types o f 
B illet* eorsuned in India*

Of the total aaouafc o f rioe consumed in India # €0
SBper cent ere of the parboiled type (1066) * Thirty per 

cent o f the population us* boat pounded rise and a ll the 
othera uae o i l lo i  rlee (1984) s .

0* CttlUT*U« «

!*ioe la one o f the old eat eropa to be eulti rated 
in India* Today the cultivation o f  rlee oeeupiee 91 

per cent o f the total cropped area* 30 per cent o f the 
total area under food grains ineluding pulaaay and 36 
per cent o f the total area under oereals (1965)32* The 
rioe erop requires high temperature, high hraidlty and 
abundant eater during growing periods (Modeller)
( 1 9 6 1 ) Therefore! its  eultivatlon is  concentrated 
along the river valleys! deltas and lev lying coastal 
arena o f Northern9 Eastern and southern lndlay vithln 
the latitude o f S • 36°f in Andhra Pradesh, Aaaanf 
Bihart Kerala, Medhya pradesh, Madras, Maharashtra, 
Itraore, Orissa mad West Bengal XCAB (1961)37# (1966)as*



10

There are two main methods o f rioe cultivations 
the dry and tha vat* Kudaliar (I960)3® states that la  
th* dry *yst«n# pica Is grown on dry s o il Ilka other 
cereals* Za contrast tha vat system requires tha 
growing plant to stand in water a ll tha tl^a t i l l  tha* 
harvest* Basidas that* two principal systems o f rf.es 
cultivation , Qhose gl, (I960)3 describe tha ♦Hdc* 
type or mixed cultivation which consists of graving 
together two varieties with d ifferent durations* The 
other methods era tha ’ Poda* or shifting cultivation 
and tha ’ Japanese' nathod of cultivation* The former 
is  In praotlea in tha h illy  araas o f Kerala, Orissa,
Assam and Andhra pradesh*

The sowing practices in regard to paddy era o f 
three types t (1) broadcasting the seed (3) scaring tha 
teed in furrows (3) d rillin g  tha seeds d irectly  In to 
tha fie ld  (FAQ) (1906)30* Transplanting Is dons after 
gemination o f tha seeds* Manuring' irrigation ' veedlng 
and interculturing are the important processes to be 
carried out In rice  cultivation. When the crop Is 
ripened' harvesting takes place followed by threshing 
Chaudry s2k &  (IBS®)40*

Fertilisers play a V ital role in rlea cultivation* 
c m  I (1966)32 states' that graen stamurc effects 
appreciable increase in y ie ld s, opto 10 to IS per cant

;

nor© than that achieved by tha application o f other \
\

\
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manures Ilka compost s o il mu* seed cske* High yields 
o f grain have also been obtained through the use o f 
nitrogen and phosphate fertilisers*

During the year 1962 * 1963f the total preduction- 
of rise in Madras 3 tats vas 3,370 tonnos whereas i t  was 
3,355 tonnes in the following year 1963-1904 (1965)32«

According to Harniah (1366)4X,  the past 15 years o f 
planned development hare resulted in increasing rise 
production from 20*6 m illion tons in 1960-1967 to 33*7 
m illion tons in 1904-1965* m  1964-05, the heotaore 
yield o f paddy in the country was 1074 kg* There has 
been a corresponding increase of about 1? per cent in 
the area o f  rice cultivation* Srinlvasan and Raja- 
gopalan (1966)42 point out that Madras State leads in 
rise  yields with 1430 kg/heetaere* The commodity 
reports o f FAD (1961)4® attribute the increase o f four 
m illion tons in paddy production to the increase In 
both area and yields o f the crops in Bihar, Vest Bengal 
and Uttar Pradesh*

The chemical composition and nutritive value o f 
the r ice  diets have been studied by McCollum and Davis 
(1935)44, Aykroyd S i S i (1340)®, JCLk (1941)45, Mason 

§1 (1946)4®, Done (1949)47, kappuswany and Oiri
(1949) Deaikaohar s i  ftl (1956)4a, varniek s i  al
(1950) 43 and Dakshinnaurti (1989) ®°* All these studies
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ahow that pica la a poor a w ea  of proto In*

The protein content o f riee ia lower than that o f 
Boat varieties o f wheat and m in  (FAO) (ISM )6*, 
varying froa alx to nlna par oent* Sadaalvma and 
Sreenivaaan (1938) 82 reported that ooarae and coloured 
types o f  rloe generally had more protein than the fine 
grained typea*

the quality o f tie#  protein# has been studied by 
various worker** The FAQ (1951)6 has sumarised that 
the protein# o f rloe are o f good quality and ooopare 
favourably with protelna o f  whole wheat and anise In 
anlno a old content# The superiority o f rloe  protelna 
as judged by Pi?* (Protein Efficiency aatio) has been 
reported by Oeborne end Kendal (1913)53,  i l  (1930) 841 
Swan lna than (1337)®** 3a su and 3as|c (1937)86 m  (1939)87 and 
K itchen and Block (1946)M,

Through digeatablllty tria l*  with cereals and soya- 
oaaif Hau and Kong (1948)89 concluded that rloa protein 
had a higher B iological Value (being 31*3 per cent) 
than the protelna of B illo t end soya seal which had e 
value o f only 70*6 per cent* m their hunan feeding 
tria l*  Hltra and versa (1947)21 and ultra sX (1943)88 
•l#o registered a high Biological value fo r  rice  protein*
The eoapoeltlon o f asino adds in  rice  ha* been atudlad 
b f Bl&elr and Bolling (1951)^0* Their data have revealed 
that rice  U  deficient In lysine art threonine* the ] 
aoino add content o f different varieties o f rice  varies \}
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considerably according to the aanor« added to the so il 
in which they are grown (1966)®®* Grist (I960)®3* 
observes that rioe contains about 1*6 to 2 pmr cent of 
fa t which is  located aestly in  the outer bran layers 
and the gem*

Bice is  a poor source o f oaldust and lront but 
contains considerable mounts o f phosphorous* How seer* 
the caldun and phosphorous ratio Is unfavourable being 
lilO f instead o f the desirable 1|2 (1945) ̂  3veainathen 
and Bhagavan (I960)3*3, and ahose and eovorkers (I960)® 
hare reported that rice  contains only negligible quan­
t it ie s  of calc lust ranging from 1 0 - 1 2  mg. per cent* 
Vhlla the content o f oaldua is low In rlee« its  arali­
a b ility  is  high as sh-nm by the early axperinents o f 
Majomdar and Da (1903)®®* through feeding tria ls  with 
different cereals they demonstrated that highest 
retention o f eeldun 67*1 par cent occurred fron rice  
as compared with the 73*6 per cent from vheat*

the nature o f phosphorous present in rice  has bean 
the subject o f inrestigatlon by lundararajan al 
(1933)®®* Girl (1940) ®® and Ahaed &  (1945)®*# All
these workers are o f the viaw that the aggravation o f  
□ineral Imbalance in  rioe diets is  due to the presence 
in i t  o f phytin phosphorous* Several workers have 
reported on the presence o f the B vitanlna in rioe* the 
F&0 (1954)® points out that the thim ine content o f rice
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la higher than the riboflavin content f whereas the 
quantity o f fat soluble vitanins present Is only 
negligible.

Hinton (1343)68 stoted that approximately SO per 
cent o f the total thlaaine were concentrated in the 
3cuttellunf the aleurone layer contained 35 par cent 
and the embryo 12 per cent. KUc and M illions (1945)15 
pointed out thftt the thlaaine and riboflavin  contents 
differed aeoording to variety* To tone oxter. t f the 
niacin content also varies. Slapson (1957)®? reported 
that riboflavin was distributed uniformly throughout 
the eabryo of rice  grain* Ascorbic add is  parti* 
culsrly absent in rice  (I960)20.

The loss o f nutrients during washing and cooking 
o f r ics  has been discussed by Malakar and B&nerjee 
(1959)®®* Basu and Malakar (1946)®® report that the 
lost o f nutrients is  greater during washing and cooking 
in excess water than when rice was cooked by absorpt* 
Ion nethod. Roy and ?ao (1953)?® point out that the 
loss o f nutrlsnts in rloet especially thianin©, is  
comparatively less when rice  is  cooksd in noderatdy 
alkaline water than whan cooksd in highly alkaline 
water*

flftCldendsa in lic e  r io ts :

As early as 192771 KcSarrisoa called attention to 
the superiority o f  the Sikh d iet over the south Indian
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poor rloe Slots* m  found that tho Sikh Slot contained 
wheat along with protective foods* while th« Touth 
Indian diets* especially the Madrasi rice Slot vere 
corapoaed largely o f riee with very l i t t le  protective 
foods* Wilson sod Wlddovser (1986)*** noticed that the 
incidence o f deficiency disease was lover moog r ice  
eating oonaonitles of the south* the d iet surveys 
carried out in  1343*3 by XCWI revealed the foct that 
the rice  diets of the poor* consisting o f 30 per cent 
rice* with very l i t t le  protective foods were deficient 
in several nutrients*

Devadas (1950) *4 observed that the performance 
o f rats on a basal r ice  d iet vas poor as evidenced 
by poor growth and early deaths* P ©viewing the work 
o f Bruo and Callow (1934) and hove and 3teenboek 
(1936) Girl (1940)64 stated that pfcytln phosphorous 
vas not oonplately available from r ice  diets* He 
pointed oat that the m $m  deficiency o f the poor r ice  
d iets vas calciun.

