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Abstract

Peanut skin is a by-product of the peanut industry that has low economic value despite its high content of antioxidants such as
phenolics. The effects of three skin removal methods (direct peeling, blanching, and roasting) and extraction solvents (water, eth-
anol, and methanol) on total phenolics and total antioxidant activities (TAA) of peanut skin extracts were studied, and the com-
position of extracts were determined by HPLC. Results show that both skin removal methods and extraction solvents had significant
effects on total extractable phenolics and TAA, with the combination of roasting and ethanol extraction being the most efficient
recovery method. One gram dry peanut skin contained 90-125 mg total phenolics. TAAs of water and ethanol extracts of peanut
skin were 3.39 and 4.10 mM Trolox Equivalent/mM of total phenolics compared with 1.91 and 2.46, respectively, for green tea.
Three classes of phenolics (phenolic acids, flavonoids, and stilbene) were found in peanut skin extracts.
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1. Introduction

Peanuts are a multimillion dollar industry in North
Carolina and an important crop in the Southeastern
United States. In the United States, nine states grow 99%
of the US peanut crop: Georgia with about 39%, followed
by Texas, Alabama, North Carolina, Florida, Okla-
homa, Virginia, South Carolina, and New Mexico. The
kernels are used to make peanut butter, roasted snack
peanuts, peanut confections, and peanut oil. The skin
becomes the waste of above industry, and is mainly used
as animal feed for less than a penny a pound (Lee, 2002).

The literature has reported many health benefits as-
sociated with consumption of peanuts including weight
gain control (Alper & Mattes, 2002), prevention against
cardiovascular diseases (Feldman, 1999), protection
against Alzheimer disease (Peanut-Institute, 2002), and
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cancer inhibition (Awad, Chan, Downie, & Fink, 2000).
These benefits are mainly attributed to the fact that
peanuts do not contain trans-fatty acids (Sanders, 2001),
while rich in mono- and polyunsaturated fatty acids
(Kris-Etherton et al., 1999), micronutrients such as vi-
tamin E, folate, minerals (potassium, magnesium, and
zinc), fiber, and health promoting phytochemicals, par-
ticularly resveratrol (Sanders, McMichael, & Hendrix,
2000; Sobolev & Cole, 1999) and other phenolic
compounds.

The edible parts of peanuts consist of the kernel and
protective skin. The skin has a pink-red color and as-
tringent taste, and is typically removed before peanut
consumption or inclusion in confectionary and snack
products. However, peanut skin is rich in phenolics and
potentially other health promoting compounds. Pheno-
lics in green tea, fruits and vegetables, grape seeds and
grape skin have been recognized as natural antioxidants
and have been extensively studied by many investigators
for their health promoting effects, such as cancer
prevention, cardiovascular disease prevention, and
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anti-inflammatory activities. Catechins, anthocyanins
and resveratrol in red wine and grapes have been at-
tributed as the active compounds responsible for “the
French Paradox”; the low mortality rate from cardio-
vascular diseases among people who drink red wine and
have high intakes of saturated fatty acids (Miller & Rice
Evans, 1995; Renaud & de Lorgeril, 1992). Resveratrol
in red wine has also been found to have cancer chemo-
preventive activity. It acts as an antioxidant and anti-
mutagen by inducing phase II drug-metabolizing
enzymes during the initiation stage of carcinogenesis; it
mediates anti-inflammatory effects and inhibits cyclox-
ygenase and hydroperoxidase; and it induces human
promyelocytic leukemia cell differentiation (Jane et al.,
1997). Chlorogenic acid is another major antioxidant in
commercial long-life apple juice (Miller, Diplock, &
Rice-Evans, 1995).

