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Introduction

Accumulation of free
condition called oxidative stress [1]. Oxidative stress is
an unbalance number between free radicals in the body
and the ability of biological systems to neutralize them.
High level of free radicals causes chain reaction which
can cause cell damage [2]. Cell damage triggers the
development of cancer, autoimmune, and cardiovascular
disease [1]. The body has mechanisms to fight oxidative
stress by producing antioxidant. The antioxidant naturally
produced in the body is called endogenous antioxidants.
Antioxidant also supplied externally through food [1].
Endogenous antioxidants produced on the body are
limited, so antioxidants from external are needed.

Abstract
BACKGROUND: Many vegetables and fruits have been shown to be sources of antioxidant such as lemons, apples,

cabbage, mangoes, beets, and guavas.

AIM: This research aimed to determine the antioxidant activity of Cucumis sativus L. (cucumber) pulp and leaves
extracts using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and cupric reducing antioxidant capacity (CUPRAC) methods,
total phenolic content (TPC), total flavonoid content (TFC), correlation of TPC and TFC on antioxidant activity,
correlation between the two methods, identification of marker, and total marker content.

METHODS: Antioxidant activity was examined by determining IC,; and AAIl of DPPH and EC,  and AAl of CUPRAC.
TFC and TPC were measured using UV-visible spectrophotometer. Correlation of TPC and TFC on antioxidant
activity was analyzed by Pearson’s method.

RESULTS: The AAI of DPPH cucumber pulp and leaves extracts were in the range of 0.22 - 2.18, while AAI of
CUPRAC were 0.07 - 0.95. All extracts showed antioxidant activity. Ethyl acetate cucumber pulp extract had highest
antioxidant by DPPH assay, whereas n-hexane cucumber leaves extract had highest antioxidant activity by CUPRAC
assay. Ethyl acetate cucumber leaves extract had highest TFC value (21.47 g QE/100 g) and TPC value (2.34 g
GAE/100 g). Flavonoids in cucumber pulp extract contributed to antioxidant activity of CUPRAC method and phenolic
compounds in cucumber pulp extract gave a contribution to antioxidant activity of DPPH method. Quercetin content
as marker in ethanol cucumber pulp extract was 0.00114%. AAl CUPRAC and DPPH of cucumber leaves extract
showed positive correlation but not significant.

CONCLUSION: Antioxidant activity between CUPRAC and DPPH methods on cucumber extracts was not linear.

activity of cucumber. The results stated that 500 ug/mL
cucumber fruit extract has DPPH scavenging activity
with 56.15 + 2.32% inhibition [4]. If a part of the plant
has an antioxidant effect, then other parts of the plant
can be suspected of having the potential to have an
antioxidant effect as well because there is a possibility
that it has the same chemical content. Therefore, in
this research, the antioxidant activity was tested on
the leaves and pulp of cucumber. The test was carried
out using DPPH and cupric reducing antioxidant
capacity (CUPRAC) method accompanied by the
determination of total phenolic content (TPC) and total
flavonoid content (TFC), correlation of TPC and TFC
on antioxidant activity, the correlation between the two
test methods, identification of marker compound, and
determination of total marker content.

radicals causes a

Many vegetables and fruits have been shown
to be sources of antioxidant such as lemons, apples,
cabbage, green chilies, mangoes, beets, bell peppers,

and guavas [3]. One of the plants that are thought

Materials and Methods

to have the potential to be a source of antioxidant is

Cucumis sativus L. (cucumber). Cucumber fruits are
often consumed by Indonesian people. Based on
previous research, the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method was used to measure the antioxidant

Preparation of sample

Leaves and pulp of C. sativus were collected
from EcoCamp Garden Ciburial, Cimenyan District,
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Bandung City, West Java, Indonesia. Before being
made into powder, the ingredients were sorted first.
The making of crude drug powder begins with cutting
the material so that it becomes smaller then dried in the
oven. After that, the materials were grinded into powder.
The powder obtained was stored in dry containers [5].

Extraction

Powdered sample was extracted using reflux
method. Reflux was done using three solvents with
various polarities, namely, n-hexane, ethyl acetate,
and ethanol. The extraction of powdered sample was
carried out for 2 h after the solvent boiled. Extraction
was done three times for each solvent. The extract
obtained was stored then concentrated by a rotary
evaporator [5].

