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AbstractCoconut water is part of the coconut fruit, that has bioactive compounds that are thought to own high inhibitor activity to the presenceof tannin compounds. However, this compound is antinutritional because it can interfere with macromolecule out there within thebody. Considering chance of tannins, these parts are often reduced by fermentation techniques using lactic acid bacteria. This analysisaims to review the addition of dragon fruit and lemon peels in fermentation coconut water using lactic acid bacteria in order to reducetannin levels and its potential capability as antioxidants. Coconut water fermented drink was prepared by fermentation techniqueusing lactic acid bacteria with the addition of variations in mass of dragon fruit peel and lemon peel consisting of 5 treatments.The optimum conditions for fermentation of coconut water were determined from the decrease in tannin levels, total acid, andthe highest total lactic acid bacteria. The optimum conditions for fermentation of coconut water were then tested using an HPLCinstrument. Finally, the antioxidantactivity was tested using the FRAP (Ferric Reducing Antioxidant Power) method. The resultsshowed that the addition of dragon fruit and lemon peels in fermented coconut water can reduce tannin levels, can increase totalacid levels and the number of lactic acid bacteria formed in coconut water fermented drinks. The best proportion was obtained inthe treatment of rasio of mass 1:2 resulted in the highest decrease in tannin content of 83.94 mg/100 g followed by a total acid valueof 1.13% and the number of lactic acid bacteria was 8.4 × 107 CFU/mL. The HPLC chromatogram showed that fermented coconutwater using lactic acid bacteria contained organic acid compounds such as lactic acid, acetic acid, and ascorbic acid. The highestantioxidant activity test was 82.37 mmgAAE/g. This study confirmed that the addition of dragon fruit and lemon peels affected thedegradation of tannins and increased antioxidant activity during coconut water fermentation using lactic acid bacteria.
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1. INTRODUCTION

Indonesia is is part of the coconut fruit producing countries with
a total production of around 15.2 milayrd coconuts per year
(Zulaikhah, 2019) . Of this amount, the use of coconut that has
been utilized most of them only focus on the meat part, while
the use of by-products such as coconut water is still limited
and often directly disposed of as waste. Even though coconut
water is 25% of the coconut fruit which contains complete
nutrition including carbohydrates, vitamins, minerals, protein
and dietary fiber. The carbohydrate content in coconut water
is quite high, so it has the potential as a growth medium for
food-producing bacteria.

Utilization coconut water as fermentable sugar has been
widely used in the process of making nata de coco (Nurdyan-
syah and Hasbullah, 2018) . In addition, coconut water also
contains several bioactive compounds that have the potential

as antioxidants such as tannin compounds. Siti Thomas Zu-
laikhah (2019) added that coconut water can reduce oxidative
stress, which is characterized by a decrease in MDA levels in
mice. Coconut water is rich in tannin compounds which sig-
nificantly reduce free radical formation and have antioxidant
effects (Mahayothee et al., 2016) . The high content of tannin
compounds in coconut water can bind to proteins in the body,
so it can interfere with the work of digestive enzymes.

Considering the risk of tannins, one of the efforts to reduce
the antinutritional content is through modified microbiological
(fermentation) method (Kinanti et al., 2014) . In some cases,
the fermentation process is also expected to affect the bioaccessi-
bility of other compounds that can increase antioxidant activity
and as a method for product development (Verni et al., 2019) .
The use of lactic acid bacteria (LAB) has been widely used in
fermented food products known as food class microorganisms
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(microorganisms that do not pose a health risk). Fermented
coconut water using lactic acid bacteria culture has benefits such
as reducing nutrient absorption, increasing nutritional value
and ability of antioxidant activity (Ziska et al., 2017) . Several
studies have shown that lactic acid bacteria have properties that
can degrade tannins in food because they produce tannase en-
zymes so that can break down tannins into simpler compounds
(Shang et al., 2019) .

