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This study aimed to determine the effect of various types of tea solutions on 

the characteristics of Wong Tea. This study used a Randomized Block 

Design (RBD) of 4 treatments with various types of tea solutions with 4 

replications. The results showed that there were significant differences in the 

organoleptic quality including the taste, aroma, and color of Wong tea. The 

results of the research on pH, total acid, alcohol content, and total soluble 

solid showed no significant difference. The pH of Wong tea ranged from pH 

3.28 - pH 3.35, total soluble solid ranged from 13.90°Brix - 13.95°Brix, total 

acidity of Wong tea ranged from 1.58% - 1.72%. The alcohol content of 

Wong tea ranges from 0.33% - 0.41%. The results of this study also showed 

that there was a significant difference in antioxidant activity and phenol 

levels of Wong tea, i.e., the antioxidant capacity of Wong tea ranged from 

6.50% - 7.30%.  The components that act as antioxidants in Wong tea 

ingredients come from phenolic compounds. Phenol levels in Wong tea 

ranged from 125.80 mg% - 141.10 mg%. 
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1   Introduction 
 

Tea is a plant whose leaves can be used for beverage. Classification of tea is based on the tea leaves quality and 

processing. There are six types of tea, i.e., green tea, yellow tea, white tea, oolong tea, black tea, and dark tea 

(Sutarmi, 2005). This difference is based on the degree of oxidation of the polyphenols present in the tea. Tea 

obtained from processing tea leaves can be regarded as functional food because it has high antioxidants, 

hypocholesterolemic, and anti-obesity properties. The use of various tea leaves that contain antioxidants as a medium 

in brewing Wong tea has not been studied until now (Hopkins et al., 2000; Guo et al., 2014). Wong tea is one of the 

traditional Balinese tea beverages that has a distinctive sweet-and-sour taste and aroma. Wong tea is made from 

sugar water (sweet tea water) which is fermented using a starter from mushroom (Wong) wine. This mushroom 

(Wong) wine lives in sugar water to sustain its life and is usually kept in sweet tea water. This fermented water is 

consumed with the sweet tea water as the basic ingredient for fermentation. The resulting water solution is called 

Wong tea (mushroom tea). Fermentation will turn the sugar into alcohol and then the bacteria will turn the alcohol 

into acid. Then, the sweet tea water turns into a slightly sweet-sour taste. This mushroom tea is usually consumed by 

the people of Guwang Sukawati as their common beverage. Some research results show that lactic acid bacteria 

(LAB) grows maximally on fermented Wong tea in storage length of 6 - 9 days, i.e., reaching Total LAB as much as 

2.57 x 104  to 2.86 x 106 cfu/ml with a pH of 2.88 - 2.59 according to a study by Antarini et al. (2018); Sutarmi 

(2005), that LAB grows maximally in week I. Wong tea using tea solutions from various types of tea leaves is 

expected to produce functional properties, such as antioxidants, and will affect its consumer’s physical quality, 

organoleptic chemistry, and it has a potential as a probiotic beverage (Kung Jr et al., 2018; Tyagi et al., 2007). 

 

 

2   Research Methods 
 

This is an experimental study with an experimental design using a Randomized Block Design (RBD) with 4 

treatments and 4 replications. Then, organoleptic tests were carried out, and also analyzing pH, total soluble solid, 

alcohol content, antioxidant activity, and phenol content of Wong tea. Analysis of pH was using a pH meter, total 

acid content was using titration, total soluble solid was using a refractometer, alcohol content was using an 

alcoholmeter Apriantono et al. (1989), antioxidant activity was using the DPPH method, and phenol levels was using 

spectrophotometry. Processing and analyzing data were performed with variance (Gaspersz, 1995). This study 

consisted of 4 treatments, i.e., using various the following types of tea, P1: Black tea (brand x), P2: Black tea (brand 

y), P3: Oolong tea, P4: Green tea. The ingredients used in making Wong tea are tuak (palm wine) drinks taken from 

palm wine producers in the Guwang village, Sukawati, Gianyar. A solution of tea water (from various brands of tea 

brewed with hot water) was added with sugar, while some chemicals were also used, such as citrate phosphate 

buffer, 70% ethanol, Folinciaocalteau, Na2CO3, ml 0.1 mM DPPH solution. The tools used in making Wong tea are 

stoves, pans, and jars. For chemical analysis, the tools are pH meters, test tubes, measuring cups, vortex mixers, 

Erlenmeyer, cuvettes, and spectrophotometers (Kaur et al., 2019; Ilango & Antony, 2021). 