Aykroyd and Bajagopal (1938)*® reported that the 
deficiencies o f v i tars In A* niacin and iron along with 
calcium were more crucial than protein deficiency in 
r ice  eating populations. Aykroyd and Kriahnan (1937)* 
reported that phrynoderaa vas associated with rice  
d iets which vere deficient in protective foods*
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Aykroyd and Bvamiiaithaa (1340)76 observed that tha 
South Indian rice d iet was poor in n icotin ic add* 
Aykroyd and igrishnan (1938)77 noted tha occurence o f 
angular stomatitis among the South Indian populations 
who were subsisting on a llied  riee vith negligible 
quantities o f vegetables and other protective foods*

Banal ingasvscy (1343)73 found oscular ayraptooa
of vitamin A deficiency along with severe diarrhoea
in poor children in a plantation area in South India*
Their diets vere based mainly on rice  and were loads*
quate in oalorles* vitamin Af thiaaine and calcium*

79Banal iagasuaay and patvardhan (1949) observed that 
deficiency o f nutrients such as vitamin At thiaaine 
and oaldua in the diets o f South Indian plantation 
labourers* Aykroyd (1930)30 described s deficiency 
state narked by Aem etltis in rats fed a basal si ce 
d iet consisting o f a llied  rice* Reviewing the vork 
o f luichatae (1965) t Panes (1967)®* warns that an 
average Indian consumes a diet vith lesser calories 
and protein than his counter part in the developed 
regions* Therefore India has to f i l l  a quantitative 
and qualitative gap in the nutritive value of her diets*

a o m  .«i aifti m t t

Kernel length has been used in aost rice growing 
areas as a characteristic for classifying riee varieties* 
Graham (m 3 )38* Beale (i^g?)^3 and Hector (1934)34
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have used the kernel vidth and thickness for the 
classification  o f rice* Grahar, (1913)32 divides the 
rice# o f India into ’ long p ik e le t* 9 'f in e ',  'coarse*t 
and 'round* types* ^ice varieties in the United 
States o f America are gene rally indicated as *lonc't ' 
*n«»dluu( i and 'sh ort' • Vh«n Orahaa*s classification  
is  applied to Indian r ice , the 'fin e  class' o f the 
United States is  equivalent to 'long splkelet *, the 
'median class* to •coarse grain ', and the 'round cla ss ' 
to 'short grain '«

There Is l i t t le  variation in the chemical conpo** 
sitlon  of the different types o f rice grains* Stepson 
et al (1966)36 have reported on tho protein, fa t, 
anylose, satylopeotin and starch contents of the 
d ifferent varieties o f rice* The lip id  content o f 
long grain varieties la higher than that o f uedltm 
grain and shorter grains* long grains have the highest 
aoyloee content. Parboiling increases the anylose, 
aaylopectih and starch contents in a ll  the three types*

saw

nearly 60 per cent o f the paddy produced and 
marketed in India is  milled in the parboiled state 
(1966)32• During the process o f parboiling the endosperm 
of the grain avails and the constituents o f the bren 
peraeatc into the interior resulting in the retention 
o f nutrients (Srinivasan) (1903)^* Williams (I960)37 .
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stated that two thirds o f the world population preferred 
to haws rice  la  the white fora* except in India end 
Ceylon, where about 180 m illion people m e r ice  in the 
parboiled forn which is  brown In colour* Further 
wtniame recommends the use of parboiled, hand pounded 
or urailled rice  and the enrichment o f r ice , as prevent Ire 
measures against beri beri.

parboiled rice  has been considered as the best type, 
since parboiling increases the nutritive value o f He# 
and favours the retention o f thiamine* riboflavin end 
niacin during m illing, washing and cooking* Aykroyd 
tW8%)m  and Subrahmanyan j& Qk (193®)®® U966)90 
demonstrated that parboiled rice  retained a considerable 
proportion o f  the nutrients* protein* thiamine and 
phosphorous even when highly milled* Aeharya £& al 
(1942)®* observed that the proteins o f parboiled milled 
rice  vith a high B iologies! lvalue promoted greater 
Increase in the rate o f growth in rats than that effected 
by the proteins o f row milled rice* the retention o f 
nitrogen is  also higher in the endosperm o f parboiled 
rice and it  contains higher amounts o f protein than 
raw rice  (Subrahmanyan sk) (1936)®®* Srinlvmsan 
(1936)®3 pointed cut that parboiled r ice  ia generally 
poorer in fa t than raw rice* srlnlvassn (1938)'m  la 
of the view that there is  a considerable movement of 
the fat constituents from the germ into the bran when



parboiling takes place* "wn tliea, parboiled r io t  
retain* six par cant sore fat than raw rice*

19

It has been reported by aany workers that there 
vaa a considerable Increase In the levels o f ealclua * 
and phosphorous and available Iron when rim  was 
parboiled* 3ubrahaanya& ai. ( 1 9 3 3 ) Inferred that 
on parboilingt part of the nitrogen and phosphorous 
present in the gem was transferred to the endoapene* 
Hinton (1948)^ dsnonstrated that In parboiling! 
redistribution of the thianine in the grain tosh plasa 
with the result the endosperm was oonslderably enriched* 
FA9 (1934)6t nanaaurthy and Oopalan (1994) ** stats that 
parboiled rice  contains more thtaslne and other nutri- 
eats than raw risa* ISM, (1>Sa)®6 reported that subst­
antial incroase in thlamiae9 riboflavint niacin and 
other 3-Goqplaat vitaoias resulted when rice  was par* 
boiled*

darby and tonnus (I960)3® studied the a ffects
of duration of parboiling on the thiamine content o f 
rice* They noted a decrease in  the thiamins content 
with Increase in the tine o f soaking* HicUoll* (I960)®? 
reported a loss of 30 per cent of thiamins during the 
parboiling process mainly due to oxidation*

the losses occurring in nutrients while waging 
and cooking o f rice  hare been pointed out by various 
workers* dvaeiinathaa ( W l ) 16,  (1942) 17t K3M and 
V illians (3946) *>3 and 3vanlnathan and Baghavan (I960)**
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\
hays recorded appreciable retention o f aieotinlo acid, 
thianine end other nutrients such ms protein end minerals 
in parboiled rioe9 even after washing and cooking* me 
cohered to rev rice* treated similarly* Srinivasas 
(IDSl)3̂  estimated that the losses ia  washing end cock* . 
log o f parboiled rice were o f the order o f 4 -  XOper cent 
for protein* 1 5 - 3 0  per cent for mineralsf end 30 per 
cent or more for the 1 Complex vitamins*

The offsets o f parboiling on the volume* colon? end 
soluble starch content have been investigated by Boberts 
a t a l  (w m ) 90.  Simpson £& (1905)^ state that par­
boiled rice  averages slightly high*? in aaylose content 
than raw rice  end also has a higher asylose* may 1 ope e tin  
ratio* Boberts g& <195*)" anted that parboiling 
increased the content o f soluble starch as revealed by 
the higher starch iodine blue value in parboiled rice  
samples than in milled rice#

\

2* t

Dehusking* hand pounding sad under milling are methods 
which help to retain nutrients to the maximum extent in 
the rice  vhen paddy is  processed* •behosked r ice 9 is  
also known ae fKulled r ice9 or 9Brown rice* and is  obta­
ined when the husk is  removed from the rice  <1964)®* 
Beeently d ifferent types o f hand operated dehuskers have 
been devised for processing rice  under the promotional 
e ffo rts  o f the Ifcaai and village Industries Commission*



21

•Hand pounded* rise  la  also known aa *hona pounded* 
rice which la prepared by using a pounding apparatus*
Hand pound log Is an ancient practice for dehueking rteo 
In the village hones* the iapleziGnts used for tend 
pounding are the ohafekl and the pestle and sorter*

Milled rise  la the rise obtained fro® s illin g  the 
rice In a power driven machinery* to many oasesf poll* 
thing Is given simultaneously* Milled raw rise  la usurî  
white In colour (1084)®*

Tho ohoaioal composition and nutritive value o f 
d ifferently processed rise have been studied by many 
workers* the nutritive value o f hand pounded and dehus* 
bed rioe has been fount to be higher then that available 
after the renewal o f bran which Is rioh in the nutrients 
lik e  thlaalney protein ant ainerala (108O)1** Joechin 
and Kandiah (1328) proved the superiority o f under* 
a llied  rise  in terns o f it s  protein and calcium contents* 
3asu and Sarkar (1838)*®* reported that a lllia g  resulted 
in a marked decrease in the mineral and fa t contents*
FAQ (1884)® states that the degree o f milling ant poll*  
shiag a ffects the nutrient contents o f rleev since 
higher degree o f a il ling removes the aleurona layers 
which are rich to nutrients* Klk and Williams (1H5)1® 
reported on the loss o f minerals and vitamins during 
toe m illing o f rice*



Beviewing th© work o f Joliano £& (1964) (1964)
end Ok© (1965) t Juliano (1 9 6 6 )^  noted that a llied  
r ice  ©ontalas 6*6 -  13*3 par ©sot protein with a fa t 
content ranging from 0*3 to 0*6 per sent. Hogan 
(load)103 and Hogan (1 9 6 6 )^  and Honand $£ s i  (1966)106 
haw© analysed the protein content o f rice  a llied  to 
wary lag degrees* They state that concentration o f 
protein Is higher near the periphary of the whole grain 
P ereas i t  nay he lower in the enter most layer* I f  this 
layer is high in hran constituents*

The aalno acid ooapositlon o f a llied  rice has bean 
studied by Babtlst (195*) and Klk (1966) and reviewed 
by Jullano (1966)102* They have reported about ths 
lower concentration o f amino acids* especially, lysine 
In a llied  rice* Klk (1943) ̂  aad Dafcshinmurthy 
(1966)1®7 observed that the B * vitamins were present 
in  lssssr amounts in a llied  rice than in hand pounded 
and dehuaked rice*

