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Abstract
The antioxidant activity of pomelo peels was evaluated with different organic 
solvents. Minimum yield (11.1%) was obtained with chloroform +methanol (2:1), 
maximum yield (21.6%) with methanol whereas (15.9%) with ethanol and (12.7%) 
with hexane were observed. The maximum scavenging activity of (ethanolic 
pomelo peel extract) 88.8 % was observed at 14mg/ml concentration. Antioxidant 
activity of ethanolic pomelo peel extract was evaluated by calculating free fatty 
acid, iodine value and p-Anisidine value of peanut oil during 21 days of storage 
period at room temperature. Samples were drawn and analyze periodically 
after 7 days and after 21 days of storage, peanut oil containing 1500 and 
2000 ppm pomelo peel extract, be revealed lower free fatty acid values (2.66,  
2.15 %), and p- anisidine value (6.6, 4.68) and higher iodine value (52.8, 51.46) 
than control peanut oil sample (free fatty acid 9.32 %, p- anisidine value 9.85 and 
iodine value 33.9). From the results, it could be concluded that natural antioxidants 
extracted from pomelo peel could be added to fat and oil to increase their shelf life 
by preventing oxidative rancidity.
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Introduction
The oxidative rancidity of fats and oils in food is 
one of the serious problems of the modern society. 
Oxidative rancidity is responsible for off-flavor 
and odor, decreasing storage life, altering texture, 

nutritional quality also decreased due to the formation 
of secondary compounds which are potentially toxic.1 
The need of addition of antioxidants is necessary to 
preserve flavor, color, shelf-life, and texture as well 
as vitamins. 
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Butylated hydroxytoluene (BHT) and Butylated 
hydroxyanisole (BHA) are synthetic antioxidants 
and commonly add in fats and oils to repress 
the development of oxidative rancidity. It has 
been reported that these synthetic antioxidants 
shows carcinogenic and toxic effects for human  
health.2,3 Therefore, it is necessary to replace these 
antioxidants by effective antioxidants obtained from 
natural sources to prevent oxidative deterioration of 
fats and oils.

In India fruits and vegetable processing industries 
generates considerable quantities of waste. Fruits 
wastes and by-products are an ample source 
of antioxidant.4 Citrus peels are obtained from 
citrus fruit after the extraction of juice. It has been 
reported that flavonoids found in citrus fruits 
peel show health-related properties like antiviral, 
anti-inflammatory and anticancer activities.5,6 Ref 
already added Pomelo (Citrus maxima) is one of 
the large fruit of citrus family with a common name 
of pomelo or shaddock that belongs to the family of  
Rutaceae.7,8 Pomelo peels are rich source of 
antioxidant as compared to its pulp.9

Use of waste as a source of antioxidants and 
polyphenols may have considerable economic 
benefit to food processors. The efficiency of many 
species like bergamot and pomelo nevertheless, 
has not been investigated yet. Therefore an efficient, 
environmentally and cheap utilization of these 
wastes is needed. 

Usually organic solvents are used for the extraction 
of valuable natural materials. However, some of 
them are toxic for this reason; a food grade ethanol 
is widely used instead of methanol for the extraction 
of phenolic compounds from various citrus peels.10

In the present study, an attempt has been made to 
explore the utilization of pomelo peels extracts as a 
source of natural antioxidants and also studied for 
analyzing its effect in peanut oil during storage period 
of 21 days at room temperature.

Materials and Methods 
Raw Material
Ripened and freshly harvested pomelo and freshly 
prepared peanut oil was procured from the local fruit 
market of Dehradun, India. 

Extraction of Antioxidant from Pomelo Peels
Cold percolation method11 with little modification 
using ethanol as solvent was used for extraction of 
antioxidants from dried pomelo peels powders. In 
brief 10 gram of the dried pomelo peel powder was 
soaked in 100 ml of ethanol in a conical flask with 
cotton plugge and then kept in incubator shaker at 
120 rpm at room temperature for about 24 hours. 
The extract was then centrifuged at 3000 rpm for 
20 minutes and then supernatant was taken and 
concentrated using rotary vacuum evaporator at 
40oC for about 4-5 days. The dry extract was store 
at 4oC for further analysis.

