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 Tempe is a nutritious food that is popular with many people. The problem is that 

tempe has a short shelf life and must be consumed immediately. Instant tempe is 

one of the innovative tempe products with a longer shelf life. This research aims 

to analyze the shelf life of instant tempe in various packages and at different 

storage temperatures using the Arrhenius model. The method used in this 

research was laboratory experimental, using 378 samples of instant tempe which 

were packaged in vacuum packaging, non-vacuum packaging, and cup 

packaging, and stored at cold temperature (12°C), room temperature (27°C), and 

hot temperature. (35°C). There are nine treatment combinations regarding the 

relationship between packaging and temperature, each treatment is carried out 3 

times. Measurements for each treatment are carried out until the instant tempe 

cannot ferment to become tempe ready for consumption. This shows that the 

fungus Rhizopus oligosporus has died. The research results show that the CIE L* 

value of instant tempe decreases as the storage period for instant tempe increases. 

The shelf life of estimation results using the Arrhenius model for vacuum 

packaging and storage temperatures of 12°C, 27°C, and 35°C respectively is 

36.98 days, 6.88 days, and 3.00 days. The use of non-vacuum packaging and 

storage temperatures of 12°C, 27°C, and 35°C were respectively 15.84 days, 5.63 

days, and 2.38 days. In comparison, the use of cup packaging and storage 

temperatures of 12°C, 27 °C, and 35°C respectively are 17.62 days, 6.31 days, 

and 2.80 days. 

Doi: https://doi.org/10.19028/jtep.013.1.132-146 

1. Introduction 

Tempe is a native Indonesian food made from soybeans fermented using the fungus Rhizopus 

oligosporus (Romulo & Surya, 2021; Surono, 2016). Tempe has high antioxidant properties owing to 

isoflavone aglycones and hydroxylated compounds produced through fermentation (Astawan et al., 

2023; Romulo & Surya, 2021). The antioxidant content of tempe is beneficial for maintaining intestinal 

health, cancer, cognitive function, lung health, heart health, anemia, liver health, bone health, type 2 

diabetes mellitus, obesity, skeletal muscle recovery, and malnutrition (Winarno et al., 2021). There are 

several types of tempes, including mlanding tempe, benguk tempe, gembus tempe, peanut cake 

tempe, and bongkrek tempe (Romulo & Surya, 2021). However, the tempe currently on the market 
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has a relatively short shelf life. At room temperature, tempe can only last two days (Hamzah et al., 

2018; Purwanto & Weliana, 2018), even according to (Lastriyanto et al., 2016) the shelf life of tempe at 

room temperature is less than one day. 

Increasing shelf life can be done through packaging-type treatment. The main function of 

packaging is to protect and protect products from contamination. This includes slowing product 

damage, extending shelf life, and maintaining the quality and safety of packaged products (Siddiqui 

et al., 2023). Packaging can also affect the taste, aroma, and texture of tempes. The widely used 

packaging for tempe is leaf packaging, which can make the shelf life of tempe range between 3 and 4 

days (Liuspiani et al., 2020). The use of food-grade plastic packaging can cause the shelf life of tempe 

to be three days (Santhirasegaram et al., 2016), whereas if it is packaged in vacuum packaging, the 

shelf life of tempe is four days (Astawan et al., 2016; Razie & Widawati, 2018). The principle of vacuum 

packaging is to remove all the air from the packaging, then close it tightly so that conditions without 

oxygen are created in the packaging (Berk, 2018; Lawrence & Kropf, 2024). The absence of oxygen can 

inhibit the growth of destructive microorganisms and chemical reactions, thereby extending the shelf 

life of the packaged products (Astawan et al., 2015 ; Kiswanto et al., 2019).  

Another factor that influences the shelf life of tempe is the temperature during the fermentation 

and storage processes. The optimum environmental temperature for the growth of Rhizopus 

oligosporus is 30°C (Teoh et al., 2024), but other research state that the appropriate temperature for 

the growth of Rhizopus oligosporus is 35°C (Wahyudi, 2018). Tempes that have been completely 

fermented can be stored at various temperatures, but storage at 5°C shows the lowest respiration rate 

and the best quality parameters. The shelf lives of tempe at 5°C, 15°C, and room temperature were 13 

days, 5 days, and 2 days, respectively (Purwanto & Weliana, 2018).  

