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Abstract 

Japanese spinach (Spinacia oleracea L.) is a vegetable commodity with high economic 

value in Indonesia. Japanese spinach contains a lot of nutrients such as magnesium, iron, 

folic acid, calcium, potassium, sodium, vitamins A, B, C, and vitamin K, which are very 

good for health. In reducing the risk of decreased quality of postharvest Japanese spinach, 

the right ozonization technology and storage temperature can lead to quality maintenance 

of Japanese spinach. The ozonization treatment and the right storage temperature can 

maintain the nutritional value and some characteristics of Japanese spinach, such as its 

physics, chemicals, and sensory characteristics. Ozonization is used for the disinfection of 

spinach before storage. This study aimed to determine the effect of ozonization immersion 

time and storage temperature on the physical, chemical, and sensory characteristics of 

Japanese spinach during storage. The ozonization immersion time was 5, 10, and 15 mins. 

The storage temperature variations were room temperature (25oC) and cold temperature 

(10oC). This study was conducted using a Factorial Complete Randomized Design (CRD). 

The results showed that ozonization and cold temperature treatments could maintain the 

physical quality (weight loss and texture), chemical quality (water content and total 

phenolic), and sensory quality (appearance and hardness) of Japanese spinach during 

storage. A total of 5 min of ozonization immersion time and cold temperature storage is 

the most effective treatment of its water content, total phenolic, weight loss, texture, 

appearance, and hardness. 

1. Introduction 

Japanese spinach (Spinacia oleracea L.) is a 

vegetable commodity with high economic value, easy 

cultivation, and has a relatively large market opportunity 

(Arianti et al., 2015). Japanese spinach originated from 

Central Asia and became famous in Europe in the 15th 

century. The high nutritional value of Japanese spinach 

makes it a rich source of antioxidants, especially when 

eaten fresh, steamed or heated. Spinach has become a 

significant vegetable crop in most regions around the 

world, and major increases in output volumes have 

arisen in recent decades due to increased demand in 

many countries (Sabaghnia et al., 2014). It is nutrient-

rich and low in price (Ren et al., 2018). 

A leafy vegetable belonging to the goosefoot family 

is spinach (Spinacia oleracea L.). Various 

pharmacological activities of Spinacia oleracea have 

been documented, such as antioxidant, anti-

inflammatory, antiproliferative, CNS depressant, 

antihistamine, gamma radiation protection, and 

hepatoprotective. Different secondary metabolites have 

been recorded from this plant, such as flavonoids, 

carotenoids, and phenolic compounds (Deven and 

Steesh, 2014). But like other horticultural products, 

Japanese spinach is a vegetable that is easily damaged 

and has a relatively short shelf life. Japanese spinach has 

high respiration, reaching 40-70 mL of CO2/kg-h. Thus, 

it is very susceptible to quality degradation. Post-harvest 

handling of spinach must be done properly so that the 

quality of spinach can be maintained and it can be stored 

longer, because the quality of spinach will continue to 

decline due to respiration, which can remodel 

components in vegetables (Hakiki et al., 2019). 

Fresh-cut fruits and vegetables have attracted much 

more attention worldwide over the past few decades, 

because of the enhanced market understanding of 

sensory and nutritional characteristics as well as the 

severe public health issues triggered by foodborne 

pathogenic outbreaks due to improper storage or 

processing. The fresh-cut industry is in desperate need of 

new and advanced shelf life extension technologies (Ma 

et al., 2017). Several experiments have found that only 
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low ozone amounts (less than 0.5 mg/L) can destroy 

microorganisms in water, and even ozone can sterilize 

water. Ozone is a strong disinfectant, concentrations of 

0.02 mg/L can be toxic to Escherichia coli and 

Streptococcus facealis. Ozone will react with cell 

protoplasm by acting as an oxidizing agent. Preservation 

of vegetables with ozone will not change the nutritional 

content because of the content of hydroxyl radicals (-

OH), a free radical that has a very high oxidation 

potential (2.8 V), more than ozone (1.7 V) and chlorine 

(1.36 V). To extend the shelf-life of the vegetables, water 

containing ozone gas may be used to wash fruits and 

vegetables until they are sterile without eliminating 

colour, fragrance, or decaying organic compounds in 

food. The application of ozonization technology to 

tomatoes has been proven to extend the freshness of 

tomatoes by up to three weeks (Asgar et al., 2015). 

Ozonated-water washes are more effective at reducing 

microbial loads of the studied fruits and vegetables 

compared to simple water dipping. Washings of both 

deionized water and ozonated water are less susceptible 

to total watercress coliforms. In explaining the reduction 

of microbial loads, a Weibull-based model was adequate 

and could lead to developing more efficient sanitizing 

processes (Alexandre et al., 2011). 

