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1. INTRODUCTION

Tempeh is a traditional food has been known in Indonesia. The first reference Tempeh was found in
1875. Serat Centini (the manuscript from Java in the early 19th century) has found the word tempeh, e.g.
Jaesantentempeh (a dish of tempeh with coconut milk) and Kadheletempehsrundengan [1, 2]. The words
showed that tempeh has been known as an eating habit of Javanese for centuries, especially at Yogyakarta
and Surakarta [3-5]. This is evidence that tempeh is a kind of food which have been often consumed by the
people of Indonesia, especially the Javanese.

Indonesia is the biggest producer of tempeh in the world and it can be the biggest market of soybean
in Asia. As much as 50% of Indonesian soybean consumption is used to produce tempeh, 40% tofu and 10%
in other (such as tauco, soy sauce). The average tempeh consumption in Indonesia is currently estimated at
around 6.45 kg per person [3].

Indonesia has various types of tempeh; each region has a different type of tempeh based on the raw
material used. For example, menjes tempeh from East Java is made from tofu dregs and peanuts; benguk
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tempeh from Yogyakarta is made from Koro Benguk (Mucunapruriens) and lamtoro tempeh (Laucaenaglau).
The common varieties of tempeh are soybean tempeh and gembus tempeh [6].

In contrast to soybean tempeh, the historical record of gembus tempeh was obtained from
Gandjar [7]. It is said that the history of gembus tempeh begins in 1943. At that time, there was a food crisis
in Java. The community utilizes tofu dregs from the factory, which are commonly used for animal feed to be
processed into food such as tempeh [7]. Nowadays, gembus tempeh is still considered as lower caste food
because of its ingredients. Even in Solo, there is a food made from gembus tempeh, which is called "kere
satay." The meaning is satay for poor people.

Based on the product characteristics, soybean tempeh is higher in protein content than that of
gembus tempeh because it directly fermented from the soybean seeds. The protein content of soybean tempeh
is 37.10-41.79 per 100 grams [8]; whereas that of gembus tempeh is only 6.7 grams per 100 grams [9]. The
low-level protein of gembus tempeh made people underestimate it because it was considered as an
innutritious food, although gembus tempeh is usually eaten as a side dish or as a snack [10]. Underestimated
people's perception of gembus tempeh was not entirely correct.

Study on gembus tempeh in Indonesia conducted by Agustina et al. showed that antioxidants level
with DPPH was 52.21%-65.70% [11]. The other study by Diana reported that gembus were shown having
proteolytic, fibrinolytic; antioxidant and antimicrobial activities may provide a significant opportunity for
health [12, 13].

Study about soybean tempeh conducted by Purwoko, reported that the is flavone rate in soybean
tempeh was 864.38 pg/g [14]. The study of Chang et al about DPPH radical scavenging effect in soybean
tempeh showed that level 1C50 with water extract and 10 days of incubation time in 9.7 mg/ml, it was a
moderate level [15]. The is flavone rate in soybean tempeh and gembus tempeh were influenced by multiple
factors, such as the variety of microorganism, soybean quality, incubation time and so on [16]. Nonetheless,
the scientific evidence still appears to be limited as most of them are derived from laboratory research,
tempeh was made in laboratory [11, 14, 15] while the research of tempeh sold in traditional market was
limited.

This present study intends to determine the antioxidant activity of the soybean tempeh and gembus
tempeh which available at the traditional market. Soybean tempeh and gembus tempeh that are sold in
traditional market are made with different ingredients and manufacturing processes, so that it can produce
products with different qualities. This study will to know about quality soybean tempeh and gembus tempeh
from antioxidant activity. The result of this study will be used as information to the producers of tempeh in
traditional market to develop the quality of their products.

2. RESEARCH METHOD

The design study is a cross-sectional study [17, 18]. In this study, the researchers intend to
determine antioxidant activity of the soybean tempeh and gembus tempeh in traditional market of Sukoharjo
and Karanganyar. The total samples are 31 soybean tempeh and 29 gembus tempeh was purchased randomly
[19] from soybean tempeh merchant and gembus tempeh merchant of Bengkonang, Glondongan, Sukoharjo,
Bejen and Palur markets. The procurement of tempeh in the fresh condition with incubation time 42 hours.

2.1. Preparation of tempeh extract

Tempeh was dried in an oven at temperatures of 55-66°C [20]. Drying time of soybean tempeh was
8-9 hours, while gembus tempeh 7-8 hours. Tempeh powder (100 gram) was mixed with 100 ml of ethanol
95%. Macerated for three days, filtered with filter paper [21, 22], modified. The extract was dried in a water
bath until it changes into a paste.