One effort to extend the shelf life of tempes is the development of innovative tempe products. 

Process engineering is carried out to inhibit mold growth during the storage and distribution of 

tempes by tightly closing tempe packaging. This is because molds grow aerobically and obtain energy 

from the oxidation of organic substrates (Rahayu & Rahayu, 2021). This tempe product is known as 

instant tempe. Instant tempe is a tempe product that will be distributed in an unfermented state, so it 

is still soybeans that have been processed and given yeast, then packaged immediately, so that the 

soybean fermentation process can be inhibited because the packaging tightly seals the product, 

preventing it from oxygen. Fermentation of instant tempe is performed when you want to consume it 

by making holes in the packaging so that the soybeans get oxygen and the tempe mycelium can grow 

throughout the soybeans. According to (Adit, 2020) this instant tempe product was ranked 1st in the 

2020 Indonesia Innovation Award for the Innovative Community Award Category in Devita Noti 

Wijaya (Central Java) with the title Super Instant Tempe. 
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This research aims to analyze the shelf life of instant tempe packaged using various types of 

packaging and stored at several temperatures. The shelf life was estimated using the Arrhenius model. 

The Arrhenius model provides a good approximation for describing the temperature dependence of 

chemical reactions but has also been used for complex biological processes (Crapse et al., 2021). The 

Arrhenius model can determine the most sensitive parameters during the tempe heating process 

(Khusnayaini et al., 2018) and the shelf life of tempes stored at cold temperatures and in vacuum 

packaging (Lastriyanto et al., 2016). 

2. Materials and Methods 

The ingredients used in this research are soybeans that have been processed into semi-finished 

tempe or soybeans that have undergone the process of boiling, soaking, removing the soybean shells, 

washing, and sprinkling with yeast evenly; plastic packaging consisting of LLPDE plastic with a 

thickness of 90 microns. , and PP plastic cups. The equipment used in this research was a vacuum 

sealer (YQ-688, Upupin, China), digital scales (I-2000, Kova, China), and a spectrophotometer 

(ColorFlex EZ, HunterLab, United States). The tool used to predict shelf life was carried out using 

Microsoft Excel 365 software (2205) and a laptop (EliteBook x360 830 G7, HP, China). 

The method used in this research was laboratory experimental, using 378 samples of instant tempe 

which were packaged in vacuum packaging, non-vacuum packaging, and cup packaging, and stored 

at cold temperature (12°C), room temperature (27°C), and hot temperature. (35°C). There were nine 

treatment combinations regarding the relationship between packaging and temperature, and each 

treatment was carried out three times. Measurements for each treatment were carried out until the 

instant tempe could not be fermented to become tempe-ready for consumption. This shows that the 

Rhizopus Oligosporus fungus has died. 

Changes in the physical properties of instant tempe during storage were measured by taking pictures 

of the instant tempe using a camera and mini studio box. Next, instant tempe L*, a*, and b* color 

testing was performed using a spectrophotometer. The data obtained were processed using Microsoft 

Excel and presented in a graphical form. 

Estimation of shelf life for instant tempe was carried out using the Arrhenius model applied to the 

Accelerated ShelfLife Test (ASLT) method. The Arrhenius model monitors the effect of the storage 

temperature on the speed of the degradation reaction of a parameter. The shelf life was estimated 

using the Arrhenius model by measuring the rate of decline in product quality parameters during 

storage. The shelf life estimation using the Arrhenius model was performed using the following 

equation: 
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Zero order equation: 

t=  
(𝐶𝑡−𝐶𝑜)

𝑘
                                                                                                                                                      (1) 

First-order equation: 

t=  
ln(

𝐶𝑡
𝐶𝑜

)

𝑘
                                                                                                                                                  (2) 

Where: 

t = shelf-life; 

Co = quality attribute value at the beginning (day 0); 

Ct = quality attribute value at the end (day t); and 

k = quality degradation constant. 

Validation was carried out for decision-making on the model obtained by estimating the shelf life 

using the Arrhenius model. The R2 value in each graph was used as the model validation criterion. If 

the R2 obtained is above 70% (R2≥0.70), then the model is complete, whereas if R2 is below 70 (R2 

˂0.7) then the relationship between other data needs to be selected (Crapse et al., 2021). 

