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Abstract: The increasing emergence of antimicrobial resistance has intensified the search for alternative, plant based
therapeutic agents. Amaranthus viridis is traditionally used in folk medicine and is reported to possess diverse bioactive
compounds; however, its phytochemical composition and antimicrobial efficacy require further scientific validation. The present
study aimed to analyze the phytochemical constituents of Amaranthus viridis L., and to evaluate the antibacterial and antifungal
potential of its crude ethanolic extract and solvent fractions. The whole plant of A. viridis was extracted using ethanol and
fractionated into n-hexane, ethyl acetate, chloroform and aqueous fractions. Phytochemical profiling was performed using gas
chromatography mass spectrometry (GC-MS) and Fourier transform infrared spectroscopy (FTIR). Antibacterial and antifungal
activities were assessed using the agar well diffusion method against selected gram positive and gram negative bacterial strains
and pathogenic fungi at three concentrations (6, 9 and 12pg/mL). All experiments were conducted in triplicate. GC-MS analysis
revealed the presence of several bioactive compounds, including fatty acids, esters, sterols, and other secondary metabolites,
while FTIR analysis confirmed diverse functional groups such as alcohols, phenols, aldehyde, amides, and carboxylic acids.
Among the tested samples ethyl acetate and n-hexane fractions exhibited notably higher antibacterial and antifungal activities
compared to ethanolic, chloroform, and aqueous fractions, showing a concentration dependent response against most tested
microorganisms. The findings demonstrate that Amaranthus viridis L. is a promising source of bioactive compounds with
significant antimicrobial potential. The activity of non-polar and semi-polar fractions suggests that these extracts may contain key
antimicrobial constituents. Further studies focusing on isolation, characterization, and mechanistic evaluation of these compounds
are recommended for potential pharmaceutical applications.
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INTRODUCTION

Amaranthus viridis L. belongs to the family Amaranthaceae and is commonly known as green amaranth or
karund in many areas. Species of the genus Amaranths are widely distributed across tropical and subtropical areas
and are extensively used worldwide as ornamental plants, grain crops, and leafy vegetables. In traditional medicines,
decoction, prepared from the leaves of Amaranthus viridis L., are used to treat diarrhea, excessive menstruation,
intestinal bleeding, and related gastrointestinal disorders (Ahmed et al., 2013).

Phytochemical investigations have demonstrated that Amaranthus viridis L. is a rich source of bioactive
compounds including, phenolics, flavonoids and essential minerals. Among several weedy Amaranthus genotypes,
the genotype WAV7 of Amaranthus viridis L. exhibited particularly high levels of antioxidants, phenolic
compounds, flavonoids, vitamin C, which significantly contributed to its antioxidant capacity (Sarker and Oba,
2019). In addition to its nutritional value, the leaves of Amaranthus viridis L., have been traditionally used for the
treatment of inflammatory conditions, acne, and other skin related disorders, highlighting its therapeutic potential
(Kumar et al., 2009).

The increasing prevalence of antibiotic resistance represents one of the most serious global health threats,
limiting the effectiveness of existing antimicrobial therapies. Consequently, considerable research efforts over the
past decades have focused on identifying natural compounds capable of combating drug resistant Gram positive and
Gram negative pathogens (Farhadi et al., 2019). Medicinal plants have attracted particular interest due to their
chemical diversity and long standing use in traditional healthcare systems, with more than 100, 000 plant species
investigated for potential pharmacological applications. Among plant secondary metabolites, flavonoids, and
phenolic compounds are particularly recognized for their board spectrum antibacterial and antifungal activities
(Gorniak et al., 2019).
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Previous studies have reported that medicinal plant extracts exhibit antimicrobial effects through synergistic
interactions among their bioactive constituents (Wagner and Ulrich-Merzenich, 2009). Several plant species,
including Allium sativum, Vaccinium macrocarpon, Melaleuca alternifolia, and Melissa officinalis, have been
identified as effective natural antimicrobial agents (Joshi, 2017). Furthermore, solvent based extracts from various
medicinal plants have shown significant antibacterial activity against clinically and agriculturally important
pathogens (Manandhar et al., 2019). Agar well diffusion remains a widely employed method for evaluating the
antimicrobial efficacy of plant extracts and fractions (Khan et al., 2013). Although Amaranthus viridis, has been
reported to possess antimicrobial potential, comprehensive studies linking its phytochemical composition with
antibacterial and antifungal activities using advanced analytical techniques remain limited. Therefore, further
investigation is warranted to explore its bioactive constituents and antimicrobial efficacy.

Therefore, the study was designed with the following objectives; i) to characterize the phytochemical
constituents of Amaranthus viridis L., using GC-MS and FTIR analysis, and ii) to evaluate the antibacterial and
antifungal potential of its ethanolic extract and solvent fractions against selected Gram positive and Gram negative
bacterial strains, as well as pathogenic fungi. This integrated approach aims to provide scientific evidence
supporting the antimicrobial potential of Amaranthus viridis L., and to contribute to the exploration of plant based
alternatives for combating microbial infections.

MATERIALS AND METHODS

Fresh mature plants of Amaranthus viridis, were used in this study. Analytical grade solvent and chemicals
included ethanol, chloroform, n-hexane, ethyl acetate, distilled water, dimethyl sulfoxide, nutrient agar media, potato
dextrose media were used for antibacterial and antifungal assays, respectively. Ciprofloxacin was used as a positive
control for antibacterial activity, while fluconazole was used as a standard antifungal drug. All glassware and
laboratory apparatus were standard quality.

Collection, Drying and Grinding

Mature plants of Amaranthus viridis L., was collected from Warsak Road, District Peshawar. The plant material
was taxonomically identified and authenticated by a plant taxonomist in the Department of Botany, Women
University Swabi, Pakistan. A voucher specimen (Moucher No. AV-2024-WU) was deposited in the departmental
herbarium for future reference. The collected plants were washed thoroughly with tap water to remove adhering soil
and debris, followed by rinsing with distilled water. The plant material was shade dried at room temperature for
approximately one month. The completely dried samples were than pulverized into a fine powder using an electric
grinder and stored in airtight containers until extraction.

