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Abstract  

This study investigated the chemical composition, antioxidant, and antibac-

terial activities of two medicinal plants from Malawi: Zanthoxylum cha-

lybeum and Euphorbia ingens. Plant extracts were obtained sequentially 

macerating the root powder with n-hexane, dichloromethane, ethyl acetate, 

methanol, and water. Total phenolics and flavonoids were determined by 

the Folin-Ciocalteau and aluminum chloride methods, respectively, while 

antioxidant activity was assessed by DPPH and FRAP assays. The antibacte-

rial activity against Staphylococcus aureus and Pseudomonas aeruginosa 

was evaluated using the disc diffusion method. Flavonoids ranged from 

13.40 to 30.27 mg/g for Z. chalybeum extracts and 21.76 to 66.27 mg/g for   E. 

ingens, with the highest amounts in ethyl acetate extracts of both plants. 

Both plants had the highest amounts of total phenolics in methanol ex-

tracts, with Z. chalybeum and E. ingens exhibiting 284.85 and 351.59 mg/g, 

respectively. The DPPH radical scavenging activity test showed that        

E. ingens, with IC50 values of 11.28 and 12.85 μg/mL for the aqueous and 

methanol extracts, respectively, is a stronger antioxidant than Z. chalybeum. 

The FRAP activity was highest in methanol extracts for E. ingens 

(2831.77±179.02 mg/g) and Z. chalybeum (799.15±32.43 mg/g). Both plants 

exhibited more potent antibacterial activity against S. aureus compared to 

P. aeruginosa. Dichloromethane and ethyl acetate extracts of Z. chalybeum 

showed significant activity against S. aureus with MIC values of 1.56 mg/mL, 

demonstrating their strong inhibitory potential. The study has revealed that 

both E. ingens and Z. chalybeum roots would be excellent natural antioxi-

dants and antibacterial agents.   
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Introduction  

Plants have been used globally as medicines since time immemorial, and 

the World Health Organisation (WHO) estimates that about 80% of the 

world’s population uses traditional medicine for their primary healthcare 

needs (1). In developing countries, where biomedical services are inade-

quate, people rely heavily on plant-based traditional treatments (2). Tradi-

tional medicine is a complement as well as an alternative to modern drugs 
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and is considered to be more easily accessible and more 

affordable by the rural population than modern drugs (3). 

 Medicinal plants contain bioactive compounds 

called phytochemicals, which usually have no nutritional 

value (4). Plants use phytochemicals like phenolics, alka-

loids, flavonoids, terpenoids, and saponins for their de-

fense. However, these phytochemicals can treat various 

human diseases (5). A study by Pinto and others (6) report-

ed that phenolic compounds exhibit important properties, 

including antioxidant, antimicrobial, anticancer, anti-

inflammatory, cardioprotective, and immune system-

promoting effects. Therefore, there is a need to explore the 

medicinal value of Zanthoxylum chalybeum and Euphorbia 

ingens. 

 Zanthoxylum chalybeum (Rutaceae family) is tradi-

tionally used in the cure of malaria, diabetes, toothache, 

abdominal pain, diarrhoea, pneumonia, yellow fever, 

snake bites, asthma, gonorrhoea, sexual impotence, oede-

ma, and anaemia. It is also used to clean respiratory tract 

airway obstruction and aphrodisiac, among other medici-

nal uses (7, 8). Research on the phytochemical screening 

and antiplasmodial properties of Z. chalybeum leaves has 

been conducted in Uganda (9). In Malawi, the traditional 

medicinal use of the plant has been reported (10), but no 

chemical composition study on the indigenous plant has 

been done. E. ingens (Euphorbiaceae family) is traditionally 

used for treating cancer, swelling, fistulas, wounds, snake-

bites, and mental disorders, among other diseases (11, 12). 

Despite the many medicinal applications attributed to Z. 

chalybeum and E. ingens, there is limited scientific evi-

dence about the phytochemical and antimicrobial proper-

ties to inform the folkloric use of the two medicinal plants 

in Malawi. Therefore, this study was aimed at investigating 

the chemical composition, antioxidant, and antibacterial 

activities of Z. chalybeum and E. ingens from Malawi.   

