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Abstract Plant-based diets that reduce or eliminate animal product intake are known to 

ameliorate the incidence and clinical course of several illnesses. Soybean tempeh and split gill 

edible fungus (Schizophyllum commune) have long been consumed as plant-based diet choices. 

Total phenolic content (TPC), antioxidant and antimicrobial activities of soybean tempeh and S. 

commune extracts were investigated using water for extraction. The aqueous extract of fresh S. 

commune had the highest TPC at 1191.81 mg GAE/100g. Three methods were evaluated 

antioxidant activity as the diphenyl picrylhydrazyl radical scavenging test (DPPH), radical 

cation decolorization assay (ABTS) and reducing power. The IC50 values of fresh S. commune 

using DPPH and ABTS+ assays were 0.2812% and 0.5761%, respectively whereas the 

reducing power assay gave EC50 value at 0.3606%. Crude extracts of fresh tempeh and fresh S. 

commune exhibited antimicrobial activity against Staphylococcus aureus TISTR 746 at 

concentrations of 25 and 50 mg/ml, respectively. Two times the minimum inhibitory 

concentration (MIC) of fresh tempeh and fresh S. commune effectively reduced viable cells of 

S. aureus TISTR 746 of 5 log CFU/ml at 12 h. Both fresh tempeh and S. commune extracts 

showed promise as natural antioxidants for utilization as plant-based food. 
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Introduction 

 

Increasing public awareness about healthy and sustainable foods, the 

environment, animal welfare and rejection of meat consumption on religious 

grounds has led to rising interest in plant-based diets (Corrin and 

Papadopoulos, 2017; Sabaté and Soret, 2014; Taufik et al., 2019; Wild et al., 

2014), with increasing intake of fruits, vegetables, whole grains, legumes, nuts 

and seeds (Li, 2014; Taufik et al., 2019). Plant-based diets have been shown to 

reduce the occurrence of type 2 diabetes and cardiovascular risk factors such as 

obesity, hypertension, hyperlipidemia, cardiovascular mortality, ischemic heart 

disease and cancer (Marsh et al., 2011; McMacken and Shah, 2017; Tonstad et 

al., 2009). Plant-based proteins have the potential to become major inexpensive 

and accessible commercial products (He et al., 2020) as soy, mushroom, grain, 

natto, tofu and tempeh (Nils-Gerrit Wunsch, 2020). 

Tempeh is a white, cake-formed product made by solid state fermentation 

of dehulled and boiled soybeans with added mold (Liu, 2008) such as Rhizopus 

oligosporus, Rhizopus oryzae and Rhizopus stolonifer. Tempeh is completely 

covered and penetrated by white mycelium of Rhizopus spp. and should not 

easily disintegrate when cut with a knife. Tempeh should have a clean smell 

that is devoid of ammonia with a meaty, mushroom-like nutty taste (Ahnan-

Winarno et al., 2021). Tempeh is nutritious and contains higher peptides, free 

amino acids and γ-aminobutyric acid than unfermented soybeans (Ito et al., 

2020). The product also has health-promoting antioxidant, antimicrobial, 

anticancer, antihypertensive, antithrombotic and hypocholesterolemic 

characteristics (Sanjukta and Rai, 2016). Tempeh is widely used as a plant-

based protein in vegan and other types of contemporary meals such as burger 

patties, sausages, nuggets and in stews (Sihite et al., 2018; Syamsuri et al., 

2020). Tempeh is also utilized as a meat extender, with low production cost and 

a high nutritional profile including fiber, vitamins and minerals (Ahnan-

Winarno et al., 2021).  

