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Abstract 

It has been known that human gut microbiota modulates host health and the composition is 

affected by lifestyle, including the availability of dietary fiber. Tempeh, a kind of 

traditional fermented food from Indonesia, is rich in soluble fibers and microbial 

consortia. A previous study showed that tempeh could enhance IgA production and 

modulate gut microbiota composition in rats. Meanwhile, in human, tempeh 

supplementation for 16 days has increased the number of Akkermansia muciniphila 

significantly. Many Indonesians consume tempeh on a daily basis, but the effect of tempeh 

consumption for a longer period of time in human remains to be investigated. Therefore, 

the objective of this study was to investigate the effect of tempeh consumption in human 

for longer term, especially its effect in modulating gut microbiota composition. A total of 

sixteen (16) healthy females participated in this study. For the first 7 days, they were not 

allowed to consume any soy product; followed by 28 days of 100 gram of tempeh (n=10), 

or 200 mL of soymilk (n=6) consumption. Analysis of gut microbiota showed that soymilk 

and tempeh supplementation generated different profiles. Twenty-eight days of tempeh 

supplementation seemed to improve metabolic health markers better than soymilk 

treatment; significantly enhancing the presence of Bifidobacterium and A. muciniphila 

populations compared to those at the beginning of the study.  

1. Introduction  

The gastrointestinal tract is the most densely-

populated microorganisms in the human body. Gut 

microbiota plays a pivotal role for human health; such as 

metabolic function, immune cells maturation, digesting 

the undigested carbohydrates, and production of short-

chain fatty acid, conjugated fatty acids, 

exopolysaccharides, and neuroactive metabolites. Gut 

microbiota is also important for providing energy and 

bioactive compound production, such as vitamins 

(Patterson et al., 2016). 

A study by Bressa et al. (2017) revealed that active 

lifestyle enhanced health-promoting bacteria. Healthy 

lifestyle and avoidance of excessive food intake promote 

better gut microbiota composition and prevent metabolic 

disorder (Musso et al., 2010). A previous study showed 

that gut microbiota in obese subjects and/or with Type-2 

Diabetes were different from lean and non-diabetic 

subjects (Patterson et al., 2016). Obese subjects had 

more bacteria with carbohydrates fermentation capability 

than lean subjects. Lean subjects tended to have higher 

Bifidobacterium (Goffredo et al., 2016), whereas non-

obese subjects produced more Akkermansia muciniphila 

(Patterson et al., 2016).  

Probiotic, prebiotic, and antibiotic therapies have 

improved metabolic inflammatory in mice with high-fat 

diet (Cani et al., 2014). A study by Wang et al. (2015) 

showed that probiotic addition in high-fat diet mice 

ameliorated gut microbiota structure to lean mice 

structure with an increase of Bifidobacterium production 

in the gut. In human study, probiotic consumption 

modulated human metabolism and prevented or treated 

diseases such as hypercholesterolemia and obesity 

(Fujimura et al., 2010); as well as reduce potential 

pathogen infection (i.e. Citrobacter and Klebsiella) and 

flatulence (Seo et al., 2017).  

Two beneficial bacteria that would be focused in this 

study were Bifidobacterium and A. muciniphila. 

Bifidobacterium belongs to Actinobacteria phyla and 

commonly found in the human digestive tract. 

Bifidobacterium has probiotic functions, which 

strengthen the bowel defenses, modulate the immune 
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response and exclude pathogens. Various species of 

Bifidobacterium that have been commonly used as 

probiotics include Bifidobacterium bifidum (B. bifidum), 

B. breve, B lactis, and B. adolescents. Bifidobacterium 

species are anaerobic, rod-shaped, non-motile, and do 

not produce spores (Anandharaj et al., 2014). A study in 

human also showed that Bifidobacterium produces bile 

salt for lipid metabolism. The level of Bifidobacterium 

was known to be higher in the lean subjects compare to 

the obese subjects (Teixeira et al., 2013). 

A. muciniphila, a mucin-degrading bacteria and is 

known for its properties to reduce parameters related to 

type-2 diabetes and obesity. A study by Dao et al. (2016) 

showed that calorie restriction increased the number of 

A. muciniphila and was associated with lower glucose 

level, higher insulin sensitivity, and healthier metabolic 

status. A. muciniphila also increased the level of 

endocannabinoid that controls inflammation, gut barrier, 

and gut peptide secretion (Everard et al., 2013). 

To maintain beneficial gut microbiota composition, 

dietary fibers and probiotics consumption is strongly 

recommended. Low fiber intake is associated with 

increased chronic diseases, such as obesity, 

cardiovascular disease, type 2 diabetes, and colon cancer 

(Holscher, 2017).  

