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Fruit damage due to overripe/rotten is a major constraint in the fruit
industry. Efforts to restrain the rate of ripening are generally made by
coating the fruit using certain chemicals, one of which is acid. Ecoenzyme
is a liquid acidic resulting from anaerobic fermentation. Its organic acids
have the potential to slow down fruit rot. This study aimed to analyse
qualitatively (visually) the effect of applying specific ecoenzymes (orange
peel waste) in delaying the ripening and spoilage of strawberries,
bananas, green tomatoes, and red tomatoes. Tested fruits were
immersed in ecoenzymes with different concentrations (100%, 50%, 25%,
12.5%, and 6.25%). Physical changes in the morphology of the fruit skin
were observed every day until the fruit became ripe/rotten. Control
strawberries showed a decrease in quality (mold appearance) on the 3rd
day, while the concentration of 12.5% occurred on the 4th day. In bananas,
a concentration of 100% can delay skin discoloration (yellowing) one day
later than the control, while at a concentration of 50%, the appearance of
the white mold is one day later than the control. In green tomatoes, a
concentration of 50% can delay skin discoloration five days longer than
controls. Concentrations of 6.25% and 50% were able to delay the
emergence of white mold on red tomatoes for eight days longer than the
control. Different commodities have different optimal concentrations of
orange peel ecoenzymes in delaying fruit ripening/rotting. The higher
acidity of the ecoenzyme is not always in line with the better result in
delaying fruit ripening/rotting.
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1. INTRODUCTION

Fruit damage due to overripe or rot is a
significant constraint in the fruit industry.
Rotten or damaged fruit has an impact on the
amount of fruit traded. The reduction in the
number of fruits due to post-harvest damage
can reach 10-40% (Widiastuti et al. 2015).

Various efforts have been made to restrain
fruit ripening and spoilage rate, including
preservation, controlled storage, and cooling
(Amit et al. 2017; Fang and Wakisaka, 2021). One
of the common preservation efforts is coating
the fruit using certain chemicals, one of which is
acid. Benzoic acid is a chemical preservative that
is widely used. In addition to chemicals, natural
acids such as sorbic acid, fumaric acid, and acetic
acid are also used as preservatives (Yuliana et al,
2014). The use of natural acid preservatives is
undoubtedly better than chemicals.

Eco enzyme is a liquid resulting from
anaerobic fermentation, which is acidic. The
organic acids have the potential to slow down
fruit rot. One of the organic acids found in eco
enzymes is acetic acid. Acetic acid from
fermented  fruit peels  contributes  to
antimicrobial activity (Mavani et al., 2020).
Acetic acid is an active preservative that can
inhibit the  growth of  pathogenic
microorganisms (Pundir and Jain, 2010). Acetic
acid is antimicrobial because it has an
undissociated part that can enter the cell,
causing osmolysis and disrupting microbial cell
activity (Lund et al., 2014) (Halstead et al., 2015).

Eco enzyme is a kind of artificial vinegar
from fermentation kitchen waste with sugar as
a substrate (Li et al., 2013). Fruit and vegetable
peels are the most commonly used kitchen
waste as an ingredient for making eco
enzymes. Citrus fruit peels are often chosen as
an ingredient for making eco enzymes because
of their refreshing aroma, rich in vitamin C
content, and also high acidity (Vama and
Cherekar, 2020).

Ecoenzymes are easy to manufacture and
inexpensive economically  (Arun and
Sivashanmugam, 2015) (Vama and Cherekar,

2020). The raw material for eco enzymes only
requires organic fruit and vegetable waste to
be fermented with brown sugar and water.

Using eco enzymes as  natural
preservatives are expected to reduce post-
harvest management costs, especially for fast-
ripe and rotting fruits. Maula et al. (2021)
reported that ecoenzymes made from a
mixture of pineapple, mango, melon, and
watermelon peel waste could be used to delay
the rotting of strawberries and red tomatoes.
No information exists on whether ecoenzymes
made from a single raw material (orange peel
only) can delay fruit rotting and ripening,
especially on bananas, green tomatoes, red
tomatoes, and strawberries. The purpose of
this study was to analyze qualitatively (visually)
the effectiveness of applying specific eco
enzymes (orange peel waste) in delaying the
rotting of strawberries and red tomatoes and
inhibiting the ripening of bananas and green
tomatoes.

2. MATERIALS AND METHODS

Study area

Ecoenzymes were made regarding
research by Vama and Cherekar (2020). The
fruit samples used in this study included
strawberries, bananas, green tomatoes, and
red tomatoes, with relatively similar maturity
levels in each fruit group (Table 1).

Table 1. Description of the ripened level of
experimental fruit samples

No Fruits Fruit Description

1 Strawberry Skin color and fruit size are
(Fragaria sp.) relatively the same.
Produced in the same
period. The level of
freshness is relatively the

same.

