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The thin skin and high water and sugar content of the watery rose apple
cv. ‘Dalhari’ (Syzygium aqueum) make it highly susceptible to microbial
infections. The fruit's skin serves as its outer protective layer, shielding
it from mechanical damage and microbial invasion. Washing is the first
step in postharvest fruit treatment. However, concerns over the
potential carcinogenic effects of chlorine residues have prompted a
need to reconsider its use in industrial washing processes. This study
investigated alternative natural sanitizers for washing the ‘Dalhari’
watery rose apple, focusing on the use of essential oils. Five essential
oils, betel, clove, cinnamon bark, lemon, and vanilla, were tested for
their antimicrobial properties using the minimum inhibitory
concentration (MIC) method. The active compounds in these essential
oils were identified using GC-MS analysis. Following treatment with the
essential oils, several parameters were assessed on the watery rose
apple, including microbial population, weight loss, fruit firmness, total
titratable acidity, total soluble solids, and pH levels. The results showed
that a 0.1% betel essential oil washing treatment was as effective as a
20 ppm chlorine treatment. These findings suggest that essential oils,
particularly betel oil, can be viable natural alternatives to chlorine for
washing the watery rose apple cv. ‘Dalhari’

Introduction

Pectinolytic bacteria, in particular, can break

The watery rose apple cv. ‘Dalhari’ (Syzygium
aqueum) is a highly valued native germplasm in
Sleman Regency, known for its juicy flesh,
sweetness, tenderness, thick flesh, and lower seed
count compared to other watery rose apple
cultivars (Septyani and Santoso, 2013). However,
it has a limited shelf life due to its susceptibility to
microbial contamination. Its delicate skin and
high sugar content create an ideal environment
for microbial growth (Setiawan et al, 2019).
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down pectin, a crucial component of fruits,
leading to a decline in quality and safety, making
the fruit unfit for consumption (Jennylynd B. etal.,
2011).

Traditionally, postharvest treatments at the farm
level have been limited to washing the fruit with
plain water. Inorganic substances like chlorine,
chlorine dioxide, and hydrogen peroxide have
also been used to reduce microbial contamination
in fruits and vegetables (Calonico et al,, 2019).
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However, prolonged use of these chemicals is
discouraged due to potential health risks from
residues. A study on lettuce washing showed a
reduction in chlorine concentration from 1.5 mg
L1 to 0.8 mg L, indicating that chlorine might
still be present on equipment or produce after
washing (Calonico et al,, 2019). While chlorine-
based compounds are still widely used in
industrial washing, especially for preventing
cross-contamination during batch washing (Gil et
al, 2016, 2019), they can react with organic
matter to form harmful disinfection by-products
(DBPs) such as trihalomethanes (THMs) and
haloacetic acids (HAAs) (Gadelha et al., 2019).

A study in Taiwan found high concentrations of
dibromochloromethane and dichloroacetic acid
in ready-to-eat vegetables, highlighting the risks
of DBPs (Lin and Tsai, 2023). Prolonged exposure
to THMs and HAAs is associated with health risks
such as bladder cancer, reproductive issues, and
colorectal cancer (Rahman et al,, 2010; Parvez et
al,, 2019; Evlampidou et al,, 2020). Beyond health
concerns, chlorine also negatively impacts
ecosystems. Chlorine residues in the environment
can disrupt soil microbial communities and
decrease the activity of crucial enzymes like
urease, catalase, and phosphatase, which play a
key role in nutrient cycling, potentially stunting
plant growth (Song et al,, 2019).

Given these issues, there is a growing interest in
natural, eco-friendly alternatives like essential
oils (EOs) for washing fruits and vegetables. EOs
have demonstrated antibacterial properties, and
their potential for postharvest applications in
fruits and vegetables has been explored in various
studies (Bilcu et al,, 2014; Mandal and Mandal,
2015; Valdés et al,, 2017; Utama et al., 2020). This
study investigates the use of essential oils as a
natural  washing agent to  eliminate
microorganisms from watery rose apple cv.
‘Dalhari’. Specifically, it aims to identify the most
effective type and concentration of essential oil
needed to inhibit microbial growth during
postharvest washing of the fruit.

Material and Methods

Selection of watery rose apple fruit

Watery rose apple cv. ‘Dalhari’ fruits were
harvested from local gardens in Berbah
Subdistrict, Sleman District, Special Region of
Yogyakarta, Indonesia (7.8046° S, 110.4436° E).
Fruit maturity was determined using specific
criteria, including a harvest period of 60-70 days
after blooming, a combination of dark red skin
and white flesh, a soluble solid content of 10 +
1%, and a weight ranging from approximately 70-
100 g. The fruits were detached from their stems
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and plastic wrapping before being transported to
the laboratory. They were carefully packed in
cardboard containers and wrapped in paper to
prevent damage during transport.

Upon arrival at the laboratory, the fruits were
sorted based on uniform size and checked to
ensure they showed no visible signs of damage or
disease. The selected fruits were then stored at
25°C (GEA 2dDEXPO-800AH / CN, Indonesia) for
further observation.

Quantitative analysis of essential oils
compounds by GC-MS

The antimicrobial activity of the EO fractions was
analyzed using gas chromatography-mass
spectrometry (GC-MS) to investigate their
chemical composition (Hajji et al, 2010).
Essential oils of vanilla, cinnamon, betel, clove,
and lemon were extracted using the cold-pressed
method and obtained from Happy Green Garden,
Indonesia. The analysis was conducted using a
Thermo  Scientific = Chromeleon™  Dionex
7.2.8.10783 system.

Determination of optimal concentrations of
essential oil

Prior to administering the washing procedure, the
optimal concentration of each essential oil (EO)
was determined through minimum inhibitory
concentration (MIC) analysis on isolated spoilage
microorganisms, including bacteria, yeast, and
fungi (Othman et al, 2011). The initial phase
involved isolating putrefactive bacteria, yeasts,
and fungi from watery rose apple fruit. EO
inhibitory testing was then performed using the
paper disk diffusion and pour plate methods.

Isolation of spoilage microorganisms

To prepare dilution water, the water was
sterilized in an autoclave (Hirayama HVE-50,
Japan) for 45 minutes at 121 °C and 1 atm of
pressure. One gram of watery rose apple fruit was
then crushed and mixed with the sterilized
dilution water (Othman et al., 2011). The dilution
process involved sequentially diluting the
solution at a 1:10 ratio, resulting in a 10-fold
dilution from 10-2 to 10-9. Afterward, 0.1 mL of
each diluted sample was added to sterilized
Potato Dextrose Agar (PDA, Merck, Germany) and
Plate Count Agar (PCA, Merck, Germany), which
were prepared by autoclaving at 121 °C and 1 atm
pressure for 45 minutes.