Subrahaanyaa and Svaainathan (1956)*^ and Subrah** 
nanyaa at jjl (1956)109 reported that basked rice  had 
a higher contend o f phytate phosphorous end considerably 
higher Quantities o f protein* B-vlteains and minerals* 
than a llied  and under a llied  rice* Quha and Kitra 
(1903) **** atu*iad the protein content o f  brown rice  
which is  found to be higher than the a llied  rice*
Benges  ̂then (193?)1*1 showed tint the ices o f
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calorics and nutrients daring the milling o f r lcs  verst 
calories 16 par cent) protein 10 per cent) iron 76 per 
cent and calcium and phosphorous SO par cent*

Hand pounded or home pounded rice has been consi*
•

dered as tha best processed rice  next to dehusked rice  
by Swam ina than and Bhagavan (I960)*** As early as 1924, 
Block and Mitchell**3 found that the proteins o f brown 
r ice  vers superior to those o f amiss and oats diets*
Sure and House (1943)113 stressed the superiority o f  the 
proteins o f brown rice  because of its  higher Biological 
Value| 36 per cent, as compared with, the 63*1 per cent 
o f milled rice* Jones &  (1943)*** also shored that 
the proteins of brown rice  surpassed those of polished 
rice  in B iological value*

Rto (i960)113 state that the phytlo acid which
is  present In larger amounts in brown r ice . Interferes 
with the utilisation  o f dietary calcium as evidenced 
through calcium balance studies In him an beings* They 
concluded that the nitrogen and phosphorous retention 
affected by brown rice was not higher than that accost* 
plished by milled polished rice*

Miller (1943)**, Vlnacke (1901)10 and Kennedy ami 
Tsujl (1902)*** noted that washing sad cooking losses 
o f  nutrients were negligible in the easo o f brown rice* 
Chatter)ee s i  MX (I960)**7 and Oupta &  (1963)*** 
analysed the amino add composition o f brown rice  anl 
found I t  to be higher them that o f milled rice*
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ffunerou* e fforts have been in itiated to improve 
the nutrients in rice* They are*

x. tocia iaoX lsa i

The major objective for undertaking rice  brooding 
projects in India la to develop high yielding types« 
and distribute then to the farmers in the different 
parts o f the country* Besides the ’Contra! Rice Research 
Institute’  in Cuttack, there are 3B Blee Breeding Stations* 
Out o f these | eight are located in Madras state (1960)^*

The early experiments in hybridisation date book 
to 1939 ,  when Sadasivaa and ‘frinlvasan (19S&)H® reported 
on the nutritive value o f an improved strain o f r ice , 
in which there was increase in  the levels of protein, 
calcitsB and phosphorous* ’ The International Rice Hybri* 
dilation Project* was started in 1960 under the auspices 
o f the FAO ( 3 9 6 4 ) Today *s the result o f vast agro* 
nomle developments in rice  breeding, laproved strains 
o f rioe crops arc being evolved extensively* The 
Improved strains have desirable economic characteristics 
such as higher y ie ld , better quality, greater resistance 
against diseases and superior nutritive value ICAR 
( 1 9 6 6 ) For the commercial production o f hybrid 
r ice , a series of studies have been initiated at various 
rice  research centres thr ughout the world by the in tis*  
tional use o f hybrid vigour In rice  (3 tans c l and Qraigailes). 
(1966)199,
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From 1961 onwards, the collaboration between the 
FAO and * ICAO's State Breeding Centres' has suooeeded 
in evolving new hybrid strains as cross between Indies 
and Japonic^ * The hybrid strains o f rice  which have

w

been recently evolved in K&dras state are CEB -  24,
Co -  26, Co * 29, CO • 30, ADT -  3 , APT • 27, ADT -  23, 
TXM -  a and A3D -  13 (1960)41* Svaalnethea (1957)183 
states that qaalltaU ve inprovonertta has also been 
achieved through breeding in cereals* Thus the protein 
content of rice  varieties has been raised fron 3 to 15 
per cent, through a r tific ia l induction o f flotations*

2* Influence o f F ertilisers and Sovironaent on the

As early as 1923 McCarrlson1̂  reported that rioa 
grown under svanpy condltixs  contained greater per 
cestage o f protein end ainerel natter than that grown 
under rainy conditions* Sturgis and Heed (1937)186 
recorded an increase in the cystine, tryptophan, lysine, 
arginine and histidine contents of ries by the use o f 
fertilisers*  They noted that when the so il was high 
in iron , the iron content o f the rice  ves also higher*

Paoiah and Mud a lia r (1939)126 observed that the 
protein and mineral content o f r ice  can be increased by 
proper raanirlng as in the ease o f wheat and barley* 
Sathe s i  (1248)337 found that the nature o f fe r ti­
lisers  applied to the so il had some Influence on the

«

thiamine content o f rice*
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chitr* s i  (la ss)188 pointed oat that son  
nutrition «i*S environmental conditions Influenced the 
nutritive value of a ll plant foods* As such, too 
different strains o f tbs sans variety are lik ely  to 
show variation in nutrient content* i f  cultivated 
under d ifferent environmental conditions*

3*

The purpose o f enriching rise  is  to odd nutrient 
to a llied  rices in order to (Ive a desirable nutrient 
content to the resulting product, especially in those 
eountrios where white rice  is  cooked in excess water 
and the cooking voter discarded. Eloo enrichment orig i­
nated frees the Philippines during the year 1>43 to 1350 
UBfiB)180* (L illians) U361)530* By 1961 the number o f 
people who were encouraged to consume the newly avail­
able rice to overooae the deficiency beri b e ii rose to 
i faootooc*

farter $1 (194® )^  developed fortified  *preaix* 
In which rice  la sprayed with minerals and vitamins aired 
with phrophosphate, and finally sprayed with sein and 
fatty adds* Watanabe et a l (1900)138 report that in
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Japan enrich ng rioe vith Of 3t dlbena yjl thiamine 
(DBT) proved to be as affective as addition o f thiamine* 
These authors state that rice can be enriched also with 
the aalno aelds lysine and threonine vhioh are normally 
deficient in r ic e . Enriching rice  vith amino aelds has 
also been suggested by Elk (1956)133*

The Japan m tritlon  Association (1956)134 reports 
about the benefits o f the addition o f calcium carbonate 
to rice* Bhettacharya (1964)135 describes a simple 
method o f enriching rice with riboflavin# He has given 
also a satisfactory method for the enrichment o f white 
rice  vith mineral! end vitamin using heat processing#

A* £ irj& au s-3r. taatm ioa*
Since parboiled rice Is more nutritious than raw 

r lce 9 the oonsua >tioa o f parboiled rlee needs to be 
encouraged* Hcleverf the prevailing poor methods adopted 
In parboiling paddy have re mil ted In creating resistance 
against the use o f parboiled rice  by the c nsumers (I960)3* 
Therefore p rov ed  methods o f perboillng paddy are being 
developed* Subrahmanyan &  £X describe the
method oellad 'Rot seeking method* which proved success* 
fu l in  preventing growth o f fungi and tho development o f 
off-fiavours* Another Improved method is  the ’ Hot soaking 
presets cun hypochlorite treatment'* Rao (1965) *3?
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reeoonends a method in which, iQ8t««d o f converting end 
parboiling r ice , the rice i t  treated chemically using 
area* this method i t  reported to here the advantage o f 
imparting a good flavour to r ice .

o* *l& ,lltaggali» TU m tei wA

Several workers have suggested different ways by 
which the nutritive value o f rice diets can he enhanced 
(Lai) (1962)*3®, (Moorjani and Subramanyon) (laSS)139,
(L ily a l &1) (1356)^  and (Chandrasekaran et afl.H!966)*^« 
these procedures involve the partial replacement o f rlee 
by other cereals and roots and also supplementation o f 
rice  diets with protein rich foodst minerals end amino 
acids (1364)5. partial replacement o f r ice  with Jovar 
ha# been encouraged by f&trien jgl $1 (1930) Jovar is  
a richar source o f protein and the 3 complex vitamins 
than rice* The protein content o f jovar ranges from 3»? 
to 10*3 per cent Oterien q±) (19Q0)**3* Striking 
improvements In the growth of albino rats and school 
children were observed by Hasoa (1946)*® when a
part of rice was substituted with ragl. Karlen 
(I960)1** state that replacement o f even a small party 
namely 25 per cent of the rice in the diets by ragl would 
be adequate to sake up the calcium deficiency in the poor 
rice  diets*
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Pasricha and n«o (1965)145 observe that when 
Pie* cooked with *ohuanan* (calcium hydroxide) 
treated water 0 tha calcium content of cooked rle* 
found to be three time nor* than raw rle* and also 
the body weight o f rats fed with this rlo* was Increased •

Harp** ai, (195r>)146 and Deahpan3ej|t_al (198Sj47
hay® demonstrated that the addition o f amino adds such
aa ly s in g  threonine find methionine improved the vie*
diets as evidenced by the Improved growth rate in rats*

143Vikramaneyaiea qX (1961) noticed considerable 
improvements In the growth of children suffering from 
kwashiorkor in coylon when their r ice  diets were supple- 
man ted with amino adds lysine*

?forraand tjX (1366)106 refer to the results o f  
investigation which ewrflrned the protein distribution 
in  rice kernels reported by various workers. They 
demonstrated the presence o f high protein bearing layers 
on kernels of rice varieties. High protein rice flours 
have been prepared by a specially designed n ll l f  end the 
prepared material was removed in 12 fractions from 
successive layers o f milled rleet which furnished 13 
per cent o f the kernel weight an" with 12 to 22 per cent 
of protein content. Hogan (1366)151 states that



the content o f  fat* thiamin©* riboflavin* nlaoln, 
phosphorous and calcium have been increased In suoh 
a high protein rice flour*

30

Because of these benefits Hogan ( 1 3 0 6 ) anti* 
Cipates a high demand for high protein content flour 
fo r  incorporation into baby foods* and as supplements 
and substitutes for protein*
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The experimental procedure const*ted o f the fo llo ­
wing step*i

A# selection o f the strains o f paddy#
9# parboiling poddy#
Cm Datmaktng paddy#
9 # Hand pounding paddy*
E, Milling paddy#
P# Clean ng and winnowing the differently 

processed rice sanples derived from the 
•elected strains o f paddy#

G* nutrient analysis o f the differently processed 
rloe sa p les  fo r i ca loriesy protein, total asht 
oalol'»af phosphorous, iron and thiamine.