In addition to the ozonization treatment, it is also 

important to note that postharvest vegetable storage is 

effective in maintaining its quality. One of the factors 

that damages the quality of postharvest food is storage 

temperature. There is a real effect caused by temperature 

on the shelf life of agricultural products. The FAO (Food 

and Agriculture Organization) states that each 

agricultural product is vulnerable to damage or decay 

whenever it is exposed to high temperatures due to 

increased respiration rates (Babaremu et al., 2019). In 

maintaining spinach, which is a vegetable that is easy to 

rot, spinach is stored at a temperature of 10−15°C to 

keep it durable (Anakottapary, 2014). Storage 

temperature can affect natural maturation, injury, water 

loss, microorganism attack, and physical damage to 

decay. For a given temperature range, each increase in 

storage temperature can double the rate of chemical 

reactions (Babaremu et al., 2019). Therefore, the aim of 

this study was to determine the effect of ozonization 

immersion time and storage temperature on the physical 

characteristics such as weight loss and texture, chemical 

characteristics such as moisture content, phenolic 

content, pH, and chlorophyll, sensory characteristics 

such as colour, hardness, and appearance of Japanese 

spinach during storage. 

Ozone and IR treatment completely lowered the 

artificial bioburden (1×106 CFU/mL) by < 20 min, 

whereas UV treatment was < 40 min. Combination 

therapy showed a slightly improved order of UV and IR 

treatment, followed by ozone, followed by UV and IR, 

followed by ozone, and also showed a higher efficacy of 

UV and IR combination than individual therapies alone. 

These systems can conveniently be retrofitted through 

the food processing line to ensure that the product is 

safely decontaminated prior to shipment (Watson et al., 

2020). Studies using 1.5 ppm of aqueous ozone have 

found an improved activity of antimicrobials against 

SCFA buffers (acetic, propionic, and butyric acid) in 

Staphylococcus aureus, Enterica, and Klebsiella 

pneumonia (Britton et al., 2020). The treatments are for 

aqueous and gaseous ozone. It has been shown to be 

successful in inactivating microorganisms such as both 

Escherichia coli and Listeria innocuous. Therefore, 

inactivating micro-organisms in microbiologically high-

risk products such as fresh-cut green vegetables may be 

recommended for these applications. In ozone 

applications, however, sufficient steps should be taken to 

ensure product safety. In addition, extensive studies are 

needed to clarify the complex interactions and 

mechanisms of the antioxidant components of ozone and 

leafy vegetables (Karaca and Velioglu, 2014). 

UV irradiation can be considered an important 

method to reduce Salmonella exposure in eggs. The 

advantage of this method is that it does not have a bad 

effect on eggs, is easy to apply and requires lower costs 

than ozone treatment (Mattioli et al., 2020). Combination 

treatment greatly decreased nitrate content and preserved 

a higher level of storage in terms of overall soluble solids 

(TSS) and ascorbic acid content relative to independent 

or untreated therapies. Combination treatment for 

chlorophyll content was slightly higher than control and 

ClO treatments but lower than ultrasonic treatment. The 

findings showed that tUS and ClO together are 

promising alternatives for reducing nitrate content and 

maintaining the consistency of leafy vegetables stored 

(Mu et al., 2020). As a post-harvest action step to 

inactivate microbial pathogens on goods, irradiation of 

fresh fruits and vegetables was used. Pseudomonas 

fluorescens (Pf) had high irradiation susceptibility and 

spinach and Romaine lettuce differed in their 

populations. These findings suggest that low irradiation 

values, resulting in low bacterial survival, are necessary 

to inactivate Pf in development (Olanya et al., 2015). On 

the surface of the spinach leaves, the antimicrobial 

effectiveness of the blend of X-ray irradiation and citric 

acid (CA) against E. coli O157:H7 and Listeria 

monocytogenes has been studied, and the mechanisms 

underlying their synergistic interaction have been 

elucidated. Cell counts of E. coli and L. monocytogenes 

as treated with 0.3 kGy X-ray irradiation and 1% CA 

mixture were also recorded. On O157:H7 and on spinach 

leaves, respectively, decreased by 4.23 and 3.69 log 
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CFU/mL. The synergistic decrease of E. coli O157: H7 

and L. monocytogenes cell counts, the dual treatments for 

which were 0.95 and 1.14 log units, respectively (Jeon 

and Ha, 2020). 

Spinach leaves inoculated with three pathogens were 

handled separately or simultaneously with UV-A light 

and AA. 3.50-, 3.29-, and 4.30-log CFU mL reductions 

in E. coli O157: H7, Salmonella enterica serovar 

Typhimurium, and L. monocytogenes, respectively, 

resulted in a 90-min concurrent application of UVA and 

AA. which included a reduction of 2.44-, 2.21-, and 3.42

-log in CFUs, respectively, due to the synergistic effect. 

