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Can buttermilk (ayran) with its postbiotic content be used in the protection of
colon health?

Postbiyotik icerigiyle ayran kolon saghiginin korunmasinda kullanilabilir mi?
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Abstract

Objective: In recent years, we have come across articles on the positive effects of nutrition in disease prevention and
treatment processes. The microbiota formed by bacteria in the human body can play a role in various diseases and
cancer. There is some information on the prevention and treatment of colon cancer by products called postbiotics
produced by some bacteria in this flora. It was aimed to investigate the therapeutic effects of ayran, an ingredient rich in
postbiotic products, on colon cancer.

Materials and Methods: This study evaluates the effects of postbiotic LTW 35 on normal colon fibroblast (CRL-1459)
and colon cancer (CCL-224) cell lines. CRL-1459 cells treated with TT X100 for cytotoxicity and CCL-224 cells grown to
sufficient density were exposed to normal buttermilk and buttermilk containing 1%, 2%, 3%, and 4% postbiotic LTW
35. Cell viability was assessed using the MTT assay, and tumor activity was measured via the Ca 19-9 tumor marker.
Results: The viability of CRL-1459 colon fibroblast cells decreases progressively with increasing concentrations of TT
X100, reachingits lowestlevel at 0.5%. The viability of colorectal cancer cells is reduced as the concentration of postbiotic
LTW 35 (Streptococcus thermophilus ATA-LTC St140700, Bifidobacterium animalis ATA-BSLA0310, Lactobacillus
acidophilus ATA-LAP1201 ferment extract lysate) increases, with the lowest viability observed at 4%. Ca19-9 tumor
marker levels in cancer cells decrease gradually with increasing concentrations of postbiotic LTW 35, showing the most
significant reduction at 4%.

Conclusion: Postbiotic LTW 35-enriched buttermilk restores the viability of TTX 100-damaged normal colon fibroblast
cells and reduces the viability of colorectal cancer cells in a concentration-dependent manner,; indicating both restorative
and anticancer effects. The observed decrease in Ca19-9 tumor marker levels further highlights its potential in reducing
tumor activity.
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Buttermilk (ayran) in Colon Health
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Amag: Son yillarda hastaliklardan korunma ve tedavi siireclerinde beslenmenin olumlu etkilerine iliskin
makalelere rasthyoruz. insan viicudundaki bakterilerin olusturdugu mikrobiyota cesitli hastaliklarda ve kanserde
rol oynayabiliyor. Bu florada yer alan bazi bakterilerin {irettigi postbiyotik ad1 verilen tiriinlerle kolon kanserinin
onlenmesi ve tedavisi konusunda bazi bilgiler mevcuttur. Bu ¢alismada, postbiyotik tiriinler agisindan zengin bir
bilesen olan ayranin kolon kanseri tizerindeki tedavi edici etkilerinin arastirilmasi amaglanmistir.

Gerec ve Yontem: Bu calismada, postbiyotik LTW 35’in normal kolon fibroblast (CRL-1459) ve kolon kanseri (CCL-
224) hiicre hatlar lizerindeki etkileri degerlendirilmistir. Sitotoksisite i¢in TT X100 ile muamele edilen CRL-1459
hiicreleri ve yeterli yogunlukta biiyiitiilen CCL-224 hiicreleri normal ayrana ve %1, %2, %3 ve %4 postbiyotik LTW
35 iceren ayrana maruz birakilmistir. Hiicre canliligt MTT testi kullanilarak degerlendirilmis ve tiimor aktivitesi Ca
19-9 tiimor belirteci ile dl¢iilmiistiir.

Bulgular: CRL-1459 kolon fibroblast hiicrelerinin canliligi, artan TT X100 konsantrasyonlari ile diizenli olarak
azalmis ve %0,5’te en disiik seviyeye ulagsmaktadir. Kolorektal kanser hiicrelerinin canliligi, postbiyotik LTW 35
(Streptococcus thermophilus ATA-LTC St140700, Bifidobacterium animalis ATA-BSLA0310, Lactobacillus acidophilus
ATA-LAP1201 fermentekstraktlizati) konsantrasyonu arttik¢ca azalmakta ve en diisiik canlilik %4’te gozlenmektedir.
Kanser hiicrelerindeki Ca19-9 tiimor isaretleyici seviyeleri, artan postbiyotik LTW 35 konsantrasyonlar ile
kademeli olarak azalmakta ve en 6nemli azalma %4’te gortilmektedir.