 

Materials and Methods 

Chemicals and reagents           

The chemicals used in the study were analytical grade and 

were bought from LAB ENTERPRISES Ltd., Blantyre, Mala-

wi. The water used in the analyses was double-distilled. 

Plant collection and processing           

The roots of Zanthoxylum chalybeum were collected from 

the wild at Elunyeni in Mzimba North, Malawi, at GPS coor-

dinates 11°13’10.71393” S, 33°43’12.33613” E, while the 

roots of Euphorbia ingens were collected from Lilongwe, 

Malawi, at 14°11’15.828” S, 33°46’38.724” E. The plant spec-

imens were authenticated at the National Herbarium and 

Botanical Gardens of Malawi (NHBGM), Zomba, using spec-

imen references 89177 and 31742, respectively. The plant 

materials were taken to the chemistry laboratory at the 

University of Malawi, where they were processed and ana-

lyzed. Separately, the plant roots were rinsed with tap wa-

ter and distilled water and then air-dried. The root barks 

were removed from the root using a stainless-steel knife, 

cut into small pieces, and dried under a shed for 7 days, 

after which they were ground using a laboratory mill. The 

resultant powder was sieved using a 1 mm sieve and kept 

in Ziploc bags at 4 °C pending analysis. 

Plant extraction          

The plant extracts were obtained by maceration. A 100 g 

powder sample was sequentially mixed with 800 mL of 

solvents for 48 h with regular shaking. The solvents includ-

ed n-hexane, dichloromethane, ethyl acetate, methanol, 

and water. The mixtures were filtered separately using 

Whatman No. 42 filter paper, and the organic solvents 

were evaporated on a rotary evaporator set at 40 °C and  

40 rpm under reduced pressure while aqueous extracts 

were freeze-dried. The residues were weighed and stored at -

10 °C. The extracts were dissolved in their respective sol-

vents used for extraction to give a stock solution of 1 mg/mL, 

which was used in subsequent tests. 

Total phenolics          

The Folin-Ciocalteau method, as reported by Masoko and 

others (13), was used to determine the total phenolics of 

the crude extracts of the plant roots. The following equa-

tion was used to calculate the sample concentration as 

gallic acid equivalent (GAE): 

 

 

 

 In this equation, R is the value read from the stand-

ard curve, DF represents the dilution factor, and V repre-

sents the sample stock solution volume. The mass of the 

sample extract in grams is given by m. All determinations 

were done in triplicate, and the mean ± SD was reported. 

Flavonoids           

The aluminum chloride procedure by Pokhrel and co-
workers (14) was adopted in the determination of the fla-

vonoids, and the following equation was employed in the 

calculation of the sample concentration: 

  

 

 

 Where R is the value read from the standard curve, 

and DF represents the dilution factor. The sample stock 

solution volume is represented by V, while the mass of the 

sample extract in grams is given by m. All determinations 

were done in triplicate, and the mean ± SD was reported. 

Antioxidant activity           

2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging capaci-

ty assay          

The procedure outlined in literature (15), with some modi-

fications, was used in the determination of 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging activity. In tripli-

cate, 5 mL of a 0.2 mM DPPH solution in methanol was 

mixed with a 5 mL sample dissolved in extracting solvent 

at eight different concentrations (1, 5, 10, 25, 50, 100, 200, 

and 250 µg/mL) in separate test tubes. The mixture was 

vortexed and left in the dark at room temperature for  

30 min before reading absorbance on a UV-Vis spectropho-

Total phenolics (mg GAE/g) = 
R x DF x V 

1000 x m 
.........(Eqn-1) 

Flavonoids (mg QE/g) = 
R x DF x V 

1000 x m .........(Eqn-2) 
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tometer at 517 nm. Ascorbic acid (1–250 µg/mL) was used 

as a positive standard, and it was treated similarly to the 

sample. The negative control was prepared by mixing 5 mL 

of DPPH solution with 5 mL of extracting solvent. The fol-

lowing formula was used to calculate the radical scaveng-

ing activity of the samples: 

 

 

 

 Where Ao and A1 are the absorbance 

values of the control and the sample or standard, respec-

tively. A plot of the inhibition percentages against concen-

trations produced a regression line (y = ax +b), which was 

used to determine the antioxidant activity of each plant 

sample expressed as IC50. Since the curve was not straight 

but curved, the regression line was determined by joining 

two points enclosing a 50% inhibition (16). The IC50 value 

was calculated by substituting 50 for y in the regression 

line. 

