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Abstract: Obesity and hyperglycemia can trigger various diseases, including diabetes mellitus and
cardiovascular ailments. Health-promoting fermented milk products can be useful in tackling these
issues. One such product is the fermented milk developed using Lactobacillus casei AP, a probiotic
strain from Indonesia that has not been tested in humans thus far. Our objective was to examine the
effects of L. casei AP-fermented milk products on lipid profiles, blood glucose levels and monocyte
chemoattractant protein-1 (MCP-1) levels in obese adults. A total of 29 obese subjects were given L.
casei AP-fermented milk products, and their fasting blood glucose, total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL) and triglyceride levels were measured using di-
agnostic system kits. MCP-1 levels were measured using enzyme-linked immunosorbent assay. It
was determined that the administration of L. casei AP-fermented milk products significantly re-
duced total cholesterol, LDL and triglyceride levels (p < 0.05); however, it did not increase HDL (p >
0.05), MCP-1 or fasting blood glucose levels (p = 0.05). In conclusion, in obese Indonesian adults, L.
casei AP-fermented milk might reduce total cholesterol, LDL and triglyceride levels but may not
affect HDL, MCP-1 or fasting blood glucose levels.
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1. Introduction

Obesity exacerbates the risk of several metabolic and degenerative diseases, includ-
ing cardiovascular ailment, diabetes mellitus, cancer and osteoarthritis [1]. Obesity is mul-
tifactorial in origin, and its possible causes include environmental factors and unhealthy
behaviours and food selection patterns [1]. Therefore, the development of a variety of
functional food products, including dairy products, intended as health foods is urgently
needed. The use of probiotic lactic acid bacteria (LAB), which are live microorganisms that
confer health benefits to the host when administered in an adequate amount and function
as starter bacteria in fermented milk, is an important development in this respect [2]. Maha
[3] reported that fermented milk enriched with probiotics reduced hyperglycemia and ox-
idative stress in diabetic mice. Hsieh et al. [4] showed that in Sprague Dawley rats, oral
administration of Lactobacillus reuteri GMNL-263 (Lr263) lowered insulin resistance and
blood glucose levels. Sprague Dawley rats fed with a high-fat diet together with the Lac-
tobacillus casei strain Shirota exhibited reduced fat mass and blood glucose and leptin lev-
els, while high-density lipoprotein (HDL) and adiponectin levels were increased when
compared with the control group [5]. Blood cholesterol levels were not affected by the oral
administration of L. casei in this study [5]. Administration of L. casei CRL 431-fermented
milk along with a high-fat diet significantly reduced blood glucose and cholesterol levels
in BALB/c mice in comparison with the control group, while the addition of this product
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did not affect the serum cholesterol level in mice fed with a normal diet [6]. Yogurt sup-
plemented with antioxidant-rich foods, such as honey, decreased the serum levels of cho-
lesterol, low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) and in-
creased the HDL levels [7].

L. casei strain AP was previously isolated from the faeces of a breastfed Indonesian
infant (<1 month of age) [8]. In Sprague Dawley rats, the consumption of L. casei AP in the
form of fermented dairy products reduced hyperglycemia and cholesterol levels [9]. Alt-
hough L. casei AP, a probiotic strain from Indonesia, can be developed into fermented
dairy products as a possible health food, it has not been tested in humans thus far.

Hyperglycemia and obesity elevate the level of monocyte chemoattractant protein-1
(MCP-1) [10]. Weight gain is associated with increase in monocyte levels and systemic
inflammation, both of which trigger chronic diseases such as cardiovascular ailments and
type 2 diabetes mellitus [11]. Because obesity is a harmful condition, our aim was to ex-
amine the effects of L. casei AP-fermented milk products on the lipid profile and blood
glucose and MCP-1 levels in obese Indonesian adults.

2. Materials and Methods
2.1. Preparation of fermented milk

For the preparation of fermented milk, 2% skimmed milk was added to fresh cow’s
milk; the mixture was pasteurised at 80 °C for 30 min and then cooled down to 45 °C. The
pasteurised milk was inoculated with 5% (v/v) bulk starter stock of L. casei AP culture and
then incubated at room temperature (37 °C) for 18 h.

2.2. Study design and subject selection

An experimental study involving pre- and post-tests was designed in a group of
obese adults. The inclusion criteria were as follows: body mass index (BMI) >25; age be-
tween 18 and 45 years; and willingness to consume L. casei AP probiotic-fermented milk
product. The exclusion criteria were as follows: intake of antibiotics; consumption of med-
ications such as weight loss drugs; lactose intolerance; digestive tract disorders; and preg-
nancy or breastfeeding. A total of 29 study participants were requested to provide written
informed consent to undergo anthropometry and blood pressure measurements and com-
plete the research questionnaires.

