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Defatted peanut meal is a low value agro-industrial residue from peanut oil production
with potential use as a value addition food ingredient. In this study, peanuts were roasted
at 100°C for 5min, de-skinned and milled into whole peanut flour (WPF) from which
the defatted meal (DPM) was prepared by acetone extraction and the peanut protein
concentrate (PPC) obtained from the DPM using isoelectric pH precipitation. The protein
content, amino acid profile, total phenolic content (TPC), total flavonoid content (TFC)
and in vitro antioxidant properties of the peanut samples were then determined. Results
showed that DPM had a TPC of 0.12 + 0.02mg gallic acid equivalent (GAE)/g, which
was significantly (o < 0.05) higher than and twice the levels in WPF and PPC (0.06 +
0.083 mg GAE/g). However, WPF had TFC of 0.21 + 0.01 g quercetin equivalent (QE)/g,
which was significantly (o < 0.05) higher than DPM (0.16 4+ 0.03 ng QE/g) and PPC (0.11
+ 0.05 ng QE/g). However, PPC had superior amino acid profile in addition to stronger
radical scavenging and metal chelation activities than WPF and DPM. The results suggest
that PPC is a protein rich product that could be utilized as an ingredient in food product
fortification to enhance nutritional quality and in the formulation of functional foods with
antioxidant benefits.

Keywords: polyphenols, flavonoids, whole peanut flour, peanut protein meal, peanut protein concentrate,
antioxidant properties, amino acid profile

INTRODUCTION

Peanuts (Arachis hypogaea), also known as groundnuts are protein-rich edible oilseed legumes
grown in the tropical and subtropical regions. Peanut is widely consumed globally in many forms
and its demand or acceptance as food comes mainly from the flavor attributes and nutritional
content. Nuts are rich in both macro and micronutrients and the daily consumption leads to long-
term health benefits (Ros, 2010; Stevens-Barron et al., 2019). Peanuts could be a good replacement
for tree nuts especially for low-income communities and underdeveloped economies since both
have similar morphology and nutritional profile. Comparatively, the market price of peanut
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is lowest among nuts but like tree nuts, peanuts have a complete
essential amino acid profile almost in equivalent quality to animal
proteins but with high level of unsaturated fatty acids (Arya
et al, 2016; Wang et al, 2016). The entirety of the peanut
plant is a rich conglomerate of phenolic compounds and the
kernel, testa, hull and by-products are used in various food
formulations (Arya et al., 2016; Toomer, 2020). For example,
peanuts serve as a commercial source of raw material for the
production of vegetable oil, roasted snacks, pasta, flour, beverages
and many more other products (Toomer, 2018). Recent studies
have suggested that peanuts could be used in composite flour
for the production of flatbread (Salve et al., 2020), animal feeds
(Duodu et al., 2018), food packaging (Riveros et al., 2018), and
probiotics supplements (Klu et al., 2014). The interest in phenolic
compounds derived from vegetables and their biological roles
in nutrition and disease reduction is increasing (Giada, 2013;
Gutiérrez-Grijalva, 2016).

Plants are potential sources of natural antioxidants and several
studies have focused on the bioactive activities of phenolics,
which involve their ability to act as potent antioxidants and
free radical scavengers (Alov et al, 2015; Tungmunnithum
et al, 2018; Kaurinovic and Vastag, 2019). Peanuts are rich
in several vitamins and minerals, unsaturated fatty acids and
fiber and these together with the phytochemicals contribute
to promote health and reduce the risk of chronic diseases by
functioning as antioxidants, antimicrobials, anti-inflammatory,
anti-hypertension and anti-cancer agents (Chen and Blumberg,
2008; Prabasheela et al., 2015). Furthermore, current knowledge
on the effects of nut consumption on human health has greatly
increased in recent years and suggests that they may play a
role in the prevention and management of chronic age-related
diseases. Hence, frequent consumption of nuts is advised for
better metabolic status, lower risk of coronary disease, and
reduced risk of obesity (Ros, 2010; Rusu et al., 2019). This is
because bioactive compounds in them have the potent capacity to
prevent, ameliorate and manage diseases, thus promoting human
longevity (De Camargo et al., 2017).

