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Abstract 

Taiwan is an island surrounded by the sea that experience an annual natural disaster that is 

known as the typhoon where damages caused by the disaster could not be estimated. As soon 

as the government issues the typhoon alert, the price of fruits and vegetables rise thirty percent 

immediately every time. Hence, consumers tend to restrict their expenses or change their usual 

eating habit which leads to the belief of an incompetent government. There is a saying: When 

a typhoon comes, the people and the government will suffer in life but someone called 

“vegetable insect” will get rich. Ethylene is the main factor that causes problems in the 

preservation of fresh fruits and vegetables. The method for this research is using a 

questionnaire survey conducted by interviewing experts in the frozen food industry. The result 

confirms that the effects of ethylene on the preservation of fruits and vegetables. The Taiwan 

guava is used as the preservation experiment material. The hardness of the fruit and the 

ripening degree to determine the effect of ethylene is tested. The purpose of this research is 

to extend the shelf life of fruits and vegetables by effectively preventing ethylene 

contamination. This is all done under the premise that the fruits and vegetables are able to 

maintain its original flavour and serves as a reference for designing a new refrigerator. 
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1. INTRODUCTION

1.1 Research background and motivation 

Taiwan is an island surrounded by the sea and the typhoon season comes every year where 

damages caused could not be estimated. The island of Taiwan has a self-sufficient food supply 

system that includes all related industries such as animal husbandry, aquaculture, agriculture 

and fisheries mainly meet the needs of the island. However, damages inflicted by the disaster 

have affected people's daily life is more direct and severe. The livestock and aquaculture 

(seafood) can be kept by refrigeration for a long period of time. The Executive Yuan Agricultural 

Committee demanded the relevant industry players to release the frozen meat products in 

order to stabilise the market price. Although the fruits and vegetables grow rapidly, but it is still 

in short supply. The price increases comprehensively. It leads to a distraught population of 

consumers. 

1.2 Purpose of the research 

Since cold temperature changes meat products, resulting the oxidation of the meat products 

and hence, resulting in decay. Therefore, the import and export of meat products, domestic 

wholesale, retailers, the traditional vegetable market all use the frozen method for meat 

storage. However, this is not suitable for the preservation of fruits and vegetables as the 

process of ripening will naturally produce a maturing catalyst - ethylene. It depends on the level 

of maturity of the different fruits and vegetables, and the quantity of ethylene released also 

differs. Ethylene is difficult to calculate. Once the fruits and vegetables become infected by 

ethylene, the preservation time will be reduced greatly. The purpose of this research is to 

extend the shelf life of fruits and vegetables by effectively preventing ethylene contamination. 

This is all done under the premise that the fruits and vegetable can maintain its original flavour 

and serves as a reference for designing new refrigerators. 

2. LITERATURE DISCUSSION

2.1 Classifications of frozen food 

The classifications of refrigerated household food items, Xinjie Lin (2016) refers to the US 

health magazine "Prevention", categorises 23 different types of food, each with their own 

specific preservation methods. According to the “World Magazine” 2013, an average 

Taiwanese produces approximately 96kg of food waste, and approximately 6,100 tonnes of 

food waste per day for the entire country. As a matter of fact, a lot of easily rotten food could 

still be consumable if stored properly even after its recommended expiry date. It also points 

out the following guidelines for prolonging its shelf life: 

1. Protein (Table 2-1)

Ingredients Do’s Don’ts 

Place the eggs in the original box, Most fridge has a designated holder on its door, 

egg ,milk 
and place them on the colder however the constant opening and closing of the 
shelves in the fridge. fridge doors makes the temperature fluctuate, thus 

making them perish faster. 

Hard Wrapping the cheese in foil or When dealing with mouldy cheese, just remove the 
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cheese plastic will prolong its shelf life mouldy area ½ inch in.  There is no need to throw 
 for 2-4 months. the whole thing away. 
   

 The temperature is best to be set Yogurt generate separate liquids, it is not spoiled,  
yogurt at 4 ̊ C for yogurt, it can extend its just a little stir, it can still be eaten. 

 shelf life for 10-15 days.  
    