Preparation of the crude extract

Ethanolic extraction was carried out 400 g of powdered Amaranthus viridis in 1500 ml of absolute ethanol. The
mixture was kept at room temperature for four days with occasional shaking. After maceration, the extract was
filtered using Whatman filter paper No. 1. The filtrate was concentrated using a rotary evaporator at 60°C for 50
minutes. The semi solid extract was further evaporated in a water bath at 60°C for five days to obtain the crude
ethanolic extract (Akbar et al., 2020).

Fractionation

The fractionation of the crude ethanolic extract was performed following method described by (Naeem et al.,
2022). Five grams of crude extract were dissolved in 300 mL of distilled water and transferred to a separating
funnel. Sequential liquid-liquid partitioning was carried out using n-hexane, ethyl acetate, and chloroform (100ml
each). After shaking and settling for 20-25 minutes, the organic and aqueous layers were separated. The respective
fractions (n-hexane, ethyl acetate, chloroform, and aqueous) were collected separately and concentrated by
evaporation in a water bath at 60°C for three days. The dried fractions were stored at 4°C until further analysis.

Antimicrobial activity and strains

The microbial activity was evaluated against three bacterial and three fungal strains. The bacterial strains
included one Gram positive bacterium (Clavibacter michiganensis) obtained as a clinical isolate from Hayatabad
Medical Complex, Peshawar, and two Gram negative bacteria (Ralstonia solanacearum, and Axonopodis
Xanthomonas). The fungal strains (Alternaria alternate, Fusarium oxysporium and Aspergillus niger) were obtained
from the Department of plant Pathology, Agriculture University of Peshawar, Pakistan.
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Preparation of stock solution

2 ml of DMSO (dimethyl sulfoxide) were used to dissolve 20 mg of each extract ethanol, n-hexane, ethyl
acetate, chloroform, and aqueous for the creation of the stock. Various concentrations from the stock solution were
employed for the activity.

Media preparation

In the preparation of the medium, 28 grams of nutritional agar and 39 grams of potato dextrose agar (PDA)
were separately dissolved in 1000 milliliters of distilled water. This process was conducted in two distinct glass
bottles, and the dissolution was accelerated with the help of a magnetic stirrer.

Sterilization of equipment

The laboratory equipment including Petri dishes, pipette tips (blue and yellow), beakers, borers, cotton swabs,
Eppendorf tubes, and culture media underwent sterilization by autoclaving at 121°C for 30 minutes. Furthermore,
ethanol was utilized to sterilize the interior of the laminar flow hood.

Antibacterial activity

The antibacterial activity was assess using the agar well diffusion method as described by (Sen and Batra,
2012). Sterile nutrient agar was poured into petri dishes and allowed to solidify. Bacterial cultures were evenly
spread on the agar surface using sterile cotton swabs. Wells of 6 mm diameter were punched into the agar using a
sterile cork borer. Different concentrations (6, 9 and 12pg/ml) of each extract and fraction were introduced into the
wells using sterile micropipette. Ciprofloxacin served as the positive control, while DMSO was used as the negative
control. Plates were incubated at 37°C for 24 hours. Zones of inhibition was measured in millimeters. All
experiments were performed in triplets.

Antifungal activity

Antifungal activity was evaluated using the agar well diffusion method following by Sen and Batra (2012).
Sterile PDA plates were inoculated with fungal strains using sterile cotton swabs. Wells (6mm diameter) were made
in the agar, and test samples at concentrations of 6, 9, and 12pug/ml were added to the wells. Fluconazole was used as
a positive control for antifungal assays, while dimethyl sulfoxide (DMSO) served as the negative control for the
fungal strains. The plates were then placed in an incubator set at 37°C for 24 hours. Following incubation, the zones
of inhibition on each plate were measured in millimeters.

Phytochemical screening

Phytochemical profiling of Amaranthus viridis, extracts was carried out using Fourier Transform Infrared
Spectroscopy (FTIR), GC-MS (Gas chromatography and mass spectrometry). FTIR analysis was performed to
identify functional groups (Oliveira et al., 2016), while GC-MS (Gas chromatography and mass spectrometry) was
used to identify individual bioactive compounds by comparing their mass spectra with reference spectra from
standard libraries (Fridayanti et al., 2022). Analyses were conducted at the Centralized Resource Laboratory,
University of Peshawar. By contrasting the unknown component's mass spectrum with the known component's mass
spectrum, chemical compounds were discovered.

Statistical analysis

All antimicrobial experiments were performed in triplicate, and results are expressed as mean * standard
deviation (SD). Data were analyzed using one-way analysis of variance (ANOVA), and differences were considered
statistically significant at p<0.05.

RESULTS

The crude methanolic extract of Amaranthus viridis L., was subjected to GC-MS analysis to identify its
phytochemical constituents. Comparison of retention times and mass spectra with the NIST library revealed the
presence of twenty major compounds (Figure 1; Table 1). The dominant constituents included oleic acid (29.49%),
Erucic acid (25.12%), and various saturated and unsaturated fatty acids, along with sterols such as y-sitosterol.
These compounds are reported in literature to possess biological activities, including antimicrobial properties.
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GCMS analysis of Amaranthus viridis plants

The crude methanolic extract of Amaranthus viridis underwent phytochemical analysis using GCMS technique.
By comparing peak values from the plant extract with those in a database, twenty prominent peaks were identified.

This comparison facilitated the identification of twenty distinct compounds present in the extract (Fig. 1).
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Fig. 1. GC-MS chromatogram of crude methanolic extract of Amaranthus viridis.
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Table 1. Identified phytochemical compounds with retention time and relative peak area.

