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INTRODUCTION 
 
Carcinogenic and neurotoxic acrylamide can be formed when 
high-carbohydrate meals are cooked at a high temperature, a 
process known as the Maillard reaction. Foods’s high in 
carbohydrate may include acrylamide as a result of the Maillard 
process. When sugars and amino acids are combined, the 
Maillard reaction takes place. This is the major process by which 
acrylamide is formed [1]. On the other hand, acrylamide may be 
made from other carbonyl compounds [2]. In Sweden and 
Norway, cows and fish died as a result of acrylamide pollution in 
neighbouring streams. In the adhesive, plastic, and printing 
industries, as well as for drinking water treatment (JCPS, 2003), 
acrylamide is principally used in the production of 
polyacrylamide (PAM) (JCPS, 2003). In the year 2005, 
Commercial polyacrylamides are often contaminated by 
acrylamide's toxic monomer, which has had a significant 
influence on our food supply chain as a result of their extensive 
use. Roundup herbicide contains 30 percent polyacrylamide, 
which pollutes agricultural land with acrylamides. In order to 
deal with this issue, remediation of acylamide through a 
biological process is required [3]. 
 

Even though acrylamide has been found to cause cancer in 
experimental animals [4], it is not known if this is the case in 
humans who are exposed to the chemical. Acrylamide has been 
shown to bind to DNA and mouse protamine throughout the 
spermiogenic stages of the mouse, and it is believed to cause 
genetic damage [5] throughout this time. It has been shown that 
the use of acrylamide in rats is associated with increased prenatal 
mortality, mutagenicity, clastogenicity, endocrine-related 
malignancies, and male reproductive toxicity [6]. According to 
Yang et al. [7], acrylamide may be mutagenic to the Salmonella 
strains TA100 and TA98 when exposed to it. Mice given an 
intraperitoneal injection of acrylamide at a dose of 50 mg/kg 
exhibited an increase in the frequency of chromosomal 
abnormalities in their bone marrow after receiving the drug. The 
incidence of chromosomal abnormalities in lymphocytes from 
mice given intraperitoneal doses of acrylamide up to 125 mg/kg 
did not increase significantly when the acrylamide was delivered 
in this manner [8]. 
 

Male rats' reproductive systems are also harmed as a 
consequence of histological abnormalities in the seminiferous 
tubules that are produced by acrylamide. If acrylamide is 
breathed or absorbed via the skin, it may cause a burning 
sensation or a rash to appear. Symptoms of nervous system 
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 ABSTRACT 
In soil, polyacrylamide is a key source of acrylamide because it slowly decomposes into 
acrylamide. There has been a modest but steady rise in worldwide interest in microbe-mediated 
acrylamide decomposition as a bioremediation method. A bacterial consortium isolated from the 
volcanic soil of Mount Marapi, West Sumatra, Indonesia, was able to thrive on acrylamide in this 
study. Acrylamide-degrading bacteria grew best in the presence of 1 %(w/v) glucose with 
acrylamide as the sole nitrogen source. Optimum growth occurs in between 300 and 500 mg/L 
of acrylamide, pH between 6.5 and 8.0, and temperatures between 30 and 35 °C. The consortium 
can also grow on acetamide as the sole nitrogen source. Toxic heavy metals, such as mercury, 
silver and copper slowed down the growth of this consortium on acrylamide. This is the first 
report of an acrylamide-degrading consortium isolated from volcanic soils.  
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malfunction include excessive sweating, a sluggish body, and a 
shaky tongue [4]. Because of its high water solubility, acrylamide 
has the potential to be absorbed via the lungs, the digestive 
system, the placental barrier, and the skin. When acrylamide 
adducts in haemoglobin are measured, it may be determined how 
much acrylamide the general population is exposed to as a result 
of their occupation. A total of 41 workers at an acrylamide 
manufacturing plant exhibited neurotoxicity scores that were 
connected to the biomarker haemoglobin adducts, according to 
the findings. Haemoglobin adduct levels increased in a Chinese 
acrylamide manufacturing factory, indicating that the workers 
had received very high acrylamide exposure [9]. Multiple cases 
of acute acrylamide poisoning have been reported in Japan as a 
consequence of acrylamide contamination in the country's water 
supply. It was discovered by Igisu et al. [10] that an acrylamide 
concentration as high as 400 mg acrylamide/L was detected in a 
well that had been contaminated by a grouting operation that was 
2.5 metres deep. According to the findings, five individuals who 
had drunk poisoned drinking water had suffered symptoms such 
as truncal ataxia and disorientation, which were thought to be 
caused by acrylamide poisoning. 
 

