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Abstract Antioxidant activities of butylatedhydroxyanisole
(BHA) and orange peel powder extract in ghee stored at dif-
ferent storage temperatures (T1:6+2 °C; T2: 3242 °C; T3:60
+2 °C) were evaluated during storage period of 21 days.
Peroxide value (PV), thiobarbituric acid (TBA), radical scav-
enging activity (RSA) and free fatty acids (FFA) of ghee sam-
ples were analyzed during the study. PV, TBA and FFA of
ghee samples increased significantly while radical scavenging
activity (RSA) of ghee samples decreased significantly at ac-
celerated temperature (T3) as compared to the temperatures at
T1 and T2. Effect of storage temperature on development of
peroxides and TBA of ghee samples was significantly higher
than the effect of treatment and storage period while treatment
had more significant effect on the change in FFA and RSA as
compared to storage temperature and storage period. Ghee
incorporated with orange peel extract (OPE) showed stronger
activity in quenching DPPH radicals and least development of
PV, TBA and FFA than ghee incorporated with BHA and
control. The study revealed that orange peel could be a good

Research highlights * Antioxidant activities of orange peel extract and
BHA in ghee were evaluated.

* The antioxidant activities (AOA) evaluated at 6, 32 & 60 °C for 21 days
of storage.

* Temperature, treatment and storage period significantly changed AOA
in ghee.

* AOA of orange peel extract in ghee more effective than AOA of BHA in
ghee.

* Orange peel could be used as natural antioxidant in ghee in place of
BHA.

>< M. Manjunatha
manjanphd_8963@rediffimail.com

Southern Regional Station, ICAR-National Dairy Research Institute,
Bangalore 560030, India

@ Springer

natural source of antioxidants which can be used in fat rich
food products like ghee to retard oxidative deterioration.

Keywords Orange peel extract - Ghee - Peroxide value -
Thiobarbituric acid - Radical scavenging activity

