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The primary objective of this investigation was to determine 
the optimal conditions for extracting phenolics from Morinda 
citrifolia fruit, while also examining the trace element content 
and biological properties of the extract. The study scrutinised 
the impact of various extraction conditions, specifically, ethanol 
concentration, extraction duration, and temperature, on the total 
phenolic content within Morinda citrifolia fruit. Utilising the single-
factor and response surface methods (RSM), the optimal extraction 
conditions were predicted to be a 60% ethanol concentration, an 
extraction duration of 5.4 h, and a temperature of 72°C. These 
conditions yielded the highest phenolic content at 7.38 mg gallic 
acid equivalent (GAE)/g dried weight (dw). Additionally, the fruit 
contained 106 and 14 mg/kg dw of zinc and copper, respectively. 
The extract demonstrated robust DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging activity with an IC50 value of 
137 μg/mL. Moreover, it demonstrated efficacy against various 
bacteria, including Gram-positive strains such as Bacillus subtilis 
and Bacillus cereus, as well as Gram-negative strains like Escherichia 
coli, Salmonella enterica, and Pseudomonas aeruginosa.

Cited as: Phan, U. C., Do, T. T. V., & Huynh, B. N. (2026). Optimizing phenolic extraction and 
evaluating health benefits of Morinda citrifolia L. fruit. The Journal of Agriculture and Development 
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1. Introduction

Morinda citrifolia L., widely known as Noni, 
belongs to Rubiaceae family and widely grows 
in many tropical and sub-tropical regions from 
Southeast Asia to Australia (Supavadee et al., 
2020). M. citrifolia fruit has many health benefits, 

due to the rich in phytochemicals, particularly 
phenolic compounds, and minerals such as zinc, 
copper (Basar & Westendorf, 2012; Bramorski, 
2020). Phenolic compounds are the second most 
abundant group of organic compounds in the 
plant kingdom, after cellulose. They have attracted 
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but ineffective in providing information on the 
relationship between extraction factors (Zhang 
et al., 2007). However, this method could offer 
essential information for the significant influence 
regions of factors. Response surface methodology 
provides a more accurate assessment in the 
optimization of the extraction factors, which can 
allow for assessing the effects of all the factors 
(Pérez-Jiménez et al., 2008; Erol et al., 2022).

Furthermore, the quantity and quality of 
chemical and nutritional components in plants 
are influenced by their distribution, which is 
affected by various soil compositions, climate 
conditions, and geographical location (Luján et 
al., 2014).

Thus, the objective of the present investigation 
was to analyse the influence of solvent types on 
the extraction efficiency of phenolic compounds 
and to optimise extraction conditions using 
the single-factor method and response surface 
methodology. Moreover, the extract obtained 
under optimal extraction conditions was found 
to possess both antioxidant and antibacterial 
activity. The study also revealed the presence 
of trace elements in M. citrifolia fruit powder, a 
product from Danang, Vietnam, providing basic 
information for consumer safety.

2. Material and Methods 

2.1. Materials and chemicals

Pure dried Morinda citrifolia L. (noni) fruit 
powder (100%) was a product from Bestone 
Co., Da Nang, Vietnam. Ethanol, ethyl acetate, 
n-hexane were supplied from Xilong Co., Ltd 
(China), Folin-Ciocalteu reagent was purchased 
from Sigma-Aldrich Co., Ltd, and twice-distilled 
water were obtained from the laboratory.

significant attention due to their association with 
a reduced risk of chronic degenerative diseases, 
including cancer, diabetes, Alzheimer’s disease, 
and cardiovascular conditions (Nardini, 2022). 
Moreover, zinc and copper function as cofactors 
for enzymes. Notably, zinc plays a crucial role in 
the synthesis and action of insulin. The literature 
reports showed that insulin deficiency makes it 
impossible for cells to use glucose as an energy 
source, resulting in high-glucose concentration 
in the bloodstream and leading to a condition 
known as hyperglycemia (Barman & Srinivasan, 
2022). 

Morinda citrifolia products developed from 
leaves and fruits are being commercialised as 
capsules, teas, and juices, with the fruit juice being 
the principal form. Juices may be pasteurised or 
fermented to produce a probiotic drink (Wang et 
al., 2009). In current reports, dried M. citrifolia 
fruit powder has been used as a kind of tea with 
health-promoting properties, including anti-
diabetic effect, anti-oxidation, anti-bacterial, 
anti-ageing effect and other biological activities 
(Manavalan et al., 2021).

