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Abstract 

Having high protein content, jack bean is a promising resource for making tempe, a 

traditional fermented food commonly consumed in Indonesia. The current research aimed 

to investigate the effect of different cooking methods (boiling, steaming, frying, and 

baking) on a chemical, nutritional, and sensory aspects of jack bean tempe. The results 

showed that the highest protein content and antioxidant activity of the processed tempe 

were obtained by steaming method with a value of 380.3 g/kg and 57.8%, respectively. 

The steaming process could maintain protein and mineral contents as well as the 

antioxidant activity. The boiled tempe had six time lower of phytic acid compared to that 

of control. The baking and frying process increased five to six-fold of the fat content, 

while reduced the protein content by 30%. For the sensory evaluation, the baked tempe 

obtained the highest score. In conclusion, from a nutritional point of view, steaming is the 

best method for cooking jack bean tempe, while in term of sensory, baking is 

recommended. 

1. Introduction 

Indonesia is among the top five countries in 

Southeast Asia with a high rate of stunting (Lee, 2014), 

in which approximately one-third of Indonesian children 

suffer from stunting (National Institute of Health 

Research and Development, 2013). One risk factor 

associated with stunting is protein quality (Ghosh et al., 

2012). In contrast, Indonesia is known as one of the 

megadiverse countries with enormous varieties of 

legumes as protein sources. However, only less than 

thirty varieties are consumed (Mead, 2017). Therefore, it 

is crucial to explore new potential plant-based protein 

sources to enhance food security since a high 

dependency on plant-based protein still relies on 

soybean. 

Jack bean is a potential protein source due to its 

protein content and quality, affordability, as well as 

productivity. Jack bean flour contains 269 g/kg protein 

(Betancur-Ancona et al., 2008). It has high productivity 

of up to 6 tons/ha (BPTP, 2014), while soybean’s 

productivity is 1.6 tons/ha in 2015 (BPS, 2016). It has 

adequate essential amino acids except for methionine 

and cysteine, which are limited in most legumes. 

However, the usage of jack bean is limited by its anti-

nutrient compounds such as concanavalin A, phytic acid, 

hydrogen cyanide, trypsin inhibitor, tannin, and phenols 

(Sumner and Howell, 1936; Doss et al., 2011; 

Widaningrum et al., 2015). Fermentation is known could 

reduce anti-nutrient compounds and increase protein 

digestibility in legumes; hence jack bean is commonly 

consumed in its fermented form namely tempe. 

Consumption of jack bean tempe is still restricted in 

Yogyakarta and Central Java Province and not as popular 

as tempe made from soybean. 

Moreover, tempe is commonly consumed as a 

cooked meal. The cooking process could have a positive 

effect on food, such as improvement of the flavour, 

digestibility, and palatability of food and increase food 

safety from decaying microorganisms and inactivation of 

anti-nutrient factors. On the other hand, cooking can 

modify the biological, chemical, and physical properties 

of food. During the thermal process, modification can 

occur on texture, turgor pressure, odour, colour, and 

nutritional value. Among the changes, nutritional value 

and sensory are the significant factors that are considered 

by the consumers. The changes in nutritional value are 

affected by the concentration and bioavailability of 

bioactive components in foodstuff (Palermo et al., 2014). 

To the best of our knowledge, no literature research has 

been reported on the change of nutritional factors due to 
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different cooking methods in jack bean tempe. In this 

article, we applied various dry- and wet-heat cooking 

methods i.e. boiled, steamed, fried, and roasted. We 

observed further the change in proximate value, anti-

nutrient content, antioxidant activity, protein 

digestibility, and free amino acid profile. The data 

obtained from the study would provide beneficial 

information for consumers of jack bean foods. 

 

2. Materials and methods 

2.1 Materials 

Jack bean (Canavalia ensiformis), inoculum 

Rhizopus oligosporus (Raprima), and palm oil were 

obtained from a local market in Yogyakarta, Indonesia. 

All the chemicals are analytical grade purchased from 

Sigma-Aldrich. For multi enzyme digestion, pepsin from 

porcine gastric mucosa P6887 (3200-4500 U/mg) and 

pancreatin from porcine pancreas P7545 (8xUSP) were 

used.  

