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flavour than filtered fat and in the same connection later 

on, Ritter and Nussbaumer (1939) observed that butter oil 

is less susceptible to oxidation when filtered at loo0 c 
0 

rather than 42 C. Mohr (1939} also after comparing 

butter oils filtered at 50° and 90°0, and ghee prepared 

by boiling off at 110°0, found that after 7 months the 

ghee was superior but adds that the difference had dis­

appeared by the end of 11 months . From their findings 

Ewbank and Gould (1943 ) con eluded that heating butter 

or butter oil to 127°0 for 30 minutes hastens the oxid-

ation, while Rafey, Richardson and Henderson (1944) 

5. 

observe that butter oil made by the process in which butter 

is heated to llo0 c, to drive off moisture, the residue being 

removed by centrifuging, has been found to be more res-

istant to oxidative rancidity than when lower temperatures 

of i solation of the oil are used. More recently similar 

observations have been made by Josephson and Dahle (1946) 

when comparing keeping quality of butter heated to higher 

temperatures of 300 to 400°F for 10 minutes and that of 

filtered fat raised to the same temperatures. They also 

compared hig h temperature melted butter with filtered butt­

er fat heated with lactose, dried skim milk , phospholipids 

etc., and in every case they conclude that butter melted 

at high temperatures by boiling off method was superior. 

Of course, Ritter and Rafey etal agree that improved keep­

ing quality of ghee prepared by boiling off moisture at 
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42 66 90 114 
TlllE IN HOURS 

Graph showing total acid production 

by different cultures . (F or de t a ils see 

Table 1) • 

.!!'rom the above graph 1Fig. 1) it will be seen that 

L. bulgaricus (Iowa! produces highest acidity (2 . 52%), ------
followed by D::i.b.i No. 2 (l.'7%), ~~cidophil~ (1 . 5%), 

Dahi No. 1 (1.4%), and Dahi No. 3 (1.0%) in order . The 

higher acid production is recorded for the first two days 
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Til!E IJ!f HOUR.-

Graph showing Quantity and Rate of Acid 

Production for the first 24 hours 

by different cultures. (F or det ails see 
Table 1) • 

14. 

.tl~rom the above graph (Fig . 2.) it will be seen that 

even wi thin 24 hours there is no uniform rate of acid 
. 

production from hour to hour. In tv.o days old culture 

the 1 ag period appears to be short and the cultures start 

growin g within first 4 hours ; in the se cond 4 hours i.e . 
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· • from 4 to 8 hours they show an enormous activity while 

after that the rate slows down. Cultures , L • b ulg ar i c us 

and Dahi. No. 1 show more steady and gradual rise while 

the other three seem to behave irregularly. A little 

more acid has been recorded after 24 hours in this exper-

iment by all cultures as compraed with the first graph 

and this may be probably due to younger culture used 

(2 days old as against 7 days old in the first case) and 

due to subculturing. However the trend is the same that 

L. bulgaricus (Iowa) is the fastest acid producer, while -------
Dahi. No . 1, slowest; the rest are intermediate between 

the two. This trend is very well illustrated when we find 

that for production of 1.% acid..!!._· bulgaricus took about 8 

hours, _I:_. acidophilus 12 hours, Dahi No . 2 and No. 3., 

24 hours and Dahi No. 1 more than 24 hours. 

(B) METHODS. -
(l) Preparati££._of Ghee. 

The butter (Makhan1 prepared in these experiments 

for conversion into ghee has been on the lines recommended 

by .indian Dairy Department in its rep::>rt for the year 

1940-41; which aims at standardisation of the deshi or 

indigenous method. Inter alia, it oonsislis in boiling the 

milk for a while and then inoculating it with Vahi cult­

ure ( 5 to lO%l after cooling to 100°.1!1 and then incubating 

at room temperature. After 24 to 48 hours when the milk 

has clotted , it is churned at a temperature of 60 to 80oF 
' 









(a) rnoubation method:-
~~---~--~~~ 

Fig. 3. 

Sho ws cabinet used for incubating ghee 

samples a t 35 to 4o0 c. (Indian summer temp-

erature. ) 

A special cabinet (4i ' x 3i' x.l~') made loeally 

of pine and insulated with asbestos as illustrated in 

Fig. 3 was regul a ted to give Indian summer temperature 

19. 

(35-40°C} tho1J6h at a later date it had been thermostat-

iually controlled to l00°F. Heating of this cabinet 

was done by four bulbs of about 300W capacity set at the 
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ining of oondi tions to suit all kinds of ghee treatments. 

For want of time, however, no further work on this method 

and comparative work on other methods used by Ritter and 

Patil and Hammer, could be undertake.n. In the present 

investigations, solely on the ground of convenience, a 

very simple and quick method was followed for estimation 

of moisture in dry butterfa. t in factory, has been employed. 

It has given fairly constant figures, duplicates varying 

between 0.010 to 0.020'% which should not materially affect 

the general trend of results. 

has been taken in such cases. 

lb) Accelerated 'fest Metmd:-

Of course, average of two 

Shows "Swfit Stability Testern for testing 

oxidation of ghee samples by accelerated 
Fig. 4. 

test at ioo0 c. 





IV and V (B), both tests ie. incubation test and accel­

erated test - have been used. 

29. 
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CHAPTER III. 

EXPERIMENTAL D TA. -
Section (a): -

bacterial cult-

ure and moisture. - - -
In order to gain some knowledge as regards the possible 

factor(mentioned in Chapter I by various Workers) affecting 

the keeping quality of ghee; two preliminary experiments, 

(Experiments No . I and No. II} one of each method of making 

ghee (i.e. (i) from sour milk and Iii) from direct cream ev-. 

aporationJ were arra.ne;ed. Three variables were included 

i.e. different bacterial cultures; different temperatures 

of cooking and different acidities of manufacture. After 

that in Experiments III and IV proceeded further to find out 

the effect of some of these facto rs under more controlled 

conditions to clarify the ideas and assumptions formed as a 

result of preliminary experiments. 

EX~riment_l, (PreliminariJ : -

!fu.khan (butter) for boilirl6 into ghee was obtained in this 

experiment by inoculating two lo ts of one gallon each fresh 

milk with L.~cido:e_hilu~ axrd L.bul§aricus (Iowa) cultures and 

churnill6 them at acidities of 0.6 and 1.75% lactic respect-

i vely. Each lot of butter obtained thus was heated to 110°0 

and 130°c • New Zeal and butter made from (Massey College fact­

ory sample No. B.F.199 , I-27-I) unneutralised cream of 0.11% 

acidity and vacreated at 200°F; was used as control. This 

butter was graded 93 points at Auckland and Wellington and it 
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was heat9d to 80°C and 130°C for the purp:>se. 

0 
These ghee sa 19le s were the;1 incubated at 3 7 C for 11 week. 

Peroxide. Fat aldehyde and carotenoid value have been deter-

mined initially and at intervals of a week during the course of 

the induction period . Free fatty acid content could be estim-

ated at the end of the induction period only. Organoleptic 

tests were al3o made which agreed with the chemical methods. 

Values obtained for Peroxide. Fat aldehyde and Carotenoids -

have been plotted in graphs of Figures 5. 6 and 7 respectively 

and particulars of treatments. induction periods*(as indicated 

by peroxide value) and acidities are given in rable 4. 

TABLE 4. 

Particulars of Treai~nts. Ind:b.ction Period~ and 

acidities of E~~ment I. 

No • I Treatrn en t. ---i In duo t ion 
Period 

No .l I Control-heated to so 0 c-- r w:e~ 
No.2 " " to 130°0 6 
No .3 L.acido:E.£ilus butter heat-

- e d to 1100 C (churning 
acidity 0 . 6%). I No. 4 - ditto - heated to 130°C 

8 

10 
I 
I 

No .5 I L.bul~arious (Iowa) butter I 
I --heatea-t"0-110°c (churning 

.Acidity% Oleic 
(at end of in­

duction). 

0.451 

0.400 

o. 730 

0 .400 

1 
acidity 1. 7 5%). 6 I 

['6 l ~~itto --~:te'.'..._to 130°1_7 __ _t__ 
1.015 

1.071 

::•For purposes of these investigations; in due ti on period 
as shown by Peroxide method has been arbitrarily taken 
as standard and all other methods compared with it. 
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Graph showing oxidation and induction periods 

by Peroxide method (detail~ given in Table 4 , 

page 31). 
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Fig. 6. Graph sbowing oxidation and induction periods 

by .li'at aldehyde method (Curves 1 - 6 corres-

pond with treatments lis ted in Table 4, page 31). 
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Graph showirl6 bleaching of colour (C~rotenoid 

pigments j by oxidation (Curves 1 - 6 correspond 

with treatments listed in Table 4, page 31). 

The above results show that: -

(i) ~-·-~cidophilus cultured ghee heated to 110°0 and 13o0 c 

is superior to control and ~bulgaricu~ ;3hee similarly 

heated by 1 to 4 weeks and that L. bule;aricus sample has 

34. 
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nearly the same keeping quality as control. 

(ii) That higher (130°C) and lower (110°cl temperatures differ in 

their effect on keeping quality; higher temperature heating 

being superior to lower one. '.rhi3 is true in both types of 

ghee , ie. obtained either by souring with L. acidophilus or 

However, in the case of control the 

effect is just the opposite of those observed in case of 

soured milk samples, i.e. Lower temperature giving higher in-

duction period and vice versa. 

{iii) That both methods i.e. Peroxide and Fat aldehyde have given 

identical induction periods except in sample No . 6 where , 

by Peroxide method 7 weeks are recorded against 6 of aldehyde 

method. Thu3 there is a good correlation between these two 

methods. 

(iv} All samples show bleaching at the end of induction period but 

to a varying degree, e.g. samples 2, 4, 5, and 6 giving pract-

ically complete bleaching ( arbi tra.,..ily carotenoid value of 1 

and below 1 is treated for this purpose as fully bleached since 

in ghee perfect white is difficult to obtain due to changes 

broQ~ht about by heating at higher temperatures), while in case 

of samples No . 1 and 3, partial bleaching has been recorded 

givin3 a value of above 1. However, 1 or 2 weeks a:f ter this 

period, ~11 became fully bleached. 

Experiment II (Pre!_iminary~' -
. 

Since the cream evaporation method of French (1936) is 

likely to have great possibilities in si~plifying the ghee 
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manufacturing process, this experiment was arranged to find 

out the storage life of the product so obtained. For this 

purJnse, 4 gallons of 42% fresh cream was procured and divided 

into two equal lots. One lot was diluted vvi th warm water 

(100 to llo 0 c J so as to wash the casein out of cream to reduce 

curd content, and reseparated to give 70% plastic cream ; 

while the other lot was reseparated as such , for getting plastic 

cream, without washing. The first lot was further subdivided 

into two equal halves ; one half kept for evaporating sweet 

while the other half was soured with f!• acidoEhil~ culture. 

