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ABSTRACT 

The cream having 42% fat was pasteurised at 85°C for 20 seconds in which c0pper 1 was added as copptt sulphate solution at the rate of zero, 100, 200 and 500 fl g,/kg. The ghee was prepared by cream-butter-g!ll'A process and stored at 6"C and room teinpera. tu.re. The keeping quality of g/zP,e was studied for 20 weeks storage period by chenuca1 tefits like peroxide valu.e, FF A content and TBA values. The copper content of g~-" did not show any effect on development of FF A and TBA value but Peroxide value was · observed to be in most aCCM'dance with the copper content of ghee. 

INTRODUCTION 
K eeping quality of ghee is affected. 

by several factors, among which cop­
per plays an important role in dete-
riorating the ghee quality by oxidative 
reaction. The extra quantity _of the 
copper could be detected in milk and 
milk products more than naturally pre­
sent, could be due to insufficient care 
taken to prevent its contamination to 
milk and milk products from various 
sources like animal body surface in-
cluding udder , hand~ of milker, milk­
ins p1ih, scivc.:; , processing equipments 
to which it comes in contact and pac­
bging- mi terials. Limited amount of 
work has hccn reported on effect of 
added or absorbed. copper on ghee qua­
lity. Paul et al. (1949) ob~erved them 
gb !;t J,d in b, a·1s and bronze vessels 
:;h )W ;J lli-~11e·;t p r: roxi d.e value devclop­
m c:1t th-in a luminium vc-;scls and mud­
p-,t~. Al-S ·Jkkary and Ghoneim (1952), 
Bcctor and Narayanan (1972) and 
Unnikri ~hnari and R a1J (1977) had seen 
er~·ect8 <Jf c:.i~taminatcd copper on quality 
of ghee clurin~ storal{e and seen that 
induction pedo<l <Ji' gltee was sigui-
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ficantly decreased with even minute 
contamination with copper. 

MATERIALS AND .. ME11IODS 
Pasteurized cream (heated to 85°C 

for 20 seconds and cooled to 4°C) 
was taken in 400 kg quant ity for each 
trial. T he cream was immediately ana­
lysed for acidity, fat and storch tests 
and found that fat (42.0 to 42.1 %) 
acidity (0.08 to 0.09%) L.A.) and 
Storch test (negative) was normal for 
five trials. The cream was divided into 
four batches each amounting to 100 
kg. Copper was added to the cream 
as copper sulphate soultion (200 µg 
Cu/ml) at the rate of zero (Cu0) , 100 
(Cu1), 200 (Cu2) and 500 (Cu3) µg 
Cu/kg of cream. Butters were prepared 
from these copper treated cream in 
stainless steel butter churn. For the 
preparation of ghee , butter sample of 
about 2 kg from each treatment, viz., 
Cu0, Cui, Cu2 and Cu 3 was used. The· 
butter was prep ared into ghee using the_ 
temperature of l l5°C. The process ot 
ghee making was considered comp_lerc· 
when the ghee residue turned in to light 

. ·s choco late colour. All the contauiei. 
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11~l'd fur ghee making thro11ghouL the 

i-t udy were made of sta inless steel. Ghee 
was filtered through muslin cloth and 

was packed brimfully in 60 ml screw 
capped bott les to r emove air as far as 

possible. Ghee samples were stored at 

6± 1 ° C (T 2) a nd at room tempera ture 
(RT) for 20 weeks. 

The samples of the ghee were test­

ed during the storage period of 20 weeks 

at an interval of 5 weeks for Peroxide · 

value (Pe V), Free Fatty Acids - (FF A) 

content and Thi0barbituric acid (TBA) 

value. PeV (m.eq. /kg fat) of ghee was 

determined by the -"Ferric Thiocya­

nate method" of Loftus-Hills and Theil 

( 1946) modified by Holloway ( 1966). 

FF A content ( % oleic acid) of ghee 

was determined. as per the standard 

method prescribed by ISI (IS : 3508-

1966). TBA test used for ghee was of 
El-Negoumy and H ammond (1962). 

"Spectronic 20" (Bousch and 

Lomb, USA) was used to determine 

the optical density of colour developed 

in the Pe V and TBA tests. Copper 

content of ghee was determined as per 

the standard method ( colorimetry) pres­

cribed by ISI) (IS : 3507-1966) and 

also by Atomic Absorption Spectro­

photometry (AAS) (Atomic Absorprion 

Spectropeotometer, AA/120, Varion 

T echtron Co. , Australia) at 3253 "A, 

wavelength as p er , ,Villis (1964-) . ' 

RBS UL TS AND DISCUSSION 
Natural copper content of cream 

and ghee h ave been shown in T able 1. 

