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ABSTRACT
The development of natural-based products is a contemporary trend, with biological cleaning
agents playing a pivotal role in this movement. Increasing environmental concerns and the de-
mand for safer, biodegradable alternatives to synthetic chemicals have further accelerated inter-
est in such eco-friendly solutions. Garbage enzymes, which are biologically derived through the
fermentation of organic waste, have emerged as promising candidates due to their sustainabil-
ity and multifunctional applications, particularly in cleaning and household sanitation. In addition
to its ability to degrade organic residues, garbage enzyme are also highly likely to harbor Bacillus
species, which are well known for their ability to produce biosurfactants with strong surface-active
properties. This study aims to isolate and screen Bacillus strains with biosurfactant-producing ca-
pabilities. A total of 20 strains were isolated from garbage enzyme. Among these, three strains
exhibiting the highest biosurfactant production were selected based on cleaning capacity with oil
spreading assay, a rapid and reliable method for assessing surface activity. 16S rRNA sequencing
identified these three strains (B5, B6, and B8) as belonging to the genus Bacillus. Notably, after three
days of cultivation, strains B5 and B6 expressed the gene encoding fengycin (lipopeptide biosur-
factant with strong surface activity), while strain B8 exhibited both fengycin and iturin production.
Fermentation assays utilizing soapberry with the three isolated strains demonstrated enhanced oil
spreading and improved EC24 emulsification compared to fermentationwith each individual strain
and the soapberry extract without any added strains. However, the use of multiple strains in co-
fermentation did not demonstrate higher biosurfactant production or EC24 values compared to
single-strain fermentation. These findings underscore the potential of the three isolated Bacillus
strains for the development of efficient, sustainable and biologically based cleaning products.
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INTRODUCTION
Bacterial biosurfactants are amphipathic molecules
containing both hydrophilic and hydrophobic parts,
synthesized by a variety ofmicroorganisms, including
water (bothmarine and freshwater) and soil, and they
can thrive across a wide range of temperatures, pH
levels, and salinities1, particularly species of Bacillus
and Pseudomonas2,3. Surfactants can be categorized
based on different factors, such as their origin (chem-
ical or natural), the charge on their headgroup (an-
ionic, cationic, non-ionic, and zwitterionic), and their
solubility (water or lipid solubility) 4 5. Compared
to chemical surfactants, biosurfactants offer benefits
such as reduced toxicity, enhanced biodegradability,
and greater stability under harsh conditions6. These
compounds are widely used in industries like en-
hanced oil recovery, bioremediation, food processing,
and pharmaceuticals. Furthermore, they can be pro-
duced from renewable resources, supporting sustain-