RT %Area Name of compound MF MW Peak Area Library

18.167 0.36 9,12-Octadecadecadienoic acid 7176308
(Z,2)-,methyl ester
18.291 0.41 9-Octadecenoic acid (Z)- C19H3602 296.5g/mol 8180707 NIST11.L
,methyl ester
19.005 29.49 Oleic acid Ci1gH3,0, 282.5g/mol 588139222 NIST11.L
19.221 6.83 Octadecanoic acid C1gH350, 284.5g/mol 136295275
19.646 1.94 9,12-octadecadienoic acid C1gH3,0, 280.4g/mol 38692883
(Z,Z)-
20.726 9.90 Cis-13-Eicosenoic acid CyoH350, 310.5g/mol 197478694
20.938 1.57 Eicosanoic acid CooHs005 312.5g/mol 31214862
21.696 0.74 13-octadecenal,(Z2)- C1gH3,0 266.5g/mol 14764304
21.914 0.42 Fumaric acid, 4-heptyl tridecyl Cy4H140,4 396.6g/mol 8438764
ester
22.237 4.17 Bis(2-ethylhexyl) phthalate CoyH350, 390.6g/mol 83172509
22.392 25.12 Erucic acid CyoH,00, 338.6g/mol 500929125
22.425 9.17 Erucic acid 182922244
22.549 1.85 Docosanoic acid Cx»H4.0, 340.6g/mol 36979919
23.297 1.89 2,3-Dihydroxypropyl elaidate Co1Hu0, 356.5g/mol 37748987
23.902 0.82 Erucic acid 16294792
24.140 0.28 Tetracosanoic acid CosH450, 368.6g/mol 5664015
25.218 0.74 Pyridine-3-carboxamide, Ci3HigFsN; | 281.23g/mol 14730753
oxime,N-(2- (@]
trifluoromethylphenyl)-
27.693 1.30 Erucic acid 25932003
28.031 1.21 9-Tricosene, (Z)- CasHye 322.6g/mol 24175080
28.158 1.03 Pyridine-3-carboxamide, Ci3HigFsN; | 281.23g/mol 20567154
oxime,N, N-(2- (@]
trifluoromethylphenyl)-

32.311 0.75 Gamma, -Sitosterol CyoH50,0 414.7g/mol 15043739
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FTIR analysis

The FTIR spectrum was used to identify the functional group of the active compounds based on the peak value
in the region of infrared radiation. The peaks within the range of 2847.68 cm? to 3503.69 cm?! were attributed to the
stretching of O-H in alcohol and phenol compounds, alongside aldehyde —C-H stretching in alkanes. The peaks in
the region 1617.66 cm! were assigned to C=C stretching vibration of arenes. The peaks in the region between
1021.29 cmt! to 1371.66 cmt correspond to N-H (bond) of primary and secondary amides and —C-O stretching of
alcohols, ethers, carboxylic acids and anhydrides and peaks between 514.37 cm? to 782.74 cm! were assigned to O-
H (H-bonded), usually broad C-O variable weak bending vibrations of alcohols and phenols (Fig. 2).
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Fig. 2. FTIR spectrum of Amaranthus viridis L., methanolic extract.

Antibacterial activity

The antibacterial activity of different solvent fractions (Ethanol, ethyl acetate, n-hexane, chloroform, and
aqueous) of A. viridis L., was evaluated against Axonopodis Xanthomonas, Ralstonia solanacearum, and
Clavibacter michiganensis using the agar wells diffusion method. All assays were conducted in triplicate, and results
are expressed as mean + SD. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post-
hoc test (p < 0.05). In the control group, where no ethanol fraction was applied, the bacterial strains displayed
varying degrees of growth inhibition, with zone sizes ranging from 32 mm to 42 mm. The observed variability in
susceptibility implies variations in the tested bacteria's sensitivity to the naturally occurring chemicals present in the
ethanol fraction. Upon treatment with the ethanol fraction at concentrations of 6ug/ml, 9ug/ml and 12ug/ml, distinct
developments in antibacterial activity emerged. At the lowest concentration of 6ug/ml, the ethanol fraction displayed
inhibitory effects, with zone sizes 11.3 mm, 12.6 mm and 12.3 mm. At the concentration of 9ug/ml the zone of
inhibition of A. Xanthomonas is 13.3, R. solanacearum is 14, and C. michiganensis is 13.6. At the highest
concentration of ethanol extract 12pug/ml the zone of inhibition of A. Xanthomonas is 14.3mm, R. solanacearum is
15mm and C. michiganensis is 15.6 mm. These findings collectively imply that the ethanol fraction isolated from
Amaranthus viridis has strong antibacterial qualities against a variety of bacterial strains, with the degree of
inhibition varied according on the strain under investigation and the dose used. These results underline the plant
Amaranthus viridis potential therapeutic utility as a source of naturally occurring antibacterial chemicals and call for
more research into the identification and isolation of the active ingredients causing the activity (Table 2; Fig. 3).
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Table 2. Antibacterial activity result of the ethanol fraction from Amaranthus viridis against various bacterial
strains.

Extract Concentrations Zone of inhibition(mm)
pg/mL Axonopodis Ralstonia CMM
Xanthomonas | solanacearum
Ethanol Control 32 40 42
6 11.3+0.94 12.6 £ 0.47 12.3+0.47
9 13.3+1.24 14 £0.81 13.6 £ 0.47
12 14.3 £ 0.47 15+ 0.47 15.6 + 0.47
Ethanol
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Fig. 3. Extract of ethanol and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.

