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Abstract: Osteoporosis, a skeletal metabolic disease characterized by low bone mineral density and
deterioration of bone microarchitecture, frequently occurs in postmenopausal women older than
50 years. Milk and dairy products are essential calcium sources recommended for bone health. In
this study, we analyzed the effects of skim milk and probiotics in an ovariectomized osteoporosis
model. Body weight significantly increased, whereas the consumption of skim milk and probiotics
significantly decreased (approximately 20%) in the ovariectomized models. In addition, the concen-
tration of calcium was significantly 0.5 mg/dL higher in the skim-milk-with-probiotic group than
in the ovariectomized group. The bone volume/tissue volume ratio, trabecular thickness, trabecu-
lar number, and trabecular separation were higher in the skim-milk and skim-milk-with-probiotic
groups than in the ovariectomized group. Histological analysis of the small intestine revealed that
the consumption of skim milk alone or in combination with probiotics increased the lengths of the
villus, crypt, and serosa. These results verify the beneficial effects of milk products in osteoporosis
models, which may enable higher milk and milk product consumption by older women.

Keywords: skim milk; probiotics; osteoporosis; ovariectomized model

1. Introduction

Osteoporosis is a metabolic bone disorder characterized by low bone mass and mi-
croarchitectural deterioration of the bone tissue. On average, up to 50% of older women
(>50 years) are at risk of fractures due to osteoporosis, which affects women twice as
often as men [1,2]. Osteoporosis has evolved to include compromised bone strength and
skeletal fragility caused by several factors, including defects in the microarchitecture of
the trabeculae, defective intrinsic material properties of the bone tissue, defective repair of
microdamage from normal daily activities, and an excessive bone remodeling rate. These
factors are associated with age-related bone loss [3]. Osteoporosis can be caused by various
diseases, including endocrine disorders, celiac disease, and inflammatory bowel disease [4].
As the average life expectancy of humans has increased globally, people’s interest in bone
health has also increased. Many studies have suggested the benefits of vitamin D and
calcium supplementation for bone formation, preservation, and prevention of osteoporo-
sis [5]; this is because peak bone mass is influenced by genetic and environmental factors,
including diet [6]. Low levels of vitamin D in the body decrease the intestinal absorption of
calcium, eventually leading to osteoporosis [7].

Milk and dairy products are among the most important sources of calcium. For
example, 100 g of cow’s milk contains 112 mg of calcium, which is over three times higher
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than that in the same amount of human milk [8]. Other minerals found in milk, such as
phosphorus, iodine, potassium, vitamins, proteins, and other nutrients, may be beneficial
for skeletal growth and bone strength [9]. When the effects of dairy product consumption
on human health were assessed, the bone mineral content (BMC) was found to be lower
(approximately 5.6%) in adult women who had consumed less than one portion of milk
weekly during childhood than in those who had consumed more than one portion [10].

Prior studies examined the effects of milk or whey extracts on animals and surrogate
markers in humans, such as bone remodeling markers or bone mineral density. Several
observational studies using large cohorts also revealed the positive effects of milk on bone
health or the risk of hip fracture [9].

Skim-milk powder (SMP) is defined as whole milk in which the fat is removed. SMP
contains 80% casein and 20% whey protein. Fried et al. reported that SMP enhanced
trabecular bone (TB) architecture compared to casein or whey in diet-induced obese rats [11].
As people age, their basal metabolic rate decreases, and if older people consume excessive
milk for bone health, obesity can develop owing to milk fat.

Probiotics and prebiotics are essential components of milk and dairy products that
modulate bone turnover [12]. A recent study suggested the relevance of intestinal mi-
crobiota and bone health. Further, several studies have demonstrated that probiotics can
prevent primary and secondary osteoporotic bone loss [12,13]. In addition, probiotic-
based compounds have been introduced in many fields of medicine such as dermatology,
dentistry, and gastroenterology [14–16].