Four mechanistic investigations were conducted to 

explain the process of this synergistic bactericidal impact 

(Jeong and Ha, 2019). Especially, these results imply 

that the deposition of these two pathogen strains on 

spinach epicuticle layers increases significantly when 

cells are grown under nutrient-restricted conditions, 

indicating that food safety research that only includes 

well-nourished cells can underestimate the attachment of 

surface production. This disparity in adhesion can be 

partly attributable to increasing heterogeneity of the cell 

surface charge, as defined by changes in the structure of 

the EPS and minor changes in the total charge of the cell 

surface for both E. coli O157: H7 and S. enterica serovar 

Typhimurium (Mayton et al., 2019). Based on our 

previous research, ozone treatment and freezing 

temperature of chicken meat were effective in 

maintaining pH and inhibiting the rate of increase of 

TBARS and TVB-N (Prabawa et al., 2019). The purpose 

of this study was to determine the effect of variations in 

ozonation time and storage temperature on the physical, 

chemical, and sensory analysis properties of Japanese 

spinach (Spinacia oleracea L.).  

 

2. Materials and methods 

2.1 Material  

The main ingredient used in this study is Japanese 

spinach (Spinacia oleracea L.), obtained from the 

Mutiara Organik Farmers Group, Ngablak, Magelang, 

Central Java, Indonesia. A Japanese spinach is selected 

that has fulfilled the harvest age of 35 days, there are no 

injuries to the leaves or stems, and the average size is 

uniform (about 30 cm). 

2.2 Experimental design and treatments 

This study used 2 factors, ozonization immersion 

time and storage temperature. The variations of 

ozonization soaking time used in this study are 5, 10, and 

15 mins. The storage temperature variations used in this 

study are room temperature (25oC) and cold temperature 

(10oC). Ozonised Japanese spinach is packaged using a 

10-micron plastic wrap and mica measuring 17 × 30 cm 

as a container and then stored for 2 days. Physical, 

chemical, and sensory characteristics of Japanese 

spinach were analyzed on the 0 and 2nd day. 

2.3 Ozonization  

As much as 1 kg of Japanese spinach is soaked in a 

reservoir filled with water with an ozone mixture using a 

D'ozone ozone generator. D'ozone ozone generators use 

a total of 6 ozone reactor types of Dielectric Barrier 

Discharge Plasma (DBDP), which can produce ozone at 

a rate of 150−500 grams/hour. Soaking is done for 5, 10, 

and 15 mins. 

2.4 Moisture content measurement 

Moisture content measurement used a gravimetric 

method (Liman et al., 2014). Japanese spinach leaves 

were crushed and weighed as much as 5 g. Empty 

porcelain plates were weighed and recorded as W0. 

Porcelain plates with specimens (leaves) were weighed 

and recorded as W1. Porcelain plates containing 

specimens were heated in an oven at 105°C for 24 hrs. 

Dry samples are cooled for 20 – 30 min under controlled 

conditions. The cooled sample is then weighed and 

recorded as W2. The moisture value is calculated using 

the formula.  

Where W0 = empty porcelain plate, W1 = empty 

porcelain plate + fresh sample and W2 = empty porcelain 

plate + dried sample. 

2.5 Total phenolic content measurement 

Total phenolic measurement was performed using 

the Folin-Ciocalteu method (Bajčan et al., 2013). A total 

of 0.2 mL of sample extract was dropped on a 50 mL 

volumetric flask and then diluted with water. Then, 2.5 

mL of Folin-Ciocalteu reagent was added to the extract, 

which had been diluted. After 3 min, 7.5 mL of Na2CO3 

solution was added to the mixture. Then, the sample was 

added with distilled water to a volume of 50 mL, 

homogenized, and then allowed to stand at room 

temperature for 2 hrs. The solution was homogenized 

and the absorbance was measured using a UV-visible 

spectrophotometer at 765 nm. The total phenolic sample 

is expressed as gallic acid in mg/kg of fresh sample 

weight.  

2.6 pH measurement 

The pH measurement in this study uses a pH meter. 

As much as 5 g of Japanese spinach sheets are crushed 

and mixed with 20 mL of distilled water, then 

homogenized using a vortex for 5 mins. The pH is 

calculated at room temperature (25oC) using a pH meter 

(PH-009-A pen-type pH meter) (Ramos et al., 2020). 
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2.7 Chlorophyll content measurement 

Chlorophyll content testing used a 

spectrophotometric method (Asimovic et al., 2016). As 

much as 1 g of leaves are crushed using a mortar and 

then extracted using 80% acetone, 100 mL, and stirred 

until the chlorophyll dissolves. The filtrate was measured 

for absorbance at wavelengths of 662 nm and 644 nm. 

