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Abstract. Coconut water kefir is a processed food product, derived from young coconut water. On
this product, chemical and sensory properties are maintained through proper post-harvest
handling. Therefore, this study aimed to determine the optimal temperature and storage time for
coconut water kefir to produce the best sensory properties acceptable to the panelists. The effect
of temperature and storage time treatments on chemical parameters was assessed through
measurements of pH, °Brix, and alcohol content. Sensory analysis included both hedonic and
hedonic quality testing. Furthermore, the experimental treatments applied were variations in
storage temperature, both in the freezer (-25°C) and refrigerator (3°C), and storage time of 0, 1,
7, 14, and 21 days. The results showed that the interaction between temperature and storage time
had no significant effect on the pH value and °Brix of coconut water kefir. All samples had low
alcohol content, with values below 1%. The optimum sensory properties, as perceived by the
panelists, were observed in the sample stored at a refrigerated temperature for 1 day. Further
statistical analysis using the Kruskall-Wallis Test showed that refrigerator storage had a
significant effect on hedonic and hedonic quality testing. Conversely, freezer storage had a
significant effect on only the hedonic quality test.
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1. Introduction

Interest in the consumption of healthy foods and artisanal homemade preparations of
fermented products, such as water kefir, is on an increasing trend. Water kefir is an ancient drink
of uncertain origin, consumed practically worldwide [1]. The drink is a cheaper and more popular
alternative to developing milk kefir beverages, as it can be made with fruit juices, coconut water,
organic sugar water, or filtered water [2]. Among these substrates, coconut water offers several
better advantages. It has nutritional properties and is a good source of fiber, vitamin C, and various
essential minerals [3]. Furthermore, coconut water in extremis has been used as a short-term
intravenous hydration fluid [4].

Indonesia ranks first in coconut production worldwide, followed by the Philippines and India
[5]. The country also exports coconut and derivative products to destinations including Malaysia,
China, India, Netherlands, Korea and Japan [2]. From 2019 — 2021, Indonesia experienced an
increasing trend in the number of harvests. Based on data from the Central Statistics Bureau (BPS),
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coconut commodities in the country reached 28,530,000 tons in 2021, reflecting a significant
production. As a result, the ten largest producers of this tropical fruit are dominated by countries
from the Asian region with tropical climates [6].

Coconut fruit comprises 35% fiber, 12% shell, 25% water, and 28% flesh. Coconut water is
a liquid endosperm formed in small quantities during the third month of the fruit ripening [7]. Itis
one of the main products and is widely consumed as a health drink. According to the 2017
Indonesian Food Consumption Data [8], 100 g of coconut water contains 17 calories of energy,
0.29,0.1g,3.8¢g,15mg, 8 mg, 0.2 mg, 1 mg, and 149 mg of protein, fat, carbohydrates, calcium,
phosphorus, iron, sodium and potassium, respectively.

Coconut water is an alternative fermentation medium with well-documented nutritional
content and benefits. It can be processed into different forms including coconut water kefir. The
type of sugar contained in coconut water are sucrose, fructose, and glucose [6]. These sugars are
used by microorganisms during metabolic activities and the fermentation process to produce a
probiotic drink known as coconut water kefir. The probiotic drink has no milky content and is
included in the group of water kefir obtained by fermenting water-based solutions, including fruit
juices, vegetables, and other sources of sugar [9]. Bacillus paracasei, Lactobacillus hilgardii,
Lactobacillus nagelii, and Saccharomyces cerevisiae are some of the microorganisms that play a
role in the fermentation of this type of drink [10]. Water kefir is known to contain lactic acid
bacteria, acetic acid bacteria, and yeast. Meanwhile, coconut water kefir has cholesterol-lowering
benefits due to the isolation of lactic acid bacteria [11].

Effective fermentation handling under favorable conditions can maximize the capacity of
the product obtained. In this context, extensive studies have been conducted on post-harvest
handling of kefir, with a primary focus on milk kefir of cow [12]. These analyses explored the
effect of temperature and storage time on alcohol content in milk kefir. In the same year, a study
examined the impact of temperature and storage time on properties of milk kefir to estimate shelf
life [13]. Additionally, there is a publication on kefir with coconut water as the medium, which
primarily investigates the influence of fermentation time, without observing aspects of temperature
or storage time [14]. Another study by Hecer et al. [15], examined the effect of different
fermentation conditions on the composition of kefir. The changes in physical, chemical, and
microbial parameters with a different incubation temperature and time was also observed [15].

The handling of fermented food impacts sensory properties of the resulting products, as
supported by various publications [16,17]. Several factors influence these sensory properties of
fermented food, including temperature and storage time. Appropriate application of the factors is

essential for achieving desirable sensory characteristics. Furthermore, storage condition affects
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several physical and chemical properties of the final product, which are closely related to consumer
acceptance [18].

A study needs to be conducted on the analysis of pH, °Brix, alcohol content, and sensory
properties of coconut water kefir with variations in temperature and storage time. The process of
developing fermented kefir drinks from coconut water requires testing post-harvest handling
methods. The results of this study are intended to serve as a reference for enhancing the production
capacity of fermented food, thereby increasing the economic value of coconut water. The primary
focus was on chemical and sensory analysis parameters of coconut water kefir subjected to
handling variations in temperature and storage time post-harvest. This study aimed to determine
the optimal temperature and storage time for coconut water kefir, ensuring sensory properties
acceptable to panelists. The effect of temperature and storage time on pH, °Brix, and alcohol

content of this product was examined.