3 Results and Discussion 

3.1 Changes in physical properties of instant tempe during storage 

 During the storage period, the tempe underwent physical changes. The main physical change that 

can be observed is the color change (Utama et al., 2017). Based on the results of testing the color change 

of instant tempe using benchtop spectrophotometers, the CIE L* value of instant tempe decreases 

during the storage period. The decrease in the brightness level of instant tempe during storage was 

caused by an increase in the number of Rhizopus spp. entering the dead phase, an increase in the 

amount of linoleic and linolenic unsaturated fatty acids that are susceptible to oxidation, and the 

formation of red vitamin B12 (Muzdalifah et al., 2017). Changes in the CIE L* characteristics of instant 

tempe during the storage period are shown in Figure 1. 
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Figure 1. Changes in CIE L* of instant tempe during the storage period at (a) vacuum packaging with 

a storage temperature of 12 °C, (b) vacuum packaging with a storage temperature of 27 °C, (c) vacuum 

packaging with a storage temperature of 35 °C, (d) non-vacuum storage temperature of 12 °C, (e) non-

vacuum packaging storage temperature 27 °C, (f) non-vacuum packaging storage temperature 35 °C, 

(g) cup packaging storage temperature 12 °C, (h) cup packaging storage temperature 27 °C, and (i) 

cup packaging, storage temperature 35 °C. 

 Figure 1 shows that packaging and storage temperatures reduce the changes in CIE L* values. The 

rate of decline in the value can be seen from the magnitude of the slope value of the relationship 

between the CIE L* value and storage time. A negative slope indicated a decline. At a storage 

temperature of 12 °C, the use of vacuum packaging provides a slope value of -0.1144, which is smaller 

than that of non-vacuum plastic packaging (-0.2732) and cup packaging (-0.3916). Higher temperature 

storage provides a greater slope. This shows that the greater the storage temperature, the faster the 

CIE L* value will decrease, and the use of cup packaging provides the fastest accelerated decrease 

compared with non-vacuum plastic packaging and vacuum packaging. According to Utama et al. 

(2017), the type of packaging influences changes in the CIE L* value, and plastic packaging provides 

the most stable color changes during tempe fermentation compared with leaf packaging. 

 Another color parameter that indicates a mixed chromatic color of green red is CIE a*. A positive 

CIE a* value indicates a red color with a range of 0 to +80, whereas a negative value indicates a green 
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color with a range of 0 to -80 (Sinaga, 2019). Changes in the CIE a* value of instant tempe during the 

storage period are shown in Figure 2. 

 
Figure 2. Changes in CIE a* of instant tempe during the storage period at (a) vacuum packaging with 

a storage temperature of 12 °C, (b) vacuum packaging with a storage temperature of 27 °C, (c) vacuum 

packaging with a storage temperature of 35 °C, (d) non-vacuum storage temperature of 12 °C, (e) non-

vacuum packaging storage temperature 27 °C, (f) non-vacuum packaging storage temperature 35 °C, 

(g) cup packaging storage temperature 12 °C, (h) cup packaging storage temperature 27 °C, and (i) 

cup packaging, storage temperature 35 °C. 

Figure 2 shows that the test results for the CIE a* value for instant tempe were small, ranging from 

0 to 2. This could be because the red or green color indicated by the* value is not the dominant color 

in the tempe. The entire surface of the tempe is covered by white tempe mold mycelium, which grows 

during fermentation; thus, the dominant color appearing on the surface of tempe is white (Winarno 

et al., 2021).  

In addition to the CIE L* and CIE a* values, the color that describes the chromaticity of the blue-yellow 

mixture is CIE b*. A positive CIE b* indicates a yellow color with a range of 0 to +80, whereas a 
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negative value indicates a blue color with a range of 0 to -80 (Sinaga, 2019). Changes in instant tempe 

CIE b* values during the storage period are shown in Figure 3. 

 
Figure 3. Changes in CIE b* of instant tempe during the storage period at (a) vacuum packaging with 

a storage temperature of 12 °C, (b) vacuum packaging with a storage temperature of 27 °C, (c) vacuum 

packaging with a storage temperature of 35 °C, (d) non-vacuum storage temperature of 12 °C, (e) non-

vacuum packaging storage temperature 27 °C, (f) non-vacuum packaging storage temperature 35 °C, 

(g) cup packaging storage temperature 12 °C, (h) cup packaging storage temperature 27 °C, and (i) 

cup packaging, storage temperature 35 °C. 

