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Abstract

Mandarin (Citrus reticulata) is a fruit consumed largely in Algeria,
belonging to the Rutaceae family. The aim of this study was to screening
secondary metabolites and investigate the effect of ethanolic extract
prepared from the fruit on the plasma antioxidant capacity and oxidative
stress markers in CCl, induced-damage in liver of mice. Oral
administration of mandarin extract at doses of 200 and 600 mg/kg for 7
days enhanced protein levels with values of 10.26+0.181 and 12.36+0.407
mg/ml, respectively when compared to CCl, group (10.10+£0.071 mg/ml).
Mandarin ethanolic extract showed a significant increase in catalase
enzyme activity at a dose of 600 mg/kg (147.9£22.69 U/g tissue compared
to CCl, group (49.33+13.93 U/qg tissue). GSH level was increased in dose
Volume 6, Issue 13, 2024 dependent in the liver with 8.17+0.32, 10.35+0.27 nmol/g tissue,
Received: 18June 2024 respectively compared to CCl, group (6.663+1.25nmol/g tissue). The
results showed that mandarin extract at doses of 200 and 600 mg/kg was
more effective in enhancing antioxidant status in liver by reducing MDA
level with 38.47+6.709 and 15.42+1.495 nmol/g tissue) when compared
with CCl, group (120.2+4.85 nmol/g tissue). Also, C. reticulata extract
showed good plasma antioxidant activity using DPPH and reducing power
assays. These results indicate that mandarin consumption can be used as
hepatoprotective effect.
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Introduction

The liver is particularly exposed to oxidative stress because of the direct release of CCl,4
metabolites and cytokines, which promote the inflammatory response. CCl, is a xenobiotic
that can cause acute and chronic tissue injuries. It activates the phase | of cytochrome P450
system, producing reactive metabolic trichloromethyl radicals (CCl’s) and peroxy
trichloromethyl radicals (Khan et al., 2012).

Free radical generation during the hepatic metabolism of CCl, causes lipid peroxidation,
radical interaction with structural proteins, nuclear and mitochondrial DNA, and DNA
mistakes. Also, CCl, activates the liver's resident macrophages, which produce and secrete
chemoattractants and neutrophil activators, resulting in neutrophil recruitment to that site and
production of reactive oxygen species, which cause inflammatory changes in hepatocytes,
leading to hepatotoxicity (Johra et al., 2023).

Antioxidant defense system consists of exogenous antioxidants like vitamin C, vitamin E,
carotenoids, and polyphenols, with the diet serving as the main source, and endogenous
(enzymatic and non-enzymatic) antioxidants like glutathione peroxidase (GPx), glutathione
dismutase (SOD), catalase (CAT), and glutathione (GSH) (Bouayed and Bohn, 2010).
Polyphenols are the most common type of antioxidants in human diets and flavonoids, which
include thousands of compounds, are the largest and most thoroughly researched class of
polyphenols (Lima et al., 2014).

Mandarin (Citrus reticulata) belonging to Rutaceae family is one of the most consumed fruits
in the world because of its appealing color, pleasant flavors, and phytochemicals content, such
as phenolic acids, flavonoids, carotenoids, and vitamin C (Lee and Kim, 2022).

The antioxidant properties of C. reticulata extracts have been studied in various in vitro
models, which revealed that extract have free radical scavenging, chelating, reducing, and
anti-lipid peroxidant activities according to various in vitro antioxidant assays ( Bentahar et
al., 2020; Chaallal et al., 2020) . However, no scientific report of this fruit in vivo has ever
been published in the literature demonstrating antioxidant efficacy in liver tissue. The current
study aimed to assess the effect of ethanolic extract from mandarin fruit on plasma
antioxidant capacity and antioxidative status in CCl, induced damage in liver of mice by

evaluation some various biomarkers.
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2. Materials and Methods

2.1. Plant material.

Mandarin fruits were obtained from a market in Setif region, located in Northeastern Algeria.
The fruits purchased were of good quality, without damage. The fruits were washed with
distilled water, peeled, and the seeds removed.

2.2. Animals

Abino rats weighing 180-200 g were obtained from the Pasteur Institute in Algiers, Algeria,
and acclimatized for one week before the experiments. The animals were housed in an air-
conditioned animal room with unlimited access to water and food. The experimental protocol
in rats was carried out following revision and permission by the Animal Ethics Committee of
the Institute of Nature and Life Sciences, University Ferhat Abbas, Setif 1, Algeria.