2. Materials and methods

2.1. Equipment

The study was conducted in the Dietetics and Culinary Laboratory and Laboratory Food
Chemistry-Biochemistry at Al Azhar University of Indonesia. It comprised several steps including
preparation of equipment and material, followed by coconut water kefir production, harvesting,
storage treatment, and analyzing chemical and sensory analysis properties. These stages of coconut
water kefir are shown in Fig. 1. The equipment used were a pan, closed glass container, air
container, knife, silicone rubber filter, plastic spoon, PET bottle, label, stove, cooking
thermometer, freezer and refrigerator thermometer, digital scale, analytical scale, refrigerator,
freezer, containers sample presentation, sensory test assessment form, beaker glass, tissue, pH
meter (pH meter Lab Bench pH/mV meter AMT20 bench top), refractometer (Nohawk Portable
Digital Sugar Brix Meter 0-35%), series of distillation tools, round bottom flask, hot plate,

erlenmeyer, pycnometer, spray bottle, and pipette.

Preparing equipment and material

v

Coconut water kefir production

v

Harvesting

v

Storage treatment

l

Chemical and sensory analysis

Fig. 1. Stages of coconut water kefir study

399



Liana et al. Journal of Applied Agricultural Science and Technology Vol. 8 No. 3 (2024): 397-412

2.2. Material

The materials used in this study include young coconut water obtained from a seller in the
area around Al Azhar University of Indonesia, water kefir grains from the commercial shop
(Aracaki), granulated sugar (Gulaku), mineral water, distilled water, Vaseline, and pH buffer
powder.
2.3. Coconut water kefir production

During the production of kefir, 5% (w/v) water kefir grains were added to young coconut
water. The process of coconut water kefir production is shown clearly in Fig. 2. Water kefir grains
contain microbes such as Lb. harbinensis, Lb. hilgardii, Lb. nagelii, Lb. paracasei, Lb. hordei, B.
aquikefri, Candidatus O. aquakefiri, S. cerevisiae, and D. bruxellensis [19]. A total of 50 g of this
material was added to 1500 mL of coconut water. The mixture was then fermented at room
temperature for 48 hours. Following fermentation, coconut water kefir was filtered to separate the
liquid product from water kefir grain. This liquid product was placed into PET bottles and stored

at varying temperature and storage time.

Equipment sterilization

Water kefir
grain 5% (w/v)
and your

coconut water

Mixing

ng

II

Fermentation
T=25°C; t=48 hours

. Water
| Coconut water kefir filtration | e .
kefir grain

Coconut water kefir transfer
into PET plastic bottle

|

Coconut water kefir storage with
temperature and time variations

Fig. 2. Coconut water kefir production [20]

Table 1. Variation of temperature and storage time of coconut water kefir
Storage Temperature
zer (A) Refrigerator (B)

Storage Time (day) Free

0 ABO

1 Al Bl
7 A2 B2
14 A3 B3
21 A4 B4

2.4. Harvesting and storage treatment
After 48 hours of fermentation at 25°C, coconut water was harvested and various storage
treatments were applied. Storage time treatment variations in this study were based on the

procedures of Irigoyen et al. [20] with modifications. Meanwhile, the variety of storage
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temperature treatments was based on the procedures of Setyawardani [21] and Setiawati and
Yunianta [22] with modifications. These studies examined kefir sensory properties by applying
storage treatment at freezer temperature (-25°C) and refrigerator (3°C). Variations of temperature
and storage time treatment are shown in Table 1.
2.5. pH

Before measurements were taken, the pH meter was calibrated with buffer solutions of 4.0,
7.0, and 10.0. The pH was measured by dipping the electrode into the sample and waiting a few
moments until a stable reading was obtained. Every time the solution was changed, the electrode
was rinsed with distilled water and dried before further usage [23]. The measurements were
conducted in triplicate [24], and similar to a previous study, the pH of coconut water kefir was
observed directly without any dilution [25].
2.6. Degree of brix

Degre of Brix testing was conducted using a hand refractometer, where the prism was first
rinsed with distilled water and cleaned using a soft fabric. The sample was dripped onto the
refractometer prism and covered with a cover. Finally, the start button was pressed [26] and °Brix
measurements were made in triplicate [27].
2.7. Alcohol content

The alcohol content was measured using the pycnometer method. A sample of 100 ml was
put into a round bottom flask, then 100 ml of distilled water was added and distilled to 80°C. The
distillate product was collected in a 50 ml Erlenmeyer flask. Furthermore, the outside surface of
the pycnometer was dried with tissue and the instrument was weighed in the empty state (a). The
distillate was put in a pycnometer at 10 mL, then weighed (A). The same procedure was conducted
for distilled water as a comparison, such that aquades were put into a pycnometer and weighed
(B). Furthermore, the specific gravity of alcohol was calculated and converted to a table of alcohol
percentages. This allowed for the determination of the alcohol content of the sample [28].
2.8. Sensory properties

Sensory analysis of coconut water kefir, with variations in temperature and storage time, was
conducted using 30 non-trained panelists. Each panelist evaluated 8 samples of coconut water kefir
from each treatment. The hedonic test in sensory analysis assesses the level of delight for a product
[29]. The parameters evaluated in this test included color, taste, aroma, and overall acceptance. A
hedonic scale was used, sourced from [30], and ranged between (1) really dislike, (2) dislike, (3)
slightly like (4) like, to (5) really like. Meanwhile, the quality hedonic test provided more specific
and typical judgments aiming to determine the panelists' responses to a common organoleptic
quality characteristic [31]. Parameters observed were color, aroma, sour taste, sweet taste, bitter

taste, and soda sensation. The scale for the hedonic quality test, similar to the hedonic test, ranged
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from 1 to 5, with detailed explanations for each parameter provided in Table 2. Mineral water was
available during both tests as a neutralizers to avoid sensory biases caused by the residual
sensations of previously served samples, also known as carryover effect [32].