Sonug: Postbiyotik LTW 35 ile zenginlestirilmis ayran, TTX 100 ile hasar géormiis normal kolon fibroblast
hiicrelerinin canliligini geri kazandirmakta ve kolorektal kanser hiicrelerinin canliligini konsantrasyona baglh bir
sekilde azaltarak hem onarict hem de antikanser etkilerini gostermektedir. Ca19-9 timor marker seviyelerinde
gozlenen diisis, timor aktivitesini azaltma potansiyelini daha da vurgulamaktadir.

Anahtar Kelimeler: Hiicre Canliligi, Ayran, Kolon Kanseri, Postbiyotikler

INTRODUCTION processes and disease susceptibilities (6).
The surface of the human colonic epithelium
is exposed to and interacts with highly
complex and metabolically sophisticated
bacterial ecosystems. The gut microbiota
has an important role in maintaining
a healthy human colon by protecting
the host against pathogen overgrowth,
shaping the development of innate and
adaptive immunity, and obtaining energy
and producing nutrients for the host (7).
The human microbiome forms a complex
multikingdom community that interacts
symbiotically with its host, the human, at
various sites in the body. Host-microbiome

Colon cancer is a highly prevalent form of
human malignant tumor, with approximately
1,148,000 new cases and 576,000 new
deaths reported globally in 2020 (1). Today,
surgery remains the primary treatment
for patients with early-stage colon cancer.
However, most colon cancer patients are
diagnosed at advanced stages (2). Despite
significant advances in combined treatment
strategiesforcolon cancer, patients often face
low 5-year survival rates (3). Advances in
screening, surgical techniques, and adjuvant
therapies led to substantial improvement in

outcomes of patients diagnosed with colon
cancer (4,5).

The human body harbors an estimated three
trillion bacterial members that orchestrate
a comprehensive interplay of physiological
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interactions influence multiple physiological
processes and various multifactorial disease
states (8).
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The presence of abnormal changes in
the intestinal microflora of colon cancer
patients suggests that disruption of the
intestinal microflora is closely associated
with the initiation and progression of colon
cancer cells (9, 10). Furthermore, probiotics
have been shown to have tumor suppressive
effects in colon cancer cell lines and mouse/
rat tumor models (11, 12). The microbiota
has been shown to produce small molecules
and metabolites that have both local and
systemic effects on cancer initiation,
progression and treatment response (13).

Probiotics, microbiota and colon health

The gut microbiota has broad influences that
contribute to the hostimmune system during
tumor formation (14,15). The relationships
between the gastrointestinal microbiota
and systemic lymphoid tissues have
increased interest in microbial modulation
as a powerful immunotherapeutic modality.
for example, modulation of the gut
microbiota influences the composition of
the intratumoral microbiome in pancreatic
cancer, possibly through pancreatic duct
communication (16-18) and modulation
of gut microbiota aimed at restoring gut
microbial homeostasis is becoming a
potential strategy for the prevention and
treatment of colon cancer (19).

Probiotics are associated with a variety of
health benefits, including improving gut
microflora, suppressing extreme allergic
responses and tumor suppressive effects
(20-22) and probiotics are defined as live
microorganisms that, when administered
in adequate amounts, provide health
benefits to the host (23). Probiotics are now
recognized to function beyond mediating the
microbiota, but also to cause physiological
and metabolic changes in the host (19).

Intestinal health is impaired for various
reasons. Small intestinal  bacterial
overgrowth (SIBO), is a sickness and
characterized by excessive bacterial
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colonization in the small intestine. There
is a study on rats using probiotics by
Aslan et al. and in this study he observed
the important role of probiotics in the
amelioration of small intestinal bacterial
overgrowth (SIBO) (24). Younesi and Ayseli,
in a study, stated that there is an urgent
need for innovative models to strengthen
functional food production processes (25).
Ayseli et al. stated that the results obtained
from their study constituted an important
first step towards fermented foods and their
health effects on various infections (26).
Another important food group containing
a mixture of probiotic bacteria is milk and
dairy products. In a study by Bursalioglu
examining the effects of human milk, mare’s
milk and cow colostrum milk on A549 lung
cancer cell lines; the possibility that human
milk may have a therapeutic role in lung
cancer treatment. (27).