IC,, and AAI of DPPH scavenging activity

The determination of IC,, DPPH was done
using a standard ascorbic acid solution, 50 ug/mL
DPPH control solution, and pro-analytical methanol
as a blank. Ascorbic acid solution in pro-analytical
methanol was prepared in various concentrations.
A total of 1 mL of ascorbic acid was added with 1 mL
of DPPH 50 ug/mL and then incubated for 30 min in a
brown vial. Its absorbance was measured by UV-visible
spectrophotometer at a wavelength of 517 nm. The
extract was given the same treatment as the ascorbic
acid. Each measurement was carried out 3 times. The
reduction of DPPH absorbance was calculated as a
percent decrease in DPPH absorbance after addition
of extract [6]. Through the calibration curve of each
sample, the regression equation was determined. IC_,
value was calculated using the regression equation.
The determination of AAI value was done by dividing
the final concentration of DPPH by the calculated IC,,
value.

EC,, and AAI of CUPRAC

The determination of EC,, CUPRAC was
done using ascorbic acid standard solution, CUPRAC
control solution, and ammonium acetate buffer as a
blank. The CUPRAC control solution was diluted to
100 ug/mL using ammonium acetate buffer with a pH
of 7. Ascorbic acid in pro-analytic methanol was prepared
in various concentrations. One milliliter of ascorbic
acid was added with 1 mL of CUPRAC solution, then
30 min incubation was performed. Its absorbance was
measured using a UV-visible spectrophotometer at a
wavelength of 450 nm. The extract was given the same
treatment as the ascorbic acid. Each measurement was
carried out 3 times. CUPRAC capacity was calculated
as a percent increase in CUPRAC absorption after
addition of extract [7]. Through the calibration curve of

each sample, the regression equation was determined.
The EC,, value was calculated using the regression
equation. The determination of AAl value was done by
dividing the final concentration of the CUPRAC solution
by the calculated EC,, value [6].

TFC

The standard solution used in the determination
of TFC is quercetin solution. Quercetin solutions were
prepared in the concentration range of 30—120 pug/mL
to obtain a standard calibration curve. A half milliliter of
quercetin solution was added with 1.5 mL of methanol,
0.1 mL of 1 M sodium acetate, and 0.1 mL of 10%
aluminum (lll) chloride, then 2.8 mL of distilled water
was added, then incubation 30 min was conducted. The
extract in pro-analytical methanol and pro-analytical
methanol as a blank was given the same treatment
as quercetin. The absorbance of these solutions was
measured at a wavelength of 415 nm using UV-visible
spectrophotometer. Extract absorbance measurements
were carried out 3 times for each extract. The obtained
quercetin calibration curve was used to determine the
regression equation. TFC was calculated using the
regression equation and expressed in grams of quercetin
equivalent per 100 grams extract (g QE/100 g) [8].

TPC

The standard solution used in the determination
of TPC is gallic acid solution. Gallic acid solution was
prepared in the concentration range of 40-160 ug/mL
to obtain a standard calibration curve. A half milliliter of
gallic acid which had been dissolved in pro-analytical
methanol was added to 5 mL of 10% Folin—Ciocalteu
reagent which had been mixed with 4 mL of 1 MNa,CO,.
This mixture was incubated for 15 min. The extractin the
pro-analytical methanol and pro-analytical methanol as
a blank was given the same treatment as gallic acid.
The absorbance of these solutions was determined
using UV-visible spectrophotometer at a wavelength
of 765 nm. Absorbance measurements were carried
out three times for each extract. The obtained gallic
acid calibration curve was used to determine the
regression equation. TPC in the extract was calculated
using the regression equation and expressed in
grams of gallic acid equivalent per 100 grams extract
(g GAE/100 g) [9].

Correlation between various extracts of
cucumber pulp and leaves

Correlations between various extracts of
cucumber pulp and leaves were measured using
IBM SPSS Statistics 35. This analysis used one-way
ANOVA method. The statistical level was set to p<0.05
and using the post hoc Tukey procedure [5].
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Correlation of TPC and TFC on antioxidant
activity

The correlation of phenolic and flavonoid
content to antioxidant activity was measured statistically
using IBM SPSS Statistics 25. The analysis of the results
was carried out using bivariate method. Correlation
analysis between antioxidant activity assays was
performed applying the Pearson’s method [5].