R. Interpretation o f the findings#

A* at tiM,
Two strains o f paddy were necessary for the study*

the Improved strain ADT-S7 on which this investigation
vs* based, and a loca l strain for comparison purposes#

1 #
ADT-S7y which is  an improved hybrid strain of paddy 

was selected for the study# Xt has been recently developed 
by crossing a lapoalea variety (Horin 3) with an Indies 
variety (0PB-«84) as the result o f the India Japonic* Rice 
Hybridisation P roject, at Aduthurai Rice Research Station 
(Madras State) and released In 1964# I t  is  reported to be 
capable oft u tilisin g heavy doses o f chemical fe r tilise rs



withstanding loding, and producing high yi«ld« Being 
ft orop o f sh^rt duration o f 108 daysf  A**r-27 hat been 
rapidly multiplied thrugh a spec' al scheme for covering - 
the entire **fcrtnr«i*9 area under the Hettor Irrigation

m

system in the Cmvery Delta* This a train has g lim  an 
average yield o f *000 lb  o f paddy par aora vhlatv la 
nearly double the average o f the existing varieties*

The reculreaoni for the experiments designed for 
this study was oeleulated to be 130 kg* o f ADT paddy*
This wet purchased in one lo t  from the padty Breeding 
Para o f the itate Agricultural Collece and research 
Institute, rednbotore*

i*  it ig s u m  JLaaftl-g&ffllfl*
the loca l strain A3D-8 (abbreviation for fabaas*

wa&rm 6) la popular in Ooinbrtore. It  Is a purs lin e 
strain from the variety 93hrthigel samba9* Zt has an 
yield 3000 -  4000 lbs*, per sore vhioh is  higher than 
that o f its  parent strain* Zt is  a median duration 
cr»j> o f  135 days and can be cultivated In elnost e ll  the 
paddy growing areas* the idea obtained fron A3!MS paddy 
is  white in colour* The requirement o f 180 kg* o f A3P«8 
was also obtained from the ftate Agricultural College 
end Research Institute*

* The tc*m •Warovai9 indicates the fir s t  rice  crop 
season in Tan.ll ad* derived from tiho word 9Kar9*
Zt has a short duration of about 3& months extending 
from June to September*



33

parboiling is an eneient practice in India* la  
parboiling* paddy la steeped in water for hours together 
aver night, or for ntsny days* steaeed subsequently t i l l  
the outer husk of the paddy burst op«n9 dried a**S boo lead* 
The oatbod us<d by the rlea trade a ll or a for prolonged 

uncontrolled feraNmtatim In soaking tanka* Saab 
a practise affeeta adversely the coloar9 odoar9 ©oaklng 
miality9 acceptability and nutritive vela* o f parboiled 
r ic e , as tea been pointed oat by several workers* la  
order to al Inina to snob feraantatlon Hao and Jdh* (1382) 
suggested the poaslbllity o f soak inf paddy at a tempera* 
tare 66—70°e9 Instead o f soaking i t  in  sold water for 
two to three days*

based on tb^ir suggest :>a Jubrahroanyea g& fiJL 
(X3SS)®0 developed an improved aethod of paxboiling

a

through *!loi soaking r>rocaosa*# They soaked the paddy 

in hot voter at a tenporature 7 0— 7 8 °0  for about three 

hours* at the end of which the water was let out and 

paddy steaoed in cylindrical kettles prvidad with 

staas ooils9 till the outer bosk burst open, the steaaed 

paddy was dried in the tfiede*

Adopting a s ia ila r procedure* the parboiling 
process for this study was atanierdlsed* with the use 
o f the ^ llu p a ttl psrboilar * Figure 1  *  devised by the 
^ural Extension Training centra at ^hllupattl* Had res 
dtsts*
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the parboiler has ft eyli id ©ideal parboil log d n »
(A) with a perforated sieve (B) at Its bottom, and a 
door (C) at the aide* the bottom o f the boiler has the 
shape of an inverted oone (D), the eylinderieal tank 
(A) is  3’ 3" in  diameter and has two handles at the open* 
end* The perforated sieve (B) has a diameter of 3 '1” 
which is less than the diameter o f the dram and is  sligh­
t ly  e n m « Zt has two handles at the open and* the 
holes on the sieve are snail enough not to le t  the paddy 
pass through* this sieve is  supported m  three crocs 
bars f #d »il J8*8l t*®*#! near tfce jo in t of the dram with 
the inverted cane* the door has a shutter arrangement 
sliding up and down vhioh can be adjusted or removed for 
drawing out the parboiled paddy* It has the capacity 
o f parboiling 130 kg* paddy at a time*

atmdM Jl—U oi o f  tlw nM*0llln «  proa— »
For standardising the soaking and steaming process 

certain modifications were effected to the Kallupattl 
Parboiler -  Figure 2 »* The door with the shutter arrange­
ment was completely seclad to avoid leakage o f water from 
the drum and also make the soaking affective* A tap (?) 
with a rubber tube (P) vaa attached outside at a place 
one inch below the door ami two Inches below the level 
o f sieve to drain the water o f f  from the paddy after soak­
ing so that the water would remain at a level below the 
sieve to fa cilita te  at ending, the rubber tube was connected
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to the tap to avoid water fe l l  ins into tha ehoola* Thi* 
arrangenant facilitated  the carrying out o f both soaking 
and steaming In the earn® utensil which amounted to a eon* 
slderable saving in  labour mid heat*

The ohoola was constructed apeeially for tela 
purpose with bricks, in a round shape below the ground 
leve l In such a manner that ft  rewool min be used ea fuel#
The depth o f the ohoola was 1*0*#

Using the principles o f 'hot seeking*, the a tan* 
dardisation o f tee parboiling process was o f footed In 
the following earner*

Trial experiments were carried out in tee beginning 
on a snail scale* One kilogram o f paddy was used for this 
purpose each tine in an ordinary household utensil# The 
tine required for soaking, steaming and for drying o f tee 
parboiled paddy was noted# It was found that on# k ilo* 
gr»n o f paddy soaked for tiro and half hours in water at 
a temperature 7O*~70°e# and steamed for three minutes 
proved to be satisfactory*

This was repeated on a larger sample with five  kg* 
o f paddy using tee modified Kallupatti parboiler# The paddy 
was aoakad in hot water which was neintalned at a tenpereturo

s
«v.* v r*
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70—75°e for two and half hours and subsequently a tensed 
about five minutes* t i l l  the outer husk o f the grain 
hurst open* shade dry in® p s  followed rather than drying 
in the sun, which has been found to glee aatlafactors 
results in ta n s of the quality o f r ice , Oovindasvarai 
and Qhoah (1385)104 hare also advocated this aethod o f 
drying paddy*

The pnrboller was fille d  n th  148*4 litrea  o f water 
and heated over the chuola to a temperature 78° -  30° o
for one hoar# thirty kg# o f the paddy were added to the 
voter shore -the sieve in the d m #  The level of. water 
was maintained at three inches above the poddy* fey ad|ns* 
ting the level drawing oat froa the top# ihan tha paddy 
va» added to  the water* there was a drop In temperature 
to 70*®«# the parboiler was covered with a wooden plank 
and the temperature Inside was maintained at 70° -  ?S°o* 
by adjusting the bum ng o f  the fire  wood under the cone* 
Every half an hoar the temperature was noted and the 
paddy was stirred with a ledda for eveneas in soaking* 
tha water was drainad o f f  after two and half hoars* and 
the paddy steamed five  ainutes in the sane utensil until 
the outer husk burst open* the steamed paddy was next 
transferred to a basket* spread on the flo w  evenly as a 
thin layer and dried in the shade at m m  temperature*
It was turned at intervals o f one h^ir* for about three 
days#
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c* 2<£miUM-aa£4z«
The lnplsaent selected for dehaaking paddy in this 

investigation was s gear driven naddy * ©husker* ns shmm 
in Figure (3) ns recoonended by the Khali and Village 
Industries Coc»lssi?n* The dehusker has a hopper (A) to 
hold the grain* Belov the hopper is the Eiach’ ne CB) *
This has a wheel guard o f s a i l  gear and the paddy ehanbar 
vMch has an adjusting plate and handle (C) for the sane* 
The dehustcer has levers to operate (D) with two wooden 
gripss CB) • It has a papaclty to dshnsk 200 kg o f paddy 
in on# hour* The paddy is  hulled by the sinulteneoua v 
vigor out downward and upward stot 1 one of the handles by 
the two sen, at the speed reeomended*

The dehuskLog proeadore was standardised through 
tr ia l experiments conducted with thrse kllograns o f paddy* 
’ hen the machine gained a speed o f 50 revolutions per 
minute, the paddy was le t  into the holler by releasing 
the shutter* The two rubber rollers inside, rotate In 
directions opposite to each other and dehusk the paddy 
when i t  passes through the space betveon thee* The feed* 
Ing plate (C) was opened gradually and fin a lly  fu lly  to 
remove the rloe* The product thus obtained was ‘ brown 
rice** The dehasked brown rice  was cleaned with the 
winnower shown in Flgore(d), as per procedures reooanended 
by the rt&edi and tilla g e  Industries Commission*

