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ABSTRACT 
 
Aims: This study aims to produce Achromobacter biosurfactant in nutrient-rich and nutrient-limited media. 
Methodology and results: This study conducted fermentation on nutrient-rich and nutrient-limited media using a 
minimal salt medium (MSM). Dextrose and sodium citrate were used as sole carbon supplemented with 0.5% yeast 
extract for nutrient-rich media, while nutrient-limited media used molasses and rice straw hydrolysate (RSH) at variations 
of concentrations of 100 ppm and 200 ppm. The research was performed over 120 h and evaluated from growth 
response, surface tension and emulsification activity. The study revealed that the best surface tension value was when 
2% (w/v) sodium citrate was used as C-source and 0.5% (w/v) yeast extract as N-source, after 72 h upon incubation at 
30 °C/120 rpm having 45.45 ± 2.19 mN/m with emulsification activity 24.54 ± 3.42%. Whereas the best result of the 
nutrient-limited medium was obtained by RSH at a concentration of 200 ppm having 48.86 ± 5.36 mN/m.  
Conclusion, significance and impact of study: The experiment showed that nutrient-limited medium from rice straw 
hydrolysate could compete with the nutrient-rich medium. The use of rice straw will contribute to the reduction of 
biosurfactant production costs and valorisation of agricultural waste. 
 
Keywords: Achromobacter xylosoxidans, biosurfactant, agricultural and industrial wastes, green product 
 

INTRODUCTION 
 
Biosurfactant, which is a natural alternative to non-
biodegradable and toxic synthetic surfactants, is 
produced mainly by microorganisms, including bacteria 
and has different types of surface-active properties such 
as reducing the surface tension between immiscible 
liquids or hydrocarbon mixtures (Marchant and Banat, 
2012; Haloi and Medhi, 2019; Jahan et al., 2020). 
Research into biosurfactants has become more popular 
because of their low toxicity, high foaming ability, 
biodegradability, resistance to pH and salinity changes, 
and stability in a wide range of temperatures (Fakruddin, 
2012; Ayed et al., 2014; Varjani and Upasani, 2017; 
Yaraguppi et al., 2020). There is, nevertheless, still a 
need for large-scale manufacturing of biosurfactant, 
despite its high price and limited production yield, due to 
its favorable feature (Nawawi, 2010). This challenge 
prompts different strategies such as improving potential 
strains, utilizing less valuable raw materials or waste 

substrates and optimizing environmental factors to reduce 
production costs (Makkar et al., 2011). 

Concerning the problem stated, choosing an 
inexpensive raw material is a significant move to cut the 
overall expense as it accounts for half of the final 
production cost (Makkar and Cameotra, 1999). Generally, 
biosurfactants are produced by using petrochemical 
substrates (Henkel et al., 2015). In addition, some of the 
biosurfactant production today uses renewable 
substrates. To our knowledge, some examples of 
renewable substrates from agricultural and industrial 
wastes which have been studied for biosurfactant 
production are glycerol (Cruz et al., 2018), de-oiled seed 
cakes (Hazra et al., 2011), rice straw (Zhang et al., 2009; 
Panjiar et al., 2020), corn cob (Fatimah et al., 2020) and 
molasses (Rodrigues et al., 2017; Mouafo et al., 2018; 
Verma et al., 2020). Indonesia, a tropical country with a 
large agricultural area generates a lot of agricultural 
waste, including rice straw, a by-product of rice 
production (Ni’matuzahroh et al., 2020). Rice straw 
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consists of lignocelluloses that can be utilized for the 
fermentation of the biosurfactant-producing bacteria thus, 
it can be converted into the substrate. Additionally, 
agricultural waste was demonstrated in the same study to 
be a low-cost material for biosurfactants production. On 
the other hand, molasses, as a low value of a raw sugar 
by-product, has nutritional compositions that are valuable 
for fermentation (Makkar and Cameotra, 1997). Moreover, 
the amount of molasses and rice straw is abundant, and 
the use of these wastes can be beneficial for the 
environment. 

The biosurfactant-producing Achromobacter 
xylosoxidans BP(1)5 that was isolated from petroleum 
sludge in this research is the same as that of the previous 
study due to its potential to produce biosurfactant 
compared to other isolates  (Ni'matuzahroh et al., 2019). 
Several studies have revealed the ability of 
Achromobacter to produce biosurfactants (Deng et al., 
2016; Haloi and Medhi, 2019; Joy et al., 2019; Deng et 
al., 2020; Li et al., 2020). However, almost all of them 
were grown in nutrient-rich media, a high-priced media. 
Additional research on the fermentation of the 
biosurfactant-producing Achromobacter as a promising 
strain in the low-cost nutrient-limited medium is necessary 
to address the cost-cutting barrier. The main objective of 
this study is to find out effective media used for 
biosurfactant production by A. xylosoxidans BP(1)5 
utilizing agricultural hydrolysate sugar and industrial 
waste. Additionally, this study is intended to not only 
identify cost-effective biosurfactant production options but 
also maximize the use of agricultural and industrial 
wastes, hence limiting the amount of waste in the 
environment. 
 
