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1 INTRODUCTIOR

fice 38 Asia's staff of life. It 13 the keoy of
survival for one third of hananity, Rioe is muwm_
in 200 million asares of land ell over the world, Kinety
per eont of thig ares are loonted in Asia. In 1963 -
1964, the world production of paddy was 154,306,000
tonnea®, 33 per cent of vwhieh e¢rme from Asia. Indinm
produced 34 million tons of rice in the year 1061 as
estimated by the Indian Council of Medliesl Resenrch
(1em) (1964)1,

Beoause oe nesns 'Life’ to a large seotlm of
the world's population, the Pood and Agricultursl Organi=
sstion of the Dnited Natlons, (PAO)R has rightly desige
nated the year 1060, as the *International Rice Year*
{InY). The major objective of ths IRY £3 to give a
better cliance in life for the often iupoverished 1,100
million peoplo for whaom rice is the dasic food, Twonty
three gountries including India are partieipating in the
'internationel nice Year! through setivitios such as,
distriduting Improved seeds, expaniing the use of ferti-
lizers and vorking on better water mansgensnt and mechanie-
setion,

D - gy S W A Sl Wi S v b A -

* ] notric tonne » 1000 kg. or D342 ton,.
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The number of persons consuming riee in Indie is

on the inorosse, According to the Imdisn Council of
Agricultural nresearch, (ICAR) (1960)3. in certain parts
of the country, people who were ncoustomed to grains
other than rice are also changing over to rice, begeuse
of its attractive ooloury %aste, shepo, cepmelty for
£1114ng sn® giving satisfestion »nd prestige. In Malras
3tate, the per espita ¢onsumition of eereal is high,
with 283 g of rice and 140 g. millets, vhile the intnrke
of other food stuffe is lowe The amount of cereals
prosent in the average dlet is 47 per cent more than the
requirenent {19%)‘%,

Rice 1s donsumed a3 'rav? and fparbolledts, both
of which may b6 'husked s+, ‘homeepounied?+ or milled**
to verylng degress. In Assem, Vost Bengel, Bihar,
Orissa, the cosstal reglong of Bombay and the Wost coast,
parboiled milled rige is proferred Ly the poorer glasses
of pecple (195:)8, The use of rew rice is limited to the
gsohstel area of the Bay of Bengaly spesially in Andhre

+ parboiled rice has been defined ms the rice obta’.ed
from paddy which has been stoeped L. wetoer, steamed
an! subsemeontly dried, by pouniing or mlﬂina.

*+ Husked rice is Qofined as *hrown riced, which is rice
with the husk removed in such a manner that the germ,
pericarp and sleurono leyoers are in tnet.

+ Home pounded rice {3 rice gre;mr-d by uaing & household
pounding apparatus. In this progess the breon, gem
pericarp snd aleurono layers are partially roenoved g‘m
the endcanern,

++ Milled rice i3 rice obtalned by dehmsking the rice in a

pover nochinery, vhare husk, gern, pericarp; ere comploe-
tealy resoved nm! it is pou;hoa. ' ®




Pradesh (1940)%, It was in those areas, that Avkroyd
rnA Krishoan (1027)7 end “acen (1940)2 observed the
frequent occurrences of the doflslency dlsease beri bert
anaag those who o:nsumed highly milled rew rice,

The preference for milled rice in the place of
hone-pounded risce is bazed on attrastivencss, ease in
baying as 1t i@ avalilable readily in the msritets anl low
cost (Mrek snd 3tovart) (1948)%. Rovever as Chose at gl
(19&})8 point ocut ummilled pice is superior in that i\
conteins greater smounts of protein, ealelumy phosphorous,
irony thisnine, and niacin. Milled rice oontains 17 per
cent less protein than husked rico and slse less fat.
Thianine, ridboflavin and niseln losses are also greater
in milled rice regardless of the type of processingdiasu)’.
Therefore sewversl voriers (mqo)m, (1960)*1 nave sdwoca-
ted the use of homeepounded or ummilled rice in the place
of the highly millod rice., Promotion of the use of
umilled rice was one of the itens of eonstructive work
suggested by Mahatms Gendhi (1943)12, (1965)13, ohe
Village and Cottage Industries Comission 18 still pure
suing this ohjective.

As far the matrioent content of rice procossed by
the 4ifferent methods, the studles of Swaninathan and
Bhegavan (1960)3 and Rememurthy and Gopalan (1966)3
have proved that parboiled and dehuske! rice contain the
highest amounts of ninorals and vitanins, The Rational



Research Counctl of the U.1.A.(MRC) (1346)1° nas slso
shown that parboiled price is beiter then rav rice bogause
of its greater contents of thiamnine and niaclin. The FAD
(L&?ﬁ&)a has oomputed that parbofiled rice containg two to
four times as mueh thiesmine as milled rav rice, -

Yashing and gooking of rice lesd to notable losses
in mtrients, Sweninathen (1941)1€ reported that the
loass of nleotinie asid during wvashing sand eocking was
grenter in row milled rice than in parbdboiled rice,
Jwmninathen (1542)37, Milier (1945)23, ik and Willinms
(1946)35 and vinacke (1961)3 demonstrated that the loss
of thiamine ves greater vhen rav rice was washed amt
cookod than vhen parboiled and drown rices underwent
similar treatment. According to the 710 (1954)8, huskes
rice gets less impoverished by washing end eooking than
home-pounded or milled rice. .

Rice gontalns only alx to nine per oent protein
(1966)20 and the proteins of ricc are of good quality
(1947)%2, (1948)%2 although deficient in the amino aecids,
lysine an? methionine. Nice is deficient also in ezlotium,
iron, the fat soludle vitamins and vitanin C (1048)35,
Jeveral investigators have reported on the benefioial
resuits of suppleenting rice dlets with Aifferent nutrie
ents, Aykroyd and Krishnan Cmfﬂ)%, Erishnanurthy snd
Jubremanyan (1947)“, and Fuppuswvesni gt al (mﬁ)’% 1
danonstrated the supplencntary velues of eslclum, phﬁé;:horous



and vitemins to rice diets. Mk (1910)2¢ ant pecors
end Handley (1951)27 found that vhen a sombination of
anino aolds such as lysine snd threonine wvere sided Co
white rice, the quality of rice proteins was lmoroved
rs evidenned by increossed rate of grovth in rats, .
Devades and Jutton (1951)23 obsorved signifieant irpro-
verent in growth of rats fod on & dasal rice diets
supplenented with defntted egg Polk.

Today, Intia feaes sn unprecedented food erisis
in vhioh shortage of riee is cruciasl. Attenmpis are
being mede to inorease the avallability of ries throogh
wglvma Improved hybrid straing vith desirable aconomie
characteristios such as yleld, quality, mtritive walue
an? resistance against disenge. Aduthurel 27 (ADT-27)
is one such straln, It hns already to its orelit ode
of the highest yiald in rice cultlivation in the country
vith a record of 4781 kg of grein/hectacre* (1966)<9,
ADT=E7 15 & derivative of a qcross brtween the Japonies
veriety,; Norine3 and the Indica variety, O0FB-24, It
nseds & duration of only 106 deys for maturation., The
txer! ‘orop 1s sown during June to July. In the year
1966 aloney 3000 acres were cultivated in Mairas 3tate
with ADT«&7e

- T S A ARRER S P ey W ik i i iy

* (One hetchare = 2.,47L acrea -
+ YEa»! genson = Prom June %o Oetoder



Since ADT~27 1s a nev strain snd hag vest potene
tials for increasing rice productlony there is need to
study 1ts matrient gontent after processing dy Sifferent
nethods, The present investigetion ves therefore undeprw
taken %0 comprre the autrient content of 4dehusked, hante
pounded snd milled ADTeR7, both rav an? parboiled with
the velues obtalned for the looel strnin, A3DeB, treated
sizllarly. It §s hoped that the findings of this study
vill give further impetus to production of ADT-27 in the
country end its dalanced gonsumotion,



b ¢ 4 REVIEW OF LITFRATURE

3ince tho odjsctive of this study is to corpare the
nutritive value of dehusied, hand pounded and milled
sanples of both raw and parboiled riee of a selested -
strain ADT » &7, with that of a loeal strain A3Dg, the
svailable literature is revievel under the followving

headss
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Consumption of rice in India,
Caltivation and produstion of rice.
Hutritive value of rice.
Deficiencies in rice diets,
Types of rige differeontly processed:
1. Rew and parbdoiled riee.
8. Dehuskod, hand pounded and milled rice.
Efforts to improve the mutritive valus of rice: .
1. Hydridigatlion.

2. Influence of fertilisers and m!.rea-
nent on nutrient sontent.

3. Rite enrichment.
4, Parboiling or conversion,

Qplemntins rice diets with minerals,
ariins and anino seids.

A+ Consumption of 3ige An India:

Results of ths dliet surveys wvhich have been cerried
cut by the IOMR (1961) (1064)3 roveal that cerecls
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constitute a major portion of the dietaries, in which,
as Patvardhan (1966)3C states, 70 = 30 per cent of the
total calories are furnished by rise. Out of the
average per chpita income of 423 Rupees per amnun, the
Indian oltisen spends & major proportion, nesrly €0
30 per cent on food, Therafore his diet consists only
of sceresls and nogligidle guantities of other foods and
it i3 lopsided becnuss of the oxtremely high cereal
sontent (Mitrs) (1081)33,

The per caxita conmumption of rice varies widely
from plage to place, from 314 lbs/year in Yest Bengal
and Assan vhioh are the highest riee gonsuming arees,
266 1ba/year in Mediras ltete and 20 lbs/year in Madras
State and 20 lbe/yoar in Punjad (1960)3, The FAO (1084)5
has reported that the asversge Indian diets consist of
A77 g« 0f Tico with 180 g. of other cercals. The oone
sunptisn of protective foods sush as nilk, vegetables,
meat and frulits is 1ittle or nll. The Central Food
Technologiocal Reseeroh Institute states that there are
eongideradle reglonal differences in the lewvel and
pattern of food and grain consumption (CFTRI) (1968)%2,
The Castern, Central and Jouthern atates favour the
consumption of rice and millets, while in the Korth
and North Yest, consumtion of vheat is prodominant.