2.3. Preparation of fruit Extract

The extraction method was conducted by Markham (1982). The consumed part of the fruits
(1kg) was carefully prepared by cutting them into small pieces. Subsequently, the pieces were
ground in a mixer and homogenized before being mixed with five liters of ethanol (80:20,
v/v). The mixture was kept at room temperature to maximize the extraction of bioactive
molecules. The resultant solution was then filtered in order to extract the supernatant. A crude
ethanol extract was obtained by subjecting the supernatant to evaporation in a vacuum rotary
evaporator at a regulated temperature of 40°C. After that, this crude extract was dried and
kept in a safe place at 4°C until it was needed.

2.4. Phytochemical screening

Using Haddouchi et al. (2016) method, the presence or absence of some compounds from the
chemical families of secondary metabolites was determined. Phytochemical tests based on
color, turbidity, or precipitation responses reactions.

2.5. In vivo antioxidant activity of extract

2.5.1. Treatment of animals

For a period of 7 days, the treatment was administrated orally via an orogastric tube to four
groups of six each (Bouaiz et al., 2018) with minor modification. Group 1 was given normal
saline 0.9 % and served as CCl, treated group . group 2 treated with vitamin C (100 mg/kg)
and used as standard. The extract treated groups (3 and 4) received the fruit extract at doses
of 200 and 600 mg/kg, respectively. On the seven day, all animals were given CCl4 (2 ml/kg,
IP as 50:50 solution in olive oil), which induced a damage in liver. Animals were anesthetized

after the delivery of carbon tetrachloride. Blood was collected from the vena cava and the
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serum was separated for determination of plasma antioxidant activity. Livers immediately
removed and cleared with ice-cold saline and kept at -20°C.

2.5.2. Preparation of homogenate

After being cut into small pieces, the liver tissue was submerged in a 1.15 M KCL buffer.
Fragments were homogenized to obtain 10% of homogenate and the resultant mixture was
centrifuged for 10 min at 4°c and 4000 rpm. The supernatant was used for the determination
of MDA as a marker of lipid peroxidation, total protein content, reduced glutathione (GSH)
levels and catalase activity.

2.5.3. Determination of total protein level

Tissue protein content was measured by the method of Gornall et al., (1949), employing the
Biuret reagent. Bovine serum albumin was used as a reference standard. 1 ml of biuret
reagent was mixed with 25 pl of sample solution. After 10 min of incubation at 37°C, the
absorbance at 540 nm was measured. Total protein level was calculated through the formula:
Total protein = (Abs of sample/Abs of standard)x

Where n is the standard concentration.

2.5.4. Catalase activity assay

Clairborne (1985) method was utilized to estimate the activity of catalase. The procedure
recorded the reduction in ultraviolet (UV) absobance of the peroxide solution as a result of
catalase-induced enzymatic hydrolysis of H,O,. 50ul of tissue supernant was added to a
cuvette containing 2950 pl of H,O, solution (19mM). the absorbance was measured at
240nm. Results were expressed as the quantity of enzyme that decompose 1 uM of H,O; per
minute at 25 °C. Consequently, the specific activity was expressed in terms of units per gram
of tissue, in accordance with the provided formula below:

U/g tissue = (2.3033/ T) x (log A1/A2) /g tissue

Al: Absorbance at to.

A2: Absorbance at t;.

2.5.5. Assessment of reduced glutathione level

the total reduced glutathione (GSH) content was investigated. Ellman’s reagent (5,50-dithio-
bis (2-nitrobenzoic acid); DTNB) reacts with sulfhydryl groups to produce 2-nitro-5-
mercaptobenzoic acid (Huo et al., 2011). In brief, 50 ul of supernatant were diluted in 10 ml
phosphate buffer (0.1 M, pH 8). Then, to 3 ml of the mixture of dilution, 20ul of DTNB (0.01
M) were added. The yellow color developed was read at 412 nm after 5 min. GSH (0.4-20
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pmol/ml) was used to draw the calibration curve and the results were expressed as pumol/g of
tissue (Adjadj et al., 2016).

2.5.6. Assessment of Malondialdehyde (MDA) levels

MDA levels were estimated by the method of Ohkawa et al., (1979). The pink color that is
produced as a result of the reaction between TBA and MAD molecules. 250 pl of 20% TCA
and 500 pl of 0.67 % TBA were combined with 250 ul of homogenate. The mixture was then
allowed to cool afer being heated for 15 minutes in a water bath. 4 ml of n-butanol were
added to each sample and centrifuged at 3000 rpm for 15 min. the absorbance was measured
at 32 nm. The MDA quantity was evaluated from a standard curve od 1.1.3.3
tetraethoxypropane and the results were expressed as nmol/g of tissue.