* 9*®* driven Paddy ^ehusker qualitex Machinery 
{Model n»veen~0 H 200) L td,, K lrti Bagar*

MswBelhl*
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The vtanovcr has a hopper (A) to hold the rloo 
an?* husk below which Is ft winnowing chnaber (B) provided 
with e fan inside end ft handle (C) to operate the 
winnower (0) denotes the two 9operators below to die* 
charge the cleaned rice  through the gening (E)* The 
husk fanned out &s the halier oporetes*

n'  as#. .ftHMrUag, ja£..aftfrte»

The XCA** (I960)3 defines hand pounding as a lllin g  
of r ice  s n eoall quantities* using various types o f ftredi-  
tiouftl equipaent# <Uaong the iaplsaents available for 
hand ponding paddy* 'The Pestle and Hertar* shown in 
Figure (S) is  mainly used In Madras State for dehu3king 
and polishing r ice . Therefore the hand-pouncing in this 
study was done by using the 'Pestle and Mortar*♦

With the view to reduce per oeatag# o f broken rice 
and to increase the efficien cy o f hand pomading in terns 
o f the removal of aasirosn husk, the hand pounding was 
standardised as follow s»

Seven hundred and f i f t y  grass o f paddy which was the 
capacity o f the nortar (A) were used and pounded by two 
won*'.* The msaber o f strokes were counted anS the tiao 
noted* The noddy in the cavity (B) was turned after three 
to four alnutes o f pounding with the pestle (C) for evaness* 
The number o f strokes ranged from 30 to 30 per minute* Thus
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the standardised procedure for hand pounding* Involved 
pounding 760 Kg p f paddy by two women stopping at every 
30 strokes for about 6 ainates* The tlae taken to pound 
10 kg of rat or parboiled paddy wee 129*7 aloutes*

The paddy wait dehusked and polished at a loca l n l l l ,  
operated electrically* The standardisation was oarrlad 
through tr ia l experiments on the Wires kilograms o f paddy* 
The aachine was adjusted for its  speed and accuracy. The 
paddy was dropped into the hopper and the screw released*
The lid  was opened and the paddy was allowed to peas thr>ugh 
grinders* The paddy was a llied  for fear ninutea and polished 
once* according to  the practice invoice in  Coimbatore city* 
The same procedure was used for a lllin g  ten kilograms each 
o f raw and parboiled paddy* The tins taken was 12 aiantes*

7*

The differently processed rice samples were cleaned 
»ad winnowed to reaove the husk* tmaotur# (hallow) paddyf 
chaff and dust* by using the winnower* for five aln itcs at 
a speed o f 90 revolutions per aim  to.

0 * Chaaiaal analysis o f the nnaalea o f d ifferently srecessed 

L2l 2ElSl*
The ca lo r ific  content o f the aaicple of rice  was enalyaed 

by using the Parry*a heygen Bomb Calorimeter (136*J18®*



Protaint
The protein content o f the saaple o f rice estl» 

anted by the Mlerokjedahl aethod as described by the 
A«0«ft«C« (1960)isa  using the conversation factor 5*9 
for the onicttlntloa o f protein*

Total ash vee estimated as per the aethod given
ISfe

in A*0 . A«C. (I960)*

C n lclu a t

Calclua vas eetlaated by the titronetric aethod 
by the A*Q*A#G* (I960)166.

22ma3m&)SL*
The phosphorous content ves deteralned by the 

Plake end >obbe 3ao*d aethod

Haa*
Iron vas ostineted by using the method o f vong 

as described by nark

Thianlnet
for the estimation o f thlanino, the thlochroa© 

method vat used as described by A«0»*,G. (1960)



falttU aU m  f f f  {Etanairrt rim«r»
The sample standard ©rrr>r i t  symbol ished by §« 

and 1% Is eeaal be -1 . , vhere 9 i t  standard deviation
J T

o f the aean, a i t  tho rcmbor o f observations*

standard error ves calculated at follows*
Standard trror • flSE » 3

n r
§

a r v i T "

^ g U * U a a J >.2fc,.,,.S L .m u n i»
Comparison between the tiro strain* o f riots  tad 

the differences between the wm and parboiled r ite  terries 
tad the milledf head pounds' *nd dehushed sanplea were 
analysed using the »t* teat CSenedotor, 3SQO)*8S*

* *
^

Aaong the resultant *t* vetoes with »• ! degrees 
o f freedom, using the *t» tables oaly those with t  proba­
b ility  o f 0*08 to 0*01 or less vere considered to be 
sisntfleant.



t f  ?t*sult3 im  m scm ^tom

The analyses In th is investigation included 
determinations o fi

A. Calories
B. Protoin
c . Total ash
D* Calcium
B. Phosphorous
?• Iron
G. Thiamine

Thus the dtseusslons would cover the nutritive 
value o f the rice  obtained from the two strains* APTĝ  
and A3Dg after a illin c t Aehusking and hand pounding in 
the raw and parboiled forma*

a* Ss&a&aa*
The calorie content o f the raw and parboiled rioe 

samples o f the two different strains* ADT27 and A3Dg 
after Billing* hand pounding and dehusklng are presented 
In Table I* and the sta tistica l calculations are given 
in Appendix ±  .
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A* a sen froo the figures In Table I f the differ** 
enees In the oalorie content between the raw rise obta­
ined froo ADTgy and A3Og vaa highly sign ifican t, Aether 
a ll  led f handpoundsd or debus feed, possessing the
higher value* The data further reveal that sla ila r 
significant difference was found between the correspon­
ding parboiled r ice  o f ADTgy and A8D5* Taking both raw 
and parboiled samples to gathers the strain ADT2? has 
sign ificantly higher caloric content* The trip licate 
values and the sta tistica l appraisal art given In Appen­
dices % and XI respectively*

The ca loric value obtained for the strain ADTjjTt 
in  this study is  also much higher than the values 346 
to 360 caloric s/100 g given by Aykroyd fil (1966)00 *

Table XI presents the differences between the 
ca loric contents o f the two strains o f r ice  which have 
undergone different processes fo r  tha removal o f the 
husk*

The details o f the figures for mean, »t* value, 
and standard errors are presented in Appendix III*
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TABLE I I
1FFSCT OP MILLIBB* HARD PCfUBDIRO ASD DFBB9XIB0 

'H TRF. C A L C IC  CORTrBT 0? THE RAW ARh 
PARBOIL'D ABT2 7  «*D A3Dg*

Strain *t« 7aliu Otrair ♦t* Value

ADTg?

1* Raw Milled va 
raw Handpounded 2*432

2* Raw Hilled va 
Raw Dehusked 4.233**

3* Raw Handpounded va 
Raw Dehusked 6*060**

4* Parboiled Killed vs
Parboiled Hnndpottided 2*366*

5* Parboiled Killed vs 
Parboiled Dehusked 9*066**

6* Parboiled Hand- 
pounded vs

parboiled Dehusked 7*762“*

asd5

Raw Milled 7 *
Raw Kandpoonded 9*306**
Raw Hilled vs
Raw r eh asked 10*73**
Raw Flandpounded va
Raw Dahnaked 13*60**
Parboiled Milled va 9*306** 
Parboiled Handpounded
Parboiled Milled va 
Parboiled Dehusked 16*67**

Parboiled Hnndpocutfed vs 
Parboiled Dehusked 2*605

* Significant at 5 per cent level
** Significant at 1 per cent level

Aa seen frota Table XXf there la not such difference 
between the calorio contents o f the snaplea o f raw rice  o f 
ADTjgv ®^®r B illing and handpounding* But the difference is 
highly significant at 1 per cent lev e l, between the enlorie 
content o f raw Billed and raw dehuske', and between rev hand 
pounded and raw dehusked samples o f r ice  o f ADTĝ * In the 
case o f A3DSt the difference is  highly significant between 
the raw B illed araplo and the raw hand pounded or dehusked

i ,
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sanplea* Xn the ease o f parboiled rice both o f ADTgy 
and A3Dgt significant difference in the calorie content 
is  noticed between the a llied  and dehosked products* The 
difference Is found betveen the parboiled a llied  and hand 
pounded sample o f P&fgj and significant at 5 par cent 
level* Bat the difference betveen the calorie content 
of parboiled hand pounded and dehusked A3©g la not signi­
ficant*

In view of these differences It  it concluded ADT  ̂
has higher caloric content than ATDg and also when coopa* 
red with the reported calorie values for rice  in the 
literature* Dehusking eenserves the maxlnum calorie 
c ->nt«nt| possibly due to the fibre being in tact in the 
dehusked rice* How far these additional ealorlee avail* 
able are physiologically available fo r  the hunan being 
needs further study*

B. .rote In t

Table XIX gives the protein content o f the d iffe ­
rently processed rice  obtained from the tvo strains 
APTgy and ASDg with the replicate values and the static* 
tle a l appraisal in Appendleae XV and V respectively*

\
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Froa the figures In Table III* it  la evident that 
a ll the parboiled aenpl©3 contain significantly greater 
protein content than the corresponding rev samples*
These find Inga agree vlth the earlier observations o f  

fang ana than (1938)*** and ^waralnathaa and Bhagavan (I960)** 
on the benaflo&al e ffect o f parboiling on the protein 
content of rlee« Significant differences are also noticed 
between the protein contents o f the two strains o f r ice  
both In rev and parboiled APTg? containing higher amounts*

It la thus evident that the net# strain ADTgy has 
sign ifican t!? higher amounts o f protein 10*44 g* per cent 
in the raw state and 12*31 g« per cent in the parboiled 
state alaost equal to the protein content o f wheat* This 
far exceeds the raises reported by (Orlst I860)51 and

WKjcK/
Aykroyd £± (1966) granges froo 6 to  a per cent in both 
row and parboiled products*

The proteins o f rice  are considered superior 
because o f their hi$i Biological value* Hence it  w ill be 
o f interest to find out the B iological value of the pro­
teins o f ADTĝ * H waver* Fid® proteins are a poor source 
o f the aalao acid lysine, Whether or not such a picture 
exist on AhTgy* which has a higher amount o f protein in 
the raw and parboiled fora needs investigation*

Several investigators have reputed m  the nutrient 
content resulting free parboiling rice* As stated by
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lobrahnanyan CWW)*®® parboiling a ffects the
transformation o f the nitrogen present in the gem in  
to the endosperm o f rise  grain*

The differences in the protein content o f the Sloe 
obtained from ABT^ and 43Dfi* doe to the processes applied 
for removing the husk are presented In fable I f  as *tl 
raises sad the sta tistica l appraisal is  given In appendix 
71.