A combination of rige snd alllets such as rsgl and
Jowar is preferred by the pecple of the South, wile
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& conbination of rige and vhent is desired By those in
the ¥orth (ICMR) (1964)33, the people in the Horthern
part of India consume also larger guantities of puleses
then those in the South (1051)31, The surveys of the
IR (1953)34, and rurien (1960)38 show thet Jovar,
ragi, bajre and cholen are the different types of
millets corsumed in India,

Of the total amount of rice consumed in Indis, &
per cent sre of the parbolled type {1985)3%. Thirty per
ce::t of the populetisn use home pounded riee and all the
others use mille! rice (1984)5,

B. Caltivation spd Prodmetion of Rices

Rice is one of the oldest arops to Do cultiwvated
in India. Todsy the caltivation of riee oceuples 21
per cent of the total cropped area, 30 per cent of the )
total area unier food grains including pulses, and 9 .
per cont of the total ares under coroals (1965)32, The
rice ¢rop requires high tamperature, high humidity and
abundant water during groving periods (Modaliar)
(1951)56, Therefore, its eultivetion is concentrated
along the river valleys, deltss and low lying coastal
areaa of Northern, Zastemm and Jouthern Indis, within
the latitude of 3 « 35°, in Andhre Pradesh, Assan,
Bihar, Kerala, Madhya pradesh, Madyas, Maharashtre,
Mysore, Orissa snd ¥est Bengal ICAR (1961)37, (1768)38, \
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Thoere are two maln methods of rice cultivations
the dry and the wet. MNudaliar (1960)38 states that &n
the 4ry systen, rice is grown on dry soll like other
cereals. In eontrast the wet systen reculrea the
growing plant to stand in water all the ti-e till the’
harvest. DBesides these two principal aystems of rice
enltivation, Ghose gt al (1960)° desaribe the *Udu’
type or mixed cultivation which oounsists of growing
together two varieties with different durations. The
other methods ave the 'Podu' or shifting cultivation
and the 'Japanese! nethod of caltivation. The former
is in practiee in the hilly areas of Xerala, Orissa,
Agsam and Andhra pradesh,

The sowing pyeqgtices in regard to paddy are of
three types: (1) broadeasting the seed (2) sowing the
sesd in furrows (3) drilling the seeds direatly in to
the fisld (PAO) (1966)2%, Transplanting is dons after
gerzination of the seeds, Nanuwring, irrigstion, weeding
and intereulturing are te irportant progesses to be
carried out in rice cultivation. Vhen the orop is
ri ened, horvesting takos place followed by threshing
Cheudry g% al (1066)40,

Fertilisers play a wWital role in rice cultivwetion,
CPTRI (1265)3% states, that green mamure effects
apprealadle increase in ylelds, wpto 10 to 18 per cent
more than that schieved dy the spplication of other
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marmres lilke compost soill and seed oaite. High ylelds
of grain have also been odtmined through the use of
nitrogen and phosphate fertilisers.

During the year 1062 « 1363, the total produstion-
of rice in Medras 3tate was 3,370 tonnos wheroeas 1%t wvas
3,358 tonnes in the following year 1963-1264 (1968)°3,

Aogording to Ramish (:966)‘”'. the past 15 years of
planned development have regulted in inoreasing rive
production from 20,8 millisn tons in 1960-13587 to 33.7
million tons in 1964«1265. In 1001-05, the hectacre
vield of paddy in the oountry was 10 kg. There has
besn & eorresponding ineremse of about 17 per cent in
the area of riece sultiwation, 3pinivasan and Rajae
gopalan (1966)%2 potnt out that Madras jtate leads in
rice yields with 1480 kg/hectacre. The commodity
reports of FAD (1961)%2 ettridute the inorease of four
million tons in paddy production to the inarease in
both ares and ylelds of the orops in Bilhar, Vest Sengal
an) Uttar Pradesh,

Ce Jatritlve Ynlue of “lcqr

The chemical composition and mutritive vzlue of
the rice diets have becn studied by MoCollum and Davis
(1938)%4, aykropa gt a1 (1940)8, xix (1941)48, Mason
& sl (1948)48, pone (1949)47, uppusveny end 0irt
(1949)25, nestvachar gt gl (1958)13, varniok gt al
(1956)49 and Dakshinamurti (1989) 80, 1) these am&u.



show that rice 18 a poor s-urce of protelin,

The protelin content of riee is lower than that of
nost warietios of vheat and naise (FAQ) (mm“,
verying from six to nine per gent. 3adasivem end
3reenivasan maa)w reported that coarse ani ooloured .
types of rice generally had more protein than the fine
grained types.

The quality of rige proteins has deen studied W
various vorkers, The FAO (1054)8 has sumarised that
tha proteins of rice are of good quality and oompere
favouradly with proteins of whole vheat and maige in
oxnino acid content. The superiority of rice proteins
a3 judged by PER (Protein Bfficlenay Ratleo) has been
reported by Osborne and Mendel (1918)53, 11 (1030) 54,
Svaninathan (1337)58, Basu and Desk (1937)%0 xik (1930)57 ema
Kitchell and Bloak (1046)53, )

Through 4igestadbility trials with ceresls and aoye-
meal, Hau and Rung (M)” eoncluded that rice protein
had & higher Blological Value (being 1.3 per cent)
than the proteins of millot and soya meal which had &
vaiue of only 70.8 per cent, In their human feeding
trials dtra and verms (1947)%) and mitre gf s (1948)88
slso registered & high Blological Vvalue for rice proteins
The composition of anino acids in rice hes beon studied
by Bioe': und Bolling (1981)S0, Their date have revealed \
that rice is defiolent in lysine amt threcmine. The |
amino acid content of different varieties of rice wvarios '
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gonsideradbly according to the mamure added to the mol)
in vhich they are grown (1068)38, arist (1960)%
observes that rice coatains about 1.8 to 2 per cent of
fat which 1s located mostly in the outer bran layers ]
and the germ.

Nice 13 a poor source of calcium end 1irony, but
containg considerable amounts of phosphorous. However,
the calciun and phosphorois ratio is unfawvouradle being
1110, instead of the desirable 12 (1945)5, 3weminathan
and Bhagavan (1960)21 and Ghose and coworkers (1960)°
have reported that rice coatains only hezligidle quan-
tities of ealoium ranging from 10 « 12 mg. per gent.
¥hile the content of aalcium is lov in rieo. its availe
ebility is high as shown by the sarly experiments of
Mejundar and pe (1933)%%, Through feeding trials with
different coreals they demonstrated that highest
reteation of ealeium 37.1 per cent sccurred fron rice
as sompared vith the 73.6 per cent from vheat,

The nature of phosphorous present in rioce has dbeen
the subject of investigetlon by 3umiararajan gi al
(1933)%3, airs (194094 ant Anned of g1 (19¢5)%8, a1
these workers are of the view that tho sggravation of
mineral imbalenoce in rice diets i3 due to the presonce
in 1% of phytin phosphorous. 3everal wvorkers have
reported on the presense aof the B vitenins in rice. The
rac (1964)% potnts out that the thiamine content of rice



is higher thap the ridoflavin content, vhereas the
quantity of fot soluble vitanins present is only
negligible.

Hinton (1943)56 stated that approximately 50 per
cent of the total thianine vere concentrated in the
seuttellum, the aleurone layer coatalned 35 par cent
and the embryn 12 per cent. Xik end Williams (1945)15
pointed out that the thiamine and riboflavin contents
differed aocording to variety. To some oxtent, the
alacin oontent also varies. 3impson (195‘7)‘7 reported
that ridoflavin was dlstriduted unifornly throughout
the embryo of rice grain. Ascorbic zeid is partie-
oulerly adsent in rice (1968)20,

The loss of matrients during washing and cooking
of riece has been disoussed dy lalakar andl Bancrjee
(1989)98, Basu and Malekar (1946)%9 report that the

loss of nutrients 13 greater during washing and cooking

in excess wvater than vhen rice was sooked bdy absorpte
150 method. Roy and Rao (1963)7 point out that the
loss of nutrients in rice, especially thiamine, is
comparastively less vhen rice is cooked in moderately
alitaline wvater than vhen cooked in highly alialine
wvatels

Reficiencies in "4ice Tieta:

As early as 192773 Molarrison called attention to

the superiority of the 31kh diest cver the gouth Indlan
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poor rige dlets. He found that the 3ikh dlet contalned
vheat alang with protestive foods, while the Jouth
Indian dlets, especlally the HMadras!i rice diet wers
composed largely of rice with very little protective
foods. Wilson and Widdowso~ (1988)7® noticed that the
incidence of deficlency disease was lower smong rice
eating communities of the 3cuth. The dlet surveys
carried out in 10437° by ICMR revealed the faot that
the rice diets of the poor, consisting of 30 per cent
rige, with very little protective foods wvere déficlent
in soveral matrients,

NDevadas (19503‘3""‘E observed that the performence
of rats on s basal rice diet vas poor as evidenoced
by poor growth and early deaths. Reviewing the wvork
of Byue and Cellow (1934) and Lowe snd 3Steenboak
(1938) Giri (1940)9% stated that phytin phosphorous
was not oompletely avallable from rice dlets, He
pointed put that the major deficliency of the poor rice
diets was calelum,

Aykroyd an? Rajagopal (zsaas)?s reported that the
deficlencies of vitanin A, niscin and iron mlony with
calciun were more erucial than protein deficiency in
rice eating populstions. Aykroyd snd Krishnen (1937)7
reported thet phrynoderme vas assosiated with rice
d1ets vhich were deficlent in protective foods,
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Aykroyd and Svaminathan (1940)7C observed that the
South Iadian rice 4diet was poor in nicotinie aoid.
Aykroyd snd wrishnsn (1338)77 noted the occurence of
angglar stomatitis smong the Scuth Indlan populetions
vwho were subsisting on milled riece with negligidble -
quantities of vegetadbles and other proteotive foods,