The defatted peanut meal is a low value agro-industrial
residue derived from oil production and has some potential
for valorization (Uddin et al., 2018). The meal contains ~50%
protein, minerals, vitamins, fiber and phenolic acids, resveratrol,
flavonoids and phytosterols (Bhat et al., 2019). High phenolic
content remains in the defatted residues and these by-products
could be useful in food fortification (De Camargo et al., 2014)
and could be novel ingredients for the development of functional
foods and nutraceuticals (Arya et al., 2016). The main phenolic
compounds found in nuts are flavonoids (proanthocyanidin,
isoflavones, catechin and epicatechin) and phenolic acids such
as sinapic, vanillic, caffeic, m-coumaric, o-coumaric and ferulic
acids (Attree et al, 2015; Ma et al.,, 2019). Peanuts have a
good quantity of lipophilic phenolics than most nuts including
tree nuts (De Camargo et al, 2017; Stevens-Barrén et al,
2019). Most phenolic compounds extracted from nuts are the
hydrophilic type, however the lipophilic compounds possess
several biological activities (Liu et al., 2014). Peanut meals are
by-products of peanut oil processing, which removes tocopherols
and some phospholipids from the product (Zhao et al., 2012).

A strong positive correlation (R? > 0.93) has been observed
between the antioxidant of activity and total phenolic content
of plant materials (Kchaou et al.,, 2014). Phenolic compounds
exhibit radical scavenging activities and also mitigate lipid
oxidation in foods as a result of their antioxidant properties,
which are wholly related to their chemical structure. The
antioxidant and free radical activities of phenolics are mainly
due to their redox properties, which allows them to act as
reducing agents, hydrogen/electron donors and singlet oxygen
quenchers (Kasote et al., 2015; Kumari, 2017). Consumption of
foods containing appreciable amounts of phenolic compounds
could therefore, improve the antioxidant status of an individual
by facilitating donation of electrons and scavenging of free
radicals, especially the highly toxic reactive oxygen species
(Moukette et al., 2015). Phuyal et al. (2020) reported that natural
antioxidants present in several medicinal plants are responsible
for inhibiting the destructive effects of oxidative stress. These
plants contain phenols and flavonoids that act as free radical
scavengers and reduce oxidative stress and may be an alternative
remedy to curing various harmful human diseases. In addition,
acting as antioxidants, TPC and TFC have been shown to produce
other biological effects such as anti-inflammatory, antibacterial,
antifungal, antimalarial, cytotoxicity and antiprotozoal activities
(Larit et al., 2019).

Peanuts have been reported to contain antinutrients including
trypsin inhibitor, a-amylase inhibitor, phytic acid, lectin and
tannins (Lozano et al, 2019). Embaby (2011) investigated the
effect of four heat processing methods (boiling, autoclaving,
microwave and roasting) on six antinutrtional factors (trypsin
inhibitor, a-amylase inhibitor, phytic acid, lectin and tannins)
found in peanuts. Results showed that all the heat treatments
significantly reduced the levels of the investigated antinutrients
and improved in vitro protein digestibility of peanut seeds. Of all
the heat treatments, roasting was the most effective in reducing
the levels of antinutrients and improving the in vitro protein
digestibility of peanut (Embaby, 2011).

Since antioxidants play an enormous physiological role in
human and animals health, literature is replete with studies on
the phytochemical content and bioactive role of nuts (Thakur
et al., 2020). Some recent studies on peanut and by-products
focused on few phytochemical components of agricultural
residues like husk and hull. The use of peanut by-products
in animal feed and human food, impact of different processes
on peanut phytochemical content, peanut protein isolation
and functional properties and nutritional components of the
defatted meal have been evaluated with the aim of improving
the final product nutrient quality (Jain et al., 2015; Vijayalaxmi
et al., 2015; Arya et al.,, 2016; Duodu et al., 2018; Guo et al.,
2020). Although much work has been carried out to assess
the phytochemical content and techno-functional properties of
peanut and their by-products especially those of defatted protein
meal and protein concentrate (Yu et al., 2007; Kain and Chen,
2010), only few of the studies carried out a comparative study
of the total phytochemical content and antioxidant properties
of peanut by-products. Hence, the objective of this study was
to compare the nutritional quality (amino acid composition),
total phytochemical content and in vitro antioxidant properties of
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whole peanut protein flour (WPF), defatted peanut protein meal
(DPM) and peanut protein concentrate (PPC).

MATERIALS AND METHODS

Materials

Peanut seeds were purchased from the Minna main market, Niger
State, Nigeria. All analytical grade reagents were purchased from
Fisher Scientific (Oakville, ON, Canada) and Sigma Chemicals
(St. Louis, MO, USA).

Sample Preparation

Preparation of Whole Peanut Flour

Whole peanut protein meal is the product obtained from roasted
peanut seeds ground into flour prior to defatting. To produce
the WPE, the peanut pods were separately cleaned of extraneous
materials and the extracted seeds roasted at 100°C for 15 min
with stirring to ensure uniform heat distribution. The roasted
seeds were cooled to room temperature (RT), manually de-
skinned and winnowed to obtain the naked seeds (seeds without
the testa). The toasted, de-skinned and winnowed seeds were
then milled using a manual grinder and sieved into a fine flour
of 1 mm particle pore size. This flour was referred to as the WPF.

