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The cold chain management is the temperature control process which is essential for
maintain the quality of fresh produce from upstream to the consumer in the supply
chain so that the loss is minimized. Our objectives are to monitor the temperature
during transportation, analyses and identify the problem cause loss of fresh vegetables
by using causal-loop diagram. We monitor the temperature during transportation of
fresh vegetables from a farm in Northern Thailand to a packing house in the central
Thailand around 750 kms. for 17 to 18 hours. The fresh vegetables are packed in
a stereo foam box with the cool packs and pile up on the back of a truck. At the
packing house, fresh vegetables are bruised and rotten and loss about 30-40 percent
by weight. The temperature is monitored by the data loggers. The result showed
that the temperature inside the box during transport is 20°C-30°C where the range
of external temperature is 20°C-40°C. Then, we suggest how to reduce loss by using
proper management such as suitable material to control the temperature during
transportation, location of box in the truck and packing method.

Cold Chain Management; Fresh Vegetable; Loss Reduction; Transportation

In 2015, the domestic transportation volume in Thailand was estimated at 493,773
thousand tons, including air, rail, and road modes at 59, 11356, and 482,358 thousand
tons, respectively [8]. Fresh vegetables are one of the products being transported
by road. In Ethiopia, the assessment of post-harvest loss and deterioration of agri-
cultural crops showed that the main loss occurred during harvesting, transportation
and storage, approximately 15-45% [4]. Similarly, from our interview with the loss
of vegetables in Thailand, the loss is about 20-50%. Since respiration and transpira-
tion processes of fresh vegetables continue after harvest, and they occur until their
reserved starch and water are exhausted so they will be deteriorated by time. The
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respiration converses starch to sugar, then change it to energy; hence, the temperature
will be increased. In addition, the high temperature results in high respiration rate.
Hence, vegetables tend to have huge loss in summer. The transpiration results in the
loss of water which occurs after harvest. [4, 5].

The cold chain management is the temperature controlled process essential to main-
tain the quality of fresh vegetables from upstream to the downstream supply chain.
There are two reasons for control the temperature. First, low temperature reduces
the physiological activities, such as respiration which cause softening, pigment loss,
ripening, or discoloration. Thus, it can prolong the shelf life of fresh vegetables. Sec-
ond, low temperature decreases the growth rate of spoilage microbial and delays the
microbial deterioration. For example, the rots of fresh vegetables are caused by Erwinia
coratovora, which has an optimal growth at 30°C. Maintaining low temperature can
decrease its growth [6]. The proper temperature of fresh vegetables is at most 5°C;
however, it is difficult to control at these temperatures along the cold chain [3, 6].
Ubonluck and Ruchira [9] investigated the quality during storage fresh vegetables at
4°Cand10°C. They found that keeping fresh vegetables at 4°C resulted in better quality
than at 10°C. The shelf life of fresh vegetables that kept at 4°C and 10°C were 27 days
and 21 days, respectively.

A causal loop diagram is the model used to analyse and identify causes and effect
in their systems. Sarriot et al. [7] used the causal loop diagram to identify the major
causes of severe diseases malaria, such as pneumonia and diarrhea of integrated
Community Case Management (iCCM) sustainability program. Then, they suggested
the strategies according to the analysis from the diagram. In addition, there was an
implementation of the causal loop diagram for pollution prevention in the dairy pro-
cessing facility. The causal loop diagram identified the mechanism of the internal dairy
processes and the impact from inefficient use of resources. Hence, the causal loop
diagram can be used as the tool for enhancing the decision making about the pollution
prevention throughout dairy processing and can be implemented in other industries.
[1]

Our objective of this study is to analyse the current cold chain management of fresh
vegetables based on temperature monitored and the loss amount of vegetables during
transportation from a farm in Northern Thailand to a packing house in the central
Thailand. Next, to identify the causes of vegetable loss based on our experimental
data and interview using the causal loop diagram. Finally, we propose the suggestion
to reduce loss by using proper management during transportation.
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First, we collect the related information of current cold chain management from
the manager and staff. Next, we monitor the temperature during vegetables trans-
portation from a farm in Northern Thailand to Central Thailand and calculate the loss
occurred. Then, we select the new red fire lettuce due to high volume. The equipment
for this experiment is the temperature data logger (Track-it TM Data Loggers: Rugged
Temperature, Monarch Instrument and EL-USB-1-PRO, Lascar). The data logger is set
to record every 1 minute with temperature range of -40 to +125°C (-40 to +257°F).