The second lot likewise was divided into two and soured with 

&:.-1:~£12Y!· .. ~ and ~.:...._E~~aricus cultures separately. All 

these four lots were then evaporated directly on the hot plate 

at 110° C and 130°c except sweet cream lot which by chance 

got heated to 115°C and 130°0 instead. Massey College butter 

from project No. B .F. 203, 1-5-3 made from cream with 0.14% 

initial acidity neutralised t o 0.07% and vacreated at 202°F 

was used as control after heating to soo C and 13o0 c. It was 

graded 92 points at Wellington and Auckland. The samples so 

obtained were incubated in the cabinet (35°0 to 4o 0 c) and with­

drawn for all the chemical tests mentioned in Experiment I at 

intervals of 2 weeks for a period of 22 weeks . Results are 

tabulated and plotted in Table 5 and graphs of Figures 8 , 9 

and 10 respectively. 



TABLE 5. -
~~~ of Treatmen~Induction Pe~lods and 

Acidities of Experiment II. 

---,- -- Indu?tion f cidity % Oleic 
No . I Treatments. Periods Initial--r--r;ast j____ in weeks. _j__~ 
No.l I Control hea~~:-a_o_0_c _____ l __ o __ , -- I --

No.2 

No .3 

I No.4 

I No .5 

No.6 

Control II 130°0 

" 
Sweet cream (washed) 

heated to 115oc 

Sweet cream (washed) 
heated to 130 °c 

Sour cream (washed) heat­
ed to 110°C (L.acid-
2]h~ culture). j 

Sour cream (washed) heat- I 
ed to l30°c.(do.culture}., 

No. 7 I Sour ere am (unwashed) 1 
heated to i10°c I I (&!_acido;Ehi~ culture I I 

I No . 8 I Sour cream (unwashed) 

1

1 
I heatyd to 13o0 c (do.cul-

t 

ture I. 
No.9 Sour cream (unwashed) I 

6 0.169 I o.32 

16 0.169 0 .3E 

18 0.169 0.34 

10 

10 0.282 0.44 

10 0.169 0.28 

10 

I heated to ll0°c I . 
I {L. bulgari~ culture) I 14 

1 I No .10 Sour cream (unwashed 1 L 
I 

I heated to l30°c (do.cul- 10 0.169 I 0.30 1 ture). 1 L-- __ ,________ _ __ .... _____ 4 __ _ 
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Jraph showin3 bleaching of colour {Carotenoid 

pigments) by oxidation. (Curve,_, 1 - 6 car.res­

pond with treatments listed in Table 5, page 37}. 

From the above data it will be seen, 

(i} That there is difference in keeping quality when the 

cream tr'3atrr ent is varied before evaporation (i.e. sweet 

or sour). Sweet cream on the whole, in both temperatures 
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keeping better than sour cream and control. In case of sour 

cream (with ~~id£E_hi~us} there do not appear to be any 

effect of washing and not wasbing cream before separation into 

plastic cream as is evident from samples, 5, 6, 7 and 8. 

The effect of washing and not washing on sweet cream has not 

been in ve stiga ted. 

(ii) That contrary to Experiment I,!!..:_ acidophil~ 3hee has not show1 

any superior keeping quality over~ bulga!:,i~~ and control. 

(iii} ~hat identical induction periods have been 0iven by both method 

i.e. Peroxide and fat aldehyde in case of sa~ples Nos, 2, 3, 4 

and 10; while in case of sample~ Nos. 1, 5, 6, 7, 8, and 9 

there is a differenc~; the range of difference being 2 to 4 

weeks. However, the trend 0f results in both methods is 

the same i.e. sample 4 has ione;est induction period followed 

by 3, while sample 2 has the shortest. 

(iv) Like Experiment I, all samples show bleachincs a.t the end of 

induction period but. to varyin6 degrees; samples Nos. 2, 6, 7 

and 9 sbowed complete bleaching while samples Ros. 1, 3, 4, 5, 

and 10 show incomplete bleaching. However, after one or two 

weeks after this, they were all completely bleached. 

Further work on this method of manufacture of ghee was 

discontinued for want of time. 

~periment III:- Variation in ~,!Eir.ig ~uality .Due to Difference 

in Starter Cultures. 

Dahi cultures (mixed or pure bactobacilli} are used 

throughout India for souring milk in ghee manufacture. However, 

like cheese there are certain disadvantages in using mixed 
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cultures i.e. uniformity in quality cannot be maintained from 

day to day and therefore, it is likely that in future, pure 

cultures or single strains of pure cultures may be isolated and 

employed for ghee manufacture. The question will therefore 

arise as to which pure or single str~in culture gives better 

keeping quality and other qualities. Experiment I (preliminary 

suggested that !:.:__~dophilus is superior from keeping quality 

point of view than ~~£~aricus (Iowa). This was thought 

feasible on the ground that perhaps, there might be some diff­

erence between the metabolic end products of these two bacteria 

which may exert some influence on the keeping quality. To 

test this assumption, one gallon milk each was soured with 

tbree Dahi cultures (No. 1, 2 and 31 obtained from India, and 

two pure cultures (i.e. L. acidophilus and ~~_£~gar~ (Iowa) 

got from D.R.!. Massey College. So that the effect due to 

bacterial cultures may not be affected by different acidities 

produced by them during the course of souring for certain num­

ber of hours, they were all taken to the same acidity i.e. 0.90% 

lactic. Different cultures took varying number of hours for 

reachin5 this acidity as will be apparent from graph in Figure 

2 (page 14). Ghurnings were done as usual and butter from 

each culture was heated to 1I.0°C and 130b. Samples were 

tested for induction periods by usual method of incubating them 

in the cabinet and testing at intervals of four weeks for a 

period of 36 weeks. In ad dition an accelerated test by the 

"Swift dtabili ty Tester" was run on the samples. Results 

obtained are tabulated and plotted in ~able 6 and graphs of 
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Figures 11, 12, 13 and 14 respectively. 

Particulars of t~tmen-ts. induction_.E£iods and acidities 

of~!l?,eriment III. 

---
Induction Period I Acidity~ oleic No. Treatments. 

Inhoursby-, In weekSby rnHfa1 I last 
accelerated Incubation. I 

--- _ test. I test.--+------+ --
No.l Dahi No.l 

heated to i10°c 18 20 0.676 0.90 

No.2 .Ua.hi No.l 
130°0 heated to 30 24 0.676 0 .91 

No.3 ..Uahi No.2 
heated to 110°C 18 20 0.733 0. 84 

!fo .4 Dahi No.2 
130°c hea t ed to 44 28 o.733 0.88 

No.5 Dahi No.3 
110°C I heated to 22 24 I 0.676 0. 73 

No.6 Dahi No.3 I heated to 130°0 46 28 I 0.676 o.75 

No.7 L.acidorhilus I heated' to i1ooc 26 24 
I 

0. 6~' 6 0 .84 

No.8 L. acidophilus I ---i:i'eated to 130°c 30 24 I 0.733 0.84 

s_ bul~ari™(Iowa} I No. 9 I 
lieated to 110~ 18 20 I 0.733 0.84 

No.10 h~ul§aricE!! (Iowa I 
heated to l3.0°C 56 32 I 0.733 I 0. 75, 

------ --- -- L '--
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by Peroxide method. (Details given in Table 6, 

page 43). 
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page 43} . 

From the above data, it will be seen 

( i) Th3.t ther e is a variation in induction period noticed in 



48. 

different cultures and more in higher temperatures (13o0 c) 

and less in lower temperatures (110°C) but this does not appear 

to be due to difference in bacteria since the same culture 

under identical con di t io m has e;i ve n two different induction 

periods when heated to 110°0 and 130°C, tas will be apparent 

from all samples except 7 and 8 (only in i noubat ion test ) ) • 

Also both temperature treatments of one culture is not clearly 

superior to other cultures. Thus the variation in this ex-

periment appears to be du3 to temperature effect rather than 

due to different bacteria. So also L. acidoJ2hilus has not 

behaved similar to Experiment I showing its superiority over 

&:_~gar~ and therefore, it is tho1.J6ht likely that differ­

ence in ~xperiment I between these cultures may be due to diff­

erent acidity produced by them during an incubation period of 

18 hours. 

(ii) There appears to be a general (not absolute} correlation 

between the induction period observed by accelerated test at 

loo0 c and incubation test at 35 to 40°0; the correlation trend 

being maintained in both 110°0 and 130°c heated samples. Hy 

both tests No . 10 sample has given the loll0est induction period 

followed by No . 6 and No. 4 while sbortest is c;iven by No. 1 and 

3. However, in certain case3, the difference of 2 to 8 hours 

in the accelerated test did not give any significant difference 

in the incuoatirm test, e.6. in samples, 2, 5, 7 and 8. 

(!Ii) Like Experiment II, identical induction ~eriods have been given 

by both Peroxide and Aldehyde methods in case of samples 1, 4, 9 
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Oxidation studies, as usual were carried on by incubating 

them in the cabinet for 36 weeks and withdrawing samples at 

intervals of four weeks for testing. An accelerated test 

was al so run. Result obtained are tabulated and plotted 

in table 7 and graphs 15, 16, 17 and 18 respectively. 

TABLE 7. 

Particulars of treatments, !Eiuction Eeriod~cidities 

~d Moisture~~~ta~_£f EEe_~~nt IV. 

-------- --------;rA -~---I Treatment 
I Induotion Periods oidi ty 'fl> oleio DI . ilt 

No. - I --- I I .0 1 U1 

I 
in hours by in weeks by Initist.11 Last 

fo accelerated j incubation I --+-- test. test. 
I ----

1~::i::t-::-No.l I Control hsat-
ed to 80 C 12 16 

No .2 Control heat-
ed to 130°0 30 20 0.1692 0.3384 0.19 

No.3 1.1% heEtted 
to 110 C 12 16 I o.3384 0. 5640 0.46 

No .4 1.1% heated I 
to 13o0 c 42 28 I o .5076 0. 6076 0.27 

I 
No .5 1. 7"jo heated I 

I to no 0 c 18 16 0.6768 0.8640 0.23 

No .6 ,1.7'/, heated 
to 130°c 30 24 ,0.6768 0.7768 0.19 

No.7 I & 2. 2; heated I to 110°0 18 16 I o. 9024 1.2092 I 0.24 
No.8 2.2% heated I I o. 9024 to 13o0 c 42 28 1.350 I 0.53 

No .9 2.5% heated I I 
I to llo 0 c 18 16 0.5012 0.5640 
I 

0.19 

No .10 2. 5% heated 
I I to 130°c 18 20 0. 50 76 I 0 .5640 0.29 
I I I 

----l. _ _j_ __ _I .... 
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Fig. 16. Graph showin3 oxidation and induction period 

by fat aldehyde method. (Curves 1 - 6 corres -

pond with treatments li1ted in Table 7, page 

50). 
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(Detail _s given 

From tne data.presented above, it will be seen 

(i J That there do not see m to be any relation between ghee 

54. 

acidity and keepin6 quality, e.g. sample 8 having the highest 
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acidity of 0 . 9024% has 3iven the same induction period (i. e. 

28 weeks by incubation test ) as sample 4 havinc; an acidity 

of 0 . 5076~ · Not only that , but even the same acidity in 

two samples has not given the same induction period e . g. sam-

ple 5 and 6 and 7 and 8. Had acidity as such, any effect 

on keeping quality, there would have been regular graduation 

in storage life based on acidity and accordingly sample Nos 1 

and 2 should have given longest induction period , while sample 

Nos. 7 and 8 , the 3bortest, but this has not been obtained in 

these experiments . 

-Also there do not seem to be any correlation between curd 

acidity at churnin3 and the keeping quality as had that been 

the case, then San~ple No . 1 and No . 2 with 0 . OB% a oi di ty 

should have given §reatest storage life , and it being out 

short progressively as the acid;ty rose to 1 . 1, 1 . 7 , 2 . 2 , 

and 2 . 5% . But again this is not the case. 

