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Abstract 

Background: Bioactive components from medicinal plants are said to be responsible for the antioxidant and anti-
microbial effects of plant extracts. It was the main purpose of this paper to evaluate the total phenolic content (TPC), 
total flavonoid content (TFC), and antioxidant and antimicrobial activities of leaf extracts of Euclea schimperi.

Results: Strong evidence was found when a positive correlation was found between TPC or TFC and antioxi-
dant power. To put it differently, TPC of the E. schimperi leaf extracts varied between 748.78 ± 3.11 mgGAE/100 g 
of dry extract (methanol) and 40.45 ± 0.66 mgGAE/100 g of dry extract (chloroform) while TFC varied from 
3.306 ± 0.142 mgQE/100 g of dry extract (methanol) to 0.334 ± 0.002 mgQE/100 g dry extract (chloroform). Similarly, 
all extracts exhibited significant amount of antioxidant and antimicrobial activities. Ferric reducing power was ranged 
between 312.145 ± 1.542 mgAAE/100 g extract (methanol) and 48.177 ± 0.286 mgAAE/100 g (chloroform). DPPH 
radical scavenging activity (%) lied between 83.4% (methanol) and 58.5% (chloroform). The voltammetric analysis of 
the crude extract gave three different sharp peaks at the oxidation potential side. Finally, the reducing agent capac-
ity of the extracts was further confirmed by synthesizing silver nanoparticles from  AgNO3 solution and the plant 
crude extracts. Crude extracts of E. schimperi leaves showed various degree of antimicrobial activity towards different 
standard strains with mean zone of inhibition ranging from 0 to 20.67 mm. Both solvent leaf extracts of E. schimperi 
exhibited MIC ranging from 62.5 to 125 mg/mL towards most bacterial species.

Conclusions: Euclea schimperi leaf extracts were found to contain high amount of total phenolic and small amount 
of flavonoid compounds which play a major role in controlling oxidation. In general, therefore, the results prove the 
effectiveness of the plant for its excellent antioxidant and antimicrobial activities. Accordingly, the positive values of 
the plant in traditional medicines have been confirmed.
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Introduction
Traditional medicine is regarded as a combination of 
knowledge, skill and practice originated from theories, 
experiences and attitudes native to various cultures that 
is utilized to treat and diagnose enormous types of physi-
cal and mental complications and maintain health [1]. 
Many people in the world rely on traditional medicine 

for their primarily health care needs. It is well under-
stood that several medical techniques and procedures 
have been discovered from the use and knowledge of 
traditional medicines. This is because the major part 
of traditional therapy involves the use of plant extracts 
or their active principles. As a result, natural products 
have recently become of immense interest owing to their 
diverse application [2].

Since in the early stage, plants have been used as a 
source of medicinal compounds and still continued to 
play a major role in the human health [3]. They are the 
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source of drugs in the traditional and modern medicine, 
nutraceuticals, food supplements, folk medicines and 
precursors for synthetic drugs [4]. The discoveries of 
potential new drugs have been led by screening bioactive 
compounds from plants having efficient activity against 
various diseases [5].

Phytochemicals are bioactive and naturally occur-
ring compounds originating in plants, which act against 
pathogens and provide health benefits for humans [6]. 
Among the prevalent group of phytochemicals, alkaloids, 
terpenes, flavonoids and phenolic compounds are widely 
found in most plants and plant parts [7]. Extracts of plant 
parts (fruits, seeds, leaves, etc.) are used for medicinal 
effects, among which some of the classes of compounds 
have antioxidant activity against reactive species in the 
body [8].

The most recognized antioxidants derived from medic-
inal plants are phenolic compounds and have high anti-
oxidant activity against free radicals. However, the extent 
of the activity depends on the structure of the molecules 
[8, 9]. These antioxidant constituents are closely associ-
ated to the prevention of degenerative diseases, such as 
cardiovascular and neurological illnesses, oxidative stress 
malfunctions and cancer [9, 10].

Euclea schimperi, from the family of Ebenaceae, is tra-
ditionally used in the treatment of wound, teeth infec-
tions, eye disorders, headache, pain and spasm. In 
Ethiopia, the leaf of this plant is used to treat illness such 
as gonorrhea, eczema and constipation. In addition, they 
treat the pots in which milk is kept with the smoke of E. 
schimperi branches to prevent the milk from curdling 
[11, 12]. The leaves is also used for the treatment of skin 
disorders, snake biting, scabies, leprosy, Tinea capitis, 
acne, warts, rheumatic pain and elephantiasis [13].

