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eco-enzyme, fermentation and its effect to tomatoes preservation by soaking method. The research
preservation, rice, was experiment research using quality scale of tomatoes. The Eco-enzyme was
tomatoes fermented using different liquid such as water, coconut water and rice rinsed water.

Tomatoes were soaked with each Eco-enzyme treatment with 50% and 100%
concentration of each liquid for 5 minutes then rinsed them and observed their
quality for 8 days during storage process. The control treatments are non-soaked and
non-rinsed tomatoes. The observation including the quality of tomatoes and the
quality of Eco-enzyme. The result of this study found that modification of liquid in
Eco-enzyme fermentation have different effect for tomatoes preservation. Soaking
and rinsing method also have different effect for tomatoes. The best treatment for
EE1 is EE1-rinse-concentration 50%, EE2 is EE2-rinse-concentration 100%, and
EE3 is EE3-rinse-concentration 50%. The soaking followed rinsing was the best
method for tomatoes preservation treatment using Eco-enzyme.
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INTRODUCTION

Tomatoes are one of favorite fruits as raw food because they have good nutrition for body
health. Sumasdiono et al. (2009) stated that in 180 gr of tomatoes contain some Vitamin (34,38
mg Vitamin C, 1121,40 IU Vitamin A, 14,22 mcg Vitamin K, 0,68 mg Vitamin E, 0,11 mg
Vitamin B1, 0,14 mg Vitamin B6, 1,13 mg Vitamin B3, 0,09 mg Vitamin B2 and 0,44 mg
Vitamin B5), fiber (1,98 gr) Protein (1,53 gr), Folat (27,00 mcg), Calium (399,6 gr),
Molybdenum (9,00 mcg), Mangan (0,19 mg), Cromium (9,00 mcg), Copper (0,13 mg),
Magnesium (19,80 gr), Iron (0,81 gr), Phospor (43,20 mg) and Tryptophan (0,01 gr).

The problem in tomatoes preservation has become the main problem. Tomatoes have short
shelf life after post-harvesting due to high water content inside the fruit. Tomatoes have 94,92%
water inside the fruit (Sumasdiono et al. 2009). Khathir et al. (2019) also reported that
temperature affect the shelf life of tomatoes. Tomatoes have 4 to 5 days shelf life at room
temperature, and they can be storage longer at low temperature. Yeast also has role in tomatoes
shelf life. It can shorten the tomatoes shelf life. Rhizoctonia solani, Phomopsis sp, Fusarium
oxysporum and Phytopthora cactorum were identified as pathogen in tomatoes causing fruit
rot (Pratiwi et al. 2016; Ata et al. 2016).
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The methods in extend tomatoes shelf life have been conducted. Refrigerator is one of method
to maintain tomatoes quality but its demand high cost. The other method is fruit coating.
Andriani et al (2018) said that tomatoes coating with jelly can maintain its shelf life. According
to Angelia (2022), bee wax coating also can extend tomatoes shelf life at room temperature. In
other hand, Farooq et al. (2023) found that Aloe-vera coating can also maintain tomatoes shelf
life.

The other research found that some plant extracts can be used to extend tomatoes shelf life.
Fruit coating using Psidium guajava, Jatropha curcas and seed of Carica papaya extracts have
effect in extend tomatoes shelf life (Ahmad et al. 2020; Zulfatunna’im et al. 2022). Beside
plant extract, another coating compound for tomatoes is Eco-enzyme. Eco-enzyme is fermented
liquid made from fruit and vegetable fresh waste. Some research found that it can extend fruit
shelf life such tomato (Mahmudah et al, 2021).