Preparation of Defatted Peanut Meal

The DPM was prepared using a previously described protocol
(Girgih et al., 2016). The milled peanut protein flour was defatted
by mixing 1g of WPF with 10 mL of acetone. The mixture was
then stirred in the fume hood for 3 h and decanted followed by
second and third consecutive extractions of the residues. The
resulting DPM from the third extraction was air-dried overnight
in a fume hood and stored at —20°C.

Preparation of Peanut Protein Concentrate

The method of Yu et al. (2007) was adopted with some minor
modifications to produce PPC as follows. DPM was dispersed
in distilled water using the ratio of 1:10 (w:v, solid:liquid) and
adjusted to pH 10 with 1 M NaOH solution. The alkaline mixture
was continuously stirred for 1 h at RT followed by centrifugation
(5000g for 20 min). The supernatant was collected and adjusted
to pH 4.5 by adding 1 M HCl solution to precipitate the proteins.
The suspension was centrifuged (5000g; 20 min; RT) after which
the supernatant was discarded while the precipitate was collected
and re-suspended in distilled water (1:10, solid:liquid). The
mixture was stirred at RT for 1h to remove salts and other
soluble contaminants and then centrifuged again (5000g; 20 min;
RT). The washed precipitate was freeze-dried, milled into powder
to give the peanut protein concentrate (PPC) and then stored
at —20°C. Protein contents of WPE, DPM and PPC were
determined using the Lowry method (Markwell et al., 1978).

Determination of Phytochemical Content
Total Phenolic Content

The TPC was determined using Folin-Ciocalteu reagent
following a previously described procedure (Adhikari et al,
2018) with some modifications. Briefly, 50 wL of sample extracts
were mixed with 1 mL of Na,CO3 (2%, w/v) using a vortex. A

50 wL aliquot of 1 M Folin-Ciocalteu reagent was then added to
the mixture and allowed to stand for 30 min at RT in the dark.
The absorbance was taken at 750 nm using a spectrophotometer
(Multiskan GO, Thermo Fischer Scientific). TPC was determined
using gallic acid as a standard and the results were expressed as
microgram gallic acid equivalents (GAE) per gram dry weight
sample (ug GAE/g dry weight sample).

Total Flavonoid Content

The TFC was measured following the method described by
Adhikari et al. (2018) with some modifications. A 300 nL aliquot
of sample solution was mixed with 300 nwL of double distilled
water and 30 pL of NaNO; (5%, w/v) added. The mixture was
left at room temperature for 5 min and then 60 pL of AICl3 (10%,
w/v) was added to the mixture. After 5 min, 200 L of 1 M NaOH
was added to the mixture and vortexed. The absorbance reading
was then taken at 500 nm using a spectrophotometer (Multiskan
GO, Thermo Fischer Scientific). The TFC was calculated from
the calibration curve plotted using quercetin as a standard and
expressed in microgram quercetin equivalents (QE) per gram dry
weight sample (jug QE/g dry weight sample).

Determination of Amino Acid Composition

The amino acid profiles of the samples were determined using
an HPLC system after samples were hydrolyzed with 6 M HCl
(Bidlingmeyer et al., 1984). Amino acid quantification was then
performed using a 4.6 x 150 mm ion-exchange chromatography
column on a Sykam Amino Acid Analyzer, (Model S2100/54300)
following the procedures outlined by the manufacturer (Skyam
GmbH, Eresing, Germany). The amino acids were separated
using an elution gradient consisting of sodium citrate buffers
(pH 3.45 and pH 10.85) at 0.45 mL/min flow rate. The cysteine
and methionine contents were determined after performic acid
oxidation (Gehrke et al., 1985) while the tryptophan content was
determined after alkaline hydrolysis (Landry and Delhaye, 1992).

Determination of in vitro Antioxidant

Properties

DPPH Radical Scavenging Activity

The DRSA of WPE DPM and PPC was determined using a
previous method (Adefegha et al., 2015) with slight modifications
for 96-well clear flat bottom plate. Samples were dissolved in
0.1 M sodium phosphate buffer, pH 7.0 containing 1% (w/v)
Triton X-100. DPPH was dissolved in methanol to a final
concentration of 100 M. Samples (100 L) were mixed with 100
WL of the DPPH solution in the 96-well plate to a final assay
concentration of 1 mg/mL and incubated at RT in the dark for
30 min. The absorbance values of the blank (Ab) and samples
(As) were measured at 517 nm. The control consisted of sodium
phosphate buffer in place of the sample while reduced glutathione
(GSH) was used as the positive control. The percent DRSA of the
samples was determined using the following equation:

