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Abstract

Ghee is an expensive dairy product and therefore, has remained a target of adulteration with low priced
fats. Ghee available in the market may be adulterated with different kind of vegetable oils/synthetic
antioxidants. In the present study, investigation was made to observe the chemical changes like peroxide
value and thiobarbituric acid (TBA) value that takes place in ghee after being spiked with vegetable oils
(Palm oil and Sunflower oil) and synthetic antioxidants (Butylated Hydroxyanisol and
Butylhydroquinone) during storage at ambient temperature (30°C). The peroxide and TBA values of all
the samples were increased significantly at room temperature in the following order, PO >SFO> PO
spiked PG> SFO spiked PG>PG>BHA spiked PG> TBHQ spiked PG and SFO> SFO spiked PG> PG>
PO spiked PG> PO>BHA spiked PG> TBHQ spiked PG, respectively.

Keywords: Peroxide value, TBA value, Storage, cow ghee, vegetable oils, Synthetic antioxidant

1. Introduction

Ghee standard states that no synthetic antioxidant is permitted in ghee. On the contrary in
vegetable oils the synthetic antioxidants like Butylated Hydroxyanisol (BHA), Tertiary
Butylhydroquinone (TBHQ) are permissible to the tune of maximum 200 ppm ( FSSR, 2011).
Milk fat’s adulteration has usually been a severe problem in the Indian Dairy Industry.
Unscrupulous traders for the unethical economic gains do this malpractice of partly replacing
high priced fats with low priced oils (e.g., Palm oil, sunflower oil etc.). The common tests
performed to check such adulteration include the physcio- chemical parameters specified by
Food Safety and Standards Authority of India in its ghee standard (FSSAR, 2011). In addition
to these tests some new tests has also been adopted by the Industry as their internal quality
check like S- values as defined for cow milk fat by ISO/IDF (1SO, 2019). Similarly, some
physical and chemical methods such as; melting point, iodine value, saponification number,
percentage of TSC, saturated and unsaturated fatty acids reported to be e useful to determine
the adulterated of milk fat with different ratios of coconut oil (Salem et al., 2019). However,
the rapid / platform tests to detect the added vegetable oils in ghee are lacking. In the present
study the attempt has been made to see the changes in the peroxide and thiobarbituric acid
Value of ghee samples adulterated with vegetable oils as well as synthetic antioxidants and
draw a conclusion, whether these tests are useful in stored ghee samples.

2. Materials

2.1 Chemicals

Trichloroacetic acid(C,HCI302) was purchased from Sisco Research Laboratory Pvt. Ltd,
Maharashtra, India; Hydrochloric acid (HCI) was purchased from Thermo Fisher Scientific,
India Pvt. Ltd; TBA: Thio Barbituric acid (CsHiN20,S), Anhydrous sodium sulphate
(NazS0s), Glacial Acetic acid (CH3COOH), lodate free Potassium iodide (KI), Potassium
iodate (KIO3), Sodium Carbonate (NazCOs), sodium thiosulphate(Na.S,0s), AR grade;
Sodium sulphate anhydrous (Na;SQ,) were purchased from Titan Biotech Ltd Bhiwadi, India.

2.2 Solvents

Chloroform (AR grade), Ethanol absolute and Acetonitrile (HPLC grade) were purchased from
S.D Fine- chem. Ltd. Mumbai, India; Petroleum Ether (AR grade) was purchased from Glaxo
Laboratories India Ltd., Bombay;
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2.3 Synthetic antioxidants

Butylated  Hydroxyanisol (BHA), Butylhydrogquinone
(TBHQ) and Ascorbic acid were purchased from Sigma
Aldrich, St. Louis, USA;

2.4 Evaluation of oxidation in stored adulterated ghee
samples: Control and ghee samples spiked with antioxidants
(BHA & TBHQ) and vegetable oils (Palm oil and Sunflower
oil) were stored in HDPE plastic bottles at 30°C. The above
samples were evaluated for their status of oxidation by (i)
Peroxide value and (ii) TBA value at every 15 days interval
up to 9 months. The methods are as follows:

2.5 Determination of Peroxide value of ghee

The peroxide value (PV) of ghee was determined by
iodometric method, as described in 1S: 3508:1966; reaffirmed
in 2018.

2.6 Determination of Thio Barbituric acid (TBA) value of
ghee: TBA value of ghee samples was determined by the
method, as described in Asha et al. (2015) [,

2.7 Statistical analysis

The data obtained in the present study was subjected to one
way and two-way Analysis of variance (ANOVA) for the
significant difference in the means via Duncan’s Multiple
Comparison test performed at 95% confidence interval with
IBM SPSS Statistics (version 20). The results were expressed
as mean with standard deviation. The effect of storage days
treatments and their combined effect on peroxide value,
thiobarbituric acid value of ghee were analysed using factorial
design of SPSS.

3. Result and Discussion

3.1 Effect of storage period on the peroxide value
Peroxide value test measures the primary oxidation products
of lipid oxidation. Peroxide value expressed as mM of active
oxygen/kg of ghee. Therefore, the stored samples were
evaluated for their status of oxidation by peroxide value at
every 15 days interval up to 9 months.

3.2 Effect of storage period on the peroxide value of pure
cow ghee (PG), palm oil (PO) and PO spiked PG samples
at ambient temperature (30 °C)

Peroxide value was determined and expressed as mM of
active oxygen/kg of ghee. These results have been depicted in
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Table 1.0. It is evident from the data that peroxide value of
PG remained unaltered till 60 days of storage at ambient
temperature. On the contrary, in case of ghee samples spiked
with PO @ 5, 7.5 and 10%, peroxide value remained
unaltered till 15 days and on 30" day of analysis it showed an
increase. However, the peroxide value of ghee samples spiked
with PO @ 2.5% and 1.0% the increase in the peroxide value
was observed at 45 and 60 days of storage, respectively. Palm
oil had the peroxide value (19.73+0.27) on zero day of
storage. It was also observed that in spiked ghee samples, the
peroxide value significantly increased (P<0.05) as the storage
period progressed and observed increase was in the order of
S1> S2> S3> S4>S5 (28.80+0.53, 26.80+0.71, 25.33+1.33,
23.73£0.71 and 22.13+0.27), respectively. This increase was
corresponding to the level of added PO in the ghee. The
peroxide value of control PG significantly increased (P<0.05)
from 0 on O days and as the storage period progressed beyond
60 days, it reached to 20.40+0.71 after 9 months (270 days),
which was close to the 0-day value of palm oil.

