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Abstract

Allium cepa L. is a commonly consumed vegetable that belongs to the Amaryllidaceae family and contains nutrients
and antioxidants in ample amounts. In spite of the valuable food applications of onion bulb, its peel and outer
fleshy layers are generally regarded as waste and exploration of their nutritional and therapeutic potential is
still in progress with a very slow progression rate. The present study was designed with the purpose of doing
a comparative analysis of the antioxidant potential of two parts of Allium cepa, i.g., bulb (edible part) and outer
fleshy layers and dry peels (inedible part). Moreover, the inhibitory effect of the onion bulb and peel extracts on rat
intestinal a-glucosidase and pancreatic a-amylase of porcine was also evaluated. The antioxidant potential of onion
peel and bulb extracts were evaluated using 2,2-diphenyl- 1-picryl hydrazyl (DPPH), ferric-reducing antioxidant
power assay (FRAP), 2,2-azino-bis- 3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging assay, H,0,
radical scavenging activity and Fe? chelating activity. Total flavonoids and phenolic content of ethanolic extract
of onion peel were significantly greater as compared to that of onion bulb. Ethanolic extract of onion peel also
presented better antioxidant and free-radical scavenging activity as compared to the ethanolic extract of bulb,
while the aqueous extract of bulb presented weakest antioxidative potential. Onion peel extract’s a-glucosidase
inhibition potential was also correlated with their phenolic and flavonoid contents. The current findings presented
onion peel as a possible source of antioxidative agents and phenolic compounds that might be beneficial against
development of various common chronic diseases that might have an association with oxidative stress. Besides,
outer dry layers and fleshy peels of onion exhibited higher phenolic content and antioxidant activities, compared
to the inner bulb. The information obtained by the present study can be useful in promoting the use of vegetable
parts other than the edible mesocarp for several future food applications, rather than these being wasted.
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Resumo

Allium cepa pertence a familia Liliaceae e é rica em nutrientes e antioxidantes. Apesar das expressivas aplicacdes
alimentares do bulbo da cebola, sua casca e outras camadas externas sdo geralmente consideradas residuos, e seu
potencial nutricional e terapéutico ainda é pouco explorado. O presente estudo foi delineado com o objetivo de
investigar comparativamente o potencial antioxidante de duas partes de Allium cepa, por exemplo o bulbo (parte
comestivel) e camadas externas e cascas secas (parte ndo comestivel). Além disso, o efeito inibitério dos extratos
do bulbo de cebola e casca sobre a a-glucosidase intestinal de ratos e a-amilase pancredtica suina também foi
avaliado. O potencial antioxidante dos extratos da casca de cebola e bulbo foi avaliado utilizando-se 2,2-difenil-
1-picrilhidrazil (DPPH), método de poder antioxidante de reducado do ferro (FRAP), método 2,2’-azino-bis-3-
etilbenzotiazolina-6-acido sulfonico (ABTS) de eliminagdo de radicais, atividade de eliminacdo de radicais H,0,
e atividade quelante do Fe?. Os flavonoides totais e os teores fenélicos do extrato de etanol da casca de cebola
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foram significativamente maiores quando comparados ao do bulbo. O extrato de etanol da casca de cebola também
apresentou melhor atividade antioxidante e eliminagdo de radicais livres quando comparado ao extrato de etanol
do bulbo, enquanto o extrato aquoso de bulbo apresentou menor potencial antioxidante. O potencial de inibi¢ao
da a-glicosidase dos extratos de casca de cebola correlacionou-se com seus teores fenélicos e de flavonoides.
Os resultados encontrados identificaram que a casca de cebola é uma possivel fonte de agentes antioxidantes e
compostos fenélicos que podem ser benéficos contra o desenvolvimento de varias doengas cronicas que estdo
associadas ao estresse oxidativo. Além disso, as camadas externas secas e as cascas da cebola exibiram maior
conteddo fendlico e atividades antioxidantes, em compara¢do com o bulbo interno. As informacdes obtidas pelo
presente estudo podem promover o uso de outras partes vegetais além do mesocarpo comestivel para futuras
aplicacdes em alimentos, ao invés de serem desperdicadas.