MATERIALS AND METHODS 
 
Microorganism 
 
The microorganism used in this present work was isolated 
from petroleum sludge obtained from Balongan refinery, 
West Java, Indonesia and was identified as 
Achromobacter xylosoxidans BP(1)5 (NCBI accession 
number MN. 401689), showing similarity with query cover 
98% to Achromobacter xylosoxidans IPA-CC9. 
 
Raw materials 
 
Rice straw, agricultural residue was procured from a local 
farmer in East Java, Indonesia. Agricultural hydrolysate 
production was performed according to the method as 
described by Ni’matuzahroh et al. (2020). The agricultural 
residue was milled and sieved using 40-mesh to obtain 
average particle sizes ranging from 1-5 mm. The raw 
agricultural residue was subjected to pretreatment by 
chemical delignification using 1% (w/v) NaOH at 100 °C 
for 1 h. Following delignification, the biomass was rinsed 
with distilled water to a pH of 7.0 and oven-dried for 24 h 
at 60 °C before being utilized for enzymatic hydrolysis. 
The enzymatic hydrolysis was carried out using 
Penicillium citrinum H9 in Mandel and Stenberg’s medium 

for 144 h. The concentration of agricultural hydrolysate 
was determined by Somogyi-Nelson’s method (Nelson, 
1944). Sugarcane molasses was obtained as a by-
product of the sugar processing industry in East Java, 
Indonesia. All chemicals and reagents used in this work 
were analytical-grade. 
 
Optimization of biosurfactant production 
 
Biosurfactant production was aerobically performed in two 
type of media, nutrient-rich and nutrient-limited media. 
Minimal salt medium (MSM) pH 7.0 comprised of (g/L) 
(NH4)2SO4 3.0; NaCl 10; MgSO4·7H2O 0.2; CaCl2 0.01; 
MnSO4·H2O 0.001; H3BO3 0.001; ZnSO4·7H2O 0.001; 
CuSO4·5H2O 0.001; CoCl2·6H2O 0.005 and 
NaMoO4·2H2O 0.001; KH2PO4 5.000; K2HPO4 2.6207 and 
Fe3SO4 0.0006 was used as basal medium for 
biosurfactant production. 

Nutrient-rich media utilized 2.0% w/v sodium citrate 
and 3.0% w/v dextrose containing sugar content of 7395 
ppm as the main carbon source and added 0.5% (w/v) 
yeast extract as a nitrogen source. Meanwhile, nutrient-
limited media used rice straw hydrolysate (RSH) and 
molasses (7.5% v/v) at concentrations of 100 and 200 
ppm as carbon source, without the addition of yeast 
extract. Nutrient broth (NB) and MSM media were 
employed as positive and negative controls, respectively. 
Overnight-grown inoculum of A. xylosoxidans BP(1)5 (2% 
v/v) in nutrient broth was utilized as inoculum for 
biosurfactant production. The culture was incubated at 30 
°C in a shaker incubator at 120 rpm for 0, 24, 72 and 120 
h. All of the experiments were performed in triplicates. 
The growth and biosurfactant production of A. 
xylosoxidans BP(1)5 in the different media were 
evaluated by measuring the optical density (OD) at 600 
nm, surface tension by tensiometer and emulsification 
activity.  
 
Surface tension measurement 
 
The fermentation culture was centrifuged at 6000 rpm for 
15 min to remove cell debris and insoluble substances. 
The surface tension of cell-free supernatant was 
determined using a tensiometer calibrated with distilled 
water. The measurement followed the Du-Nouy ring 
method at room temperature. A decrease in the surface 
tension of the supernatant against distilled water indicates 
the presence of biosurfactants in culture. All 
measurements were carried out three times then, the 
values were averaged to increase the accuracy of the 
measurements. The surface tension value was expressed 
in mN/m. 
 
Emulsification activity 
 
Emulsification activity was detected by adding 1 mL cell-
free supernatant of the fermentation culture with the equal 
volume of the kerosene then it was vortexed for 2 min. 
The emulsification was kept to settle for 24 h and was 
calculated as the percentage of height (cm) of the 
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Figure 1: Effect of varying carbon sources in MSM on respond growth (straight lines) and pH culture of Achromobacter  
xylosoxidans BP(1)5 (dotted lines). Dextrose: Dextrose 3% (w/v), Sod citrate: Sodium citrate 2% (w/v), Molasse 1: 
Molasse 100 ppm, Molasse 2: Molasse 200 ppm, RSH 1: RSH 100 ppm, RSH 2: RSH 200 ppm, MSM: Control negative, 
NB: Control positive. 
 
emulsion layer divided by the total height (cm) (Cooper 
and Goldenberg, 1987). 
 