Despite the wide therapeutic potential presented by E. 
schimperi leaves in Ethiopia, studies on the phytochemi-
cal profile, antioxidant and antimicrobial activities of 
the leaves of this plant are still lacking. Only one other 
MSc thesis abstract posted on Khartoum University web-
site, to our knowledge, has come up with the antioxidant 
and antibacterial activity of Sudanese E. schimperi leaf 
extract (http://khart oumsp ace.uofk.edu/handl e/12345 
6789/16116 ). Consequently, in our study, the focus of 
attention was on the determination of the content of 
some selected phytochemicals, evaluation of antioxidant 
and antimicrobial activities of the leaf extracts of Ethio-
pian E. schimperi.

Experimental section
Sample collection
The leaves of E. schimperi were collected from Bahir 
Dar University main campus. The plant was identified 
by its local name “Dedeho” (Amharic) and registered 

in Ethiopian folk medicine. A herbarium voucher (Ban-
chalem-001) was identified by Dr. Ali Seid and deposited 
in the mini-herbarium of a Bahir Dar University (Bahir 
Dar, Ethiopia). The leaves of the plant were detached 
from the parent plant and were washed with tape water 
and placed in shade at room temperature without expos-
ing to sun light and heat for 2 weeks. The air-dried leaves 
of E. schimperi were chopped into small pieces and milled 
into a uniform powder with a coffee grinder. The powder 
was packed in polyethylene bags and stored in refrigera-
tor for further use.

Extraction procedure
The powdered leaf of E. schimperi was extracted by two 
different solvents (methanol and chloroform). In each 
extraction process, 60  g of dry powder was socked in 
600  mL of each solvent with ratio of 1:10 (W/V) of the 
plant material to solvents as per standard method for 
extraction of medicinal plant [14]. The mixtures were 
extracted up on shaking with mechanical shaker for 48 h. 
Then, the extracts were filtered and concentrated using 
a rotary evaporator under reduced pressure at a maxi-
mum of 25  °C. Crude extracts obtained using methanol 
and chloroform solvents were labeled as ESL1, and ESL2, 
respectively. The yields were calculated and preserved 
using air tight bottles at 4 °C refrigerator. In all cases, the 
extracts were tested in triplicates and the mean values 
were tabulated.

Statistical analysis
Data were presented as mean ± SD from triplicate meas-
urements and significance differences between groups 
were determined by one-way ANOVA followed by Tukey 
post hoc test and paired t test. Differences were consid-
ered significant when p < 0.05.

Experimental procedures
Preliminary phytochemical screening
The leaves of E. schimperi were subjected to prelimi-
nary phytochemical tests following standard proce-
dures described for the screening of phytochemical 
constituents (alkaloids, polyphenols, flavonoids, sapo-
nins, tannins, glycosides, and terpenoids). Methanol and 
chloroform extracts were screened for the presence of 
steroids, terpenoids, flavonoids, phenolics, tannins and 
saponins following standard method [15]. All tests were 
performed in triplicates.

Determination of total polyphenols
Total phenolic content of E. schimperi leaf extracts was 
determined according to the Folin–Ciocalteu method 
with slight modification [16]. Gallic acid was used as 
reference compound for positive control. Exactly 5  mL 

http://khartoumspace.uofk.edu/handle/123456789/16116
http://khartoumspace.uofk.edu/handle/123456789/16116


Page 3 of 12Mekonnen et al. Chem. Biol. Technol. Agric.  (2018) 5:16 

of plant crude extracts (methanol and chloroform) was 
diluted with 45  mL of distilled water. Folin–Ciocal-
teu reagent (0.25 mL) was added to 5 mL of the diluted 
extract solution followed by 0.5  mL of 7% sodium car-
bonate  (Na2CO3) solution. The contents were mixed and 
the flask made up to volume with distilled water then 
thoroughly mixed. The mixtures were left for 30 min in 
the dark and the absorbance was measured at 750 nm.

Determination of total flavonoids
The total flavonoid content of E. schimperi leaf metha-
nol and chloroform extracts was determined by alu-
minum chloride assay with slight modifications [17]. 
Quercetin was used as standard compound. A sample 
extract of 2.00  mL was mixed with 4.00  mL of distilled 
water, followed by an immediate addition of 0.30 mL of 
5%  NaNO2. After 5 min, 0.30 mL of 10%  AlCl3 solution 
was added. After 6 min, 2.00 mL of 1.00 M NaOH solu-
tion was added and then 10 min later, absorbance of the 
resulting solution was taken at 510 nm.

