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INTRODUCTION 
 
Glyphosate is the world's most widely used herbicide because it 
is both affordable and effective across many weed types. It plays 
a key role in modern farming, especially with genetically 
engineered glyphosate-resistant crops. However, its widespread 
use has raised concerns about environmental persistence and 
potential risks to non-target organisms, ecosystems, and human 
health (Gandhi et al., 2021). Glyphosate degradation in soil 
proceeds at a slow pace, ranging from 7 to 60 days, depending on 
environmental conditions [1]. Toxic metabolites such as AMPA 
can persist in the environment for years, raising environmental 

concerns. As a result, there is growing interest in developing 
sustainable and eco-friendly methods to remediate glyphosate 
contamination. One of the promising strategies is microbial 
biodegradation because most soil bacteria have developed 
mechanisms for the metabolism of glyphosate as a source of 
phosphorus[2]. Soil microbial communities can vary 
significantly based on various environmental factors, which may 
result in the discovery of novel glyphosate-degrading isolates 
with unique metabolic capabilities [3]. Several glyphosate-
degrading bacteria, including species from the Bacillus, 
Pseudomonas, and Burkholderia genera, have been identified, 
suggesting bioremediation is a feasible approach to reducing 
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 Abstract 
Glyphosate remains one of the most extensively applied herbicides worldwide; however, its 
persistence in the environment raises concerns regarding ecological safety and human health, 
underscoring the need for sustainable remediation approaches. This study focused on isolating 
and characterising indigenous soil bacteria from Kota Marudu, Sabah, agricultural soil with the 
capacity to degrade glyphosate-based herbicides. Soil samples were enriched in minimal salt 
medium (MSM) supplemented with Roundup for seven days, after which bacterial isolates were 
screened for tolerance across different Roundup concentrations. Morphological and biochemical 
profiling was conducted, and partial Identification was achieved using the ABIS online platform. 
Biodegradation efficiency was evaluated through degradation assays. Three isolates, designated 
KM1, KM2, and KM4, exhibited tolerance to Roundup concentrations up to 6 mL/L (v/v). Gram 
staining confirmed all isolates as Gram-positive; KM1 displayed a rod-shaped morphology, 
whereas KM2 and KM4 were coccoid. Biochemically, KM1 tested positive for catalase activity, 
all sugar fermentations, the Voges–Proskauer test, and citrate utilisation. KM2 and KM4 were 
catalase-positive, Voges-Proskauer-positive, and citrate-positive but failed to ferment sucrose 
while fermenting other tested sugars. ABIS-based Identification suggested KM1 belonged to the 
genus Bacillus, while KM2 and KM4 were classified as Staphylococcus sp. After three days, 
glyphosate degradation efficiencies reached 82.8%, 83.1%, and 80.1% for KM1, KM2, and KM4, 
respectively. These findings highlight the potential of indigenous Gram-positive bacteria in 
glyphosate biodegradation. Further molecular Identification, optimisation of degradation 
parameters, and evaluation under field-relevant conditions are warranted to assess their 
applicability in agricultural bioremediation strategies. 
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glyphosate's environmental effects [4]. To address these concerns 
and consider Sabah as a hotspot for microbiota biodiversity, this 
work attempted to isolate and characterise glyphosate-degrading 
bacteria found in agricultural soils in Kota Marudu, Sabah. 
Identifying efficient bacterial strains in this study may help 
develop sustainable bioremediation methods to reduce the 
herbicide's environmental impact. 
 
MATERIALS AND METHODS 
 
Chemicals and stock solution 
The isopropylamine salt of glyphosate, marketed as Roundup® 
(containing 450 g/L active ingredient; Monsanto), was obtained 
from a local agricultural supply retailer in Kota Kinabalu. 
Technical-grade glyphosate (N-(phosphonomethyl)glycine, 95% 
purity) was sourced from Zhengzhou Delong Chemical Co., Ltd. 
All chemicals utilised in this study were of analytical grade. 
Glyphosate stock solutions were made by dissolving technical-
grade glyphosate in deionised water, with fresh solutions 
prepared for each test. Solution pH was adjusted using 0.1 M 
NaOH or HCl as required. 
 
