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Abstract
Ghee is one of the most widely used dairy products in Indian household. Shelf life of ghee therefore is a
major concern for consumers who consume ghee throughout the year. Shelf life of ghee is extended by
using synthetic antioxidants. One of the natural compound having antioxidative activity is Curcumin
which can be added to ghee to improve its shelf life. In the present study, Ghee was incorporated with
curcumin and the samples were stored at 30±1 ºC for 30 days. It was observed that the ghee samples in
which curcumin were incorporated, they showed better resistance against development of peroxides,
thiobarbituric acid (TBA) and Free Fatty Acid (FFA) than the ghee incorporated with Butylated Hydroxy
Anisole. Ghee incorporated with curcumin showed stronger antioxidant activity in quenching free
radicals.
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1. Introduction
Ghee is one of the most widely used dairy products of India with about 30-35% of the milk
annually produced in India is converted into ghee. However, high fat containing product like
ghee loses its popularity as they are often being implicated in atherosclerosis, CHD due to
cholesterol content and composition of fatty acids. Further, ghee when stored at room
temperature, undergoes oxidative deterioration [1, 2, 3] which not only effect the sensory and
nutritive value of ghee but also affecting the suitability for consumption, eventually reducing
shelf-life of the product [4, 2, 5, 6]. Numerous scientific evidences correlating oxidized lipids with
negative health implications [7] like cancer, heart disease and early aging in consumers who
consume oxidized oils and fats. The use of antioxidants is the most appropriate way to prevent
lipids oxidation and to protect fats [8]. Synthetic antioxidants such as butylated hydroxyl
anisole (BHA), propyl gallate and tertiary butyl hydroquinone (TBHQ) are often used in ghee
to prevent oxidative deterioration. Scientific studies have shown that application of synthetic
antioxidants in foods may cause liver damage and cancer [9]. However, complications resulting
from the prolong use of these compounds in man cannot be ignored [8]. It is therefore necessary
to provide a natural antioxidant that is acceptable in all respects including health issues. This
opens up a new avenue for dairy researchers to introduce naturally occurring antioxidants.
Curcumin comprise one such category of naturally occurring antioxidants that have thus
emerged.
Numerous herbs have been known to retard lipid oxidation in foods during storage [3].
Curcumin (diferuloylmethane), a fat soluble bioactive, yellow pigment present in Indian spice
turmeric (Curcuma longa L.), known for its numerous functional attributes e.g.,
antiinflammatory, antioxidant, hypotensive, hypocholesteremic, antidiabetic, anti- bacterial,
antiviral, etc. [8]. Although turmeric has been used in Ayurvedic medicine since ancient times
in various medical applications, research on use of curcumin as a natural antioxidant in ghee
was not reported in the available scientific literature. Therefore, the present study was carried
out to investigate the antioxidant activities of curcumin in buffalo ghee stored at 30±1 ˚C and
the antioxidant activities of curcumin in ghee were compared with the antioxidant activities of
ghee incorporated with BHA (@200 ppm).
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Materials and methods
Procurement of Raw materials
Curcumin and all other chemicals were obtained from Himedia and were of analytical grade.
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Fresh, good quality buffalo milk was obtained from the
experimental dairy plant of the institute, ICAR-NDRI, Karnal.
The synthetic antioxidant Butylated hydroxyanisole (BHA)
was obtained from HI MEDIA®, Mumbai, India.
Preparation of ghee and addition of antioxidants
The effect of curcumin content (160-350 ppm),
heating/clarification temperature (110-120 ˚C) and duration of
heating (16-22 min) on sensorial and antioxidative property of
curcumin fortified ghee was studied using Response Surface
Methodology (RSM) in a three factor five level Central
Composite Rotatable Design (CCRD). A total 20 experiments
were carried out as per the design matrix suggested by RSM
in randomized manner and the obtained data were fitted in
polynomial quadratic model. Fortification with 350 ppm
curcumin and clarification at 115˚C for 17.89 (≈20) min were
found to be optimum with a desirability quotient of 0.941
based on maximum sensory scores and in vitro antioxidative
activity by DPPH method with minimum conjugated diene
value. Optimized curcumin fortified buffalo ghee was
prepared and evaluated for all the responses which were
found to be very close with the predicted scores.
Ghee prepared without any kind of antioxidants (natural or
synthetic) served as control. Ghee fortified with permitted
synthetic antioxidant, BHA @200 ppm was prepared for
comparison with control and curcumin fortified ghee.
Storage study of ghee
Ghee samples were stored in hot air oven at 30±1ºC and
analysed at 30 days intervals for peroxide value, free fatty
acid (FFA) content, thiobarbituric acid value (TBA) and
radical scavenging activity by DPPH assay.
Peroxide value: Peroxide value of ghee samples were
determined by the method as described in IS: 3508 [9].
Free fatty acids: Free fatty acid levels of ghee samples were
determined by the method as described in IS: 3508 [9].
Thiobarbituric acid (TBA) value: TBA value of ghee
samples were determined by the method of Patton and Kurtz
[10]
.