Edible and medicinal mushrooms represent one of the world’s greatest 

untapped resources of nutritious and healthy food, especially edible mushrooms 

once called the “food of the gods” (Dulay et al., 2016). Among these, 

Schizophyllum commune Fr. (Family: Schizophyllaceae) is a widely distributed 

edible fungus that grows naturally on rotting wood. The genus Schizophyllum 

means “split gill” and S. commune is also known as the split gill fungus (Imtiaj 

et al., 2008). It has a great prominence in the pharmaceutical and food 

industries because it produces metabolites that are essential in industrial 

products (Dulay et al., 2016; Reyes et al., 2009), especially schizophyllan, a 

polysaccharide derived from mycelia of S. commune, that has significant 
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antitumor and immunomodulating activities (Basso et al., 2020). S. commune 

also contains various antioxidant compounds such as hydroxybenzoic acid, 

protocatechuic acid and tocopherol (Basso et al., 2020; Liu et al., 2015). Crude 

extracts of S. commune can also inhibit several pathogens such as Pseudomonas 

aeruginosa, Escherichia coli, Staphylococcus aureus, Streptococcus pyogenes 

and Klebsiella pneumonia (Liu et al., 2015). Therefore, this preliminary study 

investigated the antioxidant and antimicrobial activities of fresh/steamed 

tempeh and S. commune as possible future plant-based protein formulations. 

 

Materials and methods  

 

Tempeh production 

 

Tempeh preparation followed the method of Gunawan-Puteri et al. (5102) 

with slight modifications. Commercial dehulled soybeans (Glycine max), 600 g 

were soaked in water for 24 hours at room temperature before washing and 

boiling in water for 30 min, draining and cooling to room temperature. After 

that, the soaking step was repeated and the soybean samples were drained, 

washed a few times and sterilized in hot water for 20 min. Finally, the 

commercial starter (Raprima Tempeh Starter, Indonesia) was inoculated with 

the ratio of soybean to starter at 1 kg:2 g. The inoculated beans were packed in 

perforated polyethylene bags and aerobically incubated at room temperature for 

48 hours. 

 

Cultivation of Schizophyllum commune’s fruiting bodies 

 

Wild macrofungi namely Schizophyllum commune or split gill edible 

fungus were collected from Southern Thailand. The mycelia of S. commune 

were isolated from the fruiting body by aseptically transferring an inner part of 

the tissue to a potato dextrose agar (PDA, Merck, Germany) plate before 

incubating at room temperature for 5 days to allow mycelial growth. The pure 

culture was punched using sterilized cork borer No.2, transferred to the 

mother spawn cultures of sterilized sorghum grains, and incubated at room 

temperature for 14 days. Thereafter, mycelia from the mother spawn 

cultures was transferred to commercial spawn bags containing rubber tree 

sawdust, rice bran, dolomite and water (100:50:1:75 kg) at 600 g/bag and 

incubated in the dark at room temperature until the mycelium was fully 

colonized on the substrate. Each spawn bag was then cut in four vertical stripes 

and a skew stripe and incubated for 7 days before harvesting. This method was 

modified from García et al. (2018). 
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Preparation of crude extracts from soybean tempeh and Schizophyllum 

commune  
 

Antioxidant activity of four samples consisting of fresh tempeh, steamed 

tempeh, fresh S. commune and steamed S. commune was measured. The steamed 

samples of tempeh and S. commune were prepared from fresh tempeh and S. 

commune by steaming with boiling water at 100°C for 15 min. The samples were 

cut into small pieces and dried in a hot air oven (Binder, Germany) at 60°C 

overnight. The extracts were prepared and modified following the method of 

Mirfat et al. (2014). Dried samples (approximately 50 g) were extracted with 

distilled water (ratio of 1:4), then mixed and soaked in a flask for 3 days. After 

maceration, the mixtures were centrifuged and filtrated through filter paper No.1 

(Whatman, England). Finally, the filtrates were concentrated using a rotary 

evaporator (Buchi, Cannada) at low temperature (40°C) to obtain the crude 

extract and kept at -4°C until required for use.  