Experimental soil 
Soil samples were collected at five agricultural areas in Kota 
Marudu. These areas had a wide variety of crops, including corn, 
oil palm, and paddy fields. The sampling sites were chosen based 
on a glyphosate treatment history of at least three years to enrich 
for microbes with potential degradation capabilities and ensure a 
broad representation of bacterial diversity [5]. Samples were 
taken from 5–10 cm of topsoil, a layer prone to glyphosate 
contamination and high microbial activity [6]. Samples were 
stored in sterile plastic bags and stored at 4°C until use. 
 
Enrichment and isolation of glyphosate-degrading strains 
Mineral salt medium 2 (MSM2) pH (7.0 to 7.2) containing 
glucose (10), NaCl (0.5), KCl (0.5), NH₄SO₄ (2), MgSO₄·7H₂O 
(0.2), CaCl₂ (0.01), and FeSO₄·7H₂O (0.001) in grams per litre of 
distilled water was used to enrich and isolate bacteria. 
Glyphosate was employed as the sole phosphorus source. 
Enrichment and isolation were performed using a method 
adapted from [7]. Around 5.0 g of each soil sample was added to 
95 mL of MSM2 medium in 250 mL flasks with the addition of 
filter-sterilised 1 mL/L Roundup (0.2 μm filter). The flasks were 
incubated in the dark at 28°C with agitation at 150 rpm for seven 
days. To isolate individual colonies, a 0.2 mL aliquot of enriched 
culture was transferred and streaked onto mineral salt medium 
agar plates containing 1 mL/L Roundup (pH 7.0). The agar plates 
were kept at 28°C for three days. Six distinct colonies (KM1-
KM6) were found to contain glyphosate-degrading bacteria. 
These colonies were subcultured on fresh agar media to produce 
pure cultures. A single colony was placed into 25 mL of MSM 
media in a 50 mL Erlenmeyer flask and cultured at room 
temperature for 3 days on an orbital shaker at 150 rpm before 
screening. 
 
Screening of bacterial isolates for glyphosate-tolerance 
The tolerance of bacterial isolates to a glyphosate-based 
herbicide (Roundup) was evaluated in a three-stage screening 
process: primary screening (1 mL/L Roundup), secondary 
screening (3 mL/L Roundup), and tertiary screening (6 mL/L 
Roundup). Minimal salt medium 2 (MSM2) was used for all 
experiments. Bacterial growth was measured by the spread plate 
method following a 10-fold serial dilution. Each dilution (100 
µL) was plated on MSM2 agar and incubated at 28°C for 24 
hours. Counts of colony-forming units per millilitre (CFU/mL) 
were performed every day for seven days. At each stage, isolates 

displaying low growth were eliminated, while high-tolerance 
strains proceeded to further screening and characterisation. 
 
Morphological characterisation 
Colony morphology was examined on MSM2 agar plates for 
size, shape, pigmentation, and margin characteristics. Cell 
morphology and Gram staining reaction were determined by light 
microscopy (100X magnification). Cell shapes were recorded, 
and Gram-positive or Gram-negative status was indicated. 
 
Biochemical characterisation  
Standard tests were used for biochemical profiles, such as 
catalase, oxidase, Voges-Proskauer (VP), citrate utilisation, and 
sugar fermentation assays (fructose, glucose, glycerol, and 
sucrose). Catalase activity was measured by the generation of 
oxygen bubbles when exposed to 3% hydrogen peroxide. 
Oxidase activity was determined using the oxidase reagent. 
Standard microbiological precautions were followed when 
performing VP and citrate utilisation tests. Sugar fermentation 
patterns were determined in the phenol red carbohydrate broth 
[7]. 
 
