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ABSTRACT

Isoflavone has an effect on countering the progression of skin aging, while probiotics boost the absorption of nutrients
and maintain the skin tissue. Fermentation of isoflavone might be more beneficial for inducing cytokine system and
boosting the skin regeneration. There is limited information about the difference of effect between the various
formulation of fermented cow milk and soy milk towards the skin regeneration via epidermal growth factor (EGF)
signaling. Twenty-five female rats were divided into 5 group for 12 weeks supplementation of fermented soy and cow
milk by oral gavaging. Specific probiotics composition was utilized for fermenting formulation cow and soymilk consist
(Lactobacillus bulgaricus, Streptococcus thermophiles, Lactobacillus acidophilus, and Bifidobacterium bifidum). Our
data showed that there are different characteristics of stool and its macroscopic appearance after different probiotics
composition of fermented milk treatment. Histology results showed that the epidermal skin thickness was found higher
in every treatment group. Similar results are found from EGF protein levels. Fermented cow milk with Bifidobacterium
bifidum and Lactobacillus acidophilus were found to have a thicker epidermal and higher level of EGF protein level.
Milk fermented by Bifidobacterium bifidum showed the most significant effect in regenerating skin tissue. Therefore, it
might prevent the skin aging process compared to the other formulations. Compared to conventional fermented milk, the
composition of soy milk might enhance this positive effect of fermented milk on the skin.
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INTRODUCTION

Skin is the barrier that protects the body against
water loss and microorganism infection. Like other
tissues, skin also is affected by the aging process.
Wrinkles and unwanted spots usually characterize skin
aging. They are caused by decreasing skin elasticity due
to the degradation of collagen, which reduces the
mechanical tension of the tissue. The increased rate of
collagen degradation creates a fragmented collagen
structure (Fisher et al., 2014). Several growth factors are
involved in the regulation of skin homeostasis. Among
these, EGF and its receptor (EGFR) have a broad
spectrum of effects including cell proliferation and
differentiation. EGF facilitates the construction of skin
tissue through dermal regeneration, proliferation,
differentiation, and migration of keratinocyte, endothelial
cells, and fibroblast through interaction with EGFR
(Bodnar, 2013; Zeng and Harris 2014). Attachment and

binding of EGF ligand to EGFR induces the dimerization
of the receptors. Dimerization then phosphorylates the
intracellular domain of tyrosine kinase that leads to
activation of various downstream signaling pathways,
including Ras/MAPK, PLCγ1/PKC, PI3K/Akt, and
STAT that lead to skin homeostasis (Wang, 2017;
Rajaram et al., 2017).

These growth factors are known to have been
found from food sources such as milk. Insulin-like
growth factor (IGF-1), one of the most significant growth
factors, have already been identified from various dairy
products. Milk content was associated with higher levels
of IGF-I and IGFBP3 levels (Srinivasan et al., 2019).
Also, dietary modification of intestinal microflora by
yogurt or Lactobacilli supplementation reduces fecal β-
glucuronidase activity and affects estrogen metabolism
(Baker et al., 2017). Findings from a previous study
showed the correlation of IGF-1 with EGF. It is
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interesting to explore the role of yogurt or Lactobacilli
supplementation in EGF toward the skin.

The type of milk that is used for fermentation
might determine the nutrient content, and its fermented
content results will also be correlated with EGF. Besides
cow milk, the use of soybean (Glycine max) for
fermented milk also widely known. Soybean contains a
high number of polyphenols and phytoestrogen, such as
isoflavone (Rizzo and Baroni, 2018). Isoflavone induces
high expression of EGFR, thereby improving wrinkle
reduction and collagen stimulation (Barret et al., 2013;
Zhang et al., 2015).

