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In vitro anticancer potentials of Lactobacillus plantarum I1A-1A5 and Lactobacillus
acidophilus ITA-2B4 extracts against WiDr human colon cancer cell line
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Abstract

Colorectal cancer is an emerging public health problem in Indonesia that urges more serious attempts to combat the disease.
Previous in vitro studies indicated some probiotics offer promising avenues for the prevention and treatment of colorectal cancer.
Earlier, two Indonesian meat-based probiotics of Lactobacillus plantarum IIA-1A5 and L. acidophilus 11A-2B4, were isolated
and exhibited promising functional properties in food fermentation. Nevertheless, their potential anticancer activity has never
been examined. This study aims to determine the inhibitory properties of L. plantarum I1IA-1A5 and L. acidophilus 11A-2B4
against the WiDr human colon carcinoma cell line. To address, extracellular and intracellular extracts were firstly harvested
from both probiotics at the population of 8.22 and 9.13 log (cfu/mL) for L. plantarum IIA-1A5 and L. acidophilus IIA-2B4,
respectively. The extracts from both bacteria were found to have similar pH and titratable acidity values, but different in their
protein contents. Further, extra- and intracellular extracts of both strains displayed inhibitory activity towards WiDr cells in a
dose-dependent response. The calculated IC50 values of extracellular extracts of both probiotics were significantly lower than
that of the intracellular extracts. This activity is predicted to be partly contributed by some protein substances in the extract.
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Practical Application: The current study confirmed the in-vitro activity of extra- and intracellular extracts of Indonesian
probiotics Lactobacillus plantarum IIA-1A5 and L. acidophilus IIA-2B4 against WiDr human colon carcinoma cell line. The

extracts are promising to be further explored and applied in cancer treatments.

1 Introduction

Colorectal cancer is one of the most common and deadly
cancer in the world with about 1.93 million cases in 2020 (Xi
& Xu, 2021). Unhealthy lifestyles such as the consumption of
foods high in fat and low fiber content may increase the risk
of developing colorectal cancer (Larsson & Wolk, 2006). There
are three main types of treatment for cancer, namely surgery,
radiotherapy, or chemotherapy (Hahn & Payne, 2003). Surgery
is usually considered effective in the earlier stage, while radiation
therapy has negative side effects and was reported to increase
the risk for the development of other cancers. On the other side,
chemotherapy treatment often uses drugs, mainly doxorubicin, that
turn off cancer cells. Nevertheless, the sensitivity and specificity of
Doxorubicin are challenging as treatment with the chemotherapy
drug Doxorubicin (DOX) may lead to toxicities that affect
noncancer cells, which further leads to undesirable side effects.
Chemotherapy works by inhibiting cancer cells’ proliferation and
growth with limited toxicity, but they may also harm normal
cells (Conklin, 2004). The discovery and identification of new
anticancer natural products with minimal side effects have been
the primary goal in many studies (Duraikannu et al., 2014).

Probiotics are live microorganisms that, when given in an
adequate amount confer health benefits to the-host (Darsanaki et al.,
2014; Roy & Trinchieri, 2017). Haggar & Boushley (2009) reported

that the complex bacterial population residing in the colon
(gut flora) plays a critical role in promoting the development
of colorectal cancer. Consumption of probiotics could alter the
environment of the gut flora and it seems to be one of the most
interesting candidates for colorectal cancer treatment (Zhu et al.,
2013). Lactic acid bacteria (LAB) are the most commonly used
bacteria for probiotics. LABs have displayed anti-inflammatory
activities and anti-tumor effects (Ding et al., 2018; El-Deeb et al.,
2018; Tukenmez et al., 2019). Some studies have also identified
that the consumption of LABs could stimulate the immune system,
leading to the prevention of colorectal cancer (Chen etal., 2011;
Akbari et al., 2016). Nami et al. (2014) identified that probiotic
Lactobacillus acidophilus has anticancer activity and remarkable
antimicrobial activity as well. L. plantarum was suggested by
(Nandhini & Palaniswamy, 2013) as a food component to
prevent cancer.

L. plantarum IIA-1A5 and L. acidophilus 11A-2B4 are
indigenous lactic acid bacteria (LAB) isolated from Indonesian
Ongole Crossbred Cattle (Arief et al., 2015). These bacteria
displayed some probiotic characteristics based on in vitro and in
vivo studies. L. plantarum IIA-1A5 exhibits strong antimicrobial
activity against Escherichia coli, Staphylococcus aureus, and
Salmonella typhimurium (Arief et al., 2010), while also having
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a high tolerance against low pH values (Arief et al., 2013).
L. acidophilus I1A-2B4 showed the ability to prevent diarrhea in
rats exposed to Enteropathogenic Escherichia coli (EPEC) and
immunomodulatory effects (Astawan et al., 2011). However, the
anticancer activity of L. plantarum 1IA-1A5 and L. acidophilus
ITA-2B4 against colorectal cancer is still unknown. In this study,
the ability of L. plantarum IIA-1A5 and L. acidophilus IIA-2B4 to
inhibit the growth of the WiDr cancer cells line is described.
It is concluded that the study on anticancer activity of these
Indonesian LABs is quite promising to be further developed as
an alternative treatment for colorectal cancer.