Preliminary Identification using ABIS Online 
The biochemical profiles of the isolates were analysed using the 
ABIS online identification platform (Advanced Bacterial 
Identification Software; 
https://www.tgw1916.net/ABIS/bacteria_abis.html). Results 
were expressed as similarity percentage, probability percentage, 
and matrix integrity. Species-level identifications were 
considered tentative and subject to further confirmation. 
 
Biodegradation Analysis 
Biodegradation assays in accordance with[8] were performed in 
flasks containing 50 mL of MSM2 (pH 7.0) supplemented with 
50 mg/L glyphosate and inoculated with a 2% (v/v) bacterial 
inoculum. Cultures were incubated at room temperature and 
agitated at 150 rpm for three days. Glyphosate was quantified by 
collecting 1.5 mL samples every 24 hours, which were 
subsequently centrifuged at 5000 rpm for 30 minutes to remove 
cells. The obtained cell-free supernatant was used for glyphosate 
determination. 
 
Glyphosate determination 
Residual glyphosate concentrations were determined using a 
colorimetric method as previously described by [9] with minor 
modifications. Absorbance was measured at 570 nm employing 
a microplate reader (Thermo Scientific, Multiskan Go, Finland). 
The percentage of glyphosate removal was calculated using the 
following equation: 
 

Glyphosate Removal (%) = [(CI – CF)/CF] × 100 

Where, 
CI is the initial concentration of glyphosate, which is the initial 
concentration of glyphosate. 
CF is the concentration of glyphosate at a later time point. 

 
RESULTS 
 
Isolation and Screening of Glyphosate Tolerance 
Six bacterial isolates (KM1–KM6) were successfully isolated 
from Kota Marudu agricultural soils. The growth performance of 
the bacterial isolates was evaluated under three concentrations of 
glyphosate-based herbicide (Roundup)—1 mL/L, 3 mL/L, and 6 
mL/L—over a seven-day incubation period (Figs. 1a–c). In 
primary screening (1 mL/L), KM1, KM2, and KM4 reached 1.2–
1.6 × 10⁸ CFU/mL by day 7, while KM3, KM5, and KM6 showed 

https://doi.org/10.54987/.1i2.851
https://doi.org/10.54987/.1i2.851


JEMAT, 2025, Vol 13, No 1, 33-38 
https://doi.org/10.54987/jemat.v13i1.1109 

 
 
 

- 35 - 
This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/). 

 

lower tolerance with growth under 0.5 × 10⁸ CFU/mL. A high 
CFU/mL result shows a large number of viable cells per millilitre 
that can reproduce in the agar medium  [11]. This suggests that 
the bacteria were able to use glyphosate excessively for their 
growth. During secondary screening (3 mL/L), KM1 maintained 
the greatest growth rate (~1.2 × 10⁸ CFU/mL), followed by KM2 
and KM4 (~1.0 × 10⁸ CFU/mL). KM5 grew slowly but steadily, 
while other isolates showed minimal growth. According to [12], 
bacteria can develop glyphosate resistance by modifying the 
EPSPS gene. This modification allowed the bacteria to grow 
better in the presence of a greater glyphosate concentration, in 
this case at 3 mL/L. 
 

At the tertiary screening (6 mL/L), KM1, KM2, KM4, and 
KM5 survived. Growth increased during the first two days and 
then reached a steady state. KM1 and KM2 maintained the 
highest cell densities (~3.0 × 10⁸ CFU/mL), while KM4 and KM5 
showed moderate levels (~2.0 × 10⁸ CFU/mL). Glyphosate has a 
bacteriostatic effect on microorganisms, inhibiting bacterial 
growth by depriving them of aromatic amino acids ([13] and 
[14]), This stops bacterial growth, which makes the bacteria enter 
a state of dormancy. In order to live at high levels of glyphosate, 
which may be harmful to the isolates, the bacterium defends itself 
while in dormancy. Glyphosate thus causes stress to bacteria, 
which makes them metabolically inactive and dormant. These 
findings suggest glyphosate tolerance in KM1, KM2, and KM4, 
which could be attributed to physiological adaptations for 
survival under high-oxidative-stress conditions. Therefore, the 
three isolates were chosen for further Identification and 
biodegradation tests. 
 