TABID 17
rpprcT op i t  x x r n . rmiiDFoinr m ,  h w  n m n n i m  oh

rap PPOT-IR COTf̂ TIT 0* ADTj# ASh *1Dg

strain »t* 7alue Strain *t* Talas

a^27

Bsw Killed ts
Bav Handpoonded 3*054**
Hav H i l l e d  t s

Haw D ©hooked 12.55**
Pav B nnd-poanded  t s

!tav Deh asked 5.353**
parboiled Milled ts 
Parboiled Handpoonded

31.®?**
parboiled Killed vs 
Parboiled Dehosked 8.320**
Parboiled Tfcndpounded vs 
parboiled Pehoske? 4.095**

MPg

Haw Hilled vs 
Bair Handpoonded 1.434 ■
rm  Milled «  
B«r Dehosked 1*390**
Hav Handpoontfed v* 
nm D©husked 2.733*
Parboiled Killed ^
Parboiled Handpoonded 15*55**
Parboiled Hilled Ms
Parboiled Dehosked 10,51**
Parboiled Handpoonded vs 
Parboiled Dehnsked 2.235

■ . . . .  « « » » « -  <» «»■«>«•«»  malum

* Significant at 5 per cent level 
** Significant at 1 per cent level
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i
1

Xu the protein content is  naacimun for the
dehnsked sample* followed by the hand poundod rice  end 
the least Is in  the a llied  fora* i l l  these difference# 
ere significant* But in A3Dgf th© differences between 
the protein contents in the milled and hand pounded 
a maples as v e il as between the hand poonded and d©husked 
samples are significant*

In both raw and parhelia-? rise  of both the strains* 
the difference In protein content between the milled and 
hand pocuvled samples end botveen milled and dehusk ad 
samples were highly significant*

these findings that the new hybrid strain ADTgy 
has got a high content o f protein is  in agreement with 
Sven ins then ts (1907}123 observations that dlffsrenca In 
nutrient content such as increase in protein content 
Could be brought about through hybridisation* This 
increased protein content o f ADTĝ  hare far reaching 
affacts on alternating the protein shortage in our 
country*

c * lalsJLl& t
Table 7 gives the total ash oontent o f the d iffe ­

rently treated sarnies o f riees from A!>f__ mid AID-*

\
\



TABU VTOfAl« ASH CO 'ITW  Of THTB D ir T O ^ m Y  PROCSSSSiD RICH 3AKPU13 ART 3 7  A 3D A3B6 (PBR IOO 0)
Strain o f riea

sag. JfrAalUftta*.,mg* me*

ADT 27

1* Raw b illed 0*00 0*64 0*66 0*63
2* Raw Handpoundad 0*76 0.73 0*73 0*76
3* Raw oohusbod 1*23 1*20 1*13 1*82
4 .  Parboiled K ill el 0*78 0*71 0*74 0.72
5« Parboiled Handpoand**0»90 0*02 0*91 0*91
0* Parboiled Dehusked 1*32 1*34 1*33 1*33

^ asd6

1* âw MlUed 0*60 0*62 0*6* 0*63
2* Hay Handpoandad 0*05 0*80 0*87 0*90
3 * Haw Dehusk e£ 0*08 0*37 1*00 0*98
4* Parboiled toiled 0*72 0.72 0*71 0.71
9* Parboiled n&ndpoaari edo*34 0*91 0*87 0*87
6* Parboiled Rehuakod 1*02 1*11 1*07 1*06

Many ImroatlgRtora how reported about the total oah oontont 
la  rloe f aa being vary low at 0*6 to 1*3 g* la  100 g . o f 
rio*t whereas la  other eerealS Ilk© Bajra tho total ash 
content is  2*3 -  2*? grass la 100 g*
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In this study as Tabls ?  shows* differences were 
notie td in the total ash content o f the two strains of 
rice* in which h $f^  has highsr amounts than AIDs* In 
both th« strains o f riM  parboiling* hand pomading and 
gstnuteisg have increased the total ash content* as 
compared to th« raw a il  lad samples. The increase In 
tota l ash in the parboiled sa b les  as? ba due to  tho 
transfer o f minerals froa cater aleurons layer into 
the endosperm* The ash content o f hand pounded and

cu
debusked swap lea vre fount to be high because o f  the 
partial or complete presence o f bran alongvlth the endos­
perm.

D. raieiuni

That o f s ix  the cereals ries is  a very poor scares 
o f calcium* Hk and Williams (1945)13* and cvamlnathan 
and Bhagavan (I960)1,1 is  shorn In Tabic TX which gives 
the calelUB content o f sab les o f rice* A&Tg? and ASbg 
obtained by different processing methods*
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Table YI shivs that J©Tg7 he* got high®? m&oant* 
of csIgIub os coopered to 43D5 regardless o f the proce­
ssing# The hand pounding sod dehusklng result la ooasl* 
darable eaiolaa retention In the rloe . In this* these 
dehashing appears to exert the maxinun Influence* Banga- 
nathnn g l  ( 1 3 3 3 ) stated that parboiling increased 
the e&lelun content o f r ice , 3ta ilor e ffect o f parboi­
lin g Is seen In this stud? when the calclon eontent par­
boiled and row rloe o f ADT27 are ooapared#

S* Phoa ohor >113 §

Table TXX gives the phosphorous eontent o f  the 
d ifferently  proeessed rloe sstaples.
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is  stated 3ubrehnanyaa jgl s i  (1383)98 perboi* 
ling has revolted In the transfer o f the phosphor***# present 
In the gem to the end osphera* whereby there is  Increase 
in the phosphor to# content*

F*co the table f l l f i t  is  revealed that there v as 
no difference In phosphorous content between the two strains 
o f r ice  nanely ADTg7 and end that parboiling lnersasea 
the phosphorous content o f rice* Joseph e£ (1958) 
state that undemilllng increases the phytin phosphorous 
contact and a higher phytic phosphorous la lik ely  to e ffect 
adversely the u tilisation  o f calcium* stadararajan 
(1933)®® reported on the Increase in phytin-phosphorous 
due to  the parboiling* So the higher phosphorous content 
Obtained In the r ice  may be due to the presence o f phytin* 
phosphor ’us * which is  not desirable for calclua phosphorous 
u tilise  t lori •

ZSteSL*

Table T in  gives the value for caleiias phosphorous
ratio in the differently processed samples o f rice#



TABUS n il
CAtCItIH PHOSPIIO* 003 HJtttO OP THF BXFFTPFSTLT Processed

j©%7 a®  a3d6 < m  100 0)

Sipples o f rice
Calci­
um
ag»

Phospho­
rous
sag*

Calcium
Phospho­

rous
Katie

AWPSW
Ttsar MiiocT' , 87.68 136 117
nm  HraXpoundea 89#60 216 1*7
nev Dehusked 33*00 304 1*3
Parboiled Hilled 30*00 1S1 lt6
parboiled Haadpounded 36*24 323 1*12
parboiled Dehusked 44*44 448 1*7

*” >6

Pair Milled 14*80 161 1*10
Kav Hand pounded 21*12 208 1*0
Hair Dehusked 29*04 277 1*0
Parboiled Milie* 20*6 143 117
parboiled Hendpounded 88*16 213 1*9
parboiled Dshusked 39*60 236 1*3

KUc and Wiiliaae <5846)1- stated that in ?!«•  
e&leium sad phosphorous are present In th© ra tio  o f 
1*10§ vhLeh la not desirable* as the higher phosphorous 
content affects the u tilisation  o f calcium in the diet#



m  ha* suggested X«@ m  the desirable ealeiua phospho­
rous fetid* (Hrl (3L940)64 and Ahn*2 &  J& (1348)66 
reported that coleion frea sloe and rloe diets «es not 
available cooplotely, because e f the h i# i pbytin phos­
phorous contest (88 per sent) vfaioh Is tom  affeoted 
the u tilisation  o f ealelua f r a  rloe*

Xu the present study, la a ll the differently 
processed rloe samples, the ealelua and phosphorous 
ratio  although s u b t ly  bettor than the figures obtained 
so far* Is s t i l l  on the undesirable side*

r* Iron 1

The d ifferently processed fle e  snraples were ana­
lysed fo r  the Iron eontent and Table XX gives the repli­
cate mines o f the saiaples for iron*



m

TABXF. IX

m m  corrrmT op Diraimi pr;cf.3spd tarn
APT27 kW A?5D6 M̂0'a0°  °>

itrtin of 
rioe

ADT27

1* naw m ied 3*3 4*4 3*3 4*00
8. Rev Randpoaoded 4*4 4.2 4*0 4*16
3. Imp Dehusfced 8*4 8*1 1*9 2*10
4* parboiled MlUsi 4.3 4*9 4*6 4.70
$. Parboiled T> ©husked 8*3 2*5 2*3 2*30
e. Parboiled Hand pomaded 5.0 6*4 ' 6*3 5*23