(iii) Not v.;hole ac idity recorded at churning is transferred to ghee. 

The ratio of curd acidity at churning; ghee acidity in 

these experiments is about 7 to 12 :1 . 

(iv) Like Experiment I I I, all samples show rise in acidity during 

storage of 28 weeks, the range of rise being 0 . 0564 to 0 . 4476% 

oleic but this rise has also no carrel at ion with the keeping 

quality , e.g . ri63 of 0 . 4476% hi<:Shest in sample No . 8 , has not 

affected its induction period being longest in the incubation 

test too .( I t was already lon6est in the accelerated te s t) . 

(vj As in Experiment III , there is a general and not absolute co~ 

relation between the induction period recorded by accelerated 
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tes t and that obtained by the i ncubation test ; the trend 

being (i n both tests ) that Sample No . 4 and No. 8 gave the 

l ongest induction period, whi l e No. 1 and No . 3 the smrtest. 

o ne exception to this is sampl e No . 2 which behaved pe cul ­

iarly in the ac celerated test . 

(vi) I n this experiment, there is no correlation between t he res ­

ults of Peroxide method and Fat aldehyde method ; both showi ng 

dif .Lerent t rends in the grada. ti 'on of samples for induct i on 

periods and except samples 8 and 9, there is no identical in­

duction periods observed. 

(vii) At the end of induction period, all samples show complete 

bleaching in this experiment as judged by the previous pro ­

cedure. 

(viii ) Also there appears to be no correlation between moisture con­

tent of ghee and keeping qual i ty {under the con ditions of 

this experiment) as sample No . 8 having highest moisture con­

tent of 0 . 53~ has g iven the longest induction period (42 hours ) 

while sample No. 1 with lowest moisture conte nt of 0 . 04~ 

has g iven s hortest i nduction period (i.e . 12 hours) . Not 

only that, but even samples with different moisture content 

e.g . sample No . 4 with 0 . 27% and No . 8 with 0 . 53% -- both have 

given the same induction period of 42 hours and conversely , 

samples with same moisture content (0 . 19% ) have given differ ­

ent induction periods, e.g . sample No . 9 - - 18 hours while 

sample No. 6 -- 30 hours. (Results by accelerated test}. 
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~xperimen~to Demonstrate the Import~ of 

uooking Process and Vario us l!,!2_~ors Affecting it . 

..l:l1 rom Experiments I,III and IV, it ap~eared that there do 

not seem fo be any relation between keeping quality and starter 

culture; acidity and moisture content as found normally in 

ghee. But in all these, one thing was very clear, that is, 

lower temperatures (so0 c and ll0°c givin6 lower keeping qual­

ity as compared to hi6her temperature (13.0°C) which gave 

better keeping quality persistently. ~rem this it was ass-

urned that perhaps out of all factors investigated; the pro­

cess of cooking, seems to be most vi tally concerned with keep­

ing q_uali ty i:Uld that it mi5ht be controlled by some factors. 

To verify this hypothesis, the following well planned experi­

·ments (~xperiments V (A. & B) and Experiment VI) were conduc-

ted. 

E!E_~iment V ( ) :- Y.!E~tion .in Keepin~ Quality Due to Difference 

in_Cooking or Heat~Techni~ue. 

For the purpose of this experiment, a sample of ghee pre­

pared by the usual process (with 1.4% churning acidity and 

using &:__buJ.e;aricus (Iowa) as starter) was divided into three 

lots. iirst lot was heated to so 0 c for half an hour to pre-

cipitate curd and filtered. Then a portion of it was heated 

to 110°C and 150°0, momentarily (i.e. heated without contact 

with curd). Second lot of similar amount was heated to so0 c 

for half an hour but not filtered and after taking a sample for 

this temperature, proceeded to heat to 110°c and 15o0 c moment-
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arily (i. e. heated in contact with curd). :rhe third lot was 

heated to i10°c in contact with curd for various tirres , i.e. 

10 minutes , 20 minutes and 30 minutes , to find out if time and 

ternpe ratura has any effect. For oxidation and induction 

period studies the samples were tested by accelerated test. 

The Pesults are summarised in Table 8 . 

TABLE 8. 
Particulars of Treatments, Induction Periods and Acidities of 

No. Treatment. Induction Period Acidity % olei 

Exp er imfil}lt Y.J.Al._ _____ r _______ _ 
I in hours by ac- ( Initial) --+-- -----1f1---o-ele~te~test. I -----

No.l Control, heated 80°0 for I I 
i an hour 8 

No . 2 I Heated to ll0°c momentarily I 4 I 
l without con tact with curd 

No.3 Heated to 150°c - do - I 
No . 4 

No.5 

No . 6 

to so 0 c for i an hour I 
If to i10°c momentarily I 
in contact with curd 

Heated to 150°c - do - l 
No . 7 n to llo0 c for 10 min-

0 

8 

12 

4 

utes in contact with curd 12 

No . 8 !Heated to llo0 c for 20 min-
i ute:s in contact with curd 16 

No . 9 ! Heated to ll0°C for 30 min -

i ut~~:ntact with~:~-~2 ____ _ 

§rom this experiment it would appear that 

0.3384 

0.3384 

0 . 4512 

0 .3384 

o . 3946 

0.3948 

0. 4512. 

0 . 4512 

0 . 4512 

(i} Heatill.5 to hi.;her temperature in contact with curd, (i.e . unf il­

tered fat) enhances the storage life of ghee while heating 

without contact with curd (i. e . filtered fat) reduce$ it. 
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(ii)Al.so it appears that while heating in contact with curd , hold­

ing time at particular temperature has some effect on the 

keeping quality, i.e. at llooc holding for momentarily , 10 min ­

utes and 30 minutes - all gave an induction period of la hours 

sbowir(; no difference; while holding for 20 minutes at the same 

te mperature , enhanced the induction period by 4 hours 

'fhe above observations su&ge st that cooking process in 

ghee manufacture is very important from keepin5 quality point 

of view , and it is affected by time,i temperature treatment , so 

also heating in contact with curd or otherwise; the former hav­

i!l6 beneficial effect while the latter having adverse effect 

on the keeping quality when heated above loo0 c. 

Experiment V (B):-

~he previous experiment {i.e. V (A)), 6ave some broad 

hints as reg ards the importance of cookinc; process, therefore 

in order to get more precise idea of this process and factors 

governing it,· it was repeated with some minor changes to obtain 

results under well regulated conditions. 

For thi · purpose, 4 1 bs. of butter soured with ~· bul3ario1 

(Iowa) culture and churned at 1.2% acidity, was obtained and 

divided in t o two lots. The first lot was heated to so 0 c for 

half an hour and filtered. After takin-s 9. sample for this 

temperature, it was heated to llo 0 c, 13o0 c and 15o0 c moment -

arily (i.e. without contact with curd). ~he second lot was 

heated to similar te mperatures and time, but without previous 

filtering i.e. in contact with curd and then filtered. Uniform 

rate of heating applied to all samples; the flow of current 
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being control'ed by Sunvic thermostat (50 on Survic and 

!Iedium Switch on hot plate). For oxidation studies and 

induction periods , the samples were put thro~h both, i .e. 

i~cubation and accelerated tests. The results are tabulated 

and plotted in Table 9 and graphs of Figs. 19, 20 and 21 res-

pee ti vely. 

TABLE 9. 

~tlicular~_£f treatments_, inductiC?..E~riods, acidities 

and_!~istur~_E~cent~~of E~e~~t V (B ). 

I -j__ Ind~~ Period 1 
----------· 

No. Treatments fn hours by ( In weeks by 
Acidity% oleio. M::>istw 

Ini 'tial I last I % I ccelerated incubation --t-- . test. test. t 
No.1 ( Control~t-~·- , ----, 

--1--· 

I I I ed to oo 0 c I 
for i an hr. I 18 12 I 

No : 2 I Heated to lldb II 
momentarily 

O.ll3 I 0.2256 I 

without con- I 
tact with curd 

No .3 Heated to 130°c 
momentarily 
without C') n- j 
tact with curd 

16 12 0. ll3 I 0. 282 I 
I 

No.4 I Heated to 15db I 
I 

momentarily I 
without con- I 

12 
8 

8 
8 

I tact with curd 

No.5 ,Heated to so 0 c I I 

0.169 
0 .169 

I 
o.2a2 I 
o.2s2 I 

I 

I 
I 
I 

I for i an hour 
(06.ntrol) 16 12 I 0.169 0.2256 

I 
No. 6 I Heated to lld'C I 

j moman tarily in' I 

I con tact with I 
curd 20 14 0.169 0.2256 

No.7 jHeated to 130°c I 
I momentarily in I 
I ccnta.c t with curd 24 16 0 • 2 2 6 l 0 • 334 6 l 

- do - 20 weeks 

0 . 2: 

0 .3( 

0 .1 1 

o. 2~ 

0 .l~ 

0. 3 1 

No~.8 Heated to 150°0 36 more than 0.226 

__ -- -----·- ------·--------·----·------+-----1-..:--== 
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Fig. 19 . Graph showing oxidation and induction periods 

by peroxide method. (Details given in Table 9 , 

p~e 60). 
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by accelerated test at ioo 0 c. (Details given 
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Fig . 21. Graph showing bleachin_; of colour ( Carotenoid 

pi~ments) by oxidation . (Curves 1 6 corres -

pond with treat'"'"lents liited in :rable 9 , page 60) . 

, From the data presented in this experi.nent , it would 

be seen :-

( i ) That there is enough evi dence to confirm the results of 
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previous experiment (i.e. Experiment V (A)) that in 5hee man ­

ufacture cooking process is very important from keeping qual­

ity point of view, and that heating in contact with curd gives 

better keeping quality, the storage life beiD.6 in proportion 

to the temperature of cookin~ or heating, hi6 her temperatures 

giving better results than lower ones. On the other hand, 

heating ghee without contact with curd to hi5her temperatures 

reduces the life of ghee in the pro)ortion of the temperature 

applied for cooking. 

(ii) There is good correlation between the results of the incubation 

test a.nd accelerated test, it being more clear cut in the 

sarnplesheated in c~ntaot with curd. In samples heated without 

contact with curd, difference of 2 to 4 hours in the accel­

erated .test has not given any significant difference in the 

incubation test. 

(iii )All samples show bleachin5 at the end of induction period but 

to a varyin~ de6 ree, ~ .g. samples 1, 3 and 4 show complete 

bleaching, while others show partial bleacnin5. 

(iv) As regards moi :.>ture , like Experiment IV, there do not seem 

to be any oorrelation betweeu moisture content and keepino 

quality, e.g. san«ples No . 7 and 6 he;.i,Vin3 highest moisture 

content, i.e. 0.37 and 0.35 1~ respectively have given lone;est 

induction pe .... iods w:ile lov·er ones like No . 3 and No. 4 with 

0.17 and 0.22~ moisture respectively have given shorter induc­

tion periods. 

(v} The ran5e of rise in acidity during stor8.6e in this Experiment 

is 0.0566 to 0.169~ oleic. 
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0 
observed that to raise temperature from 60 C to 130°C by rapid 

rate of heating, required only 24 minutes while by slow rate 

of heating to reach to same temperature 102 minutes were need-

ed. The results are summarised in Table 10 and plotted in 

graph of Fig. 24. 

TJ..BLE 10. 
Particulars of Treatments; Induction ?eriods and Acidities of 

·~-=&=xp~eriment VI. 
---rinduction 

