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X. IMROPUCTIOH

Rioev considered aa the 'Quean among cerea ls ', ia one o f 

the important food grains cultivated by man from tha beginning 

o f history* Rice ia  the staple and mainstay for half the world's 

pop illation (Spring, 1966)v Randhawa,(i960) and Patwardhan, (1961). 

Tha Food and Agriculture Organisation o f the United Rations (PAO) 

(1966) points out that fo r hundreds of mil done o f  people in  Asia, 

the rice crop is  v irtua lly  the sole livelihood.

Part ha ear at hy (1966) and PAO (1966) have estimated that for 

over 1,400 m illion people in the Par Hast, including the Mainland 

o f China, where nine tenths o f  foe world's xloe production is 

concentrated and corn timed, rice furnishes more than half the daily 

requirements of calories and a major portion o f protein* Ac cord­

i s  to the PAO (1966), foe number of people depending solely on 

rio* for food, approaches 200 m illion in India alone. The cu lti­

vation o f  rice occupies h a lf to two-third o f the arable land in 

India*

Rice is  beooming increasingly popular also in  many other 

parts o f  the world. Perhaps that is foe reason why Cousins (1964) 

urged that any genuine improvement in human condition on this 

planet must be concerned with rice* The PAO had also designated
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year 1966 aa the International Rice Year. During that year intensive 

efforts were in itiated to solve the problems o f rice production, 

processing, wastage and u tilisation  for better nutrition o f the 

people. These e ffo rts  have resulted in vast agronomic development

in rice bre eding.

Parboiling o f rice is a traditional practice in 3outh India and 

other parts. Parboilii*; has be® defined by Charles (1933) aa a 

method o f  steeping, boiling and drying paddy. I t  helpj to harden 

the high yielding soft varieties of paddy before m illing through 

geiatinisation o f the starch in the rice grain, thereby mlnimiraing the 

breakage o f the grain durirg subsequent poliahinp. Consequently the 

yield of head ri.ee is increased up to five  t o t ®  per oont in the 

ease of hard varieties. Parboiling thus adds to the total rice 

eoanoay o f the country. Besides the economic advantage, parboiling 

brings about a higher content o f vitamins and rain rale as compared to 

raw rtoe. Parboiled rice has better keeping quality since i t  is 

more resistant to insect attack than raw rice . (Central Pood Techno­

log ica l Researoh Institute,. Pro jeot Humber seven).

Swaminathan and Bhagavan ( i 960) ,  Ramamurtty and Gopalan (1966) 

and Prema (1967) have demonstrated that parboiled and dehuskBd rice  

contain higher quantities o f minerals and vitamLna than the corres­

ponding raw samples ofn milled lie s . The National Researoh Council 

(NRU) of the 0.3.A.(1945) has also shovm that parboiled rice is  

better than raw rice bee am e o f  its  greater contents of thiamine and niaoin.
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The FAO (1954) has stated that parboiled rice oontains two to Tour 

t i  es as much thiamine as milled rice*

Patwardhan (1961) has stated tin t  the g practice o f parboil­

ing Is old. The parboiling processes are s t i l l  enpirical with slight 

differences in the time allowed for soaking, temperature of atasp 

water, renewal o r  otherwise o f steep water *id period o f 3teanlng.

Some stid les on the standardisation of parboiling process are 

available. Hevathi (1967) found that six hours 'cold soaking' 

followed by parboiling gave greater milling out turn them with three 

and twelve hours. Sarda (1965) and OFTRI (1959) observe! that hot 

aoalclng for three hours at 70 to 75®C and then parboiling has the 

following advantages over the traditional method.

There is reduction in  soaking time from two or three days in
i

the 'oold soaking' method, and from one day in the 'double boiling' 

method, to three to four hours in the 'hot soaking* method. This re­

duction redtcea the processing time considerably and makes far larger 

production of rice by miniraising the breakage during m illiiv:. The 

development o f bad smell through miorobial spoilage in the three day 

soaking is avoided by this 1 proved method. The labour cost is  h1s> 

reduced by seventy five  per oent. The water requirements in th is  method 

are smaller than in the oold soaking method, as frequent oh tinge a o f soak 

water are not necessary. Stsan consumption is  reduced by twenty fiv e

per oent
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While i t  has been proved that parboiling through these
J.

Improved methods have several advantages, information is not 

available on the nutritive v*lue of parboiled rice, processed by
i

's ix  hours cold so thing* and 'three hours hot soaking* method.
I
Therefore this investigation was undertaken to  find out the sfSBOt 

of cold and hot soaking proosss in the parboiling o f  paddyvon its  

nutritive value, calories, protein, iron, phosphorus and thiamine 

in  tents o f contents.
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xx. review o? m r& ffw m

The literature relevant to this study le  reviewed under the 

followiz^ headlessi

A. Cultivation of rloe

B, Hutritlve value o f rloe

0. Steps Involved In the proa ess o f  parboiling 

and D. Changes that ooour during parboiling pad ly

1. Soaking o f paddy 

I .  Parboiling o f paddy 

3. Drying o f paddy 

and 4. DefcaaMng o f paddy 

A* qultfryfcyq , ^pe

Rice is a member o f the great family o f grasses. I t  produoes a 

fru it that fo r  hundreds of millions o f  people epitomises the difference 

between plentltude and soarcity, fulfilment and hunger,and U fa  and 

death. Pal (1966) reported that the area of land under cultivation o f 

rice in  India Is the largest being 3,36,59,000 heetacres. 'Jhe has cul­

tivated rloe since prehistoric times. Rloe has always occupied a pre 

eminent place among her food erope aoverizg now more than 30 per ocnt 

of the tota l annual cultivated area. Rloe not only forma the mainstay 

of the diets of the majority o f  the people, but also bears a large 

lnflusnoe on their l i f e  mid eeoneaic onariitloaa ( (Those st a l I960).

3
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The Cantral Food Technological Research Institute(l95 l) has 

reported that paddy I s  essentially a crop which thrives in tropical 

regions. Herertheless in sub-tropical countries such as Ita ly  uid 

Spain also paddy is being cultivated. Although rice has been cu lti­

vated throughout Asia, tropical yields are deplorably low by world 

standards (Jackson 1967). national average yields fo r  countries 

in teqperate zones such as Japan, Australia and the borders o f  the 

Mediterranean, range from fbur to six tonnes per hectare. The corres­

ponding figures for tropical countries seldom exceed two tonnes per 

hectare. The average Indian y ie ld  is  about 1.5 that o f Thailand 

1,6,and of the Philllpoines only 1.2 tonnes.

In recant years, the production o f  rice in India has not kept 

pass with it s  increasing population. Sighty per cent o f her popu­

lation are s t i l l  dependent, d irectly or indirectly, upon agricul­

ture. Randall ( l  966) observes that the increase in rice production 

has been o ffse t by the population growth, resulting in bottlenecks 

in  meeting the consumers'i Islands fo r  r ice .

Based on the findings o f  research carried out in the Out tack 

Rice Research Station, Aduthurai Rice Breeding Farm and other Research 

Stations a l l  over India several attempts have bean In itiated to grow 

more r ice . The benefit o f  developing hybrid varieties  o f food grains 

has been realised by agricultural institutes and experimental farms 

in  different parts of the country.
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B, Nutritive Value of Rios

Bren a small change in the nutritive value o f rice e »  affect 

profoundly the overall nutritional quality o f  the diet ani oonoe- 

que rtly the heallh of the people. An elementary knowledge o f the rice  

grain structure would help a bet ter understanding of the nutritive 

value o f rice.

The rice grain, as obtained by mild debus king o f paddy, consists 

o f three parts*

1. Gera

2. Pericarp or outer bran layer

and 3, Endosperm or inner core o f the grain.

The gera and 1he bran layers contain most o f the protective

nutrients such as vitamins and minerals while starch mikes up the bulk
o i l  in  i t

o f the inner core. The pericarp contains thebran with sona^and the 

germ also contains some fa t . Different varieties o f the oom nnly wed 

rioe, have approximately the following same composition (Rama Saalrl, 

1967) given in Table I .

TABUS I

lUTRITIYK VAIiUR OP RIOS

(values per 100 grama o f  rice )

Raw rioe Part died rloe
Handpounded Milled Handpounded Milled

Protein(g) 7.3 6.9 8.5 6.4
*at j (g) 1.2 0.5 0.6 0.4
Carbohydrates,(g) 90.1 32.1 77.4 79.1
Calcium ; (mg) 13.0 10.0 10.0 10.0
Phosphorus, (mg) 182.0 37.0 280.0 150.0
Thiamine ,(mg) 
Ribof la via , (ag)

0.21 0.11 0.27 0.21
0.16 0.06 0.12 0.09

Nicotinic acid  ̂ (ng) 2.5 1.0 4.0 3.8
itssarstsatataim EM EB!
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Carbohydrates

According to Swaaimthan and Bbagavan (i960) rfce i s  the moat 

important source o f carbohydrate in  the South Irtian  diets due to 

it s  high carbohydrate content. I t  la valuable chiefly as an economical 

source o f energy. The percentage o f carbohydrate varies deporting upon 

conditions o f growth and the processing methods adopted (Oseo, 1959). 

Stanley and Cline (l950) points out that the starch is stored in the 

endosperm along w ih  a l i t t l e  amount o f protein, minerals and vitamins.

