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Abstract

The safety and quality of agricultural raw materials are important in
the food service industry because raw materials are temperature
sensitive and perishable. Hence, they should be stored in cold storage
and temperature-controlled truck to maintain quality and safety. This
study investigates the current cold chain management of a chain
restaurant. The objective is to identify the problems and suggest how to
establish the proper cold storages and temperature-controlled trucks.
The scope of the study is a restaurant having nine branches, two
refrigerated containers (20 feet) for storing raw material and three
temperature-controlled trucks for sending raw material to each branch.
We conduct in-depth interviews with the restaurant owner and
operators and check the temperature in cold storage and during
transportation of raw material by using an infrared thermal camera
and data logger to identify the problem. Then, we analyze the causes of
the problem and suggest solutions for the improvement such as the
design of cold storage and delivery platform. In summary, this research
will be beneficial to other cold storage and temperature-controlled
truck users. It can enhance the cold chain efficiency and food safety as
well as energy cost-saving.

Keywords: Cold chain management, Cold storage, Temperature-
controlled truck, Restaurant, Energy saving

Oz

Tarimsal hammaddelerin  giivenligi ve kalitesi gida hizmet
endiistrisinde onemlidir, ciinkii hammaddeler sicakliga karst hassastir
ve bozulabilir. Bu nedenle, kalite ve giivenligi saglamak icin soguk hava
depolarinda ve sicaklik kontrollii araclarda depolanmalari gerekir. Bu
calisma bir zincir restoranin mevcut soguk zincir yénetimini
incelemektedir. Amag, sorunlari belirlemek ve uygun soguk hava
depolarinin ve sicaklik kontrollii araglarin nasil kurulacagini
6nermektir. Calismanin kapsami, dokuz subesi, her bir subeye
hammadde géndermek igcin hammadde depolamak igin iki frigorifik
konteyner (20 feet) ve sicaklik kontrollii lic kamyondan olusan bir
restorandir. Sorunu belirlemek igin, restoran sahibi ve isletmecileri ile
derinlemesine gériismeler yapilmis ve kizilétesi bir termal kamera ve
veri kaydedici kullanarak soguk hava deposu ve hammaddenin
tasinmasi sirasindaki sicakligt kontrol edilmistir. Ardindan, sorunun
nedenleri analiz edilmis ve soguk hava deposu ve dagitim platformu
tasarimi gibi iyilestirmeler énerilmistir. Ozetle, bu arastirma diger
soguk hava depolart ve sicaklik kontrollii kamyon kullanicilart igin
faydali olacaktir. Soguk zincir verimliligini, gida giivenligini ve ayni
zamanda enerji maliyetinde tasarruf oranini artirabilir.

Anahtar kelimeler: Soguk zincir yonetimi, Soguk hava depolari,
Sicaklik kontrollii kamyon, Restoran, Enerji tasarrufu

1 Introduction

Recently, food service becomes an important industry in
Thailand. In 2018, the expected market value of restaurant
business in Thailand is about 411-415 billion baht with an
increasing trend of about 4-5% from the previous year. In
addition, the number of chain restaurants is also increasing due
to the impact of expanding of supermarket branch and the
improvement of service level and competitiveness of the
restaurant business [1]. In the food service industry, the safety
and quality of agricultural raw materials are important because
raw materials are temperature sensitive and perishable. Hence,
they should use cold chain management to maintain the quality,
safety and prolong the shelf life of raw materials [2]. The cold
chain management is to properly control temperature,
moisture, environmental conditions and time throughout
processes especially in storage, handling and transportation
from an upstream to downstream supply chain [3],[4]. The
Postharvest Education Foundation [4] suggested four steps to
implement cold chain management for perishable foods during
the postharvest including harvest, collection, packing,
processing, storage, transport, and marketing until it reaches