The extraction of phenolic compounds from 
plant materials is one of the most crucial steps 
in their utilisation for food, pharmaceutical, 
and cosmetic applications. Several factors 
influence extraction, including solvent type and 
concentration, solid-to-solvent ratio, extraction 
time, and temperature (Anuar et al., 2013). 
Among the above-mentioned factors, the solvent 
is the most important due to its dependence on 
the polarity of the target compound. Moreover, 
optimization of the extraction process for 
phenolic compounds should be conducted in 
combination with multiple factors (Pereira et 
al., 2018; Demircan et al., 2022). Optimization 
by the single-factor method is conventional 
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were surveyed. The mixture of noni fruit powder 
and solvent was heated to 60°C and kept for one 
hour. The TPC of the extract was then estimated. 

Single-factor method: To evaluate the effect 
of different factors on the extraction of phenolic 
compounds, a series of experiments at different 
solvent concentrations (10 - 90%), extraction 
times (1 - 13 h), and extraction temperatures (30 
- 90°C) were performed. After extraction, the 
TPC of the extract was measured. 

2.3.2. Determination of total phenolic content

The extract was then diluted adequately with 
water, and TPC was estimated using the Folin-
Ciocalteu assay (Andres et al., 2020). The UV 
absorbance of the sample was obtained at 765 nm 
using a UV-Vis Labomed UVD-3200 (LABOMED, 
Los Angeles, CA). The standard curve for phenolic 
content in water was obtained, with the equation 
Y = 0.0107X + 0.0167, R² = 0.995, indicating a 
strong linear relationship. The TPC was expressed 
as the amount of gallic acid equivalent (GAE) per 
g of dried noni fruit powder. It was calculated and 
reported in units of mg GAE/g dw (mg of gallic acid 
equivalent per g of dry weight). Each experiment 
was performed three times in parallel, and the 
average value was obtained.

2.3.3. Optimization of the phenolic compound 
extraction using RSM

A box-Behnken design (BBD) with three levels 
and three factors (17 runs, including five central 
points) was conducted to evaluate the effect of 
extraction with various solvent concentration, 
extraction times, and extraction temperatures 
on TPC. Then the relationship between TPC and 
three extraction factors was equated as follows:

Y= a0+a1X1+a2X2+a3X3+a11X1
2+a22X2

2+a33X3
2 

+a12X1X2+a23X2X3+a13X1X3

The dried noni fruit powder was firstly 
determined the moisture content. Approximately 
35 g of the sample was dried in an oven at 
105°C until a constant weight was achieved. 
After drying, the sample was re-weighed, and 
the moisture content was calculated using the 
following equation:

Where, (WM) is the average moisture content 
(%), m1  and m2 are the average weights of the 
sample before and after drying at 105°C overnight, 
respectively. Based on the measurements, the 
moisture content of the dried noni fruit was 
found to be 6.7%.

2.2. Determination of metal content

35 g sample was kept in a muffle furnace 
and incinerated at 550 - 600°C about 13 h. The 
ash sample was cooled and dissolved in 3 mL 
65% HNO3 acid solution, filtered into a 25 mL 
volumetric flask and diluted to volume. The 
concentrations of Zn and Cu were detected with 
a Shimazu AA 7000 AAS Spectrometer.

2.3. Extraction of phenolic compounds 

2.3.1. Extraction of phenolic compound 

To assess the effect of extraction factors on the 
total phenolic content (TPC), the dried noni fruit 
powder (5 g) and 100 mL solvent were added into 
a 250 mL round-bottom flask. The mixture was 
heated to t°C and kept for hours. After extraction, 
the sample was cooled to r.t., filtered, and the 
solvent was evaporated from the extract. 