Among the lactic acid bacteria, strains of the Lactobacillus
plantarum group had tannase activity (Jiménez et al., 2014) .
Biochemical pathways for tannin degradation by Lactobacillus
plantarum involve the action of tannase and gallic decarboxylase
to hydrolyze the galloil ester bond of tannins to produces gallic
acid and glucose (Ananda et al., 2019) . Based on research
results Mıdık et al. (2020) showed that the fermentation of
coconut water using lactic acid bacteria L.plantarum FNCC
0027 produced organic acid compounds as the main product
can cause a decrease in the pH value of the substrate, causing
a sour taste. One of the way to reduce the acidity level is to
add natural sweeteners such as honey. Honey is known as a
potential prebiotic that contains oligosaccharides to promote
lactic acid bacteria growth (Mohan et al., 2021) .

In the fermentation process in produce lactic acid, the
growth of lactic acid bacteria can be affected several factors,
one of which is the addition of other ingredients. Several stud-
ies have shown that the addition of other ingredients in the
fermentation process can affect the levels of lactic acid pro-
duced (Nurfuzianti, 2021) . Based on the results of the study
Nurdyansyah and Hasbullah (2018) stated that the concen-
tration of lactic acid produced fermentation with the addition
of leather flour substrate bananas, have a fairly high total acid
content, this caused by the more sugar there is on the media
obtained from the substrate used by lactic acid bacteria as a
carbon source to produce organic acids and energy through
glycolysis process. In addition to honey, in the manufacture
coconut water fermented drink is also added with fruit skin.
Fermented fruit peels also have potential as a probiotic carrier
that can be a breeding ground for bacteria, especially lactic acid
bacteria.

Red dragon fruit peel is part of the dragon fruit that is
rarely used and often disposed of as waste. This is caused by
people who consume fruits, so it has an impact on to the high
volume of waste from the rest of the fruit (Nurdyansyah and
Hasbullah, 2018) . Problem the waste from the fruit peel has
not yet been resolved optimally. Therefore, a processed uti-
lization pattern is needed dragon fruit skin waste food. Several
studies have revealed that the skin of red dragon fruit contains
vitamin C, flavonoids, tannins, alkaloids, steroids, and saponins
(Hendra et al., 2019) . Most of the research related to bioactive
peptides through fermentation has been carried out by lactic
acid bacteria which have proteolytic system. Dragon fruit peel
fermentation with lactic acid bacteria can increase inhibition
ROS formation. This shows that lactic acid bacteria are able
to produce exopolysaccharides (EPS) to increase survival of
bacteria and acts as an antioxidant during the fermentation

process (Verni et al., 2019) .
Based on the description above, this study aims to study

the addition of dragon fruit peel and lemon peel in coconut
water fermentation using lactic acid bacteria in reducing tannin
levels and their potential as antioxidants.

2. EXPERIMENTAL SECTION

2.1 Tools and Materials
The instruments used in the research were spectrophotometer
UV-VIS and HPLC (High Peformance Liquid Chromatogra-
phy). The reagents were Folin-Denis reagent, CaCO3, FeCl3
0.1%, TCA 10%, NaOH 0.1 N, K3Fe(CN) 6 1%, oxalic acid,
phenoptlaein1%. The medium for Lactic Acid Bacteria cultiva-
tion was MRS media (de Mann Rogosa Sharpe) (OXOID). The
material used was coconut water, red dragon fruit peels, and
lemon peels were collected from Pandaan market, East Java,
Pasuruan. The plant specimen was identified and authenticated
by plant taxonomist of the Biology Laboratory, Departement
of Biology, Brawijaya University. In this study, commercial
lactic acid bacteria with the brand Yakult were used. Probiotic
Yakult used in this study contained Lactobacillus plantarum and
Lactobacillus casei.

2.2 Methods
2.2.1 Preparation Lactic Acid Bacteria Starter
Inoculum preparation of lactic acid bacteria culture was carried
out aseptically in a laminar air flow. Starter cultures of lactic
acid bacteria obtained commercially were cultured in 100 g
of coconut water with the addition of 10 g of honey which
had been sterilized at 70°C for 10 minutes. Then the sterile
coconut water was cooled to 40°C and added 10% of commer-
cially obtained lactic acid bacteria colony inoculants. Then
immediately cover immediately with plastic and tied with a
rubber band. Incubation was carried out at room temperature
for 24 h. After 24 h, the starter culture of lactic acid bacteria is
ready to be used as a starter culture for further fermentation.