Table 2. Hedonic quality parameters
Hedonic Quality Parameters

Scale Color Aroma Sour Taste  Sweet Taste Bitter Taste 500'?
Sensation
1 Not very Not very Not very Not very Not very Not very
murky pungent sour sweet bitter strong
2 Not murky  Not pungent  Not sour Not sweet Not bitter Not strong
3 Slightly Slightly Slightly Slightly Slightly Slightly
murky pungent sour sweet bitter strong
4 Murky Pungent Sour Sweet Bitter Strong
5 Very murky  Very pungent  Verysour  Very sweet Very bitter  Very strong

2.9. Data analysis

Data analysis was conducted using statistical applications SPSS 27.0. Chemical parameter
data are recapitulated and analyzed statistically using ANOV A analysis at the significance level a
= 0.05 or 95% confidence interval. In cases when there is a significant difference, the Duncan Test
was applied for further analysis. Meanwhile, data obtained from sensory parameter testing are
recapitulated and analyzed statistically using the Kruskall Wallis Test at a significance level of a
= 0.05 or 95% confidence interval. The Kruskal-Wallis test is a nonparametric test for more than
two independent samples. It assumes that the observations in each group come from populations
with distribution and the samples are random and independent [33]. In cases when there is a
significant difference, the U-Mann Whitney Test was applied for further analysis. Subsequent
testing was intended to determine the possible differences in each chemical parameter and sensory

properties from the sample with 2 factorials, namely "storage temperature” and ““storage time”.

3. Results and Discussion

3.1. pH

The pH of coconut water kefir based on the interaction of temperature factors and storage
time is shown in Fig. 3. The values were between 3.71 to 3.93, which falls within the ideal range
for water kefir products. Furthermore, the ANOVA test on pH for the interaction of temperature
and storage time factors showed no significant difference (P>0.05) across all sample treatments.
The values experienced a decreasing trend but were not significantly different.

The analysis results in this study showed that the longer storage time, the lower the pH value.
The decreasing trend is caused by the activity of lactic acid bacteria, originating from water kefir
grain. This signified the ability of coconut water to support the growth of the fermentation culture

[34]. Total bacteria lactic acid was maintained in water kefir through the filtered process of kefir
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grains and varying time treatments storage [35]

4

3.95 3.93 59
3.9 3.87 3.85 283
3.85 ' 3.8
T 38 3.76
e 3.75 3.71
3.7
3.65
3.6
3.55

Day 1 Day 7 Day 14 Day 21

Storage Time

® Freezer (-25 °C) W Refrigerator (3 °C)

Fig. 3. The effect on the interaction between temperature
and storage time on pH

Higher temperature causes the pH of coconut water kefir to decrease. The yeast population
experienced significant growth during kefir storage under the influence of refrigerated
temperature. This has an impact on the synthesis of many metabolites at a refrigerated temperature.
The phenomenon causes low pH value [22]. Meanwhile, storage at freezer temperature led to the
inhibition of bacterial growth [36].

3.2. Degree of Brix

The results of °Brix analysis of coconut water kefir based on the interaction of temperature
and storage time factors are shown in Fig. 4. °Brix value of kefir ranged between 2.16 — 3.43,
falling within the ideal category for water kefir product [37]. The publication of Dwiloka et al.
[37] stated that the degree of brix of coconut water kefir was between 1.04 — 3.80. The ANOVA
test conducted showed results that were not significantly different (P>0.05) across all sample
treatments.

The longer storage time, the higher the quantity of carbohydrates that broke down into simple
particles, serving as a nutrition source for microorganisms. This process impacts the °Brix value,
leading to a decrease [38]. During the harvesting process of coconut water kefir, the remaining
microorganisms from water kefir grains are separated to continue metabolism [35]. The longer
storage time, the more content of the nutrients in the media decreases due to continuous usage by
bacteria and yeast. Consequently, the sugar or nutrient content in the media is reduced, leading to
lower °Brix values. Sugar, a nutritional component in products, is also used by lactic acid and
acetic acid bacteria in the body to produce metabolites [39]. The longer storage, the more nutrients
are needed to conduct metabolic processes. Furthermore, the total soluble solids amount in the
production of water kefir varies depending on the carbohydrate concentration and fruit variety.
This variation results from the use of carbon sources in the environment during fermentation,

which converts into different metabolites and decreased the total soluble solids amount [40].
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Fig. 4. The effect on the interaction between temperature
and storage time on °Brix

A higher temperature caused a decreasing trend of °Brix of coconut water kefir. This is
because at a freezing temperature, bacterial activity was inhibited and the use of sugar for
metabolic processes was decreased. As a result, the sugar content to remain constantly preserved
in kefir products in frozen condition.

