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Abstract: PS-B1 is a fermented product prepared from soy flour using lactic acid bacteria. Over a 10-week period, C57BL/6J 

mice were reared under laboratory conditions on a normal diet (control, n=5), high-fat diet (HF, n=5), or high-fat diet 

supplemented with 4% PS-B1 (HF-P, n=6). After 10 weeks, the change in weight gain, intestinal and epididymal fat 

accumulation, serum and liver biochemical parameters, and gene expression in the mice was investigated. HF diet-induced 

weight gain and increase in intestinal and epididymal fat accumulation were lower in mice fed with HF-P diet than in mice fed 

with HF diet, suggesting that PS-B1 prevented HF diet-induced obesity in HF-P mice. Furthermore, the levels of liver lipids 

(triglycerides, TG; non-esterified fatty acid, NEFA; total cholesterol, TC), serum TC, serum glucose, and serum insulin were 

significantly increased in the HF group than those in control mice. In HF-P mice, neither serum TC nor serum glucose levels were 

reduced. In contrast, the levels of liver lipids and serum insulin were lower in HF-P mice than in HF mice, suggesting that PS-B1 

reduced these parameters in HF-P mice. The homeostatic model assessment of insulin resistance (HOMA-IR) value, which was 

calculated from the serum glucose and insulin levels, was 21.5 ± 4.2 in the HF mice. However, the HOMA-IR (8.2 ± 0.2) values 

were significantly decreased in the HF-P mice, suggesting that PS-B1 improves insulin resistance. Additionally, we compared the 

expression levels of stearoyl-CoA desaturase-1 (Scd1) in the liver. Quantitative RT-PCR showed increased expression of Scd1 in 

HF mice compared to that in control mice. Furthermore, ingestion of PS-B1 led to reduced expression of Scd1 mRNA in HF-P 

mice, implying that PS-B1 is effective in reducing the expression of the gene encoding SCD1. These results suggest that the 

anti-obesity effect of PS-B1 and improvement in fat accumulation upon PS-B1 uptake may be due to improvement in insulin 

resistance and reduction in the expression level of Scd1. 
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1. Introduction 

Lifestyle-related diseases is the generic term for diseases 

associated with individuals’ way of life, including 

hypertension, dyslipidemia, and diabetes. These diseases are 

triggered by certain lifestyles, such as eating habits and 

exercise habits, which reduce healthy life expectancy. In 

addition, as a lifestyle-related disease progresses, 

complications occur, leading to decrease in quality of life. For 

this reason, many health foods and supplements have been 

developed, which are sold as primary preventive measures. 

Probiotics [1] are one of the health supplements that show a 

preventive effect on lifestyle-related diseases [2-4]. Recently, 

attention has been focused on the usefulness of biogenics for 

the prevention and improvement of lifestyle-related diseases 

[5-7]. Biogenics are defined as “food ingredients that have a 

bioregulatory function directly or through intestinal flora” [8]. 

Fermentation products of lactic acid bacteria are one such 

product. Obesity is well known to lead to lifestyle-related 

diseases. Biogenics are expected to contain substances 
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effective for prevention of obesity and could have several 

applications in medicine. We have been studying the 

applications of PS-B1, a product fermented by lactic acid 

bacteria. PS-B1 is a fermented product obtained by 

co-culturing 21 types of human intestinal bacterial strains 

selected to mimic the intestinal environment of healthy 

individuals [9, 10]. Soy flour is used for fermentation. PS-B1 

has been selected for research to clarify the usefulness of 

biogenics at the biochemical level [11-13]. In a previous study, 

we examined the effect of PS-B1 uptake on high-fat (HF) 

diet-fed mice models of nonalcoholic steatohepatitis (STAM 

mice). The results suggested that PS-B1 decreased the weight 

of liver and reduced the levels of TG in the plasma and liver in 

HF diet-fed STAM mice [14]. These findings suggest that 

PS-B1 prevents steatohepatitis in vivo. In addition, we 

examined the effects of PS-B1 uptake in long-term 

high-sucrose diet-fed mice. It was observed that PS-B1 uptake 

reduced weight gain, serum cholesterol levels, serum insulin 

levels, and expression of lipogenic enzymes and insulin 

receptor substrate [15]. In general, obesity is well known to 

cause insulin resistance [16]. It is natural that disturbances in 

dietary habits promote the appearance of insulin resistance. In 

this study, the effects of dietary administration of PS-B1 on 

wild-type mice administered with a HF diet were investigated. 