Palavras-chave: compostos bioativos, biorresiduos, flavonoides, estresse oxidativo, contetido fenélico.

1. Introduction

For decades, humans have been using naturally
occurring indigenous plants including herbs, fruits and
vegetables as therapies to various illnesses, But, over the
course of time, the progress in advanced and effective
technology along with development of synthetic drugs
has prominently lowered the demand and popularity
of the natural medicine approach. Other than several
advantages, which includes commercial availability of
allopathic medicines and their ready-to-use therapeutic
applications, greater economic impacts and severe side
effects are other alarming issues. Because of all these
concerns, the traditional medicinal approach of using
plants have been brought back into focus (Verma et al.,
2007; Vasquez et al., 2014; Angell, 2004). Plants and
herb-based extracts are regarded as better sources of
functional nutrients that can aid in the prevention and
management of certain non-communicable diseases
(NCDs). Afterwards, the development of supplemented
and functional foods from nutritious plant materials and
enforcement of related medicinal applications are currently
in focus (Isla et al., 2020).

Allium cepa (onion) has got great economic importance
throughout the world as it is a common dietary item in
most populations and is believed to be among the initially
grown crops of world probably due to its greater shelf life
and portability. Moreover, it has also been evaluated as a
supple source of sulphur containing compounds, variety
of flavonoids, and dietary fiber (Takahashi and Shibamoto,
2008). Likewise, the abundance of all these nutraceuticals
contributes towards the maintenance and regulation of
body functions (Bhattacharjee et al., 2013).

Tremendous amount of onion biowaste is generated
on daily basis and it is estimated that annually 40 lac 500
thousand kilograms wastes of Allium cepa is produced
from Europe only (Benitez et al., 2011). The obtained
derived items could serve as potent suppliers of certain
chemical constituents that can be supplemented in
regard to their suitable nutritional or technological assets
(Masood et al., 2020). All that biowaste of onion that is
widely generated from food processing of this vegetable
either from household or industries, present an important
problem of waste disposal for the concerned department
(Schieber et al.,2001). Among the obtained byproducts of
onion, dry peels and outer fleshy layers can provide plenty
of bioactive compounds like quercetin, isorhamnetin and
kaempferol (Celano et al.,2021) Moreover, they are also rich
in fructans and various anthocyanins (Jaime et al., 2001).
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The bulb and peel of onion can be used in management
of hyperglycemia, cardiovascular disorders, endothelial
dysfunction, hypercholesterolemia, fibrosis, platelet
dysfunction and cancer (Oboh et al., 2019; Murayyan et al.,
2017; Zeng et al., 2017). Various phenolics detected in
Allium cepa might contribute in achieving these health
promoting effects. Major flavonoid detected in Allium cepa
is quercetin but along with it more than 16 other flavonols
have also been identified which includes isorhamnetin and
kaempferol that possess potent antioxidant properties and
might be contributing towards the antioxidant effects and
associated health benefits (Breu, 1996). Additionally, onion
bulb has been previously reported to contain Ally propyl
disulfides (APDS) as a major constituent, and along with
this various other sulphur containing compounds are also
present. During extraction, alliinase breaks down these
S-allyl cysteine sulphoxides into several volatile compounds
such as thiosulfinate and polysulfides. These constituents
possess strong antidiabetic, hypocholesterolemic, antibiotic,
fibrinolytic potential and can bring several other beneficial
biological effects (Kowalczewski et al., 2020). However,
stressful conditions like light and drought intensity
(Kowalczewski et al., 2020; Vanacker et al., 2018), aphid
feeding (Witkowska-Banaszczak et al., 2018), and even
physical damage can promptly influence the antioxidant
profile (Kowalczewski et al., 2019).