Ethyl acetate fraction

The table shows the outcomes of the ethyl acetate fraction from Amaranthus viridis antibacterial activity against
different bacterial strains. The research examined the potential inhibitory effects of varying amounts of the ethyl
acetate fraction on three distinct bacterial strains: Clavibacter michiganensis, Ralstonia solanacearum, and
Axonopodis Xanthomonas. The zone diameters of the bacterial strains in the control group, which did not receive
any ethyl acetate fraction, ranged from 32 to 42 mm, indicating varied degrees of growth inhibition. This variation in
susceptibility points to variations in the tested bacteria's sensitivity to the natural substances present in the ethyl
acetate fraction. Upon treatment with the ethyl acetate fraction at concentrations of 6ug/ml, 9ug/ml and 12ug/ml,
distinct trends in antibacterial activity emerged. At the lowest concentration of 6ug/ml, the ethyl acetate fraction
displayed moderate inhibitory effects, with zone sizes ranging from 14.6 mm to 19.6 mm. Significantly, the ethyl
acetate fraction demonstrated the most pronounced inhibitory activity against C. michiganensis at this concentration,
resulting in a zone of inhibition measuring 19.6 mm. Furthermore, the antibacterial efficacy of the ethyl acetate
fraction notably increased against all tested bacterial strains as its concentration escalated to 9ug/ml and 12pg/ml.
For every strain, the zone of inhibition increased showing a dose-dependent response. When C. michiganensis was
exposed to the maximum dose of 12ug/ml, a significant growth inhibition zone of 32.6 mm was detected, indicating
the most significant increase in inhibition. These findings collectively imply that the ethyl acetate fraction isolated
from Amaranthus viridis has strong antibacterial qualities against a variety of bacterial strains, with the degree of
inhibition varied according on the strain under investigation and the concentration used. These results underline the
plant Amaranthus viridis potential therapeutic utility as a source of naturally occurring antibacterial chemicals and
call for more research into the identification and isolation of the active ingredients causing the activity (Table 3; Fig.
4).
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Table 3. The table shows the outcomes of the ethyl acetate fraction from Amaranthus viridis antibacterial Activity

against different bacterial strains.

Extract Concentrations Zone of inhibition (mm)
pg/mL Axonopodis Ralstonia CMM
Xanthomonas | solanacearum
Ethyl acetate Control 32 40 42
6 17.3+047 14.6 £ 0.47 19.6 £ 0.47
9 22.3+0.47 19 +0.47 24.6 £ 0.47
12 27.6 £ 0.47 26.3+0.81 32.6+0.81
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Fig. 4. Extract of ethyl acetate and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.

N-hexane fraction

The table shows the outcomes of the n-hexane fraction of Amaranthus viridis antibacterial effectiveness against
different bacterial strains. The research examined the n-hexane fraction's inhibitory effects on three bacterial strains:
Ralstonia solanacearum, Clavibacter michiganensis, and Axonopodis Xanthomonas. The zone diameters of the
bacterial strains in the control group, which did not receive any n-hexane fraction, ranged from 32 to 42 mm, and
they showed varied degrees of growth inhibition. Variations in the susceptibility of the studied bacteria to the natural
chemicals present in the n-hexane fraction are suggested by this variability. Different patterns in antibacterial
activity were seen after the n-hexane fraction was treated at doses of 6ug/ml, 9ug/ml, and 12ug/ml. At the lowest
concentration of 6ug/ml, the n-hexane fraction displayed moderate inhibitory effects, with zone sizes ranging from
14.3 mm to 24.6 mm. At this concentration, the n-hexane fraction showed the strongest inhibitory efficacy against
Axonopodis Xanthomonas, with a 24.6 mm zone of inhibition. A notable improvement in antibacterial activity was
noted against all of the tested bacterial strains when the concentration of the n-hexane fraction increased to 9ug/ml
and 12ug/ml. For every strain, the zone of inhibition widened, signifying a response that was dependent on dosage.
The greatest significant increase in inhibition was seen when C. michiganensis was used at the highest dose of
12ug/ml, exhibiting a significant growth inhibition zone of 31.3 mm. Overall, these findings indicate that the n.
hexane fraction isolated from Amaranthus viridis has strong antibacterial qualities against a variety of bacterial
strains, with the degree of inhibition varied based on the quantity used and the particular strain examined (Table 4;
Figure 5).

Table 4. The table shows the outcomes of the n-hexane fraction of Amaranthus viridis antibacterial effectiveness
against different bacterial strains.

Extract Concentrations Zone of inhibition (mm)
pg/mL Axonopodis Ralstonia CMM
Xanthomonas solanacearum
n-hexane Control 32 40 42
6 24.6 £0.47 21.3+0.47 14.3 £ 0.47
9 26.6 +1.24 23.6+1.24 243+1.24
12 28 +1.63 29.3+1.24 31.3+2.49
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Table 5. The table shows the outcomes of the chloroform fraction from Amaranthus viridis antibacterial activity
against different bacterial strains.
Extract Concentrations Zone of inhibition (mm)
pg/mL Axonopodis Ralstonia CMM
Xanthomonas solanacearum
Chloroform Control 32 40 42
6 12.6+0.47 11.3+0.47 12.3+0.47
9 14.3+0.47 14.6+0.47 14.6+£0.94
12 17.6+0.47 19.6+0.47 17.3+1.24
n- Hexane
50
= mEm A. xanthomonas
= 40 Em R. solanacearum
§ 304 mm C. michiganensis
j:% 20
N o
SN S e

Concentrations

Fig. 5. Extract of n-Hexane and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.