I JPeriod in 

------·-----

No. 

1 

No.0Heated to 

Treatments. I hours by 
acceler-

---- I ated test. 

.L I with 
110° C by rapid rate I 
routine stirring 

No.2 

I 

Heated to 130°C by rapid rate 
with routine stirring 

No . 3 I Heated to 
with 

ll0°c by slow rate 
routine stirring 

No.4 

No .5 

No . 6 

No .7 

0 Heated to 130 C by slow rate 
with routine stirring 

Heated to i10°c by rapid rate 
with continuous stirring 

tHeated to 13000 by rapid rate I with continuous stirring 

1Heated to llo0 c by slow rate 
with continuous stirring 

0 No .8 Heated to 130 C by slow rate 
1 with continuous stirri~g 

- --L-·--

12 

30 

12: 

18 

12 

18 

12 

6 

I Acidity % ole: I Initia.11-La 

I I 1---1--
0.6 I o • 

0.6 I 1.: 

0.5 I I o .1 

0.5 I 0 •• 

I 
0.6 I 0. I I 

0.6 0. I 

0.9 0. ~ 

1.0 1 r, ... 
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Graph showing rate (time and temperature) 

of slow heating. 
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Fig. 23. Graph showing rate ( t ime and temperature} 

of rapid heating. 
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Graph showin6 oxidation and induction periods 

by a ccelerdt8d test at 1 00°0. 

in Table 10 , page 66). 

(Details given 

From the data presented above, it will be seen that ~-

( i) 'r:"3 rate of heating affects the keepin3 quality in the hi_;her 

temperature , i.~. 130°C while in the lower one i.e . i10°c, it 



remains unaffected (whether the stirrin.:?; is continuous or 

otherwise), the rapid rate of heatins heing better than 

s l ow rate , from keepinc; q_uali ty point of view (as shown by 

samples Nos. 2 and 4 and 6 and 8. 

(ii) That continuous stirring has no advantage over the usual 

method of stirring three or four times during the process , 

as practised at present , rather , it has shown effect of 

shorteni!16 the induction period in the hi5her temperatures 

70. 

in both rapid and slow rate of heating , the lower temperature 

being unaffected. 

(iiiJ The range of rise in acidity in this experiment after the 

oxidation by accelerated test is from o. oo to 0 . 2% in all 

samples except sample No . 2 (0.5%) and No . 8 (0.3%). This 

is a significant fact from the point of view of supposed rise 

in acidity for oxidation of ghee or butterfat. 
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Section (Cl. 2!perim~..J£. Locate the I~redient or Ingredi~ts 

g~~~ib~for Antioxid8,£~tion i!!_Curd. 

From the data presented in Experiments V and B), the 

importance of heating in contact with curd is evident. It 

wa.s tbou5ht therefore. that there might be some ingredient 

or ingredients of curd exerting the antioxidant action and 

that by separately analysing the action of each ingredient. 

the one or more than one i~redient responsible for this 

effect could be located. ith this point in view Experiments 

fro m VII to X were arranged. 

~er irnen t VI!,: -

In this experiment, effect of lacto S3. casein. skim milk 

powder and 1 eci thin · is analysed. For that. fresh Massey 

College factory bu t ~ er v:as melted at so0 c, for half an hour 

and filtered. Then 4 0 oc. sample each of this was heated 

separately with 1% lactose, 1% casein (lactic). 1% skim milk 

powder and 1% 3ern yolk to llo0 c and 13o0 c for 10 minutes on 

hot plate. Filtered them after treatment and then tested for 

oxidation .md induction periods by accelerated test at ioo 0 c. 
0 

Butterfat melted as such at 80 C was used as overall control 

to compare effect. while this fat heated to llo0 c .and 130°c with-

out anything, served a.s controls for th ·7ir series. The de-

tails of treatments ~ther with the ina uution periods are 

given in fable 11 and plotted in li-raph of .B1 ig. 25. 
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TABLE 11, 

Particulars of Treatment and Induction Periods -----------------

-----t--- -- ---,--------
1 I Induction 

m I Treatment. Period in 
~ 0 • l 1 hours by -- __________________ _J_::e~=~~:: 
No.l Control heated to ll0°c. I 12 

No .2 Butterfat+ 1% lactose heated to llo0 c 

No.3 I Butterfat +1% casein (lactic) - do -

No.4 Butterfat +1% skim milk powder- do -

No.5 'Butterfat +1% egg yolk - do -

I control Butterfat heated to 130°c No.6 

No.7 Butterfat+l% lactose heated to 130°c 

No.8 f Butterfat +1% casein (lactic) - do -

No. 9 I Butterfat + 1% skim milk powder- do -
I 

No.10 I Butterfat +1% egg yolk - do -
I 

~:11rnt=-~a1~=terfat heated to eo
0
c 

I 
12 

12 

12 

18 

6 

4 

6 

6 

I 

I 
12 

12 

J_ _____ _ 
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Graph sho wing oxidation and indu ction period 

by cceler.J.ted test at 10o 0 c . (Details given 

in Table 11 , p a,ge 72). 

From the above experimental data it will be seen that, 

only egg yolk ( representing 1-..ecithin) heated to 110°0 had 

6ive n "bette r keeping quality over all other treatments and 
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control (so 0 cL E&; yolk heated to 130°0 has gi -ven lonJ3r 

induction period when compared with butterfat heated alone 

to 13ooc but only equal to that of bu tterfat heated 

a.lone to 80°C (control of all}. Lactose , skim milk powder 

and casein in the higher temperature have given shorter in-

duction periods than those in the lower temperature and con-

trol • 

This experim~ nt was repeated on the above lines with the 

onlJ chancse that instead of heatine; to 10 winutes, in this 

case it was heated momentarily. The results showed once again 

the superiority of egg yolk in giving lon5 er induction period 

than control and others . R~ther in this experiment , both 

temperatures i.e. llo
0 c and 130°0 (egg yolk treated} 3ave 

better result than control and others. 

ExperiIE.,~,n t VIII:-- Eff act...£!_~~ Yolk ~a .,ed to :afferent Ti~ 

and Te.n;perat~~g__ th~Kee:E.!!!6 Quah~ . 

From Experiment VII, it is observed that heating butter-

rat With e,::£c; yolk had the effect of prolOil6ing the Storage life. 

Hence further interest in this connection was to find out if 

the action of eg~ yolk was controlled by the time and te~per-

ature factor which may be concerned in the incorporation of 

req1Jired amount of lecithin in the butterfat. 

For this purpose previouJly melt3d (so 0 o) and filtered 

br tterfat kept in the ice chest, was used. 40 cc each of 

this was h ;ated with 1% egg yolk for different times (i.e. mom-

entarily , 10 minutes, 20 minutes and 30 minutes} and different 
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------------

Graph sbowing oxidation ~nd induction periods 

by accelerat ed test at ioo 0 c. (Detctils 0 iven 

in Table 12, pa6e 75 l. 

irom the above data, it will be observed that there is 

no effect of eg6 yol1.c heated to so0 c for F: omen tarily, 10, 

20 and 30 minutes, but at i10°c and 130°0 (hioher temper-
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atures) the effect is well marked in showing good or adverse 

eff ect on keeping quality e.g. heating butterfat with l~ 

egg yolk at loo0 c for 30 minutes gave double the induction 

period than that of control (No. 1) and other treatments in 

the same series (i.e. 10o0 c heated for momentarily , 10 min­

utes and 20 minutes) but in case of 130°0, there is no diff­

erence in the treatments heated for momentarily and 10 min­

utes, while when heated for 20 and 30 minutes there is adverse 

effect of shortening the induction period • 

Therefore, it appears that incorporation of required 

amount of lecithin of eglJ' to give butter keeping quality is 

controlled by time and ·temperature factors, less time and 

temperature giving no effect while nx>re time and temperature 

giving harmful effect by probably starting oxidation in the fat 

during the process of heating used for incorporation. 

Ef ~ of S. H. (Sul ~!:l,l compounds ) pro duce d 

or Destroy~EL]!eati~ s.n.f. 9._n K~epi~~Qual~. 

Lea (1946) in a note on the presence of heat labile 

sulphur in milk powder concludes that the eff iciency of high 

temperature preheated milk powder against developmBnt of 

tallowy flavours is due to the production of antioxidant active 

sulphydryl compounds by the action of heat on the protein. 

In order to find out if same effect is produced when butter is 

heated to ghee; following experiments were ar~ang ed. 

~!l?_eriment~ (A): -

For this experiment, 400 cc of fresh skim milk was ob-

tained from D.R.!. Massey College and heated at 70 to so 0 c 
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for 24 hours under vacuum to drive off moisture and 5et 

s . n . f . at low temperature . To release ant ioxidants (if 

any) , 4 gms. each of s . n.f. ( to give 10%) was weighed in 

eight beakers and heated to different temperatures ( i . e. about 

so0 c, 100°0, 110°0 and 130°0 temperatures) and at each temp-

erature the holding time was 20 &J.d 30 minutes. Then added 

40 cc. of fresh butterfat (melted at so 0 c and filtered) 

0 and heated for 30 minutes at 80 C, shakirl6 frequently and even -

ly to give fat of each sample a chance to ta'k.e up antio:rj:gens 

(if anyJ formed from heated skim milk and then lastly they 

were filtered. 

In addition , 4 gms. (lOj&) of freeze dried milk:;; was also 

shaken with 40 o.c. fat at so0 c for 30 minutes to release and 

incorporate anti'oxy3ens and filtered. Butterfat melted at 

e30°c and shaken evenly as in other treatments was included as 

control . Oxidation and induction periods studies were made by 

putting the samples throush the accelerated test. Details of 

the treatments together with induction periods are recorded 

in Table 13. 

::: Freeze drying of this milk was done in the 
Plant Chemistry Laboratory with the valuable co­
operation of Dr. J. Melville and N.O . Bathurst. 
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TABLE 13, ---
Partic'£1.ar~of Treat~nts and Induction Periods 

of Experiment n:.J..!l. 

-----------------.....,,r----Induction . 

I
I periods in 

No . Treatments. 

---~---~--------------------

No .l utterfat heated to so 0 c {Control. 

No.2 '10% Freeze dried s.n.f. + butterfat 

No.3 

No. 

No .5 

No .6 

No.7 

No .8 

I 
10% s. n • f • (1 ab • dr i e d I heat e d to 7 6 

to ao0 c for 20 minutes + 
butterfat 

4110% 
I 
10% 

,10~ 

110% 

110% 

s.n . f . (lab.dried ) heated to 76 
to 800 C for 30 minutes + 
butterfat 

s.n .f. (lab-driedl heated to 10o0 c 
for 20 minutes +butterfat 

s.n.f. (lab. dried) heated to ioo 0 c 
for 30 minutes + butterfat 

s . n .f. (l~b.dried) heated to 108 
to 115 C for 20 minutes + butterfat 

s.n,f. (lab.dried) heated to 108 
to 115°C for 30 minutes + butterfat 

No .9 10~ 

No .10 l10% 

s . n .f. (lab . dried) heated to 130°0 
for 20 minutes + butterfat 

s.n.f. (lab. dried) heated to 13o0 c 
for 30 minutes + butterfat 

hours by 
j accelerate 

test. 
II -----

6 hou: 
I 
I less than 1 

I ho1 

- do -

- do -

- do -

- do -

- do -

- do -

6 houx 

6 " 

-------~---------~..!-----------------------
:E1 rom the above data it appears that under the conditions 

of this experiment, there do not seem to be any antioxidant 
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released at lower temperatures i . e. from 76 to 115°0. However 