ability and circular bioeconomy2.
Biosurfactants play a pivotal role in the survival and
growth of the microorganisms that produce them
within microbial communities in their respective en-
vironments. These roles include exhibiting antibacte-
rial, antifungal, antiviral activities, antioxidant prop-
erties, inhibiting biofilm formation. The antibacte-
rial effects of biosurfactants are primarily mediated
throughmechanisms that alter cell membrane perme-
ability, disrupt cellular membranes, and inhibit bacte-
rial ATP synthesis. Gram-positive bacteria are gener-
ally more susceptible to biosurfactants compared to
Gram-negative bacteria due to the more permeable
structure of their cell membranes. Lipopeptides, such
as fengycin and iturin, demonstrate antifungal activ-
ity at low concentrations by inducing programmed
cell death, while at higher concentrations, they cause
membrane disruption in fungal cells. Rhamnolipid
and surfactin have been shown to impede the adhe-
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sion and biofilm formation of target bacteria on sur-
faces like polystyrene and stainless steel. Further-
more, surfactin and fengycin exhibit antiviral activity,
including against SARS-CoV-2, by interacting with
the lipid components of the viral envelope, thereby
disrupting the membrane and inactivating the virus.
Lipopeptides produced by Bacillus, such as surfactin,
display significant antioxidant activity, attributable
to the presence of hydroxyl groups, which support
the survival of these bacterial strains under extreme
conditions3,7. The lipopeptide are synthesized dur-
ing the early stages of spore formation. Addition-
ally, under unfavorable conditions, bacteria have the
ability to form biofilms. Rhamnolipids play a cru-
cial role in the preservation of biofilm architecture
by modulating cell-cell interactions and the attach-
ment of bacterial cells. This contributes to the sta-
bilization of the biofilm structure, thereby ensuring
the persistence and survival of the bacteria within
the biofilm matrix8. Biosurfactants contribute sig-
nificantly to maintaining the growth rate of microor-
ganisms in oil-rich nutrient environments. In such
systems, microbial proliferation is typically restricted
to the interfacial region between the aqueous and
oil phases. However, in the case of biosurfactant-
producing bacteria, the generation of emulsions—
mediated by the biosurfactants—enhances the inter-
facial area, thereby promoting more extensive colo-
nization and metabolic activity within the oil phase 9.
Nowadays, natural products are highly valued.
Garbage Enzyme (GE) is a fermented product made
from kitchen waste, with high applicability, and is
gradually being used widely in household activities
due to its economic benefits and convenience. GE is
produced from the fermentation process of kitchen
waste such as vegetables and fruits combined with
water and sugar in a ratio of 1:3:10 for at least 3
months. GE is widely used in household cleaning,
wastewater treatment, and agriculture. Bacillus has
been found to be an important microorganism, ac-
counting for a high proportion in GE, with a function
that supports compost processing10. For the reasons
mentioned above, GE is a high-probability source for
isolating Bacillus strains with the ability to produce
biosurfactants. Soapberry is commonly used as a
natural cleaning agent due to its saponin content,
which has cleansing, foaming, and emulsifying
properties. The fermentation process of soapberry by
Saccharomyces cerevisiae (ADY) and Levilactobacil-
lus brevis enhances its foaming ability and improves
the stability of the extract 11.
This study focused on isolation, screening, and iden-
tification of spore-forming bacterial strains capable

of producing biosurfactants. These strains were then
used in the fermentation of soapberry to enhance the
cleaning ability of the soapberry extract.