2.5.7. Effect of extracts on plasma antioxydant capacity using DPPH assay

The capacity of plasma to scavenge the DPPH radicals was tested using the method of Burits
and Bucar (2000) with slight modification. 25 pl of plasma was mixed with 625 pl of DPPH
solution (0.004%). After 30 minutes of incubation, followed by centrifugation, the absorbance
at 517 nm was measured, and the plasma antioxidant ability was calculated using the equation
below:

% scavenging activity = [ (Abs control -Abs sample)/Abs controls] X 100

A control: is the absorbance of the blank solution

A sample: is the absorbance in the presence of extact.

2.5.7. Effect of extracts on plasma antioxydant capacity using reducing power assay

The method described by Chung et al., (2005) was used to determine the reducing power.
Plasma (0.1 ml) was combined with 0.1 ml of 0.2 M sodium phosphate buffer (pH 6.6) and
0.1 ml of 1% potassium ferricyanide. The resulting mixture was then incubated at 50°C for 20
minutes. Following this, 0.250 ml of 1% trichloroacetic acid was added, and the mixture was
centrifuged at 3000 rpm for 10 minutes. A 0.250 ml sample from the upper layer was mixed
with 0.250 ml of distilled water and 0.5 ml of ferric chloride (0.1%). The absorbance at 700
nm was measured.

2.6. Statistical analysis

To conduct statistical tests, we used Graph Pad Prism (Version 7.00). Mean + standard
deviation of mean (SEM) was used to express results obtained in vivo. One-way analysis of
variance (ANOVA) and the Dunnets test were employed to estimate the signifof the results at

a 5 % probability level.
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3.Results and discussion
3.1. Phytochemical analysis
Phytochemical screening of showed that C. reticulata extract fruit contains polyphenols,

flavonids, tannins, terpenois, phenols and saponins (Table 1).

Table 1: Phytochemical screening of ethanolic extract prepared from C. reticalata fruit.

Compounds C. reticulata extract
Flavonoids +
Tanins ++
Poyphenols +++
Quinons +
Terpenoids +
Intraquinons +++
Saponins +

3.2. Determination of antioxidant status in the liver tissue

3.2.1. Total proteins level

The pretreatment of mice with C. reticulata ethanolic extract increased total proteins to
10.26+0.181 and 12.36+0.407 mg/ml at the doses of 200 and 600 mg/kg, respectively when
compared to CCl, group (10.10+0.071 mg/ml). These results remain lower than that of Vit C
as standard with a value of 18.61+1.885 mg/ml (Figure 3).

N
0
J

Total proteins (mg/mi)
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Figure 1: Effect of C. reticulata on total proteins level in CCly-induced liver damage of rat.
Vit C was used as standard and results were presented as mean+SEM (n=6). (" p>0.05; ***
p<0.001) compared to CCl4treated group.

3.2.2. Evaluation of catalase activity

As shown in Figure 2, daily oral admistration of C. reticulata extact at a dose of 200/kg
increase no significantly the catalase activity (p>0.05) with a value of 89.98+13.65 U/qg tissue
compared to CCl, treated group (49.33+£13.93 U/g tissue). However, the treatment with the
extract at the dose of 600 mg/kg significantly enhanced the catalase activity (147.9+22.69 U/g

tissue).
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Figure 2: Effect of C. reticulata and Vit C on catalase activity in CCl4-induced liver damage
of rat. Results were expressed as mean+SEM (n=6). (™ p>0.05; ** p<0.01; *** p<0.001)
compared to CCl, treated group.

3.2.3. GSH level estimation

In the present study, it was observed that tow doses of C. reticulata ethanolic extract (200 and
600 mg/kg) and Vit C increased the GSH levels with values of 8.17+0.32, 10.35+0.27 and
10.08+0.06 nmol/g tissue respectively compared to CCl4 treated group (6.66+1.25nmol/g

tissue) (Figure 3).
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Figure 3: Effect of C. reticulata and Vit C on GSH level in CCl4-induced liver damage of rat.
values were expressed as mean+SEM (n=6). (** p<0.01; *** p<0.001) compared to CCl,
treated group.

3.2.4. Evaluation of lipid peroxidation

C. reticulata ethanolic extract had the ability to inhibit lipid peroxidation in liver tissue,
lowering the MDA level, which is considered the final product of this process (Figure 4).
Both groups treated with 200 and 600 mg/kg showed a strong ability to reduce MDA levels
(38.47+6.709 and 15.42+1.495 nmol/g tissue) when compared with CCl, group (120.2+4.85
nmol/gtissue) (P<0.001). Vit C reduced the MDA amount to 19.73+3.177 nmol/g tissue.
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Figure 4: Effect of C. reticulata and Vit C on MDA level in CCls-induced liver damage of rat.
values were expressed as mean+SEM (n=6). (*** p<0.001) compared to CCl, treated group.