2.8 Weight loss measurement 

Weight loss testing using weight comparison 

methods (Jung et al., 2012). Samples were weighed on 

day 0 and after storage for two days. After weighing, the 

weight loss value is calculated using the formula: 

 Where W0 = sample weight before storage and W1 

= sample weight after storage 

2.9 Texture measurement 

Texture measurement used Universal Testing 

Machine (UTM) (Borowski et al., 2015). The sample 

was put on the UTM penetrator needle. One sheet of 

Japanese spinach was placed in a container penetrated to 

test the level of hardness of Japanese spinach leaves. 

2.10 Sensory analysis 

A descriptive test was used for sensory analysis 

based on the method of Kim et al. (2019). A total of 30 

panellists will be asked to rate 4 sensory attributes to 

match the characteristics of Japanese spinach, including 

colour, texture, appearance, and overall. The preference 

rating uses a score of 1 – 5. The scale for each sensory 

parameter is as follows: colour = 1: reddish, 2: pale 

reddish, 3: reddish white, 4: pale white, 5: yellowish. 

Texture = 1: mushy, 2: slightly mushy, 3: slightly chewy, 

4: chewy, 5: very chewy. Aroma = 1: very rotten, 2: 

rotten, 3: fishy, 4: slightly fishy, 5: not fishy. Overall = 

1: dislike very much, 2: dislike, 3: neutral, 4: like, 5: like 

very much. 

2.11 Statistical analysis 

This study used a completely randomized factorial 

design (RALF) with 2 treatment factors. SPSS version 

22 and One-Way ANOVA were used to analyze the 

collected data. 

 

3. Results and discussion 

3.1 Moisture content 

The amount of water contained in a material 

expressed as a percentage is referred to as its water 

content. Moisture content can be used as a product 

quality measure, as it is specifically based on product 

storage. The moisture content is calculated by 

subtracting the amount of humidity lost after 24 hrs at 

105±3°C (Cristina et al., 2018). On the first and second 

days, the water content of Japanese spinach is calculated. 

The moisture content of Japanese spinach stored at a 

cold temperature is lower than the room temperature 

(Table 1). An increase in storage temperature can 

increase the water content relatively higher than a low 

temperature. Moisture content in the treatment of low 

storage temperatures and packaging can maintain 

freshness because the process of respiration rate is 

inhibited (Singh and Sagar, 2010). Respiration can 

increase water content due to the fact that the process of 

respiration can activate enzymes in material cells. 

Enzyme activity can increase hydrolysis to produce CO2 

and H2O, and it can increase water content (Khan et al., 

2017). 

Japanese spinach treated with ozonation results in 

lower water content than without ozonation, but the 

longer the time of ozonization can increase the water 

content. Ozone can slow down the metabolism rate, close 

stomata, and cause ultrastructural changes in epicuticular 

wax so that it can inhibit the rate at which it increases 

water level (Lin et al., 2019). The longer the immersion 

time, the more the water content rises. This increase was 

caused by the oxidation of food reserves as a result of 

damage to fruit cell walls by ozone. Ozone reacts with 

easily oxidized cell components, especially cell 

components containing double bonds, sulfhydryl groups, 

and phenolic rings, so the ozone reaction with these cell 

components causes cells to become damaged and cell 

components to break down further into simpler 

compounds (Yasa et al., 2013). 

3.2 Total phenolic content 

A lot of polyphenols (200 mg gallic acid 

equivalent/100 g spinach) are known to be produced by 

spinach, which is a green vegetable (Derrien et al., 

2018). Spinach contains types of polyphenols such as p-

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 90.796±0.6d 89.581±0.1d 

5 88.281±0.2a 87.050±0.2a 

10 88.977±0.3b 87.691±0.2b 

15 89.541±0.2c 88.306±0.0c 

2 

0 95.059±0.1d 93.767±0.2d 

5 92.348±0.6a 89.867±0.1a 

10 92.999±0.2b 90.984±0.3b 

15 93.997±0.3c 91.731±0.6c 

Table 1. Moisture content (%) of Japanese Spinach with 

different ozone treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 
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comic acid, ferulic acid, and ortho-comic acid (Subhash 

et al., 2010). Phenolic compounds can inhibit free 

radicals, such as peroxide decomposition, metal 

inactivation, or capture oxygen in biological systems and 

prevent oxidative disease (Aryal et al., 2019). Changes 

in the chemical composition of ozone-treated foods are 

found to be marginal at amounts below 1 ppm (1 ppm 

corresponds to 1.96 mg/m3) (Brodowska et al., 2018). 

Japanese spinach carried out by ozonation produces 

a higher total phenolic content than without ozonation. 

The use of ozone can inhibit the activity of the 

polyphenol oxidase enzyme and increase the antioxidant 

defence system through increased peroxidase activity 

(Lin et al., 2019). Phenylalanine ammonia lyase (PAL) 

activation resulting from the presence of ozone gas can 

result in increased phenolic content. PAL is indeed one 

of the key enzymes associated with the plant synthesis of 

phenolic compounds. Treatment with ozone can inhibit 

enzymes such as polyphenol oxidase and peroxidase that 

can cause phenolic compounds in fruits and vegetables to 

oxidize. Increased phenolic content may also be due to 

modification of the cell wall during exposure to ozone. 

