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Abstract: Functional foods containing bacteria that may improve digestive function are called probiotic
beverages. The fruit is rich in vitamins, minerals, antioxidants, and bioactive substances that benefit the body's
health. Therefore, it can be used to make non-dairy probiotic drinks. Kintamani is a province in Bali that
produces fruit, namely Siam oranges. In 2021, citrus fruit production in Kintamani, Bangli, is the second
highest, at 104,528 per ton. However, there are still damaged fruits due to poor post-harvest processing and
management. Orange peel is one of the citrus wastes that is not utilized, but this waste can still be processed into
food with good nutritional value. The skin of Siam oranges contains secondary metabolites composed mainly of
flavonoids, phenols, steroids, and triterpenoids. Furthermore, the Kintamani orange peel has better antioxidant
potential than its seeds. Metabolites derived from Siam Kintamani orange peel have the potential to be used as
probiotic beverages. A SCOBY (Symbiotic Culture of Bacteria and Yeasts) starter produces Siam orange peel
probiotic drink. SCOBY s a gel layer formed from a mixture of bacteria and yeast. The desired outcome of this
study was to assess the total acid, degree of acidity, pH, vitamin C, and total reducing sugar of Siam Kintamani
orange peel as a result of fermented probiotic drinks. This is an experimental study with an entirely randomized
approach. The treatment in this study was a variation in fermentation length, including several days (0, 3, 6, 9,
12, 15, and 18 days), with 4 repetitions. ANOVA was used to analyze the data, followed by a multiple-range test
based on Duncan's equation, the fermentation time had a substantial impact on the total acid, pH, vitamin C, and
total flavonoids of the Siam Kintamani orange peel probiotic drink (Citrus nobilis) (p<0.05). The time of the
fermentation process influences the entire amount of acid, pH, vitamin C levels, and quantity of flavonoids in
the Siam Kintamani orange peel probiotic drink. The longer the fermentation process, the more the total acid
value increases while the pH decreases. The highest content of vitamin C and total flavonoids was produced on
the ninth day of fermentation, at 70455.33 mg/100 ml and 25.46 mg QE/100 g, respectively.
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INTRODUCTION

The growing public interest in improving
health and well-being requires the food industry to
produce natural-based food products. Along with this,
the challenge for the food industry is to develop food
made from new raw materials that have a variety of
phytochemical content and are beneficial to health.
One of the beverage products currently being
developed is probiotic food and drink. Probiotic
beverages are functional foods with beneficial
bacteria that can help digestive health [1].

Most probiotic drinks produced are made from
milk and its derivatives. However, there are still many
people who cannot consume probiotics. They have a
history of milk allergies and lactose intolerance.
Currently, what is being developed is a new approach
to probiotics, which is a fruit-based, non-dairy drink
[2]. Fruit has refreshing benefits and contains many
nutrients for health. As a result, it is extensively
utilized as a component in non-dairy probiotic
beverages. Fruit-based beverages are a good supply of
vitamins, minerals, antioxidants, and bioactive
substances that have compounds beneficial to the
body's health. The fermentation process during the

production of fruit probiotic drinks can increase the
shelf life of drinks, improve the nutritional and
functional characteristics, and benefit health [3].
Fruits used as probiotic drinks are soursop juice,
Balinese salak, guava, pineapple, and others.

Kintamani is a province in Bali that produces
fruit, namely Siam oranges. In 2021, citrus fruit
production in Kintamani, Bangli, is the second
highest, 104.528 per tonne [4]. However, there are
still damaged fruits due to improper processing and
poor post-harvest management. In addition, types of
organic waste that are not utilized in processed
oranges include peels, pulp, and seeds [5].
Meanwhile, the waste can still be processed into food
with good nutritional value. The utilization of waste
on Siam oranges has been developed by utilizing
Siam Kintamani orange peels as tea bags [6].