MATERIALS ANDMETHODS
Isolation of spore-forming bacteria from GE: 1
mL of the GE prepared from orange peel, pomelo
peel, lemon peel, lemongrass, soapberry, and Indian
borage was cultured in 24 mL of Luria Broth (LB)
medium (Himedia, India) and incubated at 37◦C for
36 hours. The culture is then heat-treated at 70◦C for
1 hour. 100 µL of the heat-treated culture was 10-fold
diluted and spread on LB agar plates to isolate spore-
forming bacterial strains. After 24 hours, colonies
were picked and sub-cultured several times12.
Investigation of Biosurfactant Production by Iso-
lated Strains: The LB medium was supplemented
with 4% molasses (v/v) and 2% olive oil (v/v) to cre-
ate favorable environmental conditions for screening
strains capable of producing biosurfactants, as well
as to monitor the timing of biosurfactant production.
Inoculation was performed at a rate of 10% (v/v), and
cultures were incubated at room temperature. The
culture broth was collected to evaluate biosurfactant
production.
Oil Spreading Assay method: 500 µL of used motor
oil, collected from the Laboratory of Process & Equip-
ment at Ho Chi Minh City University of Technology
(HCMUT) and stained with Sudan III, was added to
30 mL of distilled water in a Petri dish to form a thin
oil layer. Then, 50 µL of the culture or culture su-
pernatant was gently dropped into the center of the
oil layer. If biosurfactants were present in the culture,
they would displace the oil, forming a clear zone. The
diameter of the cleaning zone on the oil surface cor-
relates with biosurfactant activity and is referred to as
oil displacement activity.
Emulsification Capacity Assay: Emulsification in-
dex (E24) of the fermentation broth was determined
by thoroughly mixing 2 mL of the broth with 2 mL of
n-hexane in a test tube. Themixture was vortexed vig-
orously for 2minutes and then left undisturbed. After
24 hours, the height of the stable emulsion layer was
measured. The E24 was calculated as the percentage
ratio between the height of the emulsion layer and the
total height of the mixture column. These test results
provide insight into the cleaning potential and surface
activity of the fermentation broth 13.
Bacterial identification: After isolation, screen-
ing, the selected strains were activated in liquid LB
medium. After 3 days of incubation, the bacterial
biomass was harvested. The biomass was then sub-
jected to DNA extraction using the Tri-RNA Reagent
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(Favogen, Taiwan). Briefly, the biomass was treated
with 1 mL of Tri-Agent and 0.2 mL of chloroform.
DNA was extracted from the organic phase, and
0.3 mL of absolute ethanol was added. The mix-
ture was shaken and incubated for 3 minutes, fol-
lowed by centrifugation at 2000 × g for 5 minutes
at 4◦C. The DNA was washed with 1 mL of a mix-
ture containing 0.1 M sodium citrate in 10% ethanol,
shaken for 30 minutes at room temperature, and then
cold centrifuged at 2000 × g for 5 minutes. The
DNA was resuspended in 30 µL of Tris-EDTA buffer
(TE). The extracted DNA was used for amplifica-
tion of the 16S rRNA by using universal primers:
F- AGAGTTTGATCCTGGCTCAG, R- GGTTAC-
CTTGTTACGACTT.The PCR product was then sent
to NamAnh Company for DNA sequencing. The raw
sequencing data were analyzed by MEGA X software
to identify the bacterial species.
Biosurfactant-encoding gene expression: After 3
days of culture, the bacterial biomass was harvested.
Thebiomasswas then subjected toRNAextraction us-
ing the Tri-RNA Reagent (Favogen, Taiwan). Briefly,
the biomass was treated with 1 mL of Tri-Agent and
0.2 mL of chloroform. RNA was collected in aque-
ous phase. The aqueous phase is mixed with cold
isopropyl alcohol, using 0.5 mL of isopropyl alcohol.
The mixture is incubated at room temperature for
10 minutes, followed by centrifugation at 2600 × g
for 30 minutes at 4◦C. After precipitation, the super-
natant is discarded, and the RNApellet is washedwith
75% ethanol. The sample is then vortexed and sub-
jected to centrifugation at 7500 × g for 5 minutes at
4◦C.TheRNApellet is subsequently air-dried and dis-
solved in TE. The extracted RNA was then reversed-
transcribed into cDNA using a reverse transcription
kit (Nanohelix, Korea). The resulting cDNA was used
as a template to investigate the expression of the iturin
fengycin and surfactin gene (Table 1) via PCR us-
ing the Ready-2x-Go [Tag] kit (NanoHelix, Korea).
The presence of the surveyed gene expression is deter-
mined by the presence of the corresponding band on
the 1% agarose gel (Biobasic, Canada) electrophore-
sis.
Soapberry fermentation: 5 g of dried soapberries
(Dak-Lak, Vietnam)were finely ground and dissolved
in 250 mL of distilled water, with the addition of 4%
molasses (Tin cay, Vietnam). Themixture is then ster-
ilized by autoclaving and inoculated with 10% culture
at a concentration of 108 CFU/mL of B5, B6, B8, or
B5+B6+B8. The fermentation process is conducted
over a period of 7 days using a static fermentation
method.

Statistic: The data were analyzed using One-way 
ANOVA test to compare the differences between 
groups in the experiment, with statistical significance 
assessed through Tukey’s post-hoc analysis.