This modification could have increased the extraction 

power and released some phenolic compounds in the cell 

wall (Onopiuk et al., 2017). The longer ozonation 

decreased the total phenolic value of Japanese spinach. 

Soaking in an ozone solution for too long will reduce the 

phenolic content due to ozone decomposition 

accompanied by the production of many free radicals 

such as hydroperoxyl (% H2O), hydroxyl (% OH), and 

superoxide radicals (% O2). Giving the right ozone dose 

can induce antioxidant defence reactions (Lv et al., 

2019). Thus, the effective time for soaking Japanese 

spinach in maintaining total phenolics during storage is 5 

min. 

The total phenolic content of Japanese spinach stored 

at room temperature is lower than that of cold-stored 

spinach. That is because, at room temperature (25oC), the 

Japanese spinach phenolic content has been degraded. 

Storage with lower temperatures can reduce biochemical 

processes in vegetables such as ethylene production, 

respiration, or enzyme activity, although the phenolic 

content remains low due to degradation by polyphenol 

oxidase and peroxide. Storage of spinach in cold 

temperatures is more effective in maintaining phenolic 

content (Serea et al., 2014). An increase in temperature 

from 2-22oC does not cause degradation of the bioactive 

components of cherries (Moldovan et al., 2016). Hence, 

the most effective storage temperature for maintaining 

phenolic content in Japanese spinach is at 10oC. In this 

study, the total content of phenolic compounds on day 0 

was 65.81-66.17 mg eqv gallic acid/100 g (Table 2), 

while according to Zikalala et al. (2017), the total 

content of phenol compounds is 3.07 mg/g (Table 3). 

This difference can be caused by differences in the 

samples used. 

3.3 pH Value  

The value of the acidity (pH) states the acidity or 

basicity of a solution (Susanty and Sampepana, 2017). A 

pH value is calculated on the zero and second-day of 

storage. Japanese spinach stored at room temperature can 

reduce the pH more rapidly than at cold temperatures 

(Table 4). During storage, the pH value of seaweed 

decreases with the decrease in chlorophyll content. 

Hydrolysis occurs during storage, which lowers the pH 

value. The effect of increasing the storage temperature is 

that respiration takes place faster, which causes the 

number of organic acids to increase and the pH value to 

decrease. The decreased pH value is caused by a product 

interacting with CO2 in the air, resulting in the 

breakdown of chlorophyll in lettuce, which is assisted by 

the chlorophyllase enzyme that the pH goes down 

(Rohmat et al., 2014).  

Storage at cold temperatures is more effective in 

maintaining and reducing the level of pH reduction in 

Japanese spinach. Ozonation does not affect the pH 

value of Japanese spinach on either the 0 or the second 

day. The pH value of Japanese spinach was not 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 66.17±0.3a 81.840±0.3a 
5 77.70±0.1d 93.125±0.5d 

10 70.62±0.3bc 90.170±0.4b 
15 70.84±0.4c 92.248±2.5c 

2 

0 65.81±0.5b 80.660±0.4b 
5 70.42±0.5c 87.965±0.2c 

10 64.695±0.7b 80.620±0.5b 
15 62.285±0.7a 81.045±0.0a 

Table 2. Total phenolic compound (mg eqv gallic acid/ 100 g) 

of Japanese Spinach with different ozone treatment and 

storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 

 Japanese Spinach 

Iron 0.91 ppm 
Zinc 1.123 ppm 
Selenium 0.001 ppm 
Total Phenols 3.07 mg/g 
Total Carotenoids 0.89 mg/g 
Flavonoid content 4.00 mg/g 
Antioxidant 0.49 mg/g 
Protein 8.3% 
Nitrate 0.02% 

Table 3. The nutritional content of baby spinach leaves per 

100 g of spinach (Zikalala et al., 2017) 
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significantly affected by ozonation treatment. According 

to Miller et al. (2013), there was no substantial change in 

the pH of fruits and vegetables handled with ozonation, 

indicating that the presence of ozonation did not affect 

the pH of fruits and vegetables. During storage, the 

slightly lower albumen pH observed in ozone-treated 

eggs indicated that ozone concentrations and exposure 

periods were successful in reducing the rate of albumen 

liquefaction, thus helping to preserve albumen 

consistency by monitoring the pH of the albumen. While 

yolk pH rose during storage, for all ozone 

concentrations, the rise was lower than the original pH 

for up to 4 weeks (Yüceer et al., 2016). 