2.2 Sample preparation 

Tempe was made by soaking the jack bean for 48 hrs 

with bean to water ratio of 1:2 before peel removal. It 

was boiled for 30 mins and continued with a second 

soaking stage for 12 hrs. The next step is chopping 

followed by boiling. The cooked bean was then 

inoculated with tempe stater powder with a ratio of 1 g 

starter for 1 kg of the bean. It was incubated at room 

temperature for 68 hrs in a plastic bag that contained 

approximately 190 g beans. 

2.3 Cooking method 

Jack bean was cooked after cutting into small pieces 

(5.5×4.5×1.2 cm). The optimum cooking method 

condition was determined by sensory evaluation (data 

not shown). The cooking of tempe included boiling, 

steaming, frying, and baking. The boiling was conducted 

at 100°C for 15 mins in a stainless-steel vessel with 

tempe to water ratio of 1:3 (w/v). The steaming was 

performed at 102°C for 25 mins in a stainless steel 

vessel. The frying was conducted at 162°C for 3 mins 

with a tempe and an oil ratio of 1:3 (w/v). The baking 

was performed in a domestic oven (Kirin KBO-350RA, 

35 L, 400 watts) at 155°C for 20 mins. Raw and cooked 

samples were subjected to freeze-drying. The sample 

powder was kept at 4°C in a sealed container before use.  

2.4 Proximate and anti-nutrient analysis 

Protein, fat, ash and moisture content were measured 

using the standard methods of analysis (AOAC, 1995). 

Phytic acid content was determined using a method 

described by Davies and Reid (1979) with modifications. 

Samples powder of 1 g were extracted with 20 mL, 0.5 

M HNO3, for 3-4 hrs with continuous shaking followed 

by filtering. Filtrate (0.4 mL) was then added to 1 mL 

distilled water and 1 mL FeCl3 (0.2 mg mL-1) followed 

by heating in boiled water for 20 mins. After cooling, 5 

mL amyl alcohol and 0.1 mL ammonium thiocyanate 

10% were added. It was then measured for the 

absorbance at 465 nm spectrophotometer (UV-1601 

Shimadzu) after 15 mins incubation.  

2.5 DPPH radical scavenging activity 

The stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

radical was used to measure the free radical scavenging 

capacity of samples as described by Alvarez-Jubete et al. 

(2010) with modifications. Samples of 0.5 g were 

extracted using 25 mL methanol with stirring for 3 mins. 

Mixtures were sonicated for 3 min before centrifugation 

at 2600×g for 5 mins. The clear solution (0.5 mL) was 

then added to 0.5 mL DPPH-methanolic solution (0.05 

mg/mL) and mixed by vortex before incubation in the 

dark for 30 mins. The absorbance was then measured 

against methanol at 515 nm using a spectrophotometer 

(UV-1601 Shimadzu). The antioxidant activity was 

calculated as follow: 

% Antioxidant activity = (Ao-Af)/Ao × 100  

Where Ao and Af were absorbances of blank and 

sample, respectively. 

2.6 In vitro protein digestibility (IVPD) 

In vitro protein digestibility of jack bean was 

determined using a pepsin-pancreatin method with slight 

modifications by Almeida et al. (2015). A total of 250 

mg of each sample and casein (for the reference) or 0.25 

mL of deionized water (for the blank) was suspended in 

15 mL of 0.1 M HCl containing 1.5 mg/mL pepsin, and 

incubated for 3 hrs at 37°C in a waterbath. The pepsin 

hydrolysis was stopped with the addition of 7.5 mL of 

0.5 M NaOH and followed by the pancreatic digestion 

with the addition of 10 mL of 0.2 M phosphate buffer 

(pH 8.0) containing 10 mg of pancreatin and addition of 

1 mL of 0.005 M sodium azide to prevent microbial 

growth. The mixture was incubated at 37°C overnight 

before the addition of 1 mL of 10 g/100 mL of 

trichloroacetic acid (TCA). Samples were then 

centrifuged at 2600×g for 10 mins. Total protein content 

was estimated based on the nitrogen content using 

Kjeldahl from the supernatant phase (AOAC, 1995). The 

IVPD values were calculated according to the equation:  