After harvest, the staff cut some leaf, measure the weight (W,) and pack vegetables
in a stereo foam box (63 cm x 63 cm x 54 cm) with the cool packs. In the foam box, the
cool packs are placed on bottom of the box and they are covered by cloths to prevent
the direct contact to vegetables. Then, vegetables are placed on the cloths and stacked
almost full of a foam box. The data logger is attached on the internal lid of the foam
box so that it can monitor the inside temperature of the boxes. Then, the boxes are
stacked in the back of the 22 wheel loaders for paddy delivery covering with tarp.
Then, temperature profile during transportation is recorded for further investigation.
We perform four replications due to low volume of vegetables and limitations of time
and equipment.

At the packing house, the spoiled fresh vegetables are removed, weighed (W,) and
calculate the loss as the following equation (1).

Loss(%) = (W, — W) x 100/W, ()

where W, and W, are the weight of vegetables (kgs) before and after transportation.

Next, we used the causal loop diagram to analyses and identify the causes of loss
based on the temperature profile. Causal loop diagrams are the illustration that con-
struct from the rational and dynamic system method. It can describe the qualitative
characteristics of the system by analysing the relationships of cause and effect among
variables and feedback structures. Causal loop diagrams consist of the establishment
of feedback loop and time delays among variables. There are two forms of feedback
loop, reinforcing loop and balancing loop. Reinforcing feedback loop rises the effect of
study variable, but balancing feedback loop decreases the impact of study variable.
Additionally, each arrow in the causal loop diagrams is label with a plus or minus sign.
A plus sign implies the change in one variable causes the variation in another one
variable in the same way, while a3 minus sign implies the change in a one variable
causes the variation in another one variable in the opposite way. [1, 7]
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TABLE 1: The loss of fresh vegetable during transportation.

ReplicationT,,, (*C) T, (O T..-Min T,, ("C)Loss (%)
Min Average Max

1 27.6 17.4 22.7 24.4 10.2 39%

2 273 203 262 279 7.0 27%

3 301 23.5 26.3 275 6.6 37%

4 31.5 25.7 29.7 316 5.8 42%

Measuring loss of fresh vegetables

At the packing house in the Central of Thailand, after cutting damage, the loss of veg-
etable is calculated. Table 1 shows the loss (%) of fresh vegetables and temperature
inside and outside the box. The external temperatures (Text) are the average temper-
ature of every province in the route obtained from Thai Meteorological Department.
Then, the internal temperature (T,,;) in the box is the temperature inside the box.
Table 1 shows that the loss of fresh vegetable is 27%-42% and the difference between
internal and external temperature is lower than 5°C. The internal temperature is 22°C-
30°C, which is the high temperature to maintain the freshness or delay the biochemical
activities of fresh vegetable during transportation.