DRSA(%) = [(Ap — As)/Ap]x 100

Superoxide Radical Scavenging Activity
The SRSA of samples was measured according to previously
described method (Xie et al,, 2008). An aliquot of 1 mg/mL
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peanut samples or GSH (80 pL in 50 mM Tris-HCl buffer
containing 1 mM EDTA, pH 8.3) was mixed with 80 pL of the
buffer in a clear bottom 96-well plate in the dark. Then, 40 pL
of 1.5mM pyrogallol dissolved in 10 mM HCI was added to each
well. A blank reaction was conducted without the sample. The
reaction rate (AA/min) for the blank (b) and sample (s) was
measured immediately at 420 nm for 4 min at room temperature
using the buffer as a control. The SRSA was calculated using the
following equation:

SRSA(%) = {[(AA/min), — (AA/min)]/(AA/min)y}x 100

Hydroxyl Radical Scavenging Activity

The HRSA was determined based on a previously reported
method (Kumari and Ra, 2017). WPE, DPM and PPC samples
and 3mM of 1,10-phenanthroline were separately dissolved in
0.1M sodium phosphate buffer (pH 7.4). FeSO4 (3 mM) and
0.01% (v/v) hydrogen peroxide were both separately dissolved in
distilled water. An aliquot (50 L) of peanut samples (equivalent
to a final assay concentration of 1 mg/mL) or buffer (blank) was
first added to a clear, flat bottom 96-well plate followed by 50 pL
of 1,10-phenanthroline and then 50 wL of FeSO4. To initiate the
Fenton reaction, 50 wL of hydrogen peroxide was added to the
mixture, covered and incubated at 37°C for 1 h with shaking. The
absorbance was measured using a spectrophotometer at 536 nm
at 10 min intervals for 1 h. The HRSA was then calculated using
the reaction rate (A A/min) as follows:

HRSA(%) = {[(AA/min), — (AA/min)s]/(AA/min)} x 100,
where b and s represent blank and sample, respectively.

Ferric Reducing Antioxidant Power

The FRAP of samples was measured according to a previously
reported method (Zhang et al.,, 2008), which was modified as
follows. Peanut sample solution (250 pL) dissolved in 0.2 M
sodium phosphate buffer at pH 6.6 or blank (250 pL of
buffer) was mixed with 250 WL of same buffer and 250 wL of
1% (w/v) potassium ferricyanide solution. The peanut sample
concentration in the assay mixture was 1 mg/mL, which was then
heated at 50°C for 20 min. After incubation, 250 L of 10% (w/v)
aqueous trichloroacetic acid (TCA) was added. Thereafter, 250
L was combined with 50 WL of 0.1% (w/v) FeCls solution and
200 L of double distilled water and allowed to stand at RT for
10 min. The solution was then centrifuged at 1000 x g and 200
nL of the clear supernatant transferred to a 96-well plate for
absorbance determination at 700 nm.

Metal Chelation Activity

The MCA of WPE, DPM and PPC samples was measured using
a previously described method (Xie et al., 2008), which was
modified as follows. An aliquot (1 mL) of a 1 mg/mL peanut
sample solution or GSH was combined with 0.05mL of 2mM
FeCl, and 1.85mL double distilled water in a reaction tube.
A 0.1mL aliquot of 5mM ferrozine solution was added and
mixed thoroughly. The mixture was left at room temperature
for 10 min from which 200 nL was transferred into a 96-well
plate. The blank reaction was performed by replacing sample

with 1 mL of double distilled water. The absorbance values of
both the blank (Ab) and samples (As) were measured at 562 nm
using a spectrophotometer. The percentage MCA was calculated
as follows:

Metal chelating activity(%) = [(Ap, — As)/Ap]x 100 (1)

Statistical Analysis

Phytochemical and antioxidant assays were conducted in
triplicate and analyzed by one-way analysis of variance
(ANOVA). The means were compared by Duncan’s multiple
range test and significant differences accepted at p < 0.05.

