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ABSTRACT 
 
Peanut skin, which is removed in the peanut blanching process, is rich in bioactive compounds with antioxidant 
properties. The viability of using natural sources of antioxidants to replace synthetic antioxidants was assessed. 
The aims of this study were to measure bioactive compounds in peanut skins and evaluate the effect of gamma 
radiation on their antioxidant activity. Peanut skin samples were treated with 0.0, 5.0, 7.5, or 10.0 kGy gamma 
rays at a dose rate of 7.5 kGy/h using a 60Co source. Total phenolics, condensed tannins, total flavonoids, and 
antioxidant activity were evaluated. Extracts obtained from the peanut skins were added to refined-bleached-
deodorized (RBD) soybean oil that was free from synthetic antioxidants. The oxidative stability of the oil 
samples was determined using the Rancimat method and compared to a control and synthetic antioxidants (100 
mg/kg BHT and 200 mg/kg TBHQ). Gamma radiation changed total phenolic content, total condensed tannins, 
total flavonoid content, and the antioxidant activity. Ethanolic extracts, gamma irradiated or not, presented 
increasing induction period (h), measured by the Rancimat method, when compared with the control. 
Antioxidant activity of the peanut skins was higher than BHT but lower than THBQ. The present study 
confirmed that gamma radiation did not affect the peanut skin extracts’ antioxidative level when added to 
soybean oil. The induction period of the control soybean oil was 5.7 h, while soybean oil with added ethanolic 
peanut skin extract had an induction period of 7.2 h, on average.   
  
 

1. INTRODUCTION 
 
 
Peanut skins are waste from the blanching process of peanuts, which are recognized for their 
bioactive compounds’ antioxidative properties. Although these skins are a potential source for 
natural antioxidants, they have only been used for animal feed. Proanthocyanidins [1] and 
flavonoids [2] have been isolated from the water-soluble fraction of peanut skins. Nepote, 
Grosso and Guzman [3] determined radical scavenging activity in relation to the content of 
total phenolic compounds and trans-resveratrol in fractions from ethanolic extracts of peanut 
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skins. Lou et al. [4] reported that all single proanthocyanidins isolated from the water-soluble 
fraction of peanut skins exhibited antioxidant activity. The optimization of the extraction 
conditions for the recovery of antioxidant compounds from peanut skins was reported by 
Nepote, Grosso and Gusmán [5]. O’Keefe and Wang [6] found that phenolic compounds 
extracted from peanut skins could significantly reduce the oxidation of meat products and 
extend their storage stability. While the blanching process influences both the total phenolic 
and isolated procyanidin contents [7], the total phenolics and procyanidins present in skins 
that were peeled by hand or by roasting presented concentrations comparable to those found 
in grape seeds. In addition, the total antioxidant activity and free radical scavenging 
capacities of peanut skin extracts were all higher than those of Trolox or Vitamin C at 
equivalent concentrations.  
 
Verstraeten et al. [8] reported that proanthocyanidin dimers and trimers from peanut skins can 
interact with membrane phospholipids, presumably with their polar headgroup. As a 
consequence of this interaction, they can provide protection against the attack of oxidants and 
other molecules that challenge the bilayer’s integrity. According to Wang et al. [9], phenolic 
compounds extracted from defatted peanut skins presented a greater protective effect against 
the hemolysis of red blood cells than ascorbic acid under in vitro conditions.   
 
The objective of this study was to evaluate the effect of gamma radiation on peanut skins 
from the blanching process, with a focus on bioactive compounds and antioxidant properties. 
Total phenolics, total flavonoids, condensed tannins, and in vitro antioxidant activity were 
determined in the peanut skins. Additionally, the antioxidant activity of the peanut skin 
extract in soybean oil, a model system for the Oil Stability Index, was measured using 
Rancimat.   
 
 

2. MATERIAL AND METHODS 
 

2.1. Material  

 
The peanut skin samples from cultivar IAC-Runner 886 (crop year 2009/2010) were obtained 
from producers in São Paulo, Brazil. The samples were separated in polyethylene plastic bags 
and irradiated with 5.0, 7.5, or 10.0 kGy at a dose rate of 7.5 kGy/h using a Cobalt-60 gamma 
ray source. One package was not irradiated for use as a control.    
 

