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I. INTRODUCTION

Rice, considered as the 'Queen among cereals', is one of
the important fbod grains cultivated by man from the beginning
of history, Rice is the staple and mainatay for hulf the world's
population (Spring, 1966), Randhawa,(1960) and Patwardhan, (1961),
The Food and Agriculture Orgamisation of the United Natione (FAO)
(1966) points out that for hundreds of miliions of people in Asia,
the rice crop is virtually the sole livelihood.

Parthasarathy (1966) and FAO (1966) have estimated that for
over 1,400 million people in ths Par Hast, including the Mainland
of China, where nine tenths of the world's rice production is
concentrated and cors umsd, rice furnishes more than half the daily
reqirements of calories and a major portion of protein., Accord-
ing to the PAO (1966), the mumoer of people depending solely on
rioe for food, approaches 200 million in India alone., The gulti=-
vation of rice occupies half to two=third of the arable land in
India,

Rice i3 becoming increasinsly popular also in many othar
parts of the world, Perhaps titmt is the reason why Cousins (1964)
urged that any genuine improvement in human condition on this

planet must be concerned with rice, The FAO had also desigmated



year 1966 as the International Rice Year, During that ysar intonsive
efforts were initiated to solve the problems of rice production,
processing, wastage and utilisation for better nutrition of the
people., These efforts have resulted in vast agronomic developnent
in rice bre:ding.

Parboiling of rice is a traditioml practice in South India and
other parts. Parboiling has bea defined by Charles (1930) as a
method of steeping, boiling and drying paddy. It helps %o harden
the high yielding soft varieties of paddy before milling through
gelatinisation of the starch in the rice graln, thereby minimining the
breakage of the griin during subsequent polishing. Congsequently the
yisld of head rice is inoreased up to five to ten per cent in the
case of hard varieties. Parboiling thus adds to the total rice
ecanomy of the country. Besides the economic advantage, parboiling
brings about a higher content of vitamns and min rals as gompared to
raw rice. Parboiled rice has better keeping quality simoe it is
more resistant 1o insect attack than raw rice., (Gentral Pood Techno-
logloal Research InstituteProject Number seven).

Sweminathan and Bhagavan (1960), Ramamurthy and Gopalan (1966)
and Prema (1967) have demonstrated that parboiled and dehwsked rice
contain hizher quantities of minerals and vitamins than the corres-
ponding raw samples of: milled rice., The National Research Council
(NRY) of the U.3.A.(1945) hss also shown that parboiled rice is

better than raw rice became of its greater contenmts of thianine and niacin,



The FAO (1954} has stated that parboiled rice oontains two to four
ties as muxch thiamine as milled rice,

Patwardhan (1361) has stated tlt the x practice of parboile
ing is old, The parboiling proces.ies are still empirical with alight
dif ferences in the time allowed for soaking, temperature of atep
water, renewal or otherwise of steep water mnd period of 3te$ming.

Some stulies on the standardisation of parboiling process are
available., Revathi (1967) found that six hours 'cold soakin:'
followed by parboiling gave grester milling out turn than with three
and twelve hours. Sarda (1965) and CPTRI (1959) observei that hot
soaking for three hours at 70 to 75°C aml then parboiling has the
following advamages over the traditional method,

There is reduction in soakin, itirme from two or three days in
the "oold sosking' method, and from one day in the 'doubls boiling'
method, to three to four hours in the 'hot souling' methoi, This re-
duction redw es the procesuing time comsiderably and mekes for larger
production of rice by minimising the breakage during millin:. The
developmernt of bad smell through microbial spoilage in the three day
soaking is avoided by this i proved method, The labour cost 18 Al ®
reduoced by seventy five per cent. The water requirements in this method
are szaller than in the cold socaking mestihuod, as frequent changes of soak

water are not necesaary. Steam consumption 18 reduced by twenty five

per cent.



While it has been proved that parboiling ‘“hrough these
improved methods have omrjal advantages, information is not
available on the nutritive .v:lue of parboiledi rice, processed by ‘
'six hours cold so .king' and 'three howrs hot soaking' method,
:rhoroforc this investisation was undertaken to find ocut th» erf‘feot
of cold and hot soaking process in the parboiling of padiy,on its
nutritive value, calories, protein, iron, phosphorus und thismine

in serms of contenta,
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II. REVISW OF LITESATURE

The literature relevant to this study is reviewed uador the
following headinges
A. Cultivation of rice
B, HNutritive value of rice
C. Steps involved in the process of parbeiling
and D, Changes that ogour during parbeiling padiy
1. Sosking of paddy
B. Parboiling of paddy
3« Drying of paddy
and 4., Delmking of padiy
A. Qultivation of Sice
Rice is a menber of the great family of grass<s, It prodices a
fruit that for hunireds of millions of people epitomises the difference
betwo:n plentitude and scarcity, fulfilment and hunger,and 1ife and
death. Pal (1966) reported that the area of land under cultivation of
riee in India is the largest being 3,38,59,000 heaotacrea, She has cul-
tivated rice since prehistoric times. Rice has alwuys occupiaed a pre
eminent place among her food crops covering now more than 30 par cont
of the total annual cultivated area. Rioce not only forms the mainstay
of the diets of the majority of the people, but also bears a large

influence on their life and eeomomio cemditieuna (Chose et al 1960},



The Central Food Technological Research Institute(195)) has
reported that paddy 1s essentially a orop which thrives in tropical
ragions, Nevertheless in sub-tropical countries such as Italy amd
Spain also paddy is being ocultivated. Although rice has bean culti-
vated throughout Asias, tropical ylelds are deplorably low by world
standards (Jackeon 1967), National average yields for countries
in temperate zones such &s Japan, Australia and the borders of the
Medi terranean, range from four to six tonnes per heotare, The corres-
ponding figwes for tropical countries seldom exceed two Sonnes per
heatare, The average Indian yi~1d is about 1,5 that of Thailand
1.6,and of the Philliprines only 1.2 tonaes,

In recent years, the production of rice in India has not kept
pace with its increasing population. Eighty per cent of her popu=
lation are gtill depondent, directly or indireotly, upon agricule
ture. Ramiah (1366) obeerves that the inarease in rice production
has been offset by the population growth, r\osultim; in bottlenecka
in me~ting the consumers': lemands for rioce,

Based on the findings of resezrch carried out in the Cut tack
Rice Research Station, Aduthural Rice Bre:ding Marm and other Regearch
Stations all over India aeveral atte:pts have been initiated to grow
more rice, The benefit of developing hybrid varieties of food grains
has been realised by agriculturl institutes and experim-atal farms

in different parts of the country,



B, HNutritive Value of Rice
Even a small chunge in the nutritive value of rice c.: affect

profoundly the overall nutritional quality of the diet ani conse-

que kly the health of the people. An elementary knowledge of the rice
grain strusture would help a bet ter understamiing of the nutritive
value of rice,

The rice grain, as ob:ained by mild debusking of pad.iy, conudste
of three partss

1. Germ

2, Pericarp ar outer bran layer
and 3, PBndosperm or inner core of the grain,

The zerm and the bran layers contain most of the protsctive
nutrients such as viiamins and minerals while starch mikes up the bulk
of the inner core, The pericarp contuins thebran with 5022&:113 t;c
germ also contains some fat, Different varie tims of the gom:only used

rice, have approximately the following same composition (Rama Sasiri,

1967) given in Table I,
TABL® I
NUTRITIVE VALUR OF RICRE

(values per 100 grame of rice)
PN AR NS YR AR VST IR SR T CIET S IR TR AR

Raw rioce _Parb. iled rice
Handpounded Milled Handpounded Milled
Protein(g) 7.3 6.9 845 6.4
Pat, (g) 1.2 0.5 0.6 0.4
Carbohydrates, (g) 80,1 32,1 T7.4 79.1
Calcium , (mg) 13,0 10,0 10,9 10,0
Phosphorus , (mg) 182.0 97.0 280.0  150,0
Thiamine ,(mg) 0,21 0.11 0.27 0,21
Riboflavin, (mg) 0.16 0.96 0.12 0.79
Hicotinic acid (mg) 2.5 1.0 4.0 348

2 D3N, RTINS ST IR SN TR NS TS T SR - e RIS



Carbogzdratoa

According to Swaminathan and Bhagavan (1960) rice 13 the most
inportant source of carbohydrate in the South Indian diets due to
ita high carbohydrate content. It is valuable chiefly as an aconomical
source of energy. The percentuge of carbohydrate varies deponiing upon
conditions of growth and the procesaing methods adopted (Jsec, 1959),
Stanley and Cline (1950) pointx out that the starch is stored in the
endosperm along with a little amount of protein, minerals and vitamins,

According to Harris and loesecke (1360) staroh is the principal
constituent of the rice kermel, comprising over 85 per cent of the
dry weight of the brown rice and over 30 por cent of the dry weight of
polished rice, The starch of the most long-grain varieties oontuins
16 to 25 per cent amylose, whereas that of rice of the meiium .:nd short
grain varieties is lower, thut ia, 12 to 15 per cent. Small amounts of
cellulose are presemt in brown rice as comstituerts of the pericarp,
but they are removed almost entirely during miliing, Hemicellulose is
found 4in the outer parts of the kermel and removed by millin:.
Protein

The protein of rice, according to Miller (1360) is of grent sig-
nificuance because 24 per cent of the total protein in the average Indian
diet 1s derived from this souwrce., Harris md loesecke (1)60) pointed
out that the protein is present in fairly lirge concentrations in the
embryo aml the aleurone layers, but ocours to a mirh lowar extent
(6 to 8 per cent) in the starchy endosperm. The protein of polishaed rice

is largely glutelin with small amoun$s of globulin and prolamin fractions.



