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X. iff?- a r r m

Food which is -tm o f the prise necessities of l i fe  inflv-snes* 

tie be.ilth9 well bo in,; and logeviiy of huauua bain. s. ffutr tion bos 

been defined by Stare (1952)* a* the science o f food md its relation 

to health* Xt deals with -.he onstitueats of f;od , the "nutrients", 

nuasl/y proteixioy f&is* carbohydra. tea, vitamins, minerals and eatery 

and the pro eases through which they are utilieed by the body* Pro­

teins, fats >nd carbohydrate* are energy yleliirv  f  sctor-3* They

release eaersry for work, growth and aainten ioce o f life*
2

3osu (1946) points out that o ils  and fats are iaportant 

sources of oftsrr v in  the diet* They famish store th ex t «  times the 

inar v th * e .r, be -supplied by proteins or carbohydrates* In addi­

tion to .heir hiyh oalo ic  valu-̂ y .heir components, the essential fatty 

acids are ;fre carrierj o f too fat soluble vitaaina A, D, f. and K*

Fats and o ils  help to Jke food palatable nd import satiety to seals*

The aT-tra $ consumption v,t fats and o lio  in India is  low
3wiien coapixr i to o;h«r oountrl s* \ccortiing to t he V A 0 (1965) 

the intake o f fata »n o ils  in India Surirt: 1955-1958* was only half 

an ounce per 'oaounpUon ’’nit* while the allowance recommended by 

Aykroyd aJL (1963)^ »«*• tw> ouno s* 3ubran.-Jiyufi (1157)”* refers 

to the low fat Intake as one of the causativ? f  ooters of vitsain A 

deficiency in South ;:ast Asia* Ahile the consumption o f fat is  low* 

the treatments gi ren to fat urin eookia;, p-trtiaul irly In deep fat
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frying, reduce it s  usefulness bscauae o f dseonposltlon*

3«oetaan usd Maatellw (1954)^ point out that flat* aat o ils  

function in oooksry an spreads* afaortaninga, salad o il*  and frying
mm

media* According to Fitch end Francis (1949/ frying in onn o f thn 

■net coasaa uses o f fat In eoaksiy* since nosy kinds o f food naterlale

can be fried to give tasty preparations*
dl&ju and Bnjcgopal (1358) observed th^t nuch o f the o ils  used 

in  Indian bases sas subjected to e&rylag condition* o f heat* depending 

Upon the nature o f tbs foodstuffs in uhloh the o ils  or fats sere incor­

porated* Ibqy further stated that in  the process o f frying* o ils  

sere bested la op^i pans for long durations* fhe residual o ils  fron 

suob operations were used again* supplemented sosntisee sLth fresh oils* 

Perkins (196#)^ states that beat treatments o f fats my result la loss 

o f their nutritional Tairas* ^eheattng mgr slao accelerate the oxldstlee 

and oth.-r undesirable chaagee in  fats* Hso (i960)'0 points out that 

iron pane ehich are cownonly employed for frying purposes la  India* nay 

lead to the eoataadUastioa o f e ll  and Its oonssiusnt reaeldll 

shat ext sot each reheated and oonteMaatef 

quality o f  diets need* to be investigated*

hove ej. aj. (1956) "  point out tbit ahsrs on taking place in 

o ils  and fata due to dssp fat frying bars been studied only on * 

ocaawpoial seals* Information regarding changes occurring in fats 

due to beat treatsant in tue Indian hones is  not available* fbarefore* 

this study W'S designed to iorestigave the saturated end unsaturated
iC-

fatty sold contents o f fresh and fried oil* and the effects of fre^d 

o il*  in aaaparlson with ran oil*  on the groxth* User Titasdn 4 content* 

and blood cholesterol levels o f young s  aaiisg albino rats fad at tea 

par cent larrsl*

%



i i  2*1*1 m  urawttCEs;*

?bo literature regarding fata and o il*  ham been reviewed under 

the following boats;

A, i2i»tory o f fats and o ils  

% 'ibamtetry o f fata act o ils  

0, 2ols o f fat la  nutrition

D* -foamsea oosurzlag in  fats and o ils  due to heating*

:* ?at in  cookery.

A- :&aara
V'cJolhaa 9% aX (1944)15 reported that ^ae-uadie (1753-1695) «ae the 

fir s t  to study the nutritive effeots o f three t pea o f  food substances 

sanely carbohydrates, proteins, and fats, ĉ'olXxm recorded that axouzd 

1912. "teppa found rats failed to grew on fs t  free diete and oonnludert that 

fate and o ils  contained subetaaoee oeeaatlal for growth* He 3oUum and 

Davis (1J13)13 discovered that the oeeeatla l eebstance prevent in fats 

was vitamin A and soaoludsd fats served sm earners o f vitamin A, 3«rr al 

(1932)^ roscecaended that fast was essential in  nutrition like a^Lno acids, 

tEiaaraia or vitanins because the; contain certain indlepaneabla, moaeturated 

higher fatty acids. Kuadeon (1940)^ pointed out that moderate levels

Of fate end o ils  were favoured the utilisation  o f oaleium in the r ite .
as

3aeu (1946) stated that fate and o ils  were isportont sources o f energy, 

being two ti*»e ae e ff  ective as proteins or carbohydrates.
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3* ^jjgriAtoL gg .TaU. and Hla*

Bloor (1943) defined lip ids a* a group o f naturally oecurrl*« 

oonpouuds and substanc *  found in  chad cal cawbinutioaa with than. Pat* 

represent the m et abundant and widespread class o f lip id  in  nature* "hay 

are found abundantly In nuts and seeds.

17•at sad Todd (i960  state that adwal and vegetable fats are complex 

sdxturee o f ths glycerol eaters o f fatty adds. Pats frwa different sourees 

d iffe r  because o f the differences la  the glycerides epstposi^ then. ~amk 
et al ( 1 9 classify lip ids so, daple lip ids, compound lipids arid derived 

lip ids.

Staple lip ids are esters o f fatty aside with certain alcohols. They 

are furtiaur classified  according to the nature o f aloohol aa, fats and e lls  

and waxes. The difference between fats and o ils  la  that d ie  are fd ts 

at roots temperature. Peaces are esters o f fatty adds with a long chain 

aliphatic and aromatic alcohols such as sterols.

footpound lip ids aro esters o f fatty molds which on hydrolysis yield 

other evtoetanees In addition to fatty adde air aloohol. Tbs important 

members o f this group are, phospholipids, glycolipids, asdnoliplds and 

sulpholipids. Derived lip ids are substances liberated durlr^ the

hydrolysis o f simple and oregsound lip ids. The derived lipids are fatty 

adds, aliphatic alcohols sad sterols. According to vat and Todd 

(196\) ' there are two types o f glycerides o f ehloh fats are composed.

3iapls glyceride with the general formula,

%
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and nixed giyosrldo d th  tha ganoral fOmula

' n}

CiotO—vHomiiiTH

os h^drolyaia fats vlaid glyoarol and fatty a d  da. Ifleiaar acd 'Jrtan
tA

(l?56) 7 define fatty aclia aa tha add occurricg is  natural triglyoerldea.

It balonga to a group o f nano carboxylic wl&s ranging in  length fres 

four to toast? four carbon utorn 1 no lading anl; n *  *T*m mtrborod aaabara 

o f th« aarlaa. Thera are too typaa o f fatty uoido, saturated « i  

unaaturatad. Haeit al USft?)*3 a tat* that fatty acids arick contain 

ten or lasa carbon ato&a is  tb«ir ewIocuUq art liquid* at took fcesperature, 

the others ara 0011 da with malting points rising with ao locular weight.

Tha common saturated fatty acids ar«» butcrls* o*?>rcic, eapryllc, ecpric, 

laurlc» eyristio, paiB itic, atearie, aruchtdie, bebenie and li^nocerle.

dux
According to Kltoball (1346) the uneaturatad adds ara oharaetarlsad 

by tha praaanoa o f one or sure double bonds in  tha aol^tcul*. rfaay hart baas 

further elaadflod  according to the nuabsr o f double bonds. . Rank •£.

pole tad out that boeauao o f tha presence o f tha doublo bonds, tha 

unaaturatad fatty adds are aore reactive than tha saturated acid®, tha 

reactivity ineraaaoo «tth tha increase in  tha maaber o f double bonds. Tbo 

representative o f tha uuatuxabd co lls  ora, o l» io , lln ole lo , llnolanlc and

araahidonic aoida



6

*•
%1m b  (1154)“  pointsd out that llnolale* U aolw la and a m  i l iM f  

not da art cwtntlal fo r  bonaa bsinga and thay an* e&lleA oaoantlal flatty 

•aids. According to hla m a t la l  fatty moiia ara a group o f naturally 

ooawrrlag poly unsaluratsd fatty adds*

*?ba autrltlva valuaa o f fata aad a lls  ara dot to thalr sssantlal fatty 

sold content aad vttaadLn sorry lag aap-city. Fat psrfom pfaysiologioal* 

biological and bisehaa&eal flmottana in tha nutritura o f tha body* ĥmm 

fu notions ara rivlswsd trader tbs following haartlngat

(1) Offsets on growth* rsproduotioo and lactation*

(2) Protoin sparing action*

(?) IntowlaHanMy with vltanins*

(4) Cholesterol lsvsl*

(9) ^ffsota on tbs skin* -

(6) As souroa o f energy* -

(7) 3sflolsacy o f  fata aodf

(8) aaqulraaaHa.