The samples were incubated at 32 °C for 48 hours.
Microorganisms that proliferated on PDA and PCA
were identified as fungi, yeast, or bacteria. The
selected microorganisms were isolated and
transferred to separate Petri dishes: bacterial



Ananda Utama et al.,

Int. J. Hort. Sci. Technol. 2025 12 (1): 253-266

colonies were cultured on PCA, while fungal and
yeast colonies were grown on PDA. The isolated
bacteria were further transferred using the
streak-plate  technique and cultured for
subsequent microbiological analysis.

Paper disk inhibition test

The assay for inhibiting spoilage microbes was
conducted using the Kirby-Bauer disk diffusion
susceptibility test (Hudzicki, 2016). Essential oils
of vanilla, cinnamon, betel, clove, and lemon were
extracted using the cold-press method and
purchased from Happy Green Garden in
Indonesia. Paper disks with a 1.2 cm diameter
were treated with 0.1 mL of varying
concentrations of each EO solution. The disks
were then placed on three different Petri dishes:
one containing Plate Count Agar (PCA) for
bacterial inoculation, and two with Potato
Dextrose Agar (PDA) for fungal and yeast
inoculation. The Petri dishes were inverted and
incubated for 48 hours at 32 °C. Inhibition zones
around each disk were measured using calipers in
millimeters, and each measurement was
performed in triplicate.

Pour plate inhibition test

The selected microbial colonies were inoculated
into growth media containing varying
concentrations of EO using the pour plate method.
From each culture, 1 mL was transferred into a
Petri dish containing the appropriate growth
media, bacterial colonies were cultured in Plate
Count Agar (PCA), while fungi and yeast were
cultured in Potato Dextrose Agar (PDA). The Petri
dish was gently swirled in a circular motion to
ensure even distribution of the microorganisms.
After incubation, the microbial colonies were
counted, and the concentration of EO that
resulted in the lowest microbial growth was
identified as the optimum concentration for
antimicrobial effectiveness.

Effects of essential oils washing treatiment on
watery rose apple fruit cv. ‘Dalhari’

The washing solution was prepared by mixing
water, EO, and Tween 80. The concentration of EO
was set to the optimal value determined by the
minimum  inhibitory = concentration (MIC)
analysis, while Tween 80 (Polysorbate 80) was
added at 10% of the EO concentration. All
components were blended in a mixer (Miyako
HM-620) to create a homogenous washing
emulsion (Kang and Song, 2018). For control
treatments, plain water and a chlorine solution
were used. The chlorine-washing solution was
prepared by adding 0.02 mL of sodium
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hypochlorite (Bratachem, Indonesia) to 1 L of
water. The watery rose apple cv. ‘Dalhari’ fruits
were soaked in the washing solution for 3 min,
dried, wrapped in low-density polyethylene
plastic (0.01-0.02 mm thickness), and stored at
ambient temperature for further observation.

Microbial analysis

A microbiological test was conducted to
determine the total microorganisms using the
plate count method on Plate Count Agar (PCA).
After the washing treatment, observations were
made ondays0, 3,6,9,12, and 15. One g of watery
rose apple cv. ‘Dalhari’ was placed in a test tube
and diluted in 9 mL of distilled water. This
solution was then subjected to a series of 10-fold
dilutions until reaching a dilution level of 10-6.
From the 10-4 to 10-¢ dilution levels, 0.1 mL of the
solution was taken and streaked onto Petri dishes
containing PCA. The Petri dishes were incubated
for 48 h at 32 °C in an inverted position. The
number of colonies was subsequently counted
using a colony counter (Setiawan et al.,, 2019).
Weight Iloss and  fruit  hardness
measurements

Weight loss measurements were conducted daily
for 15 d using an electronic balance (OHAUS
Scout® Pro, USA). The weight loss percentage
was calculated by determining the difference
between the initial and final weights of the fruits.

Fruit hardness was assessed wusing a
penetrometer  (Lutron  FR-5120, Lutron
Electronic Enterprise Co. Ltd.), with the

instrument’s tip being jabbed three times at
different locations on each fruit. Hardness
measurements were taken every three days using
a tip diameter of 3 mm. The force required to
penetrate the fruit was automatically displayed
on the penetrometer when recording the
hardness value.

Total titratable acid, total soluble solid, and
pH measurements

Total titratable acid (TTA) analysis was
performed to measure the total organic acid
content in the sample solution. The analysis
followed the titration method (AOAC, 1990),
where one g of mashed watery rose apple was
diluted in 100 mL of distilled water. Then, 10 mL
of this solution was mixed with 1-3 drops of
phenolphthalein indicator. Titration was carried
out using 0.1N NaOH until the solution turned a
stable pink color. Total soluble solids (TSS), or
total dissolved solids, were measured to assess
the concentration of organic components in the
fruit. The TSS value was determined using a
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handheld refractometer (ATAGO Pal-3, ATAGO
Co., LTD, USA). The fruit was crushed to extract
the juice, and a small amount of the liquid was
placed on the lens of the refractometer. The
indicated value corresponded to the total amount
of dissolved solids. The pH value was measured
using a pH meter (HANNA Instruments HI 8314,
UK). Before use, the pH electrode was calibrated
with a buffer solution, rinsed with distilled water,
and dried. One g of pulverized watery rose apple
fruit was mixed with 5 mL of purified water, and
the electrode was immersed in this mixture. The
pH value was recorded once a stable reading was
displayed. TTA, TSS, and pH analyses were
conducted at three-day intervals over a period of
15 d.

Statistical analysis and data visualization

All statistical analyses in this study were
conducted using R and RStudio (version
2023.09.0) for Windows. The ‘agricolae’ package
was employed to analyze the mean significant

Compound

Phenol, 4-{2-propenyl)-, acetate

3-Allyl-6-methoxyphencl

3-Allyl-6-methoxyphencl acetate
I Naphthalene, 1,2,3,4,4a,5,6,

12.04

4.02 8a-octahydro-4a,8-dimethyl-2-

5 10 15
Concentration (%)

Cloves

3424 Compound

(1-methylethenyl)- [2R-(2a,4aa 8al)]-

differences among observed parameters using
Duncan’s multiple range test (P<0.05). Data
visualization was accomplished with the ‘ggplot2’
and ‘cowplot’ packages in RStudio.