The procedure for making Wong tea Drink in this study was: a. 3 grams of various types of tea leaves were 

brewed in 1000 ml of hot water for 3 minutes. Then, 15% w/v granulated sugar was added and stirred until the sugar 

completely melted; b. After the tea water cooled down to a temperature of 30°C (room temperature), then 8%w/v of 

nata Wong (mushroom) was added as a starter; c. The solution was fermented for 6 days; d. Then, organoleptic and 

chemical tests were performed on this Wong tea solution. The organoleptic test was carried out by a moderately 

trained panel of 30 people, i.e., the Guwang Sukawati village community who were familiar and used to consume 

Wong tea with 5 hedonic scales.  Degree of Acidity (pH) was analyzed by using a pH meter (Sudarmadji et al., 

1997). Total soluble solid was analyzed by using Refractometer; Alcohol Level was analyzed by using 

Alcoholmeter; Total Acid Level was analyzed by using titration; Antioxidant activity was analyzed by DPPH method 

and phenol content by spectrophotometer. The data obtained were presented in the form of tables, graphs, and 

images which were then processed using a computer software program with statistical analysis of variance. If 

different results were obtained, the Least Significant Difference Test (BNT) followed (Gaspersz, 1995). 
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3   Results and Discussions 
 

Research results 

Nutritional and chemical characteristics of Wong tea 

 

The nutritional characteristics, i.e., antioxidant activity and phenol levels, in Wong tea showed significant differences 

(P≤0.05). The average value of the nutritional characteristics analysis can be seen in table 1. 

 

Table 1 

Average value of nutritional characteristics analysis in Wong tea 

 

Treatment Average Value 

 Antioxidant activity 100 ppm (%) IC 50 (ppm) Phenol levels (mg/100) 

P1 6.50a 1047a 125.80a 

P2 6.40ab 9538.90ab 129.80a 

P3 5.20a 11380a 135.20a 

P4 7.80a 7142.60c 141.10ab 

Note: different letters behind the average value indicate a significant difference with a 5% test level. 

 

Antioxidant activity 

 

The results of the analysis of variance showed that the type of tea had a very significant effect (P<0.05) on the 

antioxidant capacity of Wong tea. Table 1 shows the antioxidant capacity of Wong tea ranging from 5.20% to 7.80%. 

The highest antioxidant capacity was obtained from Wong tea in treatment P4 (green tea), which was 7.80%, with 

the lowest antioxidant capacity found in Wong tea in treatment P3 (black tea), which was 5.20%. Phenol levels and 

antioxidant activity have a positive correlation, the higher the phenol content, the higher the antioxidant capacity in 

tea. For more details, the average value of antioxidant activity can be seen in Figure 1. 

 

 
Figure 1. The antioxidant activity of Wong tea 

 

Phenol levels 

 

The results of the analysis of variance showed that the type of tea had a very significant effect (P<0.05) on the 

phenol levels of Wong tea. Table 1 shows the phenol levels of Wong tea were ranging from 125.80 mg% to 141.10 

mg%. The highest phenol level was obtained from Wong tea in treatment P4 which was 141.10 mg% with the lowest 

phenol content found in Wong tea in treatment P1 which was 125.80 mg%. The results of the determination of the 

total phenol levels were positively correlated with its antioxidant activity. For more details, the average value of 

phenol levels can be seen in Figure 2.  
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Figure 2. Phenol levels of Wong tea 

 

Chemical analysis carried out on Wong tea were analyses of pH, total acid, total soluble solids, alcohol content, 

antioxidant capacity, and phenol content. Based on Table 2, the results showed that the pH, TSS, and total acid of 

Wong tea with the use of different types of tea resulted in insignificant differences (P > 0.05). 