Ovariectomized (OVX) animals are typical experimental models used to investigate
postmenopausal osteoporosis caused by estrogen deficiency. OVX mouse and rat models have
been widely used to evaluate and develop novel drugs for the treatment of postmenopausal
osteoporosis [17]. Fermented soy skim milk attenuates bone loss in OVX mice and reduces
the risk of osteoporosis [18]. Two probiotic strains were found to inhibit osteoporosis in an
OVX mouse model, with L. paracasei GKS6 outperforming L. plantarum GKM3 [19].

In this study, we determined the synergistic effects of skim milk and probiotics in an
osteoporosis model. In particular, changes in body weight (BW), calcium concentration,
lipid profiles, bone mineral density, bone mineral content, and length of the small intestine
components were determined.

2. Materials and Methods
2.1. Materials

SMP was purchased from Seoul Milk Co-op (Seoul, Republic of Korea). The milk
proteins of this powder were hydrolyzed using proteases (FoodPro, Bision Biochem, Kyung-
gido, Korea). SMP was mixed with distilled water at a ratio of 1:10. The enzyme (pro-
tease)/substrate (SMP) ratio was kept constant (1:5000). The mixtures were heated to 40 ◦C
for 5 h and shaken at 150 rpm. Thereafter, the suspension samples were harvested from
hydrolyzed SMP via centrifugation (12,000 rpm, 20 min, 4 ◦C). The collected suspension
samples were dried at 65 ◦C for 3 h and stored at −20 ◦C. The probiotic combinations
were prepared using several bacterial strains, including Lactobacillus acidophilus (Culture
System Inc., IN, USA), L. delbrueckii ssp. bulgaricus (Chr Hansen, Hoersholm, Denmark),
L. lactis (Sacco srl, CO, Italy), Bifidobacterium animalis ssp. lactis (Sacco srl, Italy), and
Streptococcus thermophiles (Chr. Hansen, Hoersholm, Denmark), with a ratio of 55:10:5:5:25
(total number: 1.0 × 1010 CFU/mL). Mice were administered 1.0 × 108 CFU/100 µL of
phosphate-buffered saline. To employ hydrolyzed SMP as the skim-milk group, Pro was
used as the probiotic mixture.

2.2. Animal Study

All animal experimental protocols were approved by the Animal Care Committee of
Sangji University (Registration No. 2021-26). Six-week-old female CD1 mice (Dae Han Bio
Link Co., Chungbuk, Republic of Korea) were housed in an environmentally controlled
room (temperature: 23 ± 2 ◦C, relative humidity: 50 ± 10%, programmed ventilation, and
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12:12 h light:dark cycle). After five days of acclimatization to a standard diet and water,
mice were ovariectomized or non-ovariectomized (control). After the hairs of anesthetized
mice were shaved and the skin was cleaned with alcohol, 0.5 cm of the skin layer was
cut to expose the tissue. The ovary and oviduct were excised, the remaining tissue was
inserted into the peritoneal cavity, and the skin was sutured. One week after surgery,
mice were divided into four groups for milk protein treatment: (1) Ctrl, (2) OVX, (3) OVX
mice administered hydrolyzed skim milk (1.5 g/kg/day), and (4) OVX mice administered
hydrolyzed skim milk (1.5 g/kg/day) and probiotics (1.0 × 108 CFU/100 µL in PBS). Oral
injections were administered every other day for eight weeks, and BW was measured
once every two weeks. Mice were killed at eight weeks, and femur, blood, and intestinal
samples were collected. Blood samples were collected via cardiac puncture and analyzed
at a central laboratory (Samkwang Medical Laboratories, Seoul, Republic of Korea) for
accuracy and consistency.