The result of ANOVA (Table 9.0) showed that the treatment
i.e., palm oil spiked ghee samples had significant effect on the
peroxide value. Similarly, storage days had also significant
effect on the peroxide value. The interaction effect between
treatment and storage days on the development of peroxide
value was statistically significant at 95% level of confidence
with p- value <0.001. The development of higher peroxide
value in PO and PO spiked ghee may be attributed to the
presence of higher amount of poly, mono and di-unsaturated
fatty acids in palm oil.

The findings of present study are in accordance with the
findings of Chaudhari et al., (2016). They reported that the
peroxide value of cow ghee and palm oil spiked cow ghee
@20% were 0.00-3.92 and 0.00-11.26) mM O./kg of ghee,
respectively during 0-15 days of storage at 80 °C.

Gosewade et al. (2016) [ also reported that the peroxide
value of cow ghee and buffalo ghee increased from (0.00-
2.59) and (0.00-3.19) mM Oy/kg of ghee, respectively during
0-10 days of storage at 80 °C. Another study also reported that
the peroxide value of cow ghee was increased from 0.00-
29.65 mM O./kg of ghee on storage from 1- 210 days at
37+1°C and 0.00-24.89 mM O/kg of ghee during storage
from 1-60 days at 60+1 °C (Rahila, 2016) [,

Almeida et al. (2016) [ also reported that the peroxide value
of refined palm oil was increased significantly from (00.18-
58.36) meq O/kg of oil from 1-12 months of storage at 26-32
°C.

Table 1: Effect of storage period on the peroxide value of cow ghee (PG), Palm oil (PO) and PO spiked PG samples at ambient temperature (30

OC)
Storage Peroxide Value (mM O2/kg ghee)

Days PG PO S1 S2 S3 S4 S5

0 0.00%4 19.7340.27% 0.00%4 0.00*A 0.00%A 0.00%4 0.00%4

15 0.00% 20.27+0.53%8 0.00% 0.00*A 0.00%A 0.00% 0.00%

30 0.00% 21.27+0.27% 5.33+0.27°° 4.40+0.27°C 3.20+0.27°8 0.00% 0.00%

45 0.00% 22.93+0.53% 6.93+0.53°°P 5.20+0.53"C 4.27+0.53"°EC 3.7310.27"8 0.002

60 0.00% 23.07+0.46 8.53+0.46°F 6.40+0.53¢0 5.33+0.46% 4.80+0.46°5C 3.20+0.27°8

75 4.27+0.27"A 24.53+0.53¢ 9.60+0.279P 8.00+0.53%° 6.93+0.53% 5.87+0.4698C 4.40+0.46"48

90 5.87+0.46% 25.60+0.27°° | 10.67+0.53¢C 9.20+0.279EC 8.53+0.46°8 6.93+0.53%A 5.60+0.71¢A
105 7.47+0.53%8 | 27.73+0.46% | 11.73+0.46'P 10.40+0.53¢CP 9.07+0.53¢™C 8.53+0.53B 6.80+0.53A
120 9.07+0.46% 29.87+0.53%C | 12.80+0.279" 11.20+0.4698 10.13+0.71f9A 9.87+0.27% 8.00+0.27%A
135 10.13+0.53%4 | 31.47+0.27% 13.87+0.53"8 12.40+0.279"8 11.20+0.279A 10.93+0.274 9.60+0.27¢A
150 11.73+0.53" | 32.53+0.53™ 15.07+0.46'C 13.60+0.53"8 12.80+0.46"48 12.27+0.53 11.20+0.46™
165 12.80+0.2779 | 34.13+0.46%° 16.40+0.53iC 14.80+0.278 13.87+0.53" 13.33+0.27A 12.80+0.27%
180 13.87+0.539A | 35.73+0.27M° 17.60+0.53iC 16.00+0.718 15.20+0.46'® 14.40+0.53A 13.27+0.53%

~ 42577



https://www.thepharmajournal.com/

The Pharma Innovation Journal

https://www.thepharmajournal.com

195 14.40+0.27"A | 37.33:0.53F 18.80+0.27+P 17.20+0.461° 16.40+0.531® 15.60+0.27"® 14.60+0.279A
210 15.47+0.461A | 38.93+0.71F 20.40+0.53° 18.40+0.53C 18.00+0.7118¢ 17.07+0.53™® | 16.53+0.53"
225 16.53+0.53A | 40.53+0.53F | 22.00+0.27'mE 20.00+0.27'° 19.60+0.53%¢ 18.40+0.53"® | 17.60+0.46"AB
240 17.60+0.71¢A | 42.13+0.27" | 24.00+0.53™E 21.60+0.71mP 20.80+0.71/° 20.27+0.53°8 18.67+0.531A
255 18.73+0.53'" | 43.73+0.53™¢ | 26.40+0.53"" 23.60+0.53"€ 22.40+0.53mP 21.60+0.27v¢ 19.73+0.461°
270 20.40+0.71MA | 44.80+0.71¢ 28.80+0.53PF 26.80+0.71°F 25.33+1.33™® 23.73+0.719 22.13+0.27®

Values are represented as Mean + SD, n=3; @ " &A B _ different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; PO: Palm Oil; S1: PG spiked with PO @ 10%; S2: PG spiked with PO @ 7.5%; S3: PG spiked with PO @ 5%; S4: PG spiked

with PO @ 2.5%; S5: PG spiked with PO @ 1%

3.1. 2. Effect of storage period on the peroxide value of
PG, sunflower oil (SFO) and SFO spiked PG samples at
ambient temperature (30 °C)

Peroxide value was determined and expressed as mM of
active oxygen/kg of ghee. These results have been depicted in
Table 2.0. It is evident from the data that peroxide value of
PG remained almost nil till 60 days of storage. On the
contrary, in case of ghee samples spiked with SFO @ 2.5, 5
and 7.5, 10 % showed an increase in peroxide value on45, 30,
and 30™ day of storage. However, the peroxide value of ghee
sample spiked with SFO @ 1% the increase in the peroxide
value was observed at 60™ day of storage. It is also evident
from the data (Table 2.0) that SFO had the peroxide value
(17.07£1.07) on zero day of storage. It was also observed that
in spiked ghee samples, the peroxide value significantly
increased (P<0.05) as the storage period progressed and
increase was corresponding to the level of added SFO in the
ghee. The peroxide value of control PG significantly
increased (P<0.05) from 0 on 0 days to 20.40+0.71 after 9

months (270 days), whereas, peroxide value of SFO increased
to 41.60+1.71 on 270 days of the storage. This increase was
higher than those of SFO spiked PG samples in the order Ty,
Ta, T3, T4 and Ts (26.67+0.71, 24.53+0.71, 23.20+0.71,
21.87+0.53 and 20.80+0.53), respectively.