According to  Harris aad Loesecks (i960) staroh is the principal 

constituent o f the rice kernel, coapria tag over 85 per cent o f the 

dry weight o f the brown rice and over 90 per cent o f the diy wdfdit o f 

polished r ice . The staroh of the most long-grain varieties oontains 

16 to 25 per cent aaqrloae, whereas that of rice o f the medium ,«d  short 

grain varieties is lower, that is , 12 to 15 per cent. Small amounts o f 

cellulose are present in  brown rice as constituents of the pericarp, 

but they are removed almost entire3y during milling* Hemioellulose is  

found in  the outer parts of the kernel and removed by milling.

Protein

The protein of rice, according to M iller (i960) is  o f great sig­

nificance because 24 per cent o f the tota l protein In the average Indian 

diet Is  derived from this source. Harris *nd loeeeoke ( l  960) pointed 

out that die protein is  present in fa ir ly  large concentrations in the 

embryo a ad the aleurone layers, but occurs to a much lower extent 

(6 to 8 per cent) in  the starchy endosperm. The protein o f polished rloe 

is  largely g lu telin  wi th small amounts o f globulin and prolan&n fractions.
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The ohemloal eampositim and nutritive value o f rice diets have 

b an studied by Aykroyd et a l (1940), Mason et_ al (1946), Done ( 1949), 

Kuppuswany and 0 ir l(l949 ), Desikaohar et a l (1956) and Waraick et a l 

(1956). McCall and others h ive reviewed the chemical composition of 

rice upto 1951* These studies s towed that rice is  a poor source of 

protein. The protein content Is lower than that In most varieties o f 

wheat and maize. The total protein content o f zlce varies from six to 

nine per cent. Sadasivan and Srinlvasan (1938) reported that coarse 

and coloured types o f  rice generally have more protein than the fin e  

grain types.

The quality of rice protein has been studied by various workers.

The MAO (1954) has summarised that the prot eina of rice are o f good 

quality and compare favourably with proteins of whole wheat snrl maize 

in  amino acid content. According to Ramasastrl (1967), although Hie 

protein content in rioe is much less than that o f  wheat, the quality is  

superior to that o f  wheat protein, as judged by Protein ISffioionqy Ratio 

( pRR) |(Swaminathan, (l937)and Baau and Basak (l937)J. s

Patwardhan (1961) points out that several reports o f  lnvontit ations 

have shown that the d igestib ility  of rice protein is  well over 90 per 

cent and its  b iological value Is also comparatively high. Through diges­

t ib i l i t y  tr ia ls  with cereals and soya meal, Hsu and Kung (l948) con­

cluded that rioe had a higher biologio l  value at 81.3 per cent, than 

m illet aid soya meal which had 70.6 per cent aa the biological values. 

Mitra and Verma (1947) and Mitra £t a l (1948) registered a high biolo­

g ica l value for rioe protein in their human feeding tr ia ls .
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The anino acid content o f different varieties o f rice Yury con­

siderably. The amino acid composition of r ice  has been studied by 

Block and Bolling (1951) and they recorddd that rice is defic ient in 

lysine and threonine. The protein content o f successive peripheral 

layers of 'ice removed by the tangential abrasion procea i show in 

general that the protein concentration is  higher near the periphery 

o f  whole grain (Normand et a l. 1965) and there is  no essential d i f f ­

erence in amino acid content o f the rice protein (fttirmand a l. 1966). 

Pat

Aooording to^Loeeecke (i960), fa tty  materials are found in sig­

nificant amounts in  the embryo (about 13 per cent lip id ) and in the 

aleurone layers of dLoe. Brown rice contains 1.5 to 2.5 per o ;nt o i l  

whioh is  a mixture o f triglycerides. The lip ids of rice contain three 

to nine per cent of fa t located mo stly in  the outer bran layer and the 

gene.

Vita Bins

Hlce is  a good soiree of ssv?ral water-soluble vitamins vtiloh 

are conoentrated in  the embryo and the aleurone layers o f the endos­

perm (Harris and Loesecke, I960). According to Aykroyd (1966) noted 

a high thiamine content in rice ranging from 0.21 to 0.27 m ilHgr ans.

The nieotinio acid ranged from 1.2 to 4.0 milligrams per 100 grama o f  

rice.

Patwardhan (1961) is  o f 1he view that dietaries based on rice , 

have rioe aa the major source o f thiamine apart from proteins and starch.
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Sixty s ix  per cent of thiamins is  located in the embryo. So, the 

contribution rendered by rioe to  dietary thiamine Is  conditioned, by 

a number o f oircumatanoes, raw or parboiled and haMpounded or milled. 

In raw rioe, thiamine and niacin are concentrated milnly in the (pom 

germ and pericarp. When these are removed by m illing, the grain has 

lost moat o f it s  vitamins. In contrast in parboiled rice, the ritamLn 

has diffused through the endosperm. Although germ sod perloarp hare 

been removed, the grain would a t i l l  contain most o f the vitamins 

(Rama Saatri, 1967).

On the other hand, hand pounded rice is  richer in B vitamins, 

because the germ and bran are removed only partia lly . However, the 

bran layer is  attached loosely to  the grain. Therefore extensive 

washing w ill remove the vitamins contained in  i t .  (Rama 3aatri 1967). 

Ghoae et aL (i960) hold that the ch ief virtue of ha impounding is that 

I t  gives a medium polished rioe with a high thiamine content. Pat- 

wardhan (1961 ) reports that the time honoured but slow method of hand- 

pouding is  Is S3 destructive in  that i t  gives nutritionally a better 

product. The removal o f  bran layers is imperfect and hence the losses 

o f nutrients also are less complete. In machine-milling, up to 76 per 

oent o f thiamine may be lost in  the bran, higher losses are not un­

known. In handpounding, on the other hand, losses average about 25 per 
•>

oent. The nutritive value of handpounded and dehu&ed rice have been 

found to be higher than that available a fter the removal o f bran which 

is rich in  the nutrients liks thiamine, protein and mineral (i960).
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Joachin and Kandiah(l929) proved the superiority o f undermilled j±cs 

in  taros o f  i t  a protein and calcium contents.

TA3LH I I

LOSS OF ITOTHTSWT3 DURING POHSHIHD

■H'TiTniiiinT' n nn n im
Rice Protein

(g )

Calcium

(tag)

Phosphorus

(mg)

Iron

(mg)

Vitanins
Thia­
min
W

Nia­
cin 
(m )

a. Dehusked % 7.7 15 568 4.0 560 5.5

b. Handpoundad % 7.2 15 146 2.2 190 2.2

0. Polished H 6.9 10 137 2.0 135 1.0

«-ssIII II ■■■!■■!■!■ !■■!■ IS—« **$> î a. jrsuir.

The above figures quoted by Patwardhan ( l  j61 ) revealed that the 

ohemioal composition o f  nutrients o f the handpoundad or urrtermillad 

rice 1b superior to the polished rice. The u tilisation  o f the nutri­

ents especially the proteins in the under-milled rice has not been shown 

to be s ln ila r]y  superior.

In parboiled r ice , losses o f  vitamins due to B illing and washing 

are minima 1. Parboiled rice according to  Patwardhan (1961) nay lose 

ten per cent of vitamins during H illing and washing. During parboil­

ing process 'B' vitanlns especially thiamine, either diffuse into the 

inner core or adhere so firmly to the grain that even high a l l l i i^  

does not brlx% about a aign ifio nt loss o f the nutrients (Hama 3astrl,1967).
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Minerals

Rice i t  a poor source of c tloiun and iron, but contains consi­

derable amounts o f phosphorus, but the calcium and phosphorus ratio 

is  unfavourable being 1*10 instead of the desirable 112. Ihssiil iiiiliiim 

and Bh^gavan (i960) and Ghost? and ooworhera ( i 960) hare reported thet 

rice contains negligib le amount of calcium rarging from ton to twelve 

milligram* per cent. While the content o f oalalum is  low in rice , 

i t s  ava ilab ility  is high as shown by the early e^erlmento o f Majundar 

and Be (l938) who demonstrated through feeding tr ia l* ,  with different 

cereals, that rice gave the highest retention o f  calcium, 87,1 per 

cent when oompared with 73.5 per cent far wheat.

The nature o f phosphorus present in  rice has been studied by 

Sundararajaa Cl93s), Girl (1940) and Ahmed et al (1945). A ll these 

wo Irk ere are o f  the view that aggravation of mineral is*alame in  rice 

diets i s  due to the presence o f  phytin phosphorus In rioe diet. Aykroyd 

(l964) ssasidered that phytin phoepherts interferes with the adsorption 

of dietary calcium and iron. Yet, M iller (i960) was of the opinion 

that phosphoxue in  r ice  has considerable algnifiarnce in the d iet. 

c * ja m & M  is fee Proeesa of Itebailiag

According to Gupta (1967) processing is  m  act or series of acts 

which make a commodity more suitable fo r final consumption. In other 

words, i t  adds u t ility  to a connodity.

hrewit assn (1966) said that most foodstuff3 are not fully acceptable 

in the raw form and hare to be processed for better absorption, fo r  im­

proving their acceptsnoe or fo r asking them available fo r  longer periods.
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Sueh processing nay en ta il some loss o f  certain nutrient*, but, m a 

result o f  advanoeOln nutrition, adverse effects o f processing, when­

ever they e:<ist, are becoming clearer and are being overcaae by suitable 

pro oedures.