Based on Figure 3, the CIE b* value increases with the length of storage time, which shows that 

packaging and storage temperature increase CIE b* (Utama et al., 2017). The CIE b* value obtained 

shows a value that is not large, and the value has a positive notation (+), which ranges from 11 to 17, 

where the notation is colored yellow. The yellow color of tempe can be influenced by the raw yellow 

soybean material (Suhartanti et al., 2019). The b* value, which is not large, could be because the 

mycelium that grows on the surface of tempe during fermentation is white; therefore, the dominant 

color on the surface of tempe is white (Muzdalifah et al., 2017; Winarno et al., 2021). 
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3.2 Estimation of shelf life of instant tempe 

 Shelf life estimation was carried out using the order 0 and order 1 equations. This study aimed to 

obtain a shelf-life estimation model with the best level of validation. The critical parameter determined 

to estimate the shelf life of the instant tempe in this study is the CIE L* parameter. The CIE L* value 

was chosen because based on the measurement results, this parameter changes during the storage 

period and is influenced by the packaging method and storage temperature. In addition, in the tempe 

fermentation process, the mycelium grows on the surface of the soybean seeds and connects one 

soybean seed to another so that it becomes a white, compact solid (Razie & Widawati, 2018; Winarno 

et al., 2021). Mycelium growth can also indicate whether the yeast is still active. If still active, the 

mycelium can grow evenly throughout the tempe (Abdurrasyid et al., 2023; Muzdalifah et al., 2017), 

and changes in mycelium growth can be measured using the CIE L* value (Khusnayaini et al., 2018; 

Utama et al., 2017). The linear regression equations for each storage and packaging temperature are 

presented in Table 1. 

Table 1. Linear regression equation for changes in CIE L* values for instant tempe. 

Treatment 

Linear regression equation 
Slope 

(k) 
Intersep  R2 

Packaging 

Storage 

Temperature 

(℃) 

Vacuum 12 y = -0,1144x + 87,540 0,1144 87,54 63,50% 

Vacuum 27 y = -0,6679x + 86,692 0,6679 86,692 79,47% 

Vacuum 35 y = -1,3807x + 86,679 1,3807 86,679 71,29% 

Non-vacuum 12 y = -0,2732x + 88,102 0,2732 88,102 58,44% 

Non- vacuum 27 y = -0,8787x + 86,994 0,8787 86,994 86,37% 

Non- vacuum 35 y = -1,2360x + 86,929 1,236 86,929 77,16% 

Cup 12 y = -0,3916x + 86,828 0,3916 86,828 72,72% 

Cup  27 y = -1,2629x + 87,193 1,2629 87,193 91,99% 

Cup 35 y = -1,7483x + 86,772 1,7483 86,772 96,52% 

 

Table 1 shows that the storage temperature influences the slope (k) value; the higher the storage 

temperature, the greater the slope (k) value. The vacuum packaging treatment and storage 

temperature of 12°C had the lowest rate of change in the characteristics (quality loss) because the slope 

(k) value obtained was the smallest. Based on Table 1, the intercept value for each treatment is quite 

high because the tempe mold mycelium that grows during the fermentation process is white (Laksono 

et al., 2019; Winarno et al., 2021), so the CIE L* measurement results show high values in each 

treatment. 
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The relationship between the reaction rate constant and storage temperature can be plotted in the form 

of ln k versus 1/T (Crapse et al., 2021). Before plotting, the temperature value (T) must first be 

converted into Kelvin. The ln k and 1/T values were then plotted using an Arrhenius plot. The value 

of 1/T is plotted on the x-axis, and ln k is plotted on the y-axis. The Arrhenius plots of the CIE L* 

parameters for each package are shown in Figure 4. 

 

Figure 4. Arrhenius plots of changes in CIE L* in (a) vacuum packaging, (b) non-vacuum packaging, 

and (c) cup packaging. 

 Based on the Arrhenius plot of the CIE L* parameters in Figure 4, a linear regression equation for 

each instant tempe package was obtained. From this equation, we obtain the slope value from the b 

value and the intercept from the a value. The slope of this equation is the activation energy compared 

to the gas constant (1.986 cal/mol. K) (Crapse et al., 2021). The intercept value is the ln(k0) value and 

the exponent of the intercept value is the k0 value. 