Various combinations of fermented milk with
probiotics have been known to have the ability to
increase the surface area of villi and villus height of the
intestine, thus increasing intestinal absorptive function
(Adriani et al., 2019). Probiotics are living
microorganisms in the gastrointestinal tract, which give
benefits to the host (Appukutty et al., 2015). Formula and
bacteria type for fermenting cow milk is different from
soy milk. Lactic acid bacteria are used for fermentation
because they easily convert lactose into glucose and
galactose of cow milk. Other bacteria are also commonly
used for fermenting milk, such as Lactobacillus
bulgaricus and Lactobacillus acidophilus (Lengkey and
Adriani, 2009). Some products replace Lactobacillus
bulgaricus with Bifidobacterium spp. due to the
difference in metabolism products. Bifidobacterium spp.
produces the isoform of D- (+)-lactic acid, which has an
active role in physiology. Meanwhile, Lactobacillus
bulgaricus produces D-(-)-lactic acid, which is
physiologically inactive (Blanpain and Fuchs, 2009). The
presence of Streptococcus thermophiles can enhance the
digestion of lactose through the activity of its microbial
β-galactosidase (Yu et al., 2020).

Due to the reasons mentioned above, a
combination of Bifidobacterium spp and Lactobacillus
acidophilus has shown the potential to increase the
activity of lipase and protease (Lengkey and Adriani,
2010). Fermented milk formulation of Lactobacillus
acidophilus and Bifidobacterium spp. also increase the
non-pathogenic population and decrease the pathogenic
bacteria in the colon (Adriani and Lengkey, 2010). On
the other hand, adding beneficial microorganisms to the
gut could prevent or delay some age-associated diseases
by improving the immune response or by producing
bioactive metabolites. Unfortunately, there is limited
information about the effect of formulated fermented cow
milk and soy milk on skin physiological homeostasis,
specifically via EGF.

Thus, in this present study, we want to explore
possible different effects from probiotics composition and
isoflavone from soya on the epidermal thickness and EGF
protein level in female Wistar rats.

MATERIALS AND METHODS

Fermented soy milk and cow milk: Four different
formulations of fermented soy milk and cow milk were
obtained from the Faculty of Animal Husbandry,
Universitas Padjadjaran. The formulations were given
with the dosage of 1.25% of body weight. For each
milliliter, the formulation contains 107 probiotics. The
fermentation process is started by heating the milk at 85
°C (185 °F). After heating, the milk is allowed to cool to
45 °C (113 °F). The bacterial culture is then combined,
and a temperature of 45 °C is maintained for 4 to 12
hours to allow fermentation to occur. Four formulation
type were used in this study were shown in Table 1.

Table 1. Composition of probiotics used in the study.

No Group Composition Probiotics
1 P0 Control

(NaCl 0,9%)
Water

2 P1 Cow Milk Lactobacillus bulgaricus
Streptococcus
thermophiles
Lactobacillus acidophilus

3 P2 Cow Milk
75% +
Soymilk
25%

Lactobacillus bulgaricus
Streptococcus
thermophiles
Lactobacillus acidophilus

4 P3 Cow Milk
50% +
Soymilk
50%

Lactobacillus bulgaricus
Streptococcus
thermophiles
Lactobacillus acidophilus

5 P4 Cow Milk Lactobacillus acidophilus
Bifidobacterium bifidum

Animal treatment: The treatment given to animals
included handling, maintenance, and euthanasia and were
performed after approval by the Ethics Committee,
Faculty of Medicine, Universitas Padjadjaran, with
registration number 1088/UN6.KEP/EC/2019. This
experiment used 25 female Wistar rats with aged 12
weeks. Before experimenting, the rats were bred in the
Animal Facility of PT Bio Farma, Indonesia. The rats
were kept at a temperature of 24 °C with a 12-hour dark
and light cycle. Food and water were given ad libitum in
Animal Laboratory, Physiology Division, Faculty of
Medicine, Universitas Padjadjaran.

The rats were randomly divided into the control
and treatments group. Four different formulations of
fermented soy milk and cow milk were given to the
treatment group for 12 weeks, and water was given to the
control group by oral gavaging. The dose administered to
the treatment group was 1.25% of body weight and were
given into four groups (P1, P2, P3, and P4) based on the
formulation. Treatment and water were given daily every
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morning at the same time for 12 weeks. For the control
group, a standard diet is given. The rats were sacrificed
using a carbon dioxide chamber (hypoxic). The dorsal
skin was obtained, weighed, and rapidly frozen in liquid
nitrogen and stored at −80 °C until used for analysis.