3.4 Chlorophyll  

Chlorophyll is one of the most important bioorganic 

molecules. It is the main pigment in photosynthesis 

(Milenković et al., 2012). There are positive effects of 

chlorophyll on inflammation, oxidation, and wound 

healing as it is a high nutrient source for antioxidants 

(İnanç, 2011). However, chlorophyll degradation is 

caused by non-enzymatic reactions, including heat, light, 

oxygen, and pH (Wang et al., 2013). It can be seen in 

Table 5, the chlorophyll content of Japanese spinach 

stored at room temperature is relatively lower than 

Japanese spinach stored at cold temperatures. High 

storage temperatures can decrease the chlorophyll due to 

chlorophyll rupture caused by the chlorophyllase 

enzyme. The chlorophyllase enzyme hydrolyzed the 

phytol chain from chlorophyll to form chlorophyllide, 

and phytol causes the decrease in chlorophyll content. 

The initial process of chlorophyll degradation is the loss 

of magnesium from the central molecule or the loss of 

the phytol tail chain that causes the CH3 group on C-7 

atoms to be separated and the chlorophyll bond is broken 

(Rohmat et al., 2014). 

Based on the results, it is known that washing with 

ozonation treatment can increase the chlorophyll content 

in Japanese spinach. Washing with ozone can reduce the 

rate of discolouration in broccoli by preventing the 

activity of the enzyme chlorophyllase, which can damage 

chlorophyll, and the induction of antioxidants by ozone 

to protect chlorophyll. However, excessive ozone 

exposure can cause discolouration of lettuce leaves due 

to the decreased chlorophyll content (Miller et al., 2013). 

Ozonation treatment is effective in maintaining Japanese 

spinach chlorophyll during storage and the effective 

soaking time is 5 mins. The increased content of 

chlorophyll in lettuce may be due to several reasons. One 

problem may be that a large quantity of sewage sludge 

nutrients may provide useful trace elements required for 

plant chlorophyll syntheses, such as calcium (Ca), 

magnesium (Mg), and Zn (Chekli et al., 2017). Another 

consideration was that, by promoting plant growth and 

metabolism, the trace elements accelerated the transport 

of each other. This was the advantage of using sludge 

hydroponic solution, as without adding any additives, the 

sludge solution could be used immediately after dilution. 

Meanwhile, based on the third theory, when lettuce is 

exposed to ozone, it causes an increase in the 

concentration of chlorophyll in the plant by filtering ions 

and avoiding external osmotic pressure (Yang et al., 

2018). 

3.5 Weight loss 

Weight loss illustrates the loss of water contained in 

vegetables and fruits (Fan et al., 2019). The critical limit 

of weight loss in vegetables is 10%; if there is a loss of 

weight above 10% of the original weight, then the fresh 

vegetables are not worth selling (Asgar et al., 2011). 

Based on Table 6, Japanese spinach treated with 

ozonation shows a lower weight loss than without 

ozonisation. Ozonation treatment can effectively 

maintain water content in vegetables to reduce weight 

loss (Lin et al., 2019). Weight loss during storage tends 

to increase, ozone molecules are thought to enter the 

flower cabbage tissue through the stomata, then contact 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 6.050±0.1a 6.350±0.1a 
5 6.275±0.1c 6.525±0.1c 

10 6.150±0.1b 6.450±0.1b 
15 6.250±0.1b 6.475±0.1b 

2 

0 5.350±0.1a 5.750±0.1a 
5 5.650±0.1c 6.100±0.0c 

10 5.500±0.0b 5.950±0.1b 
15 5.550±0.1b 5.800±0.1b 

 Table 4. pH Value of Japanese Spinach with different ozone 

treatment and storage temperature  

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 285.92±2.0a 304.67±0.5a 
5 312.62±0.8c 335.54±2.4c 

10 292.75±0.4a 298.57±2.2ab 
15 304.67±0.5b 293.77±2.9b 

2 

0 245.08±2.7b 280.44±0.1a 
5 284.51±1.4c 324.33±1.5c 

10 240.35±0.9b 301.18±1.3b 
15 230.98±0.5a 297.52±2.0a 

Table 5. Chlorophyll content (mg/100 g) on Japanese Spinach 

with different ozone treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 
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with cell walls, which are then oxidized by ozone and 

can cause lysis. The ozone will make inactive enzymes 

in the membrane and cell nucleus, and it will inhibit 

respiration (Asgar et al., 2011). The ozonization 

treatment for 5 min is effective in reducing the increase 

in Japanese spinach weight loss during storage. Japanese 

spinach’s weight loss when stored at high temperatures is 

relatively greater than when stored at low temperatures. 

Lower temperatures can depress respiration rates, 

thereby reducing the risk of weight loss (Asgar et al., 

2015). When spinach leaves were blended with fine, 

whole leaves inside the same box, the propensity of all 

the spinach leaves within the bag to deteriorate more 

easily increased. The spinach production line industry 

must be very careful in choosing the right leaves before 

packaging (Ariffin et al., 2017). 

