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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 100°¢
rather than 42°C. Mohr (1939) also after comparing
butter oils filtered at 50° and 90°C, and ghee prepared
by boiling off at 110°C, 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
Ewbark and Gould (1943) concluded that heating butter

or butter oil to 127°C for 30 minutes hastens the oxid-
ation, while Rafey, Richardson and Henderson (1944 )

observe that butter oil made by the process in which butter

5.

is heated to llOOC, 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 isolation of the oil are used. More recently similar
observations have been made by Josephson and Dahle (1946)
when comparing keeping quality of butter hsated to higher
temperatures of 300 to 400°F for 10 minutes and that of
filtered fat raised to the same temperatures. They also
compared high temperature melted butter with filtered butt-
er fat heated with lactose, dried 8kim 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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i1
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Fig. 1. Graph showing total acid production

by different cultures. (For details see

Table 11).
#from the above graph (Fig. 1) it will be seen that

L. bulgaricus (Iowa) produces highest acldity (2.52%),

followed by Dahi No. 2 (1.7%), L. acidophilus (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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Ie 4 16 20 24 \
TINE IN HOURS

Fls, B Graph showing Quantity and Rate of Acid
Production for the first 24 hours
by different cultures. (For details see
Table 1).
From the above graph (Fig. 2.) it will Dbe seen that
even within 24 hours there is no uniform rate of acid

produc tion frém hour to hour. In two days old culture

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

growing within first 4 hours; in the second 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, Cul tures, L.bulgaricus

and Dahi. No. 1 show more steady and gradual. rise while
the other three seem %o 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 subeul turing. 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 L. bulgaricus took about 8

hours, L. acidophilus 12 hours, Dahi No. 2 and No. 3.,

24 hours and Dahi No. 1 more than 24 hours.
(B) METHODS.

(1) Preparation of Ghes.

The butter (Makhan) prepared in these experiments
for conversion into ghee has been on the.lines recommended
by indian Dairy Department in its report for the year
1940~41; which aims at standardisation of the deshi or
indigenous method. Inter alia, it consists in boiling the
milk for a while and then inooﬁlating it with bahi cult-
ure (5 to 10%) af Gor cooling to 100°F 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 80°F,
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(2) TIncubation method;-

Shows cabinet used for incubating ghee
samples at 35 to 40°C. (Indian summer temp-

erature. )
Pig. 3.

A special cabinet (42" x 3%' x 1%') made loecally
of pine and insulated with asbestos as illustrated in

Fig. 3 was regulated to give Indian summer temperature

(35-40°C) though at a later date it had been thermostat-

ically controlled to 100°F.  Heating of this cabinet

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

Por want of time, however, no further work on this method
and comparative work on other methods useﬁ_by Ritter and
Patil and Hammer, could be undertaken., In the present
investigations, solely on the ground of convenience, a
very simple and quick method was followed for estimation
of moisture in dry butterfat in factory, has been employed.
It has given fairly constant figures, duplicates varying
betwden 0.010 to 0.020% which should not materially affect
the general trend of resul ts. 0f course, average'of-two
has been taken in such cases.

{b) Accelerated Lest Method:-

Shows "Swfit Stability Tester™ for testing
oxidation of ghee samples by accelerated

Pig. 4.
e 5 test at 100°C.
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29.
IV and V (B), both tests ie. incubation test and accel-

erated test - have been used.
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CHAPTER III.

EXPERIMENTAL DATA.

Section (a):~ BExperiments to find out role of various factors

Iike acidity; ocooking process; Dbacterial cult-

ure and moisture.

In order to gain some knowl edge as regards the possible
factor (mentioned in Chapter I by various Workers) affecting
the keeping quality of ghee; two preliminary experiments,
(Bxperiments No. I and No. II) one of each method of making
ghee (i.e. (i) from sour milk and (ii) from direct cream ev-,
aporation) were arranged. Three variables weré 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 factors under more controlled
conditions to clarify the ideas and assumptions formed as a
result of preliminary experiments.

Experiment I (Breliminary):-

Makhan (butter) for boiling into ghee was obtained in this
ezpsriment by inoculating two lots of one gallon each fresh

milk with L.acidophilus and L.bulgaricus (Iowa) cultures and

churning them at acidities of 0.6 and 1.75% lactic respect-
ively. Bach lot of butter obtained thus was heated to 110°¢C
and 130°C . New Zealand 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 heated to 80°C and 130°C for the purpose.

These ghee sanples were then incubated at 5700 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. PFree fatty acid content could be estim-
ated at the end of the induction period only. Organoleptic
tests were also 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 Table 4.

TABLE 4.

Particulars of Treatments, Indbetion Periods and

acidities of Experiment I.

No. Treatment. Induction Acidity % Olei«
Period (at end of in-
in weeks. duction).

No.l | Control-heated to 80°C 7 0.451
No.2 " " to 130°¢C 6 0.400

No.3 L.acidophilus butter heat-
ed to 110°C (churning
acidity 0.6%). 8 0. 720

No.4 - ditto - heated to 120°¢| 10 0.400

No.5 | L.bulgaricus (Iowal) butter
heated to 110°C (churning
acidity 1.75%). 6 1.015

No.6 - ditto - heated to 130°C v 1.071

*For purposes of these investigations; induction period
as shown by Peroxide method has been arbitrarily taken
as standard and all other methods compared with it.



: Fig. 5. Graph showing oxidation and induction periods
by Peroxide method (details given in Table 4,

page Zl).
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(1)

Fig. 7. Graph showing bleaching of colour (Garotenbid
pigmenﬁs) by oxidation (Curves 1 - 6 eorrespond
with treatments listed in Table 4, page 21).
The above results show that:-

L. acidophilus cultured ghee heated to 110°C ang 130°¢

'is superior to control and L. bulgaricus ghee similarly

heated by 1 to 4 weeks and that L. bulgaricus sample has

34,
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nearly the éame keepinzg quality as control.

(11) That higher (130°G) and lower (110°C) temperatures differ in
their effect on keeping quality; higher temperature heating
being superior to lower one. This is #%Hrue in both types of

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

L. bulgaricus cultures. 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.s. Peroxide and Fat aldehyde have given
identical induction periods except in mample No. 6 where,
by Peroxide method 7 weeks are recorded against 6 of aldehyde
method. Thus thers is a good corrslation between these two
methods.

(iv) All samples show bleaching at the end of induction period but
to a varying degree, e.g. sSamples 2, 4, 5, and 6 giving pract-
ically complete bleaching (arbitrarily carotsnoid 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
brousht about by heating at higher temperatures), while in case
of samples No. 1 and 3, partial bleaching has been recorded
giving a value of above 1. However, 1 or 2 weeks af ter this

period, all became fully bleached.

Experiment II (Breliminary)} -

Since the cream evaporation method of French (1936) is

likely to have great possibilities in simplifying 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
purpose, 4 gallons of 42% fresh cream was procured and divided
into.two equal lots. One lot was diluted with warm water

(100 to 110°C) 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 L. acidophilus cul turs.

The second lot likewise was divided into two and soured with

L. acidophilus and L. bulgaricus cultures separately. All

these four lots were then evaporated directly on the hot'plate
at 110°¢ and 130°C except sweet cream lot which by chance
2ot heated to 115°C dnd 130°¢ instead. Massey College butter
from projsct No. B.F. 203, 1-5-3 made from cream with 0.14%
initial acidity neutralised to 0.07% and vacreated at 202°F
was used as control after heating to 800 C and 130°C. It was
graded 92 points at Wellington and Auckland. The samples so
obtained were incubated in the cabinet (35°C to 40°C) and with-
drawn for all the chemical tests mentionsd 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.

Particilars of Treatménts, Induction Periods and

Acidities of Experiment IT.