2.3. Micro-CT Analysis

The right femurs of five mice from each group were analyzed using a micro-CT
imaging system. The distal metaphysical right femur was scanned using a high-resolution
micro-CT imaging system (Quantum GX Macro CT; PerkinElmer, Waltham, MA, USA) and
then using a high-resolution (8 µm) micro-CT scanner (GE eXplore Locus SP, GH Health
Care Ltd., London, UK) to evaluate bone mass, geometry, and trabecular microarchitecture.
The parameters computed from the data were bone volume/tissue volume (BV/TV),
trabecular thickness (Tb.Th), trabecular number (Tb.N), and trabecular separation (Tb.Sp).

2.4. Histological Preparation and Immunostaining

The intestine samples were fixed in 4% paraformaldehyde at 4 ◦C for 24 h and gradu-
ally dehydrated in 30–100% ethanol for 60 min. Thereafter, the tissues were cleaned with
xylene for 60 min, embedded in paraffin blocks, sectioned into 5 µm thick slices using a
microtome (Leica, Nussloch, Germany), and stained with hematoxylin and eosin (Sigma-
Aldrich, Waltham, MA, USA), as previously described [20]. Images were captured using
a microscope (Olympus IX73; Tokyo, Japan), and a minimum of six areas of the intestine
for each biological replicate were evaluated and scored by an analyst blinded to the ex-
perimental conditions. The villi, crypt, and serosa lengths in the intestine of each sample
were measured using the Motic Images Advanced 3.2 Software (Kowloon, Hong Kong).
Measurements of lengths were determined for whole well-orientated villi, crypt, and serosa
per small intestinal tissue section per mouse, and the values were averaged (five differ-
ence slides from each intestine sample). Immunostaining was performed as previously
described [21]. Briefly, the sectioned samples were deparaffinized, and antigen retrieval
was performed by boiling in 10 mM sodium citrate buffer for 10 min. After incubating the
samples in blocking solution (0.02% Triton X-100, 1% bovine serum albumin) and washing
three times with PBD, they were incubated overnight at 4 ◦C with the anti-Mucin2 anti-
body (sc-59859, Santa Cruz Biotechnology, Santa Cruz, CA, USA) as the primary antibody.
The samples were then washed three times with PBS and incubated with the secondary
antibody (Alexa 488 secondary antibody, #A32723, Invitrogen, Carlsbad, CA, USA). DAPI
was used for nuclear staining, and the stained images were observed under a microscope
(Olympus IX73, Tokyo, Japan).

2.5. Quantitative Real-Time PCR

Total intestinal RNA was retrieved from each sample using a Qiagen RNeasy Mini Kit
(Qiagen, Germantown, MD, USA) with DNase treatment (Qiagen, Germantown, MD, USA),
according to the manufacturer’s instructions. cDNA was synthesized from RNA using
the RevertAid cDNA synthesis kit (Thermo Scientific, Rockford, IL, USA), and real-time
PCR was performed as previously described [9] using the QuantStudio 1 system (Applied
Biosystems, Foster City, CA, USA). The qPCR cycling conditions were as follows: 94 ◦C for
1 min, followed by 40 cycles at 94 ◦C for 10 s, 57 ◦C for 10 s, and 72 ◦C for 20 s. The data
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were analyzed using the comparative Ct method [18]. The results were normalized to that
of GAPDH. The relative quantification (RQ) means and SEM were plotted as folds. Table 1
shows the primer sequences used for qPCR.

Table 1. Mice primer sequences used for real-time quantitative PCR.

Gene Forward Primer Reverse Primer

Occludin 5′-ATGTCCGGCCGATGCTCTC-3′ 5′-TTTGGCTGCTCTTGGGTCTGTAT-3′

Mucin 2 5′-GCCTGTTTG ATAGCTGCTATGTGCC-3 5′-GTTCCGCCAGTCAATGCAGACAC-3
GAPDH 5′-GTCGGTGTGAACGGATTTG-3 5′-CTTGCCGTGGGTAGAGTCAT-3′