A3D6

1. pw  Killed 3 a 3*3 3*4 3*30
2* daw Handponnded 4*1 4*1 4*0 4*0?
3* ^av hehuaked 2*1 2*4 1*9 2*13
4. parboiled Milled 4*0 4*1 4*2 4*07
§* Parboiled nehueiced 2*3 3*1 2*0 2*13
e. Parboiled Handpottnded 4*9 4*6 4*7 4*73
« »  **«■**•

It is  evident fron the table XX that the values fev 
iron oontent* ranges fron 2*1 m* in rov dsimsktd staple 
of ADT27 rise to 5*8 os. per sent for the parboiled hand



pounded tempi# o f the tan# strain* The sane e ffect 
is  seen in the loca l strain 13DS* in which c p s c * the 
raw dehuaked sample has the lowest Iron contenty end 
the parboilod end hand pounded simple has the higher 
eraounts cooperatively*

The iron content Is not significantly different 
in the strains o f rice* In general parboiling md 
hand pounding increase the total iron content* Though 
parboiling increases the tota l iron content) according 
to laaganathaa (1333) *** whs stntod that available 
iron from the parboiled rice  is  cooperatively lover 
than the raw rice*

jx
Fran Table bTT* it  is further shown that among 

the d ifferently processed r ice f hand pounded samples o f 
rice  has hl& er iron content* which is  suspected to be 
due ts the iron ring attached to the peatls used for 
pounding the paddy in the present study* Xn general* 
foods cooked in iron vessels contain higher amounts 
of iron* but hov far the pestle used in the present 
study for pounding paddy had any e ffe ct on the total 
iron content needs to be verified*

3* ^hlmslnet
Table % gives the thiamine content o f o f  the 

r ice  samples*
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TABLE %
w vm m  cotrrm  m  pmcm&m ADT27

AST A3DS

Hampl© I lassie XX M©an
S«Ho« Strain o f rie© vain*

ag* ag. as#

1* v.mt Mined 0*1315 0*1320 0*1317

a. mm Hnndpoonrted 0.2342 o*2 a io 0*2336

3* Bair Behusk©d 0*4536 0*4530 0*4833

4# Parboiled Milled 0*1710 0*1714 0*1712

S. parboiled Hanipoand©d 0.3416 0*3416 0*3416

6 . Parboiled B®hasked 0«4736 0*4740 0*4735

A3DS

1 * rmm Milled 0*1050 0*1083 0*1054

3* Ha* Psh'iskad 0*4210 0*4311 0 .-2 1 4

a* Wm Handp©und#d 0.2372 0*3304 0.2333

4 . Parboil©*? M in ed 0*1705 0*1710 0*1710

5 . parboiled B©hnak«d 0*4473 0*4486 0*4473

6 ,

©a***

Parboiled Handpoundod 0*3412 0*3413 0*3418

Klk and V illlaas (fcMfi)15 and Hinton { V m f *  
reported that parboiling increase* th© thiamin© content 
o f r io t  In vhieh tfc© endosperm after parboiling is  
«naich«8 vith  th© nutrient* 3van tea than (1 0 4 6 )^  
reported that parboiling increased th© thiamin© content 
tv© to  three tine* aore than th© nw sar.ples*

1
i
1
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I t  Is evident In this a tody also that parboiling 
result* in  appreciable Increase In thlanlno content*

Fron the tabls X It  can b« seen* that tha thim ine 
content 1* not affcoted bp or strain difference ** there 
is  not meh d iffe r  once in the thiaain# content betvsen 
ADT^ ana A3D6#

SanerJee and Ouha (X9S6)*®1, analysed different 
varieties of rise  to find out tho difference between 
strains for thim ine content • their study revealed that 
there vas no aerfced differences batvcan the strain for 
thim ine content*

Hand pounding and dehuek' ng also hive beneficial 
e ffects  on the thimine content o f rice* aveninathan 
and Bhagmvan (I960)11, also state that hand poundsd and 
dehusked samples era richer in thim ine content* whan 
compared with a llied  polished samples o f rice*

table X shows also an appreciable increase in the 
thiamine content In both the strains due to band pounding 
and dehueking* th is is  because the pericarp and gem 
which are rich in thiamine are present partially in hand 
pounded rise  and completely present in d eh asked rice*
Bat in the corar.ereial B illing end polishing process tbs

;

germ and peri carp are completely removed, lowering the 
thim ine content* the nutrition Coonittee for tho



~1

ea

3outh and Hast Asia (1966)192 stated that milling 
results la  loss o f thiamine ranging from 50 to 75 par 
ocnt. Confirm’ ng their view la  this study also milled 
sample shoved the lowest value for thiamine*

£•



v  3!jh m a ^y  a u d  c i t & i m i m

ADTĝ  which 1* on* o f the high yielding strain* 
o f paddy was processed by parboiling* milling* hand* 
pounding and dshusklng and the samples of the resulting 
rloe m e  analysed for m tr ittv e  value end compared with 
a looel strains o f paddy* km$*

the procedure a for the different processes were 
standardised for both the strains o f paddy. The nutri­
ent analysed Included oalories* protein9 totel ash* 
ealeiuza9 phosphorous9 iron and thiamine*

The findings of the study aret*
i> The hybrid strain ABTgy proved to be 

significantly superior to ATOg with 
regard to calories* protein end calcium
contents* The new hybrid v a rie ty  ADTg  ̂
was found to  contain protein In higher 
concentration* 12 g* per 100 i*  which is  
higher than 6 to 3 g* per 100 g* rep orts 
by 'yferoyd jgfc a X  (1966)®°*

8) Parboiling affected an increase in the 
protein eontent o f both the strains signi­
ficantly*

3) Dchusfced rice had the hlgheet values for 
cslori es $ protein* calcium, phosphorous*



Iron And th la n 'n e . next to  dehuaklng, hoad- 
pounding results In the retention o f nutrients* 
Hilled flee  acquired the least retention o f 
any o f the nutrients*

Because of the higher protein end calorie contents 
i t  is  concluded that ADT27 rice haa great potential for 
solving the calorie-protein shortages in  ear country*

I f  ADT27 Is parboiled , dehosked so handpoonded, 
higher anoonta o f nutrients w ill be retained thus increa­
sing further the nutritive benefits o f AfiTg?*
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1 4 3. îkrann liayaka, De 3ilva, C.C., Fernando,
5«V*D., Jaya ’ ickrnrae, "lysine 
Supplementation of a Rico and Milk Diet 
Fed to ch ldren Recovering From Kwashiorkor 
and Under Nutrition** Am* J* Clin. Hut#,
IX, 1 9 6 1, p. 6 2 5.



ISO*

151.

152. 

153*

184*

155.

156.

157.

163.

149 .

159 .

Rosen Borg. H.R.# ra llk , R# "The Improvement o f 
the Protein Cuallty of vhlte Rice by 
Lysine ^upploentat! on.° J . H it.# 61# 
1967, p. 477.

Bosen Berg. H.R.# Cnlik# R## Rokert* TUB*
of Supplementation of Rio© with Xysiae and 
Threonine." Fed. Free** 1 9 6 9* p. 6 4 4#

logon t.X. "Rice Utilisation Research at Southern 
laboratory." The nloe Jourel - Annuel 
Issue# 1 9 6 6# p. 3 2 1 6.

Hopei. T.T. "Bice Utilisation Investigations at 
Southern Laboratory# The flee Journal - 
Annual Issue# 1 9 6 6# p« 2 7 6 1#

Oovlndasvaml# 3*# and Gftosh# A .K. "Varietal
Differences in Hulling and cooking Quail* 
ties of lice." J. Agri. Res.# I.C.A.".#
New Delhi# 1 9 6 5# pp. 19*3 0#

Rao# l.f and ouha# B.c. Report of the Bice Tech* 
nology Committee. Ministry of Food# 
Government of India.

Fen Inatronental Company# Oxygon Boob Calorimeter? 
end coosutbtlon Methods. Teehnleal Manual 
No.1 3 0# Illinois# 1 9 6 0# pp. 3 3*3 6.

A.O.A.C. Official Methods of Analysis. Washing­
ton# D.C., 1 9 6 0# pp. 4 # 1 5 3# 6 6 0*6 6 4.

Hank# P.B.# Osor# B.L.# and luersersoa# w.R.#
Practical Physiological Chemistry - 13 th 
Fdition# McOraw Hill Book Company# Inc.# 
new York# 1 0 6 4, pp. 6 1 7, 6 3 0*6 3 1.

Snedeeor# 6 .'., Statistical Methods. Allied
Peel fit Private Ltd## Bombay# 1 0 6 1# p.8 4 4*

Joseph# K.# Bao. M.7.# Oanapathy# 3., ‘Vaninathan#
K.. and subrahmanyan# 7 . "Studies on the 
nutritive Value of «ice and Rios Diets.
Part II - Metabolism of Nitrogen# Calcium# 
and Phosphorous in Children on Poor Vege­
tarian Diets. Containing husked# undermined# 
milled rev rice. Annl. Bloohers. Bxpt. Med.. 
XVIII# 1 3 5 3, p. 5 1.



161.

160.

162.

ftmtalnathan, M. "VItwain B. Content o f Indian 
Pood Staffs." Indian J* Hod* ftes.* 
XXXIV, 1946 f p* 230.

