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4. DISCUSSION 

 

4.1.The processing of making natto 

 

Natto is the fermented product which derives from the fermentation of soybean. 

Natto has much nutrition and classified in functional food. Natto is made from the 

fermentation of boiled bean and inoculated with Natto Bacillus (Ma et al., 2014). 

The step for making natto in manufacture scale consist of soaking, 

steaming/cooking, inoculating, and incubation (Wei et al., 2010). Soaking 

processes has the aim to eliminate the toxic in soybean, change characteristic of 

texture, improve protein digestibility, and reduced firmness in soybean (Luo et al., 

2009). After the soaking processes, black soybean was steamed. Steaming 

processes will change the microstructure of the bean so, ease the inoculum 

bacteria penetrate to beans (Wei et al., 2001). Trypsin inhibitor will also decrease 

during the steaming processes.  

 

After steaming processes, black soybean was divided into twelve part in a 

stainless steel tray. Then, fermentation was performed by inoculating culture with 

the ratio 1/10 (culture/ beans, v/w) (Jhan et al., 2015).  In this research was used 5 

mL of culture for 50 g beans (wet basis). Then, “Kawashima-ya” Natto Starter 

Spores and Saccharomyces cerevisiae were simultaneously inoculated into 

steamed black soybeans with a different ratio. In this research, the concentration 

of co-cultures was measured by OD600 until 1.5 and the concentrations of co-

cultures were checked by OD600 until 1.5 and were standardized using McFarland 

5. Absorbance was measured using a spectrophotometer, while the turbidity of 

suspension indicates the higher microbial concentration. McFarland is the 

procedure to determine the concentration of microbial in suspension (Bollela et 

al., 1999).  

 

There are much research presents the good fermentation time. (Ohta, 1986 in Wei 

et al., 2001) present that fermentation time 18 h to 20 h result complete 

fermentation. (Maruo et al., 1989 in Wei et al., 2001) present that fermentation 
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time 16 h to 18 h result in good quality of natto. The last is (Ikeda et al., 1985 in 

Wei et al., 2001) present that fermentation time 14 h resulted in a good quality 

soybean natto. In this study, black soybean incubated at 37°C for different 

fermentation time (T) 24, 36, and 48h.  After the incubation, natto products were 

taken and put at 4°C (refrigerator) for 24 hours for ripening (Ma et al., 2015). 

Ripening processes will inactive fermented bacteria and minimize the production 

of ammonia (Kada et al., 2008). After ripening processes, a sample of natto was 

taken for measure pH value using pH spear and measure the lightness of natto 

using chromameter. Then, the sample of natto was extracted using ethanol 50% 

for antioxidant activities and total phenolic contents analysis. Sensory analysis 

was done by fifteen untrained panelists to evaluate drawing item, ammonia and 

alcohol smell.  

 

4.2. pH analysis of Black Soybean Natto 

Bacillus subtilis is the main bacteria in the alkaline fermentation of soybean to 

making a natto product without salt (Inatsu et al., 2006). The pH becomes one of 

the most important environmental parameters in food fermentation processes. pH 

can be related to the growth of microbial and change of chemical structural like 

phytochemical. The analysis pH of black soybean natto shown in table 2 and 

figure 2. In table 2, it can be seen the relation between pH with fermentation time 

and ratio co-cultures. Based on table 2, the pH value was increased along with 

longer fermentation time 24 hours to 48 hours (7.38 ± 0,02 to 8.04 ± 0.03) 

respectively. Soybean fermentation, the protein was breakdown into amino acid. 

Moreover, oxidation of amino acid can cause the production of ammonia. 

Production of ammonia can be called as a result of secondary fermentation, 

whereas it can happen when natto stored at temperature 25°C to 35°C (Kada et al., 

2008). Production of ammonia, therefore, increased the pH value of natto from 8 

to 9 (Leejeerajumnean et al., 2000). 