3.3.Plasma antioxidant capacity

3.3.1. Effect of C. reticulata extract using DPPH radical

Daily oral administration of fruit extract prepared from C. reticulata (200 and 600 mg/kg/day)
during 7 days augmented significantly the plasma capacity to scavenge DPPH radicals with



Page 3303 of 3311

Saliha Djidel /Afr.J.Bio.Sc. 6(13)(2024).3295-3311

values of 47.26+2.94 and 64.95+2.88%, respectively compared to CCl, treated group
(23,52£1.77).Vitamin C was used as standard that gave a value of 57.74+3.24% at dose of

100 mg/kg (Figure 5).
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Figure 5: Effect of C. reticulata and Vit C on plasma antioxidant capacity using DPPH
radical scavenging. Data were expressed as meanSEM (n=6). (***P<0.001) compared to

CCl,4 group.

3.1.2. Effect of extract on plasma reducing power

As seen in Figure 6, the administration of C. reticulata ethanolic extract revealed electron
donation ability, but only the reducing power of the dose 600 mg/kg (0.32+0.02) was
significantly higher than that of CCl, treated group (0.09+0.02). Vit C as positive standard
had a high absorbance at 700 nm with a value of 0.67+0.02.

0.8- ok

——
0.6+ '-:-'-:-'

Absorbance at 700 nm

Figure 6: Effect of C. reticulata and Vit C on plasma antioxidant capacity using reducing
power. Data were expressed as mean+SEM (n=6). (™ p>0.05; ***p<0.001) compared to

CCl, group.
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4. Discussion

Fruits and vegetables contain high levels of biologically active secondary metabolites. These
compounds are responsible for numerous health benefits. The main components found in the
antioxidant properties of fruits and vegetables are polyphenols, flavonoids, carotenoids,
Vitamin C, Vitamin E and glutathione (Rahaman et al., 2023). In our results, chemical profile
in C. reticulata ethanolic extract showed the presence of many types of secondary metabolites
such as polyphenols, terpenoides and intraquinons. Yield extraction of various plant
compounds depends on the solvent polarity, which determines both the quantity and type of
antioxidant molecules extracted. The time, temperature, sample ration to the solvent and
chemical composition of the plant play an important roles in the extraction method (Mokrani
and Madani, 2016). Bentahar et al., (2020) reported that ethanolic extract of mandarin had a
total phenolic and tannins contents with values of 127.33 + 2.32 and 47.65 * 1.36,
respectively. Citrus juices, in particular mandarin juice, are high in ascorbic acid which is an
important antioxidant and a good indicator of mandarin juice quality (Selli et al. 2004).
Mandarin essential oils, known for their fresh juic fragrance, are used in Citrus juice products
as a natural flavoring agent. They contain volatile compounds like aldehydes, limonene,
ketones, esters, alcohols, terpenes, f-myrcene, 3-carene, and o-pinene (Musara et al., 2020).
Kelebec and Selli (2014) identified and quantified 11 phenolic compounds in mandarin juices,
including hydroxybenzoic acids (3), hydroxycinnamic acids (5) and flavanones (3). Most fruit
varieties contain significant levels of sugars that could be used in pharmaceutical and
nutraceutical applications. The main dietary sugars are galctose, glucose and fructose
(Hussain et al., 2023).

CCl, is a hepatotoxin agent that causes oxidative damage and hepatic injuries only after
metabolic activation. When CCl, is metabolized, it produces free radicals, which can damage
the hepatocyte membrane and organelles such mitochondria (Fatima et al., 2023). In the
present study, we observed a significant decrease of proteins levels in CCl-Induced liver
injury. Whereas, the pretreatment of rats with mandarin fruit extract elevated the protein
content. The decrease of liver proteins in CCl, treated group can be explained by the fact that
most proteins have groups (SH, OH) which react easily with the free radicals (Dong et al.,
2016).

Catalase is a very important antioxidant enzyme. It is found in almost all aerobic organisms.
Catalase converts two hydrogen peroxide molecules into a single molecule of oxygen (Nandi

et al., 2019). In the current study, the increase in catalsase activity observed after
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administration ethanolic extract of mandarin fruit could be attributed to the high levels of
polyphenols in these extracts. Several studies have found that various polyphenols possess a
positive effect on antioxidant enzyme activities (SOD, CAT, and GPx) (Kardum et al., 2014;
Wu et al., 2015). Polyphenols can induce antioxidant enzymes such as glutathione peroxidase,
catalase and superoxide dismutase that decompose hydroperoxides, hydrogen peroxide and
superoxide anions, respectively, and inhibit the expression of enzymes such as xanthine
oxidase (Tsao, 2010).