The result of ANOVA (Table 10.0) illustrated that sunflower
oil spiked ghee samples had significant effect on the peroxide
value. Similarly, storage days had also significant effect on
the peroxide value. The interaction effect between treatment
and storage days on the development of peroxide value was
significant at 95% level of confidence with p- value <0.001.
The higher development of peroxide value in SFO and SFO
spiked ghee may be due to the higher amount of
polyunsaturated fatty acids approx. (65-67%) (Aladedunye
and Przybylski, 2009)

Gazwi (2017) I reported that the peroxide value of sunflower
oil increased significantly from (8.50-65.20) meq O/kg of oil
from 1-20 days of storage at 65 °C.

Table 2: Effect of storage period on the peroxide value of PG, sunflower oil (SFO) and SFO spiked PG samples at ambient temperature (30 °C)

Storage Peroxide value (mM O./kg ghee)

Days PG SFO T: T2 T3 Ta Ts

0 0.004a 17.07+£1.07%8 0.00¢A 0.00% 0.00%A 0.00¢A 0.00%A

15 0.00¢A 17.07+£1.07%8 0.00¢A 0.00% 0.00¢A 0.00¢A 0.00%A

30 0.00%A 18.07+1.07%¢ 4,53+0.27%8 4,00+0.27°8 0.00%A 0.00%A 0.00%4

45 0.0024 19.20+1.00°F 6.20+0.46°F 5.60+0.46°8 3.60+0.27°C 3.20+0.27%8 0.0024

60 0.00%4 20.8021.00beF 7.40+0.27°4E 6.40+0.27% 4.80+0.46°P 4.00£0.46C 2.93+0.27%8

75 4.27+0.27° 21.87+1.53¢P 8.80+0.46C 7.73+0.46%¢C 6.13+0.27°B 5.33+0.279A8 4.40+0.27°A

90 5.87+0.53% 23.47+1.53%P 9.40+0.27C 8.53+0.27¢BC 7.73+0.2798 7.73+0.27°8 6.40+0.46%
105 7.47+0.469 24,53+1.53° 10.93+0.27°P 10.13+0.46P 9.07+0.27¢8C 8.53+0.27¢AB 8.00+0.53%A8
120 9.07+0.53%A 26.67+1.53 13.33+0.27f 12.00+0.279PE 10.83+0.53fP 10.67+0.27C 9.60+0.46"8
135 10.13+0.53%4 28.27+1.53%F 14.93+0.279 13.20+0.27"PE 12.40+0.279¢P 12.27+0.2798C | 11.20+0.46%48
150 11.73+0.46™ 29.80+1.279 15.73+0.2790 14.40+0.46'° 13.87+0.539¢ 13.07+0.2798C | 12.27+0.27"AB
165 12.80+0.53f9A 30.93+1.53"F 16.80+0.46"E 15.60+0.271P 14.93+0.46"°P 14.13+0.27"BC | 13.33+0.27"AB
180 13.87+0.53%"~ | 32.00+1.00MF 17.33+0.271F 16.53+0.27I°F 15.73+0.27"¢P 14.93+0.27"BC | 14.20+0.461A8
195 14.40+0.270A 33.07+1.531E 18.60+0.271° 17.60+0.53kCD 16.80+0.461C 15.73+0.27'8 14.93+0.27AB
210 15.47+0.531A 34.67+1.53kE 20.53+0.71kP 18.40+0.27'C 17.87+0.2718C 17.07+0.2718 16.53+0.274AB
225 16.53+0.461A 36.27+1.71KE 22.29+0.56'° 20.00+0.46™C 18.93+0.2748C 18.13+0.27%8 17.60+0.53'A8
240 17.60+0.5344 | 37.87+1.53™ | 23.47+0.53™F 21.60+0.53"P 20.53+0.46'CP 19.47+0.27'8C | 18.67+0.46™B
255 18.73+0.53'~ 39.47+1.71MF 24.80+0.46"F 23.20+0.46°P 21.60+0.53m¢ 20.53+0.27MB¢ | 19.60+0.71™B
270 20.40+0.71mA 41.60+1.71"F 26.67+0.71°F 24.53+0.71°P 23.20+0.71"C 21.87+0.53"8 20.80+0.53"AB

Values are represented as Mean + SD, n=3; 2P &A.B _ different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; SFO: Sunflower Qil; T1: PG spiked with SFO @ 10%; T2: PG spiked with SFO @ 7.5%; T3: PG spiked with SFO @ 5%; T4:

PG spiked with SFO @ 2.5%; T5: PG spiked with SFO @ 1%

3.1.3. Effect of storage period on the peroxide value of PG
and TBHQ spiked PG samples at ambient temperature
(30°C)

It is evident from the results (Table 3.0) that peroxide value
remained unaltered in PG samples till 60 days of storage. On
the contrary, in case of ghee samples spiked with TBHQ @
0.0025, 0.005, 0.01 and 0.02% showed an increase in
peroxide value after 105, 120, 135 and 150 days, respectively.
It was observed that peroxide value in ghee samples spiked

with TBHQ @ 0.02% was low as compared to the samples
spiked with lower concentration of TBHQ. Increase in the
peroxide value on account of storage was significant (P<0.05)
and was inversely related to the level of added TBHQ in the
ghee. The peroxide value of control PG significantly
increased (P<0.05) from 0 on 0 days to 20.40.73+0.71 after 9
months (270 days).

The result of ANOVA (Table 11.0) illustrated that the
treatment i.e., TBHQ spiking had significant effect on the
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peroxide value. Days of storage also had a significant effect
on peroxide value. The interaction effect between treatment
and storage days on the development of peroxide value was
significant at 95% level of confidence with p- value <0.001.
The higher development in peroxide value of PG sample may
be due to the more primary oxidation products formed in lack
of antioxidant. Asa et al. (2015), also reported the same

https://www.thepharmajournal.com

findings and reasoning for ghee added with BHA and orange
peel extract. Rahila (2016) ! also reported that the peroxide
value of cow ghee added with BHA (synthetic antioxidant)
was increased from 0.00 on 1% day of storage at 37+1°C to
19.69 mM O/kg after 210 days. She also reported that the
increase was from 0.00 on 1% day of storage at 60+1°C to
23.02 mM O2/kg of ghee after 60 days.