% Digestibility = (Ns-Nb)/Ns × 100 

Where Ns and Nb represent the nitrogen content in 

the sample and the blank, respectively.  
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2.7 Sensory evaluation 

The sensory evaluation of jack bean tempe used in 

this study is descriptive profiling, which is conducted by 

thirty trained panellists. The sensory analysis was carried 

out in the Sensory Laboratory, Department of Food and 

Agriculture Product Technology, Universitas Gadjah 

Mada in Indonesia. Descriptive Profiling was used with 

four selected descriptors, including the degree of 

brownness for appearance, the beany flavour for aroma, 

the degree of umami for taste, and softness for texture. 

The descriptors had four intensity levels: 0, none; faintly 

perceptible; 2, moderate; 3, strong; 4, very strong. The 

test was performed individually by each panellist, and 

then the mean value was calculated.  

2.8 Statistical analysis 

Statistical analysis was performed for all data using 

One Way ANOVA IBM SPSS 20 (p<0.05), followed by 

Duncan.  

 

3. Results and discussion 

3.1 Effect different cooking methods on proximate 

composition 

Jack bean seed is a potential local resource for 

making tempe as it contains 29.8 g/100 g of protein, 50.8 

g/100 g of carbohydrate, 4.2 g/100 g of lipid, and 4.48 

g/100 g of ash (Doss et al., 2011). This composition is 

comparable with soybean as the major raw material 

currently for tempe productions. Soybean contains 37.10 

- 41.79% of protein (Astawan et al., 2013). The 

proximate composition of jack bean tempe showed that it 

comprises 37.5 g/100 g protein, 56.5 g/100 g 

carbohydrates, 4.95 g/100 g of fat, and 1.01 g/100 g ash. 

The recommended dietary allowance for protein is 57 g, 

and this can be fulfilled by eating 150 g of jack bean 

tempe or six small pieces of tempe.  

The effect of different cooking methods on the 

proximate composition of jack bean tempe is presented 

in Table 1. In general, the cooking process significantly 

affected the proximate composition of jack bean tempe. 

The results showed that the protein content of the cooked 

jack bean tempe decreased significantly in boiled, baked, 

and fried tempe. During fermentation complex protein is 

degraded into peptides and amino acids (Pranoto et al., 

2013) which generally more soluble in water resulted in 

the decrease of protein content on boiled tempe. 

Fermentation could alter the amino acids into ammonia 

and other volatile compound (Pranoto et al., 2013) that is 

more easily be evaporated during a heat treatment 

process. However, we believe that a significant decrease 

in baked and fried tempe is likely due to the relative 

proportion of protein to fat content. As showed the fat 

content increased in fried and baked tempe, compared 

with the raw tempe, due to the use of oil during the 

process. Before baking, the raw tempe was dipped in 

palm oil to avoid burning. Nevertheless, the usage of 

water during cooking has less affected the proximate 

composition of jack bean tempe. 

3.2 Effect cooking method on nutritional value 

Heating and soaking in water during the cooking 

process might degrade heat-sensitive compounds and 

dissolve the water-soluble compound. Hence, the 

cooking method might affect the nutritional value. The 

current research investigated the effect of cooking 

methods on antioxidant activity, anti-nutrient compound, 

and protein digestibility. Figure 1 shows that, in general, 

the cooking method applied in this study significantly 

decreased the antioxidant activity when compared with 

the control. Antioxidant activity was reduced in the 

range of 6-22%. It could be because a significant 

decrease of phenol, tannin, and flavonoid compounds 

may occur resulting in decreased antioxidant activity 

(Sasipriya and Siddhuraju, 2012). Tempe is abundant in 

flavonoid compounds (Athaillah et al., 2019), and 

flavonoid has several positive impacts on our health. 

Flavonoids can modulate many biological events in 

cancer, such as apoptosis, vascularization, cell 

differentiation, and cell proliferation (Batra and Sharma, 

2013). Nevertheless, steaming methods are more able to 

retain antioxidant activity compared to boiling, frying, 

and baking methods. One explanation could be that 

flavonoids are highly unstable compounds; hence, they 

are easily degraded and released into the cooking 

medium at high temperatures (Saikia and Mahanta, 

2013).  