Radical Scavenging Activity by DPPH Method: The
radical-scavenging activity of clove extracts (steam distilled
and oleoresin) and BHA were determined according to the
procedure of Blois [11] with a minor modification, by using
ethanol instead of methanol during sample preparation.
Statistical Analysis
All determinations were carried out in triplicate and data was
subjected to analysis of variance. In the experiments, one way
and two way analysis of variance (ANOVA) with a
subsequent difference (P > 0.05) in the mean values was
conducted as described by Snedecor and Cochran [12].
Results and discussion
Effect of addition of curcumin on Peroxide Value of ghee
during storage
Results depicted in Fig. 1(a), revealed that the initial peroxide
value (0.0) did not increase upto two months for all the ghee
samples during storage at 30˚C. After that peroxide value in
all the ghee samples was significantly (p˂0.05) increased with
the progression of storage but the extent was less in curcumin
fortified buffalo ghee and buffalo ghee added with synthetic

antioxidant BHA than control buffalo ghee. Initially peroxide
content between curcumin fortified buffalo ghee and buffalo
ghee added with synthetic antioxidant BHA were not
noticeable, it became significant (p˂0.05) after four month of
storage. After seven month of storage, there was a sharp rise
in peroxide content {Fig. 1(a)} in all the ghee samples. The
formation of peroxide was significantly higher in control than
in the ghee incorporated with curcumin and BHA at 30±1°C.
Resistant of curcumin in peroxide development was
comparable to BHA in buffalo ghee during the all storage
periods initially but increased latter suggesting a greater
stability of curcumin than BHA, which could be due to
presence of more antioxidant compounds such as phenolic
compound curcumin which is in agreement with results
reported by Asha et al. [13].
Higher resistance towards the development of peroxides may
be attributed to the presence of polyphenolic compound
curcumin whose antioxidant potential have already been
extensively reviewed by many workers [14-16]. Thermal
stablility [17] and stability of curcumin in acidic condition [18]
might also have helped in retention of curcumin induced
antioxidant activity during storage.
Further, these data suggest the superiority of curcumin, the
principle compound of turmeric over synthetic antioxidant
BHA, because of their long term effectiveness and stability.
All antioxidants remain effective over a specific period of
time, and with the passage of time their effectiveness
decreases and they finally become ineffective [19]. Such
antioxidants end or at least interrupt oil and fat deterioration
in the early stages and thus delay the onset of the reaction and
are found to be efficient only upto a specific period. It may be
hypothesized that phenolic antioxidants inhibit lipid
peroxidation at the cost of their own life and thus decompose
and deteriorate
Effect of addition of curcumin on Free Fatty Acid of ghee
during storage
FFAs measure hydrolytic rancidity of fat and oils. Results
presented in Fig. 1(b), indicated that ghee samples containing
curcumin and BHA showed higher resistance against the
development of FFA compared to control. It was also
observed that initially there was no significant (p˂0.05)
difference in FFA content in all four ghee samples. The FFA
content was marginally increased during the first four months
of storage for CFG, BG and three months for CG. Highest
FFA development was occurred in CG while lowest in CFG.
Curcumin addition @ 350 ppm gave better protection against
hydrolysis than control during the entire storage while
provided similar protection like BHA. Control sample always
showed lower FFA which might be due to the absence of
antioxidant in ghee. Similar trend was observed by Patel [20] in
ghee added with curry and leaves @1% concentration during
147 days of storage at 30 ˚C whereas Stark et al. [21] observed
a higher FFA values in butter oil stored at 30˚C, reported that
the initial FFA content was 0.24 which increased to 0.35 after
90 days of storage. Similar trends of rise in the FFA content
of stored ghee were also observed by other workers [22]. Jain
[23]
observed a 100% increase in FFA in ghee after 150 days
of storage, who reported that the variation in FFA content
might be due to condition of handling of milk and cream,
excessive souring of cream and uncontrolled clarification
temperature.
It can be concluded that curcumin showed slightly better
resistance against the development of FFA compared to BHA.
Phenolics present in curcumin are thought to be responsible
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for this. Generally, the antiradical and antioxidant activities of
plant extracts are associated to theirs phenolic content. The
two phenolic groups of curcumin are attached to different
unadjacent benzene rings that give the two OHs the mobility
to work freely without hindrance [24]. Similar conclusion was
drawn by Patel and Rajorhia [25] found that maximum
permitted level of BHA and BHT (@0.02%) was less
effective than curry leaves and beetle leaves by a margin of
about 10% in preventing FFA development in ghee during
storage at 30˚C. Naaz and Prakash, [26] also reported that
turmeric was effecting in lowering free fatty acid formation in
ghee upto 90 days of storage.
Effect of addition of curcumin on TBA Value of ghee
during storage
The TBA test is used frequently to assess the oxidative state
of a variety of food systems, despite its limitations, such as
lack of specificity and sensitivity [27]. Despite its limitations,
the TBA value provides an excellent means for evaluating
lipid oxidation in foods, especially on a comparative basis [28].