2 Materials and methods
2.1 Culture propagation

Lyophilized cultures of L. plantarum IIA-1A5 and L.
acidophilus IIA-2B4 were obtained from the Department of
Animal Production and Technology laboratory, Faculty of
Animal Science, IPB University. Each strain was inoculated in
De Man, Rogosa and Sharpe Broth (MRSB) medium with 5%
yeast extract followed by incubation at 37 °C for 24 h. After
2 successive transmissions, approximately 10% (vol/vol) of
activated culture were transferred to 10-mL aliquots of MRS
broth and incubated at 37 °C for 24 h. The cell population of
each strain was assessed using MRS agar (Oxoid) and the pour-
plate technique. The assessment was done in duplicate after
incubation at 37 °C for 36 h. Plates having colonies within the
countable range of 25 to 250 colonies were enumerated and the
colony-forming units (cfu) were calculated.

2.2 Preparation of intracellular and extracellular compound
extract

Preparation of the extracts was performed based on
Ningtiyas et al. (2021). Briefly, L. plantarum IIA-1A5 and L.
acidophilus IIA-2B4 cultures were performed and centrifuged at
6,000x gat4 °Cfor 10 min to isolate both pellets and supernatants.
Intracellular extracts were derived from the pellets while the
extracellular extracts were derived from cell-free medium
(supernatants). Isolated pellets were suspended in PBS solution
with 10 mM EDTA. Approximately 16 uL of lysozyme (40 mg/mL)
were added to the suspension followed by incubation at 37 °C for
1 h. The suspensions were subjected to sonication with 5 cycles
for 2 min run and 1 min rest. After sonication, the suspensions
were centrifuged at 10 000 x g at 4 °C for 20 min, and the pellets
were discarded to obtain the intracellular compound extracts.
Isolated supernatants from the initial centrifugation were filtered
using Sartorius Minisart 0.22 pm membrane filter and dialyzed
against 0.02 M potassium phosphate buffer (pH 6.2) with 10% of
10 mM EDTA. The cell-free medium obtained was also subjected
to dialysis using Wako dialysis membrane size 20 for 24 h at
8°Cin 0.02 M potassium phosphate bufter (pH 6.2) with 10%
of 10 mM EDTA. The product of dialysis is the extracellular
compound extracts. The intracellular extracts of L. plantarum
ITA-1A5 and L. acidophilus IIA-2B4 are designated as Lp-I and
La-I, respectively. Meanwhile, the extracellular extracts of L.
plantarum IIA-1A5 and L. acidophilus IIA-2B4 are designated
as Lp-E and La-E, respectively.

2.3 pH and titratable acidity measurement

The pH of the extracts was recorded by using Ionix
Instruments pH5 Spear pH Tester (Robinson, Singapore). The pH
meter was calibrated prior to the measurement according to
the manufacturer’s protocol. Meanwhile, the titratable acidity
of the extract was measured according to Kosikowski (1977).
Briefly, a mixture of samples containing 20 mL milk or yogurt
and 1 mL of 2% w/v solution of phenolphthalein was prepared in
an Erlenmeyer flask. The mixture was then titrated with 0.01 N
NaOH solution until the faint pink color is observed and stable
for at least 2 min. The percentage of titratable acidity was then
calculated based on the formula of Cari¢ et al. (2000).

2.4 Protein concentration analysis

The Lowry method for protein quantitation (Walker, 2009)
was used to determine the protein concentration within the
sample. Bovine serum albumin (BSA) protein ranging from
10-2000 pg/mL was used for standard. To 0.1 mL of samples,
0.1 mL of 2 N'NaOH were added and then hydrolyzed at 100 °C
for 10 min. The hydrolysates were cooled to room temperature
and added with 1 mL of complex reagent composed of 2%
Na,CO,, 1% CuSO,-5H,0, and 2% Na. The solution was kept
at room temperature for 10 min. Then 0.1 mL of Folin reagent
were added and kept the solution at room temperature for 30-
60 min. Perkin Elmer Lambda 25 UV/Visible Spectrophotometer
(MA, USA) was used to read the absorbance of each mixture
at 550 nm. The absorbance was calculated to determine the
protein concentration.

2.5 Anticancer activity analysis

Anticancer activity investigations were performed by
determining the viability of the cell cancer using the 3-(4,
5-dimethylthiazolyl-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay method (Mosmann, 1983). Samples of bacterial
protein extraction were prepared in different concentrations
and diluted into Dulbecco’s Modified Eagle Medium (DMEM)
and buffer based on Nandhini & Palaniswamy (2013).
The concentration of samples used for treatment were: 0 ug/mL,
15 pg/mL, 50 pg/mL, 100 pg/mL, and 200 ug/mL. Doxorubicin
with the same concentration was also used for treatment as a
positive control. Each sample was inoculated into individual
wells in a 96-well microplate containing WiDr cancer cells.
The microplates were incubated for 48 h at 37 °C before MTT
solution was added into the culture. MTT was converted to
formazan by metabolically viable cells and the absorbance
was measured using a Microplate Reader BIOBASE-EL 10A
(Shandong, China) at a wavelength of 595 nm to determine the
inhibitory activity. IC,  values were calculated using Graphpad
Prism 8 by comparing the normalized absorbance percentage
with the log of concentration used.

2.6 Statistical analysis

The results are expressed as mean + standard of deviation of
three independent experiments, where each of the experiments
consisted of three replications. One-way analysis of variance
(ANOVA) and post-hoc Tukey’s test was used to determine
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the differences among the means. The values of P < 0.05 and
P < 0.01 were statistically significant and very significant,
respectively.