Source of the materials: organized from web (08.04.2016) 

 
2. Vegetables (Table 2-2): 

 
Ingredients Do’s Don’ts 

   

shallot, 
Placed in a warm and dry place. Onion should avoid placing in the fridge 

 because the cold and humid air will cause   

onion, garlic  them to rot or germinate. 
  

 Mushrooms  remain  dry  and  cold  to Do  not  wash  the  mushroom  before 
mushrooms prevent bacteria growth. The paper bags storage. 

 can reduce moisture loss.  
   

 Wrap the vegetables in dry paper towels Avoid placing leafy vegetables near 
leafy before placing them in a plastic bag and water that will release ethylene 
vegetables into the vegetable preservation room of  

 the refrigerator.  
   

 The unripe tomatoes can be kept at room Mature  tomatoes  should  be  not  be 

tomato 
temperature  to  avoid  discolouration,   placed  near  leafy  vegetables  because 
taste and nutrient lost. The ripe tomatoes  tomatoes will release ethylene.  

 can be stored in the refrigerator.  
   

 Larger potatoes can be placed in a cool Potatoes should avoid placing together 
potatoes and dark place. Smaller potatoes can be with  apples  or  pears  to  reduce  the 

 placed in the fridge. transfer of the smell of dirt. 
   

asparagus 
The tip is placed upright and the bottom is Do not soak the asparagus tip, this is to 
wrapped in wet tissue and a plastic bag. avoid bacteria growth and deterioration.  

   

 The removal of carrot leaves can prolong Larger carrot should not be placed next 

carrot 
its preservation time. The larger carrots to fruits because the release of ethylene 
with peel is very susceptible to ethylene. from the fruits will make the carrot bitter  

  and unbearable after 1-2 weeks. 
    
Source of the materials: organized from web (08.04.2016) 

 
3. Fruits (Table 2-3): 

 
fruits  Do’s     Don’ts 

          

 According to a USDA study, keeping the Watermelon should not be placed 
      

 watermelon on the kitchen counter for 
next to other fruits. Because the  about a week to mature will increase the 

watermelon     

lycopene of the watermelon and β carrot watermelon will release ethylene to  
      

 to double. The watermelon can be placed 
ripen other fruits quickly.  into the refrigerator a day before eating. 

     

stone fruits Store at room temperature to ripen and If  the fruit isn’t mature  yet  and 
         

( cherry ,Plum, 
then be placed into fridge.   directly put into the  refrigerator, 

     they will not be able to mature. 
Peach, …)      

         
    

grapes, berries 
It had better to remove injured or mouldy Do  not  wash  it until  consuming, 
fruit in order to avoid other fruits rot.  otherwise it would easily spoil.   

   

apple 
Wrapped in plastic bags and placed in the Apple will release ethylene so avoid 
fridge to avoid moisture lost. placing near leafy vegetables.  

 To avoid banana maturing too fast, you can Low temperatures will make bananas 

banana 
separate  each  banana  and  cover  each hard to mature but the skin will still 
banana tip with plastic wrap.   turn black. Hence, banana should    

      not be put into the refrigerator. 

Source of the materials: organized from web (08.04.2016) 
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4.Other Categories (Table 2-4):

Ingredients Do’s Don’ts 

Nuts 
The preservation time is extended up to a year Keep away from heat to avoid the oil 
when placed in the refrigerator. contents in the nut to deteriorate. 

Cereals  and 
The  frequently  consumed  cereals  can  be Unfinished cereals should be sealed 

placed at room temperature in a drier and and preserved. 
flour 

cooler place. 

oil 
Avoid contact with air, light or heat. Placing the oil next to the stove or 

oven will accelerate deterioration. 

leftovers 
Put it in the refrigerator within two hours of The leftovers should not be kept 
cooking. more than five days. 