RESULTS AND DISCUSSION

Total Phenolic and Flavonoid Contents

Phenolic compounds are known to play an important role in
stabilizing lipids against peroxidation and inhibiting various
types of oxidizing enzymes that promote oxidative stress and
related morbidities (Forni et al., 2019; Liu J. et al., 2019). Results
of the TPC and TFC of peanut samples indicate an effect of
processing as shown in Table 1. The TPC value of DPM (0.12 mg
GAE/g dry wt) was twice the values observed for WPF and
PPC (0.06 mg GAE/g dry wt), which may have been caused
by lipid removal coupled with the adopted processing method.
These results are lower than TPC values reported for peanut
testa that ranged between 2.47 and 84.53 mg GAE/g dry wt but
similar to that of testa removed peanuts, which ranged from 0.07
to 0.12mg GAE/g dry wt (Khaopha et al., 2012). Sebei et al.
(2013) reported the TPC of peanut kernel with intact testa of
four varieties in a range between 1.0 and 2.1 mg GAE/g dry
wt. In another study, De Camargo et al. (2017) investigated
the antioxidant capacity and antimicrobial effects of phenolics
and flavonoids in peanut products and reported the TPC to be
150 and 3.61 mg CE/g dry wt in the peanut skin and blanched
dry peanut meal. The TPC variations of peanut products could
be attributed to the differences in cultivar, growth conditions,
type of extracting solvents, ratio of solvent to sample and the
duration of the extraction process (Sarkis et al., 2014; Coulibaly
et al,, 2018) as well as solubility of the sample material. Lower
values of TFC were however observed in this study where WPF
had TFC of 0.21 ng QE/g, which is significantly (p < 0.05)
higher than DPM (0.16 pg QE/g) and PPC (0.11 pg QE/g). The
low values of TFC could also be attributable to the processing
and method of extraction and solvent used. Vijayalaxmi et al.
(2015) extracted phenolic compounds from agricultural residues
using two different solvent extraction methods and discovered
variations arising from probably the solvents used and solubility
of materials. Plant proteins generally exhibit low solubility and
the presence of lipids in a flour could also alter the solubility
by sequestering hydrophobic polyphenols, which could have
contributed to the higher TPC of WPF compared to the DPM
and PPC in which lipids were removed. The interactions between
protein and phenolic compounds are made possible by the
presence of several benzene rings and cyclic groups, which
could result in complex formation that may cause unavailability
of these species in food systems (Liu K. et al., 2019). Their
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TABLE 1 | Phenolic, flavonoid, and protein contents of whole peanut protein flour, defatted peanut protein meal, and peanut protein concentrate*.

Sample Total phenolic content Total flavonoid content Protein content
(mg GAE/g dry wt) (g QE/g dry wt) (%)

WPF 0.12 £ 0.022 0.21 £0.012 28.70 +£ 0.11¢

DPM 0.06 + 0.03° 0.16 4 0.03° 51.50 & 0.01°

PPC 0.06 + 0.02° 0.11 £ 0.05° 72.90 + 0.022

*WPF, Whole peanut flour; DPM, Defatted peanut meal; PPC, Peanut protein concentrate; GAE, gallic acid equivalent; QE, quercetin equivalent. For each column, values with different

letters are significantly different (o < 0.05).

interactions could affect the functional properties of proteins and
phenolics. These phenomena could engineer the organoleptic
properties of phenolic compounds and cause the foaming and
gelling properties of proteins to be increased. In addition, during
protein-phenolic interactions, both covalent and non-covalent
bonds are involved but their formation depends on the type
of phenolic compounds and proteins in the food system as
well as conditions such as pH, temperature, ionic strengths and
solubility (Altin et al., 2019). It is possible therefore that the
results obtained in this study may have been influenced in part
by the effects of protein-phenolic interactions.

The major phenolic compounds in nuts are flavonoids, which
are polyphenols and information from their chemical structure
suggests they have the ability to scavenge free radicals and
chelate redox active metals (Panche et al., 2016; Tungmunnithum
et al., 2018). Table 1 shows that the TPC and TFC contents
were directly related to degree of processing as defatting
produced a decrease in their contents for DPM and PPC. Protein
concentration resulted in further depletion of these polyphenolic
compounds. These results suggest that TPC and TFC were lipid
soluble, hence significant (p < 0.05) amounts were lost in DPM
and PPC (during solvent pre-treatment) when compared to the
intact WPF.

Protein Content

Peanuts have more protein than any other nut with levels
comparable to or better than a serving of beans (Arya et al., 2016).
Table 1 shows the protein content increased with processing,
which was expected since each step involved the removal
of mostly non-protein materials. The results correspond to
literature values of reported increase in the protein content by
at least 50% after defatting of peanut (Zhao et al., 2011). A similar
report by Uddin et al. (2018) showed that the removal of lipids
from raw peanuts increased the protein content from 25 to 53%,
while Wu et al. (2009) reported 57% for defatted peanut meal.
Furthermore, Yu et al. (2007) reported that protein content of
defatted peanut meal was 53% while that of PPC derived from the
defatted meal was 86%. However, higher values of protein content
ranging from 80 to 90% (Sibt-e-Abbas et al., 2015) and up to 97%
(Wu etal., 2009) have been reported for isolated peanut proteins.

Amino Acid Composition

The amino acid composition of a protein determines its
functionality and bioactivity in biological systems (Sdnchez and
Vazquez, 2017). The general trend observed in this study was
increases in the content of branched chain (BCAA), hydrophobic

TABLE 2 | Amino acid profile of whole peanut flour, defatted peanut protein meal,
and peanut protein concentrate*.

