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Introduction
Since immemorial times vegetables have played a 
vital role in traditional diets. In addition, vegetables 
are functional foods used as nutrition and herbal 
medicines, thanks to their abundant bioactive medicinal 
molecules and chemical properties (Poobalan et al., 
2019). A noticeable amount of work has been carried 
out on the richness of vegetable extracts in phenol 
and flavonoid contents with a growing interest in the 
food industry and the medical field (Mohammed et 
al., 2016). Then, natural antioxidants are ubiquitous 
in fruits and vegetables known as medicinal plants. 
Currently, the demand for biological antioxidants has 

received more and more attention and has been studied, 
due to their low toxicity than synthetic antioxidants 
which explains the increased attention to plants with 
therapeutic potential in recent years (Umme et al., 
2023). Besides, many studies have confirmed that plant 
species are traditionally used as medicinal plants due 
to their antibacterial and antifungal agents (Erfan and 
Marouf, 2019).
Abelmoschus esculentus L. also called okra, lady’s 
finger, and gumbo included in the Malvaceae family 
(Dhruve et al., 2015). The plant is an essential 
vegetable culture widely progressed in Africa, Asia, 
Southern Europe, and America, mostly in tropical, sub-
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Abstract
Background: Abelmoschus esculentus L., okra, has been known as a healthy plant and classically employed in food 
and folk medicine for several human and animal diseases. 
Aim: The in vitro antioxidant and antibacterial capacities, in addition to the phytochemical compounds of the okra fruit 
extracts gathered at three maturity stages, were the objectives of this study.
Methods: This study examined the modifications in total phenolic content (TPC), total flavonoid content (TFC), and 
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Results: The mid-stage of okra fruit maturity had the highest TPC (43.27 ± 2.029 mg GAE g−1), TFC (29.96 ± 0.19 
mg RE g−1), and antioxidant capacity (75.64% ± 0.79%). Moreover, at mid-stage maturity, okra fruit extracts exhibited 
a major antibacterial effect against Vibrio anguillarum. The phenolic content was significantly increased at the mid-
stage maturity, while the flavonoid level and the antioxidant activity were greatly decreased at the end of fruit maturity.
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tropical, and warm temperate regions (Xia et al., 2015). 
Okra is a multifunctional plant thanks to its different 
uses of pods, leaves, flowers, and seeds (Habtamu et 
al., 2014). Furthermore, medicinally several diseases 
are treated using this plant. Abelmoschus esculentus 
L. and its constituents have many bioactivities such as 
cardioprotective, renal, neuroprotective, anti-fatigue, 
anti-cancer, antimicrobial, and hypoglycemic activities 
(Solomon et al., 2016). 
Furthermore, okra fruit is a green-colored capsule 
containing numerous seeds. Abelmoschus esculentus L. 
fruit is slightly curved measuring up to about 5–10 
cm long and 1.5–3 cm in diameter (Lengsfeld et al., 
2004). Moreover, thanks to their wealth in secondary 
metabolites, okra fruit extract has multiple bioactivities. 
Thus, A. esculentus L. fruit extract contains mostly 
phenolic compounds, flavonoids, and tannins (Saha 
et al., 2011). Various studies have confirmed that 
okra fruit phenolic compounds deliberated the 
principal responsible for its biological effects, such as 
antioxidant, anti-diabetic, and antibacterial properties 
(Jiang et al., 2017; Zhang et al., 2018). Besides, 
cultivars, growing conditions, and fruit sizes can swing 
okra fruit phenolic content and their bioactivities. 
Particularly, the quality of the harvested okra fruit is 
linked to their size proportional to time (Petropoulos 
et al., 2018). However, huge variation in level and 
chemical composition has been noted between the 
harvest stage of okra pods (Piloo and Kabir, 2011). 
Besides, once okra fruit reaches a length of 3–5 cm, 
it is collected in the Mediterranean countries contrary 
to other markets of the world where the harvested okra 
fruit size is longer (7–12 cm or larger) (Petropoulos et 
al., 2018).
Whereas, A. esculentus L. fruit is the most consumed 
part of the plant. Hence, for the reason of studying the 
phenolic compounds in okra fruits, this work aims to 
evaluate A. esculentus L. fruits at three marketable sizes 
to reveal ripe-stage extract with high levels of phenolic 
and flavonoid compounds as well as to compare their 
antiradical and antibacterial activities from okra fruit 
produced in Gabes, Tunisia.