Introduction

Ghee, anhydrous milk fat (clarified butterfat or butter oil), is
usually prepared from cow milk or buffalo milk. Ghee has got
typical pleasing and appetizing aroma. It contributes colour
and flavor richness to foods. Clarified ghee contains not less
than 99.5 % fat and fat is the most valued milk component.
Ghee is one of the most widely used milk products in numer-
ous foods for various purposes. In fact, it is considered as the
supreme cooking and frying medium. Ghee undergoes oxida-
tive degradation during storage (Shende et al. 2014; Gandhi
et al. 2013; Pawar et al. 2012) and the extent of degradation
depends mainly on storage temperature (controlling factor for
maintaining ghee state either in liquid or solid state), oxygen
availability (in unpacked, packed, type of package etc.) and
ghee condition (liquid or solid state). Oxidative deterioration
degrades color, flavor, aroma and nutritive value of ghee af-
fecting suitability for consumption and reducing shelf-life of
the product (Choe and Min 2006; Gandhi et al. 2013; Pawar
etal. 2012; Shende et al. 2014). There are numerous evidences
correlating oxidized lipids with negative health implications
(Pukalskas et al. 2005). Oxidized oils cause cancer, heart dis-
ease and early aging in consumers who consume oxidized oils
and fats. The use of antioxidants is the most appropriate way
to stabilize oils, prevent lipids oxidation and to protect oils
from the damages caused by oxidized products such as free
radicals (Yassari and Yasari 2013). Hertog et al. (1993) report-
ed that the oxidation of lipids is substantially reduced by
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adding antioxidants to oils and fats. Propyl gallate (PG),
butylatedhydroxyanisole (BHA), tertiary butylhydroquinone
(TBHQ) and butylatedhydroxytoluene (BHT) are some of
the widely used synthetic antioxidants to retard oxidation
and to prolong shelf-life of foods. However, use of synthetic
antioxidants has been limited in many countries because of
their possible toxic properties for human health and the envi-
ronment (Ito et al. 1986; Stich 1991); adverse side effects of
their use (Yassari and Yasari 2013); use of such substances has
been questioned due to their potential health risks and toxicity
(Kahl and Kappus 1993). Although synthetic antioxidants are
used at low concentrations, there is a need for having antiox-
idants without side effects because the complications resulting
from the long term use of these compounds in man cannot be
ignored (Yassari and Yasari 2013). Therefore, the quest for
developing antioxidants of natural origin has been increased
in recent years and consequently many related studies have
been reported (Beddows et al. 2001). Oxidative stability of
vidarikand (Pueraria tuberosa), rosemary, green tea (Gandhi
et al. 2013); tulsi (Ocimum sanctum L.) leaves (Merai et al.
2003); shatavari (Asparagus racemosus), ashwagandha
(Withania somnifera) extracts (Pawar et al. 2012) and clove
extracts (Shende et al. 2014) in ghee have been demonstrated.
However, these commodities (herbs, spices and medicinal
crops), when used as main crop, are costly, not easily
accessible/available everywhere at all the time. Hence, there
is a need to search for an alternative natural source which is
more economical, safe and rich in antioxidant compounds.
Orange fruit, contributes up to 70 % of citrus fruits produc-
tion, is widely cultivated citrus fruit in tropical and subtropical
climates spreading over 130 countries. It is available both in
winter and summer season. Sweet orange (Citrus sinensis) is
the major citrus fruit produced worldwide (Rouseff 2007) and
processed commercially for orange juice in the industries gen-
erating huge quantity of peel (peel is the primary by-product
range from 20 to 50 % of total fruit weight) which can effi-
ciently be utilized for food supplements, food preservatives
and food preparations (Kumar et al. 2011; Anagnostopoulou
et al. 2006). Several researchers reported that orange peel is a
good natural source of phytoconstituents which exhibit anti-
oxidant activities by reducing the concentration of local free
radicals, neutralizing free radicals and by chelating metals
(Bombardelli and Morazzoni 1993). Orange peels contain
high amount of total phenolics (a phytoconstituents) than ed-
ible portions of the fruits (Yassari and Yasari 2013).
Antioxidant activities of citrus were due to the presence of
total phenolic compounds (Mour et al. 2001). Antioxidant
compounds of citrus peel not only play an important and
physiological role but are also of commercial interest because
of their multitude of applications in the food and pharmaceu-
tical industries activities of the world. Therefore, nowadays,
considerable interest is focused on the development and eval-
uation of natural antioxidants and radical scavengers from

plant materials which are rich in polyphenolic compounds
(Dubey et al. 2011; Mathur et al. 2011).

Orange peel extract can be used as natural antioxidant
(Bombardelli and Morazzoni 1993) in corn oil (Rehman
20006); in soybean oil (Gharahkhani et al. 2010; Abdelaal
and Halaweish 2010); in canola oil (Yassari and Yasari
2013) for exhibiting antioxidant activities. The rapid increase
in use of natural antioxidants in food industry (Beddows et al.
2001) has attracted the researchers to extract natural antioxi-
dants from citrus peels and the use of those natural and safe
substances in foods for the purpose of preventing rancidity
and inhibiting lipid oxidation (Anagnostopoulou et al. 2006;
Peschel et al. 2006; Rehman 2006; Yassari and Yasari 2013).

Addition of natural extracts in dairy products is a newly
emerging area (Rowan 2000) and has a vast potential (Shende
et al. 2014). The research on use of orange peel extract 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 orange peel ex-
tract in ghee stored at different storage temperatures. The an-
tioxidant activities of orange peel extract in ghee were com-
pared with the antioxidant activities of ghee incorporated with
BHA in the present study.

Materials and methods
Chemicals and reagents

All the chemicals used during the investigation were AR grade
and procured from standard suppliers (HI MEDIA® and
SIGMA-ALDRICH).