RESULTS
Isolation and selection of spore-forming bacteria 
with the ability to produce biosurfactant: Before 
proceeding with the isolation process, GE was cul- 
tured in liquid LB medium for 48 hours at 37◦C to 
enhance bacterial growth. Subsequently, the culture 
was heat-treated at 70◦C to screen for spore-forming 
strains. The isolation results yielded 20 strains, 
consisting of white, opaque, and smooth-surfaced 
colonies. The isolated strains were cultured in LB 
medium supplemented with molasses and olive oil for 
7 days to provide a favorable environment to produce 
biosurfactant. The oil spreading assay method was 
used to screen and test the ability to clean oil sur- 
faces. After 7 days, 5 strains exhibiting oil-cleaning 
activity were selected. 3 strains with high biosurfac- 
tant production were selected and labeled as B5, B6, 
and B8 (Fig.1). The DNA of all three strains B5, B6, 
and B8 was extracted and purified, then subjected to 
a PCR reaction for amplification with the universal 
16S rRNA primers. The samples were sequenced, and 
the gene sequences were analyzed using MEGA X ver- 
sion 11.0.13. The sequences were compared with the 
NCBI database. The identification results for strain 
B5 showed a high similarity with the Bacillus velezen- 
sis strain with a similarity level of 99.5%. This species 
has great potential in biosurfactant production and 
the ability to inhibit plant pathogenic microorgan- 
isms. B. velezensis is an important member of Rhi- 
zobacteria, which are plant growth-promoting bacte- 
ria (PGPR) that can enhance plant growth and con- 
trol soilborne diseases 17. It is also known for its abil- 
ity to survive in harsh environments and is often used 
in agricultural and environmental applications as a 
biological control agent. Most B. velezensis strains 
can produce secondary metabolites with antimicro- 
bial activity, such as surfactin, fengycin, bacillomycin 
D, macrolactin, bacillaene, difficidin, oxydifficidin, 
plantazolicin, amylocyclin, and bacilysin. Strain B6 
showed a high similarity in the 16S rRNA gene se- 
quence compared to Bacillus velezensis, Bacillus sub- 
tilis, and Bacillus amyloliquefaciens strains published 
on GenBank, with a similarity level of 99.43%. They 
are known for their ability to produce biosurfac- 
tants and powerful enzymes. These Bacillus strains 
produce a wide range of lipopeptide-type biosurfac- 
tants, among which surfactin, iturin, and fengycin
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Table 1: Primer list

Gene ofName
primer

Sequence Size

Iturin D Itu-F ATGAACAATCTTGCCTTTTTA 1203bp 14

Itu-R TTATTTTAAAATCCGCAATT

Fengycin FenA-F CCATCGGCACTTATTACGGAAAC 126bp 15

FenA-R TGCGGACAAAGGACAGGAACT

Surfactin Sfp-F ATGAAGATTTACGGAATTTA 675bp 16

Sfp-R TTATAAAAGCTCTTCGTACG

are widely studied 18. Strain B8 showed a high sim-
ilarity with two Bacillus sp. strains and B. siamen-
sis strains published on GenBank, with a similarity
level of 100%. B. siamensis was recently discovered
and shares characteristics with other species in the
Bacillus group, including the ability to produce en-
zymes and biological compounds with potential in
plant protection. B. siamensis produces surfactin, a
common type of lipopeptide biosurfactant. B. sia-
mensis HoB1 is a promising candidate for enhanc-
ing heavy oil recovery through biosurfactant produc-
tion and biodegradation of oil. The biosurfactant pro-
duced by this strain demonstrates high stability, even
under harsh temperature conditions19.
Kinetic Dynamics of Biosurfactant Synthesis in
Three Isolated Strains: All three strains (B5, B6, and
B8) were cultured in LB medium (10% v/v) supple-
mented with molasses and olive oil to investigate the
production kinetics of biosurfactants. The culturewas
incubated at room temperature and agitation at 200
rpm. The bacterial supernatant was collected every 24
hours for a total of 7 days, and its oil-cleaning capacity
was assessed using the Oil Spreading Assay method.
The diameter of the oil-cleaning zone was measured
using a digital caliper. The results revealed a tempo-
ral variation in the diameter of the oil-cleaning zone
for all three strains (B5, B6, and B8) over the 7-day
period (Figure 2).
For strain B5, the data indicated a significant increase
in the diameter of the oil-cleaning zone from day 2 to
day 6, peaking on day 6 (62.17± 1.63mm), whichwas
statistically significant (p < 0.05) compared to ear-
lier days. However, a marked decline in the cleaning
capacity was observed on day 7 (42.13 ± 3.27 mm),
representing a reduction of approximately 32% com-
pared to day 6. Additionally, fluctuations in the di-
ameter of the oil-cleaning zone were observed across
the study period, with an increase of approximately 20
units fromday 2 to day 3, a nearly 9-unit increase from
day 4 to day 5, and a sharp decline from day 6 to day 7.