Siam Kintamani orange peel contains
secondary metabolites such as flavonoids, phenols,
steroids, and triterpenoids. The content of metabolite
compounds in Siam orange peel has the potential to
be used as a probiotic drink. In this study, the
manufacture of a probiotic drink from Siam orange
peel was carried out by a fermentation process using a
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SCOBY (Symbiotic Culture of Bacteria and Yeasts)
starter. SCOBY is a gel layer formed from a mixture
of bacteria and yeast that live in the same colony.
Bacteria present in SCOBY include acidic bacteria
such as Komagataeibacter, Gluconobacter, and
Acetobacter) [7], lactic acid bacteria such as
Lactobacillus, Lactococcus) [8], and yeasts such as
Schizosaccharomyces  pombe,  Saccharomycodes
ludwigii, Kloeckera apiculata, and Saccharomyces
cerevisiae [9]. The presence of microbes that play a
role in the beverage fermentation process can change
the nature of the material so that it will produce
fermented products that can be useful [10].

Secondary metabolites in Siam Kintamani
orange peel include flavonoids, phenols, steroids, and
triterpenoids. Siam orange peel contains metabolite
chemicals that can be utilized as a probiotic drink. In
this work, a probiotic drink was made from Siam
orange peel utilizing a fermentation procedure and a
SCOBY (Symbiotic Culture of Bacteria and Yeasts)
starter. SCOBY is a gel layer generated by bacteria
and yeast living in the same colony. Acidic bacteria
such as Komagataeibacter, Gluconobacter, and
Acetobacter) [7], lactic acid bacteria such as
Lactobacillus, Lactococcus) [8]. Moreover, yeasts
such as Schizosaccharomyces pombe,
Saccharomycodes ludwigii, Kloeckera apiculata, and
Saccharomyces cerevisiae [9] are all found in
SCOBY. The presence of microbial organisms that
play a part in the beverage fermentation process might
alter the character of the material, resulting in
valuable fermented products [10].

The Siam Kintamani orange peel has been
used as a natural pesticide, antifungal, and tea. Very
few companies develop probiotic drinks based on
local natural product waste. This study aimed to
examine the chemical properties of fermented
probiotic beverages such as entirety acid, grade of
acidity (pH), vitamin C, and flavonoids of Siam
Kintamani orange peel (Citrus nobilis).

RESEARCH METHODS

This is an experimental study that uses a fully
randomized design. In this investigation, the treatment
varied fermentation duration, specifically 0 days, 3
days, 6 days, 9 days, 12 days, 15 days, and 18 days,
with 4 repeats.

Production of Siam Kintamani
Probiotic Drink

A total of 1000 ml of water was pasteurized for
15 minutes at 80°C, then added 10% (w/v) granulated
sugar until dissolved, added 2.5% (w/v). Siam orange
peel juice, and allow to stand for 5 minutes while
stirring. Then it is cooled to 37°C, and the SCOBY
starter is put into the Siam orange peel drink, tied
tightly using a sterile napkin, and left to stand at room
temperature. In Siam orange peel juice, a cellulose
layer will form, and this layer will be separated from
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the fruit juice. Siam orange peel extract is fermented
for 18 days and harvested every 3 days by taking
SCOBY and filtering it. Furthermore, the probiotic
drinks were subjected to chemical tests.

Total Acid Test

To perform the total acid test, the probiotic
drink sample was taken in as much as 10 mL and put
into an Erlenmeyer flask to be titrated with 0.1 N
NaOH. The indicator used was phenolphthalein 1%,
with a color change from colorless to pink.

pH Test

pH testing was carried out using a standardized
pH meter using a buffer solution at pH 4.01 and 6.86.
+ 20 mL of drink samples were prepared, and the pH
meter was dipped into the probiotic drink. The pH
meter is set aside until it shows a stable number [11].

Test Vitamin C Levels

A reagent solution was prepared by mixing
500 ml of 0.6 M sulfuric acid with 5.322 g of sodium
phosphate and 2.471 g of ammonium molybdate. 3 ml
of reagent was mixed with 0.3 beverage samples and
incubated at 95°C for 90 minutes in a water bath.
After incubation, it was cooled in water for 5 minutes
before absorbance was measured at 695 nm. Results
are expressed as ascorbic acid equivalents in mg/g
[12].

