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Abstract
Background and Objective: Apples play an essential role in human nutrition, as they are a well-documented source of natural
antioxidants as vitamins, carotenoids and phenolic compounds. This research was conducted to study some bioactive compounds and
activities of five apple varieties (Black, Apricot, Jester, Big Ariane and Medium Ariane). Materials and Methods: In vitro  antioxidant and
anti-inflammatory activities were determined and analyzed by using a spectrophotometer. Replications of all apple varieties were applied
to ANOVA test using SPSS (20.00). Significant differences between means (±SD) were significant at (p<0.05) by using Duncan’s New
Multiple Range Test. Results: Medium Ariane apples had the highest total antioxidant value followed by Big Ariane, Apricot, Black and
Jester apples. Apricot had the highest antioxidant activities, (93.67, 7.71 and 85.98 µmol TE gG1 fw) for DPPH, ABTS and FRAP, respectively.
Total phenol values were 21.65-35.11 mM and the total flavonoids were 36.86-55.52 mg Qe gG1. The extracts showed high anti-
inflammatory activity values (0.32-5.46 µg mLG1). Medium Ariane, Jester and Apricot had highly anti-inflammatory activity followed by
Big Ariane and Black extracts, respectively. Conclusion: The results presented that apples, especially Apricot variety had the highest
bioactive compounds, antioxidant and anti-inflammatory activities.
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INTRODUCTION

An increasing amount of research in vitro and in vivo is
being done nowadays on apple genotypes due to their
potential  high  antioxidant, anti-inflammatory activities for
the use of value-added food processing1. Apple fruit has
excellent antioxidant potential against free radicals
scavenging.  Antioxidants  created by apples in response to
the  environmental  stresses  and  infections   caused  by
micro-organisms or even mechanical damage2. The
antioxidant activities were evaluated in several reports by
various assays3-5. Chen et al.6 studied the intracellular signaling
pathways by dietary flavonoids against inflammation. Besides,
Chu et al.7 reported the flavonoids contents and antioxidant
activities of apple fruits. Magalhaes et al.8 mentioned some
evaluations of apple antioxidant properties in vitro. While,
Anna et al.9 studied the impact of some processing factors on
health-promoting phytochemicals in apples and some fruits.
The FRAP, DPPH and ABTS are the common assays used for
measuring the antioxidant activities10.

Oxidative stress of apples is linked to inflammation
against the pathogenesis of cardiovascular diseases, cancers,
asthma and diabetes. Raw apples and their extracts have been
established  to  decrease cholesterol, lipid oxidation and
inhibit cancer cell11,12. Epidemiological  in  vivo  studies have
confirmed that antioxidant and anti-inflammatory dietary
intakes are essential for lowering inflammations and oxidative
stresses13-15.

This research aimed to evaluate bioactive compounds
(phenol, flavonoids), antioxidant activities (FRAP, ABTS, DPPH)
and anti-inflammatory activities of different varieties of apple
fruit. 

MATERIALS AND METHODS

Study area:  The present study was conducted during
January-June, 2020 at the Department of Biology Prince
Sattam Bin Abdulaziz University, Saudi Arabia

Chemicals and cells: RAW 264.7 cells, (MTT), (DMEM), Abnova
Kit (KA 1342), Trolox, Quercetin, DPPH, ABTS, FRAP, Folin
reagents and ascorbic acid were from Sigma, Co., USA. 

Sample preparation: Five apple varieties as; Black variety;
apples are medium in size and red, despite its name, it (often)
does not have a black hue. Apricot and Jester apples are small
in size approximately 31.45-39.64 g in weight. Ariane apples
are   (Medium   and   Big)   approximately  137.49-188.34   g   in

weight, respectively. Apples were obtained from a public
market in Taif City, Saudi Arabia. Apple varieties were cleaned,
cut, freeze-dried, milled and stored until use at (-80EC). 

In vivo  antioxidant extraction: Apple samples were mixed
with  an  equal  volume  of  (80%)  methanol, centrifuged at
(15 min, 6900 g) with chilling and the supernatants were kept
for further study at 4EC. 

Bioactive compounds determination: Total antioxidant
capacity was evaluated by ascorbic acid as a standard and
results were considered as ascorbic acid equivalent (AAE). The
total phenol content was evaluated by the Folin-Ciocalteu
method and considered as mM (TEAC)13. Flavonoids were
detected 415 nm and expressed as Quercetin (QE)16.