Materials and Methods
Plant material and sample preparation
Abelmoschus esculentus L. fresh fruits were harvested 
separately at three maturity stages based on the fruits’ 
morphology (size) from July to September 2020 from a 
local farm (Gabes, Tunisia). The three maturity stages 
were consumables. The samples were established as 
early-stage maturity, mid-stage maturity, and late-stage 
maturity.
Afterward, to get rid of the foreign materials, samples 
were washed extensively with distilled water. After 
that, they were sliced into portions of 5 mm. As 
well, until their masses stabilized, they were parched 
at 40°C for 6 days. Then, they were powdered and 
sieved before being sifted to a smooth powder. Finally, 

plant material samples were stored at 4°C in the dark 
until their analysis. Besides, ethanol (70%) (PanReac 
AppliChem) was used for the preparation of extracts 
as a safe solvent for both food and natural medicinal 
purposes. Then, ethanol/water has been used to extract 
strongly phenolic and antioxidant compounds from 
natural substances (Sultana et al., 2009).
Extracts were prepared by microwave extraction. 
Briefly, 1 g of each dried powdered okra fruit, was 
mixed with 25 ml of ethanol (70%) solution. Samples 
of microwave-assisted extractions were carried at 100 
W for 2 minutes. After that, all mixed samples were 
filtered using a 100 µm pore size nylon net filter before 
their centrifugation at 8,000 g for 10 minutes. Then, the 
supernatants are collected, filtered, and stored at 4°C 
until utilized. In conformity with Elik et al. (2017) with 
some modifications, the solid–liquid extraction was 
provided. 
Determination of okra fruit weight, length, and diameter
The harvested fruit was transported in a closed plastic 
sack to the laboratory. After that, the length and 
diameter (size) of the fruit were measured. In addition, 
fruit weight was resolved using an electronic balance.
Determination of phenolic contents
As a principal quantitative analysis, the total phenolic 
content (TPC) of okra fruit extracts was determined 
using the Folin–Ciocalteu’s approach following the 
procedure described previously by Singleton and 
Lamuela-Raventos (2012) with modifications. 
Briefly, 0.4 ml of fruit extract was reacted with 2 ml 
of Folin–Ciocalteu reagent (LOBA Chemie). Then, 
1.6 ml of Na2CO3 (Chemi-Pharma) solution (7%) was 
added to each sample with simple agitation. Following 
that, the absorbance was measured using a UV-visible 
spectrophotometer (T60 UV-visible spectrophotometer) 
after 45 minutes in the dark conditions at room 
temperature. All measurements were performed at 
a wavelength = 765 nm. The data were expressed in 
milligrams of gallic acid per gram (mg GAE g−1) of dry 
sample.
Determination of flavonoid contents
The total flavonoid content (TFC) was measured as per 
the colorimetric method of Bahroun et al. (1996) with 
minor modifications. Besides, 1 ml of each okra fruit 
aliquot was mixed with 1 ml of an aluminum solution 
(AlCl3 10%) (LOBA Chemie). After an incubation of 30 
minutes, the measurement of absorbance at 430 nm was 
determined. The results were expressed as milligrams 
of rutin equivalent per gram of dry extract (mg RE g−1).
Determination of total antioxidant activity using the 
DPPH method
The total antioxidant activity was determined using the 
DPPH method. The ability to scavenge DPPH radicals 
was performed using the method illustrated previously 
by Velazquez et al. (2003). Briefly, each extract (0.75 
ml) was combined with 1.5 ml of DPPH solution 
in methanol 90% (20 mg l−1). After that, the mixture 
was incubated for 15 minutes at room temperature 
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and the absorbance was measured at 517 nm using a 
spectrophotometer. In this analysis, we have zeroed 
the spectrophotometer with methanol. On the other 
hand, we have considered DPPH radical absorbance 
without extract as a control. All tests were performed 
in triplicate.
The antioxidant activity was expressed as a percentage 
inhibition using the following formula:
Inhibition (%) = [(AB − AS) / AB] × 100
where AS is the sample (tested extract solution) 
absorbance and AB is the blank absorbance.
Evaluation of bactericidal activity 
Pathogens and growth conditions
To evaluate the bactericidal effect of A. esculentus 
L. fruit extract at three ripening stages, pathogenic 
bacteria for fish (Vibrio anguillarum) were adopted. 
The sterilized tryptic soy agar (Difco Laboratories) was 
used to cultivate the bacteria. Thus, single colonies were 
first inoculated in tryptic soy broth 30 g l−1 (TSB, Difco 
Laboratories). Then, they were enhanced with NaCl 
until reaching a final concentration of 1% (w/v), for 24 
hours at 25°C with continuous agitation. Considerably 
proliferating bacteria were washed and resuspended in 
sterile PBS at 108 cfu ml−1. 
The in vitro bactericidal activity of the okra extracts 
was estimated using the method described by Stevens 
et al. (1991) with minor modifications. 
Antibacterial assay
In this bactericidal assay, aliquots of 20 µl the 
bacterial suspensions were conducted in each well of 
a flat-bottomed plate (96-well plate). Then, they were 
incubated (5 hours, 25°C) with 20 µl of each tested 
extract (0.5 mg ml−1). After that, instead of the extracts, 
PBS solution was inserted into some wells as a positive 
control. While, to evaluate the growth of bacteria 
without treatment (0% activity), the control sample 
was prepared only with the bacterial solution and TSB 
medium and to ensure the sterility of the analysis, the 
blank contains only 200 µl of culture medium. After 
the incubation time, 25 µl of MTT (1 mg ml−1), giving 
a purple color, was added to each well. After that, 
the plates were re-intubated (10 minutes, 25°C) to 
promote the formation of formazan. Finally, they were 
centrifuged (2,000 × g, 10 minutes).
After the removal of the supernatant, each precipitate 
was dissolved in 200 µl of DMSO. The absorbance of 