Raral ingasvery (ma)"’a found occular symptoms
of vitanin A deficiency along vith severe dliarrhoen
in poor children in s plantation ares in Souath Indisa,
Their diets vere based mainly on rice and vere inadew
quate in calories, vitsmin A, thismine and oslaium,.
Ranalingasvamy and patwardhan (1949)°° observed that
deficlency of nutrients sush as vitanin A, thismine
and aalcium in the diets of 3outh Indilan plantatisn
lebourers. Aykroyd (1930)%° described a Aeflolency
state marked by dernatitis in rats fed a dasal M ce
dlet eoonsisting of milled rice, Roviewing the work
of ‘ukhatoe (1065), Panse (1967)% varns that an
average indian consunes & diet with lesser oalories
aid protein than his counter part in the developed
regions. Therefore India has to £1ill a quantitative
end qualitative gap in the mtritive vnlue of her dlets,

Ixpes of Diea DifLaxantly Croosased:

Kornel length has besn used in most rice growing

areas as & characteristic for classifying rice varicties,

Grahem (1913)%2, neale (1927)32 and Hestor (1034)%4
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have used the kernel width and thieckneas for the
elassifioation of rice., Grahaz (1913)32 atvides the
rices of Indis into *long splkelett, 'fine', ‘coarse',
and *mound' types. Tice varisties in the United
States of Amerioa are genevelly indiosted as 'long',
‘medium®, and 'short'!, ‘Yhen Grahan's classifioation
is applied to Indlan rige, the 'fine class' of the
United 3tates 13 equivalent to 'long spikelet', the
'‘mediun class' to ‘eoarse grain', and the *round class’
to ‘short grain',

There iz 1little variation in the chenical compoe
sition of the Aifferent types of rice gZralns, 3icpson
gt 81 (1965)38 nave reported on the protein, fat,
anylose, s=mylopectin and starch gontents of the
diffarent varieties of rice, The liptd gontent of
long grain varieties s higher than that of medium
grain and shorter grains. Long greins heve the highest
anylose content. Pardoiling increases the anylose,
smylopectin and staroh contents in all the three types.

1. Dav apd carhoiled dioas

Heayly 50 per cent of the paddy prodused and
marketed in Indim 4s mille? in the pardboiled state
(1966)32, nurtnz the process of parboiling the endosperm
of the grein svells and the constitusnts of the bren
permeate into the interior resulting in the retention
of natrients (3rintvasan; (1908)%%, willtams (1960)37 .

-
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statel that two thimls of the world population preferred
to have rice in the white form, except in India end
Ceylon, where about 130 million people use rice in the
parboiled form which is brown in colour. Farther
villians recomzends the use of parboiled, hand pounded

or umnilled rice and the enrichnent of ride, as proventive
meagures against derl deri,

Pardoiled rice has deen e¢onsidered as the bast type,
since pardolling inoresses the nutritive value of rice
and favsurs the retention of thiamine, ridoflavin and
nlaeln during milling, washing and gooking. Aykroyd
(1922)33 and subrahcanyan g% pl (1983)32 (1055)70
demonstrated that parboiled rice rotained & considerasble
proportion of the nutrients, protein, thiamine and
phoaohorous even vhen highly milled., Acharya g% sl
(1242)91 observed that the proteins of parbdoiled milled
rige with a high Biclsglenl value promcsted greater
incresse in the rete of growth in rats than that effected
by the roteins of rew milled wige., The retention of
nitrogen i3 slso higher in the endosperm of parbdoiled
rice and it contains higher smounts of protein than
rav rice (3udbyslmanyan ¢t al) (1936)%%, 3rintvagen
(15936)%3 pointed out that parboiled riee is generally
poorer in fat than rav rice., S3rinivasen (1933)36 g4
of the view that there is a considerable movement of
the fat constituents from the germ into the bran when



parboiling takes placs. Cwen then, parboiled rice
retains six per ocert more fat then rav price.

It has been reported by nany vorkers that there
vas a gonsidersble increamse in the levels of eslclum -
snd phosphor>us and aveailable fron vhen rloe was
pardoiled, Jubdrahmenys: gt al (1238)3° 1nrerred that
on parboiling, part of the nitrogen and phosphorous
present In the gem was transferred to the endospern,
Hinton (1243)%% demonstrated that in perbollingy
redisteibution of the Wianine in the graln took place
with the result the endosperm was ¢tonsidersbly enriched.
PAO (1954)5, "amamurthy and Gopalan (1964)3 state that
parboiled rice contains more thismine and other mtri-
ents than rav rioe, ik (152)95 peported thst subste
antlial incraesse in thissine, riboflavin, niaein and
other D-Complex vitamins resulted vhan rice wvas par-
bailed,

sarby snd Tomus (1960)7% studied the effects
of dupration of parbolling on the thismmine sontent of
rice. Thoy noted 2 decrense in the thilanine content
with inorease in the tine of sosking. MNictiolls (1960)87
roported n loss of 30 per cent »f thisnmine during the
parboiling process mainly due to oxidation,

The loases ocourring in matrients vhile washing
and cooking of rice have been pointed out by varicus
vorkers, Jvaminathen (1941)3%, (1942)37, mix ama
¥illiams (1345)15 and 3waminathen and Saghaven (1960)3%



heve recorded approelable retention of nleotinle acld,
thiamine and other mutrients such a8 protelin end ninerals
in parboiled rice, even aftor washi)ng and cookingy os
compearsd to réw rice; treated sinilarly, 3rinivasan
(1961)%3 estimated that the lossas in washing end cooke .
ing of pardoiled rige were of the order of 4 « lOper cent
for protein: 185 « 30 per cent for niner-lsg and 30 pery
eont or more for the B Complex vitsains,.

The effects of parboliling on the volume, colour and
solublo stareh content have been investigates by Noberts
2% 8l (1954)%9, simpson gt al (1085)35 state that par-
bolled rice avereges slightly higher in amylose eontent
than rew rice armd alse has a higher axylose, smaylepectin
ratio. Toberts gt al (155¢)99 noted thet parbolling
increassd the content of soluble starch as revealed by
the higher stareh 1odine blue walue in pa-boiled rice
samples than In milled riee,

2o Dehuaked, Hand Pownded sad Milled Jigat

Dehusking, hank pounding and under milling are methods
vhich hely to retain nitrients to the maximun sxtent in
~ the rice vhen paddy ls processel. ‘Dehusked rice* is
elso known s 'Hulled rice! or *Srown rice' aml 1a obdta-
ined when the husk is removed fram the riee (1984)5,
Recently different types of hand opersted dehuskers have
beon devised for procossing rice under the »ramotional
efforts of the Xhedi and Village Industries Commission.
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'Hand pounded! rice is also known as ‘home pounded?
rice vhich 13 prepared by naling a pounding apparatus,
Hand pounding is sn ancleat practice for dehusking rice
in the viliege homeas, The implements used for hand
pouniing are the chakki and the pestle and mortar.

Hilled rice is the rice obtalned from milling the
rice in a power driven machinery. In many cases, polie
shing 15 given simultenecusly. Hilled raw rice 1s usda\\g
white in colour (1984)5,

The chemical composition and nutritive value of
differently processel rige have deen studied by nany
vorkerss The matritive value of hand pounied and delnise
ked rice has been found to be higher tham that svailasdle
after the removel of bran vhich is rich in the mutrients
1ike thismine, proteln amd ninersls (1960)11, Joschin
and Kandiah (1@%3"% proved the superliority of undere
nillsd rice in terms of its protein and oaloimm contents,
Basu &nd Sariar (1938)10) peported that milling resulted
in s marked deoresse in the minersl and fat eontents.
PAG (1054)0 states that the degree of milling and polie-
shing affects the natrient contents of rice, since
higher degreo of milliag renoves the aleurons layars
vhich are rich In nutrionts. Kik and ¥illiems (1345)18
reported on the loss of minerals emd vitaming during
the milling of rice.



Revievwinz the work of Julisno gt ol (1564) (1264)
sad Oke (1965), Jullano (1966)102 noted thet milled
rice contains 6.8 -~ 13,3 per cent protein with a fat
gontent ranging from 0.3 to 0,6 per eerft. Hogan .
(19643193 ana Hogan (1066)10% and Normand st gl (1966)108
have analysed the protein content of rice milled to
varying degrees, They steate that concentration of
protein 43 higher near the periphery of the whole grain
vhereas it may be lower in the outer most layer, if this
layer is high in bran coanstituents,

The aminc acid aeomposition of milled rice has been
studied by Babtizt (1987) anmd Xik (1988) and reviewed
by Jullano (1968)302, They have reported adsut the
lower concentration of anmino aclds, especially, lysine
in milled rice, Xik (1943)306 and Dakshinmmurthy
(1955)3‘97 obsarved that the B « vitamins vere present
in lesser smounts in milled rice than in hand pounded
and dehuaked rice,

Subrehmanyan snd Jwaninsthen (1958)398 snd sabrane
nanyam 9t al (mse)m reported that huskod rice had
a higher cosxtens' of phytate phosphorous and consideradly
higher quantities of protein, Bevitamins and minerels,
thon milled and under milled rice. Guha and litrs
twea)m atudied the protein gontent of brown rice
vhich i3 found to be higher than the milled rice.
Rangencthan gt al (1937)1) shoved that the loss of



ealories and mutrients during the milling of rice were:
calories 15 per centy proteln 10 per centy iron 76 per
gent and oaloimm and phosphorous 60 per ecent,

Hand pounded or home pounded rige has been ¢onsie
dered as the best processed rice next to dehusked ueo.
by Sveminathan and Bhagavan (1960)11, As early as 1334,
Block and Mitchellll2 fount that the proteins of brown
rige were superior to those of naise anl cats dlets.
Sure and House (1943)133 strossed the superiority ef the
proteins of brown rice becsuse of its higher Biologiomd
Value, 85 per centy as compared with, the 63,1 per cent
of milled rice, Jones gt sl (1943)114 4190 shored that
the proteins of drown rice surpassed those of polished
rice in Biclogical value.