The PAO (1966) reported that pressing r ice , d iffers  fundamentally 

from that of other important cereals. When milling aheat, the grains 

must be ground very fine to obtain flour, while in the prodnsair^ and 

m illing of r i (38, the aim is to keep the grain as nearly whole as possible.

Ohose _at al_ 11960) pointed out that the beginning o f  the practice 

o f parboiling in India, is  not knavn with certainty, although the 

technical and nutritional advantages o f  parboiling were known to our 

ancient*. The discovery o f  parboiling is  one of the most important 

achievements in  food eclezce and the credit for this discovery belongs 

to  India.

According to Davidson and Passmore (1966) 'parboilin j' means the 

steaming or boiling o f  unhusked rice a fter preliminary 3sakir^r. Patwardhan 

( 1961) described that the parboiling consists in  eoakU^ paddy in  cold 

or warm water fo r  varying lengths of time, followed by steaming " i l l  

the grain becomes soft and partly <r wholly cooked. The excess water 

is  drained o f f  and paddy is spread out to dry. Dried parboil ad paddy 

is  than hulled g iv in g  a product known as 'parboiled r ic e '.  Meehan et a l 

(1961) stated that the process as,pre-cooking and drying. G rist(l954) ,

Milton j t  a l  (1952) and Kent and Amos (1947) pointed out that parboil-
r

ing involr-ea soaking, steaming, and drying paddy.

fi"
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o. Changes that ooour during parboiling paddy

Accordl rig to FAO (l953)» and Davidson and Paaaaora (1966) ,  tha B 

vitamLns orig ina lly  concentrated in the germ and aleurone layer diffusa 

through the grain and distribute in the core o f the grain, thus 

fcxt accounting for their greater retention in the parboiled milled 

rice . Hinton (1948) demonstrated that a redistribution o f thlarclne 

from germ, soutellum -nd aleurone layers took place during parboillig 

with the result that the endosperm became richer in thiaaine than that 

o f  ran r ice . He also con. irraed Hicholl's suggestion that the gem and 

soutellum attained a firmer attachment to the rent o f the grain during 

parboiling•

Bice parboiled before milling retains mom 50 to 75 per cent of the 

orig ina l vitamin content as oompared with 10 to 20 per cent in iavr 

milled white* rice (Stanley and Cline, 1950), Kik (1956) roport/wbat 

substantial increases in thiadne, riboflavin and niacin resulted, when 

rice is parboiled.

Chaise in the colour oocuring during the parboiling process, 

according to CPTRI (1956), is due to the pigments o f  thri bran espe­

c ia lly  in the reddish varieties o f rice, and the time and variety o f 

heat treatment (Simpson 1965) given to the paddy during parboiling. The ‘ 

lozger and sure severe the heat treatment is , the greater the ■ yellow 

tin t in the finished r ic e . The oolour ia partly derived from the husk, 

but is mainly due to dextrinisation o f  the rice at arch. According to 

TIogan (1965) the characteristic strong flavours and the accentuated 

yellow to aicber colour o f  parboiled rice is  due to the migration o f 

substances from the husk in to the endosperm during soaking and steering.
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Kurlen at, al (1964) found that parboiling treatment resulted in  minor 

alterations In the dimensions o f the milled grain* Therefore, ths 

importance o f an optimum steaming period to obtain a balance between 

swelling quality and increased yield o f  head rice has been emphasised,

1 Soaking paddy

CFTRI (1959) reported that in  the traditional method o f parboil­

ing, paddy is kept soaked in oold water for two cr thee diys. Duxliy; 

this loqg period o f soaking fermentation takes place and the riee picks 

up an undesirable odour which is  rather offensive.

Instead of prolonged cold soaking pros ess, thf Central Pood Tech­

nological Research Institute, Ifysors, has shown that parboiling o f paddy 

can be profitably done by soaking paddy in water at 70 -  75*0 fo r  3 hours. 

The uss of hot watsr at this temperature n k il ls  the micro-organisms 

which bring about ths offensive odour,

Bandopadhyay and Ohose (1965) carried out the studies on the hy­

dration o f Indian paddy and pointed out that the rats o f  hydration 

has been found to decrease with increase in soaking period and tokx in­

crease with rise in temperature. The highest in it ia l rites o f  moisture 

' uptake are independent o f soaking temperature* The optimum soaking 

temperature is 75*C and the time taken fo r soaking at this tenperuturs 

o f  different varieties o f paddy does not exceed 3 hours. This period 

is  not effooted significantly by soaking at 80*C, At this temperature 

the grains burst, acolerating watsr plok up rates.

Aocordir^ to Keohara et a l (1961) improper soaking re lulted in 

incomplete gelatiniaat Ion and high proportions o f broke n kernels in 

the dried and milled product*
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<b- Parboiling o f paddy

ICAR ( i 960) described the household practice o f  par xilllng ;is 

that of usually raising the temperature ct  a mixture o f  paddy and 

water to aimrerlqg or boiling point and allowing i t  to cool gradually.

The soaking water is  then drained o f f  and the paddy is dried. Accord­

ing to Charles (1930) and patwardhan (1961) the traditional method of

parboiling is  stepping the paddy in warm water for a number o f  hours 15,
/

18 or 24 according to circumstances. The soaked paddy is  steamed, dried 

in  the sun and than milled or ha abounded.

ICAR(1960) reported that in the 00m erc ia l traditional methods of 

parboiling » procedures are generally followed. They are 'cold 

soaking' with 'single boiling' and 'double bo ilin g '. In the case o f  

'single bo ilin g ', the paddy is i  rase reed in water for 2 or 3 days to  p8r_ 

mit the water penetrate into the grains thoroughly, steamed and then 

dried. In the 'double boiling' proosjs, paddy is  steamed and dis­

charged intom a large tank of cold water, or paddy is  poured into warm 

water which has been heated to 60°0. The temperature then f  i l ls  down 

to 30 -  40°C, becoming a fin e medium for fungi, and emitting offensive 

smell. Thereafter i t  is  steamed and dried. During steaming the b«J

method and 'double b o l l i x '  method y ia 3d a bad smelling product. They 

assert that below 40°C, vigorous fermentation develops causing ax bad

odour

smell. Simpson (l95l) and the ICAR 1953) consider the colour, taste and
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odour that render parboiled rl> e unpalatable to those aeoustoraBd to 

highly milled raw rice, aa the disadvantages o f parboiled rice ,

In the year 1952, the Hiee Technological Committee appointed 

by the Government o f India sponsored a research programme to improve 

the met hod a o f parboiling. The pioneering work was done by the canii- 

ttee and the au^estlon made by i t  was, instead o f  soaking the paddy 

in  cold water fo r two to three days, the temperature o f the soak water 

couldbe increased to 65° -  70°0, whereby the soaking period is reduced 

to few hours and the fermented smell is completed eliminated. 

Deaiteohar and 3ubr=una.-yan (1957) claimed that with minor changes in 

the customary methods, the principle o f hot soaking could be applied 

as an lip  roved method so as to be more economical and to ;lvo a whole­

some product free from smell.

3. Drying of paddy

Varying methods are used for drying paddy with l i t t l e  uniformity 

or standardisation. The grains nay be spread on the stone or con­

crete flour and dried in the direct sunlight or In the shade in a 

windy place.

According to Srinlvasan (1935) the traditional practice o f 

drying paddy is to dry the parboiled paddy in the sun for eight hours. 

Such drying has to be done with oare because under or over drying w ill 

a ffect the milling quality. Ramalah (l937) and PAO (1954) explain that 

i f  drying takes place too rapidly the outer parts o f the grain any 

become dry while the in terior may remain moist and the rica dried.
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In this way may subsequently deteriorate rapidly* On the other hand, 

decomposition may occur I f  drying la  too slow and the whole grain w ill 

remain moist fo r  too long a period. According to Bhattacharya (l967) 

slow drying o f parboiled paddy in  the shade leads to excellent milling 

results (0.4 to 1 per cent brokens in tota l milled rioe'i, but rapid 

drying In hot a ir (40 -  80°C) cr in the sun given very high breakages 

on milling (30 to 93 per o?nt).

Jai Pal Singh and Dharma Kao (1966) discourage drying paddy in 

the sun on cement floors as this process develops cracks Inside the 

endosperm besides the losses caused by birds and rodents. Govindaswanl 

(1966) reports that head rice recoveries due to milling o f  raw rice vailed 

from 52.3 to 54.4 per oent in the case o f  shade drying o f pady and from 

42 to 31.0 per oent in the case of sun drying. Through their experiments 

Govlndaawami and Ghosh (1965) concluded that shade drying was the best.

Govindaswarai (1966) and Bhattacharya (1967) stats that the milling 

quality of parboiled paddy is  seriously effected by imp’•■oper conditions 

o f drying. Loren (l930) recommends oarefUl drying o f  parboiled paddy 

to result in high milling quality.