 

Ammonia can be produced from the degradation of amino acid like glutamate, 

alanine, glutamine, arginine, aspartate, and asparagine. Basically, Bacillus subtilis 

produce protease to breakdown protein into amino acid. Ammonia (NH3) 



22 

 

 

 

production might happen when natto was not stored in proper condition (<10°C) 

(Weng et al., 2012). 

 

RCH(NH3
+)COO− + nO2 → nCO2  + nH2O + 𝑁𝐻4

++ OH- 

(Allagheny et al, 1995).  

 

In figure 2, it showed the relation between ratio co-culture and pH. Based on 

figure 2, the pH value increased along with a higher ratio of yeast. Saccharomyces 

cerevisiae give a significant effect on pH value, where it was decrease the pH 

value on fermentation time 24 hours. But, after that Saccharomyces cerevisiae no 

longer decrease the pH value. (Lin et al., 2012) explained that Fermentation using 

yeast also decrease the pH value, because fermentation using yeast produce 

ethanol and carbon dioxide. 

 

C6H12O6 +  H2O            C2H5OH + CH3COOH + 2H2 + 2CO2 

(Lin et al, 2012). 

 

Production of ethanol occurred in acid condition or low pH. Yeast Fermentation 

also results in low pH due to soluble organic acid released from the material 

(Kwak et al., 2018). Based on figure 2, pH tends to increase along with the higher 

ratio of yeast and it is not accordance with theory from (Lin et al., 2012 and Kwak 

et al., 2018). 

 

This problem happens because fermentation beans using Bacillus subtilis is an 

alkaline fermentation, where Saccharomyces cerevisiae did not grow well in 

alkaline condition. Saccharomyces cerevisiae has an optimum pH of 4.5 – 6.5 and 

the optimum temperature 20°C - 30°C. Saccharomyces cerevisiae also needs 

oxygen at the beginning of fermentation processes (Walker et al., 2016). 

 

4.3.Analysis Color (L* value) of Black Soybean Natto 

Good quality natto product must comply with the standard such as soft texture, 

light yellow color, have a characteristic flavor, the surface of beans covered with a 
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white color mucous substance, and generate the stickiness and silky while stirring 

with a chopstick (Hu et al., 2010). In this research, the color of natto looks from 

the L* value because L* value indicates the lightness of natto product. Before 

fermentation the whole bean was soaked for 16 hours with the color of L* value 

was 45.31 ± 0.97. Then, after steaming processes the color of the bean was 

increased into 50.66± 1.06. Based on a journal written by (Piyawanitpong et al., 

2018) the steaming processes cause degradation of anthocyanins. The black color 

of black soybean contains anthocyanins. So, with the degradation of anthocyanin 

the color of black soybean become brighter and cause an increase of the L* value.  

 

The analysis color of natto shown in table 3. Based on table 3, the highest L* 

value was 45.61 ± 0.98 with fermentation time at 24 hours and the ratio co-

cultures 100% starter. Bacillus natto can increase the L* value of black soybean 

natto (Hu et al., 2010). So, a higher ratio of Bacillus subtilis can increase the L* 

value in the natto product. During fermentation time at 36 hours and 48 hours, the 

L* value was decreased. This is due to change the color of mucous covering the 

surface of black soybean from white color and light color become dark yellow 

(Hu et al., 2010). Moreover, the higher ratio of yeast also decreased the L* value 

because the mucous only produce by Bacillus subtilis. 

 

4.4.Analysis Antioxidant Activity of Black Soybean Natto 

An antioxidant is a molecule to delay the oxidative process other molecules 

(Brand-Williams et al., 1995). While, antioxidant activity is the total capacity of 

antioxidant required to a stabilized molecule which exists in food or cell by 

eliminating free radical (Hur et al., 2014). DPPH is one of the methods for 

evaluating antioxidant activity that take a short time compared with another 

method (Moktan et al., 2008). The principal of DPPH assay is DPPH is a stable 

free radical, so antioxidant in the food or raw material food will donate a 

hydrogen atom to DPPH so it will form more stable product and eliminated free 

radical (Fan et al., 2009). The antioxidant in the food will reduce the stable DPPH 

radical with change the color from deep purple into yellow color. The mechanism 
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to analysis antioxidant activity to determine the proton scavenging activity in the 

fermented black soybean (Yao et al., 2010). 