2.6. Western Blotting

Total protein was isolated from mouse intestines using RIPA buffer (Thermo Fisher
Scientific, Waltham, MA, USA) with a protease inhibitor (Roche, Mannheim, Germany).
Thereafter, Western blot analysis was performed as previously described [21]. Briefly,
40 µg of total protein from each sample was separated via 4–20% gradient acrylamide gel
(Bio-Rad Laboratories, Hercules, CA, USA) electrophoresis and transferred onto PVDF
membranes. The membranes were blocked with 5% nonfat milk for 1 h at room temperature
(RT) and incubated overnight at 4 ◦C with the following primary antibodies: occludin
(Thermo Fisher Scientific, Waltham, MA, USA; 1:1000 dilution) and β-actin (SC-517582;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). After three washes with Tris-buffered
saline-Tween, the membranes were incubated with the appropriate secondary antibodies
for 2 h at RT. Protein expression was confirmed using enhanced chemiluminescence (32106;
Thermo Fisher Scientific, Waltham, MA, USA). The signal images were visualized using
the iBrightTM imaging system (Thermo Fisher Scientific Inc., Waltham, MA, USA). Three
technical replicates were used for Western blot analysis. The protein levels were normalized
to that of β-actin. The relative protein expression is displayed in the graph.

2.7. Statistical Analysis

The data are expressed as the mean ± standard error of the mean (SEM), while mean
data are expressed as mean ± standard deviation (SD) of at least three independent experi-
ments. The data were evaluated using one-way analysis of variance (ANOVA) (Tukey’s
test as a post hoc test). Statistical significance was determined using t-test with the SPSS
statistical package (version 21.0; SPSS Inc., Chicago, IL, USA). The values of * p < 0.05 and
** p < 0.01 were considered to indicate statistical significance.

3. Results and Discussion
3.1. Physiological Effect of Skim Milk and Probiotics on Osteoporosis Models

BW was measured to investigate the physiological changes in the control, OVX, skim-
milk, and skim-milk-with-probiotic groups. From weeks 2 to 8, the BW of the OVX
group increased significantly, while that of the skim-milk-with-probiotic group decreased
significantly. At week 8, the BW of the skim-milk group decreased compared with that
of the OVX group; however, a statistically significant difference was not observed until
week 6 (Figure 1A). These results suggest that skim milk and probiotics can prevent the
OVX-induced increase in BW.

The serum calcium concentration significantly decreased (approximately 10%) in the
OVX models but recovered following the consumption of skim milk and skim milk with
probiotics (Figure 1B). In particular, when the OVX model was administered skim milk
and probiotics, their calcium levels were similar to those of the control, which was not an
OVX model.



Appl. Sci. 2023, 13, 10424 5 of 11

Figure 1. Changes in body weights and serum lipid profiles due to ovariectomy (OVX) and skim-milk
and probiotic treatment. Changes in body weight from weeks 0 to 8 (A). Concentrations of calcium (B),
triglycerides (C), and low-density lipoprotein cholesterol (LDL-C) in the serum of each experiment
group (D). Data from the experimental group were compared with data from the OVX group. Data
are presented as mean ± SD (n = 5). The values of * p < 0.05 and ** p < 0.01 were considered to
indicate statistical significance.

The concentrations of triglyceride and low-density lipoprotein cholesterol (LDL-C)
significantly increased in the OVX models but were reduced by the consumption of skim
milk and probiotics (Figure 1C,D), as expected. A previous report revealed that ovariec-
tomy increased BW, serum tartrate-resistant acid phosphatase concentration, and cathepsin
K expression in bone; decreased serum estradiol concentration; and induced significant
bone loss manifested as a decrease in BV/TV, connectivity density, trabecular number, and
trabecular thickness, with increased trabecular separation and structural model index [22].
Another study revealed that the WW strain of L. plantarum is a potential probiotic in func-
tional foods that can alter lipid metabolism and reduce cholesterol levels [23]. Previously,
the BW and levels of total cholesterol (TC), triglycerides (TG), and LDL-C were found to
increase in OVX rats [24]. Our results are consistent with those of prior studies and suggest
that the levels of calcium and triglycerides have a positive effect on the body when skim
milk and probiotics are consumed together, rather than alone.