Mahmudah et al. (2021) stated that Spraying tomatoes with Eco-enzyme from pineapple peels
can maintain tomatoes at room temperature. Spraying tomatoes with Eco-enzyme from
cucumber peels, spinach and citrus peels also can extend its shelf life (Pravitasari et al,2022;
Hamidah and Hafsah, 2022). The previous study by Nurlaela et al. (2022) also found that
Eco-enzyme made by various sugar substrates have different effect for tomatoes shelf life. In
this study, we study the variation of liquid in production of Eco-enzyme. The coconut water
and rice rinsed water are the modified liquid for fermentation. Besides, in this study, the
treatments of tomatoes were using soaking method for 5 minutes then followed by rinsing
method. Apai (2010) found that soaking longan fruit followed by rinsing has the best result for
longan fruit preservation compare with non-rinsing fruit. No work has been studied on effect
of soaking with Eco-enzyme and rinsing with water on shelf life of tomatoes fruit. This research
aim to study the effect modification of Eco-enzyme liquid during fermentation and the effect
on tomatoes shelf life with soaking followed by rinsing method.

METHOD

The research done at August to December, 2023. Located at Palembang. The research was
experiment. This research studied about the effect of Eco-enzyme using quality scale (modified
from Hamidah and Hafsah (2023) and Utami et al.(2020)). Each treatment has 6 tomatoes.
Each tomato will be assessed using quality scale and the average was counted. Observation of
tomatoes quality was take 8 days, include aroma, texture and surface of tomatoes. The
observation of Eco-enzyme including aroma, color, pH and volume of product.

Equipment and Material

The Eco-enzyme material comparison was 1:3:10 (sugar: fruit peels: liquid). 1% variable were
300 gr fruit peels, 100 gr palm sugar, and 1 liter of water. 2" variable was 300 gr fruit peels,
100 gr palm sugar and 1 liter of coconut water. 3" variable was 300 gr fruit peels, 100 gr palm
sugar and 1 liter of washed rice water. The fruit peels were 185 gr mango peels, 85 gr citrus
peels, and 30 gr banana peels. Tomatoes was bought from traditional market of Palembang.
The equipment were jars, filters, bottles, paper box, pH meter, scale and measuring cups
(Hamidah and Hafsah, 2023).

Eco-enzyme production

Fruit peels waste were cut into piece. The fruit peels waste, palm sugar and liquid were mixed
into 1,5 liter jar. 3 jars were prepared for each variable. Eco-enzyme was fermented for 3
months. After 3 months, the Eco-enzyme was filtered for separation of the liquid and the waste
(Hamidah and Hafsah, 2023).
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Tomatoes preservation

6 tomatoes were prepared for each treatment. The chosen tomatoes have the similar color and
size. Preservation was done by soaking tomatoes into Eco-enzyme for 5 minutes with each
concentration of liquid was 50% and 100%. Then, the several tomatoes was rinsed but the
other was not rinsed. This method was modification from Hamidah and Hafsah (2023).

The observation of Eco-enzyme and Tomatoes

The observation of Eco-enzyme including the aroma, color and product volume. Product
volume was counted with formula (Utami et al., 2020):

% Volume = End Volume Eco-enzyme X 100%
Beginning Volume Eco-enzyme

The observation of tomatoes use the quality scale 1 to 5, consist:

Table 1. Scale quality of the effect of Eco-enzyme for tomatoes preservation at room
temperature (modification from Yuniastri et al., 2020)

Scale Description
Aroma Texture Surface
The surface has white yeast or black yeast;
1 Foul smelling Total soft in fruit body  skin was peeled in all fruit body; juicy in all
fruit body
Strong Sour The surface has white yeast or black yeast;
2 Half soft in Fruit body  skin was peeled in half of fruit body; juicy

smelling fruit body

The surface has white yeast or black yeast;
3 Sour smelling A part soft in fruit body  skin was peeled in a part of fruit body; fruit
body begin to be juicy

A bit sour The surface has injured and skin begin to

4 smelling Hard texture _peeled; fruit body begin to be juicy; no yeast
in surface
5 Fresh smelling Hard texture No yeast; no juicy fruit body; no peeled skin.

RESULTS AND DISCUSSION
The Effect of Eco-enzyme in Tomatoes

The results of the study showed that each treatment of tomatoes soaked in Eco-enzyme for 5
minutes had a better effect on the shelf life of tomatoes than the control. EE1, EE2, EE3 showed
a slower decline in the quality scale compared to the control (Table 1). This is in line with
research by Nurlaela et al. (2022) who reported that the use of Eco-enzyme prolonged the shelf
life of tomatoes compared to the control treatment.

