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Abstract. Logistics and traceability are important issues for big scale firms. Traceability is primarily viewed as
a tool for the food safety by providing a mean for recall as well as proof for the authenticity of food, but it is
also related to food quality. Maintaining the cold chain not only effecting the customer’s preference and
satisfaction but also the profitability, production and logistic costs for big scale firms especially producing
perishable food products. Recently, the trend of utilizing GIS based traceability systems is increasing, which
facilitates to minimize the production and distribution of unsafe and low quality food products. This paper
presents a GIS based system enabling network analysis, which might be efficiently and effectively used in the
firms operating in ready-to-eat pastry sector, intended to be used for full-automation through all the stages from
production to retail was developed and a partial application was performed.
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Ulusal Capta Faaliyet Gosteren Tath Firmasi ig:jn Cografi Bilgi Sistemi
(CBS) Tabanh Izleme Sistemi Onerisi

Ozet. Lojistik ve izlenebilirlik biiyiik 6lcekli firmalar icin 6nemli konulardir. izlenebilirlik éncelikle gida
giivenligi i¢in gidalarin orijinalligini ispatlamanin yani sira geri ¢agirma olanaklarini da saglayan bir arag olarak
goriilmekle birlikte gida kalitesiyle de dogrudan ilgilidir. Soguk zincir sadece miisterilerin tercih ve
memnuniyetini etkilemekle kalmayip 6zellikle bozulabilir gida iiriinleri {ireten biiyiik 6lgekli firmalarin karlilik,
iretim ve lojistik giderlerini de etkilemektedir. Son zamanlarda, CBS tabanli izlenebilirlik sistemlerini
kullanma egilimi giderek artmakta ve bu da diisiik kaliteli gida iriinlerinin iretimini ve dagitimini en aza
indirmeyi kolaylagtirmaktadir. Bu ¢alismada, {iretimden perakendeye kadar tiim agsamalarda tam otomasyona
yonelik hazir pasta ve tath sektoriinde faaliyet gosteren firmalarda etkili ve etkin bir sekilde kullanilabilecek ag
analizinin kullanildig1 CBS tabanli bir sistem gelistirilerek kismi bir uygulama yapilmustir.

Anahtar Kelimeler: CBS, izlenebilirlik, Gida Giivenligi.

1. INTRODUCTION

Food products require cautious and strategic
handling procedures because they have a short life
span. Food-borne illnesses and microbiological
contamination can easily occur if food is
improperly handled during production, storage, or
distribution. The food industry is continuously
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susceptible to the outbreak of illnesses such as
Salmonella, Campylobacter and Escherichia coli
0157:H7, etc. Outbreaks focus consumer concern
on the safety and quality of food [1, 2].

In national and international food companies and
the global food trade, food chain integrity concerns
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safety as well as origin fraud and quality concerns.
It appears to be a great problem for many firms to
ensure the integrity of the cold chain as well as
address customer preferences and satisfaction in
addition to profitability, production, and logistic
costs, especially for perishable food products
managed by large companies. Consumers demand
verifiable evidence of traceability to ensure food
quality and safety. To respond to these demands, a
traceability system is needed that provides
information on the origin, processing, retailing, and
final destination of foodstuffs.

In general terms, quality can be defined as
“conformance to requirement” or “fitness for use or
consumption”. According to the ISO definition,
“quality is the totality of features and
characteristics of a product that bear on its ability
to satisfy stated or implied needs” [3]. However,
food quality is very general, implying that
expectations of individual consumers may differ
dramatically. Quality includes attributes that
influence a product’s value to the consumer. A
product can appear to be of high quality (i.e. well-
coloured, appetizing, and flavourful, etc.), but it
can be unsafe because of undetected pathogenic
organisms, toxic chemicals, or physical hazards
[4]. The CAC (2003) defines food safety as an
assurance that food will not cause harm to the
consumer when it is prepared and/or eaten
according to its intended use [5]. Food safety refers
to all hazards, whether chronic or acute, that may
make food injurious to the health of the consumer.
It is a non-negotiable, global issue affecting
billions of people who suffer from diseases caused
by contaminated food. In ensuring food safety,
Hazard Assurance Critical Control Point (HACCP)
is regarded as the best method. In addition, it is the
best way to demonstrate commitment to food
safety [6].