Ferric Reducing Antioxidant Power (FRAP) assay           

The Ferric Reducing Antioxidant Power (FRAP) assay was 
performed using a modified procedure by Kosakowska 

and others (17). A 3 mL of FRAP reagent freshly prepared 

by mixing 300 mM acetate buffer (pH 3.6), 10 mM TPTZ 

(2,4,6-tris(2-pyridyl)-s-triazine) solution in 40 mM HCl, and 

20 mM FeCl3·6H2O in a ratio of 10:1:1 (v/v/v) was added to 

100 μL of sample extract (1 mg/mL in extracting solvent) in 

a falcon tube and vortexed. The mixture was incubated at 

room temperature for 10 min, and the absorbance was 

read at 593 nm on a UV-Vis spectrophotometer. Trolox, 

prepared by dissolving 0.1 g of the solid in methanol and 

diluting it to 100 mL with distilled water, was used to pro-

duce a calibration curve (0–50 μ g/mL). The analysis was 

done in triplicate, and the antioxidant capacity was rec-

orded as Trolox equivalent antioxidant capacity (TEAC) 

mg/g of extract, expressed as mean ±SD. 

Antibacterial activities          

Bacterial strains and antibiotics          

The bacterial strains were collected from the National Mi-
crobiology Reference Laboratory (NMRL) under the Public 

Health Institute of Malawi (PHIM) in Lilongwe. The strains 

included the gram-positive Staphylococcus aureus (ATCC 

25923) and gram-negative Pseudomonas aeruginosa (ATCC 

27853). A commercial Gentamicin (Ampoules) IV was used 

as a positive control antibiotic. 

Preparation of antibiotic discs          

Antibiotic discs were prepared according to Bouslamti and 
others (18), with some modifications. The blank antibiotic 

discs were prepared from Whatman No. 1 filter papers us-

ing a standard paper punching machine. The filter papers 

were punched to disc sizes of 6 mm in diameter and steri-

lised by autoclaving at 121 °C for 15 min before impregnat-

ing with the plant extracts. Sterile discs were placed in 

petri dishes at approximately 5 mm apart in the biosafety 

cabinet Class II. Each disc was impregnated with 20 µ L of 

the plant extract with a known concentration, using a mi-

cropipette. Gentamicin and blank discs were used as posi-

tive and negative controls, respectively. The impregnated 

discs were dried in an incubator at 37 °C for 4 h, placed in 

sterile glass vials, and stored at -20 °C until sensitivity test-

ing. 

Susceptibility testing          

The Kirby-Bauer disc diffusion assay was used for the anti-

bacterial susceptibility test according to the National Com-

mittee for Clinical Laboratory Standards (NCCLS) Guide-

lines. The antibacterial assays were prepared by dissolving 

a known mass of crude plant extracts in their respective 

extracting solvents to achieve a final concentration of  

200 mg/mL and serially diluted to 100 mg/mL, 50 mg/mL, 25 

mg/mL, 12.5 mg/mL, 6.25 mg/mL, 3.12 mg/mL, 1.56 mg/mL, 

and 0.78 mg/mL. The Nutrient and Mueller-Hinton agar 

media used were prepared according to the manufactur-

er’s instructions. The gram-positive strains S. aureus and 

gram-negative P. aeruginosa were sub-cultured on nutri-

ent agar plates and incubated for 18–24 h at 37 °C. Using a 

sterile inoculating loop, well-isolated colonies were sus-

pended in sterile distilled water tubes and vortexed thor-

oughly to prepare inoculum. The turbidity of the test sus-

pension was standardised to match that of the 0.5 McFar-

land standard that was alternately formulated as de-

scribed by Debalke and others (19). The suspension was 

used within 15 min of its preparation. 

 Using sterile forceps, the impregnated discs were 
tested in triplicate on the surface of the Mueller-Hinton 

agar plate with bacterial lawns. The plates were incubated 

overnight at 37 °C for 18–24 h, and the diameter of the 

growth inhibition zones around each impregnated disc 

was measured in millimetres using a Vernier calliper with a 

0.05 mm least count, and the mean values were recorded. 