The effect of addition of curcumin on the development of
thiobarbituric acid reactive substances in buffalo ghee was
assessed and results are presented in Fig. 1 (c). TBA value
marginally increased after the first four months of storage for
the samples CFG, BG, and two months for CG. The increase
was significant towards the end of storage (p < 0.05). Highest
was observed in CG while lowest in CFG. TBA measures the
formation of secondary oxidation products i.e. aldehydes or
carbonyls, which may contribute to off-flavour of oxidized fat
products.
Results clearly indicated that curcumin fortification was better
to prevent malonaldehyde formation during the entire storage
period. Our result is consistent with Asha et al. [29], who
reported that orange peel extract was more effective in
reducing the increase in TBARS in buffalo ghee than BHA
and control at lower temperatures like 6±2 as well as 32±2˚C
while BHA was more effective in reducing the increase in
TBA than orange peel extract at higher temperature (60 °C).
Generally, TBA value has been shown to be useful quality
index for assessment of oxidative rancidity in oils and fats.
However, TBARS values of oils and fats vary with their
profile of unsaturated fatly acids [30]. Kumar and Bector [31]
noted a strong relationship between peroxide value, TBA
value free fatty acid and flavour of ghee during storage.
Effect of addition of curcumin on Radical-Scavenging
Activity of ghee during storage
Antioxidant potential of the samples were assessed by the
ability of antioxidants to quench DPPH free radicals.
Inhibition process of the auto-oxidation in lipids by
antioxidants is linked to the ability of antioxidants to break
the radical formation reaction [32]. Consequently, the
antioxidant potential can also be estimated in systems in
which the radicals are generated by chemical means [33].
It was observed that before oxidation, the radical scavenging
activity of control ghee samples were much lower than
buffalo ghee samples added with BHA @ 200 ppm and
curcumin added (@350 ppm) buffalo ghee samples
throughout the storage. Thus suggesting a significant (P<0.05)
potential of curcumin on quenching DPPH free radicals than
the synthetic antioxidant BHA. Further, it was also noticed
that DPPH radical scavenging activity was significantly
(P<0.05) decreased with the progression of storage period
irrespective of treatment. Throughout the storage a sharp
decreasing trend in radical scavenging activity was observed.

In contrast to this, highest radical scavenging activity was
observed in case of CFG and lowest was for CG.
Thus it can be inferred that curcumin had strong ability in
quenching DPPH free radicals in ghee before and after
oxidation. Higher percentage of DPPH scavenging activity
may be attributed to the high reducing power and higher total
phenolic contents present in curcumin. The antioxidant and
radical scavenging activities are closely related to
polyphenols (Reddy and Lokesh, 1994). In DPPH assay, the
antioxidants were able to reduce DPPH to yellow coloured
diphenyl picrylhydrazone [34]. The method based on the
reduction of DPPH in alcoholic solution in the presence of
hydrogen donating antioxidant due to formation of the nonradical form DPPH-H in the reaction. DPPH is usually used
as a reagent to evaluate free radical and accepts an electron or
hydrogen radical to become a stable diamagnetic molecule.
Further, curcuminoids are reported to have better stability and
heating does not affect the concentration of individual
curcuminoids. This characteristic renders them as one of the
highly recommended sources of functional food component.
The improved antioxidant activity of buffalo ghee was due to
the incorporation of phenolic compounds including curcumin,
which had been shown to possess strong antioxidant activity
[35]
. Tuba and Ilhami [36] found the total antioxidant activity of
curcumin, BHA, BHT, a-tocopherol and trolox as determined
by the ferric thiocyanate method in the linoleic acid system,
demonstrating that curcumin had a marked antioxidant effect
in linoleic acid emulsion. At similar concentrations, the
hydrogen peroxide scavenging effect of curcumin and four
standard compounds decreased in the order of curcumin >
trolox > BHT > BHA a-tocopherol (Tuba and Ilhami, 2008).
Similar conclusions were drawn by the Asha et al. [13], who
reported that ghee incorporated with orange peel extract
showed maximum potential to quench the DPPH radicals than
control and ghee incorporated with BHA throughout storage
period at 32 ± 2°C. Radical scavenging activity was decreased
in all the samples as antioxidant compounds utilized in the
oxidation process to quench radical as the storage period
progressed.
Conclusion
Effect of storage temperature on development of peroxides
and thiobarbituric acid (TBA) in ghee was significantly higher
than the effect of treatment (curcumin and BHA) and storage
period while treatment had more significant effect on the
change in free fatty acids (FFA) and radical scavenging
activity as compared to storage temperature and storage
period. Ghee incorporated with curcumin was found to be
better resistance against development of peroxides,
thiobarbituric acid (TBA) and FFA than the ghee incorporated
with BHA. Ghee incorporated with curcumin showed stronger
activity in quenching DPPH radicals. The study revealed that
curcumin could be a good natural source of antioxidants
which can be used in fat rich food products like ghee to retard
oxidative deterioration during storage (30±1˚C).
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