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Introduction

Tapai is a local traditional fermented food widely consumed by Indonesians with a distinctive taste
and better nutritional value. Until now, cassava tapai has been commonly produced. Because tapai has a
reasonably high starch content, it is usually made with a substrate containing starch, such as cassava.
Cassava (Manihot utilissima Pohl) includes plants with relatively high carbohydrate and energy content.
The nutrients contained in food, especially carbohydrates and water content in cassava, are 60.00 grams
and 37.90 grams per 100 grams of ingredients (Sahratullah et al., 2017).

Apart from cassava, starch-based substrates can also be another alternative for tapai production.
One of them is purple sweet potatoes and kepok bananas; considering the problem of banana production
and purple sweet potatoes occupying the top ranking of agricultural products. Indonesia can produce
around 8,741,147 tons of bananas per year. Meanwhile, sweet potatoes were produced at approx 1,806,389
tons in 2018. With the abundant production of bananas and sweet potatoes, making tapai using this
substrate could be a new alternative in diversifying the processing of these foods. Both banana and sweet
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potato substrates also have almost similar cassava contents, so they are suitable for production as a
material for making tapai.

Kepok banana (Musa paradisiaca L) has the advantage of resistant starch and high fibre content.
Kepok bananas have a starch content of 22 - 25%. Kepok bananas contain around 0.3%
fructooligosaccharide compounds, which are a source of prebiotics (Faizul et al., 2012). Purple sweet
potatoes also have the same high calorie and carbohydrate content as cassava. The content of purple sweet
potatoes includes high levels of natural food fibre, such as low glycemic index levels, oligosaccharides and
prebiotics. Purple sweet potato also contains Zn, Cu, K, and Mg, with an average of 20%. Purple sweet
potatoes are rich in crude fibre, protein, minerals, fats and vitamins. The nutritional content of purple sweet
potato also meets the needs of microbial growth during fermentation.

Some factors such as starch, manufacturing process and yeast influence tapai making. The quantity
of this yeast can be affected since the over quantity of yeast makes tapai textures soft. Tapai yeast is a
mixed population consisting of species of genera Acetobacter and Saccharomyces (Hasanah etal,, 2013).In
yeast tapai, there are also several types of fungi, such as Rhizopus sp., Chlamydomucor oryzae, and Mucor
sp. There are also other factors, such as temperature, pH, and oxygen. Besides that, the fermentation
temperature also affects the microbes involved in the fermentation process since the optimum temperature
for tapai fermentation is between 35°C - 40°C. The acidity level also has a significant influence on the
development of bacteria. An excellent acidic pH condition for bacterial growth is between 3.5-5.5 (Kanino,
2019). The fermentation period also has a significant impact on the tapai fermentation process. The tapai
fermentation period will affect the quality of the tapai in terms of whether it is suitable for consumption.
Fermentation occurs due to microbial activity, which converts starch into sugar; some of the sugar will be
converted into alcohol and components flavor. All of those factors will impact the quality of the tapai
product; however, apart from taste, the tapai quality can also be determined based on the aroma, texture,
and physical characteristics of the tapai.

Substitutes for raw tapai materials other than cassava, such as purple sweet potatoes and Kepok
bananas, can be used because fermentative microbes can use their resistant starch and fiber content to
make tapai. However, when using kapok bananas and purple sweet potatoes as raw materials for making
tapai, it is necessary to give attention to the fermentation time, which is a factor that influences the
fermentation results of the tapai based on the aroma, texture, taste, and other organoleptic characteristics
of the tapai. Therefore, in this research, the tapai will be made using kapok banana and purple sweet potato
as raw materials compared to cassava, with different fermentation times. This research aims to determine
the differences in the physical characteristics of the tapai produced, namely the pH value and organoleptic
properties of the differences in fermentation time for the three raw materials used.

Methods

This research is part of an experiment using a Completely Randomized Design (CRD) with a factorial
pattern consisting of two factors. The two factors used in this research are the substrate variation factors,
namely cassava (Manihot utilissima Pohl), banana kepok (Musa paradisiaca L), and purple sweet potato
(Ipomoea batatas L). The second factor is the length of fermentation time, which takes five days. The
combination of these two factors produces five treatment combinations. Each treatment was repeated
three times until 15 experimental units were reached.

Table 1. Research Design

Variation Substrate Fermentation Time
1Day (L1) 2Day(L2) 3Day(L3) 4Day4(L4) 5 Day (L5)
Cassava (K1) K1L1 K1L2 K1L3 K1L4 K1L5
Puple Sweet Potato (K2) K2L1 K2L2 K2L3 K2L4 K2L5
Banana Kepok (K3) K3L1 K3L2 K3L3 K3L4 K3L5
Material

The main ingredient used is cassava (Manihot utilissima Pohl), Banana Kepok (Musa paradisiaca L.)
and purple sweet potato (Ipomoea batatas L.), other supporting materials such as commercial tapai yeast
(NKL), banana leaves, water.