However, despite a wealth of literature information
on health benefits of phenolics in wine, very few if any
studies are available on the health promoting com-
pounds in peanut skin. Furthermore, an extensive re-
view of literature found no information on methods of
extraction for optimal recovery of phenolics from
peanut skin. A recent study by Nepote, Grosso, and
Guzman (2002) found that peanut skin contains about
150 mg total phenolics per gram defatted dry skin. Six
A-type procyanidins were identified (Lou, Yamazaki,
Sasaki, Uchida, & Tanaka, 1999). These six com-
pounds were found to inhibit the activity of hyal-
uronidase, an enzyme that is responsible for the release
of histamine, which causes inflammation. In addition,
resveratrol, a phytochemical found in grape seed and
wine, was also found in peanut skin in much higher
concentration than that in peanut kernels (Sanders
et al., 2000). These few studies have shown the po-
tential of peanut skin as a potentially rich and inex-
pensive source of nutraceutical and functional
ingredients such as phenolics.

The objectives of this study were to determine total
phenolics in peanut skin removed by different peeling
methods, to evaluate the effects of skin removal methods
and extraction solvent on total phenolics and total an-
tioxidant activity of peanut skin extracts, and to sepa-
rate and identify active phenolic compounds in various
peanut skin extracts by HPLC.

2. Materials and methods
2.1. Materials

Un-peeled peanuts were purchased from local grocery
store. Standards including gallic acid (GA), catechin
(O), epicatechin (EC), gallocatech (GC), epigallocate-
chin (EGC), catechin gallate (CG), epicatechin gallate
(ECG), epigallocatechin gallate (EGCE), resveratrol,

caffeic acid, p-coumaric acid, ferulic acid, quercetin
glycoside, and chlorogenic acid were purchased from
Sigma Chemical Co. (St. Louis, MO). 2,2'-Azino-bis-(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS) and Perox-
idase (EC 1.11.1.7) from horseradish were also
purchased from Sigma Chemical Co. Trolox, hydrogen
peroxide (30%), methanol, ethanol, acetonitrile, trifluo-
roacetic acid, and acetic acid were purchased from
Fisher Scientific (Atlanta, GA).

2.2. Methods of peanut skin removal and drying

Peanut skins were removed by three different meth-
ods. In the direct method, the skin was directly peeled by
hand from raw peanut kernels and freeze dried. For the
moist method, peanuts were blanched in boiling water
for 2 min, after which water was drained and boiled
kernels were cooled to room temperature, their skin was
hand peeled and freeze dried. The heat method consisted
of heating peanuts at 175 °C for 5 min, cooling to room
temperature, then rubbing dry skin off. Further drying
was not needed for the skin obtained by this method.
Dry skins obtained from each method were separately
blended into powder and stored in plastic bottles in the
refrigerator until used.

2.3. Extraction and purification of phenolics

The moisture of peanut skins removed by different
methods was determined by oven drying (24 h at 105
°C) in triplicates. Three solvents, water, 80% ethanol or
80% methanol, were used to extract phenolics from
peanut skin. Twenty milliliters of water/solvent was
added to a flask containing 0.25 g of skin powder, the
flask was wrapped by aluminum foil to prevent light
degradation during extraction. The flasks were stirred
overnight at room temperature. Mixtures were filtered
through 0.45 pm GMF membrane to obtain crude
extracts. Each solvent extraction was carried out in
triplicate.

The crude extracts were purified by the method of
Hara (2001) before injection into the HPLC system to
remove protein and lipid to obtain a good base line.
Water extraction filtrate was mixed with an equal vol-
ume of chloroform, then the aqueous and organic pha-
ses were separated using a separation funnel. The
alcoholic extracts were evaporated under vacuum then
re-dissolved in an equal amount of water before chlo-
roform was added. In this process, lipid and lipid soluble
compounds were removed with an chloroform and the
water layer containing all hydrophilic compounds was
then mixed with an equal volume of ethyl acetate. After
partition and phase separation, the water layer was fil-
tered through a 0.2 um syringe filter and stored in amber
glass vials in a freezer. The ethyl acetate layer was
evaporated in a Biichi rotary evaporator (Biichi La-
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bortechnik AG, Switzerland) under reduced pressure.
The dried phenolics resulting from this step were
quantitatively re-dissolved in methanol, and stored in
amber glass vials in a freezer until analyzed. The whole
process was completed under dim light to minimize light
induced degradation of phenolics, which are generally
light sensitive.