One source of fiber-rich food is tempeh, a popular 

fermented food in Indonesia. As a soy product, tempeh is 

known for being rich in isoflavones, vitamin B-12, 

protein, calcium, folic acid, and easily digested due to 

simpler protein form after fermentation process (Babu et 

al., 2009). Studies revealed that Indonesian tempeh 

contains a consortium of microbes. Tempeh is fermented 

by Rhizopus microsporus var. oligosporus and contains 

various types of bacteria. Indonesian tempeh harbors 

Acetobacter indonesiensis, Klebsiella pneumoniae, 

Bacillus subtilis, Flavobacterium sp., Brevundimonas 

sp., Pseudomonas putida, and Acinetobacter spp. (Barus 

et al., 2008). Further metagenomics study revealed that 

Indonesian tempeh is inhabited by Firmicutes and 

Proteobacteria. There are also common Lactobacillus 

families, such as L. agilis, L. fermentum, and 

Enterobacteria cecorum (Radita et al., 2017).  

A study on the Sprague Dawley rats revealed that 

tempeh consumption for 28 days modulated gut 

microbiota composition, towards a healthier gut and 

enhanced IgA production and IgA gene expression (Soka 

et al., 2014; Soka et al., 2015). Although 

microorganisms in tempeh were inactive due to the 

cooking process, they induced immune responses, such 

as IgA production. IgA was an antibody produced as the 

defense against the antigen presence in gut. A study in 

human showed that consumption of 100 gram of steamed 

tempeh per day for 16 days enhanced IgA production 

and enhanced A. muciniphila number significantly 

(Stephanie et al., 2017), which acts as improvement 

markers for lower diabetes type-2 and obesity.  

To our knowledge, there was no report evaluating 

the longer-term effect of tempeh consumption in human. 

This study is important because Indonesians consume 

tempeh on daily basis every day. Therefore, the objective 

of this study was to investigate tempeh consumption 

effect in human for longer term (28 days), specifically to 

its effect in modulating gut microbiota composition.  

 

2. Materials and methods 

2.1 Human study 

This study was reviewed and approved by the local 

ethics committee, Atma Jaya Catholic University of 

Indonesia. The intervention followed the institution 

guidelines, including a written informed consent for each 

participant. Sixteen healthy female participants aged 23-

30 years old, non-smokers and not being pregnant, were 

divided into 2 groups. The first group comprised of 6 

females, were assigned for soymilk consumption (soy 

group); and the second group comprised of 10 females, 

were assigned for tempeh consumption (tempeh group). 

During the intervention period, subjects were asked not 

to consume any probiotics or prebiotics product; and to 

minimize fiber consumption from fresh fruits and 

vegetables. 

In this study, consumption of soy product was 

designed for 28 days adapted from the most common 

length of food or probiotic consumption from previous 

studies in human (Andreasen et al., 2012; Rampelli et 

al., 2012; Steenbergen et al., 2015).  

For the first 7 days, participants were not allowed to 

consume any soy product; including soymilk, tempeh, 

and tofu. This treatment was intended to set a 

homogeneous baseline for both groups, before entering 

the intervention period. On the following 28 days, soy 

group consumed 200 mL soymilk per day, while tempeh 

group consumed 100 grams of tempeh per day. The 

tempeh was purchased from Empang area, Bogor, which 

had been previously studied (Barus et al., 2008; Soka et 

al., 2014; Soka et al., 2015; Stephanie et al., 2017). 

During the intervention, tempeh was cooked every day 

according to participants’ preferences. However, it was 

strongly suggested not to cook tempeh using the deep 

fried method. Women were chosen as participants 

because of their willingness to commit to the 

intervention requirements neatly, especially with the 

cooking requirement for tempeh respondents during the 

intervention. Fecal samples were taken on Preliminary 

Measurement (PM) or 7 days before soy product 
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consumption started, day 0, 8, and 29 for gut microbiota 

analysis (Figure 1).  

2.2 Total fecal bacterial DNA extraction 

Fecal samples were initially homogenized, then the 

fecal bacterial DNAs were extracted using QIAamp 

DNA Stool Mini Kit (Qiagen, Germany). Modification 

was performed by adding glass beads to ensure that fecal 

samples were homogeneous. All bacterial genomic 

DNAs were confirmed using 1.5% w/v agarose gel 

visualization. DNA concentration was measured with 

Nanodrop (Thermo Scientific, DE, USA) and diluted 

into 50 ng/µL, subsequently.  