Glutathione, a tripeptide, acts as a non-enzymatic antioxidant. It is involved in the elimination
of endogenous reactive oxygen species (ROS) (Lushchak, 2012). However, a decrease in its
levels increases the sensitivity of cells to various damages, leading to tissue disorders. Many
studies confirm that polyphenols such as heperin and rotenone works on the effective
stimulation of the genes that express the enzymes GPX, CAT, and SOD, and it can also
regulate the generation of GSH (Chen et al., 2012). The current study found that mandarin
fruit treatment increased the level of GSH. Similarly, Jaiswa et al., (2015) reported that the
lemon fruit extract enhanced the GSH level in the liver and kidney of rats after chronic
carbofuran exposure. Lipid peroxidation of cell membranes is a crucial pathophysiological
process in diseases and oxidative stress conditions. MDA is a major reactive aldehyde
produced from the peroxidation of polyunsaturated fatty acid present in the biological
membranes. It was hypothesized thatCCl,- induced hepatotoxicity is mainly due to the lipid
peroxidation of hepatocyte membranes by free radical derivatives of CCl, (Srilaxmi et al.,
2010). The observation of elevated levels of hepatic MDA in CCl, treated group in the
present study is consistent with this hypothesis. The treatment with mandarin peel extract
relieved oxidative stress manifested by a decrease in malondialdehyde (MDA) levels with a
significant elevation in antioxidant capacity (TAC), hepatorenal contents of superoxide
dismutase (SOD), and reduced glutathione (GSH) (Bashandy et al., 2020).

The scavenging DPPH assay is a quick, easy and simple way to test antioxidant abilities. The
DPPH radical is dark purple in solution when it is first reduced and then transformed into
DPPH-H with light yellow (Baliyan et al., 2022). This method is effective to estimate
oxidative stress in plasma or organs (Katalinic et al., 2005). In present study, mandarin fruit
ethanolic extract increased the plasma antioxidant capacity using DPPH assay. This important
effect could be attributed to the presence of phenolic compounds. Many studies have found a
strong correlation between the phenolic content and antioxidant capacity of different juices

(Floegel et al., 2011; Kelebek and Selli, 2014). The increase in plasma antioxidants appears to
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be due to the high levels of externally derived antioxidants like ascorbic acid, phenolic
compounds, carotenoids, and flavonoids (Chen et al., 2015).

The reducing capacity of a compound can be a good indicator of its potential antioxidant
activity. This assay operates on the principle that substances with reduction effect react with
potassium ferricyanide (Fe*®) to form potassium ferrocyanide (Fe*?). The complex formed
reacts with ferric chloride to develop a another ferric-ferrous complex with an absorption
maximum at 700nm (Bhalodia et al., 2013). De Graft-Johnson et al., (2007) investigated the
correlation between the reducing power and the polyphenol structure. The same study
confirmed that catechin, 3,4-dihydroxycinnamic acid, 3,4-dihydroxyhydrocinnamic acid, 3,4-
dihydroxyphenylacetic acid, ferulic acid, gallic acid and quercetin distinct ability to reduce Fe
3+ ions at submicromolar concentrations that may well transpire in human plasma after

ingestion of fresh fruits, vegetables, chocolate.

Conclusion

Mandarin fruit (Citrus reticulata) contains phytochemicals belonging to different classes such
as pigments (flavonoids), phenolic compounds and micronutrients (vitamin C), which can
minimize oxidative damage. The richness of biomolecules marks a primary interest in
research and which arouses the interest of several researchers. Also, the results showed that
treatment of rats with C. reticulata ethanolic extract increased catalase activity and GSH
levels. It was found that mandarin extract was more effective in inhibition of lipid
peroxidation that reduce MDA levels in liver tissues. On the other hand, it was showed a

strong plasma antioxidant activity. Eating mandarin could be a good hepatoprotective agent.

Acknowledgement

This work was supported by the Algerian Ministry of Higher Education and Scientific
Research (MESRS), the Thematic Agency for Research in Health Sciences (ATRSS ), and the
General Directorate of Scientific Research and Technological Development (DGRSDT). We
express our gratitude to these organizations.

All coauthors are aware and approve the contents of the submitted manuscript.



Page 3307 of 3311

Saliha Djidel /Afr.J.Bio.Sc. 6(13)(2024).3295-3311

References

1.

Adjadj, M., Baghiani, A., Boumerfeg, S., Noureddine, C., Khennouf, S., Arrar, L., and
Mubarak, M. S. (2016). Protective effect of Paronychia argentea L. on acetic acid
induced ulcerative colitis in mice by regulating antioxidant parameters and
inflammatory markers. Der. Pharma. Chemica, 8(4), 207-218.