2.4. Determination of total phenolics

Total phenolics in crude extracts and different frac-
tions were determined by the Folin—Ciocalteu method
(Singleton & Rossi, 1965), which is considered the best
method for total phenolics (including tannins) determi-
nation (Engelhardt, 2001). Gallic acid was used as the
standard and the result was calculated as gallic acid
equivalent (mg GAE/ml).

2.5. Antioxidant activity of peanut skin extract

An end-point free radical scavenging method (Cano,
Herandez-Ruiz, Garcia-Canovas, Acosta, & Arnao,
1998) was used to measure total antioxidant activity
(TAA) of peanut skin extracts. This method was used
because it is simple, fast, highly reproducible, and uses a
regular visible-UV spectrophotometer. Briefly, a green-
bluish complex was formed by mixing peroxidase (100 pl,
2.5 uM), hydrogen peroxide (15 ul, 1 mM H,0,), ABTS
(100 pl, 20 mM), and water. The total volume of the
reaction mixture was 1 ml. The properly diluted peanut
skin extract (10 pl) was then added and the resulting
color reduction was attributed to the presence of phen-
olics. Extracts from blanched peanut skin were diluted 2
times, while samples from non-blanched peanut skins
were diluted 10 times because of their high total phenolic
contents. The absorbance at 415 nm was measured by a
Genesys 10 UV spectrophotometer (Spectronic Unicam,
Rochester, NY). Total antioxidant activity of the ex-
tracts was calculated in two different ways. TAA was
calculated as the percentage of color reduction relative to
control TAA% = (1 — fﬁ) x 100, or expressed as mM
of Trolox equivalents per mM Trolox per mM of total
phenolics, called Trolox Equivalent Antioxidant Ca-
pacity or TEAC, using Trolox as standard.

Table 1

2.6. HPLC separation of peanut skin extracts

The identification of individual phenolics was carried
out using a Waters HPLC system, based on matching
retention times of standards. The HPLC system con-
sisted of a Waters In-Line Degasser AF, Waters 717
Autosampler, Waters 1525 Binary HPLC Pump, Waters
2748 Dual Wavelength Absorbance Detector, and Wa-
ters 474 Scanning Fluorescence Detector. The column
used was Nucleosil RP C1g(250 mm x 4.6 mm, particle
size 5 um). The compounds were eluted with a gradient
elution of mobile phase A (5% acetoniltrile in 0.035%
trifluoroacetic acid (TFA)) and B (80% acetonitrile in
0.025% TFA) where B increased from 10% to 20% in 10
min, to 50% by 20 min, was maintained at 50% for 5
min, then returned to initial condition (10%) in 5 min
and remained for 5 min before next injection. Elutes
were detected by a Waters 2487 Dual wavelength de-
tector at wavelength of 280 nm.

2.7. Statistical analysis

The experimental design used in this study wasa 3 x 3
factor factorial design. The factors were skin removal
methods (direct peeling, blanching, and roasting) and
extraction solvents (water, ethanol, and methanol). The
effects of skin removal methods and extraction solvents
on total phenolics and total antioxidant activity of
peanut skin extracts were evaluated by analysis of var-
iance (ANOVA) using SAS (SAS, 2000). Tukey Post-
ANOVA test was used to compare treatment means.
Difference between treatment means was judged at 5%
significance level.

3. Results and discussion

3.1. Total phenolics of peanut skin as affected by skin
removal methods

Peanut skin represented about 3.3% of shelled pea-
nuts used in this study. Data in Table 1 show that
peanut skin contains relatively high levels of total
phenolics and skin removal methods significantly

Total phenolics (mg GAE/gram dry skin) in peanut skin as affected by skin removal methods and extraction solvents (n = 3)

Skin removal Water extraction

80% ethanol extraction

Methanol extraction

thod
metho Total phenolics Change in total Total phenolics Change in total Total phenolics Change in total
(mg/g)* phenolics¥e (mg/g) phenolics% (mg/g) phenolics%
Direct peeling 56.7+0.54 - 89.9+2.20 - 90.1+£4.90 -
Blanching peeling 12.5+£0.17 -82.6 16.0 £0.48 - 859 11.6£1.14 -91.2
Roasting peeling 79.0£1.8 +39.5 125+3.92 +39.5 96.7+9.22 +7.3