According to Govlndaawami (1966) t e optimum moisture content act 

the time o f milling o f paddy is  import ant for getting mxxiiauea out­

turn in  m illing. Plngale (1966) points out that the optimum moisture 

content at which the breakages are least in 14 per oent. I t  Is  generally 

considered that the maximum moisture content ofxloe for storage should 

not exceed 12 to 14 per cent (FAO 1933)* Jai Pal Singh and Dharma Kao 

^1966) consider that the a tor^e is easy and simple provided the moisture 

content is  not higher than 14 to 13 per oent. International Cooperation
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Administration (1967) reports that in the humid regions o f South East 

Asia, moisture content must be controlled within 10 to 12 per cent, in 

other parts of Asia, Europe and the Western Hemisphere, 12 to 14 per 

oent is desirable for paddy lice . The re the moisture oontont exceeds 

the above lim its, stored rice develops heat which causes discoloura­

tion and objectionable odours. The in terior o f grains becomes soft 

and subject to excessive breakage resulting in substantial losses in 

sa lab ility .

Hi P«hu»kiog paddy

Paddy a fter drying is  processed into rice either by haid pounding 

or m illing or dehusking using gear driven paddy dohusker.

Handpoundlng paddy

According to IOAR (1966) handpounding o f pad'iy to reaovo the husk 

end the outer layers o f  bran is  the oldest know* method o f converting 

paddy into rice.

3arln (1166) reports that in India a larger proportion o f ride 

oonsumed continued to be handpounded. According to one estimate, hand- 

pounded rloe accounts for 40 psr cent o f the to ta l production o f i-ics 

although the consumption o f mac hits-milled rice has increased in  recent 

years. .

Ohose at a l  (i960) states that milling of rice in  siraU quantities 

in  v illa ge  homes using the various types o f traditional equipment comes 

undsr the term "handpounding". The pounding breaks the outer husk and 

allowa i t  to be asperated by winnowing. Some o f the germ and part of the 

pericarp la  removed, the amount depending on the vigour and duration o f 

the pounding.
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Certain disadvantages o f han dp aimed, og as compared with taachlzs 

milling have to be pointed out in this connection. Lucius (1961) and 

Williams (l95^) have warned that handpounding o f rice does not always 

ensure a substantial retention o f bran. Boris ( 1966) and ftontaky (1966) 

point out that handpounding produces a higher percentage o f broken rice* 

According to Patwardhan (1961) the undenailied rice does not store well*

The small amounts o f fa t in the gr'4.n tend to get rancid and spoil the 

quality o f  the product* Further, owing to the high humidity which exists 

at certain times of the year in  moot o f  the r ice  producing and consuming 

regions i t  fa l ls  an easy prey to  bacterial and fungal attack* The iws- 

ctriction  on milling o f rice raises the problem o f  the high phytln con­

tent of i ic e  interfering with the obeorption o f calcium and jjron.

Milling paddy

The mechanical m ill has nearly made the handpounding industry 

outmoded because i t  is  vezy quick, e ffic ien t and above a l l  labour saving 

(CF~HI, 1959)* Boris (1966) remarked that about 20 million tons o f paddy 

was processed by commercial m ills in India.

Harris find Loesecks (i960) define milling as the series o f  mechanical 

operations that remove the hull, embryo, and the outer layers o f the rice 

kernel. The object of rice milling is to remove the irapuritiau, the 

husk aid also the coloured outer epidclmia o f  the rice grain, so as to 

give the rice the b r i ght colour and the more pleasing appearance demanded 

by the cons me r.

Milled rice consists o f whole or broken kernels of rioe from which 

the hulls and practically, a l l  o f  tha germ and bran layers have been removed*
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Int ematioral Cooperation Administration Cl967) estimates when the rioe 

grain l e  broken down In the suocesiive stages o f the milling process, 

about 25 per oent by weight o f the original rough rice la  hulls or 

husks. The balance is  the husked kernel or brown rioe. Harris and 

Ioeaeoke (i960) explain that the degree o f  milling that is , the complete­

ness with whiah the embryo Tod aleurone layers are removal, may be varied 

to  suit the taste or anatoms o f the com inter or to conform with official 

regulations.

Factors affecting the B illing yield

Deodhar and Dandehar (1965) points out that both raw p idly and 

parboiled paddy ore subjected to m illing. The proportion o f rice, broken 

rice and bran vary according to the material processed and the equip­

ment used fo r  processing. Parboiled paddy generally gives a higher out 

turn about fiv e  to ten per oent (Ohoae at al ) o f whole rice du- to the 

hardness o f the parboiled grain than the raw r ic e . Davidson and Passmore 

(1966) and Douglas (1930) stated that parboiling sp lits the woody husk 

and renders its  subsequent romral easier. Dasikuchar and Subrananlan( 1957),  

Lugui et a l (1963), Te Tzu and 31isco (1965) and Oovindas (1966) indi­

cate that parboiling reduces breakage o f  grains. Parboiling paddy before 

m illing, according to Brown (1965), increases the out turn o f most Indian 

paddles by preventing milling losses associated with sun checks, soft 

starch and inferior stilling equipment. Vijayan et al (1965) report that 

parboiled head rice recovery ranges from 46.5 per cent to 76.4 per cent 

depending on the variety.



I I I .  BXPRRI1RHTA1 PROCHDBRN

The aim of this investigation was to find out the effect o f 's ix  

hours' oold soaking and 'three hours hot soaking' in the parboilir^j 

of paddy on the nutrient content o f rloe, either a llied  or handpounded. 

Accordingly the experimental procedure involved the following stepst

A. obtaining parboiled rice

1. Procuring and cleaning the paddy

2. Selection o f  utensil

3. Soaking the paddy

a. R itter oold soaking for s ix  hours at room temperature,or

b. Hot soaking far three hours at 70° -  73*0.

4. Parboiling the paddy

5. Drying the paddy

6. Dehuaklng the paddy

Handpounding or mil ling pad ty

7. C leanly the rice.

B. Nutrient analysis o f  the d ifferently processed parboiled 
rice fo ri

1. Calories

2. Protein

9. Phosphorus

4. Iron

and 3. Thiamine •

23
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4. Obtaining the Parboiled Rioe

1. Procuring and Oleanlra r.he Paddy

The paddy required for this stu~y was calculated to be 150 Kg. 

purchased In one lo t from the Central Parra of tha ‘Jtate Agricultural 

College and Research Institute, Coimbatore. The FA0(1966) haa reported 

that aria 11 stones and d irt going into the huaker sheHer cause Increased 

breakage o f  rice and; loss o f  out turn. Therefore the selected sample 

o f paddy was cleaned In batches of six kilogram using a bumbo winnower 

and made free from g r it ,  dust and stones.

2. Selection of utensil

In order to increase the efficiency o f the utensil in atariiardls- 

ing the household method o f parbollir^, Herat hi (196 /) modelled an 

utensil as shown In figure 1. That utensil was selected for the present 

study. I t  was of ten litre s  capacity.

A tap was fixed from the bottom o f the utensil at the point 'A' 

in Figure 1, to drain the water. A perforated circular slate was fixed 

at the junction o f the tap at 'A* to prevent paddy being 'fashed out 

with the water. A lid  was used to protect the paddy from being conta­

minated by dvst and to maintain the temperature consistent to the extent 

possible ehile 'steaming' caddy.

3. Sorting the paddy

a. Cold soaking for six hours at room temperature

Six kilograms of paddy were weighed a fter cleaning and soaked in 

f ir e  litre s  o f cold water at room temperature fo r  six hours In the 

utensil shown in  Figure 1. The utensil was kept open during soaking.
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Figure 1

UTENSIL U33L FOR PARBOILING

a. Perforated circular plate
b. Tap
c. Lid.
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The room temparature was noted every hour during the « r »  aix houxs 

o f soaking. The mean temperature was taken as the room terjperatuza.

b. Hot soaking for three hours a t 70°C -  75°C.

Six kilograms of paddy were weighed and put Into eight litre s  

o f  boiling water in the utensil show in  Figure 1. The t^speruture of 

the soaking water was maintained between 70#C -  73®C for three hours. 

Care was taken to soak the paddy completely and to maintain the water 

leve l at 2.5 centimeters above the paddy, fo r  a ll thm three hours. The 

utensil was kept opera throughout the soakL% period.

4. Parboiling the paddy

After six hours o f soakii^gln the cold water at room temperature, 

the paddy was parboiled until the steam started coming out vigorotwly 

from the surface o f  the paddy, that is , one hour.

In the case o f  the paddy soaked at 70°C to 75°0 fo r three hours, 

three litre s  o f  water were drained out before parboiling as there was 

excess water. The paddy was then parboiled until the steam came 

vigorously from the surface o f  the paddy, that is , in  h a lf an hour.

5. Prying the paddy

In the case of both the oold and hot water soaked paddy, one 

l i t r e  of water shic was remaining after parboiling was drained out 

and the paddy was dried in the ‘hade. Shade dryir^ was selected be- 

O iuae  Govindaswtmi and Ghosh (1965) had concluded that shade drying 

was the best. The room temperature was noted at four hour intervals 

o f  dlying and the average taken as the drying tonpe rature. The moisture
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content o f  50 grama of a l l  the samples was tested at 12 hours interval 

using the Universal Moisture Testing Apparatus with the help of the 

Seed Testing Laboratory in  the State Agriculture College and Research 

Institute. Moisture was tested t i l l  the paddy reached approximately 

x 14 per cent leve l, as this amount o f moloture was found by Jai ?al 

Singh and Dharma Rao (1966) to give good head rice return.

6. Dehusking the paddy

Had pounding and milling were evi cted as the dehusking processes. 

The handpounding was done using the traditional wooden mortar and 

pestle. M illing was done in  the mechanical m ill. Only one polishing 

was given to the paddy to minimise the nutritive losses due to polish­

ing.

