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Abstract  Tempe chips are a type of processed tempe popular in Indonesia, including conventional tempe chips, 
tapioca tempe chips, and kemul tempe chips. The research aims to analyze the effect of variations in tempe 
fermentation time on the quality of the chips produced. The tempe fermentation times (36, 42, 48, 56, and 60 hours 
at room temperature) were analyzed for the physical, chemical, and sensory quality of conventional tempe chips. 
The results showed that the length of tempe fermentation time tended to reduce color intensity, ash and carbohydrate 
contents, and to increase aw, moisture, and protein contents of tempe chips. Amino acid analysis in tempe chips 
showed fluctuating results in the bitter taste profile (arginine, histidine, isoleucine, leucine, methionine, 
phenylalanine, valine, and tyrosine), and there was an increasing trend in the umami taste profile, namely aspartic 
and glutamic acids. Sensory tests using the RATA method showed that the length of tempe fermentation time had no 
significant effect (p > 0.05) on the intensity of the nutty, beany, garlic, spice, orange leaves, and oil aroma; umami, 
salty, beany, and nutty taste; golden brown color; crispiness; bitter and beany aftertaste of tempe chips. The 
recommendation of this study is to make tempe chips from 48 hours of fermentation, because it is close to the ideal 
attribute. This finding has the potential to support the development of value-added processed tempe products for 
soy-based agroindustry businesses. 
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1. Introduction 

Indonesia has a variety of traditional indigenous foods, 
including tempe. Tempe is a product of soybean 
fermentation by the Rhizopus spp. mold. During 
fermentation, mycelial tissue forms, resulting in a dense, 
compact texture [1]. Tempe consumption in Indonesia 
currently stands at 7.47 kg/capita/year.  Total domestic 
soybean production is 0.63 million tons/year, with a 
productivity of 1.57 tons/hectare [2]. Tempe consumption 
in Indonesia tends to be high because tempe is easy to find 
and affordable. Recently, people's diets have changed, 
with reduced meat consumption and tempe as an 
alternative source of protein [3].  

Protein in tempe ranges from 40 to 44% on a dry basis, 
which has contributed to its high popularity, given the rise 
of vegan lifestyles and plant-based diets in recent decades 
[4]. Tempe also contains prebiotics, vitamins, minerals, 
and is easily digestible [5]. The tempe industry worldwide 
has spread across several countries, including the United 
States, Canada, Australia, and South Africa [6]. 

Tempe has a high moisture content of around 55-65%, 
which can trigger microbial growth and reduce product 
quality [4]. The processing of tempe into chips aims to 
extend the product's shelf life by reducing its moisture 
content. Recently, many tempe-based food diversification 
products have been created, including chips. Tempe chips 
are food made from soybean tempe, in the form of thin 
slices, through frying and drying processes, so they have a 
crispy texture and are ready for consumption (SNI 2602: 
2018). 

Three types of tempe chips are readily available 
commercially. The first type is tapioca tempe chips, made 
with tapioca flour as a mixed ingredient during 
fermentation. The second type is conventional tempe chips, 
made from sliced tempe that are dipped in flour and spices 
before frying. The third type is kemul tempe chips, which 
are slices of tempe that are coated with a thick dough from 
various flours and spices so that they have a more pungent 
taste with a yellower color due to the presence of turmeric 
[7]. The tempe chips that the international market wants 
are conventional tempe chips and tapioca tempe chips. 
Tempe chips are generally packaged using a metalized 
plastic standing pouch. This plastic-laminated packaging 
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has the same relative resistance as aluminium foil, which 
provides good protective properties [8]. 

The quality characteristics of chips are determined by 
the processing method and conditions employed [9]. 
Tempe chips often exhibit a bitter aftertaste, which can 
degrade the product's sensory quality. This problem may 
be caused by a fermentation process that lasts for a long 
time, affecting the characteristics of amino acids that form 
the bitter taste in tempe. The typical fermentation time in 
the tempe industry is 36-48 hours. Sensory evaluation 
methods based on consumer panellists' perceptions are 
currently of greater concern because they can provide 
insights into consumer preferences [10]. This study was 
conducted to determine the effect of variations in tempe 
fermentation time on the quality of the chips produced 
from the physical, chemical, and amino acid composition 
characteristics. 