Source of the materials: organized from web (08.04.2016) 

2.2 Fruit ripening system 

According to Jinghui Gao (1987), " the main difference between the climacteric fruit and 

non- climacteric fruit is the ability to self-catalyse with ethylene (ie, whether it can form a lot 

of ethylene), rather than the change in respiration rate (in fact, after the treatment of ethylene 

the respiration rate of the non- climacteric fruit can also increase).". The classification of fruit 

ripening system is listed as follows (Figure 2-1): 

Figure 2-1: The non- climacteric fruit and The climacteric fruit 

The non-climacteric fruit( it will not The climacteric fruit 
continue to mature after harvest) ( it will continue to mature after the harvest) 

cherry, Citrus (lemon, lime, orange, apple, apricot, avocado, nectarine, papaya 

grapefruit) ,cucumber, grape, pineapple, banana, blueberry, Fig, passion fruit, peach 

pomegranate, berry( cranberry, strawberry), guava, melon, Kiwi fruit, pear, persimmon, 

watermelon mango, plantain, plum, tomato 

Source of the materials: scientists in the kitchen, National Daily News. (07.30.2017) 

2.3 Fruit ripening agent – ethylene 

Kaohsiung City Agricultural Improvement Centre (2015) replies to food security issues such 

as: " Usually the ripening agent used in the fruit ripening process is “ethylene " or other similar 

gas compounds and ethylene is the plant hormones, which is produced by the fruits itself 

during the ripening process. So it is harmless to the human body and it is widely used in fruit 

ripening treatment. However, it is not necessary for some fruits, such as guava, lotus fog and 

Indian jujube, etc. These fruits need to avoid ethylene. The discovery of ethylene for the garden 

produce industry is very important. It is also confirmed to be harmless.". 

According to ethylene research, another example as Weilun Li(2008) said: "The main source 

of ethylene comes from the tissues of fruits and vegetables, such as microbial fermentation, or 

thermal cracking of hydrocarbons. Ethylene is a plant hormone that can induce a variety of 

physiological reaction that consists a series of decomposition and synthesis effects”. “The 

chemical element of ethylene can be countered by - potassium permanganate, and is broken 

down into carbon dioxide and water, but potassium permanganate itself is highly toxic, and is 

not suitable for direct input in the fridge". Therefore, based on food security issues, the infusion 

of any toxic chemical elements, or any unstable gas such as ozone is not considered.  
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Weilun-Li 's main research is on the isolation of ethylene by vacuum packaging but didn’t 

discuss much on the issue of ingredients keeping by controlling the fridge temperature and 

humidity. 
 

3. CONDUCTING INTERVIEW SURVEY 
 

3.1 Interview object 
 

The methods of this research are based on literature investigation, and the methods of 

collecting information includes querying network-related data and finding books related to 

plant physiology. Then, expert interviews are conducted to understand the specific effects of 

ethylene in terms of fruits and vegetables preservation. The view from professionals’ 

perspective are sorted as follows:  
 

1. The assembly of the refrigeration industry 
 

2. The person in charge of fruits and vegetables marketing in the Farmers' Association 
 

3. The Fruit Marketing Industry 
 

3.2 Interview questionnaire design is as follows: 
 

Table3-1 Questionnaire form   
1.Name of corporation and how many years of undertaking?  

Answer:  
2.What is your job description and related field?  

Answer: 
 

3.Please list the types of fruits and vegetables and its recommended temperature for refrigeration. 
 

Answer: 
 

4. Please describe what do you know about the natural ripening agent; ethylene. List the 

items that contains ethylene. 
 

Answer:  
5.How to overcome and extend the shelf life of fruits and vegetables?  

Answer:   
3.3 Interview results 

 
Table3-2 The assembly of the refrigeration industry is as follows:   
1. Name of corporation and how many years of undertaking? 

 
Answer: Ming Emblem frozen air conditioning Technology Co., Ltd. / contractor: Ye 

Rongzhang/ undertaking years of 30 years.  
2. What is your job description and related field?  
Answer: Responsible for the condensing unit equipment, maintenance, construction. 

 
Operating a variety of freezer assembly, as well as troubleshooting and other issues related 
to customer troubleshooting. 