7. Cleaning die riae

The hand pounded and milled aanplee o f rice were windowed by using 

hand winnower and the broken rice and husk were removed to retain the 

head zlce alone. The eaoples were stored in bottles, labelled and 

used for nutrient analysis.

These prooesses were repeated s ix  times, and the mean results 

calculated.

B. But riant Analysis o f tte D ifferently Processed Parboiled Rice 

i . . Calories

The caloric content of the sample of rioe was analysed using the 

Parr's Oxygen Bomb Calorimeter (i960). The method is  given in 

Appendix JT
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2. Protein

The protein content of the samples o f rloe waa estiiaatod by 

the Mlorokjeldahl method as described by the A.O.A.C.(196)), using 

the conversion factor 5,95 fo r the calculation of protein. Since, 

isolated rloe protein contains 16.8 per cent nitrogen, the factor of 

5,95 haa been reoomrn ended for conversion ofnthe nitrogen oontent of 

rloe to protein (Harris and Loesecke I960).

3 . Phosphorous

The phosphorous oontent was determined by the Piske and Sub® 

Rao's method (1954).
i

/ft . Iron

Iron was estimated by using the method of Woqg as described by 

Hawk e_t a l (1954).

3* • Thiamine

?or the estimation o f thiamine, the thioahroras method was used 

as described by A.O.A.C. (i960) with modifications. The rsBthod is 

given in Appendix.JT



IV. HB3UITS AHD DISCUS3I0W

Six rice samples were soaked for six hours at the room 

temperature and the other six soaked fbr three hours at 70°0 

and both were steamed subsequently. The parboiled paddy a fte r  

drying was dehusked by handpounding or milling and the 24 

samples were analysed In duplicates fbr the following nutrients:

A. Calories

B. Protein

C. Phosphorus
t

D. Iron

and B. Thiamine.

1 . Calories

The mean oalorlc content o f the d ifferently processed 

parboiled rice is presented In Table I I I .  S tatistica l ana­

lysis and analysed mean values fo r  calories are given in 

Appendix jf and ̂ respectively •
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IRAK CAIDHIC C0ST5KP OP TIB DIPFEREHTIY PROCESSED 
PARBOIIED RIOB

TAB IB H I

(Mean values o f duplicates)

Code Prooeasily Method Calories Source o f  Yarlnncs
per g. variation Batlo(P)

1. Hot soaked handpounded 
rice .

361 ♦ 1.2* 1 vs 2 4.011

2. Hot soaked milled rice 370 + 2.2 1 vs 3 0.043
1 vs 4 0.0004

3. Cold soaked handpounded 
rice. 360 + 1.2 2 vs 3 4.8*

4 • Cold soaked milled rice 361 + 3.4 2 vs 4 3.739
3 vs 4 0.072

1* 2 va 3*4 2.294

•Significant at 5 per cent leve l.
lUbJU.I.JItltlll 1 Hill

a. Mean _♦ standard error

The difference In the ealorlo content o f the handpounded

samples o f  rice o f the hot soaking process and those obtained

by the oold soaking process was not significant. Similarly there

Is  difference In the caloric content o f  the milled samples o f  rice
I t

a fter hot soaking and oold soaking, butyls not s lgn iflc  n t.

When the hot soaked rice samples and cold soaked rice samples 

In both processes combined^ly were compared, i t  was found that 'he 

difference In temperature and time used in the two processes, did 

not a ffect the caloric content of the rice sasples and the d if fe r ­

ence was not significant.
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2. Protein

Table IT gives the protein content o f the d ifferently processed 

parboiled rice* Statistical appraisal is  given in Appendix^* In
it

Appendix A ana Jysed mean values are given*

TA3I8 IT

MWAH PROTEIN CONTENT OP THE DIPFEHSBTTaf PRX1ETIBD 
PARBOILED RICE

Code Processing method

(Mean values o f the duplicates)
-x=srs

Protein Source o f Variance
g.per 103g. vtiriation Rutio(P)

1.

2.

3.

4.

Hot soaked hand pounded 
rice

Hot soaked milled rice

Cold soaked hardpounded 
rice

Cold soaked milled rice

9.4 + 0.24a 1

1

8.0 ♦ 0.24 1

2

9.1 + 0.24 2

3

7.6 ♦ 0.23 142

143
_________ m___

vs 2 26.59**
vs 3 1.21

vs 4 47.87**
vs 3 16.45

vs 4 3.10

VS 4 33.86**

VS 344 4.09*
vs 24« 60. 18**

•♦Significant at 1 per cent level.
•Significant at 5 per cent leve l, 

a.Mean jf standard error.

Table,.shows the protein convent o f the d ifferen tly  processed

rice sasples. There was not much difference in the protein content

between the hot soaked handpounded and cold soaked handpoonded rice

sanples. Milled sanpl«3 o f  hot soaked and cold soaked rice sauples 

did not show appreciable difference in  &  ?ir protein content.
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In both the proceasaa of parboilingf the handpounded samples 

o f rice showed higher protein content, when compared with the co rros- 

ponding milled rice samples. The d iffe ren ce  ware highly signicanfc 

at one per oent leve l.

Several investigator a have reported on the protein content 

o f  parboiled rice. As stated by Subrahaa cyan et. a l (1933) parboil­

ing effects the transformation of the nitrogen present in the germ 

into the endosperm of rice grain. The hand pounded rice samples 

retained the protein better. Hanosjthese results are in agreement 

with the work of Ghose et a l (i960) and Swaminuthan and Jhagavan(l960)•

Generally i t  was found that although hot soaking had advanta­

geous effeot ever the cold soakir^ on the protein content o f dLaef 

s t i l l  i t  is  much less than the difference due to hand pounding over 

m illing.

In view of these significant differences, i t  is concluded that 

handpounding effected better conservation o f  protein than a mere 

difference in  soaking method.

3. Phosphorus

Table V gives the phosphorus content o f the d ifferently  proce­

ssed ri.ee samples. AppendixTILgives the s ta tis tica l analysis and 

analysed mean values are given in  Appendix "STomx£ ST
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TABIr*! V

MISUT PHOSPHORUS CONTENT CP THR UEPP <1RRHP X3f PROOFS:JED PARBOIKSD
RICE

Code

(Mean raluee o f the duplicates)

Processing Method Phosphorus Source of Variance
mg.perlOQg. variation Ratio(F)

1.
2.

3.

4.

Hot soaked handpounded 
rice

Hot soaked milled rice

Cold soaked handpounded 
rice

Cold soaked milled rice

174 ♦ 1.7*

131 ♦ 2.3

183 ♦ 0.9 

154 + 1.9

1 vs 2
1 vs 3

1 vs 4

2 vs 3

2 vs 4

3 vs 4
142 vs 344
143 vs 244

40.62**

2.29

10.60**

72.11**

13.81**

22.80**
13.71**
69.01**

** Significant at 1 per cent leve l

There was no d iffe r  nee between the handpounded saoplss o f 

cold and hot so ked parboiled rice in it s  phosphorus contuib. But 

there was significant difference in  the phosphorus content between 

the milled sanples o f  cold and hot soaked rice, as cold aoaki 

had beneficial e ffec t upon the phosphorus oontent of the rice. This 

may be due to more abrasion during m illing.

The phosphorus content appears to have been affected by the 

processes used fbr dehusking the parboiled paddy, the taaidpounded 

samples of both the hot soaked and cold soaked parboiled rice 

having conserved the phosphorus in higher amounts than ths corres­

ponding milled samples. This finding is in  agreement with those
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of Swaminathan and Bhagavan(l96o) and Joseph et_ al (1958) who reported 

that uudermilling or handpounding increased the phytln phosphorus 

oontent o f rice . Prem (1967) also obtains similar results.

1 Cold soaked parboiled rice and h t soaked parboiled rice were 

compared for the phosphorus content and i t  is evident that the cold 

soaked parboiled sanples o f rice had higher phosphorus content,x and 

the difference between these two fo r the phosphorus content was 

significant at one per cent leve l. The increase in the phosphorus 

oontentof the cold soaked samples may be due to diffusion of the 

mineral from the outer bran layers and germ enri tied with this nutrient, 

during the long hours o f soaking period in the above process. The 

retention of phosphorus due to handpou >dlng was even betner than the 

retention in different soaking methods.

4. Iron

The d ifferen tly  processed rice samples were analysed far their

Iran content, and the values are presented in  Table VI. S tatistica l
-rcuJlH

appraisal and analysed mean values are given in Appendix STnnd/vro tpe- 

ctive ly .
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TABLE VI

HR AH IRON COST TJ? OF 'MB DIPFBRBHTI2f FK> 0 'SJT3D PARBOIL® RIOT?

(Kean values of the duplicates)

Code Processing method Iron Source of Variance
mg.per 100g. variation Ratio(P)

1. Hot soaked handpotanded rioe 4*08+ 0.15

2. Hot soaked milled rice 5.50 + 0.09

5. Cold soaked handpotanded 6.25 + 0.09
rice

4. Cold soaked milled rioe 4.65 ♦+ 0.09

ESSrSlM:

1

-stsa-

V8 2 134.0**
1 vs 5 61.08**

1 vs 4 13.85**

2 vs 5 48.22**

2 vs 4 54.53**

5 vs 4 105.7**
112 vs 3&4 229.0**

■ mm in ii hi m  mu mill ii «■ i mini iw r  iiiiini ~ i i «■■ ■ uni 11 mi m i i i n  n .