#Total phenolics in table is expressed as means of 3 replication + standard deviations.
®Value calculated using total phenolics in skin removed by direct peeling as a reference.
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influenced the total extractable phenolics from the skin.
Total extracted phenolics obtained from directly peeled
peanut skin ranged from 56 (in water) to 90 (in ethanol
or methanol) mg/g dry skin. Blanching leached out 78—
91% of the extractable total phenolics compared to the
skin obtained by direct hand peeling without heating.
This loss was apparent through the loss of skin color in
water during blanching. Roasting resulted in 39.5%
higher total phenolics (in both water and ethanol)
compared to directly peeled skin. This could be attrib-
uted to the degradation/ polymerization products of
peanut skin polyphenols during roasting, which seem to
be more soluble in water and ethanol, and could react
with Folin—Ciocalteu reagent to produce the blue color
under alkaline conditions. According to Nepote et al.
(2002), peanut skin contains 12% protein, 16% lipid, and
other compounds including carbohydrates. During
roasting, products formed due to the Maillard reaction
might contribute to the increase of total phenolics or
phenolics like complexes that contributed to higher ab-
sorbance readings.

Solvents used for phenolics extraction also signifi-
cantly affected the total phenolic concentration of peanut
skin extracts at equal volume of solvent. Ethanol and
methanol were more effective in extracting phenolic
compounds from peanut skin than water, with 80% eth-
anol being the most efficient extraction solvent. The total
phenolics resulting from ethanol and methanol extracts
were about 90 to 125 mg/g non-defatted dry skin. These
levels were compatible to the results reported by (Nepote
et al., 2002) in defatted skin. Statistical analysis using
ANOVA also shows that both the skin removal processes
(P < 0.0001, F =1156) and extraction solvents (P <
0.0001, F = 100.9) had significant effects on total phen-
olics, although the effect of solvent was less significant as
shown by its smaller F' value. In addition, there was in-
teraction between skin removal method and extraction
solvents (P < 0.0001, F = 31.12), which indicated that
the skin removal method might enhance or reduce the
extraction capability of solvent. For example, the ex-
traction capability of ethanol was enhanced by roasting.

Peeling skin from raw peanut was difficult and time
consuming, although the phenolic compounds of the
skin were well preserved as shown in Table 1. In con-
trast, it was relatively easier to remove skin from the
kernel after blanching, but the majority of phenolics
were lost in the water. Roasting is the common method
to remove skin from peanut in peanut butter and peanut
snack manufacture. In the food industry, the skin has to
be removed before peanuts are used in most peanut
based products. The process of peanut skin removal is
called “dry blanching”. The kernels travel through
warm air for a period of time to loosen the skins. Then
the kernels go through a ‘“blanching machine” where
large rollers rub the surfaces of the kernels until the
skins fall off. The third skin removal method (short time

roasting) used in this study is very similar to “dry
blanching”. Since short time roasting did not result in
total phenolics loss, it would be the most recommended
method of skin removal. This finding is encouraging
since it means that peanut skin, as a by-product of the
peanut industry obtained by “dry blanching”, would
have its phenolic content unaffected by the prevalent
skin removal method and could represent a plentiful and
inexpensive source of health promoting antioxidants.

3.2. Total antioxidant activity (TAA) of peanut skin
crude extracts

Plant phenolics are natural antioxidants and their
antioxidant activity can be evaluated by their free radi-
cal scavenging capacity, metal chelating capacity, inhi-
bition of lipid oxidation or inhibition of activity, of the
enzyme that catalyzes the oxidation of lipids or lipo-
proteins. In this study, a free radical (ABTS") scav-
enging method reported by Cano et al. (1998) was used
to measure the total antioxidant activity (TAA) of
peanut skin extracts. The blue color due to the forma-
tion of ABTS free radicals (ABTS'") after mixing per-
oxidase, hydrogen peroxide and ABTS is sensitive to the
presence of antioxidants. Discoloration following sam-
ple addition indicates that ABTS radicals were quenched
or reduced by the antioxidants in the sample.