Table 3: Effect of storage period on the peroxide value of PG and antioxidant (TBHQ) spiked PG samples at ambient temperature (30 °C)

Peroxide value (mM O2/kg ghee)
Storage Days PG UL U2 U3 U4

0 0.00%4 0.00% 0.007% 0.00*A 0.00%4

15 0.00%4 0.00A 0.00%4 0.00% 0.00%4

30 0.00%4 0.00¢A 0.00%4 0.00% 0.00%4

45 0.00%4 0.00¢A 0.00%4 0.00*A 0.002A

60 0.00%A 0.00% 0.00%4 0.00*A 0.00%4

75 4.27+0.27°8 0.00% 0.00%4 0.00*A 0.00%4

90 5.87+0.53°® 0.00¢A 0.00%4 0.00% 0.00%4
105 7.47+0.46% 0.00¢A 0.00%4 0.00% 0.00%4
120 9.07+0.53%¢ 0.00¢A 0.00¢A 0.00% 3.60+0.27%8
135 10.13+0.53%¢ 0.00% 0.00%4 3.240.27°8 4.80+0.278
150 11.73+0.46™ 0.00¢A 2.80+0.27°8 4,53+0.27°BC 5.60+0.279
165 12.80+0.531F 1.60+0.27°A 3.60£0.27°8 5.20+0.27% 6.80+0.27¢P
180 13.87+0.539D 2.40£0.27°A 4.40+0.279A8 6.00+0.27¢BC 8.00+0.27
195 14.40+0.27"E 3.2040.279 6.40+0.27°B 7.20+0.27% 9.60+0.279°
210 15.47+0.531P 4.00+0.27°A 7.60+0.27%8 8.00+0.2795¢ 11.20+0.27"¢
225 16.53+0.46K0 4.80+0.27% 8.40£0.469°8 9.20+0.27"8 12.80+0.46'C
240 17.6020.534E 6.00£0.279A 9.60+0.278 10.40+0.46C 14.40+0.531°
255 18.73+0.53'P 7.60+0.46M 11.2+0.46'8 12.00+0.53iC 16.40+0.71k¢
270 20.40+0.71mP 9.60+0.46'" 12.40+0.5318 14.00+0.71%8 18.40+0.71'C

Values are represented as Mean * SD, n=3; &2 &A B _ different superscript row-wise and Column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; Ul: PG spiked with TBHQ @ 0.02%; U2: PG spiked with TBHQ @ 0.01%; U3: PG spiked with TBHQ @ 0.005%; U4: PG

spiked with TBHQ @ 0.0025%

3.1.4. Effect of storage period on the peroxide value of PG
and BHA spiked PG samples at ambient temperature (30
oc)

These results have been depicted in Table 5.0. It is evident
from the data that peroxide value of PG sample as well as
ghee sample containing lowest level of BHA i.e., V4
remained unaltered till 60 days of storage at ambient
temperature. On the contrary, in case of ghee samples spiked
with BHA @ 0.005, 0.01 and 0.02%, the increase in peroxide
value was observed after 75, 90 and 105 days, respectively. It
is also evident from the results that on account of storage
there was increase in the peroxide value of all types of the
samples but this increase was lowest and slowest in case of
ghee samples containing BHA @ 0.02% and increase was

corresponding to the added BHA in the ghee. The peroxide
value of control PG significantly increased (P<0.05) from 0
on 0 days to 20.40.73+0.71 after 9 months (270 days).
Statistical analysis (Table 12.0) illustrated that the treatment
i.e., BHA spiked ghee samples had significant effect on the
peroxide value similarly, the storage days had also significant
effect on peroxide value. The interaction effect between
treatment and storage days on the development of peroxide
value was significant at 95% level of confidence with p- value
<0.001. The higher development of peroxide value in PG
sample may be due to the more primary oxidation products
formed in lack of antioxidant. Similar results were reported
when ghee was treated with BHA and orange peel extract
(Asa et al., 2015 and Rahila, 2016) I,

Table 4: Effect of storage period on the peroxide value of PG and BHA spiked PG samples at ambient temperature (30 °C)

Peroxide value (mM Oz2/kg ghee)
Storage Days PG V1 V2 V3 Va4

0 0.00A 0.00A 0.002A 0.00%A 0.002A

15 0.0084 0.008 0.008 0.008A 0.0084

30 0.008 0.008 0.008 0.003A 0.008

45 0.008 0.008 0.008 0.008A 0.008A

60 0.008A 0.008A 0.008A 0.008A 0.008A

75 4.27+0.278 0.00A 0.002A 0.00%4 4.00+0.468
90 5.87+0.53¢C 0.008 0.0084 3.60+0.46"8 5.33+0.27¢B
105 7.47+0.4690 0.008 3.20+0.468 4.80+0.27¢BC 6.93+0.274C
120 9.07+0.53¢P 2.00+0.46bA 4.00+0.27bAB 5.60+0.2748¢ 8.00+0.27¢C
135 10.13+0.53¢P 2.80+0.27bA 4.80+0.27¢AB 6.80+0.27¢BC 9.20+0.27
150 11.73+0.46 3.60+0.27¢A 6.00+0.279AB 8.00+0.27%® 10.40+0.009¢
165 12.80+0.53fC 4.40+0.279A 7.20+0.27¢A 9.20+0.0098 11.47+0.46"B
180 13.87+0.539n0 5.60+0.27¢A 8.40+0.00AB 10.40+0.46"B 12.27+0.46'C

~ 4259 ™



https://www.thepharmajournal.com/

The Pharma Innovation Journal

https://www.thepharmajournal.com

195 14.40+0.27"D 6.80+0.00 9.60+0.46%" 11.60+0.46'® 13.87+0.271¢
210 15.47+0.531P 8.00+0.469 10.80+0.46"8 12.80+0.2718¢ 14.67+0.27%¢
225 16.53+0.46/° 9.60+0.46M 12.00+0.27'A8 14.00+0.27+E¢ 15.47+0.27'°
240 17.60+0.534E 11.20+0.27'4 13.60+0.2718 15.60+0.27'° 16.53+0.27mP
255 18.73+0.53'° 12.80+0.271A 15.20+0.274AB 16.80+0.27mBC 17.60£0.27"¢
270 20.40+0.71mP 14.40+0.27%A 16.80+0.27'A8 18.40+0.27"B¢ 19.2040.27"¢

Values are represented as Mean + SD, n=3; @ " &A B _ different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; V1: PG spiked with BHA @ 0.02%; V2: PG spiked with BHA @ 0.01%; V3: PG spiked with BHA @ 0.005%; V4: PG spiked

with BHA @ 0.0025%

3.2. Effect of storage period on the TBA-value

TBA value test measures the secondary oxidation products of
lipid oxidation. TBA value expressed as malondialdeyde
(MDA) (mg %) in 0.1 g of fat. Therefore, the stored samples
were evaluated for their status of oxidation by TBA- value at
every 15 days interval up to 9 months.