1* SfCsot on growth* wnroduotlop and lantoUgp: Turpalnan (1998)22 and

hardly (1340)® concluded that tbs principal unaaturatad fatty said

required for  growth was amohldottUi add . Turpdnsn (1998)2* reported 100
9Ang* psr toy Of llaolaata ana tha optim * lsvsl for growth* Martin (1939; 

observed 20 ng* o f llaolaata promoted op tion  growth* 3§aokande •$, al 

(1993)2* rsaoxdad aatiaf *etor: growth and reproduction* whan linoleata fad 

at tha abort level*

Burr «JL j&, (1940)* and fuaai 3^  (1340)^ showed that than 5 ng. o f 

linolaats was given* a narked growth response any ba obtained* but absa 10

I
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to 15 ne» o f it s  « •  g lm  tbon  m  a w o M  o f foot on growth. Burr 

(1342) otated that 00  aboolnto value o u  bo given for tho mount o f 

U aololc add efeioh should bo eoaeidered optinun. Doofcor 0.1. *1 (1950)*^

pointed oitl that ooiontlal fattgr oaldo hare a key podtloa  la  tho ftenattoB 

and domlopoont o f new oo llo . they observed that a eftroo&e lnouffleieaey 

d l l  load to dcflalonoy in nature sd.ee • la aecute fatty aoido dtfloleney

death aay bo tho m oult.

•Sreetibesi e& ( l950)^° deaonotrated that oh on liaoloato aad l laoloaato 

worn added together, llnoloatc apparently "oparked* liaelenoto 00 that 

tho aettvitieo o f tho ooabiaatloa 00m  groator  than would bo pmdletod 

fron Individual aetivltlea .

Rotary fat play* 00 iaportant part on growth. Souol o|i â , (l9 5 l)^ » 

Omonborg M1  *L (1950)*® (1951)32 report*d that rata mceivlEg adequate 

oomimf o f Uaeloato grow rapidly, wren better Oboe ootteneoed o i l  woo included 

la  tbo d lot. Ponton ^  (1951)^ oboorrod that when hydrogenated dlot 

containing euf Holent mount o f com  a ll to supply tho 871, growth o f roto 

lnomaood. Deuel «$, (1355)5* otatod that «hon ooaplotely oaturatod

eoeoaut a ll woo oddod to the diet®, containing, warginol mounts o f  osteotial 

fatty Mid a imprwnaing affect on growth, woo noted.

3ron« et *1 (1954)** Kdeenste et a l (1959)56 hod atom  that shea fm ale 

rata grown to aatjrlty , on fat fm o d lot, they alwoye ohowod wproductlm 

foliu m . Oohoor sSi S i (l>47)57 subjected manning rata and young adult 

rata to calorie restriction  with a resultant narked doomaoo la  body 

m ight. They anted that tho might looa t o  loaa rapid, aortallty

aol reocifwy on m^lmtltutLon o f  ad libttus foadlagi quicker aad

1
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reproductive ca p clty  superior In rat* diets containing fats.

After a coaparlson o f fat fra* d l«t with 5 per cent o f hydrogenated fat 

or com o i l ,  ' uswmnr jd  (1952)30 concluded that a dietary source o f 

uma tur .ted fat such as corn o il «se neoeajazy for nomal reproduction wad 

lactation o f rate.

*• w r in g  *ett.on» Another feature o f the astabolisn o f fata la

their protein sparing action. Forbes at ai, (1346)35 (1946)*° proved that 

dig stability  o f protein and the retention o f nitrogen were improved by 

laoreasin^ the fat content In dint* o f growing n to  and stature ^nlq^la.

?illaan end co-eorkere (1347) explained that fat la able to epare 

protein, ohere oarbohydr *te la  oo*pl*tei.: ineffective.

?earson end Paaason (.1949)45 have arrivod at the ease ooaoludoa. They 

report th *.% lose o f essential aaaino sold in the urine and stool ees 

conaldsruoly reiuced when corn o il  mm  odnlaLstered. .

9. Ifltmpilationrtala n th  vitw la* Svaaa and Lepovaky (1929)43 were ths 

firs t to suggest that an inverse relationship existed between levels o f 

dietary f  t  and the thlaelne requiresent o f the rat. ¥he apparent reduction 

la  the rsiuireaant o f thlantne resulting fron the addition o f fat to a lew fat 

diet was regarded as a ’ sparing action*» 'ut according to Keescsr and 3teenbook

(1935)** the raqulrment did not result la  an increase In the concentration o f 

thimine in the body tissues. Ec&wwy (l337)45 (1937)46 had considered thiardne 

aa a Hatting factor In fat synthesis. However mkentosh (l942)47 Indicated

that thlanlna sey hare no sore eoeciflcity  for fat a. nthesis than, pantothenic 

add or oyrldaxlns nay have.
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et (1947)40 pointed oat that olaio acid caused growth 

ishlfcttiao la  diets containing sub-op tissue level* o f pyrldoxal and pyrldo— 

xaodjaa. But "illiaas and ?#ig«r (1946)4  ̂ (1946)30 showed la  a bloaaeay 

that olsla  aold replaced biotine with lactobacillus. Bauel (1950)3*

stated that fata ware laportaat la  tha absorption^ tha fat soluble 

dtanlne fran the gastrointestinal tract. r4i alao obaorrad that vegetable 

alia wars tha aost satisfactory foodstuff froa which tocopherol oould ba 

obtaiaad. flafe liv ?r  o il  la  eat o f tba potant source o f vitanla A and B. 

Vegetable o ils  eaped ally  palm a ll contain* large acounta o f provitanin kt 

earotaoe.

'"athnam (1957)32 raportaa that Segal in  1942 found that o ils  wars 

aaoasjary for tha eptlsua action o f cholloa aa lipotropic agent in rat*

Tha lipotropic actions o f inositol oould ba daswowtrated only in tha 

abaanea o f unaat urutod fa t. 'ia further points out that in 1958 Mrsb 

and Hainan rsportsd that an aorodjla lllos daraatltis was caused by tha - 

deficiency o f vitanln Bg and uaaaturatad fatty a d d *  Ha rsports that 

tha subsequent studies proved that tha curative power o f lln o lslc  add 

was enltaneed by vitwain Bg.

4 . 3ffart. on tha cholesterol isvsl» Baual (1955)53 abowad that

whan hydrogeaatad coconut o i l  ass tha sola fat la  tha d iet, ap oaranea o f 

dsflslancy «patooa was rapid than a fat fra# d iet. âfhaaan (1957)32 

rsports that a high proportion o f  oholaatrol eatUted in  the blood asrua 

sa asters o f unaaturstad fatty ad d s. These eat era wars easily nob&llsad 

and aolubla la  blood than tha aatara o f unaeturated fatty adds.

5.  Offset an afr*n« Ranaon (191?)34 rsportsd that tha levels o f unsatura­

I
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ted fatty acids la tbs blood of tho eleven ehlldrvmjraffsrlng tnm  eoseoa 

mtm below nomal. Tho ecsoaa na substantially reduced by tho adai a l ­

teration of cotton and linasad o il. The plugging of follicular openings 

with a does*, compact layer of keratin lias boon observed la rate on 

o* jontlal fatty acid deficiency. This was histologically siailar to tho 

follicular /jjper keratoaie in bob.  Burr (1942)28 and Harris *1 (ly*4)55 

stated that cml. linolsnic and aroahldoalo sstsro cured tho akin ahaoraali- 

tlsa .

d* As source Of « i» p i  Tho important nutritive value o f fats and a lls 

lo  their ooneentrated onorgy. >’h ils dry protein and carbohydrate ylsld

only 4.1 calories pear gram, fat yields aox* than 9*3 calories per groat.
WuC

Anderson sad look (1947) Indicated on Increase in  tho oorkirv capacity 

o f rats on high fat diets. Samel* and co- workers (1348)5̂  ttirnftmod 

the earlier results o f Anderson and husk that rats fed on diets containing 

8d par cent o f calories fron fats* survived loz^er and accomplished greater 

aacemt o f work, during a eubss<iuemt period o f fasting, than animal a whleh 

had received diets oontedning a similar proportion o f oarboh; drate or protein.

7. PsfleioaKy o f fat< Hvans et a l (1934)*5 observed that male rata on 

fat frao diets lost fe r t ility . Tbs animals deficient in  the ssssntiel 

fatty soldo e: oeed Impel wont o f opomstogonio dsvslopattnt.

rooter jgfe a& (1950)29 noted that in  dog, * loo fat diet resulted in 

a significant decrease in the proportions o f tho essential fatty aside in 

tho skin. Xreeam jg$. (1 9 5 3 reported that fat deficient dicta me 
lock o f essential fatty aside in diets nay under certain oondltiens give 

rise to v isib le pathological change la  the skin such as hypemda, dryness
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and scallnees.

Deuel et (1355)“̂  reported that r*te placed on a high carbohydrate 

diet with no added fat at weanling become deficient In essential fatty 

acid in about twelve weeks. He alao pointed out that the presence o f

certain completely auturated fata in the diet, for exurnio, hydrogenated 

coconut o il hastened the ap earance o f eore# o f the essential fatty acid 

d«fici*n .7  A lfin -"lst*r et (l9*>5) raport that

fatty acid deficiency could be produced in rate by feeding an eeaentially 

high carboy drat® diet containing no added fat.

fio••aofarline at al (l34<f) reported t! at the intrinsic system as well 

ae extrinsic ayete* required lipid material for coag-lation to take place.

• ouear (1353)61 reports that i t  was deaenstrrted vary early that tissus 

thronbo plaatia wee completely inactive i f  lipids were removed by treatment 

with organic reeombinatios o f the lip id  protein. An motive principle 

in blood ie  lip id  in nature.