Antioxidant activity is related to medicinal ability of the
extract against chronic diseases like cancer and diabetes
in which it can help by inhibiting the action of certain
important enzymes, which are linked with progression
of these diseases. Like inside the gastrointestinal tract
the absorption of dietary disaccharides like sucrose and
maltose via intestine is done with the help of a group of
a- glucosidases like intestinal sucrase, isomaltase, maltase
and glucoamylase. When activities of these enzymes are
inhibited then it brings prominent reduction in the level of
blood glucose after the consumption of carbohydrate rich
meal and therefore can play a key role in the management
of diabetes and its associated complications (Lamine et al.,
2019).

Therefore, in current research we assessed and
compared the antioxidant and enzyme inhibiting potential
of onion peel and bulb extracts to find new potential
sources of natural antioxidants and also investigated the
potential relationship between antioxidant activity and
a-glucosidases/a-amylase inhibitory activity.
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2. Materials and Methods

Good quality and undamaged onions (Var. Desi
Red, Phulkara) were obtained from a local market in
Lahore, Pakistan. 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Na2C03, MeOH, AICI3, Folin-Ciocalteu’s phenol reagent,
potassium ferricyanide, potassium persulfate (K25208),
trichloroacetic acid, 2,2"-azino-bis (3- ethylbenzothiazoline-
6-sulfonic acid) (ABTS), ferrozine ferric chloride, FeCl2,
hydrogen peroxide (H,0,), Peroxidase from horseradish.
A-glucosidase (EC3-2.1.20) and a-amylase (EC-3.2.1.1)
were bought from Sigma-Aldrich (St. Louis, MO, USA).

2.1. Sample preparation

Onions were washed thoroughly, and their peels and
bulbs were separated. Afterwards, 50 g of onion pulp or
peel was mixed separately in 250 mL of solvent (water
or ethanol) and then kept for 24 hours inside a shaking
incubator at 25 °C. Using Whatman filter paper, the mixture
was filtered, and the obtained filtrate was evaporated
by rotary vacuum evaporator to obtain the final extract
which was sealed in dark colored bottles and kept in
fridge till analysis.

2.2. Total phenolic content

The content of phenols was assessed by modifying the
protocol of Shetty et al. (1995). For this purpose, one mL of
onion bulb or peel extract was thoroughly mixed with 5 mL
of distilled water along with 1 mL of 95% ethanol inside
a test tube. Later Folin-Ciocalteu reagent (0.5 mL of 50%
(v/v)) was separately added to every sample and mixed.
After duration of 5 minutes, 1 mL of Na2CO3 (5%) was
mixed in solution and afterwards, it was allowed to stand
for 1 hour. Spectrophotometer (UV-160A; Shimadzu Inc.,
Kyoto, Japan) was used to measure absorbance at 725nm.

2.3. Total flavonoid content

The total flavonoids contents of Allium cepa peel and
bulb extract was estimated by following the aluminum
chloride colorimetric method (Woisky and Salatino,
1998). Initially, the prepared bulb and peel extracts of
onion were separately added in methanol (1 mg/mL) and
the reaction mixture (0.5 mL) was dissolved with 1.5 mL
of 95% ethanol, 2.8 mL of distilled water, 0.1 mL of 1 M
potassium acetate and 0.1 mL of 10% aluminum chloride.
Then the solution was incubated at 25 °C for duration of
30 minutes and at 415nm, the absorbance was taken. As
a standard Quercetin (HPLC grade; Sigma- Aldrich) was
used in order to formulate the calibration curve.