 

Determination of total phenolic content (TPC) 

 

The in vitro total phenolics of the crude extracts were determined using 

the Folin-Ciocalteu assay as described by Cempaka et al. (2018). Briefly, 1 ml 

of each crude extract was mixed with 4.5 ml of distilled water and 0.5 ml of 

Folin-Ciocalteu reagent (Sigma-Aldrich, USA). After 5 min, 4 ml of 7.5% 

sodium carbonate (KemAus, Australia) was added. The mixtures were allowed 

to stand for 60 min in the dark at room temperature. Each mixture was then 

centrifuged at 6,000 rpm for 5 min, and the absorbance was measured at 765 

nm using a spectrophotometer (V-1200, Mapada, China). Finally, a calibration 

curve was plotted using gallic acid (Sigma-Aldrich, USA) as the standard 

reference, with results expressed as gallic acid equivalent per 100 g of sample 

(mg GAE/100 g of sample).  

 

In vitro testing of DPPH radical scavenging activity 

 

The 2,2-diphenyl-1-picrylhydrazyl-hydrate (DPPH) radical scavenging 

activity was evaluated according to the modified of Meng et al. (2016). Two 

milliliters of each crude extract were added to 2 ml of 0.1 mM DPPH (Sigma-

Aldrich, USA) radical solution prepared in 95% ethanol. The mixtures were 

then incubated for 30 min in the dark at room temperature and measured at 517 

nm using a spectrophotometer. Scavenging activity of the samples against the 

DPPH radical was expressed as percentage of inhibition according to the 

equation below: 
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% Inhibition = 
           –           

         
] x 100 

 

where Asample is the absorbance of 2 ml of extract mixed with 2 ml of 0.1 mM 

DPPH, and AControl is the absorbance of 2 ml of 95% ethanol mixed with 2 ml 

of 0.1 mM DPPH. Sample concentrations providing 50% inhibition (IC50) were 

calculated from a graph plotted of percentage inhibition against sample 

concentration. Two chemicals including α-tocopherol (Sigma-Aldrich, USA) 

and 2, 6-di-tert-butyl-4-methylphenol (BHT, Acros, Belgium) were used as 

standards. 

 

ABTS radical cation inhibition activity 

 

The ABTS assay was modified from the method of Slima et al. (2018). The 

stock 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS

) solution was 

generated by mixing two solutions of 7 mM ABTS
+
 (Sigma-Aldrich, USA) and 

2.4 mM potassium persulfate (Merck, Germany). The mixture was allowed to 

stand for 12-16 hours in the dark at room temperature. This solution was then 

diluted with 95% ethanol to display absorbance of 0.70±0.02 at 734 nm. Three 

milliliters of diluted ABTS

 solution were added to 0.3 ml of each crude extract. 

The mixtures were then incubated for 6 min in the dark at room temperature, and 

absorbance was measured at 734 nm using a spectrophotometer. Scavenging 

activity of the samples against ABTS radical cation decolorization was expressed 

as percentage of inhibition and calculated as: 

 

% Inhibition = 
           –           

         
] x 100 

 

where Asample is the absorbance of 0.3 ml of extract mixed with 3 ml of ABTS

 

solution, and AControl is the absorbance of 0.3 ml of 95% ethanol mixed with 3 

ml of ABTS

 solution. Sample concentrations providing 50% inhibition (IC50) 

were calculated from a graph plotted of percentage inhibition against sample 

concentration. Two chemicals consisted of α-tocopherol (Sigma-Aldrich, USA) 

and 2, 6-di-tert-butyl-4-methylphenol (BHT, Acros, Belgium) were used as 

standards. 

 

Reducing power 

 

Reducing power ability was investigated following the method of 

Vijayalakshmi and Ruckmani (2016). In brief, 1 ml of each crude extract was 

transferred to 2.5 ml of 0.2 M phosphate buffer (pH 6.6), mixed with 2.5 ml of 
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1% potassium ferricyanide in a test tube and incubated at 50°C for 30 min. The 

mixture was added with 2.5 ml of 10% trichloroacetic acid (TCA, Merck, 

Germany) and centrifuged at 3,000 rpm, 25C for 10 min. Then, 2.5 ml of 

supernatant was collected and diluted with 2.5 ml of distilled water and 0.5 ml 

of 0.1% ferric chloride (Unilab, New Zealand). The mixtures were incubated at 

room temperature for 30 min, and the absorbance was measured at 700 nm 

using a spectrophotometer. α-Tocopherol and BHT were used as standards. 