Reo gt al (1960)115 state that the phytic acid whieh
is present !n larger amocunta in Brown rice, interferes
with the utilisation of dietary caleiuz as evidenced
through osloium balance studles in humen beings. They
eoncluded that the nitrogen and phosphorous retention
affected by brown rice vas not higher than that accom~
plished by milled polished rice.

Miller (1943)33, vinsoke (1981)1% and Kennedy and
Tsuji (1982)118 noted that washing and cooking losses
of natrients were negligidle in the casc of hrown rice,
Chatterjee g% gl (1956)7 and cupta gt a1 (1963)338
analysed the amino acid ocomposition of brown rice and
found 1t to be higher than that of milled rice.
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Rumerous effarts have been initiated to improve
the mtrients in rice, They are:

L. Hybridimatdons :

The major ocbjestive for undertaking rice dreoding
projects in Intis i3 to develop high ylelding types,
and distridute them to the farmers in the different
partas of the country. Besides the 'Contral Rice Research
Institute® in Cuttack, there are 32 Rice Breedlng 3tations,
out of thege, elght are located 'n Madras state (1960)7,

The early experimenrts in hybridization date bdaok
to 1239, when 3adasivan and 3rinivasen (1939)119 reported
on the mtritive value of an improved strain of rice,
in which there vas increase in the levels of protein,
caloium and phosphorous. 'The International Rice HEybrie
digation Project! was staprtsd in 1980 under the auspices
of the PAO (1984)1%0, 7Todey s the resalt of vast agro-
nomic developments in rice broeeding, improved strains
of rice crops are being evolved extensively., The
foproved straics have desirabdle econmmic characteristics
such as higher yleld, better quality, greater reaistance
against Adiseases and superior mutritive wvalue ICAN
(’1966)_3‘31. For the commercial production of hybdbrid
rice, & series of studles have desa initisted at various
rice research gentres thr:ughout the world by the intame

tiona) use of hybrid vigour in rice (3tanscl and Oraigmiles).
(1968)128,



From 1961 onwards, the collaboration betweom the
FAO and 'ICARYs 3tate Breeding Caentres' has suocceeded
in ewolving nev hybrid strains as cross between Indfea
and Japonice. The hybrid strains of rice vhich have
been recently ovolved in Madras 3tate are GED -~ 24, ‘
Co = 26y COo @ 20y Co » 304 ADT = 3, ADT « 37, ADT = 23,
TXM « 6 and ASD = 13 (1266)41, Svaminsthan (1957)183
atates that qualitative improvonents has also been
achieved through Wreeding in cerenls, Thus the protein
eontent of rice varietlies has been raised from 8 to 15
per cent, through artifieial induction of mutations.
2e¢ Influence of Pertilisors and =Znvironnent on the

dukrient Content of nlage

As early as 1923 HoCarrisonl®? reported that rioe
grown under swvarpy conditio s oontalned groater por
centage of proteln and mineral matter than that grown
under rainy conditious. Sturgis and Resa (1937)185 .
recorde’ an increase in the cystine, tryptophan, lysine,
arginine and histidins contents of rice dy the use of
fertilizers. 7They moted that vhem the soil was high
in ircn, the iron content of the rice vas also higher,

Ramish and Mudaliar (1939)126 obgerved that the
protein and mineral content of rice can Ve increased Yy
proper maniring s in the cage of vheat and barlay,
~ Sathe gt al (1948)137 fount that the nsture of fertie
lisers applied to the soil had some influence on the
thienine content of rice, . )



Chitre gt pl (1985)383 pointod cut that soll
mtrition snd envirommental conditiong influenced the
nutritive value of all plant foods, As sach, two
difforent streins of the seme variety are likely to .
show variation in matrient eontenty if cultivated
under different environmnental condlitions,

3. Zdce Znrichments

The purpose of enriching rice i3 to add nutrient
to nilled ricey in order to give a deairable mitrient
content to the resulting sroduct, especially in those
eountrios vhore white rice i3 cookel in excess vater
and the cooking water discasrded. Rice enrichment origie
nated from the Philippines during the year 1343 o 1950
(1982) 199, (v1111ams) (1261)3%0, By 1981 the number of
people vho warc sncouraged to consume the newly avail-
able riee to overcone the defiel-necy beri deri rose to
1,800,00Cs

Parter gt 21 (1948)3 agveioped fortified 'premixt
in whish riee 18 sprayed with minerals and vitecins mixed
vith shrophosphate, and finslly sprayed vith sein and
fatty aclda. Vatanabe ot a) (1980)138 report that in



Japean enrich ng rice with 0, 3, dlbens>oyl thisaine

{DBT) proved to be as effective as addition of thiamine,.
These anthors state that rice can be enriched also with
the amino soids lyaine and threonine vhich are normally
deficient in rice. Tnriching rice with sminoc acids has
also been suggested by Kik (1985)133.

The Japan Matpition Assoeiation (1956)13% reports
about the benefits of the addition of cnleium carbommte
to rice. Bhettacharya (mﬁ&)m describes a agmple
method of enriching rice vith ridoflavin, He has given
nlso a satisfectory method for the enrichment of white
rice with minorals and vitemin using heat processing.

4. parRotliag or Comyeralag

Since pardboiled rice is more mtritious than rew
rice, the consum>tion of parbolled rice needs to de
ensouraged. Nowever, the prevalling poor methods adopted
in parboiling paddy have resuited in creating resistsnce
egalinst the use of narboiled rioe dy the o msumers (1960)31»
Therefore lmprove) methods of parbdolling peddy are boing
developed., 3Jubrahmanynn gt al (1985)1% geseribe the
nethod called 'Hot soeking method® which proved successe
ful in preventing growth of fungi end tho development of
off-fiavours, Anzther improved method i3 the 'Hot sosking
process cun hypoehlorite trestment's Reo (1955)137
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roconmenis a method in vhich, instead of converting and
parbolling rice, the rice is treated chenically using
area, This method 18 repsrited to have the advantage of
imparting a good flavour to rice,

3everal workers have sugzested dlfferont wvays by
which the nutritive value of rice dlets can de enhanced
(Lal) (1988)138, (woorjeni and Sudbreamanyan) (1953)3139,
(L11y gt al) (1986)2Q an3 (Chendresekaren gt al) (1968)141,
Thess procedures {nvolve the partisl replscement of riece
by othspr cereals and roots and slso supplenentetion of
rice diets with protein rich foods, minerels and amino
acids (1984)5, partial rejlacement of rice with jowar
has been encouraged by Rurien gt al (mso)m. Jowar is
& richer source of protein and the B complex vitaning
than rice. The protein cosntent of jowar ranges from 2,7
to 10.3 per cent (Xurien gt al) (1260)343, 3triking
improvenments in the growth of aldbino rats end school
children wers observed hy Mason gt a8l (1946)*® vhen a
part of riee was substituted vith ragi. Xarien gt al
(1960)1%4 gtato that replacement of even & amall part,
nesiely €5 per cent of the rice ia ths diets by ragl wounld
be adequate %o make up the calcium deficiency in the poor
rice diets.



Pasricha am Reo (1968)M5 observe that when
rice cooked with *chunnan' (calcium hydroxide)
treated water, the calcium content of cooked rice
found to de three time more than rav rice and also .
the body weight of rats fed with this rice vas increased,

Rarper gt ol (1955)2%% and neshpande_gt_a) (108547
have demnnstrated that the additlion of amino ecids such
as lysine, threonine snd methionine improved the rice
diets as evidenced by the improved growth rate in rets.
Vicrananayeka gt gl (1!:96),)ma noticed consideradle
improverents in the grovth of children suffering from
kwashiorkor in Ceylon when their rice diets were supple-
nented vith amino neids lysine,

Sormand gt al (1966)100 pefer to the results of
investigation which ¢-nfirmed the protein distridbution
in rice kernels reported by verious vorkers, They
denonstrated the rosence of high proteia doering layers
on kernels of rigce varieties, High protein rice flours
have been srepared by a specielly designed milly end the
prepared meterial was ramoved in 12 fractions from
suecessive layers of milled rice, which furanished 13
per oent of the kernel weight an’ with 12 to 22 per cgent
of protela ocontent. Hogen (M)m states that
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the content of faty thiaminey, riboflavin, niaocin,
phosphorous and caleiunm have deen increased in such
& high protein rice flour,

Because of these benefits Hogan (1966)152 anti. -
gipates a high demand for high protein content flour
for incorporation into badby foodsy and as supplements
and substitutes for protein,



11X FXPERIMZNTAL PROCEDIRE

The oxperimental procedure consisted of the follo=-
ving ste s

A, Selection of the streins of paddy.

Be Perdoiling paday,

C. Dehusking peddy,

Do Hand pouniing padidy.

B. Milling paddy.

Pe Clean ng and winnowing ths 4ifferen
processed rice sanples derived from the
selected strains of paddy.