Extraction with Various Solvents: To assess 
the effect of solvent on the TPC, various solvents 
(ethanol, ethyl acetate, n-hexane, and water) 

m(₁	 −		m(₂"W"""!"(%) = × 100% 
m(" 
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were Pseudomonas aeruginosa, Bacillus subtilis, 
Bacillus cereus, Escherichia coli, and Salmonella 
enterica. The antibacterial activity of the extract 
was determined using the agar well diffusion 
technique as reported by (Magaldi et al., 2004). 
The agar plate surface of 25 mL medium 
inoculated by spreading the microbial inoculum 
over the entire agar surface. Then, a hole with 
a diameter of 6 mm was punched aseptically 
with a sterile cork borer, and a 50 μL volume 
of a solution of the extract was introduced 
into the well. Then, agar plates were incubated 
under suitable conditions. Standard antibiotic, 
cephalexin was used in order to control the 
sensitivity of the tested bacteria. The results were 
expressed as mm of zone of inhibition.

2.5. Statistical analysis

All experimental data were the mean of 
triplicate ± standard error (SE). The experimental 
design and statistical analysis were determined 
using a Design-Expert 13.00 software (Stat-Ease, 
Inc., Minneapolis, Minnesota, USA). The model 
accuracy was checked in terms of the values of R2 
and adjusted R2. The significance of the models 
was calculated by analysis of variance (ANOVA).

3. Results and Discussion

3.1. Trace element content

The contents of Zn and Cu were 106 and 
14 mg/kg dw, respectively. The significant high 
concentration of Zn in M. citrifolia fruit was an 
advantage in treatment of diabetic gangrene and 
mitigation diabetic complications. Moreover, Zn 
exhibited in the islet cells of the pancreas was 
vital for the synthesis, storage, and secretion 
of insulin; however, diabetic patients excreted 
a large amount of Zn every day. Cu is not an 
integral part of enzymes; however, it can enter 

Where Y is TPC (mg GAE/g dw); X1 is 
the extraction time (h), X2 is the extraction 
temperature (°C), and X3 is ethanol concentration 
(%). a0 is the intercept term; a1 – a3 are linear 
coefficients; a12, a23, a13 are interaction coefficients; 
and a11, a22, a33 are quadratic coefficients. 

2.4. Biological activity 

2.4.1. Antioxidant potential assay

The DPPH (2,2-diphenyl-1-picrylhydrazyl) 
free-radical scavenging assay was measured 
following the protocols as described by 
(Shahinuzzaman et al., 2021) with some 
modifications. In brief, ethanol extract (100 
μL) was added to 3.9 mL of a freshly prepared 
0.1 mmol/L DPPH solution dissolved in 70% 
ethanol. The mixture was vigorously shaken and 
left to stand at room temperature for 30 min in 
the dark. The absorbance was read using a UV-
Vis spectrophotometer at 517 nm with 70% 
ethanol as the control. The inhibition percentage 
was calculated using the following formula:

Where, Acontrol is the absorbance of control; 
Asample is the absorbance of test sample/standard. 
Vitamin C was taken as reference standard. Mean 
values were obtained from triplicate experiments. 
The inhibition percentage versus concentration 
was plotted and the concentration required for 
50% inhibition of radicals was expressed as IC50 
(μg/mL) value.

2.4.2. Antimicrobial activity 

The microorganisms used in this test were 
obtained from the Microbiology Laboratory, 
Faculty of Biology Technology, The University 
of Da Nang of Technology and Education. These 

Scavenging	activity	(%) =
A&'()*'+ − A,-./+0

A&'()*'+
× 100% 
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The effect of water, ethanol, ethyl acetate, 
and n-hexane solvent on the extraction of 
phenolic compounds was presented in Figure 
1. The results showed that water and ethanol 
resulted in higher yield than the ethyl acetate 
and n-hexane. Though the color of the sample 
extracted by water is darker than that by ethanol, 
TPC extracted by ethanol is higher than that by 
water (3.6 and 3.2 mgGAE/g dw, respectively). 
Total phenolic contents extracted by ethyl acetate 
or n-hexane were significantly low, with TPC 
of 1.0 and 0.1 mg GAE/g dw, respectively. The 
result might explain by the proper polar between 
solvents and phenolic compounds, and the 
stability of phenolic compounds in water being 
affected easier than that in ethanol (Chen et al., 
2013). Therefore, the ethanol was chosen as an 
extracting solvent for further experiments.

the active site of enzymes via carrier substances 
such as transferrin, ceruloplasmin, albumin, 
α-macroglobulin, and nickeloplasmin, and 
can activate enzymes (Narendhirakannan et 
al., 2005). Moreover, according to National 
Institutes of Health (NIH), the US recommended 
daily dietary allowance (RDA) of Zn for male 
and female are 11 and 8 mg (NIH, 2022a); and 
that of Cu for adults is under 0.9 mg (NIH, 
2022b). Furthermore, it had been reported that 
a daily intake of 15 - 30 mg of Zn could prevent 
and treat of diabetes (Niewoehner et al., 1986). 
Therefore, daily consumption of this fruit was 
strongly recommended.