2.2.2 Fermentation of Coconut Water with Addition of Dragon
Fruit and Lemon Peel

The substrate was prepared by diluting honey in 10% (v/v)
coconut water and sterilized at 70°C for 10 minutes. The
sterilized mixture was then cooled to 40°C and inoculated with
10% (v/v) lactic acid bacteria. Before fermenting coconut water
with the addition of variations in the mass of dragon fruit and
lemon peel, optimization of fermentation time was carried out
to obtain the best conditions for bacteria during subsequent
fermentation. The optimum time obtained is 48 hours. Next,
the dragon fruit peel and lemon peel were added with the
following ratio: P1 (without the addition of fruit peel), P2 (30
g of dragon fruit peel), P3 (30 g of lemon peel), P4 (20 g : 10
g), P5 (10 g: 20 g). Fermentation was carried out at room
temperature under anaerobic conditions. The results of the
fermentation were then analyzed for tannin content, total acid,
total LAB, antioxidant activity and the resulting organic acid
content test.
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2.2.3 Tannin Determination
The tannin content of the filtrate fermented coconut water was
determined according to Ananda et al. (2019) . The fermented
filtrate was centrifuged at 3000 rpm for 10 minutes, then 400
𝜇L of the centrifuged results was taken and 0.5 mL of Folin-
Denis reagent was added. Then the solution was allowed to
stand for 3 minutes then added 1 mL of saturated Na2CO3
solution and vortexed until homogeneous. Then, 10 mL dis-
tilled water was added tot the solution and the absorbance was
measured after 30 minutes at a wavelength of 760 nm using
a spectrophotometer, the reagent blank was prepared in the
same way without the sample solution. The tannin content
was determined based on the standard tannic acid curve of
the tannic acid solution and expressed as milligrams per 100 g
sample.

2.2.4 Total Acid Analysis
The total acid test was carried out using the titration method
which was expressed as a percentage of lactic acid which refers
to Zofia et al. (2020) the fermented sample of 10 mL taken,
then melted and put into an erlenmeyer, then phenolphthalein
indicator was added as much as 2-3 drops then titrated using
0.1 N NaOH. Titration was stopped until a color change occurs
constantly pink. Calculation of total acid can use the following
formula:

V1 × N × B × 100%
V2 × 1000

(1)

2.2.5 Lactic Acid Bacteria Measurment
The total calculation of lactic acid bacteria is ased on the Total
plate count (TPC) method (Sakul et al., 2020) . Then poured
the MRS agar medium were incubated at room temperature
for 48 hours. Total Lactic acid bacteria was calculated which
ranged from 30 to 300 colonies.

2.2.6 Identification of Organic Acids by HPLC
Identification of organic acid fermented filtrate using HPLC
refers to Izquierdo Llopart et al. (2020) . The fermented filtrate
was centrifuged for 10 minutes at room temperature. then
the analytes were separated in smart RP 18 column (column
length 15 cm and diameter 4.6 mm). The mobil phase used
two solvent in an isocratic elution. The mobile phase rate was
1 mL/min, the running time was 15 minutes, the tempera-
ture was 25°C, the volume for injection was 100 𝜇l, and the
wavelength at 210 nm.

2.2.7 Antioxidant Activity
Antioxidant activity was measured using the FRAP method
(Zhong and Shahidi, 2015) . 1 mL of the fermented filtrate
placed in a 10 mL volumetric flask and dissolved with distilled
water to the limit. Then 1 mL of phosphate buffer and 1 mL
of K3Fe(CN) 6 were added and then incubated at 50°C for 20
minutes. 1 mL of 10% TCA was added and then centrifuged
at 3000 rpm for 10 minutes at room temperature. 1 mL was
taken from the top layer, then 0.5 mL of 0.1% FeCl3 was added.

Then the absorbance was measured at a wavelength of 700 nm.
The FRAP value was expressed in mg equivalent of ascorbic
acid/ g extract.