Measure of antioxidant activities
a. Reducing power assay
The reducing power of the extract was determined 
according to the method reported by Mitic et  al. [18] 
with slight modification. Ascorbic acid was used as ref-
erence. Different concentrations (10, 20, 30, 40%, v/v) 
of 5.00  mg/mL of stock solutions of E. schimperi leaf 
extracts were prepared for each solvent (methanol, and 
chloroform). From each solution, 2.50 mL was taken and 
mixed with 2.5  mL of 0.20  M sodium phosphate buffer 
(pH 6.6) and 2.5  mL of potassium ferricyanide solution 
(1%). The mixtures were incubated in water bath at 50 °C 
for 20  min then, 2.5  mL of trichloroacetic acid (TCA) 
solution (10% w/v) was added and the resulting mixture 
was centrifuged at 3000 rpm for 10 min. The supernatant 
(2.5 mL) was taken, mixed with 2.5 mL of distilled water 
and 0.5  mL of a ferric chloride solution (0.1% w/v) and 
the absorbance of the resulting solution was measured at 
700 nm.

b. DPPH radical scavenging activity determination
The antioxidant activity of E. schimperi leaf extracts was 
also assessed on the basis of the free radical scavenging 
effect of DPPH (2, 2-diphenyl-1-picrylhydrazyl) using 
the method described by [19]. Ascorbic acid was used as 
positive control. The methanol and chloroform extracts 
from E. schimperi leaves with different concentrations 
[40, 30, 20, 10% (v/v)] of 5.0  mg/mL stock solutions 
were prepared. 5.0 mL of 0.004% of DPPH solution was 
mixed with 1 mL of each extract solution. The solutions 
were kept in the dark for 30 min to complete the reaction 

and then the absorbance of the mixture was measured at 
517 nm.

c. Voltammetric analysis
The 80  mg/mL concentration of leaf extracts of metha-
nol from E. schimperi leaves was subjected to voltam-
metric analysis to measure antioxidant capacity of the 
sample. It has to be noted that methanol and chloroform 
extracts were found to contain high and low amount of 
antioxidants, respectively. Thus, only methanol extract 
was considered for further comparative analysis using 
voltammetric method. Exactly 15.00 mL of each sample 
extract was diluted to 50.00 mL with acetate buffer solu-
tion (0.10  M) of pH 5. Then, cyclic voltammogram of 
each sample was obtained by scanning the potential from 
− 1000 to 1400 mV at a scan rate of 100 m Vs−1. Acetate 
buffer was used as a blank.

All the voltammetric measurements were carried out 
in a 25-mL cell at room temperature, in a three-elec-
trode configuration. Graphite carbon electrode was used 
as a working electrode. The reference electrode was an 
Ag|AgCl salt and the counter electrode was a platinum 
wire. Cyclic voltammetric measurements were performed 
in model 700E series electrochemical analyzer connected 
to a desktop computer. For further relaxation of the peak, 
the sample was scanned with square wave voltammetry.

d. Synthesis of silver nanoparticles
Antioxidant capacity of E. schimperi was measured in 
terms of reduction ability of silver to synthesize silver 
nanoparticles (AgNPs) based on the method described 
by Shankar et al. [20] with slight modification. Two dif-
ferent solvent extracts (methanol and chloroform) were 
prepared with the same concentration. Methanol extract 
was prepared with different concentrations (10, 20, 
30, 40% v/v) of 5  mg/mL stock solution to measure the 
reduction potential. 10  mL of 5  mM silver nitrate solu-
tion was mixed with 1 mL of each sample in the dark by 
stirring magnetically for 15 min.

The reduction of metallic silver ions was monitored by 
measuring the absorbance after different time for differ-
ent concentration of the reaction. The absorbance of the 
mixture was scanned between 300 and 600  nm using 
UV–Vis spectrometer after 2, 6, 9 and 24 h of the reac-
tion begins.

Antibacterial activity determination
Disk diffusion method
The present study was conducted using standard disk 
diffusion method [21]. Different extract (methanol and 
chloroform) of E. schimperi leaves were used by agar 
disk diffusion method on Mueller–Hinton Agar (MHA) 
medium to measure the antimicrobial activity. Standard 
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size Whatman No. 1 filter paper disks, 5.0 mm in diam-
eter, sterilized by moist heat at 121 lb in an autoclave for 
15 min was used to determine antibacterial activity.

MHA medium for S. aureus, p. aeruginosa, K. pneumo-
niae, and S. pneumoniae was prepared for disk diffusion 
test. After sterilization, it was poured into sterilized Petri 
dish plates and allowed to solidify. Then, 1-day-old fresh 
culture of bacteria was used for inoculum preparation. 
A suspension that will be just turbid (~ 0.5 McFarland 
standard) by visual inspection was prepared by suspend-
ing bacteria in 0.9% NaCl solution and the homogeneous 
suspension was used for inoculation. Using a sterile cot-
ton swab, bacterial cultures were swabbed on the surface 
of sterile agar plates. Sterile 5-mm disks was impregnated 
with 50  μL of extract and placed on the surface of agar 
plates inoculated with a microbial culture. After over-
night incubation, the plates were observed for the zone 
of inhibition and the diameter of the inhibition zone was 
measured in millimeter.

Standard antibiotics, erythromycin, chloramphenicol, 
gentamycin and ciprofloxacin (10 µg/mL) served as posi-
tive control and sterile distilled water and chloroform 
used to dilute plant extract were used as negative control.