 

DPPH· + AH        DPPH-H + A· 

(Brand-Williams et al., 1995) 

 

Analysis antioxidant activity is shown in table 4 and figures 3. Based on table 4, it 

can be seen that the antioxidant activity was increased along with longer 

fermentation time. The highest value of antioxidant activity was 34.21 ± 1.46% 

with fermentation time at 48 hours and ratio co-cultures 75% starter + 25% Yeast. 

In this condition, the cultures already reach the optimum time of growth. During 

fermentation, the bacteria will be hydrolyzed and will increase the antioxidant 

activity because it release a particular compound (Hur et al., 2014). Theory from 

(Hur et al., 2014) further explained by (Hu et al., 2010) which explain that during 

fermentation glycosidase and glucuronidase will increase and release an 

antioxidant substance that is flavonoid. During the fermentation bacillus subtilis 

will produce enzyme protease, while enzyme protease will breakdown the protein 

substance into peptides and amino acid. Peptides as an antioxidant will donate the 

hydrogen atom to the free radical substance and stabilizing the product. Bacillus 

species also can produce protease enzyme to breakdown the protein into peptides 

and generates higher antioxidant (Hur et al., 2014).  

 

Based on figure 3, an antioxidant also tends to increase while the ratio of yeast 

also increases. Saccharomyces cerevisiae also produces a protease enzyme, where 

protease enzyme can breakdown the protein into peptides and the peptides act as 

an antioxidant (Prabhu et al., 2014). Saccharomyces cerevisiae can produce 

several enzymes like alcohol dehydrogenase, amylase, protease, maltase, and β-

glucosidase (Hur et al., 2014). Fermentation processes basically depend on 

fermentation time, pH, temperature, type of food, and microbial species (Hur et 

al., 2014). Soy food that has a dark color like black soybean tend to enhance 

radical scavenging activity than soy food that has a light color. Soy food has a rich 
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aglycone and anthocyanins are recommended to enhance radical scavenging 

activities (Hu et al., 2010). 

 

4.5.Analysis Total Phenolic Content of Black Soybean Natto 

Analysis of total phenolic content using folin-ciocalteau reagent. The assay 

principal is Folin-ciocalteau contain phosphomolybdic-phosphotungstic acid 

(Mo6+), where the phenolic compound (-OH) will transfer electron in alkaline 

medium to form a blue chromophore constituted by a phosphotungstic-

phosphomolybdenum (Mo5+) complex. Analysis total phenolic content of black 

soybean natto shown in table 5 and figure 4. Based on table 4, the total phenolic 

content was increased along with longer fermentation time. The higher total 

phenolic content was 79.86 ± 0.58 with fermentation time at 48 hours and ratio 

co-cultures 100% starter. (Juan et al., 2010) said that the antioxidant related to the 

total flavonoid and total phenolic content, so the higher of antioxidant activity 

followed by the higher of total phenolic content. In this study, the higher total 

phenolic content not in the same treatment with the higher antioxidant activities. 

While the higher antioxidant is in fermentation time 48 hours and ratio co-cultures 

75% starter + 25% Yeast. Although different the trend is the same, when the 

fermentation time becomes longer, the antioxidant activities and total phenolic 

content become higher.  

 

Total phenolic content and anthocyanins also increased during fermentation. The 

phenolic compound was conjugated to sugar as a glycoside. Enzyme β-

glucosidase will hydrolyze phenolic puchoside and generate free phenolic like 

aglycones (Hu et al., 2010). (Santos et al., 2018) explain that during fermentation 

enzyme for culture will hydrolyze complex of phenolic into soluble free phenol. 

(Gum et al., 2017) also said that the higher level of the phenolic compound cause 

by Bacillus subtilis that have a higher value of β-glucosidase enzyme to hydrolyze 

phenolic glycoside into the free phenolic compound. Based on figure 4, the total 

phenolic content also tends to increase while the ratio of yeast also increases. 