37

Induction Acidity % Oleic
No. Treatments. Periods Initial Last
in weeks.
[ S—

No.l | Control heated to 80°C 10
No.2 | Control " " 130% 6 0.169 0.32
No.3 | Sweet cream (washed)

heated to 115°C 16 0.169 0.3€
No.4 Sweet cream (washed)

heated to 130°C 18 0.169 0.%34
No.5 Sour cream (washed) heat-

ed to 110°C (L.acid- 10

ophilus culturel.
No.6 | Sour cream (washed) heat-

ed to 130°C.(do.culturel. 10 0.262 0.44
No«7 | Sour cream (unwashed)

heated to 110°C

(L.acidophilus culturel 10 0.169 0.28
No.8 | Sour cream (unwashed)

heated to 130°C (do.cul- 10

ture 1.
No.9 | Sour cream (unwashed)

heated to 110°¢ .

[L. bulgaricus culture) 14
No.10 | Sour cream (unwashed)

heated to 130°C (do.cul=- 10 0,169 0.30

turel. l




Graph showing oxidation and induction

Fig. 8.
periods by Peroxide method (details .

"~ given in Table 5, page 37 ).
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Fiz, 9. Graph showing oxidation and induction periods

by Fat aldehyde method (curves 1 - 6 correspond

with treatments listed in Table 5, page 37).



Pig. 10. Graph showing bleaching of colour (Garétenoid
plgments) by oxidation. (Curves 1 - 6 corres-
pond with treatments listed in Table §,~page & )s-
FProm the above data it will be seen,
(1) That there is difference in keeping quality when the

cream trzatment is varied before evaporation (1.e. sweet

or sour), Sweet cream on the whole, in both temperatures



(ii)

(1i1)

(iv)

41.

keeping better than sour ceream and control. In case of sour

cream (with L. acidophilus) there do not appear to be any

effect of washing and not washing cream before separation into
plastic eream as is evident from samples, 5, 6, 7 and 8.
The effect of washing and not washing on sweet cream has not

been investigated.

That contrary to Experiment I, L. acidophilus ghee has not show

any superior keeping quality over L. bulgaricus and control.

That identical induction periods have been given by both method
i.e. Peroxide and fat aldshyde in case of samples Nos, 2, 3, 4
and 10; while in case of samples Nos. 1, 5, 6, 7, 8, and 9
there is a difference; the range of difference being 2 to 4
weeks. However, the +trend of results in both methods is
the same i.e. sample 4 has longest induction period followed
by 3, while sample 2 has the shortest.
Like Experiment I, all samples show bleaching at the end of
induction period but to varying degrees; samples Nos. 2, 6, 7
and 9 showed complete bleaching while samples Nos. 1, 3, 4, 5, ¢
and 10 show incompl ete 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.

Experiment III:=- Variation in Keeping Quality Due to Difference

in Starter Cultures.

Dahi cul tures (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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cul tures 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 therefors
arise as to which pure or single strain culture gives better

keeping quality and other qualities. Experiment I (preliminary

suggested that L. acidophilus is superior from keeping quality

point of view than L. bulgaricus (Iowal. This was thought

feasible on the ground that perhaps, there might be some diff-
erence between the metabolic end products of thése two bacteria
which may exert some influence on the keeping quality. To
test this assumption, one gallon milk each was soured with

thee Dahi cultures (No. 1, 2 and 3) obtained from India, and

two pure cultures (i.e. L, acidophilus and L. bulgaricus (Towa)

got from D.R.I. Massey College. So that the effect due 1o
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
reaching this acidity as will be apparent from graph in Figure
2 (page 14). Churnings were done as usual and butter from
sach cul ture was heated to 110°C and 1300, 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 addition an accelerated test by the
"Swift Stability 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.

TABLE 6.

Particulars of treatmenty induction periods and acidities

of Experiment III.

No. Troatments. Induction Period AO}d?ty $ oleic
In hours by | In weeks by |Inlitial last
accelerated | Incubation.

test. test.

No.l | Dani No.l

heated to 110°¢C 18 20 0.676 0.90
No.8 dani No.l i

heated to 130 ¢ 30 24 0.676 0.91
No.3 | Dahi No.2 5

heated to 110°¢ 18 20 0.733 0.84
:NO . 4 Ddhi IIO ™ 2 0

heated to 130°C 44 28 0.733 0.88
No.5 | Dahi No.3 B

heated to 110-C 22 24 0.676 0.73
No.6 | Dahi No.3 5

heated to 130°C 46 28 0.676 0.75
Noe7 | L.acidophilus

heated to 110°¢ 26 24 0.676 0.84

No.8 L. acidophilus :

Teated to 130°C 30 24 0.733 0.84
No. 9 | L. bulgaricus(Iowa)

heated To 110°¢ 18 20 0.733 0.84
No.10 | L. bulgaricus (Iowa%

heated to 130°C 56 32 0.733 0.75
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Fig. 11. Graphs showing oxidation and induction periods

by Peroxide method. (Details given in Table 6,

page 43).
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Pig. 14. Grarh showing oxidation aﬁd induct ion periods

| by accelerated test at 100°C.  (Curves 1 - 6
correspond with treatments listed in Tablé 6,
page 43).

From the above data, it will be seen

That there is a variation in induction period noticed in

47.
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48.

different cultures and more in higher temperatures (130°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 conditionshas given two different induction
periods when heated to 110°C and 130°C, (as will be apparent
from all samples except 7 and 8 (only in ingubation 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 dus to temperature effect rather than

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

behaved similar to Experiment I showing its superiori¥y over

L. bulgaricus and therefore, it is thought likely that differ-

ence in EBxperiment I between these cultures may be due to diff-
erent acidity produced by them during an incubation period of
18 hours.

There appears to be a general (not absolutel correlation
between the induction period observed by accelerated test at
100°C¢ and incubation test at 35 to 40°C; +the correlation trend
being maintained in both 110°C and 130°C heated sampl es. By
both tests No. 10 sample has given the lonzgest induction period
followed by No. 6 and No. 4 while shortest is given by No. 1 and
3. However, in certain cases, the difference of 2 to 8 hours
in the accelerated tést did not give any significant difference

in the incubation test, e.g. in samples, 2, 5, 7 and 8.

(I1i) Like Experiment II, identical induction periods 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 also run. Result obtained are tabulated and plotted
in table 7 mnd graphs 15, 16, 17 and 18 respectively.

TABLE 7.

Particulars of treétmentsirinduction periods, acidities

and Moisture percentage of Experiment IV.

Induetion Periods | Acidity % oleiec Moidtur
No. |Treatment in hours by | in weeks by | Initial Last
accelerated | incubation %
test. test.
No.l {Control hgat-
ed to 80°C 12 16 0.1692 | 0.4512 | 0.04
No.2 {Control heat-
ed to 130°¢ 30 20 0.1692 | 0.3384 | 0.19
No.Z |1.1% hegted
to 110°¢ 12 16 0.3384 | 0.5640 | 0.46
No.4 {1.1% heated
to 130°¢ 42 28 0.5076 | 0.6076 | 0.27
No«5 }1.7% heated
to 110°¢C 18 16 0.6768 | 0.8640 | 0.23
No.6 |1.7% heated
to 130°¢ 30 24 0.6768 | 0.7768 | 0.19
No.7 |2.2% heated
to 110°¢ 18 I 16 0.9024 | 1.2092 | 0.24
No.8 12.2% heated _
to 130°¢ 42 28 0.9024 | 1.350 0.53
No.9 |2.5% heated
to 110°¢ 18 16 0.5012 | 0.5640 | 0.19
No.10 | 2.5% heated |
to 130°¢ 18 20 0.5076 1 0.5640 | 0.29

—————————————— T T
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” From the data presented above, it will be seen

That there do not seem to be any relation between zhee

acidity and keeping quality, e.g. sample 8 having the highest
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(v)

85.

acidity of 0.9024% has given the same induction period (i.e.

28 weeks by incubation test) as sample 4 having an acidity

of 0.5076%. Not only that, bub even the same acidity in

two samples has not given the same induction period 8.8 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 sampls

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

these experiments.

Also there do not seem to be any correlation between curd

acidity at churning and the keeping quality as had that been

the case, then Sample No. 1 and No. 2 with 0.08% acidity

should have given greatest storage life, and it being cut

short progressively as the acidity rose to 1.1, 1.7, 2.2,

and 2.5%., Bubt again this is not the case.