Gentamicin (1 mg/mL) served as a positive control, and 

extracting solvents constituted a negative control. 

Statistical analysis         

A one-way analysis of variance was used to analyze the 

effect of using five different solvents on FRAP activity of    E. 

ingens and Z. chalybeum roots. A three-way analysis of 

variance was used to analyze the interactive effect of plant 

extract, solvent, and microorganism species on inhibition 

at an extract concentration of 200 mg/mL. The separation 

of the means after a significant main effectwas done by the 

Tukey’s test. All tests were analysed using R statistical soft-

ware (20) at a 5% level of significance.   

 

Results  and Discussion 

Total phenolics and total flavonoids          

Fig. 1A & 1B, respectively, show the total phenolic concen-

tration and the total flavonoid content of Euphorbia ingens 

and Zanthoxylum chalybeum root samples extracted with 

ethyl acetate, methanol, and water. In all solvent extracts, 

E. ingens had a higher phytochemical content than Z. cha-

lybeum. The total phenolic content ranged from 52.33 to 

351.59 mg GAE/g and from 47.15 to 284.85 mg GAE/g for E. 

ingens and Z. chalybeum, respectively (Fig. 1A). 

.........(Eqn-3) 

DPPH Scavenging activity % = A0 - A1 

A0 
X 100 
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66.23 mg QE/g for E. ingens and from 13.40 to             

30.27 mg QE/g for Z. chalybeum (Fig. 1B). In both plants, 

the highest amounts of total phenolics were found in 

methanol extracts and the lowest amounts in ethyl acetate 

extracts, while the reverse was true for the total flavonoid 

content. Another researcher (21) also found higher 

amounts of total phenolics in methanol extracts  

(155.44 mgGAE/g) than in ethyl acetate extracts             

(42.83 mgGAE/g). The flavonoid contents were highest in 

ethyl acetate extracts and lowest in methanol extracts. 

Other researchers have also found that flavonoids were 

higher in ethyl acetate extracts than in methanol extracts 

(22). The variation could be due to the polarity of the flavo-

noids present in the plants, and ethyl acetate, being mod-

erately polar, is able to extract a wide range of flavonoids 

(22). Apart from ethyl acetate in E. ingens, each solvent 

extracted more total phenolics than flavonoids. This is in 

agreement with other researchers (23, 24) who reported 

higher amounts of total phenolics than flavonoids in plant 

extracts. Generally, methanol was the best solvent for ex-

tracting total phenolics, whereas flavonoids were best ex-

tracted with ethyl acetate. Our study showed a strong and 

significant (p = 0.03) three-way interaction involving the 

type of the plant, the solvent, and the chemical type.  

 A study conducted in Kenya on dichloromethane/

methanol extracts of Zanthoxylum species barks, which 

included Z. chalybeum, reported total phenolic values of 

73.09–145.27 mg TAE/g (25). These values were similar to 

those found in this study. Another study in Uganda had 

total phenolics of 14.58 mg GAE/g (26), which was much 

lower than the value in this study. Kaigongi and others 

reported a flavonoid content of 109.42–186.41 mg QE/g for 

barks of various Zanthoxylum species, including Z. cha-

lybeum (25). The differences in the phytochemical values 

could be due to differences in geographical location where 

the plant was harvested, soil characteristics, differences in 

extraction solvents and techniques, parts of the plant 

used, and environmental conditions, among others (27, 

28). There were more flavonoids and total phenolics in      

E. ingens  than in Z. chalybeum. This could be due to genet-

ic factors as well as environmental factors, such as levels 

of biotic and abiotic stress, among others (26). Studies 

have shown that total phenolics, which include flavonoids 

and other secondary metabolites, are responsible for phar-

macological activities that include antioxidant, antibacte-

rial, anti-malarial, and anti-diarrhoea, among others (13). 

Antioxidant activity          

The antioxidant activities of Z. chalybeum root extracts 

and E. ingens root extracts in various solvents were deter-

mined by the DPPH and FRAP assays. Fig. 2A & 2B, respec-

tively, show the %inhibition of DPPH activities of Z. cha-

lybeum root extracts and E. ingens root extracts in three 

different solvents, and Table 1 contains the antioxidant 

activities expressed as IC50 determined by the DPPH assay. 