 
3. Please list the types of fruits and vegetables and its recommended temperature for refrigeration. 

Answer: 1. The vegetables can be divided into two major categories of leafy vegetables and rhizomes, 
 

leafy vegetables, the best temperature of 2 °C, humidity from 85 ° to 90 °, rhizome, the best 

temperature of + 2 ° C, humidity of 70 °. 
 

2. Fruits due to different types the temperature and humidity control is different, such as the 

apple temperature of -1.2˚ ~ -1.5˚C, the humidity of 80 ° to 85 °; the banana temperature of + 
 

13 ° to + 15 ° C, the humidity of 70 °; the grape temperature of -2 °,the humidity is 85˚.  

291



KEER2018, KUCHING, MALAYSIA | MARCH 19-22 2018 
7TH INTERNATIONAL CONFERENCE ON KANSEI ENGINEERING AND EMOTION RESEARCH 2018  

3. The above mentioned about the current cold storage, for different temperature settings, have a
corresponding humidity control function.

4. Please describe what you know about the natural ripening agent; ethylene. List the items that
contains ethylene.

Answer: Fruits and vegetables allow the release of ethylene, the industry generally known as odour 
emissions, naturally produced, do not need human factors to place chemical substances, such 
as: electrical soil. 

5. How to overcome and extend the shelf life of fruits and vegetables?

Answer: The main purpose of the control of cold storage temperature is to let fruits and vegetables 

remain dormant, and the corresponding function of the humidity is to slow down the growth 

of its fruits and vegetables. The cold storage for example: one scale as a unit, the best 

way to extend the preservation of the quantity (1 ~ 10 scale) is to keep in a single type or  

species refrigerated at one time. 

Source: Minghui Refrigeration Air Conditioning Technology Co., Ltd. ˙ Ye Rongzhang (09.04.2016.). 

Table3-3 The person in charge of fruits and vegetables marketing in the Farmers' Association is as 

follows: 

1.Name of corporation and how many years of undertaking?

Answer: Kaohsiung City Alian District Farmers' Association / In charge of Insurance Director and Fruit 
and Vegetable Marketing : Huang Junjie / working years up to 29 years 

2. What is your job description and related field?

Answer: As the Kaohsiung Alian District Farmers Insurance Department Director, and contractors fruit 
export business and all kinds of fruits and vegetables, such as: candied dates, dried candied 
dates, guavas, tomato, lotus fog, mango, longan, melon, Xiaoyu watermelon, honey and so 
on.. 

3. Please list the types of fruits and vegetables and its recommended temperature for refrigeration.
Answer: The main Frozen fruits are guavas, candied dates. The export temperature is controlled at 5˚C, 

and the domestic temperature is control at 8˚ to 10˚C. 

4. Please describe what you know about this natural ripening agent ethylene. And list the items that
have it.

Answer: Through the relevant units of farmers, ethylene is a ripening chemical agent, has been used in 
fruit ripening but not often used. The apple naturally contains much ethylene, but compared 
to the apple the other fruits isn’t much. 

5. How to overcome and extend the shelf life of fruits and vegetables?
Answer: 1. Take a single packing method to keep. 

2. Antioxidant pack provided by the trader (the contents are granular).

3. Cold storage to maintain temperature settings.

Source: Kaohsiung City Alian District Agricultural Association / Huang Junjie (08.07.2016). 

Table3-4 The Fruit Marketing Industry is as follows: 
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1.Name of corporation and how many years of undertaking? 
 

Answer: Ami Asia fruit firm / company representative: Huang SuMei/ practicing in Tainan City 
night market 22 years.  