2.4. DPPH free radical scavenging activity

The method of Blois with slight modifications was
used to evaluate the free radical scavenging activity of
each sample (Blois, 1958). For this, 5 mL of DPPH (0.1 mM)
prepared in ethanol (95%) was separately added to every
extract sample (1 mL) that was previously diluted tenfold.
The prepared mixture was then put over the orbital shaker
for 15 minutes and later incubated in dark at 25 °C for half
hour. Afterwards, nylon syringe (0.4lm) filter was used to
obtain the filtrate and at 517nm the absorbance was taken.
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The following Equation 1 as used for the calculation:

DPPH radical scavenging effect (%) = 0

{1 —(absorbance sample | absorbance control )} x 100

2.5. FRAP assay

The method of Oyaizu was used to conduct the FRAP
assay (Oyaizu, 1986) in which, 1 mL of each extract sample
that was diluted tenfold was thoroughly mixed with 2.5 mL
of 1% potassium ferricyanide (potassium hexacyanoferrate)
and 2.5 mL of sodium phosphate buffer (0.2 M, pH 6.6).
The obtained mixture was then incubated for 20 minutes
at 50 °C. Afterwards, 2.5 mL of 10% trichloroacetic acid
was added and the mixture was put inside centrifuge
for 10 minutes at 4000 rpm. 2.5ml of topmost layer was
mixed with similar quantity of distilled water along with
0.5 mL of 0.1% FeCl3 (ferric chloride). The reaction was
allowed to complete for 5 minutes at 25 °C and at 700nm
the absorbance reading was taken.

2.6. Ferrous ions (Fe?*) chelating activity

Fe?* chelating activity of the onion peel and bulb
extract was evaluated using the published protocol
(Dinis et al., 1994). For this, 0.5 mL of each of the extract
that was previously diluted tenfold, was thoroughly
mixed with 2 mL of ferrous chloride (1mM) prepared in
95% ethanol. After addition of 2.5 mL of 2mm ferrozine
in the ethanol, the reaction was initiated. The vortexed
mixture was then incubated at 25 °C for the duration of
10 minutes and filtered later through a 0.45 pm nylon
syringe filter. At 562nm, the absorbance of the filtrate
was noted.

The chelating activity of Ferrous ions was then calculated
using the following Equation 2:

Ferrous ions chelating activity (%) = 2)

{1 - (absorbance sample [ absorbance control )} x 100

2.7. ABTS radical scavenging activity assay

Protocol elaborated by (Re et al., 1999) was used in
the evaluation of ABTS radical scavenging activity. In
order to obtain the green-blue free radicals of ABTS+, a
mixture of 15 mL of ABTS (7mM ) and potassium persulfate
[15 ml (2.45 mM)] was stored in dark for duration of 16
hours at 25 °C. Later dilution of the solution was done
using ethanol till the recorded absorbance was 0.7+0.02
at 734 nm. 0.1 ml of the prepared extract samples were
incorporated and mixed with 2.9 mL of ABTS working
solution and after 10 minutes of reaction, the absorbance
was measured at 734nm while the ascorbic acid was used
as control for calibration. Formula 3 used for calculation
is as follows.

ABTS + radical scavenging effect (%) = 3)

{1 - ( absorbance sample | absorbance control )} x 100
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2.8. Hydrogen peroxide (H,0,) scavenging activity

The scavenging activity of Hydrogen peroxide was
evaluated using the established protocol (Okamoto et al.,
1992). For that purpose, each of the prepared extract
sample (0.1 mL) was thoroughly mixed with 0.01 ml of H,0,
(50 mM), 0.6 mL peroxidase from horseradish (10 U/mL),
0.6 mLof 0.1% ABTS, and 1.8 mL of phosphate buffer (0.1M)
which was calibrated at pH 6.0. The prepared mixture
was then incubated for duration of 15 minutes at 37 °C.
Using spectrophotometer, the absorbance of the solution
was calibrated and measured at 414 nm while gallic acid
equivalents were used to design the standard curve.