Not whole acidity 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.

Like Experiment III, 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 correlation with the keeping

quality, e.g. ries of 0.4476% highest in sample No. 8, has not
fected its induction period being longest in the incubation

test too.( It was already longest in the accelerated test).

Ag in Expefiment ITII, there is a general and not absolute cox-

relation between the induction period recorded by accelerated



(vi)

(vii)

\
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test and that obtained by the incubation test; the trend
being (in both tests) that Sample No. 4 and No. 8 gave the
longest inducﬁion period, while No. 1 and No. 3 the shortest.
one exception to this is sample No. 2 which behaved pecul=-
iarly in the accelerated test.

In this experiment, there is no correlation between the res-
ul t8 of Peroxide method and Fat aldehyde method; both showing
dif ferent trends in the gradation of samples for induction
periods and except samples 8 and 9, there is no identical in-
dustion periods observed.

At the end df 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 quality (under the conditions of

this experiment) as sample No. 8 having highest moisture con-
tent of 0,53% has given the longest induction period (42 hours)
while sample No. 1 with lowest moisture content of 0.04%

has given shorbest 1nduction period (i.e. 12 hours). Not

only that, but even samples with different moisture content
©.3. sample No. 4 with 0.27% and No. 8 with 0.53% -- both have
given the same induction pefiod 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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Section (b)., BExperiments to Demonstrate the Importance of

Cooking Process and Various Factors Affecting it.

From Experiments I,III and IV, it appeared that there do
not seem to be any relation between keeping quality and starter
cul ture; acidity and moisture content as found normglly in
ghee. But in all these, one thing was very clear, that is,
lower temperatures (80°C and 110°C) giving lower keeping qual-
ity as compared to higher temperature (13000) Which gave
better keeping quality persistently. From this it was ass-
umed that perhaps out of all factors investigated; the pro-
cess of cooking, seemsto be most vitally concerned with keep-
ing quality and that it might be controlled by some faectors.
To verify this hypothesis, the following well planned experi-
ments (Experiments V (A, & B) and Experiment VI) were conduc-
ted.

Experiment V (A) :- Variation in Keepingz Quality Due to Difference

in Cooking or Heating Technigue.

For the purpose of this experiment, a sample of ghee pre=-
pared by the usual process (with 1.4% churning acidity and

using L. bulgaricus (Iowa) as starter) was divided into three

lots. Pirst lot was heated +g§ 80°C for half an hour to pre-
cipitate curd and filtered. Then a portion of it was _haated
t0 110°C and 150°C, momentarily (i.e. heated without contact
with curdl). Second lot of similar amount was heated to 80°C
for half an hour but not filtered and after taking a sample for

this temperature, proceeded to heat to 110°C and 150°C moment-
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arily (i.e. heated in contact with curd). The third lot was
heated to 110°C in contact with curd for various times, i.e.
10 minutes, 20 minutes and 30 minutes, to find out if time and
temperature has any effect. For oxidation and induction
period studies the samples were tested by accelerated test.
The fesults are summarised in Table 8.

TABLE 8.

Particulars of Treatments, fnduction Periods and Acidities of
Experiment V_(A),

No. Treatment. Induction Period |Acidity % olei
in hours by ac- (Initiall
celerated test.

Noel | Control, heated 80°¢ for

%+ an hour 8 0.3384
No.2 | Heated to 110°C momentarily

without contact with curd 4 0.3384
No.3 | Heated to 150°C - do - 0 0.4512
No.4 " 4o 80°C for % an hour 8 0.3384
No.5 s to 110°¢C memen tarily

in contact with curd 12 0.3948
No.6 | Heated to 150°C - do - 4 0.3948
No.7 " %o 110°C for 10 min-

utes in contact with curd 13 0.4518

No.8 | Heated to 110°C for 20 min-
utes in contaet with curd 16 0.4518

No.9 |Heated to 110°C for 30 min-
utes in contact with curd 12 0.4518

From this experiment it would appear that
(i) Heating to higher temperature in contact with curd, (i.e. unfil-

f tered fat) enhances the storage life of ghee while heating

without contact with curd (i.e. filtered fat) reduces it.
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(i1iAlso 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 110°C holding for momentarily, 10 min-
utes.and 30 minutes = all gave an induction period of 12 hours
showing no difference;while holding for 20 minutes at the same
temperature, enhanced the induction period by 4 hours

The above observations suggest that cooking process in
ghee manufacture is very important from keeping quali ty point
of view, and it is affected by time, temperature treatment, so
also heating in contact with curd or otherwise; the fofmer haﬂ-
ing beneficial effect while the latter having adverse eifeot
on the kesping quality when heated above 100°%¢c.

Experiment V (B):~-

fhe previous experimént (i.e. V (A)), zave some broad
hints as regards the importance of cooking process, therefore
in order to get more precise idea of this process and féctors
governing it,'it was repeated with some minor changes to obtain
results under well regulated conditions.

For this purpose, 4 1bs. of butter soursed with L. bulgarie

(Iowal culture and churned at 1.2% acidity, was obtained and
divided into two lots. The first lot was heated to 80°C for
half an hour and‘filtered. After taking s sample for this
temperature, it was heated to 110°C, 130°C and 150°C moment-
arily (i.e. without contact with curd}. The second lot was
heated to similar temperatures 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




beingbcontrol?ed by Sunvic thermostat (50 on Survic and
Medium Switch on hot plate).  For oxidation studies and
induetion periods, the samples were put through both, i.e.
incubation and accelerated tests. The results are tabulated
and plotted in Téble 9 and graphs of Figs. 19, 20 and 2l res-
pectiﬁely.

TABLE 93

Particulars of treatments, inducetion periods, acidities

and Moisture percentage of Experiment V (B).

Induction Period; Acidity % oleie. Yo
No Treatments —— 3 T : o
= A n hours by | In weeks by| Initial last %
ccelerated ; incubation
test. test.

No.l | Control heat- |

sd to 80°C

for 4 an hr. 18 12 C.113 0.2256 0«8¢
No.2 | Heated to 110%

momentarily

without con- )

tact with curd 16 12 0:11% 0.282 0.3¢
No.3 | Heated to 130°C

momentarily

without con-

tact with curd 18 8 0.169 0.282 B sk
No.4 |Heated to 150%0 8 8 0.169 0.282 0.2¢

momentarily

without con-

tact with curd
No.5 |Heated to 80°C

for % an hour

(Cantrol) 16 12 0.169 0.2256 0.2
No.6 |Heated to 110PC I

momentarily in |

contact with

: curd 20 14 0.169 0.2256 0.1¢

No.7 |Heated to 130%

momentarily in

contac t with card 24 16 0.226 0.3346 0.3’
No.8 lHeated to 150°¢C 36 more than 0.226 0.3t

- do - 20 weeks |
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From the data presented in this experiment, it would
r

be seen:-

That there is enough evidence to confirm the results of
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previous experiment (i.e. Bxperiment V (A)) that in ghee man-
ufacture cooking process is very important from keeping qual-
ity point of view, and that heating in contact with curd gives
bettef keeping quality, the storage life being in proportion

to the temperature of cooking or heating, higher temperatures
giving better results than lower ones. On the other hand,
heating ghee without contact with curd to higher temperatures
reducesd the life of ghee in the proportion of the temperature
applied for cooking. ‘

There is good correlation between the results of the incubation
tesat and accelerated test, it being more clear cut in the
samplesheated in contact with curd. In samples heated wilhout
contact with curd, difference of 2 to 4 hours in the accel- .
erated -test has not given any significant difference in the

incubation test.

(ii1)A11 samples show bleaching at the end of induction period but

(iv)

(v)

to a varyinz degree, 2.2. sSamples 1, 3 and 4 show complete
bleaching, while others show partial bleaching.

As regards moisture, like Experiment IV, there do not seem

to be any correlation between moisture content and keeping
quality, e.8. samples No. 7 and 8 having highest moisture
content, i.s. 0.37 and 0.35% respectively have given longest
induction periods while lower ones like No. 3 and No. 4 with
0.17 and 0.22% moisture respectively have given shorter induc-
tion periods.