Postbiotics, microbiota and colon health

Postbiotic term is clearly articulated as any
factor resulting from the metabolic activity
of a probiotic or any released molecule
that can provide beneficial effects to the
host in a direct or indirect manner (28). In
other words; postbiotics refer to soluble by-
products and metabolites secreted by the gut
microbiota that exert biological activities on
the host. This term is increasingly appearing
in the scientific literature and commercial
products (29). In 2021, the International
Scientific Probiotic and Prebiotic Society
defined postbiotics as “the preparation of
non-living microorganisms and/or their
components that provide health benefits
to the host” (29). Postbiotic preparations
can be easily and stably stored at room
temperature for years without the need to
take into account the progressive decrease in
biological activity due to the loss of bacterial
viability over time (29). These functional
and physical properties of postbiotics have
generated great interest among researchers

129



Buttermilk (ayran) in Colon Health

(30).

Probiotic-derived ferrichrome exerts a
tumour-suppressive effect via the JNK
signalling pathway (31). Ferrichrome was
shown to be the molecule responsible
for inhibiting the progression of colon
cancer cells through JNK-DDTI3-mediated
apoptosis and ferricrome may be a practical
anti-tumor agent that can be used to
inhibit the progression of colon cancer
(31). Bioactive microbial compounds such
as exopolysaccharide (EPS) preparations
and cell-free supernatants (CFS) from
Lactobacillus species have been suggested
to be bioactive in some cancers. EPS reduced
the proliferation of liver and GI tumor cell
lines (32), while CFS preparations derived
from Lactobacillus, Bifidobacterium and
Faecalibacterium species induced cellular
apoptosis, reduced tumor cell proliferation
and activated anti-inflammatory signaling
pathwaysinvitromodels (33).Analternative
postbiotic approach could use OMVs in
a tumor modulating process. A modified
OMV from E. coli has shown promising
results as a cancer immunotherapeutic
agent in colorectal cancer mouse models by
accumulating in tumors and producing IFNg
to enhance the antitumor response within
the TME (34). An OMV-containing vaccine
elicited a specific antitumor immune
response with elimination of lung melanoma
metastasis and inhibition of subcutaneous
CRC growth (35). SCFA produced from
probiotic fermentation is the best known
example of postbiotics (36).

Examplesofsome ofthe positive effects of the
products formed by the beneficial bacteria
in the microbiota content on the prevention
and treatment of colon cancer. In one study,
the vitamin niacin (B3 vitamin) was shown
to reduce DNA damage and carcinogenesis
in various cancers, including breast, colon
and oral cancers (37) and niacin deficiency
was significantly more prevalent in
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Carcinoid tumor patients (38). Short-chain
fatty acids (SCFA); acetate, propionate and
butyrate) are the products of anaerobic
bacterial fermentation of dietary fiber in the
human colon. Among SCFAs, butyrate has
multiple important roles as a key in colonic
epithelial homeostasis: it is the main source
of energy for colonocytes (39,40); may be
protective against colon carcinogenesis
(41); inhibits colon carcinogenesis (42,43);
promotes the growth and proliferation
of normal colonic epithelial cells (44,45);
stimulates fluid and electrolyte absorption
(46,47). According to one theory: SCFA and
butyrate affect the cell cycle by inhibiting
proliferation, inducing differentiation and
cell death in human cancer cells (48-50).
Based on this theory, a fermented nutrition
approach has been proposed as an adjuvant
in colon cancer treatment. There is evidence
that propionate and butyrate exert an
antiproliferative effect against colon cancer
cells. Butyrate and propionate are also
among the most potent living metabolites
that induce cell differentiation and
apoptosis. They are therefore protective
against colorectal cancer (49,51,52). A study
by Lwong and Nguyén showed a significant
association between cancer and low levels
of thiamine (B1 vitamin) in serum (52). A
study examining the association between
folate intake levels and the incidence of
colorectal cancer suggests that higher folate
intake levels lead to a reduction in one of
the perceived risks associated with the
development of colorectal cancer (53).

Fermented dairy products are gaining more
attention due to their nutritional content
and the lactic acid bacteria they contain,
which improve the intestinal flora (54-56).
Ayran, a special type of acidic milk drink, is
popular in Turkey and many countries in
Asia and the Middle East (57). In various
countries of the world, buttermilk (ayran)
-like products are produced by adding sugar
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or fruit flavors and are called drinkable
yoghurt, lactic drink or fermented milk drink
(58). Using healthy human colon fibroblast
(ATCC CRL-1459 Colon cell line) and human
colorectal cancer (ATCC -CCL-224 colorectal
adenocarcinoma cell line) cell lines;
treated with normal buttermilk, buttermilk
containing 1%, 2%, 3% and 4% postbiotic
LTW 35 (Streptococcus thermophilus ATA-
LTC St140700, Bifidobacterium animalis
ATA-BSLA0310, Lactobacillus acidophilus
ATA-LAP1201 ferment extract lysate)
respectively. After treatment, the effects of
buttermilk components on cell lines will be
tested by cell viability MTT assay.