Values of half maximal effective concentrations (EC50) were calculated from 

the graph plotted for absorbance at 700 nm. 

 

In vitro testing of extracts for antimicrobial activity using agar well diffusion 

 

Antimicrobial activities of various extracts were evaluated by the agar 

well diffusion method described by Srichanun et al. (2018). Antimicrobial 

activity was expressed as minimum inhibitory concentration (MIC). 

Staphylococcus aureus TISTR 746 was cultured as the indicator strain in tryptic 

soy broth (TSB, Merck, Germany) and incubated at 37°C overnight. A number 

of S. aureus TISTR 746 cells were adjusted to 10
8
 CFU/ml or 0.5 McFarland 

standard using 0.1% peptone water diluent. The bacterial inoculum was spread 

using a sterile cotton swab on a sterile petri tryptic soy agar (TSA, Merck, 

Germany) plate. After inoculation, the plates were dried for 10 min and the 

wells were aseptically punched using sterile cork borers No.2. Consequently, 

concentrations of various crude extracts were diluted as 100, 50, 25 and 12.5 

mg/ml by two-fold serial dilutions using sterile distilled water. Each crude 

extract concentration was introduced into the well at about 50 µl, while sterile 

distilled water was performed as a control. The plates were incubated at 37°C 

for 24 hours. This experiment was carried out in triplicate, and the diameter of 

the zone of inhibition was measured. Antimicrobial activity was determined by 

measuring the diameter of the inhibition zone (mm) with the lowest 

concentration and expressed as the minimum inhibitory concentration (MIC). 

 

Time-kill kinetic assay 

 

The time-kill kinetic of various extracts consisting of fresh tempeh and 

fresh S. commune was carried out following the method of Appiah et al. (2017). 

An overnight culture of S. aureus TISTR 746 was mixed with fresh tempeh and 

fresh S. commune crude extract. The final concentration of S. aureus TISTR 
746 in the mixture was approximately 5 log CFU/mL, whereas final 

concentrations of the four crude extracts were performed at 1x, 2x and 4xMIC. 

Sterile distilled water without the extracts was used as a control. All the 
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mixtures were incubated at 37°C. After 0, 30, 60, 120, 180, 240, 360, 480 and 

720 min of incubation, the bacterial viability was evaluated by serially diluting 

100 µL of the mixture and spreading onto a tryptic soy agar plate.  

 

Statistical analysis  

 

Data were expressed as mean ± standard deviation. Significant 

differences between groups were determined by one-way analysis of variance 

(ANOVA) using software package IBM SPSS version 22. Duncan’s Multiple 

Range Test was used to compare mean values at a significance level of p< 0.05. 

 

Results 

 

Total phenolic content (TPC) analysis 

 

 Phenolic compounds are the primary antioxidants in plant-based food, 

vegetables, fruits and grains. The TPC of the crude extracts was determined by 

the Folin-Ciocalteu assay, with results shown in Table 1. Highest TPC value of 

fresh S. commune was 1191.81±9.37 mg GAE/100 g, while TPC of crude 

extracts including steamed S. commune, fresh tempeh and steamed tempeh were 

234.96±1.07, 244.45±24.2 and 55.03±12.8 mg GAE/100 g, respectively. 

 

Table 1. Total phenolic content of the four crude extracts 

Sample 
Total phenolic content 

(mg GAE/ 100g sample) 

Fresh tempeh 244.45±24.2
b 

Steamed tempeh 55.03±12.8
b
 

Fresh S. commune 1191.81±9.37
a 

Steamed S. commune 234.96±1.07
b
 

Values are reported as mean ± standard deviation. Different superscripts in the same column 

indicate significant differences (p < 0.05); measured by one-way ANOVA and Duncan’s test. 

