European Journal of Molecular & Clinical Medicine
ISSN 2515-8260 Volume 07, Issue 03, 2020

Estimation Of Phenolic Compounds And
Evaluation Of Their Antioxidant Activity Of
Some Parts Of The Orange Plant (Citrus
Sinensis L.)

Iman Mohsin Kadhom?, Nagham Saddon lbrahim?, Najim Abdullah Al-zubaidy?

Ministry of Educat*
Diyala university/ Collage of Basic Education?
Diyala university/ Education Collage for Pure Science?

ABSTRACT:

Orange fruits were collected from one of the gardens of Baqubah / Diyala / Iraq in
January of 2020, while samples of leaves and flowers were collected in March of the same
year, for the purpose of completing the research procedures. The present study aims to
estimation of phenolic compounds and evaluation of their antioxidant activity of the
extract of some parts of the orange plant. The results show a variation in the parts of the
orange plant in their content of phenolic compounds. Moreover, the statistical analysis
pointed to the presence of significant differences at the probability level of P <0.05 among
the parts of the orange plant, in Total Phenolic Content (TPC) and Total Flavonoid
Content (TFC). The leaves are superior in their (TPC) which record the highest
concentration of 145.71 mg( GAE) .g™* in comparison with the juice, which recorded the
lowest (TPC) 57.18 mg( GAE) .g*. Though the highest (TFC) in the mesocarp of fruit is
11.14 mg Querecetin .g* compared to 5.81 mg.Querecetin. g in the juice, which gave the
lowest (TFC).

On the other hand, the result of statistical analysis showed significant difference
among the parts of orange plant at the probability of P <0.05 in antioxidant activity. The
result showed that the highest antioxidant activity, detected by using the DPPH scavenging
test of the flowers is 2.64 mg. mL. While the lowest value of the free radicals DPPH
inhibition, which was 0.86 mg. mL! was obtained from exocarp. The statistical analysis
results indicated a positive correlation among the (TPC), (TFC) and the antioxidant

activity of DPPH free radical test with value of 0.385 and 0.484 respectively.
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1-INTRODUCTION:

Orange plant, which belongs to the Rutaceae family considered as one of the most important
fruits. It is cultivated on a large scale around the world for the purpose of obtaining the pulp
of the fruit, as well as its natural juice [1]. Due to the high content of secondary metabolites
and natural antioxidants such as flavonoids, carotenoids and vitamins. [2], its natural juice
works in strengthening the human body's immunity and increase its activity[ 3]. However, the
waste from processing oranges accounts for about 50% of the fruits[4 ]. Antioxidants
suppress the activity of free radicals, which are atoms, molecules, or ions with one or more
(non-double) electrons, and they tend strongly to interact with other molecules to obtain the
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required electron and reach a stable state [5]. Free radicals arise naturally in plant and animal
cells as a result of the processes of air respiration and metabolism, and they are harmless
when they are in low concentrations[6], but, When present in a high concentration, it causes
oxidative stress which leads to cell damage and death [7]. Zhang et al.[8] conducted a study
to evaluate the Total Phenols Content (TPC), Total Flavonoids Content (TFC) and the
antioxidant activity of the different parts of citrus (peels, pulp residues, seeds and juices) of
19 different species. The results indicated the presence of a positive correlation coefficient
between the TPC and the TFC with their antioxidant activity. The value of TPC ranged from
0.079 - 0.792, while the value of TFC ranged from 0.150 - 0.664. In another study
conducted by Olyad et al.[9] to evaluate the flavonoid content and their antioxidant activity
of the peels of four citrus species, cultivated in Ethiopia, C. sinensis and C. reticulate, C.
limon and C. aurantifolia. The results showed a strong correlation between flavonoids
content in citrus peel extracts and free radical removal activity, with a value of 0.975.
Antioxidants are classified into natural and synthetic . Several synthetic antioxidants have
been shown to have a toxic effect and stimulate the formation of cancer cells, therefore,
researchers have resorted to finding safer natural alternatives [10] The purpose of this study is
to estimate the phenolic compounds and evaluate their antioxidant activity of extracts of

some parts of the orange plant (Citrus sinensis L.).

2-MATERIALS AND METHODS
: 2-1-Samples collection and preparation

Orange fruits were collected from one of the gardens of Baqubah / Diyala / Iraq in January
of 2020. After washing the fruits with distilled water for several times to remove impurities
and soil, they were peeled, and the required parts were separated, which are the exocarp,
mesocarp, seeds and juice. At the flowering stage, in March of the same year, samples of
leaves and flowers were collect for the purpose of completing the research procedures.Some
of the fruits were used to obtain fresh juice, while the remaining samples were dried in an
electric oven and milled using a commercial coffee grinder. The dry powder was kept in a

refrigerator at a temperature of (4C°) until the extraction operations were carried out.