 

Table 2 

Average value analysis of chemical characteristics in Wong tea 

 

Treatment Average Value 

 pH TSS (Brix) Total Acid (%) Alcohol Level (%) 

P1 3.34a 13.95a 1.68a 0.40a 

P2 3.35a 13.90a 1.72a 0.33a 

P3 3.28a 13.95a 1.58a 0.40a 

P4 3.28a 13.95a 1.65a 0.41a 

 

Degree of acidity (pH) in Wong tea 

 

The degree of acidity (pH) in Wong tea is based on the use of the type of tea, i.e., pH 3.28 - pH 3.35 after 6 days of 

fermentation. The results of the analysis of variance showed the use of various types of tea on the pH of Wong tea 

was not significant (P>0.05). The pH of Wong tea can be seen in Table 2. 

 

 
Figure 3. The degree of acidity of Wong tea 
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TSS/Total soluble solids 

 

The results of the analysis of variance showed the use of various types of tea on the total soluble solid of Wong tea 

was not significant (P>0.05). Based on Table 2, the results of Wong tea TSS with the use of different types of tea 

resulted in insignificant differences. The results showed that the total soluble solids ranged from 13.90oBrix - 

13.95oBrix. Total soluble solids can be used to interpret the amount of sugar contained in Wong tea. For more 

details, the Average Value of total soluble solids can be seen in Figure 4. 

 

 
Figure 4. Total soluble solids in Wong tea 

 

Total acid 

 

The results of the analysis of variance showed that various types of tea had no significant effect at the 5% test level 

on the Total Acid content of Wong tea. Table 2 shows the Total Acid of Wong tea ranged from 1.58% - 1.72%. The 

highest total acid was obtained from Wong tea made from P2 tea, which was 1.1.72%, while the lowest total acid 

was obtained from P3 tea, which was 1.58%. For more details, the Average Value of Total Acid can be seen in 

Figure 5. 

 
Figure 5. Total acid level in Wong tea 

 

Alcohol level 

 

The results of the analysis of variance showed that various types of tea had no significant effect on the 5% test level 

on the Alcohol Level of Wong tea. Table 2 shows the Alcohol Level of Wong tea ranged from 0.33% - 0.41%. For 

more details, Average Value Alcohol Level in Wong tea can be seen in Figure 6. 
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Figure 6. Alcohol level in Wong tea 

 

Microbial characteristics 

Total microbes 

 

The results of the analysis of variance showed that various types of tea had no significant effect at the 5% test level 

on the total microbes of Wong tea. For more details, the Total Plate Count (TPC) of Wong tea can be seen in Table 

3. 

 

Table 3 

Average value analysis of microbial characteristics 

 

Treatment Average Value 

 Total Microbes (cfu/g) Total LAB (cfu/g) 

P1 832.50a 9550a 

P2 1167.50a 5800a 

P3 6000a 11525a 

P4 32950a 51025a 

Note: different letters behind the Average Value indicate a significant difference with a 5% test 

level. 

 

Total Microbes are expressed in Total Plate Count (TPC) on Wong tea products. The study showed that total 

microbes in Wong tea ranged from 8.3 x 102 to 3.3 x 104 cfu/g. 

 

 
Figure 7. Total microbes in Wong tea 
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Total lactic acid bacteria (LAB) 

 

The results of the analysis of variance showed that various types of tea had no significant effect at the 5% test level 

on LAB in Wong tea. Total LAB in Wong tea products ranges from 5.8 x 103 to 5.1 x 104 cfu/g. For more details, 

Wong tea's Total LAB can be seen in Table 3 and the Average Value of total LAB can be seen in Figure 8.  

 

 
Figure 8.  Total LAB in Wong tea 

 

Organoleptic characteristics of Wong tea 

 

The organoleptic test of Wong tea includes taste, aroma, color, and also the overall acceptance with a preference test 

(hedonic test) with 5 hedonic scales. For hedonic quality on taste quality and aroma quality were using 3 hedonic 

quality scales. Organoleptic assessment was performed by a total of 25 panelists who are familiar with Wong tea 

products. Based on the results of the analysis of variance on organoleptic tests for taste, aroma, color, and also the 

overall acceptance, color quality, taste quality, and aroma quality in Wong tea, there was a significant difference (P < 

0.05). For more details, Wong tea's Organoleptic Test with 4 treatments can be seen in Figure 9. 