Raw materials

Fresh, good quality and well ripened sweet orange fruits were
procured from the local fruit market. Freshly prepared milk
cream was obtained from the experimental dairy plant of the
institute, SRS, ICAR-NDRI, Bengaluru. The synthetic antiox-
idant Butylated hydroxyanisole (BHA) was obtained from HI
MEDIA® Mumbai, India.

Preparation of orange peel powder

The orange fruits were sorted manually to remove damaged
fruits. The sorted fruits were washed twice under running tap
water followed by distilled water wash to remove dirt, dust,
microorganisms and other foreign matter. The fruits were
peeled using stainless steel kitchen knife to obtain peels which
were sliced to pieces approximately 1.75%2.0 cm. The peel
pieces were dried in a laboratory hot air oven attached with
blower at 40 °C for about 8 h to remove moisture from the
peel. The dried peel slices were ground to powder using
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laboratory mixer grinder and powder was sieved through 500
microns mesh (L.S.S test sieve).

Preparation of orange peel powder extract and its
incorporation in to ghee

Extracts from orange peel powder (OPP) extracted at
different extraction parameters i.e., solvent to sample ra-
tio (10:1, 13.5:1 and 17:1, mL/g), extraction temperature
(30, 40 and 50 °C) and extraction time (6, 12 and 24 h).
Total phenol content (TPC) and radical scavenging activ-
ity (RSA) by DPPH assay of orange peel extracts were
analyzed (data not shown). The extract which showed
highest TPC and RSA was selected for the study and it
was prepared using ethanol and orange peel powder
(10:1 v/w) in amber coloured stoppered conical flask
covered with alumium foil and extracted at 30 °C for
12 h. After 12 h extraction time, the extract was filtered
using muslin cloth and then solvent from the filtered
extract was expelled under nitrogen at 80 °C. The con-
centrated extract free of solvent was immediately incor-
porated into ghee and designated it as 1.0 % OPP extract
incorporated ghee sample. The ghee incorporated with
BHA (0.02 %) and control without any additive was also
prepared.

Storage of ghee

The ghee samples viz. control, ghee incorporated with BHA
(0.02 %) and orange peel powder extract (1.0 %) were stored
at three temperatures (62 °C: T1; 32+2 °C: T2; 60+2 °C:
T3) for 21 days storage study. The ghee samples were ana-
lyzed (triplicate) at intervals of 3 days for peroxide value (PV),
thiobarbituric acid value (TBA) and free fatty acids (FFA).
and Radical scavenging activity (RSA) by DPPH assay of
ghee samples were analyzed (triplicate) on O day, 3rd, 9th,
15th and 21st day.

Total phenol content and radical scavenging activity

The orange peel powder extract (extraction process is
discussed above) was analyzed for total phenol content
and radical scavenging activity. Total polyphenolic con-
tent (TPC) of the extracts was analyzed by Folin—
Ciocalteu colorimetric method (Kahkonen et al. 1999).
Total phenolic content was estimated using a standard
curve (400 puL of 10-100 png/ mL) of caffeic acid and
presented as caffeic acid equivalents (CAE) per gram of
extract. The radical scavenging activity (RSA) of the ex-
tracts was determined according to the procedure
discussed by Blois (1958), with a minor modification,
ethanol was used instead of methanol for sample prepara-
tion. Radical-scavenging activity was expressed as the
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inhibition percentage and was calculated using the follow-
ing formula.

% Radical scavenging activity

= ((Control OD—Sample OD)/(Control OD)) x 100

Sensory evaluation

Sensory evaluation of ghee samples were evaluated for colour
and flavour using nine point hedonic scale. Sensory panel mem-
bers were requested to score the samples from 1 to 9 (1 = dislike
extremely; 2 = dislike very much; 3 = dislike moderately; 4 =
dislike slightly; 5 = neither like nor dislike; 6 = like slightly; 7 =
like moderately; 8 = like very much; 9 = like extremely).