Brix measurement and sample temperature are two interrelated variables. A handled
refractometer needs temperature correction while performing the measurement [41]. This
instrument consisted of focus adjustment, calibration screw, daylight plate, eyepiece, rubber grip,
and the main prism assembly. A charge-coupled device (CCD) was used as sensor to precisely
measure the intensity of the reflected light. Before taking measurements, the refractometer was
calibrated with the help of a calibration screw and distilled water for temperature compensation.
The thermometer for temperature compensation was built within the instrument [42].

3.3. Alcohol content

Alcohol was present at varying levels within the final product due to the fermentation
process. Therefore, it is necessary to ensure that ethanol levels within the product meet regulatory,
quality, and safety standards [43]. This product was detailed as a fermentation process made from
sugar, water, and one or more fruit or vegetable extracts or infusions, and was declared to contain
no more than 1% alcohol by volume [44].

The results of the analysis of the alcohol content in coconut water kefir are shown in Table
3. The alcohol content of all samples was below 1%, and this was in line with a study conducted
by [21], where the ethanol content in kefir varies widely, from 0.01 to 1.00%. The alcohol level is
affected by several factors such as the culture, starter concentration, fermentation time, storage
time, and temperature.

The optimum temperature for the growth of alcohol-forming microbes was 25°C, leading to

optimal production of alcohol, while at low temperature, the growth was inhibited [22]. Freezing
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conditions changed the nutritional composition of the fermentation media. It also influenced the

production of alcohol bacteria [21].

Table 3. The Effect on the interaction between temperature and storage time on alcohol content
Specific Gravity Alcohol Content

Storage Temperature Time Temperature of Alcohol %)
Room temperature (25 °C) Day 0 0.9981 <1%
Refrigerator (3 °C) Day 1 0.9954 <1%
Day 7 0.9946 <1%
Day 14 0.9941 <1%
Day 21 0.9938 <1%
Freezer (-25 °C) Day 1 0.9957 <1%
Day 7 0.9949 <1%
Day 14 0.9946 <1%
Day 21 0.9939 <1%

According to Setiawati and Yunianta [22], storage time had a direct proportionality influence
on the alcohol content of kefir. Based on the measurement method using a pycnometer, a lower
specific gravity signified a higher content of alcohol in the sample. As the shelf life increases, the
specific gravity becomes lower. This is caused by increased yeast growth with each increase in
storage time.

3.4. Hedonic test

The symbiotic metabolic activity of several bacterial and yeast species, which constitutes the
natural starter of water kefir grains, imparts a unique flavor and aroma to water kefir. Its distinctive
flavor results from being a self-carbonated product subjected to lactic acid and alcoholic
fermentations. The process produces lactic acid, CO2, ethanol, and other flavour-forming
products. Consequently, water kefir is well-known as a low-alcoholic beverage with a soured,
frothy, and mildly acidic taste [45].

The results of the hedonic test performed in this study include several parameters such as

color, aroma, taste, and overall acceptance presented in Fig. 5 and Fig. 6.
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Fig. 5. Result of sensory analysis for hedonic test on coconut water kefir stored in a refrigerator
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Fig. 5 explains the results of the hedonic test on coconut water kefir stored at a refrigerated
temperature (3 °C). Kruskal Wallis Test on coconut water kefir samples stored in a refrigerator for
color, taste, and overall parameters showed a significant difference (P<0.05). Meanwhile, in the
aroma parameters, the results were not significantly different (P>0.05) across all treatments. The
U Mann-Whitney test was then conducted on color, taste, and overall parameters across storage
treatments refrigerator.

The average of color sensory value for coconut water kefir stored at refrigerated temperature
ranged from 3.45 —4.17 (slightly like to like). Panelists did not like the aroma of almost all samples
with storage in refrigerated temperature. During fermentation, there is the formation of flavor
components, namely acetaldehyde and lactic acid. This gives kefir a distinctive aroma, which tends
to be less liked by some people [46]. The average of taste sensory value ranged from 2.30 — 2.87
(dislike). The fermentation process in drinks changed the physical and chemical characteristics
which had an impact on the appearance of new aroma, tastes, and colors [47]. In line with this,
Wardhana et al. [38] stated that temperature, humidity, oxidation, and microorganism activity
changed the molecular content of ingredients as well as taste.

The panelists’ assessment is on a scale of dislike to slightly like for the overall parameter of
coconut water kefir stored at refrigerated temperature (3 °C). The average overall sensory value
for this treatment ranged from 2.45 — 3.00. Based on the panelists' assessment, the best sample was
coconut water kefir sample stored for 1 day. Each sensory parameter data was calculated and
averaged to obtain the highest rating based on preferences. Meanwhile, coconut water kefir
samples stored for 21 days had the lowest assessment from the average of all parameters and were
the least interested in the panelists. Data shown in Fig. 5, were obtained from calculating the
average of each scale on each parameter with a total of 30 data from 30 panelists. Furthermore,

the highest and the lowest values are emphasized to determine the range of average values.

4.00
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Fig. 6. Result of sensory analysis for hedonic test on coconut water kefir stored at freezer

Fig. 6 explains the results of the hedonic test on coconut water kefir stored at freezer

temperature (-25°C). Kruskal Wallis Test for color, aroma, taste, and overall parameters showed
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no significant difference (P>0.05) for all treatments. This kind of temperature does not influence
the panelists' acceptance of all parameters tested.
3.5. Hedonic quality Test

The hedonic test aimed to obtain a response on quality specific to variations in coconut water
kefir with a different temperature and storage time. The results, which include several parameters
such as color, aroma, sweetness, sourness, bitterness, and sensation of soda are presented in Fig. 7

and Fig. 8.
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Fig. 7. Result of sensory analysis for hedonic quality test on coconut water kefir stored at
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Fig. 8. Result of sensory analysis for hedonic quality test on coconut water kefir stored at freezer

Fig. 8 explains the results of the hedonic quality test on coconut water kefir stored at a
refrigerated temperature (3°C). Kruskal Wallis Test on coconut water kefir samples stored at
refrigerated temperature for color and sweetness parameters showed a significant difference
(P<0.05). Meanwhile, for aroma, sour taste, bitter taste, and soda sensation parameters, the results
were not significantly different (P>0.05) for all treatments. The U Mann Whitney Test was then
conducted on the color and sweetness parameters across storage treatments refrigerator.