3.2. Optimization of phenolic compound 
extraction 

3.2.1. Extraction with various solvents

Figure 1. Effect of solvents on extraction efficiency of phenolic compounds.
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of 5 h was selected for investigating effects of 
extraction temperature on TPC. The curve of the 
effect of extract temperature (Figure 2c) showed 
that the TPC reached the peak at 70°C. When 
extraction temperature was higher than 70°C, 
the TPC decreased constantly. This decline might 
be explained due to the degradation of phenolic 
compounds at high temperature for long 
extraction time (Zhong et al., 2019). Thus, based 
on the results of the single-factor experiments, the 
optimal conditions for achieving the highest TPC 
were 50% ethanol concentration, an extraction 
time of 5 h, and an extraction temperature of 
70°C. Furthermore, based on the above results, 
the ethanol concentration, extraction time, and 
extraction temperature were set in the range of 
30 - 70%, 1 - 9 h, and 50 - 90°C, respectively, to 
analyze in the response surface method (RSM) 
design.

3.2.2. Single factor method 

Figure 2 presented effects of ethanol 
concentration, extraction time, and extraction 
temperature on extraction efficiency of phenolic 
compounds. The extraction of TPC increased 
with the increase of ethanol concentration but at 
the higher ethanol concentration of 50%, the TPC 
decreased (Figure 2a), which could be attributed 
to the reduced solubility of phenolic compounds 
in the 1:1 ethanol-water solvent. Thus, ethanol 
concentration of 50% was chosen as an optimal 
concentration for subsequent experiments.

Then the extraction was performed at 70°C, 
ethanol concentration of 50% and various 
extraction time (Figure 2b). A sharp increase of 
TPC was observed at initial stage (1 - 5 h) and 
there was a constant decrease after 7 h in TPC 
of extraction process. Therefore, extraction time 

Figure 2. Effect of (a) ethanol concentration, (b) extraction time, and (c) extraction temperature on 
the extraction of phenolic compounds. Columns with the same letter are not significantly different, 

as determined by the LSD (least significant difference) test at P ≤ 0.05.



Nong Lam University, Ho Chi Minh City	 165

The Journal of Agriculture and Development 25(3)	 www.jad.hcmuaf.edu.vn

3.2.3. Optimization of extraction factors using 
RSM

A box-Behnken design (BBD) was used 
for response surface optimization with three 

process variables (extraction time, extraction 
temperature, and ethanol concentration) at three 
levels as shown in Table 1. Values of independent 
variables and the actual and predicted total 
phenolic contents are given in Table 2.

Table 1. Experimental values and coded levels of the independent variables used for box-Behnken 
design

Variables Factor Level

X -1 0 1

Ethanol concentration (%) X1 30 50 70

Extraction time (h) X2 1 5 9

Extraction temperature (oC) X3 50 70 90

The relationship of responses and independent variables was obtained:

Y= 7.24+0.48X1+1.13X2-0.20X3-0.93X1
2-1.71X2

2-0.51X3
2+0.69X1X3

Where X1, X2, and X1X3 possess a positive effect on responses, whereas other factors showed an 
adverse influence.

Figure 3. The actual and predicted responses.
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Run Independent variable Response (mg GAE/g dw)