2.9. a-Amylase inhibition assay

Protocol described by Kwon et al. (2006) was used
for evaluation of a-Amylase inhibition assay. 200 pL
of prepared extract solution was mixed with 500 pL of
0.02 M sodium phosphate buffer (pH 6.9 with 0.006 M
sodium chloride) which was containing 0.5 mg/mL of
a-amylase solution (0.5 mg/mL) and the mixture was
incubated at 25 °C for the duration of 10 minutes. When
pre-incubation was over, 1% starch solution (500 pL) mixed
in 0.02 M NaH2PO4 buffer was added in the solution. The
entire reaction mixture was again kept for incubation at
25 °C for 10 min. After addition of 1 mL of dinitrosalicylic
(DNS) acid, the reaction stopped and the mixture was
later incubated for 5 min in a boiling water bath and
then cooled at 25 °C. Dilution of the reaction mixture was
done after addition of 10 mL of distilled water, and then
using enzyme-linked immunosorbent assay (ELISA) the
absorbance was measured at 540 nm with micro plate
reader (SUNRISE; Tecan Trading AG). Formula 4 used for
calculating % inhibition is as follows.

o (absurbance control — absorbance sample)
% inhibition =

}x 100 (4)

/absorbance control)

2.10. a-Glucosidase inhibition assay

a-glucosidase inhibition assay of rat’s intestine was
done by referring to the protocol elaborated by Kwon et al.
(2006) with little changes. For this purpose, 3 mL of
0.9% saline was used to make suspension of one gram of
rat-intestinal acetone powder which was then sonicated
12 times at 4 °C for the duration of 30 sec. The resulting
supernatant obtained after centrifugation (30 min, 4 °C,
10,000xg,), was used for the assay. The prepared 50pL of
sample solution and 1.0 U/mL of a-glucosidase solution
dissolved in 100 pL of phosphate buffer (0.1 M) adjusted
to pH 6.9, was incubated at temperature of 25 °C for the
duration of 10 minutes. When the pre-incubation was over,
the addition of 5 mM p-nitrophenyl-a-D-glucopyranoside
(50 pL) solution dissolved inside 0.1 M phosphate buffer
was done after a particular time interval in each well.
Mixture was then kept for incubation for the duration
of 5 minutes at room temperature. The absorbance was
evaluated at 405nm before and after the incubation and
the results were compared with the control in which
50 pL of buffer solution was present instead of the
extract sample. Inhibitory activity of a- glucosidase was
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expressed as inhibition % and the calculation of it is as
follows (Equation 5).

(absorbance control — absorbance sample)/

% inhibition =
absorbance control)

}xlOO (5)

2.11. Statistical analysis

All experiments were carried out in triplicates. Results
are presented as mean * standard deviation. One-way
analysis of variance (ANOVA) and a posthoc Tukey HSD
comparison was performed. A p-value of less than 0.05 was
considered statistically significant. Data was analyzed and
figures were prepared by using GraphPad Prism version
8.0.2 (Motulsky, 2020).

3. Results and Discussion

3.1. a-Amylase/o-glucosidase inhibition of onion extracts

Inside the villi region of small intestine, the enzyme
a-glucosidase works towards the release of D-glucose
units from disaccharides as well as oligosaccharides and
any substance that can inhibit this enzymatic activity
could serve in reducing glucose absorption rate which
in turn lowers down postprandial plasma glucose levels
(Bischoff, 1994). Several researches conducted on plants
and herbs which contain phenolics in abundant quantities
have reported a link between antioxidant activity of extract
and inhibition of a-glucosidase activity (Kwon et al., 2006)
and particularly Allium cepa bulb have been evaluated for
it's several physiological effects including anti-diabetic
properties (Wu and Xu, 2011). But for onion outer skin and
peels very few studies have investigated their anti-diabetic
potential even though they present great concentrations
of phytochemicals (Masood et al., 2021). It was stated
that methyl alcohol extracts of Allium cepa. had potent
ability to inhibit a-glucosidase activity (Lee et al., 2008). In
order to have better understanding of onion’s antioxidant
potential, the glucosidase inhibitory activity of bulb and
peel extract were evaluated and compared in this study.
Ethanolic extract of onion peel reported greater inhibition
potential as compared to the ethanolic bulb extract being
80% vs 40% respectively which is in accordance with the
previously published studies (Kim et al., 2010) while,
water extract of bulb reported the lowest activity. The
comparative analysis of a-glucosidase and a-amylase
inhibition potential of various extracts was also done
and it was revealed that the onion bulb and peel extracts
caused prominent a-glucosidase inhibition but depicted
significantly lower potential against inhibition of a-amylase
(see Figure 1E, F). In previous studies, a-amylase and
a-glucosidase inhibition mechanism of several phenolic
compounds and quercetin in particular which is the major
flavonoid of onion has been thoroughly investigated
(Chen et al., 2020; Nile et al., 2021).