Determination of minimum inhibitory concentration
The broth dilution technique [22] was employed to deter-
mine the MIC of the potent extracts. Standardized inoc-
ulums of the test organisms was inoculated into series of 

sterile tubes of 2 mL nutrient broth containing 500, 250, 
125, 62.5 and 31.25  mg/mL of each extracts and incu-
bated at 37 °C for 24 h. The lowest concentration of the 
extract that produced indication of growth (Turbidity) 
was recorded as the MIC.

Table 1 Result of phytochemical screening of different solvent extracts of Euclea schimperi leaves

+++: present in highest concentration, ++: present in high concentration, +: present in moderate concentration, −: absent [15, 22, 23]

Phytochemicals Types of extracts Color observed Reagents/methods used

Methanol Chloroform

Saponins +++ + Stable froth Froth test

Tannins +++ − Yellow ppt Lead acetate test

Phenolics +++ + Blue black color Ferric chloride test

Flavonoids ++ − Yellow ppt Lead acetate test

Terpenoids ++ − Reddish brown ring CHCl3 + H2SO4

Steroids +++ − Reddish brown color Sulfuric acid test

Table 2 Total phenolic content (TPC) expressed as  mg GAE/100  g dry extract and  total flavonoids content expressed 
as mg QE/100 g dry extract of different solvent extracts of Euclea schimperi leaves

Sample for three independent measurements (triplicate; n = 3, mean ± SD). Values in the same column that are followed by a different letters (a, b) are significantly 
different p < 0.05 by paired t test

Type of extract Total phenolics in mg 
GAE/100 g dry ext.

Total flavonoids mg 
QE/100 g dry ext.

Antioxidant activity a FRAP (mg 
AAE/100 g dry extract)

Antioxidant activity 
a DPPH (mgAAE/100 g 
dry ext.

Methanol extract 748.78 ± 3.11a 3.306 ± 0.142a 312.145 ± 1.542a 19.707 ± 0.186a

Chloroform extract 40.45 ± 0.66b 0.334 ± 0.002b 48.177 ± 0.286b 2.717 ± 0.030b
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Fig. 1 Reducing power of Euclea schimperi leave extracts, expressed 
as absorbance at 700 nm. Different concentrations (10, 20, 30, 40%, 
v/v) of 5.00 mg/mL of stock solutions of Euclea schimperi leaf extracts 
were prepared for each solvent (methanol, and chloroform). The 
graph shows that the reducing power increases with increasing 
concentration. The antioxidant capacity of methanol extract was 
significantly higher than that of the chloroform extract
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Results and discussion
Phytochemical screening tests
The preliminary phytochemical tests are helpful in find-
ing information about chemical constituents present in 
the plant material [22]. This information could be used 
to facilitate quantitative estimation and bioassay-guided 
separation of pharmacologically active compounds from 
the plant. The preliminary phytochemical screening of 
the two solvent extracts from E. schimperi revealed the 
presence of several secondary metabolites such as sapo-
nins, terpenoids, tannins, steroids, polyphenol and flavo-
noids in moderate to high yield. As indicated in Table 1 
below, significant amount of polyphenols, tannins and 
saponins were observed in methanol leaf extracts com-
pared to chloroform extract, which was detected from 
the formation of strongly colored solutions.

Determination of total phenolic content
The total polyphenol content of the leaf extracts was 
reported in terms of milligram gallic acid equivalent (mg 
GAE). As follows from Table 2 shown below, gallic acid 
standard solutions ranging from 50 to 125  μg/mL were 
used to construct a calibration curve for the determina-
tion of the total phenolic content of each sample. It is 
apparent from Fig. 1 that a straight line with an equation 
y = 0.00264x + 0.0699 and a linear regression coefficient 
(R2) of 0.997 was obtained.

As depicted in Table  2, high total phenolic content 
was observed from E. schimperi leaf extracts; namely, 
methanol extract exhibited the highest level of phenolic 
content (748.78 ± 3.11) mgGAE/100  g dry extract while 
chloroform extracts exhibited the least (40.45 ± 0.66) 
mgGAE/100  g dry extract. This finding, while prelimi-
nary, suggests that extraction of phenolic compounds 
from this plant is influenced by the polarity of the solvent. 
Several of the recent literature has reported that aqueous 
mixture of acetone, methanol and ethanol could be better 
choice for extraction of low- and high-molecular weight 
phenolic compounds [6]. In this study, extraction of the 
phenolic compounds using aqueous mixture of methanol 
(90% methanol in water) was done but it was noticed that 
a gummy-type extract resulted and it was not possible to 
completely redissolve the extract using methanol for fur-
ther studies. This indicates that in the presence of water 
as an extracting solvent, the crude extract undergoes 
in situ polymerization. So this result shows that aqueous 
solvents are not good solvents particularly for the extrac-
tion of E. schimperi leaves.