Identification marker of the ethanol extract
of cucumber pulp

Identification marker of the ethanol extract
of cucumber pulp was carried out using the HPLC
method. The HPLC used was HPLC-20AD with 0.01%
H,PO, (eluent A) and methanol (eluent B) as mobile
phases. This HPLC separation system was linear
gradient 40%—-60% eluent B for 5 min, then gradient
eluent B 70% for 5 min, and gradient eluent B 40% until
15 min. The stationary phase used was LiChrospher®
100 RP-C18 5 um (length 100 mm, diameter 4 mm,
20 mm per column [Merck]). This HPLC flow rate was
1 mL/min using a CTO-20A pump, Shimadzu, Japan.
Injection volume in this HPLC system was 20 ul. The
quercetin used was 1 ug/mL. Ethanol cucumber pulp
extract was prepared at 10,000 ug/mL. HPLC column
temperature was 30°C. To identify marker compound
in cucumber pulp, retention time of five standard
compounds (luteolin 7-O-glucoside, rutin, quercetin,
kaempferol, and apigenin) were determined. After that,
ethanol cucumber pulp extract was injected into the
HPLC system; then, the retention time and AUC were
observed. The retention time of cucumber pulp extract
was compared with the retention time of five standards
to find out the marker compound.

Total marker content

Total marker content of ethanol cucumber pulp
extract was measured using HPLC. The AUC value of
ethanol cucumber pulp extract was compared with the
AUC value of standard compound. Total marker content
in ethanol cucumber pulp extract was calculated by the
following equation:

AUC,,;..: Final Concentration
X
AUC,,ws Final Concentration,

control x100%

extract

Results

IC,, of DPPH of n-hexane cucumber pulp
extract (NH1), n-hexane extract cucumber leaves
(NH2), ethyl acetate cucumber pulp extract (EA1),
ethyl acetate cucumber leaves extract (EA2), ethanol
cucumber pulp extract (ET1), and ethanol cucumber

leaves extract (ET2) was compared to the standard,
IC,, of ascorbic acid. IC,, of DPPH scavenging activity
data in various extracts of cucumber pulp and leaves is
exposed in Figure 1. The extract with a lower IC_, value
has a higher antioxidant activity. In this experiment,
ethyl acetate cucumber pulp extract had the highest
antioxidant activity with IC,; value 11.52 ug/mL. AAI of
DPPH in various extracts of cucumber pulp and leaves
is given in Figure 2. EA1 had the highest antioxidant
activity with AAl value 2.18.
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Figure 1: IC,, DPPH of cucumber pulp and leaves extracts

EC,, of CUPRAC capacity measured from
NH1, NH2, EA1, EA2, ET1, and ET2 was compared to
EC,, of ascorbic acid as a standard. EC, of CUPRAC
capacities in various extracts of cucumber pulp and
leaves is shown in Figure 3. The extract with a lower
EC,, value had a higher antioxidant activity. In this
experiment, n-hexane cucumber leaves extract had the
highest antioxidant activity with EC, value 52.91 ug mL.
AAl of CUPRAC in various extracts of cucumber pulp
and leaves is expressed in Figure 4. NH1 had the
highest antioxidant activity with AAI value 0.95.
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Figure 2: AAl DPPH of cucumber pulp and leaves extracts antioxidant
activity with AAl value 0.95.

TFC from NH1, NH2, EA1, EA2, ET1, and
ET2 was measured using quercetin as a standard with
calibration curve regression equation y = 0.00655x +
0.0232, R*= 0.9961 and expressed in gram quercetin
equivalent per 100 g extract. TFC in various extracts
of cucumber pulp and leaves is exposed in Table 1. In
this experiment, ethyl acetate cucumber leaves extract
showed the highest TFC (21.47 g QE/100 g extract).
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Figure 3: EC,, CUPRAC of cucumber pulp and leaves extracts

TPC from NH1, NH2, EA1, EA2, ET1, and
ET2 was measured using gallic acid as a standard with
calibration curve regression equation y = 0.0053x +
0.0368, R*= 0.9989 and expressed in gram gallic acid
equivalent per 100 g extract.
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Figure 4: AAl CUPRAC of cucumber pulp and leaves extracts

TPC in various extracts of cucumber pulp and leaves is
presented in Table 2. In this experiment, ethyl acetate
cucumber leaves extract showed the highest TPC
(2.34 g GAE/100 g extract).