 The constant value of the rate of decline in the quality of the instant tempe (k) can be obtained by 

calculating the slope, intercept, and 1/T using Equation 1 for each instant tempe packaging. The 

quality degradation rate constant (k) of instant tempe at each storage and packaging temperature is 

presented in Table 2. 
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Table 2. Constant value of quality degradation rate (k) for instant tempe. 

Treatment 
k 

Packaging Storage Temperature (℃) 

Vacuum 12 0,117 

Vacuum 27 0,628 

Vacuum 35 1,440 

Non- vacuum 12 0,283 

Non- vacuum 27 0,795 

Non- vacuum 35 1,323 

Cup 12 0,406 

Cup  27 1,133 

Cup 35 1,880 

 

 The k value in Table 2 is the constant rate of decline of the instant tempe quality obtained from the 

Arrhenius model. This value shows how quality decreases (CIE L*) during storage. The greater the k 

value obtained, the greater the quality reduction, the greater the quality reduction, the shorter the 

shelf life (Nursiwi et al., 2021). The lowest k value was obtained in the vacuum packaging treatment 

stored at 12°C (0.117), which means there was a decrease in the L* value of 0.117 per day. 

 After determining the constant rate of quality degradation (k) in each treatment, the shelf life of 

the instant tempe can be estimated. The estimation of shelf life using the Arrhenius model can be 

obtained using Equation 2. The shelf life based on the estimation results obtained using the Arrhenius 

model for each treatment is presented in Table 3. 

Table 3. Shelf life of instant tempe based on the Arrhenius model. 

Treatment 
shelf life (days) 

Packaging Storage Temperature (℃) 

Vacuum 12 36,98 

Vacuum 27 6,88 

Vacuum 35 3,00 

Non- vacuum 12 15,84 

Non- vacuum 27 5,64 

Non- vacuum 35 2,38 

Cup 12 17,62 

Cup  27 6,31 

Cup 35 2,80 
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 Prediction results using the Arrhenius model show that a storage temperature of 12 °C can extend 

the shelf life longer than temperatures of 27 °C and 35 °C. The results show that the combination of 

cold temperature storage treatment (12 °C) and vacuum packaging can maintain an instant tempe 

with the longest shelf life compared with other treatments. This indicates that the lower the storage 

temperature, the longer the shelf life of the tempe (Astawan et al., 2023; Purwanto & Weliana, 2018).  

3.3 Validation of The Arrhenius Model 

 Model validation was performed to determine the extent to which the model was represented by 

the system. The validation of the model for estimating the shelf life of instant tempe for each parameter 

is presented in Figure 5. 

 

Figure 5. Validation of the Arrhenius model for estimating the shelf life of instant tempe based on 

parameters: (a) CIE L*, (b) CIE a*, (c) CIE b* 

 Based on Figure 5, the parameter with the highest model validation results is the CIE L* parameter, 

with an R2 of 71.29%. The closer the R2 value is to 1 (one), the better the results for the regression 

model, meaning that the greater the R2 value, the stronger the model will explain the relationship 

between the independent and dependent variables (Chicco et al., 2021).  
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 Storage temperature is related to shelf life, and can influence the speed of damage or decrease in 

quality. Storage at low temperatures can maintain the quality of food ingredients by inhibiting 

microbial activity and extending shelf life (Astawan et al., 2023; Purwanto & Weliana, 2018). The 

higher the storage temperature, the greater the reaction speed. A high reaction speed causes a large 

constant rate of quality degradation (k), such that the product spoils quickly and its shelf life becomes 

shorter (Lastriyanto et al., 2016). The relationship between storage temperature and shelf life is in line 

with the research results obtained, where instant tempe stored at a temperature of 12 °C had the lowest 

rate of quality decline (k value) compared to storage at temperatures of 27 °C and 35 °C. This 

relationship is also supported by research results (Astawan et al., 2023; Purwanto & Weliana, 2018), 

which state that the lower the storage temperature, the longer the shelf life. 

 In addition to storage temperature, packaging also plays a role in the shelf life of instant tempes. 

The results show that vacuum packaging has a longer shelf life than non-vacuum packaging (non-

vacuum and cup). This is because in vacuum packaging all the air is removed from the packaging, so 

conditions without oxygen are created in the packaging and the growth of damaging microorganisms 

can be inhibited (Rahayu & Rahayu, 2021) The rate of quality decline in instant tempe with vacuum 

packaging is smaller than with non-vacuum packaging, so the shelf life can be longer. The relationship 

between packaging and shelf life is also supported by research results (Astawan et al., 2023; Purwanto 

& Weliana, 2018; Razie & Widawati, 2018), which state that the combination of cold storage and the 

use of vacuum packaging can extend the shelf life of tempe compared with other types of packaging. 