 

Figure 1. Preparation of PS-B1. PS-B1 was prepared as a fermented product of soy flour by a four-step complex culture method using 16 indigenous lactic 

acid bacteria and 5 indigenous bifidobacteria. Lactic acid bacteria and bifidobacteria used for the preparation of PS-B1 and their distribution in the 

secondary cultures are shown in Table 1. 

2. Materials and Methods 

2.1. Preparation of PS-B1 

Soy flour medium was prepared by adding pesticide-free, 

organically cultivated soy flour, glucose, yeast extract, skim milk 

powder, and defoaming agent to water, followed by 

homogenization. PS-B1, a fermented filtrate obtained by 

culturing 21 types of lactic acid bacteria in soy flour medium, 

was prepared according to the process shown in Figure 1 by 

BIOGENOMICS Co., Ltd., (Nagasaki, Japan) [9, 10]. In the first 

stage of fermentation, all 21 strains of bacteria were cultured 

separately. In the second stage of fermentation, 10 sets of bacteria 

consisting of two to three strains each, as listed in Table 1, were 

co-cultured. In the third and fourth stage of fermentation, all the 

bacteria were co-cultured and filtrated, resulting in the formation 

of PS-B1. The average weight of lyophilized powder obtained 

from 100 mL of PS-B1 was 4.35 g. 

Table 1. Sixteen lactic acid bacteria and five bifidobacteria used for the preparation of PS-B1 and their grouping in secondary cultures. 

Groups Lactic acid bacteria 

1 Bifidobacterium longum subsp. longum Enterococcus faecium Enterococcus durans 

2 Lactobacillus paracasei subsp. paracasei Lactobacillus delbrueckii subsp. bulgaricus - 

3 Enterococcus faecium Lactobacillus brevis Lactobacillus plantarum 

4 Enterococcus faecium Bifidobacterium bifidum Bifidobacterium breve 

5 Bifidobacterium adolescentis Lactobacillus acidphilus Bifidobacterium longum subsp. infantis 

6 Enterococcus durans Lactobacillus gasseri Lactobacillus salivarius 

7 Lactobacillus gasseri Enterococcus faecium Lactobacillus rhamnosus 

8 Enterococcus faecalis Lactobacillus delbrueckii subsp. delbrueckii Lactobacillus helveticus 

9 Lactobacillus casei Bifidobacterium adolescentis Lactococcus lactis subsp. lactis 

10 Enterococcus faecium Enterococcus durans Lactococcus lactis subsp. cremoris 

 

First stage

Regeneration of

16 lactic acid bacteria and 5 bifidobacterium

Second stage

Culture in 10 groups

Third stage

Small-scale culture

Fourth stage

Large-scale culture
Homogenization

Filtration

16 lactic acid bacteria and 5 bifidobacterium

(MRS broth)

16 lactic acid bacteria and 5 bifidobacterium

(soy flour broth)

Group 2

・・・

Group 9 Group 10

16 lactic acid bacteria and 5 bifidobacterium

(soy flour broth)

PS-B1

Group 1

(soy flour broth)

1-3 bacteria
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Figure 2. Diet plan for experimental animals. Nine-weeks-old C57BL/6J 

male mice were randomly divided into four groups (n = 5 or 6 per group) 

after a week of acclimatization. The mice in the CO (control) and CO-P 

groups were fed with CE-2 solid diet and CE-2 diet supplemented with 4% 

lyophilized PS-B1, respectively. The mice in the HF and HF-P groups were 

fed with HFD32 (high-fat diet) solid diet and HFD32 diet supplemented with 

4% lyophilized PS-B1, respectively. 