the dissolved formazan was then measured at 570 nm. 
The bacterial capacity was expressed as a percentage 
of viable bacteria, measured by the difference between 
the absorbance of the existing bacteria in test samples 
and the absorbance of bacteria from positive controls 
(100%).
Statistical analysis 
All analyses were realized in triplicates and the 
experimental data were reported as means ± SEM. 
One-factor analysis of variance analyses using Xlstat 
software were used to evaluate the statistical differences 
among the treatments. The significance level was 95% 
in all cases (p < 0.05) and was assessed using the Tukey 
test.
Ethical approval
Not needed for this study.

Results
Weight, length, and diameter of okra fruits at different 
maturation stages
The changes in physical properties [fruit weight (g), 
length (cm), and diameter (cm)] of A. esculentus L. 
fruits at different maturity stages are indicated in 
Table 1. Furthermore, during maturation, the weight, 
length, and diameter of fresh okra fruits increased 
considerably. In addition, the maximum level was 
achieved at the end of maturation. 
Extracts phenolic compound contents
The main phenolic compounds present in ethanolic A. 
esculentus L. fruit extracts are represented in Figure 
1. In the current research, the phenolic contents were 
present in important quantities in all maturation stages 
of okra extracts.
Although, the mid-maturation stage of okra fruit extract 
showed significantly higher phenolic levels (43.27 ± 
2.029 mg GAE g−1) than the fruits harvested early and 
the late harvested ones (37.38 ± 4.22 mg GAE g−1), 
respectively. 
Extracts flavonoids contents
In this study, the results showed that the flavonoid 
contents were present in important quantities in the 
different maturation stages of A. esculentus L. fruit 
extracts (Fig. 2). As regards, Figure 2 revealed the 
variations of TFC in okra fruit extracts belonging to 
their stage of maturity. Briefly, the TFC of okra fruits 
increased significantly from 25.08 ± 0.93 g RE g−1 

Table 1. Weight, length, and diameter of okra fruits at different stages of maturity of A. esculentus L. fruits.

Different maturation 
stages Weight (g) Length (cm) Diameter (cm)

Early-stage 1.76 ± 0.90 2.04 ± 0.40 1.83 ± 0.58
Mid-stage 1.95 ± 0.95 3.07 ± 0.43* 2.55 ± 0.43
Late-stage 4.05 ± 0.64* 5.64 ± 0.55* 2.95 ± 0.56*

The results are expressed as mean ± SEM (n = 5). 

*Note significant differences between treatment groups (p < 0.05).
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(mid-stage maturity) to 29.96 ± 0.19 g RE g−1 (late-
stage maturity). 
In fact, the TPCs and TFCs of okra fruits were 
significantly influenced by their ripening process. 
While the mid-ripe ethanolic extract of A. esculentus 
L. fruits contained the highest phenolic and flavonoid 
contents. 
DPPH radical-scavenging activity 
In the present research, the antioxidant activity of okra 
was determined using the DPPH method. The results 
are highlighted in Figure 3. As regards, the percent 
inhibition of fruit extracts was determined. As shown in 
Figure 3, all ripening stages of okra fruits have a major 
anti-radical effect. In addition, the extract capacity was 
dependent on the maturation stage. Furthermore, the 
antioxidant capacities of okra fruits contribute partially 
to the health amelioration (Xia et al., 2015). The 
antioxidant capacities of okra fruit extracts were ranged 
from 60.7% ± 0.26% to 75.64% ± 0.79%. Wahyuningsih 
et al. (2021) suggested also that the ethanolic extract of 