at higher temperature i.e. 130°C for both timings, i.e. 20 

and 30 minutes, there is an indication that antioxidants are 

released since these two treatments have given induction per-

iods equal to control. Ordinarily, had there been no effect 

of antioxidant released, at this temperature and time, (i.e. 

130°c for 20 and 30 minutes), the samples must have gone off 

before control since heating to 130°C without contact with curd 

gives reduced induction period when compared with so0 c heated 

butterfat (Control). 

!~eriment IX_llLl:-

The above being an important experiment, it was repeated 

with some alterations thought necessary in technique, time of 

heating and holdincs e.g . instead of heating for 20 and 30 

minutes, heated for momentarily and 10 minutes. Dropped loo0 c 
0 

and included 150 C instead, and dropped freeze dried milk , 

since it could not be obtained in time. The met bod of r eleas-

ing antioxidants was also modified a little. Instead of 

heating dried skim milk to various temperatures and time for 

releasing antio_' idants and then adding fat to take up these 

3ntioxidants - in this case 10% lab. dried skim milk is mixed 

with fat and then heated to different temperatures and time men -

tioned above and filtered . As usual, the samples were tested 

by the accelerated test and the results are given in Table 14 

and plotted in graph of Figure 27. 
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No . 3 

No . 4 

No .5 

No. 6 

• 
No .7 

No . 8 

No . 9 

No .10 
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T. LE 1 4 . 

Particulars of Treatinents dXld Inauct ion Periods ---- ---
of Experi ment rr_jfil, 

-~------------~~---------~-~--! I ndu ction 
I per iods in 

r reatments. . I hours by 

---l 
a c ce l eratioi 

test . ------ -----· 
Control butterfat hea t ed to so0 c mo~­

en tarily 

Control butterfat heated to so 0 c for 
10 minutes 

10;& (lab . dried J s . n . f . + butterfat 
heated to so0 c momentarily 

10% (lab . dried) s . n . f . + butterfat 
heated to so0 o for 10 mi nutes 

10% (lab . dried) s.n . f . + but terfat 
heated to ll0°c momentarily 

10}& (l ab . dr i ed) s . n . f . + butterfat 
heated to 110°0 for 10 mi nutes 

lo% (lab . dried) s .n . f . 0+ butterfat 
heated t o 130 C momentarily 

10% (lab . dried ) s.n . f . + butterfat 
heated to 130°c for 10 minutes 

10% (lab . dried} s .n . f .
0
+ butterfat 

heated t o 150 C momentarily 

10% (lab . dried) s.n . f . + butterfat 
heated t o 15o0 c for 10 minutes 

I 

6 

6 

6 

6 

6 

6 

12 

12 

12 

12 

--------- ------------------
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TlllE DI HOURS 

Graph showing oxidation and induction periods 

by accelerated test at l00°c. (Details ;Siven 

in Table 14, page so). 

From the above data, it will be observed that under 

the cJndi tions of this experiment, at hi6her ten·peratures 

i.9. 130°0 and 150°0 antioxidants are r~leased which is 

62 . 
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indicated by giving an induction period of 12 hours as against 

6 of control. liowever, heating to lower temperatures i.e. 

sooc and llOOC do not seem to give adva.nta,.?;e over control. 

This confirms the previous observations more clearly. :Prob-

ably these conditions are better suited for rel easing and in­

corporating antioxidants than those in Experiment IX (A). 

fE.!J2£im~.L!: -

In this experiment the effect of S.H. compounds produced or 

destroyed has been investigated by another technique, ie. 

in3tead of first drying the skim milk under vacuum or in freeze 

and then heating for various temperatures and time to release 

and incorporate antioxidants - in this, skim milk as such 

has been added and heated with fat to diff erent temperatures, 

filtered and tested by the accelerated test as usual. The 

following procedure was followed:-

Took 40 c.c. e :~ch of fat {melted at so 0 o for half an hour 

and filtered} and heated with 4 c.c. (10%) of skim milk to 

different t emperatures (i.e. so0 c, 110°0, 13o0 c and 15o0 c) 

and for different timings, (i.e. for 10 and 30 minutes/. 

During the process stirred evenly and then filtered. Control 

heated in similar way but skim milk not added, was included 

also. Table 15 shows the details of treatments, with 

result. 



TABLE 1 5 . 

Par t iculars of Treatments and I nduction 

Periods of Experiment X, - - --
,----- ------------t 

No . j Treatments . I 
-----t- ------ --~ 

No . l ll control butterfat heated to 80°c for 
1 

10 minutes. 

No . 2 Control butterfat heated to so0 c for 
30 minutes 

No . 3 skim milk + butterfat heated to so0 !"'\ , v 
for 10 minutes. 

No . 4 s lc i m mil'.c + butterfat heated t o oo 0 o 
for 30 minutes 

No . 5 skim milk + butterfat heat3d to llOOC 
for 10 minutes 

No , 6 s~dm milk + butterfat heated to 110°0 
for 30 minutes 

No . 7 skim mj_ lk + butte.r::at heated to 130°c 
for 10 minutes 

s:<:im milk + butterfat 11.eated to ·130° C 
fo r 30 minutes 

No. 9 j lO)b 

I 
s:dm milk + butterfat heated to 15o0 c I· 

for 10 .ninutes 

No . 10 j1011 ski:n milk + butterfat heated to 150° C I 
for 30 minutes J 

64 . 

I nduction 
periods in 
hours b:f 
acceler""te 

test. 

6 

6 

less th.m 
6 hours. 

- do -

- do -

- do -

- do -

- do -

- do -

- do -
I 
I - - -------1-

From the data presented above , it would appear that under 

the conditions of this experiment , there is no indication of 

any antioxidants released by treatin.s wi th skim milk as such. 
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Further investi~ations are, however, needed to find out if 

the same results are given under different set of conditions, 

i.e. different percentage of skim milk , different time of 

heating and holding etc., to conclude definitely on the merits 

and demerits of this procedure for releasing and incorpor-

ating antioxidants in butterfat. However, for want of time 

this could not be done • 
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CfilPT~ IV. 

Butterfat because of its unique compo >ition is subject to 

thre 3 types of rancidity {or de terio rat ion) viz. ( i) butyric 

(due to liberation of butyric acid through the action of mono 

and tri-butyrinases and acid hydrolysis) (ii} ketonic( due to 

action of dry moulds on glycerol) and oxidative (due to action 

of airL Out of these, the only rancidity to which ghee is 

susceptible, in the normal course, is the oxidative rancidity 

(Davi es, 1940 L Lea (1938) too emphasizil'l6 the importance 

cif oxidative rancidity in fats said : "The most import<:Ul.t and 

from a scientific point of view, the most interesting form of 

rancidity is that ?reduced by the action of oxy6en of the 

air on the fat''. Various workers in the past (cited prev-

iously) have contributed to assign functions to different 

factors like moisture, acidity, heat etc., on the deterior-

ation of ghee or but-'.ieroil due to oxidative rancidity but the 

evidence presented in the~ is conflicting to a great extent 

and does not clarify the position. Ther~fore, in these in-

vestigations an attempt has been made to clarify the position 

as far as possible as regards proper role of various factors 

especially mo isture, acidity, heat and bacterial culture, on 

the deterioration of ghee due to atmospheric air which u l t-

ima tely affects its keeping quality. 

Out of the above four factors considered viz, moisture , 

acidity, heat and bacteri:ll culture, the evidence presented in 
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Chapter III suggests that action of heat in preparation of 

ghee is most important from keeping quality point of view. 

The data presented in .:!.Xperiments I, III, IV and VI clearly 

and consi3tently show that heating ghee to different temp­

eratures ie •. so0 c, llcfb and 13o0 c, result in different keep­

in6 quality, the trend being (in almost all cases) that 

higher temperatures keep better than lower ones and that 

in order of storage life they will be so 0 c, llo0 c and 13o 0 c 

by common Indian method of making 5hee from sour milk. 

Somewhat similar observations have ·been recorded by Ritter 

(1937) and Rafey et al (1944) which are oont~ary to the ob­

~ervations made by Godbole and Sadgopal (1936), that steril­

ization by heat in ghee increases the subsequent tendency 

to become rancid. (However, it is possible to explain res­

ults of these authors on the basis of material cited in the 

subsequent p aragraph.) Also there is no evidence in the 

present investigations to support the view held by Patil and 

Hammer (1928) that the~e is not much difference ~etween the 

keepi~6 quality of but~erfat heated not above 55°c and 6hee 

heated to 110 - l~o0 c, and so glso their cJntention that super­

iority of 6hee and butterfat over butter can be attributed to 

the elimination of water and curd from the former and not due 

to h~at used in the manufacture. 

The increase in keepin 6 qualit~r with risin .• ..; te~erature 

seems to be governed by three main factors iiz; (i) heating in 

contact with curd (ii) time and temperature relationship and 



.. 

88. 

(iii) the ra~e of heat i ng or cookirg. I n Experiment V (B) 

rnakhan (butter} is heated to so0 c for half an hour to settle 

curd and then treated in two ways, viz; one lot bei~ filt9red 

to get rid of curd , while the other lot not filtered i.e. re ­

taining curd. Both lots are then heated to llo 0 c, 13o0 c, 

and 150°c momentarily and filter3d and tested in cabinet for 

incubation test and in the "Swift Stability Tester n for accel­

erated test. Both results agree in the fact chat heating of 

6hee in contact with curd increases the induction period from 

16 hours to 36 hours (ace leratcd test) and 12 to more than 

20 weeks (incubation test) for so 0 c, and 15o0 c respectively. 

The increase in induction period follows -':;'1 13 sar:ie trend as 

before i.e. least for lower temperature 80°0 and increasinc; 

vi th rising temperatures i.e. ll0°c , 130°c and 150°0 in re6 -

ular order. But the results for the lot heated without curd 

is just the reverse, i.e. ·Ti th ri si nc; temperatures (from so0 0 

to 150°C) t 11.e induction period shortens from 18 hours to 8 

hours (accelerated test) and 12 weeks to 8 weeks (incubation 

test) respectively. Ritter and Nussbaurner (1939) observe 

that unfiltered boiled down butter is more stable than filt ­

ered butter and that f ilterate obtained at loo0 c is more stable 

than that obtained at 42°0 , but they do not correlate it to 

the importance and presence of curd. On the basis of these 

observations, it seems likely that the results obtained by 

G-odbole and Sad.:;opal (cited above) i.e. increase of tendency 

to become rancid by sterilization with heat - may be due to 

their heating ghee to hi5h temperatures without contact with 
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curd. The second factor important in the increase of keep-

ing quality with rising temperature appears to be the effect 

of time and ternperation operation. In experiment V (A), a 

sa~ ple of 3hee is heated to llo0 c (o f course in contact with 

curd) for 10, 20 and 30 minutes, out of which that heated for 