Tool

The equipment needed for this research is a KOBE SF-400 Brand Digital Kitchen Scale, GSF-4540
Electric Multipurpose Scale, basin, large pan, spoon, fork, stove, knife, cloth, basket, cutting board, plastic,
plastic container, plastic utensils, and pH paper Merck MQuant pH Indicator Strips (Non-Bleeding) pH O -
14 (1.09535.0001).

Procedures
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The procedures of making Cassava Tapai, Purple Sweet Potato, and Kepok Banana consist of:

1. 500 grams of cassava, purple sweet potato and Kepok banana were sorted, the skin was peeled and the
substrate material was washed with running water until clean.

2. Then steamed, cassava (30 minutes), purple sweet potato ( 30 minutes), Kepok banana (10 minutes),
maintained the level of doneness so that it is not completely cooked, then cooled.

3. After cooling, add 2.5 grams of yeast for 500 grams of Kepok bananas and purple sweet potatoes, while
7.5 grams for 500 grams of cassava.

4. Then, each ingredient is divided into 5, each 100 grams, which are stored for fermentation variations
from day 1 to 5 day.

5. The fermentation process is carried out at a temperature of 35°C-40°C.

Sorting and peeling all the materials (500 grams each)

A4

Washing all of the materials with running water

A4
Steaming all the materials (30 minutes for cassava and purple sweet
potato, 10 minutes for Kepok banana)

4

Adding yeast (2.5 grams for Kepok banana and 7.5 grams each for
cassava and purple sweet potato).

v

Storing to make the fermentation process starts at temperature of 35°C-
40°C.

Figureure 1. The tapai from cassava, purple sweet potato, and kepok banana making process
diagram

Organoleptic Test

Organoleptic tests were carried out to analyze the level of satisfaction and determine the suitability
of people's tastes for the tapai produced. This test involved around ten panelists. Respondents will fill in
the questionnaire, which includes assessing tapai products in terms of aroma, color, texture and taste.
Organoleptic tests were carried out using a numerical scale with assessment criteria: 1 = dislike very much,
2 =dislike, 3 = somewhat like, 4 = like, and 5 = like very much.
Acidity Level Test

A pH testuses Merck MQuant pH paper pH Indicator Strips (Non-Bleeding) pH 0 - 14 (1.09535.0001).
This test is carried out to determine a material's alkalinity or acidity level. If the pH indicator is less than 7,
it is acidic; conversely, if the pH is more than 7, it is essential or alkaline, and if the pH is equal to 7, it is
neutral. The way to test pH is to dissolve the tapai in water, then test the pH of the liquid with pH paper and
see the results.

Results and Discussion

The results were obtained based on the physical properties, organoleptic characteristics, and acidity
levels of cassava, purple sweet potato and kepok banana tapai for five days fermentation time, based on the
tapai fermentation optimal time (Nasution et al, 2021). Based on Table 2, it can be seen that the
comparison of the physical properties of each tapai substrate on the first day of observation has a pale
white colour, while on the fifth day, the colour changes to a slightly yellow colour. This colour change is in
line with research by Rahmah (2010), which showed a change in the colour of cassava to yellowish. When
measuring the colour of the purple sweet potato substrate tapai on the first day, it showed a light purple
colour. After several days of fermentation, until the fifth day, the purple sweet potato tapai changed to
purple. According to Mardyansyah et al. (2020), the colour change in purple sweet potatoes is influenced
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by the mixture of white yeast used in fermentation, with sweet potato substrate. Next, the substrate that
was observed was Kepok banana. On the first day of observation, the banana was yellow, while on the fifth
day, it was dark yellow. The changes in the Kepok banana tapai did not follow Utami (2017), that the
resulting tapai produced brighter colours. The resulting difference is because the researchers used ripe
bananas.

Table 2. Comparison Physical Properties of Tapai Cassava, Purple Sweet Potato, Banana Substrate

Tapai Material The Shape of Tapai
Day 1

Day 5

Cassava (Manihot uttilissima pohl)

Purple Sweet Potato (Ipomea batatas)

Kepok Banana (Musa paradisiaca L)

Organoleptic Properties

The organoleptic characteristics of tapai made from cassava, purple sweet potato, and kepok banana
obtained results according to Figure 2, which include the characteristics of color, texture, taste, and aroma
based on the test results to the panelists. In Figure 2a it can be seen that color is one of the indicators for
assessing food products, which determines consumer decisions before consuming food. Figure 2a
described that tapai made from cassava has a color that is exceptionally preferred on the fifth day of
fermentation. In contrast, the purple sweet potato had the color that the panelists really liked on the second
day, and the kapok banana had the color that the panelists most liked on the third day of fermentation. This
shows that tapai made from cassava only has a color that is quite favorable on the last day of fermentation.
In contrast, purple sweet potato and banana kepok get a very favorable color before the fermentation time
ends. Apart from that, the attractive color of purple sweet potato tapai is due to the high anthocyanin
content which will actually be more stable in acidic conditions due to fermentation (Aulia et al., 2023).