Amino acid Whole peanut Defatted peanut Peanut protein
flour (%) meal (%) concentrate (%)
Trp 4.50 5.80 6.10
Thr 5.80 4.79 2.10
lle 3.74 3.84 4.20
Leu 4.04 4.38 5.07
Lys 7.93 5.87 1.08
Met 3.20 3.64 417
Cys 4.85 5.67 6.00
Phe 4.30 4.58 4.15
Tyr 7.90 6.19 3.08
Val 4.85 5.71 6.20
Arg 5.99 6.27 7.06
His 3.95 4.02 5.08
Ala 6.80 4.07 4.03
Asx 7.95 8.37 10.10
Gix 9.69 10.01 12.20
Gly 5.58 5.84 7.10
Pro 4.88 5.30 6.04
Ser 3.80 5.87 7.07
AAA 15.60 15.63 13.35
BCAA 11.23 13.93 15.67
HAA 45.19 49.35 50.74
NCAA 26.24 29.6 32.38
PCAA 16.07 16.16 13.42
SCAA 8.05 9.31 10.47

*Asx, aspartic acid + asparagine; Glx, glutamic acid + glutamine; HAA, Combined total
of hydrophobic amino acids, Ala, Val, lle, leu, Tyr, Phe, Trp, Pro, Gly, and Met; PCAA,
Positively charged amino acids, Arg, His, Lys; NCAA, Negatively charged amino acids,
Asx, Glx, Ser, Thr; AAA, Aromatic amino acids, Phe, Trp and Tyr; BCAA, Branch chain
amino acids, Leu, lle and Val; EAA, Essential amino acids, His, lle, Leu, Lys, Met, Phe,
Thr, Trp, and Val; SCAA, Sulfur containing amino acids, Cys, Met; WPF, Whole peanut
flour; DPM, Defatted peanut meal; PPC, Peanut protein concentrate.

(HAA), negatively (NCAA) and sulfur containing amino acids
(SCAA), while the aromatic (AAA) and positively charged
(PCAA) amino acids showed decreases in their content with the
removal of non-protein components as shown in Table 2. The
BCAA content increased by 24% in the DPM and by 39.5%
in the PPC in comparison to the contents in WPF. The HAA
content of the DPM and PPC increased by 9.2% and 12.3%,
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respectively when compared to WPF. Similarly, the NCAA and
SCAA levels were higher in the DPM and PPC than the WPF
recording 12.8 and 24.3% content of NCAA and 15.7 and 30.1%,
respectively. Histidine (His) is an essential amino acid with
unique roles in proton buffering, metal ion chelation, scavenging
of reactive oxygen and nitrogen species, erythropoiesis and the
histaminergic system (Holecek, 2020). Considering all the amino
acid side chains in proteins, only the imidazole ring of His is
suitable to function as a pH buffer and either of the two nitrogen
of the imidazole ring can bind or release a proton to form the
acid or the base form, thus acting as buffering agent (Derave
et al.,, 2010). There was an 8.6% increase in the His content of
PPC when compared to WPF. Peanut proteins represent one
of the best sources for high intake of arginine, a precursor
for endogenous production of nitric oxide, which contributes
to vasodilation and reduced blood pressure. Arginine level was
4.5 and 17% higher in DPM and PPC, respectively than in
WPE. However, processing of DPM into PPC led to 14.4 and
16.5% decreases, in the levels of AAA and PCAA respectively,
suggesting that purification depleted the level of protein fractions
with higher levels of AAA and PCAA. PPC had the highest
amount of NCAA (32.4%) and HAA (50.7%), which implies that
the product has the most of available excess electrons that can
be donated to neutralize free radicals and curb their destructive
activities. All the nine essential amino acids were present in
different concentrations similar to that in animal, and poultry
proteins (Nasr et al., 2017a,b) in contrast to that of defatted
hazel nuts meal, which was reported to have only seven essential
amino acids present (Xu and Hanna, 2011). The enhanced amino
acid profile of PPC shows that it can be used as a suitable
ingredient for protein fortification in carbohydrate-based foods,
which could reduce protein-energy malnutrition challenges.