Antioxidant assays determinations (ABTS), (DPPH) and
(FRAP) assay: ABTS assay was evaluated according to a
protocol to stabilize the ABTS+cation-radical17. DPPH assay
was to determine the capability of the antioxidants for the
radical DPPH (in ethanol). The FRAP reagent included the
antioxidant  potential  through the ferrous iron (Fe2+) and
ferric iron (Fe3+) reductions in apple extracts18. Results were
considered at µmol TE gG1 fw.

In vitro  anti-inflammatory extraction for cell cultures: The
dried apple varieties (5 g) were mixed and immersed in 20 mL
of (80%) distilled methanol and centrifuged.  The  filtrates
were collected and evaporated until dryness. The apple
residues were dissolved in (DMSO) (20 mg mLG1) as final
concentrations.

MTT assay: MTT assay is responsible for assessing cytotoxicity
or cell viability. This assay evaluates the principally of cell
viability through mitochondrial function determination by the
mitochondrial enzyme activity as succinate dehydrogenase.
Briefly, cells  were incubated with 5 mg mLG1 MTT for 4 hrs
after solubilizing in DMSO 150 µL per well and measured at
490 nm19.

NO production assay measurement: For measuring NO
production generated; the amount of nitrate in the media
supernatant was extracted by using Abnova Kit (KA 1342).
Briefly, (200, 100 and 100 µL) of assay buffer, standard solution
and apple extracts respectively beside the addition of (50 µL
for R1) and (50 µL for R2). Cells were incubated for (10 min)
and measured at 540 nm20.
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Statistical analysis: Replications of all apple varieties were
applied to ANOVA test using SPSS (20.00). A difference
between means (±SD) was significant at (p<0.05) by using
Duncan’s new multiple range test.

RESULTS AND DISCUSSION

Bioactive compounds contents: Bioactive compounds in
commercial apple varieties are given in (Table 1). The
flavonoid contents were ranged from 36.86-55.52 mg QE gG1

fw; Apricot apples recorded the highest followed by Jester and
Black. Medium and Big Ariane varieties had lower flavonoid
contents 36.86 and 39.15 mg QE gG1 fw than the other
varieties. Total phenolic content is considered as an evaluation
of apple nutrients, varied obviously from 21.65 mM (TEAC) in
Big Ariane to 35.11 mM (TEAC) in Apricot. Black and Medium
Ariane total phenol values were similar to each other, 23.04
and 23.17 mM (TEAC), respectively. The bioactive compounds
amounts depend on lots of factors, as, climate, soil, water core,
varieties, season, harvest date, geographic region, storage,
bitter pit and irradiation moreover additional conditions16.
Medium  Ariane  reported  the  highest  total antioxidant
(16.16 µg AAE mgG1 fw),  while  Jester  reported  the  lowest
(µg AAE mgG1 fw) as the total antioxidant value for the
previous reports21,22.

Antioxidant activities: The antioxidant activities of apple
varieties were determined by (FRAP) assay exhibited strongly
as (17.98, 85.98 µmol TE gG1 fw) for Big Ariane and Apricot,
respectively (Fig. 1). Vierira et al.23 recorded  similar antioxidant
values  using  FRAP  assay  22.90-83.33   µmol   TE   gG1   dw.
The antioxidant  activities  exhibited  highly scavenging
against (DPPH) radicals, which ranged 76.44-93.67 µmol TE gG1

fw. Results were in an arrangement  with  other studies24,25.
The results exposed that the capacity to scavenge an ABTS+
radical reached a level of (5.33 and 7.71 µmol TE gG1 fw) for Big
Ariane and Apricot, respectively. Vieira et al.26  had evaluated
six apple varieties grown under open  field  conditions  from
an orchard located in Santa Catarina, which reported from
3.41-7.40 µmol TE gG1 fw. 

Anti-inflammatory activity: Peritoneal macrophages were
incubated     with   different   methanolic   apple   extracts   at
a  concentration  range   of   0-200   µg   mLG1   of   LPS   for
anti-inflammatory      activity   by   using   MTT   assay (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium) for assessing
cell metabolic  activity  to  measure  cytotoxicity  (loss of viable

Fig. 1: Antioxidant Activities (FRAP, DPPH and ABTS) values in
(µmol TE/g fw)
Values are the average of three replications of each apple varieties with
(±SD) standard deviations. Various uppercase letters indicate the
significant differences (p < 0.05) that analyzed by the test of Duncan’s
multiple-range

Table 1: Bioactive compounds, total antioxidant µg (AAE mgG1), total phenol
mM (TEAC) and total flavonoid mg (Qe gG1) contents of apple varieties 

Total antioxidant Total phenol Total flavonoid
µg (AAE mgG1) mM (TEAC) mg (Qe gG1)