To obtain acrylamide into your system, you must either 
inhale polluted air or consume or drink anything that has been 
contaminated. Skin contact, mucous membranes in the lungs, and 
the digestive system are all possible routes of absorption for this 
substance. It will, however, be drained out of the body via the 
urine [11–13]. The availability of acrylamide in biological fluids 
and the dispersion of acrylamide throughout the body contribute 
to the facilitation of the acrylamide effect. A danger to workers 
and people exists due to the high degree of reactivity of 
acrylamide to proteins, despite the fact that it is rapidly 
metabolised and removed after exposure. 
 

Volcanic soils are known to harbor several xenobiotics-
degrading and biotransforming microorganisms [14–17], mostly 
hydrocarbon-degrading microorganisms. Microorganisms that 
have been reported as capable of utilizing acrylamide include the 
yeast Rhodotorula sp.[18], Pseudomonas sp.[19], the fungi 
Aspergillus oryzae [20], the bacterium Enterobacter aerogenes 
[21], Burkholderia sp. [22], Bacillus cereus [19](Shukor et al., 
2009b, an Antarctic bacterium [19], Pseudomonas stutzeri [23] 
and Pseudomonas chlororaphis [24]. Here we describe the 
isolation and characterization of a novel acrylamide-degrading 
bacterial consortium strain from volcanic soil. 

 
MATERIALS AND METHODS 
 
All chemical reagents were generated in large quantities and 
utilised in the analysis in their unpurified forms, and all of the 
materials used in this study were of analytical grade. In all cases, 
unless otherwise noted, experiments were carried out in 
triplicate. 
 
Growth and maintenance of the acrylamide-degrading 
consortium 
Soil (10 g) was taken from 5 cm depth from the topsoil near 
Mount Marapi in West Sumatera, Indonesia in 2007. Soil (1 g) 
was mixed with sterile tap water (10 mL). Then 0.1 mL was 
added into 45 ml of acrylamide enrichment medium in a 100 ml 
volumetric flask and the culture was incubated at 25 ℃ on an 
incubator shaker (Certomat R, USA) at 150 rpm for 48 h. 
Minimal salt medium (MSM) was used to isolate the strains with 
constituents including 0.5 g acrylamide g/L, glucose 10 g/L, 
MgSO4·7H2O 0.5 g/L, KH2PO4 6.8 g/L, FeSO4·H2O 0.005 g/L 
and 10 mL of H3BO3 0.05 g/mL, ZnCl2 0.03 g/L, CoCl2·6H2O 
0.003 g/mL, Cu(CH3COO)2·H2O 0.01g 0.002 g of FeCl2·6H2O 

[3]. The pH of the media was adjusted to 7.5. For the sterilisation, 
PTFE syringe filters (0.45 micron) were used and acrylamide was 
used as the sole supply of nitrogen.  
 

MSM acrylamide medium was used for serial transfer of 
acrylamide-degrading bacteria. Samples of one mL each were 
serially diluted in order to count microorganisms. It was cultured 
for three days at room temperature to generate pure 
cultures/consortiums from each of the 50 mL portions of each of 
the acceptable dilutions. 
 