T he mean of copper content in cream 

by colorimetry was 490 f-'- g/kg while 

that r1f by AAS was 403 !'g/kg. The 

mean of the natu ral copper conten t in 

glue . W4K 36 and 'l.7 f 1-{/kg by colori­

melncally and AAS , respectivel y. The 

ghee prepared froru crr:t1m adclc:d witl1 

Cui, Cu2 Cu 3 a11d cop1>t r sl1<nvcd 4·G, 
54 ar1tl 78 /Jg Cu/kg by col<Jl'imt:l1 y c:tlld 

32, 1·1 and 69 /1- g( :u/kg 1,y AAS, rcs­
p cclivcly. 1')1c dilfrrc 11 cc: between <:<i­

p cr co11te11L of' !{lll!e samples of diffrrf'nt 

trea tments was found to l,e signi fi ca nt 

indicating thal acldition of copper to 
cream results in lo increased copper 
content of g!tee. 

Peroxide Value: 

Peroxide values of glzee at 6°C: 

The threshold PeV of all ghee sam­

ples stored at 6°C varied from 0.09 to 

0.12. The PeV increased with the dur­

ation of storage period. The rate . of 

increase of Pe V was not similar in 

samples having different copper levels at 

6°C. The peroxide development was 

highest, 0.12 to 1.40 in tp.e ghee sam­

ples having Cu3 level while it was 

lowest, 0.1 l to 0.4 7 in samples having 

Cu0 level at 6°C during 20 weeks of 

storage. Cu1 level showed higher rate 

of peroxide development, 0.11 to 0.66 

than Cu0 level. This indicates that even 

at 6°C storage temperature, the addi­

tion of 100 f'g Cu/kg (to cream) would 

cause appreciable deterioration of ghee 

even after 20 weeks storage period. Cu2 

level showed 0.09 to 0.85 developme;nt 

in PeV which was higher than Cu1 

level but when PeV development was 

compared with that of Cu3 level , the 

Cu3 level showed higher PeV compar­

ed to a ll other samples indicating signi­

ficant role of copper in decreasing shelf 

life of ghee . 

Peroxide values of ghee at room temperature: 

The threshold va lues of all ghee 

samples varied from 0.09 to 0.1 2. The 

PeV increased with the duration of 

storage period. The rate of develop­

ment of PeV wa~ a ot s imilar in sam­

ples having c.l.iflcrcul copper levels at 
RT. 'rlit PeV was higlmil, 0.12 to 6.52 
i11 gftee S.tlllpks haviug CuJ level while 

it. was lowt sl, 0.11 to 1.92 in samples 
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having Cu0 level at RT during 20 
week.;; storage. The over:1.ll r ate of PcV 
development was increased with the 
increase of copper content in g!zee sam­
ples. Cu1 level showed higher rate of 
Pev development, 0.11 to 2.26 than 
CUo level. Cu2 level showed 0.09 to 
3.10 PeV development in 20 weeks 
storage. 

Effect of Storage temperature on Pe V of . 
Ghee: 

Storage temperature showed defi­
nite effect on keeping quality of ghee 
as indicated by PeV of ghee samples. 
All samples stored at 6°C showed lower 
PeV development than the samples sto­
red at RT. The ghee samples having 
Clio level at RT showed even high 
PeV development, 0.11 to 1.92 than the 
PeV development, 0.12 to 1.40 in ghee 
samples having Cu3 level at 6°C during 
twenty weeks storage. Overall, the rate 
of development of Pe V was propor­
tional to copper content of ghee sam­
les at each temperature but the rate 
of increase was higher at RT than 
6°C. This indicates that the copper 
plays an important catalytic role in de­
terioration of ghee samples stored at 
higher temperature. While this effect 
can be minimized by storing the ghee 
samples at low storage temperature. 