MATERIAL AND METHODS

Healthy human colon fibroblast (ATCC
CRL-1459 Colon cell line) and human
colorectal cancer (ATCC -CCL-224 colorectal
adenocarcinoma cell line) cell lines were
used. CRL-1459 colon cancer cells were
cultured in DMEM medium supplemented
with 8% fetal bovine serum (FBS), penicillin
- potassium (48 pg/ml), streptomycin
sulfate (8,000 pg mL-1), amphotericin B
(25 pg mL-1) and 1.2% L-glutamine. CRL-
1459 colon fibroblast cells were cultured
in DMEM medium supplemented with
8% FBS, penicillin-potassium (48 pg/ml),
streptomycin (8,000 pg mL-1), amphotericin
B (25 pg mL-1) and 1.2% L-glutamine. Cells
were grown and stocked in an incubator
at 37°C with 5% CO, and 90% humidity
until cell density reached 80%. When cell
density reached the desired level, CRL-
1459 normal colon fibroblast cells were
treated with various levels (0.005%-
0.5%) of Tritonix 100 cytotoxicity. The
cell group with a viability level of 56.1%
at the end of the application was used in
the study. Destroyed cells were treated
with normal buttermilk and buttermilk
containing 1, 2, 3 and 4% postbiotic LTW
35 (Streptococcus thermophilus ATA-
LTC St140700, Bifidobacterium animalis
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ATA-BSLA0310, Lactobacillus acidophilus
ATA-LAP1201 ferment extract lysate)
respectively. ATCC -CCL-224 colon cancer
cells that reached sufficient majority were
treated with normal buttermilk, buttermilk
containing 1%, 2%, 3% and 4% postbiotic
LTW 35 (Streptococcus thermophilus ATA-
LTC St140700, Bifidobacterium animalis
ATA-BSLA0310, Lactobacillus acidophilus
ATA-LAP1201 ferment extract lysate),
respectively. After the treatment, cell
viability was tested with MTT and CA 19-9
tumor marker was detected from cell lysates
as a confirmation test.

RESULTS

Relative viability %
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Figure 1. Viability graph of cells destroyed
by cytotoxicity

Figure 1. shows the decrease in viability
of CRL-1459 colon fibroblast cells after
exposure to different concentrations
(0.005%-0.5%) of TT X100. The graph
indicates that as the concentration of TT
X100 increases, the cell viability decreases
significantly.
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Figure 2. Viability graph after buttermilk
treatment of cells destroyed by cytotoxicity

Figure 2 and figure (5-16) shows the
viability rates of CRL-1459 colon fibroblast
cells damaged by cytotoxicity after being
treated with normal buttermilk and
buttermilk containing postbiotic LTW
35. It is observed that the application of
buttermilk and postbiotic content increased
cell viability, and this effect is related to the
concentrations used.
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Figure 3. Viability graph after treatment of
tumor cells

Figure 3 and figure (5-16) shows the viability
rates of ATCC CCL-224 colorectal cancer cells
after being treated with normal buttermilk
and buttermilk containing 1%, 2%, 3%,
and 4% postbiotic LTW 35. The applied
buttermilk and postbiotic content reduced
the viability of cancer cells, demonstrating
potential anticancer effects.
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Figure 4. Ca 19-9 results graph

Figure 4. shows the changes in Ca 19-9
tumor marker levels in cell lysates obtained
from ATCC CCL-224 colorectal cancer cells
after treatment with normal buttermilk and
buttermilk containing 1%, 2%, 3%, and 4%
postbiotic LTW 35. The graph demonstrates
a gradual decrease in Ca 19-9 levels as
the postbiotic concentration increases,
indicating the potential antitumor effect of
the postbiotic.

cells

Figure 6. Microscope image of buttermilk-
treated cells
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Figure 11. Microscope image of colon cancer
cells

Figure 7. Microscope image of buttermilk +
1% postbiotic-treated cells

i I3

Figure 12. Microscope image of colon cancer
cells after buttermilk supplementation

Figure 9. Microscope image of buttermilk +
3 % postbiotic-treated cells

Figure 13. Microscope image of colon cancer
cells after buttermilk and 1% postbiotic
supplementation

Figure 10. Microscope image of buttermilk
+ 4% postbiotic-treated cells
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Figure 14. Microscope image of colon cancer
cells after buttermilk and 2% postbiotic
supplementation