2. Materials and Methods  

The main ingredient used in the study is non-GMO 
soybean tempe obtained from Rumah Tempe Indonesia 
(RTI), Bogor, Indonesia. Other ingredients needed are 
tempe inoculum (RAPRIMA), tapioca flour, rice flour, 
chicken eggs, various spices, cooking oil, and chemicals 
for analysis. 

2.1. Production of Tempe Chips 
The manufacture of tempe chips in general, according 

to Indonesian National Standard (SNI 2602:2018), 
includes the manufacture of soybean tempe, slicing tempe, 
mixing with spice dough, and frying. The production of 
tempe chips including for the control was carried out 
based on the method described in patent number 
S00202513359 under Astawan et al. [11] Tempe is made 
as follows: up to 1 kg of boiled and skinned soybeans is 
mixed with 0.1% tempe inoculum, packaged with oval 
polyethylene plastic with a diameter of 3.5 cm, and 
fermented at room temperature (28 - 30 oC). Tempe will 
be divided into five fermentation treatments for 36, 42, 48, 
54, and 60 hours. The fermented fresh tempe is sliced to a 
thickness of 2 mm using a slicer machine, then blanched 
with hot steam at 100 oC for 15 minutes to stop the 
fermentation process. Tempe slices are cooled at room 
temperature and dipped in the coating dough (a diluted 
mixture of flour and spices). Frying tempe chips was done 
at 160 - 170 oC until golden brown. Next, the chips are 
drained and packaged with metalized plastic. 

2.2. Ethics Statements 
This study was approved by the ethics committee of 

IPB University (Approval no. 1776/IT3.KEPMSM-
IPB/SK/2025). 

2.3. Physical Analysis 
Physical analysis of tempe chips measured hardness 

using the TA-TX2 (Stable Micro Systems, UK) texture 
analyzer. The type of probe used is a spherical ball 

probe of 0.25 with a pretest speed of 1.0 mm/second, test 
speed of 1.0 mm/second, post-test speed of 10.0 
mm/second, distance of 5.0 mm, time of 3.0 seconds, and 
force of 205 g. Color analysis was performed on the 
surface of the tempe chips sample using a Minolta 
Chromameter model CR-400.15. Before the analysis, the 
device was calibrated using a white calibration plate. 
Measurements were taken on samples with five collection 
points and were reported as L*, a*, b* scale values. Water 
activity calculation commenced after pressing the start 
button and concluded after 5 minutes. The Aqualab 4TE 
aw meter was the instrument utilized for the analysis. 

2.4. Chemical Analysis 
Chemical analysis of tempe chips includes proximate 

analysis, as per AOAC 2012 [12]. This method 
encompasses the analysis of moisture, ash, protein, and fat 
content. Moisture and ash content were analyzed using 
gravimetric methods. Protein levels were analyzed using 
the Kjeldahl method. Fat levels were analyzed using the 
Soxhlet method. Meanwhile, the carbohydrate content will 
be calculated using a by difference method. The analysis 
of amino acid composition using HPLC instruments, 
referring to AOAC 2012. 

2.5. Sensory Evaluation 
Sensory testing was conducted with consumer panellists. 

The consumer panellists were 30 students from the 
Division of Food Science and Technology at IPB 
University, aged 18-25. The focus group discussion was 
conducted by 10 panellists who were not trained to 
represent consumers and had a sufficient understanding of 
sensory attributes. The FGD output is in the form of 
attributes that were discussed in general to improve the 
panellists' (consumers') understanding, which will be used 
for the RATA test. These panellists are recruited through 
registration and completing an online form. Before 
evaluating the sensory attributes, the panellists agreed on 
the requirements. Sensory tests were performed on six 
samples of tempe chips on a scale of 1 - 7. A value of 1 
represents the least liked/least visible sensory experience, 
and 7 signifies the most liked/most obvious sensory 
experience. Each panellist will evaluate aroma, taste, color, 
aftertaste, and overall aspects. Panellists were asked to 
sample and complete a 10 - 20 minute RATA 
questionnaire containing attributes found in tempe chips. 