Protein extraction and western blot: Twenty-five
milligrams of each sample were taken in an Eppendorf
tube. Ice cold lysis buffer (300μL) was then added
rapidly to the tube. The samples were homogenized and
centrifuged at 12,000 rpm at 4 °C. The supernatant was
then aspirated and stored before being analyzed by
western blot. The proteins (10μL) were then separated on
SDS-PAGE and transferred to a nitrocellulose membrane
(GE Healthcare) by electrophoresis for 150 minutes. A
blocking reagent (2%, GE Healthcare) was added to the
membrane and incubated at 4°C overnight. Primary
antibodies: EGF (Ab77851, Abcam), and β-actin (MA5-
15739, Thermo Scientific) was used for immunoblotting.
Visualization of the membrane was done using a
chemiluminescence reagent (GE Healthcare) and read by
LI-COR C-DiGit Chemiluminescence Western Blot
Scanner. Quantification was done using ImageJ software
(NIH). The β-actin antibody was used as the internal
control for protein levels monitoring.

Histological analysis: The skin samples were cut into
about 0.3 x 0.4 x 0.5 cm in size and put into the
formaldehyde solution for 24 hours. After dehydration,
the samples were set into paraffin block and cut by a

microtome. The samples are then rehydrated and stained
using Hematoxylin and Eosin. The observed skin tissue
specimen was examined and taken by the Axiocam MR3
microscope camera. The image then reviewed in ZEN 2
PRO software.

Statistical analysis: Data were analyzed by One-Way
Analysis of Variance (ANOVA) test using SPSS version
20.0 software for Windows. Data were presented as
means ± standard error of the mean (means ± SEM).
Significant results are defined by a p-value < 0.05.

RESULTS

Stool length and weight between groups of rats: Stools
were collected, weighed, and measured from both groups.
A decreasing pattern was found in stool weight with P1
having the largest weight and progressively decreasing to
P4. Stool length for the P3 group was also decreased
compared to the control group. There was an increased
length of stool in P4 (Figure 1). We analyzed the stool
length and weight to explore whether the treatment
affected the gross morphology of the stool through
changes in gut microbial diversity. The stools of the rats
showed observable differences in appearance,
consistency, size, color, and smell, as shown in Figure 1.
The control group showed larger, paler, and harder stool,
compared to the smaller, darker, and softer stool of the
treatment group.

Figure 1. The different formula of fermented cow and soy milk affects rat faeces length, weight, and color after 12
weeks of treatment. Data were represented as average mean ± SEM, (A) average length of stool, (B)
average weight of feces, (C) Changes of the stool color and length
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Cow milk fermented by Bifidobacterium bacterium
increased epidermal thickness the most: Skin samples
were taken from the dorsum of rats. The skin was
collected, weighed, and processed as a histology
specimen. Epithelial cells can be found regularly in the
epidermis. The epidermis was denser and thicker than the
other layers. The dermis can be divided into two layers,
the papillary and reticular dermis. The papillary dermis is
located between the reticular dermis and the epidermis.
Generally, the papillary dermis contains more cells than
the reticular layers, while the reticular layers contain a
denser structure of connective tissue. The collagen fibers
and elastic fibers of the reticular layer stain stronger with
intense color. There were differences in epidermal
thickness among the different formulations, as shown in
Figure 2.

Figure 2 Effect of different formulation of fermented
milk and soymilk on rat epidermal thickness
(A). The representative of the histological
section of each group (i) Stratum corneum.
(ii) epidermis. (iii) dermis. (B). The
differences in average of epidermal thickness.
Data were represented in average mean ±
SEM with **P < 0.01; ***P < 0,0001.