3 Results and discusion
3.1 Bacterial preparation

The population of L. plantarum I1A-1A5 and L. acidophilus
ITA-1A5 used in this study is presented in Table 1. Each strain was
harvested after the incubation at 37 °C for 36 h. The population
of both strains was statistically comparable (P > 0.05). Notable,
the population of both strains were higher than the minimum
population of the probiotic to use in fermented foods (Rezac et al.,
2018). This indicated that the population used in this study
met the minimum requirement of probiotic population in the
fermented products. Nevertheless, Molska & Regula (2019)
proposed the minimum dose of Lactobacillus genus to reduce
the risk of colon cancer was in the range of 10-11 log cfu/mL.
This concentration is slightly higher than the population of L.
plantarum IIA-1A5 and L. acidophilus 1IA-2B42 used in this
study. However, we believe that it is acceptable as some studies
on the anticancer properties of LAB strains were shown that
the anticancer activities were observable at the population
lower than 1010-1011 log cfu/mL (Tiptiri-Kourpeti et al., 2016;
Nami et al., 2014). In addition, in this current study, the bacterial
cells were not used to challenge the cancer cells vis-a-vis, instead,
the metabolite products of the bacteria were used in the test.

3.2 pH and titratable acidity

Figure 1 showed the pH and titratable acidity values of the
extracts from L. plantarum IIA-1A5 and L. acidophilus IIA-2B4,
which demonstrated both pH and titratable acidity values among

25
EpH OTA
20
v 15
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™
=0
0
Lp-l Lp-E La-1 Lal

Figure 1. pH and titratable acidity (TA) values of the extracts from L.
plantarum IIA-1A5 and L. acidophilus 11A-2B4. (Lp-1) = L. plantarum
ITA-1A5 intracellular extract; (Lp-E) = L. plantarum IIA-1A5 extracellular
extract, (La-I) = L. acidophilus IIA-2B4 intracellular extract; (La-E) =
L. acidophilus TIA-2B4 extracellular extract.

Table 1. Bacterial populations of L. plantarum IIA-1A5 and L. acidophilus
ITA-2B4.

Sample Population (log cfu/mL)
L. plantarum IIA-1A5 8.22+0.29
L. acidophilus IIA-2B4 9.13 +£0.04
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the extracts were considerably comparable (P > 0.05). Notable,
the extracts were obtained from the bacteria harvested after
36 hincubation (fermentation) time. During the fermentation,
L. plantarum IIA-1A5 and L. acidophilus 11A-2B4 produced
organic acids as the main product of glucose fermentation.
The presence of organic acids should lower the pH value of the
extracts. Figure 1 showed no differences in the pH value and
titratable acidity among the extracts, which indicated that the
organic acids produced by fermentation of L. plantarum IIA-
1A5 and L. acidophilus IIA-2B4 were considered comparable.
To note, pH and titratable value are theoretically in an inverse
relationship, whereby the low pH (high acids) sample should
have a high titratable acidity value as more acids in the sample are
titrated (more NaOH needed to titrate the acids). Nevertheless,
Figure 1 indicated that the inverse relationship between both values
was not obviously observed due to insignificant differences among
the values. Arief etal. (2015) previously has identified L. plantarum
ITA-1A5 and L. acidophilus IIA-2B4 as homofermentative bacteria,
which produced the lactic acid as the predominant organic acid,
there is a possibility for these bacteria to also have other organic
acids as by-products. Accordingly, the pH and titratable acidity
values of the extracts in this study do not necessarily correlate
to lactic acid as the only organic acid product. The values may
also be due to the presence of other organic acids in the extract.
The type of organic acids produced by L. plantarum IIA-1A5 and
L. acidophilus IIA-2B4, nevertheless, remain to be experimentally
identified. In general, the presence of organic acids (particularly
lactic acid) is preferable for fermentation products due to their
health effects. Garrote et al. (2015) indicated that lactate could
regulate critical functions of some immune system components
such as macrophages and dendritic cells. Lactate and fatty
acids derived from the fermentative metabolism of lactobacilli
have been shown to downregulate proinflammatory responses
in intestinal epithelial cells and myeloid cells (Iraporda et al.,
2015). To note, the pH values of the extracts were close to the
neutral. The intracellular and extracellular extracts were dialyzed
against 0.02 M potassium phosphate buffer (pH 6.2) following
the harvesting. This step might account for the nearly neutral
pH of extracts.

3.3 Protein concentration

The protein concentration of the extracts was then determined
using the Lowry method (Table 2). Protein concentration from
extracellular extracts of both strains has a higher value (P < 0.05)
than their intracellular counterparts. While Nogueira et al. (2012)
reported that the secreted proteins in bacteria were about 5-6%
of the total proteins only, the range of concentration is believed
to be different depending on the type of bacteria, growth rate,

Table 2. Protein concentration analysis.

Sample Protein concentration (ug/mL)
Lp-I 264.56 + 44.72¢
La-I 367.46 + 101.59*
Lp-E 1,113.00 + 149.43"
La-E 1,078.79 + 259.39"

*®Means in the same column with different superscripts differ (P < 0.05).
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medium, and temperature. Some extracellular proteins include
some enzymes, toxins, as well as antimicrobial peptides, where
the concentration of these proteins is considerably different
for each of the bacteria. Secreted enzymes are used to scavenge
nutrients. Secreted toxins are involved in defense against protozoa,
virulence towards humans, and antagonistic interactions with
other bacteria (Garcia-Garcera & Rocha, 2020). Sdnchez et al.
(2010) also reported that extracellular proteins secreted by
probiotic bacteria were found to be important for the attachment
into the host mucosal cells.