The interesting thing about this research is that there was a decrease in the quality scale on the
first day of storage of tomatoes which was thought to be due to damage from inside the tomato
fruit. The tomatoes in this study were purchased from traditional markets. Each treatment
consisted of 6 tomatoes, each fruit was assessed using a quality scale and then averaged to see
the effect as a group. Treatments EE1-no rinse-100% and EE3-rinse-100% experienced a
decrease in scale from 5 to 4 on the first day.

Scale 4 indicates that some tomatoes experience a change in aroma to sour and generally start
to release small amounts of water. According to Yuniastri et al. (2020) mechanical damage to
tomatoes often occurs during the post-harvest storage process. Tomatoes that experience
mechanical damage generally still look fresh, have a typical tomato smell and are bright in
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color but have a soft texture. The tomatoes selected in this study all have a hard texture, it is
thought that the exocarp is hard only but soft on the endocarp so that the damage is not visible
from the outside (Yuniastri et al., 2020).

Table 2. The average (n=6) of Tomatoes Quality using Quality Scale for Each Treatment

. Day-
Treatment Concentration 1 2 3 4 5 6 7 8
. 100% 4 4 4 4 3 3 3 3
et Not Rinsed 50% 5 5 5 4 4 4 4 4
Rinsed 100% > > > > : : . .
50% 5 5 5 5 5 5 5 5
. 100% 5 4 4 3 3 2 2 2
e Not Rinsed 50% 5 5 5 4 3 3 3 3
Rinsed 100% > > > : - ; ) ;
50% 5 5 5 4 4 3 2 2
. 100% 5 4 4 3 3 3 3 3
Rinsed 100% : 3 : : ; ; ; ;
50% 5 4 4 4 4 4 3 3
Control 5 4 3 2 2 2 2 2

Note: EE1 : Eco-enzyme with water, EE2: Eco-enzyme with coconut water, EE3: Eco-enzyme with
rinsed rice water. Yellow block: the first day of scale quality decreasing, blue block: the lowest
scale number.

The Eco-enzyme in this research was not only able to extend the shelf life of tomatoes, but was
also able to slow down mechanical damage. Table 1 shows that EE1, EE2, and EE3 are able to
maintain a higher tomato fruit quality scale compared to the control. Although, tomatoes
soaked with EE1 have a better quality scale than EE2 and EES3, it can be seen that there is no
scale 2 in all groups of tomatoes in EE1. Meanwhile, EE2 has a better quality scale than EE3,
namely scale 2 on day 6 for EE2 and on day 5 for EE3. Meanwhile, tomatoes in the control
treatment had a quality scale of 2 on the 4th day.

The soaking method was a simple and cheap domestic method for fruit preservation at home.
People commonly used this method for fruit preparation before storage and beneficial for
enhancing fruit nutrition content (Siqueira et al., 2013). Mama et al. (2016) also stated that the
hot water treatment soaking method for 20 minutes has been reported effectively maintain the
tomatoes shelf life and reduce the fruit decay. Dandago et al. (2017) also found that 200 ppm
NaOCl and 1 % CaCl; for 5 minutes have effect on tomatoes quality maintenance. This research
showed that Eco-enzyme also has the ability to reduce fruit decay and maintain tomatoes
quality during post-harvesting. The soaking method was one of alternative way for activating
antioxidant enzyme and reducing the pathogen such as B.cinerea on tomatoes (Usall et al.,
2016; Boonkorn, 2016). The soaking method can also reducing phenolic compound such as
tannin (Yuliana et al., 2019).