The average epidermal thickness of all the
treatment groups was higher than the control group. This
phenomenon may reflect the direct effect of EGF on the
rate of epidermal proliferation. It was shown that higher
percentage of soy milk was directly proportional to the
epidermal thickness. However, the formula of

Bifidobacterium bifidum showed the highest epidermal
thickness regardless of the presence of isoflavone. We
analyzed the epidermal thickness to explore the
significant phenotype differences that are affected by
EGF.

EGF was increased the most by the formulation of
Bifidobacterium bifidum: Analyzing the protein level of
EGF may correlate with epidermal thickness increase
from the control group to the P4 group. There was a
parallel increase in EGF protein level and epidermal
thickness, as shown in Figure 3. There was a rise in
epidermal thickness from control to P4 in a sequential
manner, as shown in Figure 2. Probiotics exhibited the
potential to increase the level of EGF and, therefore,
epidermal proliferation. Soy milk enhances the
properties, as shown by the greater increase in epidermal
thickness by the 50% soy milk compared to the 25% soy
milk. Comparing bacterial content, Bifidobacterium
bifidum showed the greatest effect compared to
Lactobacillus bulgaricus, Streptococcus thermophiles,
and Lactobacillus acidophilus even though there is an
absence of soymilk in this treatment groups.

Figure 3. The increase of epidermal thickness and
EGF level took effect in a parallel manner.
This induction stimulated epidermal
proliferation in skin tissue. Representative
immunoblotting was shown (A), and
densitometric quantification was shown in the
graph normalized by β-actin (B). Data were
represented as average ratio ± SEM with *(P
< 0.05) **(P < 0.01).

DISCUSSION

A fermented food, such as yogurt, has been a
part of our diet with potential beneficial effects Yoghurt
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or otherwise known as fermented milk, is known to be
beneficial due to the live microorganism called
probiotics. The most common species of probiotics
belong in the families of Lactobacillus, Bifidobacterium,
and Streptococcus (Lolou and Panayiotidis, 2019) with
the first two families being the most studied in relation to
human health (Kittibunchakul et al., 2018). However,
there is a small number of studies showing the beneficial
effects of probiotics on the skin. L. lactis strain H61
supplementation, daily for eight weeks, increased skin
elasticity on middle-aged women (Kimoto-Nira et al.,
2012). Oral intakes of L. plantarum (HY7714) on middle-
aged patients, increased skin moisture, decreased the
depth of wrinkles, and improve skin glossiness and
elasticity (Lee et al., 2015). Moreover, other studies have
shown consistent results using L. rhamnosus, B. breve
Strain Yakult, L. lactis, S. thermophilus showing
improved skin hydration and serum phenol levels (Kano
et al., 2013; Lee et al., 2018).

Previous findings showed a strong symbiotic
relationship between microorganisms and its microbiota.
This natural microflora supports the immune system in
various ways, including the production of natural
antimicrobial compounds (e.g., lactic acid) as well as
activation of various signalling pathways and modulation
of the inflammatory response (Flandroy et al., 2018;
Grice, 2014). Overexpression of pro-inflammatory
cytokine IL-6 tends to happen in the aging gut, which
affects the inflammatory rate in aging skin (Rentini et al.,
2015). The aging gut showed lower microbial
biodiversity, which is associated with an increase of pro-
inflammatory bacteria (Biagi et al., 2010). Probiotics can
improve the condition of microbial dysbiosis in the aging
gut and establish health-promoting strains of bacteria.
Consumption of probiotics consisting of galacto
oligosaccharides (GOS) increases CD44, TIMP-1, and
type 1 collagen, which are the markers of dermal cell
adhesion and matrix formation, thus improving the
rejuvenation of the skin. GOS was able to switch
unfavorable amino acid metabolism and phenols
production by becoming an additional source of
metabolism for the gut microbiota (Collins and Reid,
2016).