The findings of earlier studies indicated quercetin
acting with as mixed close to non-competitive inhibition
type, which highlights that this compound can bind with
both enzyme-substrate complex as well as free enzyme

Brazilian Journal of Biology, 2023, vol. 83, 247168



whereas its 3-OH glycosylated derivatives can vary their
inhibitory mechanism towards competitive inhibition
as well (Nile et al., 2021; Li et al., 2009) The substitution
of hydroxyl group on B-ring of C3(A)-C6(C)-C3(B) and
third hydroxyl group of the C-ring in flavanols might
have contributed towards increasing the a-glucosidase
inhibition potential (Tadera et al., 2006). As quercetin
is present in much higher concentrations in onion peel
as compared to its bulb (Yoo et al., 2013), this might be
a responsible factor behind our obtained results. The
current findings highlight that onion extracts can serve
as strong a-glucosidase inhibitors and concentration of
phenols in an extract might serve as a central factor while
determining the inhibition potential of a-glucosidase as
the inhibitory activities of the extracts were correlating
with total phenolic content and overall antioxidant activity
of respective extracts.

(A) (B)
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Antioxidant activity of onion peel and bulb

3.2. Determination of total phenolic and flavonoid content
of extracts

The findings of phenolic as well as flavonoid content
of onion peel and onion bulb extracts is presented (as
shown in Table 1). Ethanolic extract of onion peel reported
total phenolic content of 147.33 mg GAE/g which was
significantly higher (p < 0.05) as compared to the other
extract samples. While comparing the TPC values, the
following order was observed: [OP_E (147.33 mg GAE/g),
OP_W (89 mg GAE/g)], [OB_E (43 mg GAE/g), OB_W
26 mg GAE/g]. Generally, the antioxidant potential of a
particular plant or herb is in association with the TPC
content (Cai et al., 2004). In terms of the flavonoid content,
onion peel scored better than onion bulb regardless of the
type of solvent used. Particularly the flavonoid content of
ethanol-based onion peel extract was nearly twice of onion
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Figure 1. Comparison of phenolic and antioxidant activity of onion peel (OP) and onion bulb (OB) extracts prepared by ethanol (E) and
water (W). (A) DPPH; 2,2-diphenyl-1-picrylhydrazyl in (%); (B) ABTS; 2,2'-azino-bis- 3-ethylbenzothiazoline-6-sulfonic acid (%); (C)
Fe?* chelating activity (%); (D) H,0, radical scavenging activity (mg GAE/g); (E) a-Amylase inhibition (%); (F) a-Glucosidase inhibition
(%). *shows significant difference among pairs of samples (p < 0.05) in terms of Tukey HSD.