Morphological and Biochemical Characterisation of Isolates 
Based on morphological characteristics, KM1 was identified as a 
Gram-positive rod, whereas KM2 and KM4 were classified as 
Gram-positive cocci (Fig. 2). Biochemical tests showed that 
KM1, KM2, and KM4 shared positive catalase and Voges-
Proskauer reactions, along with glucose, fructose, and glycerol 
fermentation ability (Table 1). 
 
Table 1. Result for biochemical test of the isolates. 
 

Biochemical 
Test 

Isolates 
KM1 KM2 KM4 

Oxidase Test - - - 
Catalase Test + + + 
Citrate Test + + + 
Indole Test - - - 
Voges-
Proskauer Test 

+ + + 

Sugar Fermentation Test 
Glucose + + + 
Sucrose + - - 
Fructose + + + 
Glycerol + + + 
 + = Positive Test, - = Negative Test 

 
All three isolates (KM1, KM2, KM4) exhibited negative 

oxidase activity, consistent with previous reports of glyphosate-
degrading bacteria such as Enterobacter aerogenes, 
Stenotrophomonas acidaminiphila Y4B, Burkholderia sp., and 
Comamonas odontotermitis P2 [15–18]. All isolates were 
catalase-positive, indicating the presence of catalase enzymes 
capable of decomposing hydrogen peroxide into water and 
oxygen. This trait is often linked to oxidative stress tolerance and 
has been documented in other glyphosate-degrading bacteria, 
including Burkholderia sp., Salinicoccus spp., and Pseudomonas 
aeruginosa ([17], [19]). 
 
 

 

 

 
 
 
 
 
 
 
 
 
 

 
 
Fig. 1. Screening of bacterial tolerance to glyphosate-based herbicide, 
Roundup in MSM2 medium, pH 7, 150 RPM agitation (a) primary 
screening in 1 mL/L (b) secondary screening in 3 ml/L (c) tertiary 
screening in 6 ml/L. 
 
 

 
Fig. 2. Result of bacterial gram staining and morphological observation 
(100X magnification). (A) KM1-rod shaped (B) KM2, cocci-shaped (C) 
KM4 cocci-shaped. 
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Positive citrate utilisation in all isolates confirms their 
ability to use citrate and inorganic ammonium salts as sole carbon 
and nitrogen sources, resulting in an alkaline shift in the medium, 
as also observed in Burkholderia vietnamiensis, Azotobacter sp., 
and Pseudomonas aeruginosa [20,21]. All isolates were indole-
negative, indicating the absence of tryptophanase and thus an 
inability to degrade tryptophan into indole. Similar results have 
been reported for Stenotrophomonas acidaminiphila Y4B, 
Bacillus aryabhattai, and Burkholderia cepacia PSBB1 
[16,22,23]. 
 

The Voges–Proskauer test yielded weak but positive 
reactions in all isolates, suggesting limited production of acetoin 
from glucose fermentation, consistent with observations in 
Enterobacter sp. Bisph2 and Klebsiella oxytoca SAW-5 ([24,25]. 
Sugar fermentation patterns revealed that all isolates fermented 
glucose, fructose, and glycerol. Only KM1 fermented sucrose, 
while KM2 and KM4 did not. These patterns align with known 
variations in carbohydrate utilisation among glyphosate 
degraders, with positive fermentation of these sugars previously 
reported in Burkholderia vietnamiensis, Bacillus aryabhattai, 
Klebsiella oxytoca, and Azotobacter sp. [20–22]. Such distinct 
fermentation profiles are useful for strain differentiation and may 
reflect metabolic versatility relevant to glyphosate degradation. 
 