2 Banana (Musa Bananas come from the
accuminata) same fruit bunch. The color
of the skin and the size of
the fruit are relatively the
same. The type of banana
is jambe banana.
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No Fruits Fruit Description
3 Unripened Tomatoes are picked from
Tomato tomato trees planted at

(Lycopersicum  the same time. The size

sp.) and color of the fruit are
relatively the same. When
picked, the tomato's age is
50 days after planting (the
fruit is still unripened).

4 Ripened Tomatoes are picked from
Tomatoes the same garden as
(Lycopersicum  unripened tomatoes, but
sp.) the age of the tomatoes

when picked is about 75
days after planting (the
fruits are ripened). The size
and color of the fruit are
relatively the same.

Procedures

Three liters of water, 300 grams of brown
sugar, and nine hundred grams of cleaned and
sliced orange peel were mixed. The solution
was incubated for three months in an airtight
plastic container. For the first month, the
mixture is stirred daily using a glass rod to
release gases formed from fermentation. The
mixture is stirred every two weeks in the
second month. While in the third month, the
solution is stirred once in the middle of the
month. After three months, the eco enzyme
solution was harvested and separated from
the pulp. A clear eco enzyme solution (without
pulp) was used for the experiment.

Each fruit sample (n=3) was immersed in
orange peel eco enzyme with varying
concentrations of 100%, 50%, 25%, 12.5%, and
6.25% for about one minute. After dipping into
the eco enzyme solution, the fruit is stored in
clear plastic containers with non-tight lids.
Physical changes in the morphology of the fruit
skin were observed every day until the fruit
became ripe or rotted. The number of days
observed for each fruit group differs
depending on the physical characteristics
observed.

The physical parameters observed in
general were the change in skin color of the
fruit and the appearance of white mold

(followed by fruit rot). In strawberries and red
tomatoes, the parameters observed were the
appearance of mold and rot, while in green
tomatoes, the parameter observed was the
change in skin color of the fruit (from green to
reddish-orange). In bananas, the parameters of
fruit skin discoloration (from green to yellow),
the appearance of white mold, and decay were
observed.

The condition of each fruit was given a
score according to the observed parameter
changes daily. Under the following conditions,
the observed fruits were assigned a score of
100%:

e The strawberries, red tomatoes, and
bananas were completely overgrown
with white mold and rotting.

e The unripe tomato's color was utterly
reddish-orange.

e The banana's skin color was
completely yellow.

If these conditions are not met, then the
score given adjusts to the area of the
emergence of white mold or changes in color
on the surface of the fruit, then divided by the
total fruit surface area (assumed 100) and then
multiplied by 100%.

(area of the mold or skin discoloration )/100 x 100%

Data analysis
The average daily observation score that
has been collected is then presented in a graph

3. RESULTS and DISCUSSION

The orange peel eco enzyme extract
prepared has a pH of 3.4. Acid levels below 4
indicate the eco enzyme is of good quality and
meets the requirements for further use (Win,
2011). The dilution of eco enzymes in various
concentrations resulted in different acidity
levels. Concentrations of 50%, 25%, 12.5%, and
6.25% have pH 3.49, 3.59, 3.66 and 3.73,
respectively. In the pH range below 4, organic
acids (acetic acid) are expected to function
optimally.
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The first appearance of the white mold on
strawberries occurred in the test sample with a
concentration of 100% (2nd day of
observation). One day later (3rd day of
observation), fruit at concentrations of 6.25%,
25%, and 50% showed the appearance of white
mold. In contrast to the concentration of 12.5%,
the emergence of mold occurred on the fourth
day of observation, two days later than the
control (Figure 1). On the eighth day, the fruit
was almost entirely in a moldy rot condition.

At 100% concentration, the eco enzyme
could delay the change of banana peel color
(yellowing) one day later than the control
(Figure 2). Meanwhile, at a concentration of
50%, the eco enzyme could delay the
emergence of mold one day later than the
control (Figure 3). Observations lasted eight
days until the control fruit samples were
completely rotted and moldy.

Control fruit skin on unripened tomatoes
began to turn yellow on day four and at other
concentrations (25% and 100%). Meanwhile, at a
concentration of 50%, the tomatoes began to
turn yellow on the eighth day. Eco enzyme
concentration of 50% can delay skin
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discoloration (yellowing) five days later than
without eco enzyme administration (Figure 4).
Eco enzyme concentration of 50% becomes a
relatively acidic intermediate concentration in
delaying tomato ripening. Observations on
unripened tomatoes lasted for 15 days until the
fruit turned yellow completely.

Eco enzyme concentrations of 50% and
6.25% could delay the emergence of mold eight
days longer than the control in ripened
tomatoes (Figure 5). Mold on control ripened
tomatoes appeared on the 22nd day of
observation, while concentrations of 50% and
6.25% appeared on the 30th day. Previous
studies reported that 100% and 50% eco
enzyme concentrations could delay the
appearance of white white mold by one day
compared to controls (Maula et al., 2020).
Observation of the rate of rot in ripened
tomatoes lasted for 35 days. Until the 35th day,
the ripened tomatoes with a concentration of
6.25% still showed the lowest percentage of
fungal emergence compared to other
treatments (Figure 5).