 

 
Figure 9. Organoleptic Test for Wong tea 

 

Discussion 

 

Antioxidants are compounds that protect cells from the harmful effects of reactive oxygen free radicals when 

associated with disease. These free radicals can come from the body's metabolism or other external factors. Protein 

lipids and DNA from healthy human cells are good sources of electron pairs. Oxidative conditions can cause protein 
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and DNA damage, cancer, aging, and other diseases. Chemical components that act as antioxidants are phenolic and 

polyphenolic compounds. These compounds are widely found in nature, especially in plants and have the ability to 

capture free radicals. Antioxidants are found in many foodstuffs, including vitamins E and C and carotenoids (Ruslin 

et al., 2021). 

The results of the study on antioxidant activity showed that Wong tea from 4 treatments had the highest 

antioxidant activity at treatment P4 (7.8%) and the lowest at P3 (5.2%). The effectiveness of a sample to scavenge 

free radicals from the DPPH method is named IC50. The definition of IC50 is a concentration that can reduce 50% of 

DPPH free radicals. The smaller the IC50 value, the greater the antioxidant activity. The results of this study 

obtained IC50 values of 1047 ppm - 11380 ppm. This was caused by heating during brewing or beverage processing. 

A substance can be said to be a strong antioxidant if it has an IC50 value of less than 200 ppm. Heating can 

accelerate the oxidation of antioxidants contained in a material. Oxidation results in decreased antioxidant activity 

with different levels which are influenced by the type of antioxidant components in the material (Hastuti, 2014; 

Simanjuntak et al., 2016). The components that act as antioxidants in Wong tea drink are derived from phenolic 

compounds. Phenol levels in Wong tea ranged from 125.80 mg% - 141.10 mg%. Green tea contains more phenol 

levels than black tea (Fessard et al., 2017). 

The degree of acidity (pH) is one of the intrinsic factors of food ingredients that can affect microbial growth. 

Based on this study, it is known that the pH of Wong tea ranges from pH 3.28 - pH 3.35 which does not significantly 

affect the 5% test level on the pH of Wong tea. This happens because the fermentation of Wong tea synthesizes sugar 

into cellulose and triggers the formation of acetic acid and lactic acid so that it decreases to a pH of 3.0-2.0. Based on 

the pH range, these bacteria are classified as acidophilic bacteria, i.e., a group of microorganisms that can grow well 

at a pH of 2.0-5.0. In general, the higher the acid content of a material, the lower the pH value. The decrease in the 

pH of Wong tea is thought to be caused by an increase in the concentration of acidic substances during the 

fermentation process (Simanjuntak et al., 2016). The decrease in pH occurs because during the fermentation process, 

yeast and bacteria synthesize sucrose into organic acids such as acetic acid and gluconic acid and several other 

organic acids, and the increased concentration of these organic acids results in a decrease in pH in the fermentation 

medium. This is due to the accumulation of acids and an increase in the number of H+ protons as a result of the 

metabolism of bacteria and yeasts in the medium (Agestiawan et al., 2014; Coton et al., 2017). 

Total soluble solids can be used to interpret the amount of sugar contained in the material, in this case sugar. The 

average TSS of Wong tea showed no significant difference. Based on the results of this study, because it used a sugar 

content of 15% and was fermented for 6 days, the longer the fermentation time the sugar content decreases. This is 

because the fermentation process converts glucose into ethanol and CO2, and reacts with water to form carbonic 

acid. This is presumably because the longer the fermentation time, the sugar contained in kombucha will be 

overhauled by bacteria and yeast into organic acids. Kombucha products contain yeast and bacteria that metabolize 

sucrose to produce organic acids such as acetic acid and gluconic acid (Sreeramulu et al., 2000). This is in line with a 

previous study which stated that the total acid content increased with the length of fermentation time in seaweed 

kombucha. Naland (2004), further states that kombucha tea produces organic acids, including glucuronic acid, acetic 

acid, gluconic acid, chondroitin sulfate acid, hyaluronic acid, hyaluronidase acid, and amino acids (Huang et al., 

2014; Kraujalytė et al., 2016). 