The chemical c amposition and nutritive value of rice dists have
b e studied by Aykroyd et al (1940), Mason et al (1946), Done (1949),
Kuppuswany and Giri(1949), Desikachar et al (1956) and #arnick gt &l
(1956). McCall and others hive reviewed the chemicul composition of
rice upto 1951, These stulies s owed that rice is a poor source of
protein., The protein ocontent 1s lower than that in moat varioties of
wheat and maize, The total protein content of rice varies from aix to
nine per cens. Sadasivan and Srinivaaan (1938) reported that coarse
and oo loured types of 1ice generally have more protein than the fine
grain types,

The quality of rice protein has been studied by various wrk:rs,
The PAO (1954) has summarised that the proteine of -ice are of good
quility and compare favourably with proteins of whole whesat andi maize
in amino acid contemt, According to Ramesastri (1967), although the
protein content in rice i1s much less than that of wheat, the quality is
superior to that of wheat protein, as judged by Pritein HEfficiency Ratio
(»®R) [(Swaminathan, (1937) md Basu and Basak (1931ﬂ. .

Patwardhan (1961) poirmts out that several reports of inveotiiations
have shown that the digestibility of rice protein is well over 90 por
cent and 1ts biological value is also comparatively high. Through diges-
t1ibility trials with cereals and aoya meal, Hsu and Kung (1948‘) cone-
ocluded that rice had a higher biologic 1l value at 81,3 par cent, than
millet amd soya meal which had 70.6 per cent as the biological values,
Mitra and Verma (1947) and Mitra et al (1948) registered a high biolo-

gical value for rice protein in their human fe :ding trials,
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The aino acid content of dif ferent vari eties of rice vary con-
siderably. The amino acid composition of rice has been stud ied by
Block and Bolling (1951) andi they recorddd that rice is deficient in
lysine and threonine. The protein content of succesaive peripheral
layers of ~ice remowed by the tangential abrasion process show in
general that the protein concentration is higher near the pariphury
of whole grain (Normand et al, 1965) and there is no essential diff-
eronce in amino acid comtont of the rice protein (Ndrmamd -t al, 1966).
Fat

s amde

According to, Ioesecke (1960), fatty materials are found in alg-
nificant amounts in the embryo (about 13 per cent lipid) and in the
aleurone layers of ice., Brown rice comtaine 1.5 %0 2.9 por ¢ nt oil
which 13 a mixture of triglycerides. The 1lipids of rice cont ain three
to nine per cent of fat located mostly in the outer bran layer and the
germ,

Vitamins

Rice 13 a good source of gev:ral water-soluble vitaminz whih
are conocentrated in the embryo and the aleurons layers of the andos-
perm (Hartis and Lomsecke, 1960), According to Aykroyd (1966) noted
@ high thiamine content in rice ranging from 0.21 %o 0,27 milligr-ms,
The nicotinic acid ranged from 1,2 to 4,0 milligrans per 100 grams of
rice,

Patwardhan (1961) is of the view that dietaries based on rice,

have rice as the major source of thiamine apart from protains ..nd starch,
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Sixty six por cemt of thiamine is loecated in the embryo. S0, the
contribution rendered by rice to dietary thiaunine is conditioned, by
& pumbar of oircumstances, raw or parboiled ani hanipoundad or milled.
In raw rice, thianine and niacin are concentrated miinly in the gxan
germ and psricarp. ‘“hen these are removed by milling, the grain hus
lost most of its vitanins. In contrast in parboiled rice, the vitamn
has diffused through the endo sperm. Although germ and paricarp have
beon removed, the grain would atill cortain most of the vitaming

(Rama Sastri, 1967).

On th other hand, hand pounded rice is richer in B vitamins,
because the germ and bran are removed only partially, Howaver, the
bran layer is attached loosely to the grain, Therefore extensive
washing will rewove the vitamins contained in it. (Rama 3astri 1967),
Ghose et al (1960) hold that the chief virtue of hamipounding is that
it giwas a medium polished rice with a high thiamine content, Pat-
wardhan (1961) reports that the time honoured but slow method of hand-
pouding is less destructive in that 4t gives nutritionally a better
product. The removal of brun layers is imperfect and hence the losases
of nutrients also are lsss compliete., In machine-milling, upto 75 per
cont of thiamine may be loat in the bran, higher losi:es are not un-
known. In handpounding, on the other hand, losses average aut 25 per
cent, ’i‘he nutritive value of handpounied and dehusked rice have been
found to be higher than that available after the removal of bran which

is rich in the nutrients like thiarine, protein and mineral (1960),



Joachin and Kandiah(1929) proved the superiority of undermillod rice

in terms of its protein and calcium contents.

TABL® II

I05$S OF NUTRIRNTS DURING POLISHING

TRTIBTEAS TS TR AN CRIRTRLE MEET T I THER TSI TR IR IS S I I RSN S ST TR TR S WA M O ST ST SIS TR 2

Rice Protein Calcium Phosphorus Iron —iboine

Thin= Nig-
(g) (fmg) (ng) (mg) min e
Q) (m)
a. Dehusked % 7.7 15 368 4.0 360 3.5
b. Handpounded % 7.2 13 146 2.2 130 2,2
c. Polished % 6.9 10 107 2.0 195 1,0

M AN TR TN 2 TR 1 TR U SN T T TN AR T T SR T AT ST Y T SR AT T o ot D S

o8 Iryrenr
The adove figres quoted by Patwardhan (1,61) revealad that the
chemical composition of nutrients of the handpounded or wrermilled

rice is superior to the polished rice. The utilisation of the nutri-

12

ents espeoimlly the proteins in the undermilled rice has not been aliown

t be similarly superior.

In parooiled rice, losses of vitamime due to milling and washing
are minimal, Parboiled rice according o Patwardhan (1961) may lose
ten per c:nt of vitamins during milling aml washing. During parboil-
ing procoss 'B' vitamins especially thiamine, sitha diffuse into the

inmer core or adhere so firmiy to the grain that even high milling

does not bring about a signific nt 1loss of the nutrients (Rama Sastr1,1967).
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Minerals

Rice 18 a poor sowrce of c:lciws smd iron, but contains consde
derable amounts of phosphorus, but the calcium and pheaphorus ratio
is unfavouruble besing 1110 instead of the desirable!:2, Swaminathan
and Bhagavan (1960) and Ghose and coworkers (1360) have reported thst
rice contains negligible amount of calcium raging from ton to twelve
milligrame per cent. While the ocontent of oalcium is low in rice,
its svallability is high as shown by the carly experiments of Najuj\ﬂdar
and De (1938) who dememstrated tirough feeding triak, with different
cereals, that rioce gave the highest retention of calcium, 87.1 par
cent when compared with 73,5 per cent far wheat,

The nature of phosphorus present in rice has been studied by
Sundararajen (1938), 6irt (1940) and Ahmed et al (1945). All these
wokkars are of the view that aggrewmtion of mineral imbalance in rice
dicta is due to the presence of phytin phoephorus in rice diet. Aykroyd
(1964) esmsidered that phytin phospherw imterferes with tho aosorption
of dietary calcium and iron. Yet, Miller (1960) was of the opinion
that phosphorus in rice has consid erable signifi c:mce in the diet.

C. Stsps Imolved in the FProcess of Parboliling

According to Gupta (1967) procesing is an act or saries of acte
which make & cammodity more suitable for finmal consumption. In other
worda, it adds utility to a comrodity,

dveenirasan (1966) said that most foodstuffs are not fully acceptable
in the rav form and have to be processed for better absorption, for im-

proving their acceptsnoe or for mking them avalilable for longer periods.