2.2. Antioxidant testing procedure

The antioxidant analysis in this research is the DPPH method ((2.2-diphenyl 1-picrylhydrazyl),
Determinations relying on photometric measurements are simple, rapid and inexpensive [23, 24]. The test
procedure was; make 0,15nM by dissolving 20 mg DPPH in 10 ml ethanol 95%, put in a 50 ml volumetric
flask, shaken until homogeneous. The next step is determining the maximum wavelength with an absorbance
of 450-600 nm, determine the operating time. Sample solutions is created by dissolving 50 mg of the sample
extract in 10 ml ethanol for 15 minutes, then put in a 10 ml volumetric flask, then add ethanol to the limit,
then homogenized. The homogeneous sample solution is inserted in a 5 ml flask, 1 ml of DPPH solution is
added, and then homogenized, and then incubates in the dark room for 20 minutes, and measure the
absorbance at a wavelength of 516.5 nm.
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3. RESULTS AND DISCUSSION

There were three types of tempeh packaging, polyethylene bag (PB), banana leaf (BL), and the
combination of both (PBBL). The most of gembus tempeh were wrapped by polyethylene bag. As shown in
Table 1 the mean of absorbance of soybean tempeh based on the packaging, combination of polyethylene bag
and banana leaf (PBBL) is the highest score followed by PB and BL. Soybean tempeh PB is the most
common in the traditional market, has an antioxidant activity level 18.65%, two times greater than tempeh
BL as shown in Table 1. This result similar to research conducted by Hashim that compared two materials
packaging, polyethylene bag and banana leaf. The result showed that tempeh which wrapped by polyethylene
bag enhanced the polyphenolic components released through the fermentation process [25]. In current study,
tempeh which wrapped by combination of banana leaves and polyethylene bag (PBBL) has a higher
antioxidant activity value than PB and BL. According to Santhirasegaram’s research, the materials used for
packaging did not induce any significant alteration in antioxidant properties of tempeh, but it was significant
to the shelf life of tempeh [26].

Table 1. Antioxidant activity in soybean tempeh based on the packaging
Packaging n  The mean of absorbance (%) SD Minimum score  Maximum score

PB 22 18.65 13.412 2.9 54.32
BL 6 8.67 8.001 2.05 24.07
PBBL 3 21.69 15.581 4.65 35.21

Gembus tempeh available in the traditional market mostly wrapped by polyethylene bag (PB). There
were only three samples of PBBL packaging in the market. Based on the Table 2, the highest of antioxidant
activity when the gembus tempeh wrapped by polyethylene bag (PB) (32.84%) than combination of
polyethylene bag and banana leaf (PBBL) (29.778%).

Table 2. Antioxidant activity on gembus tempeh based on the packaging
Packaging n  The mean of absorbance (%) SD Minimum score  Maximum score
PB 26 32.84 20.852 5.28 80.05
PPBL 3 29.78 7.670 23.17 38.19

There are many factors that influence antioxidant activity level, including the differences of
processing tempeh, the type of microorganism, incubation time, and the differences of density gembus
tempeh and soybean tempeh [2]. Referred to Widoyo’s study, 2010 incubation time affect the antioxidant
tempeh. In 42 hours, fermented soybean tempeh showed 67.5% antioxidant activity [27]. Similar to Ariani’s
study that 72 hours fermentation gave a higher absorbance percentage compared to 48 hours fermentation in
soybean tempeh [28]. Nurrahman's research which assessed antioxidant activity in various inoculums showed
tempeh fermented with R. Stolonifer showed the highest antioxidant activity [16]. Further research needs to
be done to be able to assess the differences in the tempeh production, microorganism type, incubation time
and the packaging of tempeh to the antioxidant activity.

Figure 1 shows the value of absorbance (%) on soybean tempeh and gembus tempeh, there is a
higher percentage of absorbance in gembus tempeh than the soybean tempeh. In line, the result of t-test
shows that there is a significant difference in the percent value absorbance of gembus tempeh compared to
soybean tempeh (p=0.01). The mean percent absorbance of gembus tempeh (32.521%) is higher than soybean
tempeh (17.016%). This case outlines that the antioxidant activity of gembus tempeh is higher than soybean
tempeh. A similar trend was observed with Zhu's research, which reports that the high antioxidant activity of
gembus Tempeh was related to the presence of fiber and peptides that exist in gembus tempeh. After 24 hours
fermentation, the level of the peptide in gembus Tempeh was higher than soybean tempeh [29]. The other
study had been found substances that contain antioxidants that were enhanced by the addition of in vivo lipid
peroxidase [30].

The limitation of this study is an imbalance in the total number of study samples in tempeh
wrappers; this is due to the availability of tempeh with PBBL wrappers which are rarely available in the
traditional market. Its effect on the result data on material packaging of tempeh have not been able to
conclude that a combination of polyethylene bag and banana leaf (PBBL) is better than polyethylene bag
(PB). In addition, this study is cross sectional design where the researchers only observe objects in 1 time
period.
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Figure 1. Total antioxidant activity of soybean and gembus tempeh

CONCLUSION
This study shows that soybean and gembus tempeh have different antioxidant activity value;

antioxidant activity in gembus tempeh is higher than soybean tempeh. The packaging of tempeh has no effect
on antioxidant activity, it affects to the shelf life.
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