20 minutes gave an increase ·in the induction period of four 

hours over the ones heated to 10 and 30 minutes , there being 

no difference between those heated to 10 and 30 minutes and 

heated momentarily. From this it appears probable that 

heating for momentarily and 10 minutes did not incorporate 

enough antiox idants while heating for 30 minutes overcomes 

the effect of antioxidants incorporated and starts oxidation 

in the fat so that the net effect given was the same. On 

the basis of these results it can easily be guessed wby 

Ewbank and Gould (1943} obtained the hastening of oxidation 
0 

by heating butter or butter-oil to 127 C for 30 minutes, 

since it is more than likely that by heatin5 to this temper-

ature and time, there is possibility of start of oxidation 

(besides incorporating antioxidants) which will result in 

quick oxidation ultimately. 

Besides these two, there is the third factor influenc-

ing the cooking process , i.e. the rate of heating or cooking. 

In Experiment VI, the same lot of ghee is heated to llo0 c and 

130°C by rapid and slow rate of heating and continuous and 

ocoa3ional stirring ( 3 tJ 4 times as routine). It is found 

i)hat rapid rate of cooking has better keeping quality in the 

higher te2 perature i.e. 130°c, while lower temperature (110°01 
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gave no difference. It appears that oxidation sets in 

during slow heating to high tenperature (since it takes 

a lot of time to reac"b. that) which decreases the life of slow 

cooked ghee. Stirrin.; (which mi5ht he:J.;p to incorJX>rate anti­

o .. ddants of curd in to ghee) whether continuous or occasional 

(as is the routine) does not seem to effect '<eepi!16 quality 

materially. 

From the above observations, a question naturally ari'3es 

as to ·what is there in the curd taken up by heated ghee which 

results in better keeping quality. An attempt has been 

nade in the subsequent experiments from VII to X to find out 

an answer to this. Of course the investi; ations are by no 

means complete on this chapter but some i n t erest in5 light is 

thrown on the possible causes of this pheno ~ enon. Butter­

fat curd contains s.n.f. of milk, i.e. (lactose, protein, 

~inerals etcJ and associated with these is the lecithin in 

form of 1 eci thoprotein. Besides these there may be some 

other chemical groups released in small quantities yet uniden­

tified properly, e.g. sulphydryl 6roup and other reducing 

substances, which mi5ht be having an influence on the keeping 

quality of ghee. Out of four ingredients tried separately 

in Experiment VII, i.e. lactose, casein (lactic), skim milk 

powder and e5g yolk (to give lecithin), eg3 yolk has 5iven 

more induc ~ ion period than all the treatments and control. 

This indicates that lecithin is concerned with this phenomenon; 

lactose, casein and skim milk powder giving the same induction 
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periods as control at lower tem9erature, while at higher temp­

erature (130°0) they exert an influence in shortening the life 

of ghee. Ritter (1937} assumed that lecithin contained in 

small amounts in cooked butter gives increased storage life , 

while Rafey, et al (1944) found phosphorous content (indic­

ating lecithin presence and incorporation), correlated with 

increased stability of cooked butterfat. The latter workers 

also found increased induction periods with purified Soyabean 

phospholipid. But Josephson and Dahle (1946) did not find 

increased stability by heating butterfat with milk phosphc:il-

ipids or membrane protein. This may be probably due to 

the fact that not required amount of lecithin might have been 

incorporated in the fat under the oondi tions set out in their 

experiments. The incorporation of lecithin seems to be 

controlled by time and temperature o.peratio n(~eriment VIII); 

the lcee ping quality dep6'nding on the incorporation of required 

amount of lecithin into the fat without setting in oxidation, 

in the incorporation process. In this experiment llo 0 c 

heated for 30 minutes only (and not for O to 20 minutes) seems 

to give appropriate incorporation but higher te mperature i.e. 

130°0 (from 0 to 30 minutes) appear to start oxidation and 

especially in 20 to 30 minutes while lower temperature i.e. 

so0 c (time from o. to 30 minutes) does not seem to release 

and incorporate the requisite amount of lecithin into the fat 

to influence the storage 1 if e for better. 

However, lecithin alone does not appear to be the sole 

factor, responsible for increase in keeping quality. From 
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Experiment IX and X it would appear that sulphydral compounds 

released during heating of s .n.f. of milk mi6ht have also the 

effect of prolo!lbing the storage life of butterfat when heated 

to appropriate time and temperature. Gould and Sommer (1 939) 

and Josephson and Doan (1939) have found that S .H. comlX)unds 

act as antioxidants. I t is known that sulpbydral group of 

compounds are '-cnown to be released from the protein surround­

ing the fat globules in milk by the effect of heat. Liber­

ation of heat volatile sulphides of milk is of great current 

interest and Lea (1946) has devised methods both qualitative 

and rough quantitative for estimation of heat labile sulphur 

in fresh milk and~ilk powders. Due to want of time, however, 

direct estimation on ghee samples could not be made in the 

present investi5ations, tbough there is indirect evidence of 

their presence and influence from Experiments IX and X cited 

above. Josephson and Dable (1946) found increased induction 

periods by heating butterfat with dried skim milk and this. 

may possibly be aGain due to the same phenomenon i.e. liber­

ation of S.H. compounds. Further evidence of their presence 

is afforded by the cooked flavour they im) arD to ghee on heat ­

ing to h:ie;her temperatures in presence of butter serum. Other 

reducing groups produced by the heating of proteins belong to 

tyrosine and tryptophane type (Mirsky and Anson, 1936). !l!ar­

vel (1936) having patented the use of tyro sine and its eth3rs 

as antioxidants in edible fats and oils. 

Barnicoat and Palmer (1939) observes th~t most of the anti­

oxy5e ni c effect of milk plasma would api_Jear to be due to the 
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presence of soluble phosphates and citrates. They further 

state that addition of even 0 . 05% soluble :phosphates and 0 . 1% 

citrate to creams had surprising effect in acting as antioxid­

ants. Also Barnicoat (194 7 J found promising result by addine;; 

citrates to butter for prolonging storage life. It is prob-

able that besides phosphate in form of phosphorous incorpor­

ated in ghee as pointed out above, citrate and citric acid or 

their derivatives might be present there too, and exertin3 

some beneficial effect on the keeping quality. Butter for 

boiling into ghee is obtained from milk soured by addition of 

Dahi cultures and it is likely that during souring apart from 

lactic fermentation, citric acid fermentation takes place 

giving that flavourful aroma to ghee. This flavourful aroma 

is as the result of production of volatile acid and neutral 

compounds (diacetyl, acetyl methyl-carbinol and 2,3 butylene 

.:Slycol) from citric acid and citrates of milk by certain 

types of bacteria in Dahi culture. There a?pears to be some 

difference of opinion between workers as regards the proper 

action of diacetyl on butterfat, e.6. Ritter and Nussbaumer 

(1939 VI) thin- that diacetyl acts as a pro-oxidant in butter 

oil, so that when this is removed by steam distillation in 

boilinc; process , the stability of fat increases. King (1931) 

and Hammer (1933) support this view. On the other hand 

Barnicoat {1937), Wiley (1939) and 'Rafey et al (1944) did not 

find any adverse affect of diacetyl on oxidation. In view of 

above, it is worthwhile to investigate the role of citric acid, 
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oi trates and their der i vatives to find out if they have any 

influence on the keepin.s quality of ghee. 

Influence of acidity on keeping quality of ghee is the 

second factor investibated. From observations in Experi­

ments III, IV, V (B} and VI, it would appear that not only 

there is no relation between ghee acidity and keeping quality 

but al 3o there is no correlation between acidity of milk ( curd) 

at churning and rise of acidity during storage. Because 

had there been anythine; of this sort , the lowest acid ghee in 

Experiment IV ( sample No. 1 with 0 . 16921~} should have given 

lo l'.l6e st induction period, while highe:::; t acid. e,;h ee (i . e . 0 . 9024% 

sar.nple No . 8) would have given sbo rt est induction period, but 

the result recorded is that sample No . 1 has 6 i ven an induc­

tion period of 12 hours, wrile that of sample No . 8 is 42 

hours (accelerated test). Even there are instances where two 

samples having the same acidity did not give the same induct­

ion period e.g. sample No. 7 and 8 in ~:xperiment IV with an 

acidity of e.9024% in each case, have given induction periods 

of 18 and 42 hours respectively (accelerated testJ. This is 

because the former had been heated to 110°0 while the latter 

had been heated to 13o0 c. And so al so is the case with sample : 

No. 5 and No. 6 with same acidity, i.e. 0 .6768 ~ . 

Likewise there is no rel ation between the curd acidity at 

churning and storage life, e.g. taking the instance in Experi­

ment IV again, the lowest acid ghee sample of 1.1% at churning 

in Sample No. 3 and o. 4 have not given longest induction 
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period as against higher acidity of 1.7%, 2.2%, and 2.5%, 

rather the induction periods of all of these have been inde­

pendent of acidity content at chur ning as the case with acid­

ity content of ghee. 

Apart from the above two facts, riae in aci-dity during 

storage was ob.served in these investi,sations, like other work­

ers (cited in Chapter I). But the rise is small as compared 

with some of the other workers and is not uni for m in all samplei: 

and experiments. Considering the lowest ahd highest values 

different ex per imen ts have given different ranges, e.g. in 

Experiment III, it is fro m 0.022 to 0.236%;in Experiment IV 

it is 0.0564 to 0.4476%; in Experiment V(B) it is 0.0566 

to 0.169% while in Experiment VI it is 0.00 to 0.5% • These 

acidities have been obtained in different periods, i.e. from 

6 to 8 months in Experiment III, 4 to 7 months in Experiment 

IV and 2 to 5 months in Experiment V(B) when stored at 35 to 

40°c in the cabinet. But from data obtained in the above 

experiments, there is nothing to suggest that rise in acidity 

during s torage has any relation with the keeping quality, e.g. 

if there had been any corr el at ion with rise in acidity and 

keeping quality, then sample No. 8 in Experiment IV (~aving 

highest acidity in the series) and with a rise of maximum acid­

ity in the series i.e. 0.4476%, should have given least induc­

