
 

 

 

Abstract—Using a simple tropical cooler with fresh cabbage, 

this study aimed to analyze cooler air circulation, cooling rate, 

storage duration, and cabbage loss. Simple cooling consisted of 

primary component cooling chamber or box-shaped space; a shelf to 

hold ice, a thermometer, and a sinkhole; up to 21 kg of ice; and up 

to 8 kg of mustard greens harvested 2 months after planting from 

farmers in Tomohon, Indonesia. Results showed an average decrease 

in plant weight of 60.6 g, a highest cooling rate of ice at room 

temperature ice of 0.64 ºC/h, and a lowest cooling rate of ice at 

room temperature of -0.39 ºC/h. Storage duration observed from the 

beginning of cold storage until plant freshness declined showed that 

plants could last up to 5 days in cold storage. 
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I. INTRODUCTION 

NDONESIA is an archipelago of many islands each with 

their rural resources and potentials. The island of Sulawesi 

is one of those islands. The province of North Sulawesi 

which is obviously located on the northern part of the island 

is known for its agricultural commodities such as coconuts, 

cloves, nutmegs and several varieties of vegetables. One of 

those varieties is the green mustard cabbage (Brassica Juncea 

l). 

After harvesting, horticultural products such as the green 

mustard cabbage suffer quality degradation.  This is because 

after the harvest, vegetable plants are still doing activities 

such as respiration and transpiration. If they are not properly 

stored then they will lose water and wither away. The 

percentage of degradation is reported to reach 50%. 

North Sulawesi is known to be an epicenter of horticultural 

production in the northern part of east Indonesia and the 

vegetable products are often shipped to other islands by 

merchants.  Merchants usually like to use a simple cooling 

box to store and maintain the quality.  A   simple cooling box 

is the tool commonly used to prevent the degradation or the 

withering process.  It has been commonly used but has not  
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been scientifically studied.   This research is to study whether 

the cooling box can really decrease the degradation. 

 The objective of the research is to measuring air 

temperature in the ice chamber, vegetable chamber, the tip of 

the stem, stem and leaves of the vegetable.  This will show 

the second law of thermodynamics and air circulation in the 

cooling box. The other goal is to measure mass loss. This 

research is beneficial to inform farmers and inter-island 

merchants. 

II. LITERATURE REVIEW 

A. Green mustard cabbage (brassica juncea) 

This is an annual plant with taproot, with wide and dark 

green leaves which grows well in both low and high terrains. 

This vegetable can also grow on soil with a good drainage 

system, a pH of 6-7 and contains vitamins A, B, a little 

vitamin C and water [2].   

B. Harvest and post-harvest 

Green mustard vegetables can be harvested during times 

approaching peak maturity when the color, shape and size of 

the leaves are in conformity with the conditions of physical 

organ development, or two months after being planted. 

A few things to note in handling the harvested product is 

the fact that the container cannot be too full, it must have 

good air circulation, and it may not be carelessly stacked.  

Green cabbage storage periods can be extended by storing it 

in a place with a temperature of 5-10ᵒC and with a percentage 

of humidity about 90% [2]. 

Temperatures during the harvest usually are the cause of 

the spoilage. Rapid cooling will minimize the effects of 

temperature thus minimizing the decay.  Pathogenic bacteria 

will grow very slowly at temperatures below 0 ᵒ C and other 

decaying fungi do not grow at temperatures below 5 ᵒ C. The 

purpose of post-harvest handling of mustard is to minimize 

respiration and transpiration, preventing wound infection and 

prolonging the storage periods [6].   

C. Cold Storage 

Cold temperature treatment is the most common and 

economical way to extend the shelf life of horticultural 

products [3]. Cold storage is below the storage temperature of 

15 ᵒ C and above freezing point of the product. Cooling will 

reduce withering due to water loss; decrease the rate of a 
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chemical reaction and the rate of microbial growth on stored 

materials [1].   

Refrigeration is the process of emitting heat from an object 

below the ambient temperature or the process of changing 

heat from high temperature to low temperature [10]. 

Refrigeration is the process of removing heat from one 

material, so that the temperature drops and is maintained at a 

level [8]. 