However, the correlation between probiotics
contained in fermented milk toward skin regeneration,
specifically epidermal homeostasis, is still limited.
Epidermal homeostasis is a renewal process of the
epidermis and its appendages as a replacement
mechanism of lost cells and matrix during the turnover or
after injury (Adriani and Lengkey, 2010). The
modulation of the EGFR ligand system must be evoked
to activate the downstream pathway by various ligands
and initiate the skin maintenance process. The ligands are
transforming growth factor-α (TGF-α), amphiregulin
(AREG), heparin-binding EGF-like growth factor (HB-
EGF), betacellulin (BTC), epiregulin (EREG), and epigen

(EPGN) (Blanpain and Fuchs, 2009). EGFR binding to
its ligands promotes signaling of the intrinsic kinase
domain, followed by specific tyrosine kinase residues
phosphorylation in the cytoplasmic tail that leads to
activation of multiple pathways (Nanba et al., 2013). In
this study, the consumption of probiotics might improve
the epidermal thickness (Figure 2). It showed their
potential for maintaining the homeostasis and
overcoming the effect of external factors.

One of the causative aspects of skin aging is the
presence of Reactive Oxygen Species (ROS). ROS
triggers the expression of matrix metalloproteinases
(MMP-1, MMP-3, and MMP-9). MMPs will degrade
collagen that constructs the skin tissue. The degradation
process will decrease skin tension and increase the
formation of more ROS. This process took place in a
looping manner and is activated via the MAPK pathway
(Fisher et al., 2014). MAPK pathway is also a
downstream pathway of EGFR activation (Rajaram et al.,
2017). EGF promotes the extracellular-signal-regulated
MAPK, while the ROS induces the stress-activated
MAPK (Fisher et al., 2014). Thus, the elevation of EGF
can inhibit the process of collagen degradation that leads
to skin aging.

In this study, we also explore the possible
differential effect of fermented soy milk and cow milk in
female Wistar rats. Soy isoflavones bind to the estrogenic
receptor (Lambert et al., 2017). This study showed that
the formulation with a higher proportion of soy milk
showed greater epidermal thickness (Figure 2). These
findings might reflect the fact that an increasing amount
of isoflavone binds to the estrogenic receptor and
therefore increase the rate of collagen synthesis
(Matsuura-Hachiya et al., 2018). As the epidermis
becomes thinner with aging, the process is halted by the
presence of isoflavones. This antiaging effect of
isoflavone shows the potential of soybean to be an
alternative for preserving skin health and preventing skin
aging. Conduction of cell culture experiment showed that
isoflavones had increased collagen, elastin, and tissue
inhibitor of metalloproteinases (TIMP) gene expression
(Gopaul et al., 2012).

We observed that bacteria formulation might
determine the active metabolite compound resulted by the
fermentation process. For instance, Bifidobacterium
bifidum increases the largest surface area, elevate the
most brush border enzyme, and give the best
improvement to the transport system compared to
Lactobacillus bulgaricus, Streptococcus thermophiles,
and Lactobacillus acidophilus (Yu et al., 2020) and
produce more active metabolic products than
Lactobacillus spp which initiates another signaling
mechanism in tissue (Lengkey and Adriani, 2009). This
study showed that the composition consisting of 100%
cow milk fermented by Bifidobacterium bifidum and
Lactobacillus acidophilus exhibited the thickest
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epidermis. This result was also parallel with the trends in
the EGF protein level observed in this study, as shown in
Figure 3. The property of Bifidobacterium bifidum in
enhancing gut enzymatic activity and improving gut
microbial dysbiosis may be better if the isoflavone is
added by adding the soy milk to the formula. The
interaction between EGF and EGFR plays an essential
role in maintaining skin homeostasis, proliferation, and
maintenance through various interactions of the receptor
and the ligands that leads to the activation of various
downstream pathways. The changes that happen in the
skin can be caused by various factors, including the
internal and external factors. In this research, we are
proposing that probiotics with the enhancement of soy
isoflavones may maintain the skin homeostasis by
elevating the level of EGF.

Conclusion: The consumption of various formulation of
fermented milk and fermented soy milk may maintain
skin structure and delay aging in skin by elevating the
level of EGF. It was shown in an experiment in rats
supported by the difference in epidermal thickness.
Formulation of Bifidobacterium bifidum exhibited the
highest potential as a skin homeostasis modulator.
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