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Abstract: Tempe contains antioxidant components, which will increase if the soybean is germinated. 

Tempe is usually consumed in the fresh form two days after the fermentation process, even though its 

antioxidant level is higher after extending for 2 days. This study aimed to evaluate the changes in 

physicochemical and antioxidant properties of germinated soy tempe due to 2-days additional 

fermentation time. The six samples from germination (germinated and non-germinated soybean) and 

additional fermentation time (0, 1, and 2 days) treatments were analyzed for their physicochemical 

(sensory, texture, color, acidity, proximate content) and antioxidant components (antioxidant capacity, 

total free phenolic compound, and isoflavones). The results showed the decline in sensory properties of 

tempe due to additional fermentation time, but this food was still worth eating, without any "dislike" 

score overall. The decline was linear with the decrease in texture and increase in pH. The proximate 

content, color, and water activity experienced no changes. Meanwhile, antioxidant components 

increased during the additional fermentation time. The effects of soybean germination on antioxidant 

components were not dominant, except for isoflavones. In conclusion, the additional fermentation time 

only slightly decreased the sensory quality without changing the proximate composition with an 

increase in the antioxidant properties.  
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1. Introduction 

Indonesian soybean fermented food contains free isoflavones, namely daidzein, and 

genistein [1–6]. Both isoflavones are classified as free phenolic compounds with better 

antioxidant activity than their bound form [7,8]. The functional aspect of tempe is improved by 

increasing the soybean quality through the germination process. This increases its products' 

antioxidant capacity, free phenolic compounds, daidzein, and genistein [2,9]. With these 

antioxidant properties, tempe is suspected to be able to tackle some diseases such as diabetes, 

oxidative stress, osteoporosis, and cardiovascular [10–15].  

Generally, people consume tempe immediately after the fermentation process because 

the quality depreciates, assuming it is consumed a day or 2 after ripening [16,17]. However, 

this type of tempe is suspected of having higher functional components due to the additional 

fermentation time. In addition, the increase of antioxidant components such as free phenolic 
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compounds and isoflavones in overripe ones was reported in prior studies [18–20]. However, 

the relationship between the decrease and increase in physicochemical quality and antioxidant 

constituents, respectively, due to the combination of soybean germination and additional 

fermentation time has never been investigated.  

This study aimed to evaluate the changes in physicochemical and antioxidant properties 

of tempe by combining soybean germination and additional fermentation time. Furthermore, 

six types of tempe were used as the samples, comprising both germinated and non-germinated 

soybeans fermented for 2, 3, and 4 days (0, 1, and 2 days of additional time). 

2. Materials and Methods 

2.1. Materials. 

The materials used for tempe production were imported Genetically Modified 

Organisms (GMO) soybean (Sb&B Food Inc., Casselton, USA) and commercial tempe mold 

RaprimaTM (Bandung, Indonesia). Conversely, the material used for analysis consisted of 

reagents for the proximate test, isoflavones (daidzein and genistein), methanol, ammonium 

acetate, and 37% HCl from Merck (Germany), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 

ascorbic acid, Folin-Ciocalteu, and gallic acid from Sigma-Aldrich (USA). 

2.2. Tempe production and sample preparation. 

Germinated soybeans were obtained from the soybean germination process-based 

proposed method explained by Astawan et al. [20]. The soybeans were sorted, soaked for 2 

hours, rinsed, and stored in a dark place for 28 hours. Furthermore, they were watered every 3 

hours till radicules of 2 to 5 mm long sprouted. These soybeans are called germinated soybeans.  

The tempe production process referred to the method Astawan et al. [21] proposed. The 

germinated and non-germinated soybean were processed by boiling, soaking for 18 hours, 

peeling, washing, rinsing with hot water, air-drying, and inoculating with tempe molds (1 g 

mold/kg dry soybean). Afterward, it was covered with perforated plastic and incubated for 2, 

3, and 4 days at a temperature of 30°C. Some of the tempe was tested for its physicochemical 

properties, including hedonic sensory test, color, texture, pH, titratable acidity, and water 

activity. The remaining were floured and had the fat removed for antioxidant-related analysis, 

including antioxidant capacity, total free phenolic content, daidzein, and genistein. 