Results

Major compounds in essential oils

EOs of betel, cinnamon bark, cloves, lemon, and
vanilla were analyzed using gas chromatography-
mass spectrometry (GC-MS) to identify their
predominant chemical compositions (Fig. 1).
Each EO exhibited distinct compositions of key
compounds. However, both betel and clove EOs
contained 3-Allyl-6-methoxyphenol and 3-Allyl-
6-methoxyphenol acetate, though at different
concentrations. Betel EO had a higher
concentration  of  3-Allyl-6-methoxyphenol
acetate, while clove EO had a greater proportion
of 3-Allyl-6-methoxyphenol. Approximately 50%
of lemon EO and vanilla EO consisted primarily of
a single component, D-limonene and ethyl
vanillin, respectively.

Cinnamon bark

17.54  Compound

Glycerol 1,2-diacetate
(Z)-3-Phenylacrylaldehyde
Acetic acid, cinnamyl ester
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5 10 15 20
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o
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Fig. 1. Qualitative results for compounds in selected essential oils using GC-MS analysis.

Determination of optimal concentration for
each essential oil

Table 1 displays the features of each isolated
pathogen, bacteria, fungi, and yeast found in the
watery rose apple cv. ‘Dahari’

The optimal concentrations of each EO were
subsequently applied in the washing treatment
analysis. Table 2 shows that each EO exhibited an
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ideal concentration for effectively inhibiting the
selected spoilage microbes, as determined by the
minimal inhibitory concentration study using the
paper disk and pour method. The paper disk test
results indicate that the most effective
concentrations were 0.8% lemon EO (with
inhibition zones of 2.4-4.4 mm), 0.1% betel EO
(with inhibition zones of 3.5-6.0 mm), 0.7% clove
EO (with inhibition zones of 2.4-2.8 mm), 0.5%



Ananda Utama et al.,

Int. J. Hort. Sci. Technol. 2025 12 (1): 253-266

cinnamon EO (with inhibition zones of 4.1-20.6
mm), and 0.6% vanilla EO (with inhibition zones
of 2.2-5.5 mm). These optimal concentrations

Table 1. Isolated pathogenic microorganisms of watery rose apple cv. ‘Dahari’

were then employed in further washing treatment
analysis.

Identification

Microscopic

observation

Color
Diameter
Colony shape
Edges shape
Internal structure
Elevation

Respiration type

Translucent

Low convex

Fungi

Greyish white

Fi

Fi

1.5 mm
lamentous
Ramose
lamentous
Effuse
Acrobe

Yeast

White
2.5 mm
Circular

Crenate

Finely Granular

Effuse
Aerobe

Table 2. Minimal inhibitory concentration analysis using paper disk and pour-plate method expressed in
inhibition zones and colony forming units.

Essential oil Concentration Inhibition zones (mm) Colony Forming Unit (CFU)

(%) Bacteria Yeast Fungi Bacteria Yeast Fungi

Cinnamon 0.30 1.61¢° 0.154 0.68° sp 5 20

0.50 2.06¢ 0.41¢ 0.74° 0 0 0

0.70 2.50¢ 0.52° 0.76° 0 0 0

0.90 3.98° 0.55° 0.90* 0 0 0

1.10 7.00° 0.63? 0.922 0 0 0

Vanilla 0.20 0.16" 0.133¢ 0.27¢ sp 58 sp

0.40 0.19° 0.23° 0.44° 0 7 40

0.60 0.24% 0.26% 0.55% 0 0 50

0.80 0.53? 0.293 0.57° 0 0 0

1.00 0.20° 0.352 0.752 0 0 0

Clove 0.30 0.16° 0.16° 0.23¢ sp 5 26

0.50 0.224 0.21° 0.25¢ 0 2 3

0.70 0.24¢ 0.25° 0.28° 0 0 0

0.90 0.33% 0.24° 0.54° 0 0 0

1.10 0.442 0.332 0.67* 0 0 0

Betel 0.08 0.54¢ 0.18¢ 0.35¢ 15 3 45

0.10 0.60° 0.35¢ 0.58° 0 1 0

0.30 0.84° 038be 0.74° 0 0 0

0.50 0.84° 0.43° 0.882 0 0 0

0.70 1.00* 0.552 0.912 0 0 0

Lemon 0.60 0.26° 0.18¢ 0.164 0 3 4

0.80 0.44° 0.32¢ 0.24° 0 1 0

1.00 0.46° 0.36" 0.59° 0 0 0

1.20 0.552 0412 0.76* 0 0 0

1.40 0.552 0.422 0.772 0 0 0

Same alphabetic orders indicate no significant difference between the values within the same essential oil types in
different concentrations after Duncan’s Multiple Range Test (P<0.05).
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Effects of different essential oils as washing
material in watery rose apple fruit

Multiple variables were used to evaluate the
effects of different EOs as eco-friendly
alternatives to traditional washing agents on
watery rose apple fruit cv. ‘Dalhari’. Figure 2
illustrates the surface microbial count of the fruit

following different washing methods, providing a
comparative analysis between chlorine and
various EO treatments. The primary goal of this
study was to investigate potential alternatives for
industrial use to replace chlorine in washing
processes.
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Fig. 2. Surface microbial load of watery rose apple fruit treated with different washing treatments. Asterisks
indicate statistically significant differences in microbial load between chlorine and other treatments (*, P <
0.05; **, P< 0.01; *** P = 0).

The population of microorganisms in this study
exhibited an upward trend over the 15-day
storage period, with microbial load beginning to
increase around day 9 and continuing through
day 15. The type of EO influenced bacterial
proliferation. On the final day, samples washed
with plain water had the highest concentration of
microorganisms, while those treated with
chlorine had the lowest. The washing treatments
with betel (P = 0.15) and clove (P = 0.05) EOs
showed no statistically significant differences
compared to the chlorine treatment. This study
also evaluated weight loss, firmness, total soluble
solids, total titratable acidity, and pH in watery
rose apple fruit cv. ‘Dalhari’ to assess the effects of
different washing methods. These parameters
were measured at three-day intervals over a 15-
day storage period (Fig. 3).