 

4. Conclusion 

During the storage period, there was a change in the CIE L* value of the instant tempe, where the 

value decreased as the storage period for instant tempe increased. The decrease in the CIE L* value 

can be influenced by the growth of mycelia in tempe during fermentation, which decreases with 

increasing storage time. The shelf lives of the estimation results using the Arrhenius model for vacuum 

packaging and storage temperatures of 12°C, 27°C, and 35°C are 36.98 days, 6.88 days, and 3.00 days. 

The use of non-vacuum packaging and storage temperatures of 12°C, 27°C and 35°C were respectively 

15.84 days, 5.63 days, and 2.38 days, while the use of cup packaging and storage temperatures of 12°C, 

27 °C and 35°C respectively are 17.62 days, 6.31 days and 2.80 days.  

 

Acknowledgements 

The author would like to thank the Directorate of Research and Community Service at Padjadjaran 

University and all panelists and parties involved in this research. 

 

 

 



jTEP Jurnal Keteknikan Pertanian,                           Available online: 

Vol. 13 No. 1, p 132-,146 2025                   http://journal.ipb.ac.id/index.php/jtep 

P-ISSN 2407-0475 E-ISSN 2338-8439                                                                                                DOI: 10.19028/jtep.013.1.132-146 

 

144    Thoriq et al                     Copyright © 2024. This is an open-access article 

distributed under the CC BY-SA 4.0 License 

(https://creativecommons.org/licenses/by-sa/4.0 

5. References 

Abdurrasyid, Z., Astawan, M., Lioe, H. N., & Wresdiyati, T. (2023). Physicochemical and Antioxidant 

Properties of Germinated Soybean Tempe after Two Days Additional Fermentation Time. 

Biointerface Research in Applied Chemistry, 13(3), 1–14. https://doi.org/10.33263/BRIAC133.238 

Adit, A. (2020). Daftar Penerima Anugerah Inovasi dan Habibie Prize dari Kemenristek. 

Kompas.Com.https://www.kompas.com/edu/read/2020/11/11/114122871/daftar-penerima-

anugerah-inovasi-dan-habibie-prize-dari-kemenristek?page=all 

Astawan, M., Cahyani, A. P., & Wresdiyati, T. (2023). Antioxidant Activity and Isoflavone Content of 

Overripe Indonesian Tempe. Food Research, 7(1), 42–50. https://doi.org/10.26656/fr.2017.7(S1).16 

Astawan, M., Hermanianto, J., Suliantari, & Sugiyanto, G. S. P. (2016). Application of Vacuum 

Packaging to Extend the Shelf Life of Fresh-seasoned Tempe. International Food Research Journal, 

23(6), 2571–2580. 

Astawan, M., Nurwitri, C. ., Suliantari, & Rochim, D. A. (2015). Kombinasi Kemasan Vakum dan 

Penyimpanan Dingin untuk Memperpanjang Umur Simpan Tempe Bacem. Jurnal Pangan, 24(2), 

125–134. 

Astuti, M., Meliala, A., Dalais, F. ., & Wahlqvist, M. . (2000). Tempe; A Nutritious and Healthy Food 

from Indonesia. Asia Pacific J Clin Nutr, 9(4), 322–325. 

Berk, Z. (2018). Chapter 27 - Food packaging. In Food Process Engineering and Technology (Third 

Edition) Food Science and Technology (pp. 625–641). 