Bacterial identification using Gram staining 
 
On a clean glass microscope slide, 2 loopful of sterilised distilled 
water were combined with 24 h incubated of individual pure 
culture of consortium A purified using single colony picked from 
agar plates and grown on nutrient broth. The culture was 
dispersed over a small area. The slide was then heated for a few 
s. In order to allow the dye to adhere to the bacteria's cell wall, it 
was then saturated with a few drops of crystal violet (the principal 
stain) and left for two min. A gentle stream of tap water was then 
used to rinse the slide thoroughly.  
 

The slide was saturated with Gram's Iodine solution for one 
min, then washed with tap water. A few drops of 95 per cent ethyl 
alcohol (a decolorizing agent) were gently added to the smear and 
allowed to sit for 10 s. Gram Safranin (final reagent) was 
counterstained for 1 min and washed with tap water to remove 
any remaining dye from the slide. It was then air-dried with 
bibulous paper before being seen using a light microscope 
(Olympus BX40.F4, Japan) at 1000X magnification with an oil 
immersion lens at 1000X (Cappuccino and Sherman, 2005). 
 
 

 
 
 
Fig. 1. Location of soil sampling near Mount Marapi, West Sumatra, 
Indonesia (pic courtesy of the Late Dr Neni Gusmanizar). 
 
Statistical Analysis 
All the information were evaluated utilizing Graphpad Prism (v 
5.1). Values are means ± SD. One-way analysis of variance (with 
post hoc analysis by Tukey’s test) or Student’s t-test was used to 
equate among groups. P-value of < 0.05 was considered as 
significant. 
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RESULTS 
 
Toxic xenobiotic Acrylamide (Fig. 2) is shown. Polyacrylamide 
is made from this component. Stabilizing tunnels and dams, as 
well as sewage-flocculating agents, and industrial adhesive 
applications are just some of the ways this polymer may be put 
to use (Rahim et al. 2012). Cows and fish have died in Sweden 
owing to acute acrylamide poisoning caused by environmental 
pollution [25]. The herbicide glyphosate has a dispersion agent 
of 20% to 30% polyacrylamide, and this might be a significant 
source of acrylamide pollution in soils and runoffs [26]. There 
have been reports of contamination from the acrylonitrile-
acrylamide industry with acrylamide levels of up to 1 g/L [27].  
 

 

 
Fig 2. The structure of acrylamide. 

 
Acrylamide-degrading bacterial consortium 
Serial enrichment experiment yields a bacterial consortium 
consisting of two Gram-negative bacteria and 1 Gram-positive 
bacterium. 
 

 
(a) 

 
(b) 

 
(c) 
Fig. 3. Acrylamide-degrading bacterial consortium consisting of Gram 
negative bacteria (a and b) and a Gram positive bacterium (c) under oil 
emulsion 100x magnification.   
 
 
 

Effects of Initial pH and Temperature on Growth 
The consortium development was examined at room temperature 
in a 0.05 M phosphate buffer to determine the impact of the initial 
pH (pH 5.7 to 8.5). After 48 hours of incubation, the growth rate 
was assessed. pH 6.5 to 8.0 was found to be optimal (Fig. 4). 
Outside of this range, growth slowed significantly. There was no 
significant difference in the development of acrylamide 
degrading bacteria between the two temperatures studied (Fig. 
5). Temperatures lower than 30°C and greater than 35°C range 
saw a significant decline in growth. 
 

  
Fig. 3. Effect of pH on acrylamide degradation and growth of acrylamide-
degrading consortium. The error bars represent the mean ± standard 
deviation and n=3. 
 

 
 
Fig. 4. Effect of temperature on acrylamide degradation and growth of 
acrylamide-degrading consortium. The error bars represent the mean ± 
standard deviation and n=3. 
 