3.2.1 Effect of storage period on the TBA-value of PG, PO
and PO spiked PG samples at ambient temperature (30
oc)

TBA value was determined and expressed as TBARS/0.1g of
ghee. These results have been depicted in Table 5.0. It is
evident from the data that PG as well as PO and PO spiked
with PG samples showed an increase in the TBA value from
the 0 days onwards. It is also evident from the data (Table
5,0) that PO had the TBA value (0.007£0.001) on zero day of
storage. It was also observed that in spiked ghee samples, the
TBA value significantly increased (P<0.05) as the storage
period progressed and increase was corresponding to the level
of added PO in the ghee. The TBA value of control PG
significantly increased (P<0.05) from 0.019+0.001 on 0 days

to 0.073+£0.004 after 9 months (270 days), whereas, TBA
value of PO was increased to 0.040+0.004 on 270 days of the
storage. This increase was lower than those of PO spiked PG
samples in the order Sa, Sb, Sc, Sd and Se (0.061+0.003,
0.064+0.002, 0.066+0.002, 0.068+0.001 and 0.070+0.003),
respectively

The result in Table 5 indicated that the treatment i.e., palm oil
spiked ghee samples had significant effect on the TBA value,
similarly storage days had also significant effect on the TBA
value. The interaction effect between treatment and storage
days on the development of TBA was significant at 95% level
of confidence with p- value <0.001. Comparatively high TBA
value of ghee may be attributed to the fact that pure ghee did
not contain any added synthetic antioxidant, whereas PO and
PO spiked ghee samples had the prevention of oxidation due
to the antioxidant present in PO. The SFA is of PO and PG is
close and varied in the PO (48-50%), whereas in case of PG
(65-66%). The PUFA of both PO and PG is also close and
varied from (10-11%) and (4-5%), respectively (Montoya et
al., 2014; Pena-Serna and Restrepo-Betancur, 2020) [ 81,

Table 5: Effect of storage period on the TBA-value of PG, PO and PO spiked PG samples at ambient temperature (30 °C)

Storage TBA-value (TBARS/0.1g ghee)
Days PG PO Sa Sh Sc Sd Se
0 0.019+0.001%° | 0.007+0.001* | 0.015+0.001%® | 0.016+0.001%8¢ | 0.017+0.001°°® | 0.018+0.001%® | 0.018+0.0022¢P
15 0.020+0.002°°® | 0.008+0.000°* | 0.016+0.000*8 | 0.017+0.0022°EC | 0.018+0.000*° | 0.019+0.002*° | 0.019+0.001%D
30 0.021+0.001°¢ | 0.009+0.001%¢A | 0.017+0.001°B | 0.018+0.002*°C | 0.019+0.000°P | 0.020+0.000°°F | 0.020+0.001°°E
45 0.022+0.001%= | 0.010+0.001°A | 0.018+0.002°® | 0.019+0.001%5¢ | 0.020+0.002°°P | 0.021+0.001°PF | 0.021+0.001°°PE
60 0.023+0.001%° | 0.011+0.001°%* | 0.019+0.002%B | 0.020+0.001°®® | 0.021+0.0019%cC 0.022+0.000°¢ | 0.023+0.001°4CP
75 0.024+0.001% | 0.012+0.002%A | 0.020+0.002°® | 0.021+0.000%BC | 0.022+0.001%°C | 0.023+0.002°°F | 0.024+0.001%DE
90 0.026+0.003%° | 0.014+0.000°* | 0.022+0.001"™ | 0.022+0.002°® 0.024+0.001% 0.025+0.0014¢ 0.025+0.001¢
105 0.028+0.002F | 0.016+0.002f94 | 0.023+0.001%% | 0.025+0.002™C | 0.026+0.0019°P | 0.027+0.001%CP | 0.027+0.002
120 0.031+0.002% | 0.018+0.001%A | 0.025+0.001"® | 0.026+0.000™¢ | 0.027+0.0009°P | 0.028+0.001°P% | 0.029+0.001F
135 0.033+0.0029% 0.020+0.003"* | 0.027+0.002® 0.028+0.00198 0.029+0.001"¢ 0.030+0.001°P 0.031+0.0009°
150 0.035+0.001"F | 0.022+0.002* | 0.029+0.0018 | 0.030+0.001"C | 0.031+0.003°°P | 0.032+0.0019° 0.033+0.002"¢
165 0.037+0.001'F | 0.024+0.002~ | 0.031+0.002 | 0.032+0.002"8 0.033+0.001i | 0.034+0.001"°P | 0.035+0.003"°
180 0.039+0.001F | 0.026+0.001* | 0.033+0.001'® | 0.034+0.001%¢ | 0.035+0.001K°® | 0.036+0.0011°% 0.037+0.002F
195 0.042+0.002° | 0.028+0.003%~ | 0.035+0.002™8 | 0.037+0.001i%¢ | 0.039+0.001' 0.039+0.001i¢ 0.040+0.0031
210 0.046+0.003'¢ 0.030+0.002'A | 0.038+0.002"B 0.040+0.002%¢ 0.042+0.001mP 0.043+0.001%P 0.044+0.001+P
225 0.052+0.002™ | 0.032+0.003™* | 0.041+0.001°® | 0.044+0.002'° | 0.046+0.001"°C | 0.048+0.002'°F 0.050+0.002'
240 0.058+0.002"F | 0.034+0.001™ | 0.045+0.001P® | 0.049+0.001™¢ | 0.052+0.003°°® | 0.054+0.001™F | 0.056+0.001™F
255 0.065+0.003°F | 0.037£0.002°4 | 0.052+0.002%® | 0.056+0.002" | 0.058+0.002P°P | 0.060+0.001"°E | 0.062+0.002"E
270 0.073+0.004°F 0.040+0.004°A | 0.061+0.003"® | 0.064+0.002°BC | 0.066+0.0029°P | 0.068+0.001°CF 0.070+0.003°F