Raw jack bean contains 0.87 g/100 g phytate 

(Diniyah and Windrati, 2015), whereas soybean is 1.39 

g/100 g (Almasyhuri et al., 1990). Phytate is soluble in 

Tempe Protein (g/kg) Lipid (g/kg) Ash (g/kg) Carbohydrate (g/kg) Moisture (g/kg) 

Raw 374.8±9.7a 49.5±10.1a 10.1±0.3a 565.1±7.4ab 45.3±4.1a 

Steamed 380.3±7.3a 68.1±4.7a 11.2±0.2b 587.2±4.2a 59.0±3.5b 

Boiled 329.1±5.9b 72.2±1.8a 10.7±0.4b 539.6±7.0b 57.0±2.2b 

Fried 260.5±6.8c 315.9±9.5b 7.7±0.2c 415.6±3.6c 46.0±5.7a 

Baked 262.3±7.7c 292.9±30.7b 7.7±0.2c 436.6±31.6c 47.8±3.1a 

Table 1. Proximate analysis of raw- and cooked- jack bean tempe 
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water and sensitive to heat; therefore, the concentration 

might decrease during tempe production and cooking of 

jack bean tempe. The phytate content of jack bean tempe 

was 0.019 g/kg. The phytate content of all cooked jack 

bean tempe ranged from 0.003 to 0.09 g/kg (Figure 2). It 

is only a boiling process that further decreased the 

phytate content, which could be due to further 

dissolution of phytate. The phytate content for both raw 

and all cooked tempe was lower than the maximum 

acceptable concentrations in the food. Hence, jack bean 

tempe is safe for consumption.  

The in vitro protein digestibility is a crucial 

biochemical parameter to assess the nutritional quality of 

the tempe. The higher the protein digestibility, the better 

the protein quality. To evaluate the protein digestibility, 

casein was used as a standard for comparison. The 

protein digestibility obtained in this study was 96.48%, 

which was similar to another study (96.08%) reported by 

Tavano et al. (2008). As can be seen in Figure 3, the 

protein digestibility of raw jack bean was 91.25±2.46%, 

which corresponding to 94.58% compared to the 

standard. This result showed that jack bean tempe has a 

good protein quality as the body easily absorbed it. 

Cooking methods could maintain the protein digestibility 

of jack bean tempe, except for the baking technique, 

which resulted in a slight decrease by 4.61% of protein 

digestibility. This could be explained by several 

chemical reactions during the baking process such as 

Maillard, oxidation of amino acids, racemization of 

active optical amino acids, and formation of protein 

complexes. All of these reaction products can lower 

protein digestion (Gilani et al., 2005).  

3.3 Effect cooking method on the sensory profile  

Appearance, aroma, texture, and taste are important 

parameters that affect consumer acceptance. For soybean 

tempe, consumers prefer a cooked soybean tempe, which 

has golden brown colour, umami taste, less bitter, less 

beany flavour (Laksono et al., 2019). Hence, the effects 

of different cooking methods on the sensory of cooked 

jack bean tempe were evaluated. One critical attribute 

that affects the appearance of the tempe was the degree 

of brownness. The higher the degree of brownness, the 

higher the score was obtained. The result showed that 

frying had a higher degree of brownness, followed by 

baking, boiling, and steaming (Figure 4). During a heat 

treatment process, Maillard reaction may occur between 

amino acids and reducing sugars which generate 

different flavours and brown colour (Tamanna and 

Mahmood, 2015), the reaction is typically at 100 to 250°

C (Bastos et al., 2012). However, incorporating water 

could inhibit the Maillard reaction since the water was 

able to dilute the reagents for the Maillard reaction 

(Pastoriza et al., 2018), therefore the melanoidins that 

responsible for the brown colour formation could not be 

formed. The Maillard reaction was found in frying and 

baking as shown as brown colour perceived by the 

panellist.  