G Matrient analysis of the di{fferently prrecssed
rice saples fors eslories, proteln, trtal ash,
calelun, phospharous, iron and thismine,

R. Interpreftatisn of the findings.

Ao Jalegtion of the stEaina of paddxs
Two straing of psddy were necessary {or the study:
the imoroved strain ADT<E? on vhlich this {nvestizetimn

was based, and & local strain for comparison purposes,

1. Jalsction of ATT=U7e

ADT«27, wtiloh 1s an improved hydrid strain of psddy
wvas selected for the study. It has been recontly developed
by erossing a Jeponiloca variety (Tori~ 3) with an Indleas
variety (GPB<24) as the result of the Infia Japonioa Riece
Rybridisation Project, at Aduthural 7nlce Resesrch 3tation
(Mairas 3tate) and relemssd in 1964, It is uporm(! to de
capadble oft utilising hoavy doses of eh@;c'al fortilisers



vithstanding loding, end produsing high yield., DBeing
a erop of shart duaration of 108 daysy A™T=E7 hes been
rapidly muitinlied throagh a spee’' sl scheme for covering -
the entire 'Xaruvaic? srea unier the Mettur Irrigation
ayatem in the Csuvery Delta, This atraln has glven en
averrge yield of 4000 1b of paddy per acre vhich is

nearly dondle the everage of theo existing varieties,

The remulremont for the experiments deaigned for
this study vas oaloulated to De 130 kg, of ADT peddy,
This was sarchased in one ot from the paidy Breeding
Farmm of the 3tete Agricultural Collece and Research
Institute, Coinbatore,

e Jeleetion of thg lggnl atrelnt

The local strain A3DeS (addbreviation for Anhesse
suiren 8) is popular ia Coimdntore, It is s pure line
strain from the variety *Xnrthigsl samdat, It hag an
yield 3000 « 4000 1da,., per acre which i3 higher than
that of its parent steain, It i3 & medium duration
er>p of 135 daya an! ean be cultivated i slmost all the
paddy growing areas. The rice odtal el from AD=S paddy
is vhite in oolour. The requirssent of 180 kz. of A3DS
was also sbtained from the 3tote Agriculturnl College
and Resoerch Institute.

e 5 e O e o0 " i

* The ter: '"Muruval' indicetes the first rice cro
seas:n in Tan'l ad, derived from tho vord 'Xart,
It has a short duretisn of about 3% months extending
from June 0 3eptember,




Be fazhollinc ondiye
Parbolling is an anclent practice in Inile, In

pasrbolling, peddy is stecped in water for houra together
over aight, or Tor nany days, stesaed subsscuently till
the outer hask of the paddy durst openy dried amd husked,
The method uscd by the rice trade allows for prol-i:ged
s uncontralle? frrmentation in scaking tanks. 3uch

a practice affecets adversely the colour, odour, eooking
ruality, seeoptadbility and mutritive walue of pardolled
rice, as has desn pointed sut dy secveral workers. In
order to alininate saugh fermentation Nao ant Jube (I»M)m:'l
suggested the possibility of sraking paddy 6t » temperne
tare 66--70"¢, insteed of soaking it in cold water for
two t> thpee 4nys.

Bascd o thely suggesti.on Jubrehmanyesn gt nl
(1258)%° developed an inproved mettod of parboiling
through 'Hot soaking "rocecss.’ 7They sosked the paidy
in hot vater et a temporatare 70--78% fop adout three
hours, at the end of vhich the water was let aut and
paddy stoamed 1In cylinmdriosl kettles provided with
stean ooilsy till the outer husk durst open, theo steoned
peddy wes 4dried in theo shede,

Adopting n sinilar syrcedure, the pardolling
process for this stuly wes stanlariised, with the use
of the “nmllupatti perbdoiler « Figure 1 « doviaed Yy the
“arel Tatensisn Tralatng Centre at Xmllupntti, Madras
3tate,
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Kaccoparrs [ParBoier
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The parboiler has o oylinderical parboilinz 4drmm
(A) wvith a perforated sicve (B) at its dottom, and &
doopr (C) at the side. The bBottem of the doller has the
shape of an inverted cone (D), the cylinderical tank
(A) 13 3'3" in Adliameter and has two handles at the open-
end, The perforated sieve (B) has a dismeter of 31"
vhich is less than the diameter of the drum and is glighe
tly e:nvex, It has two handles at the open end. 7The
holes on the sieve are suall snough not to let the paddy
pass through. This sieve {9 supported on three oross
baps (4% M) ['425] near the Joint of the drum with
the inverts! cone. The Aocor has a shutter arrangsment
8liding uy sn’ down which oan de adjuste? or removed for
aArpving out the narboliled paddy. IR hes the eapaegity
of pardniling 120 kge paddy at a tinme,

Por standiardising the soak.ng end steaming process
esrtain modifications veprs effected to the ¥alluratti
Parboller -~ Pigure 2 ws The door with the shutter arrange-
ment was completely scaled to avoild lenkage of vater from
the drum and also make the soaking effsctive. A tap (F)
vith a rudder tube (F) was attached satside at a place
one 1:6h below the door and two inshes belov the level
of sieve to drain the water off from the paddy after soeke
ing a> that the wator wounld remain at a lovel below the
sleove to facilitste steaming, The rubder tube was comeeted
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FIGURE . 2.

kHLLuPFiTTl PI)RBDILER NarH Monicication
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to the tap to awnid wvater fslling into the choola. 7This
arcangesent facilitated the oarrying out of both soaking
and steeaing in tha sane utensil which amounted to a cone
stderable saving in lsbour snd heet,

The choola was o»etrueted specially for this
purpose with bdricks, in & round shape bslow the ground
level in such & nonner that firevoo!l oan de used as fuel,
The depth of tha choole wvas 1'G",

Uaing the grineiplw of 'hot sosking'y the stane
derdigntion of the pardnoiling process wvas effected in
the following manner,

Trial experiments were oarried out in the beginning
on e sarll seale., One kilogres of paddy was used for this
purpose each tinme in an ordinary household utensil. The
time recuired for soaking, steoning and for drying of the
parbolled paddy was noted, It was foun® that one kiloe
graa of paddy sonked for two and half hours in water at
& tsmpersture 70«<78%, amd stosmed for three minutes
proved to be satisfactory.

" This was repoated on o larger sample with five kg,
of peddy using the modified Xellupatti parboller. The paddy
vas soaked in hot water whioh was meintnined at a temperrture




70--75% f5r two and half hours and sudssqaently stennmed
sbout five minutes, till the suler husk of the grain
burst open, shade é:y.msdms folloved rather then drving
in the sun, wvhich has bean found to give satisfactory
resilts in terss of the guellty of rice, OGovindasvant
and Ghosh (1965)3%% nsve 0130 sdvocatod thls method of
arying peddy,

The parboller was fllled with 148.,4 litres of wveter
an] heated over the choolas to a temperature 78° - 80° o
for one houre, Thirty kg. of the paddy were added to the
watel 8bove the sleve in the drum. The lovel of water
vas zainteined at three inchos adove the paddy, by adjuse
ting the level 4draving out from the tep. Yhen the peddy
wat 8ddet to the water, there was & drop in tempersture
to 70%. The pesrboller was covered with a wooden plank
and the teaperature inside vas mainteined at 70 - 78%,
by adjusting the dturn ng of the fire wood umier the cone.
Every half an hour the temperature was noted and the
paddy was stirred vwith a lodde for eveness in soaking.
T™he water was drained off after two and half houra, amt
the paddy stemmed five mimutes in the same utensil until
the outer husk burst open. The steame? paddy vas next
tronsferrcd t0 & basket, spread on the floor evanly as a
thin layer and dried in the shade at romm tempersture,.
It was turned st intervals of one hrur, for adout three
A8Yys,
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Ce Qehusking paddys
The implement aclected for dehmsking paddy in this

investigatinn was a gear driven naddy Agphusiker® as showmn
in Pigure (3) as recommended by the Khali and Viliege
Industries Comissin, The dehusker has & hopper (A) to
hold the grain, Below the hopper is the machine {(B),
Thiz hes a vheel guard of sall gesr and the paddy chandber
wi.ieh has an ndjusting plate an® handle (C) for the smme.
The Aehusker has levers to operate (D) with two wooden
gripes (E), It has a gapacity to dehmsk 200 kg of peddy
in one hour. The paddy is lmlled by the simltenenus,
vigorsus downward and upward motions of the handles by
the two meny, at the speed recommended,

The dehusizing procedurs wves standardised through
triel experiments condusted with three kilograns of paddy,
*hen the machine gained & speed of 50 revolutions per
minute, the paddy was let into the huller bdy releasing
the shutter, The two rubder rollers inside, rotate in
directions opposite to sach other and dehusk the paddy
when it passes through the space betweon than, The foode
ing plate (C) vas oponed gradually an® finally fully to
reaove the rice, The product thus obtained was *drown
ricet, The dohusied Brown rice was oleaned with the
vinnowver shown in Figure{4), as pey procedures roecommended
by the xhadl and Village Industries Cormtssion,

* Geor Driven Paddy nhuskor  Caalitex imohinens
(Model Maveen-«G N $00) itd., arti Nngar{
New Tolh 1},
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The winnower has & hopper (A) to hold the rice
an? husk belov which 1s a winnowing chender (B) provided
with s fan inside and a hanile (C) to gpernte the
vinnover (D) dsnotes the two separators below to dise
charge tie cleancd pies through the opening (X)e. The
husk fannedt out as the huller operatos,

Pe  Hopd Pounding of gaddys

The ICA® (1960)° defines hand pounding as milling
ot rice n snall quantities, using variocus types of Lrndi-
timal squipment, Among the implements avalilable for
hand purding peddy, 'The Pestle and Mortart shown in
Figure (8) is mainly used in Madras State for 4chuaking
and polishing rice. Therefore the hand-pounting in this
study was done by using the ‘Pestle and Mortar',

¥ith the wiev to reduce per centege of broken rice
ent ts inereage the afficiency of hand pouniing in terms
of the remowval of maximunm huask, the han! pounding vas
standardined as followss |

Seven hunired and £ifty grams of paddy which was the
capacity of the mortar (A) vere used mnd pounded bty two
wone. The number of strokes were counted ant the timo
noted. The naddy in tho esvity (B) waz turned after three
ta four minutes of pounling with the pestle (C) for eveness,
Ths number of atrokes pranged from 20 to 30 per ninate, Thus



the standardised procedure for hand pouniing, inwolved
pounding 750 kg eof paddy dy two women stopping at every
30 strokes for sbout 8 mimtes, The time taken to pourd
10 kg of rms or parboliled paddy was 18).,7 mimtes,

Fow ﬂlllzm;. B ng'
The paddy was dohusked and polished at a loecal mill,

operated elsctrically. The standsrdigation vas carried
through triel experinents >n the thres kilograns of paddy.,
The machine was adjusted for 1ts speed and sceuracy. The
paddy waz dpopped into the hopper and the zorew released,
The 114 was opened and the peddy was sllowed t2 pass through
grirders, The naddy was milled for four minutes and polished
onee, secording to the practice invogue in Colmbatore eity,
The same procedure was used for milling ten kilogrems each
of rav and parboiled paddy. The tize taken wes 12 minntes,

The difTerently processed plee samples vers cleaned
snd winnowed to remowe the Mask, imnature (hellow) paldy,
chaff and dust, by using the win.ower, for flve mines at
e speed of 20 revolutlons per minite,

Q.