2.2. Animals 

Animal experiments were conducted in accordance with the 

Standard Relating to the Care and Management of Laboratory 

Animals and Relief of Pain (Notice no. 88, Ministry of the 

Environment, Government of Japan), and the protocols for 

animal experiments were approved by the Ethics Review 

Committee of Nagasaki International University (approval 

number 141). The diet plan of the experimental animals is shown 

in Figure 2. Nine-weeks-old male C57BL/6J mice (CLEA Japan, 

Inc., Tokyo, Japan) were housed in a room with controlled 

temperature, relative humidity, and light and dark cycle (22 ± 

2°C, 60 ± 2% relative humidity, and light from 7:00 to 19:00 h, 

respectively). The mice had free access to water and a normal 

diet (CE-2, CLEA Japan, Inc., Tokyo, Japan). The mice were 

acclimatized for one week. Later, half the number of mice were 

switched to a 10-week HF diet (HFD32, CLEA Japan, Inc., 

Tokyo, Japan) containing 32.0% crude fat (56.7% fat kcal (%)), 

while the remaining mice were fed a normal diet containing 4.6% 

crude fat (12.2% fat kcal (%)). The diet of half the number of 

mice in each group was supplemented with 4% PS-B1 (Table 2). 

This resulted in four groups with five or six mice each: CE-2 

(control, n=5), CE-2 + 4% PS-B1 (CO-P, n=5), HFD32 (HF, 

n=5), and HFD32 + 4% PS-B1 (HF-P, n=6). Body weight and 

food intake were recorded twice and thrice a week, respectively, 

for 10 weeks. After the 10-week experimental period, the mice 

were denied access to food and water overnight and were then 

sacrificed using isoflurane inhalation anesthetic. The liver, 

epididymal fat, and intestinal fat were then dissected, weighed, 

and stored at -80°C. Blood was collected from the heart, followed 

by separation of serum, which was stored at -80°C. 

Table 2. Nutrients in experimental diets. 

Ingredient CE-2 
CE-2  

4% PS-B1 
HFD32 

HFD32 

4% PS-B1 

Moisture (%) 8.8 - 6.2 - 

Crude protein (%) 25.5 25.6 25.5 25.6 

Crude fat (%) 4.6 4.4 32.0 30.7 

Crude fiber (%) 5.1 - 2.9 - 

Crude ash (%) 7.0 7.5 4.0 4.6 

Nitrogen-free extract (%) 48.6 50.1 29.4 31.6 

Energy (kcal/100g) 339.1 343.5 507.6 505.3 

Fat kcal (%) 12.2 11.5 56.7 54.7 

 

2.3. Biochemical Analysis of Serum 

The serum biochemical parameters, including TG, NEFA, 

TC, and glucose levels, were assayed using LabAssay
TM

 kit 

series (FUJIFILM Wako Pure Chemical Corporation, Osaka, 

Japan). Insulin was assayed using a Mouse Insulin 

Measurement Kit (Morinaga Institute of Biological Science, 

Inc., Kanagawa, Japan). 

2.4. HOMA-IR Value 

The HOMA-IR values were calculated according to the 

method described by Matthews et al. [17] and Hosojima et al. 

[18] and mentioned as follows: 

HOMA-IR= fasting serum insulin levels (µU/mL) × fasting serum glucose levels (mg/dL) / 405          (1) 

2.5. Liver Lipid Analysis 

Total lipid was extracted from the liver by Folch method 

[19]. The extract was dissolved in 2-propanol. The TG, 

NEFA, and TC levels were assayed using LabAssay
TM

 kit 

series. 

2.6. Quantitative RT-PCR 

Total RNA was isolated from the mouse liver tissue using 

TRIZOL Reagent (Life Technologies Japan Ltd., Tokyo, 

Japan) according to the manufacturer’s protocol. Quantitative 

RT-PCR assays were performed using the PikoReal 

Real-Time PCR System (Thermo Fisher Scientific K. K., 

Tokyo, Japan). Briefly, 500 ng of total RNA was reverse 

transcribed into cDNA using the ReverTra Ace qPCR RT 

Master Mix (TOYOBO CO., LTD., Osaka, Japan) according 

to the manufacturer’s protocol to quantify the mRNA levels 

of sterol regulatory element binding protein 1c (Srebp-1c), 

CE-2

CE-2 + 4% PS-B1

HFD32

HFD32 + 4% PS-B1

After slaughtering,

organ removal and

blood sampling

20

10

Acclimatization

10

CE-2

0

9

CO group

CO-P group

HF group

HF-P group

Week of age (week)

Experimental week
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diacylglycerol acyltransferase 2 (Dgat2), fatty acid synthase 

(Fas), and Scd1. Each amplification mixture contained 2 ng 

of cDNA, appropriate concentration of the forward and 

reverse primers (Table 3), and THUNDERBIRD SYBR 

qPCR Mix (TOYOBO CO., LTD., Osaka, Japan). The PCR 

cycling parameters were 95°C for 1 min, and 40 cycles of 

95°C for 15 s and 60°C for 1 min. Relative expression was 

calculated using the comparative relative standard curve 

method [20]. We used acidic ribosomal phosphoprotein P0 

(36B4) mRNA as the relative control [21] for our study. 