The tempe was floured by adopting the method proposed by Astawan et al. [22], where 

it was cut into slices of 1 cm, steamed for 10 minutes, dried, milled, and sieved with a 60-mesh 

sieve. Furthermore, fat was removed according to a modified method designed by Puteri et al. 

[23] by extracting the flour in hexane (1:3 w/v), stirring for 1 hour, and filtering; the entire 

process was repeated twice. The process was continued by re-extraction in hexane (1:3 w/v), 

sonicated for 20 minutes, filtered, dried in an oven at 50°C for 2 hours, and stored at 4°C. The 

flour was then used for isoflavones (daidzein and genistein), total free phenolic content, and 

antioxidant capacity analysis. 

2.3. Sensory analysis. 

The analysis was a hedonic test performed according to the Lawless and Heymann 

method [24], by employing 70 naive panelists to assess tempe with scales 1 = highly dislike, 2 

= dislike, 3 = slightly dislike, 4 = neutral, 5 = slightly like, 6 = like, and 7 = highly like. The 
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sample dimensions were 1 x 2 x 5 cm in both uncooked (for color, aroma, texture, and overall 

attributes assessment) and fried forms (for taste attributes assessment). Meanwhile, both 

samples were served monadically and neutralized with drinking water.  

2.4. Color analysis. 

Colour analysis was performed using a chromameter instrument (Minolta CR-300, US) 

after cutting the whole samples, leaving the middle part to be tested. The device was then 

calibrated before analyzing using a white plate. The measurement was performed by shooting 

the device on a flat surface, with output recorded as L, a, and b scale values.  

2.5. Texture analysis. 

This analysis was performed using a texture analyzer TA-XT2i instrument (Stable 

Microsystem, UK) [25]. Tempe samples that are 35 cm thick were analyzed with a TA-43 

(knife-like) probe at a rate of 1.32 cm/s. The graph's peak and area under the curve were then 

reported as the hardness and slicing power, respectively.  

2.6. Proximate analysis. 

The proximate analysis was performed according to the method proposed by AOAC 

[26], which consisted of water, ash, protein, fat, and carbohydrate contents (by difference) 

evaluation.  

2.7. Water activity measurement. 

The water activity was measured using a water activity meter instrument (Amittari WA 

360A, Guangzhou, China). As much as 1 gram of tempe was weighed and inserted in a 

container to be tested.  

2.8. Measurement of pH. 

This measurement was carried out using a pH meter (Eutech 700, USA) [27]. Before 

the test, the buffer solution with pH 4 and 7 was used to calibrate the instrument. Furthermore, 

10 grams of tempe were mashed in a mortar, and water was slowly added (1:2 w/v). Afterward, 

the pH of the sample was measured.  

2.9. Titratable acidity. 

The titratable acidity (TA) test was carried out in accordance with a similar method 

formulated by Nurdini et al. [27]. First, a mixture of 1 g (Ws) mashed tempe and 50 mL of 

water was filtered, then 10 ml of the filtrate was added to a phenolphthalein indicator. The 

sample was titrated with standardized 0.1 N NaOH until the color changed from colorless to 

pink. The TA value was reported as g eq lactic acid/100 g using the following equation.  