Saccharomyces cerevisiae also produces a β-glucosidase enzyme, where β-

glucosidase enzyme will hydrolyze phenolic puchoside and generate free phenolic 
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such as aglycone. (Hasim et al., 2015) also said that yeast can increase aglycone 

content, where aglycone has a function for suppressing lipoprotein oxidation, 

reduce DNA injury caused by cyclophosphamide, and reduce risk cardiovascular 

disease.  

 

4.6.Analysis Sensory of Black Soybean Natto 

Natto is one of the fermented food product from Japan and usually eaten for 

breakfast. Natto is making from fermented soybean using bacillus natto so, the 

appearance of natto was sticky and have a strong smell. The stickiness cause by a 

fibrinolytic enzyme in Bacillus natto that usually called nattokinase (Zhao et al., 

2013). Because of having a sticky and strong smell, sensory test needed to 

compare with the commercial natto from Japan “Goku Kotsubu Okame”. The 

sensory test is done by evaluating the drawing item like viscous, stickiness, and 

presence or absence of mucous and smell based on guide sensory evaluation 

standard table (Table 1.). Natto will stir with a chopstick to look the drawing item, 

(Hu et al., 2010) said that natto stir with chopstick will generate the production of 

stickiness and silky. Besides that, (Kada et al., 2008) also said that the γ-PGA 

produced by Bacillus natto during fermentation can cause the viscous in natto 

product. For the smell, the analysis of sensory focus on ammonia smell that 

produces by secondary fermentation which has already been explained before. 

Ammonia smell generates by degradation amino acid, where amino acid generated 

by hydrolyze protein by Bacillus subtilis through protease enzyme (Weng et al., 

2012). Moreover, in this time the sensory was also test the alcohol smell because 

of using Saccharomyces cerevisiae as co-culture during fermentation processes. 

Saccharomyces cerevisiae produces ethanol and carbon dioxide during 

fermentation (Lin et al., 2012).  

 

In this study, a sensory test was not tested a color and taste of natto. The color not 

tested because using a different soybean, for commercial natto using soybean and 

for this research using black soybean as material. Black soybean natto has never 

been sold in the market. The taste also not tested because natto is a fermented 

product from Japan that still “strange” in Indonesian people tongue. Sensory test 
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using a natto that has fermentation time 24 hours because of using a natto that has 

a longer fermentation time it was not acceptable by panelist or consumer because 

of the ammonia smell already stronger. Sensory test is done in sensory laboratory 

Unika Soegijapranata Semarang and attended by fifteen untrained panelists. The 

analysis sensory of black soybean natto shown in table 6. Based on table 6, the 

highest value of the sensory test was commercial natto with score 46.54 of 50 with 

detail drawing item and smell 28.07 and 18.47, respectively. For the natto making 

in this research, the highest value was 23.87 with ratio of co-culture 50% starter + 

50% Yeast with detail drawing an item and smell 14.53 and 9.33, respectively.  

 

Commercial natto and black soybean natto have a significantly different because 

not in the same category either on a drawing item although smell based on 

evaluation standard table (Table 1.). This condition caused due to the perception 

of every panelist different either on a drawing item although smell. Commercial 

natto added with rice flour so, it was made natto become viscous while stirring 

with a chopstick. Natto is a fermented product from Japan that not famous yet in 

Indonesia. So, panelist still confused to determine the score for each sample. 

Moreover, panelist that used in this analysis is an untrained panelist so, it can 

influence the perception about natto. Natto Y1 if compare with other natto except 

commercial natto was not significantly different score. For the alcohol smell, 

commercial natto not smell of alcohol as well as with Y0 and Y2 but for Y1 and 

Y3, it smells of alcohol. This condition happens because there are also smell of 

ammonia so, panelist opine that this is alcohol smell. This can be explained 

because of Saccharomyces cerevisiae, not grow well in alkaline condition, need to 

know that fermentation using Bacillus subtilis is an alkaline fermentation (Inatsu 

et al., 2006). So if not growth well, the ability Saccharomyces cerevisiae to 

produce ethanol was reduced. 