Statistical analysis 
 
All of the data are expressed as mean ± standard 
deviation. Statistical analysis was carried out in each 
incubation time. Differences among the treatment groups 
were analysed using analysis of variance (ANOVA) SPSS 
version 25 (SPSS Inc., Chicago, IL, USA). P-value<0.05 
was considered statistically significant. 
 
RESULTS AND DISCUSSION 
 
Growth response of Achromobacter xylosoxidans 
BP(1)5 
 
Different hydrophilic carbon sources such as dextrose, 
sodium citrate, molasses and RSH were supplemented in 
MSM media to determine the best medium for 
biosurfactant production of A. xylosoxidans BP(1)5. As 
shown in Figure 1, A. xylosoxidans BP(1)5 is capable of 
growth in both nutrient-rich and nutrient-limited media. 
However, nutrient-rich media had a better growth 
response than nutrient-limited media. In that media, 
BP(1)5 showed they were the same growth trend. 
Moreover, a lag phase was observed at 24 h of 
incubation, followed by a stationary phase at 72 h.  

The highest optical densities (2.12 ± 0.04 and 2.00 ± 
0.09) were observed in a nutrient-rich medium culture 
when dextrose and sodium citrate were utilized as the 
sole carbon sources after 120 h, respectively. Meanwhile, 
the optical density of the limited-nutrient medium was very 
low (0.37 ± 0.02)  in comparison to the optical density of 
the nutrient-rich medium due to the high dextrose content 
(3% w/v). This resulted from the culture's low carbon 

content, 200 ppm. Dextrose is a water-soluble simple 
carbon source that microorganisms may readily utilize for 
growth and has been found to enter the glycolytic 
pathway directly (Suh et al., 2019). 

The pH of the molasses and RSH substrate cultures 
remained constant during the incubation period (pH 7.0). 
Meanwhile, the pH of the dextrose substrate culture 
gradually decreased to 6.5 at 120 h. This may be due to 
the accumulation of organic acid secondary metabolites in 
the culture (Abouseoud et al., 2008). Compared to other 
results, the pH culture that used sodium citrate as a 
carbon source rose gradually, around 7.6 at 72 h and 9.3 
at 120 h. 
 
Biosurfactant production 
 
During the biosurfactant production of A. xylosoxidans 
BP(1)5, the surface tensions (ST) of the fermentation 
broth and emulsification activity (EA) against kerosene 
were evaluated and its result was shown Figure 2 and 
Figure 3. The highest reduction in surface tension was 
seen when isolate BP(1)5 was cultivated in a nutrient-rich 
medium culture with sodium citrate as the substrate 
(45.45 2.19 mN/m) for 72 h. 

Many researchers revealed that genera 
Achromobacter synthesized biosurfactants during the 
stationary phase until the end of the stationary phase 
(Haloi and Medhi, 2019; Joy et al., 2019; Fatimah et al., 
2020). In this study, Achromobacter showed a stationary 
phase at 72 h incubation. A similar result was reported by 
Subudhi et al. (2016) in which Achromobacter 
xylosoxidans strain TERI L1 also showed a stationary 
phase at 72 h incubation. Deng et al. (2016) also reported 
that Achromobacter sp. HZ01 was able to reduce the 
surface tension to a minimum value of 24.20 mN/m at 72 
h of incubation. 
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Figure 2: Surface tension of biosurfactant production in the MSM supplemented with different carbon sources. 
Dextrose: Dextrose 3% (w/v), Sod citrate: Sodium citrate 2% (w/v), Molasse 1: Molasse 100 ppm, Molasse 2: Molasse 
200 ppm, RSH 1: RSH 100 ppm, RSH 2: RSH 200 ppm, MSM: Control negative, NB: Control positive. 
 

 
 

Figure 3: Surface tension (ST) and emulsification activity (EA) of biosurfactant production in the MSM supplemented 
with different carbon sources at 120 h incubation. Dextrose: Dextrose 3% (w/v), Sod citrate: Sodium citrate 2% (w/v), 
Molasse 1: Molasse 100 ppm, Molasse 2: Molasse 200 ppm, RSH 1: RSH 100 ppm, RSH 2: RSH 200 ppm, MSM: 
Control negative, NB: Control positive. 
 