X1 X2 X3 Actual value Predicted value

1 50 (0) 1 (-1) 90 (+1) 3.66 ± 0.2 3.61

2 50 (0) 9 (+1) 50 (-1) 6.21 ± 0.4 6.26

3 30 (-1) 5 (0) 50 (-1) 6.09 ± 0.3 6.2

4 50 (0) 5 (0) 70 (0) 7.27 ± 0.4 7.24

5 50 (0) 9 (+1) 90 (+1) 5.99 ± 0.2 6.02

6 30 (-1) 5 (0) 90 (+1) 4.29 ± 0.3 4.43

7 50 (0) 5 (0) 70 (0) 7.21 ± 0.3 7.24

8 30 (-1) 9 (+1) 70 (0) 5.24 ± 0.2 5.08

9 70 (+1) 1 (-1) 70 (0) 3.61 ± 0.2 3.77

10 30 (-1) 1 (-1) 70 (0) 3.24 ± 0.3 3.15

11 50 (0) 5 (0) 70 (0) 7.23 ± 0.4 7.24

12 70 (+1) 9 (+1) 70 (0) 6.27 ± 0.3 6.36

13 70 (+1) 5 (0) 90 (+1) 6.87 ± 0.3 6.76

14 70 (+1) 5 (0) 50 (-1) 5.91 ± 0.3 5.77

15 50 (0) 5 (0) 70 (0) 7.29 ± 0.4 7.24

16 50 (0) 5 (0) 70 (0) 7.18 ± 0.3 7.24

17 50 (0) 1 (-1) 50 (-1) 4.18 ± 0.2 4.15

Table 2. Plan and results for response surface methodology of total phenolic content

X1: ethanol concentration; X2: extraction time; X3: extraction temperature. The coded forms of the variables 
are shown in parentheses.
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and the adjusted R2 was 0.99 which indicated a 
good correlation between actual and predicted 
data (Figure 3). 

The effects of combined extraction factors on 
TPC are presented in Figure 4. The effects with 
combination of the extraction time and ethanol 
concentration on TPC were shown in Figure 
4a. The phenolic content was simultaneously 
influenced by both factors at extraction 
temperature of 72°C. In ethanol concentration 
regimes given, the TPC enhanced with increase 
of the extraction time. However, when the 
extraction time exceeded 6 h, the TPC declined. 
The results could be explained because the 
phenolic compounds might be oxidated and/or 
polymerized at 72°C in extended extraction time 
over 6 h. 

Table 3. ANOVA for quadratic model

Source Sum of 
squares

Degrees of 
freedom

Mean square F ratio P

Model 32.94 9 3.66 176.2 < 0.001

X1 1.81 1 1.8 86.89 < 0.001

X2 10.17 1 10.17 489.55 < 0.001

X3 0.312 1 0.312 15.02 0.006

X1
2 3.67 1 3.67 176.43 < 0.001

X1X2 0.109 1 0.109 5.24 0.056

X1X3 1.9 1 1.9 91.67 < 0.001

X2
2 12.36 1 12.36 594.74 < 0.001

X2X3 0.023 1 0.023 1.08 0.333

X3
2 1.11 1 1.11 53.34 < 0.001

Residual 0.145 7 0.021 - -

Lack of Fit 0.138 3 0.046 23.15 0.006

Pure Error 0.008 4 0.002 - -

Total (corr.) 33.09 16 - - -

The ANOVA of quadratic model (Table 3) 
was significant with a low P value (< 0.001), 
the low lack of fit 0.005, and a high coefficient 
of determination (R2) ascertained the quality of 
fit. The F-value also indicated the influence of 
the factors on the TPC; the higher the F value, 
the stronger the influence. In this study, the 
F-value of the extraction time was the highest, 
with a value of 489.55, and the extraction time 
square was 594.74, indicating that this factor had 
the most significant influence on the response 
variable, followed by ethanol concentration 
and extraction temperature, which had a lesser 
influence. Therefore, the RSM model with 
box-behnken design (BBD) was suitable for 
optimizing the technical parameters in phenolic 
compound extraction. The value of R2 was 0.93 
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temperature range of 50 - 90°C, the curve of TPC 
reached a peak at about 7 h and then decreased 
with increase of extraction time. One possible 
explanation is that extraction time plays a critical 
role in determining energy consumption and 
process feasibility (Osorio-Tobon, 2020). Thus, 
with the increase in extraction time, the TPC 
increased; however, within this temperature 
range, when the extraction time was extended, 
the stability of phenolic compounds was affected.

By applying the desirable function approach, 
the maximal TPC was predicted to be 7.38 mg 
GAE/g dw at an ethanol concentration of 60%, 
an extraction time of 5.4 h, and an extraction 
temperature of 72°C. This result differed slightly 
from that of Thoos (2013), which reported 8.81 ± 
0.17 mg GAE/g dw of TPC at 75% ethanol, 40 min, 
and 57°C. In another study, Bramorski (2010) 
showed a TPC of 91,9 mg GAE/100 mL noni 
juice. Moreover, the experiments were conducted 

Figure 4. a) Effects of both extraction time and ethanol concentration on the total phenolic content 
(TPC) at 72°C, (b) Effects of both extraction temperature and ethanol concentration on the TPC 

after 5.4 h of extraction (c) Effects of both extraction temperature and extraction time on the TPC at 
ethanol concentration of 60%.