2.2 Methods 

 

2.2.1 Total phenolics 

 
Total phenolic content [10] was analyzed in methanolic extracts with a concentration of 0.40 
mg/mL. First, 0.02 g of peanut skins in 50,00 mL of methanol was shaken for 20 minutes at 
room temperature. Second, the extract was centrifuged at 700 rpm for 15 minutes, and the 
supernatant was collected and transferred to a volumetric flask. Third, the volume was made 
up to 50,00 mL, and it was used as the final extract. Fourth, the extract (0.50 mL), deionized 
water (4.0 mL), and Folin–Ciocalteau reagent (0.50 mL) were added into flasks and mixed 
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thoroughly. After 3 minutes, 1,00 mL of a Na2CO3 saturated solution (20,00 g in 70,00 mL of 
water) was added, and the mixture was shaken in a water bath at 37 ºC for 30 minutes. 
Finally, the absorbance was determined at 760 nm using a Shimadzu UV-1800 
spectrophotometer (Shimadzu Corporation; Japan). The results were expressed as milligram 
gallic acid equivalents.   

 

2.2.2 Total flavonoids  

 
Total flavonoids [11] were quantified in extracts obtained with 70% ethanol at 20.00 mg/mL 
concentration. To obtain this extract, 1.00 g of peanut skins was immersed in 50 mL of 70% 
ethanol for 24 h at room temperature in the dark. The extract was then filtered and 
centrifuged at 700 rpm for 15 minutes. The supernatant was transferred to a volumetric flask, 
and the volume was made up to 50 mL; this was considered to be the final extract. Two tube 
series were prepared, and 0.5 mL of the extract was added to all of the tubes. In the first 
series, 4.3 mL of 80% ethanol was added to tubes that would receive an Al(NO3)3 solution. In 
the second series, 4.4 mL of 80% ethanol was added to the tubes that would not receive any 
Al(NO3)3. All the tubes then received 0.1 mL of a 1,00 M solution of CH3COOK. At this 
point, the first series of tubes received 0.1 mL of a 10% Al(NO3)3 solution. All the tubes were 
shaken for 40 minutes, and then absorbance was determined at 415 nm using a Shimadzu 
UV-1800 spectrophotometer (Shimadzu Corporation; Japan). The calculations took into 
account the differences in the readings between the treatments. The final results were 
expressed as milligram quercetin equivalents. 
 

2.2.3 Condensed tannins  

 
Condensed tannins [12] were evaluated in methanolic extracts with a concentration of 2.00 
mg/mL. This extract was obtained by shaking 0.02 g of skins in 10 mL of methanol for 20 
minutes and then centrifuging for 20 minutes at 4000 rpm. The supernatant was added (0.1 
mL) into tubes that received 5.00 mL of a 1:1 solution prepared with vanillin 1% (w/v) in 
methanol and HCl 8% (v/v) in methanol. The tubes were then shaken in a water bath at 30 ºC, 
and the absorbance was determined at 500 nm using a Shimadzu UV-1800 spectrophotometer 
(Shimadzu Corporation; Japan). The results were expressed as milligram catechin 
equivalents. 
 

2.2.4 DPPH 

 
Antioxidant activity was measured using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
assay [13] of ethanolic extracts with a 0.20 mg/mL concentration. The extracts were obtained 
from 0.01 g peanut skins and 50.00 mL of ethanol that were shaken for 15 minutes and 
centrifuged for 10 minutes at 2000 rpm. The supernatant (0.50 mL) was added to ethanol (3.0 
mL) and a 60.00 M DPPH solution. The absorbance was determined at 517 nm using a 
Shimadzu UV-1800 spectrophotometer (Shimadzu Corporation; Japan),  after 45 minutes in 
the dark. The results were expressed as Trolox equivalent antioxidant capacity (TEAC). 
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2.2.5 ABTS 

 
In this assay, the ABTS radical [14], which is generated by oxidation with potassium 
persulfate, was utilized in ethanolic extracts with a 0.40 mg/mL concentration. A stock 
solution of ABTS was prepared at 7.00 mM one day before the analysis, and the work 
solution was prepared by diluting the stock solution to 0.70 nm ± 0.02 nm at 734 nm 
absorbance. The extracts were obtained using the same method described for the DPPH assay 
with 0.02 g of peanut skins added into 50.00 mL of ethanol. The supernatant (20.00 L) was 
added into a quartz cuvette along with the ABTS radical solution (2.00 mL), and the 
absorbance was determined at 734 nm for 6 minutes using a Shimadzu UV-1800 
spectrophotometer (Shimadzu Corporation; Japan). The results were expressed as TEAC.  
 