2.3. Treatment and laboratory investigations

All subjects consumed 100 mL of L. casei AP-fermented milk product per day for a
duration of 4 weeks. The fasting serum levels were sampled before and after consumption
of the product. A total of 10 mL of blood was withdrawn from each subject’s vein using a
10-mL syringe (Terumo). The collected blood was placed in tubes containing ethylenedi-
aminetetraacetic acid (BD Vacutainer) and centrifuged (Centrifuge 5430 R) at 3500 g for 15
min for plasma separation. The levels of fasting blood glucose, total cholesterol, LDL, HDL
and triglycerides were measured using Diasys Diagnostic Systems kits in accordance with
the manufacturer’s protocols. A wavelength of 500 nm was employed for the spectropho-
tometric (Hitachi, U-1800) determination of absorbance in each lipid profile test. The level
of MCP-1 was measured using enzyme-linked immunosorbent assay (ELISA, Fine Test
Kits) in accordance with the kit manual protocol. The test results were read using a micro-
plate reader (Zenix-320) at 450 nm to determine the absorbance (optical density).

2.4. Statistical analysis

Data pertaining to the effects of fermented milk administration on the levels of MCP-
1, fasting blood glucose and lipid profiles were analysed; blood pressure and anthropom-
etry of the study subjects were compared using paired t-test and Wilcoxon test with SPSS
version 16.0 software.

3. Results
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3.1. Patients

Table 1 displays the characteristics of the 29 study participants, of which 15 were men
(561.7%) and 14 were women (48.3%). Their mean age, weight and BMI were 25.1 + 4.1
years, 85.3 + 16.4 kg and 32.9 + 5.4 kg/m?, respectively. Weight, BMI, hip circumference
and blood pressure decreased slightly after the consumption of milk products fermented
with L. casei AP. However, there were no differences in waist circumference before and
after the treatment.

Table 1. Anthropometric measurements, blood pressure and other characteristics of the research
subjects.

Subject characteristics (1=29) Mean = SD or n (%) Before treatment After treatment p value

Age (year) 25141 - - -
Gender - - - -
Male, 1 (%) 15 (51.7%) - - -
Female, 1 (%) 14 (48.3%) - - -
Weight (kg) - 85.3+16.4 84.7 +16.4 0.000
Body mass index (kg/m?) - 329+54 324+4.6 0.004 *
Waist circumference (cm) - 97.1+13 97.4+13.3 0.631 ains
Hip circumference (cm) - 112.8 +10.5 111.4+£99 0.003 #*
Blood pressure (mmHg) - - - -
Systole - 1152 +11 104.7 +9.8 0.000 *
Diastole - 74.3+8 67.9+7.3 0.003 b*

*significant, p <0.05, ns = not significant, p > 0.05.7 paired t-test, * Wilcoxon test

3.2. The effect of L. casei AP-fermented milk products on fasting blood glucose levels in obese
adults

The decrease in fasting blood glucose levels following the consumption of milk fer-
mented with L. casei strain AP was not significant (p > 0.05) (Figure 1). This observation is
in contrast to the findings of Widodo et al. [9], who showed that the administration of
milk containing L. casei AP for 15 days significantly reduced the level of blood glucose (p
<0.05) in Sprague Dawley rats fed with a high-fat and high-fructose diet. This discrepancy
might be due to the fact that the rats were conditioned to have hyperglycemia. The ad-
ministration of milk products fermented with L. casei AP to humans with normal blood
glucose levels did not significantly decrease the levels (p > 0.05). In agreement with our
findings, Prakash et al [12]. observed that the administration of pasteurised milk products
that were fermented with Lactobacillus bulgaricus (UBLB-38) and Streptococcus thermophilus
(UBST-50) to humans with normal blood glucose levels did not result in significant differ-
ences.
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Figure 1. Effect of milk products fermented with Lactobacillus casei AP on the fasting blood glucose
level of obese adults.

3.3. The effect of L. casei AP-fermented milk products on MCP-1 levels in obese adults

The level of MCP-1 showed a non-significant decrease (p > 0.05) after the consump-
tion of milk fermented with L. casei strain AP, which could be attributed to the fact that all
the study subjects had normal blood glucose levels (i.e., they were not hyperglycaemic)
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(Figure 2). As reported previously, MCP-1 expression may be influenced by various stim-
uli, including hyperglycaemia [13].

80.00 -
70.00 -
60.00 -

| 50.00 -

S 40.00 -

> 30.00 -

= 20,00 -
10.00 -

0.00 -

mcp-1 pre mcp-1 post
MCP-1

Figure 2. Effect of milk products fermented with Lactobacillus casei AP on the MCP-1 levels pre-
and post-treatment.