Table 1: TFC in various extracts of cucumber pulp and leaves

Extract TFC (g QE/100 g extract)

Pulp Leaves
n-Hexane 7.41£0.07° 9.04 £ 0.60°
Ethyl acetate 3.11+0.24° 21.47 +1.41°
Ethanol 0.77 +0.78° 1.46 + 0.05°

Correlation between TFC and TPC with AAI of
DPPH and AAlI CUPRAC was determined statistically
using a software called IBM SPSS Statistics 25. The
results are expressed in Table 3.

Table 2: TPC in various extracts of cucumber pulp and leaves

Extract TPC (g QE/100 g extract)

Pulp Leaves
n-Hexane 0.64 + 0.05% 0.33 + 0.04°
Ethyl acetate 2.08+0.12° 2.34+0.11°
Ethanol 1.75+0.33° 1.67 £ 0.07°

Correlation between AAl of DPPH and AAI
CUPRAC was also determined statistically using a
software called IBM SPSS Statistics 25. The results are
represented in Table 4.

Retention time of five standards (luteolin
7-O-glucoside, rutin, quercetin, kaempferol, and

Table 3: Correlation between TFC and TPC with AAI of DPPH
and AAI CUPRAC

Parameters Pearson’s correlation coefficient (r)

TFC TPC
AAI DPPH pulp -0.904** 0.972*
AAI DPPH leaves -0.945" -0.682*
AAI CUPRAC pulp 0.904** -0.389™
AAI CUPRAC leaves -0.197™ -0.959**

ns: Not significant, *significant at the 0.05 level, **significant at the 0.01 level

apigenin) for identification and total marker content of
the ethanol extract of cucumber pulp determination
were exposed on the chromatogram, as shown in
Figure 5 and Table 5.

Quercetin content in ethanol cucumber pulp
extract was calculated by the following calculation:

(8.199/71.801) x (1 ug/mL/10000 pg/mL) x
100% = 0.00114%.

Table 4: Correlation between AAI of DPPH and AAI CUPRAC

Parameters Pearson’s correlation coefficient (r)
AAI DPPH pulp AAI DPPH leaves

-0.991*

AAI CUPRAC pulp
AAI CUPRAC leaves
ns: Not significant, *significant at the 0.05 level, **significant at the 0.01 level

0,470™

Discussion

Free radicals are chemically reactive species
that contains one or more unpaired electrons [10]. Free
radicals are unstable and short-lived [11]. Unpaired
electrons in free radicals can be formed form non-
radical compound that loses one electron or gain
one electron [12]. Free radicals in the body come
from metabolism and from external influences such
as pollution, radiation, certain drugs, and cigarette
smoke. Free radicals are useful for the body’s defense
system, but high level of free radicals in the body can
be dangerous [12]. If the number of free radicals in
the body is excessive, the body is unable to neutralize
them. Excessive amounts of free radicals in the body
can cause oxidative stress condition [1]. Unpaired
electrons in free radicals pass through the cell structure,
oxidation will occur in cell components and molecules
related to protein, lipid, and DNA so that it can cause cell

nV

45

. Ethanol cucumber
\ e § pulp extract
St - . Standards
00 25 50 75 100 125 150

min

Figure 5: HPLC chromatogram for marker identification. 1: Luteolin-
7-O-glucoside, 2: Rutin, 3: Quercetin, 4: Kaempferol, and 5: Apigenin
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damage [13]. This cell damage triggers aging and the
development of several diseases such as autoimmune,
cardiovascular disease, and cancer [1].

Antioxidants are compounds that can inhibit
free radicals in the body [12]. Inhibition of free radicals
can prevent cell damage that triggers aging and the
development of disease. Antioxidants can be produced
naturally as a result of body metabolism (endogenous
antioxidants) or externally (exogenous antioxidants).
Endogenous antioxidants produced on the body are
limited, so antioxidants from external are needed.