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

I t  i s  evident that cold soaking had beneficial effect upon the 

iron content o f the handpotanded and milled rice samples, *hen co;pared 

with the corresponding hot soaked rice samples (treated airdLlarlyJ.The 

differences were significant at one per cent leve l.

Handpounding of the cold and hot soaked rice conserved h ijie r  

amounts o f iron than the corresponding milled saaplea, and Hie d if fe r ­

ences between the handpounded and milled samples o f Hie hot and cold 

soaked parboiled rioe were highly sign ificant. The higher iron content 

o f the handpounded rice may either be due to the partia l presence o f 

the bran in t  ict with the endosperm or due to the iron ring o f  the pestle
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which is  u3sd for handpounding. This view is in *jre m<mt with the 

results o f Bwa rat nathan and Bhagavan (i960), Aykroyd _et a l (1966), and 

Prema (1967)•

Oold soaked parboiled rice was compared with hot soaked par­

boiled rice, and i t  w is found that the long hours o f ooldi soaking had 

beneficial e ffec t upon the iron content o f the respective sanples o f 

rice , and the difference, in iron content on compari son with hot 

soaked parboiled rice ^aa highly significant*

Thus, i t  is  evident that the processes, cold soaking and hand 

pounding resulted in the comerv«tion o f iron in the rice sanples*

5* Thiamins

Hloe is  an important source of thia ine in Indian diets. Thiamine 

content o f the d ifferently  procossed parboiled rice sanples was com­

pared, and the values are given in Table VI I .  Appendix gives the 

s ta tis tica l analysis and analysed mean values are given In Appendix

TABUS V II

MEAH THIAMIHR COffPSHT OP !HF DIFFERENTLY PROCESSED PtRBOIIKD RICE

(Mean values o f the duplicates;

Code Processing method Thifimine Source o f Variance
Ug.per 100g. variation • Ratio(F)

1. Hot soaked handpourried 103 ♦ 0.004* 1 vs 2 1443**
rice* “  1 vs 3 2

2. Hot eoaked milled rice 54 + 0.001 1 vs 4 200.9**
~  2 vs 3 111.0**

3. Cold soaked handpounded
rice. 97 ♦ 0.003 2 va 4 4.6*

“  3 vs 4 162.4**

4. Cold soaked milled rice 45 ♦ 0.014 142 vs 3*4 6.5**
“  1*3 va 2*4 7.6**

**3 ign if leant at 1 per cent level 
♦Significant at 5 oer o a t level 

a. Mean + standard error.
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I t  could be seen that there was not much difference in  the 

thiamine content between the hot soaked and cold eoaked hareSpounded 

rice samples although the former had a s ligh tly  ■ higher content* The 

difference was significant at 5 per cent leve l in  the case o f  hot 

soaked and cold soaked milled rloe samples*

Between the two processes used fbr dehusklng, namely milling 

and handpounding in both the oases o f  hot soaking and ooId soaking, 

handpounding had beneficial e ffect upon the thiamine cantent9 and 

the differences ware highly significant* Rasa Saatri (1967) states 

that the hand pounded rice la richer in B-vitarains because o f the 

partia l removal o f the germ and bran. But the absorbability of the

B-vitamLn in the milled contents has been questioned*- by 3recnivasan(l966).
h

Sarby and Tonrua (i960) studied the effects of duration o f  

parboiling on the thlar ins content o f rice* They noted a decrease 

in the thiamine content with increase In the tine of soaking.

Nioholle (i960) reported that a loss o f  30 per oent o f thlanine during 

the parboiling process mey ocour due to oxidation. So also in  the 

present stuty, decreased values in thiamine content were obtained for 

the cold soaked rice sar<ple8y which werex submitted to longer soaking 

time, being six hours, when compared with the hot soaked rloe samples 

which were so.ked only fo r  three hours. This difference was also 

highly sign ific not, between the two d ifferently  soaked rice samples.



V. SUMMARY AMD CONCLUSION

1. Paddy was parboiled by two different methods of soaking, 

the oold soaking for six hours and ths hot soaking for throe hours
l

followed by steaming. The differentia in the nutrient o ant onto of
(jL< iwt

rice observed from theee two processes was studied in respect o f 

calories, protein, phosphorus, iron and thiamine. The difference 

was further studied with respect to handpounding ard milling o f the 

parooiled paddy.

2. The caloric content o f parboiled rice ranged from 361 to 

379. Differences were not marked either with respect to the method 

o f soaking in parboiling or the method o f dehuaklng.

3. The protein, phosphorus, iron and thiamine oontent of 

parboiled rice ranged from 7.6 to 9.4 g. 131 to 183 mg, 3.5 to 

6.25 mg. and 45to 103 ug per 100g. respectively. The lower values 

in respect of phosphorus and thiamine oontent than those reported 

in  literature may be due to the variety difference in rioe.

4. Gene ra lly  the e ffec t of handpounding as against m illing 

on the retention of protein, phosphorus and thiamine ■ was sig­

nificant ly ̂ beneficial, than that o f the oold soaking against hot 

soaking. In iron content, however, both handpounding and cold 

soaking had effected better retention. The beneficial e ffec t on

37
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the retention o f nutrients of the oold soaking process was not 

oonolotent because the thiamine tended to decrease in the oold 

soaking prooess as against hot soaking*

3* fiioe is a poor source of protein but through parboiling 

and handpound ing, significant retention o f the protein o *u be 

effected so that the quantity o f protein consumed through this 

source in the South Indian diet oan make a significant contri­

bution. Thiamine oan also be conserved through parboiling and 

handpounding*'
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APFWDIXI

DWP̂ SHKRATIOH OP BHRROY VAT.U1? OSIHG PARR'S O'CTOEU BOMB OAiiORIM^^ 

Prlac Ip la

The heat ^iren o f f  by the burning of a weighed sample o f  food 

ia dissipated into a known weight o f  water in whloh the rise in  tem­

perature oan be accurately measured. Prom the change in the temp­

erature o f the water, one o *  calculate the energy Talus o f  food. 

Reagent needed

Staidard a lkali solution(0.O7?5V) sodium carbonate. This was 

prepared by dissolving 3.84 g. of sodium carbonate in  water and 

diluting to one l it r e .

Procedure

Operating the Plain (lapthermal-jacket) Oaloriractor 

Calorimeter Water

Determined the weight o f completely dried oral bucket and i»n«i 

added 20)0 (plus or minus 0. 5) gms. of d is tilled  or deminiralloed 

water.

Assembling the Calorimeter

The f i l le d  buclet was sst in the jacket with »  long axis o f the 

oval in  line with the operator aid with the bom locating boss in 

the bottom position nearest the operator.

The bomb, a fter setting the weighed powdered rice sample and 

electrodes in position, was f i l le d  with oxygen until the gunge read 

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

i



the water taking care to avoid Jarring or disturbing the contents by 

holding the bomb valve between the thumb and forefinger* The bomb 

was set with it s  feet spanning the locating boss and turned ao that 

the eleotrode terminal is  near the Insulated ignitod wire* Attached 

the thrust terminal to the bomb electrode and shook buck into the 

bucket a l l  drops o f water adhering to the fingers.

Placed the cover on the Jacket with the thermometer towards the 

operator. Put on the rubber drive belt and started the motor. Always 

the same stirrer  speed should be nmlntained.

Temperature operation

The motor was run fo r  fiv e  minutes to attain thermal equilibrium* 

Then read mad recorded the calories ter temperature to the nearest

0.005°F (0.002°C) at one minute interval fo r exactly fiv e  minutes.

ThB fir ing  was done at the start o f the sixth minute recording 

the texq>erature. Then the temperature was recorded at 15 m seconds 

interval fo r five  minutes*

After the period o f rapid rise a fter f i r l j^ ,  recorded the tempe­

rature to  the nearest 0.005°® at one minute intervals until the 

difference between succes sive readings had bean constant over a period 

o f  five  minutes. Usually fee temperature w ill reach a maximum, then 

drop very slowly. So, fee readings continued at one minute intervals 

over a period of fiv e  minutes.

Opening the Calorimeter

A fter completing the readings, the motor was stepoed. Removed 

the belt arrl l i fte d  the cover from the Jacket. The thermoraster waa 

removed and wiped. Disconnected fee fir in g  connection from the bomb 

terminal and lifted  the bucket and bomb out o f fee Jacket.



l i f t e d  the bomb out o f the jacket and relieved a l l  residual nresaure. 

This should be done slowly and at a uniform rate such that the operation 

w ill require not leas than one minute.

After a l l  pressure had been relieved, removed the screw cap, lifted  

out the bomb head.

The Add Titration

Washed a l l  in terior surfaces o f the bomb with a je t  o f  d&acilled
/

water and quantitatively collected the washing in a beaker. Titrated 

with standard a lkali (J.Q725H) solution using methyl orange indicator.