Flavonoid Total Test

Determining total flavonoids using a
spectrophotometer with the AICI; method refers to
[13]. According to the procedure, 0.01 g of extract
was diluted into 5 ml of phosphate buffer citrate. In
total, 4 ml of distilled water and 0.3 ml of NaNO2
solution (10%) were added to 1 ml of the sample.
After adding 0.3 ml of AICI; solution (10%) and 2 ml
of NaOH solution (1%), it was then incubated for 5
minutes. After that, it was examined right away using
a spectrophotometer at a wavelength of 510 nm. The
flavonoid concentration in the test sample was
calculated as C x V x FP W 37 from a calibration
standard prepared using quercetin and expressed as
quercetin equivalent in mg QE/g extract.

Data analysis

Analysis of variance (ANOVA) will be used to
examine the findings of this study [14]. Do the
Duncan's Multiple Range Test (DMRT) if the findings
indicate a difference (p < 0.05).

RESULTS AND DISCUSSION
Total Acid and pH of Probiotic Drink Siam
Kintamani Orange Peel (Citrus nobilis)

It takes 18 days for the Siam Kintamani orange
peel probiotic drink to ferment. The total acid and pH
test results are shown in Table 1 below.
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Table 1. Total Acid and pH Test Results, Probiotic

Beverages Siam Kintamani Orange Peel (Citrus

nobilis)
Fermentation Total acid pH

Day (%)

0 30.47 £ 0.09a 4.15 = 0.05g
3rd 35.48 £ 0.07b 3.55 + 0.05f
Bt 38.38+0.01c 3.30 £ 0.08e
ot 39.24 +0.01d 3.05+0.15d
12t 44.45 £ 0.05e 2.77 £ 0.05¢c
15" 47.14 + 0.03f 2.55+0.12b
18" 52.06 + 0.04g 2.12 + 0.15a

Description: Different letters on treatment showed
significantly different results (p < 0.05).

It is common for fermented beverages to
undergo changes in chemical characteristics, such as
total acid, during fermentation. The time of
fermentation significantly influences the total acid of
the Siam Kintamani orange peel probiotic drink (p <
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formed, which might induce a pH fall [19]. The pH
decreased significantly from 4.15 to 3.55 during days
0 and 3 of fermentation. Because of the length of the
fermentation, the microorganisms in the probiotic
beverages are in the adaption and logarithmic phases.
Microbes experience rapid development during the
logarithmic phase by converting the nutrients in
probiotic beverages into lactic acid and other organic
acids, reducing pH [20]. As a result, the longer the
fermentation process, the sourer the drink's taste.

Flavonoid Total Test and Vitamin C Levels of
Probiotic Drink Siam Kintamani Orange Peel
(Citrus nobilis)

The results of the vitamin C and flavonoid tests
of the probiotic drink from the Siam Kintamani
orange peel are shown in Table 2 below.

Table 2. Test Results for Flavonoids and Vitamin C
for Probiotic Beverages Siam Kintamani Orange Peels
(Citrus nobilis)

0.05), as shown in Table 1. The presence of this
substance in the form of acid will give probiotic
drinks a particular flavor. During the fermenting

phase, the total acid generated by the probiotic drink
is made from Siam Kintamani orange peel. On
fermentation days 0, 3, 9, and 12, the percentages
were 30.47%, 35.48%, 38.38%, and 39.24%,
respectively. On the 12%, 15" and 18" days of
fermentation, total acids of 44.45%, 47.14%, and
52.06% were generated. The larger increase in acid is

Fermentation Total of Vitamin C
Day Flavonoid (mg/100 ml)
(mg QE / 1009)

0 15.44 + 0.02a 50789.41 + 0.47a
3 21.84 +0.02b 51687.33 + 0.06b
6 22.59 + 0.04c 55713.41 £ 0.08c
gth 25.46 £ 0.02g 70455.33 +0.12d
12t 24.85 + 0.04f 48074.51 + 0.20e
15t 24.50 + 0.24e 43672.94 + 0.03f
18t 23.85 +0.03d 42242.90 + 0.06g

assumed to be due to the bacteria in the probiotic
drink going through a logarithmic growth phase.