3 . 3urr and Burr (l350)®2 state that the daily requirement

o f fat far mtinum growth o f rate has been variously set from 20 to 100 

aililgraaa. Doldmsith (1355)^ state# that fat ie  needed in lwsan nutrition 

for growth and repl^ioenent o f tissues, lip id  secretions, und onergy.

?be requirement o f the optimal level o f fat in the diet is  isot definite 

yet, since fat say be fumed from carbohydrate or protein.

Aykroyd (1360)* reoosnende two ounces o f fat per cons wap t ion u.dt as 

tuo optimm intake. The ?ood and Sutrition Toard o f the Nutrition "eeearch 

'ouacil o f the J. >.A. reoonmends that an id equate diet should contain 

essential fatty adds to the extent o f one per as at of the total calorics.
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****** otxmjmiz  fat* MjBft o ils  due to neat.

?«rttina (1960)^ stated that beat treetaest resulted la  a lows o f 

nutritional value o f  the fa t. floated fat obtained trm deep fat frying 

o f foods nay be exganoleptieally acceptable la  the tnuaaa diet* Oat exerts 

* growth depressing e f feet whoa fed to aataxOo.

Porklaa (1960)^ potato oat that three types o f degenerative changes 

occur la  fa t or oil* autoxidatlon (oxidation o f a fat or o i l  at f  .im n 

tures opto 100 decrees )a thereel polymerisation (b# twees 2&> *  300° C. la  

the absence o f  oxygen) aad thermal oxidation (oxidation at about 200s In 

the pn eanos o f oxygen.)

?he effseto o f hooted o i l  are renewed under the follow! rg heads: 

ffeeta on:

1) Growth,

2) fitsain s,

5) Internal r^ganat

4) Reproduction and lactation and

5) v^henlcal ahangeo.

1. ffsota  on Growth: %ippls (1950)^ reported that ehen dogs were fed 

autoxidetletr fa t, they decrease rapldl, 1“  weight exhibited diarrhoea n th  

some haaaorrhoge, developed loss o f hair and akin lesions wad ulcers and
ge

•virtually beosae weak and died. "karri* (1943) fbaad that rata fed 

diete containing lard heated te 300° C. for 120 mlnotse foiled  to grow. 

Vaespton ^  (1951) pointed out that lo ca tion  o f certain o ils , heat 

polymerised at 275° has been ahead to depress rat growth and efficiency 

o f foed utilisation . This reflects a lowered nutritive value o f those
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a ils  nhieh Tarlee is  aeserity with the degree at unseturation o f the o i l , 

the les*gth o f tiae o f booties waoh o il  and tho level at which the boated 

o il  io  1asnrporstefl in  the d iet. The factor or faetoro responsible tor 

theoo adverse nutritional offeeto appear to bo present in the o i l  it s e lf , 

and act in  a Manner directly toxic to the eniatal*

‘Toodnan (1952)®7 showed that them allr oxidised corn o i l  at

300® 2.  exhibited definite growth depressing notion under both ad lib ites  

and paired feeding under laboratory' conditioia. ’feral ts et ^  (1955)®3 

•hewed that the inclusion o f 15 jeo 20 per cent o f refined cottonseed e l l  

aerated and boated to 95s C for  200 to 3(X> hours, in  the diet led to rapid 

loaa o f might anaaqpsnlad by dlarrohca, occurrence o f large livers and daeth 

^dthln three seeks.  *

Haju and Bajagopal (1955)® also observed that rata fed aneaturated o ils  

which hod been eubaitted to prolonged heating at 300* 0 did not grow.

Kanulta (1956)^ prosed that polymeric naterial fonaed during the autoxida- 

tion o f  fa t depressed growth la  rate wren in the presence o f nbnndanco o f 

dietary factors* Johnson (1955J70 (1957)7* found that com o il

oxidiccd at 300* 0 for 34 hours exertod a definite depressing effect on growth 

end butter o i l  did not coos such depression.

3. Effect on TllTHlm Itsln  et al (195a)72 denonetrated that oxidised 

fats sere act oonpiet^ly absorbed, laju  and Ifejagopal (1955)® points out 

that hearted o ils  wars poorl absorbed, produced caoeeis oua leoloaa and cauaed 

paralysis raaanbling that due to v i train $ deficiency. Paveek j l  (1 9 4 0 )^  

ITin—nma ! 1948)7* and olaaa (1950) ^  showed that tha aaaantial fatty ^elda,

t



14

carotene vitassin A and biotiu f rare destroyed during the autoxldstloc o f
*»C

fit s . Bo s!L S i (l?46) obaarred loss o f vitamin A and carotene up to 63 

to 69*3 por coot during tho frying o f purl* in ghee. Alfln-? later 

(195^)77 showed that unee&urated a lls  heated at about tb* none temperature 

for on* or three hours oauood v i train ~ deficiency ebon fad at 15 poraoat 

Xrrol. This deficiency mam oorrootod by v i train “3 supplementation.

Kauai to (1950)^ has reported that riboflavin exerted son* protective 

e ffect on ralaale fod on rancid fa t.

Hoy (i960)10 reports that tho a sorption, u tilisation  and storage o f 

Yltanlft A and earotene rare eoaslderabl raduoad in the w *» o f  miaul a 

receiving heated o ils . VItwain A and may o f 3 oonplex Yitaed.no except 

riboflavin rad nicotints odd atra deatroyad to varying extent* otoan diets 

were nixed with heated o ils  and kept. Perfcinds (i960)7 points out that

fed on corn or oottoaeeed oils oxidised at 100* ? for lm * periods 
o f tie* devalued Yitrain A defleienoioe and eventually died. 3

3. sfttraU o» Internal )a r a ii «orria « l * i  (1943)65 reported that 

rate on he&ted lard developed occasional le i sons in  the liv er , heart, 

kidney or stomach, o f the onisal that eurvivad for one year.

3ertihem £t £j. (1952)7® showed that products o f fatty add oxidation 

inhibited the activity o f the eesyme. They reported the inactivation o f  

•uedraxidnae, cytoohnr* oxidase and choline oxidaee by randd fate.

Seri sect (1954)73 found that the rate o f enxyde hydrolyde o f peaereatU 

lipase see retained by oxidised peanut o i l .  Baju rad Bajagapalan (1355)® 

reportd that the liver weight* o f  rate receiving heated o i l  rare significantly 

higher than thorn o f the controls. ligated o i l  also produced fatty in filte -

I
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ration o f the lir«r*

4. SffwU on irtlgsuni. egtsMoil* Earner « t  a i (1951) aheeed

that the fsaels rats receiving diets containing heated o i l  produced only 
»

asober o f U tters. They further noticed that boa tod o il  bad an 

adverse effect on the reproduction and lactation in the rats.

5.  t Goodman et al (1952) pointed out that eons of the

ohacgee occurring la  fata and alia  due to deep fat frying a w  daoroaaed 

la  iodine value, 1 nnresnrul la refractive index, free fatty acid content, 

acetyl value sod drop in an te point.

art
Jaiux-jo® ;1957) studded the chaatosl ahsagos that tale plane

during th-jraul oxidation o f edible o ils . They found eantfugatLan decreased 

and free fatty aelda laeraaaed during faying.
!<

?erkin» !l960)^ reported that the autoxldatloa o f ethyl nucleate 

with oxyg a led to the foraatitm o f conjugation ethyl linoleate hydroperoxide 

which inturn oxidised and famed higher pcroxidic polyaora, or oonhined 

in other says to fora aon»&;;ciic branched chain products. I f  unaaturated 

peroxides are present, both saturated and uasaturated aldehyde aad ketoule 

products any arise. the changes taking place in  thermal polymerisation 

are primarily those o f the noraal "ittsls ldsr fa c t io n ."  The paly 

uaseturated aside undergo thermal polymerisation after conjugation to fora 

polyxMrio products.

The principal usee o f fata and o ils  in cooking are to give richness 

aaS flavour to cooked food# and as shortwxLnga and salad drsaain-s.

a
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F I** *o4 Fr«»«U (1941)T defined abortaciofi a* th* property o f fa t, which 

iaflaaaaea faro«r»&ly the texture o f  a baked product.

Frylas 1* one o f the « * m  m tod « o f  choking o f feedstuff* la  

hot fa t. t f  tho layer o f fat la  th* trying pm  la  ahalloe, th* proe*** 

la called aautaing or pm  frying nay* Pitch and fron d *, (ltd?)7.

'Hunt (19135®°* reported that th* feelers aid oh a ff acted tha

waking t*ap«xotur* o f a fat or aa e ll  aara tha mount o f free fatty acid 

prevent, tha surface o f ,the a ll expound, end tha presaae* o f  foreign 

portielea. Tha f*t# with highest par eeatage o f free fatty acid aeuld 

hava the loaaat making point. The snaking taqparatur* for a particular 

fat lo  lowered *&*n exposed ourfae* area o f th* fat la  inom ao*!. 7h# 

alder th* dtaneter o f the cooking reaeel, creator la the loaorli^ o f th* 

aaoklng teap*r*Vara. Th* presence o f finely divided foreign particle 

lower th* soaking point.

Tha enofeing tenpemture affect the absorption o f  fat by the food 

at Jaffa. boorpUoa la  greater in  feta with low cooking point*, lowe

(1355) ha* Hated tha f-tetore govasniQg tha Mount o f fat absorbed 

by food* daring frying a*, tin# o f eooking tha tota l surface o f tha f t d ,  

tha snaking teqpsretur* and tha aea^oaltlea o f th* o i l  and th* nature o f 

food*. The longer th* food lo  eooked, th* greater th* fat absorption «id 

in higher tsnporaturoa lea* f  t  la  absorbed.