3.2. Attenuation of the OVX-Driven Effects of Skim Milk and Probiotics

Micro-CT imaging of the distal metaphysis of femurs was performed to analyze the
effects of skim milk and probiotics on OVX-induced osteoporosis models. The number of
reconstructed femurs decreased in the OVX group and was restored by the consumption of
skim milk and probiotics (Figure 2A). Compared to the control group, the percentages of
BV/TV, Tb.Th, and Tb.N significantly decreased (Figure 2B–D), while that of Tb.Sp signifi-
cantly increased in the OVX group (Figure 2E). For the OVX groups administered skim milk
and skim milk with probiotics, the levels of BV/TV, Tb.Th, and Tb.N were significantly
increased by the consumption of skim milk and skim milk with probiotics (Figure 2B–D).
The percentage of Tb.Sp significantly decreased when skim milk was consumed alone
or in combination with probiotics (Figure 2E). Milk and dairy products contain proteins,
minerals, and vitamins that are beneficial for bone health [25]. Skim or nonfat milk is
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milk in which the milk fat has been removed. As a result, this milk has fewer calories
and a higher percentage of calcium by weight. According to a prior study, the calcium
concentration in skim milk is 244 mg/200 mL, which is higher than that in whole milk
(236 mg/200 mL) [12]. Skim milk contains higher amounts of vitamins than whole milk
owing to fortification. In recent years, several studies have reported the potential benefits of
probiotic supplementation on bone health under both healthy and pathological conditions.
L. casei and L. acidophilus, either alone or in combination, decreased bone damage and
effectively restored the antioxidant status of the liver and kidneys [26]. L. reuteri treatment
significantly protects OVX mice from bone loss. The levels of osteoclast bone resorption
markers and activators (Trap5 and RANKL) and osteoclastogenesis were significantly
downregulated in L. reuteri-treated mice [27]. In this study, we used the probiotic combi-
nation of Lactobacillus, L. delbrueckii ssp. bulgaricus Lc. Lactis, Bif. animalis ssp. lactis, and
Streptococcus thermophiles, which are abundant in yogurt starter cultures. Based on the
results, the consumption of skim milk with probiotics was similar to yogurt consumption,
and skim milk had a positive effect on bone density when supplemented with probiotics.
Fermented milk consists of yogurt, cultured cream, and buttermilk. However, various
processes and equipment are required for milk fermentation. Here, we suggest that a
mixture of skim milk and probiotics without fermentation is effective at reducing weight
gain and preventing osteoporosis in elderly individuals. This mixture is also economical
because it excludes the fermentation process, despite evidence that various products, such
as acids, produced through the fermentation process, positively affect human health [28].

Figure 2. Effects of ovariectomy (OVX) and the consumption of skim milk and probiotics on bone
mineral density and bone mineral content. (A) Longitudinal and transverse cross-sections of repre-
sentative micro-CT reconstructed femurs after a four-week treatment with skim milk and probiotics.
Skim-milk- and probiotic-driven suppression of OVX-induced loss of femoral bone volume/tissue
volume ratio (BV/TV) (B), trabecular number (Tb.N) (C), trabecular thickness (Tb.Th) (D), and
trabecular spacing (Tb.Sp) (E). The results are presented as mean ± SD. * p < 0.05 and ** p < 0.01 were
considered to indicate statistical significance. Data from the experimental group were compared with
data from the OVX group.
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3.3. Effect of Skim Milk and Probiotics on the Small Intestine