Table 1. Mean comparison for total phenolic content (TPC) and total flavonoid content (TFC) in Onion peel and Onion bulb with two

extraction methods.

cogggl:o?:l(t;l:::z) MeanTPC1  Mean TPC 2 M(e:l'; /';ig‘\gc MeanTEC1  Mean TFC 2 ]Terca(l:nl?glg%
quercetin/g)
OP_E vs. OB_E 1473 4333 103.97* 72.33 26.33 46.00*
OP_E vs. OP_W 1473 89.67 57.63* 72.33 4033 32.00*
OP_E vs. OB_W 1473 2633 120.97* 72.33 15.67 56.66*
OB_E vs. OP_W 4333 89.67 -46.34* 26.33 4033 -14.00*
OB_E vs. OB_W 4333 2633 17.00* 26.33 15.67 10.66*
OP_W vs. OB_W 89.67 2633 63.34* 4033 15.67 24.66*

Where, OP = onion peel; OB = onion bulb; E = extract with ethanol; W = extract with water. *shows significance at (p < 0.01) for Tukey HSD comparison.
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bulb (OP_E=72 mg QE/g; OB_E=27 mg QE/g) and was also
fairly high as compared to the other water-based extracts
as well. The possible reason might be the presence of high
levels of quercetin in onion fleshy peels and dry skin as
compared to that of bulb. Quercetin is the most abundant
phenol found in onion and Kim and Kim (2006) reported
that quercetin concentration in the methanolic extract of
onion dry scales, outer skin, middle layers and inner core
was 16.83, 2.67, 0.95, and 0.35 mg/g respectively which
highlights that quercetin concentration decreases from
outside towards the core. All these findings highlight the
strong antioxidant potential of onion peel extract and paves
way for incorporating such extracts in food products for
enhancing their nutraceutical value.

3.3. DPPH and ABTS radical scavenging activity

The DPPH radical scavenging activity of ethanol-based
extracts was better as compared to their respective water-
based extracts: [OP_E (77.33%), OB_E (45%)] [OP_W (62.66%),
0OB_W (31.66%)] (see Figure 1A). Onion peels extracted via
ethanol reported prominently greater potential (p < 0.05)
as compared to the ethanolic bulb extracts. The results of
ABTS radical scavenging activity were also in relation to
that of DPPH radial scavenging test. i.e., onion peel extracts
had higher activity when compared with the onion bulb
extracts and the ethanol-based extract of onion peel got
the highest score (see Figure 1B). Onion bulb groups
displayed a decreasing tendency based on the extraction
solvent (Ethanol > water). The results of ABTS radical
cation scavenging activity were in the following order.
[OP_E (97.66%), OP_W (91.33%)] [OB_E (77.33%), OB_W
(61.33%)]. Earlier study have demonstrated that onion peel
and dry scales possess plentiful phenolic compounds and
flavonoids as compared to that of bulb (Kim et al., 2010). The
concentration of all those nutraceuticals have positive link
with ABTS and DPPH radical scavenging activities because
of their potential to give electrons from their hydroxyl
groups in order to reduce the potential oxidative stress
(Brand-Williams et al., 1995; Rice-Evans et al., 1996). For
evaluating antioxidant potential, ABTS is considered to be
potentially more effective as compared to DPPH method
as the previous one can measure hydrophobic substances
along with the hydrophilic ones (Martysiak-Zurowska and
Wenta, 2012; Camargo et al., 2016).

In Allium cepa varieties, generally the most abundant
flavonoids are the flavanol aglycones like quercetin
(Rodriguez Galdén et al., 2009). It has been reported
that presence of multiple hydroxyl groups in flavonoids
increases their antioxidant potential against peroxyl
radicals (Vu et al., 2020; Benites et al., 2015). The obtained
values might be due to the high concentration of quercetin
which is more abundant in peel as compared to bulb
and quercetin can also contribute in reducing peroxyl
radicals by donating electrons to complete their valency
and improve the stability of free radicals. Other studies
have also reported strong radical scavenging potential of
quercetin and onion extracts (Lue et al., 2010; Ye et al.,
2013). The greater antioxidant potential of onion peel’s
ethanolic extract indicates towards its possible role in the
prevention of oxidative degradation of lipid bilayer of cell
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membranes which is quite relevant in terms of prevention
of chronic diseases development.