2.3 Gut microbiota enumeration 

Gut microbiota analysis was performed using real-

time PCR Step One Plus™ (Applied Biosystems, CA, 

USA) with SYBR Green (Promega, CA, USA) as 

signaling detector. The standard curve was obtained 

using serial dilution with bacterial specific 16S rRNA 

gene in pGEM®T Easy (Promega, CA, USA). Isolation 

of DNA plasmid was performed using the Alkaline Lysis 

method. Isolated Plasmid was diluted into 7 points of 

standard concentration between 106-1011 DNA copies per 

reaction. Condition applied for real-time analysis 

consists of 1 cycle of 94°C for 10 mins and 40 cycles of 

95°C for 15 sec, 60 or 64°C for 30 sec, and 72°C for 30-

40 sec depending on which gene was being detected 

(Table 1). All reactions were performed were duplicated.  

2.4 Food recall analysis 

Twenty-four-hour food recall data were collected on 

the two-weekdays period, employing phone call 

interview method. The difference between the two food-

recall interviews was about 2-3 weeks. All data were 

inputted into ESHA’s Food Processor® Nutrition 

Analysis software (Salem, OR, USA) to obtain the 

number of daily calories, protein, carbohydrates, fiber, 

fat, and sugar. The data were analyzed statistically using 

paired T-test.  

2.5 Statistical analysis 

Statistical analysis was performed using GraphPad 

version 6.0. All data were tested for its normality 

distribution. Significant differences between soy group 

and tempeh group; and within each group were analyzed 

using T-test (p<0.05).  

 

3. Results 

3.1 Food recall analysis 

For each participant, two 24-hour food recall data 

were compared using a paired test (data not shown). Data 

between soy and tempeh group were compared in the 

same time-point. The results showed that there was no 

significant difference in food pattern in both groups.  

3.2 Gut microbiota quantification 

At the beginning of the study, fecal samples were 

collected for preliminary measurement analysis. Our data 

showed that there was no significant difference in gut 

microbiota patterns for both soy and tempeh group at the 

beginning of intervention (Figure 2).  

Enhancement of species-specific group was observed 

for Bifidobacterium and A. muciniphila number. In the 

soy group, the number of both Bifidobacterium and A. 

muciniphila decreased after 28 days of intervention. 

Meanwhile, in tempeh group, Bifidobacterium increased 

significantly after 28 days of consumption (Figure 3A), 

which was observed around for about 1.5-fold (Figure 
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Figure 1. Timeline of soy/tempeh intervention and fecal 

collection. Preliminary measurement or PM was done 7 days 

before soy product consumption started. 

Bacterial Group 

Specific 
Primers Sequence Size Annealing (°C) Elongation (s) 

Akkermansia 

muciniphila 

AM1 

AM2 

CAGCACGTGAAGGTGGGGAC 

CCTTGCGGTTGGCTTCAGAT 
327 64 40 

Bifidobacterium 
g-Bifid-F 

g-Bifid-R 

CTCCTGGAAACGGGTGG 

GGTGTTCTTCCCGATATCTACA 
549-563 60 40 

Table 1.  Gut microbiota primer list and analysis condition (Matsuki et al., 2004; Collado et al., 2007 ) 

Figure 2.  Gut microbiota composition for the preliminary 

measurement, which was measured before soy/tempeh 

intervention. 
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4A). It was also observed that after tempeh consumption, 

the number of A. muciniphila significantly increased 

compared to day 0 and day 8 (Figure 3B) for about 37-

fold (Figure 4B). The enhancement of A. muciniphila for 

tempeh group on day 29 was significantly different 

compared to soy group (Figure 3B and 4B). 

 

4. Discussion 

Before the intervention period, we performed a 

preliminary measurement to ensure the food pattern was 

homogeneous for both soy and tempeh group. Our result 

showed that there was no significant difference of 

macronutrient and fiber intake in both groups (data not 

shown); indicating that the modulation of gut microbiota 

during this study was mostly due to the given treatment. 

Besides, gut microbiota composition was also measured. 

There was no significant difference found between soy 

and tempeh group; indicating that gut microbiota 

composition was homogenous in all participants; thus, 

the condition was ideal for the start of the study. 

Fecal samples were also collected on day 0, 8, and 

29. Day 0 represented gut microbiota composition after 7 

days of non-soy product consumption, day 8 represented 

gut microbiota composition after short-term soy product 

consumption for 7 days, and day 29 represented gut 

microbiota composition after longer-term consumption 

for 28 days.  

Tempeh consumption for 28 days enhanced the 

production of Bifidobacterium in the gut, while soymilk 

consumption did not. This finding might be due to the 

fiber composition in tempeh and soymilk. A study by 

Boler et al. (2011) revealed soluble maize fiber could 

enhance Bifidobacterium production in healthy males. 