The range of rise in acidity during storage in this Experiment

is 0.0566 to 0.169% oleic.
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Bxperiment VI:s- To find oubt effect of rate of cooking and stirring

on the Keeping Quality of Ghee.

»

Some of the results in Bxperiment V (A) suggested that

0]

effectivensss of cooking vnrocess is controlled by time and
semperature factors, e.8. atb llOOC, 20 minutes heabting gave
better kesping quality than heating for momentarily, 10 min-
utes and 30 minubes. This meant indirectly that perhaps rats
of cooking may be concerned with this phenomenon since differ-
ent times are needed Lo reach the same jemperature wihen heated
by slow or rapid rate of cooking, the length of time and temp-

srature regulating the incorporation of the antioxidants or

start of oxidation in the fats, thus affecting the kesping qual-

e
(o]

ty vltimately. This action was thouzght to be alded by stir-

ring continuous or otherwise.

To test above assumption, sour milk was churned at 0.5%
acidity by the usual process and buttsr so obiamined was divided
into two lots. Hirst lot was heated to 110°¢ and 130%¢,

by slow and rapid rate of heating with stirring three to four

times as the routine procedurs is, while the second lot was
heated exactly the same way and to sams tempsrabures, but with
gontinuous stirring. f course ths samples were f£iltered

after heating as usual, and tested by the accelerated test for

'3 - o 2

oxidation and induction periods. The slow or rapid rate of

heating was controlled by change of switch on the hot plate,
i.e. kxeeping on Low or Hedium and regulated the even flow of

43

current by Survic thermosiat. A record of temperature rise

every threse minutes was kept (Figures 22 and 2%) and it was
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o
observed that to raise temperature from 60 C to 130°¢ 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.
TABLE 10.

Particulars of Treatmentg? Induction Periods and Acidities of
Lxperiment VI,

Induction Acidity % ole
Period in
No. Treatments. hours by Initial La
acceler-
ated tesh
No.l |Heated to 110°C by rapid rate
with routine stirring 12 0.6 0.
No.2 |Heated to 130°C by rapid rate
with routine stirring 30 0.6 do:
No.3 |Heated to 110°C by slow rate
with routine stirring 12 0.5 Ol
No.4 |Heated to 130°C by slow rate
with routine stirring 18 0.5 0.’
No.5 |Heated to 110°C by rapid rate
with continuous stirring 12 0.6 0.'
No.6 |Heated to 1300C by rapid rate
with continuous stirring 18 0.6 0.t
No.7 |Heated to 110°C by slow rate
with continuous stirring 12 0.9 0.¢
No.8 (Heated to 130°C by slow rate
with continuous stirring 6 1.0 148
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From the data presented above, it will De seen that: -

=

ate of heating aeffects the keeping quality in the higher
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remains unaffected (whether the stirring is continuous or
otherwise), the rapid rate of heating heing better than

slow rate, from keeping quality point of view (as shown by
samples Nos. 2 and 4 and 6 and 8.

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
shortening the induction period in the higher temperatures

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

The range of rise in acidity in this experiment after the
oxidation by acceleratsd test is from 0.00 to 0.2% in all
samples except sample No. & (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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Secgion (C). Bxperiments to Locate the Ingredient or Ingredients

Responsible for.Antioxidant Action in Curd.

From the data presented in Experiments V (4 and B), the
importance of heating in contact with curd is evident. It
was thouzht 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 ingredient responsible for this
effesct could be located. With this point in view BExperiments
from VII to X were arranged.

Experiment VII:-

In this experiment, effect of lactose, casein, skim milk
powder and lecithin is analysed. For that, fresh Massey
College factory butier was melted at 8000, for half an hour
and filtered. Then 40 cc. sample each of this was heated
separately with 1% lactose, 1% casein (lactic), 1% skim milk
powder and 1% Bgg yolk to 110°¢ and 130°C for 10 minutes on
hot plate. Fil tered them after treatment and then tested for
oxidation and induction periods by accelerated test at 100°C.
Butterfat melted as such at 80°C was used as overall control
to compare effect, while this fat heated to 110°¢ and 130°¢ with-
out anything, served as controls for thesir series. The de-
tails of treatments togsther with the indUction periods are

given in Table 11 and plotted in Graph of Fig. 25.



Particulars of Treatment and Induction Periods

TABLE 11,

of Bxperiment VII (A4).

78.

Induction

) Period in

No. Treatment. hours by

accelerate(

test.
No.l |Control heated to 110°g, 12
No.2 |Butterfat+ 1% lactose heated to 110°C 12
No.3 |Butterfat +1% casein (lactic) - do - 12
No.4 |Butterfat +1% skim milk powder- do - 12
No.5 |Butterfat +1% egg yolk - do - 18
No.6 |Control Butterfat heated to 130°C 6
No.7 |Butterfat +1% lactose heated to 130°C 4
No.8 |[Butterfat +1% casein (lactic) - do - 6
No.9 |[Butterfat +1% skim milk powder- do - 6
No.l0 |Butterfat +1% egg yolk - do - 12
No.ll | Control of all Butterfat heated to 80°C 18
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et

by accelerated test at 100°C. (Details given
in Table 11, page 72).
From the above experimental data it will be seen tha

only egg yolk (representing lecithin) heated to 110°C had

given better keeping quality over all other treatments and
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control (80°C). Egz yolk heated to 130°C has given longer
induction period when comparéd with butterfat heated alone
to 130°C but only equal to that of butterfat heated
alone to 80°C (control of all). Lactose, skim milk powder
and casein in the higher temperaturse have given shorter in-
duction periods than those in the lower temperature and con-
trols

This experiment was repeated on the above lines with the
only change that instead of heating to 10 minutes, in this
case it was heated momentarily. The results showed once again
the superiority of egg yolk in giving longer induction period
than eontrol and others. Rather in this experiment, both
temperatures i.e. 110°C and 130°C (egg yolk treated) gave

better result than control and others.

Experiment VIII:- Effect of Egg Yolk Heated to Different Time

and Temperature on the Keeping Quality..

From Bxperiment VII, it is observed that heating butter-
Pat with ezg yolk had the effect of prolonging the storage life.
Hence further interest in this connection was to find out if
the action of egs yolk was controlled by the time and temper-
ature factor which may be concerned in the incorporation of
required amount of lecithin in the butterfat.

For this purpose previously meltsd (80°C) and f£iltered
butterfat kept in the ice chest, was used. 40 ce each of

this was hcated with 1% egg yolk for different times (i.e. mom=

entarily, 10 minutes, 20 minutes and 30 minutes) and different
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atures) the effect is well marked in showing good or adverse
effect on keeping quality e.g. heating butterfat with 1%

egg yolk at 100°C for 30 minutes gave double the induction
period than that of control (No. 1) and other treatments in
the same series (i.e. 100°C heated for momentarily, 10 min-
utes and 20 minutes) but in case of 15006, 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 induvetion period.

Therefore, it appears that incorporation of regquired
amount of lecithin of egz to give butter keeping quality is
controlled by time and temperature factors, less time and
temperature giving no effect while more time and temperature
giving harmful effect by probably starting oxidation in the fat
during the process of heating used for incorporation.

Bxperiment IX:- Effect of S.H. (Sulphydryl compounds) produced

or Destroyed by Heating s.n.f. on Keeping Quality.

Lea (1946) in a note on the presence of heat labile
sulphur in milk powder concludes that the efficiency of high
temperature preheated milk powder against development 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 arranged.

