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ABSTRACT 

Ziziphus spina is a neglected and underutilized species characterized as a multipurpose plant as different parts of the 

plant is being used for diverse trado-medicinal purposes. The study evaluated the phytochemical composition, 1, 1-

diphenyl-2-picrylhydrazyl (DPPH) antioxidant activity, total phenolic, and flavonoids content of the hydromethanol 

leaf extract and fractions with a view to validate its folkloric usage.  Gallic acid, quercetin and ascorbic acid were used 

as the positive controls for the total phenol content, flavonoid content and the DPPH assay respectively. The result of 

the phytochemical screening confirmed the presence of flavonoid, tannins, saponins, phenolics, reducing sugars 

among others. While the standard antioxidant (ascorbic acid) had superior DPPH antioxidant capacity, n-butanol had 

better activity when compared to the crude extract and other fractions. Using the gallic acid and quercetin equivalent 

plots, the n-butanol fraction contained a higher concentration of total phenols and flavonoids in comparison with the 

crude extract and other fractions. There was a significant correlation between the DPPH antioxidant activity and the 

phenolic and flavonoid contents in the extracts. The results of this study showed that the leaf extracts of Z. spina 

possess promising antioxidant property capable of being exploited by pharmaceutical companies for the development 

of therapeutic agents aimed at treating free radical implicated diseases. 
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1.0 INTRODUCTION 

There is a renewed interest in the last decade to 

search for phytochemicals of native and naturalized 

plants for pharmaceutical and nutritional purposes 

which stem from the fact that plant derived products 

have great potential as sources of pharmaceuticals. 

The properties of medicinal plants have been 

investigated in recent scientific developments 

throughout the world, due to their potential 

antioxidant activities, with reduced side effects and 

economic viability (Auudy et al., 2003). Recently, 

there has been an upsurge of interest in the 

therapeutic potentials of medicinal plants and some 

fruits as antioxidants in reducing such free radical 

induced tissue injury (Schuler, 1990). Free radicals 

are chemical compounds which contains an 

unpaired electron spinning on the peripheral layer 

around the nucleus. The family of free radicals 

generated from oxygen is called reactive oxygen 

species (ROS) and those generated from nitrogen 

are called reactive nitrogen species (RNS). They are 

chemically aggressive molecules which react with 

different types of macromolecules in the body to 

cause damage to vital cell constituents such as 

DNA, proteins and lipids (Harman, 1981). They 

react with other molecules by extracting electrons 

from them in order to attain stability. ROS are ions, 

atoms or molecules that have the ability to oxidize 

reduced molecules. ROS include free radicals such 

as superoxide anion radicals (.O2
-) and hydroxyl 

radicals (OH·), as well as non-free radicals 

hydrogen peroxide and singlet oxygen (Halliwell, 

1995). In the body, free radicals are derived from 

two sources: endogenous sources, e.g. nutrient 

metabolism, ageing process, and exogenous 

sources like tobacco smoke, ionizing radiation, air 
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pollution, organic solvents, pesticides 

(Buyukokuroglu et al., 2001). Free radicals 

contribute to more than one hundred disorders in 

humans including atherosclerosis, arthritis, 

ischemia and reperfusion injury of many tissues, 

central nervous system injury, gastritis, cancer and 

AIDS (Kumpulainen and Salonen, 1999; Cook and 

Samman, 1996). Cells are equipped with natural 

mechanisms to fight against ROS and to maintain 

the redox homeostasis of cells. For example, 

antioxidant enzymes such as superoxide dismutase 

(SOD), catalase (CAT) and glutathione peroxidase 

(GPx) play important roles in scavenging free 

radicals and preventing cell injury (Bergendi et al., 

1999). In addition to antioxidant enzymes, non-

enzymatic molecules, including thioredoxin, thiols, 

and disulfide-bonding play important roles in 

antioxidant defense systems. Some of the 

compounds are of an exogenous nature and are 

obtained from food, such as α-tocopherol, β-

carotene, ascorbic acid, and some micronutrient 

elements like zinc and selenium (Farrukh et al., 

2006). These molecules inhibit lipid peroxidation in 

cell but when the mechanism of antioxidant 

protection becomes overwhelmed in the human 

body, antioxidant supplement may be required to 

help reduce oxidative damage. 