In Figure 2b it can be seen that the panelists very liked the texture of cassava and purple sweet
potato tapai, with the highest score of 5 on the 2nd day of fermentation, while for the tapai from Kepok
bananas, the panelists gave the most preferred texture a score of 5 on the third day of fermentation. It
shows that the tapai made from purple sweet potato has a preferred texture, like the usual tapai on the
second day of fermentation, and the most preferred texture of banana kepok, like most tapai from cassava
on the third day of fermentation. The tapai texture characteristic that the panelists most preferred showed
a soft texture due to the fermentation process. On the first day of fermentation, the tapai texture of the three
types of substrates tended to be less liked by the panelists because there was no fermentation process, but
as the days went by the substrate texture would soften. This was due to breaking down carbohydrates from
the substrate into simple sugars, then leading to the fermentation process to become alcohol. This process
releases the water content so that the water content in the tapai increases, causing a change in texture to
become soft (Prasetyajari & Sujarwanta, 2015).
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Figure 2c explains the results of the flavor properties assessed by the panelists regarding tapai made
from cassava, purple sweet potato, and kepok banana. The results showed that on the fifth day of
fermentation, tapai made from cassava had the most preferred taste (value 5).In contrast, tapai made
from kepok banana only had a preferred value (value 4) on the first and second days of fermentation
only. On the other hand, tapai made from purple sweet potatoes had a decreasing value from liking it on the
first and second days of fermentation to quite liking it (score 3) on the fourth and fifth days of fermentation.
It showed that of the three tapas fermentation substrates, the panelists liked the taste of tapas made from
cassava the most, especially if the fermentation process was optimal on the fifth day. According to
Dwijoseputro (2005) the change in taste in tapai was caused by a fermentation process carried out by
microbes in tapai yeast consisting of members of species from the genus Aspergillus, Saccharomyces,
Candida, Hansenula and Acetobacter bacteria which work synergistically with each other. Aspergillus breaks
down starch into glucose using the enzyme glucoamylase, while Saccharomyces, Candida, and Hansenula use
the glucose into alcohol and other organic substances. Acetobacter is responsible for breaking down alcohol
into acid. Therefore, the resulting tapai taste tended to be sweet due to the presence of glucose. On the next
fermentation day, there was a slight alcoholic taste due to the alcoholic fermentation process.

Figure 2d explains the aroma characteristics assessed by the panelists. The aroma of a food product
has an important role because the results of the aroma assessment can influence whether or not the product
is accepted. Usually food products will be accepted if they have an aroma that is not strong or tasteless
(Zuhriani, 2015). In Figure 2d, it can be seen that the panelists most liked the tapai aroma of cassava, purple
sweet potato, and banana kepok on the fifth day of fermentation. On the last day of the fermentation
process, a distinctive and sharp tape aroma was obtained, which the panelists really liked. The aroma of this
tape comes from the yeast fermentation process which breaks down starch into alcohol (Santosa & Prakosa,
2010).

Color Properties Texture Properties
6 6
5 5
4 4
3 3
2 2
, | I I I : I
0 0
1 2 3 4 5 1 2 3 4 5
m(Cassava ™ Banana Kepok Purple sweet potato m Cassava M Banana Kepok Purple sweet potato
a b.
Flavor Properties Aroma Properties
6 6
5 5
4 4
3 3
2 2
0 0
1 2 3 4 5 1 2 3 4 5
B (Cassava M Banana Kepok Purple sweet potato H Cassava M Banana Kepok Purple sweet potato

C. d.
Figure 2. a) Color Properties, b) Texture Properties, c) Flavor Properties, and d) Aroma Properties
of Tapai from Cassava, Banana Kepok, and Purple Sweet Potato in Five Days Fermentation by
Panelists

Table 3. Tapai Color Indicator Scale

Substrate Color Descriptions

Day 1 Day 2 Day 3 Day 4 Day 5
Cassava White pale White yellowish  Little bit yellow Yellow Dark yellow
Banana kepok Yellow pale  Light yellow Yellow Old yellow Pale yellow
Purple sweet potato  Purple pale  Violet Puple reddish Purple Dark purple
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Tabel 3 showed the color characteristics produced from cassava, banana kepok, and purple sweet
potato tape. Tapai from cassava showed a change in color from pale white on the first day of fermentation
to dark yellow on the fifth day of fermentation. Tapai from purple sweet potato changed from pale purple
to dark purple after the fermentation process. At the same time, tapai banana kapok also showed a change
in color from pale yellow to dark yellow, but on the fifth day of fermentation, it returned back to pale yellow.