The table shows the outcomes of the chloroform fraction from Amaranthus viridis antibacterial activity against
different bacterial strains. The study looked at the inhibitory effects on three bacterial strains Axonopodis
Xanthomonas, Ralstonia solanacearum, and Clavibacter michiganensis with varying amounts of the chloroform
fraction. The zone diameters of the bacterial strains in the control group, which did not receive any chloroform
fraction, ranged from 32 to 42 mm, indicating varied degrees of growth inhibition. Variations in the susceptibility of
the studied bacteria to the natural chemicals present in the chloroform fraction are suggested by this variability.
Different trends in antibacterial activity appeared after the chloroform fraction was treated at doses of 6ug/ml,
9ug/ml, and 12ug/ml. At the lowest concentration of 6ug/ml, the zone size of Axonopodis Xanthomonas is 12.6 mm,
Ralstonia solanacearum is 11.3 mm, and Aspergillas niger is 12.3 mm. These findings suggest that the chloroform
fraction displayed inhibitory effects. There was a slight enhancement in antibacterial activity against all tested
bacterial strains when the concentration of the chloroform fraction increased to 9ug/ml and 12ug/ml. For every
strain, the zone of inhibition increased showing a dose-dependent response. When R. solanacearum was exposed to
the maximum dose of 12ug/ml, a growth inhibition zone of 19.6 mm was detected, indicating the most significant
increase in inhibition. Overall, our findings indicate that the Amaranthus viridis chloroform fraction has strong
antibacterial qualities against a variety of bacterial strains, with the degree of inhibition varied according to the
quantity used and the particular strain under investigation (Table 5; Fig. 6).

Chloroform
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Fig. 6. Extract of chloroform and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.
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Aqueous fraction

The table shows the outcomes of the aqueous fraction of Amaranthus viridis antibacterial efficacy against
different bacterial strains. The study looked at how three bacterial strains Axonopodis Xanthomonas, Ralstonia
solanacearum, and Clavibacter michiganensis were affected by varying quantities of the aqueous fraction. Zone
diameters in the control group ranged from 32 to 42 mm, and the bacterial strains showed varied degrees of growth
inhibition in the absence of aqueous fraction. Variations in the susceptibility of the tested bacteria to the natural
chemicals present in the aqueous fraction are shown by this variability. There were different trends in the
antibacterial activity after the samples were treated with the aqueous fraction at doses of 6ug/ml, 9ug/ml, and
12pg/ml. For all three bacterial strains, the aqueous fraction showed the same inhibitory effect of 10.6 mm at the
lowest concentration of 6ug/ml. A range of inhibition slightly expanded in all examined bacterial strains when the
aqueous fraction concentration rose to 9ug/ml and 12ug/ml (Table 6; Figure 7).

Table 6. The table shows the outcomes of the aqueous fraction of Amaranthus viridis antibacterial efficacy against
different bacterial strains.

Extract Concentrations Zone of inhibition (mm)
pg/mL Axonopodis Ralstonia CMM
Xanthomonas solanacearum
Aqueous Control 32 40 42
6 10.6 £ 0.94 10.3 £ 0.47 10.6 £ 0.94
9 12.6 £0.94 11.3 +0.47 11.6 £ 0.47
12 14.6 £0.47 12.3 +0.47 12.6 £ 0.47

Antifungal Activity (Ethanol fraction)

The table shows the outcomes of the ethanol fraction from Amaranthus viridis antifungal activity against
different fungus strains. The study looked at how three fungal strains Aspergillas niger, Fusarium oxysporium, and
Alternaria alternata were affected by varying quantities of the ethanol fraction. The fungal strains shown variable
degrees of growth inhibition in the control group, where no ethanol fraction was administered, with zone diameters
ranging from 38 mm to 40 mm. This variation in susceptibility points to variations in the studied bacteria's
sensitivity to the ethanol fraction's natural chemicals. Different trends in antifungal activity were seen upon
treatment with the ethanol fraction at doses of 6ug/ml, 9ug/ml, and 12ug/ml. At the lowest concentration of 6pg/mi,
the ethanol fraction exhibits a little inhibitory effect of 11.3 mm against all the fungal strains. With the elevation of
the ethanol fraction concentration to 9ug/ml and 12ug/ml, a minor improvement in antifungal activity was noted
across all examined fungal strains. The zone of inhibition expanded for each strain, indicating a dose dependent
response. The most notable increase in inhibition was observed against Aspergillas niger, which showed a growth
inhibition zone of 16.6 mm at the highest concentration of 12ug/ml. Comparing the ethanol fraction from
Amaranthus viridis to the ethyl acetate and n-hexane fractions, these results collectively imply that the ethanol
fraction has some antifungal activity against fungal strains (Table 7; Fig. 8).
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Fig. 7. Extract of Aqueous and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.
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Table 7. Extract of chloroform and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.

Extract Concentrations Zone of inhibition (mm)
pg/mL Alternaria alternata | Fusarium Aspergillas niger
oxysporium
Ethanol Control 38 40 39
6 11.3+£0.94 11.3+0.47 11.3+0.47
9 12+0.0 13.3+0.47 13.6 £0.94
12 14.6 £ 0.47 15.3+0.47 16.6 + 0.47

Ethyl acetate fraction

The table shows the outcomes of the ethyl acetate fraction from Amaranthus viridis antifungal activity against
different fungus strains. The study examined the inhibitory effects of three fungal strains Aspergillas niger,
Fusarium oxysporium, and Alternaria alternata on varying amounts of the ethyl acetate fraction. With zone
diameters ranging from 38 to 40 mm, the fungal strains in the control group, which did not receive any ethyl acetate
fraction, showed differing degrees of growth inhibition. Variations in the susceptibility of the tested fungal strains to
the natural chemicals present in the ethyl acetate fraction are shown by this variable in sensitivity. There were
noticeable changes in the antifungal activity after the ethyl acetate fraction was added at doses of 6ug/ml, 9ug/ml,
and 12ug/mL. At the lowest concentration of 6ug/ml, the ethyl acetate fraction displayed inhibitory effects of 12.6
mm in A. alternata, 11.3 mm in F. oxysporium and 12.3 mm in A. niger. When the concentration of the ethyl acetate
fraction increased to 9ug/ml and 12pg/ml, a significant enhancement in antifungal activity was noted against all the
tested fungal strains. For every strain, the zone of inhibition increased showing a dose-dependent response. The
greatest significant increase in inhibition was seen when A. niger was used at the highest dose of 12ug/mL,
exhibiting a significant growth inhibition zone of 29.3 mm. These findings collectively imply that the ethyl acetate
fraction isolated from Amaranthus viridis has strong antifungal qualities against a variety of fungal strains, with the
degree of inhibition varied based on the dose used and the particular strain under investigation. These results
underline the plant Amaranthus viridis potential therapeutic utility as a source of naturally occurring antifungal
chemicals and call for more research into the identification and isolation of the active ingredients causing the
activity (Table 8; Fig. 9).
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Fig. 8. Extract of Ethanol and inhibition zone of A. alternaria, F. oxysporium and A. niger.
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Table 8. Extract of chloroform and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.