 

Evaluation of antioxidant activity in crude extracts 

 

Antioxidant activities of the extracts were assessed using different assays 

such as DPPH, ABTS and reducing power, with results shown in Table 1. 

Reduction capabilities of the DPPH radical and ABTS
+
 were expressed as IC50 

values, while reducing power was expressed as EC50 and considered as the 

efficiency to reduce Fe
3+ 

to Fe
2+

. Decreasing IC50 and EC50 values corresponded 
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to higher antioxidant activity. When comparing the IC50 and EC50 values, 

highest antioxidant activity was found in fresh S. commune. Highest IC50 values 

were 0.2812 and 0.5761, with high EC50 at 0.3606. The IC50 and EC50 values of 

the standards using synthetic antioxidants consisting of BHT and α-tocopherol 

were less than all four samples of fresh/steamed tempeh and fresh/steamed S. 

commune, as shown in Table 2. 

 

Table 2. Values of antioxidant activity as free radical scavenging activity, radical 

cation decolorization and reducing power of the four crude extracts from fresh 

tempeh, steamed tempeh, fresh S. commune and steamed S. commune 

Treatment  IC50 (%)  EC50 (%) 

  DPPH ABTS
+ 

 Reducing power 

Sample      

Fresh tempeh  17.2704±1.08
c1/ 

1.7754±0.41
c 

 12.6249±0.41
c 

Steamed tempeh  21.2021±1.37
d 

29.9171±2.68
e 

 21.4146±0.28
e 

Fresh S. commune  0.2812±0.00
b 

0.5761±0.12
b 

 0.3606±0.02
b 

Steamed S. commune  22.2765±0.46
e 

2.2339±0.55
d 

 7.6025±0.04
d 

Standard      

BHT  0.0021±0.00
a 

1.1152±1.10
a
  1.1154±1.10

a 

α-tocopherol  0.0002±0.00
a
 0.0014±0.00

a
  0.0059±0.00

a
 

Values are reported as mean ± standard deviation. Different superscripts in the same column 

indicate significant differences (p < 0.05).  

 

Table 3. Sensitivity testing of crude extracts against S. aureus TISIR 746 using 

the agar well diffusion method 

Determination of antimicrobial activity of the four crude extracts 

 

Inhibition activities of the four various crude extracts against S. aureus 

TISTR 746 as the indicator strain was determined. Crude extract samples of 

fresh tempeh and fresh S. commune inhibited this indicator strain, with lowest 

concentrations of 25 and 50 mg/ml, respectively and inhibition zone diameters 

of 8.86 and 8.36 mm. However, extracts of steamed tempeh and steamed S. 

commune were not effective against this indicator strain (Table 3). 

 

Sample 
Clear zone diameter (mm) 

100 mg/ml 50 mg/ml 25 mg/ml 12.5 mg/ml 

Fresh tempeh   11.43±0.66 9.76±0.56 8.86±0.75 NA 

Steamed tempeh NA NA NA NA 

Fresh S. commune 10.23±0.32 8.36±0.50 NA NA 

Steamed S. commune   NA NA NA NA 

NA = No activity 
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Figure 1. Time-kinetic profile of different concentrations of crude extracts of 

fresh tempeh (A) and fresh S. commune (B) exposed to S. aureus TISTR 476 

for 12 hours. Concentrations of crude extract comprised 1xMIC (■), 2xMIC 

(▲) and 4xMIC (♦). Sterile distilled water was used as a control (●). 