2. What is your job description and related field?  
Answer: Fruits purchase, cutting and operating seasonal fruit trafficking 

 
3. Please list the types of fruits and vegetables and its recommended temperature for refrigeration.  

 
Answer: On average, 8 kinds of seasonal fruits are frozen daily in the cold storage. In addition to guavas 

the other types of fruits other are in the co-exist way of cold storage, the annual temperature set 
at 8˚ C~ 11˚C, because the cold storage switches often daily, the temperature control is more  
difficult, with very power consumption 
 
 

4. Please describe what you know about the natural ripening agent; ethylene. List the items that 
contains ethylene. 

 

Answer: The loss of guavas to maturity has happened many times and ethylene is the factor that 
accelerates the ripening. Therefore, we avoid putting the guavas together with the other fruits 
in the same cold storage, to avoid cross contamination by other high Ethylene fruits. We won’t 
accumulate too many fruits in the same cold storage to avoid unnecessary losses. The fruits 
contain ethylene as we have known such as：papaya, apple, banana, guavas, mango, melon, 
watermelon.  

5. How to overcome and extend the shelf life of fruits and vegetables? 
 

Answer:   We have tried to use oxygen-absorbing drugs (antioxidant), but since the cold storage are often 
switched off, it is ineffective in extending fruit preservation. It’s a big problem to extend the 
preservation time using cold storage. Even with the consideration of packaging, it takes more 
manpower, so generally to calculate the fruit sales to the sales projection, it is not viable. The 
general cold storage could only preserve fruits not more than 3 to 4 days in principle. In terms 
of fruits sales, the relevant industry is informed that the fruits should not be too ripe where 
colour checking to distinguish maturity is done and fruits maturing at 70 to 80 percent is 
perfect. This is by completely sealing the packing of one kind of fruit to keep in the fridge 
provided by the Farmers' Association, the highest preservation time is about 7 days or so.   

Source: Ami Asia Fruit Firm / Huang Su Mei (08.07.2016). 
 

4. EXPERIMENT ANALYSIS 
 

4.1 Methods of the experiment 
 

Referring to the basis of the above comprehensive investigation regarding the inventory 
of frozen food, it is confirmed that ethylene is the main factor affecting the maturity of fruits 
and vegetables. Therefore, guava is taken as an example where it can be harvested locally 
throughout all four seasons and is known as the national fruit of Taiwan. According to years 
of experience, the maximum refrigeration period is 7 days. Hence, 7 days is used as a 
reference value to carry out the experiment and try to test the hardness and the acceptable 
maturity of the fruit. The method used in this experiment is shown below: 

 

1, Using guavas that were harvested on the same day as the experimental object (Figure 4-1) 
 

2, Using the hardness tester as the base of the hardness rating (Figure 4-2) 
 

3, Carrying out the hardness test on each guava (Figure 4-3) 
 

4, The hardness data recorded of the guavas (Figure 4-4) 
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Figure 4-1 Figure 4-2 Figure 4-3 Figure 4-4 

Source of the materials: photographing by this research ( 09.14.2017) 

4.2 Process of the experiment 

In the first hardness test and in order to avoid producing chemical change, a wound is 

created by peeling the specimen. This creates the derivative of acid infection, thereby causing 

inaccuracy in the hardness test. Therefore, this process is not to pare the guavas and carry out 

the hardness test in the softest region (tail) parts of the guavas. The first measured record is 

shown in the above figure (Figure 4-4). Six guavas, A-17˚, B-9˚, C-16.5˚, D-9˚, E-16˚, F-17.5˚, will 

be divided into three groups. The first group (A / D) was placed in a cool place at room 

temperature, the second group (C / F) was placed with several kinds of fruits together in the 

fridge, and the third group (B / E) was placed a single kind of fruit which is the guava, in the 

fridge. The second hardness test was conducted after 7 days (106/09/21), the test on the 

hardest part of the guavas (the middle part), the measured values were: A-8.1˚, B-10.2˚, C-4.2˚, 

D-rot (bad cannot test) , E-10.1˚, F-4˚ (Table 4-1).

Table 4-1 The results of the experiment 

place at room several kinds of fruits isolated single type of 
classification 

Temperature together in the fridge fruit ( guava) in the fridge 

Group The first group The second group The third group 

code A D C F B E 

the hardness 
17 9 16.5 17.5 9 16 

(the first test) 

the hardness  
8.1 Rot 4.2 4 10.2 10.1 

(the second test) 

the  picture of the  
guava  after 7 day  
frozen 

Source of the materials: photographing and organizing by this research ( 09.21.2017) 

4.3 Result of the experiment 

This experiment found that the higher hardness value of the guava is numbered A, C, E, F. 