According to our results, the consumption of both skim milk and probiotics had
positive effects on weight loss and the prevention of osteoporosis. Several studies have
reported that probiotics positively affect gut health [29]. Therefore, we analyzed the
histological changes and lengths of the villi, crypts, and serosa. The lengths of the villi and
crypts were significantly increased in the skim-milk and skim-milk-with-probiotic groups
compared to those in the OVX and control groups (Figure 3A). In addition, the length of the
serosa significantly increased in the skim-milk-with-probiotic group compared with that in
the other groups (Figure 3B). A previous study revealed a significant decrease in intestinal
villus height, density, and the villus height:crypt ratio in OVX rats compared with those in
sham-operated rats, suggesting a compromised gut barrier [30]. However, our results did
not reveal a significant difference in villus or crypt lengths between the control and OVX
groups. Long villi are associated with an increased absorptive surface area and absorption
capacity of the intestine [31].

Figure 3. Analysis of the villi, crypt, and serosa lengths in the ovariectomy (OVX) and skim-milk-and-
probiotic groups. Hematoxylin and eosin staining analysis of mice intestine from each experimental
group (A) and the lengths of villi, crypt, and serosa. Lengths are presented as µm (B). Data from the
experimental group were compared with data from the OVX group. The results are expressed as
mean ± SD. * p < 0.05 and ** p < 0.01 were considered to indicate statistical significance. Data from
the experimental group were compared with data from the OVX group.

In piglets, feeding with probiotics enhanced intestinal integrity, lengthened intestinal
villi in the jejunum, and positively impacted the intestinal microbiota [32]. The addition of
probiotics or synbiotics increased the villus-height-to-crypt-depth ratio and villus height
in both the duodenum and ileum of broiler chickens [33]. The increase in villus height
and villus-height-to-crypt-depth ratio was associated with an improvement in the growth
performance of both synbiotics and probiotics. Our study revealed the positive effect of
milk production and probiotics on OVX-induced osteoporosis in mice, indicating their
beneficial effects in older women; this will have a different effect compared to the growth
time window.

We analyzed the gene expression of occludin and mucin 2 in the intestinal samples.
The expression levels of occludin and mucin 2 significantly increased in the skim-milk and
skim-milk-with-probiotic groups compared with those in the OVX groups (Figure 4A,B).
Consistently, the immunostaining result showed that the mucin 2 positive area increased in
the skim-milk and skim-milk-with-probiotic groups compared with that in the OVX group
(Figure 4C). Quantification of the occludin protein also revealed a statistically significant
increase in its level in both the skim-milk and skim-milk-with-probiotic groups compared
with that in the OVX groups (Figure 4D).
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Figure 4. Expression of occludin and mucin 2 in the small intestines of the control, ovariectomy
(OVX), and skim-milk-and-probiotic groups. The mRNA expression levels of occludin (A) and mucin
2 (B) in the intestine of each experimental group. Immunohistochemical analysis of the mucin 2 protei.
Scale bar = 50 µm (C). Western blotting analysis of the occludin protein; the graph shows the results
of densitometric analysis of the band normalized to that of β-actin (D). The results are presented as
mean ± SD. * p < 0.05 and ** p < 0.01 were considered to indicate statistical significance. Data from
the experimental group were compared with data from the OVX group.

The intestinal epithelial tight junction (TJ) barrier controls the paracellular permeation
of contents from the intestinal lumen into the intestinal tissue and systemic circulation [30].
Commensal bacteria and probiotics have been demonstrated to promote intestinal barrier
integrity in vitro and in vivo. Probiotics were found to preserve the intestinal barrier in
mouse models of colitis [34]. Mucin is a major component of the intestinal mucosal layer,
plays an essential role in maintaining intestinal mucosal homeostasis, and has been detected
in various organs, tissues, and body fluids.