Laloriest
The ealorific content of the sarple of rice was sanalysed
by using the Parry's Jxygen Bomb Celorimeter (106:)188,
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kxoteint

The proteia content of the sample of rice esti-
nnted by the ¥Nlerokjedahl nethod es Gescrided dy the
A.0.2 .0, (1060)1506 using the conversation frotor 8,9
for the onlculetion of protein,

iotal ashe
Total ash wos estimnted as ner the method given

156

in A,0. AL, (1950)0

Csleiun was estimated by the titrunetric method
by the A,0.A.C. (17680)366,

Bhagaharoug s
The phosphorous aontent was determined by the
Piske and 3udbba mo's method (1962)157,

Axsns
iron wvas ogtinanted by using the method of wong
as described by Nawk gt al (1961)187,

<hisnines
For the estinmation of thianinay the thiochrome
nethod was usod as described dy A.0.4.0. (1900)156.
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He Jnterpretatizn of the rindings:

Salanlation for Jtandard LEror:
The sanple standard error is symbolished by 9%
and 1t is oqunl t> _} , vhere 3 i8 standerd deviation

'Cy

of the nean, n 8 the aundber of observations.

Standard error was caleuleted as Hllowsy
Stentard error = 8% = e

=

3 * ExC-E )
(n=1)

Salgalakion for L' valusse

Comparison detween the two strains of rices and
the 4ifferences bdbetveen the vaw an sardniled rigse samples
snd the milled, herd pounde’ =nd dehusked samples were
analysed using the *t' test /Senedosor, 1960)158,

t = HeX
mIL

Anong the resultant *¢f values with nel degrecs
of frosdom, using the 't! tables only those with & probae
bllity of 0,05 to 0,01 or lass vers gonsidgred to bo
signifiomt,




Iv nNTSULTI ARD DISCU3ISINNG

The analyses in this investigation included
deterninations of's

A. Calories
B. Protein
C. Total ash
De Caloium
T+ Phosphorous
P. Iren

and G. Thisnine

Thus the discussions would cover the nutritive
value of the rice obtaired from the two straingy AM,.
and A3Dg after milling, dehusking and hand rounding 4n
the rav an'' pardoiled forms,

A+ GCaloriegs ;_

The oalorie content of the rawv and parbdboiled rico‘
sanples of the two 4ifferent atralnsy ADTog and ASDg
after millingy hand pouniing and dehusking are presented
in Table I, ant the statistioal calculations are given
in Appendix T
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As seen from the figures in Tadle I, the differe
eneess in the caloric content between the ravw rice obta-
ined from ADT,, and A3Dg vas highly significant, whether
uilled, handpounied or dchusked, ADTge possessing the
higher value, The data furthaor reveal that sinmiler
siznificent difference weg foun? detween the sorrespone
ding pardolled rice of ANTgn and ASDg, Taking both rev
and parboiled samples together, the strain ADT,, has
significantly higher cslorie gontent. The triplicate
values and the statistical sppraisal are given in Appene

dices I ard II respyoctively.

The caloric vslue obdtained for the strain ADTgy,
in this study &8 also much higher than the values 348
to 350 calories/100 g given by Aykroyd gt al (1966)20,

Table II prescnts the differonces betwveen the
caloris gontents of the tuo strains of rice vhich have
undergone different processes foy the renoval of the
hasik.,

The detalils of the figures for ncan, 't' wvalue,
and standard errors sre pressnted in Appendix III,



TABLE II
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EFFECT OF um,xmhmm POURDING AN DIRUSKING

R THF CAL

C CORT™NT 07 TIT™ RAW AmND

PAPBOILTD ADTg7 AND ASDg,

S D A 0D A R A TD b b e

S¢ralin 1t valune

SNGR G > GBS AP AT O NSNS WAS-SAN) S IR W YR G5 N T el WA IS S A S0 ol ThEs e

ADTgq

DA O W W W v i

1. "aw Mille’ vs
ey Handpounded

2. Rav Milled ws
Raw Nehusied

3. "av Handpounded va
Nav Nehusiced

Parboliled ¥illed vs
Prrboiled flandpounded 2,350

5. Parbolled Mllled vs

2,432

4,933+

8.,050%
4,

- Ry -

£t Value

g s 4P S

Stpeir

A3D5

SR aep albee

Ravw 1lled vs
Aav Handpounied

Ravw Milled vs
Nav Tehusked

Raw Handpounied vs
Navy Dshusked

34305
10473%»

13,50%¢

Parbolled Milled vs 2,306+»
Parbaolled NMandpounded

Perdbolled Milled vs

Parboilel Derusked 2,085** parbolled NDehusked 16,67¢+
6. Parboliled Honde

pourde’ vs Pardoiled Handpounied vs

Parboiled Dehusked 7.762¢% Parboiled Dchusked 2,505

- pgre— .
o4 Py e d - Snaduand

¢ Signifieant at § per cent level
** 3ignificant at 1 per cent level

a2y et -

As seon from Table 114 there is not much difference
between the caloric ocontenta of the samples of rav rice of
ADTgn after milling end handpounding. But the difference is
highly significant at 1 per cent level, botveen the calorie
content of rav milled and rew dehuske’, snd betwveon rew hand
pounded and raw dehusked sa:zples of rise of ADTgpe In the
easze of ADg, the differcnse is highly sipgnificant between
the rav milled sanple and the rewv hend pounied or Ashusired
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samples. In the ocase of pardolled rice both of ADT.m
and ASDgy significant difference in the caloric content
i3 noticed betweon the milled and dehusked pro#uetss The
difference 1s found botveen the parbdbolled milled and hand
pounded serple of ADTg, and signifioent at 5 per eent
level, But the differcnce bdetweon the anlorie ocontent
of perboiled hand pounied and dehusked a:fms is not signi~-
ficant.

In viev of these diffcrences it is conoluded ADT.q
has higher celoric content thea ADg and also when comple
red with the reported csloriec values for rice in the
literature. Dehusking oonsorves the maxinmum c¢alorie
e-ntenty possidly due to the fidre deing in tact in the
dehusked rices How far these additional oalorlies avelle
a’ble' are physiologically avelladble for the human being
neads further study.

B. irgteins

Teble 111 3ives the protelin content of the diffee-
rontly processed rice obtained from the two strains
A\DTgy and ASDg with the roplioate volues and the statise
tiond appraiss] in Appendices IV aml V respoectively,
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From the figures in Tadle III, it is evident thet
all the perdboiled sanples contain significently croater
protein contont than the corresponding raw samples,

These findings ngroe with the earlier obserentlons of
rangane than (3938)1“ and Swaninathen and Rheagavan (1960)11
on the beneficial effect of parboiling on the protein
content of rice, 8ignifieant differences are also noticed
between the protein contents of the two streins of rice
bath 4n rav and perbolled ANTyn containing higher anounts.

It ia thus ovident that the nevs strain Am’m has
siznificantly higher en-unts of protein 10,44 g. per cent
in the raw state and 12,81 g. per cent in the parbolled
atate alnost egqual to the protein countent of wheat, This
for exceeds the valuss reported dy (Orist 1960)51 ama
Avykroyd g% al (waﬁamgyx:gea from 6 to 3 per cent in both

rav and perbolled products,

The proteins of rice are ecnsidered superior
bocause of their high Biologlesl "aluee Hence it will be
of interest to find out the Blologlical Value of the pro-
teins of ADTgns Howaver, rice proteins are & poor source
of the aminp aeid lysine, Yhether or not auch a ploture
exist on ADT pyy vhich has a higher amunt of protelin in
the rav and pardolled form neeis invastigntisn.

3everal investigators have reputed sn the mutrient
content resulting from parboiling rice, As stated by



jubrahnanysn g% gl (1999)130 parbolling effeots the
transformation of the nitrogen pregsent in the gern in
to the endospern of rice grain.

Tho differences in the protein content of the rice
obtained from w‘i‘ﬂ? and A3Dys d4ue to the processss applied
for removing the husk are presented in Teble IV as 't¢
values and the statigtienl eppraisal is glven &in Appendix
Vie

TABLr IV
TFPFCT OF MO ILING, TAMDPOUNTING, A'D DTHUSKING ON

THY PROTTIN CONITNT OF ADTgp AWM ATDg
train 't Value " Btrain "¢t valae
ﬁmm A&’s
AN h oy s O A W0 et
neaw Xilled vs Taw Milled vs
Ravw landpounded 3,064+« Raw Handpourded 1,404 -
naw Milled vs Raw Milled vs
faw Dohunked 12 ., 585»» Maw Dehusked 34800
Rav Bandepounded vs Taw ‘landpounle’ vs
Raw Dehusiked 5.368¢* fav Dehusked 2,780+

parboiled 4illed va
Prrboiled 'inmndpounied
21.G7ve
Pardoiled Mllled vs
Parboliled Dehusked 85,320+«

Parbolled Hondpoundied vs
Pardoile! Nohuske! 4,008ne

Ay S0 e SN i S i B B i i PP "

Parboliled Milled Vs
Parbolled Mand ounded 18,66+¢

Parboiled Milled Vs
Pardbolled Dehusked 10461 9%

Pardboliled Mendpounded vs
Pardbolled Dehusked 2,236

e

* 3ignificrnt at 5 per eent level

P W e o i AN

*+ 3ignificant at 1 poer cent lavel



In ADT ny the protein content i3 maximm for the
dehuaked sample, followed by the hend pounded rice and
the leoast s in the milled form, ALl these 4ifferonces
are significant, Mt in A3SDge the <&iffercnces detween
the protein contents in the milled end hand pounied
sanples as vell as detweon the hand pounded ant dehusked
gamples are gignifiocant,

In doth rav and pard iles! rice of both the strains,
the differencs in proteln oontent detveen the milled and
hand pounied sarples and bdotween milled and dehusked
sarples were highly significant,

These findings that the nev hydrid straln ADIg,
has got a high content of proteln is in agreement with
Sweninathan's (m,m obsarvatisns that difference in
mtrient content sach as inoremse in protein content
onild be drought adout through hydridigation, This
ineroased protein content of mm have far reaching
sf facts on altemating the protein shoprtrge in our
sountry.