Figure 15. Microscope image of colon cancer
cells after buttermilk and 3% postbiotic
supplementation

Figure 16. Microscope image of colon cancer
cells after buttermilk and 4% postbiotic
supplementation
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DISCUSSION

The purpose of this study is to examine the
effects of normal buttermilk and postbiotic
LTW 35 (Streptococcus thermophilus ATA-
LTC St140700, Bifidobacterium animalis ATA-
BSLA0310, Lactobacillus acidophilus ATA-
LAP1201 ferment extract lysate) -enriched
buttermilk on the viability of colon cancer
cells. It also investigates changes in Ca
19-9 tumor marker levels to explore their
potential cytoprotective and anticancer
activities. Figure 1 highlights the dose-
dependent decrease in the viability of CRL-
1459 colon fibroblast cells after exposure to
TTX 100. Figure 2 and figure (5-16) shows
the improvement in viability of cytotoxicity-
damaged fibroblast cells following treatment
with buttermilk and postbiotic LTW 35, with
effects linked to concentration levels. Figure
3 and figure (5-16) demonstrates that
buttermilk and postbiotic LTW 35 reduce the
viability of colorectal cancer cells, suggesting
anticancer properties. Figure 4 and figure (5-
16) illustrates a gradual decrease in Ca 19-9
tumor marker levels in cancer cells treated
with buttermilk containing postbiotics,
indicating the potential antitumor effects
of the postbiotic. A study conducted by
Bursalioglu (2021), which examined milk
groups rich in probiotics, the effects of
lyophilized human milk, mare milk, and cow
colostrum on A549 lung cancer and MRC5
healthy lung cell lines were evaluated. The
study found that human milk exhibited the
strongest anticancer effects, followed by
mare milk, while cow colostrum showed
the least effect. Human and mare milk
demonstrated  antiproliferative  effects
on cancer cells without causing harm to
healthy cells (27). Milk products contain
a large number of probiotic bacteria and
metabolites. The release of this content
during the fermentation of probiotic bacteria
in dairy products may prevent colorectal
carcinogenesis (59). Moreover, van’'t Veer
et al. hypothesized that high consumption
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of fermented milk products (predominantly
yogurt and buttermilk) may create protection
against breast cancer (60). This study confirmed
the effects of products containing the following
ATA-coded postbiotics according to the literature.
A study conducted by Aslan and colleagues
demonstrated that postbiotics specifically inhibit
odor-causing microorganisms while supporting
and balancing the natural axillary microbiota. The
findings revealed that formulations containing
Lactobacillus ferment lysate extract were effective
in reducing unpleasant odors by normalizing the
microbiota (61). A study conducted by Gokce and
Aslan investigated the antimicrobial potential
of liposomal postbiotics in gel formulations. The
optimized gel (LG1) showed effective antimicrobial
activity against various pathogens, comparable to
free postbiotics, while providing advantages such
as controlled release, stability, and enhanced
usability. These findings highlight the potential
of liposomal postbiotics for pharmaceutical
applications (62).

CONCLUSION

Increasing concentrations of TTX 100 significantly
reduce the viability of CRL-1459 colon fibroblast
cells, confirming a dose-dependent cytotoxic
effect. Treatment with postbiotic LTW 35-enriched
buttermilk improves the viability of cytotoxicity-
damaged colon fibroblast cells, with higher
concentrations providing greater restorative
effects. Postbiotic LTW 35 reduces the viability
of colorectal cancer cells in a concentration-
dependent manner, demonstrating its potential
anticancer properties. The observed decrease
in Ca 19-9 tumor marker levels with postbiotic
LTW 35 treatment highlights its potential role in
reducing tumor activity in colorectal cancer cells.

ACKNOWLEDGEMENT

Domestic probiotics and postbiotic products with
ATA code were placed on the shelves of BIM A.S,
the food chain store brand of Turkey, and gained
the favour of the consumer, and then the postbiotic
ayran project, which is the subject of this research
article, was born as a result of a joint exchange of

JICM 2024;9(4)

ideas.

Conflict of interest statement: The authors

report no conflict of interest.

Funding: This study received no extramural

funding.
Ethical Decleration: No need.