 

Medicinal plants are an important source of 

antioxidants (Rice-Evans, 2004). It has been 

reported that the use of natural compounds 

containing antioxidant agents diminish the 

possibility of chronic diseases such as diabetes, 

cancer and cardiovascular diseases (Myojin et al., 

2008; Saha et al., 2004; Horax et al., 2005; Semiz 

and  Sen, 2007). Plants contain many 

phytochemicals that are useful sources of natural 

antioxidants, such as phenolic diterpenes, 

flavonoids, tannins, phenolic acids (Lee et al., 

2004), and polyphenols (Bernardi et al., 2008). The 

secondary metabolites like phenolics and 

flavonoids from plants have been reported to be 

potent free radical scavengers (Mathew and 

Abraham, 2006). Several synthetic antioxidants are 

in use, but have however been reported in 

laboratory animals to have several side effects such 

as risk of liver damage, and carcinogenesis (Gao et 

al., 1999; Osawa and Namiki, 1981). In order to 

avoid these effects, more effective, less toxic and 

cost effective antioxidants need to be developed. 

Medicinal plants appear to have these desired 

comparative advantages, hence the growing interest 

in natural antioxidants from plants. 

 

Ziziphus spina - Christi is a spiny shrub or small 

tree (Figure 1) that strongly resists heat and 

drought. The genus Ziziphus is known for its 

medicinal properties as a hypoglycemic, 

hypotensive, anti-inflammatory, antimicrobial, 

antioxidant, anti-tumour, and liver protective agent 

and as an immune system stimulant (Said et al., 

2006). It is an evergreen tree but drops some of its 

leaves during the dry season (Von-Maydell, 1986). 

The plant leaves are simple, alternate, narrowly 

ovate and lanceolate, varying from 1 to 9 cm in 

length and 1 to 3.5 cm in width, glabrous above, 

minutely and densely pubescent beneath with three 

basal conspicuous veins running up to the apex and 

around 0.5 to 1 cm long petioles (Von-Maydell, 

1986; Arbonnier, 2004). The bark is whitish brown 

or pale grey and deeply fissured. While the flowers 

(usually small, greenish-yellow, 2 mm long sub-

sessile sepals, with five 1.5 mm long petals) have a 

sweet scent and are found in dense clusters in the 

axils of the leaves (El Amin, 1990), the fruit is a 

reddish-brown globose drupe of about 1–1.5 cm in 

diameter, with a hard stone surrounded by a sweet 

edible pulp. As part of our ongoing biological 

evaluation of medicinal plants for their therapeutic 

uses, the current study was carried out to determine 

the phytoconstituents, phenolic and flavonoid 

contents viz a viz the antioxidant activity of the 

leaves of the plant.
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Figure 1: Ziziphus spina tree in its natural habitat 

 

2.0 MATERIALS  

2.1 Sample Collection, Authentication and 

Preparation 

Fresh leaves of Z. spina were procured from Gusau 

central market in June, 2019. They were 

immediately transported fresh to the central 

laboratory of the Department of Pure and Applied 

Chemistry, Usmanu Danfodiyo University Sokoto, 

Sokoto State Nigeria. They were identified and 

authenticated by Mallam Abdulaziz Sani of the 

Botany Unit, Department of Biological Sciences, 

Usmanu Danfodiyo University Sokoto where 

herbarium specimen was deposited for future 

reference. The samples were washed with running 

tap water to remove dust and earthy impurities 

before being shade dried for 2 weeks to complete 

dryness and pulverized using a clean mortar and 

pestle. The pulverized sample was kept in an air-

tight glass container until ready for use. 

 

2.2 METHODOLOGY 

2.2.1 Extraction and Fractionation 

500 g of the pulverized plant was macerated in 2.5 

L of distilled water: methanol mixture for 72 hrs. 