The weight loss graph for watery rose apples
during storage showed a general increase across
all treatments (Fig. 3A). Samples washed with
clove essential o0il exhibited the highest
percentage of weight reduction throughout the
observation period compared to other essential
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oils. Figure 3B demonstrates a decline in fruit
firmness over time, while Figure 3C reveals a
decreasing trend in TSS. The graph depicting TTA
showed a positive correlation with the duration of
storage (Fig. 3D). According to Figure 3E, pH
levels remained consistent throughout the
storage period. Figure 4 presents a comparative
analysis of weight loss, firmness, TSS, TTA, and pH
of watery rose apple fruit cv. ‘Dalhari’ on the final
day of observation, following treatments with
various essential oils. The study aimed to explore
alternative solutions to chlorine for industrial
use. On day 15, notable differences were observed
in weight reduction and pH between the chlorine
and essential oil treatments. Compared to clove
essential oil, chlorine treatment resulted in
significantly lower weight loss (P = 0.0046) and a
lower pH level (P 0.00026). Chlorine also
produced a lower percentage of weight reduction
than lemon essential oil (P = 0.0186). Figure 4
further shows no significant differences in
firmness, TSS, and TTA across the different
washing methods.
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Discussion epidemics was ascribed to the rapid increase in a

Fruit surfaces are favorable habitats for the
proliferation of microorganisms, especially
pathogenic agents. Reported incidents of illness
linked to fresh-cut food experienced a substantial
increase in 2015. The occurrence of these
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number of disease-causing microorganisms on
the visible areas of fruits and vegetables (Callejon
et al, 2015). Thus, a proficient cleansing
technique is a crucial operation that greatly
influences the length of time an item can be stored
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and its level of safety. This study examined
various EOs to determine their potential as a
natural substitute for chlorine in the process of
washing fruits. When compared to ordinary
water, the EO treatments exhibited a substantial
reduction in the growth of surface microbes on
watery rose apple fruit cv. ‘Dalhari’ (Fig. 2). EOs
can contain many molecules that possess
antibacterial effects. Betel oil is composed of
significant phytochemical ingredients including
piperine, chavicol, hydroxychavicol, chavibetol,
allyl pyrocatechol, carvacrol, terpinene, cineole,
cadinene, eugenol, and other phenolic
compounds. These chemicals have been
scientifically demonstrated to have inhibitory
effects on fungus and bacteria (Patel and Jasrai,
2013). Phenol acts as an antibacterial by causing
harm to cell walls, causing precipitation of cell

proteins in bacteria, and poisoning the
protoplasm (Fitriyani et al, 2011).
Cinnamaldehyde, also known as (Z)-3-