Author Contribution: Concept: EB, LTC,BC, NG,
HTK, IA, Design: EB, LTC,BC, NG, HTK, iA, Data
Collection or Processing: G.K. Z.E. HIK, HE,
Analysis or Interpretation: EB, LTC,BC, NG, HTK,
IA, Literature Search: EB, LTC,BC, NG, HTK, IA,
Writing: EB, LTC,BC, NG, HTK, IA

REFERENCES

1. SungH,etal.Global Cancer Statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for
36 cancers in 185 countries: CA Cancer J. Clin. 2021;
71(3): 209-249

2. Harris T] and McCormick F. The molecular pathology
of cancer: Nat. Rev. Clin. Oncol. 2010; 7(5): 251-265

3. Haggar FA and Boushey RP, Colorectal cancer
epidemiology: Incidence, mortality, survival, and risk
factors: Clin. Colon Rectal Surg. 2009; 22(4): 191-197

4. Cho JR, et al. Effectiveness of oral fluoropyrimidine
monotherapy as adjuvant chemotherapy for high-risk
stage Il colon cancer: Ann. Surg. Treat. Res. 2022; 102:
271-280

5. Miller KD, et al. Cancer treatment and survivorship
statistics, 2022: CA Cancer ]. Clin. 2022; 72: 409-436

6. Sender R, Fuchs S, and Milo R. Revised estimates for
the number of human and bacteria cells in the body:
PLoS Biol. 2016; 14: e1002533

7. Hooper LV, Littman DR and Macpherson A],
Interactions between the microbiota and the immune
system: Science. 2012; 336:1268-1273

8. Cullin N, Antunes CA, Straussman R, Stein-Thoeringer
CK, and Elinav E, Microbiome and cancer: Cancer Cell.
2021; 39: 1320

9. Marchesi JR, et al. Towards the human colorectal
cancer microbiome: PLoS ONE 2011; 6: 20447

10. Sobhani I, et al. Microbial dysbiosis in colorectal
cancer (CRC) patients: PLoS ONE. 2011; 6: 16393

11. Jan G, et al. Propionibacteria induce apoptosis of
colorectal carcinoma cells via short-chain fatty acids
acting on mitochondria: Cell Death Differ. 2002;
9:179-188

12. Cousin FJ, et al. Milk fermented by Propionibacterium
freudenreichii induces apoptosis of HGT-1 human
gastric cancer cells: PLoS ONE. 2012; 7:e31892

13. Elinav E, Garrett WS, Trinchieri G, and Wargo ]. The
cancer microbiome. Nature Reviews Cancer. 2019;

135



Buttermilk (ayran) in Colon Health

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

(19):371-376

Zitvogel L, Ma Y, Raoult D, Kroemer G, Gajewski
TF, The microbiome in cancer immunotherapy:
Diagnostic tools and therapeutic strategies: Science.
2018; 359:1366-1370

Honda K, Littman DR, The microbiota in adaptive
immune homeostasis and disease: Nature. 2016;
535:75-84

Riquelme E, et al. Tumor microbiome diversity and
composition influence pancreatic cancer outcomes:
Cell. 2019; 178:795-806.e12

Aykut B, et al, The fungal mycobiome promotes
pancreatic oncogenesis via activation of MBL: Nature.
2019; 574:264-267

Pushalkar S, et al. The pancreatic cancer microbiome
promotes oncogenesis by induction of innate and
adaptive immune suppression: Cancer Discov. 2018;
8:403-416

Fong W, Li Q, Yu ], Gut microbiota modulation: a novel
strategy for prevention and treatment of colorectal
cancer: Oncogene. 2020; 39:4925-4943

[solauri E, et al. Nutrition, Allergy, Mucosal
Immunology, and Intestinal Microbiota (NAMI)
Research Group Report. Probiotics: use in allergic
disorders: a Nutrition, Allergy, Mucosal Immunology,
and Intestinal Microbiota (NAMI) Research Group
Report: J. Clin. Gastroenterol. 2008; 42:591-S96

Kalliomaki M, et al. Probiotics in primary prevention
of atopic disease: a randomised placebo-controlled
trial: Lancet. 2001; 357:1076-1079

Rowland IR, etal. Effect of Bifidobacteriumlongumand
inulin on gut bacterial metabolism and carcinogen-
induced aberrant crypt foci in rats: Carcinogenesis.
1998; 19: 281-285

Geier MS, Butler RN, Howarth GS. Probiotics,
prebiotics and synbiotics: a role in chemoprevention
for colorectal cancer? Cancer Biol Ther. 2006;5:1265-
9

Aslan [, Tarhan Celebi L, Kayhan H, Kizilay E, Gulbahar
MY, Kurt H and Cakici B. Probiotic Formulations
Containing Fixed and Essential Oils Ameliorates
SIBO-Induced Gut Dysbiosis in Rats: Pharmaceuticals.
2023;16:1041

Erfan Younesi E, Ayseli MT.2015. An integrated
systems-based model for substantiation of health
claims in functional food development. Trends in
Food Science & Technology 41(1),95-100.