Effective logistics management requires delivering
the right product, in the right quantity, in the right
condition, to the right place, at the right time, and
for the right cost [7]. Logistics greatly affect profit,
price, and the consumer satisfaction, so logistics
management is important to the success of food
producers [8]. In the process of improving

logistics, detailed location analysis (mapping and
clustering of raw material suppliers, production
and retail sites, etc.) and route analysis (creating
optimal routes for product collection and
distribution, simulating route distance and delivery
time) are essential.

According to 1SO 9000 (2005) standards,
traceability is defined as: “‘the ability to trace the
history, application or location of that which is
under consideration”. ISO guidelines further
specify that traceability may refer to the origin of
materials and parts, the processing history, or the
distribution and location of the product after
delivery. The European Union (EU) regulation
178/2002 [9] narrows the definition to the food
industry by defining traceability as the ability to
trace and follow a food, feed, food-producing
animal or substance intended to be, or expected to
be incorporated into a food or feed, through all
stages of production, processing, and distribution.
The Codex Alimentarious Commission [5] defines
a more concise definition of traceability as the
ability to follow the movement of a food through
specified stages of production, processing, and
distribution.

According to Golan et al. (2004) the three main
objectives of food traceability systems are 1) to
improve supply management, 2) to facilitate back-
tracing for food safety and quality, and 3) to
differentiate and market foods with subtle or
undetectable quality attributes [10]. The benefits of
these objectives appear as lower-cost distribution
systems, reduced recall expenses, and expanded
sales of products with attributes that are difficult to
discern. It was also suggested that an efficient
traceability system should be characterized by
breadth (i.e. the amount of information collected),
time depth (i.e. tracking information forward and
backward in time) and precision (i.e. degree of
assurance to pinpoint a particular movement of a
food product in order to evaluate costs and
benefits).

Consumers are increasingly concerned about food
safety and the properties of the food they buy and
eat. It has been recognized that there is an
increasing need for transparent information on the
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quality of the entire food chain supported by
modern tracing methods [11, 12]. Moe (1998)
mentioned that traceability is an essential
subsystem of quality management [13]. A well-
developed internal traceability system would
improve data collection efficiency, production flow
control, and quality assurance.

Geographical Information Systems (GIS) are
information ~ systems that can integrate
geographical data during data acquisition, storage,
processing, inquiry, analysis, and certification
steps. It is used in many areas including the food
sector [14-18].

This study’s objective is to propose a GIS-based
control system for efficient and safe product
transportation for ready-to-eat desserts in Turkey.

Table 1. The location of the firm’s subsidiaries.

Region

Provinces and the number of the retail outlets

For this reason, a nationwide firm that excels in
various milk and dough desserts was selected as a
case study.

2. MATERIALS AND METHODS

The national company STP Gida A.S. has been
chosen for the proposed GIS based system in this
study. It has four production facilities (two in
Istanbul, one in Izmir and one in Ankara) and 190
retail outlets [19]. The total humber of outlets and
their locations are presented in Table 1. The firm
has the most outlets in the Marmara and Aegean
regions and the fewest in the Eastern and South
Eastern  Anatolia regions. This is quite
understandable because the company is based in
the Aegean region, which is also where its highest-
capacity production facility is located.

of retail Percent

outlets

Marmara Bursa Canakkale istanbul Kirklareli

5 2 48 1 3
Aegean Afyon Aydin Balikesir Denizli izmir
2 5 3 3 28
Central Anatolia Aksaray Ankara Eskisehir Kayseri Kirikkale
1 13 1 3 1
Mediterranean Adana Antakya Antalya Isparta Mersin
3 1 9 2 2
Black Sea Bolu Diizce Ordu Samsun Sinop
1 1 1 4 1
South Eastern Anatolia Batman  Diyarbakir Gaziantep Mardin Sanlurfa
1 1 1 1 1
Eastern Anatolia Elazig Erzurum Malatya Van
1 1 1 1

Kocaeli

Tekirdag

2 61 32,1
Manisa Mugla Usak
1 4 1 47 24,7
Kirsehir Konya Nigde Sivas
1 3 1 1 25 13,2
Osmaniye
1 18 36 18,9
Tokat Trabzon  Zonguldak
1 1 2 12 6,3
5 2,6
4 21

The whole range of products produced by the firm
both milk and dough type of desserts have been
selected as the material of the study. The product
names are listed in Fig. 1 under the title “Product
Sell Number”. Milk desserts constitute the great
portion of the products of the firm. Apparently,
milk products are perishable type of foods. Parallel
to the scope of this study, these type of products
must be swiftly transported to subsidiaries and
customers following their production. From this
point of view the strategies in the process of
product delivery followed by the firm are strictly
critical for the profitability and hence implicating a
great risk.