2.2.6 Rancimat Oxidative Stability 

 
The Oil Stability Index was evaluated according to Cd 12b-92 [15] in Metrohm's 743 
Rancimat equipment (Metrohm Ltd, CH-9101 Herisau, Switzerland). Five grams of refined-
bleached-deodorized (RBD) soybean oil free from synthetic antioxidants were added to 1 mL 
hexanoic or ethanolic peanut skins extracts and heated at 110ºC with an airflow of 9 L/h in 
the sample reaction tubes. To obtain the extracts used in this test, the yield of total phenolic 
content, as found in section 2.2.1, was considered. To prepare each 100 mg/kg extract, 62.25 
mg of peanut skins were immersed in 10.0 mL of ethanol or hexane for 24 h at room 
temperature in the dark. The extract was then filtered and centrifuged at 700 rpm for 15 
minutes. The supernatant was transferred to a volumetric flask, and the volume was made up 
to 10.0 mL. The induction period was expressed in hours.  
 

2.2.7 Statistical analysis 

 
The experimental design was randomized with three replications. The results were analyzed 
(ANOVA) using the F-test. Mean comparisons were tested based on Tukey (p<0.05) by SAS 
software. 
 
 

3. RESULTS AND DISCUSSION 
 

3.1 Polyphenols and antioxidant activity 

 
Total phenolic content, condensed tannin, total flavonoid content, and the antioxidant activity 
of peanut skin extracts are shown in table 1.  
 
It has been noted in the literature that the amount of polyphenols is different for each peanut 
product. In gallic acid equivalents, peanut skins presented total phenolic content ranging from 
97.0 to 143.6 [9; 16]. These values are in agreement with the present study. With regards to 
the irradiation process, a noticeable increase in total phenolic content at 7.5 and 10.0 kGy was 
observed. Two of the most common monofloral Malaysian honeys that were gamma 
irradiated with 25.0 kGy exhibited a two- or threefold increase in their total phenolic contents 
[17]. Even doses as low as 2.0 kGy were able to increase the total phenolic content in peaches 
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[18]. However, no significant effect was observed in the total phenolic content of radiation-
processed tea leaves (0.0, 1.0, 2.0, 5.0, and 10.0 kGy) [19]. Similar results were noticed in the 
phenolic compounds of the green tea leaf and its byproduct after a 20.0 kGy irradiation [20]. 
Chiang et al. [21] did not find any differences among herbs gamma irradiated at 5.0, 10.0, or 
15.0 kGy in terms of total phenolics and total flavonoids. However, irradiation of almond 
skins [22] with doses of 4.0, 8.0, or 12.0 kGy increased total phenolics in samples purchased 
from Blue Diamond Growers and, likewise, doses of 12.7 or 16.3 kGy irradiated on samples 
purchased from Campos Brothers.  

 
 
 

Table 1. Polyphenols and antioxidant activity of 
gamma-irradiated peanut skin extracts1 

 0.0 kGy 5.0 kGy 7.5 kGy 10.0 kGy 
TPC2 (mg/g GAE) 79.36 ± 1.94c3 80.73 ± 2.07bc 88.31 ± 2.29a 84.70 ± 1.32ab 
CT (mg/g CAT) 230.43 ± 4.65a 203.71 ± 0.84c 209.33 ± 2.12c 221.43 ± 2.23b 

TFC (mg/g QUER) 4.37 ± 0.28b 4.25 ± 0.17b 5.01 ± 0.13a 4.79 ± 0.24ab 
DPPH3 (µM TEAC/g) 452.13 ± 8.73c 525.02 ± 19.56a 455.83 ± 18.68bc 493.86 ± 10.39ab 
ABTS (µM TEAC/g) 1989.51 ± 5.76c 2024.23 ± 9.43ab 2042.47 ± 5.28a 2010.08 ± 20.56bc 

1Data represent the mean ± standard deviation of each sample assayed in triplicate;  
2Abbreviations: TPC = total phenolic content, GAE = gallic acid equivalent, CT = condensed tannin, CAT = catechin, TFC = total 
flavonoid content, QUER = quercetin. 
3Means with different letters indicate significant differences among doses by Tukey’s multiple test (p<0.05). 

 
 
According to Ha et al. [23], the most phenolic antioxidants present in lyophilized peanut skin 
extracts were condensed tannins (a total of 25.19% in peanut skins). In the present study, 
condensed tannin content was decreased by gamma radiation. This decrease could be due to 
the degradation of tannins and could explain the higher total phenolic contents in the extracts 
[24]. Furthermore, Wang et al. [9] reported 65.0 mg/g for total flavonoid content, in catechin 
equivalents. In the present study, there was a slight increase in total flavonoids at 7.5 kGy. An 
increase in total flavonoid content was also reported by Hussein et al. [17].  
 