5 6 7 8

The day of observation

Bcontrol ®100% W50%

25%

1250% ©6.25%

Figure 1. Daily occurrence of white mold on strawberries
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Figure 2. Daily skin discoloration on bananas
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Figure 3. Daily occurrence of white mold on bananas
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Figure 4. Daily skin discoloration on unripened tomatoes
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Figure 5. Daily occurrence of white mold on red tomatoes

4. DISCUSSION

Previous studies reported that
concentrated eco enzymes (100%) could delay
the spoilage of strawberries two days longer
than controls (Maula et al., 2020). In contrast
to the study, in this study, a concentration of
100% showed the fastest mold emergence
compared to other concentrations. The
intense acidity does not guarantee that the
fruit is protected from mold. The interaction
between natural microbes and various
enzymes in eco enzymes, with sugar or water
content in strawberries, is thought to be one
of the factors causing the rapid emergence of
mold at pure concentrations. The activity of
the amylase enzyme increases with acidity
(Smitha, 2010). Amylase enzyme in eco enzyme
solution can break down carbohydrates in fruit
into glucose, a source of energy for the growth
of microorganisms.

The rapid rate of bananas ripening was
thought to be due to injury in the sample. The
incision wound at the base of the banana fruit
causes the ethylene hormone to become more
active. Bruised or injured fruit has higher
ethylene activity, so the ripening and
respiration rate becomes faster (Sudjatha and

Wisaniyasa, 2017). Minimizing the injury to the
test sample is expected to show better
observation results. In addition, bananas are
classified as climacteric fruits with a high
respiration rate and ethylene production
during ripening (Astuti, 2015).

The degradation of fruit skin color is
caused by the presence of chlorophyllase
enzymes, changes in oxidative enzymes, and
changes in pH (Sudjatha and Wisaniyasa, 2017).
Strong acids can change the phytophil group
on the chlorophyll of the fruit skin to become
feoforbides or brownish (Sudjatha and
Wisaniyasa, 2017).

Differences in the raw materials of eco
enzymes used in previous studies are thought
to cause the different delay times for eco
enzymes in preventing the emergence of
spoilage mold. That study used raw materials
for the skin of pineapple, mango, melon, yam,
watermelon, and kale. Different fruit and
vegetable raw materials used for eco enzymes
show differences in enzyme activity and
antimicrobial activity (Naupane and Khadka,
2019).

Thus, the eco enzyme concentration of
6.25% is recommended as a delaying agent for
tomato fruit rot. Although 6.25% is the lowest
eco enzyme dilution concentration, the acidity
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level is still below four and is still effective in
inhibiting the growth of microorganisms. The
amylase enzyme content in the 6.25% eco-
enzyme is considered lower than the
concentration above it (12.5%, 25%, 50%,100%).
Thus, the peroxidase activity was to be lower
than the other concentrations. Peroxidase
activity is known to accelerate fruit ripening.
One is the amylase enzyme's conversion of
starch into glucose (Mudyantini et al., 2015).

Different commodities have different
optimal concentrations of eco enzymes in
delaying ripening and fruit rot. The higher the
acidity of the eco enzyme is not always the
better in delaying ripening and fruit rot. The
presence of other components in the eco
enzyme (besides organic-acetic acid), which
interact with the water or sugar content in the
test fruit, is thought to be a factor causing the
variation in the optimal concentration of eco
enzymes in delaying ripening and fruit rot.
Ecoenzymes are known to contain a variety of
secondary  metabolites, organic  acids,
enzymes, and natural bacteria (Vama and
Cherekar, 2020) (Mavani et al., 2020) (Teo et
al.,, 2021). Further studies are still needed to
answer this question.

The research results on applying eco
enzymes in delaying fruit rot or ripeness are
more recommended for green and red tomato.
The 5-8 days longer delay in ripening and
spoilage compared to control (without
treatment) can be the basis for
recommendations and potential for orange
peel eco enzymes in delaying ripening and
spoilage in tomatoes.

5. CONCLUSION

The ripening and spoilage rate of fruits
treated with eco enzymes shows differences in
each commodity. In this study, eco enzymes
were recommended for tomatoes because
they can withstand ripeness and rot for 5-8
days longer than without treatment. The
variation in the concentration of eco enzymes
in delaying fruit ripening and spoilage might be
influenced by the sugar or water content in the

test sample and other components in the eco
enzyme solution that interacts with the test
sample. Further research is needed to answer
this question. Research on the profile of
secondary metabolites in ecoenzymes and
analysis of water content, sugar, and other
components in the fruit sample, needs to be
investigated to support the analysis.
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