Extraction Yield 
The dry extract obtained after centrifugation was 
weighed and extraction yield will be measure by the 
following formula

Extraction yield = 

2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) Radical 
Scavenging Activity
Singh and Immanuel (2014)12 method with some 
modification was applied for determination of 
scavenging activity.  Briefly, 1 ml sample of variable 
concentrations (1–12 mg/ml) in ethanol was added 
to 4.0 ml of a DPPH solution (0.004 %) and at 
room temperature for 30 min kept in dark after 
that absorbance was measured at 517 nm. The 
scavenging activity was calculated by using the 
following correlation:    

DPPH radical scavenging activity (IA %) = 

Where, 
AC= absorbance with control
AS= absorbance with sample

Free Fatty Acids
Free fatty acids in term of % oleic acid in peanut oil, 
were determined by AOAC (1990)13 methods. Briefly, 
1 gram of peanut oil sample was dissolved in 25 ml 
solvent mixture of petroleum ether and ethanol (2:1). 
After mixing and cooling the solution was titrated 
against N/10 KOH using phenolphthalein indicator. 
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Free fatty acid (mg/g) was calculated by using the 
following equation

Free fatty acids = 

Where, 
V = KOH (ml) exhausted by samples 
C = KOH (M) concentration 

p-Anisidine Value
IUPAC method 2.50414 was followed for the 
determination of p-anisidine value. Briefly, in 
25 ml isooctane, 2 gram sample was dissolved 
and absorbance was measured at 350 nm. 1 ml 
p-anisidine (0.25%) in acetic acid (w/v) was mixed 
with 5ml of this mixture and incubate for 10 min at 
room temperature, after 10 min absorbance was 
measured at 350 by using a Spectrophotometer  
(UV-7804C). p-anisidine value was calculated 
according to following equation

p-anisidine value =  

Iodine Value
Wij’s method13 was used for the determination of 
Iodine value in peanut oil samples.

Incorporation of Extract Antioxidants in Peanut 
Oil
Peanut oil, without any additives, was used for 
oxidative rancidity studies. In a 250 ml dark amber 
color glass bottle 100 ml peanut oil containing 
1000, 1500 and 2000 ppm ethanolic pomelo peel 
extract were prepared separately. Peanut oil without 
antioxidant was consider as control and placed 
under same conditions. All samples were prepared 
in triplicate and stored at room temperature for 21 
days. The samples were taken periodically after the 
intervals of 7 days to analyze the antioxidant activity 
of pomelo peels extract. 

Data Analysis
The experiments were executed in triplets and 
readings were expressed as mean ± standard 
deviation. The significant differences among the 
means was calculated by One-way ANOVA followed 
by Tukey’s HSD test (p<0.05) using SPSS. 

Result and Discussion
% Extraction Yield of Pomelo peels
Table 1 represents % extraction yield  of pomelo 
peel extract obtained from dried pomelo peel 
powder refluxing with ethanol, methanol, hexane 
and combination of chloroform and methanol (2:1) 
solvents. 

Table 1 shows that minimum yield (11.1%) was 
obtained with chloroform +methanol (2:1), maximum 
(21.6%) with methanol whereas (15.9%) with ethanol 
and (12.7%) with hexane. From the comparison, the 
maximum yield of the present study was slightly 
higher with methanol and ethanol extract obtained 
by 15 in citrus peel.

Table 1: Extraction Yield (%) of Pomelo peel 
extract with different organic solvents

Organic solvent	 Pomelo peel 
	 extract yield (%)

Ethanol	 15.9%
Methanol	 21.6%
Hexane	 12.7%
Chloroform +methanol	 11.1%

Total Antioxidant Activity
Due to presence of antioxidant compound in the 
peels of pomelo the stable free DPPH radical 
reduced to diphenylpicrylhydrazine and color of 
solution changed from deep violet to light yellow. 
The reduction was measured by the decrease in 
absorbance at 517 nm. The maximum scavenging 
activity of 88.8% was observed at 14mg/ml 
concentration. Scavenging activity of peels is due 
to the presence of flavonoids and polyphenols. The 
results were similar to 12 for orange peel and lemon 
peel extract. 

Effect of Storage Period on Free Fatty Acids Value 
of Peanut Oil With and Without Antioxidants
Table 2 and table 3 shows the free fatty acid value 
of peanut oil without (control) antioxidant and with 
antioxidant extracted from pomelo peel. The free fatty 
acid in control sample was 1.80±0.60% and from 
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table 3 it was observed that, as the concentration 
of pomelo peel extract increased from 1000 ppm to 
2000 ppm, the inhibitory effects on free fatty acids 
also increased considerably. After 21 days of storage 
period at room temperature , free fatty acids values of 
peanut oil treated with 1000, 1500 and 2000 ppm of 
pomelo peel extract were  3.52±0.32%, 2.66±0.59% 

and 2.15±0.22%. Significant differences in free fatty 
acids were observed between the control and the 
peanut oil treated with different concentrations of 
pomelo peel extract. Hydrolysis of triglycerides and 
reaction of oil with moisture may be the reason of 
increased free fatty acids.16

Table 2: Effect of storage period of free fatty acids, iodine value and 
p-anisidine value of peanut oil without Antioxidant

Storage period	 Free Fatty Acid	 Iodine Value	 p-Anisidine Value 
(Days)

0	 1.80a ±0.60	 76.33a ±0.50a	 3.49a ±0.33
7	 4.2b ±0.36	 56.73b ±0.50	 6.54b ±0.18
14	 6.34c ±0.38	 43.2c ±0.40	 8.22c ±0.35
21	 9.32d ±1.2	 33.9d ±1.54	 9.85d ±0.50

All the values with different superscripts are significantly different at P < 0.05.