Black 14.64±0.31c 23.04±1.28c 44.87±3.15b

Apricot 15.36±0.27b 35.11±0.42a 55.52±1.95a

Jester 13.89±0.19d 28.72±0.28b 53.22±4.19a

Big ariane 15.88±0.61ab 21.65±0.88c 39.15±2.05c

Medium ariane 16.16±0.37a 23.17±3.66c 36.86±2.10c

Values within a column (lowercase) are significantly different (p =0.05) that
analyzed by the test of Duncan’s multiple-range

cells) or cytostatic activity (shift from proliferation to
quiescence) of potential medicinal agents and toxic materials,
while NO synthesis determines nitric oxide composition
through measurement  of nitrate (NO3) and nitrite (NO2)
levels  in  vitro.  According  to (Fig. 2), significant
concentration-dependent inhibition was detected when cells
were co-treated with various concentrations of the five apple
variety extracts and LPS. Big Ariane apples recorded the
highest values compared with other apple extracts with
various  concentrations   as   follows   (25   µg  mLG1,  94.33%;
50 µg mLG1, 83.45%; 100 µg mLG1, 91.31%; 200 µg mLG1,
82.02%). On the other hand, Black apples established the
lowest values with concentrations of 25-100 µg mLG1, while
Medium Ariane reported the lowest for (200 µg mLG1, 72.21%).
Hence, results displayed that the concentration  range used
did not confirm any significant cytotoxicity against the
macrophages by using MTT assay. 

NO        production:      All      extracts     presented      highly
anti-inflammatory activities with the range of 0-100 µg, where
Medium Ariane, Jester and Apricot were the best varieties
followed  by  Big  Ariane   and   Black   varieties.   NO   synthesis
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Fig. 2: Cell viability of different apple varieties (%)
Values are the average of three replications of each apple varieties with (±SD) standard deviations. Various uppercase letters indicate the significant
differences (p < 0.05) that analyzed by the test of Duncan’s multiple-range

Fig. 3: No production by RAW 264.7 cells in apple varieties
Values are the average of three replications of each apple varieties with (±SD) standard deviations. Various uppercase letters indicate the significant
differences (p < 0.05) that analyzed by the test of Duncan’s multiple-range 

exposed   that  (RAW  264.7)  cells  generated  a  low  amount
of (NO2). After incubation with apple extracts for 24 hrs, NO
increased obviously. According to Fig. 3, Medium Ariane
reported   the   lowest   values   in  concentrations  in  range
25-100   µg  mLG1  as  follows  (25,  7.01,  50,  5.47,  100  and
4.36 µg mLG1). Black apples  established  the  highest  values
for (25, 9.73 µg mLG1). Black and Big Ariane apples reported
similar   values   with   concentrations  of  50-100  µg   mLG1   as
(9.32-9.21 µg mLG1) and (9.29-9.17 µg mLG1), respectively. The
extreme NO production  denotes  a  possibly  toxic effect
which can cause many pathologies disease27. These results
established that apple verities have a noticeable effect on
scavenging free radicals due to its high phenolic compound
contents which  is  in  a  link  to hydroxyl groups substitution
of   phenolics   aromatic   rings   of   thus  contributing  to  their

hydrogen denoting ability28. A similar sequence was detected
for anti-inflammatory with Jester and Medium Ariane, which
resulted in a little high capacity to NO production according to
the previous studies20,28.

Correlation between apple activities: Apple activities
(antioxidant, anti-inflammatory) both refer to fruit nutrients
concerning its biological functions. Jester  recorded  the
lowest  antioxidant  and  slight  high   anti-inflammatory
values (13.89 µg AAE mgG1 fw, 3.01  µg  mLG1), respectively
(Fig.  4).  Apricot,  Big  Ariane  and Black  recorded  a  slight
high antioxidant and low  anti-inflammatory activities.
Medium  Ariane   reported   the   highest  antioxidant  and
anti-inflammatory levels (16.16 µg AAE mgG1 fw, 5.46 µg mLG1),
respectively. 
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Fig. 4: Correlation between anti-inflammatory and anti-oxidant activities
Two independent trials were achieved of three replications of apple varieties

CONCLUSION

The results recommend that apples, especially Apricot
variety had the highest bioactive compounds, antioxidant and
anti-inflammatory activities, so apples in general might act as
sources of important anti-inflammatory and antioxidant to
reduce the oxidative stresses and inflammations. 

SIGNIFICANCE STATEMENT
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many pharmacological and biochemical properties. Even
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of the phytochemical bioavailability which many investigators
were not capable to explore.
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