Transpiration is the dispersion of water from living plant 

tissue and water formed during respiration. As a result, 

materials during dispensing and storage of water loss may be 

partially or completely replaced by water formed during 

respiration [5]. 

D. Heat transfer 

1. Conduction  

   Conduction is heat transfer caused because of collisions 

between molecules or particles in a solid. In general, the 

rate of heat flow by conduction is: 

                  (1) 

 

Q  =  Heat (Joule)  

k  =  coefficient of conduction (thermal conductivity)  

t  = time (s)  

A  = cross-sectional area (m2)  

l  =  length of metal (m)  

T  =  temperature (Kelvin) 
 

2. Convection 

Convection is heat transfer caused by the mass movement 

of fluid molecules from one place to another. In general, 

the rate of heat flow by convection is: 

                 (2) 

 Q  =  Heat (Joule)  

 K  =  coefficient of conduction (thermal conductivity)  

 t  =  time (s)  

 h  =  coefficient of convection  

 A  =  cross-sectional area (m2)  

 T  =  temperature (Kelvin) 
 

3. Radiation  

Radiation is heat transfer that does not require an 

intermediary substance. In general, the rate of radiation 

heat flow is: 

              (3) 
 

 P  =  power of radiation/energy radiation every time 

(watts)  

 Q  =  Heat (Joule)  

  t  =  time (s)  

 A  =  cross-sectional area (m2)  

 T  =  temperature (Kelvin)  

 e  =  particular emissivity material  

   σ  = Stefan Boltzmann constant (5.67x10(-8) 

W/m^2.K^4 
 

  E. Changes in states of matter  

If ice is heated then some time later the ice turns into 

liquid, and then transformed into water vapor. Similarly, if 

water vapor is cooled then it turns into water after that into 

ice [7].  
Melting is a change of state from solid to liquid, while 

freezing is a change of state from liquid to solid. Evaporation 

is when liquid changes into gas, while condensation is when 

gas changes into liquid. Sublimation is a change of state from 

a solid directly into a gas (without going through the liquid 

state) or vice versa [8].   

 F.  The Second Law of Thermodynamics  

 The first law of thermodynamics is about energy 

conservation. However, there are a number of processes that 

can be considered to conserve energy, but does not occur 

naturally. For example, when a hot object is contacted with a 

cold object, the heat will flow from the hotter object to a 

colder object. The reverse of this process never spontaneously 

occurs. If the heat can leave the cooler object and into a hotter 

object, then the energy will remain conserved [4]. 

III. RESEARCH METHODOLOGY 

 A. Place and Time  

 This research was conducted at the Laboratory of 

Postharvest Technology Department of the Faculty of 

Agriculture, University of Sam Ratulangi Manado. This 

research was carried out for 2 months starting early February 

until early April 2014.  
 

 B. Equipment and Materials  
 

1. Equipment 

The equipment used in this research is a styrofoam box, ice 

buffer made of aluminum angled steel, thermometer, bar 

thermometer,  washing container, a scale, knives, taps, 

candles, transparent duct tape, ice cutter and some writing 

stationery. 
 

2. Materials 

Water, 21 kg of -20o C ice, 7 kg of mustard green 

vegetables harvested 2 months after planted. This vegetable is 

taken directly from the farmers in Paslaten-Tomohon, a place 

in a high terrain about 25 km from Manado.  

 C. Simple cooling box  

A simple cooler consists of several components: one 

rectangular prism shaped cooling chamber (main 

component), a shelf to put the ice on, a few small holes to put 

thermometers, and also a sink hole. A sketch of a simple 

cooling box shown in Figure 1 
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D. The research method  

In this research used descriptive studies with three 

repetitions. Measurements of temperature were carried out in 

the ice chambers, the vegetable chambers each with three 

points of observation. 

E. Research procedure 

Three boxes are prepared.  Vegetables are weighed and 

collected into 3 groups of 7 kg. They are washed and each 

group is placed into each of the three cooling boxes.  Blocks 

of ice is weighed and collected into 3 groups of 21 kg.  After 

that each group is put into each of the three cooling boxes. 