In creation of the proposed GIS based system, the
first step was the random formation of the retail

190 100

data of each 190 retail outlets of the firm. The daily
retail data for each product in each retail outlet of
the firm was randomly formed between 1 to 100
retails daily for 365 days through three consecutive
years (2013-2015) by random data generation
function of the Excel programme in Microsoft
Office Professional Plus.

A GIS based system was established considering
all the steps in the transportation of each of the
products produced by the firm. In this system both
geographical and non-geographical data exist.
While creating the system, the firm’s product tree
were formed first. Then, the geographical locations
of the subsidiaries were transferred the created
system by detecting on the satellite view and on the
map considering the data exist on the website of the
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firm. Turkey’s transportation web and province
border data was used as exist geographical data
(Fig. 1).

On the other hand, a database including the
parameters for the retail of the products of the firm
and the cold chain was designed (Fig. 1). This
database was integrated in ArcGIS10.1 GIS

oy .
Province Maln Road Subsidiary (Paint) Product Sell Number
(Palygon) (Polyline} « Province 1d (Table)
+ Province |d + Road Id e phical * Subdiary |d
+ Geographical « Road type region name * Traffic code
reglon name * Lane number « Province name * Sell date
* Province name « Situation « Population » Sell quantity
* Population « Length + Subsidiary Id * Tiramisu
+ Explanation « Region * Cherry Charlotte
» Traffic code * Rokoko
User * Province name & Schwarzwald
» Subsidiary name * Cheesecake
Interface « Latitude « Profiterol
« Longitude » Kazandibi

DATABASE

software environment. Besides a user-interface
program was developed to facilitate the interaction
between the software and the user that enables the
utilization of the software without requiring
software background [20, 21]. In result, the user
can reach and query the desired data for all the
production facilities and subsidiaries of the firm in
which retail process occur (Fig. 1 and Fig. 2).

* Soufle

= Supangle

* Créme Caramel
* Trileche

* Panna Cotta

* Baklava

* Tulumba

* Soblyet

* Ekmek Kadayif
* Saray Sarma

» Vezir Parmagi
* Total

—

LAYER & TABLE

DOCUMENTATION ANALYSIS |

Figure 1. Schematic description of the created system.
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Figure 2. General view of the created system and user interface program developed on ArcGIS Software environment.
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3. RESULTS AND DISCUSSION

In this study, a GIS based system established
aiming to maintain full automation of the
operations from production stage to retail stage in
subsidiaries of a selected nationwide operating
model firm in ready-to-eat pastry sector in Turkey.
The capability of the established system was as
follows:

e  Monitoring by a GIS based system,

e  Accessing the geographical location and the
detailed information of the production sites
and the subsidiaries of the firm (Fig . 2 and 3),

e Requirement of the new production sites or
subsidiaries in the strategic planning of the
firm, and if necessary with the help of
geographical analysis (Buffer Analysis,
Density Analysis, Clustering Analysis,
Network Analysis etc.) the determination of
the geographical location of the new
production site to be installed,

e  Determination of retail statistics of any
product type produced by the firm with respect
to subsidiaries and profitability of any
subsidiary with one click (Fig. 3),

e Selection of the production site for any
random subsidiary to be supplied from (Fig. 4)

The difference and originality of the system
proposed in this paper from similar previous
systems could be listed as many operations
executed by the firm are GIS based and performed
with the help of the user interface program
developed in the frame of this study [14, 22].
Besides the retail statistics of the firm’s products
can be obtained with one click through the created
system (Fig. 3). In addition a wide perspective was
presented for the profitability of the firms operating
in this sector by performing Network Analysis
applications in a GIS based system.