2.2.8 Statistic Analysis
Study data were replicated five times each and analyzed using
SPSS 16 one way analysis of variance (ANOVA). If there was
a significant difference between treatments, it will be continued
with Duncans test at 𝛼= 0.05.

3. RESULT AND DISCUSSION

3.1 Effect of Addition of Dragon Fruit Peel and Lemon Peel
to Tannin Levels, Total Acid Content and Total Lactic
Acid Bacteria

Before fermenting coconut water with the addition of varia-
tions in mass of dragon fruit peel and lemon peel, optimization
of the fermentation time was carried out to get the best con-
ditions for bacteria during the next fermentation. Bacterial
growth is influenced by acid levels in the fermentation system.
The longer the fermentation, the more lactic acid produced
(Azwar et al., 2022) . Based on the determination of total acid
against time, the optimum time of fermentation was found
at 48 hours. This is in accordance with the study Mıdık et al.
(2020) which showed that the optimum growth of lactic acid
bacteria Lactobacillus plantarum in coconut water media was at
48 hours. Determination of this optimum time is used to deter-
mine the fermentation time in the manufacture of fermented
coconut water products with the addition of dragon fruit peel
and lemon peel. Based on the results of the research, fermenta-
tion of coconut water with the addition of dragon fruit peel and
lemon peel using lactic acid bacteria showed a significant effect
on tannin levels, total acid and total LAB produced during the
fermentation process (Figure 1).

The results of the analysis of total tannin levels, total acid,
and total lactic acid bacteria on the addition of variations in the
mass of dragon fruit peel and lemon peel can be seen in Table
1.

3.1.1 Tannin levels
Seen in Figure 1 shows that the value of the tannin content of
fermented has decreased. Previously, the initial tannin content
in coconut water was quite high at 346.30 mg/100 g. After
being fermented using lactic acid bacteria and the addition of
fruit peel, there was a decrease in tannin levels ranging from
83-130 mg/100 g. Based on statistical tests showed that the
fermentation treatment with the addition of a mass variant
of the fruit peel had a significant effect on the tannin content
of coconut water. Although, based on the Tukey test, there
was no significant difference in the addition of dragon skin
(30 g), lemon (30 g) and treatment with a ratio (2:1). The
addition of dragon fruit peel and lemon peel in coconut water
fermentation contributes to increasing nutrition so that it can
be used as a carbon source to increase the activity of lactic
acid bacteria. The growth of lactic acid bacteria causes the
tannin content in food to decrease. Based on their molecular
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Table 1. Tannin Levels, Total Acid, and Total Lactic Acid Bacteria of Fermented Coconut Water added with Dragon Fruit Peels
and Lemon Peels

Treatment Tannin Level (mg/100g) Total Acid (%) Total Lactic Acid Bacteria (Log/mL)

P1 134.22 ± 3.65b 0.25 ± 0.072a 7.90 ± 2.91a

P2 105.06 ± 2.65c 0.44 ± 0.069b 7.74 ± 2.23a

P3 95.39 ± 3.25c 1.00 ± 0.08c 8.76 ± 2.3b

P4 104.82 ± 3.32c 0.92 ± 0.056c 7.92 ± 2.58a

P5 83.94 ± 3.71d 1.13 ± 0.058d 8.92 ± 2.16c

Information:
*Data shown as mean of 5 replicates ± standard deviation. Data are shown as mean±standard deviation
*Different superscripts in the same column show very significant effect (P<0.05)

Figure 1. Effect of Addition Fruit Peels to Tannin Levels, Total
Acid, and Total Lactic Acid Bacteria

structure, tannins are polyphenolic compounds found in plants
that have free radical scavenging activity, where their derivatives
are attached to the core of polyols such as catechins found in
coconut water. This shows that coconut water has antioxidant
activity. Based on research Hassan et al. (2018) shows that
coconut water has a fairly high content of tannin compounds.
The greater the tannin content, the greater the antioxidant
activity. However, this is consistent with Jiménez et al. (2014)
which showed that the higher the molecular mass of tannins, the
stronger the antinutritional effect. One of the characteristics of
tannin compounds as antinutrients is that they are able to form
complex-protein bonds which are responsible for inhibiting
enzyme digestion (Gemede and Ratta, 2014) . Given the risk