Table 3. Primer pairs used for Scd1, Srebp-1c, Fas, Dgat2, and 36B4 in the 

present study. 

Gene symbol  Sequence (5'-3') 

Scd1 
Forward GAGGCCTGTACGGGATCATA 

Reverse CAGCCGAGCCTTGTAAGTTC 

Srebp-1c 
Forward ATCTCCTAGAGCGAGCGTTG 

Reverse TATTTAGCAACTGCAGATATCCAAG 

Fas 
Forward CCCTTGATGAAGAGGGATCA 

Reverse GAACAAGGCGTTAGGGTTGA 

Dgat2 
Forward AGGCCCTATTTGGCTACGTT 

Reverse CATCAGGTACTCGCGAAGC 

36B4 
Forward GAGGAATCAGATGAGGATATGGGA 

Reverse AAGCAGGCTGACTTGGTTGC 

Scd1, stearoyl-CoA desaturase 1; Srebp-1c, sterol regulatory element 

binding protein 1c; Fas, fatty acid synthase; Dgat2, diacylglycerol 

acyltransferase 2; 36B4, acidic ribosomal phosphoprotein P0. 

2.7. Statistical Analysis 

Each value is presented as mean ± SE. The differences 

among the experimental groups were analyzed using 

unpaired t-test, followed by Bonferroni’s post hoc test; p< 

0.05 was considered statistically significant. Means with the 

same letter are not significantly different from each other. 

3. Results 

3.1. Influence of PS-B1 on the Body Weight of Mice 

Male C57BL/6J mice were fed with control, CO-P, HF, or 

HF-P diet. After 10 weeks, the increase body weight was 

larger in HF mice than in control mice. Although dietary bulk 

per week was not different between HF and HF-P mice (data 

not shown), the increase in HF diet-induced body weight was 

less in HF-P mice than in HF mice (Figure 3). 

 

Figure 3. Body weight of mice fed with CE-2 or HFD32 diet with or without 

4% of PS-B1. Body weight of C57BL/6J male mice in the CO group (●), 

CO-P group (○), HF group (■) and HF-P group (□) was measured twice a 

week for 10 weeks. All values are presented as mean ± SE. Means with the 

same letter are not significantly different from each other. The differences 

among the experimental groups were analyzed using unpaired t-test, 

followed by Bonferroni’s post hoc test; p < 0.05 was considered statistically 

significant. 

3.2. Influence of PS-B1 on Intestinal Fat, Epididymal Fat, 

and Weight of Liver in Mice 

After 10 weeks of feeding, there was an increase in 

intestinal and epididymal fat in HF-fed mice compared to 

that in control mice. However, HF diet-induced increase in 

intestinal and epididymal fat was lower in HF-P mice than in 

HF mice (Table 4). No difference in liver weight was 

observed between mice under different feeding conditions 

(Table 4). 

Table 4. Weights of tissues of mice fed with different diets. 

 CO group CO-P group HF group HF-P group 

Intestinal fat (g) 0.14±0.02ab 0.09±0.01a 0.94±0.11c 0.53±0.08bc 

Epididymal fat (g) 0.24±0.03ab 0.16±0.01a 1.72±0.16c 1.32±0.23bc 

Liver weight (g) 1.13±0.04a 1.17±0.06a 1.37±0.08a 1.32±0.09a 

 

The weight of intestinal fat, epididymal fat, and liver in 

mice fed with different diets was measured for 10 weeks. All 

values are presented as mean ± SE. Means with the same 

letter are not significantly different from each other. The 

differences among the experimental groups were analyzed 

using unpaired t-test, followed by Bonferroni’s post hoc test; 

p < 0.05 was considered statistically significant. 