*»ny factor* affact th* surface are* cowered by the f« ty aueh aa th* 

nature o f th* fa tv Its  oonceatratloa, th* ta*per*ture th* other inpedleats 

and their concent rati ana, tha m bUhOkUw  and extent o f nixing.

t
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S ^ irM a la l procedure ooaaistod o f i

A.

B.

C.

D.

\

-^election o f a oonaoa fried preparation and the fry 1b*  
o i l  fo r  this study*

iltandardi ntitm  o f the rooipe and the f r l » *  process*

3iealoai analysis o f tho hosted and freab groundnut o i l .

Betermlnatioa o f tho nutritive value o f the fried o il  by 
studying Ita o f foot* on weanling albino rats with regard 
to growth, liver vitaoia A ooatoat and tho blood cholesterol 
lovol.

/  ^  Selection o f a Paeaan m od  Food ?r*asr«tloa and tho

j For tho selection o f o ooobobIj  wad frlod food preparation and 

tho frying o il fo r  thin study, o survey nan ooaduoted la  ooloetod families
I '

la  Coiabetora c ity , to find out tho frlod food preparation found la  thotr 

■w ail tho o ils  uood for frying foods and tho conditions o f frying with 

ftpoclol reference to tho temperature and duration o f frying* The survey

T«dt

1* Selection o f tho aothod o f oaavey 

2* ^election o f tho anaple 

3* Developing tho interview schedule

4* 'oadusting the ictarriow, collecting and Interpreting 
data ‘

3* 3olection o f tho oo&aoaly uood frlod flood preparation and 
tho oil*

1. ^  interview m s questionnaire

aothod was chosen for this survey, booauoo i t  enabled the investigator to 

co lle ct, correct, fir s t  hand inform tion from a ll classes people 

ngardloaa o f their status o f literacy.
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JOiaaee class o f 3rl AvtBasfeilingan Horn Science Callage, thirty fo d lie s  

■wo selected by randan seapUng by including every alternative feelly . 

The M lw tlaa mo ante fro* feed lie s  o f oaU«t« students* because o f 

thalr interest sod eo-operetioa.

A schedule for tho

Interview as given la  .‘.pneadls 1 ms developed to e lic it  l afawwllw  on 

tho followings &toy fata acd o lio  wo used by tho hcoe aalcer la  dally 

diet* tho typos o f food preparation mde with fata and alia* tbs typos 

o f fats and o ils  used* aotfcods osploysd for  cooking with fata* to p * - 

rst am o f  the frying nedlia&t abether fats wo hosts* t i l l  tho snobs 

sens** duration o f heating o f fata la  frying* prefereness for  osrtoln 

o ils  and fats and reasons tor  not using others and whether the frlsd o il 

is  reused* nixed or not alxed with fresh groundnut o i l .

The investigator «as latnoduosi to tbs feed lias by the students oq&bokm 

The atudsnts explained to tho ambers o f their faa illes tho purpose of

this study* sad helped la  establishing rapport. Thereafter infsxwatiea 

required s o  collected by putting the questions In a staple* understandable 

manner sod recorded the answers* Tbs tsapsi Htmo end the duration o f 

hosting o i l  during the preparation o f  purls were actually observed and 

noted tubing e th e r w te r  graduated upto 250® -. The lntOianatlan wen

thm tabulated and Interpreted.

Tho fried food used by the thirty faa illes surveyed
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girsn in  ?abls I*

T1HS I*

ths prisd mzp&nATiom camarar mm  11  tits pakixi's.

Preparation. frequency. R;aah«r o f fa a lliss .

**kly 15
Purls Fortnightly 8

Oeosslottslly 7

■solely 2
▼sdsi fortnightly 5

'ceasiom lly 23

■sskly 1
3»34i fortnightly 4

Qe-oasio«nlly 25

l
Tfeskly a ll

*onda fortnightly 4
Oooasiamlly 26

Ssskly 4
Applss fortnightly 20

■ [ 1 :
■ '

Oecsstostily 6

As m m  teas Taels I, purls sort ths pitpmtin most cmmt&y 
ussl. Hues It ass sslsctsd for ths study.

And froas the surrey It  aaa found that tbs groundnut a ll tas ussd 

by 7$ psr asnt o f ths beewedesrs# "=o this o i l  sss choose for this
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tanw ti|alti».

3. tom. ?r& m  lh**ma.

The ataaadjrdisatloa o f tfta roeipo and tbs frying process fo r  thio 

study Included:

1* Staadaapdlsstl— o f the recipe.

2.  Proeur—eat and storage o f  neterials.

3* ^tandardisfftioe o f the oooklag procese.

4* Selection o f tb» equlpasot.

3. Prooodoro for  asking

X. StandordisaUga o f reolpet The roeipo for puri* in this study soo 

standardised on th© basis o f the inforontion secured on tfao Isgrsdiaats 

and the proportion in  which they wsra s i » d  for preparing tbs purls hj 

tbs thirty boa—ahum. .

the Ingredient# of tfeo standardised roeipo 1#- given in  Table TI.

94328 ZZ

* a t  o t m o m h d t s s d  * t s c ip s  f o s  p u n s

In redlente. Quantity (gas.)

■heatflour 590 (3> cups)
«ter 210 ( l  cup)

Salt 1  teaspoon
Groundnut o il  for fFyli^g 275 *1.
Toaparntaro o f frying 192* 0 to 197* %
Euaber o f purls 60
Tins taken for  frying purls 50 adnutas*
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?• ** l* i»r*re  mi latarialat Ti» all mm bought fra* a

reta il shop one® a week. flam a ll « •  stored la*4xy tin  with a tight 

oork.

Thw floor  wm bought once la  a saooth sad kept la  tightly* eororwd 

tin , suit use kept in  a bottle. '?tee preparation o f the purls was ■

standard!eed bsaeb on the information secured fro* the eurwey regarding 

the else and weight af the dough, teapersture o f frying o i l  wad the tlaw 

taken for flying.

3. ItamaaPdlsatKw o f aookiag tsnpaggturwi For frying purle the soare* o f 

heat *ae a kerosene stove (Juaatha )• In order to maintain the tenejeruture 

the eioka were adjusted sad the ease level o f kerosene wae poured dally 

into the stove. From the survey the tenpersture o f the frying

aediia «ss found to be 192* 0 to 197*c«

The tine to fry the purls wss kept to be 30 wiautea.

4. SaleotlaB o f the eaaUmmt* For Preparing the purl* the following 

equipment were usedt

1* 4a iron kndal

2* spatula

3. '̂ensuring cup

4* Pastry board and le lla r

3* J snaths stove

(• Theraonetsr stand

7* Thermometer graduated up to 250*%

An iron kadal  vaa selected because i t  wae used in aaet o f the houses 

for frying purposes.

t
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5* tft
e* Solved the flour and —aeured,

b. Added salt to tho salved flour ’

o* Mad* tho flour Into a dough using tho —enured quantity o f outer

d* lovtnd tho dough for 5 tfUntu

e. -ado tho dough into —a ll bells o f 10 grans.

f .  oiled i t  to 3* dUnetsr

<> Poured tho —asured quantity o f tho o i l  la tho h—tod pan

h. Footed tho o i l  qp to 175* r

1 * Fried tho purls ono at a tlxto obon one oldo o— oaoked* that —s 

oftor 0*3 minutes turned to tho other oldo and frlod for 0.2 

alautee* After ovary 9th —nuto cheeked the temperature oat 

—Intel ned i t  batwoon 192*C 197*0.

After a ll the purlo were frlod* tho o i l  a— coaled end tho — ling 

o ld — roto were pod at 10 per east level In the apathetic end poor rioo 

d iet. Tho o i l  fried  oaoe was never reused again.

Hslag thlo otoadordlmd recipe, purlo were prepared dally aroused 

7 A.**. using freeh o i l  for e period o f 8 — oko which o— the duration o f 

tho rat fMdUg export—at. Everyday tho lo ft  over o il  —  uaod for

feeding tho —to . This lo ft over o i l  —o never reused for frying*

The thloeyaaogen value of the freeh and boated oil wao determined
M

bgr tho — thod iron by Jacobs (1999) ? and tho Iodine value wao deiersined 
hy ije — thod given by Jaooba (l)5l)8 .̂ Fro* tho above valuee tho 
llaololo and oleie and saturated glyeorldoo were calculated. The proooduxo
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fo r  iodine nuafror and thioojaaogan Talus ore given in 'ppendi*^ II and 

III respectively.

*>• MterajimtlQB o f  the l^triUYe talus o f tbs m od  >1 1 :

The nutritive Talus o f tbs hosted o i l  sss dsteminsd by eonparl^

ths offsets o f feeding young slbiao rats wi th fresh and hs&ted o i l  with/
reference to growth blood cholesterol, liver weight und iirer  vitseda A. 

This ssperlasotsl procedure in  this regard involved:t '
1* Selection and aaintensace o f rate,

2* Sand&rdissticn o f ths diets*

3. eoording food conauasptioa.

4* eoording the weight o f the rate*

5* Other observations*

6* Detendnatlon o f ths liver vitsrin  k content end blood 

cholesterol level.

£-<rjht
1. Selection and Maintenance o f the 3afcai thirty k#* weanling albino 

x\-ta, o f thirty days old* weighing 61.85 gas. on an averse were selected 

far the study.

“S
?hs rate were divided into four groups eight  in  each with equal 

a&x distribution. ?hs mta were naiatslned In individual c^^s with ad 

11 bitun supply o f ration and boiled cooled top water for sight seeks.

the r tt c o g s  were &ad* o f alvssLa&us with raised screen bottom, 

rectangular in shape with ths following diatBaasioca, length 12” , width 

O” and height 9” (figure l ) .  Movable tr^ys were provided for the collection
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ait tti« food dropping* and fm * . raah caga waa proridad with a card 

aa aho*n la Appaedlx IT to raeord tbo data, might. food iatako and 

n e u te .