Effects of Carbon Sources on Growth 
 
The effects of a 1.0 percent (w/v) starting concentration of 
several organic carbon sources such as fructose, glucose, lactose, 
maltose, mannitol, citric acid, and diesel on acrylamide 
breakdown were thoroughly investigated. The results showed 
that all carbon sources increased cellular development when 
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compared to the control (p0.05), with glucose providing the most 
cellular growth after 72 hours of incubation (Fig. 5).  
 

 
 
Fig. 5. The effect of carbon sources on degradation of 0.5 g/L acrylamide 
and bacterial growth of acrylamide-degrading consortium. The error bars 
represent the mean ± standard deviation and n=3. 
 
 
Effect of Acrylamide Concentration on Growth 
Acrylamide concentrations ranging from 200 to 1000 mg/L were 
employed in this study to determine the best acrylamide 
concentration for consortium growth. The maximum growth was 
achieved at the concentrations of between 300 and 500 mg/L of 
acrylamide, while growth was completely inhibited at 900 mg/L 
and above (Fig. 6). 
 

 
Fig. 6. Effect of different acrylamide concentrations on the growth of 
acrylamide-degrading consortium. The error bars represent the mean ± 
standard deviation and n=3. 
 
Effect of Different Amides on Growth 
Fig. 7 depicts the effect of several amides on the growth of this 
consortium. However, this consortium developed on acrylamide 
and acetamide but not on 2-chloroacetamide, methacrylamide, 

propionamide, or nicotinamide, which indicates that it is 
impervious to these compounds. 
 

 
 
Fig. 7. Effect of different types of amides on acrylamide degradation by 
acrylamide-degrading consortium. The error bars represent the mean ± 
standard deviation and n=3. 
 
Effect of Heavy Metals on the Growth and Degradation of 
Acrylamide 
The presence of heavy metals at the pollution site is a major 
limiting factor for bioremediation. This is owing to the fact that 
many bacteria cannot withstand high heavy metal concentrations 
and hence lose their ability to break down target molecules. A 
concentration of 2 ppm of heavy metals (nickel (Ni), copper (Cu), 
lead (Pb), cadmium (Cd), chromium (Cr), silver (Ag), zinc (Zn), 
and mercury (Hg)) was evaluated. The most severe inhibition 
was mercury followed by silver and copper causing 87, 77 and 
70% inhibition, respectively (Fig. 8). 
 

 
Fig. 8. The effect of heavy metals on acrylamide degradation by 
acrylamide-degrading consortium. The error bars represent the mean ± 
standard deviation and n=3. 
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DISCUSSION 
 
The finding achieved in this investigation is consistent with 
various other publications about the influence of starting pH. 
Several bacteria have reported an optimal pH of around 7.0 such 
as Pseudomonas sp. MCI3434 [28], for Rhodococcus sp.  [29] 
and the yeast Rhodotorula sp. Rahim et al. [18] and 
Pseudonocardia thermophilic [30]. Tropical soils often have 
lower pH levels due to vigorous metabolic activity, such as the 
generation of organic acid and the production of carbon dioxide. 
As a result, in order to maximise cleanup, pH-controlling 
chemicals must be provided to reach near to neutrality [31]. 
 

Temperature is a major component influencing 
biodegradation. The isolated bacteria grow optimally, as do other 
acrylamide-degrading microorganisms such as Pseudomonas 
chlororaphis, Pseudomonas aeruginosa and Pseudomonas 
stutzeri at 26, 28 and 30°C, respectively. A temperature of  30°C 
was reported as the best temperature for the growth of 
Rhodococcus rodochrous and Rhodococcus sp. [23,24,32] [33] 
and [29] whereas for Helicobacter pylori, found in the human 
gut, the optimum temperature is at 37°C [34]. Meanwhile, 
thermoactive bacteria require a greater temperature to develop 
well. Pseudonocardia thermophilic and Brevibacillus 
borstelensis BCS-1  for instance, grows optimally at 50°C and 
55°C respectively [30,35]. Pseudomonas sp. strain DRYJ7 is the 
only documented acrylamide-degrading bacterium that degrades 
acrylamide optimally at 15 C (cold-loving) [36].  
 