Peroxide value

Peroxide value of ghee samples were determined by the meth-
od as described in 1S:3508 (1966).

Thiobarbituric acid value

Thiobarbituric acid (TBA) value of ghee samples were
determined by the method of Patton and Kurtz (1951).
0.1 g of molten ghee samples were accurately weighed
into a 15 mL stoppered centrifuge tubes and to this
1 mL of trichloroacetic acid and 2 mL of TBA reagent
were added. The contents were then incubated in a boiling
water bath for 15 min. The tubes were then cooled under
running tap water. To this 1 mL of glacial acetic acid and
2 mL of chloroform was added. The contents were mixed
well using vortex mixer. Then it was centrifuged at
3000 rpm for 4 min. Two clearly separated layers were
formed. The supernatant layer was used for taking read-
ings as OD at 532 nm using spectrophotometer. Blank
was also prepared simultaneously except adding ghee.

Radical scavenging activity (RSA) of ghee by DPPH
(2,2-diphenyl-1-picrylhydrazyl) assay

The capacity of antioxidants to quench DPPH radicals in
ghee was determined before and after accelerated oxida-
tion tests (Espin et al. 2000). Ethyl acetate was used as a
better solvent for hydrophobic compounds. 0.2 mL of the
ghee sample was added to 3.8 ml of ethyl acetate to ob-
tain 4 mL of the mixture followed by addition of 1 mL of
DPPH (6.09x 107 mol/L) solution in ethyl acetate (total
volume, 5 mL). After 10 min had elapsed the absorbance
was measured at 520 nm wavelength. The reference sam-
ple used was 1 mL of DPPH solution and 4 mL ethyl
acetate. Radical scavenging activity was expressed as
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percentage inhibition and was calculated using the follow-
ing formula.

% Radical scavenging activity

= ((Control OD — Sample OD)/(Control OD)) x 100

Free fatty acids

Free fatty acid levels of ghee samples were determined by the
method as described in 1S:3508 (1966).

Statistical analysis

The experimental data were analysed using statistical package
for social sciences (SPSS, version 15. 0) to obtain ANOVA.
The effect of storage temperature, storage period, treatments
and their combined effect on peroxide value, thiobarbituric
acid, free fatty acid and radical scavenging activity of ghee
were analysed using factorial design of SPSS.

Results and discussion

Total phenol content and radical scavenging activity
of orange peel extract

Extracts from orange peel powder (OPP) were obtained at
different extraction parameters i.e., solvent to sample ratio
(10:1, 13.5:1 and 17:1, mL/g), extraction temperature (30,
40 and 50 °C) and extraction time (6, 12 and 24 h). Total
phenol content (TPC) and radical scavenging activity (RSA)
of orange peel extracts were analyzed (all the data not shown).
The OPP extract extracted using 1 g OPP in 10 mL ethanol at
30 °C for 12 h was found to be highest TPC (110.77 mg of
CAE/g) and radical scavenging activity (93.13 % inhibition).

Sensory evaluation

Ghee colour and flavour are important sensory attributes.
Consumer acceptance of ghee mainly depends on colour and
flavour attributes. Initially, in the preliminary sensory study,
colour and flavour of ghee samples incorporated with 0.5, 1.0,
2.0, 4.0, 6.0 and 8.0 % orange peel powder extract (OPPE)
were evaluated and compared with the control (ghee without
any additive). It was observed that the sensory scores of the
ghee samples incorporated with 4.0, 6.0 and 8.0 % orange peel
powder extract (OPPE) were not in the acceptable range (data
not shown). Based on the preliminary sensory study, 0.5, 1.0
and 2.0 % OPPE were selected and evaluated further. Colour
and flavour of ghee incorporated with 0.5, 1.0 and 2.0 %
orange peel powder extract (OPPE) were evaluated sensorily