 

g eq lactic acid/100 g =
V NaOH (mL) x N NaOH (mol/L) x MW of lactic acid (g/mol)x Dillution x 100 

Ws (g) x valence lactic acid x 1000 (mL
L⁄ )

   

 

 

https://doi.org/10.33263/BRIAC133.238
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.238  

 https://biointerfaceresearch.com/ 4 of 14 

 

2.10. Analysis of antioxidant capacity. 

The analysis of antioxidant capacity was performed using DPPH inhibition assay1 (1,1-

diphenyl-2-picrylhydrazyl) with a modified extraction sample [28]. A gram of free fat tempe 

flour and 10 mL of methanol and water with a ratio of 80 : 20 mixture was vortexed for 1 

minute and centrifuged at 4°C, 3000 rpm speed, for 45 minutes. A 0.2 mL of supernatant 

samples and ascorbic acid (25 to 200 µg/mL) were each added with 3.8 mL of 0.1 mM DPPH 

(in methanol), incubated in a dark place for 30 minutes, and its absorbance (A1) was measured 

at 517 nm wavelength. A blank sample without sample additions was also measured to 

determine its absorbance (A0). The tempe antioxidant capacity was obtained by comparing 

sample inhibition and ascorbic acid percentage using the following formula.  

%inhibition=
A0-A1

𝐴0

×100 

2.11. Total free phenolic content analysis. 

The test was carried out based on the method formulated by Chen et al. [28], using a 

similar extraction step as antioxidant capacity analysis. Supernatant samples with a volume of 

0.1 mL resulted from the aforementioned process and gallic acid standard (50 to 250 µg/mL) 

were each added with 2 mL of 2% Na2CO3 and settled for 3 minutes. Afterward, 0.1 mL of 

50% Folin-Ciocalteu was added and incubated for 30 minutes. The total free phenolic content 

was obtained by comparing the sample and gallic acid standard at 750 nm wavelength.  

2.12. Isoflavone analysis. 

Isoflavone analysis was performed using the method proposed by Astawan et al. [2]. A 

mixture of 2 grams of defatted tempe flour and 30 mL of 1N HCl and acetonitrile with a ratio 

of 1 : 4 was stirred for 2 hours, filtered, and the filtrate obtained. This was diluted 10-folds with 

a mixed mobile phase of methanol and ammonium acetate 1 µM with a ratio of 3 : 2. Daidzein 

and genistein standards and sample solution (0.5 to 50 µg/mL) were filtered using a nylon filter 

membrane syringe of 0.22 µm. In addition, 20 µL of the solution was injected into an HPLC 

(high-performance liquid chromatography) instrument (Agilent 1200 Series, Agilent 

Technologies, USA). The analysis was carried out using C-18 5 µm (15 cm x i.d. 4.6 mm) 

column at room temperature with a flow rate of 0.5 mL/minute and an isocratic pump system 

with a multiwavelength (MW) detector at 265 nm wavelength.  

2.13. Data analysis. 

The data were processed statistically using analysis of variance (ANOVA) and 

Duncan's Multiple Range Test (DMRT) at a 95% confidence interval using SPSS 22 software.  

3. Results 

3.1. Physicochemical properties. 

The color of tempe was determined with a chromameter and reported as L, a, b, and h* 

values. Meanwhile, the L scale indicates brightness, a scale indicates red (positive) or green 

(negative) color intensities, the b scale indicates yellow (positive) or blue (negative) color 

intensities, and h* is the hue angle [29]. The analysis result showed that the germination process 
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and additional fermentation time had an insignificant effect on the product color (Table 1). L 

scale (71.43 –  73.39), a (1.52– 2.53), b (18.23 – 20.95), and h* (82.27 – 85.58) values showed 

that the product had a dominant yellow color with a slight hint of red and high brightness level 

[29]. 

According to the texture analysis, there was a decrease in tempeh's hardness and slicing 

power due to soybean germination and additional fermentation time of up to 2 days (Figures 

1a and 1b). Furthermore, the hardness point shifted inward along with the additional 

fermentation period (Figure 2a -2f). The graph peak shifted over time (to the right). 

Table 1. The value of L, a, b, and h* in the Hunter scale. 