phenylacrylaldehyde, is a prominent constituent
of cinnamon essential oil. The chemical has the
ability to hinder the activity and proliferation of
fungus and bacteria (Yuliarto et al, 2012).
Eugenol, a primary component of clove essential
oil, has the ability to infiltrate the cell and
cytoplasm membrane, leading to cell leakage and
the death of bacteria and fungi (Shabnam et al,,
2012). Lemon essential oil mostly comprises
limonene molecules, which are monoterpene
compounds capable of binding to the cell plasma
membrane. This binding leads to the disruption of
membrane integrity and proton transport, hence
reducing the growth of fungus and bacteria
(Espina et al, 2013). Previous studies on
inactivation of E. coli by terpenes and other
terpenoids (such as carvacrol or citral) have
shown sub-lethal damage in the outer membrane
and cytoplasm, showing membrane disruption as
an inactivation mechanism of these compounds
(Espina etal., 2013). Research by Cava-Roda et al.
(2021) showed vanillin antimicrobial properties
against Listeria monocytogenes and E. Coli
0157:H7 (Cava-Roda et al, 2012). The
bactericidal activity of vanillin on £. Coli 0157:H7
is attributed to its ability to cause membrane
damage and alter energy metabolism. According
to Figure 2, all washing treatments on the final
day of observation had a surface microbial load
value exceeding 7 log CFU g-1. The application of
chlorine, lemon, and betel essential oil on watery
rose apple fruit did not result in any noticeable
variation (P>0.05) in surface bacteria. Therefore,
it may be inferred that lemon and betel essential
oils, when used as washing agents, are equally
effective as chlorine in eliminating surface germs
on watery rose apple fruit cv. ‘Dalhari’. Following
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the harvest, fruit commodities undergo various
physicochemical changes. These alterations
occurring after harvest indicate the duration the
fruit can be stored without spoilage. In addition to
respiration rate, fruit deterioration can be
influenced by other factors, such as microbial
infection (Fang and Wakisaka, 2021). The current
investigation assessed various time-dependent
physicochemical characteristics to determine the
shelf-life of watery rose apple fruit cv. ‘Dalhari,
following different sanitization procedures.
Figure 3 demonstrates that the watery rose apple
fruit had increased weight loss and total soluble
solids, a decrease in hardness, and total titratable
acidity after a 15-d storage period, regardless of
the various washing methods applied. On day 15,
the weight loss of betel, cinnamon bark, and
vanilla EOs was statistically similar to that of
chlorine (Fig. 4). Watery rose apple cv. ‘Dalhari’ is
a type of fruit with an inseparable exocarp and
mesocarp due to the very thin layer of exocarp.
When the exocarp of watery rose apple is
damaged, the mesocarp is also affected (Lu and
Lin, 2012). Microbial infection can result in
enhanced ethylene production (Ravanbakhsh et
al, 2018). The positive correlation between
ethylene  production and microorganism
population was also reported in Kinnow
mandarin (Citrus nobilis x C. deliciosa) (Jhalegar
et al, 2015). Elevated ethylene levels can
stimulate heightened respiration and lead to an
increase in weight loss. The clove essential oil
exhibited the greatest percentage of weight
reduction, which was much higher than that of
chlorine and distilled water. Cloves contain
eugenol and 3-Allyl-6-methoxyphenol, the major
compounds found in high amounts and belong to
the phenolic category. The infiltration of
hydrocarbon molecules, such as eugenol and
chavibetol, into clove essential oil can cause harm
to the membranes of cell walls. Hydrocarbon
chemicals that possess a high level of toxicity can
immediately harm plant cell walls upon contact
(Baker, 1970). Excessive amounts of EO might
result in burns on the surface of the fruit. The oval
sapodilla fruit (Manilkara zapota L.) was treated
with the maximum concentration of 500 uL. L-1 EO
and a combination of 500 pL L1 EO with 2% CaCla.
This treatment resulted in a decrease in consumer
acceptance due to a reduction in fruit quality
(Bahmani et al,, 2015). Figure 3 illustrates the
loss in firmness, decline in total soluble solids,
and increase in total titratable acidity of watery
rose apple fruit treated with various sanitizing
methods. Nevertheless, irrespective of the
treatment, all fruit samples exhibited negligible
disparities in firmness, total soluble solids, and
total titratable acidity levels. Therefore,
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applying essential oil washing treatments did not
produce any significant effects on these
alterations. Fruit firmness can be diminished by
various factors, including the transpiration
process and cellulolytic microbes. Cellulolytic
bacteria secrete enzymes, including
polygalacturonase, pectin lyase, and pectate lyase,
that are capable of breaking down pectin found in
plant tissues (Souza and Souza, 2013). Extended
storage duration leads to an increase in the
breakdown of protopectin in the middle lamella,
resulting in the conversion of protopectin into
dissolved pectin. This breakdown is facilitated by
enzymes such as polygalacturonase, (-
galactosidase, xyloglucanase,
endotransglycosylase, and cellulase (Harker and
Hallett, 2019). Pectin degradation leads to a
decrease in fruit hardness by weakening the
connections between fruit cells. Oxygen (02)
facilitates the breakdown of organic compounds
in fruit tissue during respiration, producing
carbon dioxide (COz), water, and heat energy. The
heat produced during respiration can lead to
transpiration by raising the temperature in the
fruit tissue. The temperature gradient between
the fruit tissue and its surroundings leads to the
diffusion of water vapor from the fruit tissue to
the environment through the pores of the fruit
skin (Krochta et al., 1994). Watery rose apple cv.
‘Dalhari’ water contains 86.5% of water. Elevated
transpiration  resulting  from  increased
respiration caused by microbial infections leads
to greater water loss, resulting in decreased
turgidity and fruit firmness (Bahmani et al., 2015;
Kenneth C et al,, 2016). Figure 3 illustrates the
decrease in total dissolved solids in all treatments
over the course of storage. The reduction
occurred as a result of the processes of
respiration and fermentation. Respiration results
from decomposing different organic molecules
dissolved in water, including glucose, fructose,
and organic acids. This process generates energy
in fruit metabolism (Kenneth C et al, 2016).
Furthermore, microbes can increase ethylene
levels, ultimately leading to heightened plant
respiration. As respiration increases, respiration
substrates, such as organic acids and simple
sugars (glucose, fructose, sucrose), convert into
energy. Microorganisms have the ability to
metabolize the glucose present in the fruit for
their own life (Wang et al., 2021). Nevertheless, in
this study, using EO did not result in a significant
difference in total soluble solids compared to the
treatment with water and chlorine (P > 0.05).
Similarly, a prior investigation on watery rose
apple cv. ‘Dalhari, treated with alginate coating
and betel EO, likewise found no notable effect on
total dissolved solids (Setiawan et al., 2019). The
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titratable acidity of ‘Dalhari’ watery rose apple
fruit increased steadily over the 15-d storage
period, whereas the pH readings remained
essentially constant (Fig. 3). Figure 4
demonstrates that samples treated with cloves
essential oil on the final observation day exhibited
a slightly but significantly elevated pH (6.83 +
0.09) comparedto the other treatments.
Titratable acidity and pH are important food
analysis concepts related to acidity. The measure
of pH can forecast microbial development,
whereas titratable acidity can determine the
impact of organic acids on flavor in food (Sadler
and Murphy, 2010). The organic acids present in
the fruit undergo acid hydrolysis, resulting in
their conversion into simpler sugars such as
glucose, fructose, and sucrose. This catabolic
process lead to an increase the fruit sweetness by
reducing sourness as a result of H* ion reduction
and pH increases (Rehman et al, 2014).
Microorganisms present in fruit can also
contribute to the rise in overall titratable acidity.
Glucose can be converted into several organic acid
molecules, such as malic acid, lactic acid, acetyl-
CoA, or acetaldehyde, by anaerobic microbes by
the process of glycolysis (Kenneth.C et al., 2016).
The watery rose apple fruit washing procedure
utilizing EO betel exhibits comparable efficacy to
chlorine washing, as evidenced by the lack of
substantial disparities in weight loss, hardness,
total dissolved solids, total titratable acidity, and
pH value compared to chlorine. The findings
endorse the use of betel essential oil as an eco-
friendly and botanical substitute for chlorine-
based washing treatments. In recent years, there
have been studies undertaken to investigate
alternate methods to chlorine cleaning in many
industries, mostly because to the environmental
and safety hazards associated with chlorine.
Chlorine's interaction with organic compounds
can lead to the formation of cancer-causing
substances, such as trihalomethanes and
haloacetic acid (Moustafa et al., 2022). Moreover,
the industrial use of chlorine is associated with
the creation of significant amounts of wastewater
and the corrosion of equipment (FAO/WHO,
2008). Several countries in the United States have
prohibited the use of chlorine for organic
products due to these concerns (United States
Department  of  Agriculture  Agricultural
Marketing Service National Organic Program,
2011). Several studies and review papers have
examined the potential of essential oils as a plant-
based alternative to commercial chemical
sanitizers (de Medeiros Barbosa et al., 2016; Esua
et al, 2017; Rashid et al., 2020; Gurtler and
Garner, 2022; Pizzo etal,, 2023). Nevertheless, the
precise process by which essential oils reduce



Ananda Utama et al.,

Int. J. Hort. Sci. Technol. 2025 12 (1): 253-266

levels of bacteria remains uncertain and cannot
be universally characterized, as each essential oil
contains distinct antimicrobial components. As
previously mentioned in this study, EO comprises
a multitude of intricate chemical components.
These chemicals possess inherent antibacterial
activities, either individually or when combined
with other compounds, resulting in amplified
bactericidal effects. A study conducted by
Ambrosio et al. (2019) found that limonene,
which is the primary component of several citrus
essential oils, such as lemon, cannot be attributed
entirely to the antibacterial capabilities
(Ambrosio et al, 2019). Several minor
compounds, such as linalool and sabinene, can
interact with limonene at the microbial levels to
enhance their antimicrobial effect (Angane et al,,
2022). Additionally, the utilization of multiple EO
(de Medeiros Barbosa et al., 2016) in conjunction
with other decontamination techniques as
ultrasound (He et al, 2021) has shown an
enhanced antimicrobial effect of single-use
essential oil. However, there are still other aspects
of essential oil usage that require further
investigation in order to determine its
effectiveness as a substitute for industrial
chlorine. An appropriate balance of essential oil
content that achieves maximum antibacterial
activity without compromising the organoleptic
qualities of different fresh produce has not been
achieved. Endive leaves were immersed in
lavender and spearmint essential oil solutions of
varying concentrations for a duration of 5 min.
Subsequently, a consumer acceptance test was
conducted on these treated leaves (Xylia et al,
2017). The study found that panelists observed
alterations in scent perception at elevated
concentrations, irrespective of the specific
essential oil. While organoleptic testing was not
conducted in this study, early laboratory testing
did not detect any changes in taste. However,
there was a faint remaining scent from the
essential oil, potentially as a result of its greater
concentration compared to the concentration
provided in the present study.