Table 5: Retention time and AUC data for marker identification

Standard (1 ug/mL) Control peak
Retention time (min)  AUC
Luteolin 7-O-glucoside  4.958 26419

Rutin 5.466 22291 55M 4651

Sample peak
Retention time (min) AUC

Quercetin 8.345 71801 8.399 8199
Kaempferol 10.109 13555 - -
Apigenin 10.564 15124

DPPH assay is commonly practiced as the
antioxidant activity assessment [14]. DPPH is a free
radical that has good stability because it undergoes
delocalization of electrons throughout the molecule
so that the molecule does not dimerize like other free
radicals. Electron delocalization on DPPH showed
a dark purple adsorption in ethanol at a wavelength
of 517 nm. When the DPPH solution is mixed with a
substrate (antioxidant) that can donate a hydrogen
atom, areduced form will be produced which is indicated
by the loss of the purple color. IC,, value is evaluated
applying calibration curve regression equation. The
inhibitory activity can be calculated using the following
equation: % inhibitory = ([A;-A,J/A;) x 100%. A, is the
absorbance of control solution and A, is the absorbance
of sample. The inhibitory concentration of the sample
in scavenging 50% free radicals in this DPPH method
is called IC,. The IC,, value is inversely proportional
to the antioxidant activity. If the IC_, value is getting
lower, it means the antioxidant activity higher. AAl was
investigated by dividing the final concentration of DPPH
with calculated IC,; value. Antioxidant activity can be
categorized very strong AAl > 2, strong 1 < AAI = 2,
medium 0.5 < AAl < 1, and weak AAI < 0.5 [15].

CUPRAC assay is a method to determine
antioxidant capacity of sample. In CUPRAC method,
bis(neocuproine)copper (Il) chloride [Cu (Il)-Nc] as
the chromogenic oxidant reacts with polyphenols
[Ar(OH)n]. Free protons are supported with ammonium
acetate buffer solution. The Ar-H groups from the
polyphenols are oxidized to quinones and Cu (ll)-Nc
is reduced to a colored Cu(l)-Nc chelate, showing a
maximum absorption at A 450 nm in this reaction [16].
Concentration of sample or standard which can
exhibit 50% of CUPRAC capacity is called exhibitory
concentration 50% (EC,,). The lower EC, value means
a higher antioxidant activity. AAl value was calculated
by dividing the final concentration of CUPRAC with EC,
value. According to the classification [15], antioxidant
activity was considered as a very strong antioxidant if
AAl > 2.

Inthe presentresearch, IC, of DPPH measured
from different extract from cucumber pulp and leaves
was ranged from 11.52 to 114.59 ug/mL, while standard
solution ascorbic acid IC,, value was 0.39 ug/mL. NH1
had the highest IC, value, which means that NH1 had
the lowest antioxidant activity, whereas EA1 showed
the lowest IC value, which expresses that EA1 had
the strongest antioxidant activity among the other
extracts. AAl value is inversely proportional to the
IC,, value. If AAI value is getting higher, it means the
antioxidant activity higher. AAl of DPPH calculated from
IC,, of different extracts from cucumber pulp and leaves
were ranged from 0.22 to 2.18. EA1 had the highest AAI
value among the other extracts, it means that EA1 also
gave the highest antioxidant activity among the other
extracts.

In the previous research [17], cucumber
pulp water extract was tested by DPPH assay and
used butylated hydroxytoluene as the standard for its
antioxidant activity. This research found that cucumber
fruit had a high antioxidant activity with IC, value 14.73
+ 1.42 ug/mL. The result was similar with this research,
cucumber pulp extract was considered as a very strong
antioxidant. Cucumber leaves also were previously
examined by DPPH assay for their antioxidant activity.
The result showed that cucumber leaves have a high
antioxidant activity with IC_ value 13.06 pg/mL [18].
The result was different from the present research,
cucumber leaves extract was only considered as a
strong antioxidant.

EC,, of CUPRAC measured from different
extract from cucumber pulp and leaves was ranged
from 52.91 to 741.95 pg/mL, while standard solution
ascorbic acid EC, value was 5.38 ug/mL. NH2 had the
lowest EC,, value, which means that NH2 showed the
highest antioxidant activity among the other extracts.
EC,, of NH2 was among 50-100 pg/mL, so NH2 was
considered as strong antioxidant. AAl CUPRAC of
cucumber pulp and leaves extracts was ranged from
0.07 to 0.95. NH, exposed the highest AAl value among
the other extracts, it means based on this assay, NH,
had the highest antioxidant activity among the other
extracts.