Ce Zotal Ash:
Table ¥V gives the tntal ash content of the 4diffe-

rently treated sarmles of rices from Amg.’ and A%Dsa



TASLE ¥

TUZAL ASH COTTNT OF THE DIFFPR™NTLY PROCRSIED
RICE 3AMPLE3 ADTgm A ASDg (PER 100 0)

A e W gl Sy N A 0 Sl Sl Y- OuED TP Sl U TR M Sl D S ml S - Al WP WO VI N S A W o AP A TR W s SO N e i ol

Straln of rice —————edlinliqetcn Hean
e e e e e e 2 e e 2 e e m
ADLW
1. Tew Eilled 080 0.64 0,65 063
2. Raw HMendpounled .78 0.73 0.7 0.78
3. "aw Dehusiked 1.88 1.20 1,18 .82
4. Parbolled Milled Oe7R 0.7 Os74 0.78
8. Parbolled Handpounle'0,20 0.92 0491 0.9
6. Parbolled Dehusked 1.38 1.34 1.33 1,33
ASDg
B %
1, "av Milled 0.80 0«68 0.64 D63
2. Rawv Handpoumied 0,95 0489 0487 0490
3. Naw Dehusked 038 0.97 1.00 0498
4. Pardolled Milled 0478 072 0s72 0.7
5. Parboiled Nsndpounedn.st 0s91 037 0.37
6. Parboiled Nehusked 1,02 1.1 .07 1.08

vy -4 D N Wiy S S AN VR W L W W IR AR SRR -y

. L - - wouy a4

Many investigetors have reoported about the total ash econtent

in rice, 83 being very low at 0.0 to 1.3 g. in 100 g, of
rioe, vharens in other esrocals like Bajra the total ash
enntent 18 2.3 « 2,7 gras in 100 g.
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In this study as Table ¥ shows, differencos vare
notic ed in the total ash content of the two strains of
rice, in vhich ADT,y has higher amounts than A3Dg. In
both the steains of rige parbolling, hand pownding ant
dchusking have incroased the total ash cortent, as
compared to the rav milled sarples. The inorease in
total ash in the pardoliled samples may de due to the
tranafer of ninerais from ocuter aleurone layer into
the endospemm. The ash content of hand pounied and
Achusked semples wre found to be high becauss of the
partial or complete pregence of bran alongwith the endos-
pors.

D. Calgiums

That of all the cereals rice 18 & very poor smmros
of ealolum, Xik amd Willions {Mﬂ)m, syl Swanlinathan
and Bhagevan (1960)31 is shown in Tsble VI shich gives
the caleium content of samples of ricey ADTop ond ASDg
obtained bWy different processing methoda,
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Tebls VI shows thet ADTo7 has got higher smounts
of csloium s compared to ASDg regardless of the proce-
ssings The hend pouniing and dehusking result in oconsle
derable onlofum retantion in the rice. In this, these
dehusizinz sppoars to exert the maximun infliuence. Tmnga-
nathan ot al (1933)11) gtated thet parbolling inersesod
the oslelmm sontent of rice, Similar effect of parbole
1ing 43 seen in this study vhen the ocalelum sontent pape
bolled ant row rice of ADTpy are conpared,

Tadble VII gives the phosphorous eontent of the
differently processed rice gesnmples,
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As stated by Sudrshmanysn et al (1%38)7% parboie
l1ing has resulted in the transfer of the phosphorous present
in the germ to the endosphern, whereby Shere is incrocase
in the phosphor>us content.

Prom the table VII, it is roveasled that there vas
no d1ifferenne in phosphorous content detween the two strains
of rice nanely ADToy and ASDg end that pardboiling inocroeases
the phosphorous content of rice. Joseph gf al (1958)159
state that unfemsilling increases the phytin phosphorcus
contént en? a higher phytin phosphorous is likely to affect
adverssly the atilisati n of caleium, JIMmiararajsn
(1938)%3 reported on the increase 1in phytin-phosphorous
dnue o the pardolling, 3o the higher phosphorous content
obtzined in the rice may he due to the presence of phytine
phosphorous,y which is not desiradble for ecaloium phosphorous -
utilizatios,

galciun Phoaphor:ms Totios

Table VIIX gives the vnlue for oaleium phosphorcus
ratio in the 4ifferently processel samples of rice,



TARIE VILY

CALCIUM PHOAPNONIUS RATIQ OF THY DIFFLPTETLY PROCESSED
ADTg; A A3, (PPR 100 0)

o “Caleum
Calele  Phosphoe  Phosphoe
Samples of rice un rons rous

nge BEe muﬁ..-..,.

Raw *ﬂ"l%‘ 27,68 136 17

Rew Hendpounded 20460 218 117

taw Dehusked 33,00 304 18

Parboiled %illed 30400 131 118

parbolled Hendpourded 36,24 ags 112

parbolled Dehusked 44444 449 147

L

Rav Killed 14.80 161 1110

nav Hendpounded 21.12 208 119

nav Dehusked 27,04 2rn 118

Parbolled Milled 206 148 17

Parboiled Hendpoundied 22,16 213 119

Parboiled Dehusked 38,60 288 118

- — e - e AU Y AR WG YD —— -

Kik snd ¥illiens (1948)1° steted that in rice
caleinm and phosphorous are present in the ratio of
1110y vhich 18 not desirsble, as the higher phosphorous
gontent affeoots the utilisation of aaleiun in the diet,



He has suggested 1l¢8 o8 the desireble ealcium phosshoe
rous ratio. Otri (1940)% and Anmes gt al (194896
reported that cnlcium from rice and rioe 4iots was mot
avallable completely, bocause of the high phytin phose
phorous content (58 per coent) wvhioh in turn affeoted
the utilisation of eale¢lum frnm rioe.

In the present astudy, in all the differently
processel rige samplos, the ealcium and phosphorus
ratio although slightly hetter then the figures obteined
80 far, is still on the undesiredle side.

Fo IRops

The 4ifferently proceosscd riee samples were anme-
lysed for the lron tontent and Tadble IX gives the replie
cate vnlues of the sarmles fop iron,



TABLE IX

IRON COMITLT OF DIPPTRTRILY PRICESSTD RICES
ADTy, ARD ASD, (MO/100 0)

WY Wy GO an M AR AR 0 SGh S UDD TBEPAD T WD UPAD QAR YU AaD TP U 0 APGP WP A I A0 Tl WD Gh A o il O Ty AR 0 - W S Al W - el

TuBoe T Tlos emmemm e eeeeo Talie
1 2 3 Bge -

ADTgm
1. 7aw Milled 3.3 444 3.8 4.00
2. Rew Handpounied 444 4.8 4,0 4.15
3. Taw Dehusked 244 2.1 1.9 2,10
4, PpParbolled Milled 4.8 449 448 4.70
6. Pardoliled Dohusked Ee3 25 2.8 £.30
6. Parboiled Handpounded 6,0 Sed 5.3 6,23

A3Dg

i
1. raw Mlilled 3.8 33 34 3430
2., Taw landpounded 148 44 440 4407
3. Taw Dehusized 2.1 2.4 1e2 2413
4. Parbolled ¥illed 440 4.1 4.8 4.07
. Parbolled nehusked 2.3 2.1 240 2413
8. Parbolled Handpounded 4,9 4,6 4.7 4.73

It is evident from the table IX that the values for
irvon content, ranges from 2.1 mg. in rew Jdehnsked sample
of ADTyp rice to 5,8 mge per sent for the pardotled hamd
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pounded samnle of the same strain, The sane effect
is seon in the loesl strain AlDg, in which onse, the
rav dehusked sample has the lovest lron contenty anmd
the parboliled and hand pounied smaple hss the higher
mmounts comperatively.

The iron content 43 not significantly different
in the strains of ries. In general parbolling and
han? pounding incresse the total iron content, Though
parboiling fnoreases the total iron content; acoording
to magannthan (wss)m whé-stated ergt avalladle
iron from the pardoiled rice is oomparatively lover
than the ravw rice.

From Teble ét; 1t 4{a further shown that among
the differently processed rice, hand pounled samples of
rice has higher iron content, which is suspected %2 be
dus t5 the iron ring attached to the pestle used fop
pounding the paddy in the present study. In genarsl,
foods cooked in iron vessels contaln higher amounts
of irony but how far the pestle used in the present
stady for pounding Haddy had any effect on the total
iron content needs to bo verified,

Gs Zhirmines
Table X gives the thiamine content of of the
ri¢ce sacples,
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TADLE X

TUIANISNE CONT™UT OF DIFPFERR'TLY PROCE3ISFD ADTzy
ARD 5305

Bline Jtrain of rics

temple I  ‘temple IT  Hean
. Yalne

| . ﬂﬁ‘a 0gs |
ADTom
1. Tew Killed 02,1318 061320 01317
2. nav Hendpounied 0.2342 0,2700 0.2326
3. "sw Dehusiked 04530 04830 0,4533
4, Prrholiled Milled G170 01714 041712
B« Pardolled Handpounded Qe 18 De3418 0.3418
8. Parboiled Dehaaked 0,4736 0:4740 Ged735
s,
1. 7ew Milled 041060 0.1068 0+1054
2. na&w Nghusked 04,4210 0.,42)3 0.,/814
3, Rav landpounded \ 042372 0,830 0,233
4, Pardbolled Milled 021708 G178 NeX710
8. Pardoiled Dehusked NALT3 0,4486 04470
6, Parbolled Handpounded Os3418 03418 0.3418
DN VI I SO S S ) R T s W T - el Sy 48 P-4 iy e Sl i - i e ]