red okra fruits has an important percent inhibition via 
the DPPH test.
All the antioxidant-tested activities of okra fruits varied 
depending on their maturity stages. While, the extract 
showed the highest antioxidant effect at a medium 
maturity, followed by fruits harvested at the beginning 
of maturity. While the DPPH radical scavenging activity 
of okra fruit was significantly lower at the late ripe stage 
(70.61% ± 0.15%). This result can be connected to the 
TPC that could be the origin of the antiradical capacity. 
These data are in correlation with previous results that 
indicate that several vegetal phenolic compounds are 
important sources of natural antioxidants (Khomsug et 
al., 2010). 
Bactericidal activity 
The in vitro evaluation of A. esculentus L. fruits 
extracts bactericidal effect belonging to three maturity 
stages was assigned against V. anguillarum, fish 
pathogenic bacteria (Fig. 4). However, the results 

Fig. 1. Effect of different maturity stages on TPC of ethanolic 
okra fruit extracts. The results are representative of at least 
three independent experiments and are expressed as mean ± 
SEM (n = 5). (*): Significant differences between treatment 
groups (p < 0.05).

Fig. 2. Effect of different maturity stages on TFC of ethanolic 
okra fruit extracts. The results are representative of at least 
three independent experiments and are expressed as mean ± 
SEM (n = 5). (*): Significant differences between treatment 
groups (p < 0.05).

Fig. 3. Effect of different ripening stages on radical scavenging 
activity of okra fruit. The results are representative of at least 
three independent experiments and are expressed as mean ± 
SEM (n = 5). (*): Significant differences between treatment 
groups (p < 0.05).

Fig. 4. Bactericidal activity (expressed as a percentage) 
of okra fruit extract against V. anguillarum depending on 
different maturity stages. The results are representative of 
at least three independent experiments and are expressed as 
mean ± SEM (n = 5). (*): Significant differences between 
treatment groups (p < 0.05).
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demonstrated that the viability of V. anguillarum was 
influenced by the fruit extract at all the tested stages. 
Then, as shown in Figure 4, the bactericidal capacity 
quantitatively varied depending on the maturity stages. 
Vibrio anguillarum showed a remarkable sensitivity to 
all okra fruit extracts. Then, the ethanolic extracts at 
the mid-maturity stage recorded the major inhibitory 
effect of the bacteria viability. Furthermore, at the three 
maturity stages the okra fruit extracts have noticeably 
affected the bacteria growth compared to the control.

Discussion
The length of fresh fruit is considered a major indicator 
for okra fruit harvest. Generally, the two sizes of okra 
fruits (small and big) are collected and consumed 
(Petropoulos et al., 2018). The increase in size and 
weight indicates an improvement in the quality of okra 
fruit during maturity (Uchoi et al., 2018).
Besides, phenolic elements are considered crucial 
biomolecules in okra fruits (Hussain et al., 2012). In 
the same context, Shen et al. (2019) have shown that 
the main bioactive component in okra fruits is phenolic 
compounds. Whereas the fruit ripening stage had a 
marked influence on the secondary metabolite contents 
extracts.
During the ripening of okra, various changes in phenolic 
level have been established ranging from 37.38 ± 4.22 
mg GAE g−1 (late harvested fruits) to 43.27 ± 2.029 mg 
GAE g−1 (mid-stage maturation of fruits).
Similar to our findings, previous research presented a 
similar level of TPC varied from 33.33 ± 0.02 to 37.38 
± 4.22 mg GAE g−1 (Mohammed et al., 2016). While, 
previous studies have reported a similar phenolic level 
in okra fruits (49.72 ± 2.24 mg GAE g−1) (Rohman et al., 
2010). Otherwise, another study indicated a lower level 
of okra fruit phenolic content was indicated (13.456 mg 
GAE g−1) (Zainuddin et al., 2022). The difference in 
phenols concentration can also relied on the extraction 
technique and the polarity of the solvent used (Jing 
et al., 2015). In addition, these variations are often 
connected with the difference in geographical origin, 
the extraction technique used and the experimental 
protocol adopted (Benchikh et al., 2014).
In the current study, the effect of ripening stages on 
flavonoids level was investigated. The medium stage 
of maturity reported the most important extractive yield 
of flavonoids (25.08 ± 0.93 g RE g−1). Our findings are 
in correlation with Shen et al. (2019) who highlighted 
the TFC variation of okra fruits during fruit maturity. 
Literature has explained these results by the dilution 
effect slowing the biosynthesis of new phenolic 
compounds which increase the size during ripening 
for fruits (Anand and Aradhya, 2005). Accordingly, 
with our results, Mohammed et al. (2016) indicated 
okra fruit flavonoid contents about 29.979 ± 0.036 mg 
RE g−1. In addition, similar flavonoid contents of okra 
fruits have been earlier expressed (31.21 ± 8.64 mg 
RE g−1) (Rohman et al., 2010). Whereas, Shen et al. 