Tempe L a b h* 

G0 72.45±3.45 1.98±0.40 19.24±1.91 84.15±0.72 

NG0 72.92±2.08 1.71±0.30 19.46±1.53 84.94±1.06 

G1 71.71±5.09 1,52±0,46 19.41±2.63 85.58±0.70 

NG1 73.39±1.70 1.84±0.48 20.95±2.05 84.88±1.67 

G2 71.43±5.99 2.53±0.94 18.23±2.59 82.27±1.77 

NG2 73.20±1.65 1.80±0.23 19.30±1.36 84.65±0.74 

G 

= with germinated soybean; NG = with non-germinated; 0, 1, and 2 = additional fermentation time (days). Not 

any significantly different (p>0.05) value (mean ± SD, n = 8) was found among all the samples on the same 

scale. 

Figure 1. The texture of tempe reported as: (a) hardness, (b) slicing power. G = with germinated soybean; NG = 

with non-germinated soybean; 0, 1, and 2 = additional fermentation time (days). The various superscripts 

showed a significantly different (p<0.05) value (mean ± SD, n = 6) when analyzed by DMRT posthoc test. 

Based on the sensory test result, the hedonic scores of color, aroma, taste, texture, and 

overall attributes decreased due to an additional fermentation time of relatively 2 days, either 

in germinated or non-germinated soy tempe (Figure 3). Despite the decline, all samples had the 

least neutral score (4), except G2 tempe. The overall hedonic score of G0 was not significantly 

different from NG0. Besides, this result was aligned with the color, aroma, and taste. On the 

contrary, each NG1 and NG2 had higher overall hedonic scores compared to G1 and G2, 

respectively. However, their taste and texture were not significantly different (p>0.05), and the 

decrease in hedonic value aligned with the hardness and slicing power values (Figure 1a-1b). 

The tempe proximate contents (except water) (Table 2) and water activity (Figure 4a 

and 4b) were not significantly different (p>0.05) due to the germination process and additional 

fermentation of relatively 2 days. The water content of germinated soy tempe (Figure 4a) 

decreased within the 2-days additional fermentation time, while the non-germinated sample 

increased after a day and decreased again after 2 days. It was discovered that the germinated 

soy tempe had higher water content compared to the non-germinated sample. 
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Figure 2. Output graph of texture analysis (a-f = G0, NG0, G1, NG1, G2, NG2) G = with germinated soybean; 

NG = with non-germinated soybean; 0, 1, and 2 = additional fermentation time (days). 

Tempe acidity was determined based on pH value and titratable acidity (TA) parameters 

(Figure 5). The pH value increased during the 2-days additional fermentation time. The 

soybean germination process only affected the pH of tempe when no additional fermentation 

time was applied. The pH and TA values of G0 were lower and higher than NG0, respectively. 

The TA of germinated soy tempe increased after a day and further decreased after 2-days. In 

addition, the TA of non-germinated soy tempe increased after a day and then became stable 

after 2-days. 
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Figure 3. The hedonic score of (a), color ; (b) aroma ; (c) taste; (d) texture and overall (e) in tempe. G = with 

germinated soybean; NG = with non-germinated soybean; 0, 1, and 2 = additional fermentation time (days). 

Various letters showed a significant (p<0,05) different value (mean ± SE; n = 70) analyzed by DMRT posthoc 

test . 

3.2. Antioxidant properties. 

All parameters related to antioxidants increased during the 2-days additional 

fermentation time (Table 3). This includes a total free phenolic content, antioxidant capacity, 

daidzein, and genistein. The soybean germination process significantly increased daidzein and 

genistein in tempe without additional fermentation. However, after this period, the germination 

process caused a decrease in daidzein and genistein content in tempe. In accordance with the 

antioxidant capacity and total free phenolic content parameters, the effect of soybean 

germination was only detected after a day. There was an increase in the antioxidant capacity 

and a decrease in the total free phenolic content. 
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Table 2. Non-water proximate content of tempe. 