TAA shown in Fig. 1 was expressed as percentage of
inhibition relative to the control (with no extract added).
The TAAs of peanut skin extracts were significantly
affected by the methods of skin removal (P < 0.0001,
F =790.4) and extraction solvents (P < 0.0001, F =
217.2), as well as the interaction between skin removal
method and extraction solvent (P < 0.0001, F = 181.7).
Blanching significantly reduced the antioxidant activity
of peanut skin extracts, while roasting had both positive
and negative effects depending on the solvents used for
extraction. The lower TAAs of extracts from blanched
peanut skin compared to the extracts from directly
peeled skin were consistent with the loss of total phen-

100
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Fig. 1. Effects of skin removal methods and extraction solvent on
relative TAAs of peanut skin extracts.
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olics due to blanching. For directly peeled and blanched
peanut skins, the order of TAA for extracts in different
solvents were methanol>ethanol>water. For roasted
peanut skin, the order was ethanol>methanol>water.
The TAA of water and ethanol extracts obtained from
roasted peanut skin were higher than the extracts de-
rived from raw peeled peanut skin with the exception of
methanol extracts.

When the concentration of total phenolics of peanut
skin extract was in the range of 0.05-0.2 mg/ml, the
relationship between TAA % and total phenolics was
linear (Fig. 2) with R? above 0.98. Out of this range, the
relationship became slightly curvilinear. Therefore, it
was necessary to dilute the samples to obtain the right
concentration of polyphenols when using the method of
Cano et al. (1998). The directly proportional increase of
TAA % with concentration of total phenolics indicates
that the antioxidant activity of peanut skin extracts is
attributable to the presence of phenolics in the tested
extracts. In fact, 98% of the change in TAA of the ex-
tracts tested was explained by the concentration of total
phenolics in both water (Fig. 2(a)) and ethanol
(Fig. 2(b)) extracts of peanut skin.

The TAA obtained by the relative percentage of dis-
coloration is not convenient for comparison among
antioxidants on the basis of equal unit of concentration.
Therefore, TEAC (Trolox equivalent antioxidant ca-

water extract

40 A y = 345.86x + 6.0636
R? = 0.9839

0 T T T T T T T
0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160

(a) Tota phenolics (mg/ml)
100
90 1 ethanol extract *
80 -
70 1y =347.21x + 4.5789
o 601 R? = 0.9802
g 50
F 40
30 -
20 4
10 A
0e T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3
(b) Total phenolics (mg/ml)

Fig. 2. Correlation between TAA and total phenolics of (a) water and
(b) ethanol extracts of peanut skin.

y =-0.2839x + 1.2107

1.000 - R? = 0.9972
0.800 +

0.600 +

Abs (415 nm)
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0.000 T T T T

Trolox Conc (mM)

Fig. 3. Standard curve showing linear relationship between absorbance
at 415 nm and the concentration of Trolox standard.

Table 2
Comparison of total antioxidant activity (TAA)*of peanut skin and
green tea extracts

Water extracts® Ethanol extracts ®

Directly peeled skin 3.394+0.25 4.10+0.43
Roasted skin 3.30+0.30 3.72+0.15
Green tea 1.91+£0.03 2.46+0.03

“TAA expressed as trolox equivalent antioxidant capacity (mM
Trolox per mM of total phenolics).
®Values are means of 3 replications + standard deviations.

pacity) value was calculated using Trolox as the stan-
dard reference. The standard curve, which shows a
linear relationship between the concentration of Trolox
and the absorbance in the range of 0—4 mM is given in
Fig. 3. The very small standard deviation in the figure
also confirms the high reproducibility of this method, as
reported by Arnao, Cano, and Acosta (1999).