Temperature profile during transportation

The data logger starts recording the temperature at 10 a.m. (day 1) when the staff
finishes packing vegetables into a box and the truck reaches the destination at around
4 a.m. (day 2). Figure 1 represents the temperature profile and Figure 2 represents
the cumulative temperature changing rate (3., (T, — T')) during transportation. Ini-
tially, the temperature is increased for about eight hours, then it is slightly decreased
or stable. Likewise, Figure 2 shows that the cumulative temperature changing rate
in the box is increasing within 8-9 hours. After that the changing rate is negative,
so the cumulative temperature changing rate is decreased. The maximum cumulative
temperature changing rates of each box are 7.0°C, 7.6°C, 4.0°C and 6.0°C, respectively. It
implied that initially, the internal temperature is still increased due to the energy from
vegetables respiration since a cool pack gradually decreases the temperature from the
bottom of the box. Until the respiration rate is reduced after eight hours and the cool
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Figure 1: The temperature profile during transportation.
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Figure 2: The cumulative temperature changing rate during transportation.

pack releases the cool air from itself to the top of the box, then the temperature tends
to be dropped afterwards. However, the current ratio of vegetables and cool pack
could not reduce the temperature to below 10°C which is the suitable temperature for
vegetables.

The causal loop diagram

After gathering the current practice and the above results, we investigate the causes
of fresh vegetable loss by creating the causal loop diagram. (Figure 3) There are three
mains causes of the loss of vegetables. First, the good original quality of vegeta-
bles reduces the loss. The original quality of vegetables depends on the harvest and
post-harvest methods. Next, if the proper harvest method is applied, the proper post-
harvest method should be applied as well. Then, the training of labor could lead to
proper harvest and post-harvest methods. Then, the loss of vegetables causes lower
profit and service level. Second, high temperature causes high loss of vegetables.
There are several causes of high temperature such as improper types of container, low
ratio of temperature controlled material to vegetables, low air flow inside the container
and the weather or season. More space in the container causes high air flow inside the
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Figure 3: A causal loop diagram for the loss of fresh vegetables cause identification.

container. Finally, the compression and impact causes the loss of vegetables. There
are four main causes of these compression and impact such as location of container in
the truck, loading method, types of vehicles and road condition. The upper location of
truck, the few axle vehicle and poor road condition can increase the compression and
impact while the proper loading method reduces the compression and impact. From
the diagram, the proper management and handling are the key factors to control the
temperature and reduce the compression and impact during transportation and can
reduce the loss of vegetable.

The Suggestion of the Cold Chain Management

Since the farm is a medium sized and the owner is not ready to invest in temperature
controlled truck due to lack of economy of scale. Vegetables will be sold out within 7
days since harvesting. Thus, the temperature ranges of 4°C-10°C are suitable [9]. Hence,
we suggested the proper instruction for the worker as follows. First, the container
should be designed so that the air flow is reached to vegetables in the box. If cool
packs are placed only on the bottom of the box, then the vegetables in the middle and
top of the container will be blocked to the cold temperature exchange. Second, the
quantities of cool pack and vegetables must be rational so that the temperature can
be reduced to the optimal temperature. Next, the container must be cooled to below
the optimal temperature before packing. For example, using the plastic board as a
layer to keep vegetable inside the container can increase the air flow and reduce the
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compression and impact due to full packing. In addition, the worker should put delicate
vegetable on the lower position in the back of the loaders to avoid the damage from
the vibration of the truck [2].

In this study, the temperatures profile of fresh vegetables were not in the suitable
ranges and the minimum temperature inside the container of vegetable is around
17.4°C-25.7°C. This temperature ranges related to at least 27% loss of fresh vegetable.
Moreover, the high loss results from long transportation time and high compression
and impact from the 22 wheel loader. To reduce loss during transportation, we suggest
that the proper handling of vegetable must be applied so that there is high air flow
inside the container. Especially, the proper cold chain management must be applied
starting from training the worker for proper harvest and postharvest and using the
proper type and quantity of temperature controlled materials which needs further
experiment. In the future, if the volume of vegetables is increasing such that the
investment of temperature controlled truck is feasible. Then, the company can reduce
high loss. In summary, we hope that this study will benefit for a small and medium
sized company who transports low volume of perishable products. Then, in the future,
the experiment of proper type and quantity of temperature controlled material and the
design of the proper container of vegetable for transportation should be performed.

The authors would like to thank the owner of fresh vegetable farm in Northern Thailand
who kindly provided the data for this research.
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