Tempe 
Ash 

(%db) 

Fat 

(%db) 

Protein 

(%db) 

Carbohydrate 

(%db) 

G0 2.33±0.01 15.18±3.69 50.04±3.31 32.44±2.98 
NG0 2.38±0.01 12.87±2.03 46.89±3.65 37.87±3.22 

G1 2.18±0.01 14.83±3.07 52.00±4.61 30.98±7.21 

NG1 2.49±0.07 14.54±2.90 51.87±1.10 31.09±1.17 

G2 2.17±0.18 16.59±6.21 48.87±4.97 32.37±2.43 
NG2 2.20±0.16 18.28±6.87 47.56±3.52 31.96±1.82 

G = with germinated soybean; NG = with non-germinated soybean; 0, 1, and 2 = additional fermented time 

(days); db = dry based. Carbohydrate content was analyzed with the "by difference" method. The values (mean 

± SD, n = 2) in the same parameter showed an insignificantly different value (p>0.05). 

 
Figure 4. (a) Water content and (b) water activity of tempe. G = with germinated soybean; NG = with non-

germinated soybean; 0, 1, and 2 = additional fermentation time (days); wb = wet basis. The values (mean ± SD, 

n = 2) with various letters showed a significantly different value (p<0.05) analyzed by DMRT posthoc test. 

4. Discussion 

4.1. Changes in physicochemical properties. 

The changes in physicochemical properties varies due to the germination process and 

additional fermentation time. Fortunately, the soybean germination procedure increased the 

water content (Figure 4a), according to preliminary studies [30]. This was caused by the 

soaking and periodic watering processes that led to the excessive absorption of water in the 

soybean matrix [31]. In addition, the legumes' germination procedure also increased the simple 

hydrophobic compounds, which led to the absorption of more water soybean matrix [32]. 

The combination of the soybean germination process and additional fermentation time 

decreased the hardness and slicing power of the tempe texture and shifted its point inward 

(Figures 1 and 2). This decline was initially reported before in tempe with 1-day additional 

fermentation time [25]. The observation carried out with Scanning Electron Microscope (SEM) 

showed an increased irregularity in soybean cell wall structure along with the additional time 

[25]. Meanwhile, changes in tempe texture due to the germination process have never been 

reported. However, a decrease in bread [33], chips [34], and yogurt [35] made from germinated 

soy flour has been reported.  

Increased hydrolyzing enzymes caused the decrease in tempe hardness and slicing 

power due to certain treatments during the germination process and additional fermentation 

time. The increased enzyme activity increased the hydrolysis rate and degradation of the 

macromolecule components, including the soybean cell walls [25]. Besides, the increase in 

water content also produced a softer texture [32]. 

The decrease in hardness and slicing power caused a decline in the textural hedonic 

score (Figure 3d). This result showed that the preferred tempe had a more rigid texture, while 

those with a softer texture were caused by a combination of the soybean germination process 
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and additional fermentation time. The treatment made the texture softer, leading to a lower 

consumer preference. Aside from texture, the hedonic scores of color, taste, aroma, and overall 

attributes also decreased.  

According to the panelists' comments (data not shown), tempe with a low hedonic color 

is darker due to the application of both treatments. The previous study also reported several 

reasons for these changes [36], such as more molds experiencing the death phase, the presence 

of oxidized double chain fatty acids (such as linoleic and linolenic acids), and Klebsiella 

pneumonia which produces dark red vitamin B12. 

The chromameter instrument did not detect significant differences in tempe hedonic 

color (Figure 3a) due to these treatments (Table 1). This result was possibly caused by the color 

specificity tested by the chromameter, which only measured a point on the sample's surface 

[37]. Tempe has various colors on the surface, and when measured using a chromameter, the 

differences are unidentifiable. Besides, the sensory observation performed by the panelists 

using their eyes showed no difference was detected among the samples. 