.o ﬁ"
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Such provessing may entail some loss of certain nutrientyg, but, as a
result of advance’in nutrition, adiverse effects of procesiing, whene
ever they e:ist, are becoming clearer :nd are being overc me by suitable
pro cedures,

The PA0 (1966) reported that prc:assing rice, differs fumanontally
from that of other importamt cereals. When milling wheat, the grains
muet be ground very fine to obtain flour, while in the progeasing mmd
milling of rice, the aim is to keop the grain as nearly whole as poasible,

Ghose 2t al (1960) pointed ouwt that the beginning of the pract ice
of parboiling in India, 1is not knovn with certainty, although the
technical and nutritional advantages of parboiling were known %o our
ancients, The discovery of parboiling is one of the most important
achiovements in food scierre and the credit for this discovery belonge
to India,

Agcording to Davidson and Passmore (1966) ‘parboilin;' meana the
steaming or boiling of unhusked rice after preliminary saaking. Patwardhan
(1961) desoribed that the parboiling consists in scaking paddy in cold
or warm water for varying lengths of time, followed by steaminz =4ill
the grain becomes soft and partly a wholly cooked, The excess water
is drained off and paddy is spread out to dry. Dried parboiled paday
i@ then hulled()\ivim a product known as 'parboiled rice'. Mechan et al
(1961) stated that the process as, pre-cooking and drying. Grist(1954),
Milton et al (1952) and Kent and Amos (1947) pointed out that parboil-

(
ing involr-es soaking, steaming, and drying paddy.
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0. Changes that gccur during parboiling paddy

According to PAO (1953), and Davidson and Passmore (1966), the B
vitamins originally concentrated in the germ and aleurons layer diffuse
through the grain and distribute in the core of the grain, thus secend-
ixg accounting for their greater retention in the parboiled milled
rice, Hinton (1348) domonstrated that a redistribution of thiamne
from germ, scutellum :nd aleurons layers took place during parboiling
with the result that the endosperm became richer in thiaamine than that
of raw rice. He also coniirmed Nicholl's suggestion that the germ and
scutellum attained a firmer attachme® to the reat of the grain during
parboiling .

Rice parboiled before milling retains rrom 50 to 75 par cent of the
original vitamin content as compared with 10 to 20 per cent in maw
milled whitex rice (3tanley and Cline, 1950). Kik (1956) roport/’#hat
substantial increases in thiarine, riborlavin and niacin resulted, when
rice is parboiled,

Change in the colour ocouring during the parboiling process,
according to CPTRI (1956), is due to the pigmrts of the bran espe~
cially in the reddiish varieties of rice, and the time and varie ty of
heat treatment (Simpson 1965) given to the paddy during parboiling, The
longer and more severs the heat treatment is, the greiter the x yellow
tint in the finished rice., The colour i8 partly darived from the husk,
but is mainly due to dextrinisation of the rice starch. According to
Hogan (1965) the characteristic strong flavours and the accentuated
yellow to awber colour of parboiled rice is due % the migration of

substanoces from the husk int o the emdosperm during soaking and steaming.
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Kurien et al (1964) found that parboiling treatment resulted in minor
alterations in the dimensions of the milled grain., Therafore, tie
importance of an optimum steaming period to obtain a balance batween
swelling quality ani increased yleld of head rice has been emphanised,

ng padd

CPTRI (1959) reported that in the traditional method of parboil-
ing, paddy is kept socaked in cold water for two ar thee days, During
thie long period of soaking fermentation takea place ami the riee picks
up an undesirable odour which is rather offensive,

Instead of prolonged cold soasking pracess, the Central Pood Tech-
nologicsl Research Institute, Mysore, has shown that parboiling of paddy
can be profitably done by soaking paddy in water at 70 - 75°C for 3 houre,
The use of hot water at this temperature m kills the mic ro-organisus
which bring about the offensive odour,

Bandogadhyay and Ghose (1965) carried out the studies on the hy-
dration of Indian paddy and poinmted out that the rate of hrvdration
has been found to decrease with increase in soaking period and toixx in-
crease with rise in temperature. The highest initial rates of moisture
uptake are indepsnd-ent of soaking temperaturs, The opti:mm soaking
temperature 1s 75°C and the time talen for soaking at this temperuture
of differcnt varieties of paddy does not exceed 3 hours, This period
is not effected significantly by soaking at 80°C, At this temperature
the graina burst, acolerating water pick up rates,

According $o Mecham et al (1961) improper soaking resulted in
incomplete gelatinisat ion and high proportions of Lroken kernels in

the dried and milled product.
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2,. Parboiling of paddy
ICAR (1960) described the household practice of pariling us

that of usually raising the tempe rature of a mixture of paddy and

water to simnering or boiling point and allwing it to 6odl gradually,
The soaking water is then drained off and the paddy is dried, Accord-
ing to Charles (1930) and Patwardhan (1961) the tradi tional method of
parboiling is stezping the paddy in warm water for a numbar of hours 15,
18 or 24 according ’to circumstances. The soaked paddy is steamed, dried
in the sun and then milled or handpounded,

ICAR(1960) reported that in the com ercial ¥raditional methods of
parboilinz , t.© procedures are gensrally followed. They are 'cold
soaking' with *single boiling' and ‘double boiling'. 7In the cise of
'asingle boiling', the paddy is immersed in water for 2 or 3 days to per-
mit the water penetrate into the graims thoroughly, steamed anl then
dried. In the 'double boiling' process, puddy is steamed and disw
charged intox & large tank of cold water, ar paddy is poured into warm
water which has been heated to 60°Ce The tempe rature thea fills down
to 30 - 40°C, becoming a fine medium for fungi, and emitting effenaive
smell, Thereafter it is steamed and dried. During steaming the bad
odour is enhanced. mwmm ICAR 1960).

Desikachar et al (1957) have remarked that both the 'oold suaking'
me thod and 'double boiling' method yieM a bad smelling product. They
assert that below 40°C, vigorous fermentation develops oausing ax bad

smell, Simpson (1951) amd the ICAR 1955) consider tre golour, taste and
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odour that render parboiled ric:e unpalatable to those acocustomed to
highly milled raw rice, as the disadvantages of parboiled rice,

In the year 1952, the Rice Technological Commit:ee appointed
by the Government of India spormored a research programme to improve
the methods of parboiling. The pionmeering work was done by the cawd-
ttee and the su;jestion made by it was, instead of soaking the paddy
in cold water for two to three days, the temperature of the soak water
couldbe 1ncr§aaed to 65° - T70°C, whereby the soaking period is reduced
%o few hours and the fermented smell is completed sliminated,
Desikachar and Subramarsysm (1957) claimed that with minor chunges in
the customary methods, the principle of hot asoaking could be applied
as an Lmproved method 50 as to be more economical aml to A ve a whole-
some product free from smell.

3. Drying of paddy

Varying me thods are used for drying paddy with little uniformity
or atandardisation, The grains may be spread on the stona or cone
crete flour and dried in the direct sunlight or in the shade in a
windy place,

According to Srinivasan (1935) the traditional practice of
dryin; paddy is to dry the parboiled paddy im the sun for eight houra.
Suoch drying has to be done with care because under or over drying will
afiect the milling quality. Ramaiah (1937) anmd PA0 (1954) explain that
if drying takes place too rapidly the outer parts of the grain nay

beocome dry while the interior may remain moist and the ricae dried.
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in this way may subsequently deteriorate rapidly. On the other hand,
decomposition may occur if drying is too slow am! the whole grain will
remain moist for too long a period, According to Bhattacharya (1967)
slow drying of parboiled paddy in the shade leads to excellnmt miliing
results (0.4 to 1 per cent brokens in total milled rice), but rapid
drying in hot air (40 - 80°C) o 4in the sun given very high hreaknges
on milling (30 to 95 per o:nt).

Jai Pal 3ingh and Dharma Rao (1966) diacourage dryinz paddy in
the sun on cement floors as this proboss develope cracks imside the
endosperm besides the losses caused by birds umd rodents, Govindaswami
(1966) reports that head rice recovertes due to mil'ing of raw rice vatied
from 52.3 to 54.4 per cent in the case of shade drying of pad.y and from
42 to 51,0 per cent in the cause of sun drying. Through their experiments
Govindaswami and Ghosh (1965) concluded that sha.e drying was the best,

Govindaswami (1966) and Yhattacharya (1967) state that the miliing
quality of parboiled paddy 13 seriously effected by improper canditions
of drying. Ioren (1950) recommends carsful drying of parboiled paddy
to result in high milling quality,

According to Govindaswami (1966) % e optimum moisture content at
the time of milling of paddy is important for getting naximum oute
turn in milling. Pingale (1966) points out that the optiwum moisture
content at which the breakages are least im 14 per cent. It i8 generally
considered that the maximum moisture content ofrice for slorage should
not exceed 12 to 14 per cent (FAO 1953), Jai Pal Singh and Dharma Reo
(1966) consider that the storage 1s easy and simple provided the moisture

contat 18 not higher than 14 to 15 per cent, Internmational Cooperation



Administration (1967) reports that in the humid regions of South Fast
Asia, moisture content must be controlled within 10 to 12 per cont, in
other parts of Asia, Europe and the Western Hemisphere, 12 % 14 per
cent is desirable for paddy rice. "ere the moisture contont exce-ds
the above limits, s® red rice develops heat which causes discolowra-
tion and objsctionable odours. The interior of grains becomes soft
and subject to excessive breakage resulting in s:bstantial losses in

salability.