The alcohol level of Wong tea occurs due to the breakdown of sugar by a symbiosis of bacteria and yeast that 

remodeled the sugar in Wong tea into ethanol and other compounds with increasing fermentation time and this 

process is known as alcoholic fermentation, which is an anaerobic process (Simanjuntak et al., 2016; Hasanah et al., 

2012). The average value of Alcohol Level in Wong tea with fermentation time of 6 days ranged from 0.33% - 

0.41%. The formation of alcohol is not only influenced by the presence of sugar, but also substrate conditions such 

as substrate type, pH, temperature, number of starters, and fermentation conditions. A study by Caturyanti et al. 

stated that the microbial composition used in cider fermentation affects the quality of the cider produced such as 

Alcohol Level, sugar content, and sensory assessment (Karak & Bhagat, 2010; Wong et al., 2018). 

Microbes need sugar as a carbon source. Sugar in the media will be used by microbes as nutrients, which will 

then be converted into alcohol, CO2, and carbonic acid (Silaban, 2005; Purnami et al., 2018). According to Wistiana 

& Zubaidah (2015), study it can be explained that the longer the fermentation, the lower the total sugar. This is 

because sugar is used as a substrate by kombucha culture so that at the end of the fermentation process, alcohol, 

organic acids, and other metabolites are produced. The decrease in sugar during fermentation is not only caused by 

the activity of yeast in the metabolism of sugar into alcohol, but also by the activity of Acetobacter which 

metabolizes glucose into gluconic acid (Desmazeaud, 1996; Dufresne & Farnworth, 2000; Febrianti et al., 2016; 

Vitas et al., 2018). 
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Total Acid value is inversely proportional to the pH value in fermentation. The higher the Total Acid value, the 

lower the fermentation pH, and vice versa. Based on the results of this study, the Average Values of Total Acid from 

the treatment of various types of tea can be seen in Figure 15. Total Acid in Wong tea determines the taste of the tea. 

Different types of tea also affect the Total Acid levels in Wong tea. The higher the Total Acid, the lower the pH. This 

is because the fermentation process produces organic acids resulting in sour taste. The duration of fermentation has 

an effect on increasing the Total Acid content of Wong tea. This is because during fermentation, organic acids are 

produced. The formation of organic acids such as lactic acid in fermentation products is caused by the breakdown of 

glucose into lactic acid. Lactic acid produced by LAB is excreted out of cells and accumulates in the fermentation 

liquid so that it increases total acid levels (Dutta & Paul, 2019). This is in line with a previous study which stated that 

the total acid content increased with the length of fermentation time in seaweed kombucha. Microbes form energy 

from carbohydrates, proteins, fats, minerals, and other nutrients in food (substrate). The types of microbes are also 

similar. What microbes need to have is that they must be able to grow on the substrate and easily adapt to their 

environment. Microbes must also be able to secrete important enzymes that can carry out the desired chemical 

changes (Hariyani et al., 2022; Suárez & Limonta, 2020).  

Based on this study, it is known that the total microbes in Wong tea ranged from 8.3 x 102 to 3.3 x 104 cfu/g 

which was fermented for 6 days. The presence of substances in each type of tea leaf used in making Wong tea is 

thought to be due to the presence of soluble solids in Wong tea such as sugar, amino acids, and caffeine. The 

substances in tea are used as a source of nutrition and energy so that microbial growth increases. Antarini et al. 

(2017), study found that in Wong tea, the longer the fermentation will increase the total number of microbes. Then, 

there will be a decrease in fermentation for 9 days and 12 days. The longer the fermentation, the microbial growth 

will be inhibited and decrease. From the results obtained, it shows that the microbial decrease in each Wong tea is 

different. This is influenced by the content of phenolic compounds formed during fermentation which are 

antimicrobial, and causing microbial growth to be inhibited and to decrease (Wistiana & Zubaidah, 2015).  

Lactic acid bacteria are defined as a group of bacteria that form lactic acid, either as the sole product or as the 

main product of carbohydrate metabolism. Some of the characteristics possessed by lactic acid bacteria are Gram 

positive, do not form spores, are round or rod-shaped, and generally do not have catalase. From the analysis of Wong 

tea, Wong tea was identified to have LAB, which was indicated by Gram positive and negative catalase test. Figure 

19 shows that there is a significant difference in the total LAB of Wong tea with the use of different types of tea 

(Bawole et al., 2018; Khezri et al., 2016; Korhenen, 2010). The total LAB produced in Wong tea ranged from 5.8 x 