Mucin 2, the most abundant mucin family member in the small intestine and colon [35],
is a key player during infection in the body. For instance, Bergstrom et al. reported
that Muc2-/-mice had higher susceptibility to attaching and effacing one of the mu-
cosal pathogens, Citrobacter rodentium [36]; these mice also showed clinical signs of colitis.
Muc2-/-mice exhibited mucosal thickening, superficial erosion, and hyperproliferation [37].
Prior studies strongly suggest that mucin 2 is critical for gut health. Furthermore, our
results clearly show that the intake of skim milk and skim milk with probiotics can im-
prove intestinal health by increasing mucin 2 production in the intestine. In particular,
the expression of the Mucin2 gene was more pronounced in the co-administration group,
which involved the administration of skim milk and probiotics, compared with that in the
skim-milk-only group.

A previous study revealed that human-milk-oligosaccharide-treated cells exhibit
increased mucin 2 expression, decreased bacterial attachment, and increased dextran
permeability when challenged with enteric pathogens [25]. In addition, several types of
Lactobacillus reportedly increase the expression of mucin protein in HT29 cells, a human
intestinal cell line [38]. An extract of L. acidophilus A 4 cell increased mucin 2 expression
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in HT29 cells [39]. These studies highlight the positive synergistic effect of simultaneous
intake on the increase in Mucin 2 in our study.

The intestine is a very important organ that integrates immunity, nutrient absorption,
and digestion. TJs, which form in the intestinal epithelia, play a critical role in the physical
intestinal barrier and modulate the transfer of various substances. Among TJs, occludin
is abundantly expressed at cell-to-cell contact sites. Occludin-/-mice exhibited increased
inflammation, growth retardation, and hyperplasia, despite normal TJ structure in the
intestine [40]. Accordingly, increased occludin levels improve the TJ barrier function
and prevent TJ damage [41,42]. Based on our results, the protein levels of occludin were
markedly increased in the skim-milk and skim-milk-and-probiotic groups compared to
those in the OVX groups, indicating that the intake of skim milk and probiotics has
positive effects on intestinal TJ function. In addition, comparative analysis of the various
effectiveness mentioned above with fermented skim milk using probiotics will be necessary
as further study.

4. Conclusions

Our results revealed the positive effect of hydrolyzed skim milk and milk with pro-
biotics on weight loss, calcium increase, triglyceride and LDL decrease, osteoporosis pre-
vention, and gut health in OVX mouse models. In conclusion, milk products and probiotic
composite materials have positive effects on osteoporosis, may prevent weight gain due
to menopause in older women, and improve intestinal health by controlling the length of
intestinal villi and expression of TJs and mucus. In addition, several indicators displayed
a greater effect in the group administered skim milk with probiotics than in the group
administered skim milk alone. The findings of this study are relevant to the dairy industry
and the production of various functional health products that combine hydrolyzed skim
milk and probiotics.

Author Contributions: Conceptualization: H.-J.P. and W.-Y.L.; Investigation: H.-J.P., W.-Y.L. and
H.-W.S.; Writing—original draft: H.-J.P. and W.-Y.L.; Validation: H.W.K., J.-k.P. and K.C.; Method-
ology: H.-J.P., J.M.Y., K.C. and J.-k.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by the National Research Foundation of Korea (NRF) grant
funded by the Korean government (MIST) (No. 2021R1G1A1091690).

Institutional Review Board Statement: All experiments in this study were performed following
the guidelines of the Institutional Animal Care and Use Committee of Sangji University (approval
number # 2021–20).

Data Availability Statement: The author confirm that the data supporting the finding of this study
are available within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Eastell, R.; O’Neill, T.W.; Hofbauer, L.C.; Langdahl, B.; Reid, I.R.; Gold, D.T.; Cummings, S.R. Postmenopausal osteoporosis. Nat.

Rev. Dis. Primers 2016, 2, 16069. [CrossRef] [PubMed]
2. Rosen, C.J. The Epidemiology and Pathogenesis of Osteoporosis; MDText.com, Inc.: South Dartmouth, MA, USA, 2020.
3. Armas, L.A.; Recker, R.R. Pathophysiology of osteoporosis: New mechanistic insights. Endocrinol. Metab. Clin. N. Am. 2012, 41,

475–486. [CrossRef]
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