A glaaa hettla earryiog firiakUt w*tor m  fixed la  lnr«r(«4 

poaitioa to tha alda o f aaon oaga, with a tight cork through which, 

a mmll aatal tubo supplied wat :>r to tha rata as thay ouoJcad.

Food «m  a rvad oa waall emmal plates* An •Ohana "’alancs* 

with anLtaal box graduated to firs t  doolaal is  gram was used to 

rsoord tbo weight o f food and rata* (Figaro I I ). Tha bottom trwje 

wara cleaned dally oftar weighing tha le ft  oaar food. "ho eugee 

ware cleaned once la  two day* with stoop, aotar and phenyl.

2.  .tjjjndatfeasilloil ,<& ..ttft MJ&tL **eta aalaetod for  tha

asperlmnte wore.

a. *9oal synthetic diet ♦ 10 par oant haatad groundnut o i l ,

b. laaal synthetic diet ♦ 10 par oant fraoh groundnut o i l .

a. feaal poor rlea diet ♦ 19 p*r oast haatad groundnut o i l .

d. ^aoal poor rice diat ♦ 10 par ceot fraoh groundnut o i l .

The synthetic diat a s  chosen because tha affaota haatad o i l  could bo 

dotaotad qulokl • The poor riaa diet wao chosen because I t  la 

typical o f tha tooth Tndia» Diat.

Tha prewloue wosrtra on tkia eahj ota aero dona on 10$ loval. 

la ordar to Caspars the rasulta o f tha prooant investigation with 

t a w  o f tha aarllar worksrw. 10  ̂ X m l ma adopted. Alao at thla
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■ FISUES I .  

THE RAT CAGE.
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la e o l mo," a ffe c t  ofaiah «a due to  thm e ffe c t  of wh»*ted a l l*  any be 

an ally  deteetab le .  The in gred ien t* needed fo r  tha preparation o f  the

syn th etic d ie t I s  glean  below:

TAÎ IS I I I .

w is is n m i  stspo ts  d iw .

ingradiente. Per cent*

iSaro atar»h* 60

nerose. 10

'aeein. 12

* nit mixture ( l  -57J2* 4

** Vitanin aaxture (1333)*** 4

Irauodnut o il. 10

* given  la  appendix V glean la  Appendix Y I.

Tha lag red len te  needed fear tha preparation o f  tha ayn thatie 

d ie t «ara bought as a  lo t  except o il*  and stored la  t ig h tly  eorsred 

o o a U ia a n . Tha o i l  -mm aoigbad and incorporated to  tha datU« (Hat* 

a t  tha t ia s  o f fw d lq g t

*aael poor r la a  d lr t i  Tha poor r ic e  d ie t o f  South India w ad in  th la  

study n a  o f  tha ansa ao th at ueed bgr Theephllua and 1%een 1349)®^.

Tha m sp o aitK n  o f tha poor rla a  d ie t  ia  g lean  in  Table IT.
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fAHL3 IT

TJfS B/UUt P03R RICK DI3f.

Ingradiaata* *sroentfl£a.

'arboilad rloa sdllad flour 89*70
■mi gem dhal 9*00
briatfal 4.30
Plantain 2.10
Inundmit o il 0.43
Sutton 9.26
ooonut 0.21

BiaSUled watar ad llbitun

•rate* ' 1 9 5 0 anal ala of tha outriant eoatant of tha poor 

rieo dlat io a* follow*!

’’’retain 7*09 ps-r cast

Fat 12,0) par eaot

larhohydrata

valo&M

T’ho ^ baorua

74*00 p *r oant 

0*02 par eaat 

0*1$ par east

la ardor to Inoorporuto 10 par east of tha uwadaut o il 11*9
1 *

par aaot of tha rlea aaa reload* âaiusa it  fOrsa tha largest 

jarcMtafa of tha dial.

tha rloa and rad grj* dhal wara cada into a floor in a s ill, 

fha r*gatahlaf nuttoo and ooeonit wara ground asd adxad with rloa mad 

rad gr an ifcal and tha atxtura staasad for 2$ atnutaa la an idljr r^aaal.



TbM aod* iato tells of 60 grmm owb oquiraloat to 35*3 groat of 
food.

3* a. _tte_ .-y<»6 ->nTiir1ilff1l‘ ?«»•* coaswptiOB rsooxds mro
Mintalte to study tte Niattotei^ b«tms tte r-* too of growth ate 
butricot latte*. Xtaradm (1930) regard* on lasrms# la food In toko 
w  iadloativ* of aa iaaronso la growth, teiob la taro 1* tho action 
of th» aatrlmte prcaeat.

Ta order to giro tte rats mi sash as ttegr to *«t, fosdlag
w s  te lltaltu*. Tte mount of food glvoa tell/ mm such that about 10 
to 1$ grows of food would bo loft o v m  tte telly latte* of food m s  
noted by mtg' lag th* loft or«r food and dsduotlag It froa tte original 
mi?fbt sad m s  rooonted in tte ante.

Yb ordor to tetendas tte smpor itloa of Bolst ers fro- tte poor 
rio* diot, all quotes of tte diot m s  loft la sa sapty oag* at tbs saw 
tins ovary dsy sad roigted oa th* sute*4uant aorainga. Froa thl* 
procedure it m a  found that tte aoisttaro low was 3.5 par e*st oa sa 
arrerg*. Froa tbla tte aecosmry oorrcctlaa m s  aate tells 
•aktUttm tte food intak* of tte rote.

4. Jtf ,m. £&to to «Mh group roro
mlghod oa th* first dsy of tte opparlasat. tte might* gained by ttea 
to tho aoarest of ono teath of a grm mro recorded for mob rook.

5. «*• obmrvstioa othar than might 
aad* dolly mro* tearal ap saraoce, wtivitieo, conditions of tte 
oyes, skin, tail, «Mt aad td.tears, aad aynptoes of dofiolaadas mro
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m o r M . '

6. Satara&natifla of blaid Bhalawteral aqd ljfwf wjteyyln 4 of tfao 
Albino r%ta: At tha m i of tha ajj>erir<«ot»l period tha m « J «

w*ra sacrificed to dotsmas tba blood cholaaterol and U rsr

f ita iB  A of ttm albino rata*

1m rata oaro killed toy giving a blow to tba haad and the*
olood was collected. 0*9 aU.ll llttra  of tba blood aea taken for the 

aatlaatlott of cholesterol by *au»ar*e wrtfcod. (1958)8*. fho dated ia

of tba procedure la given la ppandix T il.

fho liver mm  tuiakly raoorait cooled and dried in between the 

folia of a filte r paper and weighed to tba fourth iaolaal aai

vlteudn A aao dotondaed bar tha Antiaony trldklorlde aatbod ao
on 'gLron by laaobo (1959/ with alight aodiflcatlon. 

la given la  Appendix VIZI.

?ba prsesduro



7.  UtcwtlMW 1b 3bod  >«ol«oterol 1m l  and

3. 'fctegeo la lin r  %lght aod n tod a A contest of r»ta.

A. ^WWIobI of ?*•■*» *ad - H i l t  "11 n

fbo iodino and thioo/wtagan oaluo of th« fraoh sod hosted gronsd- 

mt o il ooro dotemtaod. Froa thooo too valuao tho Uaoloic 

Cljo»rUo Bad oattsrated gXjroorldo eooteat of tea booted and froob grosaA- 

nut «Ua woro c-de-datad. ?ho rooulto wo giran la Tafelo V*

TA?JfcS 7

ommcM Qymmnas m msm ass 
k u s s i  mrnrnmm o n

Olio. Xodlao
tolao. Tolu*.

Uoololo 
Slyearldo 
For east.

Olftlo 
Glyoorido 
]>« 9«BU

'atexated 
01/oorldo 
9*r cant.

Foote grooBte it
Oil. 101.6 31.5 24.4 65.5 12.1

Footed groundnut
311. 9U8 74.5 20.55 » .1 48.07

Fwa tho dote glows la  Tabla ?  i t  la that Ilia lodiao oaloo of



the heated groundnut a il osn i »  «or than that of the fresh o il- Thin

Th*ee workers found that the iodino value decreased and saturation 

iMrwMd on boating o ils .

Fran the analysis, i t  w » also found that the percentage of 
o l«le  and lino Idle glyoerldeo o f the heated o l. decreased. According

other hand the saturated glyceride Increased on hooting the o i l .

% foot Intake wad *etwht £atn of Bats. ,
Food In&nkn« ?he food intake of rata during the eaperlawstal period 
« •  analysed and the ovwrago food intake in given in Table Yl. The 
statistic Jl analysis revealed that the intake of food between tlwi groups 
fed on boated and fresh oil incorporated elth eyatfcetio and poor rice 
diets non not eignlfleant.
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Osbup t / diet with 10 per c*nt heated groundnut oil*

f l Ifynthetie diet with 10 p*r cent fresh oil*

/Group l ip , ?oor rice diet with 10 pir cent heated groundnut o il. 

?roup plor rice diet with 10 per cent frssh groundnut o il.

ntaka of Individual rata in a ll tha four groups are given 

IX and X.