The average sensory value for the murky color of coconut water kefir stored at refrigerated
temperature ranged from 2.22 — 3.62 (not murky to slightly murky). A lower color rating signified

that the turbidity level of coconut water kefir is decreasing. The murky color observed was
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produced from metabolites due to the fermentation of lactic acid bacteria [48]. All samples had a
medium rating and showed a slightly strong aroma. The typical aroma of probiotic products such
as coconut water kefir was obtained from lactic acid due to bacterial metabolism. Furthermore, the
average sensory value for the sweetness of product stored at refrigerated temperature ranged from
2.10 —2.87 (not sweet). The sweetness was decreased due to reduced sugar content and breakdown
by lactic acid, acetic acid, and yeast bacteria during the fermentation and storage processes [49].
In contrast, all samples have medium to high ratings for sourness parameters. On the bitter taste
parameter, almost all samples have low ratings. The sour taste of fermented drinks is caused by
the metabolism of lactic acid bacteria and yeast, while the fermentation process, namely the
breakdown of glucose into alcohol, leads to a bitter taste [50]. Fermentation metabolites, such as
esters, peptides, aldehydes, acetaldehyde, and higher alcohols are also associated with bitterness
[51]. On the soda sensation parameter, all samples had low to medium ratings, signifying not
strong to slightly strong soda sensation. The sensation of soda was attributed to the reaction
between carbonate and acid which then forms CO2 [52].

Fig. 7 explains the results of the hedonic quality test on coconut water kefir stored at freezer
temperature (-25°C). Kruskal Wallis tests on coconut water kefir samples stored at freezer
temperature for the parameters of color, aroma, and sour taste showed significant differences (P <
0.05) across all treatments. The U Mann-Whitney test was then conducted on the parameters of
color, aroma, and sour taste in all freezer storage treatments.

The average sensory value of murky color, aroma, and sourness parameters on coconut water
kefir stored at freezer temperature ranged from 3.47 — 4.27 (slightly murky to murky), 2.15 — 2.97
(not strong aroma), and 2.42 — 3.92 (not sour to slightly sour), respectively. The parameters of
sweetness, bitterness, as well as soda sensation, are no different between treatments, making it
difficult to sort the assessments. However, on the sweetness parameter, almost the entire sample
had a low rating to an intermediate score. This signified that coconut water kefir showed a taste
ranging from not sweet to slightly sweet. On the bitterness parameter, the entire sample had a low
rating, reflecting a not bitter taste. In contrast, the assessment for sweetness and bitterness showed
very low ratings on the parameter of soda sensation. This suggested that the sensation of soda in

coconut water kefir is very not strong to not strong.

4. Conclusions

In conclusion, the interaction between temperature and storage time did not significantly
affect the pH and °Brix value of coconut water kefir. Furthermore, the alcohol content of all
samples was in the range below 1%. The optimum temperature and storage time of coconut water

kefir for obtained sensory properties acceptable to the panelists were achieved at refrigerated
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temperature for 1 day. This assessment was based on the average of all parameters for hedonic
testing. Further statistical analysis results showed that refrigerator storage had a significant
influence on hedonic and hedonic quality assessment. Freezer storage did not significantly
influence hedonic assessment. However, it had a significant influence on hedonic quality
assessment. This study on coconut water kefir could be improved by considering the addition of

various types of sugar.

Abbreviations
Not applicable.
Data availability statement
Data will be made available on request.
Credit authorship contribution statement

Sefira Putri, Maryam Jameelah, Lukman Azis: Conceptualization, Data curation,
Methodology, Writing — review and editing. Sefira Putri: Formal analysis, Investigation,
Resources, Writing — original draft, Visualization. Maryam Jameelah: Conceptualization for
study methodology, Supervision of each step (especially the fermentation process), Validation of
the data, review and editing the manuscript, and Research Project Administration. Lukman Azis:
revise the manuscript, and validate of analytical steps.

Declaration of Competing Interest
The authors declared the absence of competing financial interests or personal relationships
that could have appeared to influence this study.
Acknowledgment
The authors are grateful to the Institute for Research, Innovation, and Community Service

at Al-Azhar University of Indonesia, for funding this study.

References

[1] Penddn MD, Bengoa AA, Iraporda C, Medrano M, Garrote GL, Abraham AG. Water kefir:
Factors affecting grain growth and health-promoting properties of the fermented beverage.
J Appl Microbiol 2022;133:162—-80. https://doi.org/10.1111/jam.15385.

[2] Limbad M, Gutierrez-Maddox N, Hamid N, Kantono K, Liu T, Young T. Microbial and
Chemical Changes during Fermentation of Coconut Water Kefir Beverage. Applied Sciences
(Switzerland) 2023;13. https://doi.org/10.3390/app13127257.