Experiment IX (A):-

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

tained from D.R.I. Massey College and heated at 70 to 80°¢
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for 24 hours under vacuum to drive off moisture and get

s.n.f. at low temperature. To release antioxidants (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
80°¢, 100°¢, 110°C and 130°C temperatures) and at sach temp-
erature the holding time was 20 and 30 minutes. Then added

40 c¢c. of fresh butterfat (melted at 80°C and f£1ltered)

and heated for 30 minutes at BOOC, shaking frequently and even=-
ly to give fat of each sample a chance to take up antioxggens
(if any) formed from heated skim milk and then lastly they
were fil tered. ‘

In addition, 4 gms. (10%) of freeze dried milk® was also
shaken with 40 c.c. fat at 80°C for 30 minutes to release and
incorporate antioxysens and filtered. Butterfat melted at
80°¢ and shaken evenly as in other treatments was included as
control. Oxidation and induction periods studies were made by
putting the samples through the accelerated test. Details of
the treatments together with induction periods are recorded

in Table 13.

* Preeze drying of this milk was done in the
Plant Chemistry Laboratory with the valuable co-
operation of Dr. J. Melville and N.O. Bathurst.



Particulars of Treatments and Induction Periods

TABLE 13,

of Experiment IX (4).

79.

Induction
No. Treatments. ggiigdiyln
accelerate
test.
No.l [Butterfat heated to 80°C (Control. 6 how
No.2 ho% Freeze dried s.n.f. + butterfat less than
hor
No.3 [L0% s.n.f. (lab.dried) heated to 76
to 80°C for 20 minutes +
butterfat - do ~-
No. 410% s.n.f. (lab.dried) heated to 76
to 80°C for 30 minutes +
butterfat - do -
No.,5 [10% s.n.f. (lab-dried) heated to 100°C
for 20 minutes + butterfat - do -
No.6 [10# s.n.f. (lab.dried) heated to 100°C
& for 30 minutes + butterfat - do =-
No.7 110% s.n.f. (lgb.dried) heated to 108
to 1157C for 20 minutes + butterfat - do -
No.8 |L0% s.n,f. (lab.dried) heated to 108
to 115°C for 30 minutes + butterfat - do -
No.9 [10% s.n.f. {lab.dried) heated to 130°C
for 20 minutes + butterfat 6 hour
No.10 |[10% s.n.f. (lab.dried) heated to 130°C
for 20 minutes + butterfat 6 ”
From the above data it appears that under the conditions

of this experiment, there do not seem to be any antioxidant



80.

released at lower tesmperatures i.e. from 76 to 11500. However
at higher temp.erature 1.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°¢ for 20 and 30 minutes), the samples must have gone off
before control since heating to 1500C without contact with curd
gives reduced induction period when compared with 80°C heated

butterfat (Control ).

Experiment IX (B): -

The above being an important experiment, it was repeated
with some alterations thought necessary in technique, time of
heating and holding e.g. instead of heating for 20 and 30
minutes, heated for momentarily and 10 minutes. Dropped lOOOC

and included 15006 instsad, and dropped freeze dried milk,

since it could not be obtained in time. The method of releas-
ing antioxidénts was also modified a littls. Instead of
heating dried skim milk to various temperatures and time for
releasing antioxidants and then adding fat to take up these
antioxidants - 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.



TABLE 14.

&l .

Particulars of Treatments and Induction Periods

of Experiment IX (B),

1 Induction
periods in
No. Treatments. hours by
acceleratiol
test.

No.l | Control bubtterfat heated to 80°C mom-

entarily 6
No.2 | Control butterfat heated to 80°C for

10 minutes 6
No.3 | 10% (lab.dried) s.n.f, + butterfat

heated to 80°C momentarily 6
No.4 | 10% (lab.dried) s.n.f, + butterfat

heated to 80°C for 10 minutes 6
No.5 | 10% (lab.dried) s.n.f.* butterfat

heated to 110°C momsntarily 8
No.86 | 10% (lab.dried) s.n.f. + butterfat

heated to 110°C for 10 minutes 6
No.7 | 10% (lab.dried) s.n.f.gt butterfat

heatsed to 130 C momentarily 12
No.6 | 10% (lab.dried) s.n.f. + bubterfat

heated to 130°C for 10 minutes 12
No.9 | 10% (lab.dried) s.n.f. + butterfat

heated to 150 C momentarily 12
No.10 | 10% (lab.dried) s.n.f. + butterfat

| heated to 1850°C for 10 minutes 12
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indicated by g2iving an induction period of 12 hours as against
6 of control. However, heating to lower ‘temperatures i.e.
800C and 1100C do not seem to give advantage over control.
This confirms the previous observations more clearly. Prob-
ably these conditions are better suited for releasing and in-
corporating antioxidants than those in Experiment IX (A).

Bxperiment X:-

In this experiment the effect of S.H. compounds produced or
destroyed ﬁas been investigated by another technique, ie.
instead 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 diffsrent temperatures,
filtered and tested by the accelerated test as usual. The
following procedure was followed:~

Took 40 c.c. egch of fat (melted at 80°C for half an hour
and filtered) and heated with 4 c.c. (10%) of skim milk to
different temperatures (i.e. 80°C, 110°¢, 130°C and 150°¢)
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 15.

Particulars of Treatments and Induction

Periods of Experiment X,

c4.

Induction
periods in
No. Treatments. hours by
accelerate
test.
No.l |Control butterfat heated to 80°C for
10 minutes. 6
No.2 {Control butterfat heated to 80°C for
30 minutss 6
No.3 [10% skim milk + butterfat heated to 80°%¢
for 10 minutes. : less than
6 hours.,
No.4 1104 skim milk + butterfat heated to 80°6
for 30 minutes - do -
No.5 |10% skim milk + butterfat heated to 1100¢
for 10 minutes - do =
No,6 |10% skim milk + butterfat heated to 110°C
for 30 minutes - do =~
No.7 |10% skim milk + butterfat heated to 130°C
for 10 minutes - do -
No.8 |10% skim milk + butterfat heated to 130°C
for 30 minutes - do -
No.9 |10% skim milk + butterfat heated to 150°¢C
for 10 minutes - do =
N0.10|10% skim milk+ butterfat heated to 150°C
for 30 minutes - do -

From the data presented above, it would appear that under

the conditions of this experiment, there is no indication of

any antioxidants relsased by treating with skim milk as such.
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Further investizations 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 dons.
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CHAPTER IV.

DISCUSSION AND CONGLUSIONS.

Butterfat because of its unique composition is subject to
thrsee types of rancidity (or deterioration) viz. (i) butyriec
(due to liberation of butyric acid through the aotion of mono
and tri-butyrinases and acid hydrolysis) (ii) ketonic( due to
action of dry moulds on glycerol) and oxidative (due to action
of air). Out of these, the only rancidity to which ghee is
susceptible, in the normal course, is the oxidative rancidity
(Davies, 19401, Lea (1938) too emphasizing the importance
df oxidative rancidity in fats said: "The most impoftant and
from a scientific point of view, the ﬁost in teresting form of
rancidity is that produced by the action of oxygen of the
air on the fat", Various workers in the past (cited prev-
iously ) have contribubed bo assign functions to different
factors like moisture, acidity, heat etc., on the deterior-
ation of ghee or butteroil due to oxidative rancidity but the
gvidence presented in them is conflicting to a great extent
and does not clarify the position. Therefore, 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 moisture, acidity, heat and bacterial cul ture, on
the deterioration of ghee due to atmospherice air which ult-
imately affects itskeeping quality.