Table 4. Tapai Texture, Taste and Aroma Indicator Scale

Indicator Descriptions

Day 1 Day 2 Day 3 Day 4 Day 5
Texture Very Hard Hard A Little Soft Soft Very Soft
Flavor Very sour Sour Sweet Sweet a bit Very sweet
Aroma Not alcoholic  Less alcoholic  Less alcoholic  alcoholic Very alcoholic

Based on Figure 2 and Table 3, it can be seen that the texture of cassava tapai on day 1 is still hard,
while on day 5 after fermentation it changes to soft. On purple sweet potato tapai, the texture on day 1 was
soft, while on day five the texture of purple sweet potato was very soft. On the first day, Kepok banana tapai
was soft, and on the fifth day, the texture of the Kepok banana tapai was soft. Based on these results, it has
been known that over time, the three substrates experience a change in texture, becoming softer due to the
breakdown of starch into simple carbohydrates, which also produce water so that the texture becomes soft.
Apart from that, the taste changes over time to become sweeter due to the hydrolysis of starch into glucose
and maltose by the enzymes amylase and maltase (Devi et al., 2023). The presence of more and more
microorganisms also causes this. It affects the degradation of cassava starch into sugar (Nirmalasari & Liani,
2018). The aroma of alcohol is also produced due to the fermentation process. Even on the fifth day,
the tapai produces a very alcoholic aroma, which is caused by the presence of Saccharomyces, Candida, and
Hansenula yeasts, which can hydrolyze glucose into alcohol and other organic compounds (Hasanah et al,,
2012). The reaction of glucose and organic acids produced will also give a distinctive aroma because alcohol
and organic acids will react to form esters (Santosa & Prakosa, 2010). Fauziah (2022) revealed that the
pungent aroma of tapai is caused by various flavour-forming compounds present in significant intensity.
During fermentation, these compounds are formed through glucose hydrolysis and alcohol oxidation on
tapai, which has volatile properties. Meanwhile, Saniyah (2018) revealed that the aroma that forms on the
tapai or smells like alcohol is caused by the fermentation process, where microorganisms break down
starch into glucose and alcohol. The difference in taste in each treatment is caused by the amount of yeast
used in making the tapai and the fermentation process by microorganisms. The aroma of the tapai is formed
by volatile components (volatile compounds) originating from the product, and can be detected using the
nose's sense of smell (Febriyanti & Sunarti, 2022). If the fermentation process was not stopped on the fifth
day, the taste of the resulting tapai tended to be sour due to the presence of organic acids produced together
with the alcohol.

Acidity level testing was carried out during five days of fermentation to determine the pH value
produced by the three substrates used as raw materials for tapai in the fermentation process. The results
were that the pH was at five on the first day, but on the fifth day, the pH decreased to 4. Furthermore, the
purple sweet potato tapai on the first day showed a pH of 5, whereas on the fifth day, the pH was 3. The pH
can influence changes in the duration of fermentation in cassava tapai and purple sweet potato during the
fermentation period from the first day to the fifth day. The pH decreases along with the increase in
fermentation time due to microbial activity, which can convert cassava and purple sweet potato starch into
alcohol compounds. Alcohol is also an acidic compound that can experience a rapid decrease in pH. If
fermentation continues, organic acids can form due to the microbes in the yeast tapai. Tapai yeast consists
of various microbial species with different tapai fermentation abilities. For example, Aspergillus can
convert starch into glucose, Saccharomyces, Candida, and Hansenula convert glucose into alcohol, and
Acetobacter converts alcohol into acid (Dwijoseputro, 2005). Enhancement the quantity of alcohol is
directly proportional to the increasing duration of fermentation because the longer the fermentation
period, the more glucose is converted into alcohol; therefore, the concentration of alcohol produced
increases. Alvarenga et al. (2011) showed that within 1-7 days, the ethanol content in the tapai continued
to increase, whereas after 7 days, the ethanol content in the tapai decreased.
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Figure 3. pH Test Results for the Three Substrates
Conclusions

The length of fermentation time and variations in substrate influence the physical properties,
organoleptic characteristics, and acidity level of cassava tapai, purple sweet potato, and kepok banana. On
the third day, the panelists preferred the tapai fermented food on taste and aroma. The increase in alcohol
level is directly proportional to the increased duration of fermentation. This also affects the resulting pH.
Variations in the appropriate dosage of yeast tapai still need to be studied. 2. It is necessary to study the
length of steaming time to control each substrate's maturity level.
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