[3] Alchoubassi G, Kinska K, Bierla K, Lobinski R, Szpunar J. Speciation of essential nutrient
trace elements in coconut water. Food Chem 2021;339:127680.
https://doi.org/10.1016/j.foodchem.2020.127680.

[4] Burns DT, Johnston EL, Walker MJ. Authenticity and the Potability of Coconut Water-A
Critical Review. J AOAC Int 2020;103:800-6. https://doi.org/10.1093/jaocint/qsz008.

409


https://doi.org/10.1111/jam.15385
https://doi.org/10.3390/app13127257
https://doi.org/10.1016/j.foodchem.2020.127680
https://doi.org/10.1093/jaocint/qsz008

Liana et al. Journal of Applied Agricultural Science and Technology Vol. 8 No. 3 (2024): 397-412

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Alouw JC, Wulandari S. Present status and outlook of coconut development in Indonesia.
IOP Conf Ser Earth Environ Sci 2020;418. https://doi.org/10.1088/1755-
1315/418/1/012035.

Dwi YM. Warta Ekspor: Optimasi Bahan Baku Kelapa Edisi September 2017. Kementrian
Perdagangan Republik Indonesia 2017.

V R. Production & Characterisation of Fermented Coconut Water and A Report on Its Health
Benefits. Food Science and Nutrition Technology 2022;7:1-5.

Kemkes P. Tabel Komposisi Pangan Indonesia 2017. 2017.

Guzel-Seydim ZB, Gokirmakli C, Greene AK. A comparison of milk kefir and water kefir:
Physical, chemical, microbiological, and functional properties. Trends Food Sci Technol
2021;113:42-53. https://doi.org/10.1016/j.1ifs.2021.04.041.

Laureys D, Vuyst L De. The Water Kefir Grain Inoculum Determines The Characteristics
of The Resulting Water Kefir Fermentation Process. J Appl Microbiol 2016;38:42-9.
https://doi.org/10.1111/ijlh.12426.

de Grano RV, Aportadera ETC, Devanadera MK, Santiago M, Dalmacio LM. Molecular
identification of cholesterol-lowering lactic acid bacteria isolated from cocowater kefir. Acta
Manila Ser A 2015;63:33-8. https://doi.org/10.53603/actamanil.63.2015.0ltu7304.
Setiawati AE, Yunianta Y. Kajian Analisis Suhu Dan Lama Penyimpanan Terhadap
Karakteristik Kadar Alkohol Kefir Susu Sapi. Jurnal Pangan Dan Agroindustri 2018;6:77—
86. https://doi.org/10.21776/ub.jpa.2018.006.04.9.

Rohmah F. Pengaruh Suhu dan Lama Penyimpanan Terhadap Karakteristik Kefir untuk
Pendugaan Umur Simpan Secara Konvensional. Universitas Brawijaya, 2018.

Rohman AR, Dwiloka B, Rizqgiati H. Pengaruh Lama Fermentasi Terhadap Total Asam,
Total Bakteri Asam Laktat, Total Khamir dan Mutu Hedonik Kefir Air Kelapa Hijau (Cocos
nucifera). Jurnal Teknologi Pangan 2019;3:127-33.
https://doi.org/10.14710/jtp.2019.23281.

Hecer C, Ulusoy B, Kaynarca D. Effect of different fermentation conditions on the
composition of kefir microbiota. Int Food Res J 2019;26:401-9.

Jakubowska M, Karamucki T. The effect of storage time and temperature on the quality of
natural yoghurt. Acta Scientiarum Polonorum  Zootechnica 2020;18:29-38.
https://doi.org/10.21005/asp.2019.18.4.04.

Aroua M, Ben Haj Koubaier H, Bouacida S, Ben Said S, Mahouachi M, Salimei E. Chemical,
Physicochemical, Microbiological, Bioactive, and Sensory Characteristics of Cow and
Donkey Milk Kefir during Storage. Beverages 2023;9.
https://doi.org/10.3390/beverages9010002.

Montero ML, Garrido D, Karina Gallardo R, Tang J, Ross CF. Consumer acceptance of a
ready-to-eat meal during storage was evaluated with a home-use test. Foods 2021;10.
https://doi.org/10.3390/foods10071623.

Verce M, De Vuyst L, Weckx S. Shotgun metagenomics of a water kefir fermentation
ecosystem reveals a novel Oenococcus species. Front Microbiol 2019;10:1-16.
https://doi.org/10.3389/fmicb.2019.00479.

IRIGOYEN A. Microbiological, physicochemical, and sensory characteristics of kefir
during storage. Food Chem 2005;90:613-20.
https://doi.org/10.1016/j.foodchem.2004.04.021.

Setyawardani Triana, Juni S, Rahardjo AHD, Sulistyowati M, Widayaka K. Kualitas Kimia,
Fisik dan Sensori Kefir Susu Kambing yang Disimpan pada Suhu dan Lama Penyimpanan
Berbeda. Buletin Peternakan 2017;41:298-306.

Setiawati AE, Yunianta Y. Kajian Analisis Suhu Dan Lama Penyimpanan Terhadap
Karakteristik Kadar Alkohol Kefir Susu Sapi. Jurnal Pangan Dan Agroindustri 2018;6:77—
86. https://doi.org/10.21776/ub.jpa.2018.006.04.9.