Kik snd villtems (148)15 and Hinton (1943)%%
reparted that perbolling inereasned tho thismine content
of rice in which the endospern after parbolling is
enriched vith the nutrient. Svarninathan (1046)190
reported that parboiling increased the thisnine content

i;;
two to three tirmes more than the paw ssrples. po
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It 1s evident in this study slso that pardolling
results in apprediedle increese in thiamine content,

From the table ¥ it ean be seen, that the thismine
esntent is not affcoted Y oy strain difference as there
is not much 4ifferonce in the thianmine conteont betweon
ADTgy and ADge

Sanerjee and Guha (1968)25} ansiysed aifferent
varietiss of rice to find ocut the difference between
strains for thismins sontent. Thelir staly rovealed that
there vas no marie? differences between the strain for
thla#lae eontent.,

Hard pounding an! dehusk’ ng also have beneficisl
effects on the thiamine gontent of rice, waninathan
and Bhagavan (1960)1} also state that hant pounded smd
dehusked samples ®re richer in thismine content, when
compared with milled polished samples of rice,

Tadle X shows also an appreciable incresse in the
thienine sontent in both the strains due %o hand pounding
and dohusizing, This %s booause the erlcarp and gem
wvhieh are rich in thiamine are present partially in hent
pounded rigce and completely present in dehusked rice,
Bat in the comerelsl milling snd polishing process tie
gern and peri eup are complately removed, lowering the
thiamine content, The Mutrition Comnittee for the



Jouth and Tast Asia (1986)192 gtated that milling
rosults 1o loss of thismine ranging from 50 %0 785 per
cent. Confirm' ng thel¥ viev in this study slso milled
sacple showed the lovest value for thisnine,



v STHMATY AND CONCLUSIOR

ADTgn which 18 one of the high yielding strains
sf paddy was processed by pardolling, milling, hande
poundiing sn? dehusking and the semples of the resulting
rice were analysed for matritive value and compared with
a local straine of paddy, AdDg.

The proeedures for the different processes were
stendardised for doth the straing of paddy. The natriw
ont analysed inoluded oalories, protein, total ash,
ealeiunm, phosphorousy iron and thismmine,

The findings of the study ares-

1)

8)

The hydrid strain ADTon prove’ to be
significantly superior to A3Dg with
regard to calories, protein and celoimm
eontents. The new hybrid varlety ADT .
vas f>and to onntain protein in higher
concentretion, 12 g, per 100 g. which ia
higher than @ to 8 g, per 100 g reported
by ‘7xvoyd gt gl (1968)%0, |
Parboiling effected an incrense in the
protein eontent of both the strains signie
ficantly. |
Dehusked rice had the higheat walues for
ealoriesy protein, esleium, phosphorous,
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iron an) thismine., NWext to dehuskingy hende
pouniing resulls in the retention of matrionts,
¥illed rice ac-uired the loast retention of
any of the nutrients,

Heonuse of the higher prateln and enlorie contenta
it is econcluded that ADTp, rice hes great potentisl for
solving the esmlorie-protein shortages in ouwr ¢ untrys

If ADTg7 18 parboiled, dechusked ar han'pourded,
hizher amounts of mntrients will be retsined thus increa-
aing further the nutritive benefits of AMTuos
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APPENDIX 11
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Strain and Sample Haan 3tandard ft! Valne

Eeror
A - W e .- ey WHAR AP GG S AR S A A A - S Tt oo WD
ADTon Taw nice 10,44 2 00821
27 parbdoiles nieo  11.81 T ] Se6Te
A3Dg TRav Rice 797 S 02181
 parbolles mace  3.73 3 | 2003
et t

Rav tice Vi, Pordoiled Alce (ADTg7)
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4 = 3.672
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3train of rice Seandard .
("sv ard parbdoiled) ceror | S? 'htlue
Secemnws "’""“"‘""“"-M--‘ -

ADTae 11,25 |

11,90
A3Dg 3435 ‘
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t s SR = 330
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" _BaT2 -
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APPERDIX VI

¢ TALUT CALCULATIONS FOR DIPFERTHTLY PROCRSIFD
RICE ADTgp POR PROTEIN

T “Mean  3tandard  't' Value
3ample ADTgo Frror
1, Rev Hilled vs 10411 1 0450 ! 3.964+*
nav Handpounded 10.87 3 C.l -
Z, Taw Milled ws 10.11 0¢850 |
Raw Dehusked 10,65 é 0.08 | 1E.85%
3. Raw Handpounied vs 10,87 Call ,
" nsw Dehasked 20085 3 0408 § e.sae
4, Parboliled Milled vs 10.34 3 0.19 _ y
Pardolled Handpounded 18,33 3 0,38 } L. 67¢*
5. Parbdbolled ¥illed wa 10,14 Q19
* Parhoiled Nehusked 12:96 é o:ao } Be3800*
8. Pardoiled Handrournded vs 12,33 0,36 ' .
" Parboiled Dehusked 12:96 ¥ 0.20 P 4.008e
S B T AR R S Gl I W TR W i A A T S ag A BSOS VIS AP A S At A A W ol S W S s g il N S g A o~ QTS TR
Ataniard mrrors
&
Revw Milled i = 2 2
im - (Emg

(ne-1)

sa =  508.08 “..&&%ﬁr - W -

A TP Wap 1B A VTS “r ap W@ BUD W

(8-1)
32' 14.08

e - RN

Standayd Trror = 0.8
Based on this caleulations other staniard errors were onlculated .



2aw Nandpounded §

S » 533,51 = _az?a_

S *y SN A T D A A e A

{6-1)
Sz = .2038

» AZL8. . o011

8 = Wlﬁaﬁﬁw

D A SN a R o vl TS R e 4 Sl e

(5«1)

nay Dehuskeds

32 ® 4,23
8 = 1,08

3x c__;‘ggg_ * 0.08

@Y
pardoiled Milleds

8 = 503,00 » g
-
s~ BCE
Pardoiled Hondpoundeds
3 & 783,93 = _?ﬁd}_
(6 =1 .

’.. P
K - %‘ ; B 0,352
8.

Parbvoiled Dehuskeds

S =& 31,010 o A
!5~£; .
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Laleulation of 't Valugste (ADTog)
Rev Killed vz “av Handpoundeds
= ;1 - ‘i"g
THE .- =
Vhere X; and xp are the mean of the two samples to be comperods

771 and Xp are the square of the standard deviation of the
sanples.

* ‘/.-;%9-'%*—3-:%%: = ous

Be 3+

=046
f«--n“‘-nw-- = OQQm

t = 8,064

nev ¥Killed vs "awv Dchusicedy

t 10edl = 10288

= -
g P Gl S A e SR e S TP S
3 .
Jg'mi“‘njl'
. m—-—“
:‘ﬁu-n-*m

3 *® 18,88

Raw Handpounded Vs "aw Nehuskeds
tow _10.57 « 10,60
[woaon < a6
= 0,08
;“0“0“-‘«--‘.
4:.!2]'11 M
t « 5,388

= 1,0933
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Parbolled Mille® vs Pardolled Esndpouniedy

t » [ B - 1%

" <Rl . 5007
~aL00 .
) - .57

Pardolled Milled vs Perdoiled Dshusked
= fal” w 1 8

. a8 » 1,7658

U GO N W Ay R N A e

-QWE.Q:L

t = 54329

Parboiled Handpounied vs Parboiled Dehuaskeds

VAR A oy 00 mip T G gy iyl Y S -l

r_a'-. T P GG D oy waly

t - 4,095
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't' VALUE CALCULATIONS POR DIFPERTNTLY PR CE33ED
RICP SAMPIFS ASDg FOR PROTTIN

g W Tl SR g A A W s Ay T D S A T A W A ey WP WS e S R R i R O Sl Sl Wi A A -y e I

Strain an? sample Mean 3tandard 'ttt Taliae
vealue Error
S W . - g b w0 sy ey o s - e o
1. Pav Milled vs 777 2 0,388 1.424
Rav Yanipounded 7036 20,279 §
2, "av ¥illed vs 777 1 0.366 .
* Rew Dehusiked 3.28 }30.100 { 3.8300¢
3. Raw “andpounded va 7,36 & 0,873 '
* Raw Dehasked 3,23 3 0,200 i 2.783¢¢
4. Parbolled Milled vs 7.30 L 04210 } 15,88+
Parbotled Handpoundedd.0R 2 0,180
8. Parbolloed Milled va 780 04210
® parboiled Nelmsked 0,38 io:w. { 10.G10e
8, Parbolled Handpounded vs 2,08 3 0.210 .
* Parboiled Tehusked 9.36 3 0.4l i 8,236

e AT A G AR A S SN o O oy ¢ A A . gl i - - L - D SRl WRYDap o

raw Milled:
3 n 839,50 - L%?'%
(?mi)

8‘.%30.8&

Raw Handpouniels

8 = 305,83 = gfma’gg.

(8=1)

3z = aBAT6
2.000 * 0,.£733
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Pow Dohuskeds

8 = M7 ’”%_
(B =

X 200 . 00
“6‘.0"0 '

Parbolled Milled:
5 = 899,83 = 162
--‘—-m—‘

) . n-Gan
e el . om

farboiled Hanipoundeds
3 = 407198 e &
w mm

e~

Pardoiled Dehuskeds

§ = 433,4" = 1 SEE:%&

(B=1)
3

x* LRI . caa

Tev Milled Vs "awv Handpounded:

J WA <P D AR W SR W P
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Naw ¥ililed vs Raw Dehusked s
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Rav !iandpounded ¥3 Naw Dehusked:

vr X odad
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surboiled Milled Vs sarbofled Handpoundeds

' - Ledd = 3002
J Q01334 » 2400526
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v 22 -

1
f (e N 2430

t & 1,434
sarboiled Milled Vs  rarboiled Dehusikeds
$ @ _T.90 = 9,36
J 222162 » 0.0014
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» 56
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Parboiled Hand rounded Vg rarboiled Jehuskeds

b o _3.02 = 2,9
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