2.6. Data Analysis 
This study used a complete random design with five 

different tempe fermentation time treatments. The 
outcomes of testing physical characteristics, proximate 
composition, and overall test results for tempe chips will 
be analyzed using one-way ANOVA in SPSS version 
29.0.2.0.  If the ANOVA results show a significant 
difference at α = 0.05, proceed with Duncan's Multiple 
Range Test (DMRT). The RATA method was conducted 
using PCA in XLSTAT, resulting in an output presented 
as a spider web. The PCA analysis serves to compare the 
sensory profile of the tempe chips sample data obtained. 
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3. Result and Discussion  

3.1. Physical Characteristics of Tempe Chips 
The results of the physical analysis of tempe chips are 

shown in Table 1. Tempe fermentation time was not 
significantly associated with tempe chips hardness (p> 
0.05). The hardness parameter is an important factor in 
chips products, as it affects consumer acceptance. The 
time of tempe fermentation had a significant effect (p < 
0.05) on the lightness (brightness) of the chips produced. 
Research by Muzdalifah et al. [13] shows that the 
brightness values of soybeans and mycelia in tempe 
decrease as fermentation time increases.  Analysis of 
water activity parameters showed that the long-term 
fermentation treatment had a significant effect (p < 0.05). 
The higher the temperature, the faster the aw rate decreases. 
The water activity of the six tempe chips samples was 
promising. In general, the desired aw value on chips is 
below 0.6. Chips with an aw value > 0.7 are at risk of 
bacterial, yeast, and mold growth [14]. 

The sensory characteristics, color, and texture of the 
chips are influenced by various factors, including storage 
conditions prior to processing, slice thickness, frying time, 
and temperature [15,16]. Other variables that affect the 
hardness of tempe chips are the time, frying temperature, 
and thickness of the tempe slices to be fried. The moisture 
content of tempe undergoes intensive evaporation during 
deep-frying, increasing oil absorption. When frying, heat 
from the oil to the product is transferred, accompanied by 
mass transfer, so frying with the right duration can 
produce tempe chips with a hardness that meets the 
standard. In addition, chemical components in the product, 
such as starch, reducing sugars, and amino acids, interact, 
leading to physical changes and structural alterations that 
ultimately increase hardness [17].  

Fried food products not only have a complex texture 
but also a crispy texture. The hardness and crispiness 
levels of the chips are negatively related to frying time and 
temperature.  The higher the temperature and the longer 
the frying time, the lower the chips' hardness, thus 
increasing their crispiness [18,19]. The thickness of the 
tempe slice can affect its hardness. The thicker the slice, 
the greater the force needed to break the tempe chips, 
indicating a high hardness level, and the tempe chips are 
not crispy. On the other hand, if tempe is thinly sliced, it 
will produce chips that are not hard and crispy [9]. 

3.2. Chemical Characteristics of Tempe Chips 
The proximate composition of tempe chips is presented 

in Table 2. The moisture content analysis revealed a 
significant correlation between fermentation time and 
tempe chips water content (p < 0.05). The fluctuating 
results in this study may be attributed to the coating 
material, tapioca flour, which contains over 80% starch. 
This high starch content absorbs substantial water, 
increasing the water content [20]. Nevertheless, all tempe 
chips samples analyzed conformed to the SNI 2602:2018 
standard, with a maximum moisture content limit of 4%. 
The variegated analysis of fat content parameters revealed 
that prolonged tempe fermentation had no significant 
effect on chips fat content (p > 0.05).  