the end customer. These steps include 1) pre-cooling system, 2)
cold storage, 3) chilling and freezing process and 4)
temperature-controlled transportation. Cold chain logistics is
the planning and management of the interactions and
transitions among stakeholders, in order to keep foods at their
optimum temperature for maintaining quality, food safety, and
prevention of waste and economic losses. In addition, Kuo and
Chen [5] developed an advanced Multi-Temperature Joint
Distribution System for a food cold chain and used the multi-
temperature truck to deliver the products required different
temperature in the same truck. Similarly, Hernandez [6] stated
that in food service distribution there were two parts for
monitoring. First, in a distribution center, the temperature in a
storage area should have a wide range and can be separated for
storing the products at the right temperature and delivery at
the right time. Second, in the temperature control truck for
delivery products required a different temperature, it should
separate space to store products in different temperature
ranges. In addition, there are good practices to prevent the
product from being damaged such as proper handling method,
handling equipment, transportation, and storage condition,
packaging, product position, and ventilation [7]-[11]. The
optimal food cold chain management tries to ensure that all
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types of perishable products with different temperature
constraints will be kept at the greatest quality condition from
the upstream to downstream in a supply chain including
storage and distribution. The freshness and safety of food are
guaranteed at every stage of logistics service such that the value
and quality meet customers specification [2],[8],[12]. A causal
loop diagram is a model used to analyze and identify causes and
effect in their systems. It can be used as a tool for enhancing
decision making. An application to identify the causes of the
pollution problem in the dairy industry can be found in [13].
The causal loop diagram identified the mechanism of the
internal dairy processes and the impact of inefficient use of
resources. In addition, it was used to identify the causes of fresh
vegetable loss in three major factors i.e. the original quality of
vegetables, temperature and compression and impact in the
cold chain logistics [14].

This research investigated the existing cold chain management
of a case study chain restaurant located in Ayutthaya province
in central Thailand. The restaurant produces barbecue meat
and vegetables and other raw materials in a Japanese style and
distributes them to nine shops in Bangkok, Ayuttaya, Saraburi,
and Lopburi. A central kitchen with two external refrigerated
containers (20 feet) at -20 °C and an internal cold room for
storing raw material. There are three temperature-controlled
trucks at -10 °C for sending raw material to restaurants. The
objective was to identify the problems and suggest how to
establish the proper cold storages and temperature-controlled
trucks.

2 Methodology

First, we conducted in-depth interviews with a chain restaurant
owner and operators for analyzing the current situation. The
restaurant was chosen due to several reasons such as the
willingness to share the data and allowing us to perform the
experiment and the size of the restaurant could be a good
representative for other SMEs. Next, we drew a swimlane
diagram to explain the process of the restaurant. Then, we
monitored the temperature in two refrigerated containers and
three temperature-controlled trucks by using an infrared
thermal camera and data logger to identify the problem. In
refrigerated containers, three data loggers were placed in three
locations i.e. the inner, central and near the door and an
infrared thermal camera is used to check the temperature at a
wall and raw materials. In a temperature-controlled truck, two
data loggers were placed under the refrigerator and near a door
as shown in Figure 1. After temperature analysis, we used the
causal loop diagram for analyzing the causes of the problems.
Finally, we suggest solutions to an owner for the improvement.

3 Result and discussion

3.1 Business process analysis

A swim lane diagram was drawn to represent the structures,
time intervals among activities and their relationships with
other functions in a central kitchen and restaurants. The
activities were displayed in a square box with a number, and
the length of the box implies the time interval between
activities. The activity as a box was located in a row indicated
the response functions of a stakeholder. The arrow identifies
the direction of the relationship from one function or party to
another function or party [15]. The process is as follows and
shown in Figure 2.

@ Refrigerator

Refrigerated Container

Temperature-Controlled
Truck

@ @
\

Door Door

(b): Temperature-Controlled
truck.

(a): Refrigerated container.

Figure 1: The location of data logger in refrigerated container
and temperature-controlled truck (the number shows the
location).
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Figure 2: The swim lane diagram of a central kitchen.