4, Dshusidng puddy
Paddy after drying is processed into rice either by hanl pounding

or milling o dehusking using ;;ear driven paddy dohusker,
Handpoundiny paddy

Acoording % ICAR (1965) handpounding of paddy to re:ove the husk
end the outer layors of bran is the oldest known method of converting
paddy into rice,

Sarin (1366) reports that in India a larger proportion of ride
oonsumed continued to be handpou_nded. Aocording to ons ejtirate, hand-
pounded rice accounts for 40 per cent of the total production of :ice
although the consurmption of machime -milled rice has inerensed in recent
years,

Ghose et al (1960) states that millirg of rice in smll quantities
in village homes using the various types of traditional ejuipmant comes
under the term "handpounding". The pounding breaks the outor husk ami
allows it to be separated by winnowing. 3Soma of the germ and part of the

pericarp 1s removed, the amount depending on the vigour and duration of

the pounding.
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Certain disadvantages of handpounding as compared with machire
milling have to be pointed out in this connection. Imcius (1961) am
Williame (1951) have warned that handpounding of rice does not always
ensure a substantial retention of bran., Doris (1966) amd Sontaky (1966)

point out that handpounding produces a higher parcemaze of broken rice,
According to Patwardhan (1961) the undermilled rice does not atore well,
The amall amounts of fat in the grd n tend to get ramecid and apoil the
quality of the product. Furthar, owing to the high humidity which exdsts
at certain timea of the year in most of the rice producing and consuring
regions it falls an easy prey to bacterial and furgal attack, The res-
ctriction on milling of rice raises the problem of the high ph:tin con-
tent of rice interfering with the obsorption of calcium md fwon,.

1 add

The mechanical mill has nearly made the handpounding industry
outmoded because it is very quick, efficient and above all labour osnving
(CP~RI, 1959). Doris (1965) remarked that about 20 million tons of paddy
was processed by comrercial mills in India,

Harris :nd Ioesecke (1960) define milling as the a:ries of mechanical
operations that remve the hull, embryo, and the outer layors of the rice
kernel. The objeoct of rice milling is to rempve the impurities, the
husk ani also the coloursd outer epiddmis of the rice grain, 30 as to
give the rice the brisht coiour and the more pleansing appearance demmnded
by the consumsr,

Milled rice consists of whole or broken kernale of rice from which

the hulla and practically, all of tha germ and bran layers have been removed,
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Internatioral Cooperation Administration (1967) estimates when the rice
grain is broken down in the succesiive atages of the milling process,
about 25 per cent by weight of the original rough rice is hulls or

husks., The balance 13 the husked kemel or brom rice, Harris und
Ioesecke (1960) explain timt the degree of milling that 13, the complete-
neag with which the embryo =d aleurope layers are removei, mgy be varied
to suit the taste or customs of the cons .imer or to econform with officid
regulat iona,

Factors affascting the milling yield
Deodhar and Dandehar (1965) points out that both raw pddy and

parboiled paddy are subjected to milling. The prcportion of rice, broken
rice aml bran vary according to the material procesned and the equip=-
ment used for processing. Parboiled paddy generally gives a higher out
turn about five to ten per cent (Ghose et al ) of whole ~ice du- to the
hardness of the parboiled grain than the raw rice, Davidson and Passmore
(1966) and Douglas (1930) stated that parboiling splits the woody husk

and renders its subsequent reoval easier., Desikuchar and Subramaniam(1957),
Lugui et al (1963), Te Tzu and Elisco (1965) und Govindas mmi (1966) indi-
cate that parboiling reduces breakage of grains., Parboiling paddy before
milling, sccording to Browm (1965), increases the out turn of most Indian
paddi=s by preventing millinz losies associated with sun cheacks, soft
staroh and inferior miliing equipmert. Vijayan et al (1965) report that
parboiled head rice recovery ranges from 46.5 per cemt to 76.4 por cent

dep:nding on the variety,



III. EXPERIMYNTAL PROCEDURE

The alm of this investigation was to find out the effact of 'six

hours' cold soaking ani 'three hours hot soakirng' in the parboiling

of padiy on the nutrient contont of rice, either milled or handpounded,

Accordingly the experimental procedure involwed the following stepss

A, “btaining parboiled rice

1.
2.

3.

4.
5¢
6.

7.

Proouring and cleaning the paddy
Selection of utensil
Soaking the paddy

a, Rither cold soaking for six hours at room temperuturs,or
b. Hot soaking for three hours at 70° - 75°C,

Parboiling the paddy
Drying the paddy
Dehusking the paddy
Handpounding or miliing paddy

Cleaning the rice.

B, Nutrient analyasis of the differ:ntly processed parboiled
rice fors

1.
2,
P
4.

and 5,

Calories
Protein
Phoaphorua
Iron

Thiamine.
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A. Obtaining the Parboiled Rice

1. Procuring and Cleuning :he Paddy
The paddy required for this stu'y was caloulated to be 150 Kge

purc. ased in one lot from the Central Parm of the State Agricultural
College and Research Institute, Coimbatore, The FAO(1966) has raported
tmat amall stones and dirt going into the husker sheller cause increased
breakage of rice and’ loss of out tuwrn. Therefore the selected sumple
of ‘paddy was cleaned in batches of six kilograms using a bambo winnower
and made free from grit, dust and stones,
2, Selection of utcnsil

In order to inareuse the effiociency of the utensil in stamardis-
ing the houiehold method of parboiling, Revatid (1967) modelled an
utensil as shown in Pigure 1. That utensil was selected for the present
study. It was of ten litires capacity.

A tap was fixed from the bottom of the utensil at the point 'A'
in Pigure 1, to drain the water. A perforatsd circular plate was fixed
at the junction of the tap at 'A' to prevent paddy being washed out
with the water, A 1id was uwsed to protect the paddy from being conta-
minated by dwt and to malntain the temperature commistent to the extent
posaible while 'steaming' saddy.

3. Sosking the paddy

a. Cold soaking for six hours at room temperature

Six kilogr:ms of paddy were weighed after cleaning and soaked in
five litres of cold water at room tewerature for six hours in the

utonsil shown in Fi ure 1. The utensil wus kept open during soaking .
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Figure 1
UTENSIL USED FOR PARBOILING

a. Perfarated circular plate
bo Tap
¢, Iid,

> &



The room temperature was noted every hour during the mxxx six hours
of soaking. The mean temperature was taken as the room teperature.

b. Hot soaking for three hours af 70°C - 75°C,

Six kilogrums of paddy werc weighed and put into eight litres
of boiling water in the utensil show in Pigure 1. The taperature of
the soaking water was maintained between 70°C - 75°C for three howrs,
Care was taken to aoak the paddy completely and to maintain tha water
levsl at 2.5 centimeters above the paddy, for all the three hours, The
utensil was kept open throughout the soaking period,

4. Parboiling the padiy

After six hours of soakingin the cold water at room Lemperature,
the paddy was parboiled until the steam started coming out vigorously
from the surface of the paddy, that is, one hour,

In the case of tho paddy souked at 70°C to 75°C for three howrs,
theee litres of water were drained out before parboiling as there was
excess water, The paddy was then parboiled until the ateam came
vigorously from the surface of the paddy, that 13, in hal £ an hour,
5. Drying the paddy

In the case of both the cold and hot watar smked paddy, one
litre of water whic. was remaining after parboiling was drained out
and the paddy was dried in the :hade, Shade drying was salected be-
cause Uovindaswami and Ghosh (1965) had concluded that shade drying
was the best. The room temperature was noted at four hour intervails

of drying and the average taken as the drying temperature, The moieture
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content of 50 grams of all the samples was tested at 12 hours interval
using the Universal Moisture Testing Apparatus with the help of the
Secd Testing laboratory in the Stute Agricultwe College and Research
Institute, Moisture was tested till the paddy reachased aporoximately
x 14 per cent level, as this srount of moi:ture was found by Jui Pal
Singh and Dharma Rao (1966) to give good head rice return.

6. Dehusking the paddy

Hampounding and milling were sel-cted as the dehusking processeas.
The hamipound ing was done using the traditional wooden mortar and
peatle, Miliing was done in the mechmnical mill, Only one poliahing

was given to the paddy to minirisze the nutritive losses dus to polish-
irg.

7. Cleaning the rice
The bandpounded and milled samples of rice were win:iowed by sing

hand winnower and the broken rice and husk were removed to retain the
head rice alone. The samples were stored in bottlea, labelled aml
usad far nutrient analysia,

These proossses were repeated six times, and the menn results
caloculated,

B, Nutrient Analiais of tie Differently Prooessed Parboiled Rice

41 ,Calories
The caloric content of the sample of rice wnas analysed using the

Parr's Oxygen Bomb Oanlorimeter (1960). The method is given in

Appendix T



Protein

The protein content of the samples of rice was estimated by
the Microkjeldahl method as desoribed by the A,0.,A.C.(1963), using
the converaion factor 5.95 for the c::loulation of protein., Since,
iso lated rice protein contains 16,8 per cent nitrogen, the factar o
5095 has been recommended for conversion ofithe nitrogen content of
rice to protdn (Harris and Ioesecke 1960),

Phosphorous

The phosphorous content was determined by the Piske and Subm
Rao's method (1954).