The Fuse Correction

Carefully removed a ll unburnt pieoee o f fuse wire from the bomb 

eleotrodes, straighten them and measured their oombined length in centi­

meters. 3ubstraoted this length from the in it ia l 11 oentiuetcrs and 

entered this value. v

Calculations 

Assembly o f Data

The following data should be available at the completion o f a test 

in the plain calorimeter, 

a -  Time o f fix ing.

b -  Time to nearest 0.1 minute when the temperature reaches 60 

per cent o f the tota l xlse.

e -  Time at beginning of period a fter the temperature rise (in

which the rate o f  temperature change has became aarat m t).

ta- Temperature at time o f fir in g , corrected fo r  thermometer scale 
error.

tc - Temperature at time C, corrected for thermometer scale error.
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ty -  rate (temperatur# units per minute) at which temperature was 

rising during the fleam m-nutsa period before fir in g . 

rg -  rate (temperature units per minute) at which the temperature

was fa llin g  during the f ir e  minutes period a fte r  tine C. I f  the 

tamperatiffo wae rising Instead of fa llin g  a fte r  tin* 0, cub- 

stract the quantity r2 (o-b) instead of adding i t  rtien cumpu- 

tlng the corrected temperature r ise .

-  o i l l i t r e s  o f standard a lxa li solution used in the acid titra tion , 

o2 -  cent inset e rs of ill as wire consumed in  firing*

w -  energy equivalent o f the calorimeter in  calories per degree o f P. 

n -  mess o f the sample.

Temperature Rise

Computed the net corrected temperature, t ,  by substituting in  the 

following equation*

t  ■ to -  ta -  r  ̂ (b-a) -  r2 (o-b)

Thermoohemloal Correction

Computed the following fbr each tes t*

1̂  -  correction in  calories for heat o f formation of HNo3 -  C1 i f  

0.O725N alkali was used fbr the titration*

1̂  -  correction In calories fo r  heat o f combustion of fuse wire -  

(2.3) (cj,) when using Parr 45 C10 nickel wire.

Gross Heat o f  Combustion*

Computed the gross hsat o f  combustion Rg in etlories per gram by 

substituting the following equation*

^  ■ tw -  ly -  12

m



APPENDIX X T

ESTIMATION OF THIAMINS BY THIOCHROME M5THOD

Principle|

Thioohrone procedures depend upon the oxidation o f thiamine to 

thiochrome which fluoresces in u ltra-vio let ligh t under standard 

conditions and in the absence o f the other fluorescing substances, 

the fluorescence is proportional to die thiochrome present and hence 

to the thiamine orig inally in solution.

Reagents needed

1. Double normal sodium acetate

2. Bromooresol green pH indicator

3. dasic lead acetate solution

4. 15 per cent sod lien hydroxide

5. 1 per cent potassium ferrioyanide solution

6. Oxidising reagent

7. Quinine sulphate stock solution (lOjug per ml).

8. Quinine sulphate standard solution (0.25 jig pi r  ml).

9. Thiamine hydrochloride stock solution I  (lOOjug per ml).

10. Thiamins hydroohloride stock solution 11(10jig , per ml).

11. Thiamine hydroohloride standard solution(l jug. per ml).

12. n -  Butanol

13. Potassium chloride.



P repa ra tio n  o f reagenta i

1• Double normal aodium acetatei Dissolved about 275 g. o f aodium 

aoetate In sufficient water to oaks up to 1000ml. '

2. Broao oreaol green pH indicator* Diaaolyed 0.1 g. o f  the 

Indicator by triturating In agate mortar with 2.8 ml. o f  0.05N 

sodium hydroxide, then dilutedto volume of 200 ml. with water.

3. Basic lead aoetate solutloni Dissolved about 180 g. o f lead 

aoetate in 700 ml. o f  nearly boiling d is tilled  water and added 

110 g, o f finely powdered lead oxide (lith arge ). Boiled the mix­

ture for half an hour with occasional stirring, cooled the solu­

tion, filte red  and added sufficient water to the fU terate to make 

I  l i t r e .

4. 15# Sodium hydroxide solutions Dissolved about 110 g. o f sodium 

hydroxide in 100 ml.of d is tilled  water, and allowed the aaJtbated 

solution to stand for about 2 days, so that the carbonite settles 

down. This solution contains about 75g. o f  sodium hydroxide in 

100 ml. This is diluted to 500 ml. with d is tilled  water to get 

15# solution.

5 . 1# Pottasium fericyanide solution* Dissolved 1g. of pottasium 

ferrloayanide in 100 ml. o f d is tilled  water, and i t  is prepared 

freshly.

6. Oxidising reagents Mixed 4.0 ml. o f  the 1# potassium ferrlcyanlde 

solution with the 15# eodium hydroxide eo ution to make 100 ml. 

This solution should be used with in  4 hours.
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Quinine sulphate in 1000 ml o£ 0.1H sulphuric acid, and stored 

i t  h* light resistant bottles (10 ug/ol)

8. quinine aulnhate standard solutloni Mixed 1 volume o f the 

quinine sulphate stock solution with 39 volumes o f 0. 1N I^So^ 

(0.25 ug/ml).

9. Thl tu"'1 hydroohlo ride stock solution I i Dissolved 30 ug USP

thiamine hydrochloride Reference Standard in 20$ alcohol adjus­

ted to pH3.5 -  4.3 with hydrochloric acid and diluted to 50 >ml.

with acidified alcohol to make concentration exactly 100m. ng/nl and 

stored at 13*C in light resistant bottles (100 ug/ral).

•JO. hydrochloride stock solution I I I  Diluted 101 ml. of

thiamine hydrochloride stock solution to 1 l i t r e  with 20$ alcohol 

adjusted pH to 3.5-4.3 with hydrochloric acid. Stored in  light 

resistant bottles (10 ug/ml).

11. hydrochloride standard solution! To 10 ml. o f thianine

hydrochloride Stock Solution IX added^pji /100 ml. o f §.1H hy­

drochloric acid, (1 mg equivalent to 1 m. mg. o f t  ianine 

hydroohloridenstt (1 u/ml).

Procedure

Extraction

Weighed about 10 gm. o f ice fine ly powdered and dissolved in 

50 ml. o f 0.1N hydrochloride acid. I t  *as digested over a boiling 

water bath for about half an hour at 95 to 10)°C. Cooled and a g i ­

tated to avoid lumping and diluted with 0. 1N hydrochloric acid to 

70 ml. Duplicates were prepared.

• Quinine sulphate stock ■olutiom Dissolved about 1̂ ) ay. g



Engyme h y d ro ly s is

Aliquot o f 20 ml. was taken In two beakers from the 70 ml. ;\nd 

adjusted to the pH to 4.0 to 4*5 with five  ml. of double normal 

sodium acetate, using bromocreaol green Indicator on spot plats. Added 

fir e  ml. of takadia lsataae-angyme solution, mixed and incub itod for 

about three hours at 45 to 50*C and cooled to the room temperature. 

Purification

After incubation, 19 ml. o f  basic lead acetate to each assay solu­

tion in the beaker, mixed well sod the precipitate forme 1 was removed by 

oentrlfigation. Tonthe f i l t r a te  added 4 ml. o f 30 per cent mlphurio 

acid followed by 4 ml. of d is tilled  water to rouove the excess lead 

by precipitating i t .  Again it  was centrifuged and tested for the pre­

sence o f lead by adding a'drop or two drops of 30 per cant sulphuric 

add . Ho precipitate should be seen at the end. The final volume 

was measured.

0XIDATI0H 0? THIAMINE TO THI00HRDMS AHD MEASUREMENT OP NIWOREHtTWCEi

To the assay solutions and standard thiaTine hydrochloride solu­

tions, sufficient potassium ahloride ( 1,5gm) was added. Then within 

two seconds added three ml. of oxidising reagent. Immediately added 

13 ml. of n-Butanol and shaked vigorously. Centrifuged the solutions 

at low speed about one to three minutes. The clear solution at 

the top was taken and measured the fluorescence in electronic 

flurometer. The fluroescenee produced by 10 ml. o f the oxidised
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\
thiamine hydrochloride standard was read. The fluorescence o f 

n-Butanol was also read. Quinine sulphate standard solution is  used 

to govern the reproducibility o f the instrument and this is f ir s t  ad­

justed to 130. For every saq>le and standard a blank should be pre­

pared which is  treated sim ilarly as the assay solution exoopt instead 

o f oxidising agent 15 per cent sodium hydroxide is  used.

Precautions

1. The campletIon o f the removal o f excess lead should be tested 

by allowing the precipitate to settle  and addin; cautiously

a drop or two o f the 30 per oent sulphuric add .

2. In the case of r le e f a reddish colour sometimes may appear 

in the extract either a fter making i t  alkaline or on the 

subsequent addition o f potassium ferrioyanide solution.

3. I f  the solution is cloudy, shake i t  with 2gm. of an hydrous 

sodium bisulphate and centrifuge again.

4. The fluorescence o f n-Butanol should not exceed 10 per cent 

o f tte fluorescence produced by quinine sulphate standard 

solution.

Calcu lation  ,

Thiamine content ■ A *  *  x x 100 x v4 ■ o f thiamins per 100g.
B x ¥1 x l x l j

A -  Reading o f the unknown
B -  Reading of the standard
X -  Concentration o f the standard
V1 -  Volume taken for incubation
V2 -  Volume made up after digestion
V3 -  Volume of the solution taken for oxidation step.
V4 -  Volume of the to ta l f i l t r a te  after purification 
W -  Weight of the rice aa p ie taken.