Rinsing and no rinsing have different effects on each Eco-enzyme. Tomato fruit that was not
rinsed after soaking EE1 had decreasing quality scale from 4 to 3 on the 5th day and keeping
at scale 3 until 8th day at concentration of 100%, while at concentration of 50%, the decreasing
quality scale from 5 to 4 on the 4th day and remaining at 4 scale until 8th day. The rinsed
tomatoes had decreasing quality scale from 5 to 4 on the 7th day with 100% concentration and
staying at scale 5 from 1st to 8th day at concentration of 50%. The tomatoes were soaked with
EE1 at 50% concentration and followed by rinsing had best quality than the other in this
treatment.
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However, The treatment of soaking tomatoes with EE2 showed that the non-rinsed tomatoes
had decreasing quality scale from 5 to 4 at 2nd day, then it continue the decreasing to scale 2
at 8th day for 100% concentration, while at 50% concentration the scale decreased from 5 to 4
at 4th day then scale 3 at 8th day. The rinsed tomatoes have decreasing scale from 5 to 4 at 5th
day for 100% concentration and 4th day for 50% concentration. The tomatoes were soaked
with EE2 at 100% concentration and followed by rinsing had the best quality than other in this
treatment.

The treatment of EE3 showed that the non-rinsed tomatoes had decreasing scale from 5 to 4 at
2nd day for 100% concentration and 50% concentration. Besides, they have scale 3 for 100%
concentration and scale 2 for 50% concentration at 8th day. Therefore, the rinsed tomatoes
showed the decreasing quality scale to 4 at 1st day following to 3 until 8th day for 100%
concentration. The rinsed tomatoes at 50% concentration started decreasing scale at 2nd day
from 5 to 4 and followed to 3 at 7th day and 8th day. Soaking tomatoes with EE3 at 50%
concentration and rinsing it was the best treatment than the other in this treatment.

Zewdie et al., (2022) found that soaking fruit into liquid compound-based plant has effect on
increasing Titratable acidity of tomatoes body than non-soaking fruit. He assumed that during
storage process, fruit utilized the acid in it’s body as respiration substrate and starting decay
process due to lower acid content body, however the soaking method could prevent it by
lowering the rate respiration, ethylene production, and other metabolic activity.

In other hand, this finding found that the soaking method with liquid compound-based plant
containing acid such as Eco-enzyme should be followed by another method such as rinsing.
The data in this research showed that non-rinsed tomatoes has lower quality than rinsed
tomatoes. This result similar to finding by Apai (2010). He reported that soaking longan fruit
with HCL has different at non-rinsed and rinsed fruit. He stated that acid of HCL diffused into
fruit flesh during soaking process and induced flesh discoloration and infection at storage time,
then the rinsing after soaking could reduce its effect on fruit by eliminating the acid on the fruit
surface. The Eco-enzymes (EE1, EE2, EE3) in this research have 4-5 pH (Table 3). We
assumed the non-rinsed and rinsed tomatoes in this study have similar condition with previous
research.

The results of this research also showed that solvent modification in making Eco-enzyme has
a different effect on each tomato. Differences in concentration and rinsing also matter. The
coconut water and rice washing water used in this study have different contents and effects on
tomatoes. Fermented coconut water contains several enzymes such as catalase, peroxidase and
dehydrogenase, as well as amino acids and benzene ethanol compounds which have an
antibacterial and antioxidant role (Ramamurthy, 2022). This compound is thought to play a
role in maintaining the durability of tomatoes in this study.

The Several studies also say that coconut water is able to preserve food ingredients from meat.
Widaningrum et al. (2015) stated that banana peel vinegar and coconut water were able to
preserve chicken meat the same as commercial acetic acid when stored for 12 days. Suara et
al. (2014) also reported that fermented coconut water ice was able to preserve Cakalang fish.
Safitri (2021) states that fermented coconut water can be used as a tofu preservative. Similar
things were found in this study, fermented coconut water as a mixture of Eco-enzyme gave the
best results as a tomato preservative with a concentration of 100% and the rinsing treatment
compared to the control treatment.