3.4 Anticancer activity

MTT assay was performed to determine the inhibitory
activity of a compound. The result (Table 3) showed all extracts
displayed inhibitory activity towards WiDr cells in a dose-
dependent response, yet with a different magnitude. At the
concentration of 15 pg/mL, all the extracts inhibited WiDr
cells, yet with lower inhibition activity than Doxorubicin.
Lp-E and La-E exhibited comparable inhibition activity with
Doxorubicin at the minimum concentration of 50 pg/mL.

Meanwhile, a minimum concentration of 100 ug/mL is required
for Lp-I or La-I to have comparable inhibition activity with
Doxorubicin. This indicated that extracellular extract of both
bacteria had better inhibition activity against WiDr cells than
the intracellular cells. Interestingly, at any concentration used,
Lp-E and La-E showed comparable inhibition activity against
WiDr cells. A similar phenomenon was also observed for Lp-I
and La-I at any concentration. Further, up to a concentration
of 200 pg/mL, none of the extracts exhibited higher inhibition
activity than Doxorubicin.

To support, the viability of WiDr Cells was also confirmed
microscopically as shown in Figure 2. It is clear that the addition
of the extracts induced the cell to death as observed under the
microscope. Negative control without any treatment showed
normal WiDr cells (A). WiDr cells which have been subjected
to 100 ppm of sample treatment displayed a shrinkage and
difference in color due to cell death. The compound can cause
death to cancer cells by different mechanisms such as apoptosis
induction, necrosis induction, anti-proliferation, inhibition
of cell cycle, and inhibition of angiogenesis (Ren et al., 2003).

Table 3. Inhibitory activity of different combination of treatments on WiDr cells.

Sample Dose (ug/mL)
0 15 50 100 200
Lp-I 04 64.62 + 14.00° 96.02 + 0.52° 96.32 + 1.15* 97.04 + 1.08°
Lp-E 0¢ 31.57 £ 4.03¢ 54.44 + 4.72° 87.20 + 8.43° 95.56 + 1.65*
La-I 04 52.39 + 16.38" 91.98 + 4.33* 95.79 + 2.05* 97.16 +2.23*
La-I 0¢ 28.10 + 6.87¢ 57.79 +9.67° 85.21 £ 7.80° 96.68 + 2.11°
Doxorubicin 0¢ 93.18 £ 0.74* 94.46 + 1.09* 94.63 +0.83* 93.95 +0.59°

*dMeans in the same row with different superscripts differ (P < 0.05). L.p. = Lactobacillus plantarum; L.a. = Lactobacillus acidophilus; I = Intracellular; E = Extracellular.

A - Control

D — L. plantarum extracellular

B - Doxorubicin

E — L. acidophilus intracellular

C - L. plantarum intracellular

F — L. acidophilusextracellular

Figure 2. WiDr cells morphology with and without the treatments (100 ppm of Doxorubicin or Lp-E, La-E, Lp-I extracts La-I extracts).
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Further, IC50 values of the extracts were calculated based on
relationship between the concentrations of each extract and cell
viability as shown in Figure 3. The calculated IC50 values of the
extract, as well as the Doxorubicin are shown in Table 4. These
values refer to the required concentration of samples (ug/mL) to
inhibit 50% of cell viability. Accordingly, the higher IC50 value
obtained should reflect lower inhibition activity. Table 4 showed
that IC50 values of extracellular fractions were significantly
higher than that of intracellular fractions. This confirmed that
the extracellular extract of both bacteria has better inhibition
activity against WiDr cells than the intracellular cells. Further,
no significant differences between IC50 values of Lp-E and
La-E or Lp-I and La-I. Unfortunately, the current study was
not extended to the identification of compounds responsible
for the inhibition properties against WiDr cells. Nevertheless,
it is interesting to note that extracellular extracts (Lp-E and
La-E) not only exhibited higher IC50 values but also higher
protein content than the intracellular extracts (Lp-I and La-I).
Accordingly, we assumed that the protein compounds of the
extract are one of the bioactive compounds that are responsible
for the inhibition properties. This hypothesis is supported by
Liu et al. (2021) who previously indicated that protein is one
of the anticancer substances from LAB. Two major anticancer
proteins of BAL are S-layer protein (Zhang et al., 2020; Wu et al.,
2019) and bacteriocin (Paiva et al., 2012; Norouzi et al., 2018;
Hosseini et al., 2020; Prince et al., 2019). To note, both proteins
were commonly found in extracellular fractions which might be
explained why the extracellular extracts of L. plantarum IIA-1A5 and
L. acidophilus 1IA-2B4 exhibited higher inhibition activity
against WiDr cells than the intracellular extracts. Nevertheless,
non-protein substances may also contribute to the inhibition
activity. Liu et al. (2021) and Choi et al. (2006) reported that non-

Table 4. IC_ value of different types of extracts.

Sample IC_, ug/mL
Lp-I 12.01 + 1.89°
Lp-E 29.58 +2.09°
La-I 13.99 + 0.94*
La-I 31.25+ 1.63°

Doxorubicin 5.74 + 0.37¢

L.p. = Lactobacillus plantarum; L.a. = Lactobacillus acidophilus; 1 = intracellular;
E = extracellular.

100 - Lp-|
- Lp-E
-+ La-|
50 -+ la-E
-+ Doxo

Normalized Absorbance (%)

0 :I T T T
0.5 1.0 1.5 2.0 25
Log (Concentration)

Figure 3. Relationship between normalized absorbance and log of
concentration. (Lp-I) = L. plantarum intracellular extract; (Lp-E) = L.
plantarum extracellular extract, (La-I) = L. acidophilus intracellular extract;
(La-E) = L. acidophilus extracellular extract; (Doxo) = doxorubicin.
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protein substances of extracellular polysaccharides, nucleic acid,
and peptidoglycan exhibited anticancer activity. Nevertheless,
the anticancer substances that dominantly contributed to the
anticancer activity of L. plantarum IIA-1A5 and L. acidophilus
ITA-2B4 remain to be further identified and studied.