and compared with the control. Mean values of colour and
flavour score of ghee incorporated with OPP extracts and
control are shown in the Table 1. The sensory panel liked
colour and flavour of control very much as their score was
just above 8 (8 = like very much). Among treated ghee sam-
ples, the ghee incorporated with 2.0 % OPPE scored least
colour and flavour score. There was no difference in colour
of the ghee samples incorporated 0.5 and 1.0 % OPPE while
the flavour score of the ghee incorporated with 1.0 % OPPE
was fell between 8 (like very much) and 7.0 (like moderately).
The ghee incorporated with 1.0 % OPPE was selected for the
storage study as there was no difference in colour between the
ghee samples incorporated with 0.5 and 1.0 % OPPE with
little compromise with the flavour score.

Development of peroxides in ghee samples stored
at different temperatures

Peroxide value (PV) is an indicator of the extent of primary
oxidation products in oils and lipids (Anwar et al. 2007;
Chatha et al. 2006), which can be measured by their ability
to liberate iodine from potassium iodide. It represents the
quantity (mg) of active oxygen contained in 1 g of lipid. The
development of peroxides in treated ghee samples and control
stored at different storage temperatures (6+2 °C: T1; 32+
2 °C: T2; 60+2 °C: T3) for 21 days is presented in the
Fig. 1. All the parameters individually and their interaction
effected the PV significantly at 99 % confidence level with
p-value<0.01 (Table 2). On zero day of storage, there was no
development of peroxides in all the ghee samples. Slight de-
velopment of peroxides on the 3rd was observed in all the
samples while least PV was observed in treated samples stored
at T1 which could be due to the presence of antioxidant com-
pounds and stability of antioxidant compounds at lower tem-
perature. Thereafter, up to 9th day of storage, there was sig-
nificant (»<0.01) increase in peroxides in the samples with
highest PV observed to be in control stored at T3 and least
development of peroxides was observed in ghee incorporated
with orange peel extract followed by BHA at lower tempera-
ture (T1). After 9th day of storage till 21st day of storage, there
was drastic increase in peroxides in control at accelerated tem-
perature of T3 followed by the control (stored at T2) and BHA
treated ghee stored at T3. It can be seen that ghee incorporated
with orange peel extract and stored at T1 and T2 found to be
least development of peroxides than the development of

Table 1 Sensory

attributes of ghee Treatment Colour Flavour
incorporated with
different concentration of Control 83 83
orange peel powder 0.5 % OPPE 8.0 8.1
extract (OPPE) and 1 % OPPE 3.0 75
control; n=10

2 % OPPE 7.9 7.3
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Fig. 1 Peroxide value (PV) of ghee samples stored at different
temperatures [C:control; T1:6+£2 °C; T2: 32+2 °C; T3: 60+2 °C;
B:BHA; E:orange peel powder extract; n=3]

peroxides in ghee incorporated with synthetic BHA at the
same temperatures throughout the storage period. ANOVA
indicating the effect of different parameters on PV in ghee
samples is shown in the Table 2. The temperature had highly
significant effect on increase in PV followed by treatment and
storage period among individual effects while the interaction
of storage period with temperature had more significant effect
on increase in PV. The ghee incorporated with orange peel
extract was more effective than BHA treated ghee in retarding
the primary oxidation. The variation in peroxides develop-
ment in BHA and orange peel extract treated ghee could be
due to the presence of antioxidant compounds. Rehman
(2006); Abdelaal and Halaweish (2010) demonstrated that a
rapid decline in the peroxide value of corn oil and soybean oil
stabilized with citrus peel extracts. The highest increase in
peroxides may be due to the development of more hydroper-
oxides (initial products of oxidation) in the absence of antiox-
idant compounds in the control. Incorporation of the orange
peel extract into ghee resulted in increased resistance against
peroxides development. Similar conclusions were drawn
when the Thompson orange peel extract added to canola oil
Yassari and Yasari (2013), extracts of herbs (Shatavari and

vidarikand) incorporated into ghee (Pawar et al. 2012); clove
extracts incorporated into ghee (Shende et al. 2014). The an-
tioxidant property of the orange peels may be due to presence
of phenols, including numerous flavanones, flavone
glycocides, poly-methoxyylated flavanones, hydryoxyl
cinnamates and other miscellaneous phenolic gycocides and
amines as reported by John (2004).