 

Killing time enumeration 

 

 The time-kill kinetic assay against S. aureus TISTR 476 was investigated 

using MIC values of fresh tempeh crude extract and fresh S. commune. After 12 

hours incubation of S. aureus TISTR 476 containing 1xMIC, 2xMIC and 

4xMIC crude extracts, results demonstrated that viable cells of S. aureus 

TISTR 476 gradually reduced from 5 log CFU/ml. Results of the time-kill 

assay are shown in Figure 1. The time-kill kinetic profile of fresh tempeh 

extract at 4xMIC (100 mg/ml) and 2xMIC (50 mg/ml) displayed that S. aureus 

was completely killed when exposed to crude extract at 8 hours and 12 hours, 

respectively. Concentrations of fresh S. commune extract at 4xMIC and 2xMIC 

also completely killed the indicator strain at 12 hours. However, viable cells of 

S. aureus slightly decreased from approximately 5 log CFU/ml to 1 log CFU/ml 

when using 1xMIC (25 mg/ml) for both crude extracts. The survival rate of S. 

aureus TISTR 746 without crude extracts remained constant at approximately 7 

log CFU/ml until 12 hours. 

However, viable cells of the S. aureus strain slightly decreased from 

approximately 5 log CFU/ml to 1 log CFU/ml using 1xMIC (25 mg/ml) for 

both crude extracts, while the survival rate of S. aureus TISTR 746 without 

crude extracts remained constant at approximately 7 log CFU/ml until 12 hours, 

as shown in Figure 1.  
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Discussion  
 

Plant-based foods are well known to be high in nutrients such as 

carbohydrates, lipids, fiber, minerals and essential vitamins (Hever and 

Cronise, 2017). Recently, plants have attracted considerable attention as 

antioxidants (Amarowicz and Pegg, 2019), with potential roles in ameliorating 

diseases (Tran et al., 2020; Johannesen et al., 2020; Molina-Montes et al., 

2020; Jabri et al., 2021). Numerous studies have confirmed the benefits of plant 

antioxidants as additives to improve the nutritional value of food (Lourenço et 

al., 2019). Synthetic antioxidants are normally used in food preservation but 

recently increased public attention has promoted interest in natural healthy 

alternatives to replace synthetic products containing toxicological and 

carcinogenic agents (Xu et al., 2021; Shahidi and Ambigaipalan, 2015).  Many 

food ingredients are consumed as fresh or cooked using various processes such 

as stewing, stir-frying, or steaming (Hwang et al., 2012). Here, fresh and 

cooked samples soybean tempeh, commonly served in Indonesian daily meals 

(Kuligowski et al., 2017; Mani and Ming, 2017) and split gill mushroom (S. 

commune) found in Southern Thailand (Puket et al., 2019) were investigated 

for their antioxidant activity. Selection of an appropriate extraction procedure 

depends on the plant, solvent used (water, ethanol, methanol, acetone and 

hexane), pH of the solvent, temperature and solvent to sample ratio 

(Sardarodiyan and Mohamadi Sani, 2016; Hidalgo and Almajano, 2017; Abu et 

al., 2017). Kobus-Cisowska et al. (2020) found that organic solvents including 

acetone and ethanol were appropriate to extract plant samples. However, water 

is widely used as a natural solvent for antioxidant extraction because it is cheap, 

nontoxic and nonflammable (Charoenteeraboon et al., 2010). Pandey and Rizvi 

(2009) reported the advantages of phenolic compounds including anti-aging, 

anti-inflammatory and the treatment of various diseases such as cancer and 

diabetes. In this study, highest TPC was obtained from fresh S. commune 

extract at 1191.81 mg GAE/100g sample (Table 1), while other studies 

recorded 6-16 mg GAE/g (Abdullah et al., 2012; Yim et al., 2013) Moreover, 

the TPC content of tempeh (2.44 mg GAE/g) in our study concurred with 

Hashim et al. (2018) who reported 1.74-6.97 mg GAE/g.  