Antioxidant Properties

GSH is a non-protein thiol and tripeptide made up of glycine,
glutamate and cysteine and widely distributed in nature. It is an
endogenous antioxidant that sequesters metal ions and scavenges
free radicals to break the chain reactions that cause oxidative
damage (Al-Anazi et al., 2015; Solovyova and Kuznetsova, 2015).
The thiol group in GSH is the most chemically reactive group
responsible for maintaining oxidation homeostasis in the cellular
environment. GSH is the main regulator of redox homeostasis
of the cellular environment, hence we have used this molecule
to estimate the comparative antioxidant potency of the peanut
products. The free radical scavenging activity of peanut products
and GSH were determined using electron donation (DRSA
and SRSA), hydrogen atom transfer (FRAP) and non-covalent
sequestration of cations (MCA) assays. Vitamin C is a non-
enzymatic endogenous antioxidant characterized by the ability
to rapidly inactivate radicals and oxidants and could sometimes
be used as a standard in comparison to experimental samples.
Epidemiological studies have shown that people who consume
a diet rich in vitamin C, presents a low risk of oxidative stress
or other related diseases associated with free radicals, when
compared with those who have a diet deficient in this vitamin
(Grigorescu et al., 2015). Therefore, vitamin C was also used as a
standard in one of the radical scavenging assays.
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FIGURE 1 | Dose-response DPPH radical scavenging effects of different
peanut protein preparations (WPF, whole peanut flour; DPPM, defatted peanut
protein meal; PPC, peanut protein concentrate) in comparison to a natural
antioxidant (Vit. C).

DPPH Radical Scavenging Activity

The DRSA determines antioxidant capacity of biological
compounds by estimating the neutralization of the free radicals
formed in the oxidant system (Chen et al., 2013). DPPH is an
indirect method that measures the decrease in absorbance of the
radical ion at 517 nm (Shahidi and Zhong, 2015). The DRSA of
vitamin C (positive control) was the strongest when compared
to WPE, DPM and PPC but all the samples exhibited dose-
dependent effect to varying degrees with an inverse relationship
between absorbance and dose (Figure 1). Vitamin C showed
the most DRSA with larger decreases in absorbance than the
peanut samples. The WPF and DPM had similar decreases
in absorbance, except at 200 pg/mL where WPF produced a
stronger effect. However, the PPC had weak DRSA as shown
by the minimal decreases in absorbance, when compared to
WPF and DPM. The DRSA of moringa seed kernels was also
shown to increase proportionately with increase in antioxidant
concentration (Jahan et al., 2018). Another study on different
pine nut varieties and co-products also showed dose response
effects for the DRSA (Zhang et al., 2020) and maya nuts exhibited
similar antiradical behavior (Ozer, 2017). Similarly, a study with
Tunisian dates also showed a positive correlation of DRSA with
sample concentration (Kchaou et al.,, 2014). The weak activity
of PPC indicate a negative effect of protein isolation, which
indicates that the DRSA of the peanut is due mainly to the
non-protein components.

Superoxide Radical Scavenging Activity

Biological reactions within the body are responsible for
generating the superoxide radicals, which are highly toxic species
that could damage human health (Collin, 2019). This is because
the superoxide radical promotes oxidation of fatty acids to
form toxic peroxides that destroy vital cellular components (He
et al., 2013). In addition, the superoxide radical is involved
in cellular reactions that lead to the production of other
highly reactive compounds, such as the hydroxyl radical and
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FIGURE 2 | Superoxide radical scavenging activities of different peanut protein
preparations (WPF, whole peanut flour; DPPM, defatted peanut protein meal;
PPC, peanut protein concentrate) in comparison to glutathione (GSH) a natural
antioxidant. Values are means + std and bars with different letters are
significantly different at p < 0.05.

hydrogen peroxide. Therefore, compounds that can effectively
scavenge the superoxide radical could provide great protection
to vital cellular components and reduce the risk of chronic
health diseases. To determine the SRSA, pyrogallol was used
for spontaneous oxidation producing the superoxide radical that
can then be scavenged by antioxidant compounds. During the
assay, the decrease in absorbance at 560 nm in the presence
of antioxidants indicates neutralization of superoxide anions
generated within the reaction mixture. The SRSA data as
shown suggest significantly (p < 0.05) stronger effect of GSH
(Figure 2). For the peanut products, WPF was the weakest
while PPC had significantly (p < 0.05) higher value. Zhang
et al. (2014) reported the SRSA of peanut meal to be
39.3%, which is similar to the 37% obtained for DPM in
this study. Therefore, the strong SRSA of the PPC indicate
great contributions from the protein constituents or it could
also be a reflection of better synergistic interactions between
protein and non-protein constituents when compared to similar
interactions in WPF and DPM. In addition, the PPC has a
significantly (p < 0.05) higher level of NCAA, which provides
surplus electrons that can be readily donated to quench the
superoxide radical.