3.6 Texture 

Texture is an important quality attribute that can help 

producers and consumers in determining food viability. 

Fresh fruits and vegetables that have a firm texture are 

highly desired by consumers (Ma et al., 2017). As it can 

be seen in Table 7, Japanese spinach stored at low 

temperatures can better maintain its texture value than 

high-temperature storage. At room temperature, 

transpiration and respiration processes occur faster, and 

greater evaporation of water causes turgor pressure in the 

material to decrease. This loss of texture is due to a 

decline in cell wall turgor (Benítez et al., 2012). 

Japanese spinach with ozonation treatment shows a 

better texture value than without ozonation because 

ozonization can reduce the rate of respiration in Japanese 

spinach that the texture seems fresher. The texture of 

post-harvest agricultural products is influenced by 

respiration and the storage time of the metabolism 

(Babaremu et al., 2019). Ozonation can reduce the rate 

of respiration to maintain the quality and texture of the 

food. According to (Lin et al., 2019), ozone can slow 

down the digestion of tissue, close stomata, and induce 

ulfastructural epicuticular wax changes such that 

breathing rate can be inhibited. 

3.7 Colour 

Colour is one of the most important components in 

determining the quality of a material. Colour is an 

indicator of consumer preferences in choosing spinach 

(Asgar et al., 2017). In this study, a descriptive attribute 

test with 5 values was used to describe the colour of the 

Japanese spinach sample. The higher value indicates the 

best colour of Japanese spinach. The details of the colour 

assessment in the descriptive text of the smallest values 

include yellow, yellowish-green, yellow spot green, 

green, and dark green. The study's findings (Table 8) 

revealed that the organoleptic value of spinach color did 

not differ significantly with storage temperature or 

ozonation time. Ozone does not reduce the original 

quality of vegetable colour characteristics. The ozonation 

treatment maintains the colour of the material during 

storage to produce a better shelf life (Lin et al., 2019). In 

addition, panellists preferred ozonation samples of 

Japanese spinach. That is because ozone has disinfectant 

properties that can sterilize water and clean vegetables, 

giving the impression that they look cleaner than those 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 3.160±0.3c 1.770±0.1c 
5 2.128±0.1a 1.020±0.1a 

10 2.873±0.2b 1.585±0.1b 
15 3.025±0.0c 1.865±0.7c 

2 

0 6.403±0.4c 4.115±0.4c 
5 3.835±0.1a 1.255±0.2a 

10 4.968±0.2b 3.205±0.3b 
15 4.865±0.2b 3.193±0.4b 

Table 6. Weight loss (%) of Japanese Spinach with different 

ozone treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 0.073±0.002a 0.084±0.001a 
5 0.083±0.001c 0.090±0.001c 

10 0.080±0.004b 0.086±0.003b 
15 0.078±0.004b 0.086±0.001b 

2 

0 0.064±0.002a 0.078±0.000a 
5 0.075±0.001c 0.088±0.001c 

10 0.071±0.000bc 0.082±0.000bc 
15 0.072±0.001c 0.080±0.001c 

Table 7. Texture of Japanese Spinach with different ozone 

treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 4.47±0.5a 4.60±0.6a 
5 4.50±0.5a 4.70±0.5a 

10 4.47±0.6a 4.57±0.5a 
15 4.53±0.5a 4.63±0.5a 

2 

0 3.40±0.5a 4.37±0.6a 
5 4.07±0.5b 4.13±0.6ab 

10 3.83±0.6ab 4.43±0.5a 
15 3.67±0.5ab 4.40±0.5ab 

Table 8. Colour of Japanese Spinach with different ozone 

treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 
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washed without ozone, but washing with ozone does not 

eliminate the original colour characteristics of vegetables 

(Asgar et al., 2011). Changes in colour are caused by 

changes in natural pigments, such as chlorophyll, 

carotenoids, and anthocyanins, or by other enzymatic 

browning and non-enzymatic pigments (Miller et al., 

2013). In general, ozone does not change the colour of 

the product. 

3.8 Appearance 

Appearance is one of the important quality factors 

for food ingredients as it is a visual assessment carried 

out on several criteria such as size, shape, colour, 

condition, freshness, and disability or injury (Asgar et 

al., 2011). Leaf vegetables, including spinach, are one 

type of vegetable that withers quickly (Rahayu et al., 

2013). In this study, a descriptive test of the appearance 

attributes with 5 scales describes the appearance of 

Japanese spinach. The higher value represents the best 

appearance of Japanese spinach. The results of the study 

(Table 9) show that ozonization affects the value of the 

appearance of Japanese spinach during storage. 