3.4. Ferric reducing antioxidation power (FRAP)

This method can evaluate the antioxidant potential
of an extract by assessing its electron donating ability.
In this, antioxidants present in extract sample have the
ability to reduce ferric tripyridyltriazine (Fe3+TPTZ) into
ferrous tripyridyltriazine (Fe>*TPTZ). Higher absorbance
might indicate towards greater antioxidant activity
(Abdelaleem and Elbassiony, 2021). The obtained results
of ferric reducing power depicted that onion peel samples
have decreasing tendency of reduction based on the kind
of solvent used for extraction (i.e., ethanol or water) when
absorbance was measured at 700nm (see Figure 2). Among
the extract samples, onion peel ethanolic extract got
significantly (p < 0.05) greater values as compared to the
other samples. Reduction tendency of those extracts had the
following order: OP_E> OP_W>0B_E>OB_W. The obtained
results might indicate towards higher concentration of
phenols and flavonoids in ethanolic extracts as compared
to water. Positive link among polyphenol & flavonoid
concentration of Allium species and Ferric reducing
antioxidation power value (r2 = 0.669) has been reported
previously (Nencini et al., 2011).

3.5. Ferrous ions (Fe**) chelating activity

The complex formed due to reaction of ferrozine with
Fe?* is responsible for the development of purple color.
Chelating activity of the antioxidants present inside extract
can eventually prevent development of ferrozine Fe
complex, which ultimately results in colour degradation. As
shown in Figure 1C it can be seen that all types of extracts
depicted some extent of ferrous ions chelating activity.
Particularly, extracts that were prepared with ethanol
performed significantly (p < 0.05) better as compared to
other extracts that were prepared using water. Similarly,
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Figure 2. Comparison of ferric-reducing antioxidant power assay
(FRAP) of onion peel (OP) and onion bulb (OB) extracts prepared
by ethanol (E) and water (W). *shows significant difference among
pairs of samples (p < 0.05) in terms of Tukey HSD.
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Lee et al reported that ethanolic extract from onion has
greater metal chelating and radical scavenging activity
than aqueous extracts (Lee et al., 2014). The potent ability
of onion extracts to inhibit Fe2+ lipid oxidation rate has
been reported previously (Prakash et al., 2007). Possible
reason behind the greater potential of ethanol extracts
might be because of thiol groups like that of hydrophobic
disulfides which possess strong metal chelating properties
(Saha et al., 2000).

3.6. Hydrogen peroxide (H,0,) scavenging activity

As shown in Figure 1D, the obtained results of hydrogen
peroxide scavenging activities of onion peel and onion bulb
extracts are presented. Onion peel extracted via ethanol
depicted the highest potential to scavenge hydrogen
peroxide (217.66 mg GAE/g) which was followed by
OP_W (189 mg GAE/g), OB_E (172.33 mg GAE/g), OB_W
(146.66 mg GAE/g)]. Ethanolic extracts performed better
than water extracts but no significant differences were
observed among extracts prepared from similar solvent.

Generally, hydrogen peroxide is not considered to be
linked with greater free radical production. But when
some metal ions like Cu2+, Fe?* are present it does present
higher risk of toxicity. Onion extracts can also potentially
inhibit the peroxidation of lipids caused by generation of
Fe?* and hydrogen peroxide (Jaiswal and Ibrahim Rizvi,
2012). The hydrogen peroxide scavenging potential of
sulfur containing compounds such as SAC and alliin that
are present in Allium family vegetables have been reported
(Ide et al., 1996). Moreover, Javier Moreno et al. (2006) have
reported that fructosyl arginine generated from Maillard
reaction in onions also possess strong hydrogen peroxide
scavenging ability. Hence, the strong potential of onion
peel extract that was prepared using ethanol might be
beneficial in providing protection from oxidative toxicity.
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