In contrast, the bacteria synthesizing alcohol
become more acidic, increasing the overall acid
generated [15]. In addition to the duration of the
fermentation period, the lactic acid bacteria present in
probiotic beverages will have plenty of time to
overhaul the nutrients in the substrate, allowing for
the buildup of organic acids such as lactic acid in high
quantities in probiotic drinks [16]. This causes the
average total acid in the Kintamani Siam orange peel
probiotic drink to rise as the fermentation process
progresses. This, however, affects the pH of the drink.
The more lactic acid the drink creates, the more H*
ions will be released. This is because lactic acid is
broken down into H* ions during fermentation,
causing the pH of probiotic beverages to decrease
[17].

The average pH value of the Siam Kintamani
orange peel probiotic drink declined until the 18" day
of fermentation, according to the data in Table 1. The
fermentation period significantly affected the pH of
the probiotic drink (p < 0.05), and the first day of
fermentation had the highest average pH value of
4.15. The lowest average pH value recorded was 2.12
on the 18" day of fermentation. The pH will fall as the
fermentation process continues. This is due to lactic
acid bacteria breaking down carbohydrates into lactic
acid [18]. Bacterial activity occurs, and acids are

Description: Different letters on treatment showed
significantly different results (p < 0.05).

Flavonoids are a kind of secondary metabolite
generated by plants that function in free radical
capture [21]. According to the research findings, total
flavonoids rose until the ninth day of fermentation,
ranging from 15.44 mg QE / 100g to 25.46 mg QE /
100g, as shown in Table 2. Polyphenolic chemicals in
Siam orange peels are biodegraded into more simple
molecules, and enzymes released by yeast and
bacteria in SCOBY can boost flavonoid levels [22].
Furthermore, a rise in the quantity of phenolic
compounds might occur due to sugar hydrolysis by
yeast and enzymes produced by lactic acid bacteria
during fermentation [23]. Total flavonoids began to
decrease after the ninth day of fermentation. The
flavonoids varied from 24.85 mg QE / 100g to 23.85
mg QE / 100g from the 12" to the 18" day of
fermentation.

Vitamin C is a metabolic product and a natural
antioxidant in probiotic drinks. According to the data
in Table 1, vitamin C levels in the probiotic drink
made from Siam Kintamani orange peel increased
from 0 to the ninth day of fermentation. The optimal
vitamin C concentration was 70455.33 mg/100 ml on
the 9" day of fermentation and declined to 48074.51
mg/100 ml on the 12" day of fermentation until the
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18™. Unstable vitamin C content in probiotic drinks
can be caused by a too-acidic pH, which can reduce
vitamin C content [24]. Vitamin C is stable in acidic
conditions with a pH range of 3-6 [25].

In  fermented beverages, Saccharomyces
cerevisiae is involved in converting glucose to
alcohol. If no oxygen is present, this facultative
anaerobic bacterium will create ethanol as the ultimate
result of a fermented beverage. These organisms,
however, will convert sucrose to water and carbon
dioxide if oxygen is available. Ascorbic acid (Vitamin
C) is formed when carbon dioxide reacts with water.
Because the bacteria have run out of food, the longer
the fermentation lasts, the more the sugar content is
reduced, leading the vitamin C level to decline after
reaching the optimal point [26].

CONCLUSION

The time of the fermentation process
influences the total acid, pH, vitamin C levels, and
total flavonoids of the Siam Kintamani orange peel
probiotic drink. The total acid value increases as the
fermentation process continues, but the pH lowers.
The maximum levels of vitamin C and total
flavonoids were formed on the ninth day of
fermentation, with 70455.33 mg/100 ml and 25.46 mg
QE/100g, respectively.

ACKNOWLEDGMENTS

The researcher would like to thank the
Ministry of Education, Culture, Research, and
Technology for the research funding and all those
who supported this research.