Iron

Iron was estirated by using the method of Wong as dascribed by
Hawk et al (1954) .
Thiamine

For the estimation of thiamine, the thiochrme method was used
as described by A.0.A.C. (1960) with modifications. The method is

given in Appendix,Ti

AL



IV, RE3UVITS AND DISCUS3ION

S3ix rice samples were soaked for six hours at the room

temperature and the other six eoaked for three hours at T70°C

and both were steoamed subsequently. The parboiled paidy after

drying was dehusked by handpounding or milling and the 24

sumples were analysed in duplicates for the following nutrient s:

A,
B,
C.
D,

and R,

1.:Calories

Calories
Protein
Phosphorus
Iron

Thiamine,

The nean ocaloric content of the differently proceased

parboiled rice is presented in Table III. Statistical anm-

lysis and analysed mean values for calories are given in

gl

Appendix 7V and respectively.
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TABIE III

MFAN CAIORIC CORTENT OF THE DIFPERENTLY PROCRSIED
PARBOIIED RICB

(Mean values of duplicates)

= = MEX: MmxBWER: 3 TR THETREINEN
Calories S8ource of Variance
Code Processing ¥ethod per g. variantion Ratio(P)

1. Hot soaked handpounded 361 + 1.2 1 va 2 4,011
rice.

2¢ Hot @oaked milled rice 370 * 2,2 1 va 3 U043
1 va 4 0.0004

%« Cold soaked handpounded

rice. 360 : 1.2 2 v 3 4.,8%

4. Cold sonked milled rice 361 + 3.4 2 va 4 3.739
3 ve 4 0.072
122 vo 324 2,294

- XX = TR R NS NN TR TR ST NI E IR
*3ignificant at 5 per cent lsvel,
a,Mean + standard error

The difference in the caloric contant of the handpoundad
samples of rice of the hot scaking process and those cobtained
by the o00ld souking proceas was not significunt. Similarly there
is difference in the caloric content of the milled samples of rice
after hot soaking and cold sosking, but[i: not signific mt.

When the hot soaked rice samples and cold soaked rice sumples
in both processes conbined:‘y were compared, it was found that ‘he
di fference in temperature and time used in the two processes, did

not affect the caloric content of the rice samples and ths differ-

eiice was not significant,



2. Protein

Table IV gives the protein content of the differently pro cessed

parboiled rice. Statistical appraisal is given in Appendixy - In
Foud 5L
Appendix . ana lysed mean values are given.
TABIE IV

MIAN PROTZIN CONTENT OF THY DIFFTRENTTY PR(KSSED
PARBOILED RICE

(Mean values of tha duplicates)

3 TS - - 1 TEBITORTIDD

Protein Jource of Variamce
Cod th
ode  Processing method gepor 100g. variation Ratio(F)

1. Hot soaked handpourded 9.4 + 0.24° 1 vs 2 26,59
rice 1 va 3 121

2, Hot soaked milled rice 8.0 + 0.24 1 va 4 AT.87%
2 va 3 16.45
3. Cold soaked hanipounded 9.1 £+ 0,24 2 ve 4 310

rlce 3 ve 4 33.86%

4., Cold soeked milled rice T.6 & 0.23 182 va 334 4,09*
123 vs 240 60,18%*

T T R R T L o e

**3ignificant at 1 per cent level,
*Significant at 5 per cent level,
a.Mean + standard error.

—
Table::hows the protein convent of the differently processed
rice samples, There was not much difference in the protein content
between the hot sosked handpounded and cold soaked handpounited rice
samples., Milled asanples of hot ouled and cold soaked rice samples

did not show appreciable difference in thair protein contart,
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In both the processes of parboiling, the handpounded samples
of rice showed higher protein content, when compared with the corros-
ponding milled rice samplea, The differemccs wers highly signicant
at one per cent level,

Several inveatigators have reported on the protein content
of parboiled rice. As Jtated by Subrahm gyan et al (1933) parboil-
ing effects the transformtion of the nitrogen present in the gernm
into the endosperm of rice grain., The handpounded rice sumples
retained the protein better. Hance,these results are in agreoment
with the work of Ghose et al (1960) and Swaminathan and 3hagavan(1960).

Generally it was found that although hot soaking had advanta-
geous ef fect over the cold soaking on the protein content of i ce,
8till 1t is much less than the differsnce due to hand pounding over
milling.

In vier of these significant differsences, it is conocluiad that
handpounding effected better canservation of protein than a mere
difiference in soaking me thod,
3+ ZPhosphorus

Table V gives the phosphorus content of the differcntly pro e
ssed rice 3samples, Appendix 77 gives the statistical analysisand

analysed mean values are ziven in Appendix X qudd X

.

A NI HOZE 5o
A\ Sul[/"é}c .
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TABLY V

MTAN PHOSPHORUS CONTENT OF THW DIFFZRENT LY PROC®3:ED PARBOILRD
RICE '

(Mean values of the duplicates)

m DR
Phosphorus Source of Vari.nce
r M
Code Processing Method mg .per 100g. variation Ratio(¥)
1« Hot soaked handpounded 174 # 1.7ll 1 va 2 48,62
rice 1 va 3 2,29
2. Hot goaked milled rice 131 + 2.3 1 va 4 10.,60%*
2 v 3 T2,11%%
3. Cold soaked bandpounded 183 + 0.3 2 vs 4 13.81**
rice
4, Cold soaked milled rice 154 + 1.3 3 ve 4 22,80%*
182 va 384  13.71%%
183 va 284 69.01**
- XL = T T WM e TR

»* gionificmt at 1 per cemt level

There was no di ffer-nce between the handpounded samles of
c0ld ani hot so-ked parboiled rice in its phosphorus cont:mt, But
.tbre was significant differenc2 in the phosphorus content between
the milled samples of cold and hot aoaked rice, as cold soak'in{_;
had beneficial effect upon the phosphorus econtent of the rice, This
may be due to more abrasion during milliirg.

The phosphorus content appears to have been affected by the
processes used for dehusking the parboiled paddy, the haidpounded
gsamples of both the hot soaked and cold soaked parboiled rice
having conserved the phosphorus in higher amunts than the corres-

ponding milled samples. This finding 1s in a;reement with those
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of Swaminathen and Bhagavan(1960) and Joseph et al (1958) who reported
that undermilling or handpounding increused the phytin phosphorus
content of rice. Prems (1967) also obtains similar results.
1 Cold soaked parboiled rice and h )t soaked parsoiled rice ware
compared for the phosphorus content and 1t is evident that the cold
soaked parboiled sarples of rioce had higher phosgphorus content,x and
the difference between these two for the phosphorus content was
signific:nt et one per cent levsl. The increase in the phoasphorus
contentof the cold soaked samples my be due to diffusion of the
mineral from the outer bran layers and germ enried with this nutrient,
during the long howrs of soaking period in the above process. The
retention of phouphorus due to handpouding was evan batner than the
retention in different scaking methods,
4, Iron

The differently processed rice samples wers analysed for their
iron content, and the values are presented in Table VI, Stétisstical
appraisal and analysed mean values are given in Appendix ﬁmdfréﬁﬁ-

ctively.



TABIR VI

MIAN IRON CORT "HT OF THW DIFFERENTIY PROC?SS™D PARBOILY RIOH

(Mean valuss of the duplicates)

- = = METIETRIN D SR STE T
Iron Source of Varianoe
Gode Procesaing me thod mg.per 109g, variation Ratio(P)

AP LCTRTIENE PRS2 LB R LTS AR LD L LY R ey = 2 oo et ] 22TR:
1. Hot soaked handpounded rice 4.08+ 0.13° 1 va 2  134,0%%
1 v 3 61,08%%
2, Hot soaked milled rice 3.50 # 0,09 1 va 4 13,854
3. Cold souked handpounded 6625 + 0,09 2 wvs 3 43,22%*
rice ve 54,534
4, Cold sonked milled rice 4.65 ++ 0,09 3 ve 4 105,7 +*
122 vo 384 229,0%%

R TN TIIR TR SR ey 224 TRIRWR TTTET SRNE SRR T TITR R - BEWTN

*%3ignificant at 1 per c-nt level,
a.Mean + standard error,

It 18 evidant that cold sosking had bemeficial effect upon the
iron content of the handpounded amd milled rice samples, shen corpared

with the corresponding hot asouked rice samples (trsatcd air'-iL.xrly).Tho

di fferences werz significant at ome per cent level,

Handpounding of the cold and hot sosked riecs conserved hijher
amounts of iron than the corresponding milled samles, and the differ-
ences between the handpounded and milled samples of the hot and cold
soaked parboilaed rice were highly significant. The higher iron conteut

of the handpounded rice may sith:r be due to the partial nreseiace of

34

the bran in tact with the endosperm or due to the iron ring of the pestle
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which is used for handpounding. This view is in sgre 'ment with the
results of Swaminathan and Bhagavan (1960), Aykroyd et al (1966), und
Prema (1967).