The ability of L. plantarum IIA-1A5 or L. acidophilus
ITA-2B4 extracts to inhibit the WiDr cancer cells is in good
agreement with the previous studies on anticancer activity of
other BAL. Earlier, cell-free supernatant (extracellular extracts)
of Lactobacilli were reported also to inhibit colorectal cancer cells
(Kahouli et al., 2015; Rabiei et al., 2020). In addition, Atani et al.
(2018) also reported about inhibitory effects of the cell wall
(extracellular fraction) of Lactobacillus reuteri on HCT116 cell
proliferation. Further, while we have confirmed that extracellular
extracts exhibited higher activity against WiDr cells, it leads to
the possibility of the food products fermented by L. plantarum
ITA-1AS5 or L. acidophilus TIA-2B4 to contain the anticancer
substances secreted by these bacteria. This assumption is supported
by previous studies on some fermented food products exhibiting
anticancer activity. Camel milk fermented by indigenous LAB
Lc.K782 exhibited antiproliferative activities against Caco-2,
MCE-7, and HeLa cancer cell lines (Ayyash et al., 2018). Finally,
Elfahri et al. (2016) observed that bovine milk fermented with
selected Lactobacillus helveticus strains could inhibit the growth
of HT-29 colon cancer cells.

4 Conclusion

In this study, extracellular and intracellular extracts of two
Indonesian probiotics of Lactobacillus plantarum I1A-1A5 and
Lactobacillus acidophilus IIA-2B were obtained and used to
inhibit the WiDr colon cancer cells through in vitro approach.
The extracts were found to have comparable pH and titrable
acidity, yet with different protein concentrations. Further,
both extracts exhibited anticancer activity against WiDr colon
cancer cells in a concentration-dependent manner. Intracellular
compound extracts, especially that of L. plantarum IIA-1A5, have
a high rate to inhibit the growth of cancer cells, comparable to
that of doxorubicin. Altogether, the bacteria and extracts are
promising to be further studied for the development of anticancer
prevention and treatments.

Acknowledgements

The authors gratefully acknowledge support from the
Director General of Innovation Development, Indonesian
Ministry of Research and Technology, Jakarta, Indonesia, for the
research funding through Educational Scholarships for Master
to Doctor Program for Excellence Scholars (PMDSU) with
contract Number 077/SP2H/Lt/DRPM/2021, and the Higher
Education Applied Research (PTUPT) scheme with contract
Number 1/E1/KPPTNBH/2021.

References

Akbari, A., Mobini, G. R., Maghsoudi, R., Akhtari, J., Faghihloo, E., &
Farahnejad, Z. (2016). Modulation of transforming growth factor-§
signaling transducers in colon adenocarcinoma cells induced by



In vitro anticancer potential of Lactobacillus extracts against WiDr cell

staphylococcal enterotoxin B. Molecular Medicine Reports, 13(1),
909-914. http://dx.doi.org/10.3892/mmr.2015.4596. PMid:26647993.

Arief, I. 1., Jakaria, Suryati, T., Wulandari, Z., & Andreas, E. (2013).
Isolation and characterization of plantaricin produced by Lactobacillus
plantarum strains (ITA-1A5, ITA-1B1, IIA-2B2). Media Peternakan,
36(2), 91-100. http://dx.doi.org/10.5398/medpet.2013.36.2.91.

Arief, 1. I, Jenie, B. S. L., Astawan, M., & Witarto, A. B. (2010). The
effectivities of probiotic Lactobacillus plantarum 2C12 and Lactobacillus
acidophilus 2B4 as antidiarrhea on rats. Media Peternakan, 33, 137-
143. http://dx.doi.org/10.5398/medpet.2010.33.3.137.

Arief, I. I, Jenie, B. S. L., Astawan, M., Fujiyama, K., & Witarto, A. B.
(2015). Identification and probiotic characteristics of lactic acid
bacteria isolated from Indonesian local beef. Asian Journal of Animal
Sciences, 9(1), 25-36.

Astawan, M., Wresdiyati, T., Arief, I. I, & Febiyanti, D. (2011). Potency
of indigenous probiotic lactic acid bacteria as antidiarrheal agent
and immunomodulator. Jurnal Teknologi dan Industri Pangan,
22(1), 11-16.

Atani, Z. R, Faghihloo, E., Ghalavand, Z., & Eslami, G. (2018). The
inhibitory effects of Lactobacillus reuteri’s cell wall on cell proliferation
in the HCT 116 colorectal cancer cell line. Novelty in Biomedicine,
3, 126-130.

Ayyash, M., Al-Dhaheri, A. S., Mahadin, S., Kizhakkayil, J., & Abushelaibi,
A. (2018). In vitro investigation of anticancer, antihypertensive,
antidiabetic, and antioxidant activities of camel milk fermented
with camel milk probiotic: a comparative study with fermented
bovine milk. Journal of Dairy Science, 101(2), 900-911. http://dx.doi.
org/10.3168/jds.2017—13400. PMid:29224862.

Cari¢, M., Milanovi¢, S & Vucelja, D. (2000). Standard methods of
analysing milk and dairy products. Novi Sad: Faculty of Technology,
University of Novi Sad.