Determination of total flavonoid content
Calibration curve was constructed to determine the total 
flavonoid content of E. schimperi leaf extracts. As sum-
marized in Table  2, total flavonoid (TF) contents in the 
extracts are expressed as mg quercetin equivalent per 
100  g of dry extract (QE/100  g of dried extract). Dif-
ferent concentrations of quercetin (2, 4, 6 and 8  μg/
mL) were used to construct the calibration curve 
(y = 0.0154x + 0.128, R2 = 0.999). In fact, the total flavo-
noid content was very small compared to the total phe-
nolics content of leaf extracts of E. schimperi. On the 
other hand, the TFC in methanol extract (3.306 ± 0.142) 
was relatively higher than that of chloroform extract 
(0.334 ± 0.002).

Antioxidant potential determination of extracts of E. 
schimperi leaves
Ferric reducing power (FRAP) assay
The reducing power of the extracts from E. schimperi 
leaves, which may serve as a significant reflection of the 
antioxidant activity was evaluated using potassium fer-
ricyanide reduction method. The antioxidant capacity of 
the E. schimperi leaf extracts with two solvents was eval-
uated in terms of ascorbic acid equivalent (mg AAE per 
g dry weight of sample) and this is tabulated in Table 2. 
For the antioxidant activity determination, aqueous solu-
tions of ascorbic acid standard at different concentra-
tions (0.2, 0.4, 0.6, 0.8  mg/mL) were used to construct 
the calibration curve and a straight line with an equation 
y = 0.3525x + 0.491 and a linear regression coefficient 
(R2) of 0.997 was obtained.

The reducing power of the extracts as a function of 
different concentrations of extracts is summarized 
in Table  3 and illustrated in Fig.  1. The graph and the 

Table 3 Absorbance of  different solvent extract of  Euclea 
schimperi leaves at  different concentration for  ferric 
reducing power measurement at 700 nm

Values in the same column that are followed by a different letters (a–e) are 
significantly different p < 0.05 by Tukey’s HSD multiple comparison test

Concentration (v/v) Absorbance at 700 nm of the reduced 
FRAP product for different extracts

Methanol Chloroform

10% 0.790 ± 0.001a 0.369 ± 0.003b

20% 0.832 ± 0.002a 0.505 ± 0.002a

30% 0.872 ± 0.004c 0.599 ± 0.003b

40% 0.896 ± 0.002b 0.685 ± 0.001a



Page 6 of 12Mekonnen et al. Chem. Biol. Technol. Agric.  (2018) 5:16 

analyzed data confirmed that all the extracts exhibited 
some degree of reducing power. It is apparent from the 
table that the reducing power increases with increas-
ing concentration. The antioxidant capacity of methanol 
extract was significantly higher than that of the chloro-
form extract. This indicates that polar compounds are 
more responsible for antioxidant activities and a posi-
tive correlation was found between TPC and antioxidant 
activity.

In this assay, the yellow color of the test solution 
changes to various shades of green when extracts were 
added which indicates the reducing power of each 
extracts. The presence of antioxidant causes the conver-
sion of the  Fe3+/ferricyanide complex to the ferrous/Fe2+ 
form. Substances which have reduction potential react 
with potassium ferricyanide  (Fe3+) to form potassium 
ferrocyanide  (Fe2+), then reacts with ferric chloride to 
form ferrous complex that has an absorption maximum 
at 700 nm.

DPPH radical scavenging activity determination
The DPPH radical scavenging activities of the leaf extracts 
from E. schimperi were estimated by comparing the per-
centage scavenging activity of the DPPH with a standard, 
ascorbic acid (Table  2). Figure  2 exemplifies the steady 
increase in scavenging activity of the methanol and chlo-
roform extracts up to 40% v/v of the 5 mg/mL stock solu-
tion of extracts. The methanol and chloroform extracts 

from E. schimperi were able to scavenge the DPPH radi-
cal with percentage scavenging activity of 85.4 and 58.5% 
at the highest concentration, respectively. In other words, 
the percent radical scavenging activities of the methanol 
and chloroform extracts expressed as ascorbic acid equiv-
alents were 19.71 and 2.717 mg AAE/100 g, respectively. 
A comparison of the results with the standard reveals 
that the DPPH radical scavenging capacity of the two 
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Fig. 2 DPPH radical scavenging activity of Euclea schimperi leaf 
extracts at different concentration. The methanol and chloroform 
extracts from Euclea schimperi leaves with different concentrations 
(40, 30, 20, 10% v/v) of 5.0 mg/mL stock solutions were prepared. The 
percent radical scavenging activities of the methanol and chloroform 
extracts expressed as ascorbic acid equivalents were 19.71 and 
2.717 mg AAE/100 g, respectively
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Fig. 3 Cyclic voltammetry analysis of methanol extract of Euclea 
schimperi leaves. Cyclic voltammogram of each sample was obtained 
by scanning the potential from − 1000 to 1400 mV at a scan rate of 
100 m Vs−1. Acetate buffer was used as a blank. Both CV and SWV 
gave three different peaks and the only different SWV can scatter the 
peaks clearly
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Fig. 4 Square-wave voltammetry analysis of methanol extract of 
Euclea schimperi leaves. Cyclic voltammetric measurements were 
performed in model 700E series electrochemical analyzer connected 
to a desktop computer. Ipa(µA) = electric current in µA of peak ‘a’ 
and EPa(mV) = oxidation potential in mV of peak ‘a’. Euclea schimperi 
leaves extract can act as antioxidant species because there were no 
any peaks at the reduction side. All three peaks were obtained at the 
oxidation side
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extracts was weaker than ascorbic acid (89.95 ± 0.116% at 
the concentration of 125 μg/mL). Another point to con-
sider is methanol extract again retained its superiority in 
the antioxidant activity. This pattern of DPPH inhibition 
is commonly observed with plant extracts [18].