* f ..
anight Pain o f  astat ?hs offset on growth albino rata ae indioated

to change in body weights, has basn uesd as an indsx for ths assssa- 

asat lif Ifbs mitritivs value o f foods. According to Itevcdac (l350) , 

growth is essentially s nutritive function, end ie therefore s aaasure 

of ths nutritive juu nmasnna Tbs data regarding tha average weight 

gain of ths rata are given in Tsois TII. The weekly gains are also 

llluetratal in fiturea III sad IT. Tha statistical analysis o f ths 

data is rlv®n in fabls T ill. Ths individual rats gain in weight ie 

given in Appendix XI.

fASI£ TII.

ta n  srfrsCT oa.it  Of Rvre y*® snrsiw ic a*x>
TO R SICS? HI ?TS TE 10 P$'t J''ST H8AT3D A5B PR '"^ OTWOTDTtff OIL.

Groups.
In itia l 
werage weight
'ga»)

Pinal
Averse* weight 
(gas.)

i'sight 
gal sad 
(gsa.)

Group I. 62.1 91.5 29.4

Group XI 61.8 104.9 43.0

Group III 61.8 73.4 16.6

Grouqp IT. 62.1 85.1 21.0



Group I synthetic diet with 10 per coat heat/d groundnut o il.

Group XI Synthetic diet with 10 par cent fresh rrooxutoat oil*

Group XTX ioor rice diet with 10 per cent heated grottndn.it oil*

Group IT Oor rice diet with 10 p r cent freeh groundnut ell*

TA*LS T i l l .

Fit AS\1T3I3 OF TARUWS FOB IICRXA3S II  *5138?
Of RATS F?® STATISTIC DISTS AS® VOW RTC3 DI3T3 ?T?H TS8 

?«? eranp op w s h  a®  m i t m  uoukd sot oil.

iouroes Oe&rme
ofPresdoe

Sum of Venn *F r »tio ? value
of variation squares* Sguars. obtained 5% 1%

Grouoe I 4 II
Total* 17 37369.65 ,69774.1'between groups 
Srror (within

1 36106.26 36106*26 4.50 3.66
groups 16 1162.29 73.89

folMiflUtl 56762.54Total 17 ametween groups 
'rror (within

1 55593*92 55599.92 757.3 4.50 8.66
groups) 16 1162*62 73.91

isassaJlAII 97851*61
*

Total 17
w . 4 *between groups 

•rror (within
1 35160*79 05160*79 4.50 8.56

growpe) 16 12690*82 733.17
,111!Total 17 1502.13

iCtwesn groups 
Srror (within

1 142*60 142*60 1*6 4.50 3.56
groups) 16 1353.59 34*97

IM* ? tatlo according to dmAoear (1346) ie a ratio of toe varlenose 
(or mean square) between th e erperlaental vorisr.ee and within rwplicttea.
If  P, the probability of it* occurrence, by chance ie lees thm  .01, the 
difference obtained in the experiment as a tool# are very significant.

#0 Ui^Tificact beyond 1 per cent level*
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?abls Til •tows that tto growth of tto r i* on the hwated ruondsut 
oil m w  poor, T  is fnding is is as ordanoe with th*t of *hl?pl*
(1932)6* , ersaption (1931)66, Qoodsan U952)67 aid rauatta J& «£. (1955)6®

?ha difference was slgadfleantly groatar bot.so.ii tto  rats# fad 

Synthetic dist with frosh wA  touted roundaut o il* , than hatreds tto 

b >or riso diet* dr ib IQ psr sent heated sod frosh roundnut o ils .

?lsis reason as? to that fat sxsrts ssgstiws influence toss Incorporated
is the lssslreesd diet lito tto poor ries dist or tbs constituents
of tto poor rlos dist, rerw not adequate to utilise tto fat (Cswadas 1953)^.

Pro* tto figure H I it  is swldsnt that thors sas deoreare in weights, 

during tto I  soak of tto stpsrisie&t, only in  tto sass of tto rats on 

tbs synthetic diets and not on tto poor riso dist rat** This n*£ to das 

to tto etoqgs fra* tto natural stock dist to tto synthetic dist. ^ith 

10 p«r Qont frssfc ground xa*t oil* Tto 'Wight gained by tto rats os tto 

synthetic dist with 10 psr swot groundnut o il was 45.93 grere toil* 

mts os synthesis dist with bsstsd *roundnut o il gained only 29.4 grow.

1a tto ease of tto rats on poor rlos dist with toatsd p o w M  oil 
tto isersast in growth was 1&.6 grafts while that of tee r*t# os 
frosh oil group is 21.1 grew.

table Till rsvsals that tto differ-nce in tto gain of wsigbt of 
tto rats os synthetic and poor rlos dists with 19 psr cent bsstsd and 
frsto oil was significant to^ond 1 psr coat Isssl. Tbs rats naintatasd 
on tto poor ries dist gains! to weight without decrease. torewsr, the 
gradient was low in tto oast of bested oil.

Ottor ebsereatlan** tto  cost, ts t i, Whiskers «ad eyes rers etoerred



daily in All tr,u rata. At the end of tha third waak of tha experiment 

two rats on poor riee diet with heated ,-.r iundnut o il lost their hair 

on the 3 ids<* &nd abdomen (Pleura t. ) . Tn the 0099 at poor rice diet 

with 13 par cant grmrodcut o i l  the hair started failing fro 35 daye on­

wards (H-xure 71... T « coat o f tha r ta on poor rica diet wit.*- 

haitad o il  -.'?*e aora rough r than t owe reoaiwing the fro*,-. o i l , *ith 

rica diet accept for thaaa cfcaagae on coat and hair, tha ahiek rs,

eyee and ta ils  «ara w>pa»l. Tijcaraa 711, 7111, IX and I shows 

axperi&anul rats at the four groups.
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FIGURE V

DEVELOPEMENT OF ALOPECIA IN RAT, TED -ON POOR

RICE DIET WITH TEN PER CENT HEATED GROUNDNUT 
• OIL.

FIGURE VI
DEVELOPEMENT OF ALOPECIA IN RAT, FED ON POOR
RICE DIET WITH TEN PER CENT FRESH GROUNDNUT

OIL.
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__ _ ____ 1TGURE_VII_ _
RAT FED ON POOR RIOE DIET WITH TEN PER CENT HEATED

GROUNDNUT OIL.

FIGURE VIII
RAT FED ON POOR RICE DIET WITH TEN PER CENT FRESH

GROUNDNUT OIL.



F I G U R E  I X

RAT FED ON SYNTHETIC DIET WITH TEN PER CENT HEATED
GROUNDNUT OIL.

FIGURE X __

RAT FED ON SYNTHETIC DIET WITH TEN PER CENT FRESH
GROUNDNUT OIL?



?ho average blood choleetaroi levels o f Vn* experieental albino 
rate wr* analjaed and a n  preaartted In Taole IX and Fifun Xi "*ho 
BMljfila of tin data is  ^ tcb in  labia X and tin blocd eh il«rt«!V)l 

level o f individual rain a n  given Appendix XT I .

7i a u  ix .  '

attach v m i  Ofc/iao) o f  « cps2t̂ -t*fal

Groups aiosterol level
(Sg/100).

Troop I 64

*rOUp II 52.9

3rou)> III 62.7

"roap IT 54.7





TAILS X

ASALT'Isf'TF VA3IAK03 3? TUX L̂3̂ D -jr.DiSSTSSOX L-.TTL 
I ’ 7KT 3 -'ST^JTI0 AED FO-Xi SIC* SIOT3 117? XO FOt SOT K3A? D 

:. -$f HRS* ^otnrosur OIL.. *4 ,

OUPCOS 1 degree Sum o f Ha an F Tatio Yalua o f V at tha
o f ' (
Variation.

o f
froadon Square* Squares observed. probability level 

o f Si 1*

^ iiq.1 a ! i i f
Total. 13 406 31.4 **
a»t*e*«s group* 
j&rror (within 

roupa)

1 300.7 300.7 165.5 4.75 9.33

12 27.3 12.3
OrouD IIJ * IV 
Total. 13 309 23
’atwaen groups. 
Xrror (within

1 262.6 262.6 67.3 4.75 9.33

t;ro spa) 12 f  46.4 3.9

Orouoa I k III. 
Total. 13 52.9
Between gro^pa 
Xrror (within

1 1.7 1.7 .39 4.75 9.33

groups) 12 51.2 4.26

Qrouoa IV £ III 
Total* 13 25.67
Between ?*ro«># 

Srror (within
1 3.1 3.1 1 .6 6 4.75 9.33

groupe) 12 22.51 i .a s



Tha data la Tablaa IX and X and figure X clearly indicate that 
the mam eholeatoxol level of blood la tha gruopa of ratto receiving 
tbs aynthotloy m d poor rice diets with totted o l warn higher than 
la the group received synthetic and poor floe diets with fresh oil.
?he analysis of varlaaee (fable X) a tow* that the algalcicanOe la beyond 
q w  par coat bevel.

0 ClMBgsn in the JArar Ulntst and Vlterne 4 Content of Jibs M m >

(a) Uvt r %l*bt
Table XX presents data cm the Liver "eight ao the percentage 

of the body weight.

?A1X£ XJ

THIS UTSS Wtssm OP 3AT8 18 PBJT'WTASB OP 8GCT VSIOHT

Groups Ldver weight as percentage 
of body weight

Standard deviation

Group I 3*521 ♦ *2029

Group XI 2.760 ♦ .2160

Grasp XXX 4*460 ♦ *2118

Group IV 3*920 ♦ .3710

It la  evident fron the Table XX that the weight o f the liver la  Bata 

fad with heated o i l  mu greater thm that o f the group fed *lth freeh e l l  

f » got;, oaaea. fatK ltt*ct s i (1955) pointed oat that when frato were fad 

otfch heated o i l  (95° C for 200 to 300 hours), developed enlarged liven * 

ls4u tad Bajagopai (195?) reported that the liver weight o f heated olid



group ora algal ficantl? higher then that of their control*. Rio# jjt al 
(1997) noted a alight lngrerae la tha liver weight of the gfoup tag with 
heated oil.