Rice washing water contains 89%-90% carbohydrates, protein, cellulose, hemicellulose, sugar
and vitamin B (Maharani, 2023). Carbohydrates in rice washing water have the potential in the
fermentation process of lactic acid bacteria in making Eco-enzyme. Lactobacillus sp. is a group
of lactic acid bacteria found in rice washing water. This group of bacteria produces acetic acid
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and organic acids during the fermentation process and it is known that these compounds are
able to Kill pathogens such as Aspergillus sp. and has the potential to be used as a natural
preservative (Bukhari et al., 2020). Rice washing water can also be used to reduce
formaldehyde levels in wet noodle foods by soaking the noodles using rice washing water. The
results of research by Ramdan (2018) show a reduction in levels formalin was 91.8% in noodles
soaked for 90 minutes. In this study, rice washing water could be used in making Eco-enzyme
and was able to maintain the best quality of tomatoes on a quality scale of 4 on the 6th day of
the rinse treatment with a soaking concentration of 50% compared to the control treatment.

Quality of Eco-enzyme

100
95
90
- i B
80
EE1 EE2 EE3

Eco-enzyme Solution

Persentage (%)

o1

m Before m After

Figure 1. Presentage of Final Product of Eco-enzyme at each treatment
Note: EEL1 : Eco-enzyme with water, EE2: Eco-enzyme with coconut
water, EE3: Eco-enzyme with rinsed rice water.

Treatment EE3 has a lower final product percentage than EE1 and EE2, namely 87%.
Treatment EE2 has the highest final product percentage, namely 95%, while EE1 has a final
product percentage of 90% (Chart 1). EE3 uses rice washing water which has a carbohydrate
content of 89-90% (Maharani, 2023), it is suspected that this content is used by microbes in the
fermentation process and has an effect on the minimum percentage of the final product. EE2
uses coconut water, which in this study did not completely dissolve in the Eco-enzyme liquid.
Based on the results of this research, the pulp in EE2 has a smoother and harder texture than
EE1 and EE3, it is suspected that coconut water is not absorbed into the fruit skin so that the
final product is more abundant than EE1 and EE3. EE1 uses plain water and has a final product
percentage of 90%.

Table 3. Quality of Eco-enzyme at each treatment

pH
Treatment Aroma Color T week ond week 3 week
EE1l Fresh aroma and Light brown (++)
dominated by citrus 4,7 4,7 5,0
aroma
EE2 Fresh aroma and Dark light brown
dominated by citrus (+++) 4,7 4,7 50
aroma
EE3 Fresh aroma and Light brown (++)
dominated by citrus 4,6 4,7 4,9
aroma

Note: EE1 : Eco-enzyme with water, EE2: Eco-enzyme with coconut water, EE3: Eco-enzyme with
rinsed rice water.
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The research results show that the three Eco-enzymes have a fresh, sour and citrus aroma is
more dominant than the skin of other fruits (banana and mango). EE2 colors are more intense
than EE1 and EE3 colors. The pH of the Eco-enzyme solution is around 4 and increases at the
end of the week, namely pH 5. Yuliana (2021) said that in the fermentation process, the longer
the fermentation process takes, the pH of the solution will approach normal pH, this is due to
decreased microbial activity.

Figure 2. Liquid of EE1 (A), EE2 (B), and EE3 (C)

CONCLUSION

Modification of the Eco-enzyme solution with coconut water and rice rinsed water had an effect
on tomato fruit durability compared to the control. Rinsing and concentration have different
effects on each treatment. EE1 has a higher quality scale than EE2 and EE3. The best treatment
for EE1 is EE1-rinse-concentration 50%, for EE2 treatment is EE2-rinse-concentration 100%,
and EE3 treatment is EE3-rinse-concentration 50%. The rinsed tomatoes have better quality
than non-rinsed tomatoes. Rinsing tomatoes after soaking in Eco-enzyme for 5 minutes
provides better preservation. We also found that tomatoes mechanical damage during post-
harvest give contribution on tomatoes shelf life. Tomatoes with mechanical damage on fruit
have rotting process faster. However, Eco-enzyme can prevent the decay fruit process causing
by mechanical damage slower and extend shelf life of tomatoes. The antimicrobial effect and
compound content from liquid modification on Eco-enzyme need to study further for better
understanding of its effect and mechanism on fruit preservation.
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