3.3. Influence of PS-B1 on Serum and Liver Biochemical 

Parameters in Mice 

After 10 weeks of feeding, the serum TC, serum insulin, 

serum glucose, and liver lipid levels (TG, NEFA, and TC) 

were found to be higher in HF mice than in control mice. 

However, the increase in HF diet-induced serum insulin 

levels and liver lipids was lower in HF-P mice than in HF 

mice (Tables 5, 6). The serum insulin levels were lower in 

HF-P mice than in HF mice, indicating that HOMA-IR was 

improved upon ingestion of PS-B1, further indicating 

improvement in insulin resistance upon ingestion of PS-B1 

(Table 7). Since some factors have been reported to cause 

insulin resistance due to obesity [16], we also examined these 

factors. Liver NEFA levels were 1.94 times higher in HF 

mice than in control mice; contrastingly, the levels were only 

1.31 times higher in HF-P mice than in control mice, 
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indicating that PS-B1 ingestion reduced the increase in liver 

NEFA levels by 33%. Furthermore, liver TC levels were 1.97 

times higher in HF mice than in control mice; contrastingly, 

they were only 1.41 times higher in HF-P mice, indicating 

that PS-B1 ingestion reduced the increase in liver TC levels 

by 29% (Table 6). 

Table 5. Serum biochemical markers in mice fed with different diets. 

 CO group CO-P group HF group HF-P group 

Serum TG (mg/dL) 58.8±3.4a 62.4±3.5a 70.1±6.1a 65.0±3.3a 

Serum NEFA (mEq/L) 0.97±0.02a 0.97±0.07a 0.96±0.06a 0.80±0.04a 

Serum TC (mg/dL) 64.5±2.0a 52.2±4.0a 117.3±5.7b 111.0±12.1b 

Serum Insulin (ng/mL) 0.36±0.02a 0.45±0.05a 1.27±0.29a 0.68±0.15a 

Serum Glucose (mg/dL) 98.2±5.6a 118.2±12.0ab 226.1±28.7bc 242.2±4.5c 

 

Serum TG, NEFA, TC, insulin, and glucose levels were 

measured in mice fed with different diets for 10 weeks. All 

values are presented as mean ± SE. Means with the same 

letter are not significantly different from each other. The 

differences among the experimental groups were analyzed 

using unpaired t-test, followed by Bonferroni’s post hoc test; 

p < 0.05 was considered statistically significant. 

Table 6. Liver biochemical markers in mice fed with different diets. 

 CO group CO-P group HF group HF-P group 

Liver TG (mg/g) 17.59±1.84a 15.71±2.33a 23.94±1.62a 17.16±3.39a 

Liver NEFA (µmol/g) 9.50±1.38a 6.40±0.78a 18.47±1.47b 12.45±3.41ab 

Liver TC (mg/g) 1.42±0.22a 1.20±0.16a 2.80±0.24b 2.00±0.44ab 

 

Liver TG, NEFA, and TC levels were measured in mice 

fed with different diets for 10 weeks. All values are presented 

as mean ± SE. Means with the same letter are not 

significantly different from each other. The differences 

among the experimental groups were analyzed using 

unpaired t-test, followed by Bonferroni’s post hoc test; p < 

0.05 was considered statistically significant. 

Table 7. HOMA-IR calculated for mice fed with different diets. 

 HOMA-IR 

CO group 2.24±0.13a 

CO-P group 3.54±0.71a 

HF group 21.51±4.22b 

HF-P group 8.21±0.20b 

HOMA-IR values were calculated for mice reared under 

different dietary conditions. All values are presented as mean 

± SE. Means with the same letter are not significantly 

different from each other. The differences among the 

experimental groups were analyzed using unpaired t-test, 

followed by Bonferroni’s post hoc test; p < 0.05 was 

considered statistically significant. 

3.4. Influence of PS-B1 on Lipid Synthetic Gene 

Expression in Mice 

The expression of Fas, Dgat2, Srebp-1c, and Scd1 was 

higher in HF mice than in control mice. There was no 

difference in the expression levels of Fas, Dgat2, and 

Srebp-1c between HF-P mice and HF mice (Table 8). In 

contrast, ingestion of PS-B1 reduced Scd1 expression in 

HF-P mice compared to that in HF mice, implying that 

PS-B1 is effective in reducing the expression of the gene 

encoding SCD1. 