APPENDIX

CALC ULATICJHS FOR SPANIARD ERROR 
(far aalories)

This sar^jle standard error is  symbolised Sx and i t  is  equal 

to 3 where '3* is standard deviation o f the mean *n* is  the

number o f observations standard error was calculated as follows*

Standard error Sx JL
n

S “  /■£■ x±2 -  ( s i X j ^ n  

— ----------

For example

1 348 121104

2 363 131769

3. 375 140625

4. 355 126025

5. 356 126736

6. 366 ' 133956

Where n «  6

2 "  *1
n

-  2162. «  360.5
6

( i i , ) 2 -  4678569
2

«  780215

Us iqg the above formal a

S2 • 780215 -  467B569
_____________6___

(6 -  i)

32 -  90.7 

3 -  9.52

n .  2.449
Total 2163 780215

S//tt—  "  3,88
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ANALYSIS OF VARIANCE AND NON ORTROGONA L COMPARISONS*

Any observed value la the sun o f  two part a.

l )  an over-all mean »

l l )  a treatment deviation and *

111) a random element from a normally distributed population 

with mem zero and a standard deviation.

The following table shows a symbolic table o f data fo r

p groups with ’ a* data In each group. 1

APPENDIX I V

Group-1 Group-2 Group-3

X1 *1 Pi

*2 y2 P2

- n Items n It  ems n Items

suae *1 y1 Pi

Total number of data pn -  N

The calculations and analysis of variance are aho.m in the follow-

ing Table.
i

Variation 
due to

Degree o f 
Freedom

Sum o f 
aquarts

Mean
squares

t

Variance
ratio

(F)
Total J -  1 (4 ) - -

Among iaeaas ? -  1 (5) (7 ) (9 )

Within groups S -  F - p ((n - l ) (6) (e )

1. Sum o f  a l l  data Sx -  xy  ̂ --------------------  P j ^ S
o 2 2

lx  -  x ^ x y ,  .........................  22, Sum o f squares
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3. Com otion tarn C >

4 . Total sum o f squares 1

5. Among means 1

6. Within groups 1

7. Among means o f mean square

8. Within groups 1

9. Item  7/t Item 8.

S2/N 

3x2 -  C
2 2 „ 2 .

^ ---------------pi / »-«

line 4 -  line 9 

line 5/p -  l )  

line 6/N-p

The analysis of variance aid non orthogonal comparisons among ths 

meins were dons according to model 1 (Snedecor* 1956)*

Croup 2 Croup 3 Croup 4
3. No. x i x i2 xi x l2 xi x l2 x i x i2

1. 348 121104 370 136900 351 183201 376 141376

2. 363 131769 361 130321 369 136161 361 130321

3. 375 140625 369 156161 355 126025 359 1283(31

4. 355 126025 3 74 139876 348 1211 >4 338 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

Croup 1 £.xi 2163 

Croup 2 -£ x i 2221

Croup 3 f  x i 2157 

Croup 4 2 xi 2165

slid. 8706

srxi2 780215 ( « .x i )  4678569

€X i2 822263 ( * : x i) 2 4932841

*rxi2 775901 (* r x i) 2 4̂ 52649

scxi2 781563 ( z x i ) 2 4687225

sixi2 3159942 ( s x i )2 18951234

NOTSi
Group 1 -  Hot soakod handpouofied rice.
Croup 2 -  Hot soaked milled rice.
Group 3 -  Cold so Jted hand pounded rice. 
Croup 4 -  Cold soiked milled rice.
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APP1WDH V/

TABIfi TOR ANALYSIS OF V ARIA NOB TOR CALOHISS

Source of 
variation

Degrees o f sum o f Mean Varlnnoe
freedom squares squire Ratio(?)

Total 23 8942 - 4B

Treatment 3 7547 2515*6 36.0**

Rrror 20 1395 69.8 -

1 vs 2 1 280 280.0 4.011

1 vs 3 1 3 3.0 0.043

1 vs 4 1 ■ 0.3 0.3 0.0004

2 vs 3 1 341 341.0 4.8*

2 vs 4 1 261 261.0 3.739

a>• 4 1 5 5.0 0.072

1 and 2 vs 3 and 4 2 320 160.0 2.294

** Significant at 1 per cent leve l, 
* Significant at 5 per cent leve l.

■£ x i ■ 8760 s:xi2 3159942 (s :x i ) 2 13951284
X ■ (8706)2 

24 Treatment ■ y -  x -  3158547-3151000

y - 18951284
6

s a 3159942

1 vs 2 2221 -  2163 

2163 -  2157

(58} -  2261 -  280.3 12 12
(6 )2 -  _J6_ m 3.0
12 12

1 vs 3



u

1 T8

2 T8

2 VS

3 T8

1 and 2

4 . 2165 -  2163 - J i l i 2 -  _ s _  - 0.3
12 12

3 ■K 2221 -  2157 - (64) 2 -  4226 - 341.3
12 12

4 . 2221 -  2165 - (56) 2 .  3156 - 261.3
12 12

4 m 2165 -  2157 - (8 )2 a 64 * 5.3
12 12

i 3 and 4 .  4384-4322 -  (62)2 -  2044 ■ 320
12 12

i Among «  resultant *F* values with n-1 degrees of freedom 

using the ' t '  tables only with those with a probability 1.05 to 0.01 

or less were considered to be significant.

Based on the example given other calculations fo r  analysis 

o f  variance and non orthogonal comparisons were done.
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APPENDIX W

TABUS FOR ANALYSIS Of VARIANCE FOR PROTEIN

Source of rari action Degree of 
freedom

Sub of 
square

Total 23

Treatment 3

Error 20

1 va 2 1

1 ts 3 1

1 ra 4 1

2 ve 3 1

X T8 4 1

3 va 4 1

1 and 2 ve 3 and 4 2

2

16.12

12.33

3.79

5.04

0.23

9 .0 3
3.12

0.59

6.42

1.56

1 and 3 t i  2 and 4 11.43



AFPBSDIX VII

TABIF. FOR ANAOfSIS OF YAHIAHCB FOR PHOSPHORUS

Source o f  variation Degree of 
freedoa

Sun o f 
aqu ires

Total 23 9902

Treatment 3 7637

Error 20 2265

1 rs 2 1 5504

1 3 1 260

1 YB 4 1 1200

2 va 3 1 8164

2 rs 4 1 1564

3 va 4 1 2581

1 and 2 vs 2 and 4 2 3104

21 and 3 vs 2 and 4 15624
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APPENDIX W/y

TABLE FOR ANALYSIS 0? VARIANCE FOR IRON

Source o f variation Degree o f  
freedom

Some** c
square

Total 23 25.64

Treatment 3 24.20

Error 20 1.44

1 va 2 1 0.97

1 ▼a 3 1 4.41

1 T3 4 1 1.00

2 TB 3 1 3.49

2 ▼8 4 1 3. M

3 va 4 1 7.65

and 2 vs 3 and 4 2 33.13

e a *  s  =r-=



APPENDIX<X

TABLE TOR ANA Df313 OP PARIAH® POR THIAIUHR

Source o f variation Degree o f 
freedom

Sun o f 
aqu rea

Total 23 0.0167

Treats* Ht 3 0.0157

Error 20 0.0010

1 VB 2 1 0.0722

1 ra 3 1 0.0001

1 vs 4 1 0.0101

2 va 3 1 ' 0.0056

2 va 4 1 0.0002

3 vs 4 1 0.0081

1 and 2 y o  3 and 4 2 0.0007

1 and 3 va 2 and 4 2 0.0008

■<sa

i

t*
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API’S S} IX *

AHATYS3D VALORS FOB CALORIES, PROTEIN, PHOGPHORU3, IRON ASP THIAMINE 
CONTENT OF THE HOT SOAKED PARBOILED RICE.

(Mean values represent values o f  duplixvte d etermine tions)

Particulars Calorl es 
* •

Protein
g.

Phosphorus
mg.

Iron
ng.

Thiamine
jug

Hot soaked — 
pounded. 

1.

Hand

348 9.58 167 4.33 84

2. 363 9.23 178 3.54 101

3. 375 9.23 175 4.14 110

4. 355 9.39 176 3.82 106

3. 356 9.28 170 4.02 110

6. 366 9.28 177 4.20 106

Meai, 361 9.33 174 4.08 103

Hot soeked - K illed

1. 370 7.13 128 3.40 57

2. 361 8.67 130 3.37 57

3. 369 7.55 135 3.45 52

4. 374 8.28 133 3.63 54

5. 373 8.37 131 3.69 56

6. 374 8.21 129 3.50 48

Mean 370 8.03 131 3.50 54
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ANALYSED VALUE'S FOR CALORICS, PROTEDI, PHOSPHORUS, IRON AHT THIAMINE 
CONTEST OR TIT  COLD SOAKED PARROIT.ED RICH

Particulars

(jWean YaluBS represent values o f  duplicate determinations)

Calories Protein Phosphorus Iron Thiamine 
’ • «• ng. rag.

Cold soaked -  handpoundedi

1. 351 9.49 185 6.12 97

2. 369 9.33 183 6.45 97

3. 355 8.56 181 6.18 97

4. 348 9.18 186 6.45 100

5. 371 8.98 180 6*22 109

6. 363 8.78 184 6.09 82

Mean 360 9.06r 183 6.25 97

Cold soaksd • milled*

1. 376 7.10 152 4.70 47

2. 361 7.03 160 4.79 46

3. 359 7.79 148 4.45 42

4. 358 7.87 150 4.70 41

5. 361 7.87 158 4.61 50

6. 350 7.89 155 4.67 46

Mean 361 7.59 154 4.65 45