The variegated analysis of protein content parameters 
showed that the long tempe fermentation treatment had a 
significant effect (p < 0.05) on the protein content of 
tempe chips. According to SNI 2602:2018, the minimum 
protein content for tempe chips is 12%, and the entire 
sample in this study met the requirements. Analysis of 
various carbohydrate content parameters revealed that the 
prolonged fermentation treatment had a significant impact 
(p < 0.05) on the carbohydrate content of tempe chips 

Table 1. Physical properties of various time fermentation tempe on tempe chips 

Parameter 
Tempe fermentation time (hours) 

36 42 48 54 60 **Control 
Hardness 6.45 ± 0.32a 6.35 ± 0.32a 6.69 ± 0.33a 5.96 ± 0.30a 6.17 ± 0.31a 5.90 ± 0.29a 

aw 0.39 ± 0.00a 0.41 ± 0.00a 0.45 ± 0.00b 0.45 ± 0.00b 0.39 ± 0.00ab 0.46 ± 0.00b 
Color  

L* 53.66 ± 0.05c 52.00 ± 0.08a 54.37 ± 0.02d 54.60 ± 0.01e 52.60 ± 0.19b 54.87 ± 0.07f 
a* 7.10 ± 0.00f 4.90 ± 0.15d 6.08 ± 0.01e 1.97 ± 0.01a 4.90 ± 0.03c 4.01 ± 0.05b 
b* 21.27 ± 0.01e 18.87 ± 0.40b 20.69 ± 0.02d 18.89 ± 0.01a 18.87 ± 0.05a 20.18 ± 0.04c 

Hue 71.54 ± 0.00a 75.54 ± 0.09c 73.61 ± 0.04b 84.05 ± 0.03e 75.44 ± 0.12c 78.75 ± 0.11d 

Values (mean ± SD) followed by different letters in the same line show a significant difference (p < 0.05).  
**Control is commercial conventional tempe chips. 

Table 2. Proximate composition of various time fermentation tempe on tempe chips 

Parameter 
(%wb) 

Tempe fermentation time (hours) 
36 42 48 54 60 **Control 

Moisture 2.33 ± 0.04ab 2.15 ± 0.00a 2.46 ± 0.05bc 2.63 ± 0.22c 2.37 ± 0.18ab 2.84 ± 0.17d 
Ash 1.53 ± 0.02ab 1.64 ± 0.02bc 1.78 ± 0.04c 1.67 ± 0.05bc 1.52 ± 0.02ab 1.43 ± 0.18a 

Protein 28.08 ± 0.00a 29.26 ± 0.18ab 29.89 ± 0.12ab 31.12 ± 0.11ab 29.66 ± 0.00ab 27.50 ± 0.45b 
Fat 38.47 ± 0.30a 41.01 ± 0.12a 40.37 ± 0.45a 38.36 ± 0.02a 39.38 ± 0.51a 37.34 ± 0.43a 

Carbohydrate 29.60 ± 0.45b 25.96 ± 0.04a 25.52 ± 0.66a 26.24 ± 0.26a 27.08 ± 0.70a 30.91 ± 0.01b 

Values (mean ± SD) followed by different letters in the same line show a significant difference (p < 0.05).  
**Control is commercial conventional tempe chips. 
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The free water in tempe is used by microbes during 
fermentation for biochemical reactions such as protein 
hydrolysis and increased antioxidant activity [21]. These 
microorganisms require water for metabolism, thus 
reducing the availability of free water and lowering the aw 
value. Different aw values can result from frying. 
According to Dangal et al. [22], water activity decreases 
rapidly with increasing frying pan temperature. Previous 
research indicates that prolonged fermentation increases 
water content through microbial activity that digests the 
substrate. Carbohydrate substrates are converted into ATP, 
carbon dioxide (CO2), metabolites, and water [23]. 

Ash content, as indicated by a food's mineral 
composition, is a crucial factor to consider. Fermenting 
soybeans into tempe can enhance the bioavailability of 
essential minerals, such as calcium, phosphorus, and iron 
[24]. The proximate analysis identified the water-soluble 
mineral as ash content [25]. However, it is important to 
note that the frying process can adversely affect the 
mineral and vitamin content of tempe chips. The results 
showed a decrease in mineral levels ranging from 5% to 
40%, particularly affecting iodine, calcium, zinc, selenium, 
and iron. Consequently, the frying process can lead to 
variations in the ash content of tempe chips. 