Out of the above four factors considered viz, moisture,

acldity, heat and bacterial 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 Experiments I, III, IV and VI clearly
and consistently show that heating ghee to different temp=-
eratures ie.. 80°C, 1100 and 130°C, result in different keep-
ing quality, the trend being (in almost all cases) that
higher temperatures keep better than lower ones and that
in order of storage 1ife they will be 80°C, 110°C and 130°¢C
by common Indian method of making ghee from sour milk.
Somewhat similar observations have been recorded by Ritter
(1937) and Rafey et al (1944) which are contrary to the ob-
servations made by Godbole and Sadgopal (1936), that steril-
ization by heat in ghee increases the subsequent tendenecy
to become rancid. (However, it is possible to explain res-
ults of these authors on the basis of material cited in the
subsequent paragraph.) Also there is no evidence in the
present investigzations to‘support the view held by Patil and
Hammer (1928) that there is not much difference between the
keeping quality of butterfat heated not above 55°C and ghee
heated to 110 - 140°C, and so slso their contention that super-
iority of ghee and butterfat over butter can be atbributed to
the elimination of water and curd from the former and not due
to heat used in the manufacture. |
The increase in keeping quality with rising temperaturse
seems to be governed by three main factors wiz; (i) heating in

contact with curd (ii) time and temperature relationship and
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(iii) the rate of heating or cooking. In Experiment V (B)
makhan (butter) is heated to 80°C for half an hour to settle
curd and then treated in two ways, viz; one lot being filtered
to get rid of curd,while the other lot not filtered i.e. re=-
taining curd. Both lots are then heated to 110°G, 1300¢,

and 150°C momentarily and filtered and tested in cabinet for
incubation test and in the "Swift Stability $ester" for accel~-
erated test. Both results ;gree in the fact that ﬁeating of
gshee in coantact with surd increases the induction period ffom
16 hours to 36 hours (accelerated test) and 12 to more than

20 wesks (incubation test) for 80°C, and 150°C respectively.
The increase 1n induction period follows the sames trend as
before i.e. least for lower temperature 80°¢ and inereasing
with rising temperatures i.s. 110°C, 130°C and 150°C in reg=-
ular order. But the results for the lot heated without curd
is just the reverse, i.ec. with rising temperatures (from 80°¢C
to 150°C) the induction period shortens from 18 hours to &
hours (accelerated test) and 12 weeks to 8 wesks (incubation
test) respectively. Ritter and Nussbaumer (1939) observe
that unfiltered boiled down butter is more stable than filt-
ered butter and that filterate obtained at 10000 is more stable
than that obtained at 42°C, 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
Godbole and Sadgopal (cited above) i.e. increase of tendency

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

their heating ghee to high temperatures without contact with
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curd. The second factor important in the increase of keep-
ing quality with rising temperature appsars to be the effect
of time and temperation operation. In experiment V (1), a
sample of ghee is heated to 110°C (of 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
enouzgh antioxidants 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 why
Ewbank and Gould (1943) obtained the hastening of oxidation
by heating butter or butter-oil to 12700 for 30 minutes,
since it is more than likely that by heatinzg 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 110°C and
130°C by rapid and slow rate of heating and continuous and
occasional stirring (3to 4 times as routine). It is found

$hat rapid rate of cooking has better keeping quality in the

higher temperature i.e. 130°C, while lower temperature (110°¢)
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gave no difference. It appears that oxidation sets in
during slow heating to high temperdture (since it takes

a lot of time to reach that) which decreases the life of slqw
cooked ghese. Stirring (which might help to incorporate anti-
oxidants of curd into ghee) whether continuous or occasional
(as is the routine) does not seem to effect keeping quality
materially.

FProm the above observations, a question naturally arises
as to what is there in the curd taken up by heated ghee which
results in better keeping quality. An attempt. has been
made in the subsequent experiments from VII to X to find out
an answer to this. 0f course the investizations are by no
means complete on this chapter but some interesting light is
thrown on the possible causes of this phenomenon. | Butter-
fat curd contains s.n.f. of milk, i.e. (lactose, protein,
minerals etc) and associated with these is the lecithin in
form of lecithoprotein. Besides these there may be some
other chemical groups released in small quantities yet uniden=-
tified properly, e.g. sulphydryl group and other reducing :
substances, which might be having an influence on the keeping
quality of ghee. Out of four ingredients triecd separately
in Experiment VII, i.e. lactose, casein (lactic), skim milk
powder and egg yolk (to give lecithin), egg yolk has given
more induction 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 temperature, while at higher temp~
ergture (13000) they exert an influence in shortening the life
of ghee. Ritter (1937) assumed that lecithin contained in
small amounts in cooked bubtter gives increased storage life,
while Rafasy, et al (1944) found phosphorous content (indic-
ating lecithin presence and incorporation), correlated with
increaséd 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 phosphoél-
lipids 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 conditions set out in their
experiments. The incorporation of lecithin seems to be
controlled by time and temperature operation(Experiment VIII);
the kseping quality depending on the incorporation of required
amount of lecithin into the fat without setting in oxidation,
in the incorporation process. In this experiment llOoC
heated for 30 minutes only (and not for 0 to 20 minutes) seems
Yo give appropriate incorpofation but higher temperature i.s.
130°C (from O to 30 minutes) appear to start oxidation and
especially in 20 to 30 minutes while lower bemperature i.e.
80°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 1ife for better.

However, lecithin alone does not appear to be the sole

factor, responsible for inerease in keeping quality. From
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Experiment IX and X it would appear that sulphydral compounds
reieased dur ing heating of s.n.f. of milk might have also the
effect of prolonging the storage life of butterfat when heated
to appropriate time and temperature. Gould and Sommer (1939)
and Josephson and Doan (1939) have found that S.H. compounds
act as antioxidants. It is known that sulphydral group of
compounds are known 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 andmilk powders. Due to want of time, however,
direct estimation on ghee samples could not be made in the
present investigations, though there is indirect evidence of
their presence and influence from Experiments IX and X cited
above. Josephson and Dahle (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 impart to ghee on heat-
ing to higher 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). Mar-
vel (1956)»having patented the use of tyrosine and its ethers
as antioxidants in edible fats and oils.

Barnicoat and Palmer (1939) observes that most of the anti-

oxygenic effect of milk plasma would appear 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%

eitrate to creams had surprising effect in acting as antioxid
ants. Also Barnicoat (1947) found promising result by adding
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, ecitrate and citric acid or
their derivatives might be present ithere too, and exerting
some beneficial effect on the keeping guality. Butter for
boiling into ghee is obtained from milk soured by addition of
Dghi cultures and it is likely that during souring apart from
lactic fermentation, citric acid fermentation takes place
8iving 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
glycol) from citric acid and citrates of milk by certain
types of bacteria in Dahi cul ture. There appears to be some
difference of opinion between workers as regards the proper
action of diacetyl on butterfat, e.g. Ritter and Nussbaumer
(1939 VI) think thaﬁ diacetyl acts as a pro-oxidant in butter
0il, so that when this is removed by steam distillation in
boiling process, the stability of fat increases. King (1931)
and Hammer (1923) support this view. On the other hand
Barnicoat (1937), Wiley (1939) and Rafsy 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 citriec acid,
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citrates and their derivatives %o find out if fhey have any
influence on the keeping quality of ghes.

Influence of acidity on keeping quality of ghee is the
second factor investigated. Prom 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 also there is no correlation between acidity of milk (curd)
at churning and rise of acidity during storage. Because
had there bsen anything of this sort, the lowest acid ghee in
Experiment IV (sample No. 1 with 0,1692%) should have given
longest induction period, while highest acid ghee (i.e. 0.9024%
gsample No. 8] would have given shortest induection period, bdut
the result recorded is that sample No. 1 has given an induc-
tion period of 12 hours, while that of sample No. & is 42
hours (accelerated test). Even there are instances where two
samples having the same acidity did not give the same induet-
ion period 2.g. sample No. 7 and 8 in Experiment IV with an
acidity of 0.9024% in each case, have given induction periods
of 18 and 42 hours respectively (accelerated testi. This is
because the former had been heated to 110°C while the latter
had been heated to 130°C. And so also is the case with sample;

No. 5 and lo. 6 with same acidity, i.e. 0.6766%.

Likewise there is no relation 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 lo. 4 have not given longest induction



0
1

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 churning as the case with acid-
ity content of ghee.

Apart from the above two facts, rise in acidity during
storage was observed in these investizations, like other work-
ers (cited in Chapter I). But the rise is small as compared
with some of the other workers and is not uniform in all samples
and experiments. Considering the lowest ahd highest wvalues
different experiments have given different ranges, e.g. in
Experiment ITII, it is from 0.022 to 0.236%k;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 storage has any relation with the keeping quality, e.Z.
if there had been any correlation with rise in acidity and
keeping quality, then sample No. 8 in Experiment IV (having
highest acidity in the series) and with a rise of maximum acid-
ity in the series i.e. 0.4476%, should have given least induec-
tion period, while sample No.1Q with 0.0564% Pise (lowest in
the series, ) should have given the highest induction period,

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

and 20 weeks (least but onel respectively in the incecubation test.
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Other samples in this experiment and in Experiment IIT 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 testl.