Table 8. Expression level of mRNA in the liver of mice fed with different diets. 

Gene symbol CO group CO-P group HF group HF-P group 

Scd1 1.00±0.07a 0.84±0.04b 4.24±0.35c 2.99±0.48ab 

Srebp-1c 1.00±0.12a 1.46±0.19a 7.43±1.23b 7.36±0.41b 

Fas 1.00±0.14a 1.37±0.28a 3.56±0.42b 3.95±0.17b 

Dgat2 1.00±0.07a 1.11±0.03a 1.96±0.13a 2.37±0.32a 

 

The mRNA levels of Scd1, Srebp-1c, Fas, and Dgat2 were 

measured in mice fed with different diets for 10 weeks. Each 

value was normalized to the value of 36B4 mRNA, which 

was used as an internal standard, and expressed as a relative 

mRNA level to control group. All values are presented as 

mean ± SE. Means with the same letter are not significantly 

different from each other. The differences among the 

experimental groups were analyzed using unpaired t-test, 

followed by Bonferroni’s post hoc test; p < 0.05 was 

considered statistically significant. 

4. Discussion 

PS-B1 is a “biogenics” [8] containing various fermentation 

metabolites. It is produced by fermenting soy flour using a 

traditional method, which involves 21 different species of 

intestinal bacteria. In our previous study, we found evidence 

that PS-B1 may effectively inhibit the growth of cancer cell 

lines [11], suppress allergic reactions in rats [9], promote hair 

growth in mice [13], and improve bowel movements and skin 

conditions in humans [10]. Other studies have reported that 
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probiotics prevent weight gain in HF diet-induced obesity and 

thus improve metabolic syndrome [22-24]. It is highly 

possible that PS-B1, which is a fermented product of intestinal 

bacteria, exhibits a similar effect by itself or by activating the 

intestinal bacterial flora of the host. In this study, using 

wild-type mice, we examined the effects of PS-B1 ingestion 

on HF diet-induced obesity and adverse metabolic 

consequences of a HF diet. Over a 10-week period, C57BL/6J 

mice were reared under laboratory conditions on normal 

(control), HF, or HF-P diet. After 10 weeks, diet-induced 

weight gain and increase in intestinal and epididymal fat 

accumulation were lower in HF-P mice than in HF mice, 

suggesting that PS-B1 prevented HF diet-induced obesity in 

HF-P mice (Figure 3, Table 4). 

The levels of intestinal and epididymal fat were 

investigated in mice. Intestinal fat levels were 6.71 times 

higher in HF mice than in control mice; however, they were 

only 3.79 times higher in HF-P mice than in control mice, 

indicating that PS-B1 ingestion reduced the increase in 

intestinal fat levels by 44%. Epididymal fat levels were 7.17 

times higher in HF mice than in control mice, whereas, they 

were only 5.50 times higher in HF-P mice than in control mice, 

indicating that PS-B1 ingestion reduced the increase in 

epididymal fat levels by 23% (Table 4). These findings 

suggested that PS-B1 reduced intestinal and epididymal fat 

accumulation. The possible mechanism of this effect could be 

that PS-B1 inhibits lipid absorption and synthesis, promotes 

metabolic processes such as beta-oxidation, or promotes 

excretion. In a previous study, we examined the effects of 

PS-B1 ingestion in long-term high-sucrose diet-fed mice, and 

observed that PS-B1 ingestion reduced the expression of 

lipogenic enzymes such as acetyl-CoA carboxylase (Acc) and 

Fas [15]. Based on these observations, in the present study, we 

compared the expression levels of Fas, Dgat2, and Scd1. HF 

mice exhibited increased expression of Fas, Dgat2, and Scd1. 

There was no decrease in the expression levels of Fas and 

Dgat2 in HF-P mice (Table 8). In contrast, HF mice exhibited 

increased expression of Scd1, while PS-B1 uptake reduced the 

expression of Scd1 in HF-P mice, indicating that PS-B1 is 

effective in reducing the expression of the gene encoding 

SCD1. In a study on SCD1, Ntambi et al. found that among 

mice fed a HF diet, SCD1
−/−

 mice exhibited less weight gain 

than SCD1
+/+

 mice. This indicated that SCD1
−/−

 upregulates 

lipid oxidation genes and downregulates lipid synthesis genes. 