Values are represented as Mean + SD, n=3; & &A B _ different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; PO: Palm Oil; Sa: PG spiked with PO @ 10%; Sh: PG spiked with PO @ 7.5%; Sc: PG spiked with PO @ 5%; Sd: PG spiked

with PO @ 2.5%; Se: PG spiked with PO @ 1%;

3.2.2 Effect of storage period on the TBA-value of PG,
SFO and SFO spiked PG samples at ambient temperature
(30°C)

It is evident from the data (Table 6.0) that PG as well as SFO
and SFO spiked PG samples showed an increase in the TBA
value on account of storage. It is also evident from the data
(Table 6.0) that sunflower oil had the TBA value

(0099+0.001) on 0 day of storage. It was also observed that in
both  SFO and spiked ghee samples, the TBA value
significantly increased (P<0.05) as the storage period
progressed and increase was corresponding to the level of
added SFO in the ghee. The TBA value of control PG
significantly increased (P<0.05) from 0.019+0.001 on 0 days
to 0.0731£0.004 after 9 months (270 days), whereas, TBA
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value of SFO was increased to 0.281+0.006 on 270 days of
the storage vis’-a-vis’ 0.099 +0.001 on 0 day. This increase
was higher than those of SFO spiked PG samples in the order
Ta>Th>Tc>Td>Te (0.094+0.001, 0.088+0.001, 0.084+0.001,
0.082+0.001, 0.081+0.001), respectively.

The result in Table 10.0 indicated that the treatment i.e. SFO
spiked ghee samples had significant effect on the peroxide
value, similarly storage days had also significant effect on the
peroxide value. The interaction effect between treatment and

https://www.thepharmajournal.com

storage days on the development of TBA was significant at
95% level of confidence with p- value <0.001. The higher
development of TBA value in SFO and SFO spiked ghee
samples (Sa, Sb, Sc, Sd and Se) than PG. The reason behind
that the approx. 65-67% i., e higher percentage of poly
unsaturated fatty acid available in SFO.

Gazwi (2017) 1 reported that the TBA value of sunflower oil
increased significantly ~ from (1.144-12.65) mg
malondialdehyde/kg of oil from 1-20 days of storage at 65 °C.

Table 6: Effect of storage period on the TBA value of PG, SFO and SFO spiked PG samples at ambient temperature (30 °C)

Storage TBA-value (TBARS/0.1g ghee)
Days PG SFO Ta Tb Tc Td Te

0 0.019+0.001%% | 0.099+0.001%® | 0.022+0.001%¢ | 0.021+0.000°5¢ | 0.020+0.001a”5C | 0.019+0.000*ABC | 0.019+0.0012A8
15 0.020£0.002°4 | 0.104+0.001°P | 0.023+0.001°C | 0.022+0.001°BC¢ | 0.021+0.001PABC | (0.020+0.002°4B | 0.020+0.00° B
30 0.021+0.001% | 0.115+0.002°¢ | 0.026+0.001°® | 0.025+0.001°CP | 0.024+0.002°5¢ 0.023+0.001°® | 0.022+0.001°A8
45 0.022+0.001%* | 0.123+0.001% | 0.028+0.001%P | 0.027+0.000°P | 0.025+0.002°EC | 0.024+0.001%48 | 0.023+0.002°A
60 0.023+0.001% | 0.127+0.001% | 0.030+£0.001%C | 0.029+0.0024%C 0.028+0.001¢® 0.025+0.001%8 | 0.024+0.003¢0A
75 0.024+0.001% | 0.133+0.001° | 0.032+0.001°® | 0.031+0.001¢P 0.029+0.001¢¢ 0.027+0.001°8 0.026+0.001%
90 0.026+0.003** | 0.145+0.001F | 0.035+0.002F | 0.034+0.001°F | 0.032+0.001fP | 0.031+0.000%C | 0.029+0.001¢%8
105 0.028+0.0027* | 0.154+0.0019F | 0.037+0.0019 | 0.036+0.002fCF | 0.035+0.001fCP | 0.033+0.00198C | 0.032+0.00297B
120 0.031+0.0029 | 0.163+0.001"¢ | 0.040+0.002"° | 0.038+0.001% 0.037+0.00198¢ | 0.035+0.002948 | 0.034+0.00298
135 0.033+0.0029* | 0.175+0.005 | 0.043+0.001"° | 0.041+0.001"°P | 0.039+0.001"8CP | 0.036+0.001"*EC | 0.035+0.001"AB
150 0.035+0.001" | 0.184+0.002/F | 0.046+0.001 | 0.043+0.003" 0.041+0.00218¢ | 0.040+0.001"E | 0.038+0.001AB
165 0.037+0.001* | 0.199+0.002¢ | 0.050+0.002iP 0.045+0.001iC 0.044+0.001J8¢ 0.042+0.0031A8 0.040+0.0031A
180 0.039+£0.001i48 | 0.202+0.001%" | 0.055+0.001F 0.051+0.0021° 0.047+0.001%°P | 0.045+0.001i8¢ 0.041+0.00314
195 0.042+0.002%¢ | 0.209+0.002'% | 0.060+0.002'® | 0.053+0.001KC 0.051+0.001'° 0.049+0.001< | 0.048+0.001kAB
210 0.046+0.003'" | 0.222+0.002™F | 0.066+0.001™€ | 0.061+0.001'° 0.059+0.001mP 0.057+0.001'C 0.054+0.001'®
225 0.052+0.002™ | 0.239+0.003" | 0.072+0.001"¢ | 0.067+0.001™° | 0.065+0.001"°C | 0.064+0.001MEC | 0.062+0.001™8
240 0.058+0.002"* | 0.257+0.004°E | 0.080+0.002°° | 0.075+0.001"¢ 0.073+0.001°8¢ | 0.070+0.001"AB | 0.068+0.001"
255 0.065+0.003°A | 0.272+0.004PF | 0.087+0.002°° | 0.082+0.002°C 0.079+0.002°B¢ | 0.077+0.002°4B | 0.076+0.001°A
270 0.073+0.004°4 | 0.281+0.006% | 0.094+0.001%° | 0.088+0.001°C 0.084+0.001%C | 0.082+0.001PAB | 0.081+0.001PAB

Values are represented as Mean + SD, n=3; & ®&A B _different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; SFO: Sunflower Oil; Ta: PG spiked with SFO @ 10%; Th: PG spiked with SFO @ 7.5%; Tc: PG spiked with SFO @ 5%, Td:

PG spiked with SFO @ 2.5%; Te: PG spiked with SFO @ 1%

3.2.3 Effect of storage period on the TBA-value of PG and
TBHQ spiked PG samples at ambient temperature (30 °C)
It is evident from the data (Table 7) that PG as well as TBHQ
spiked ghee samples showed an increase in the TBA value
from the O days onwards. It was observed that in TBHQ
spiked ghee samples, the TBA value significantly increased
(P<0.05) as the storage period progressed and increase was
corresponding to the added TBHQ in the ghee. The TBA
value of control PG significantly increased (P<0.05) from
0.019+0.001 on 0 days to 0.073+0.004 after 9 months (270
days). On the contrary, in case of TBHQ spiked ghee samples,
this increase was lower than the ghee containing no added
TBHQ. Even in the lowest added concentration of TBHQ i.e.
0.0025%, the TBA value measured after 270 days of storage

was 0.041+0.001, which was just the half of the value
reported in PG samples without any TBHQ. This clearly
indicated that the addition of TBHQ helped in controlling the
rate of oxidation of ghee during storage.

The result of ANOVA (Table 11.0) illustrated that the
treatment i.e., TBHQ spiked ghee samples had significant
effect on the TBA value. Similarly, the storage days had also
significant effect on TBA value. The interaction effect
between treatment and storage days on the development of
TBA was significant at 95% level of confidence with p- value
<0.001. The PG sample highest increase in TBA value may be
due to the more secondary oxidation products formed during
storage.
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Table 7: Effect of storage period on the TBA-value of PG and TBHQ spiked PG samples at ambient temperature (30 °C)

Storage TBA-value (TBARS/0.1g ghee)
Days PG Pure Ua Ub Uc ud

0 0.019+0.001%¢ 0.006+0.001% 0.007+0.001% 0.009+0.00128 0.014+0.001%¢
15 0.020+0.002°° 0.007+0.001% 0.008+0.000°A 0.012+0.002%8 0.016+0.001%
30 0.021+0.001¢P 0.007+0.002%4 0.009+0.001¢A 0.013+0.001°8 0.017+0.001°¢
45 0.022+0.001%C 0.009:+0.00224 0.010+0.001% 0.015+0.001°® 0.019:+0.001°¢8
60 0.023+0.0019P 0.011+0.001°A 0.012+0.001°8 0.016:+0.001°C 0.020+0.001¢C
75 0.024+0.0019P 0.011+0.001PcA 0.014+0.001® 0.018+0.0014¢ 0.021+0.0024¢
90 0.026+0.003¢P 0.013+0.001%A 0.017+0.001%8 0.020+0.0019BC 0.022+0.001¢
105 0.028+0.002 0.014+0.001%A 0.019+0.00198 0.021+0.002¢¢ 0.025+0.001¢°
120 0.031+0.0029P 0.016+0.003¢* 0.021+0.001"8 0.025+0.0017 0.028+0.003f
135 0.033+0.0029P 0.018+0.0031~ 0.022+0.00118 0.027+0.0039¢ 0.030+0.0039¢
150 0.035+0.001hP 0.019+0.00594 0.024+0.00218 0.029+0.00398¢ 0.031+0.0039"¢
165 0.037+0.0011° 0.022+0.003" 0.026+0.002i 8 0.031+0.003"c 0.032+0.002"¢
180 0.039+0.001iF 0.023+0.002"iA 0.027+0.00248 0.031+0.001"¢ 0.033+0.001"P
195 0.042:+0.002%€ 0.025+0.002iiA 0.028+0.001'm8 0.032+0.001ii 0.034+0.0021iP
210 0.046+0.003"% 0.025+0.002i 0.028+0.002Mm8 0.032+0.001ii 0.035+0.0021P
225 0.052+0.002ME 0.0260.001 0.029+0.001mn8 0.033+0.003ii€ 0.036+0.001)x0
240 0.058+0.002"F 0.027+0.0014A 0.030+0.001"8 0.034+0.0031° 0.037+0.0014°
255 0.065+0.003°P 0.029+0.001'A 0.032+0.001" 0.035+0.00118 0.038+0.001'
270 0.073+0.004% 0.030+0.002'A 0.034+0.001°F 0.036+0.002+¢ 0.041+0.001mP

Values are represented as Mean + SD, n=3; P &A.B _ different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; Ua: PG spiked withTBHQ @ 0.02%; Ub: PG spiked with TBHQ @ 0.01%; Uc: PG spiked with TBHQ @ 0.005%; Ud: PG

spiked with TBHQ @ 0.0025%

3.2.4 Effect of storage period on the TBA-value of PG and
BHA spiked PG samples at ambient temperature (30 °C)
These results have been depicted in Table 8. It is evident from
the data that PG as well as TBHQ spiked ghee samples
showed an increase in the TBA value from the 0 days
onwards. It was observed that in TBHQ spiked ghee samples,
the TBA value significantly increased (P<0.05) as the storage
period progressed and increase was corresponding to the
added TBHQ in the ghee. The TBA value of control PG
significantly increased (P<0.05) from 0.019+0.001 on 0 days
to 0.073+0.004 after 9 months (270 days). This increase was
lower than those of TBHQ spiked PG samples in the order
Va, Vb, Vc and Vd (0.052+0.001, 0.056+0.003, 0.060+0.002,
0.070£0.001), respectively.

The result in Table 12.0 illustrated that the treatment i.e.,

BHA spiked ghee samples had significant effect on the TBA
value similarly, the storage days had also significant effect on
TBA value. The interaction effect between treatment and
storage days on the development of TBA was significant at
95% level of confidence with p- value <0.001. The PG sample
highest increase in TBA value may be due to the more
secondary oxidation products formed during storage. Similar
reason drawn when they added BHA and natural antioxidant
like orange peel extract in ghee Asa et al., (2015), BHA
incorporated into ghee Rahila (2016) I,

Rahila (2016) [ also reported that the peroxide value of cow
ghee added with BHA (synthetic antioxidant) during storage
increased for 1-210 days of storage at 37+1 °C and 1-60 days
of storage at 60+1 °C from (0.00-19.69) and (0.00-23.02) mM
O./kg of ghee, respectively.