Carbon sources are generally beneficial to bacterial growth 
on acrylamide when added to a low-salt medium with a minimum 
of salt. It is commonly acknowledged that glucose is the most 
optimal carbon source, and this consortium is no exception to this 
rule. Rhodococcus rhodochrous [37], Bacillus clausii and 
Burkholderia sp. [18], Pseudomonas sp. [36] and Bacillus cereus 
[3] require glucose at concentrations ranging from 0.5 to 2.0% 
(w/v). Other carbon sources have been reported. For example, 
soluble starch was used by Pseudonocardia thermophilic [30]  to 
enhance the degradation of acrylamide while the eukaryote 
Aspergillus oryzae KBN1010 grows optimally on sucrose at 3% 
(w/v) [20]. Salad oil was used by pseudomonas aeruginosa [38]. 
 

This work demonstrates that the acrylamide-degrading 
consortium can withstand acrylamide concentrations of up to 600 
mg/L, with optimal growth occurring at 300 mg/L. With nitrogen 
and carbon sources of nitrate and sucrose, respectively, the fungal 
strain A. oryzae was able to break down acrylamide 
concentrations of roughly 100 mg /L, which is considered to be a 
low concentration [20]. Nevertheless, it seems likely that 
acrylamide breakdown is not a significant assimilatory 
mechanism in this bacterium. Pseudomonas stutzeri and 
Pseudomonas sp. strain DRYJ7 have been shown to have optimal 
acrylamide concentrations that sustain growth at 440 and 500 
mg/L, respectively [19,37] while [39] reported that Ralstonia 
eutropha TDM-3 and Ralstonia eutropha AUM-01 can utilize up 
to 780-1990 mg/L acrylamide as the sole carbon and nitrogen 
source.  
 

This work demonstrates that the acrylamide-degrading 
consortium was able to utilise basic aliphatic amides, as 
previously described by other investigations [40–47]. Instead of 
several short-chain amides, it can also degrade 2-
chloroacetamide, an amide compound that cannot be utilized by 
Pseudomonas sp. strain DRYJ7 [19] and Bacillus cereus strain 
DRY135 [48]. It is probable that acetamide and 2-
chloroacetamide, both of which contain carbon atoms, are the 
principal assimilatory routes for the breakdown of amides in this 

particular consortium. The fact that acrylamide and 
propionamide are both three-carbon atom compounds does not 
change the reality that acrylamide has more double bonds than 
propionamide, which results in a polyunsaturated (less stable) 
complex that is more easily attacked than propionamide [49,50]. 
The acrylamide-degrading consortium can therefore more easily 
employ amide compounds that are shorter or less stable. 
 

Based on the findings of Bååth [51], heavy metals have a 
significant impact on the breakdown of acrylamide, with greater 
inhibition occurring in the presence of Cd, Cr, and Hg than other 
metals. At the moment, there is little information available in the 
literature about the influence of heavy metals on the breakdown 
of acrylamide. In light of the limited literature available on 
microbial tolerance to heavy metals, the findings of this study 
will be of great significance for bioremediation applications in 
the future. 
 
CONCLUSION 
 
A new acrylamide-degrading acrylamide-degrading consortium 
isolated from volcanic soil is reported. Growth was optimum in 
between pHs 6 and 8.0 and temperatures of between 30 and 35 
oC. Glucose was determined as the best carbon source and amides 
such as 2-chloroacetamide supported growth. Toxic heavy metals 
such as mercury, chromium, and cadmium, as well as other 
chemicals, impeded the development on acrylamide, according 
to the findings. The identification of the bacterial consortia, as 
well as the investigation of the metabolites of degradation and the 
kinetics of growth on acrylamide, are all planned for the future. 
A significant opportunity for bioremediation of acrylamide exists 
using the consortium, particularly in agricultural soils. 
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