All of the thermometers are put in their places and then all of 

cooling box were closed.  Observations were made every 3 

hours for 8 days.   Observations of weight loss were done 

calculating the difference of weight before and after the 8 

days.  

 
Fig. 1 A sketch of a simple cooling box 

Description of Fig. 1:  

1. Chamber to put ice on 

2. Space for the vegetable  

3. Control glass 

4. Drainage hole 

5. Hole for the thermometer 

 

F. Variables observed and analyzed  

Variables analyzed in this research are the distribution of 

temperature, loss of weight and moisture of the surrounding. 

IV. RESULTS AND DISCUSSIONS 

A Temperature  

Average result data were compiled on a table and then put 

into graph form as shown on Fig.2. 

The Fig.2 shows that at the start of the cold storage, the 

temperature drops drastically for all temperature 

measurements.  Temperature drops due to changes in phase 

from ice to vapor and to gas (sublimation process) and partly 

from solid to liquid or melting. This causes the water vapor 

formed in the sublimation process to go down into the 

vegetable chamber. 

 

 

 

 
Fig. 2 Average room temperature vegetable and ice room 

Description of Fig. 2: 

VCT =  Vegetable Chamber Temperature 

VS    =  Vegetable Stems  

ICT  =  Ice Chamber Temperature 

L   =  Leaf  

VR  =  Vegetable Root 

Afterwards, the cold vapor from the sublimation process 

touches the vegetables thus causing the process of convection 

to take place. Vegetables with a higher temperature release 

heat into the air around it. This system is a closed system so if 

there is cold air coming down, the hot air rises from the 

vegetables to the ice chamber. This process happens 

continuously causing the air to circulate from ice chamber to 

the vegetable chamber and vice versa. 

This phenomenon causes the vegetables to cool down. 

Changes in temperature in the vegetable chamber and the ice 

chamber are detected by the thermometer illustrated in the 

above graph. From the above graph it is also shown that the 

air temperature in the ice chamber is higher than that of the 

vegetable chamber. This proves that there is a displacement 

of air from the cold area to the warm area.  

This phenomenon is the answer to the second law of 

thermodynamics in which there is a movement of air from 

cold to warm temperature. The reason is that the process of 

sublimation on the surface of the ice block with cold 

temperature goes down due to the density of water vapor the 

air that occurs. The high density of water vapor around the 

ice blocks causes the sublimated water vapor with a large 

mass to go down to the bottom vegetable chamber. The air 

with a high amount of water vapor also contains kinetic 

energy which causes it to go down and take heat from the 

vegetables and goes up again because it has acquired kinetic 

energy. 

B. Weight Loss 

Loss of weight was calculated from the starting weight and 

the ending weight. Before being weighed the vegetables were 

rinsed with water and wagged about.  After the storage period 

the vegetables which were soggy due to sublimation vapor 

and melted water droplets were wagged about and then 

weighed. The results are shown in the Table 1.   
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TABLE I 

RATED AND AVERAGE WEIGHT LOSS OF GREEN CABBAGE 

Treatment Initial 

weight 

Final 

weight 

Lost 

weight 

Percentag

e of 

weight 

lost 

Replicate I 7000 g 6920 g 80 g 1,1 % 

Replicate  II 7000 g 6941 g 59 g 0,8 % 

Replicate  III 7000 g 6957 g 43 g 0,6 % 

Total   182 g 2,5 % 

Average   60,6 g 0,83 % 

C. Humidity 

 The humidity data was only collected from the 

environment humidity by observing the wet bulb and dry bulb 

thermometers and then plotted on psychrometric chart. After 

being plotted, the graph looks as Fig. 3. 

Fig. 3  Average Rh during the research process 

V. CONCLUSION 

 The box can reach the lowest temperature at 50 C. It has 

the ability to reduce weight loss vegetables in an average of 

0.83 ℅. The results showed that cabbage can last up to 5 days 

in the cooler box. Efforts to maintain the temperature inside 

the box about 50 C can be set with the addition of ice, if 

needed to extend the freshness of the vegetables. This cooler 

can easily be provided for storage and travel purposes because 

it is cheap, easy to make and practical in use. 
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