The mixture was sieved using porcelain cloth and 

was further filtered using No. 1 Whatman filter 

paper. The filtrate was concentrated using rotary 

evaporator to obtain the crude hydromethanol 

extract (CME). Portion of  CME was subjected to 

solvent-solvent extraction using solvents; pet ether, 

ethyl acetate and n-butanol to obtain the pet-ether 

fraction (PEF), ethyl acetate fraction (EAF) and the 

n-butanol fraction (NBF) respectively. All the 

fractions were concentrated in the rotary evaporator 

at 45oC and stored at 4oC till use. 

 

 

2.2.2 Phytochemical Analysis  

Simple chemical tests to detect the presence of 

carbohydrates, proteins and secondary metabolites 

were done in accordance with standard methods 

(Trease and Evans, 1978; Sofowora, 1982). 

 

2.2.3 Screening Methods of Antioxidant 

Activity 

Various methods are available to estimate the 

antioxidant activity of compounds in plant extracts 

since one assay method is insufficient to elucidate 

possible mechanisms of antioxidant effects 

(Dorman et al., 2003; Erkan et al., 2008). 

 

2.2.4 Total Phenol Content (TPC) 

The amount of total phenol content of Z. spina leaf 

extracts was determined by Folin-Ciocalteu reagent 

method as earlier described by Kim et al., 2003 

with slight modifications. The extract solution (0.5 

ml) with a concentration of 1000 μg/ml was added 

to 4.5 ml of deionized distilled water and 0.5 ml of 

Folin-Ciocalteu’s reagent which was earlier diluted 

with deionized water (1:10 v/v). After mixing the 

tubes, they were maintained at room temperature 

for 5 minutes followed by the addition of 5 ml of 

7% sodium carbonate and 2 ml of deionized 

distilled water. The samples were incubated for 90 

minutes at 23°C. The absorbance was measured by 

a spectrophotometer at 750 nm. The total phenolic 

content was expressed as milligrams of gallic acid 

equivalents (GAE) per gram of extract. Gallic acid 

(McDonald et al., 2001) was used as positive 

control. The standard curve was prepared using 

gallic acid in five different concentrations (50, 100, 

150, 250 and 500 mg/L). 
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2.2.5 Total Flavonoid Content (TFC) 

The total flavonoid content in the plant extracts was 

determined by the Aluminium Chloride method as 

described by Ebrahimzadeh et al., 2008. Briefly, 

0.5 ml of sample (5 g/L) was mixed with 1.5 ml of 

methanol and then, 0.1 ml of 10% aluminum 

chloride was added, followed by 0.1 ml of 1 M 

potassium acetate and 2.8 ml of distilled water. The 

mixture was incubated at room temperature for 30 

min. The absorbance was measured by a 

spectrophotometer at 415 nm. The results were 

expressed as milligrams Quercetin equivalents 

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

Quercetin was used as positive control and the 

standard curve was prepared by quercetin in 

different concentrations (12.5, 25, 50, 80 and 100 

mg/L). 

 

2.2.6 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) 

assay 

The ability of the methanol extract and petroleum 

ether, ethyl acetate and n-butanol fractions of Z. 

spina to scavenge 1, 1-diphenyl-2-picryl-hydrazyl 

(DPPH) free radicals was estimated as previously 

described by Jain et al., 2008. The extracts (3 ml) 

with six different concentrations (12.5, 25.0, 50.0, 

75.0 and 100 μg/mL) were mixed with 1 ml of a 0.1 

mM methanol solution of DPPH. The absorbance 

was measured by a spectrophotometer at 517 nm at 

30 minutes intervals against a blank (pure 

methanol). The percentage of radical scavenging 

activity was calculated using the formula:  

 

 

Where Acontrol is the absorbance of the control and 

Atest is the absorbance of the sample extracts. 

Lower absorbance values show higher free radical 

scavenging activity. Ascorbic acid was used as a 

reference standard in different concentrations 

(12.5, 25.0, 50.0, 75.0 and 100 μg/ml). The 50 % 

inhibitory concentration value (IC50) is indicated as 

the effective concentration of the sample that is 

required to scavenge 50% of the DPPH free 

radicals. 

 

2.2.7 Statistical Analysis 

Results were expressed as means ± standard 

deviations (SD). Statistical comparisons were made 

using the student t-test, one-way analysis of 

variance (ANOVA) using SPSS statistics 20.0 

software package. 