Preliminary Identification using ABIS online  
Biochemical Identification of the bacterial isolates using ABIS 
online software confirmed their classification into two genera: 
Staphylococcus (isolates KM2 and KM4) and Bacillus (isolate 
KM1). The complete identification data, including similarity, 
probability, and matrix integrity, are summarised in Table 2. 
 
Table 2. Biochemical Identification of bacterial isolates using ABIS 
online software. 
 
Isolate 
Code Genus & Probable Species Similarity 

(%) 
Probability 
(%) 

Matrix 
Integrity (%) 

KM1 Bacillus subtilis (possibility of B. 
atrophaeus / B. vallismortis) 94.5 17.3 100 

KM1 Bacillus licheniformis 94.5 17.3 100 
KM1 Bacillus cereus 94.5 17.3 100 
KM2 / 
KM4 

Staphylococcus schleiferi subsp. 
schleiferi 99.0 39.9 100 

KM2 / 
KM4 Staphylococcus cohnii subsp. cohnii 88.1 40.7 100 

 
The KM1 isolate was assigned to the Bacillus subtilis group, 

which included three species with identical similarity (94.5%) 
and probability (17.3%) values: B. subtilis (with the possibility 
of B. atrophaeus or B. vallismortis), B. licheniformis, and B. 
cereus. The KM2 and KM4 isolates exhibited the greatest 
resemblance to Staphylococcus schleiferi subsp. schleiferi 
(99.0%, probability: 39.9%, matrix integrity: 100%). Other 
closely related matches included S. cohnii subsp. cohnii (88.1%, 
probability: 40.7%). ABIS online software identifies bacteria by 
comparing their biochemical and morphological data to a 
standard taxonomy database. The matrix integrity that is near 
100% indicates the high accuracy of the bacterial Identification. 
It has been used in several research projects, including the 
Identification of dye-degrading bacteria [26] and an acrylamide-
degrading bacterium from volcanic soil [27]. The reliability of 
ABIS identifications has been supported by cross-verification 
with Apiweb™, which reports a high rate of concordance [28]. 
These findings suggest that the ABIS algorithm is effective for 
preliminary taxonomic classification, offering a rapid and 
accessible approach for bacterial Identification in environmental 
microbiology studies. The biochemical profiles of both isolates 
are consistent with their respective genera, but phenotypic 

methods alone cannot conclusively determine their taxonomic 
classification. The Bacillus isolate's overlapping features within 
the B. subtilis complex demand molecular methods such as 16S 
rRNA gene sequencing, multilocus sequence typing (MLST), 
and whole-genome analysis. Similarly, the Staphylococcus 
isolates' high similarity score to S. schleiferi subsp. schleiferi 
supports tentative Identification, but the moderate probability 
values emphasise the significance of molecular confirmation. 
Applying the molecular identification approach will improve 
classification accuracy and confidence, thereby facilitating more 
reliable downstream interpretation of biodegradation potential. 

 
While members of the B. subtilis complex are well-regarded 

for their metabolic versatility and environmental resilience 
[29,22,30], the role of Staphylococcus spp. in glyphosate 
degradation remains largely underexplored. Together, these 
findings not only broaden the spectrum of bacterial taxa known 
to participate in herbicide biodegradation but also provide a 
valuable foundation for developing microbial strategies aimed at 
mitigating glyphosate pollution in agricultural environments. 
Their tolerance to glyphosate strengthens the case for further 
investigation into their enzymatic degradation pathways, which 
could lead to the development of microbial consortia for field-
scale bioremediation in herbicide-impacted agricultural soils. 
 