Cold souked parboiled rice was campared with hot soaked par-
boiled rice, and it w.s found that the long houra of oold soaking had
benaf icial effect upon the iron content of the respective samples of
rice, and the differemce, in iron content on comparison with hot
sodked parboliled rice was highly simificant.

Thus, it is evident that the processes, cold soaking and hand
pounding resulted in the com ervsiion of iron in the rice samplas,

5. Thismine

35

Rice is an important aource of thia ine in Indian diets. Thiamine

content of the differently procosised parvoiled rice samples was com-

pared, and the values are given in Table VII, Appendix gives the

statistical analysis and analysed mean values are given in Appendix
TA3IE VII

MUAN THIAMINS CORPENT OF THE DIPPERUNTLY PROCESTED PARBOILFD RICE
(Mean values of the duplicates)

B Lo TH IR MR SX TS CXTE AR IET.S TR SRS IR IR SEMIATR SRTS TR0 CETENRNY SITETRYR T ARNE ST TR VAR RS TIRER S TRIR SN
Thiamine Source of Variance
P ; hod
Code rocesshng metho ug.per 100g. variation * Ratio(%)
TRES WS ‘T srIemol Ty =
1. Mot soaked handpounded 103 + 0.004% 1 ve 2 1443%*
rice. 1 v8 3 2
2, Hot soiked milled rice 54 + 0,001 1 vs 4  200,9%*
2 va 3 111,.8%%
3. Cold soaked hamdpounded )
rice. 97 _"_ 00003 2 ve 4 4, 6’
3 va 4 162.,4%*

4. Cold souked milled rice 45 + 0,014 1%2 va 344 6.5%*
143 va 224 T.6"%
|} ==l = - b
**3ignificant at 1 per cent level
*3ignificant at 5 »er cnt level
4, Mean + standard error.




36

It could be secn that there was not much difference in the
thiamine content between the hot soaked and cold soaked handpounded
rice samples although the former had a slightly m highercontent., The
differonce was significant at 5 per cont level in the case of hot
soaked and o00ld soaked milled rice samples,

Between the two processes used fbor dehusking, namely milling
and handpourding in both the cases of hot soaking and c1d soaking,
handpounding had beneficial effect upon the thiamine comtent, und
the differences were hi-hly significant. Rama Saatri (1967) states
that the handpounded -ice is richer in B-vitamins because of the
partial removal of the germ ami bran., But the absorbability of the

CWY o addbim
B-vitamn in zhermnod eontents has been questionade by Srecnivasan(1966),

Sarby and Ton'us (1960) studied the effects of duration of
parboiling on the thiarine comtent of rice. They noted a decreuse
in the thiamine content with increase in the time of soaking.
Ficholls (1960) reported tmt a loss of 3 per cent of t'lanine during
the parboiling process mgy ocour due to oxidation. So also in the
present study, decreased values in thiamine content were obtained for
the c0ld soaked rice sarples, which werex submitted to longer soaking
time, being six hours, when campared with the hot sonked rice snmples
which wer2 so:ked only for three houwrs. This difference was also

highly signific nnt, between the two diferent ly soaked rice samples.



V. SUMMARY AND CONCLUSION

1. Paddy was parboiled by two dif ferent methods of soaking,
the cold soaking for six hours and the hot soaking For three hours
followed by steaming. The differemce in the nutrient contents of
rice ob%cd from these two processes was studied in reaspect of
calories, protein, phosphorus, iron and thiamine. The difference
was further etudied with respect to handpounding a:d milling of the
parooiled paddy,

2. The calorte content of parboiled rics ranged from 361 to
370. Differences were not marked either with respect to the mathod
of soaking in parboiling or the meihod of dehusking.

3« The protein, phosphorus, iron and thiamine content of
parboiled rice ranged from 7.6 to 9.4 g. 131 to 183 mg, 3.5 %o
6.2% mg, amd 45to 1903 ug per 130g. respectively, The lowar vilues
in respect of phosphorus and thiamine content than those reported
in literature may be due to the variety difference in rice.

4, QGenerally the effect of handpounding as against miliing
on the retention of protein, phosphorus and thiamine = was 3ige
nificant ]yq:f};noﬂcill, than that of the cold soaking ag:inat hot
soaking. In iron cont.nt, however, both handpounding and cold

soaking had effected better retention, The beneficial effect on
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the retention of nutrients of the cold soaking process was not
consiatent becaiuse the thiamine tended to deowease in the cold
soaking process as agalnst hot soaking.

5. Rice is a poor source of protein but through parboiling
and handpound ing, significant retention of the protein can ba
effected so that the quantity of protein consumed through this
source in the South Indian diet oan meks & significant contri
bution. Thiamine can also be conserved through parboiling and

handpound ing &
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APPYNDIX L

DETYRMINATION OF ENERGY VALUW USING PARR'3S OYYGEN BOMB CALORIMT'R
Principle

The heat ziven off by the burning of a walghed sawmple of food
ie dissipated into a known weight of water in which the rise in tem-
perature can be accurately measured, From the change in the temp-
erature of the water, one o caloulate the energy wvalue of food,
Reagant needed

Stamard alkali solution(P.0725¥) sodium curbonate. This was
prepared by dissolving 3.84 g. of sodium eurbonate in water and
diluting to one litre.
Procedure

Opersting the Plain (Isothermal-Jacke$) Calordm ter

Calorime ter Water

Detormined the weight of completely dried oval bucket and shen
added 2070 (plus or minus 0.5) gms. of distilled or deminwalised
water,

Assembling the Calorimeter

The filled buclet was set in the jaclet with a long axis of the
oval in line with the operator md with the bom locating boss in
the bottom position neareat the operator,

The bomb, after setting the weighed powdersd rice sample and
electrodes in position, was filled with oxygen until the guage read

20 atmosphere. The value was closed and the bomb was lowered irto



the water taking care to avoid jarring or disturbing the conteuts by
holding the bomb valve between the thumb and forefinger. The bomb
was set with its feet spanning the locating boss and turned so that
the olectrode terminal i near the insulated igniteod wire., Attached
the thrust terminal to the bomb electrode and shook buck into the
bucket all drops of water adharing to the fingers.

Placed the cover on the jacket with the themometer towards the
operator. Put on the rubber drive belt and started the motor, Always
the same stirrer speed should be maintained,

Temperature operation

The mota was run for five minutes o attain thermal equilibrium,
Then read ad recorded the calorirmter temperature to the nearest
0.005°F (0.002°C) at one minute interval for exactly five minutes.

The firing was done at the start of tho sixth minute recordirg
the temperature. Then the temperature was recourded at 15 m gecaonde
interval for five minutes.

After the period of rapid rise afior ﬁrn.g, recorded the tempe=-
rature to the nearest 0.,005°B at one minute intervals until the
difforance between succes ive readings had been constant over a pcriod
of five minutes. Usually, the temparature will rech a maximum, then
drop very olowly. So, the readings continued at one minute intervals

over a periodof five minutes.

Opening the Calorimeier
After completing the readings, the motor wus stcpoeds Romoved

the belt and lifted the cover from the jacket, The thermometer was
removed and wiped, Disconnected the firing connection from the bomb

terminal and lifted the bucket and bomb out of the jaclet.

Ko
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Idfted the bomb out of the jacket and relieved all residual pressure.
This should be done slowly and &t 2 unifomm rate such that the operation
will require not less than one minute,

After all pressure had been relieved, removed the screw cap, lifted
out the bomb head,

The Acid Titration

Vashed all interior surfaces of the bomb with a jet of &levilled

/
water and quantitatively collected the washing in a beaker. Titrated

with standard alkali (0,0725N) solution using methyl orange indicator.

The Fuse Correction

Carefully removed all unburnt pieces of fuse wire from the bomd
eleoctrodes, atraighten theu and measured their ocombined langth in centi-
meters., 3Jubsiracted this langth from the initikal 11 centineters anmd
entered this value, N

Calculations

Ascembly of Data

The following data should be available at the campletion of a test
in the plain calorineter.
a - Time of firing.
b -~ Time to nearest Q.1 minute when the temperature reaches 60
per cent of tha total rise,
¢ - Time at beginning of period after the temperature rise (in
which the rute of temperature change has became oare tunt),

ta- Temperatuwre at time of firing, corrected for tharmometer scale
orror.

tc- Temperature at time C, correoted for tharmometer scale error.
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r, - rate (temperature units per minute) at which tamperature was
rising during the fiwven ninutes period befars firing.
r, - rate (temperature ualts per minute) at which tie to.perature
was falling during the five minutes period aftor tine C, If the
temperature was rising instead of falling after time C, sub-
atract the quantity r, (o-b) instead of adding it when compu-
ting the corrected tacperature rise,.
¢, - millitres of standard alsali solution used in the acid titration,
o, - cemtimaters of fuse wire comsumed in firing,
W = guergy equipalant of the calorimeter in calories per degree of P,
m - na3 of the sample,
Temperature Rise
Computed the net correoted teuperature, t, by substituting in the
following equation:
t = tc-ta-r, (b~a) - r, {(o-b)
Thermochemical Carrection
Computed the fallowing for each tests

11 = corrvotion in caloriew for heat of formation of HNo3 - CY1 if
0.0725N alkall was used for the titration.