Baliyan, S., Mukherjee, R., Priyadarshini, A., Vibhuti, A., Gupta, A., Pandey, R. P.
and Chang, C. M. (2022). Determination of antioxidants by DPPH radical scavenging
activity and quantitative phytochemical analysis of Ficus religiosa. Molecules, 27(4),
1326.

https://doi:10.3390/molecules27041326.

Bashandy, S. A., Salama, A., Fayed, A. M., Omara, E. A., EI-Toumy, S. A. and Salib,
J. Y. (2020). Protective effect of mandarin (Citrus reticulata) peel extract on potassium
dichromate induced hepatotoxicity and nephrotoxicity in rats. Plant Arch, 20(1), 2231-
2242.

https://doi:10.4103/2305-0500.270104.

Bentahar, A., Bouaziz, A., Djidel, S. and Khennouf, S. (2020). Phenolic content and
antioxidant activity of ethanolic extracts from Citrus sinensis L. and Citrus reticulata
L. fruits. Journal of Drug Delivery and Therapeutics, 10(5-s), 308-313.
https://doi:10.22270/jddt.v10i5-5.4537

Bhalodia, N. R., Nariya, P. B., Acharya, R. N., and Shukla, V. J. (2013). In vitro
antioxidant activity of hydro alcoholic extract from the fruit pulp of Cassia fistula
Linn. AYU (An international quarterly Journal of Research in Ayurveda, 34(2), 209-
214. DOI: 10.4103/0974-8520.119684.
https://doi:10.4103/0974-8520.119684.

Bouayed, J.and Bohn, T. (2010). Exogenous antioxidants—Double-edged swords in
cellular redox state: Health beneficial effects at physiologic doses versus deleterious
effects at high doses. Oxid Med Cell Longev, 3(4), 228-237.
https://doi:10.4161/0xim.3.4.12858.

Bouaziz, A., Khennouf, S., Djidel, S., Baghiani, A., Dahamna, S., Amira, S. and Arrar,
L. (2016). Effects of methanolic extract of Crataegusazarolus L. on plasma antioxidant
capacity and biomarkers of oxidative stress in liver and kidney of rats. Int J
Pharmacogn Phytochem Res, 8, 968.

Burits, M. and Bucar, F. (2000). Antioxidant activity of Nigella sativa essential oil.
Phytother Res, 14(5), 323-328.
https://doi:10.1002/1099-1573(200008)14:5<323::aid-ptr621>3.0.c0;2-9

Chaalal, M., Ydjedd, S. and Mansouri, S. (2020). Phenolic compounds and antioxidant
activity of different parts of three mandarin varieties extracts: A comparative study.
The North African Journal of Food and Nutrition Research, 4(8), 318-324.
https://doi.org/10.51745/najfnr.4.8.318-324.



https://doi.org/10.3390%2Fmolecules27041326
http://dx.doi.org/10.4103/2305-0500.270104
http://dx.doi.org/10.22270/jddt.v10i5-s.4537
https://doi.org/10.4103/0974-8520.119684
https://doi.org/10.4161%2Foxim.3.4.12858
https://doi.org/10.1002/1099-1573(200008)14:5%3c323::aid-ptr621%3e3.0.co;2-q

Page 3308 of 3311

Saliha Djidel /Afr.J.Bio.Sc. 6(13)(2024).3295-3311

10.

11.

12.

13.

14.

15.

16.

17.

18.

Chen T.Y., Kritchevsky J., Hargett K., Feller K., Klobusnik R., Song B.J., Cooper B.,
Jouni Z., Ferruzzi M.G. and Janle E M. (2015). Plasma bioavailability and regional
brain distribution of polyphenols from apple/grape seed and bilberry extracts in a
young swine model. Mol Nutr Food Res. 59: 2432-2447.
https://doi:10.1002/mnfr.201500224.

Chen, J. H., Ou, H. P., Lin, C. Y., Lin, F. J., Wu, C. R., Chang, S. W. and Tsai, C. W.
(2012). Carnosic acid prevents 6-hydroxydopamine-induced cell death in SH-SY5Y
cells via mediation of glutathione synthesis. Chem. Res. Toxicol, 25(9), 1893-1901.
https://doi:10.1021/tx300171u .

Chung, Y. C., Chen, S. J., Hsu, C. K., Chang, C. T. and Chou, S. T. (2005). Studies
on the antioxidative activity of Graptopetalum paraguayense E. Walther. Food
Chemistry, 91(3), 419-424.

https://doi:10.1016/j.foodchem.2004.06.022

Clairborne A. Catalase activity. In handbook of method for oxygen radical research.
Green world, R.A.ed: Boca Raton .Fla CRC press, 1985, 283-284.