Voltammetric analysis, CV
The voltammetric method can be used for the determi-
nation of the antioxidant capability in the same manner 
as the DPPH radical scavenging because of the correla-
tion found between oxidation potentials and antioxidant 
power. CV method is frequently preferred for various 
types of physicochemical analysis in redox system due to 
its high sensitivity, rapidity, simplicity, the possibility of 

performing analysis in colored or turbid solutions [24]. 
It can provide information about the number of redox 
states as well as qualitative information about the sta-
bility of these oxidation states and the electron transfer 
kinetics [25–27].

Square-wave voltammetry (SWV) is another superior 
electrochemical technique for both mechanistic and elec-
trokinetic studies of various electrode processes. SWV 
has several advantages. Among these are its excellent 
sensitivity, the rejection of background currents and its 
speed. The current produced is proportional to the com-
bined concentration of the antioxidants [28, 29].

The antioxidant activity of the samples is determined 
by the ease of phenolic compound to be oxidized. It can 

Table 4 Peak parameters of methanol extract of Euclea schimperi leaves obtained from voltammetric analysis

Ipa(µA), electric current in µA of peak ‘a’; Ipb(µA), electric current in µA of peak ‘b’; Ipc(µA) electric current in µA of peak ‘c’; EPa(mV) oxidation potential in mV of peak ‘a’; 
Epb(mV), oxidation potential in mV of peak ‘b’; Epc(mV), oxidation potential in mV of peak ‘c’

Type of extracts Oxidation peak characters

Ipa(µA) EPa(mV) Ipb(µA) Epb(mV) Ipc(µA) Epc(mV)

Methanol − 17.59 248.35 − 6.41 622.25 − 8.37 989.02
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Fig. 5 UV–Vis absorbance of pure silver nitrate solution: a methanol extract b and chloroform extract c of Euclea schimperi leaves. The absorbance 
of the mixture was scanned between 300 and 600 nm using UV–Vis spectrometer after 2.0, 6.0, 9.0 and 24.0 h of the reaction begins. When it is 
stock, the absorption peak of methanol extract gave two non-smooth or trucks. From the UV–Vis absorbance of methanol and chloroform extracts, 
it was observed that the reduction of silver ions with chloroform extract was extremely smaller than methanol extracts
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be described as easily oxidizable if its positive oxidation 
potential is as small as possible (Figs. 3 and 4). Both CV 
and SWV gave three different peaks; the only different 
was SWV that can scatter the peaks clearly.

As illustrated in Figs.  3 and 4 above, the voltammet-
ric analysis of E. schimperi leaves extract with methanol 
solvent gives three different sharp peaks at the oxidation 
side. This indicates that the extract contains three reduct-
ant or antioxidant species that can be either three differ-
ent group of reductant or a reductant that can be reduced 
to another substance in step-wise process. Out of these 
three different peaks, one was very long and sharp indi-
cating that this represents the major component of the 
three antioxidant components.

As a result, E. schimperi leaves extract can act as anti-
oxidant species because there were no any peaks at the 
reduction side (all three peaks were obtained at the oxi-
dation side). The peak parameters obtained from the 
cyclic voltammograms of each sample are tabulated in 
Table 4.

Synthesis of silver nanoparticles
On account of noble metal nanoparticles are widely 
applied to areas of human health, there is a growing 
interest to develop environmentally friendly processes for 
nanoparticles synthesis [30]. Biological methods of syn-
thesis have paved way for the “greener synthesis” of nano-
particles and these have proven to be better methods due 
to slower kinetics, offer better manipulation and control 
over crystal growth and their stabilization [31, 32].