Conversely, as tempe fermentation duration increases, 
the fat content decreases due to lipase-catalyzed hydrolysis 
by the mould Rhizopus oligosporus. The fluctuations in fat 
content may be attributed to the coating used, which 
includes chicken eggs. Chicken eggs contain approximately 
12.5 g of protein, 0.7 g of carbohydrates, and 8.7-11.2 g of 
fat per 100 g [26]. Research by Rizal et al. [23] shows that 
tempe protein levels increase with increasing fermentation 
time. The increase in protein levels during tempe 
fermentation is due to the mold Rhizopus oligosporus, 
which produces protease enzymes that break down proteins 
into free amino acids.  This free amino acid contains a 
nitrogen group, increasing protein content. 

Analysis of various carbohydrate content parameters 
revealed that the prolonged fermentation treatment had a 
significant impact (p < 0.05) on the carbohydrate content 
of tempe chips. Research conducted by Rizal et al. [23] 
demonstrated a gradual decline in carbohydrate levels 
during tempe fermentation, spanning from 0 to 45 hours. 
Conversely, the Astawan et al. [24] study on tempe bosok 
(fermented tempe with a maximum fermentation time of 
8-9 days) indicated that carbohydrate levels increased as 
fermentation duration extended. Carbohydrates serve as 
essential nutrients for microorganisms during fermentation. 
Rhizopus oligosporus molds can digest hexoses and 
stachyoses, which are subsequently used to synthesize 
enzymes [27]. Based on these findings, fermentation can 
effectively reduce carbohydrate levels to a specific point 
in time. However, extending the fermentation duration 
may increase carbohydrate levels. 

3.3. Amino Acid Composition of Tempe Chips 
The amino acids analyzed in this study include those 

with bitter and umami taste profiles. The results of amino 
acid analysis are presented in Table 3. In certain studies, 
the amino acid content of fermented foods shows 
fluctuations, potentially due to the metabolic processes of 
organisms that use fats and carbohydrates as energy 
sources. The metabolism of carbohydrates leads to an 
increase in protein levels after 24 hours, followed by a 
subsequent decrease in amino acid levels such as arginine, 
glycine, and lysine. In contrast, Utami et al. [28] reported 
increased amino acid content during soybean fermentation. 
Research by Hakimi et al. [29] and Tanase et al. [30] 
suggests that the amino acid composition in soybean 
fermentation can serve as a predictive tool for food taste, 
as it can establish a flavor profile influenced by the 
specific amino acids present. 

Table 3. Amino acid composition of tempe chips produced at different stages of fermentation 

Amino acids (mg/ 
100 g) 

Appearance 
36 42 48 54 60 **Control 

The composition of amino acids plays a role in the bitter taste 
Valine 1200 1070 1250 1320 1290 1380 

Methionine 210 240 290 320 320 330 
Isoleucine 1220 1110 1270 1370 1350 1390 
Leucine 1940 1800 2110 2320 2260 2300 
Tyrosine 750 770 790 840 970 880 

Phenylalanine 1300 1230 1400 1430 1450 1500 
Histidine 1140 1010 970 1030 1080 1130 
Arginine 1770 1670 1820 1920 1960 1990 

Tryptophan 380 530 370 730 530 1200 
The composition of amino acids plays a role in umami taste 

Aspartic acid 2750 2440 2810 2970 2950 3040 
Glutamic acid 4680 4150 4980 4940 4960 5400 

The composition of amino acids plays a role in the sweetness 
Glycine 960 850 970 1020 1020 1040 
Alanine 1020 960 1070 1120 1140 1110 
Serine 1270 1100 1280 1310 1360 1390 

Threonine 990 890 1000 1060 1090 1080 
Lysine 1700 1510 1680 1770 1860 1800 
Total 23280 21330 24060 25470 25590 26960 