Extract Concentrations Zone of inhibition (mm)
pg/mL Alternaria alternata | Fusarium Aspergillas niger
oxysporium
Ethyl acetate Control 38 40 39
6 12.6 £0.47 11.3+0.47 12.3+0.47
9 25.6 £ 0.47 19.3+0.47 21.3+0.47
12 27.6 £0.47 23.3+0.47 29.3+0.94
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Fig. 9. Extract of Ethyl acetate and inhibition zone of A. alternaria, F. oxysporium and A. niger.

The table shows the outcomes of the n-hexane fraction from Amaranthus viridis antifungal activity against
different fungus strains. The study looked at how three fungus strains Aspergillas niger, Fusarium oxysporium, and
Alternaria alternata were affected by varying quantities of the n-hexane component. In the control group, where no
n-hexane fraction was applied, the fungal strains exhibited varying degrees of growth inhibition, with zone sizes
ranging from 38 mm to 40 mm. This variability in susceptibility suggests differences in the sensitivity of the tested
fungi to the natural compounds found in n-hexane fraction. Upon treatment with the n-hexane fraction at
concentrations of 6ug/ml, 9ug/ml and 12ug/ml, distinct trends in antifungal activity emerged. At the lowest
concentration of 6pug/ml, the n-hexane fraction displayed moderate inhibitory effects, with zone size of A. alternata
is 23.6 mm, F. oxysporium is 24.3 and A. niger is 24.6 mm. Notably the n-hexane fraction exhibited the highest
inhibitory activity against Aspergillas niger at this concentration, with a zone of inhibition measuring 24.6 mm. The
antifungal activity against all of the tested fungal strains significantly increased when the concentration of the n-
hexane fraction rose to 9ug/ml and 12pg/ml. For every strain, the zone of inhibition increased showing a dose-
dependent response. With Aspergillas niger, the greatest concentration of 12ug/ml demonstrated a significant
growth inhibition zone of 36.3 mm, indicating the greatest increase in inhibition. Overall, these findings indicate that
the Amaranthus viridis n. hexane fraction has strong antifungal effects against a variety of fungal strains, with the
degree of inhibition varied according to the quantity used and the particular strain under investigation (Table 9; Fig.
10).

Table 9. Extract of chloroform and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.
michiganensis.

Extract Concentrations Zone of inhibition (mm)
pag/mL Alternaria alternata | Fusarium Aspergillas niger
oxysporium
n-Hexane Control 38 40 39
6 23.6 +0.47 24.3+0.47 24.6 +0.47
9 27+0.81 25.6 +0.47 26 +0.81
12 34.3+0.94 32.6 +0.47 36.3+1.24

JBAB | January 2026 | Volume 01 | Issue 01 | Page 33



Journal of Basic and Applied Botany

n- Hexane

501
E Em A. alternata
E 404 Em F. oxysporium
5 Em A niger
= 30
)
=
£ 204
ks
@ 10+
o
N

O_

S I R N
STFRIR SRR S TR

Concentrations

Fig. 10. Extract of n-Hexane and inhibition zone of A. alternaria, F. oxysporium and A. niger.

Chloroform fraction

The table shows the outcomes of the chloroform fraction from Amaranthus viridis antifungal activity against
different fungus strains. The study examined the inhibitory effects of three fungal strains Aspergillas niger,
Fusarium oxysporium, and Alternaria alternata on varying amounts of the chloroform fraction. In the control group,
where no chloroform fraction was applied, the fungal strains exhibited varying degrees of growth inhibition, with
zone sizes ranging from 38 mm to 40 mm. This variation in susceptibility points to variations in the tested fungal
sensitivity to the natural substances present in the chloroform fraction. Different trends in antifungal activity were
observed after treatment with the chloroform fraction at concentrations of 6pg/ml, 9ug/ml, and 12pg/ml. At the
lowest concentration of 6ug/ml, the chloroform fraction displayed inhibitory effects, with zone size of A. alternata is
12.6 mm, F. oxysporium is 12.6 mm and the A. niger is 11.3 mm. When the concentration of the chloroform fraction
increased to 9ug/ml and 12pg/ml, a significant enhancement in antifungal activity was observed against all the
tested fungal strains. For every strain, the zone of inhibition increased showing a dose-dependent response. With a
significant growth inhibition zone of 21.3 mm at the maximum concentration of 12ug/ml, the most significant
increase in inhibition was seen against both A. alternata and F. oxysporium. Overall, these findings indicate that the
Amaranthus viridis chloroform fraction has strong antifungal activities against a variety of fungal strains, with the
degree of inhibition varied according on the dose used and the particular strains examined. These results underline
the plant Amaranthus viridis potential therapeutic utility as a source of naturally occurring antifungal chemicals and
call for more research into the identification and isolation of the active ingredients causing the activity (Table 10;
Fig. 11).