Based on the panelists' comments (data not shown), the decline in taste and aroma 

hedonic scores (Figure 3b-3c) were related to the slightly acidic and bitter taste and an ammonia 

odor that emanated during the additional fermentation time. The decreased score was parallel 

to the increased pH value (Figure 5) due to the formation of ammonia compounds in gaseous 

and ionic forms during fermentation [38]. In addition, ammonia gas affects tempe aroma, while 

ammonium ion has an alkaline pH and impacts the taste [39–41]. This is consistent with the 

results of similar preliminary studies [25,27,36,42]. 

Subsequently, the taste and aroma score decrease during the fermentation process was 

also caused by protein hydrolysis into peptides and amino acids. Both compounds are known 

to contribute to food taste, such as umami, sourness, and bitterness [43]. This was suspiciously 

the reason for the lesser taste score of germinated soy tempe compared to the non-germinated 

seedlings during additional fermentation time. The germination process triggered the protein 

hydrolysis intensity and produced more peptides and amino acids, and similar sensory results 

were also discovered in other soy-derived products [33,35]. 

 
Figure 5. Titratable acidity (TA) and pH value of tempe. G = with germinated soybean; NG = with non-

germinated. The various letters showed significantly (p<0.05) different values (mean ± SD, n = 2) analyzed by 

DMRT posthoc test. 

The effect of germination on pH was only observed on tempe with no additional 

fermentation time. Subsequently, the pH value of germinated soy tempe was lower compared 

to the non-germinated sample. This was caused by the excessive organic acids found in 

germinated soy tempe, as is evident in the titratable acidity result. Preliminary studies have 

been carried out on soy milk [44] and fermented probiotic drinks [45].  
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Due to additional fermentation time, the change in titratable acidity (TA) value does 

not align with the pH value. The increase in tempe due to a day of additional fermentation time 

has been reported in preliminary studies [27,46], but not for 2-days. This is in line with the 

result of this study, which stated the increase in TA was caused by the hydrolysis of macro 

components and the microbe metabolism output, which increased the organic acids. This 

includes lactic [47], amino [8], and fatty acids [46]. Meanwhile, hydrolysis during the 

germination process also increased the organic acid content in the soybean [48,49].  

In the 2-days additional fermentation time, there was a decrease in the TA of germinated 

soy tempe, while the non-germinated was stagnant. Besides, the mechanism of this 

phenomenon is still unknown. However, the stable TA was suspiciously caused by the presence 

of excess ammonia during the fermentation [38]. This caused an increase and decrease in pH 

and dissociated organic acids, respectively. However, further studies need to be carried out to 

confirm this situation.  

The overall hedonic score of tempe experienced a decline due to changes in 

physicochemical properties. However, the lowest score was relatively 4 (neutral), except for 

G2. All hedonic scores of the samples did not reach 2 (dislike), which showed that the product 

was still consumable. Many panelists also scored tempe with an additional fermentation time 

of relatively 2-days 7 (like), because it is widely used as a food seasoning. However, the 

consumption method is dissimilar to the fresh one [43]. 

Besides the changes in the above-mentioned physicochemical parameters, the 

proximate tempe compositions of the sample, except water, remained the same, as shown in 

Table 2. This is different from Astawan et al.'s [30], which stated that germinated soy tempe 

had higher protein and lower fat content. However, Puspitasari et al. reported no changes in 

proximate compositions except water in the germinated soybean, which aligns with this study. 

These different results were assumed to be caused by the raw material or soybean species. A 

study by Astawan et al. [30] used Grobogan local soybean, while Puspitasari et al. [9] utilized 

imported non-GMO soybean. This study employed imported non-GMO soybean. Therefore, 

the tempe had similar results, which aligned with Puspitasari et al. It can be deduced that the 

soybean type probably affects the proximate composition patterns. 

Table 3. Antioxidant properties of tempe in dry weight. 