**Control is commercial conventional tempe chips 
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During fermentation, the Rhizopus spp. mold release 
enzyme, such as protease, which breaks down proteins 
into amino acids and bioactive peptides [31]. The quantity 
of amino acids produced is directly proportional to the 
number of molds employed and the fermentation process 
[32]. Amino acids with a bitter taste profile are expected 
to impart a bitter aftertaste in tempe chips products. 
Conversely, amino acids with an umami flavor profile 
contribute to the taste of tempe and its derived products 
[33]. The impact of fermentation on a product's protein 
content is inherently unpredictable [34]. Amino acids such 
as alanine, glycine, serine, and threonine contribute to a 
sweet taste. The eight amino acids responsible for the 
bitter taste are arginine, histidine, isoleucine, leucine, 
methionine, phenylalanine, valine, and tyrosine. Aspartic 
acid and glutamic acid contribute to the umami taste, 
while lysine does not. However, amino acids with bitter 
taste profiles exhibit greater variability, allowing both 
umami and bitter tastes to be perceived and influence the 
taste of tempe chips [29,30]. 

3.4. Hedonic Test 
During the hedonic test, each panellist was 

simultaneously presented with six samples of tempe chips 
and assessed on a scale of 1 (strongly dislike) to 7 
(strongly like). The preferences were analyzed as overall 
scores for each sample, as presented in Table 4. The 
results of the variety analysis indicated that the long-
fermentation treatment significantly affected the overall 
liking of the chips produced (p < 0.05). Tempe chips with a 
fermentation time of 60 hours exhibited the most 
pronounced difference. The analysis revealed a positive 
correlation between fermentation duration and panellists' 
preferences, with the highest preference observed for chips 
fermented for 60 hours. This phenomenon can be attributed 
to an enhanced umami flavor, which effectively masks the 
sample's bitterness. This observation aligns with previous 
research by Utami et al., [28], which demonstrated that the 
amino acids responsible for umami flavor are accompanied 
by those responsible for bitter flavor. 

Table 4. Overall rating test result of tempe chips 

Fermentation tempe (hour) Overall liking 
36 5.20 ± 1.09a 
42 5.10 ± 1.12a 
48 5.20 ± 1.10a 
54 5.30 ± 1.05a 
60 5.83 ± 1.20b 

**Control 5.07 ± 0.00a 

Values (mean ± SD) followed by different letters show a significant 
difference (p < 0.05). **Control is commercial conventional tempe chips. 

 
Hedonic sensory analysis was conducted to determine 

panellists' preferences for the food products produced [35]. 
The RATA method is a sensory analysis technique that 
employs an intensity rating system to assess sensory 
attributes that consumers perceive as defining a product. 
This method facilitates the acquisition of information 
regarding the characteristics of food products under 
examination [36]. 

3.5. RATA Test 
A sensory test employing the RATA method was 

conducted concurrently with the hedonic overall liking 
test using the same panellists. The panellists' assessments 
are presented in Table 6, indicating that fermentation 
duration does not significantly impact all sensory 
attributes. The RATA method's output manifests as a 
biplot PCA graph, as illustrated in Figure 1. This PCA 
biplot presents a profile map of sensory attributes, their 
intensities, and the correlations among them [37]. The 
graph facilitates visualization of attribute points by their 
positions, indicating positive or negative correlations [4]. 

The PCA graph shows the relationships between 
attributes, both positive and negative, through the 
distribution of attribute points. Positively correlated 
attributes indicate that an increase or decrease in the 
intensity of one attribute will affect other attributes. 
Attributes that are significantly positively correlated 
include: golden brown color attributes with crispiness; 
garlic aroma with spice aroma, umami taste, salty taste, 
and aroma of orange leaves; as well as beany aftertaste, 
beany taste, nutty taste, oil aroma, bitter aftertaste, nutty, 
and beany aroma. As the golden-brown color increases, so 
does the crispiness. The same will also occur with 
increases and decreases in the intensity of other attributes 
that are significantly positively correlated. 