This decline may be attributed to the depletion of nu-
trients in the culture medium after 6 days, leading to
a reduction in biosurfactant synthesis. Alternatively,
the accumulation of metabolic by-products and bio-
logical inhibitors could have adversely impacted the
development and oil-cleaning activity of strain B5 in
the later stages of the experiment.
The results indicated that strain B5 exhibited superior
oil-cleaning capacity compared to strains B6 and B8
on day 6 (62.17± 1.63 mm). However, strains B6 and
B8 demonstrated greater stability in their oil-cleaning
abilities up to day 7, with a gradual increase in the
diameter of the oil-cleaning zone and no significant
fluctuations in the measurements, unlike strain B5,
which experienced a sudden drop on day 7. Conse-
quently, strain B5 may be selected for optimal clean-
ing efficiency on day 6, while strains B6 and B8 would
be preferable for stable biosurfactant production over
extended periods. Gusmao et al. showed that when
Candida glabrata UCP1002 was cultivated in a 100
mL aqueous medium with 5% plant fat waste, the
biosurfactant concentration reached 7 g/L after 144
hours of incubation. This concentration was twice
that achieved using waste coconut oil. Consequently,
optimizing nutrient sources for these strains is crucial
to improving biosurfactant production efficiency20.
Surfactin, iturin and fengycin gene expression in
isolated strains: Surfactin, a cyclic lipopeptide, ex-
hibits exceptional surface-active properties, signifi-
cantly reducing surface tension in water even at low
concentrations21. This compound demonstrates a
wide range of biological activities, including antibac-
terial, antiviral, and antitumor effects22. Its poten-
tial applications extend across various sectors, in-
cluding environmental, food, and biomedical indus-
tries23. Despite these advantages over synthetic al-
ternatives, the widespread production and use of sur-
factin face challenges due to high production costs
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Figure 1: Macroscopic and microscopic details of selected biosurfactant producing strains [Source: authors’
group]

and low yields21. Current research efforts are fo-
cused on optimizing fermentation processes and ex-
ploring biotechnological approaches to enhance sur-
factin production23. Iturin, a cyclic lipopeptide with
strong biosurfactant activity, foaming ability, and the
ability to reduce surface tension in solutions, as well
as antimicrobial activity. These compounds are com-
monly used in industrial and environmental appli-
cations due to their unique and beneficial proper-
ties, such as oil pollution treatment, cleaning pro-
cesses, and food preservation. These compounds
have demonstrated the ability to enhance oil recovery
from oil wells and facilitate oil transportation through
pipelines24,25. Additionally, the diverse range of ap-
plications of iturin in the cosmetics industry, such as
using it as an emulsifier, anti-wrinkle agent, and an-
timicrobial, highlights its adaptability26. Fengycin is

a surfactant peptide with strong antibacterial proper-
ties and foaming ability, and it also has applications in
pollution treatment and food preservation. Further-
more, fengycin shows more pronounced antagonism
against filamentous fungi compared to other lipopep-
tides, making it useful for treating various plant dis-
eases without the side effects of chemical pesticides,
and it also has potential applications in the food and
cosmetic industries 27.
B5, B6 and B8 were grown in liquid LB medium. Af-
ter 3 days, the biomass of the strains was collected.
The biomass was then subjected to extraction to ob-
tain mRNA. The obtained cDNA was used to am-
plify the Fen-A, Sfp, and Itu-A using 35 cycles with
the Ready-2x-Go [Tag] kit (NanoHelix) and corre-
sponding primers for Fen-A, Sfp, and Itu. The re-
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Figure 2: Kinetic dynamics of biosurfactant synthesis in three isolated strains [Source: authors’group]

sults showed that all three strains, B5, B6, and B8, ex-
press the Fen-A gene. For strain B8, iturin was ex-
pressed (Figure 3). This indicates that strain B8 has
the potential to produce multiple types of biosurfac-
tants. Therefore, combining all three strains in the
production process can diversify the types of biosur-
factants, leading to better and more effective cleaning
capabilities compared to single biosurfactant types.
Soapberry fermentation:

Table 2: 2. Oil surface cleaning zone of soapberry
samples after 6 days of fermentation with different
strains. Different letters in the same column
indicate statistically significant differences (p <
0.05, Tukey’s test).