Glyphosate Biodegradation Efficiency 
The glyphosate degradation potential of Bacillus sp. KM1, 
Staphylococcus sp. KM2, and Staphylococcus sp. KM4 was 
tested throughout a 72-hour incubation period (Fig. 3). All three 
isolates demonstrated increasing herbicide degradation, reaching 
peak efficiencies between 48 and 72 h. At 24 hours, degradation 
rates ranged from 38.5% (Bacillus sp. KM1) to 46.2% 
(Staphylococcus sp. KM2), indicating rapid initial adaptation to 
glyphosate as a substrate. By 48 hours, all isolates had degraded 
more than 80%, with KM1 and KM2 reaching 83.1% and KM4 
reaching 82.8%. Slight decreases were observed at 72 hours, 
most likely due to nutrient depletion or accumulation of 
intermediate metabolites that can inhibit further degradation. The 
high degradation efficiencies observed here, particularly within 
the first 48 h, highlight the potential of these indigenous isolates 
for application in glyphosate bioremediation strategies in 
agricultural soils. The findings are consistent with previous 
reports indicating that native bacteria adapted to herbicide-
contaminated environments often display accelerated 
degradation kinetics due to prior exposure and selective 
enrichment [31,32]. 
 

Manogaran et al. [17] reported that Burkholderia 
vietnamiensis could degrade at least 80% of 50 ppm glyphosate 
under optimised conditions. In comparison, isolates KM1, KM2, 
and KM4 achieved an average degradation efficiency of 82% 
under non-optimised conditions, suggesting strong intrinsic 
glyphosate-degrading capabilities. Previous studies have 
identified other highly efficient glyphosate degraders, including 
Bacillus cereus CB4, which degraded 94.47% of glyphosate [30], 
and Comamonas odontotermitis P2, which achieved 90% 
degradation [18]. Reported degradation efficiencies among 
glyphosate-degrading bacteria vary widely, ranging from 54% to 
100% [33], [34], reflecting the influence of factors such as 
glyphosate concentration, temperature, and bacterial strain-
specific traits [35]. The comparable degradation pattern among 
the isolates suggests that both species may have enzyme systems 
capable of efficiently cleaving the C-P bond in glyphosate, either 
via the C-P lyase pathway or the glyphosate oxidoreductase route 
[36]. Bacillus species, notably B. subtilis, are well known for 
their high efficiency in glyphosate degradation, with some strains 
capable of tolerating and thriving at concentrations of up to 
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40,000 mg/L [5]. The ability of Staphylococcus spp. to degrade 
glyphosate is significant, as this genus is less frequently reported 
in glyphosate bioremediation studies compared to Bacillus spp. 
Their ability to adapt to high herbicide stress, combined with 
rapid resistance evolution [37] and multifunctional roles in 
bioremediation and plant growth promotion [38,39], highlights 
their importance as promising candidates for sustainable 
glyphosate remediation strategies.  
 

 
Fig. 3. Biodegradation efficiency of the three strains in MSM media 
supplemented with 50 mg/l glyphosate within 72 hours of incubation. 
 
CONCLUSION 
 
The present study identified three indigenous bacterial isolates, 
KM1 (Bacillus sp) and KM2/KM4 (Staphylococcus sp.), that 
demonstrated significant tolerance to glyphosate and substantial 
degradation efficiencies under non-optimised conditions. 
Morphological, biochemical, and ABIS-based profiling provided 
preliminary taxonomic placement and revealed oxidative stress 
adaptation traits that likely contribute to their persistence in 
glyphosate-rich environments. Comparative analysis with 
previously reported degraders shows that these isolates possess 
competitive biodegradation capacities, which have the potential 
to be improved further under optimal environmental conditions. 
However, definitive species-level classification requires 
advanced molecular identification methods such as 16S rRNA 
sequencing, multilocus sequence typing, or whole-genome 
analysis to ensure accurate taxonomy and a deeper understanding 
of their metabolic pathways. This confirmation will be critical for 
verifying their function in glyphosate biodegradation and 
realising their full potential in the development of tailored, 
sustainable bioremediation solutions for glyphosate-
contaminated agricultural soils.  
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