Chang, C. T., Hsu, C. K., Chou, S. T., Chen, Y. C., Huang, F. S., & Chung, Y. C. (2009). Effect of 

Fermentation Time on The Antioxidant Activities of Tempeh Prepared from Fermented Soybean 

Using Rhizopus Oligosporus. International Journal of Food Science and Technology, 44(4), 799–

806. https://doi.org/10.1111/j.1365-2621.2009.01907.x 

Chicco, D., Warrens, M. J., & Jurman, G. (2021). The Coefficient of Determination R-squared is more 

Informative than SMAPE, MAE, MAPE, MSE and RMSE in Regression Analysis Evaluation. PeerJ 

Computer Science, 7, 1–24. https://doi.org/10.7717/PEERJ-CS.623 

Crapse, J., Pappireddi, N., Gupta, M., Shvartsman, S. Y., Wieschaus, E., & Wühr, M. (2021). Evaluating 

the Arrhenius Equation for Developmental Processes. Molecular Systems Biology, 17(8), 1–12. 

https://doi.org/10.15252/msb.20209895 

Hamzah, F., Marniza, & Rizal, S. (2018). Pengaruh Konsentrasi Lactobacillus Acidophilus dan Tepung 

Sagu Terhadap Umur Simpan dan Sifat Sensori Tempe Kedelai. Jurnal Kelitbangan, 2(3), 46–68. 

Handoyo, T., & Morita, N. (2006). Structural and Functional Properties of Fermented Soybean 

(Tempeh) by using Rhizopus oligosporus. International Journal of Food Properties, 9(2), 347–355. 

https://doi.org/10.1080/10942910500224746 

Khusnayaini, A. A., Hariyadi, P., & Syamsir, E. (2018). Kinetic Changes of Antioxidant Capacity and 

Physical Quality of Tempe during Heating. International Food Research Journal, 25(3), 1166–1173. 



jTEP Jurnal Keteknikan Pertanian,                           Available online: 

Vol. 13 No. 1, p 132-,146 2025                   http://journal.ipb.ac.id/index.php/jtep 

P-ISSN 2407-0475 E-ISSN 2338-8439                                                                                                DOI: 10.19028/jtep.013.1.132-146 

 

145    Thoriq et al                     Copyright © 2024. This is an open-access article 

distributed under the CC BY-SA 4.0 License 

(https://creativecommons.org/licenses/by-sa/4.0 

Kiswanto, K., Rahayu, L. N., & Wintah, W. (2019). Pengolahan Limbah Cair Batik Menggunakan 

Teknologi Membran Nanofiltrasi Di Kota Pekalongan. Jurnal Litbang Kota Pekalongan, 17, 72–82. 

https://doi.org/10.54911/litbang.v17i0.109 

Laksono, A. S., Marniza, & Rosalina, Y. (2019). Karakteristik Mutu Tempe Kedelai Lokal Varietas 

Anjasmoro dengan Variasi Lama Perebusan dan Penggunaan Jenis Pengemas. Jurnal 

Agroindustri, 9(1), 8–18. 

Lastriyanto, A., Komar, N., Pratiwi, H. S., & Korespondensi, P. (2016). Shelf Life Prediction at Cool 

Storage Soybean Tempe (Glycine Max ( L.) Merill) with Vacuum Packaging using Arrhenius 

Model. Jurnal Keteknikan Pertanian Tropis Dan Biosistem, 4(1), 75–86. 

Lawrence, T. E., & Kropf, D. H. (2024). Vacuum Packaging. Encyclopedia of Meat Sciences (Third 

Edition), 608–616. 

Liuspiani, A., Asri, I. H., Lestarini, Y., Muspita, Z., & Husni, M. (2020). Pengaruh Jenis Bahan Kemasan 

Terhadap Kualitas Organoleptik dan Daya Simpan Tempe Kedelai. Jurnal Ilmu Sosial Dan 

Pendidikan, 4(4), 521–524. 

Matsumoto, I., & Imai, S. (1990). Change of Chemical Composition of Tempe during Feermentation. 

Noppon Shokuhin Kogyo Gakkaishi, 37(2), 130–138. 

Muzdalifah, D., Athaillah, Z. A., Nugrahani, W., & Devi, A. F. (2017). Colour and pH Changes of 

Tempe During Extended fermentation. AIP Conference Proceedings, 1803, 1–9. 

https://doi.org/10.1063/1.4973163 

Nursiwi, A., Pertiwi, F., Ishartani, D., Sari, A. M., & Zaman, M. Z. (2021). Substrates and Storage Time 

Evaluation for Preparing Tempeh Starter from Rhizopus Oryzae CBS130145. IOP Conference 

Series: Earth and Environmental Science, 828(1). https://doi.org/10.1088/1755-1315/828/1/012003 

Purwanto, Y. ., & Weliana. (2018). Kualitas Tempe Kedelai pada Berbagai Suhu Penyimpanan. Warta 

Industri Hasil Pertanian, 35(2), 106–112. 