 

  

 

 3.0 RESULTS  

3.1 Percentage Yield of Crude Extract and 

Fractions  

The results of the extractive yield of the crude 

extract and its fractions are presented in table 1.  

Table 1: Percentage yield of crude extract and fractions of Z. spina 
Extract/Fractions Percentage Yield 

MCE* 5.21 

NHF** 11.10 

EAF** 46.90 

NBF** 52.50 
Key: MCE = Methanol Crude Extract; NHF = N-Hexane Fraction; EAF = Ethyl Acetate Fraction; NBF = N-Butanol 

Fraction; * = Crude Extract; ** = Fractions obtained from MCE. 

 

3.2 In vitro Phytochemical Screening 

Crude extracts normally contain complex mixtures 

of biologically active compounds some of which 

might exhibit genotoxic or antigenotoxic effects 

(Yumnamcha et al., 2014). It therefore imperative 

to screen natural products especially medicinal 

plants for potential health hazards to serve as a 

guide for their intended medicinal purposes (Wafaa 

et al., 2019). The presence of secondary 

metabolites in the analyzed sample is presented in 

table 2.  

 

 

 
 

DPPH radical inhibition (%) = [1 − (A test / A control)] × 100 
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Table 2: Phytochemical screening of Z. spina leaves crude extract  

S/N Screened Phytoconstituents Inference 

1 Flavonoid + 

2 Tannin + 

3 Saponins + 

4 Alkaloid + 

5 Phenolics + 

6 Reducing Sugars + 

7 Anthraquinone - 

8 Terpenoid - 

9 Cardiac glycosides - 
Key: (+) = present; (-) = absent 

 

The presence of secondary metabolites not only 

impart characteristic odor, taste, color, medicinal or 

poisonous properties on plants, they also aid in the 

biological actions for which they are identified in 

folk medicine (Evans et al., 1982). The 

geographical distribution of plants, affect both the 

morphology and expression of phytochemicals 

hence could be attributed to the absence of 

anthraquinone and terpenoid reported in this study 

(Folkers et al., 2008; Shen et al., 2008). The results 

of the phytochemical composition showed that the 

plant has an appreciable number of 

phytochemicals. 

 

 

3.3 Total phenol content (TPC) 

The total phenolic amount in the hydromethanol 

extract as well as the petroleum ether, ethyl acetate 

and n-butanol fractions are presented in table 3. All 

extracts contained significant amount of phenolic 

metabolites ranging from 15.18 ± 3.17 mg/g to 

75.18 ± 4.17 mg/g (gallic acid equivalent).  The n-

butanol fraction showed the highest concentration 

of phenolics in the plant sample. The total phenol 

compounds were reported as gallic acid equivalent 

by reference to a standard curve (y = 0.0025x + 

0.049; R² = 0.9986) as shown in Figure 2. 

Significant difference (P < 0.05) was observed in 

the phenolic content among the extract and various 

fractions.  
 

Table 3: Total phenolic content in the extract and fractions of Z. spina gallic acid equivalent (GAE) 

Extracts Mean  ± SD 

Hydromethanol1 53.10 ± 1.44a 

Petroleum ether2 15.18  ± 3.17c 

Ethyl acetate2 66.80  ± 2.55a 

N-butanol2 75.18  ± 4.17b 
1extract; 2fractions; mean with same letter are not significantly different at p<0 .05 

 

 
Figure 2: Mean absorbance against concentration of Gallic acid in μg/mL 

 

It has been reported that the Folin-Ciocalteu 

procedure is non-specific because it detects all 

phenolics (phenolic acids, flavonoids, and tannins) 

(Xie et al., 2001), so it does not give details of the 

quantity of the phenolic constituents of the extracts. 

It should however be noted that this method is rapid 

and provides useful overall evaluation of the 

phenolic content of the extracts.  
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3.4 Total flavonoid content (TFC) 

Table 4 and figure 3 show the total flavonoid 

content of the hydromethanol extract and the 

petroleum ether, ethyl acetate and n-butanol 

fractions of the plant material, reported as mg 

quercetin equivalent/ g of extract with reference to 

a standard curve (y = 0.0045x + 0.0433, R² = 

0.9913). Table 4 showed that the flavonoid content 

in the plant extract/fractions ranges from 158.38 ± 

3.74 in the pet. ether fraction to 492.53 ± 4.62 in the 

n-butanol fraction mg QE/g of extract. Significant 

difference (P < 0.05) was observed in the phenolic 

content among the extract and various fractions. 