The DPPH assay showed increasing antioxidant activity at 5.0 and 10.0 kGy, while for 
ABTS, the effect was noticeable at 5.0 and 7.5 kGy. In addition to the irradiation process, the 
extraction and the assay method can affect the measured total phenolic content and the 
antioxidant activity of the peanut skin extracts. Ballard et al. [16] reported 2149 and 2789 
mol TEAC/g for the antioxidant activity employing Oxygen Radical Absorbance Capacity 
(ORAC) (ORAC) of peanut skin extracts using solid–liquid extraction (SLE) and microwave-
assisted extraction (MAE), respectively. The peanut type is another factor that influences the 
TEAC value. Studies from Chukwumah et al. [25] reported the total antioxidant capacities 
from the peanut skins of 27 cultivars, measured by ABTS, ranging from 59.1 to 103.8 mM 
TEAC/100 g, with a mean value of 82.3 mM TE/100 g. According to Lee et al. [20], there 
was no significant difference in the DPPH radical scavenging capacity between irradiated 
(20.0 kGy) and control green tea leaves and byproducts.  
 
Similar to the present study, gamma-irradiated pomegranate peel [26] with doses up to 25.0 
kGy presented a slight increase in antioxidant activity, measured by ABTS, at 10.0 kGy. 
However, the increase observed for the 5.0, 15.0, and 25.0 kGy doses were not significant 
(p<0.05). Ali and Abdeldaiem [27] reported higher scavenging activities of non-irradiated 
and irradiated ethanolic extracts of peanut skins and hulls when compared to TBHQ at 50 
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g/mL using the DPPH radical. At this concentration, the gamma radiation did not change 
the scavenging activity of the samples. The antioxidant properties of tea [19], such as free 
radical scavenging activity measured by the DPPH assay, were not affected by a radiation 
treatment with a dose of 10.0 kGy. Gamma-irradiated almond skins [22] presented the most 
effective antioxidant activity by reducing the absorbance of ABTS radical at 4.0 and 12.0 
kGy for samples purchased from different suppliers. Kim et al. [28] found nonsignificant 
increases in the antioxidative capacity of cumin seeds irradiated with 1.0, 3.0, 5.0, or 10.0 
kGy. 
 
According to Pérez et al. [29], using the radical-scavenging DPPH method, dry rosemary leaf 
powder subjected to 30.0 kGy of gamma ray irradiation followed by solvent extraction with 
methanol, ethanol or water presented EC50 values that increased by 22% for ethanol and 
water extracts compared to the control samples. EC50 values in the reducing power test 
showed an increase of 45% and 28% for the ethanol and water extracts, respectively. No 
significant difference was observed for the methanolic extracts.  
 
The increase in phenolic compounds by gamma radiation could be attributed to their release 
from glycosidic components and the degradation of larger phenolic compounds into smaller 
ones by gamma irradiation [22]. In the present study, gamma radiation could have affected 
the extraction efficiency during the analysis and the types of compounds extracted, increasing 
the total phenolic content and the antioxidant activities measured by the DPPH and ABTS 
assays. However, to confirm this hypothesis, other parameters such as the generation of 
Maillard compounds [30; 31], which have demonstrated antioxidant properties, or an increase 
in genistein [32] should be eliminated.   

 

3.2 Analysis of the peanut skin extract concentrations 

 
The induction period from soybean oil with added peanut skin extracts is shown in table 2.  

 
 
 

Table 2. Induction period (h) of soybean oil with added peanut skin extracts 
 Induction period (h)1 
 Hexane extract Ethanol extract 

control 7.14 ± 0.12bc2 5.72 ± 0.35d4 
BHT (100 mg/kg) 7.59 ± 0.26b 6.47 ± 0.30c 

TBHQ (200 mg/kg) 20.18 ± 0.36a 17.34 ± 0.13a 
Extract (100 mg/kg) 6.92 ± 0.01c 4.08 ± 0.27e 
Extract (200 mg/kg) 7.08 ± 0.08c 6.01 ± 0.24cd 
Extract (400 mg/kg) 7.18 ± 0.02bc 7.40 ± 0.17b 
Extract (600 mg/kg) 7.00 ± 0.14c 7.25 ± 0.11b 
Extract (800 mg/kg) 6.86 ± 0.09cd 7.10 ± 0.04b 
Extract (1000 mg/kg) 6.41 ± 0.03d 7.11 ± 0.13b 

 1Data represent the mean ± standard deviation of each sample assayed in triplicate;  
 2Means with different letters in the same columns indicate significant differences (p<0.05). 

 

 

 

Hexane extracts ranging from 100 to 800 mg/kg did not show differences (p<0.05) when 
compared to the control; thus, no extract showed any antioxidative activity during the 
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Rancimat test. Extracts at 1000 mg/kg demonstrated lower induction times than the control 
and showed a pro-oxidant effect.  
 