Chen, C. C,, Lin, W. C,, Kong, M. S., Shi, H. N., Walker, W. A., & Lin,
C.Y.(2011). Oral inoculation of probiotics Lactobacillus acidophilus
NCFM suppresses tumor growth both in segmental orthotopic colon
cancer and extra — intestinal tissue. British Journal of Nutrition,
30, 1-12.

Choi, S. S.,Kim, Y., Han, K. S., You, S., Oh, S., & Kim, S. H. (2006). Effects
of lactobacillus strains on cancer cell proliferation and oxidative
stress in vitro. Letters in Applied Microbiology, 42(5), 452-458. http://
dx.doi.org/10.1111/j.1472-765X.2006.01913.x. PMid:16620202.

Conklin, K. A. (2004). Chemotherapy-associated oxidative stress: impact
on chemotherapeutic effectiveness. Integrative Cancer Therapies,
3(4), 294-300. http://dx.doi.org/10.1177/1534735404270335.
PMid:15523100.

Darsanaki, R. K., Kolavani, M. H., Chakoosari, M. M. D., Shalkeh, S.
E., & Tajehmiri, A. (2014). Biological control of aflatoxin B1 by
probiotic bacteria. Trends in Life Sciences, 3(1), 1-4.

Ding, C., Tang, W, Fan, X., & Wu, G. (2018). Intestinal microbiota: a
novel perspective in colorectal cancer biotherapeutics. OncoTargets
and Therapy, 11,4797-4810. http://dx.doi.org/10.2147/OTT.S170626.
PMid:30147331.

Duraikannu, K., Rani, K. S., Anithajothi, R., Umagowsalya, G., &
Ramakritinan, C. M. (2014). In-vivo anticancer activity of red algae
(Gelidiela acerosa and Acanthopora spicifera). International Journal
of Pharmaceutical Sciences and Research, 5(8), 3347-3352.

El-Deeb, N. M., Yassin, A. M., Al-Madboly, L. A., & El-Hawiet, A. (2018).
A novel purified Lactobacillus acidophilus 20079 exopolysaccharide,
LA-EPS-20079, molecularly regulates both apoptotic and NF- kB
inflammatory pathways in human colon cancer. Microbial Cell

Factories, 17(1), 29. http://dx.doi.org/10.1186/s12934-018-0877-z.
PMid:29466981.

Elfahri, K. R., Vasiljevic, T., Yeager, T., & Donkor, O. N. (2016).
Anti-colon cancer and antioxidant activities of bovine skim milk
fermented by selected Lactobacillus helveticus strains. Journal of
Dairy Science, 99(1), 31-40. http://dx.doi.org/10.3168/jds.2015-
10160. PMid:26601580.

Garcia-Garcera, M., & Rocha, E. P. C. (2020). Community diversity
and habitat structure shape the repertoire of extracellular proteins
in bacteria. Nature Communications, 11(1), 758. http://dx.doi.
org/10.1038/s41467-020-14572-x. PMid:32029728.

Haggar, E A., & Boushey, R. P. (2009). Colorectal cancer epidemiology:
incidence, mortality, survival, and risk factors. Clinics in Colon and Rectal
Surgery,22(4), 191-197. http://dx.doi.org/10.1055/s-0029-1242458.
PMid:21037809.

Hahn, D. B., & Payne, W. A. (2003). Focus on health. Boston: Mc-Graw Hill.

Hosseini, S. S., Goudarzi, H., Ghalavand, Z., Hajikhani, B., Rafeieiatani,
Z., & Hakemi-Vala, M. (2020). Anti-proliferative effects of cell wall,
cytoplasmic extract of Lactococcus lactis and nisin through down-
regulation of cyclin D1 on SW480 colorectal cancer cell line. Iranian
Journal of Microbiology, 12(5), 424-430. http://dx.doi.org/10.18502/
ijm.v12i5.4603. PMid:33603997.

Iraporda, C., Errea, A., Romanin, D. E., Cayet, D., Pereyra, E., Pignataro,
O, Sirard, J. C., Garrote, G. L., Abraham, A. G., & Rumbo, M.
(2015). Lactate and short chain fatty acids produced by microbial
fermentation downregulate proinflammatory responses in intestinal
epithelial cells and myeloid cells. Immunobiology, 220(10), 1161-1169.
http://dx.doi.org/10.1016/j.imbio.2015.06.004. PMid:26101138.

Kahouli, I., Malhotra, M., Alaoui-Jamali, M. A., & Prakash, S. (2015).
In-vitro characterization of the anti-cancer activity of the probiotic
bacterium Lactobacillus fermentum NCIMB 5221 and potential against
colorectal cancer. Journal of Cancer Science & Therapy, 7(7), 224-235.

Kosikowski, E. V. (1977). Cheese and fermented milk foods (2nd ed.).
Michigan: Edward Brothers Inc.

Larsson, S. C., & Wolk, A. (2006). Meat consumption and risk of
colorectal cancer: a meta-analysis of prospective studies. International
Journal of Cancer, 119(11), 2657-2664. http://dx.doi.org/10.1002/
ijc.22170. PMid:16991129.

Liu, C., Zheng, J., Ou, X., & Han, Y. (2021). Anti-cancer substances
and safety of lactic acid bacteria in clinical treatment. Frontiers in
Microbiology, 12,722052. http://dx.doi.org/10.3389/fmicb.2021.722052.
PMid:34721321.

Molska, M., & Regula, J. (2019). Potential Mechanisms of Probiotics
Action in the Prevention and Treatment of Colorectal Cancer.
Nutrients, 11(10), 2453. http://dx.doi.org/10.3390/nul1102453.
PMid:31615096.