DeGraft-Johnson, J., Kolodziejczyk, K., Krol, M., Nowak, P., Krol, B. and Nowak, D.
(2007). Ferric-reducing ability power of selected plant polyphenols and their
metabolites: implications for clinical studies on the antioxidant effects of fruits and
vegetable consumption. Basic & clinical pharmacology & toxicology, 100(5), 345-
352.

https://doi.org/10.1111/j.1742-7843.2007.00056.X.

Dong, S., Chen, Q. L., Song, Y. N., Sun, Y., Wei, B., Li, X. Y. and Su, S. B. (2016).
Mechanisms of CCl4-induced liver fibrosis with combined transcriptomic and
proteomic analysis. J. Toxicol. Sci, 41(4), 561-572.

https://doi:10.2131/jts.41.561

Fatima, M., Khan, M. R., Al-Keridis, L. A., Alshammari, N., Patel, M., Adnan, M.
and Sahreen, S. (2023). Pleurospermum candollei Methanolic Extract Ameliorates
CCl4-Induced Liver Injury by Modulating Oxidative Stress, Inflammatory, and
Apoptotic Markers in Rats. ACS omega, 8(29), 25999-26011.
https://doi.org/10.1021/acsomega.3c02031.

Floegel, A., Kim, D.O., Chung, S.J., Koo, S.I. and Chun O.K. (2011) Compar-ison of
ABTS/DPPH assays to measure antioxidant capacity inpopular antioxidant-rich US
foods. J Food Compos Anal.

https://doi:10.1016/j.jfca.2011.01.008.

Gornall, A. G., Bardawill, C. J., and David, M. M. (1949). Determination of serum
proteins by means of the biuret reaction. J. biol. Chem, 177(2), 751-766.


https://doi.org/10.1002/mnfr.201500224
https://doi.org/10.1021/tx300171u
http://dx.doi.org/10.1016/j.foodchem.2004.06.022
https://doi.org/10.1111/j.1742-7843.2007.00056.x
https://doi.org/10.2131/jts.41.561
https://doi.org/10.1021/acsomega.3c02031

Page 3309 of 3311

Saliha Djidel /Afr.J.Bio.Sc. 6(13)(2024).3295-3311

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hussain, T., Kalhoro, D. H., and Yin, Y. (2023). Identification of nutritional
composition and antioxidant activities of fruit peels as a potential source of
nutraceuticals. Front. nutr, 9, 1065698.
https://doi:10.3389/fnut.2022.1065698.

Jaiswal, S. K., Gupta, V. K., Siddigi, N. J., Pandey, R. S., and Sharma, B. (2015).
Hepatoprotective effect of Citrus limon fruit extract against carbofuran induced
toxicity in Wistar rats. Chin. J. Biol, 2015(1), 686071.
https://doi:10.1155/2015/686071.

Johra, F. T., Hossain, S., Jain, P., Bristy, A. T., Emran, T., Ahmed, R., and Reza, H.
M. (2023). Amelioration of CCl4-induced oxidative stress and hepatotoxicity by
Ganoderma lucidum in Long Evans rats. Scientific Reports, 13(1), 9909.
https://doi:10.1038/s41598-023-35228-y

Kardum, N., Taki¢, M., Savikin, K., Zec, M., Zdunié, G., Spasi¢, S. and Koni¢-Risti¢,
A. (2014). Effects of polyphenol-rich chokeberry juice on cellular antioxidant
enzymes and membrane lipid status in healthy women. J. Funct. Foods, 9, 89-97.
https://doi:10.1016/j.jff.2014.04.019

Katalinic, V., Modun, D., Music, I. and Boban, M. (2005). Gender differences in
antioxidant capacity of rat tissues determined by 2, 2'-azinobis (3-ethylbenzothiazoline
6-sulfonate; ABTS) and ferric reducing antioxidant power (FRAP) assays. Comp
Biochem Physiol, 140(1), 47-52.

https://doi.org/10.1016/j.cca.2005.01.005.

Kelebek, H., and Selli, S. (2014). Identification of phenolic compositions and the
antioxidant capacity of mandarin juices and wines. J Food Sci Technol, 51, 1094-
1101.

https://doi:10.1007/s13197-011-0606-7.

Khan, R. A., Khan, M. R. and Sahreen, S. (2012). CCI 4-induced hepatotoxicity:
protective effect of rutin on p53, CYP2EL and the antioxidative status in rat. BMC
complementary and alternative medicine, 12, 1-6.
https://doi:10.1186/1472-6882-12-178.