These results agree with those of Lea (1921) 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 Ham etal (1927) and Greenbank (1936)
wherein the former states that addition of guantities of free
acid, barely perceptible by titration, materially increases
susceptibility. Al so 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'keebing gquality, flavour and aroma. For this reason,
statutory standards for acidity have been defined by various

provineial 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
19371, on the ground of likely deterioration in keeping qual-
ity on storage. 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 pointsi. 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 guality.

Moreover, the acid content of indian ghees as seen by
the above standards is very high as compared with the acid
content of ghee that 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 Baner jee
(1946 I) also found similar ratio i.e. 10 to 12:1 (by boiling
off process). Assuming that highest acidity of 2% lactic is
developed (though in general it is less) by certain lactobacilli
or mixed cul ture at churning - it will give acidity of about 0.8
to 1.3% oleic only in ghee. Hence the high acidity of 1.5 to

2.5% prescribed for even the best guality ghee, does not appear

# A point of acidity means the amount of acid reckoned

as oleic acid, contained in 10 grams of a sample of ghee
which is exactly neutralised by tenth normal 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 responsible for this
excess acidity. Also the rise of acidity during storage
noted by workers, e.Z. 1.97% oleic within 24 months (Wright,
1937) - is very high. Many workers have obtained more than
that too. It is probable 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 strengthl) is most probably derived from the
activity of lipolytic micro-flora and has nothing to do with
the acidity of ghee 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 péssing into ghee through
this source. Thus the acidity contained in ghee may help
indirectly to accelerate the aection 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. wolding and Feilman (1905);
Hynziker and Hosman (1918); Humziker, Cords and Nissen (1929i;
Emery and Henley (1922); Davies (1928); Davies (1932);

King et al (1933); Barnicoat and Palmer (1939) and othersl.
It has been found that in both metallic form and in solution,
gome of the metals are active pro-oxidants - in milk, milk
products and other fata and oils. The 1ist is headed by
copper which has been found to be active even in 1:100 million
parts (Lea, 1936). ZEffectiveness 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 (Lea 1936) found
that iron is approximately one twentieth as active as copper
though in neutral and alkaline solution, i.2 colloidal ferrie
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 haemin) has been shown to be effective in acceler-
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ating the oxidation of linseed oil at 5700 and is not inhib=-
ited by cyanide in this state (Robinson, 1924). 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 Indizn ghee may be the presence of
lipolytic micro-flora and small quantity of oxidized ghee
contaminating through the improperly-cleaned and sterilized
sarthenware containers in which ghee and butter for ghee is
gstored 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 discussion 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 keeping 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 fhoush 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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O

osition of the two products, i.e2. ghee and butber, the former
affording less favourable conditions for deterioration due %o
oxidation than the latter. Therefors, 1t seems unnecessary
%0 lay emphasis on manufacture of ghee from curd having an

acidity of 0.44% at churning or near abouts (Banerjse and

proper aroma and flavour.

-i,

Doctor 1938} which will not give
4lso it appears unnecessary Lo adopt “decantation method" of
éa%iﬂg shee (i.e. melting butter at low tempsrature to séttle
curd, Tthen decanting the clear fat and evaporation of moisture
subsequently by heating above 100°G) in preference to "boiling

Py

ating moisture by direct heating over

it

of £% method. (i.s. avapo
100°¢), simply because the lower acidity so obbtained is nod
of any advantage over the latiter msthod. Rather there is
disadvantage of lower keeping quality in "dscantation method"
dus 1o heating ghee above IG&OG, without éonﬁacﬁ with curd ﬁs
drive off moisture. (Experiment V (Aand Bl. The high init-
ial acidity with abnormal rise on storaze in Indian ghees
ultimately resulting in quick deterioration - appears to be

a2t

i

due to the lipolytic micro-flora, either acting on the

ot

during storage of bubtter besfore melting into ghee or due Ho

infection through the improperly sterilized earthenware

containers in which shee is stored before marksting. In add-
ition, the incorporation of "Fe" duriung heating in open iron

van seems to catalyse the subseguent acid hydrolysis of ghse
at a very rapid rats. Traces of oxidized ghee left on the

surface and in pores of earthen container may also help tHo-
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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.
Atterpts to obtain small reduction in acidity of ghee by
incomplete souring and "decantation method" of melting (as
recommended by some workers) do not seem %o be of any great
avail for the purpose.

The third factor investigated is the influence 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 quality due to bacterial

cul ture as shown by superiority of L. acidophilus over L. bul-

garious (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
Oor S0. Therefore, from the evidence obtained in these experi-
ments, it is not possible to econclude that there is any direet
relation of bacterial culture as such on keeping quality.

O0f course, there had bsen a marked difference observed in

flavour and aroma, e.g. L. acidophilus gives better aroma and

flavour than L. bulgaricus, Dahi No. 1 giving as L. acidophilus

but Dahi No. 2 and No. 3 being intermediate. Also there is
difference observed in the type of butter obtained, i.e. colour,

moisture held and boiling characteristics. Therefore, the

choice of one or the other cul ture may be more from these con-
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siderations.

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 thém 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
moisture 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
(1925) that there is no influence of moisture on the induction
period of lard at 5000., but are contrary to the resul ts
obtained by Greenbank and Holm (1924 ) wherein they concluded
that water increased the length of the induction period of
butterfat at 95°C, and also to those of Lea (19%6) wherdin he
found moisture frequently shortening the induction period of
lard in zlass at room temperature. 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=-
seribed for the best quality Agmark ghee. #Further reduction in
moisture content, if desired, can be obtained by centrifuging
and vacuum drying (Mcdowall et al, (1942) and Barnicoat (19451).

fhroughout these investi:ations, the methods employed

for detection of oxidation and end of induction periods have
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been Peroxide Value (Leal, Fat aldehyde (Schibsted) and
carotenoid value (measuring contents of carotenoid pigments;
reduction and btleaching of which shows the progress of oxid-
ation and end of induction period.) The main point of
interest in them being not the actual oxidation wvalues ob-
tained by different methods but the difference between the
test samples and the control and betwéen test samples them-
selves, for grading the samples on the basis of induetion
periods in order of longer or shorter resistance or suscept-
ibilities. As mentioned previously in either method, the
end of the induction period has been Jjudged by the rapid
absorption of oxygen and bl eaching of colour and in case
colour has not bleached completely before rapid absorption
sets in, the former has been taken as the end of induction.
Purther for these investizations, induection periods obtained
by Peroxide method (Lea) have been taken arbitrarily as
standard and other methods compared with it.

Comparing the results of induction period obtained by
Peroxide and Fat aldehyde methods, it will be seen from
Bxperiments I, II, IIT and IV (in which both of them deter-
mined) that except Experiment IV, there is a fair correlation
(not absolute) between the trend of gradation obtained in
the induction periods by both methods. In many cases in
them, identical induction periods have been obtained and in
case of unidentical periods, the difference recorded is from

2 to 4 weeks (incubation test). On the other hand in Bx-
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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 correlation between these two methods, while
Barnicoat 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 tc 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 susceptibility in ghee in majority of cases.

When the bleaching of colour (Carotenocid Value) is
considered, it is observed that there is a fair correlation
between the progress of oxidation as recorded by colour
bl eaching and Peroxide method too. However, (except in
Experiment IV, in which there is complete bleaching of colour
in all samples), there is not sharp bleaching of colour in
all cases at the end of induction period as recorded by Les
(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 i@ 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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browni sh colouggcasein charred during the high temperature
employed for ghee heating. bleaching curve obtained too is
gradual and not sharp and it appears there is resistance by
the antioxidants incorporated in ghee heating at every stage.
Baner jee and others (1936 and 19381} found similar trends

but Lea (1924 ) records sharp bl eaching 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 zhee samples in gfadation of their susceptibilities.
Temperature of heating i.e. to higher or lower -- does not
seem to affect these results and so also 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 without, in which case 2 to 4 hours difference in the
accelerated test is not perceptible in incubation test(Ex-
periment V(B). Also in certain cases, difference of 2 to
8 hours in the accelerated test has not given any differsnce
in the incubation test (e.g. Experiment III, samples 2, 5
7 and 8. Organoleptic tests generally agreed with the chem-
ical methods. Except these few limitations both tests seem
to answer very well the resistance and suceptibilities of
different treatments in ghee. The results of accelerated
tedt particularly are very interesting so far as that it can be

usefully employed for getting quick results in ghee.
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CHAPTER V.
SUMMARY .