410


https://doi.org/10.1088/1755-1315/418/1/012035
https://doi.org/10.1088/1755-1315/418/1/012035
https://doi.org/10.1016/j.tifs.2021.04.041
https://doi.org/10.1111/ijlh.12426
https://doi.org/10.53603/actamanil.63.2015.oltu7304
https://doi.org/10.21776/ub.jpa.2018.006.04.9
https://doi.org/10.14710/jtp.2019.23281
https://doi.org/10.21005/asp.2019.18.4.04
https://doi.org/10.3390/beverages9010002
https://doi.org/10.3390/foods10071623
https://doi.org/10.3389/fmicb.2019.00479
https://doi.org/10.1016/j.foodchem.2004.04.021
https://doi.org/10.21776/ub.jpa.2018.006.04.9

Liana et al. Journal of Applied Agricultural Science and Technology Vol. 8 No. 3 (2024): 397-412

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Devita M, Rizqgiati H, Pramono YB. Pengaruh Lama Fermentasi Terhadap Kadar Alkohol,
Lemak, Nilai pH, dan Total BAL Kefir Prima Susu Kambing. Jurnal Teknologi Pangan
2019;3:204-8.

Alves E, Ntungwe EN, Gregorio J, Rodrigues LM, Pereira-Leite C, Caleja C, et al.
Characterization of kefir produced in household conditions: Physicochemical and nutritional
profile, and storage stability. Foods 2021;10:1-16. https://doi.org/10.3390/foods10051057.
Putri YD, Setiani NA, Warya S. The Effect of Temperature, Incubation and Storage Time
on Lactic Acid Content, pH, and Viscosity of Goat Milk Kefir. Current Research on
Biosciences and Biotechnology 2020;2:101-4.
https://doi.org/10.5614/crbb.2020.2.1/hpmg5042.

Bayu MK, Rizgiati H, Nurwantoro N. Analisis Total Padatan Terlarut, Keasaman, Kadar
Lemak, dan Tingkat Viskositas pada Kefir Optima dengan Lama Fermentasi yang Berbeda.
Jurnal Teknologi Pangan 2017;1:33-8. https://doi.org/10.14710/jtp.2017.17468.

Du X and, Myracle AD. Development and evaluation of kefir products made with aronia or
elderberry. Int Food Res J 2018;25:1373-83.

Shofiyya AN, Nafisah RF, Agustina E, Purnamasari R, Lusiana N. The Effect Of
Fermentation Time On Alcohol Content, Chemical Characteristic, And Halal Label Of
Vanilla (Vanilla planifolia) Leaf Kombucha Tea. The 3rd International Conference on
Sustainable Health Promotion (ICOSHPRO) 2023:9-15.

Tarwendah IP. Jurnal Review: Studi Komparasi Atribut Sensoris dan Kesadaran Merek
Produk Pangan. Jurnal Pangan Dan Agroindustri 2017;5:66—73.

Simanungkalit LP, Subekti S, Nurani AS. Uji Penerimaan Produk Cookies Berbahan Dasar
Tepung Ketan Hitam. Media Pendidikan, Gizi, Dan Kuliner 2018;7:31-43.

Laksmi RT, M LA, Kusrahayu. Daya Ikat Air, pH dan Sifat Organoleptik Chicken Nugget
yang Disubtitusi dengan Telur Rebus (Water Holding Capacity, pH and the Organoleptic
Characteristics of Chicken Nugget that was Substituted by Boiled Eggs). J Chem Inf Model
2012;8:1-58.

Torrico DD, Jirangrat W, Wang J, Chompreeda P, Sriwattana S, Prinyawiwatkul W. Novel
modelling approaches to characterize and quantify carryover effects on sensory
acceptability. Foods 2018;7:1-11. https://doi.org/10.3390/foods7110186.

Manu LE, Manu FDW, Agbenorhevi JK, Dixon BM, Oduor IN. Gender-Disaggregated
Consumer Testing and Descriptive Sensory Analysis of Local and New Yam Varieties.
Foods 2023;12:1-14. https://doi.org/10.3390/foods12030537.

Aziz NS, Chin ZK, Mohd Razali NS, Sofian-Seng NS, Kasim KF. Development of mature
coconut (Cocos nucifera L.) probiotic beverage: Physicochemical characteristics, microbial
count, antioxidant activity, and sensory acceptance. Int Food Res J 2023;30:119-29.
https://doi.org/10.47836/ifrj.30.1.09.

Lindawati SA, Sriyani NLP, Hartawan M, Suranjaya IG. Study Mikrobiologis Kefir Dengan
Waktu Simpan Berbeda. Majalah IImiah Peternakan 2015;18:95-9.
https://doi.org/10.24843/mip.2015.v18.i03.p03.

O’Brien K V., Aryana KJ, Prinyawiwatkul W, Ordonez KMC, Boeneke CA. Short
communication: The effects of frozen storage on the survival of probiotic microorganisms
found in traditionally and commercially manufactured kefir. J Dairy Sci 2016;99:7043-8.
https://doi.org/10.3168/jds.2015-10284.

Dwilokaa B, Rizgiatia H, Setiania and BE. Physicochemical and Sensory Characteristics of
Green Coconut (Cocos nucifera L.) Water Kefir. International Journal of Food Studies
2020;9:346-56.

Wardhana KP, Sumaryati E, Sudiyono. Pengaruh Suhu dan Lama Waktu Penyimpanan Kulit
Semangat (Citrullus vulgaris Schard) terhadap Sifat Fisikokimia Minuman Sari Kulit
Semangka. Jurnal Ilmu-Ilmu Pertanian “AGRIKA” 2016;10:10-9.