TAAs of peanut skin extracts were calculated using
the standard curve in Fig. 3 and compared to that of tea
infusions calculated using the same standard curve
(Table 2). Water extracts of directly peeled and roasted
peanut skins had TEAC value of 3.39 and 3.30, re-
spectively, but the water extract of tea had much lower
TEAC value (1.91). The TEAC value of ethanol extract
of directly peeled peanut skin (4.10) was higher than that
of roasted peanut skins (3.72), and they were both
higher than the TEAC value of tea extract (2.46). Table
2 also shows that roasting had a negligible effect on
TAA of water extract but lowered the TAA of ethanol
extract from 4.10 to 3.72 mM Trolox equivalent per mM
total phenolics. This might relate to the degradation/
isomerization of some phenolics in peanut skin due to
heat. Under the same extraction condition, ethanol ex-
tracts had slightly higher TAA than water extracts at
equivalent concentration of total phenolics. This may be
attributed to the extraction power of ethanol, which is
able to extract some compounds that have very low
water solubility.
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Table 2 shows that regardless of the solvent used for
extraction, the TAAs of peanut skin extracts were higher
than green tea extracts at equal concentration of total
phenolics (1 mM). This indicates that peanut skin ex-
tract may contain antioxidants that are more potent
than those found in green tea extract. According to Lou
et al. (1999), peanut skin contains six A-type procyani-
dins that were not reported as present in green tea.
These A-type procyanidins have the same molecular
weights as B-type procyanidins found in grape seeds and
wine. These procyanidin dimers might have higher an-
tioxidant activity than monomers such as tea catechins.
In addition, peanut skin is rich in resveratrol (Sanders
et al., 2000). Although it was reported that the antiox-
idant activity of resveratrol was mainly due to its higher
metal chelating capacity, resveratrol also possesses free
radical scavenging capacity (Fremont, 2000). The po-
tential synergistic effect of non-flavonoid resveratrol and
flavonoids such as procyanidins may contribute to the
higher antioxidant activity observed in peanut skin
extracts.

However, antioxidant activity measured by the
chemical approach in this study can only give the rela-
tive ranking of extracts based on their reduction po-
tential. It does not necessarily indicate that their
biological/physiological effects are in the same order.
Thus a biological approach/assay will be needed to de-
termine/confirm the in vitro and in vivo antioxidant
activity of peanut skin extracts. Furthermore, the study
of the contribution of individual phenolic compound in
peanut skin extract to the TAA is also needed.

3.3. Total antioxidant activity of peanut skin extract
fractions

Two portions were obtained by the purification
procedure of Hara (2001) as described in Section 2.3.
Total phenolics and total antioxidant activity of ethyl
acetate and water soluble portions were determined
(Table 3). Data shows that water portions had higher
total phenolics concentration than ethyl acetate por-
tions for all extracts. Another important finding
shown in Table 3 is that the TEAC values of water
layers (11.0-15.9) were over two-folds higher than the
TEAC values of ethyl acetate layer (4.33-4.86).

Table 3

Therefore, the difference between ethyl acetate layer
and water layer was not only in the quantity of total
phenolics, but also the composition/potency of phen-
olics. Based on the polarity of water (polarity index 9)
and ethyl acetate (polarity index 4.4), phenolic com-
pounds in the water layer are more polar than those
that would preferentially dissolve in ethyl acetate.
Thus, water would favorably dissolve more polar plant
polyphenols with higher antioxidant activity. Because
the higher polarity means more hydroxyl groups on
the ring of polyphenols, this conclusion is in agree-
ment with the results of Cao, Sofic, and Prior (1997)
and Lien, Ren, Bui, and Wang (1999) who reported
that the antioxidant activity of flavonoids was gener-
ally determined by the number and location of hy-
droxyl groups on the flavonoid ring structure, the
more hydroxyl substitutions, the stronger the antioxi-
dant activity.

This finding is also encouraging since functional in-
gredients used in the formulation of health promoting
foods and dietary supplements need to be water soluble
for optimal physiological benefits.

3.4. HPLC separation of peanut skin extracts

Preliminary separation and identification of indi-
vidual phenolic compounds in peanut skin extract was
conducted by HPLC. Sample peaks were identified by
matching against retention time of known phenolic
standards under the same chromatography conditions.
Fig. 4 shows typical chromatograms of standards,
water and ethanol extracts of peanut skins removed
by three different methods. Eight peaks were success-
fully identified based on retention time. The com-
pounds identified can be divided into three classes: (1)
phenolic acids including chlorogenic acid, caffeic acid,
coumaric acid, and ferulic acid; (2) flavonoids in-
cluding epigallocatechin (EGC), epicatechin, catechin
gallate (CG), epicatechin gallate (ECG), and (3) stil-
bene (resveratrol).