Inoculation Cleaning zone (mm)

Soapberry

B5 61.80± 1.47a

B6 57.60± 1.01b

B8 52.30± 0.66c

B5 + B6 + B8 57.23± 0.32b

Control (without bacteria) 51.10± 0.80c

In the soapberry fermentation process over a 6-day
period, the results indicated that all samples exhib-
ited the ability to clean the oil surface, with the B5
strain showing the highest cleaning diameter (61.80±
1.47 mm). Soapberries contain a substantial amount
of saponins, which are compounds known for their

surface-active properties. The molecular structure of
saponins consists of both hydrophilic and lipophilic
components, enabling them to disrupt the bonds be-
tween oil and water molecules. In addition to the
cleaning efficiency of the biosurfactants produced by
the strains, the saponins in the soapberry can gener-
ate foam when dissolved in water, which could po-
tentially enhance the cleaning effect. Moreover, the
foam reduces the surface tension of water, thereby in-
creasing its ability to interact with and clean oil layers
more effectively (Table 2). Statistical analysis revealed
that the cleaning diameter of the soapberry fermenta-
tion liquid for the B5 (61.80 ± 1.47 mm), B6 (57.60
± 1.01 mm), and B5+B6+B8 (57.23± 0.32 mm) sam-
ples were significantly higher compared to the con-
trol (51.10 ± 0.80 mm). This difference can be at-
tributed to the biosurfactants produced by the added
strains during fermentation. However, the B8 sample
did not exhibit a significant difference from the con-
trol. The increased cleaning diameter of the soapberry
samples supports the hypothesis that, in addition to
the biosurfactants produced by the strains, a consid-
erable amount of saponin in the soapberry fruit peel
contributes to enhanced cleaning and foaming ability
during fermentation.
The emulsification capacity (EC24) in soapberry fer-
mented with three strains, B5, B6, and B8, achieved
the highest value. This result is statistically signifi-
cant when compared to soapberry fermented with the
single B5 strain and is higher than that of soapberry
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Figure 3: Expressionof biosurfactant genes in B5, B6 and B8. 1- Ladder, 2- Surfactin, 3-Iturin, 4-Fengycin [Source:
authors’ group]

fermented with the individual B6 and B8 strains, al-
though this difference lacks statistical significance
(Table 3). In the oil surface cleaning assay, soap-
berries fermented with B5 exhibited superior clean-
ing performance compared to soapberries fermented
with the three strains concurrently. Notably, the Oil
Spreading Assay method is particularly sensitive to
substances that reduce surface tension, which aids
in assessing the oil spreading capacity, the disrup-
tion of the oil film on water surfaces, and the abil-
ity to reduce surface tension. However, efficient sur-
face tension reduction does not necessarily correlate
with good emulsification capacity. Conversely, the
Emulsification Capacity Assay (E24) method evalu-
ates the ability to sustain a mixture of two immis-
cible phases (e.g., oil and water) by forming stable,
small emulsion particles (micelles). Emulsifiers not
only reduce the interfacial tension between the phases
but must also maintain the emulsion’s stability over
time. Therefore, a substance with good surface ten-
sion reduction capability does not automatically indi-
cate good emulsification performance, and similarly,
effective emulsification does not inherently imply effi-
cient cleaning ability28. Thus, the results from the two
experiments suggest that strain B5 produces biosur-
factants with excellent oil surface cleaning properties,
although the emulsification capacity of these biosur-
factants is lower than that observed when fermenting
soapberry with all three strains simultaneously.

CONCLUSION
The results from the soapberry fermentation prod-
uct indicated that three Bacillus sp. strains (B5, B6,
B8), selected from an initial screening of 20 isolates
from GE, exhibit strong biosurfactant-producing ca-
pabilities. All three strains are spore-forming and

Table 3: EC24 of soapberry samples after 6 days of
fermentation with different strains. Different letters
in the same column indicate statistically significant
differences (p < 0.05, Tukey’s test).