Tempeh is rich of soluble fibers (Babu et al., 2009), 

therefore this property might contribute to the effect of 

tempeh consumption in enhancing Bifidobacterium 

significantly. 

In comparison to fermented food, whey cheese is 

rich of amino acids, such as threonine and cysteine. 

Whey cheese supplementation in mice improved 

metabolic markers for inflammation in the large 

intestine, mucus production, and fecal lactobacilli and 

bifidobacteria (Sprong et al., 2010). Our study indicated 

that tempeh consumption is promising to improve 

metabolic biomarkers for large intestine health and was 

proven already to enhance bifidobacteria population in 

human.  

Our result showed that tempeh consumption 

increased A. muciniphila level for about 35-fold after 28 

days of tempeh consumption, while soymilk 

consumption decreased the level of A. muciniphila, in 
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Figure 3. Gut microbiota enumeration on soy and tempeh group; (A) was for Bifidobacterium level, and (B) was for A. 

muciniphila level. (*) shows a significant difference between soy and tempeh group, alphabetical symbols were the significant 

label for each time point in soy group, and numerical symbols were the significant label for each time point in tempeh group. 

Figure 4. Gut microbiota population dynamics on day 8 and 29 compared to day 0; (A) was for Bifidobacterium, and (B) was for 

A. muciniphila. (*) shows a significant difference between soy and tempeh group, and numerical symbols were the significant 

label for each time point in tempeh group. 
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which the lowest value was found at the end of the study 

(day 29). This finding was consistent with the previous 

study, in which 16 days of tempeh consumption 

increased A. muciniphila production in the human gut 

(Stephanie et al., 2017). 

The enhancement of A. muciniphila production in 

the gut might be caused by polyphenol compound in 

tempeh. Soybean is a concentrated source of secondary 

metabolites, such as polyphenol compound (Messina 

1999). The previous study revealed that dietary 

polyphenol from grape in high-fat diet mice lowered the 

expression of inflammatory markers, glucose absorption 

related genes, and dramatically increased A. muciniphila 

and reduced the proportion of Firmicutes to 

Bacteroidetes (Roopchand et al., 2015). A study by 

Monk et al. (2016) showed that mice fed with high-fat 

diet supplemented with navy bean had 20-fold higher of 

A. muciniphila production compared to mice fed with 

high-fat diet per se, which indicated that soybean solely 

was sufficient to enhance A. muciniphila in mice. 

Nevertheless, a significant increase of A. muciniphila 

after 28 days of tempeh consumption indicated that 

tempeh consumption gave healthier metabolic status by 

improving obesity and type-2 diabetes parameters in the 

human gut. 

Our study also showed that beneficial bacteria 

decreased after soymilk consumption; indicating that 

soluble macromolecule, such as protein, and 

carbohydrate in soymilk might not be sufficient to 

enhance beneficial bacteria. In contrast, tempeh has a 

higher bioavailability of macromolecules due to the 

fermentation process (Nout and Kiers, 2005), which 

seemed to enhance beneficial bacteria in the human gut.  

In addition, taking into consideration that tofu is 

made by curdling soymilk with a coagulant, our findings 

indicated that beneficial bacteria might decrease after 

tofu consumption and enhance biomarkers for 

inflammation. This hypothesis was aligned with a cross-

sectional study by Pramudya (2015) and Hogervorst et 

al. (2008). A study in males revealed that the 

suppression of Enterococcus bacteria was lower in 

participants who consumed tofu rather than tempeh 

(Pramudya, 2015). In addition, brain-gut microbiota axis 

was found to trigger inflammation and metabolic 

diseases, such as dementia. Indonesian elderly 

participants with high tofu intake had worse memory 

compare to participants who consumed tempeh (Alkasir 

et al., 2017).  

The enhancement of beneficial bacteria was 

observed in female participants, which have higher 

hormone fluctuations compare to male, by nature. 

Therefore, we hypothesized that enhancement of 

beneficial bacteria in male participants might develop 

different gut microbiota profiles.  

Further study is needed to conclude whether the 

enhancement of beneficial bacteria was due to the bean 

in tempeh solely; or due to the interaction of bean and 

consortium of microbes inside of tempeh. 

 

4. Conclusion 

Taken together, tempeh and soymilk consumption 

gave different effects on gut microbiota composition. In 

general, we found that tempeh consumption modulated 

gut microbiota towards a healthier profile by increasing 

the number of Bifidobacterium and A. muciniphila 

significantly. These results were important as a baseline 

for future researches to explore the potential of tempeh 

in managing metabolic syndrome diseases, such as 

obesity and type-2 diabetes. Furthermore, a more 

controlled diet for every participant is suggested, to 

obtain a stronger evidence of tempeh’s effects in 

modulating human gut microbiota. 
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