REFERENCES

[1] Dewi, A. S., Atifah, Y., Farma, S. A., Yuniarti,
E., & Fadhilla, R. (2021). Pentingnya
Konsumsi Probiotik untuk Saluran Pencernaan
dan Kaitannya dengan Sistem Kekebalan
Tubuh  Manusia.  In Prosiding  Seminar
Nasional Biologi. 1 (1), 149-156.

[2] Nagpal, R., Kumar, A., & Kumar, M. (2012).
Fortification and fermentation of fruit juices
with  probiotic  lactobacilli. Annals  of
microbiology, 62, 1573-1578.

[3] \alero-Cases, E., Cerda-Bernard, D., Pastor,
JJ. and Frutos, M.J. (2020) Non-Dairy
Fermented Beverages as Potential Carriers to
Ensure Probiotics, Prebiotics, and Bioactive
Compounds Arrival to the Gut and Their
Health  Benefits.  Nutrients, 12, 666.
https://doi.org/10.3390/nu12061666

[4] BPS. 2021. Produksi Buah Jeruk Provinsi Bali
Menurut Kabupaten/Kota (Ton) 2019-2021
[Internet]. [cited 30 March 2023]. Available
from :
https://bali.bps.go.id/indicator/55/200/1/produk
si-buah-jeruk-provinsi-bali-menurut-
kabupaten-kota.html

[6] Kristiandi, K. and Sambas, P. N. (2020).

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

ISSN 1907-1744 (Print)
ISSN 2460-1500 (Online)

Pemanfaatan kulit jeruk siam sebagai pestisida
alami utilization of siam orange skin as a
natural pesticide, 6(2), pp. 46-52.

Teknologi Pertanian Universitas udayana.
(2022) [Internet]. [cited 30 March 2023]
Available from :
https://www.unud.ac.id/in/berita-fakultas894-
Tangani-Over-Produksi-Saat-Panen-Raya-
Prodi-Teknologi-Pangan-FTP-Unud-
Kembangkan-Inovasi-Pengolahan-Buah-Jeruk-
Siam-Kintamani-Dengan-Model-Zero-Waste-
Proses.html

Roos, J. D., & Vuyst, L. D. (2018). Acetic acid
bacteria in fermented foods and beverages.
Current Opinion in Biotechnology. 49, 115-
119.
https://doi.org/10.1016/j.copbio.2017.08.007
Marsh, A. J., O'Sullivan, O., Hill, C., Ross, R.
P., & Cotter, P. D. (2014). Sequence-based
analysis of the bacterial and fungal
compositions of multiple Kombucha (tea
fungus) samples. Food Microbiology, 38, 171-
178. https://doi.org/10.1016/].fm.2013.09.003
Coton, M., Pawtowski, A., Taminiau, B.,
Burgaud, G., Deniel, F., Coulloumme-
Labarthe, L., & Coton, E. (2017). Unraveling
microbial  ecology  of  industrial-scale
Kombucha fermentations by metabarcoding
and culture-based methods. Fems Microbiology
Ecology, 93(5), 1-16.
https://doi.org/10.1093/femsec/fix048
Kusuma, G. P. A. W., Nocianitri, K. A,, &
Pratiwi, 1. D. P. K. (2020). Pengaruh lama
fermentasi terhadap karakteristik fermented
rice drink sebagai minuman probiotik dengan

isolat  Lactobacillus  sp. F213. Jurnal
Itepa, 9(2), 181-192.
Hidaya, |. & Wikandari, P. R. (2020).

Pengembangan Gelato Sinbiotik Berbahan
Dasar Soygurt dan Umbi Gembili (Dioscorea
esculenta L.). UNESA Journal of Chemistry,
9(1), pp. 17-22.

Vuong, Q. V., S. Hirun, T.L.K. Chuen, C.D.
Goldsmith, M.C. Bowyer, A.C. Chalmers, P.A.
Phillips  dan  CJ.  Scarlett.  (2014).
Physicochemical composition, antioxidant and
antiproliferative capacity of a lily pilly
(Syzygium paniculatum) extract. Journal of
Herbal Medicine. 10: 10- 16.