The FRAP activities of both Z. chalybeum root extracts and 

E. ingens root extracts in five different solvents are pre-

sented in Table 2 and Fig. 3.  

Fig. 1A. Concentration of total phenolics of E. ingens and Z. chalybeum roots 
extracted with three different solvents. Data represents means (±SD) of three 
separate measurements.  

Fig. 1B. Total flavonoid content of E. ingens and Z. chalybeum roots extracted 
with three different solvents. Data represents means (±SD) of three separate 
measurements. 

Fig. 2A. % Inhibition of DPPH activity of Z. chalybeum root using three differ-
ent solvents at different concentrations. EtOAc = ethyl acetate; H2O = water; 
MeOH = methanol.  

Fig. 2B. % Inhibition of DPPH activity of E. ingens root using three different 
solvents at different concentrations.  EtOAc = ethyl acetate; H2O = water; 
MeOH = methanol. 
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 DPPH is one of the most stable free radicals and is 

frequently used in the determination of radical scavenging 

in natural plant extracts (29). Fig. 2A shows that the %

inhibition of DPPH activity of Z. chalybeum root extracts at 

different concentrations (1–250 µg/mL) varied depending 

on the solvent used for extraction. At a concentration of 

100 µg/mL, the %inhibition of DPPH activity was 53.12%, 

60.60%, and 25.34% for the aqueous, methanol, and ethyl 

acetate extracts, respectively, while for the standard 

ascorbic acid was 87.62%. 

 Kaigongi and co-workers recorded a %inhibition of 

DPPH activity of 76% for Z. chalybeum at 100 µg/mL (25), 

which was higher than the value in this study. A linear re-

gression for the graph (Fig. 2A) gave IC50 values of   

91.30 µg/mL and 81.18 µg/mL for the aqueous and metha-

nol extracts, respectively, while that of the standard ascor-

bic acid was 7.68 µg/mL (Table 1). The IC50 value is the 

effective concentration that reduces the DPPH radical by 

50%, which indicates its antioxidant efficacy (27). A lower 

IC50 value indicates higher DPPH radical scavenging activi-

ty of the extract (30). This study shows that the aqueous 

and methanol Z. chalybeum root extracts had moderate 

antioxidant activity compared to the standard ascorbic 

acid. The %inhibition of DPPH activity of aqueous, metha-

nol, and ethyl acetate extracts of E. ingens was 91.46%, 

95.57%, and 43.91%, respectively (Fig. 2B). The aqueous 

and methanol extracts had strong antioxidant activity, as 

shown by IC50 values of 11.28 µg/mL and 12.85 µg/mL, re-

spectively, which were comparable to the standard ascor-

bic acid, while ethyl acetate showed an IC50 value of         

119 µg/mL (Table 1). The results show that for both Z. cha-

lybeum and E. ingens, the ethyl acetate extracts had a very 

high IC50 value, hence being less efficient radical scaven-

gers compared to aqueous and methanol extracts. The 

results also show that E. ingens is a stronger antioxidant 

than Z. chalybeum, which reflects the abundance of total 

phenolics and flavonoids in the two plants. Most of the 

antioxidant activities of plants are due to phenols (23). 

 FRAP measures the reducing potential of an antioxi-

dant reacting with a ferric tripyridyltrazine (Fe3+-TPTZ) 

complex and producing a colored ferrous tripyridytriazine 

(Fe2+-TPTZ) (31). Table 2 and Fig. 3 show that there was a 

significant interaction (p<0.001) between plant species 

and type of solvent on FRAP activity. The FRAP activity was 

highest in methanol extracts of both E. ingens and Z. cha-

lybeum roots among all the other solvents, but it was high-

er in E. ingens than Z. chalybeum roots in the extract. When 

using ethyl acetate and water, FRAP activity was higher in 

Z. chalybeum roots than in E. ingens. 

 There was FRAP activity in Z. chalybeum roots when 

using dichloromethane and n-hexane, while there was no 

activity in E. ingens when using the same solvents. It is ob-

served from the results that methanol extracts had the 

highest total phenolics in both plants, which is reflected in 

the antioxidant activity values of both DPPH radical scav-

enging and FRAP assays. The total phenolics and flavo-

noids influence the antioxidant properties of medicinal 

plants (32), and E. ingens and Z. chalybeum roots would 

make useful natural antioxidants in the pharmaceutical 

industry. 