Banerjos. 3 .V ., and Otiha, B .c. "Thiaalr.s 
Value or Pars Bran strains o f Flea." 
Annl. Blaches. Bxptl. Mad., XVt 1955, 
p. 103*

Report o f the Vitritlon Cocealttso for 3oath 
and ”«st Asia. Foarth lasst ->a <* P40* 
1956, pp. 13-15.



& E E E & E 1 S L E 4



Ax
VS

KD
XX

 
I

w
y

m
a
 o

os
y ̂

t 
o/
to
jg
. 

op
 »

X
FF

»3
&

m
 a

o
c

ss
ss

b
 a

xe
s 

s

«

s u s * s s  u % n *

i

«

I

£

s u m  s u m It

£ I ! £ H  S S s H S  j

m m  j

1
1

1 ?at a
I i ? 1 1

f i i i i
3 3 t sr Sr *«  M «  a* * *•

1

i P

j  <$ a s  a  j

xIt



m & m x  i t

•V v&im cawaumzi fm ms mm urn ms% tor okumm
......... . . .....<■" ■ ' L L ■ ■ ■ II I M r
3tr « li  o f ---------------------------- ------------------ - Jt**laid

rtoo 411lad Sand ^otrtdad Do hooted & m *

3? 377 391 403 367 ♦ 36*9
3*033**

43De 333 361 308 363.6 ♦ f lo9 1A

^ a f  *** V# &SU>£ Baa S&oa*

Stand old i m r

s a

«  •  - a -.......
7  1

£ * l3 * <£ x t )^ /

--------C TTD --------
Pot iiataw la

3TE7 xl 3 T ~

i* 397 149739
3* 374 139976
3. 370 136900
4* 413 167444
6« 420 2631006, 404 163816
7. om 139404
3* 306 1S3100
0. 390 253931
Total 3535 2^^3500 ’

*h§lo m a 9

*  • z g L . * i p - o o u «

x l)a »  13*30000
£ Jds  »  1333501

t f i l n g  i l i a  a b o v e  I t m l t
a ia4aoooo

• «  1333601 • TJ
--------- r r r n ---------

a 133SG00 «  2311111
-----------i -------------

S® «  174.7 
a 41.7 

X • 23*9
o&std...



?9

Calculation o f •I* voluoot

AST 27 R«* Bioo TO ASS 5 Imr Bio*

i  • jn & s jt a _____
J  w  B* m

• ____23____
J l f L

t  *  0*05505

la^a

Strain ■fta a w j c i a .M&llod Hand
<*oundttd Dohuofcod

Standard
error valuta

AS* 27 3*1 392 410 391 x 1 *» f

ass 5 34J 366 403 363 X
3 *1 1 4 **

Standard "irrori
( AST 27} 8 • 14206-37 i « « a

T W T
3* *  H|t5l *  36.8

8 *  1219810 * 109

CCTS

s5 -  42j2 .  25.0

ASM

o o a td ***



* • 187 -  367.3
fJ 277 ♦ 4 3lTa6

• » .T

v  3

* • 0«06?0$

Strain and oaaj&o Moan Standard
error *

m  m Saw SIoo 367 ■ ♦ 36*8
Parboiled

aioo 391 S 13.9
0*01688

is® $ How it lee 363 & 8*11
parboiled

Sloe* 3*2 t 23*3 0*3660

8 aw Sloe ft*  Parboiled Slot (Ai)T 27)1

»  5

v  a

I 0*016*8



Raw R io*  Vs P a rb o ile d  R io *  (ASD $ ) t

♦ * ,-167 . fsJtttl
x/ m Z Z Z 5 e T  u 8

• ■■"■ ■ .... ■
/1HHv  a 

t  • 0*04998

Strain o f rioo Kosa Value • !• v«t us.............................
Ai>T 27 
ASD 5

wtm -am* *wssiai
ADT 27 Vs

994*9

965

481) 5»

4*410*«

♦ • ..,191 r  166-
/ s m T H

• »

t • 4*410»MWsM«



IFPgSDIX XXX

*%• V 41*0 8 SILCR&moilS FOR DIFFERSHTuT PROCESSED RXSI 
(AST 27)- for Calorie#

Sample 40T 27 Mot Standard
Error fa in ®

1* Haw Hill®* V®
Raw Handpoudedat

2* Row Kills* VS
Raw Debusksd

3* Raw Hand pounded Vs 
Raw Defcus&*6

4* Parboiled Hilled Vs 
p&rboiled Hand pounded*

5»Parboil*d Milled Vs
Parboiled Debusksd

&• Parboiled Rand pounded 
Vs

Parboiled Detatsked

377
391

£ 5*09 
£  26.20

2 .432

377
403

£  5*09 
£  2*30 4. 933**

391
403

£ 26.20 
£  2.30 6*O50i *

396
392

£  7 .4
1  23.  9

2. 3 5 **

386

419

£  7 .4  

£  4 6 .2
9 . 065**

392 £  23.9 7. 762**
418 £ 46 .2



CjsUuiaUoq of •»« Vtluo»»
R«w Milled Vd Hu* Hand pound ad t

% m r 311' ~ m

• ____ 11 .... *

I  •  t * 4 »

KM Millod Vo Bus Dohuskadi
% • 37? -  403 „

J  1Z& , JL.Xhl..v 2

• 31

•  4 .933

I  awHand pounded Vu Buw Duhuokudt»
* • „  39.1b .m

/  £ t 2 L
y 2

% • 6*030



p arb oiled  H ille d  Ve Par trailed Handpounded* 
* • 131 -  392 _

7  25*00 ♦ 4*66

11

% m 2,816

Parboiled Killed Ve parboiled Dehuekedt

• r 3 8 1 ,r-.m  -
/ & > & ♦ <un

*  17
v / l p i

I • 9*065

Parboiled Hand mounded Ve Parboiled Dehusked

♦ • —2flLg ,335
/ l e * ^ A i . n

• 27 ___
/  21, 66

6 •  2*195



%

•V v *m h  c4L3UUtioit tm  DiirsasiftLT frcosssrr aiOB S 4 m i
ASD $ FOR OAbORISS

3 am p i a ASD 9 dean Standard
S rro r • t *  Value

1 Raw M1lla d  Va 
Raw Haodpoundad

333
361

X  12.66  
♦ 37*96 1 .5 0 5 **

2m Haw K ille d  va 
Raw Dhuefced

338
3J2

♦ 12.66  
♦ 0 *3 7 1 0*73 **

3 . Haw Handpoundad Va 
Haw Dehueked

361
392

♦ 37.96  
X  0*5 7 1 3 *3 0 **

4 . P arbo iled  K ille d  Va 
P arb o iled  Handpounded

343
366

± 10.51  
♦ 2 .1 2 9 .3 0 5 **

3 * P arbo iled  M ille d  Va 

P arb o iled  Dehuatted
343
393

♦ 10.51
♦ 2 .38

1 f*6 7 » *

It P arb o iled  Handpouttded Va 346 X  2 .1 2
2.595P arbo iled  Dehusbed 393 X  2 .38

Saloulatien *1* Valtiiit

Raw Mil lad Y« Raw Handpound ad» 
% m 333 ♦ 161

f r u i t  * 0. :

-  a

% • 9.305



Raw N U lu t Vo taw Petauk«di

* *
/ H * |  ,♦ V jM  

• — ...M ...... -

t m 10*73

Saw Haod poundad Va Raw Danuakadi

1 • . afti .
x /  Q.ftt -  0.39 
V 2

k# avtawa** «# 
2

% • 1350/arb o llo d  M ille d  f «  ^ arb ollad  Itaadpouadad* 
* • * «  .- 166 .

• ____ a . ..... —y i£*ii
i 80i>2



u

Parboiled  H ille d  V* P arb o iled  Deb* sited i
% • 313Lr.J»i

\U'A

*  .......... n ....... .......

f ^ F ~
% m 16*67P arboiled  Headpounded Ve P arboiled  Dehubkedi

* -  .

y 10* 0 ♦ 11*66 
2

• -27
f  21»<* 8

I  -  2*595



m
n

rn
i 

o
o

sm
ta

 o
f 

..
in

&
s

s
m

 s
ic

s-
 g

/
io

og
>

~n

Hi

(A

i« «>

H

«M

s
t
%
S?

3
$w>

I m

£  ijj 5  ♦*0 tfV —*
© <£ A O «$ <*§j? .« «S *• »» *»

{D ft 9  «  S  $<$ <5 e? <5 3 ct

s  g  ? : $: R  8
<* *o t5 4  <$

* * •P O O o  (3 ft

s s s s s e• •o  o o & lA f}

^  2  «  S  ©o  tft o  *» a  in
o  O O C$ <M c5*»«*>•*>«■»•■» *»

3
i i

t !

I
J? # X  *  *  3

»J »! & ot

M  f (* N  A  N  «d w {• «a m o  • • • • * *  ► N »  (»*

lift *# *■ o  ^P A A «  ♦ o• • • # * •  ft SO ft* ft* W ft■

Ii
S

5 S 5 S U  ft *  g  ft ft & I

ft* »  ft* ft- m *jh

X •* N 4  (8 O ft f  O ft ft ft
sif t * « * I •ft* m «

»  ^  ft ?ft* f tj» # > * * ♦ft so ft* ft ft ft

l8

J!
*
Sr%

. ' f t i t u ; iA ^  «A <£



APPKITBIX f

*t« thtm  QkwmMmm rm hav nxcis sakpi^s -* Aotg* 
ASD A3D6 TOP P̂ OTPlJf

strata
o f

rioa Millad Pound «3

ADT27 10.U 10.57

A3Dfi 7.77 7.36

standard
?ehu- Prro* *t* Valua
skad

10.es

3*23

10*44 ♦o-ô r§
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