Conclusions

The study explored the ability of several EOs and
chlorine to replace natural substances in the
washing process of watery rose apple fruit cv.
‘Dalhari’ There was no noticeable variation in the
quality of watery rose apple fruit and the amount
of surface bacteria when using 0.1% betel
essential oil compared to washing the fruit with a
20 ppm chlorine solution. Ultimately, the process
of cleaning watery rose apple fruit can be
accomplished by utilizing 0.1% betel essential oil
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as a plant-derived alternative, which possesses
comparable disinfecting qualities to a chlorine
wash.

Acknowledgments

This research was funded by P.T. Indofood Sukses
Makmur Tbk. through the Indofood Riset Nugraha
program.

Conflict of Interest
The authors indicate no conflict of interest in this
work.

References

Ambrosio CMS, Ikeda NY, Miano AC, Saldafia E, Moreno
AM, Stashenko E, Contreras-Castillo C], Da Gloria EM.
2019. Unraveling the selective antibacterial activity and
chemical composition of citrus essential oils. Scientific
Reports 9, 1-13.
https://www.nature.com/articles/s41598-019-
54084-3

Angane M, Swift S, Huang K, Butts CA, Quek SY. 2022.
Essential oils and their major components: an updated
review on antimicrobial activities, mechanism of action
and their potential application in the food industry.
Foods 11.
https://pubmed.ncbi.nlm.nih.gov/35159614/

AOAC. (1990). Official methods of analysis. Association
of Official Analytical Chemists, Arlington, VA.

Bahmani M, Yusefzadi M, Hassanzadeh Khankahdani H,
Yektankhodaeei M. 2015. The effect of thyme essential
oil ,calcium chloride and storage time on quantity and
quality of sapodilla fruit ( Manilkara zapota L. ) var.
Oval. International Journal of Agriculture and Crop
Sciences 8, 221-226.

Baker JM. 1970. The effects of oils on plants.
Environmental Pollution (1970) 1, 27-44.

Bilcu M, Grumezescu AM, Oprea AE, Popescu RC,
Mogoanu GD, Hristu R, Stanciu GA, Mihailescu DF, Lazar
V, Bezirtzoglou E, Chifiriuc MC. 2014. Efficiency of
vanilla, patchouli and ylang ylang essential oils
stabilized by iron oxide@C14 nanostructures against
bacterial adherence and biofilms formed by
staphylococcus aureus and Kklebsiella pneumoniae
clinical strains. Molecules 19, 17943-17956.
https://pubmed.ncbi.nlm.nih.gov/25375335/

Callejon RM, Rodriguez-Naranjo MI, Ubeda C, Hornedo-
Ortega R, Garcia-Parrilla MC, Troncoso AM. 2015.
Reported foodborne outbreaks due to fresh produce in
the United States and European Union: trends and
causes. Foodborne Pathogens and Disease 12, 32-38.
https://pubmed.ncbi.nlm.nih.gov/25587926/

Calonico C, Delfino V, Pesavento G, Mundo M, Nostro A.
2019. Microbiological Quality of Ready-to-eat Salads
from Processing Plant to the Consumers. Journal of
Food and Nutrition Research 7, 427-434.
http://www.sciepub.com/JFNR/abstract/10539

Cava-Roda RM, Taboada-Rodriguez A, Valverde-Franco



Ananda Utama et al.,

Int. J. Hort. Sci. Technol. 2025 12 (1): 253-266

MT, Marin-Iniesta F. 2012. Antimicrobial Activity of
Vanillin and Mixtures with Cinnamon and Clove
Essential Oils in Controlling Listeria monocytogenes
and Escherichia coli 0157:H7 in Milk. Food and
Bioprocess Technology 5, 2120-2131.
https://www.researchgate.net/publication/25129361
8_Antimicrobial_Activity_of Vanillin_and_Mixtures_wit
h_Cinnamon_and_Clove_Essential_Oils_in_Controlling_
Listeria_monocytogenes_and_Escherichia_coli_0157H
7_in_Milk

de Medeiros Barbosa I, da Costa Medeiros JA, de
Oliveira KAR, Gomes-Neto NJ, Tavares JF, Magnani M, de
Souza EL. 2016. Efficacy of the combined application of
oregano and rosemary essential oils for the control of

Escherichia coli, Listeria monocytogenes and
Salmonella Enteritidis in leafy vegetables. Food Control
59, 468-477.

https://www.sciencedirect.com/science/article/pii/S
0956713515300463

Espina L, Gelaw TK, de Lamo-Castellvi S, Pagin R,
Garcia-Gonzalo D. 2013. Mechanism of Bacterial
Inactivation by (+)-Limonene and Its Potential Use in
Food Preservation Combined Processes. PLOS ONE 8,
e56769.
https://journals.plos.org/plosone/article?id=10.1371
/journal.pone.0056769

Esua JO, Chin NL, Yusof YA, Sukor R. 2017. Antioxidant
Bioactive Compounds and Spoilage Microorganisms of
Wax Apple (Syzygium samarangense) during Room
Temperature Storage. International Journal of Fruit
Science 17, 188-201.
http://dx.doi.org/10.1080/15538362.2017.1285263

Evlampidou I, Font-Ribera L, Rojas-Rueda D, Gracia-
Lavedan E, Costet N, Pearce N, Vineis P, Jaakkola JJK,
Delloye F, Makris KC, Stephanou EG, Kargaki S, Kozisek
F, Sigsgaard T, Hansen B, Schullehner |, Nahkur R, Galey
C, Zwiener C, Vargha M, Righi E, Aggazzotti G, Kalnina G,
Grazuleviciene R, Polanska K, Gubkova D, Bitenc K,
Goslan EH, Kogevinas M, Villanueva CM. 2020.
Trihalomethanes in drinking water and bladder cancer
burden in the European Union. Environmental Health
Perspectives 128, 1-14.
https://ehp.niehs.nih.gov/doi/full/10.1289/EHP4495