2-2-Extraction of phenolic compounds:

Extraction of phenolic compounds was done based on a method described by [11]. One (1)
gm of Citrus sample powder and 1 ml from juice were dissolved in 20 ml hexane to remove
fat layer , then the organic layer dissolved in 100 ml of 80:20 (methanol: water), The extract
was subjected to ultra-sonication (Branson sonifier, USA) at 60 % duty cycles for 25 min at
25°C followed by centrifugation at 7,500 rpm for 15 min. The clear supernatant of each
sample was subjected to charcoal treatment to remove pigments prior to evaporation under
vacuum (Buchi Rotavapor Re Type). Dried samples were re-suspended in 1.0 ml HPLC
grade methanol by overtaxing , the mixture were passed through 2.5 um disposable filter ,
and stored at 4°C for further analysis ,then 20 pL of the sample injected into HPLC system

according the optimum condition.

2-3- Analysis and Diagnosis of phenolic Compounds
The separation occurred on liquid chromatography Shimadzu 10AV-LC equipped with
binary delivery pump model LC-10A shimadzu, the eluted peaks were monitored by UV —-Vis

10 A- SPD spectrophotometer. The main phenolic and flavonoids compound were
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separated on FLC (Fast Liquid Chromatographic ) column under the optimum condition.
Column: phenomenex C-18 ,3um particle size (50 x 2.0 mm [.D ) column. Mobile phase:
linear gradient of, solvent A 0.1% phosphoric acid : solvent B was (6:3:1, v/v) of
acetonitrile : methanol: 0.1% phosphoric acid , linear gradient program from 0%B to 100%B
for 10 minutes. Flow rate 1.0 ml/min. Detection: UV 280 nm.
The calculation of the phenolic and flavonoids concentrations (mg.gm™) in the samples was
done by using the equation below:
Area of sample
Concentration (mg.gm™) = —--emmemmemmmeeeeee x concentration of standard x dilution
Factor.
Area of standard

2-4- Estimation of the Total Phenolic Content and the Total Flavonoid Content In Some Parts
of the orange.

2-4-1- Estimation of the Total Phenolic Content

Estimated of Total phenolic contents was done based on a method that described in[ 12]
with a slight modifications . In order to get 1mg/ml solution, 10 mg of each of the extract
samples were dissolved in 10 ml of methanol. The extract of orang samples (0.5 ml of
different dilutions) were mixed with Folin Ciocalteu reagent (5 ml, 1:10 diluted with distilled
water) and kept on a water bath set at 45 °C. Then, 2.0 ml of a 7.5% w/v sodium carbonate
(Na2COg) solution were added. Mixture was then allowed to stand for 15 min. The phenols
were determined by colorimetry at 765 nm. Standard curve was prepared by 50, 100, 150,
200, and 250 mg. ml** solutions of gallic acid in (methanol: water) (50: 50, v/v). Total phenol
values are expressed in terms of gallic acid equivalent (mg. g * of dry wight), which is a very

common reference compound.

2-4-2- Estimation of Total Flavonoid Content:

Estimated of Total flavonoid contents was done based on the method described by [13]
with a slight modification .Half (0.5) mL of extracts were mixed with 1.5 mL of methanol.
0.1 mL of 10% aluminium chloride was then added to this mixture, followed by 0.1 mL of
1M potassium acetate as well as 2.8 mL of distilled water. The mixture was then incubated at
room temperature for 30 min. The absorbance of samples was measured by a
spectrophotometer at 420 nm and the results were expressed as milligrams quercetin

equivalents (QE) per gram of extract (mg QE/g extract).

2-4-3-DPPH Scavenging Activity:

The stable 2, 2-diphenyl-1-picryl hydrazyl (DPPH) radical scavenging activity assay was
carried out following methods that described by[ 14] with slight modification. DPPH stock
solution was prepared by adding 24 mg DPPH with 100 mL of methanol, whereas DPPH
working solution was prepared by mixing 10 mL of the DPPH stock solution with 45 mL of
methanol. Briefly, 500 pL of Citrus samples was added with 500 pL of DPPH working
solution. The mixture was incubated for 2 h at room temperature in the dark. Absorbance of
the mixture was determined at 515 nm against a blank. The results were expressed as EC50

value of DPPH assay in mg. mL™.
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Statistical Analys

Statistical analysis was performed using (SPSS v.22 and Excel 2013). Quantitative data
were described using (Mean + Std. Error). The Least Significant Difference (LSD) test was
used to compare between the averages. The correlation coefficient (r) was also used to know
the type and strength of the relationship between the variables. The test was conducted at the

probability level P < 0.05.

3-RESULTS AND DISCUSSION
3-1-Phytochemical analysis:

The results shown in Table 1 indicate a superiority of the flowers in their content of
phenolic compounds as compared to other parts of orange. The flowers recorded the highest

percentage of 23.86%, with an increment of 70.07% in comparison with 13.55% in leaves,
which recorded the lowest percentage.