103 to 5.1 x 104 cfu/g. This was influenced by the environment of Wong tea during fermentation. The process 

produced alcohol so that it could inhibit microbial growth. The results of this study showed that LAB isolates of 

Wong tea have Gram positive identification, were in the form of bacilli, and these bacteria had negative catalase 

properties. The increase in LAB is due to the use of sugar, and the decrease is also due to the fact that during the 

kombucha fermentation process it produces organic acids, alcohol, and other substances that inhibit LAB growth 

(Wistiana & Zubaidah, 2015). The substances in Wong tea are used as a source of nutrition and energy so that LAB 

growth increases. The longer the fermentation, the growth of LAB will be inhibited and decrease. Antarini et al. 

(2017), study shows that the longer fermentation of Wong tea will increase the total amount of LAB. Then, there will 

be a decrease in fermentation for 9 days and 12 days. The longer the fermentation, the microbial growth will be 

inhibited and decrease (Reddy et al., 2015). 

Panelists' assessment of the different flavors of Wong tea has an Average Value of 3.45 - 4.68 (neutral - very 

like), and the quality of taste has an Average Value of 1.98 - 2.27 (slightly sour - sour). Research Habibah et al. 

(2018), shows that the increase in sour taste is caused by microbial activity in the fermentation process and the 

increase in the amount of organic acids resulting in sour-tasting drinks. A study shows that the sour taste of the 

product is caused by the long fermentation time, which causes the pH to be lower so that the resulting taste will be 

more acidic (Simanjuntak et al., 2016). This is because yeast and bacteria metabolize sucrose and produce a number 

of organic acids such as acetic acid, glucuronic acid and gluconic acid (Sujaya et al., 2008; Nur et al., 2015; Nuryadi 

et al., 2013; Suardana et al., 2007).  

Panelists' assessment of the different aromas of Wong tea has an Average Value of 2.97 -3.40 (neutral-like), the 

quality of the aroma has an Average Value of 1.48 - 2.31 (not sour - slightly sour). As study shows that the aroma 

contained in tea is caused by the presence of organic acids and the aroma caused by the tea itself (Purnami et al., 

2018). The aroma of tea is also caused by volatile compounds such as alcohol, acetic acid, and organic acids that are 

formed, giving rise to a distinctive sour aroma. A previous study shows that the longer the fermentation, the more 

acidic the aroma produced in the tea (Habibah et al., 2018). This is due to the lactic acid and acetaldehyde produced 
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cause a decrease in the pH of the fermentation medium or an increase in acidity and cause a distinctive sour aroma in 

the tea.  

Panelists' assessment of the different colors of Wong tea has an Average Value of 3.46 - 4.27 (neutral - like), 

while color quality has an Average Value of 1.36 - 2.94 (pale yellow - brownish yellow). A study shows that tea 

contains biochemical bonds, i.e., polyphenols (Taufik et al., 2014). Polyphenol compounds will turn into compounds 

that produce the desired color, taste, and aroma. The main product of polyphenol oxidation will give a distinctive 

color to tea brewing. Polyphenols are oxidized to theaflavins and thearubigins. Theaflavin affects the clarity and 

gives a bright yellow color to the brewed tea, while thearubigin gives the dark brown color to the brewed tea (Srihari 

& Satyanarayana, 2012; Yoon et al., 2004). 

 

 

4   Conclusion and Recommendations 
 

Based on the results of data analysis and discussion, it can be concluded that the results of the study are as follows: 

(1) Organoleptic characteristics of Wong tea based on different types of tea on organoleptic panelists' assessment of 

taste, aroma, color, and overall acceptance as well as taste quality, aroma quality, and color quality showed 

significantly different results; (2) Chemical characteristics, including degree of acidity (pH), total soluble solids, 

Total Acid, and Alcohol Level in Wong tea, showed no significant difference, while antioxidant activity and phenol 

levels showed significant differences between treatment groups; (3) Microbial characteristics, including total 

microbial and total LAB of Wong tea, showed no significant difference. The recommendations from this study are as 

follows: (1) To get the preferred Wong tea, the type of tea in Treatment 2 can be used and the Wong tea storage area 

can be conditioned in a stable and cool temperature and humidity; (2) For future research, further identification and 

selection of LAB for probiotic beverage candidates can be carried out. 
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