t ion period, while sample No.10 with 0.0564~ fise (lowest in 

the series, J should have given the highest induction period, 

but they have given induction periods of 28 weeks (maximum} 

and 20 weeks (last but one) respectively in the incubation test. 

--~~~----------- --
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Other samples in this experiment and in Experiment lII and V(B) 

too show the same trend. The fact that rise in acidity has 

nothing to do with the deterioration of ghee by air - can be 

further illustrated from Experiment VI where oxidation has 

taken place in samples Nos. 1, 6 and 7 without any change in 

acidity while in few others, like 3, 4, and 5 there is rise of 

0.1 and 0.2% only after oxidation (accelerated test). 

These results agree with those of Lea (1931) where-in 

he states that he could not find marked change in susceptib­

ility as a result of increasing the free fatty acid content 

of mutton fat from 0.24 to 0.52%. But they are in contrast 

to those obtained by H61In et al (1927) and Green bank (1936) 

wherein the former states that addition of quantities of free 

acid, barely perceptible by titration, materially increases 

susceptibility. Also there is nothing to support the view 

held by Rangappa and Banerjee (1946I} wherein they state that 

colour, flavour and texture of ghee deteriorate on storage 

and are fairly proportional to the development of acidity. 

Observations similar to the last authors have been recorded 

by other Indian workers also. 

In India, great emphasis is laid on the acid content of 

ghee, the value and quality of it being judged mainly on its 

acid content. This is because acidity has been linked up 

with keeping quali t;>r, flavour and aroma. For this reason, 

statutory standards for acidity have been defined by various 

provincial and Central Governments and Army Authorities, e.g. 
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for Army requirements, a typical ghee of good quality should 

possess acidity of not more than 9 points*(2.5% oleic), acid­

ity between 9 to 11 points being accepted for blending and 

ghee having an acidity over 11 points being rejected (Wright 

1937), on the ground of likely deterioration in keeping qual-

i ty on s to rage • Agmark ghee (Government graded) should 

possess not more than 1.5% oleic (5 points nearly) for pure 

cow or buffalo ghee while for mixed one, it is not more than 

2.5~ oleic (9 pointsJ. However, from the results obtained 

in the present investigations, it is doubtful if acidity 

as such derived from souring of milk can be linked up with 

deterioration due to oxidation and if acidity of ghee can serve 

as an index of keeping quality. 

Moreover, the acid content of indian ghees as seen by 

the above s tandards is very hig h as comp ared with the acid 

content of ghee tha t can be derived by souring of milk since 

the ratio of acidity at churning; acidity in ghee, obtained 

in these investigations is 7 to 12:1. Rangappa and Banerjee 

(1946 I) also found similar ratio i.e. 10 to 12:1 (by boiling 

off process). Assuming that highest acidity of 37o lactic is 

developed (thoug h in general it is less J by certain 1actobacilli 

or mixed culture at churning - it will g ive acidity of about o.8 

to 1.3% oleic only in ghee. Hence the high acidity of 1.5 to 

2.5~ prescribed for even the best quality gh ee, does not appear 

* A po int of acidity means the amount of acid reckoned 
as oleic acid, contained in 10 grains of a sample of ghee 
which is exactly neutralised by tenth no r mal sodium 
hydroxide. This is 0.282%. 
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to be all derived from souring of milk or heat treatment of 

ghee but some other cause appears to be respJnsible for this 

excess acidity. Also the rise of acidity during storage 

noted by workers, e.g. 1.97% oleic within 24 months (Wright , 

1937) - is very high . Many workers have obtained more than 

that too. It is pro ba bl e that this excess acidity in fresh 

ghee and subsequent abnormal rise during storage - may be 

accounted for by the activity of lipolytic micro -flora since 

Rangappa and Banerjee (1946 IV) have noticed that under trop­

ical conditions, these organisms grow at an alarming rate in 

unwashed butter stored from 1 to 7 daya before melting into 

ghee as the practice is in Indian villages, and thereby the 

fatty glycerids are broken down into free fatty acids by them. 

Once the lipolysis has taken place in butter, the free fatty 

acids pass into ghee on clarification and it is very diffic­

ult to get rid of them. Further it is stated that under 

village conditions where loose butter is stored after churn­

ing, the rise in acidity is four times within a week and 25 

times within a fortnight. The same authors point out that the 

free fatty acidity derived from lipolysis is auto-catalytic 

and is proportional to its strength. Therefore, it is more 

than likely that the free fatty acid content measured in ghee 

as acidity by various workers (which gave deterioration in 

proportion to their strength} is most probably derived from the 

activity of lipolytic micro-flora and has nothing to do with 

the acidity of ghe e derived as a result of souring which is 

practised for the sake of aroma and flavour. 
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Another possible reason why acidity in Indian ghees seemed 

to correlate with keeping quality is the likely contamination 

with metals . Since ghee is boiled off in Indian village in 

open iron pans of varying size and shape, it is quite likely th 

a fair amount of iron is possibly passing into ghee through 

this source. Thus the acidity contained in ghee may help 

indirectly to ac eel era te the action if iron by ionising it 

to varying degrees for more effective action, and the ioniz­

ation may be proportional to the acid content. Action of 

metals including iron in producing ~tallowiness" have been 

studied by many workers (e.g. U.olding and Feilman (1905); 

Hunziker and Hosman (1918); Hunziker, Cords and Nissen (1929J; 

Emery and tlenley (1922); Davies (1928); Davies (1932); 

King et al (1933); Barniooat and Palmer (1939) and othersJ. 

It has been found that in both metallic form and in solution, 

some of the metals are active pro-oxidants - in milk, milk 

products and other fats and oils. The list is headed by 

copper which has been found to be active even in 1:100 million 

parts (Lea, 1936). Effectiveness of iron has been found to 

vary but ordinarily it is regarded as one third to one tenth 

parts active than copper. In acid solution (:tea 1936) found 

that iron is approximately one twentieth a s active as copper 

though in neutral and alkaline solution, i ·e colloidal ferric 

hydroxide, the metal is inactive at a concentration of 5 p.p.m . 

Iron even in organic combination (i.e. haemoglobin, met-haemo­

globin and haeminJ has been shown to be effective in acceler-
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0 
ating the oxidation of linseed oil at 37 C and is not inhib-

ited by cyanide in this state (Robinson, 19241. It is poss-

ible that some similar effect may be produced in ghee and 

therefore, the effect of iron in catalizing oxidation in 

presence of high acidity in ghee requires investigations. 

At present there do not seem to be any studies reported on 

these lines • 

Yet another cause of rise of acidity and its subsequent 

effect on deterioration in Indian ghee may be the presence of 

lipolytic micro-flora and small quantity of oxidized ghee 

contaminating through the improperly-cleaned and sterilized 

earthenware containers in which ghee and butter for ghee is 

stored in villages before it is marketed. Observations on 

some of the above effects have been made by Rangappa and Baner -

jee {1946 IV). 

In view of results obtained in the present investigations 

and the discus sion in above paragraphs, it will be seen that 

souring of milk up to 2.5 to 3.0% lactic acid even (though 

generally it is less), to give desired aroma and flavour in 

ghee should not in any way effect the kee_9ing quality in 

the normal way. This is of course different from the effects 

found in butter by various workers (e.g. Overman (1936); 

Davies (1936); White et al (1929, 1930) etc.); Where in they 

state that ~ho1.J6h ripening the cream increases the desirable 

flavour of the butter, keeping quality is also impaired, and 

butters of full flavour tend to deteriorate abnormally rapidly 

on storage. This is probably due to the difference in comp-
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wards the same end. Therefore, the best method to prevent 

deterioration of ghee during storage seems to be to prevent the 

action of lipolytic micro-flora before and after manufacture 

and also to prevent contamination with iron and oxidized ghee. 

Atte mpts to obtain small reduction in acidity of ghee by 

incomplete souring and "decantation method" of melting (as 

recommended by some workers) do not seem to be of any great 

avail for the purpose. 

The .:Bliird factor investigated is the infl ue nee of bact-

erial culture on the keeping quality of ghee. From the ob-

servations made in Experiment I, there were indications that 

there might be some effect on keeping q113.lity due to bacterial 

culture as shown by superiority of L.~~ophi~ over h_~­

gar~us (Iowa) but later Experiments, i.e. III and IV have 

not borne out this contention. Hence it is possible that 

difference observed in Experiment I might be due to different 

acidity, developed by two cultures during souring of 18 hours 

or so . Therefore, from the evidence obtained in these experi-

ments , it is not possible to conclude that there is any direct 

relation of bacterial culture as such on keeping quality. 

Of course, there had been a marked difference observed in 

flavour and aroma, e.g. f!~cidophilu~ gives better aroma and 

flavour than L. bulgaricus, Dahi No. 1 giving as !!..:_acidophilu~ 

but Dahi ~o. 2 and No . 3 being intermediate. Also there is 

difference observed in the t ype of butter obtained, i.e. colour, 

mo i sture held and boiling characteristics. Therefore, the 

choice of one or the other culture may be more from these eon-
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si derations. 

Influence of moisture is the last factor investigated. 

The moisture percentage determined in Experiments IV and V( B) 

range from 0.04 to 0.37% and only in two cases, these limits 

are exceeded, giving 0.46 and 0.53% respectively. Thus the 

moisture percentage obtained in them is well within the stand­

ard of not more than 0.5% prescribed for best quality Agmark 

ghee of India (Government graded) . However, there is no 

correlation observed between moisture content and keeping 

quality in any of these experiments - so it appears that 

n:oisture as such has no effect on deterioration or otherwise 

of ghee. Similar observations have been made by Barnicoat 

(1945). These results support the view held by French et al 

(1935) that there is no influence of moisture on the induction 