Fang Y, Wakisaka M. 2021. A review on the modified
atmosphere preservation of fruits and vegetables with
cutting-edge technologies. Agriculture 11, 992.
https://www.mdpi.com/2077-0472/11/10/992 /htm

FAO/WHO. 2008. Benefits and Risks of the Use of
Chlorine-containing Disinfectants in Food Production
and Food Processing. Michigan.
https://www.fao.org/documents/card/es/c/f882ca02
-0b86-5bef-86a5-9361904e50a9/

Fitriyani A, Winarti L, Muslichah S, Nuri. 2011. Anti-
inflammatory activity of Piper crocatum Ruiz & Pav.
leaves metanolic extract in rats (Uji antiinflamasi
ekstrak metanol daun sirih mera (Piper crocatum Ruiz
& Pav) pada tikus putih). Majalah Obat Tradisional 16,
2011.

Gadelha JR, Allende A, Lépez-Galvez F, Fernandez P, Gil

263

MI, Egea JA. 2019. Chemical risks associated with
ready-to-eat vegetables: quantitative analysis to
estimate formation and/or accumulation of
disinfection byproducts during washing. EFSA Journal
17.
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903
/j-efsa.2019.e170913

Gil MI, Lépez-Galvez F, Anddjar S, Moreno M, Allende A.
2019. Disinfection by-products generated by sodium
hypochlorite and electrochemical disinfection in
different process wash water and fresh-cut products
and their reduction by activated carbon. Food Control
100, 46-52.
https://doi.org/10.1016/j.foodcont.2018.12.050

Gil MI, Marin A, Andujar S, Allende A. 2016. Should
chlorate residues be of concern in fresh-cut salads?
Food Control 60, 416-421.
http://dx.doi.org/10.1016/j.foodcont.2015.08.023

Gurtler JB, Garner CM. 2022. A review of essential oils
as antimicrobials in foods with special emphasis on
fresh produce. Journal of Food Protection 85, 1300-
1319. https://doi.org/10.4315/JFP-22-017

Hajji, M., Jarraya, R., Lassoued, 1., Masmoudi, O., Damak,
M., & Nasri, M. (2010). GC/MS and LC/MS analysis, and
antioxidant and antimicrobial activities of various
solvent extracts from Mirabilis jalapa tubers. Process
Biochemistry 45(9), 1486-1493.
doi:10.1016/j.procbio.2010.05.027

Harker FR, Hallett IC. 2019. Physiological Changes
Associated with Development of Mealiness of Apple
Fruit during Cool Storage. HortScience 27, 1291-1294.
https://journals.ashs.org/hortsci/view/journals/hort
sci/27/12/article-p1291.xml

He Q, Guo M, Jin TZ, Arabi SA, Liu D. 2021. Ultrasound
improves the decontamination effect of thyme essential
oil nanoemulsions against Escherichia coli 0157: H7 on
cherry tomatoes. International Journal of Food
Microbiology 337, 108936.
https://www.sciencedirect.com/science/article/abs/
pii/S016816052030430X

Hudzicki ]J. 2016. Kirby-Bauer Disk Diffusion
Susceptibility Test Protocol Author Information.
American  Society = For  Microbiology, 1-13.

https://www.asm.org/Protocols/Kirby-Bauer-Disk-
Diffusion-Susceptibility-Test-Pro

Jennylylnd B. ], Tipvanna N, Rosa S. R. 2011. Processing
of fresh-cut tropical fruits and vegetables: A Technical
Guide. https://www.fao.org/3/i1909e/i11909e00.htm

Jhalegar M], Sharma RR, Singh D. 2015. In vitro and in
vivo activity of essential oils against major postharvest
pathogens of Kinnow (Citrus nobilis x C. deliciosa)
mandarin. Journal of food science and technology 52,
2229-2237.
https://pubmed.ncbi.nlm.nih.gov/25829604/

Kang J-H, Song K Bin. 2018. Inhibitory effect of plant
essential o0il nanoemulsions against Listeria
monocytogenes, Escherichia coli 0157:H7, and
Salmonella Typhimurium on red mustard leaves.



Ananda Utama et al.,

Int. J. Hort. Sci. Technol. 2025 12 (1): 253-266

Innovative Food Science & Emerging Technologies 45,
447-454.
https://www.sciencedirect.com/science/article/pii/S
1466856417308329

Kenneth.C G, Wang CY, Saltveit M. 2016. The
commercial storage of fruits, vegetables, and florist and
nursery stocks. Agricultural Research Service, United
States Department of Agriculture, 68-70. www.ntis.gov.

Krochta JM, Baldwin EA, Nisperos-Carriedo MO. 1994.
Edible coatings and films to improve food quality.
Florida: CLC Press.

Lin A-H, Tsai S-W. 2023. Dietary intakes of
trihalomethanes and haloacetic acids from ready-to-eat
vegetables in taiwan. Journal of Exposure Science &
Environmental Epidemiology 33, 824-830.
https://doi.org/10.1038/s41370-022-00465-2

Lu P-L, Lin C-H. 2012. Physiology of fruit cracking in
wax apple (Syzygium samarangense). Botanica
Orientalis: Journal of Plant Science 8, 70-76.
https://nepjol.info/index.php/BOTOR/article/view/5
954/0

Mandal S, Mandal M. 2015. Coriander (Coriandrum
sativum L.) essential oil: Chemistry and biological
activity. Asian Pacific Journal of Tropical Biomedicine 5,
421-428.
http://dx.doi.org/10.1016/j.apjtb.2015.04.001

Moustafa R, Hassan AM, Hammad HA, Abdullah AM.
2022.Reducing of specific carcinogenic disinfection by-
products compounds from drinking water using
chlorine dioxide as alternative for chlorine.
International Journal of Health Sciences 6, 1702-1713.
https://www.neliti.com/publications/429694 /reduci
ng-of-specific-carcinogenic-disinfection-by-products-

compounds-from-drinki

Othman, M., Loh, H. S., Wiart, C., Khoo, T. ], Lim, K. H., &
Ting, K. N. (2011). Optimal methods for evaluating
antimicrobial activities from plant extracts. Journal of
Microbiological Methods 84(2), 161-166.
doi:10.1016/j.mimet.2010.11.008

Parvez S, Ashby JL, Kimura SY, Richardson SD. 2019.
Exposure characterization of haloacetic acids in
humans for exposure and risk assessment applications:
An exploratory study. International Journal of
Environmental Research and Public Health 16, 6-9.