Phytochemicals are involved directly in the reduction 
of the ions and formation of silver nanoparticles using 
biological methods [30, 33]. E. schimperi leaf extracts 
contain a variety of phytochemicals such as polyphenols, 
flavonoids and terpenoids which help in the reduction of 
metal ion to form nanoparticles. Preliminary identifica-
tion of nanoparticle formation was carried out by observ-
ing the color change of the reaction mixture. It was 
observed that when  AgNO3 solution was mixed with the 
plant extracts, brown coloration was observed due to the 
formation of silver nanoparticles. This is a clear indica-
tion of the formation of silver nanoparticles [34].
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Fig. 6 UV–Vis absorbance of methanol extract of Euclea schimperi leaves of different concentrations (10, 20, 30 and 40% v/v) of 5 mg/mL stock 
solution separately at different time. As the concentration of the extract increases the absorbance of the mixture also increases
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Therefore, the present investigation demonstrates the 
formation of silver nanoparticles by the reduction of 
aqueous silver ions from E. schimperi leaf extracts using 
different solvents. The properties of the nanoparticle 
and its reduction time depend on various characteristics 

of plant extract, namely concentration of the metal salt 
and the extracts, contact time and reaction temperature. 
Nevertheless, this study considered two major factors, 
contact time and concentration of the plant extracts. As a 
result, the formation of silver nanoparticles by reduction 
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Fig. 7 UV–Vis absorbance of different concentration of methanol extract of Euclea schimperi leaves after different reaction time. As the contact or 
reaction time increases, the formation of silver nanoparticles increases which leads to an increases in absorbance of the mixture. The peak observed 
in the methanol extract is clearly visible around 428 nm which indicates the reduction of silver ions

Table 5 Comparison of  inhibition zone in  mm among  different crude extracts of  Euclea schimperi leaves and  positive 
controls against standard drug resistance Gram-positive and Gram-negative bacteria

S. pneumoniae, Streptococcus pneumoniae; S. aureus, Staphylococcus aureus; P. aeruginosa, Pseudomonas aeuroginosa; K. pneumonia, Klebsiella pneumonia

Values in the same column that are followed by a different letters (a, b) are significantly different p < 0.05 by paired t test

Types of extracts or positive 
control

Types of bacteria strain

Gram positive Gram negative

S. aurous S. pneumoniae P. aeruginosa K. pneumoniae

Methanol extract 20.67 ± 1.53a 0.00a 17.00 ± 1.00a 0.00a

Chloroform 15.00 ± 1.00b 0.00a 14.33 ± 0.58b 0.00a

Erythromycin 23.00 ± 0.05 22.00 ± 0.20 – –

Chloramphenicol 24.20 ± 0.30 23.00 ± 0.07 – –

Gentamycin – – 14.00 ± 0.05 18.00 ± 0.35

Ciprofloxacin – – 30.30 ± 1.23 20.30 ± 0.89
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of silver ions was measured with different concentrations 
(10, 20, 30, 40% v/v) of E. schimperi leaf extracts at differ-
ent reaction time (2, 6, 9 and 24 h).

When it is stock, the absorption peak of methanol 
extract gave two non-smooth or trucks. This may be due 
to higher deposition of silver nanoparticles. From the 
UV–Vis absorbance of methanol and chloroform extracts 
of E. schimperi leaves, it was observed that the reduc-
tion of silver ions with chloroform extract was extremely 
smaller than methanol extracts (Fig. 5).

Initially, the reacting mixture was a slightly yellowish 
liquid; as the reaction proceeded, the solutions became 
dark brown. Different concentrations (10, 20, 30 and 

40%) of methanol extract of E. schimperi leaves result in 
the formation of different absorption peaks. As the con-
centration of the extract increases the absorbance of the 
mixture also increases (Fig.  6). The visual inspection of 
the color change of the mixture from yellow to intense 
brown was demonstrated with increase in concentration 
of the leave extracts. This also ascertains the dependence 
of the formation of silver nanoparticles on the concentra-
tion of the extracts. The absorbance of silver nanopar-
ticles in the presence of different concentrations of the 
extract at different time can be found in Fig. 6.

Another point to consider is as the contact or reac-
tion time increases, the formation of silver nanoparticles 
increases which leads to an increases in absorbance of 
the mixture. This result is shown in Fig. 7.

Additionally, as both the concentration of the plant 
extract and the reaction time increase, non-smooth part 
of the peak around the same wave length region was 
increased. This is due to the increase in the concentration 
of silver nanoparticles formed in the reaction.

As can be seen from the Figs. 6 and 7 above, the peak 
observed in the methanol extract of E. schimperi leaves is 
clearly visible around 428 nm which indicate the reduc-
tion of silver ions.

Determination of antibacterial activity of E. schimperi leaf 
extracts
Agar disk diffusion method
Methanol extract of E. schimperi leaves exhibited prom-
inent antibacterial activity against both one Gram-
positive and one Gram-negative bacterial species. The 
chloroform extract of the plant sample also exhibited 
inhibition zone on some bacterial species but it was 
not as strong as methanol extract. The inhibition zones 
obtained by each solvent extract of leaves of E. schim-
peri and the control against each tested microorganism 
are summarized in Table 5. The results were expressed as 
mean ± standard deviation of triplicate measurements.