It can be seen from Fig. 4(b)—(d) that the same
number of peaks (corresponding to same retention
times) were observed in the chromatograms of peanut
skin extracts from directly peeled and roasted peanut
skins. The chromatogram of blanched peanut skin

Total phenolics and total antioxidant activities (TEAC) of different fractions of peanut skin extracts

Method of peeling Fractions

Total phenolics*(mg/ml) TEAC (mM Trolox/mM)*

Raw peeling and freeze dried EtOAC layer
Water layer
EtOAC layer.
Water layer
EtOAC layer

Water layer

Blanched peeling and freeze dried

Roasting and peeling

0.28 £0.00 4.33£0.16
0.4740.02 11.0+0.51
0.03+£0.00 3.85+0.07
0.03+0.00 15.940.50
0.32+£0.02 4.86+0.03
0.56+0.00 11.240.07

#Values are means of 3 replications + standard deviations.
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Fig. 4. HPLC chromatograms of (a) polyphenol standards and water extracts from (b) raw skin, (c) blanched skin and (d) roasted peanut skin, where
EGC =epigallocatechin, CHL = chlorogenic acid, CA = caffeic acid, EC = epicatechin, EGCG = epigallocatechin gallate, CG = catechin gallate and

ECG =epicatechin gallate.

extract (Fig. 4(c)) was different from that Fig. 4(b) and
(d). The major compound in blanched peanut skin
extract was resveratrol. This HPLC profile is consistent
with the pattern observed in total phenolic concen-
tration and total antioxidant activity where blanched
peanut skin extract was significantly different from the
extracts of peanut skins removed by directly peeling
and roasting. Phenolic acids, although their antioxi-
dant activity were not studied as extensively as flavo-
noids, are important antioxidants of fruits and
beverages because of their high concentrations. An
example is chlorogenic acid in apples and apple juice.
Flavonoids found in peanut skin extracts are present in
green tea and grape seeds and are major components
that have been demonstrated to have multiple human
health benefits, such as lower LDL level of serum/liver,
inhibition of LDL oxidation thus preventing cardio-
vascular diseases, protection of DNA from free
radical attack leading to lower the risk of cancer, in-
hibition of the release of histamine thereby preventing
inflammation.

4. Conclusions

The results of this study indicate that peanut skin is
very rich in phenolics and its total phenolics content
was as high as 90-125 mg per gram dry skin, de-
pending on how the skin was removed from peanut

kernels. Compared to direct peeling, blanching caused
significant loss of total phenolics in peanut skin, while
roasting resulted in higher total phenolic concentration
in the extracts. Solvents used for extraction also af-
fected the concentration of total phenolics in extracts.
Ethanol was proven to be a more efficient solvent for
phenolic extraction from peanut skin. Total antioxi-
dant activity of peanut skin extract was linearly pro-
portional to the concentration of total phenolics. TAAs
of peanut skin extracts ranged from 3.39 to 4.10
TEAC. The compounds found in peanut skin are
considered potent antioxidants, particularly, flavonoids
and resveratrol. The comparative study of total anti-
oxidant activities of peanut skin extracts and green tea
infusions demonstrates that peanut skin extracts had
chemically higher antioxidant potential than green tea
infusions. Catechins that give green tea the capability
to lower LDL in human serum and liver, and to lower
the risk of cardiovascular disease and cancer, procy-
anidins and resveratrol that are present in grape and
red wine, are all found in peanut skin in different levels.
This makes peanut skin a good and an inexpensive
source of those bioactive compounds. More work is
needed to identify and quantify phenolic compounds in
peanut skin extracts, to test their antioxidant activity in
biological systems, and to test the contribution of each
individual compound to the total antioxidant activity.
Furthermore, positive confirmation of phenolics in
peanut skin via LC-MS is also needed.
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