Table 3: Effect of storage period of free fatty acids, iodine value 
and p -anisidine value of peanut oil with Antioxidant

Storage period	 Free fatty 	 Iodine value	 p- anisidine 
(Days)	 acids (%)			   value

1000ppm			 
0	 1.80a ±0.60	 76.33a ±0.50a	 3.49a ±0.33
7	 2.56b±0.13	 58.12b±0.25	 5.31b±0.22
14	 3.11b±0.09	 57.30b±0.50	 6.42c±0.45
21	 3.52b±0.32	 55.10b±1.56	 8.55d±0.66
1500ppm			 
0	 1.80a ±0.60	 76.33a ±0.50a	 3.49a ±0.33
7	 2.10b±0.12	 59.7b±0.50	 4.71b±0.26
14	 2.57c±0.35	 55.0c±0.45	 5.49c±0.33
21	 2.66d±0.59	 52.8d±0.73	 6.6d±1.22
2000ppm			 
0	 1.80a ±0.60	 76.33a ±0.50	 3.49a ±0.33
7	 1.95b±0.41	 57.56b±0.45	 4.10b±0.15
14	 2.05c±0.36	 54.66c±0.55	 4.30c±0.24
21	 2.15d±0.22	 51.46d±0.66	 4.68d±0.18

The free fatty acids values were reduced 
from 9.32±1.2% (control) to 2.66±0.59% and  
2.15±0.22%, The decrease in free fatty acids specify 
that autoxidation of peanut oil was highly diffident 

in the presence of pomelo peel extract at the 
concentrations of 1500 and 2000 ppm. Our findings 
favor the findings of.15
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Effect of Storage Period on Iodine Value of 
Peanut Oil With and Without Antioxidants
Table 2 and table 3 shows the Iodine value of 
peanut oil without (control) antioxidant and with 
antioxidant extracted from pomelo peel. The Iodine 
value in control sample was 76.33±0.50 and from 
table 3 it was observed that, on increasing the 

concentration of pomelo peel extract from 1000 ppm 
to 2000 ppm, inhibitory effects on Iodine value also 
increased. After 21 days of storage period at room 
temperature, Iodine value of peanut oil treated with 
1000, 1500 and 2000 ppm of pomelo peel extract 
were  55.10±1.56, 52.8±0.73 and 51.46±0.66. 

Fig. 1: Effect of storage period on free fatty acids (FFA) value diphenylpicrylhydrazine

Fig. 2: Effect of storage period on Iodine Value

Fig. 3: Effect of storage period on p-Anisidine value
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During storage decreasing trend in iodine value of 
fats and oils indicate the formation of secondary 
oxidation products which may cause the development 
of rancidity. Breaking of double bonds present in 
unsaturated fatty acids during storage may be the 
reason for decreasing iodine value.17 During study it 
observed that addition of pomelo peel extract retard 
the decreasing trends of iodine value. Our findings 
favor the findings of.15

Effect of Storage Conditions on p-Anisidine Value 
of Peanut Oil With and Without Antioxidants
p-anisidine value of oil and fat plays a vital role 
in the oxidation process. p-anisidine value plays 
an important role for evaluation of secondary lipid 
oxidation .
 
Table 2 and table 3 shows the p-Anisidine value 
of peanut oil without (control) antioxidant and 
with antioxidant extracted from pomelo peel. The 
p-Anisidine value in control sample was 3.49±0.33 
and from table 3 it was observed that, as the pomelo 
peel extract concentration increased from 1000 
ppm to 2000 ppm, inhibitory effects on p-Anisidine 
value also increased considerably. After 21 days of 
storage period at room temperature, p-Anisidine 
value of peanut oil treated with 1000, 1500 and 
2000 ppm of pomelo peel extract were 8.55±0.66, 
6.6±1.22 and 4.68±0.18. Significant differences in 
p-Anisidine value were observed between the control 
and the peanut oil treated with pomelo peel extract 
at different concentration.

The p-Anisidine value was reduced from 9.85±0.50 
(control) to 6.6±1.22 and 4.68±0.18. The decrease 

in p-Anisidine value revealed that oxidative rancidity 
of peanut oil was effectively inhibited by peel extract 
of pomelo at concentrations of 1500 and 2000 ppm. 
Our findings favor the findings of.18

Conclusions 
In current study, antioxidants were extracted from 
pomelo peels. Maximum extraction yield was found 
with methanol and then ethanol. Pomelo peel was 
utilized in food as natural antioxidant. The antioxidant 
activities of pomelo peels extracts revealed the free 
radical scavenging activity due to the flavonoids, 
phenolic acids, and their derivatives. It can be 
concluded that due to high antioxidant activity of 
pomelo peel extract, it can be used as a substitute 
of synthetic antioxidants for extending the shelf life 
of peanut oil. 
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