Singh, R., P.K. Verma, dan G. Singh. (2012).

Total Phenolic, Flavonoids and Tannin
Contents in Different Extracts of Artemisia
Absinthium. J. Intercult. Ethnopharmacol.

1(2):101-104.

Pallant, Jullie. (2010). SPSS Survival Manual 4
th Edition. New York : Mc Graw Hill

Pratiwi, A., & Aryawati, R. (2012). Pengaruh
waktu fermentasi terhadap sifat fisik dan kimia
pada pembuatan minuman kombucha dari

807



J. Pijar MIPA, Vol. 18 No. 5, September 2023: 804-808

DOI: 10.29303/jpm.v18i5.5613

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

rumput laut Sargasssum sp. Maspari Journal:
Marine Science Research, 4(1), 131-136.
Yunus, Y., & Zubaidah, E. (2015). Pengaruh
Konsentrasi Sukrosa Dan Lama Fermentasi
Terhadap Viabilitas L. Casei Selama
Penyimpanan Beku Velva Pisang Ambon [In
Press April 2015]. Jurnal Pangan dan
Agroindustri, 3(2), 303-312.

Khotimah, K., & Kusnadi, J. (2014). Aktivitas
Antibakteri Minuman Probiotik Sari Kurma
(Phoenix  dactilyfera L.)  Menggunakan
Lactobacillus plantarum dan Lactobacillus
casei [IN PRESS JULI 2014]. Jurnal Pangan
dan Agroindustri, 2(3), 110-120.

Kinteki, G. A., Rizgiati, H., & Hintono, A.
(2019). Pengaruh lama fermentasi kefir susu
kambing terhadap mutu hedonik, total bakteri
asam laktat (BAL), total khamir dan pH. Jurnal
Teknologi Pangan, 3(1), 42-50.

Greenwalt, C.J., Ledford, R.A., & Steinkraus,
K.H. (1998). Determination and
Characterization of The Antimicrobial Activity
of The Fermented Tea Kombucha. Lebensm-
Wiss. Technol. 31:291-296.

Pranayanti, I. A. P. dan A. Sutrisno. (2015).
Pembuatan Minuman Probiotik Air Kelapa
Muda (Cocos Nucifera L.) dengan Starter
Lactobacillus casei strain Shirota. Jurnal
Pangan dan Agroindustri, 3(2): 763-772.
Jayabalan, R., Malbasa, R. V., Loncar, E. S,
Vitas, J. S., & Sathishkumar, M. (2014). A
review on kombucha tea—microbiology,
composition, fermentation, beneficial effects,
toxicity, and tea fungus. Comprehensive
reviews in food science and food safety, 13(4),
538-550.

Chakravorty, S., Bhattacharya, S., Chatzinotas,
A., Chakraborty, W., Bhattacharya, D., &
Gachhui, R. (2016). Kombucha tea
fermentation: Microbial and biochemical
dynamics. International  journal of food
microbiology, 220, 63-72.

Coelho, R. M. D., Almeida, A., do Amaral, R.
Q. G., da Mota, R. N., & de Sousa, P. H. M.
(2020). Kombucha: review. International
Journal of Gastronomy and Food Science,
100272, 1-12.
https://doi.org/10.1016/j.ijgfs.2020.100272,
Apriani, 1. (2017). Pengaruh Proses Fermentasi
Kombucha Daun Sirsak (Annona Muricata L.)
Terhadap Kadar Vitamin C. Jurnal Biota, 3(2),
90-95.

Purnawati. (2011). Pengaruh Konsentrasi
Ekstrak Buah Mengkudu pada Kombucha
terhadap  Kadar  Vitamin C.  Jurnal
Muhamadiyah Surakarta.

Puspitasari, Y., Palupi, R., & Nurikasari, M.
(2017). Analisis kandungan vitamin C teh
kombucha berdasarkan lama fermentasi
sebagai alternatif minuman untuk antioksidan.

ISSN 1907-1744 (Print)
ISSN 2460-1500 (Online)

Global Health Science, 2(3), 245-253.

808