Sample EC24 (%)

Soapberry B5 54.9± 0.5a

Soapberry B6 55.8± 0.9ab

Soapberry B8 55.5± 1.4ab

Soapberry B5 + B6 + B8 57.3± 0.5b

Control-Soapberry Control-SDS
(1%)

53.2± 0.90ac

53.8a

demonstrate promising outcomes in cleaning assays.
Strain B5 yielded the highest performance with the
largest cleaning zone diameter on day 6. Genetic anal-
ysis revealed that both B5 and B6 strains expressed
the fengycin gene, while strain B8 expressed both the
fengycin and iturin genes, which are responsible for
the production of distinct biosurfactants. The com-
bination of all three strains was significantly larger
than that of the control sample. Additionally, the
E24 emulsification index of the fermented soapberry
product was highest when all three strains were used,
surpassing the results of other samples. These find-
ings underscore the potential of fermented soapberry
as a natural biosurfactant source in the development
of cleaning products.

LIST OF ABBREVIATIONS
GE: Garbage Enzyme
LB: Luria Broth
TE: Tris-EDTA
PCR: Polymerase Chain Reaction
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DNA: Deoxyribonucleic Acid
RNA: Ribonucleic Acid
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TÓM TẮT
Sự phát triển của các sản phẩm có nguồn gốc tự nhiên là một xu hướng hiện nay, trong đó các tác
nhân tẩy rửa sinh học đóng vai trò then chốt. Những lo ngại ngày càng tăng về môi trường cùng
với nhu cầu tìm kiếm các lựa chọn an toàn hơn, có khả năng phân hủy sinh học để thay thế hóa
chất tổng hợp đã thúc đẩy mạnh mẽ sự quan tâm đối với các giải pháp thân thiện với môi trường.
Garbage enzyme, được tạo ra theo con đường sinh học thông qua quá trình lênmen chất thải hữu
cơ, đã nổi lên như những ứng viên đầy tiềm năng nhờ tính bền vững và khả năng ứng dụng đa
chức năng, đặc biệt trong lĩnh vực làm sạch và vệ sinh hộ gia đình. Bên cạnh khả năng phân hủy
các chất hữu cơ, garbage enzyme cũng rất có khả năng chứa các loài Bacillus, vốn được biết đến
rộng rãi với khả năng sản xuất các chất hoạt động bề mặt sinh học.
Nghiên cứu này nhằm phân lập và sàng lọc các dòng Bacillus có khả năng sinh chất hạot động
bề mặt. Tổng cộng 20 dòng đã được phân lập từ garbage enzyme. Trong số đó, ba dòng có mức
sản xuất chất hoạt động bề mặt cao nhất được lựa chọn dựa trên khả năng tẩy rửa đánh giá bằng
thử nghiệm lan dầu, một phương pháp nhanh và đáng tin cậy để đánh giá hoạt động bề mặt.
Giải trình tự gen 16S rRNA xác định ba dòng này (B5, B6 và B8) đều thuộc chi Bacillus. Đáng chú ý,
sau ba ngày nuôi cấy, các dòng B5 và B6 biểu hiện gen mã hóa fengycin (một biosurfactant dạng
lipopeptide có hoạt tính bề mặt mạnh), trong khi dòng B8 biểu hiện đồng thời fengycin và iturin.
Các thí nghiệm lên men sử dụng bồ hòn cùng với ba dòng phân lập cho thấy khả năng lan dầu
được tăng cường và chỉ số nhũ hóa EC24 được cải thiện so với lênmen từng dòng riêng lẻ và so với
bồ hòn không bổ sung vi khuẩn. Tuy nhiên, việc sử dụng nhiều dòng trong đồng lên men không
cho thấy mức sản xuất chất hoạt động bề mặt hoặc giá trị EC24 cao hơn so với lên men đơn dòng.
Những kết quả này nhấn mạnh tiềm năng của ba dòng Bacillus đã phân lập trong việc phát triển
các sản phẩm tẩy rửa có nguồn gốc sinh học hiệu quả, bền vững.
Từ khoá: Bacillus, bồ hòn, chất hoạt động bề mặt, lên men
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