Table 1:
The concentrations of phenols in some parts of the orange plant
Compound dry weight (mg.g™) Concentration Total
concentration
Flowers | Leaves | Exocarp | Mesocarp | Juice | Seeds mg.g*
Phenols | 5914| 1655 17.05 17.16 | 18.62| 23.61 122.13

Figure 1 shows the presence of hesperidin with the highest percentage in all the parts of the
orange compared to other phenolic compounds, as it reached 36.77%, with increment of
13.92%, however Diosmetin, recorded the lowest percentage of 2.46%. This confirms with
the previous finding reported [15][16], which confirmed the presence of phenolic compounds
in all the parts of the orange plant, especially the inedible parts such as leaves, seeds and
peels. Moreover, the results are in a consistent with what was found by [17], [18] who
confirmed that the most abundant phenolic compounds in the orange plant are hesperidin and

naringin.
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Figure 1: The percentages of phenolic compounds in some parts of the orange plant
3-2-Estimation of Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)

The statistical analysis results shown in Figure 2, indicate significant differences at a
probability level P <0.05 in the Total Phenolic Content (TPC). The results show that the
highest value of TPC was 145.71 mg(GAE).g* dry weight in the leaves which was, followed
by the flowers with a value of 135.71 mg(GAE).g* dry weight, while the juice recorded the
lowest value of 57.18 mg(GAE).g dry weight. These results are consistent with results of
[19],[20],[21] who confirmed the presence of high concentration TPC in plant residues (

peels, seeds and leaves ) compared to the edible parts ( pulp and juice).
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Figure 2: The Total Phenolic Content ( TPC) in some parts of the orange plant

As for the Total Flavonoids Content (TFC), the statistical analysis results shown in Figure
3, pointed to the presence of significant differences at a probability level P <0.05 in TFC
among the different parts of the orange plant. The highest TFC content was 11.14 mg
Quercetin.g™? dry weight , and it was obtained from the mesocarp. Seeds came in the second
stage with a TFC value of 10.38 mg Quercetin .g* dry weight, though the lowest TFC (5.81
mg Quercetin.g™) was found in the juice. The results of the current study agree with the
results of many previous studies [22],[23] which indicated to the presence of flavonoids in

orange peels at a high concentration compared to other parts of the plant .
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Figure 3: The Total Flavonoid Content ( TFC) in some parts of the orange plant

3-3- Evaluation of Antioxidant Activity:

The results of the statistical analysis that have been shown in Table 2 indicate a significant
differences at the level of P <0.05 among the different parts of the orange plant in their ability
of free root DPPH inhibition. The flowers surpassed the other parts of the orange plant in
their antioxidant activities, with a highest value of DPPH 2.64 mg.ml* followed by the
seeds, with the DPPH value of 1.86 mg. ml™, while the lowest value of 0.86 mg.ml* was

obtained from the exocarp.

Table 2:
The antioxidant activity of DPPH in some parts of the orange plant
DPPH TFC TPC
mg .ml? mg . Querecetin. g-1 mg.GAE.g-1
Samples
Meanz Std. Error Meanz Std. Error Meanz Std. Error
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1.46%0.29 7.91+1.22 145.71 £10.33 Leaves
2.64+0.19 8.66+1.34 135.71 £9.31 Flowers
0.86+0.08 6.76+0.99 99.41+13.27 Exocarp
1.7940.12 11.14+1.55 73.85+8.98 Mesocarp
1.1940.11 5.81+0.61 57.18+9.11 Juice
1.86+0.12 10.38+1.29 103.11+12.18 Seeds

1.02 3.42 3.55 LSD

On the other hand, the statistical analysis results presented in Table 3 indicate significant
differences in the value of correlation coefficient at a probability level of (0.05) between the
TPC and TFC of some parts of the orange plant with the antioxidant activity, using the
manufactured free root scavenging method DPPH. The result shows that there is a positive
correlation coefficient between TPC and TFC with the antioxidant activity and the values

were 0.385 and 0.484, respectively.

Table 4:
Correlation coefficient between TPC, TFC, and DPPH

TFC TPC Pearson Correlation

0.484* 0.385 DPPH

Figure 4 shows the linear relationship between the TPC of some parts of the orange plant
and the DPPH. As the value of the linear correlation coefficient reached 0.148. While Figure
5 shows the linear relationship between the TFC and the DPPH, the value of the linear

correlation coefficient was 0.234.
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TPC versus DPPH
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Figure 4: linear correlation between (TPC) and (DPPH)
TFC versus DPPH
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Figure 5: linear correlation between (TFC) and (DPPH)

This result is consistent with the findings reported by[24],[25] . The presence of statistically
significant correlation coefficients between TPC and TFC with the antioxidant activity of the
DPPH method confirms that the orange plant possesses many phenolic compounds that can

contribute to the antioxidant activity, and this confirms what have been reported by[26],[27].

5. CONCLUSION

Through our findings we concluded the presence of significant differences between the
different parts of orange plant in their content of active compounds, which act as natural
antioxidants. The highest value of antioxidant activity was obtained from the seeds, followed
by the flowers, which confirms that the orange plant residues are more effective than the
edible parts. We also concluded from the results of the current research, the presence of a
positive correlation between total phenolic content, total flavonoid content, and the

antioxidant activity.
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