They concluded that the increased oxidation of saturated fats 

in SCD1
−/−

mice was the result of metabolic activity 

characterized by a higher rate of beta-oxidation [25]. In the 

present study, PS-B1 ingestion reduced HF diet-induced 

obesity-associated increase in liver lipid levels in HF mice 

(Table 6). Thus, the reduced accumulation of intestinal and 

epididymal fat in HF-P mice might have been a consequence 

of reduced Scd1 expression caused by PB-S1 uptake, which 

then facilitated beta-oxidation. 

Obesity is associated with insulin resistance, and numerous 

studies have demonstrated that a HF diet leads to insulin 

resistance in mice. Biddinger et al. reported that mice fed a HF 

diet developed worse steatosis and exhibited a greater 

increment in LDL cholesterol and insulin levels than mice fed 

a low-fat diet [26]. These findings correspond to those of the 

present study, wherein we found that 10 weeks of HF diet 

increased serum glucose and insulin levels, thereby inducing 

insulin resistance, as determined by a high HOMA-IR value. 

In contrast, HF-P mice exhibited improved HOMA-IR due to 

lower serum insulin levels than HF mice (Table 7). Therefore, 

it was suggested that PS-B1 is effective in improving insulin 

resistance. A previous study reported that SCD1
−/−

 mice fed a 

HF diet gained less weight and exhibited greater insulin 

signaling and glycogen accumulation in brown adipose tissue 

than SCD1
+/+

 mice [25, 27]. Furthermore, the mice 

administered with antisense oligonucleotide (ASO), as a 

treatment to reduce SCD1 expression, exhibited reduced 

levels of glucose productivity, gluconeogenesis, and 

glycogenolysis [28]. Thus, the researchers of that study 

concluded that reduced SCD1 expression ameliorated insulin 

resistance. From the results of glucose, insulin, and pyruvate 

tolerance tests performed on mice bred under the same 

conditions as in the present study, we found that PS-B1 

enhances insulin activity (data not shown). The current 

findings suggest that PS-B1 reduces insulin resistance by 

reducing the expression of Scd1. 

Transcription of SCD1 is regulated by SREBPs. Biddinger 

et al. reported that mice fed a HF diet exhibited increased 

expression of the transcription factors Srebp-1c and Scd1 [26]. 

In this study, we observed that PS-B1 ingestion reduced Scd1 

expression, but did not affect the expression of Srebp-1c. 

Additionally, the expression of Fas, which, similar to Scd1, is 

regulated by Srebp-1c, was not affected. These observations 

offer further insights into the mechanism of action of PS-B1 in 

reducing obesity. Presumably, a transcription factor other than 

SREBP-1c could reduce the expression of Scd1, leading to 

reduced obesity and insulin resistance. Xiao et al. examined 

the effects of expression of B-cell translocation gene 1 (Btg1) 

on obesity in db/db mice, which are used as a genetic model of 

obesity. Despite reduced levels of Btg1 mRNA and protein, 

Btg1 overexpression reduced hepatic steatosis in db/db mice, 

while Btg1 knockdown induced hepatic steatosis in wild-type 

mice. They also reported that Btg1 overexpression reduced the 

activity of activating transcription factor 4 (ATF4), thereby 

preventing the expression of Scd1 [29]. Furthermore, in vitro 

analyses using HepG2 cells and mouse primary hepatocytes 

indicated that Btg1 overexpression improved insulin signaling, 

while Btg1 knockdown worsened it. In addition, Btg1 

overexpression reduced insulin resistance in both db/db and 

wild-type mice. The same study also reported that mice with 

Btg1 overexpression were resistant to insulin resistance, 

which was induced by the high-carbohydrate diet [30]. Thus, 

to further elucidate the mechanism by which PS-B1 improves 

obesity and insulin resistance, the role of upstream 

transcription factors in reducing the expression of Scd1 needs 

to be investigated. 

5. Conclusion 

PS-B1 is a “biogenics” containing various fermentation 
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metabolites. In this study, we found that PS-B1 contains 

factors that can reduce the expression of Scd1 and PS-B1 

consumption may improve obesity and insulin resistance. We 

expect that PS-B1 will become a useful food as a “biogenics” 

suitable for preventive medicine. 
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