12 « gorrection in calories for heat of combustion of fuse wire =
(2.3) (cy) when using Parr 45 C,, nickel wire.

Gross Heat of Combustion:
Computed the grosa heat of combustion Hg in o:lories per gram by
substituting the following ogquationt

&.tw-'l’-lz
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APPENDIXET

BSTIMATION OF THIAMINE BY THIOCHROMY ME™HOD

Principle)

Thiochrome procedures depend upon the oxidation of thiamine to
thiochrome wi:ich fluoresces in ultra-violet light under standard
conditions and in the absence of the other fluoraescing substances,
the fluorescence is proportiomal to the thiochrome present and hernce
to the thiamine originally in solution.

Reagents nezded

1« Double normal sodium acetate

2. Bromocresol grean pH indicator

3., 3asic lead acetate solution

4. 15 per cent sodium hydroxide

5. 1 per eent potassium ferricyanide solution

6. Oxidising re.gent

7. Quirine sulphate stock solution (10 ug per ml).

8. Quinins sulphate standard solution (0.25 pg per nl).

9. Thiamine hydrochloride stock solution I (100 ug per ml).
10. Thiamine hydrochloride stock solution II(10 mg. per ml),
11, Thiamine hydrochloride standard solution(l Mge per ml).

12, n - Butanol

135, Potassium chloride.



54

Preparation of reagentss

1.

2,

e

4.

5.

6.

Double normal sodium acetates Dissolved about 275 g. of sodium

acetate in sufficient water to make up to 1000ml,
Bromo oresol green pH indijcator: Dissolved 0.1 g. of the

ind {cator by tritursting in agate mortar with 2.8 ml. of 0.,05N
8odiun hydroxide, then dilutedto volume of 200 ml, with water,

Basic lead acetate solutiont Diassolved about 180 ge. 0f lead

agetate in 700 ml. of nearly boiling distilled water and added

110 g« of finely powdered lead oxide (lithurgs). Boiled the mixe
ture for half an hour with occasional stirring, coolad the solu-
tion, fiftered and added sufficient water to the fiftorate to make

I 1litre.

15% Sodium hydroxide solutions Dissolved about 110 g. of sodium

hydroxide in 100 ml.of distilled water, and allowad the safuated
so lution to stand for agcout 2 days, so that the carbon.te gottles
down. ‘This solution contalns about 75g. of sodium hydroxide in
100 ml. This is diluted to 500 ml., with distilled water to get
153 asolution.

14 Pottasium fericyanide solutions Dissolved 1g. of pottasium

ferricayanide in 100 ml, of distilled water, and it 1is prepared
freshly.

diging reagents Mixed 4.0 ml. of the 1% potassiun ferricyanide
solution with the 150 sodium hydroxide so .ution to make 100 ml,

This solution should be used with in 4 hours,
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Te uinine sulphate stock solutions Dissolved about 10 mg. g
Quinine sulphate in 1000 mlef 0.1N sulphuric acid, mnd atored
1t 4m iight resistant bottles (10 ug/ml)

8. Quinine sulphate standard solutions Mixed 1 volume of the
quinine sulphate stodk solution with 39 volumes of J.1N Hy80,

(0.25 ug/ml).

9. Thiamine hydroohloride stock solution Is Disgolved 50 mg usp

thiamine hydrochloride Referemse St:ndard in 207 aloohol adjus-

ted to pH3.5 = 4.3 with hydrochloric acid and diluted to 50 ml,
with acidified alcohol to make conoentration exactly 107m. rg/ml amd
gtored st 10°C in 1light resiatant bottles (100 ug/ml).

10. Thiamine hydrochloride stock solution IIs Diluted 10) ml. of

thiamine hydrochloride stodk solution to 1 litre with 20t} alcohol,
adjusted pH to 3.5-4,3 with hydrochlorie acid. Storad in 1light

resistant bottles (10 ug/ml).

11. Thiamine hydrochloride stundard solution: To 10 ml. of thianine

hydrochlorice Stock Solution II addedfpfi /100 md. of §.1H hy-
drochloric acid, (1 mg equipalent to 1 m. mg, of t lamine
hydrochloridesxiat (1 u/ml).
Progedure
Extraction
Weizhed about 10 gm. of 4ice finely powdered and dissolved in
50 ml. of 91N hydrochloride acid. It ias digeated over a bolling
water bath for about half an hour at 95 to 100°C. OCoolai and agile

tated to avoid lumping and diluted with 0.1N hydrochloric acid to
70 ml. Duplicutes were prepared.
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Enzyme hydrolysis
Aliquot of 20 ml., was taken in two beakers from the 70 ml, and

adjusted to the pH to 4.0 to 4.5 with five ml. of double normal
sodium acetate, using bromocresol green indicitar on spot plate, Added
five ml. of takadia isatase-enzyme aolution, mixed and incubited for
about three hours at 45 to 50°C and cooled to the room temperaiure,
Puritlcation

After inoubation, 10 ml. of basio lead acetats to each assay golu-
tion in the beaker, mixed well and the preocipitate formel was removed by
centrifigation, Tonthe filtrate added 4 ml. of 30 per cent sulphurie
acid followed by 4 ml, of dlstilled water to rauove the excess lead
by precipitating it. Again it was contrifuged and tested for the pre-
sance of lead by adding a'drop or two drops of 39 per eent sulphuric
aci. No precipitate should be se=n at the :nd, The final volume
was measured,
OXIDATION OF 'THIAMINE T0 THIOCHROMY AND MEASUREMENT OF ¥LUORIICINCEs

To the assay solutions and astandard thianine hydrochloride 90lu~
tions, sufficient potassium chloride (1.5gm) was added. Then within
two seconds added three ml, of oxidiming reagent, Immediately added
13 ml, of n-Butanol and shaked vigorously. Cemtrifuged the aolutions
at low spsed about one to three minutes. The clear solution at
the top was taken and measured the fluorescence in electronic

flurometer, The fluroescence produced by 10 ml, of the oxidised
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thianmine hydroéhloride standard was read. The fluorescence of
n-Butanol was also read. duinine sulphate standard solution is used
t0 govern the reproducibility of the instrument anmd this is first ad-
Justed to 100, PFor every sample and atandard a blank should be pree
pared vhich is treatéd similarly as the assay solution exopt 4instead
of oxidising agent 15 per cant sodium hydroxide is wsed,

Precautions

1« The completion of the removal of excess lead should be toated
by allowing the precipitate to sattle and adding enutiously
a drop or two of the 30 per ocent sulphuric acid,

2. In the ¢ase of riee, a rediish colour sometimes may appear
in the extract either after making it alkaline or on the
subsequent addition of potassium ferricyanide solution,

3, If the solution is cloudy, shike it with 2gm. of an hydrous

sodium bisulphate and centrifugs again.

4, The fluorescence of n-But:anol should not exceed 10 per cent
of the fluorescence produced by quinine sulphate stardarxd
solution.

Calculation |
_Axlxvzx1001v4
BxWH x¥xV

Thiamine content = W of thiamine per 100g,

3

A = Reading of the unknown

B « Reading of the standard

X « Concentration of the standard

V1 « Volume tuaken for incubation

V2 - Volume made up after digestion

V3 =« Volume of the solution taken for oxidation step,
V4 - Volume of the total filtrate after purification
W « Weight of the rice sarnple taken,
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APPENDIX

CAICULATIONS FOR IPANIAD RRROR
(for calories)

This sample ataxlard error is symbolised SX amd it 13 equal

> 8 wherae 'S' iu standard deviation of the mean 'n' 1s the

/m

number of obmervations staidard error was calculuted as followns

Standanrd errvor = SX = 8
/n o
Sw/x xiz - (ixi)a/n
(n~1)
o Where n= 6
For example . X= x =2163 = 360.5
. — 3
. —
S.HNo. x, X.'! 2
(=x)° = 4678569
1 348 121104 z-x12 - 780215
2 363 131769 Using the above formila
3. 375 140625 $? . 780215 - 4678569
6
4 355 126025 (6 =17
5. 356 126736 82 « 90.7
6. 366 ' 133956 3 = 9.52
/n—.- 20“9

Total 2163 780215
. . 8/ o = 3.08
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APPENDIX IV
ANALYSIS OF VARIANCE AND NON ORTHOGONA L COMPARISONS,

Any qbserved value is the aum of two partas,
1) an over-all mean ,
11) & treatnemt deviation and

111) a random elemert from a normally distributed populntion
with mean zero arml a standard deviation, 1

The following table shows a symbolic table of data for

p groups wiih 'n' data in esch group.