The average hardness at 17˚, and the number: B, D average hardness of 9˚. According to the 

above-mentioned interviewer Huang Su-mei’s statement, the colour of the guava can be used 

to identify the maturity, such as the number A, C, E, F the appearance of the peel was dark 

green, the maturity degree is about 70 percent. The appearance of peel is relatively light 

green where the degree of maturity is about 80 percent. The classification of the maturity, 

the hardness and the frozen classification are discussed as follows: 
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1. The first group: 
 

Guava A: The hardness of A from 17˚ went down to 8.1˚, according to the hardness and the 

peel appearance, it is still available for eating, but the freshness is doubted; maybe it 

is suitable for making juice. It is not good for selling directly. 
 

Guava D: acid serious infection, pressing it will be clearly into fruit mashup or puree, has been 

completely difficult to use the hardness tester. 
 

2. The second group 
 

Guava C: the hardness from 16.5˚ down to 4.2˚, the other fruits in the storage produced 

ethylene and it infects Guava C, resulting in rapid ripening of the pulp, the appearance 

obviously turn to yellow-green. It cannot be sold as whole, fresh fruit. 

Guava F : The hardness from 17.5˚ down to 4˚, it concaved immediately after being pressed by 

the fingers. It cannot be sold. The actual softened situation as shown in the following 

figure (Figure 4-5): 
 
 
 
 
 
 
 
 
 
 

Figure 4-5 softened Guava F 
 

Source of the materials: photographing by this research ( 09.21.2017) 
 

3. The third group 
 

Guava B: the hardness changed from 9˚ to 10.2˚; 7 days of freshness is extremely successful. 

The hardness has risen, and the reason is: In order to avoid damage caused by fruit acid 

infection and test inaccuracy, the first test uses the softest part of the guava, and then 

the second test uses the hardest part of the guava itself, so the results of the hardness 

do not drop, but rise. 
 

Guava E: the hardness from 16˚ down to 10.1˚, the peel appearance has become light green. 
Therefore, in order to determine its freshness whether it can be sold or not, the industry is referred 
to inspect the product. Guava B and Guava E is cut for inspection. The industry verified that a single 
kind of fruits can be stored in the refrigerator and can be kept fresh up to seven days. As shown in 
the following figure (Figure 4-6):  

 
 
 
 
 
 
 
 
 

Figure 4-6 fresh cutting Guava B and Guava E 
 

Source of the materials: photographing by this research ( 09. 21. 2017) 
 
 

5. CONCLUSION 
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The result of this research found that ethylene has a significant impact on the preservation of 
fruits and vegetables. The analysis of this experiment confirms that the third group where the 
fruit is isolated shows the best ethylene prevention and thus maintaining the fruit at its best 
state. Therefore, it will serve as a reference when designing new cold storage / refrigerator. 
Ethylene is the main factor that causes problems in the preservation of fresh fruits and 
vegetables. In order to effectively prevent the contamination of ethylene, refrigeration operators 
and common users can exercise simple guidelines of ingredient classification. Based on this 
experiment, it is learnt that it is crucial to increase the awareness of refrigerating different types 
of fruits and vegetables separately. This will largely extend its shelf life. Since the price pf fruits 
and vegetables rise immediately after the typhoon alert issued by the government on an annual 
basis, this paper proposed food preservation as follows: 

1. For the fruits and vegetables business operators, it is necessary to develop a new type of

cold storage, used to prevent the production of ethylene in order to slow down the

oxidation of fruits and vegetables.

2. In the future, there should be an attempt to find another type of gas that could prevent

the production of ethylene where it could be injected into the cold storage effectively to

promote the formation of the fruits' false hibernation phenomenon. Therefore, the shelf

life of the fruits and vegetables are “naturally” extended. It will also stabilise the market

price of fruits and vegetables as well as making it through the wind and drought

rehabilitation period.
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