The previous research [19] measured the
antioxidant activity using FRAP method and reported
that percentage of FRAP capacity from methanolic
cucumber leaves extract was 1.63%. On the other
hand, other plants from the Cucumis genus Cucumis
melo (cantaloupe) also showed good antioxidant
activity. Other research [20] reported that IC,, of
DPPH from methanolic cantaloupe flesh extract was
11.9 £ 1.00 pug/mL and methanolic cantaloupe leaves
extract was 1.52 + 0.01 ug/mL.

There might be correlation between antioxidant
activity with TPC and TFC [21]. In the previous
research, measurements of TPC and TFC of aqueous
cucumber pulp extract have also been examined. The
results showed that the TFC of aqueous cucumber pulp
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extract was 9.33 + 0.33 mg QE/g extract and the TPC of
aqueous cucumber pulp extract 40.68 = 2.9 mg GAE/g
extract [22]. The other research [23] reported that TFC
value in methanolic cucumber pulp extract was 12 *
1.41 mg QE/g extract and in petroleum ether cucumber
pulp extract 62.5 + 0.71 mg QE/g extract, whereas the
TPC value in methanolic cucumber pulp extract was
23.75 + 6.19 mg GAE/g extract and in petroleum ether
cucumber pulp extract 16.25 + 0.88 mg GAE/g extract.
It has also been found that the TFC value of ethanolic
cucumber peel extract was 14.02 mg QE/g extract and
the TPC value of ethanolic cucumber peel extract was
23.08 mg GAE/g extract [24].

The TFC of the previous results was different
with the result of the present research. In present
research, we reported that the TFC of cucumber pulp
and leaves extracts were varied from 0.77 to 21.47
g QE/100 g. The result in the present research was
higher than the previous study. EA2 had the highest
TFC value (21.47 g QE/100 g). Using the one-way
ANOVA method, TFC value of n-hexane extract, ethyl
acetate extract, and ethanol extract of cucumber pulp
showed significant differences at p < 0.05. TFC value
of n-hexane extract, ethyl acetate extract, and ethanol
extract of cucumber leaves also showed significant
differences (p < 0.05). TFC value of cucumber pulp and
leaves extracts is given in Table 1.

The TPC of the previous results was also different
with the present research. In the present research, we
reported that the TPC of cucumber pulp and leaves
extracts were in the range of 0.33 - 2.34 g GAE/100 g.
The result in the present research was higher than the
previous research. EA2 had the highest TPC value
(2.34 g GAE/100 g). There was no significant different
between TPC value of ethanol extract and ethyl acetate
extract of cucumber pulp. But both extracts showed
significant difference with n-hexane extract (p<0.05)
using one way ANOVA method. TPC value of n-hexane,
ethyl acetate, and ethanol cucumber leaves extract had
significant difference (p < 0.05). TPC value in cucumber
pulp and leaves extracts is exhibited in Table 2.

Antioxidant activity can be proportional to the
concentration of phenolic compounds in the sample.
Flavonoids are phenolic compound because flavonoids
have phenolic group in their chemical structure.
Phenolic compounds have an ability to donate electrons
and delocalizing unpaired electrons within aromatic
structure [21].

TPC and TFC affect the antioxidant activity if
Pearson’s correlation coefficient value is positive and
significant at p < 0.01 and p < 0.05 [25]. According
to Table 3, TFC has positive Pearson’s correlation
coefficient and significant at p < 0.01 with AAl CUPRAC
of cucumber pulp extract. TPC also had positive
Pearson’s correlation coefficient and significant at p <
0.01 with AAI DPPH of cucumber pulp extract. Therefore,
it can be stated that flavonoids in cucumber pulp extract

contributed to antioxidant activity of CUPRAC method
and phenolic compounds in cucumber pulp extract
contributed to the antioxidant activity of DPPH method.

According to Table 4, AAl between CUPRAC
and DPPH methods for cucumber leaves extract showed
positive but not significant correlation. Therefore, the
results between CUPRAC and DPPH methods were
not linear.