411


https://doi.org/10.3390/foods10051057
https://doi.org/10.5614/crbb.2020.2.1/hpmq5042
https://doi.org/10.14710/jtp.2017.17468
https://doi.org/10.3390/foods7110186
https://doi.org/10.3390/foods12030537
https://doi.org/10.47836/ifrj.30.1.09
https://doi.org/10.24843/mip.2015.v18.i03.p03
https://doi.org/10.3168/jds.2015-10284

Liana et al. Journal of Applied Agricultural Science and Technology Vol. 8 No. 3 (2024): 397-412

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Dante LJC, Suter IK, Darmayanti LPT. Pengaruh Konsentrasi Sukrosa Terhadap
Karakteristik Yoghurt dari Kulit Pisang Kepok (Musa paradisiaca formatypica) dan Kacang
Hijau (Phaseolus radiatus L.). Jurnal Itepa: Ilmu Dan Teknologi Pangan 2017;5:74-84.
Safak H, Gin I, Kalit MT, Kalit S. Physico-Chemical, Microbiological and Sensory
Properties of Water Kefir Drinks Produced from Demineralized Whey and Dimrit and Shiraz
Grape Varieties Havva. Foods 2023;12:1-16.

Jaywant SA, Singh H, Arif KM. Sensors and Instruments for Brix Measurement: A Review.
Sensors 2022;22:1-20. https://doi.org/10.3390/5s22062290.

Ugwu KC, Mbajiorgu CC, Okonkwo WI, Ani AO. Design, fabrication and performance
evaluation of a portable hand-held refractometer. Nigerian Journal of Technology
2018;37:537. https://doi.org/10.4314/njt.v37i2.33 .

Sy H, Chan M, Finley J. Determination of Ethanol Content in Water Kefir Using Headspace
Gas Chromatography With Mass Spectrometry Detection: Matrix Extension and Methanol
Characterization. J AOAC Int 2023;106:348-55. https://doi.org/10.1093/jaoacint/qsac125.
Cufaoglu G, Erdinc AN. An alternative source of probiotics: Water kefir. Food Front
2023;4:21-31. https://doi.org/10.1002/ft2.200.

Cai Y, Sounderrajan A, Serventi L. Water Kefir: A Review of its Microbiological Profile,
Antioxidant Potential and Sensory Quality. Acta Scientifci Nutritional Health 2020;4:10-7.
https://doi.org/10.31080/asnh.2020.04.0706.

Yanuar SE, Sutrisno A. Minuman Probiotik dari Air Kelapa Muda dengan Starter Bakteri
Asam Laktat Lactobacillus casei. Jurnal Pangan Dan Agroindustri 2015;3:909-17.
Febriella V, Alfilasari N, Azis L. Inovasi Minuman Herbal yang Difermentasi dengan Starter
Kombucha dan Pengaruhnya terhadap Mutu Organoleptik, pH, dan Nilai Antioksidan. Food
and Agroindustry Journal 2021;2:33-40.

Sari ARS, Nurwantoro, Hintono A, Mulyani S. Pengaruh Penggunaan F1 Grain Kefir
sebagai Starter terhadap Kadar Alkohol, Total Khamir dan Kesukaan Kefir Optima. Jurnal
Teknologi Pangan 2019;4:137-44.

Ningsih R, Rizgiat H, Nurwantoro. Total Padatan Terlarut, Viskositas, Total Asam, Kadar
Alkohol, Dan Mutu Hedonik Water Kefir Semangka Dengan Lama Fermentasi Yang
Berbeda. Jurnal Teknologi Pangan 2019;3:352-331.

Dupa EC, Thelma Jane Tuju, Langi TM. Pengaruh Pencampuran Beras Ketan Hitam dan
Ketan Putih (Oryza glutinosa) Terhadap Sifat Fisikokimia Minuman Beralkohol dari Tape.
Jurnal Agroekoteknologi Terapan 2022;3:279-86.

Luo Y, Kong L, Xue R, Wang W, Xia X. Bitterness in alcoholic beverages: The profiles of
perception, constituents, and contributors. Trends Food Sci Technol 2020;96.
https://doi.org/10.1016/j.tifs.2019.12.026.

Cahyani SO, Dwiloka B, Rizgiati H. Perubahan Sifat Fisikokimia dan Mutu Hedonik Kefir
Air Kelapa Hijau (Cocos nucifera L.) dengan Penambahan High Fructose Syrup (HFS).
Jurnal Teknologi Pangan 2019;3:96-103. https://doi.org/10.14710/jtp.2019.22514.

412


https://doi.org/10.3390/s22062290
https://doi.org/10.4314/njt.v37i2.33
https://doi.org/10.1093/jaoacint/qsac125
https://doi.org/10.1002/fft2.200
https://doi.org/10.31080/asnh.2020.04.0706
https://doi.org/10.1016/j.tifs.2019.12.026
https://doi.org/10.14710/jtp.2019.22514

	1. Introduction
	2. Materials and methods
	2.1. Equipment
	2.2. Material
	2.3. Coconut water kefir production
	2.4. Harvesting and storage treatment
	2.5. pH
	2.6. Degree of brix
	2.7. Alcohol content
	2.8. Sensory properties
	2.9. Data analysis

	3. Results and Discussion
	3.1.  pH
	3.2.  Degree of Brix
	3.3.  Alcohol content
	3.4.  Hedonic test
	3.5.  Hedonic quality Test

	4. Conclusions