of tannins, it is recommended to reduce the molecular mass
of tannins through fermentation techniques using lactic acid
bacteria. This is supported by Matsuda et al. (2016) who
said that lactic acid bacteria are a group of bacteria that have
tolerance for tannins. The highest decrease in tannin levels
was found in the coconut water fermentation treatment with
the addition of dragon fruit peel and lemon peel with a ratio
(1:2) of 83.94 mg/100 g. This decrease was caused by the
increasing activity of lactic acid bacteria so that the more the
amount of degraded tannins (Shang et al., 2019) . Lactic acid
bacteria can produce tanase enzymes that play a role in the
hydrolysis of tannins. Tannase or tannin acyl hydrolase is an
enzyme that catalyzes the hydrolysis reaction of esters found
in hydrolyzed tannins and gallic acid esters (Ananda et al.,
2019) . The activity of the tanase enzyme produced by lactic
acid bacteria depends on the difference in the optimal substrate
for hydrolyzing tannins. The hydrolysis of tannins by tannase
bacteria can release glucose which can act as a carbon source
for microorganisms. This is supported by Shang et al. (2019)
which shows that the substrate in the fermentation process will
affect the survival of lactic acid bacteria.

3.1.2 Total Acid Content
The effect of Effect of addition mass variance of dragon fruit
peel and lemon peel on total acid (Table 1). The total acid
content ranged from 0.255-1.13%. From the current data, the
increase in total acid levels showed an increase in total acid
levels, but not significant enough which was indicated by the
results of statistical data analysis that did not significantly affect
the treatment of adding lemon peel (30 g) and the addition
of dragon fruit peel and lemon peel with a ratio (2:1). The
coconut water fermentation treatment with the addition of
dragon fruit peel and lemon peel with a ratio (1:2) had the
highest total acid content of 1.13%. The addition of fruit skin
to coconut water fermentation media acts as a carbon source
that can optimize coconut water fermentation using lactic acid
bacteria (Sakul et al., 2020) . This is supported by Le et al.
(2021) which states that dragon fruit peel contains inulin and
FOS (fructooligosaccharide) compounds which contain carbo-
hydrates, protein and dietary fiber which act as carbon sources
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for microorganisms. Meanwhile, dragon fruit skin also contains
anthocyanin compounds, tannins and vitamin C. The content
of tannin compounds in coconut water and dragon fruit peel
can be hydrolyzed by lactic acid bacteria to form glucose and
gallic acid (Ananda et al., 2019) . During the fermentation pro-
cess by lactic acid bacteria, there is a breakdown of glucose
into lactic acid through the glycolysis process, which converts
glucose into pyruvate and converts it into lactic acid (Zofia
et al., 2020) . In addition, the fermentation process using lactic
acid bacteria also produces vitamins (Kang et al., 2020) . One
of the vitamins that can be produced by lactic acid bacteria is
ascorbic acid (Vitamin C) which can be found in the skin of
lemons. This is due to the lemon peel contains a fairly high
ascorbic acid compound. The formation of lactic acid, gallic
acid and ascorbic acid by lactic acid bacteria is the result of the
metabolism of lactic acid bacteria from the fermented substrate
which accumulates in the total acid formed during the fermen-
tation process. The total acid calculated is the amount of acid
produced from the metabolism of lactic acid bacteria.