The result of the antifungal activity of the aqueous fraction from Amaranthus viridis against various fungal
strains are presented in the table. The study investigated the inhibitory effects of different concentration of the
aqueous fraction on three fungal strains, namely Alternaria alternata, Fusarium oxysporium and Aspergillas niger.
In the control group, where no aqueous fraction was applied, the fungal strains exhibited varying degrees of growth
inhibition, with the zone sizes ranging from 38 mm to 40 mm. This variability in susceptibility suggests differences
in the sensitivity of the tested fungal to the natural compounds found in aqueous fraction. Upon treatment with the
aqueous fraction at concentrations of 6pg/ml, 9ug/ml and 12pg/ml, distinct trends in antifungal activity emerged. At
the lowest concentration of 6ug/ml, the aqueous fraction displayed inhibitory effects, with the zone size in
Alternaria alternata is 10.6 mm, Fusarium oxysporium is 10.3 mm and Aspergillas niger is 12.3 mm. Antifungal
activity against all investigated fungal strains showed a slight boost as the aqueous fraction concentration increased
to 9ug/ml and 12ug/ml. For every strains, the zone of inhibition increased showing a dose dependent response. With
Aspergillas niger, the greatest concentration of 12ug/ml demonstrated a growth inhibition zone measuring 17.6 mm,
indicating the greatest increase in inhibition. Overall, our findings imply that Amaranthus viridis aqueous fraction
has some minor antifungal effects on a variety of fungal strains (Fig. 12).
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Table 10. Extract of chloroform and inhibition zone of Axonopodis Xanthomonas, Ralstonia solanacearum and C.

michiganensis.

Extract Concentrations Zone of inhibition (mm)
pg/mL Alternaria alternata | Fusarium Aspergillas niger
oxysporium
Chloroform Control 38 40 39
6 12.6 £ 047 12.6 £ 0.47 11.3+0.47
9 17.3+£047 16.6 +0.94 13.3+0.47
12 21.3+£047 21.3+£047 16.3+0.94
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Fig. 11. Extract of chloroform and inhibition zone of A. alternaria, F. oxysporium and A. niger.
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Fig. 12. Extract of Aqueous and inhibition zone of A. alternaria, F. oxysporium and A. niger.
DISCUSSION

The present study investigated the antimicrobial potential of Amaranthus viridis using different solvent extracts
and fractions, revealing clear variations in activity depending on solvent polarity and microbial strain. Overall, the
ethyl acetate and n-hexane fractions showed comparatively weak effects. These findings suggest that the
antimicrobial constituents of Amaranthus viridis L., are predominantly non-polar moderately polar in nature.

The antibacterial activity observed against both Gram-positive (Clavibacter michiganensis) and Gram-negative
(Xanthomonas axonopodis and Ralstonia solanacearum) may be attributed to differences in cell wall structure and
permeability. Gram-positive bacteria are generally more susceptible to plant derived compounds due to the absence
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of an outer membrane, which may explain the higher sensitivity of Clavibacter michiganensis, compared to Gram
negative strains. Similar solvent dependent antibacterial patterns have been reported for Amaranthus viridis L., and
other Amaranthus species (Malik et al., 2016; Akhter et al., 2026).

Among all fractions, the ethyl acetate extract demonstrated consistently strong antibacterial activity across all
tested bacterial strains. Previous studies have also reported notable antibacterial effects of ethyl acetate fractions of
Amaranthus viridis L., supporting the present findings (Akbar et al., 2020; Xia et al., 2016). The enhanced activity
of this fraction may result from its ability to solubilize phenolic compounds, fatty acids, and other secondary
metabolites known to interfere with microbial cell membrane and metabolic processes.

Similarly, the n-hexane fraction exhibited pronounced antibacterial efficacy, indicating the presence of
lipophilic bioactive compounds. Earlier investigations have reported inhibitory effects of non-polar extracts of
Amaranthus viridis L., against plant pathogenic bacteria, which aligns with the results of the current study (Mushtaq
et al., 2012). In comparison, the aqueous fraction showed minimal antibacterial activity, likely due to the limited
solubility of active antimicrobial constituents in water.

The antifungal assays further demonstrated the strong inhibitory potential of Amaranthus viridis, particularly
in the n-hexane, and ethyl acetate fractions. These fractions produced larger inhibition zones against Aspergillus
niger, Alternaria alternata, and Fusarium oxysporum compared to the ethanolic, chloroform, ad aqueous extracts.
The reduced antifungal activity of the aqueous fraction is consistent with previous studies, which reported lower
efficacy of polar extracts against filamentous fungi (Yusoff et al., 2017). The observed antifungal effects suggest that
Amaranthus viridis L., may interfere with fungal cell membrane integrity or spore germination, although further
mechanistic studies are required to confirm this.

GC-MS analysis of the crude ethanolic extract revealed the presence of various fatty acids, esters, sterols, and
aliphatic hydrocarbons, including oleic acid, hexadecanoic acid derivate eruic acid, and Y-sitosterol. Several of these
compounds have previously been reported to possesses antimicrobial properties, particularly through membrane
disruptive mechanisms. However, it is important to note that GC-MS analysis separately does not establish direct
causal relationship between individual compounds and antimicrobial activity. The observed bioactivity is more
likely the result of synergistic interactions among multiple phytochemicals present in the extract.

The FTIR analysis further supported the presence of functional groups such as hydroxyl, carbonyl, amide, ether,
and aromatic groups, which are commonly associated with antimicrobial activity. These functional groups are
known to enhance interactions with microbial membranes and intracellular targets. Nevertheless, the identification
of functional groups should be considered supportive rather than confirmatory evidence of antimicrobial activity.

Overall, the findings of the study corroborate previous reports on the antimicrobial potential of Amaranthus
viridis and highlight the importance of solvent selection in extracting bioactive compounds. Further studies
involving compound isolation, minimum inhibitory concentration (MIC), determination, and mode of action analysis
are necessary to validate the therapeutic potential of this plant.