Lee, S. and Kim, H. J. (2022). Antioxidant activities of premature and mature
mandarin (Citrus unshiu) peel and juice extracts. Food Sci. Biotechnol, 31(5), 627-
633.

https://d0i:10.1007/s10068-022-01064-5

Lima, G. P. P., Vianello, F., Corréa, C. R., Campos, R. A. D. S. and Borguini, M. G.
(2014). Polyphenols in fruits and vegetables and its effect on human health. Food and
Nutrition sciences, 1065-1082.

https://doi:10.4236/fns.2014.511117



https://doi.org/10.3389%2Ffnut.2022.1065698
http://dx.doi.org/10.1155/2015/686071
https://doi.org/10.1038/s41598-023-35228-y
http://dx.doi.org/10.1016/j.jff.2014.04.019
https://doi.org/10.1016/j.cca.2005.01.005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4033751/
https://doi.org/10.1007%2Fs13197-011-0606-7
https://doi.org/10.1186%2F1472-6882-12-178
https://doi.org/10.1007%2Fs10068-022-01064-5
http://dx.doi.org/10.4236/fns.2014.511117

Page 3310 of 3311

Saliha Djidel /Afr.J.Bio.Sc. 6(13)(2024).3295-3311

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lushchak, V. I. (2012). Glutathione homeostasis and functions: potential targets for
medical interventions. J. Amino Acids, 2012(1), 736837.
https://doi:10.1155/2012/736837

Markham KR. (1982). Techniques of flavonoid identification. Waltham: Academic
Press,,113.

Mokrani, A. and Madani, K. (2016). Effect of solvent, time and temperature on the
extraction of phenolic compounds and antioxidant capacity of peach (Prunus persica
L.) fruit. Sep Purif Technol, 162, 68-76.
https://doi:10.1016/j.seppur.2016.01.043

Musara, C., Aladejana, E. B. and Mudyiwa, S. M. (2020). Review of the nutritional
composition, medicinal, phytochemical and pharmacological properties of Citrus
reticulata Blanco (Rutaceae). F1000Research, 9, 1387.
https://doi.org/10.12688/f1000research.27208.1.

Nandi, A., Yan, L. J., Jana, C. K., and Das, N. (2019). Role of catalase in oxidative
stress-and age-associated degenerative diseases. Oxid Med Cell Longev, 2019(1),
9613090.

Ohkawa, H., Ohishi, N. and Yagi, K. (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Analytical biochemistry, 95(2), 351-358.
https://d0i:10.1016/0003-2697(79)90738-3

Rahaman, M. M., Hossain, R., Herrera-Bravo, J., Islam, M. T., Atolani, O., Adeyemi,
O. S. and Sharifi-Rad, J. (2023). Natural antioxidants from some fruits, seeds, foods,
natural products, and associated health benefits: An update. Food Sci. Nutr, 11(4),
1657-1670.

https://doi:10.1002/fsn3.3217.

Selli , S., Kiirk¢tioglu, M., Kafkas, E., Cabaroglu, T., Baser, K.H.C. and Canbas, A.
Volatile flavour compositions of mandarin wine obtained from Clementine (Citrus
reticula Blanco) extracted by headspace-solid phase microextraction. Flav Frag J.
2004;19:413-416.

https://d0i:10.1002/ffj.1323.

Srilaxmi, P., Sareddy, G. R., Kishor, P. B. K., Setty, O. H., and Babu, P. P. (2010).
Protective efficacy of natansnin, a dibenzoyl glycoside from Salvinia natans against
CCI 4 induced oxidative stress and cellular degeneration in rat liver. BMC
pharmacology, 10, 1-13.

https://doi:10.1186/1471-2210-10-13

Tsao, R. (2010). Chemistry and biochemistry of dietary polyphenols. Nutrients, 2(12),
1231-1246.
https://doi:10.3390/nu2121231



https://doi.org/10.1155/2012/736837
http://dx.doi.org/10.1016/j.seppur.2016.01.043
https://doi.org/10.12688/f1000research.27208.1
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1186/1471-2210-10-13
https://doi.org/10.3390%2Fnu2121231

Page 3311 of 3311

Saliha Djidel /Afr.J.Bio.Sc. 6(13)(2024).3295-3311

38. Wu, P., Ma, G,, Li, N., Deng, Q., Yin, Y., and Huang, R. (2015). Investigation of in
vitro and in vivo antioxidant activities of flavonoids rich extract from the berries of
Rhodomyrtus tomentosa (Ait.) Hassk. Food chem, 173, 194-202.
https://d0i:10.1016/j.foodchem.2014.10.023



https://doi.org/10.1016/j.foodchem.2014.10.023