3.1.3 Total Lactic Acid Bacteria
Lactic acid bacteria is a parameter that acts as an indicator of
the success of fermented products. Based on Table 1, it can be
seen that the growth of lactic acid bacteria in the coconut water
fermentation treatment with the addition of dragon fruit peel
and lemon peel increased, but not significantly, which was indi-
cated by statistical data which showed no significant difference
in the treatment without the addition of fruit skin, the addi-
tion of fruit peel treatment. dragon (30 g), and the addition of
dragon fruit peel and lemon peel in a ratio (2:1). The addition
of fruit rind mass added to coconut water fermentation has an
effect on increasing the number of lactic acid bacteria which is
influenced by the availability of substrates in the fermentation
media (Anwar, 2018) . Glucose in the substrate is one of the
important nutrients used for the growth of LAB as an energy
source, so the presence of glucose can trigger the growth of
LAB colonies in large numbers quickly (Rizal et al., 2016) . The
results of the analysis of total lactic acid bacteria in fermented
coconut water with the addition of variations in the mass of
dragon fruit peel and lemon peel in this study showed a range
of 7.74 log colonies/mL to 8.92 log colonies/mL or equiva-
lent to 108 colonies/mL. The Indonesian National Standard
SNI 7552: 2009 states that the minimum requirement for the
total value of lactic acid bacteria in fermented beverages is 106

col/mL (Rizal et al., 2016) . Based on the results of the study,
the total value of lactic acid bacteria in coconut water fermented
drinks has met the standards of lactic fermented drinks. The
highest total lactic acid bacteria was seen in the coconut water
fermentation treatment with the addition of dragon fruit peel
and lemon peel in a ratio (1:2) which was 8.4x107 CFU/mL.
The content of glucose in the substrate has a positive effect
on the growth of lactic acid bacteria which can be converted
into lactic acid (Parasthi et al., 2020) . The amount of LAB
has a positive correlation with the amount of acid produced.
Microbes will make adjustments to certain substrates, so that

Figure 2. Chromatogram of Organic Acids Fermented by
Coconut Water with the Addition of Dragon Fruit Peel and
Lemon Peel

the cell growth process increases along with the increase in the
amount of nutrients present in the substrate, this also affects
the amount of lactic acid which will increase (Zofia et al., 2020) .
This is supported by Zhuo et al. (2021) who said that the addi-
tion of a high mass of lemon peel causes the substrate reshuffle
process to produce energy for bacterial cell proliferation. After
fermentation, the lemon peel fiber will be degraded into simple
carbohydrate prebiotics such as galactose and xylose.

3.2 Effect of Addition of Dragon Fruit Peel and Lemon Peel
to Identification of Organic Acid Compounds

Based on the results of the main parameters, namely a decrease
in tannin levels, an increase in total acid and total lactic acid bac-
teria obtained from fermenting coconut water with the addition
of dragon fruit peel and lemon peel. Based on the assessment
of the decrease in the highest tannin level, it shows that the
treatment of fermented coconut water with the addition of
dragon fruit peel and lemon peel in a ratio (1:2) using lactic
acid bacteria indicates the treatment chosen as the best treat-
ment. This best treatment was chosen due to the presence of
tannin degradation activity by the tanase enzyme produced by
lactic acid bacteria to reduce the content of antinutrients con-
tained in the fermentation media. Lactic acid bacteria used in
this study were obtained commercially (L.plantarum and L.casei)
which are a group of heterofermentative bacteria, which can
convert glucose in coconut water into organic acid compounds
(lactic acid and acetic acid) under anaerobic conditions (Ananda
et al., 2019) . The presence of organic acid compounds fer-
mented using lactic acid bacteria can be identified using HPLC
(Figure 2). To determine the presence of organic compounds,
it is necessary to standardize the organic acids analyzed using
HPLC (Andersson and Hedlund, 1983) .

Based on Figure 2 shows that the filtrate from fermented
coconut water contains organic acid compounds consisting
of lactic acid, acetic acid and ascorbic acid. It is based on
the correspondence of the peaks of organic acids at a given
retention time in the sample chromatogram when compared
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Table 2. The Retention Time of Organic Acids Analyzed by HPLC

RT (standard) RT (sample) Concentration (𝜇g/mL) Component

2.316 2.316 324.69 Acetic Acid
3.871 3.871 884.62 Lactic Acid
9.115 9.115 447.38 Ascorbic Acid

Figure 3. Antioxidant Activity from Fermented Coconut Water
with Addition of Dragon and Lemon Fruit Peel using Lactic
Acid Bacteria

to the standard chromatogram. The retention time (tr) of the
mixture of organic acids is shown in Table 2. Lactic acid is
the acid that is formed with the highest concentration based
on Table 2. The formation of lactic acid by lactic acid bacteria
is the main metabolic product of lactic acid bacteria (Anwar,
2018) . In addition to lactic acid, the fermentation results also
showed the formation of quite high ascorbic acid compounds
(Table 2). The presence of ascorbic acid compounds in the
fermentation results can be correlated with their potential as a
source of antioxidants. The content of high concentrations of
ascorbic acid can increase antioxidant activity.