For attributes that are significantly negatively correlated, 
namely: between the color of golden brown and crispiness, 
and between the aroma of garlic, the aroma of spices, 
umami taste, salty taste, and the aroma of orange leaves. If 
the intensity of the garlic aroma is increased, there will be 
a decrease in golden brown color and crispiness, and vice 
versa. The same will also occur with increases and 
decreases in the intensity of other attributes that are 
significantly negatively correlated. A PCA biplot can be 
used to illustrate the correlations between the sensory 
attributes of each sample or formula [38]. 

 
Figure 1. PCA graphic from tempe chips 

Biplots of tempe chips samples against sensory 
attributes profiles showed results in different quadrants 
(Figure 2). The sample of 60-hour fermentation tempe 
chips was in quadrant 1, dominated by the sensory  
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attributes of orange leaves aroma and bitter aftertaste. 
Meanwhile, chips samples from tempe fermented for 36, 
42, and 54 hours were in quadrant 2, with sensory 
attributes that dominate being beany aftertaste, crispiness, 
nutty aroma, and beany aroma. The control sample was in 
quadrant 3 at 48 hours, with the predominant attributes 
being a golden-brown color, a beany taste, a nutty taste, 
and an oil aroma. It can be concluded that the samples 
with the most extended fermentation have the most 
pungent bitter aftertaste. Sensory analysis with RATA 
also produced spider-web graphs, as shown in Figure 3. 
The spider-web graph compares the values of all the 
attributes on each sample. Figure 3 shows that each 
sample tends to have the same value, and Table 5 shows 
no noticeable difference across attributes. 

 
Figure 2. Biplot of sensory attributes and samples of tempe chips from 
PCA 

The results showing similar tendencies can be attributed 
to the fact that the RATA test was conducted by untrained 
panellists, resulting in highly variable data across samples. 
Consequently, the generated dataset deviated from the 
hypothesized outcomes. This variability is inherent in 
existing assessments, which are inherently subjective and 
influenced by individual preferences [39]. Using sensory 
assessment techniques such as PCA biplots, ANOVA, and 
spider-web tests, it has been established that chips from 
tempe with a fermentation period of 48 hours exhibit the 
most desirable characteristics, except for the undesirable 
attribute of bitterness. While the hedonic analysis revealed 
that chips from 60-hour fermented tempe were the most 
preferred, the sensory evaluation of each attribute 
indicated that chips from 48-hour fermented tempe were 
the most ideal. Incorporating various spices through flavor 
innovation can enhance the preference value of chips from 
48-hour fermented tempe. 

Positively correlated attributes indicate the position of 
adjacent attribute points, within the same quadrant, or 
form an angle < 90o from the center point. In contrast, 
negatively correlated attributes indicate that an increase in 
the intensity of one attribute decreases the intensity of the 
other, and the points representing the attributes are far 
apart or on opposite sides, indicating an angle > 90° from 
the center [40]. Research by Utami et al. [28] states that 
the longer the fermentation, the more bitter-tasting amino 
acids will be produced and tasted. In this study, the tempe 

fermented for 60 hours (the longest fermentation time) 
showed a dominant bitter aftertaste. 

 
Figure 3. Spider-web graph of the effect of tempe fermentation time on 
the sensory attributes of chips 

4. Conclusion 

The different time fermentation treatment (p < 0.05) 
was associated with decreases in color, ash, and 
carbohydrates, and with increases in aw, moisture, and 
protein content of the tempe chips.  Different fermentation 
time on tempe (p > 0.05), the hardness and fat of chips. 
There was an increase of amino acids in the umami profile 
(aspartic and glutamic acid) and the bitter profile (arginine, 
histidine, isoleucine, leucine, methionine, phenylalanine, 
valine, and tyrosine). Although the overall liking result (p 
< 0.05) for the chips attribute sensory showed that the 60-
hour sample was most preferred (5.83 ± 1.20), 
fermentation at 48 hours is recommended because it 
provides an optimal balance between sensory quality and 
nutritional value. This finding has the potential to support 
the development of value-added processed tempe products 
for soy-based agroindustry businesses. 
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