Table 8: Effect of storage period on the TBA-value of PG and BHA spiked PG samples at ambient temperature (30 °C)

Storage TBA-value (TBARS/0.1g ghee)
Days PG Pure Va Vb Vc Vd
0 0.019+0.00128 0.010+0.001%A 0.014+0.0018 0.015+0.0018 0.016+0.001%8
15 0.020+0.002°¢ 0.011+0.001°A 0.015+0.002°8 0.017+0.001°8¢ 0.017+0.001°8¢
30 0.021+0.001¢¢ 0.012+0.001°A 0.016+0.001°8 0.018+0.001°8 0.019+0.001¢B¢
45 0.022+0.001°4 0.015+0.002¢4 0.018+0.002¢8 0.020+0.0018 0.021+0.002°4B¢
60 0.023+0.0014¢ 0.016+0.001¢%A 0.020+0.002 0.021+0.001® 0.021+0.001%8
75 0.024+0.0014¢ 0.017+0.001¢%A 0.021+0.0024¢8 0.022+0.001% 0.023+0.001°8
90 0.026+0.003¢° 0.018+0.000% 0.023+0.003°f® 0.024+0.001°BC 0.025+0.001%
105 0.028+0.002 0.019+0.001%A 0.024+0.002® 0.027+0.001 0.028+0.001%¢
120 0.031+0.0029P 0.020+0.001%A 0.027+0.00298 0.029+0.001¢¢ 0.030+0.002¢
135 0.033+0.002¢P 0.022+0.001% 0.030+0.001"8 0.032+0.001"8¢ 0.032+0.001'°P
150 0.035+0.001" 0.023+0.0027 0.031+0.001"8 0.033+0.002"¢ 0.034+0.001/°
165 0.037+0.001'° 0.025+0.00194 0.033+0.0018 0.034+0.0018 0.036+0.002K
180 0.039+0.001/° 0.028+0.001M 0.036+0.001/8 0.037+0.001/8 0.038+0.001'
195 0.042+0.002K 0.031+0.0014 0.037+0.003/8 0.039+0.001¢ 0.040+0.001mP
210 0.046+0.003'° 0.032+0.002/4 0.043+0.002K8 0.045+0.001'® 0.045+0.001"¢
225 0.052+0.002ME 0.038+0.001A 0.046+0.003'® 0.049+0.002m¢ 0.050+0.002°P
240 0.058+0.002" 0.044+0.001' 0.048+0.001m8 0.053+0.001"¢ 0.055+0.001°P
255 0.065+0.003% 0.047+0.001mA 0.050+0.002"8 0.055+0.001°¢ 0.063+0.0014°
270 0.073+0.004°F 0.052+0.001"4 0.056+0.003°8 0.060+0.002° 0.070+0.001®

Values are represented as Mean * SD, n=3; &2 &A B _ different superscript row-wise and column-wise, respectively differ significantly (P<0.05)
PG: Pure Ghee; Va: PG spiked with BHA @ 0.02%; Vb: PG spiked with BHA @ 0.01%; Vc: PG spiked with BHA @ 0.005%; Vd: PG spiked

with BHA @ 0.0025%
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Table 9: Two-way ANNOVA table of pure ghee, Palm oil and ghee spiked with PO different levels

Source Peroxide Value TBA Value Disc color change time
Df |Mean Square F Sig. | Df | Mean Square F Sig. | Df | Mean Square F Sig.
Treatment(T) 6 3384.881 |6299.289| .000 | .011 6 .002 | .000 | 6 958195.042 | 42324.789 | .000
Days(D) 18 1295.597 |2411.115| .000 | .077 18 .004 | .000 | 18 4957.880 218.996 .000
TxD 108 3.739 6.959 | .000 | 108 | 2.535E-005 | 21.075| .000 | 108 1427.974 63.076 .000
Error 266 .537 266 | 1.203E-006 266 22.639
Total 399 399 399
Table 10: Two-way ANNOVA table of pure ghee, Sunflower oil and ghee spiked with SFO different levels
Peroxide Value TBA Value Disc color change time
Source Mean . Mean . Mean -
Df Square F Sig. Df Square F Sig. Df Square F Sig.
Treatment(T) | 6 | 2360.027 |5523.837| .000 6 151 63926.438 | .000 6 826476.854 | 152474.518 | .000
Days(D) 18 | 1163.189 |2722.539| .000 | 18 .014 5747.619 | .000 | 18 3420.606 631.059 .000
TxD 108 2.294 5.370 | .000 | 108 .001 253.743 .000 | 108 1328.753 245.138 .000
Error 266 427 266 | 2.361E-006 266 5.420
Total 399 399 399
Table 11: Two-way ANNOVA table of pure ghee and ghee spiked with TBHQ at different levels
Source Peroxide Value TBA Value Disc color change time
Df |[Mean Square F Sig. | Df |[Mean Square F Sig. Df | Mean Square F Sig.
Treatment(T) 4 431.139 |2232.459| .000 | 4 .004 2507.606 | .000 | 4 | 1214573.421 | 176970.054 | .000
Days(D) 18 295.079 |1527.934| .000 | 18 .002 1012.735| .000 | 18 1797.845 261.956 .000
TxD 72 10.380 53.750 | .000 | 72 | 8.931E-005 | 58.115 | .000 | 72 1776.332 258.821 .000
Error 190 193 190 | 1.537E-006 190 6.863
Total 285 285 285
Table 12: Two-way ANNOVA table of pure ghee and ghee spiked with BHA at different levels
Source Peroxide Value TBA Value Disc color change time
Df |Mean Square F Sig. | Df |Mean Square F Sig. | Df | Mean Square F Sig.
Treatment(T) 4 173.994 |679.662| .000 | 4 .002 1555.047 | .000 4 | 1137573.833 | 155719.761 | .000
Days(D) 18 452.487 |1767.529| .000 | 18 .003 3290.711 | .000 | 18 1797.845 261.956 .000
TxD 72 4.392 17.158 | .000 | 72 | 2.826E-005 | 27.772 | .000 | 72 1649.746 225.830 .000
Error 190 .256 190 | 1.018E-006 190 7.305
Total 285 285 285
4. Conclusion peel extract in ghee (butter oil) stored at different storage

During the storage period of 9 months, peroxide value and

TBA value of both the vegetable oils used in the study
increased rapidly because of more unsaturated fatty acids. 3.
Peroxide value of all the samples increased during the storage

period and this increase was observed in the following order:

PO >SFO> PO spiked PG> SFO spiked PG>PG>BHA spiked

PG> TBHQ spiked PG. TBA value of all the samples 4.
increased during the storage period and this increase was
observed in the following order: SFO> SFO spiked PG> PG>

PO spiked PG> PO>BHA spiked PG> TBHQ spiked PG.
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