Bffect 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. -1t has been shown that heating ghee to various
temperatures (i.e. 80°C to 150°C) results in different keep-
ing quality, the trend being that ghee heated at higher temp-
eratures keeps better than others. In addition it has been
shown that increase in keeping quality with rising temperaturse;
seems to be governed mainly by three factors, viz. (1) heating
in contact with curd, (ii) time and temperature relationships
and (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 1life is reduced. Time and temperature relationships
and rate offcooking 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. Sul phydryl 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 correl-
ation found between acid content of ghee, rise in acidity
during storage and acidity of sour milk or curd at churning
and the keeping quality. In 1ight of these findings, the
causes of high initial acidity in Indian gheses 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 before and after ghee heating and
also to prevent contamination with iron (incorporated
throuzh iron pans used for ghee boiling) and oxidized ghee.
Attempts to attain small reduction in acidity of ghee by
incompl ete souring and "decantation 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 oul ture
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 (Leal and Pat
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 fhe results of the incub-
ation test (25 to 40°C§{ Indian summer temperature) and
accelerated test at 100°C. The results of the accelerated
test are interesting since it can be usefully employed for

getting a quick estimate of the storage life of the product.
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APPENDIX III.

Total exports of ghee from India.

and other milk produets in India. ).

(Report, Marketing of ghee

By land frontier routes.

By Sea.
Year. British India Ports. Kathiawar Ports.
8
n
L)
£
@ @
5 ® e o
o 3 ) P
e ) o o]
4 P = Q
() . 0
N Lo g) (]
(0] 2] 4
] P . (@) D . Q
e g2l = | B ;| pdlad g -
@ =] o & o 3 35wk | O ot & 4
s 2 R 3 - Bh |k 5 5
4! m By 25 o e mn D« o &
1935~
36 (17,076 3,%54 | 2,021 ({10,229|32,680; 2,951 | 2,343 2,488} 7,782
1926~
37 118,349 4,032 12,631 | 11,806|36,717| 3,271 1,901 2,925) 8,097
1937~
38 120,339|23,4451 5,600 | 2,266 9,849161,499| 4,874 {1,402 5,635}(11,911
1938=
39 121,372119,036] 5,221 | 3,229 | 11,606{60,463 1 4,024 | 3,384 5,542112,950
1939- a
40 125,534 127,422} 4,993 1 2,619 | 13,633]74,201 | 3,648 | 3,050 4,015110,711
A ver-|20,534 13,981 | 4,640 } 2,533 ; 11,424153,112 1 3,754 4,416 4,120110,29
age,

Nepal.

2230

225

Afzhanistan.

53

53

Total.

2303

23 3

75.7

75 .7

87.2
65.7



APPENDIX IV.

Annual Production of Ghee in Indis, (1943).
(Report - Marketing of Ghee and Other Milk Products in India.)

Mlk . Percentage Quantity |[Yield of Quantity Percentage

Province /State, Production of milk of milk Ghee per of Ghee of Total
‘ converted converted |maund of produced, Indian '
into Ghee. into Ghee, milk. | production.%a
1 2 3 4 5 6 9
Thousand Per cent. | Thousand Seers. Thousand Per cent. P
Provinces = Mds. Mds. Mds. S
Assam 3,550 25.20 895 2.00 45 Q0. e, "
Bengal 41,264 31,50 12,998 1.76 569 4,1 wua
Bihar 31,419 = 40,74 * 12,799 2,37 759 8.4 Shx
Bombay 17,457 B3 .7 9,374 2:18 511 g6 - Ore
Central Provinces | 11,431 * 8L.76 * 9,346 2.00 467 3.8 .-
Madras 56,809 56,60 32,154 1,70 1,367 9.8 gfr
North-West Fron- T
tier Province 6,747 39.00 g,631 2.00 132 1.9 RN
Orissa 5,06% * 39.20 * 1,984 1.91 95 0.7 BL
Punjab 117,660 * 30,00 * 35,298 2.50 2,206 5.2 Bai
Sind 23,509 35.00 8,228 2.88 463 3.8 29
United Provinces |107,181 * 8.8 * 34,458 2.25 1,938 13.8 B
Others 3,676 42.90 1.5%% 2.16 85 0.6 fad
Total |425,764 37.99 | 161,748 2.14 8,637 6l.6 o
States - : © §
Baroda 8,666 46.80 4,056 2.85 228 1.8 oy
Central India 6,898 8L.76 5, 640 2.00 288 2.0 05,
Gujerat Agency 2,882 46,80 1,349 2.25 76 0.6 B
Gwalior 17,388 68. 68 11,976 1.95 581 4.1 patin
Kashmir 5,109 33,40 1.706 2+ 88 96 0. % e
sore 8,833 . 36.41 3,216 1.91 154 i1 s
Loam o Donintons| giagf | SRt | GBS | BRI W0 | @@ B

» ] . ’ e« O
Saiajens 33,558 » 40.33 9,492 2. 20 523 BT e
Western India 17,487 46.80 8,184 2.25 460 %.3 Iy
Others 19,685 42.86 8,437 2.08 427 3.0 oy
Total 175,364 56,53 99,137 8317 5,385 38.4 g
GRAND TOTAL .. | 601,128 43.40 260,879 2.15 14, 22 10



by
]
- Wy O O DO O O ] D Qe QO OO OO O 1< 5
] ’ @ @ @ @ 5 &« @ e o ef e & @ @ e @ e & ® g “ o
@ O O O N (S e IS e I To I S O wt €3 oy W3 D RO O O e ot [
o § e () R0 T i it O O i -] e i 00 D U0 O O e By g B D P [
4
10
4 0
jet!
oy e (I e N R ) £ Wy gt 0 W 3 T B U pef W0 <ft et OV ol B it
1 Ry D Oy To I ReoRTv I n JT0Y B DD RO T B W o OO ] R i
mw Eo T I S NI A wdt wfl wfh wy e 02 wi o et K9 D o RO o2 e}
S 'S . @ [ S -
mm pf =4 [E] [AV] gt h
et
) w
i)
R W
1 WOt Oy D QS OOCOW W] OGOoOOoO oo oo W o
(PO @ w % e @ 0w ¢ @ e ¢ @ wi = s & % e © 4 v e @ w e eme
Ew M 1 [ e I ® N 5 ST U g QO €2 D O3] WD [ RIS R R B eRie] B0y I Aoy O GO o Lo}
03 T 02 0 0 o P WYy I OF 0t 0 e B o S 15 o3 W AV
ok b
o Gl m m
S5
e -
e b
@y e ol
EL Iy . ot e o Ot it o S O e O WD N WD ERRTOIE SIS BT T 5] o 28]
@ g o owm b O it D 1Y Dot 0F 0 O el W a0 e - foe
o o fmo e B2 -l P ] 4 O B
ot Mu - @ I S “
p < et AN} i it
ot e
W
g |83
[ Wt WYy ped (SN oy O ) W] ke S I o R I Co B T S B S B e e o
@ & : wit €0 (0 ] Se R AN @ e I o5 B o o G0 D 0D e U000 02 ey o3
oy I Wy B WD wft B S I W oo W e B e WD <P i ! T
S @ @ N - o « - s
Sy o } &7 4 o o1 e it
m i
[ 3
i q.ém w.&,
o] ¢ ol
v 4 4
wt T @ 158 O 19
EET > 4 e’ £ o
of W e i -
oF 0 -
© &
o &t T
o 43
o ot O
Lo o]
Fay Fa Y