In this study, marker identification was also
examined on the ethanol cucumber pulp extract. The
HPLC chromatogram results of ethanol cucumber
pulp extract showed peaks at retention times of 5.511
and 8.399 min, which means that there were rutin and
quercetin contained in the extract. The quercetin peak
exposed higher AUC value than the other peaks, so it
can be stated that quercetin is a marker compound of
ethanol cucumber pulp extract.

Marker content in ethanol cucumber pulp
extract was calculated using the AUC value quercetin
in extract and AUC value quercetin standard in
chromatogram. According to the calculation in results
section, quercetin content in ethanol cucumber pulp
extract was 0.00114 %.

Conclusion

AAl of DPPH of different extracts from
cucumber pulp and leaves was ranged from 0.22 to
2.18, whereas AAI of CUPRAC in the range of 0.07—
0.95. Ethyl acetate cucumber leaves extract had the
highest TFC value (21.47 g QE/100 g) and TPC value
(2.34 g GAE/100 g). Flavonoids in cucumber pulp extract
gave a contribution to antioxidant activity by CUPRAC
method and phenolic compounds in cucumber pulp
extract gave a contribution to antioxidant activity by
DPPH method. AAlI between CUPRAC and DPPH
methods for cucumber leaves extract showed positive
correlation but not significant. Therefore, the results
between CUPRAC and DPPH methods were not
linear. Quercetin was a marker compound of ethanolic
cucumber pulp extract. Quercetin content in ethanol
cucumber pulp extract was 0.00114%. Based on this
study, cucumber pulp and leaves are recommended
to be sources of natural antioxidants for the food or
nutrition industry.

References

1. Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants
in disease and health. Int J Biomed Sci. 2008;4(2):89-96.

Open Access Maced J Med Sci. 2022 Feb 09; 10(A):616-622.