Mosmann, T. (1983). Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity assays.
Journal of Immunological Methods, 65(1-2), 55-63. http://dx.doi.
0rg/10.1016/0022-1759(83)90303-4. PMid:6606682.

Nami, Y., Abdullah, N., Haghshenas, B., Radiah, D., Rosli, R., &
Khosroushahi, A. Y. (2014). Probiotic potential and biotherapeutic
effects of newly isolated vaginal Lactobacillus acidophilus 36 YL strain
on cancer cells. Anaerobe, 28, 29-36. http://dx.doi.org/10.1016/j.
anaerobe.2014.04.012. PMid:24818631.

Nandhini, B., & Palaniswamy, M. P. (2013). Anticancer effets of goat
milk fermented by Lactobacillus plantarum and Lactobacillus
paracasei. International Journal of Pharmacy and Pharmaceutical
Sciences, 5(3), 898-901.

Food Sci. Technol, Campinas, 42, e87221, 2022


https://doi.org/10.3892/mmr.2015.4596
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26647993&dopt=Abstract
https://doi.org/10.5398/medpet.2013.36.2.91
https://doi.org/10.5398/medpet.2010.33.3.137
https://doi.org/10.3168/jds.2017-13400
https://doi.org/10.3168/jds.2017-13400
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29224862&dopt=Abstract
https://doi.org/10.1111/j.1472-765X.2006.01913.x
https://doi.org/10.1111/j.1472-765X.2006.01913.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16620202&dopt=Abstract
https://doi.org/10.1177/1534735404270335
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15523100&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15523100&dopt=Abstract
https://doi.org/10.2147/OTT.S170626
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30147331&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30147331&dopt=Abstract
https://doi.org/10.1186/s12934-018-0877-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466981&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466981&dopt=Abstract
https://doi.org/10.3168/jds.2015-10160
https://doi.org/10.3168/jds.2015-10160
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26601580&dopt=Abstract
https://doi.org/10.1038/s41467-020-14572-x
https://doi.org/10.1038/s41467-020-14572-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32029728&dopt=Abstract
https://doi.org/10.1055/s-0029-1242458
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21037809&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21037809&dopt=Abstract
https://doi.org/10.18502/ijm.v12i5.4603
https://doi.org/10.18502/ijm.v12i5.4603
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33603997&dopt=Abstract
https://doi.org/10.1016/j.imbio.2015.06.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26101138&dopt=Abstract
https://doi.org/10.1002/ijc.22170
https://doi.org/10.1002/ijc.22170
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16991129&dopt=Abstract
https://doi.org/10.3389/fmicb.2021.722052
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34721321&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34721321&dopt=Abstract
https://doi.org/10.3390/nu11102453
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31615096&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31615096&dopt=Abstract
http://dx.doi.org/10.1016/0022-1759(83)90303-4
http://dx.doi.org/10.1016/0022-1759(83)90303-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6606682&dopt=Abstract
http://dx.doi.org/10.1016/j.anaerobe.2014.04.012
http://dx.doi.org/10.1016/j.anaerobe.2014.04.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24818631&dopt=Abstract

Adiyoga et al.

Ningtiyas, W. D., Arief, L. I, Budiman, C., & Utomo, A. R. H. (2021).
Inhibition of human cervical cancer Hela cell line by meat-derived
lactic acid bacteria of Lactobacillus plantarum IIA-1A5 and
Lactobacillus acidophilus IIA-2B4. Pakistan Journal of Biological Sciences,
24(12), 1340-1349. http://dx.doi.org/10.3923/pjbs.2021.1340.1349.
PMid:34989211.

Nogueira, T., Touchon, M., & Rocha, E. P. C. (2012). Rapid evolution
of the sequences and gene repertoires of secreted proteins in
bacteria. PLoS One, 7(11), 1-10. http://dx.doi.org/10.1371/journal.
pone.0049403. PMid:23189144.

Norouzi, Z., Salimi, A., Halabian, R., & Fahimi, H. (2018). Nisin, a
potent bacteriocin and anti-bacterial peptide, attenuates expression of
metastatic genes in colorectal cancer cell lines. Microbial Pathogenesis,
123, 183-189. http://dx.doi.org/10.1016/j.micpath.2018.07.006.
PMid:30017942.

Paiva, A. D., Oliveira, M. D., Paula, S. O., Baracat-Pereira, M. C.,
Breukink, E., & Mantovani, H. C. (2012). Toxicity of bovicin HC5
against mammalian cell lines and the role of cholesterol in bacteriocin
activity. Microbiology, 158(11), 2851-2858. http://dx.doi.org/10.1099/
mic.0.062190-0. PMid:22956757.

Prince, A., Tiwari, A., Ror, P, Sandhu, P, Roy, ], Jha, S., Mallick, B.,
Akhter, Y., & Saleem, M. (2019). Attenuation of neuroblastoma
cell growth by nisin is mediated by modulation of phase behavior
and enhanced cell membrane fluidity. Physical Chemistry Chemical
Physics, 21(4), 1980-1987. http://dx.doi.org/10.1039/C8CP06378H.
PMid:30633257.

Rabiei, M., Zarrini, G., & Mahdavi, M. (2020). Lactobacillus casei
UT1 isolated from northwest of Iran traditional curd exerts anti-
proliferative and apoptosis inducing effects in human colorectal
tumor HCT 116 cells. Advanced Pharmaceutical Bulletin, 10(1),
125-129. http://dx.doi.org/10.15171/apb.2020.016. PMid:32002371.