period of lard at 5o0 c., but are contrary to the results 

obtained by Greenbank and Holm (1924) wherein they concluded 

that water increased the length of the induction period of 

butterfat at 95°0, and also to those of Lea (1936) wherein he 

found moisture frequently shortening the induction period of 

lard in glass at room te mperature. In fact , it appears that 

the studies on moisture, as the probable cause of deterioration 

in ghee is of more academic interest since it is possible to 

manufacture ghee by the usual process, well below 0.5~ pre­

scribed for the best quality Agmark ghee. .l!'urther reduction in 

moisture content, if desired, can be obtained by centrifuging 

and vacuum drying (Mcdowall et al. tl942) and Barnicoat tl945l). 

'.fhroughout these investi ~;ations, the methods employed 

for detection of oxidation and end of induetion periods have 
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been Peroxide Value (Lea}, Fat aldehyde tSchibsted} and 
' 

carotenoid value (measuring contents of carotenoid pigments; 

re duct ion and bleaching of which shows the pro gress of oxid-

ation and end of i n duction period.) The main point of 

interest in them bei ng not the actual oxidation values ob-

tained by different methods but the difference between the 

test samples and the control and between test samples them-

selves, for g rading the s amples on the basis of induction 

periods in order of long er or shorter resi s tance or suscept-

ibili ties. As mentioned previously in either method, the 

end of the induction period has been judged by the rapid 

absorption of oxyg en and bleaching of colour and in case 

colour h as not bleached completely before rapid absorption 

sets in, the former has been taken as the end of induction. 

Further for t h ese investiga tions, induction periods obtained 

by Peroxide method (Lea) have been taken arbitrarily as 

standard and other methods co mpared with it. 

Comparing the results of in duct ion period obtained by 

Per oxide and Fat aldehyde methods, it will be seen from 

Experiments I, II, III and IV (in which both of them deter-

mined) t hat except Experiment IV, there is a fair correlation 

(not ab solute) between the trend of gradation obtained in 

the induction periods by both methods. In many cases in 

them, identical induction periods have been ob tained and in 

case of unidentical periods, the difference recorded is from 

2 to 4 weeks (incubation test). On the other hand in Ex-
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periment IV, neither is there any correlation observed between 

the trend of induction period nor identical induction per-

iods recorded except two samples. Since in the literature, 

both possibilities are found i.e. Wiley (1939) and Lea (1934:), 

observed fair carrel ation between these two methods, while 

Barniooat and Palmer (1939) did not find any correlation 

between them -- it is difficult to judge whether the difference 

observed in Experiment IV is due to methods themselves or 

due to experimental error and hence requires further invest-

igations. But from the above results it will not be far 

from correct to assume that there is afair correlation between 

the two methods and that both are capable of giving an index 

of oxidative suscepti bility in ghee in majority of oases. 

When the bleaching of colour (Caro tenoid Value) is 

considered, it is observed that there is a fair correlation 

between the progress of oxidation as recorded by colour 

bleaching and Peroxide metb:>d too. However, (except in 

Experiment IV, in which there is complete bleaching of colour 

in all samplesJ, there is not sharp bleaching of colour in 

all cases at the end of induction period as recorded by Lea 

(1934 ). Of course, bleaching is found in all samples, but 

to a varying degree i.e. some complete while others incomplete. 

Barnicoat and Palmer (1939) also record similar observations. 

In all these samples, it is observed that there is not pure 

white colour after bleaching and a faint brown tinge persists 

in some. This might be possibly due to the incorporation of 
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of 
browni 0 h colour/casein charred during the high temperature 

employed for 0 hee heating. ~leaching curve obtained too is 

gradual and not sharp and it appears there is resistance by 

the antioxidants incorporated in ghee heating at every stage. 

Banerjee and others (1936 and 1938J found similar trends 

but Lea (1934) records sharp bleaching curve in oxidation of 

butterfat in lamplight. 

Comparing the results of accelerated test and incubation 

test in Experiments III, IV and V(B) it is observed that there 

is fair correlation (not absolute) between the two tests in 

arranging ~ hee samples in gradation of their susceptibilities. 

Temperature of. heating i.e. to higher or lower -- does not 

seem to aff eat these results and so al so the contact or 

otherwise of curd, though there is a tendency to show better 

correlation when the samples are heated in contact with curd 

than wi tbou t, i n which case 2 to 4 hours difference in the 

accelerated test is not perceptible in incubation test(~x-

periment V(B). Also in certain cases, difference of 2 to 

8 hours in the accelerated test has not given any difference 

in the incubation test (e.g. Experiment III, samples 2, 5 

7 and 8). Organoleptic tests generally agreed with the chem-

ical methods. ~xcept these few limitations both tests seem 

to answer very well the resistance and suceptibilities of 

different treatments in ghee. The results of accelerated 

test particularly are very interesting so far as that it can be 

usefully employed for getting quick results in g hee. 
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CHAPTER V. 

SUMMARY. 

~ffect of four factors, viz., moisture , heat, acidity 

and bacterial culture on deterioration of ghee due to oxid-

ation has been investigated. It has been found that of 

these four factors, heat employed in evaporation of moisture 

in ghee is most important from the point of view of keeping 

quality. · lt has been shown that heating ghee to various 

temperatures (i.e. so0 c to 150°C) results in different keep-

ing quality, the trend being that ghee heated at higher temp-

eratures keeps better than others. I n addition it has been 

shown that increase in keeping quality with rising temperature; 

seems to be governed mainly by three factors, viz. ll) heating 

in contact with curd, (ii) time and temperature relationsbips 

and l iii) the rate of heating or cooking. Heating ghee in 

contact with curd to higher temperatures results in better 

keeping quality while heating without contact with curd, the 

storage life is reduced. Time and temperature relationships 

and rate of cooking are concerned with incorporation of re-

quisite amount of antioxidants into ghee, less heat being 

incapable of 'incorporating proper amount , while excessive 

and continuous heat promotes oxidation in addition to incorp-

oration of antioxidants. 

On the question of the ingredient or ingredients in curd 

responsible for improved keeping quality there are strong in­

dications that lecithin (as shown by the increased induction 
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period caused by heating butterfat with egg yolk) acts as 

antioxidant. Sulphydryl compounds also act as antioxidants 

appears likely from the data obtained in the present in­

vestigations. 

In contrast to butter,acidity in ghee, derived from 

souring of milk as such does not seem to effect keeping qual-

ity as supposed by many workers. Also there is no correi-

ation found between acid con tent of ghee , rise in acidity 

during storage and acidity of sour milk or curd at churning 

and the keeping quality. In light of these findings, the 

causes of high initial acidity in Indian ghees and subse­

quent abnormal rise during storage are discussed and it has 

been suggested that best method to avoid deterioration in 

Indian ghees due to this cause is to prevent the action 

of lipolytic microflora be~ore and after ghee heating and 

also to prevent contamination with iron (incorporated 

through iron pans used for ghee boiling} and oxidized ghee. 

ttemp t ~ to attain small reduction in acidity of ghee by 

incomplete souring and ndecantation method" of ghee melting 

(as recommended by some workers) do not seem to be of any 

great avail for the purpose; on the contrary the aroma and 

flavour may be adversely affected. 

The moisture content of ghee as found in normally made 

samples (i.e. below 0.5%) and the type of bacterial culture 

used for souring in its preparation have not been found to 

affect its keeping quality. 

Further, it has been found that there is fair (not 
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absolute) correlation between Peroxide Value (Lea} and Fat 

aldehyde value (Schibsted) in indicating induction periods 

which enables ghees to be graded according to their resis-

tance and susceptibilities towards oxidation. Bleaching 

of colour has been also observed in all cases at the end of 

induction periods but to a varying degree, i.e. some complete 

while others partial. 

Also fair (not absolute) correlation has been observed 

for stability test in ghee between the results of the incub­

ation test (35 to 40°Ct Indian summer temperature) and 
0 accelerated test at 100 c. The results of the accelerated 

test are interesting since it can be usefully employed for 

getting a ~uick estimate of the storage life of the product • 
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APPENDIX III. 

Total exports of ghee from India. (Report, Marketing of ghee 
and other milk products in India. } • 

--- _.,........__ ----------------------·· 
By Sea. By l and frontier routes. 
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\..2?-:l:N.DIX. IV. 

Annual Pro duction of Jhee in India, (1943}. 

(Report - Marke ti115 of Ghee and Othet' Milk Products in India.) 

.Province /State" 
. Itilk I Percentage I Quantity ~ield of I Qu:~~y Pe:C:tage 

Production . of milk of milk Jhee per of Uhee of Total 
converted converted maund of I produced. . Indian . 
into \.Thee. into Ghee. milk. I production. a 

1 2 3 4 5 6 ~~ 
·~----~-~~~~-1-~~~~~.._ ____ __ 

Provinces ... 
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Bengal 
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JJds. 1 Mds. liJ:ds. I r-1 re - ~~~ 

3,550 25,20 895 2.QQ 45 Q.,3 OCD a 
41,264 31.50 12,998 1.75 569 I 4.1 .µmo 
31,419:~ 40.74* 12,'799 2.37 759 I 5.4 ~~ 
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Gwalior 17,388 68.88 I 11,976 1.95 I 581 
Kashmir 5,109 33.40 1.706 2.25 96 
Mysore 8, 833 '- 36 .41 3, 216 1. 91 154 
Nizam's Dominions 9,435 ::c 66.45 ::c 6,2'70 2.39 375 
Raj~utana 55,445 70.0 38,811 2.2~ 2,183 
PunJab 23,536 ::: 40.33 9,492 2.20 523 
Western India 17,487 46 . 80 I 8,184 I 2.25 460 I 
Others 19 685 42.8.§__ _ 8,437 2.02 __ 4....,2-..7..._ ___ _ 

Total ~l 7£.a..364 _56. 53 99 137 &:11.-f--. 5, 385 I 
GRAND TOTAL •• I 601,1281 43,40 I 260,879 2.15 I. 14, 22 l 
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