Rahayu, W. P., & Rahayu, E. S. (2021). Mikrobiologi Pangan, Fermentasi dan Analisis Mikrobiologi. 

In F. Kusnandar, W. P. Rahayu, A. M. Marpaung, & U. Santoso (Eds.), Perspektif Global Ilmu dan 

Teknologi Pangan (Perhimpunan Ahli Teknologi Pangan Indonesia) (1st ed., p. 384). IPB Press. 

Razie, F., & Widawati, L. (2018). Kombinasi Pengemasan Vakum dan Ketebalan Kemasan untuk 

Memperpanjang Umur Simpan Tempe. Agritepa, 4(2), 94–107. 

Romulo, A., & Surya, R. (2021). Tempe: A Traditional Fermented Food of Indonesia and Its Health 

Benefits. International Journal of Gastronomy and Food Science, 26(August), 1–9. 

https://doi.org/10.1016/j.ijgfs.2021.100413 

Santhirasegaram, V., George, D. S., Anthony, K. K., Singh, H. K. B., Saruan, N. M., Razali, Z., & 

Somasundram, C. (2016). Effects of Soybean Processing and Packaging on the Quality of 

Commonly Consumed Local Delicacy Tempe. Journal of Food Quality, 39(6), 675–684. 

https://doi.org/10.1111/jfq.12252 



jTEP Jurnal Keteknikan Pertanian,                           Available online: 

Vol. 13 No. 1, p 132-,146 2025                   http://journal.ipb.ac.id/index.php/jtep 

P-ISSN 2407-0475 E-ISSN 2338-8439                                                                                                DOI: 10.19028/jtep.013.1.132-146 

 

146    Thoriq et al                     Copyright © 2024. This is an open-access article 

distributed under the CC BY-SA 4.0 License 

(https://creativecommons.org/licenses/by-sa/4.0 

Siddiqui, S. A., Khan, S., Mehdizadeh, M., Bahmid, N. A., Adli, D. N., Walker, T. R., Perestrelo, R., & 

Câmara, J. S. (2023). Phytochemicals and Bioactive Constituents in Food Packaging - A Systematic 

Review. Heliyon, 9(11). https://doi.org/10.1016/j.heliyon.2023.e21196 

Sinaga, A. S. (2019). Segmentasi Ruang L*a*b. Jurnal Mantik Penusa, 3(1), 43–46. 

Suhartanti, P. D., Handajani, S., & Nandariyah. (2019). Physical Characteristics of the Seeds of Soybean 

(Glycine max) Varieties and the Effect of Fermentation time on the Chemical Characteristics of 

Tempeh. Cell Biology and Development, 3(1), 13–18. https://doi.org/10.13057/cellbioldev/v030103 

Surono, I. S. (2016). Ethnic Fermented Foods and Alcoholic Beverages of Asia. In Ethnic Fermented 

Foods and Alcoholic Beverages of Asia (pp. 341–382). Springer India. https://doi.org/10.1007/978-

81-322-2800-4 

Teoh, S. Q., Chin, N. L., Chong, C. W., Ripen, A. M., How, S., & Lim, J. J. L. (2024). A Review on Health 

Benefits and Processing of Tempeh with Outlines on its Functional Microbes. Future Foods, 

9(November 2023), 100330. https://doi.org/10.1016/j.fufo.2024.100330 

Utama, Z., Agrippina, F. D., & Nurmadhani, B. S. (2017). Comparison of Appearaces and Color 

Indexes for Tempe with Different Packaging Using Digital Image Analysis. Proceeding of the 2nd 

International Conference on Tropical Agriculture, 61–68. https://doi.org/10.1007/978-3-319-975535 

Wahyudi, A. (2018). Pengaruh Variasi Suhu Ruang Inkubasi Terhadap Waktu Pertumbuhan Rhizopus 

Oligosporus Pada Pembuatan Tempe Kedelai. Jurnal Agrium, 3(1), 37–44. 

Winarno, A. D. A., Cordeiro, L., Winarno, F. G., Gibbons, J., & Xiao, H. (2021). Tempeh: A 

Semicentennial Review on its Health Benefits, Fermentation, Safety, Processing, Sustainability, 

and Affordability. Comprehensive Reviews in Food Science and Food Safety, 20(2), 1717–1767. 

https://doi.org/10.1111/1541-4337.12710 

 