Ayseli MT, Coskun I, Selli S. 2023, Evaluation of
volatile and thermal properties of boza, a traditional
fermented beverage. Microchemical Journal, 193,
108918.

Bursalioglu EO. Effect of Cow Colostrum, Mare Milk,
and Human Milk on the Viability of Lung Healthy and
Cancer Cell Lines. The Iranian Red Crescent Medical

JICM 2024;9(4)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Journal (IRCM]) 2021; 23 (5)

Tsilingiri K, and Rescigno M. Postbiotics: what else?
Benef. Microbes. 2013; 4:101-107

Salminen S, et al. The International Scientific
Association of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of
postbiotics: Nat. Rev. Gastroenterol. Hepatol. 2021;
18:649-667

Sabahi S, et al. Postbiotics as the new frontier in food
and pharmaceutical research: Crit. Rev. Food Sci. Nutr.
2022;1-28

Konishi H, Fujiya M, Tanaka H, Ueno N, Kentaro
Moriichi K, Sasajima ], Ikuta K, Akutsu H, Tanabe H &
Kohgo Y. Probiotic-derived ferrichrome inhibits colon
cancer progression via |JNK-mediated apoptosis:
natiire communications. 2016; 7:12365

Wang K, Li W, Rui X, Chen X, Jiang M, and Dong M.
Characterization of a novel exopolysaccharide with
antitumor activity from Lactobacillus plantarum
70810: Int. J. Biol. Macromol. 2014; 63:133-139

Homayouni RA, Maleki AL, Samadi KH, Zavoshti HF,
and Abbasi A. Postbiotics as promising tools for cancer
adjuvant therapy: Adv. Pharm. Bull. 2021; 11:1-5

Kim OY, Park HT, Dinh NTH, Choi S], Lee ], Kim JH, Lee
SW, and Gho YS. Bacterial outer membrane vesicles
suppress tumor by interferon- gamma-mediated
antitumor response: Nat. Commun. 2017; 8:626

Cheng K, Zhao R, Li Y, Qi Y, Wang Y, Zhang Y, Qin H, Qin
Y, Chen L, Li C, et al. Bioengineered bacteria-derived
outer membrane vesicles as a versatile antigen
display platform for tumor vaccination via Plugand-
Display technology: Nat. Commun. 2021; 12:2041

Konstantinov SR, Kuipers E], Peppelenbosch MP.
Functional genomic analyses of the gut microbiota
for CRC screening: Nat Rev Gastroenterol Hepatol.
2013;10:741

Surjana D, Halliday GM, Damian DL. Role of
nicotinamide in DNA damage, mutagenesis, and DNA
repair: ] Nucleic Acids. 2010; 157591

Shah GM, Shah RG, \Veillette H, Kirkland ]B,
Pasieka]JL, Warner RRP. Biochemical Assessment of
Niacin Deficiency Among Carcinoid Cancer Patients:
American Journal of Gastroenterology. 2005;100
(10): 2307-2314

Roediger WE. Role of anaerobic bacteria in the
metabolic welfare of the colonic mucosa in man: Gut.
1980; 21:793-798

Scheppach W, Bartram P, Richter A, Richter F, Liepold
H, et al. Effect of short-chain fatty acids on the human
colonic mucosa in vitro: | Parenter Enteral Nutr. 1992;
16:43-48

Scheppach W, Bartram HP, and Richter F. 1995. Role of
short-chain fatty acids in the prevention of colorectal
cancer: Eur. J. Cancer. 1080; 31A: 1077

136



Buttermilk (ayran) in Colon Health

42.

43.

44,

45,

46.

47.

48.

49,

50.

51

52.

53.

54.