(2019) noted that okra fruits flavonoid contents were 
10 times lower than ours (2.95 ± 0.06 mg RE g−1). 
Generally, fluctuations in the reported flavonoid values 
can arise from several factors like nonrepresentative 
sampling, different cultivars, and different growing and, 
analytical conditions (Harnly et al., 2006). Besides, 
such variations in flavonoid contents might be due to a 
number of causes as well as genotype, maturity stages, 
environmental and post-harvest conditions techniques 
(Koh et al., 2009). In addition, previous research 
suggested, similarly, that small fruit (3–5 cm) had a 
higher nutritional value (Petropoulos et al., 2018). 
The antioxidant activity of A. esculentus L. fruits 
is correlated with the ripening stage. In that sense, 
our results showed variation in DPPH value among 
maturity process from 60.7% ± 0.26% to 75.64% ± 
0.79%. Our findings are in accordance with Siddique 
et al. (2022), which highlighted that Pakistan fruit 
extract has a scavenging percentage of DPPH radicals 
around 13.487% lower than the Tunisian one. This 
fluctuation is caused by the existence of biomolecules 
such as quercetin and catechin which are more soluble 
in methanol as a solvent (Wahyuningsih et al., 2020).  
Numerous further studies have highlighted a directly 
proportional relationship between phenolic, and 
flavonoid contents and antioxidant effects of vegetable 
extracts (Abdel-Hameed, 2009; Shen et al., 2019). 
In addition, the high antioxidant capacity of okra 
fruit extract could be explained by its high content of 
phenolic compounds which function as singlet oxygen 
quenchers, reduction agents, and hydrogen donors 
(Reine et al., 2018).
Otherwise, as already reported by Uchoi et al. (2018) 
antioxidant activity can increase depending on the 
maturation stage of fruits (between the beginning of 
okra maturity to the mid-ripe stage) contradictory to a 
previous study by Rekha et al. (2012) that revealed the 
reduction in phenolic contents and then in antioxidant 
capacity as shown between mid-ripe stage and the late 
one of okra fruits.
Concerning the antibacterial activity, the inhibitory 
effect of A. esculentus L. fruits extracts against Gram-
negative fish pathogenic bacteria (V. anguillarum) was 
illustrated. Because of its causes of fish diseases and 
important economic losses in the aquaculture industry, 
V. anguillarum was selected. Overall, at three maturity 
stages, A. esculentus L. fruit extracts were significantly 
active against V. anguillarum viability. This result was 
previously reported by Shaeroun et al. (2021), who 
detected the bactericidal effect of ethanolic extract 
of okra fruit against two Gram-negative bacterial 
pathogens (Klebsiella and Escherichia coli). The 
antibacterial capacity of okra fruit could be derived 
from the bioactive molecules present in okra fruits 
which show antibacterial capacity (Septianingrum et 
al., 2018). Furthermore, the major inhibitory effect 
was estimated at the middle maturity stage of fruits. 
Recently, this illustration was confirmed by the study 
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of Aldhanhani et al. (2022) which detected that at all 
maturity stages the jujube fruit extracts showed growth 
inhibition against several bacteria at different degrees. 
However, these mentioned data were in accordance 
with those found by Ghazghazi et al. (2021) showing 
the antimicrobial potential of Eucalyptus marginata’s 
fruits was associated with the fruit ripening stage 
against four species of pathogenic bacteria. 
The current investigation estimated that mid-stage 
maturity fruits had the highest antibacterial capacity, 
followed by late-stage and early-stage maturity fruits 
respectively. This may be explained by the important 
phenolic compound content detected in mid-stage and 
late-stage fruits than that in early-stage maturity of okra 
fruits.

Conclusion
To conclude, in the present research, noticeable 
fluctuations in A. esculentus L. fruits’ phenolic, 
flavonoid contents, and antioxidant activities were 
observed at three ripening stages. The results 
highlighted the okra fruit as an excellent source of 
phenolic compounds with a large amount of flavonoids 
and optimal antioxidant and antibacterial capacities in 
its mid-stage maturity. Therefore, okra fruits could be 
used as functional foods for industrial exploitation or 
for the production of dietary supplements.
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