As shown in Fig.  8 and Table  5, zone of inhibition of 
the tested extract against different bacterial species of the 
methanol extract showed maximum antibacterial activ-
ity against S. aureus and P. aeuroginosa with diameter of 
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Fig. 8 Comparison of inhibition zone among crude extracts of Euclea 
schimperi leaves using different solvent (methanol and chloroform) 
against standard Gram-positive and Gram-negative bacteria. 
Standardized inoculums of the test organisms were inoculated into 
series of sterile tubes of 2 mL nutrient broth containing 500, 250, 125, 
62.5 and 31.25 mg/mL of each extracts and incubated at 37 °C for 
24 h. The methanol extract showed maximum antibacterial activity 
against S. aureus and P. aeuroginosa with diameter of 20.67 ± 1.53 
and 17 ± 1 mm at concentrations of 500 mg/mL, respectively. 
Chloroform extract also exhibited antibacterial activity against S. aures 
and P. aeuroginosa with diameter of 15 ± 1 and 14.33 ± 0.58 mm at 
concentrations of 500 mg/mL, respectively

Table 6 MIC determination of Euclea schimperi leave extracts against Gram-positive and Gram-negative bacteria

−, inhibition of bacterial growth; +, turbidity (slight bacterial growth)

Bacterial species Types of extract Concentration (mg/mL)

500.0 250.0 125.0 62.5 31.25 MIC

S. aureus Methanol − − − − + 62.5

Chloroform − − − + + 125

P. aeuroginosa Methanol − − − − + 62.5

Chloroform − − − + + 125
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20.67 ± 1.53 and 17 ± 1 mm at concentrations of 500 mg/
mL, respectively. Chloroform extract also exhibited anti-
bacterial activity against S. aures and P. aeuroginosa with 
diameter of 15 ± 1 and 14.33 ± 0.58 mm at concentrations 
of 500 mg/mL, respectively. The antimicrobial activity of 
methanol leaf extracts of E. schimperi was stronger than 
chloroform extracts towards the tested pathogens. This 
substantiates that more polar bioactive compounds are 
extracted more by methanol than chloroform. In other 
words, alcoholic extracts of tested plants provided better 
antibacterial effect than other solvents [35]. Both metha-
nol and chloroform extracts showed no activity against S. 
pneumoniae and K. pneumoniae (multidrug resistance).

The presence of zone of inhibition around the well was 
considered positive. The extracts were found to cause 
marked inhibition of bacteria in a dose-dependent man-
ner. Among bacteria, Gram-positive bacteria have shown 
higher sensitivity to the extracts compared to Gram-
negative bacteria. The inhibition caused by methanol 
extract was lesser than that of standard antibiotic since 
the standard antibiotic are found in pure form [36].

Alkaloids, tannins, saponins, glycosides and steroid 
derived from plants have been shown to have antimicro-
bial effect and pharmacological activities [37, 38]. Flavo-
noids, phenols, saponins, steroids, tannins, and terpenes 
detected from the extracts are responsible to observed 
antibacterial action of E. schimperi leaf extracts. In sum-
mary, this antibacterial action may serve as justification 
to the traditional use of the E. schimperi plant against 
various human disorders.

Determination of minimum inhibitory concentration (MIC)
The MIC was taken as the lowest concentration that pre-
vented bacterial growth and it was determined using a 
broth dilution test.

As shown in Table  6, the MIC values were evalu-
ated relatively at higher concentrations of the methanol 
(62.5  mg/mL) and chloroform (125  mg/mL) extracts. 
Correspondingly, methanol extract afforded notable MIC 
value at 62.5 mg/mL against both S. aureus and P. aeurog-
inosa. An implication of these findings is that E. schim-
peri leaf extracts can inhibit some of the bacterial species 
at relatively high concentration.

Conclusion
The outcome of our investigation clearly indicated that 
E. schimperi leaf extracts were found to contain high 
amount of total phenolic and small amount of flavonoids 
content. Likewise, the extracts revealed significant anti-
oxidant activities against various tests; FRAP, DPPH, 
voltammetric analysis and silver nanoparticle reduc-
tion. Based on the results, the methanol extract showed 
higher reducing capacity, DPPH radical scavenging 

activity, anodic peak current and smaller positive oxida-
tion potential than the chloroform extract. The methanol 
extract can also reduce silver ion and able to form signifi-
cant amount of silver nanoparticles. Last, the result can 
also prove the effectiveness of E. schimperi leaf extracts 
for antimicrobial activity.

In general, the methanol extracts demonstrated supe-
rior antioxidant and antimicrobial effects than chlo-
roform extracts, which is related to the quantity of 
phytochemicals present in the crude extracts. To this 
end, the findings are quite convincing to scientifically 
confirm the traditional use of this plant for medicinal 
purpose by the population.
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