621



A - Basic Sciences

Pharmacology

PMid:23675073

properties of antioxidants using DPPH assay: A critical review

2. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. and results. Food Chem. 2012;130(4):1036-43. https:/doi.
Free radicals and antioxidants in normal physiological functions org/10.1016/j.foodchem.2011.07.127
and human disease. Int J Biochem Cell Biol. 2007;39(1):44-84. 15. Scherer R, Godoy HT. Antioxidant activity index (AAl)
https://doi.org/10.1016/j.biocel.2006.07.001 by the 2, 2-diphenyl-1-picrylnydrazyl method. Food
PMid:16978905 Chem. 2009;112(3):654-8. https://doi.org/10.1016/j.
3. Carlsen MH, Halvorsen BL, Holte K, Bohn SK, Dragland S, foodchem.2008.06.026
Sampson L, et al. The total antioxidant content of 16. Apak R, Gucli K, Ozyurek M, Celik SE. Mechanism of
more than 3100 foods, beverages, spices, herbs and antioxidant capacity assays and the CUPRAC (cupric ion
supplements used worldwide. Nutr J. 2010;9(1):3. https://doi. reducing antioxidant capacity) assay. Microchim Acta.
org/10.1186/1475-2891-9-3 2008;160(4):413-9. https://doi.org/10.1007/s00604-007-0777-0
PMid:20096093 17. Nema NK, Maity N, Sarkar B, Mukherjee PK. Cucumis sativus
4. Kumar D, Kumar S, Singh J, Vashistha BD, Singh N. Free fruit-potential antioxidant, anti-hyaluronidase, and anti-elastase
radical scavenging and analgesic activities of Cucumis sativus agent. Arch Dermatol Res. 2011;303(4):247-52. https://doi.
L. fruit extract. J Young Pharm. 2010;2(4):365-8. https://doi. 0org/10.1007/s00403-010-1103-y
org/10.4103/0975-1483.71627 PMid:21153830
PMid:21264095 18. Nasrin F, Bulbul IJ, Aktar F, Rashid MA. Anti-inflammatory and
5.  Fidrianny |, Budiana W, Ruslan K. Antioxidant activities of various antioxidant activities of Cucumis sativus leaves. Bangladesh
extracts from ardisia sp leaves using DPPH and CUPRAC Pharm J. 2015;18(2):169-73. https://doi.org/10.3329/bpj.
assays and correlation with total flavonoid, phenolic, carotenoid v18i2.24317
content. Int J Pharmacogn Phytochem Res. 2015;7(4):859-65. 19. Fidrianny |, Darmawati A, Sukrasno S. Antioxidant capacities
6. Blois MS. Antioxidant determinations by the use of a stable from different polarities extracts of Cucurbitaceae leaves using
free radical. Nature. 1958;181(4617):1199-200. https://doi. FRAP, DPPH assays and correlation with phenolic, flavonoid,
org/10.1038/1811199a0 carotenoid content. Int J Pharm Pharm Sci. 2014;6(7):858-62.
7. Apak R, Gugli K, Demirata B, Ozylrek M, Celik SE,  20. Ismail HI, Chan KW, Mariod AA, Ismail M. Phenolic content
Bektasoglu B, et al. Comparative evaluation of various total and antioxidant activity of cantaloupe (Cucumis melo)
antioxidant capacity assays applied to phenolic compounds with methanolic extracts. Food Chem. 2010;119(2):643-7. https:/
the CUPRAC assay. Molecules. 2007;12(7):1496-547. https:// doi.org/10.1016/j.foodchem.2009.07.023
doi.org/10.3390/12071496 21. Chaudhari GM, Mahajan RT. Comparative antioxidant activity of
PMid:17909504 twenty traditional Indian medicinal plants and its correlation with
8. Chang CC, Yang MH, Wen HM, Chern JC. Estimation of total total flavonoid and phenolic content. Int J Pharm Sci Rev Res.
flavonoid content in propolis by two complementary colorimetric 2015;30(1):105-11.
methods. J Food Drug Anal. 2002;10(3):178-82. https://doi. 22. Oboh G, Ademiluyi AO, Ogunsuyi OB, Oyeleye SI, Dada AF,
0rg/10.38212/2224-6614.2748 Boligon AA. Cabbage and cucumber extracts exhibited
9. Pourmorad F, Hosseinimehr SJ, Shahabimajd N. Antioxidant anticholinesterase, antimonoamine oxidase and antioxidant
activity, phenol and flavonoid contents of some selected Iranian properties. J Food Biochem. 2017;41(3):123-58. https:/doi.
medicinal plants. Afr J Biotechnol. 2006;5(11):1142-45. org/10.1111/jfbc.12358
10. Mohammed MT, Kadhim SM, Jassimand AN, Abbas SI. Free 23 Alamgir HM, Mahbub SA, Ahmed M, Kayser MS. Phytochemical
radicals and human health. Int J Innov Res. 2015;4(6):218-23. and pharmacological investigation of Lagenaria siceraria,
11.  Mantovani AC, Chendynski LT, Salviato A, Borsato D, Santana VT, Cucumis sativus and Cucurbita maxima. Eur J Med Plants.
Di Mauro E. Monitoring free radicals formation in the biodiesel 2016;12(2):1-13. https://doi.org/10.9734/EJMP/2016/22160
oxidation reaction via electronic paramagnetic resonance. Fuel. 54 yynusa AK, Dandago MA, Ibrahim SA, Abdullahi N,
2018;224:255-60. https://doi.org/10.1016/j.fuel.2018.03.114 Rilwan A, Barde A. Total phenolic content and antioxidant
12. Halliwell B, Gutteridge JM. Free Radicals in Biology and capacity of different parts of cucumber (Cucumis sativus
Medicine. United States: Oxford University Press; 2015. L.). Acta Universitatis Cinbinesis, Series E: Food Technol.
13. Bansal AK, Bilaspuri GS. Impacts of oxidative stress 2018;22(2):13-20.
and antioxidants on semen functions. Vet Med Int. 25 Kim JS, Lee JH. Correlation between solid content and
2011;2011(686137):1-7. https://doi.org/10.4061/2011/686137 antioxidant activities in Umbelliferae salad plants. Prev Nutr
PMid:20871827 Food Sci. 2020;25(1):84-92. https://doi.org/10.3746/pnf.202
14. Mishra K, Ojha H, Chaudhury NK. Estimation of antiradical PMid:32292760
622 https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

	__UnoMark__8546_3382915901
	__UnoMark__5501_3382915901
	OLE_LINK59
	OLE_LINK16
	OLE_LINK4
	OLE_LINK3