Ethanolic extracts showed the second highest induction period at 400 mg/kg, while 
nonsignificant differences were noted from 400 to 1000 mg/kg. Although the induction 
periods of the extracts from 400 to 1000 mg/kg demonstrated lower values than those of 
TBHQ, antioxidant activity exists for these concentrations when compared to the control and 
BHT. Ramalho and Jorge [33] reported that vegetable oils used in several studies expressed 
TBHQ as the most effective antioxidant activity, even under high temperatures. However, the 
natural antioxidants from oregano extracts, rosemary, and sesame that were added to soybean 
oil demonstrated higher antioxidant effects than BHA or BHT. O´Keefe and Wang [34] found 
that phenolic compounds extracted from peanut skins reduced the oxidation from meat 
products and increased its shelf life.  
 
Ethanolic extract at 400 mg/kg presented the best antioxidant properties at 110 ºC and under 
airflow of 9 L/h, indicating its potential for use in the improvement of the oxidative stability 
of soybean oil. Ballard et al. [16] reported ethanol as the most efficient solvent for peanut 
skin extraction, followed by methanol and water.  

 

3.3 Antioxidant effect of the irradiated peanut skins extracts in Rancimat 

 
The induction periods of the soybean oil with added ethanolic extracts of gamma-irradiated 
peanut skins are shown in table 3.  
 
 
 

Table 3. Induction period (h) of soybean oil with added ethanolic  
peanut skin extracts and synthetic antioxidants 

 Control TBHQ 
(200 mg/kg) 

BHT 
(100 mg/kg) 

Ethanolic extract from peanut skins 
(400 mg/kg) 

    0.0 kGy 5.0 kGy 7.5 kGy 10.0 kGy 
IP (h)1 5.72 ± 0.35d2 17.34 ± 0.13a 6.47 ± 0.30c 7.37 ± 0.03b 7.22 ± 0.07b 7.11 ± 0.19b 7.3 ± 0.04b 

1Data represent the mean ± standard deviation of each sample assayed in triplicate; 
2Means with different letters indicate significant differences (p<0.05). 

 

 

 

Gamma radiation did not affect the induction period of soybean oil added to ethanolic peanut 
skin extracts. Although the antioxidant activities, measured by DPPH and ABTS, increased 
with radiation, the results were not observed during the Rancimat test. It is possible to 
conclude that gamma radiation does not affect the antioxidant property of the peanut skin 
extracts and, in turn, the oxidative protection of soybean oil. Gamma-irradiated peanut skins 
showed longer induction periods than BHT and the control samples. However, they presented 
lower induction periods than TBHQ. These results agree with the findings of Harrison and 
Were [22], whose studies showed that almond skin extracts in soybean oil were not affected 
by gamma radiation at 2.8, 4.8, 8.8, 12.7 or 16.3 kGy when analyzed by peroxide value.  
The lipid peroxidation, measured by the presence of thiobarbituric acid reactive substances 
(TBARS), was inhibited by approximately 76%, while the superoxide radicals were 
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scavenged by approximately 72% to 75% in the presence of tea leaves infusion in vitro [19]. 
Gamma radiation doses of 1.0, 2.0, 5.0, and 10.0 kGy were statistically insignificant when 
compared to the control.  
 
Green tea leaf extract [35] decreased the oxidation in raw and cooked pork patties stored for 
15 days under 4 ºC. The TBARS value of the raw pork patties increased during the 15 days of 
storage in all treatments. However, the TBARS values of the patties with added freeze-dried 
green tea leaf extract powder (0.1%) were significantly lower than those of the control. There 
was no significant difference between irradiation with 20.0 kGy and non-irradiated extracts.  
 
 

4. CONCLUSIONS 
 
Peanut skin samples contain bioactive compounds such as polyphenols, condensed tannins, 
and flavonoids. The antioxidant activity of peanut skins was confirmed using the DPPH and 
ABTS in vitro methods. Extraction of bioactive compounds with ethanol presented good 
performance for further application in soybean oil. The Rancimat method confirmed that the 
ethanolic extracts retarded the oxidation process of soybean oil; this method demonstrated 
that gamma radiation does not affect the antioxidant properties of the peanut skin ethanolic 
extracts when added in soybean oil. Total phenolic content, and antioxidant activity in vitro, 
are good indicators for measuring the antioxidant properties from plant extracts. However, 
tests in model system are indispensable in the assessment of the results of extraction methods 
or treatments such as gamma radiation. 
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