Ozonated Japanese spinach has a higher appearance 

value than without ozonation. Ozonization treatment can 

reduce the signs of spoilage and successfully preserve 

the consistency of the material's appearance during 

storage (Lin et al., 2019). Fruits and vegetables treated 

with ozonation and stored in cold storage have a better 

physical appearance compared to controls. Storage for 

three days showed a significant difference where the 

control showed decay while the fruits and vegetables that 

were treated with cold storage were still in fresh 

conditions (Prasetyaningrum, 2017). The hue angle 

values of the 6-mins UV-B studies showed the yellowing 

of fresh-cut spinach leaves was minimized and 

ultraviolet irradiation therapy improved the optical 

consistency of the samples (Ufuk Kasım and Kasım, 

2017). 

3.9 Hardness 

Texture or hardness is one of the essential 

consistency characteristics for the viability of food for 

both suppliers and customers. Fresh vegetables with 

good qualities in toughness, hardness, and crunchy 

texture are preferred by consumers. Consumers or 

panellists tend to be more sensitive to texture differences 

than to taste (Ma et al., 2017). In this study, a descriptive 

attribute texture test with 5 values of red spinach was 

described. Similarly, the higher value shows the best 

Japanese spinach texture. The details of the texture 

assessment in the descriptive test of the smallest value 

include very soft, soft, somewhat soft, hard, and very 

hard. Texture testing was carried out on the leaves and 

stems of Japanese spinach. The results of the study 

(Table 10) show that ozonation treatment and storage 

temperature affect the value of Japanese spinach 

hardness. Japanese spinach stored at low temperatures 

has a higher hardness value than at room temperature. 

Storage at low temperatures can inhibit respiration, 

thereby delaying softening, discolouration, quality 

changes, and other chemical processes. The hardness of 

red chilli during storage has decreased because of the 

cell wall texture changes due to chemical changes during 

the metabolic process (Asgar et al., 2017). Ozonation 

treatment can prevent wilting and maintain the texture of 

Japanese spinach during softening. This is because 

ozonation can suppress the rate of respiration, which can 

damage the texture or hardness of Japanese spinach (Lin 

et al., 2019). 

3.10 Overall 

In this attribute, panellists were asked to rate the 

Japanese spinach as a whole based on their respective 

ratings. This assessment consists of 5 scales where the 

greater the value, the preferred Japanese spinach. 

Japanese spinach was used for sensory analysis using 

whole spinach as shown in Figure 1. There is a 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 3.40±0.5a 3.93±0.6a 
5 3.67±0.5b 4.37±0.5b 

10 3.60±0.5ab 4.17±0.4ab 
15 3.53±0.5ab 4.03±0.6ab 

2 

0 2.73±0.5a 3.50±0.5a 
5 3.07±0.4c 4.23±0.4c 

10 2.93±2.5b 3.87±0.4b 
15 2.87±0.4ab 3.70±0.5ab 

Table 9. Appearance of Japanese Spinach with different ozone 

treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 

Day 
Ozonization Time 

(mins) 

Storage Temperature (oC) 

25 10 

0 

0 3.50±0.5a 4.00±0.5a 
5 3.87±0.4b 4.40±0.5b 

10 3.80±0.4b 4.17±0.4b 
15 3.77±0.6ab 4.13±0.6ab 

2 

0 2.73±0.5a 3.80±0.4a 
5 3.53±0.5c 4.33±0.5c 

10 3.20±0.4b 4.00±0.5b 
15 3.23±0.6b 3.97±0.6b 

Table 10. The hardness of Japanese Spinach with different 

ozone treatment and storage temperature 

Values are presented as mean±SD. Values with different 

superscript within the same column are significantly different 

according to the ANOVA test at the 5% significance level. 
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significant difference between cold and room 

temperature storage. The overall value of Japanese 

spinach at cold temperatures is higher than at room 

temperature (Table 11). The ozonation treatment showed 

a significant difference in the overall value of Japanese 

spinach on the second day. Japanese spinach treated with 

ozonation received a higher overall value than at room 

temperature. Table 11 shows that 5 mins of ozonization 

immersion time displayed the best results. Thus, the most 

effective treatment for maintaining the sensory quality of 

Japanese spinach during storage is ozonation with an 

immersion time of 5 mins and kept at cold temperatures. 

 

4. Conclusion 

Most of the postharvest Japanese spinach damage is 

caused by respiration rate. The ozonation process and 

storage temperature affect the physical, chemical, and 

sensory properties of Japanese spinach. Ozonation 

treatment for 5 minutes and storing in cold temperatures 

can reduce water content increase (87.050% and 

89.867%), total phenolic (93.125 and 87.965 mg eqv 

gallic acid/100 g), chlorophyll content (335.54 and 

324.33 mg/100 g), weight loss (1.020% and 1.255%), 

texture (0.090 and 0.088), and sensory qualities such as 

ozone exposure for too long will damage the quality of 

Japanese spinach. According to the findings of this 

study, ozonation treatment for 5 minutes followed by 

storage at cold temperatures is effective in preserving the 

physical, chemical, and sensory qualities of Japanese 

spinach during storage. 
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