Many mushrooms are rich in carbohydrates (β-glucans), phenolic 

compounds (tocopherols), B-vitamins (niacin, flavin and pyridoxine), organic 

acids (ascorbate, shikimate, malate and fumarate), monoterpenoids and 

diterpenoids, lipids and proteins. Mushrooms have long been part of the human 

diet as valuable health foods (Khatua et al., 2013). Edible mushrooms contain 

antioxidant compounds such as hydroxybenzoic acid, protocatechuic acid, beta-

glucan flavonoid and tocopherol (Ferreira et al., 2009; Özcan and Ertan et al., 

2018; Shaffique et al., 2021) that protect against oxidative damage in the 
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human body. S. commune has also shown medical benefits from its contained 

biologically active compounds, with high potential to promote health 

(Mayakrishnan et al., 2013). In our study, steamed S. commune had lower TPC 

content than fresh S. commune as a result of loss during the cooking process. 

Ranilla et al. (2009) investigated how different cooking conditions impacted 

the antioxidants contained in Brazilian bean (Phaseolus vulgaris L.). Their 

results showed that cooking the beans either at 100 or 121°C without a soaking 

stage and keeping the cooking water was optimal for retaining antioxidant 

phenolic compounds. Hwang et al. (2012) attributed reduced antioxidant 

compounds in cooked foods to dissolution in the cooking water, while Hwang 

(2019) found that total polyphenol and flavonoid contents of fresh cauliflower 

extract were higher than both steamed and boiled cauliflower extracts. Thermal 

processing and long-term cooking decreased antioxidant capability and vitamin 

content according to the literature (Lešková et al., 2006; Grajek and Olejnik, 

2010).  

Emsen et al. (2017) reported that phenolic compounds or antioxidants 

found in numerous plant species showed defensive mechanisms against attack 

by pathogenic bacteria. Plant extract mechanisms against antimicrobial activity 

also depend on the types of biologically active compounds and bacterial species 

(Farhadi et al., 2019; Matilla-Cuenca et al., 2020). Important mechanisms of 

antioxidant antimicrobial action include interaction with the bacterial cell wall 

or inhibition of cell wall formation (Mickymaray et al., 2020). Plant extracts 

can destroy the cell wall of both gram-positive and gram-negative bacteria 

(Angiolella et al., 2018). Several reports detailed the antimicrobial inhibition of 

legume extracts. Extract of tempeh inhibited Bacillus subtilis, Bifidobacterium, 

Escherichia coli (Kuligowski et al., 2013), Streptococcus mutans and B. 

subtilis (Noviana et al., 2017) and Actinomyces viscosus (Sathiaseelan et al., 

2017). Appiah et al. (2017) found that the antioxidant and antimicrobial 

activities of S. commune extract inhibited pathogens including Candida 

albican, Aspergillus niger, Klebsiella pneumonia, E. coli, B. subtilis and S. 

aureus. 

In this study, extracts of soybean tempeh and S. commune inhibited S. 

aureus TISTR 746 (Table 3), showing clear zone inhibition of raw treatments, 

while steamed treatments did not inhibit this indicator strain because inhibitory 

capability reduced on exposure to heating (Siritrakulsak and Simla, 2015). The 

time-kill results of fresh tempeh and fresh S. commune extracts against S. 

aureus TISTR 746 are shown in Figure 1. Concentrations of fresh tempeh 

extract at 4xMIC (100 mg/ml) and 2xMIC (50 mg/ml) completely killed viable 

cells of S. aureus when exposed to crude extract at 8 and 12 hours, whereas 

fresh S. commune extract at 4xMIC and 2xMIC killed the indicator strain 
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completely at 12 hours. Appiah et al. (2017) reported killing time of S. 

commune extracted by methanol at a concentration of 6 mg/ml against E. coli, 

S. aureus and C. albicans with decreasing numbers of viable cells over 6, 4 and 

36 hours, respectively. 

It concluded in vitro study of antioxidant activity of fresh/steamed 

tempeh and S. commune determined DPPH, ABTS and reducing power assay. 

The IC50 and EC50 values of fresh tempeh and fresh S. commune exhibited 

higher activity than the steamed treatments. Crude extracts of fresh tempeh and 

S. commune also inhibited foodborne bacteria. Therefore, soybean tempeh and 

S. commune showed potential as sources of natural antioxidants, with important 

future roles in food safety. 
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