Conclusion

This study demonstrates that Amaranthus viridis possesses noteworthy antimicrobial activity against selected
Gram-positive and Gram-negative bacteria, as well as certain fungal strains, indicating its potential as a source of
natural antimicrobial agents. The observed inhibitory effects support the traditional use of this plant and highlight its
relevance in the search for alternative therapeutics in response to increasing antimicrobial resistance. GC-MS
analysis revealed the presence of a diverse range of phytochemicals, including phenolic compounds, flavonoids,
terpenoids, alkaloids, and other secondary metabolites, many of which have been previously associated with
antimicrobial and antioxidant activities. FTIR analysis further confirmed the presence of key functional groups such
as hydroxyl, carbonyl, and aromatic, providing additional evidence of the chemical diversity and bioactive potential
of the plant extract. While these findings suggest a relationship between the phytochemical composition of
Amaranthus viridis L., and its antimicrobial activity, the exact mechanisms of action and the specific compounds
responsible remain to be elucidated. Therefore, further studies, focusing on compound isolation, structural
characterization, toxicity evaluation, and in vivo efficacy are necessary to validate its therapeutic applicability.
Overall, the results of this study contribute valuable scientific evidence supporting the antimicrobial potential of
Amaranthus viridis L. and provide a foundation for future research aimed at the development of plant based
antimicrobial agents or pharmaceutical products.

REFERENCES

Ahmed, S.A., Hanif, S. and Iftkhar, T. 2013. Phytochemical profiling with antioxidant and antimicrobial screening
of Amaranthus viridis L. Leaf and seed extracts. Open J. Med. Microbiol., 2013.

JBAB | January 2026 | Volume 01 | Issue 01 | Page 36



Journal of Basic and Applied Botany

Akbar, M., Sherazi, I. N. Khalil, T. Igbal, M. S. Akhtar, S. and Khan. S. N. 2020. Identification of antifungal
compounds from slender amaranth. Planta Daninha., 38: €020207096.

Akbar, M., Sherazi, 1., Igbal, M., Khalil, T. and Wagas, H. M. 2020. Antibacterial and antioxidant activities of
slender amaranth weed. Planta Daninha., 38 (1): €020192974.

Akhtar, N., Ali, A., Bashir, U. and Haider, M. S. 2016. Bactericidal action of crude leaf extracts of common weeds.
Pakistan Journal of Weed Science Research, 22 (1): 157-167.

Farhadi, F., Khameneh, B., Iranshahi, M. and Iranshahy, M. 2019. Antibacterial activity of flavonoids and their
structure activity relationship: An update review. Phytother Res., 13-40.

Fridayanti, A., D. A. Purwanto and E. Hendradi. (2022). Preliminary phytochemical screening and GCMS analysis
of ethanol extract of bulbs of Eleutherine sp. Tropical Journal of Natural Product Research., 6(3): 361-364.
Gérniak, 1., Bartoszewski, R. and Kroliczewski, J. 2019. Comprehensive review of antimicrobial activities of plant

flavonoids. 18: 241-272.

Joshi, R. K. 2017. A perspective on the phytopharmaceuticals responsible for the therapeutic applications. In Recent
Advances in Drug Delivery Technology (pp. 229-262): 1GI Global.

Khan, U. A., Rahman, H., Niaz, Z., Qasim, M., Khan, J., Tayyaba and Rehman, B.. (2013). Antibacterial activity of
some medicinal plants against selected human pathogenic bacteria. Eur. J. Microbiol. Immunol. (Bp), 3(4): 272-
274,

Kumar, B. S. A., Lakshman, K., Jayaveera, K. K. N., Shekar, D. S., Muragan, C. S. V. and Manoj, B. (2009).
Antinociceptive and antipyretic activities of Amaranthus viridis Linn in different experimental models.
Avicenna J. Med. Biotechnol., 1(3): 167.

Malik, K., Nawaz, F. and Nisar, N. 2016. Antibacterial activity of Amaranthus viridis. Environmental Science,
Biology, Medicine, Chemistry, 5, 76-80.

Manandhar, S., Luitel, S., and Dahal, R. K. 2019. In vitro antimicrobial activity of some medicinal plants against
human pathogenic bacteria. J. Trop. Med., 2019: 1895340

Mushatg, S., Haider, M. S., Ali, A., Javed, S., Khokhar, I. and Mukhtar, 1. (2012). In vitro comparative screening of
antibacterial and antifungal activities of some common weeds extracts. Pak. J. Weed Sci. Res., 18(1): 15-25.

Naeem, Z., Jabeen, K. and Igbal, S. 2022. Management of ochratoxigenic fungi by phytochemicals of Amaranthus
viridis L. J. Anim. Plant. Sci., 32(4): 1136-1142.

Oliveira, R. N., Mancini, M. C., Oliveira, F. C. S. d., Passos, T. M., Quilty, B., Thiré, R. M. d. S. M. and
McGuinness, G. B. 2016. FTIR analysis and quantification of phenols and flavonoids of five commercially
available plants extracts used in wound healing. Matéria (Rio de Janeiro), 21: 767-779.

Sarker, U. and Oba, S. 2019. Nutraceuticals, antioxidant pigments, and phytochemicals in the leaves of Amaranthus
spinosus and Amaranthus viridis weedy species. Scientific reports, 9(1): 20413.

Sen, A. and Batra, A. 2012. Evaluation of antimicrobial activity of different solvent extracts of medicinal plant:
Melia azedarach L. 4(2): 67-73.

Wagner, H. and Ulrich-Merzenich, G. J. P. (2009). Synergy research: approaching a new generation of
phytopharmaceuticals. Phytomedicine,16(2-3): 97-110.

Xia, R., Liu, S., Xie, Y., Zhang, Y., Wang, C., Yin, W. and Liao, X. L. 2016. Antibacterial activity of Amaranthus
tricolor extracts against five phytopathogenic bacteria. Egyptian Journal of Biological Pest Control 26(1): 157.

Yusoff, E., Ahmad, A., Mohamad, S. and Muhammada, N. F. 2017. GC-MS analysis of some volatile constituents
extracted from stem of Euphorbia tirucalli Linn. Archives of Orofacial Sciences, 12(1): 36-44.

JBAB | January 2026 | Volume 01 | Issue 01 | Page 37