First, the staff of a restaurant placed an order of raw materials
to the purchasing department of a central kitchen at night (1).
In the morning, the staff of a central kitchen will check the
stocks of raw materials. If the stock is not enough, they will buy
the raw materials at the nearest market (2). Then, the staff will
record the temperature of a refrigerated container which must
be less than -18°C in a log book (3). After that, they will prepare
the raw materials (4). Next, the raw materials are loaded in a
temperature-controlled truck (5). For activity 4 and 5, they
spend time for about 1 hour. Then, deliver raw material to the
restaurant (6). After delivery, they will check stock again (7)
and plan to order raw material from suppliers (8).

3.2 Cold storage monitoring

We check the temperature in the refrigerated container by the
data logger and the result of the temperature shown in Table 1.
The lowest temperature at the inner area of the refrigerated
container is -20.3 °C and lower than another area. For the
average temperature, we found that the temperature at the
inside of the refrigerated container is lower than other areas
too. So if we consider about average temperature in the
refrigerated container that they should store the raw material
at the inner area and the central area in the refrigerated
container because the temperature in that area is suitable for
storing raw materials.
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At night, the temperature in a container fluctuates between
-10 °C to -20 °C, then the thermostat works at 4 a.m. and the
temperature is raised to 0 °C within 80 min. or at about 0.25 °C
per minute. Then, a freezer is working again and temperature
will drop to -20 °C within 2.5 hours or around 0.2 °C per minute
as shown in Figure 3. During the preparation of raw materials,
the staff open the door around 15-30 minutes while the
external temperature is about 30 °C-40 °C. Hence, the
temperature at the door area without anteroom is around 10 °C
- 15°C or the temperature is increased around 2 °C to 4 °C per
minute. For the inner area and central area, the temperature is
increased to around 1 °C to 3 °C per minute. When they closed
the door, the temperature is dropped to -10 °C with an hour.

The temperature is decreased by around 0.5 °C-1 °C per minute
after closing the door. It implied that it takes a longer time to
decrease the temperature to the target level, this results in
higher electricity cost. In addition, the most vulnerable location
is the door area while the inner area is the coldest.

Considering the temperature of the wall in the refrigerated
container by the infrared thermal camera as in Figure 4, the
temperature of the wall is between -0.2 °C and 9.9 °C which is
higher due to improper insulation. However, the temperature
of raw material in the refrigerated container is between -8 °C to
-15 °C which is considered as a safe condition.

Table 1: Average temperature in refrigerated container at central kitchen.

The Position of Data Logger

Average Temperature in Refrigerated Container (°C)

Minimum Average Maximum
Inner area 20.3- -14.0 4.0
Central area 16.5- -11.9 -0.4
Front door 15.6- -7.5 171

Temperature (°C)

Inner

Time

Central ===Front door

Figure 3: The temperature in a refrigerated container at a central kitchen.

(a): The inner wall.

(b): Inside wall.

(c): Products.

Figure 4: The temperature in refrigerated container by infrared thermal camera.
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3.3 Temperature-controlled truck monitoring

In a temperature-controlled truck, the temperature at the door
area is between -7.53 °C to 23.40 °C as shown in Table 2 and
Figure 5 which is mostly lower than the temperature at the
under refrigerator area because of the cold air blows to that
area. However, when the staff opens the door to unload, the
temperature at the door area is increased and becomes higher
than the other area about 2 °C. During unloading, the
temperature has fluctuated and the raw materials may be
damaged. In general, the temperature at the door area is
5.83°C which is lower than in other areas around 3 °C. This
implied that the air flow is not circulated so the difference of
temperature in a temperature-controlled truck is high. Further
investigate the other area should be done. In addition, air
circulation should be established. We also found that the staff
did not precool a truck before loading. It took 20-30 min. to
decrease the temperature from 15 °C to 0 °C or around 0.5 °C
per minute.