Patel RM, Jasrai YT. 2013. Evaluation of Fungitoxic
Potency of Piper Betel L . ( Mysore Variety ) Leaf
Extracts Against Eleven Phytogenic Fungal Strains.
Cibtech Journal of Bio-Protocols 2, 21-28.
https://www.cibtech.org/J-Bio-
Protocols/PUBLICATIONS/2013/Vol_2_No_2/CJBP..00
4..RIDHHI PATEL..Phyto-pathogenic...extracts.pdf

Pizzo ]S, Visentainer ] V, da Silva ALBR, Rodrigues C.
2023. Application of essential oils as sanitizer
alternatives on the postharvest washing of fresh
produce. Food Chemistry 407, 135101.
https://doi.org/10.1016/j.foodchem.2022.135101

Rahman MB, Driscoll T, Cowie C, Armstrong BK. 2010.
Disinfection by-products in drinking water and

264

International
733-745.

colorectal cancer: a meta-analysis.
Journal of Epidemiology 39,
https://dx.doi.org/10.1093/ije/dyp371

Rashid Z, Khan MR, Mubeen R, Hassan A, Saeed F, Afzaal
M. 2020. Exploring the effect of cinnamon essential oil
to enhance the stability and safety of fresh apples.
Journal of Food Processing and Preservation 44,
€14926.
https://onlinelibrary.wiley.com/doi/full/10.1111/jfp
p.14926

Ravanbakhsh M, Sasidharan R, Voesenek LAC],
Kowalchuk GA, Jousset A. 2018. Microbial modulation
of plant ethylene signaling: ecological and evolutionary
consequences. Microbiome 6, 52.
https://microbiomejournal.biomedcentral.com/articl
es/10.1186/s40168-018-0436-1

Rehman MA, Khan MR, Sharif MK, Ahmad S, Shah F-U-
H. 2014. Study on the storage stability of fruit juice
concentrates. Pakistan Journal of Food Sciences 24,
101-107.
https://www.researchgate.net/publication/31549206
9_Study_on_the_storage_stability_of_fruit_juice_concen
trates

Sadler GD, Murphy PA. 2010. pH and Titratable Acidity.
In: Nielse SS, editor. Food Analysis. Fourth. New York:
Springer. p 64-68.

Septyani A, Santoso U. 2013. Total Changes in
Antioxidants of Water Guava (Syzigium Samarangense)
Dalhari Varieties During Packaging and Storage
Temperature of 50 °C. (Perubahan Total Antioksidan
Buah Jambu Air (Syzigium Samarangense) Varietas
Dalhari Selama Pengemasan dan Penyimpana.
https://etd.repository.ugm.ac.id/home/detail_pencari
an/65517

Setiawan CK, Utama NA, Pradana BA. 2019.
Combination of alginate based edible coating-betel
essential oil in extending the shelf life of rose apple cv.
Dalhari (Syzygium samarangense). Advances in
Horticultural Science 33, 33-38.
https://oaj.fupress.net/index.php/ahs/article/view/3
184

Shabnam J, Sobia M, Ibatsam K, Rauf A, M SH. 2012.
Comparative antimicrobial activity of clove and fennel
essential oils against food borne pathogenic fungi and
food spoilage bacteria. African Journal of Biotechnology
11, 16065-16070.
https://www.ajol.info/index.php/ajb/article /view/12
9756

Song P, Feng G, Brooks ], Zhou B, Zhou H, Zhao Z, Li Y.
2019. Environmental risk of chlorine-controlled
clogging in drip irrigation system using reclaimed
water: the perspective of soil health. Journal of Cleaner
Production 232, 1452-1464.
https://www.sciencedirect.com/science/article/pii/S
0959652619320037

Souza WR de, Souza WR de. 2013. Microbial
Degradation of Lignocellulosic Biomass. Sustainable
Degradation of Lignocellulosic Biomass - Techniques,
Applications and Commercialization.



Ananda Utama et al.,

Int. J. Hort. Sci. Technol. 2025 12 (1): 253-266

https://www.intechopen.com/chapters/44319

United States Department of Agriculture Agricultural
Marketing Service National Organic Program. 2011.
Guidance the use of chlorine materials in organic
production and handling. Washington D.C., United
States of America.

Utama NA, Setiawan CK, Fajri I. 2020. Effect of alginate
based edible coating enriched with vanilla essential oil
on shelf-life of fresh-cut red pitaya (Hylocereus
polyrhizus). I0P Conference Series: Earth and
Environmental Science 458.
https://iopscience.iop.org/article/10.1088/1755-
1315/458/1/012046

Valdés A, Ramos M, Beltran A, Jiménez A, Garrigés MC.
2017. State of the art of antimicrobial edible coatings
for food packaging applications. Coatings 7, 56.
https://www.mdpi.com/2079-6412/7/4/56

Wang Y, Wu |, Lv M, Shao Z, Hungwe M, Wang ], Bai X,
Xie ], Wang Y, Geng W. 2021. Metabolism Characteristics
of Lactic Acid Bacteria and the Expanding Applications
in Food Industry. Frontiers in Bioengineering and
Biotechnology 9, 1-109.
https://www.frontiersin.org/articles/10.3389 /fbioe.2
021.612285/full

Xylia P, Chrysargyris A, Botsaris G, Tzortzakis N. 2017.
Potential application of spearmint and lavender
essential oils for assuring endive quality and safety.
Crop Protection 102, 94-103.
https://hdlLhandle.net/20.500.14279/10495

Yuliarto FT, Khasanah LU, Anandito RBK. 2012. The
Influence of the Raw Materials Sizes and the Distillation
Methods (Steam-Water Distillation and Water
Distillation) to the Quality of Cinnamon Bark Essential
0il (Cinnamomum burmanii) (Pengaruh Ukuran Bahan
dan Metode Destilasi (Destilasi Air dan Dest. Jurnal
Teknosains Pangan 1, 12-23.
https://www.neliti.com/publications/144341/pengar
uh-ukuran-bahan-dan-metode-destilasi-destilasi-air-
dan-destilasi-uap-air-t

265