3.3 Effect of Addition of Dragon Fruit Peel and Lemon Peel
to Antioxidant Activity

The antioxidant activity of fermented coconut water samples
was tested using the FRAP method. This method is one of
the analyses to determine the antioxidant activity to convert
Fe3+ to Fe2+. The addition of dragon and lemon fruit peel in
coconut water fermentation using lactic acid bacteria has an
effect on antioxidant activity produce Figure 3.

Dragon fruit peel and lemon are sources of phenolic com-
pounds that have high antioxidant activity. Flavonoid com-
pounds have antioxidant activity caused by the presence of
electron donors with -OH groups attached to the carbon of the
aromatic ring (Raharjo and Haryoto, 2019) . The use of lactic
acid bacteria during the fermentation process can increase the
potential to inhibit the formation of reactive oxygen species
(ROS) (Medina López et al., 2022) . The potential of LAB in
increasing the antioxidant activity of foodstuffs is caused by
a decrease in pH and the effect of enzymatic analysis during

fermentation (Zhao et al., 2021) . The decrease in pH was
caused by the high levels of acid produced during the fermen-
tation process. The high acid content indicates the potential
to increase antioxidant activity. The acid activity produced
during the fermentation process contributes to the metabolism
of polyphenols present in fruit peels fermented with LAB to
ferulic acid which has the ability to inhibit lipid peroxidation
(Verni et al., 2019) . Based on the determination of the pres-
ence of organic acid compounds. The results showed that the
best treatment for fermenting coconut water with the addition
of dragon fruit peel and lemon peel using a ratio (1:2) showed
that the organic acids detected using HPLC contained high
concentrations of ascorbic acid compounds. The high content
of ascorbic acid in fermented products is closely related to its
antioxidant activity. Vitamin C functions as an antioxidant
because it. Effectively capture free radicals, especially ROS or
reactive oxygen compounds (Silalahi et al., 2018) . As a free
radical scavenger, vitamin C can react with superoxide anions,
hydroxyl radicals, oxygen singlet and lipid peroxides.

The value of antioxidant activity in this study was expressed
in mg ascorbic acid equivalent/g extract (AAE). Ascorbic acid is
used as a comparison solution which acts to counteract various
extracellular free radicals. This is because vitamin C can reduce
Fe3+ ions from the active site of the prolyl enzyme hydroxylase
to form Fe2+ so that enzymes are in their active form. Based
on Figure 3, the highest antioxidant activity was shown in the
fermentation treatment with the addition of dragon fruit peel
and lemon with a ratio (1:2) of 82.37 mg AAE/g extract. then
proceed with the fermentation treatment with the addition
of lemon peel extract 78.24 mg AAE/g. This is supported
by research Tkacz et al. (2020) which showed that the effect
of fermentation using Lactobacillus plantarum was effective in
increasing the antioxidant activity of flavonols. This is related
to the results of the study that fermented coconut water with
the addition of dragon fruit and lemon peel was more effective
and had higher antioxidant activity.

4. CONCLUSION

Based on the research that has been done, then it can be con-
cluded that the addition of mass variants of dragon fruit peel
and lemon peel have a significant influence on the highest de-
crease in tannin levels, the highest increase in total acid and
total lactic acid bacteria, respectively, occurred in the coconut
water fermentation treatment with the addition of dragon fruit
peel and lemon peel using lactic acid bacteria, namely 83.94
mg/100 g, 1.13% and 8.4x107 CFU/mL. While the optimum
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conditions of the results of the decrease in the highest tan-
nin content have a significant effect on the antioxidant activity
produced is 82.37 mg AAE/g extract.
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