Hague A, Elder D], Hicks D], and Paraskeva C.
Apoptosis in colorectal tumour cells: induction by
the short-chain fatty acids butyrate, propionate and
acetate and by the bile salt deoxycholate: Int ] Cancer.
1995; 60:400-406

Heerdt BG, Houston MA, and Augenlicht LH.
Potentiation by specific short-chain fatty acids of
differentiation and apoptosis in human colonic
carcinoma cell lines: Cancer Res. 1994; 54:3288-3293

Kripke SA, Fox AD, Berman ]M, Settle RG, and
Rombeau JL. Stimulation of intestinal mucosal growth
with intracolonic infusion of short-chain fatty acids: ]
Parent Enter Nutr. 1989; 13:109-116, 10

Sakata T and von Engelhardt W. Stimulatory effect
of short-chain fatty acids on the epithelial cell
proliferation in rat large intestine: Comp Biochem
Physiol. 1983; 74A:459-462

Montrose MH and Kere ]J. Anion absorption in the
intestine: anion transporters, short chain fatty acids,
and role of the DRA gene product: Curr Top Membr
Transp. 2001; 50:301-328

Binder H] and Mehta P. Short-chain fatty acids
stimulate Na and Cl absorption in vitro in the rat
distal colon: Gastroenterology. 1989; 96: 989-996

Siavoshian S, Segain JP, Kornprobst M, Bonnet C,
Cherbut C, Galmiche ]JP, Blottiere HM. Butyrate
and trichostatin A effects on the proliferation/
differentiation of human intestinal epithelial cells:
induction of cyclin D3 and p21 expression: Gut. 2000;
46(4): 507-514

Aoyama M, Kotani ], Usami M. Butyrate and propionate
induced activated or non-activated neutrophil
apoptosis via HDAC inhibitor activity but without
activating GPR-41/GPR-43 pathway: Nutrition. 2010;
26(6): 653-661

Tang Y, Chen Y, Jiang H, Nie D. Short-chain fatty acids
induced autophagy serves as an adaptive strategy
for retarding mitochondriamediated apoptotic cell
death: Cell Death Differ. 2011a;18(4): 602-618

Pool-Zobel BL, Sauer . Overview of experimental data
on reduction of colorectal cancer risk by inulin-type
fructans: ] Nutr 2007;137(11 Suppl):2580S-2584S

Lwong KVQ and Nguyén LTH. The Role of Thiamine
in Cancer: Possible Genetic and Cellular Signaling
Mechanisms: Cancer Genomics & Proteomics. 2013;
10: 169-186

Kennedy DA, Stern S], Moretti M, Sarkar IM, Nickel
C, Koren G. Folate intake and the risk of colorectal
cancer: A systematic review and meta-analysis:
Cancer Epidemiology. 2011; (35)1: 2-10

Shangpliang HNJ, Rai R, Keisam S, Jeyaram K, Tamang
JP. Bacterial community in naturally fermented milk
products of Arunachal Pradesh and Sikkim of India
analysed by high-throughput amplicon sequencing:
Sci. Rep. 2018; 8:1532

JICM 2024;9(4)

55.

56.

57.

58.

59.

60.

61.

62.

Turkmen N, Akal C, Ozer B. Probiotic dairy-based
beverages: a review: ]. Funct. Foods. 2019; 53: 62-75

Wu H, Hulbert GJ, Mount JR. Effects of ultrasound on
milk homogenization and fermentation with yoghurt
starte: Innovative Food Sci. Emerg. Technol. 2001; 1:
211-218

Koksoy A, Kilic M. Use of hydrocolloids in textural
stabilization of a yoghurt drink, ayran: Food
Hydrocolloids. 2004;18: 593-600

Yal¢in S. Homojenizasyon ve isil islem uygulamalarinin
farkli oranlarda yag iceren siitlerden iiretilen ayranin
fizikokimyasal ve duyusal 6zellikleri lizerine etkisinin
belirlenmesi, Akdeniz Universitesi: Fen Bilimleri
Enstitiist Yiuksek Lisans Tezi, 2016.

Ebringer L, Ferencik M, Krajcovic ]. Beneficial health
effects of milk and fermented dairy products--review.
Folia Microbiol (Praha). 2008;53(5):378-94. doi:
10.1007/s12223-008-0059-1.

vamt Veer P, Dekker JM, Lamers JW, Kok FJ, Schouten
EG, Brants HA, et al. Consumption of fermented milk
products and breast cancer: a case-control study in
The Netherlands. Cancer Res. 1989;49(14):4020-3.

Aslan I and Tarhan Celebi L. Postbiotics Cosmetic
Formulation: In Vitro Efficacy Studies on a Microbiome
Friendly Antiperspirant, ] Res Pharm. 2023; 27(5):
2095-2105.

Gokce HB, and Aslan I, Novel Liposome-Gel
Formulations Containing a Next Generation
Postbiotic: Characterization, Rheological, Stability,
Release Kinetic, and In Vitro Antimicrobial Activity
Studies, Gels 2024, 10, 746.

137