Group-1 Group-2 Group-3
11 y‘] P4
*2 Y2 P2
! n itema n items n items |
) |
ane % " Py |

Total number of data pn= XN

The calculations and aralysis of variance are showm in the follow-

ing Table,

Variation Degree of Sum of MHean Variance

due to FPreadonm aquards sjuarea ratio
()

Total d-1 (4) - -

Among means Pt (5) n (9)

Within groups H - P = p((n-1)(6) (8) - -

2 2
2, Sum of syuares 8x = x‘i Xy, 2

- = e W e = = e p



3. Correction term C = 52/N

4, Total sum of squares = sz -C

6. Within groups = Iine 4 -~ line §
7. Among means of mean square = Idne 5/p - 1)
8. Within groups = Jine 6/N-p

9. Items 7/% Item 8.

b0

The analysis of variance snd non ortnogonal comparisons amorng the

me:na were done according to model 1 (Snedecor, 1356).

Group 1 Growp 2 Group 3 Grouw 4

SeNo. 4y x? x? xi xt? xi xi?
1. 348 121104 370 136300 351 123201 376 141376
2, 363 131769 361 130321 369 136161 361 130321
3, 375 140625 3€9 136161 355 126025 359 128881
4. 355 126025 3 T4 139876 348 12114 358 128164
5. 356 126736 373 139129 371 137641 361 130321
6. 366 133956 374 139876 363 131769 350 122500
Total 2163 780215 2221 322263 2157 775901 2165 781563

growp 1 =xi 2163  zx’ 780215 (=xt)® 4678569

Growp 2 Txi 2221 exi° 8223 (£x)’ 4932841

Group 3 =£xi 2157 =xi2 775901 (z_xi)a 4552649

Growp 4 zxi 2165 =x2 781563 (=x1)® 4687225

£xi 8706 x? 3159942 (= n)2 18951234
NOIRs

Group 1 - Hot soaked handpounded rice,

Group 2 - Hot soaked milled Tice,

Group 3 - Cold =0 ked handpounded rice.

Group 4 = Coid sosked milled rice.
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APPRNDIX V

TABIE TOR ANAIYSIS OF VARIARCE FOR CAIORIRES

S8 XTI INE EREENE T IT TR TR UR TS TR KXY KBS S R0 SRS S5 SN SN et SO S A RS N SN N LS TS TS AW IR ISR KA R TS TSI TR

Source of Degrees of sum of Mean Yarinnce
variation freedom squ.res square Rat 10 (™)
Total 23 8942 - -
Treatment 3 1547 2515¢6 36 ,0%%
Rrror 20 1395 69.8 -

1 vs¢ 2 1 280 \ 280,0 . 4,011

1 ve 3 1 3 3.0 0,043

1 ve 4 1 0.3 063 040004
2 vs 3 1 341 341,0 4.8*

2 vs 4 1 261 261,0 3.739

3 ve 4 1 5 5,0 0,072

1 and 2 va 3 and 4 2 320 160,0 2,294
- - — - eyt

#* Signifiocant at 1 per cent level,
* gignificant at 5 per cent level.
£xi = 8760 sx? 3159942 (=x1)? 18951204
x = (8706)2
24
y = 18951284
6

3159942

Treatment = y - x = 3158547-3151000

1 va 2 = 2221 -2163 = (58)° = 3364 = 280.3
12 12

1 va 3 = 2163-2157 = (6)° = 36 = 3.0
12 12
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1 v& 4 = 2165 - 2163 = (2)2- 4 = 0,5

. 12 12
2 va 3 = 2221 - 2157 = (64)% = 4096 = 341.3
12 12
2 va 4 = 2221 -2165 =(56)% . 3136 = 261,3

12 12

2157 = (8)2 w 64 = 5.3

12 1

3 va 4 = 2165

1and 2 ve 3 and 4 = 43844322 = (62)% = 3844 = 320.3
12 12

Among the resultart 'P' values with n-1 degreoes of freedonm
using th; 't' tables only with those with a probability 10.05 to 0401
or less were considered to be significant,

Baged on the example given other caloulations for amlysis

of variance and non orthogonal comparisons were done,
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APPENDIX V/
TABLE POR ANALYSIS OF VARIANCE FOR PROTRIN

25 RS AR SEYE TS IR A0 SREDANEN NS SN AL SIS ERNEINIG S2Y £ 2053 M- TEG LR S I SRR T I AR R SR R AN

Source of variation 2;?:::-°r gzza;:
Total 23 16,12
Treatment 3 12.33
Brror 20 3.7
1 va 2 1 5404
1 vs 3 1 0.23
1 va 4 1 3.93
2 v 3 1 3.12
2 ve 4 1 0.59
3 ve 4 1 6.42
1and 2 ve 3 and 4 2 1.36
1 and 3 va 2 and 4 2 11.43

W = el = Thanaiinan e MABDINNNE ERESEREE SE TE S



APPENDIX vii

TABIF POR ANAIXYSIS OF VARIANCE FOR PHOSPHORUS

Source of variasion 1;:::::.0! f:: ;f,
Total 23 9902
Treatment 3 7637
Brror 20 2265
1 va 2 1 3504
1 ve 3 1 260
1 ve 4 1 1200
2 va 3 1 8164
2 vs 4 1 1564
3 '; 4" 1 2581

1 and 2 ve 2 and 4 2 3104
1 and 3 va 2 and 4 2 15624

SRS ELN FEXP W SNET TR I MIEACEE RN IELS IS SR W S5 2 KR SR R g ITE I IR MRS TR LR FRTICE IR XIS



APPENDIX Vi

b5

TABL%® FOR ARALYJIS OF VARIANCE FOR IRON

—— —— WD TR IS = TR censmr oz
Source of variation g;s:::nOf SO:;::r::
Total 23 25,64
Treatment 3 24,20
Error 20 1.44
1 va 2 1 0.)7
1 ve 3 1 4.41
1 va 4 1 1.00
2 va 3 1 3.49
2 vs 4 1 3.4
3 ve 4 1 7.65

1and 2 ve 3 and 4 2 33.13

WTLITRE SRS I TSI IS IR AR X ICEAR.

13X SITRERERRINEIEELE TTESEI TSI



APPRNDIX ix

TABLE POR ANAIYSIS OF VARIANCE FOR THIAMINE

- W3 MRS A5 R S W A s S
Source of varistion g;g::;mof 2::::_

Total 23 0.0167

Preatment — 3 0.0157

Brror 20 0.0010

1 vs 2 1 0.0722

1 vo 3 1 0,0001

1 vs 4 1 0.0101

2 va 3 1 0.2056

2 va 4 1 0.0002

3 ve 4 1 00,0081
1and 2 ve 3 and 4 2 0.007 '
1and 3 ve 2 and 4 2 0,078
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APTRIDIX X

ANATYSED VALUES FOR CALORIES, P1FEIN, PHOSPHORUS, IRON AND THIAMINE
CORI' °NT OF TH® HOT SOAKED PARBOILED RICE,

(Mean values represent values of duplisate determinations)
AR TN S DS TR T ST AN 15 X050 48 TANES ST TN NI NS SR N I A A 1 TS TR S IR S RS
Calories Protein Phosphorus Iron Thi amine

Particulars o 8e nge e ]
Hot soaked -~ Hand
pounded.

1. 348 9.58 167 4.33 84
2. 363 9.23 178 3.4 101
3. 375 %.23 175 4.14 110
4. 355 9.39 176 3482 106
5 356 9.28 170 4,02 110
6. 366 9.28 177 4.20 108

Meah 361 9.33 174 4.08 103

Hot sosaked - Milled
1. 370 7.13 128 3.40 57
2, 361 8.67 130 3.37 57
3. 369 755 135 345 52
4. 374 8.28 133 3.63 54
S5e 373 8437 13 3+69 56
6. 374 '8.21 129 3¢50 48

Mean 370 8.03 131 3.50 54

e 2 TEEE S T DR TR SNS ASKE TF SEMIG SN I I S X ST S S A S A NS RN SR T 7% = Y5 ST SNSRI SR MR 2 S
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APPENDIx xi

ANALYSED VALUES POR CALORI®S, PROTEIN, PHOSPHORIS, ION AND THIAMINE
CONT °RT OF TH™ CQLD AKTD PARWITL®D UCRK

- 'SXean values represent values of duplicute dgtegzigﬂtions)
Particulars Calories  Protein Phosphorus  Iron  Thiamine
' ge . nge A& e

Cold spuked -~ handpoundeds

1. 351 9.49 185 6.12 97
2. 369 9.33 183 6445 97
3. 355 8.56 181 6.18 97
4. 348 9.18 186 6.45 100
5 31 8.98 180 K422 109
6. 363 8.78 184 6429 82
Mean 360 9.06" 183 6425 97

Cold soaked ~ milleds

1. 376 T.10 152 4.70 47
2. 361 7.03 160 4.79 46
3. 359 T.79 148 4.45 42
4. 358 7.87 150 4.70 41
5e 361 7.87 158 4.61 50
6. 350 7.89 155 4.67 46
Mean 361 7.59 154 4.65 45

WSIWRAMBW TS TS HERE-- =& ] ks r- 74 g =B .