Development of thiobarbituric acid in ghee samples stored
at different temperatures

Thiobarbituric Acid (TBA) indicates quantity of
malondialdehyde (in mg) present in 1 kg of sample. TBA test
measures the secondary products of lipid oxidation. It in-
volves reacting thioabarbituric acid with malondialdehyde
produced by lipid hydroperoxide decomposition to form a
red chromophore with peak absorbance at 532 nm. This
coloured complex results from the condensation of 2 moles
of TBA and 1 mole of malondialdehyde, under the effect of
the temperature and pH (Dahle et al. 1962; Janero 1969).
The experimental data of TBA in ghee stored at tempera-
tures (6+2 °C: T1; 3242 °C: T2; 60+2 °C: T3) for 21 days are
depicted in the Fig. 2. The storage temperature had more sig-
nificant (p<0.01) effect on the increase in TBA followed by
treatment and storage period. The interaction effect of temper-
ature, treatment and storage period on the TBA development
was significant at 99 % confidence level with p-value<0.01
(Table 2). The development of TBA was significantly higher
in control than treated ghee which is in agreement with the
results reported by Shende et al. 2014. There was drastic in-
crease in TBA after 9th day of storage in the control and the
ghee incorporated with orange peel extract at 60 °C (T3) than
other samples. It evident from the Fig. 2 that accelerated tem-
perature (T3) significantly increased the TBA in control (CT3)
and in ghee incorporated orange peel extract (ET3) this was
followed by the control stored at T2 (32 °C). Orange peel
extract was more effective in reducing the increase in TBA
than BHA at lower temperatures while BHA was more

Table 2 ANOVA indicating

peroxide value, thiobarbituric Source PV TBA FFA

acid and free fatty acids in ghee

samples stored at different storage df MS F S/NS MS F S/NS MS F S/NS

temperatures
Storage days (D) 7 0.56 1959 * 0.25 418 * 0.25 84 *
Treatment (Tr) 2 1.07 3743 * 0.27 451 * 0.51 172 *
Temperature (t) 2 1.09 3826 * 0.69 1139 * 0.40 133 *
D * Tr 14 0.07 251 * 0.02 36 * 0.02 5 *
D*t 14 0.12 413 * 0.06 97 * 0.03 9 *
Tr*t 4 0.05 185 * 0.14 229 * 0.03 11 *
D* Tr* t 28 0.01 32 * 0.01 22 * 0.01 2 **

PV peroxide value, TBA thiobarbituric acid, FFA4 free fatty acids; *=0.000; ***=0.035; S significant, NS non-

significant
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Fig. 2 Thiobarbituric acid (TBA) value of ghee samples stored at
different temperatures [C:control; T1:6+2 °C; T2: 32+2 °C; T3: 60+
2 °C; B:BHA; E:orange peel powder extract; n=3]

effective in reducing the increase in TBA than orange peel
extract at higher temperature (60 °C). The more TBA value
in the ghee incorporated orange peel extract at accelerated
temperature could be attributed to the effect of multiple factors
such as temperature, pH, chemical changes, colour com-
pounds of orange peel extract and interaction of
malondialdehyde with multiple compounds rather than devel-
opment of secondary lipid oxidation products alone (Dahle
etal. 1962; Janero 1969; Gilbertson 1971). TBA test has been
the focus of much criticism. The first is that malondialdehyde
only forms from fatty acid chains containing at least three
double bonds, like linolenic acid, to the exclusion of linoleic
and oleic acid peroxide decomposition products (Dahle et al.
1962). Secondly, TBA is not specific to malondialdehyde be-
cause it can react with other aldehydes, browning reaction
products, protein and sugar degradation products, amino acids
and nucleic acids (Janero 1969).