 

Table 4: Total flavonoid content in the extract and fractions of Z. spina quercetin equivalent (QE)  

Extracts Mean  ± SD 

Hydromethanol1 332.25 ± 7.10a 

Petroleum ether2 158.38 ± 3.74b 

Ethyl acetate2 391.00 ± 7.01a 

N-butanol2 492.53 ± 4.62c 
1extract; 2fractions; mean with same letter are not significantly different at p<0 .05     

     

 
Figure 3: Mean absorbance against concentration of Quercetin in μg/mL 

 

3.5 Free radical scavenging assay 

The radical scavenging property of the extracts and 

fractions is shown in figure 4. Statistically 

significant differences were observed between the 

extracts and the control (ascorbic acid). Figures 5 

and 6 show line fit plots for both total phenolic and 

flavonoid contents in relation to the 50% inhibitory 

concentration as reported in the DPPH free radical 

scavenging ability (IC50). There were significant 

correlation between the DPPH antioxidant activity 

and the phenolic and flavonoid contents in the plant 

extracts. 

 

 

 

 

Figure 4: DPPH Radical Scavenging Assay of Z. Spina Leaf Extract and Fractions. Each Plot Represents Mean ± SD, for 

n = 3 
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Figure 5: Correlation of Phenolic Content with IC50 Values.  

 

 
Figure 6: Correlation of Flavonoid Content with IC50 values 

 

 

4.0 DISCUSSION 

4.1 Percentage yield of extract and fractions 

The different extractive yields of the solvents are 

due to their difference in polarity which invariable 

will lead to the difference in the extracted bioactive 

compounds (Marinova and Yanishlieva 1997; 

Ogbiko et al., 2020). 

 

4.2 Antioxidant assay 

The DPPH assay reports a dose-dependent 

inhibition in all extracts. As shown in figure 4, free 

radical inhibition increases as concentration of 

extract increase, however the percentage of free 

radical inhibition was higher in the n-butanol 

fraction than in others. There was a significant 

correlation of the polyphenolic contents of the 

extracts to their antioxidant activities (Figures 5 

and 6). This suggests that the antioxidant activity of 

the plant extracts may be mainly due to the 

presence of phenols and flavonoid (Table 1) 

although other polyphenolics such as 

anthocyanidins, carotenoids, steroids among other 

could as well partly offer some antiradical 

capabilities. This agreed to the report of several 

researchers who stated that plants with high 

contents of phenolics and flavonoids had high 

antioxidant activities (Maisuthisakul et al., 2008). 

It is well recognized that free radicals are critically 

involved in various pathological conditions such as 

cancer, cardiovascular disorders, arthritis, 

inflammation and liver diseases (Martin et al., 

1993). Medicinal plant extracts possesses diverse 

phytochemicals with antioxidant activities due to 

their abilities to be donors of hydrogen atoms or 

electrons as well as to capture free radicals (Wu et 

al., 2010). DPPH is a stable free radical with purple 

color, which changes into a stable yellow 

compound on reacting with an antioxidant. The 

extent of the reaction depends on the hydrogen-

donating ability of the antioxidant. Ascorbic acid is 

a known and potent antioxidant agent used in 

medicines where it functions mainly as an 

antioxidant.  The present results showed that 

standard antioxidants had stronger activity than the 
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tested extracts, probably because the former 

contain more purified compounds than the latter 

(Ogbiko et al., 2020).  

 

5.0 CONCLUSION 

Crude extract and fractions of Z. spina depict 

varying antioxidants (free radical scavenging) 

properties in comparison with ascorbic acid. This is 

as a result of its phytoconstituents notably 

phenolics and flavonoids. The findings from this 

study lend support to the ethno-medicinal use of the 

plant in Nigerian folk medicine. 
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