Paul et al. (1949) recorded highest 
Pe V in ghee stored in brass and bronze 
containers compared to glass and alu­
mm1um containers. They concluded 
that catalytic action of copper was pro­
bably responsible for high PeV during 
storage. llcclor and Narayanan (1972) 
observed that various levels, zero , 0.1 
and 1.0 ppm copper adtlccl to clarifir d 
butter fat and comidcrnule c1focl on 
PeV development and PcV incn;ased 
from 0.00 _to 6, 9 ant! 15 m. eq. /kg 
fat respect lvcly when uutter fat was 
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stored at 80° C for 96 hourn. They 
concluded that copper catalysed th, 
oxidation of butter fat and decreased 
the induction period of butter fat. 
considerably with higher amounts of 
added copper. Similar observations werf' 
made by Unnikrishnan and R ao (1 977) 
that with the increase in copper con­
tent of ghee, the PeV was also increas­
ed during storage at 25° C. They ob­
served 0.17 PeV for control samples 
and 1.00 PeV for samples in which 
0.1 ppm of copper was added, the 
samples were stored at 25° C for 14 
weeks. Al-Sokkary and Ghoneim 
(1952) studied the effect of addition of 
copper sulphate solution to butter on 
keeping quality of samna at 5°C and 
40°C. They observed resultant samna 
contained 0.0 to 25 ppm copper and 
the Pe V of samna samples were pro­
portional to their copper content at 
both, 5°C and 40°C storage tempera­
tures. They concluded tha t even mi­
nute proportions of copper were capa­
ble of producing very objectionable 
changes in samna. 
Free Fatty Acids (FFA) Contents 
(% Oleic Acid): 

FFA Content of Ghee at 6°C: 

The threshold FFA content of ghN 
samples varied from 0.150 to 0.156°~. 
The FFA content of ghee samples in­
creased from 0.150 to 0.192 for all 
trea tments samples after 20 wt>eks sto­
r age period. 

FFA content of Ghee at Room Tnnperaturl' : 
The FFA con tent of freshly mack 

ghee samples varied from 0.150 tn 
0.156% . After 20 weeks storage period, 
tltesc leve ls increased to 0.294 to 0.300 
in all samples of ghee stored at RT 
which could be considered as two-fold 
increase in FFA content of g/1ee stored 

t 
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at RT. The addition of copper at any 

level did not show any effect on FF A 
development in ghee samples. 

Effect of Storage Temperature on FF A 
Content of Ghee: 

The 'rate of increase of FF A con­

tent in ghee was higher at RT than at 

6°0. The values for FF A content of 

ghee after 20 weeks storage period ran­

ged from 0.294 to 0.300% and 0.190 to 

0.192% at RT and 6°0, respectively. 

Paul et al. (1949) observed slight 

increase in FFA content of ghee during 

24. weeks storage period. The increase 

was from 0.20 to 0.28%, Gaba a,nd 

Jain ( 197 5) also have reported similar 

findings that during 100 days of sto­
rage, FF A content of ghee increased 

from 0.24 to 0.34%, Singh and Ram 

( 1978) also found · two-fold increase in 

FFA at ten months storage period. The 
results of the present experiment are in 

agreement with the research work re­
ported by other scientists. 

The copper content of different ghee 

samples did not show any effect on 

FF A development at both the storage 

temperatures, indicating no effect of 

copper content on FFA development 

of ghee. Rangappa and Achaya (1974) 

reported that ·pro-oxidant metals like 

Cu and Fe did not cause hydrolysis of 

ghee, but caused the autoxidation of ghee . . 

Thiobarbitlll'ic Acid (TBA) Value: 

TBA Values of Ghee at 6°C: 

The threshold TBA values of all 

ghee samples varied from 0.34 to 0.35. 

Initially there was not much difference 

in TBA values of ghee samples. As the 

storage period increased, the TBA va­

lues showed no definite trend. At the 

end of 5 weeks, TBA values were 

decreased, ranging from 0.18 to 0.24·. 
The TBA values were increased at 

the end of 10 weeks, ranging from 

0.22 to 0.43. The TBA values were 

again decreased at the end of 15 weeks 

~anging from 0.13 to 0.30 and agai~ 

increased at the encl of 20 week<; 

ran?ing . from 0.31 to 0,.56, Storag; 

per10d <lid not show any definite change 

m TBA values. However, the copper 

content of ghee had an appreciable 

effect on TBA values of ghee. The TBA 

values were increased . at definite sto­

rage period, when copper content of 

ghee samples increased. Cu0 level sam­

ples of ghee showed 0.18, 0.22, 0. 13 

and 0.31 and Cu3 level showed 0.24, 

0.43, 0.30 and 0.56 TBA values at the 

end of 5, 10, 15 and 20 weeks storage 

period, respectively. 