3.4. The effect of L. casei AP-fermented milk products on lipid profiles in obese adults

Total cholesterol, LDL and triglyceride levels decreased significantly to normal levels
(p <0.05, Figure 3) after the consumption of milk products fermented with L. casei AP, but
the increase in HDL levels was not significant (p > 0.05). In this study, we based the normal
lipid profile values on the report by Ma and Shieh [14] (<200 mg/dL for total cholesterol,
<100 mg/dL for LDL and <150 mg/dL for triglycerides).
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Figure 3. Effects of milk products fermented with Lactobacillus casei AP on the lipid profiles pre-
and post-treatment. CH, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
Tg, triglycerides

We observed increased HDL levels after the consumption of the fermented milk (Fig-
ure 3), although the increase was not significant. According to previous studies, HDL lev-
els of 260 mg/dL can offer protection against heart diseases [14,15,16]. Other meta-anal-
yses of randomised controlled trials have shown that probiotics do not significantly influ-
ence the HDL levels. Another systematic review and meta-analysis of randomised con-
trolled trials by Wu et al. [17] demonstrated the non-significant effects of probiotics on
HDL levels.

4. Discussion

Yogurt supplemented with antioxidant-rich foods, such as honey, has been reported
to control hypercholesterolemia, a risk factor of atherosclerosis, by reducing the serum
levels of cholesterol, LDL and VLDL and increasing the HDL levels [7]. Fermented milk
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that contains the probiotics Bifidobacterium and Lactobacillus gesseri has been proven to re-
duce total cholesterol, LDL and VLDL-C and increase HDL levels [15,18]. The milk com-
ponents hydroxymethyl glutarate, uronic acid and conjugated linoleic acid (CLA) play
pertinent roles in lowering the cholesterol level [19]. Ogawa et al. [20] found that LAB
fermentation is effective in improving the level of CLA. L. casei AP is an LAB that can
produce short-chain fatty acids (SCFA) [21]. In addition to CLA, SCFA lowers lipolysis in
the adipose tissue, thereby reducing the levels of circulating free fatty acids and non-es-
terified fatty acids [22]. Subsequently, low levels of circulating free fatty acids curb triglyc-
eride synthesis in the liver and reduce VLDL secretion, thereby controlling the surge in
plasma triglyceride levels [23]. Similarly, Canfora et al. [24] identified that SCFA inhibits
lipolysis in the adipose tissue and reduces the circulating triglyceride levels. Likewise,
Gao et al. [25] noted that butyrate, an SCFA obtained through fermentation by certain in-
testinal bacteria, improves insulin sensitivity and inhibits lipolysis. Using a human enter-
ocyte cell line (Caco-2/TC-7), Alvaro et al. [26] studied the effect of SCFA and asserted that
butyrate and propionate inhibit the expression of nine key genes in cholesterol biosynthe-
sis. Probiotics assimilate cholesterol and deconjugate bile salts by producing bile salt hy-
drolase (BSH) and reducing the blood cholesterol levels [27]. In particular, administration
of BSH-active L. acidophilus CHO-220 combined with the prebiotic inulin significantly re-
duces plasma total cholesterol and LDL-C levels [27].

Hike in MCP-1 expression is modulated by the production of reactive oxygen species,
which is triggered by high blood glucose levels [28]. In this study, because blood glucose
levels were normal, MCP-1 levels were not high; consequently, the reductions were not
significant. As previously reported by Bassaganya-Riera et al. [29] the presence of CLA
produced by probiotics might contribute to the suppression of MCP-1 expression in co-
lonic lamina propria cells. High glucose levels lead to the activation of protein kinase C,
triggering the production of reactive oxygen species by increasing NADPH oxidase and
p66shc adapter proteins.

Probiotics reduce blood glucose levels by activating pancreatic 3-cells, thereby play-
ing a significant role in maintaining blood glucose homeostasis for insulin production [30].
Yogurt with added honey can be used as an anti-hyperglycaemic agent by suppressing
the absorption and the inhibition of glucose by a-glucosidase along with the activation of
antioxidants that restore the functioning of the pancreatic 3-cells [7]. Probiotics have been
reported to exert anti-diabetic effects on insulin resistance in type 2 diabetes mellitus pa-
tients by increasing the number of natural killer T-cells, significantly reducing the fasting
blood glucose levels [31].

Further research is needed to examine the effects of L. casei AP-fermented milk prod-
ucts on patients with type 2 diabetes mellitus and non-obese controls. We anticipate that
the findings of this study will support the development of fermented dairy products as
functional foods. These products are also expected to play a key role in the prevention of
type 2 diabetes mellitus and cardiovascular diseases, both of which obese people are at a
high risk of developing.

5. Limitations

We designed an experimental study with pre- and post-tests in one group of obese
adults. A major limitation of our study is that we did not normalise the data to a similarly
treated non-obese group.

6. Conclusions

Our results have demonstrated, for the first time, the beneficial effects of consuming
L. casei AP probiotic-fermented milk on the lipid profile of obese Indonesian adults. Con-
sumption of the fermented milk product over a 4-week period reduced total cholesterol,
LDL and triglyceride levels but had no effect on HDL, MCP-1 or fasting blood glucose
levels. Further research is needed to examine the effects of L. casei AP-fermented milk
products on patients with type 2 diabetes mellitus.
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