3.4 Identification of the causes of inefficient cold chain

management

After gathering the current practices and the above results, we
investigated the causes of the inefficiency of the cold chain
management by creating a causal loop diagram as in Figure 6.
The plus sign means a positive effect whereas the minus sign
implies the negative effect of the cause. There were four mains
causes as follows. First, the lack of collaboration in a supply
chain, if stakeholder in the supply chain has the right attitude
to improve the efficiency of the cold chain management and
have the common goal among stakeholders and have the
agreement from the top management team, then the

collaboration will be increased. On the other hand, the number
of stakeholders affects the collaboration in the cold chain, the
more the difficult. Second, the improper design of cold chain
facilities and equipment. There were several causes of
improper design of cold chain facilities and equipment such as
the quality and quantity of current service providers, capital
investment of the users and the knowledge. Third, best
practices in a cold chain can improve the efficiency of cold
chain management. Starting from the government’s policy that
should provide education on cold chain management in
universities or institutes. Establish standards and provide
handbook/guidelines including training for all stakeholders
on cold chain management. In addition, measurement
equipment such as data loggers and infrared cameras to check
the temperature all stages in the cold chain, with a quality
control system and audit system to ensure that the
temperature is proper throughout the entire chain. Finally,
without implementing the information technology
infrastructure which is a foundation of the traceability system,
cold chain management cannot be efficient due to big data of
temperature and time. The restaurant can enhance the
customer service level and save energy by considering to apply
the above suggestions.

3.5 The suggestion of cold chain management in

Thailand

Using the refrigerated container for storing raw material is not
effective because there is no insulation and the ambient
temperature affects the internal temperature of goods in the
refrigerated container [3],[8],[10],[11]. In the loading area,
establishing an anteroom can reduce the workload of a
refrigerator.

Table 2: Average temperature in temperature-controlled truck.

Average Temperature in Temperature-Controlled Truck ("C)

The Position of Data Logger

Minimum Average Maximum
Under the refrigerator 2.94- 8.18 21.82
Near door 7.53- 5.83 23.40

A

0 —
10;00 10:30 11:00 11:30 12:00 12:30
-5

Temperature (°C)

-10

13:00

Under the refrigerator

_iﬁ\

Time
17:00

*\-'\ | f

13:30 w14 14:30 15300 , 15:30 16:00 16:30

Near door

Figure 5: Average temperature in a temperature-controlled truck.
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Figure 6: The causal loop diagram of nefficiency of cold chain management.

In addition, the proper layout in cold storage should be well
developed. The staff should identify the right amount of raw
materials to reduce the picking time and try not to open the
door too long to save the energy [3],[10],[16],[17]. For a
temperature-controlled truck, the precooling must be applied
for 30 minutes to set up the temperature equal to the storage
temperature. The proper design of air circulation should be
established. In addition, the door should not open more than
15 minutes. If there are several types of raw materials
required keeping in different temperature, it is suggested to
separate the area in the storage room and truck. Raw materials
should be placed and delivered in the appropriate
temperature in the entire chain [8],[9],[18]. In Thailand, there
is no standard manual for the proper range of temperature for
each type of raw materials. Furthermore, there are various
types of raw materials such as herb, fruits, and vegetables that
are required different environment. In addition, more
temperature control can be done by validating the
temperature and control the procedure used by the central
kitchen, especially for small and medium-sized enterprises
[19],[20]. Further study can be extended to shelflife prediction
or standardize the suitable environment for Thai food [21].

4 Conclusion

In this study, we explore the current practices in cold chain
management of a small-sized chain restaurant using data
loggers and a thermal infrared camera. The current practices
are using improper insulating materials of a refrigerated
container, no anteroom, long loading time, no precooling and
poor air circulation in a temperature-controlled truck. This
results in high energy consumption and increases the risk of
the low quality of raw materials delivered to the restaurants.
In addition, the restaurant did not have the data loggers to
monitor the temperature in the cold storage and truck. These
problems might be found in other chain restaurants in
Thailand. Hence, we identified the causes and proposed how
to solve the problems in the macro view. In short, the other
cold storage and temperature-controlled truck users can
regularly evaluate their practices so as to enhance the cold
chain efficiency and food safety as well as energy cost-saving.
Further study can be an analysis of proper temperature for
each type of raw materials and also the shelf life of raw
materials for different storage environment and time.
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