Free fatty acids

Free fatty acids (FFA) are formed due to hydrolysis as well as
by cleavage and oxidation of double bonds (Paul and Mittal
1997). Significant (p<0.01) increase in FFA was observed in
all the ghee samples while least increase in FFA in ghee
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Fig. 4 Radical scavenging activity (RSA) of ghee samples stored at
different temperatures [C:control; T1:6+2 °C; T2: 32+2 °C; T3: 60+
2 °C; B:BHA; E:orange peel powder extract; n=3]

incorporated with orange peel extract and BHA throughout
storage period (Fig. 3). The formation of FFA was significant-
ly higher in control at temperatures (32 and 60 °C) than in the
ghee incorporated with orange peel extract and BHA at 60 °C.
It can be seen from ANOVA Table 2 that treatment had more
significant effect on change in FFA than temperature and stor-
age period. The resistance against development of FFA was
more in the ghee incorporated with orange peel extract than in
the ghee incorporated with BHA at lower temperature which
could be due to presence of more antioxidant compounds such
as phenolic compounds in orange peel extract which is in
agreement with results reported by Shende et al. (2014).

Radical scavenging activity (RSA) of ghee by DPPH assay

Radical scavenging activity (RSA) of ghee samples was eval-
uated by DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay. The
DPPH assay measures the potential to quench the DPPH rad-
icals. The experimental results of RSA of ghee are depicted in
the Fig. 4. RSA of control at all the storage temperatures was
significantly much lower as compared to the treated samples
which could be due to absence of antioxidant compounds in
control. Ghee incorporated with orange peel extract showed
maximum potential to quench the DPPH radicals than ghee
incorporated with BHA and control throughout storage peri-
od. Presence of antioxidant compounds in ghee incorporated

Table 3 ANOVA indicating radical scavenging activity (by DPPH
assay) of ghee samples stored at different storage temperatures

FFA, % oleic acid
[—]
(=)

=
-
1

S
o

0 3 6 9 12 15 18 21
Storage period, Days
Fig. 3 Free fatty acids (FFA) in ghee samples stored at different
temperatures [C:control; T1:6+£2 °C; T2: 32+2 °C; T3: 60+2 °C;
B:BHA; E:orange peel powder extract; n=3]

Source df MS F Sig.

Storage days (D) 4 699 267 0.000
Treatment (Tr) 2 36,667 13,989 0.000
Temperature (t) 2 653 249 0.000
D*Tr 8 36 14 0.000
D*t 8 10 3.7 0.001
Tr*t 4 15 5.7 0.000
D* Tr * t 16 4 1.6 0.080
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with orange peel extract and BHA exhibited stronger radical
scavenging activity. Similar conclusions were drawn by the
Pawar et al. 2012. 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. Treatment had highest significant (p<0.01) effect
on the RSA followed by storage period and temperature
(Table 3). Among the interactions, the effect of storage
period-temperature-treatment on RSA change was not
significant.

Conclusions

Effect of storage temperature on development of peroxides
and thiobarbituric acid (TBA) in ghee was significantly higher
than the effect of treatment (orange peel extract 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 peri-
od. Development of peroxides, TBA and FFA in ghee was
highest at accelerated temperature (60 °C). Ghee incorporated
with orange peel extract (OPE) was more stable at 6 and 32 °C
than at accelerated temperature (60 °C). Ghee incorporated
with OPE was found to be better resistance against develop-
ment of peroxides, thiobarbituric acid (TBA) and FFA than
the ghee incorporated with BHA. Ghee incorporated with
OPE showed stronger activity in quenching DPPH radicals.
The study revealed that orange peel could be a good natural
source of antioxidants which can be used in fat rich food
products like ghee to retard oxidative deterioration.
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