Figure 4b shows the effects of extraction 
temperature and ethanol concentration on 
the TPC after 5.4 h of extraction. Effect of 
extraction temperature on TPC at various 
ethanol concentration were different. The 
curve of TPC at 30% ethanol concentration 
presented a slightly declining trend with increase 
of extraction temperature. While at a higher 
ethanol concentration of 70%, the TPC increased 
with increase of the temperature. This could be 
explained that the high temperature decreases 
the viscosity of solvent (viscosity of ethanol is 
higher than that of water with values of 1.2 and 
1.0 cP, respectively), thus the extraction efficiency 
of solvent with high ethanol concentration 
could be enhanced (Zardo et al., 2019). The 
effects of combination of both extraction 
temperature and extraction time on the TPC at 
ethanol concentration of 60% (Figure 4c) were 
significantly dependent on extraction time. In the 
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an IC₅₀ of 50.70 ± 0.20 μg/mL (Samarasinghe et 
al., 2023). Cai et al. (2023) reported IC₅₀ values 
ranging from 1.23 to 2.03 mg/mL for noni 
polysaccharides at different maturity stages, 
while Wasina et al. (2010) found that Thai noni 
leaf extracts had IC₅₀ values between 0.20 and 
0.35 mg/mL. These variations can be attributed 
to differences in extraction solvents, techniques, 
plant parts used, and the chemical composition 
of the extracts.

3.3.2. Antibacterial activity

Morinda citrifolia fruit powder extract under 
optimal conditions showed antimicrobial activity 
against five tested bacterial strains as shown in 
Table 4. Results of the study indicated that the 
extract was slightly active against all the studied 
microorganisms with zone of inhibition of 9 - 15 
mm. In general, P. aeruginosa appeared as the least 
resistant strain and Salmonella enterica showed 
the highest resistance. The average dimension 
of zone of inhibition resulting from M. citrifolia 
extract application against both Gram-positive 
bacteria, B. subtilis and B. cereus was 13 and 14 
mm, respectively. The findings is also consistent 
with the report of Kang & Song (2019) that low 
antibacterial activity of 70% ethanol extract from 
dried M. citrifolia fruit powder was observed 
against E. coli O157:H7 and S. enterica.

under the optimal conditions mentioned above 
to verify the prediction. The TPC obtained was 
7.44 ± 0.15 mg GAE/g dw, which agreed closely 
with the predicted model. The results indicated 
that the RSM is more accurate than the single-
factor method in extraction optimization for 
phenolic compounds.

3.3. Biological activity 

3.3.1. Antioxidant potential assay

The DPPH radical scavenging activity of the 
noni fruit extract obtained under optimized 
extraction conditions was 86.9 ± 0.3%, 
indicating considerable antioxidant potential. 
The corresponding IC₅₀ (half maximal 
inhibitory concentration) value of 137.00 μg/mL 
suggests moderate radical scavenging activity 
compared to the standard antioxidant vitamin 
C (IC₅₀ = 22.61 μg/mL). Although the extract is 
less potent than pure vitamin C, its antioxidant 
performance is noteworthy, especially 
considering that it is a crude extract containing 
a complex mixture of phenolic compounds and 
other bioactive constituents.

In comparison, previous studies have 
reported a wide range of IC₅₀ values for noni 
extracts. For instance, hydro-methanolic 
extracts of noni fruit from Sri Lanka exhibited 

Sample Pseudomonas 
aeruginosa

Bacillus 
subtilis

Bacillus cereus Escherichia 
coli

Salmonella 
enterica

M. citrifolia fruit 
power extract

15 ± 0.2 13 ± 0.3 14 ± 0.2 10 ± 0.2 9 ± 0.2

Cephalexin 40 ± 0.3 35 ± 0.3 32 ± 0.3 34 ± 0.2 28 ± 0.3

Table 4. Antimicrobial activity (mm zone of inhibition) of M. citrifolia extract

Each value in the table was obtained by calculating the average of three experiments (n = 3), ± standard 
deviation.
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