Antibacteria activity           

The inhibition zones for Z. chalybeum and E. ingens root 
extracts in various solvents at concentrations ranging from 

0.78 to 200 mg/mL were examined on S. aureus and P. ae-

ruginosa. Fig. 4 displays selected plates showing the inhi-

bition zones at selected extract concentrations, and 

Table 3 shows the measured zones at a concentration of 

200 mg/mL. The extracts exhibited a variety of inhibition 

zones against S. aureus and P. aeruginosa. The mean value 

of inhibition zones for Z. chalybeum on S. aureus ranged 

from 6.33 ± 0.02 mm to 18.32 ± 0.19 mm and for P. aeru-

ginosa from 6.63 ± 0.09 mm to 7.43 ± 0.18 mm. The E. in-

gens extracts exhibited a mean inhibition value of     

7.88 ± 3.04 mm to 10.53 ± 0.09 mm on S. aureus and        

7.32 ± 0.17 mm to 7.65 ± 0.23 mm on P. aeruginosa. The 

results showed that there was a significant three-way in-

teraction (p-value < 0.001) among plant extracts, type of 

Plant Solvent IC50 (µg/mL) 

E. ingens 

MeOH 12.85 

H2O 11.28 

EtOAc 119.97 

Z. chalybeum  
MeOH 81.18 

H2O 91.30 

Ascorbic acid   7.68 

Table 1. IC50 values of antioxidant activity of Z. chalybeum and E. ingens ex-
tracts 

Solvents E. ingens (mg/g) Z. chalybeum roots (mg/g) 

DCM NA 8.93 ± 1.65 

EtOAc 362.73 ± 76.14 512.47 ± 54.47 

H2O NA 382.79 ± 64.93 

MeOH 2831.77 ± 179.02 799.15 ± 32.43 

n-hexane NA 20.74 ± 8.51 

  p-value<0.001 

NA = No Activity. Data represents means (±SD) of three separate measure-
ments. Statistical significance was set at 5% level. 

Table 2. FRAP activity in E. ingens and Z. chalybeum roots using five different 
solvents 

Fig. 3. FRAP activity in E. ingens and Z. chalybeum roots using five different 
solvents. DCM = dichloromethane; EtoAc = ethyl acetate; H2O = water; MeOH 
= methanol. 
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solvent, and type of microorganism in the inhibition zone 

(Fig. 5 & 6). For S. aureus, the inhibition zone was higher 

with Z. chalybeum roots than with E. ingens roots when 

extracted with dichloromethane, ethyl acetate, methanol, 

and n-hexane. The opposite was true when using water as 

a solvent; inhibition was higher with E. ingens roots than Z. 

chalybeum roots. For P. aeruginosa, inhibition was higher 

with Z. chalybeum roots than with E. ingens when extract-

ed with dichloromethane, ethyl acetate, and n-hexane. 

The opposite was true when using water and methanol as 

solvents; inhibition was higher with E. ingens than Z. cha-

lybeum roots. E. ingens extracts in n-hexane and dichloro-

methane did not show any inhibition on both S. aureus 

and P. aeruginosa, while ethyl acetate extract showed inhi-

bition on S. aureus but not on P. aeruginosa. This possibly 

shows the absence of non-polar secondary metabolites in 

E. ingens that would inhibit S. aureus and P. aeruginosa, as 

well as moderately polar metabolites that could inhibit     

P. aeruginosa. All Z. chalybeum root extracts showed inhi-

bition except for the aqueous extract.  

Minimum inhibitory concentrations (MICs) of plant ex-

tracts          

The serial dilution assay was used to determine the mini-

Fig. 4. Selected plates showing inhibition zones on S. aureus. ZRM = Z. chalybeum roots methanol extracts ; ZRD, Z. chalybeum roots dichloromethane extracts; 
EIM = E. ingens methanol extracts; EIE = E. ingens ethyl acetate extracts.  