As seen in Figure 3, the surface tension of free cell  
supernatant at 120 h of incubation on a nutrient-rich and 
nutrient-limited medium (RSH 200 ppm) was found to be 
inconsequential. The surface tension values of the free 
cell supernatant which used dextrose and sodium citrate 
as substrates in nutrient-rich media were 48.73 ± 1.12 
and 48.59 ± 0.20, respectively. Whereas, the surface 
tension value in the nutrient-limited medium was 48.86 ± 

5.36, with 200 ppm RSH as substrate. Previous studies 
have reported the ability of A. xylosoxidans BP(1)5 to 
produce biosurfactants (ST 58.8 mN/m, AE 27.22%) in 
rice straw hydrolysis (RSH), but it requires a high carbon 
source, 600 ppm (Ni'matuzahroh et al., 2020). Meanwhile, 
even though no emulsification activity was observed in 
this study, 200 ppm RSH was able to generate a surface 
tension of 48.86 (Figure 3). The decrease of the result in 
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surface tension was better than positive control in nutrient 
broth media and negative control. Generally, the surface 
tension value of Achromobacter biosurfactant ranges 
around 56.20–25.00 mN/m (Deng et al., 2016; Haloi and 
Medhi, 2019; Li et al., 2020; Ni’matuzahroh et al., 2020). 

At the same time, emulsification activity was only 
observed in nutrient-rich media and the positive control 
culture. This was due to the medium's composition, which 
affects the type and activity of biosurfactants, particularly 
the range of carbon sources employed in biosurfactant 
production (Miguez et al., 1986; Sen, 1997; Panjiar et al., 
2020). Biosurfactants are not always capable of 
emulsification. Some biosurfactants are capable of 
reducing surface tension and forming an emulsion, 
whereas others can only reduce surface tension or 
produce an emulsion. Emulsan and liposan are 
biosurfactants that have a limited capacity to reduce 
surface tension but create stable emulsions when 
combined with vegetable oil (Cirigliano and Carman, 
1985). In contrast, Torulopsis bombicola produces 
sophorolipids which have been shown to reduce surface 
tension but cannot form an emulsion properly (Fracchia et 
al., 2015). 

However, both growth response and biosurfactant 
production indicated better results in nutrient-rich media. 
The high response of growth and biosurfactant production 
was due to the high carbon source in this medium. Joy et 
al. (2019) revealed that substrate concentration greatly 
influenced the growth and biosurfactant production of 
Achromobacter insolitus (PS1), even an increase in 
dextrose concentration of 1-4% increased the 
biosurfactant productions. A similar observation was also 
reported by Silva et al. (2010); they observed 3% glycerol 
concentration showed the best result in terms of surface 
tension and surfactant yield compared to the 2% glycerol 
concentration. 

In addition, nutrient-rich media was supplemented with 
an organic nitrogen source, yeast extract. It is known that 
yeast extract is an inducer for the production of 
biosurfactants (Deng et al., 2016; Singh and Tiwary, 
2016). Yeast extract contains free amino acids, nucleic 
acids, protein, carbon source and some essential trace 
elements (Nakajo and Sano, 2002). The composition of 
yeast extracts, particularly those containing amine 
groups, will have an impact on the production of peptide-
containing biosurfactants or the enzymes involved in the 
biosynthesis of biosurfactants, either directly or indirectly 
(Qazi et al., 2013). Yeast extract supplementation has 
been shown to increase biosurfactant production 
compared to a single inorganic nitrogen source (Deng et 
al., 2016; Haloi and Medhi, 2019). 

The results in Figure 3 suggest that a nutrient-limited 
medium derived from rice straw hydrolysate was capable 
of competing with a nutrient-rich medium and so 
represent prospective media options for enhancing 
biosurfactant production for a variety of applications. 
Several studies have also reported that Achromobacter 
biosurfactant is widely used in microbial enhanced oil 
recovery (MEOR) and bioremediation of petroleum (Deng 
et al., 2020), biodegradation and detoxification of 

endosulfan insecticides (Li et al., 2009) and 
bioremediation of polycyclic aromatic hydrocarbons 
(PAHs) (Dave et al., 2014).  

There is currently a dearth of research on 
Achromobacter's production of biosurfactants in a 
nutrient-limited medium that depend largely on 
agricultural waste and industrial by-products as the 
primary carbon source. Consequently, further research is 
needed to optimise the biosurfactant production of 
Achromobacter in low-cost and eco-friendly substrates. 
 
CONCLUSION 
 
In conclusion, the result of this study indicates that 
conventional, costly nutrient-rich medium can be 
substituted with nutrient-limited medium from agricultural 
waste hydrolysate and could be potential candidates in 
biosurfactant production. The use of agricultural waste 
and the industrial by-product will contribute to the 
reduction of biosurfactant production costs and 
valorisation of organic waste. 
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