The U t w  weight of the individual rate ere given la appendix XIII 
Uwar m e i n  A Content* The avenge vltaain A content of the liver of 
the ej^erlseatal rate o n  given la figure HI. Fra the figure It la evident 
that the freeh oil bed higher vltrain A content then the heated oil group. 
Table fix give* the eueljraia 9 t aean varlraee fo r  vitassm A content In
liver*





uksat m

AS4X33X3 OF WWK YAXXASSg OF ▼XT«‘»  k  COS? 1ST IS TH3 IXVa

cp rm mammmkL was

Value of VF.
Source* of 
Variation

Degrees
of

freefton
Total sub 

of
squares

Mean

squares
Y.nsUo

at the
Probability 
level of 

5< 1 i

a«pg 1 A M
Total 13 669

Between group* 1 539 539 49.66 9.33 4.75

%rr9T (*lthin 
gwjpi) 12 130

P r o w  III > If
Total 13 34061

Between groups 1 1757.® 1757.8 32.43 9.33 4.75
-rror (within 

groups) 12 650 54.1
Grousa I ft XIX
Total 13 403.1

Between group# 1 320.6 320.6 53.07 9.33 4.75
Sr or (within 

group#) 12 72.5 6.04

2 s s s m J l± 2 1

Total 13 1937.3

Between groups 1 1483.5 1483.5 56.49 9.33 4.75
%*ror (al thin 

groups) 12 453.8 37.56



Them tbs analysis it ia evident that tba vitaain A oontwnt of IstsI 
of ths fresh il grovp oas si«nlfiaattt beyond one par 9*mt level* This

<rt
confirms tba rsaula of tbs studies by Parcs! at al (1342), Kueoerow 
at jai (134a)75 iittt% at si (1956)®* and Psrklcs (i960)9. Vitamin 
A a outsat of tbs U m  of individual rats are £Lv*a la Appendix XZf



33M B A T ?  A I D  S T O i T O M * .

he present study was designed to investigate the effeets o f 

fresh and boated ^roantiuut o il on growth, blood cholesterol and 

liver vitcrain A in albino rata. *o«r group* of rata, seven in 

««»h ™*r« selected for the study, ne r-roup oa tha eynthjtio

diat and one on poor rice d iet, wore fad on heated ;rou»dnut a il, and 

tha other g'-̂ opm were fad on fresh groundnut o il, .4 stuaesry o f tha 

raaulta of tha study x« giver, bel&vi

1, ?ha wreath o f sgmthetle diet group receiving halted o i l  mm 

15.55 r*r cent lean than the rat* receiving tha fresh groundnut o il.

1?li» sMtra result «aa trbeerved in tha case o f poor rice diet group alao. 

"he weight gained by tha poor rlea diat group w e leas tb *  synthetic 

diet *:roup.

;J* -hols sterol lava! m* 3,1 par cant | m t«r  in synthetic group f 
receiving heated o il than the freah o il group. In the case at poor 
rioa diat ?roup, fed an heated o il the cholesterol level *es 8,2 par 

cant greater than the fraah. o i l ,

5, ifsa liver weight o f tha rata fad on heated o il warn greater 

than tha fresh o i l  in both the poor rioe diat and synthetic diet groups.

4. he liver ri toads A content m*  grantor la  r*te fad oa fresh 

groundnut a ll than the rata fad on heated e ll la  both the poor rice 

diet sod synthetic diat groups.

5. ?rm  tbs cfceadcal analysis it  asa abaexved that the iodine value 

and the percentage o f Oleic and liaoleic glycerides decreased sad tha



»V!

* ■

of ovfcurtted gl^otrUM laortaMd on boating ^ 4  oil*

Thus it 000 shove that tho hootod oil in tho oynthatie nod poor 
rloo dioto fad at 13 par coot lorol oinood an advwroo of foot. It
omtooo on lnoroooo la olnlootorol lovol and lira? owLght and doomaoo 
la rltaato A content of tho lifsr. It woe also noted that hoatod oil 
oesreoratod tho deficiency ajnptoo of poor rloo diet* Thw it

it
d m  inferred that freoh oil l m  better autritiT* quality than tho 
hoatod oil.
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Q T2STI S8AISK TO SJST I I ?  saiATI I  C O W I OILS

I I  sr£CVKB 8 135?$ IS Q-'IW.TO  

<• i « s »  o i the bead o f  the family*

2* Sea* o f  the hoae&aker:

3* Address:

4* Locality*
5* Income per aenih*
6* Religion:
7* Inforaaticn ah at the sec hers o f  the fatally :

Age S etBase O ccupation Incoas



IT* ^'hat a rc  th e  o i l *  used f o r  shallow  fr y in g ?

T* "*h»t ere  tb «  o i l s  used f o r  deep f  t  fr y in g ?

TI* T i l l  you heat the o i l  t i l l  th e  srtolce co sea  b e fo re  f r y  
la g ?

T i l .  Hoe lon g  w i l l  be fr y in g  tir&e?

T i l l *  W ill you j» #  the f r i e d  o i l  again**

IX . Do you add fresh  o i l  t o  the f r ie d  o i l  aga in?



&PFSVBIX I I .

wm *135 1051*3 y*£7!» ■

•*•*«*•* aeenr&toly .1 to .5 grtm* of tho a ll lota a Asok of 

*1. oapiedty with o *laoo otopp<»r. iddod 15 s l. of aarbon to*r<*» 

ehlorida to diooolv* tho o il and thon 25 al. of tho o l^o  iodlno solution 

tho *ld of * aafoty p ijx itt, allowing tho pipfetto uood to te U n r 

tho Iodlno aoluttoB to drain for a doflnito U m # Placed tho bottlo la 

• dark p laoo and allowod to stand far 59 adnutoo. &% tho ond of this 

poviodf addod 20 a L of 15 por coot potowoiua lodlda solution, otoppovod 

tho bottlo and shook thoroughly and «ftoho& down tho aide* of tho bottlo 

osd otoppor «Lth 100 ml. of roeoatly boiiod ooolod aator. T&tr^to with 

standard 0.1 S sodium thiosulphate solution adding tho rvagont with 

ooMrtoat shaking until tho yollttr colour of tho iodlno haw almost 

dloeppeered. Add 2 ml. of * l  por soot otewfc solution ami oontinuo 

tfeo titoratioau t o t  tho bias oolour ooo olaoat dionppoorad* atoppor 

tho bottlo oad ohoko rigorously oo th at any iodlno remaining in  tho oigKxle 

l«yr«r u lll p u t  into tho outer Isyer. ifenplotsd the tltfratloa. '-*» too 

blank dotomnatioao on on equal portion of tho «ljo  reagent, ollooim 

tho pipette drain for tho oono length of tloo os for tho unknown. The 

— bar  of mtlli noty^a of .12 sodium thiosulphate solution required by 

too blank looo tho quantity used in tho dotormUmtlon glass tho thiosulphate 

equivalent of tho Iodlno nboorbod by tho o il. calculated tho grams of 

iodlno aboorbod by 1<*> <• of tho fat or o il. This io *ij*» iodlno toIuo.

2SSB3*&!>M 3*. ,%agbaM! *<**«» ohlorido solution! dooolve 15 $rmno of

V / /



lodlao la  1 11 tor o f (le o ia l aevtii «bI  poor la  auffleloot woohod aolV
drl*4 ofclorin* uatll tea balogon eoatoat la *laoot bat sot quit* doublo. 

?WL» may bo aooortoiaod by tMo*ulph*to llboraticaxo. m  •warn* of lodlao 

lo  psadwdbl*, bat oa oseooo of chloriao o a t  bo oroldod.



UNMTOTX I I I

ttwrswinttJiai s* m aew iottw  taias.

y*m m nm  » f  maea^M ffllfflfMftlfri 351 «r» >* °*
% ?. ?b (a»^)2 in  TOO a l. o f «2o and filt«r.Slowly| add tbs TbCBOĵ

s o l t io a  t9 ths KfiHS solution with a tirrliv . 3a»tlaMa stirring far »

minutes sad silos preclptt&t* to ssttls. Oaosot s'.'psrnirtsat liquid through 

filte r papier on Buchner fuansl using slight sustio® sad sash ths proeipltata 

•svsrsl tines with wstsr by dsosatstlSB. franafsr prsolpitats to !*a«b®»r 

fianntl oe<<y horn spoon sod w lar and wash with ester until washings glss no 

t«st for mttratsa. Pluoa praeipltata on a watch glass sad dry to constant 

assist ( la 7 days) la ysmur dawtostor ow«r K̂ SO .̂ Tbo drlsd PbO^SOg 

Should Im obits la colour. <Hors la d r  tight brown tot Us.

b) < M » « H . a a i i . .  . 2  ».■ p« p m .  w a jr iiw . « r t i e  « 1 4  !>r 

Dolling gsatly io llt f r c f l^ a l with ground »  la  glass s ir  ooadsnssr fo r 

about o m  hour, 500 s i  of aestic sold (at Isast i5>*5$) « lth  40 a l. o f sestls 

tedaydrlde. Attach a cslcluw chlorlds tuba to sod of aoadsnssr sod s ilo s  

tbs sold to cool to torn  tsnpsrsturs.