Tempe 
Antioxidant capacity 

(mg AEAC/100 g) 

Total free phenolic 

(mg GAE/100 g) 

Daidzein 

(mg/100 g) 

Genistein 

(mg/100 g) 

G0 30.30±0.05a 90.79±3.25a 50.03±1.81b 110.27±4.47b 
NG0 27.30±2.44a 85.53±1.61a 44.98±1.89a 101.00±4.66a 

G1 45.22±1.28c 116.13±4.89b 54.28±1.45b 119.82±2.80c 

NG1 41.51±2.86b 128.44±7.39c 60.93±1.42c 133.60±1.77d 

G2 51.34±0.61d 132.56±1.19cd 62.12±1.31c 136.01±2.52d 
NG2 51.02±1.12d 138.52±6.53d 74.43±2.79d 161.18±2.34e 

0, 1, and 2 = additional fermentation time (days); G = using germinated soybean; NG = using germinated 

soybean. GAE = gallic acid equivalent; AEAC = ascorbic acid equivalent antioxidant capacity. The values 

(mean ± SD, n = 3) of various superscripts showed significantly different values analyzed by DMRT posthoc 

test. 

The water activity showed no differences from both treatments (Figure 4b). This result 

differed from the water content, which was lower in non-germinated soybean because it has 

not reached the level that affects the water activity. According to these results, water that 

changed in tempe was in types-3 and 4, free and unbounded water in food material [50].  
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4.2. The increase of antioxidant properties. 

The antioxidant characteristics in tempe increased due to an additional fermentation 

time of relatively 2 days (Table 3). The increase in total free phenolic content, daidzein, and 

genistein is in line with previous studies with variations of 1 to 5 days [1,5,18,51,52]. This 

increase is caused by the breakdown of phenolic by carbohydrate-hydrolyzing enzymes from 

the microbes, such as α-/β-glucosidase, α-amylase, and β-glucuronidase [53–56]. The daidzein 

and genistein isoflavones, classified as free phenolic compounds, were triggered due to the β-

glucosidase activity [4,57]. Therefore, this caused an increase in antioxidant capacity in 

accordance with the additional fermentation time. 

The effect of soybean germination was dominant in daidzein and genistein; however, it 

was insignificant in the total free phenolic content and antioxidant capacity. The impact was 

evident in the additional fermentation time of approximately 1 day in both parameters. 

Furthermore, its effect on antioxidant capacity was insignificant compared to the additional 

fermentation time. This was probably due to the contribution of other components except for 

phenolic compounds, such as peptides [58,59]. 

The germination process increased the total free phenolic contents, namely daidzein 

and genistein in soybean [60,61], and its application as a raw material also showed a similar 

result [2]. However, when combined with additional fermentation time, the isoflavone contents 

in the germinated soybean were lower compared to the non-germinated sample [9]. Besides, a 

similar result was obtained in this study, although the definite cause of this phenomenon is still 

unknown. The hydrolysis rate was probably higher in the non-germinated sample, which was 

detected during the additional fermentation time. This notion is based on the increase of 

antioxidant components in non-germinated soy tempe compared to the germinated sample 

during the 2-days additional fermentation time. 

5. Conclusions 

Physicochemically, soybean germination, and additional fermentation time treatments 

resulted in tempe with a lower acceptance value than common tempe (non-germinated soy 

tempe with no additional fermentation time). This was proven by the decreasing hedonic scores 

and supported by objective test results, such as texture, pH, titratable acidity, and water content. 

However, the decline in overall hedonic score was still in the "neutral" scale value. 

Nutritionally, the proximate composition in tempe did not change, except for its water 

content. However, when observed from the antioxidant component, the additional fermentation 

time produced higher antioxidant capacity, total free phenolic content, daidzein, and genistein. 

The germination process does not contribute to the additional fermentation time. Hence, non-

germinated soy tempe with an additional 2-days is considered a high potential functional food 

because of its excessive antioxidant properties and acceptable sensory quality. 
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