Inhibition zone (mm)  

Plant Solvent S. aureus P. aeruginosa 

E. ingens 

DCM NI NI 

EtOAc 10.53 ± 0.09 NI 

H2O 8.80 ± 0.12 7.32 ± 0.17 

MeOH 7.88 ± 3.04 7.65 ± 0.23 

n-hexane NI NI 

Z. chalybeum root 

DCM 11.48 ± 0.04 7.25 ± 0.16 

EtOAc 11.03 ± 0.27 7.43 ± 0.18 

H2O 8.37 ± 0.20 NI 

MeOH 18.32 ± 0.19 6.63 ± 0.09 

n-hexane 6.33 ± 0.02 7.28 ± 0.21 

  p-value < 0.001 

Table 3. Three-way Analysis of variance showing the interactive effect of 
plant extract, solvent, and microorganism species on inhibition at extract 
concentration 200 mg/mL 

NI = No Inhibition. Data represents means (±SD) of three separate measure-
ments. Statistical significance was set at 5% level. 

Fig. 5. Interactive effect of plant species and type of solvent on inhibition of A. 
aureus.  DCM = dichloromethane; EtoAc = ethyl acetate; H2O = water; MeOH = 
methanol. 

Fig. 6. Interactive effect of plant species and type of solvent on inhibition of P. 
aeruginosa.  DCM = dichloromethane; EtoAc = ethyl acetate; H2O = water; 
MeOH = methanol. 
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mum inhibition concentrations (MICs) for the Z. chalybeum 

and E. ingens crude extracts on S. aureus and        P. aeru-

ginossa, and the results are presented in Table 4. All the 

solvent extracts for Z. chalybeum roots showed inhibition 

on S. aureus, with MICs ranging from 1.56 mg/mL to 200 

mg/mL. The dichloromethane and ethyl acetate Z. cha-

lybeum root extracts had the lowest MIC, followed by 

methanolic, aqueous, and lastly, n-hexane extracts. The 

MIC was identified as the lowest concentration of the bac-

terial assay, which inhibited the growth of the test strains. 

The lower the MIC value, the higher the total activity (13). 

Therefore, dichloromethane and ethyl acetate extracts of 

Z. chalybeum roots have very high antimicrobial activity 

against S. aureus (a gram-positive bacteria), followed by 

methanol extracts. The aqueous and n-hexane extracts 

showed weak antibacterial activity against S. aureus. The 

weak antimicrobial activity of aqueous and n-hexane ex-

tracts could be due to the low amounts of active com-

pounds against S. aureus in the crude extracts (33). For P. 

aeruginosa (a gram-negative bacteria), all the solvent ex-

tracts for Z. chalybeum roots showed inhibition with an 

MIC value of 200 mg/mL except for the aqueous extracts, 

which did not show any inhibition. All the Z. chalybeum 

root extracts have stronger activity against S. aureus than 

against P. aeruginosa. The aqueous and methanol extracts 

of E. ingens showed stronger antibacterial activity against 

S. aureus than ethyl acetate extracts, while n-hexane and 

dichloromethane did not show any activity. The aqueous, 

methanol, and ethyl acetate extracts of E. ingens showed 

higher activity against S. aureus than P. aeruginosa. The 

most imperative observation was that there were fewer or 

no antibacterial activities on gram-negative bacteria com-

pared to gram-positive bacteria. This observation is in 

agreement with other studies (33). Gram-negative bacteria 

have a lipopolysaccharide barrier on their outer mem-

brane, which is not found in gram-positive bacteria, and 

this makes most medicinal plants ineffective against gram-

negative bacteria (33).  

Conclusion  

The study showed that Zanthoxylum chalybeum and Eu-
phorbia ingens have strong antibacterial and antioxidant 
properties, as well as large concentrations of flavonoids 
and total phenolics. Methanol and ethyl acetate are ideal 
solvents for extracting total phenolics and flavonoids, re-
spectively. Methanol and aqueous extracts demonstrated 
the strongest antioxidant properties. The study further 
found that both plants effectively suppress gram-positive 
bacteria. Z. chalybeum root extracts in ethyl acetate and 
dichloromethane are the most effective inhibitors. These 
findings support the use of the two plants in traditional 
medicine. The results thus serve as a foundation for more 
investigation into the identification, isolation, and purifica-
tion of the active compounds present in the two plants, 
which may potentially lead to the creation of novel phar-
maceuticals.   
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