Ren, W, Qiao, Z., Wang, H., Zhu, L., & Zhang, L. (2003). Flavonoids:
promising anticancer agents. Medicinal Research Reviews, 23(4),
519-534. http://dx.doi.org/10.1002/med.10033. PMid:12710022.

Rezac, S., Kok, C. R., Heermann, M., & Hutkins, R. (2018). Fermented
foods as a dietary source of live organisms. Frontiers in Microbiology,
9, 1785. http://dx.doi.org/10.3389/fmicb.2018.01785. PMid:30197628.

Food Sci. Technol, Campinas, 42, e87221, 2022

Roy, S., & Trinchieri, G. (2017). Microbiota: a key orchestrator of
cancer therapy. Nature Reviews Cancer, 17(5), 271-285. http://dx.doi.
org/10.1038/nrc.2017.13. PMid:28303904.

Sanchez, B., Urdaci, M. C., & Margolles, A. (2010). Extracellular proteins
secreted by probiotic bacteria as mediators of effects that promote
mucosa-bacteria interactions. Microbiology, 156(11), 3232-3242.
http://dx.doi.org/10.1099/mic.0.044057-0. PMid:20864471.

Tiptiri-Kourpeti, A., Spyridopoulou, K., Santarmaki, V., Aindelis, G.,
Tompoulidou, E., Lamprianidou, E. E., Saxami, G., Ypsilantis, P.,
Lampri, E. S., Simopoulos, C., Kotsianidis, I., Galanis, A., Kourkoutas,
Y., Dimitrellou, D., & Chlichlia, K. (2016). Lactobacillus casei exerts
anti-proliferative effects accompanied by apoptotic cell death and up-
regulation of TRAIL in colon carcinoma cells. PLoS One, 11(2), 1-20.
http://dx.doi.org/10.1371/journal.pone.0147960. PMid:26849051.

Tukenmez, U., Aktas, B., Aslim, B., & Yavuz, S. (2019). The relationship
between the structural characteristics of lactobacilli-EPS and its
ability to induce apoptosis in colon cancer cells in vitro. Scientific
Reports, 9(1), 8268. http://dx.doi.org/lO. 1038/s41598-019-44753-8.
PMid:31164685.

Walker, J. M. (2009). The protein protocols handbook (Springer Protocols
Handbooks, 3rd ed.). New Jersey: Humana Press. http://dx.doi.
org/10.1007/978-1-59745-198-7.

Wu, M, Liu, X., Bai, H., Lai, L., Chen, Q., Huang, G., Liu, B., & Tang,
G. (2019). Surface-layer protein-enhanced immunotherapy based
on cell membrane-coated nanoparticles for the effective inhibition
of tumor growth and metastasis. ACS Applied Materials & Interfaces,
11(10), 9850-9859. http://dx.doi.org/10.1021/acsami.9b00294.
PMid:30788951.

Xi, Y., & Xu, P. (2021). Global colorectal cancer burden in 2020 and
projections to 2040. Translational Oncology, 14(10), 1-7. http://
dx.doi.org/10.1016/j.tranon.2021.101174. PMid:34243011.

Zhang, T., Pan, D., Yang, Y,, Jiang, X., Zhang, J., Zeng, X., Wu, Z,,
Sun, Y., & Guo, Y. (2020). Effect of Lactobacillus acidophilus CICC
6074 S-layer protein on colon cancer HT-29 cell proliferation and
apoptosis. Journal of Agricultural and Food Chemistry, 68(9), 2639-
2647. http://dx.doi.org/10.1021/acs.jafc.9b06909. PMid:32000489.

Zhu, Q., Gao, R., Wu, W,, & Qin, H. (2013). The role of gut microbiota
in the pathogenesis of colorectal cancer. Tumour Biology, 34(3), 1285-
1300. http://dx.doi.org/10.1007/s13277-013-0684-4. PMid:23397545.


https://doi.org/10.1038/nrc.2017.13
https://doi.org/10.1038/nrc.2017.13
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28303904&dopt=Abstract
https://doi.org/10.1099/mic.0.044057-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20864471&dopt=Abstract
https://doi.org/10.1371/journal.pone.0147960
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26849051&dopt=Abstract
https://doi.org/10.1038/s41598-019-44753-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31164685&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31164685&dopt=Abstract
https://doi.org/10.1007/978-1-59745-198-7
https://doi.org/10.1007/978-1-59745-198-7
https://doi.org/10.1021/acsami.9b00294
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30788951&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30788951&dopt=Abstract
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1016/j.tranon.2021.101174
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34243011&dopt=Abstract
https://doi.org/10.1021/acs.jafc.9b06909
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32000489&dopt=Abstract
https://doi.org/10.1007/s13277-013-0684-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23397545&dopt=Abstract
https://doi.org/10.3923/pjbs.2021.1340.1349
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34989211&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34989211&dopt=Abstract
https://doi.org/10.1371/journal.pone.0049403
https://doi.org/10.1371/journal.pone.0049403
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23189144&dopt=Abstract
https://doi.org/10.1016/j.micpath.2018.07.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30017942&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30017942&dopt=Abstract
https://doi.org/10.1099/mic.0.062190-0
https://doi.org/10.1099/mic.0.062190-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22956757&dopt=Abstract
https://doi.org/10.1039/C8CP06378H
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30633257&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30633257&dopt=Abstract
https://doi.org/10.15171/apb.2020.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32002371&dopt=Abstract
https://doi.org/10.1002/med.10033
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12710022&dopt=Abstract
https://doi.org/10.3389/fmicb.2018.01785
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30197628&dopt=Abstract