Hydroxyl Radical Scavenging Activity

The hydroxyl radical is the most reactive oxygen species
produced during metabolism and known to be the cause of
many severe physiological disorders including cancer, diabetes,
atherosclerosis, Alzheimer’s disease and aging. The hydroxyl
radical and ferric ions are generated through the Fenton
reaction in the presence of hydrogen peroxide and ferrous
ions. Continuous redox reactions occur in which the ferrous
ions are oxidized to ferric ions and then reduced again to
ferrous ions. Figure 3 shows that among the peanut products,
the PPC had the strongest HRSA, though lower than that of
GSH. The PPC activity is similar to ~70% HRSA reported
for a peanut skin extract (Wang et al, 2007). The results
of the current study suggest that increased protein purity
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FIGURE 3 | Hydroxyl radical scavenging activities of different peanut protein
preparations (WPF, whole peanut flour; DPPM, defatted peanut protein meal;
PPC, peanut protein concentrate) in comparison to glutathione (GSH) a natural
antioxidant. Values are means =+ std and bars with different letters are
significantly different at p < 0.05.
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FIGURE 4 | Ferric reducing antioxidant power activities of different peanut
protein preparations (WPF, whole peanut flour; DPPM, defatted peanut protein
meal; PPC, peanut protein concentrate) in comparison to glutathione (GSH) a
natural antioxidant. Values are means =+ std and bars with different letters are
significantly at p < 0.05.

(removal of non-protein compounds) may be responsible for
the enhanced HRSA. This could be due to reduced interference
from non-protein materials, which enabled a more efficient
electron donating capability of the amino acid constituents. The
presence of higher levels of NCAAs could also have contributed
to the stronger HRSA of the PPC when compared to WPF
and DPM.

Ferric Reducing Antioxidant Power

FRAP is a method based on the ability of an antioxidant
compound to reduce ferric ion (Fe’T) into the ferrous (Fe?t)
form. Figure4 also shows that the PPC had the strongest
reducing power among the peanut products, though significantly
(p < 0.05) lower than that of GSH. The results concur with
the stronger SRSA and HRSA of PPC when compared to WPF
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FIGURE 5 | Metal chelation activities of different peanut protein preparations
(WPF, whole peanut flour; DPPM, defatted peanut protein meal; PPC, peanut
protein concentrate) in comparison to glutathione (GSH) a natural antioxidant.
Values are means =+ std and bars with different letters are significantly different
atp < 0.05.

and DPM. Therefore, the electron donating ability of peanut
protein amino acids was improved through removal of non-
protein materials. A previous work reported a higher FRAP
activity (1.07 absorbance) for a peanut protein isolate (88.5%
protein content), though the assay was carried out at 2.5 mg/mL
when compared to the 1 mg/mL used in the current work
(Jamdar et al., 2010). The FRAP values of the WPE, DPM,
and PPC in this study are also lower than another work,
which reported 0.22 to 0.24 absorbance values (Karamac et al.,
2016).

Metal Chelation Activity

The spontaneous degeneration of peroxides to form ROS
species is very slow but the presence of metals with more
than one redox state can catalyze the reaction and make it
fast. Some examples of metals of interest are Fe and Cu and
sequestering of these methods will block metal-catalyzed free
radical formation. The MCA of the peanut products indicate
significantly stronger ability of PPC when compared to DPM
and WPF (Figure 5). Therefore, protein purity also enhanced
complexation with the metal cation. Since a negative charge
on the protein facilitates metal binding, it is possible that
removal of non-protein materials that interact with negatively
charged amino acids contributed to the improved MCA of
PPC. Moreover, in comparison to WPF and DPM, the PPC
has significantly (p < 0.05) higher levels of histidine (Table 2),
which is a well-known metal-chelating amino acid. A previous
work showed that flaxseed protein isolate had a 25.9% MCA
at 1.54 mg/mL sample concentration, which makes it weaker
than the 59.5% obtained in this work using 1 mg/mL (Karamac
et al, 2016). Similarly, the MCA obtained for PPC in this
work is higher than the 15% reported for another flaxseed

protein isolate at 2.3 mg/mL sample concentration (Hwang et al.,
2016).

CONCLUSIONS

The processing conditions and extraction methods utilized in
the preparation of the samples were observed to influence
the phytochemical content and antioxidant activity of the
peanut products. DPM had twice the amount of TPC than
WPF and PPC, which indicates that a large fraction of the
total polyphenols was not very soluble in the lipid phase.
In contrast, defatting of WPF led to reductions in the TFC
of DPM and PPC, which suggest a high proportion of the
flavonoids were partitioned in the lipid phase. Processing of
the flour into a meal and protein concentrate improved the
nutritional composition, which was reflected in terms of higher
protein and essential amino acid contents. With the exception
of DRSA, the PPC displayed stronger antioxidant activity than
WPF and DPM, which suggests the beneficial effects of removal
of non-protein materials. However, the stronger antioxidant
properties of PPC could also be attributed to higher levels of
NCAAs and histidine, which enhanced electron donating and
metal binding capacities, respectively. Therefore, PPC could be
considered a suitable ingredient to formulate food products
with ability to scavenge free radicals and bind metal cations as
means of reducing or preventing the damaging health effects of
reactive oxygen species. However, future research work is needed
to investigate the role of non-protein components in peanut
flour functionality.
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