TBA Values of Ghee at Room Temperature: 

The threshold TBA values of ghee 
were same as that of ghee at 6°0. As 

storage period increased the TBA 

values showed fluctuations and showed 

inconsistent relation to storage period. 

The TBA values ranged from 0.22 

to 0.31, 0.23 to 0.75, 0.16 to 0.37 and 

0.38 to 1.06 at the end of 5, 10, 15 

and 20 weeks storage periods, respec­

tive]y. Considering the effect of copper 

content on TBA values of ghee samples 

stored at RT, it was significant. As 

the copper content of ghee samples in­

creased, the TBA values also increas­

ed and the highest TBA values were 

noticed in samples having Cu3 level 

at RT and lowest was in samples hav­

ing Cu0 level at RT. 

Effect of Storage Temperature on TBA 
Values of Ghee: 

Storage temperature showed defi­

nite effect on TBA values of gltee. The 

TBA values were lower at 6°C than 

RT in g!tee samples having same eop­

pcr levels. The TBA values were high­

csl in Cua level g!tee samples at each 

storage period levels while they were 
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lowest in samples having Cu0 level. 
The TBA values at Cu1 level were 
higher than Cu0 level but definitely 
lower than Cu2 level at both storage 
temperatures. 

Singh and Ram (1978) found that 
the TBA value of ghee showed erratic 
fluctuations during storage period of 
ten months while Gaba and J ain (1975) 
reported steady increase in TBA va­
lues of ghee during storage. Hamm 
et al. (1968) reported that samples 

TABLE 1 
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stored at low storage temperature g· 
d.1/r 

lower TBA values of butter fat th 
h. I ai. 

1g 1er storage temperature. They ab 
observed that butter fat containinr, 
higher copper showed higher TBA v;~ 
lues during storage. 
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Copper content of cream and ghee (f"g/kg) as affe~ted by addition of copper to cream 

and method of analysis (Mean of five replications). · 

Cream Copper added to cream Ghee 

I 

Colorimetry · AAS . Colorimetry AAS 

36 27 . 

490 403 100 46 32 

200 54 41 

500 78 69 

TABLE 2 

Peroxide value (m.eq./kg fat) of ghee as affected by copper content, storage tem­

perature and storage peri~d· (Mean of five replications). 

Storage Temperature 

Storage 6°±1°C (T1,) (RT) 

perwd Copper treatment to cream 

Cu0 Cu1 Cu2 Cu3 Ctt0 Cu1 Cu2 C113 

So 0.11 0.1 J 0.09 0.12 0.11 0.11 0.09 0.12 

st 0.1 6 0.18 0.20 0.20 0.31 0,34 0, 35 0.53 

S1. 0.23 0.24· 0.21· 0. '.11! 0.77 0.77 1.06 I.42 

S3 0.34· 0,34· 0.4-7 0.83 1.32 1.68 1.94 3.36 

S4 0.47 0.66 0.U5 1.40 1.92 2.26 3.10 6.52 
~ 
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TABLE 3 
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Free fatty acids content (%oleic acid) of gree ·-~~ . ~ffected by copper content, storage 

temperature and storage period (Mean of five replications). 

Storage Temperature 

Storage 6o±loC ·(T1.) RT 

period .Coper treatment to crear'J 

Cu0 Cu1 Cu2 Cu3 Cu0 Cu1 
Cu2 CU:J 

So 0.154 0.156 0.156 , 0.150 , 0.154 0.156 0.156 0.150 

Si 0.158 0.160 0.160 · 0.158 ' . 0.172 0.174 0.174 0.176 

S2 0.170 0.174 0.168 0.170 0.212 0.212 0.214 0.216 

S3 0.180 0.178 . 0.186 0.174 0.254 . 0.256 0.248 o.~40 

S4 0.190 0.192 0.192 0.190 0.294 0.298 0.296 0.300 

TABLE 4 

TBA value of ghee as affected by copper content, storage temperature and storage 

period (Mean of five replications). 

Storage Temperature 

Storage 6°±1°C (T1.) RT 

period Copper treatment to cream 

Cu0 Cui Cu2 Cu3 

So 0.35 0.34 0.34 0.35 

S1 0.18 0.19 0.21 0.24 

S.z 0.22 0.28 0.36 0.43 

S3 0.13 0.17 0.22 0.30 

S4 0.31 0.38 0.47 9.56 
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