The descriptive analysis for the flavour showed that 

beany flavour was detected in boiled and steamed while 

fried and baked showed less beany flavour. Beany 

flavour is formed by a mixture of various volatile 

compounds, including methyl-1-butanol, hexanal, 2,4-

decadienal, dimethyl disulfide (Boatright et al., 1999; 

Blagden and Gilliland, 2005; Jeleń et al., 2013). Cooking 

Figure 1. DPPH radical scavenging activity in raw- and 

cooked- jack bean tempe using different cooking methods 

Figure 2. Phytate content in raw- and cooked- jack bean 

tempe using different cooking methods 

Figure 3. In vitro protein digestibility in raw- and cooked- 

jack bean tempe using different cooking method 
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at a temperature above 80°C significantly decreased the 

beany flavours (Yuan and Chang, 2007). Since baking 

and frying employ higher temperatures, hence the 

reduction of beany flavour was higher than that of 

boiling and steaming.  

The taste of the tempe is correlated to the degree of 

umami. The panellist described that umami taste could 

be detected in fried and baked tempe, respectively, while 

boiled and steamed gave plain taste. This could be 

explained that oil can dissolve umami flavour 

compounds, thus resulted in more umami taste. Another 

reason could be the Maillard reaction that occurs during 

baking and frying. Maillard reaction significantly 

contributes to flavour, aroma, colour, and texture 

formation (Ames, 1990; Yu and Zhang, 2010).  

The results of a descriptive test for texture showed 

that tempe with a wet cooking process such as boiling 

and steaming resulted in the softer texture of tempe 

compared to dry cooking (baking and frying). On the 

other hand, dry cooking resulted in harder texture, which 

is due to the loss of surface moisture leading to 

dehydration of crusts (Sobukola et al., 2013).  

 

4. Conclusion 

The cooking process changes the chemical 

composition, nutritional value, and flavour substance. It 

is necessary to understand the science of cooking 

methods; hence we can select and implement the 

appropriate cooking methods to attain our goal. In this 

study, high protein content and digestibility resulted in 

the steam process. However, if we concern about flavour 

and hedonic, we could choose the baking process 

compared to others. 

 

Conflict of interest  

The authors declare no conflict of interest.  

Acknowledgment 

The research was supported by the Ministry of 

Research and Technology of Indonesia through the grant 

of PDUPT with the contract number of 2847/

UN1.DITLIT/DIT-LIT/ PT/2020. 

 

References 

Almasyhuri, Yuniati, H. and Slamet, D.S. (1990). 

Kandungan asam fitat dan tanin dalam kacang-

kacangan yang dibuat tempe. Penelitian Gizi dan 

Makanan, 3(13), 65–72. 

Almeida, C.C., Monteiro, M.L.G., Costa-Lima, 

B.R.C.da, Alvares, T.S. and Conte-Junior, C.A. 

(2015). In vitro digestibility of commercial whey 

protein supplements. LWT - Food Science and 

Technology, 61(1), 7–11. https://doi.org/10.1016/

j.lwt.2014.11.038 

Alvarez-Jubete, L., Wijngaard, H., Arendt, E.K. and 

Gallagher, E. (2010). Polyphenol composition and in 

vitro antioxidant activity of amaranth, quinoa 

buckwheat and wheat as affected by sprouting and 

baking. Food Chemistry, 119(2), 770–778. https://

doi.org/10.1016/j.foodchem.2009.07.032 

Ames, J.M. (1990). Control of the Maillard reaction in 

food systems. Trends in Food Science and 

Technology, 1, 150–154. https://

doi.org/10.1016/0924-2244(90)90113-D 

AOAC. (1995). Official Methods of Analysis of AOAC 

International (sixteenth). Maryland: Association of 

Official Analytical Chemist. 

Astawan, M., Wresdiyatib, T., Widowatic, S., Bintarid, 

S.H. and Ichsani, N. (2013). Karakteristik 

fisikokimia dan sifat fungsional tempe yang 

dihasilkan dari berbagai varietas kedelai. PANGAN, 

22(3), 241–251. [In Bahasa Indonesia]. 

Athaillah, Z.A., Muzdalifah, D., Lestari, A., Fitria, A., 

Udin, L.Z., Artanti, N. and Lioe, H.N. (2019). 

Phenolic compound profile and functionality of 

aqueous overripe tempe extracts. Current Research 

in Nutrition and Food Science, 7(2), 382–392. 

https://doi.org/10.12944/CRNFSJ.7.2.08 
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