Solution 1. for tbs preparation o f ons litr s  o f solution, suspend 50 X*mm 

o f ths lssd tfciospimats la  500 a l. o f add . Two glass stoppsrad sold *ttla *  

0f  2 llts rs  cap acitjr, iSiicfc haws pw riow Jj bssn elaaasd and drlsd, should 

bo uaed for this purpose. M4 ths bwsUs solution to tbs load thioaysnato 

auspaaslcm slowly* i® aaall portions* sad shako rie<>srou*lj bstwesn ssbh 

addition until ths solution is  ecnplotsly dseolourlnsd. Aftsr s l l  tbs 

brodm  has bssn added, allow ths precipitated lssd bropdd# and ths sxecaa

hi



load thiocyanate to settle and then filte r the solution as rapidly 

a* possible. !?ee a 13 os. Twamcr ftmnel and a qualitative filte r 

paper fcot̂ thpr with two Uttrepreseure flea's for the f i Iteration. 

Those should be al earned sod dried for am hour at 105s 5. filte r the

entire solution lay stntloa into the fleet:. ”nmef»r the fusael( 

containing the paper and the cake to the second fleet end refllter the 

solution. It  should be perfectly cleared for the second filte r ilon. 

tore the solution in glee* stoppered brown bottles.

eroeeduret i?oigb eecumtely 0.1 to 3*3 gn. o f the o il  ae oove and 

traaefer to a djgr 125 nJU glees stoppered flask. Seep in dark for 

24 boure. 'the storage place should be from Id -  21*3 In tiep m ttav .
tti

i t  its  end o f  24 hours edd 1 g . o f dry ^  dared petaedw  Iodide ̂ —

S
to the flsefc, and Ifatrl the flask rapidly for 2 edautsa. It is

advisable to agitate the blank detemination for 3 alnutas. ^nen add

33 tttl. ;>f eater and literate the liberated iodine with 3.1 a l. sodioa

tJdaaolpSteie solution uaiAg atarefc as the indioetor. At leaet three

blanks diould be run with the esaplos. Th* solutions should alao> be

titrated at the begxts&m o f tha 24 hour period.

Blank t i  tare value -  titfrevalue o f the saaple z M o f 
x 12.69.

77 • * * 7_______________________________________________
' " 11 ..."" 1 " ni 1 r 1 ' " " " ■"■' ' 1 r " »

weight o f the saaplc.

la which
IV -  fhlooyaaagen value.
I  • SoraOity.

fhie Index natees It  poanifele to calculate the e-ssposition of an o il 

eoapooed of tha glyoerldso of oleic, 1 isolate and a grow of saturated

x



M ite. from tfeo Ih tm tim l v»l«aa of the thlaeyftoac«a and iodlno

T«Um  o f  th« tho following; oquatians mgr b« N t vp*

Tbonrotlosl Thiooyonatgoa Toluo
*9«lm  _________________________

Unololo glyeorldao ( l ) 173.20 90.59

Ololo glyoorldoo (0) 86.01 86.01

iniuratod glyaorldoa (3) 0 0

Than p laaing,

% ♦ 0 ♦ $ -  100

173.20 @6.0 0 ♦ 3 • f r  I  100

90.59 1 ♦ 86.0 0 ♦ 3 «  TT I  100.

*ro« trio formula th« iMttnontnt® of llnolalc oloie «c4 aaturatod 

glyooridon omt to ofetwiaod.

V/'



a ? ? l i r a s  i f
SA 'ZJt CARS 5JSI OS TH ? CA i*  0? RAT3

Sap. So. c * « « » Diet card

Bate Teight Rood g t  '•« Rood le ft Rood eaton Re ar*a
gse. gag. g*9 . «•«*
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AP?«roXJLV

SoCOLLUM 15ATIS SASff JfTXTtT'S (9m) (1347).

Calcdtaa / aotate 35.5

----- 9.38

9*31. *.67.

Hf '8̂  anhydrous —* 7.19

?• . itrata •—* 3.19



A VI

v i t a  fis n z r m  (ain oa) (in too o*«. of
Suo roae) 1955.

Thiamine hydrochloride 10

yrido xiiv 10

ABtotheBio acid 50

Sieotiaasaide . ^ ■ 100

In o a ito i 400

ChoIln« Chiorido 4

SI bo—f l  avia (add vi! la s t) 10

x i v



AP?*SBU V II

fU-<ZXDR.S M E j~  fj<otD F<D& C W W f S f ^ O f .  £? S TfM  PfTKDfif,

olOUTinetriC Sfthod:

(1) Add 1 ml. o f olood dropwiae to approximately 40 ml. o f alcohol 

other jBlxtiat® in a glaas etoo -cred 50 1 . volumetric flaek with 

conetant ahold. g in ortUr to avoid clumping o f the protein.

(2) ' ‘-at to boiling in a enter bath rotating the bottle while 

heatii^; to avoid loam o f aolutio -4txlie  boiling over*

(5*! ool the solution to room temperature dilute to volume with 

the alcohol ether mixture and nix*

(4) Place a ll o f the solution in a fat free filte r  paper and allow 

a ll o f i t  to filte r  into 60 ml* glass atop ©red bottle* top er 

Immediately a. d nix*

(5) ?1ice 10 ml* o f the fliterate in each o f two 50 ml. beakcre and 

evaporate, just to diyncae over a steam or sand bath.

(6) 'dd 2 ml* o f ehlorophaxwt to each beakar wMle it  ie  s t i l l  warm 

and allowed to etaod until coiled*

(7) 'rsnsfer the chloroform extract quantitatively to a glaae 

etopoered 10 ml* o; Under*

(8 aeh the booker twice -dth 2 ml* portione o f ehlorofoxv said 

transfer each, quantitatively to the cylinder. the extract upto

6 ml* with chloroform*



(9) Standard: Placa 5 s i. of ehlaatarol standard solution (9 s i. « .5 ^ ) 

asaaurad at 20*C in a 10 a l. cylinder. %ako up to 6 a l. with ah lorofor*

at rooa tsaparutura.

(10) Flaoa tha unknown and standard in a 25* 3 water h*thf and add 2 al* 

of acetic anhydride end exactly *1 al. of concentrated aulphurie aald to 

each.
(11) Stop 'ar and atoing by iaaerti*^.

(12) Alloa tha colour to develop in tha dark for aacaetly 25 ainutaa.

(15) ftead la the o-louraeter again*t tha atandard act at 20 an.

ley  tha and prlaao coapletaly before uatn' thaa*

(id) Salculetlotta.

m  * 0.5 y 100 .  SQQO ag.
KJ * .2  20

xy*



m m D ix

m t m m m  o f  mutes a

M n d g lti Antimony trichloride in 'hiorofozm gives * blue colour 

with vi train A*

:»a»t»nta« Precaution! A ll reagents should bo free from moisture*

1* 'o a u n lil oholerofom m i  washed three tines with an equal volumei

Of n t t r ( dried over anhjdrous radium sulphate distilled and stored 

ov«r I jC9j  ij» amber bottles.

2* Antimony trichloride reagent? This is prepared by dissolving 

125 grams of dry anti-ony trichloride 3*p. In sufficient chloroform 
to oaks * final sniurae of 500 ml* This solution should be filtered 

I f  turbid* It  ie stable at roaa temperature for several days if  

protected frost moisture.

3* Yitw lc A Standardt 100 X*?*/b1* Ihia is  prepared by dlssolring

the required esoiwt of v i train A concentrate in chloroform*

4* Procedures %igh 0*5 or 1 gram of the liver* Add 15 ml* of aleohollo 

potassium hydroxide solution* 3aponif i t  for 15 minutes or until 

saponification la eunplate* Then add 100 ml* of glass distilled sater, 

and transfer it  to a separatory funnel* Thm. add to it  50 nl* of 

1 « 1  ether rad petroleun ether solution rad stocks vigouroualy. Allow 

the layers to septrate sad drew off the acqueoua layer into another 

separatory funnel. lose the saponification flask with another 50 nl.

of ether and petroleun ether mixture rad extract the acqueoua layer with 

this portion of ether* Allow the layera to asperate and draw off the



acqueoua lagreno into mother Mparttor/ flannel and oowbine the ethar layer*. 

Sxtfavl again with 35 -50  nl. of ether. Repee* tun or nor* tine* and 

carabine a ll tho extracts in tha eeperator/ funnel and waefe kgr pouring 50 to 
100 nl. of enter through tha ath x  leyar, without shaking. Draw o ff the 
aoqueone layer and dleeari. £aeh with 5 to 8* 50 nl. portions of 
enter until free o f alkali» testing with phenolpfathaleln. taka 20 grano 

o f anhydrous Sodium ulpfaate In a eosieal flaak. transfer tha extr -ot

to tho eouieal fleaikv shake and keep it  aid.da. After 5 or 20 nUnrteo

transfer It to another flask and evaporate it  to dryness. Add 5 nl. of 
ohlorofoxn.

-he reading eon taken as follows!

(1) Blank) 1 nl. o f dhlerorsm*2 drops oif settle «otoy4rtde+5 wl. of
ant lawny trio lorlde.

(2) standard vitada A t 1 nl. o f standard aolutlooeS drops of aoatlo
eahydrIds and 5 nl. of aatlwony trichloride.

(3) ‘'ttommi 1 nl. o f xadeaaeu** drop* o f acetic anhydride^ nl. of
aatlnony trlohlexldo.



xu

SBRUtf CH izrm. .)- TH *t *®I- *f*u IUT3

Group I up II Qroap IIT Sr a? I?

63 57.7 59.8 51.5
66 52.3 64.4 56.6
64 54.1 62*2 57.7
66 54.2 63.6 51.4
61 4 ,9 63.4 51.4
6 2 52.5 63.9 56.9
62 50.9 61.8 56.2

X All

V  v