As the firm is operating nationwide, the 4
production facilities and 190 subsidiaries have

been dispersed all over Turkey. The locations of
each 4 production facilities and each 190
subsidiaries have been shown on the map of the
created system using ArcGIS10.1 software (Fig. 2).
With the help of these programs not only the
statistical data on the product retail of the firm but
also the geographical locations of the subsidiaries
on the map could be selected and all the data on the
selected subsidiary is obtainable with one click

(Fig. 3).

In this paper it is not possible to present most of the
query and geographical analysis that could be
accessed provided by the system. For this reason
some of these were presented in the following
scenarios.

Scenario 1

In this scenario, all the retail information of the
selected product type “Tiramisu” for the subsidiary
selected “Adana Real” can be queried on day,
month and annual basis with one click by the user
interface program developed (Fig. 3).

& Query the Subsidiary or Manuli((uver_l

QUERY THE CITY

SUBSIDIARY NAME
Adana Real .

INFORMATION ABOUT THE CITY

SELECT THE
SUBSIDIARY NAME

TRAFFIC CODE 1

CITY NAME Adana
SUBSIDIARY NAME Adana Real
GEOGRAPHICAL REGION  Mediterranean

\
1111

¥

FOOD SELL STATISTICS (Developed by Dr. TARIK TURK)

SELL STATISTIC INFORMATION

PRODUCT NAME | Tiramisu =
YEAR 2015 v

X
DAY [ﬁ

General Information

FILIALE NAME : Adana Real
PRODUCT NAME : Tiramisu
YEAR : 2015
MONTH

DAY

MONTH

O
el |
s |
s
C =

STATISTIC INFORMATION
MAXIMUM SELL QUANTITY 100
MINIMUM SELL QUANTITY o
PRODUCT TOTAL SELL QUANTITY 15272
TOTAL SELL QUANTITY 233386

Figure 3.The user interface programs developed.
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Figure 4. Route map according to the subsidiaries and production places.

Alongside the optimum route determination,
regarding to the position of the subsidiary and the
effective utilization of the sources, the address
matching and resource allocation and similar
applications of network analysis the production,
retail and logistic activities of the firm can be
executed swiftly, effectively and efficiently. In
addition, with the help of buffer analysis or
network service area analysis the location of the
newly formed production sites could be determined
by the established GIS based system.

4. CONCLUSIONS

A GIS based system, which might be efficiently
and effectively used in the firms operating in ready-
to-eat pastry sector, intended to be used for full-
automation through all the processes from
production stage to retail stage was developed and
a partial application was performed within the
scope of this study. Thus, all the activities of the
firm was stored in a geographical database and all
kind of information is instantly reachable by
inquiry. Furthermore, differing from the classical
database in addition to geographical analysis
operations, the implemented system can answer
geographical based questions such as, considering
the costs from which present production site the

product must be transported to the retail
subsidiaries as well as the determination and
optimization of the geographical site of the
potently established production sites. By this
means the implemented system have a potential to
increase the profit of the firms and facilitates the
delicate products of the ready-to-eat pastry sector
be transported safely to consumers situated far
away.

Product-tracing systems are essential for food
safety and quality control. Traceability systems
help firms isolate the source and extent of safety or
quality control problems. The more precise the
tracing system, the faster a producer can identify
and resolve food safety or quality problems.
Quality and safety are both linked to traceability
whereas safety is implicated by traceability more
often.

Traceability is primarily viewed as a tool for the
food safety by providing a means for recall as well
as proof for the authenticity of food, but it is also
related to food quality. Since both quality and
safety were shown to be related to confidence,
traceability may indeed boost consumer confidence
through quality and safety assessments.
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Cold chain is a critical issue for food sector. It has
direct and indirect effects on human health,
company profitability, etc. In the present study the
system was designed both considering the
production and expiry date and time of the product.
As if the production and expiry data for each
product would have been entered into the database
and the vehicle tracking and navigation systems
would have been integrated with the system
established, the process from production stage to
final user could be easily tracked on real-time basis.

On the other hand, different from the other systems
presented in literature, when the desired retail
prices of the products are set to the established
system, the retail revenues of each individual
subsidiary could be calculated on daily, monthly
and annual basis for each different product type.

In result GIS based control systems certainly help
a food firm especially operating with perishable
products in resource allocation, route optimization,
product traceability, etc. As the technology
develops with the use of sophisticated sensors (e.g.
RFID technology, nanosensors), the control
parameters of the food product will increase which
directly effects the level of real-time monitoring
and efficiency of the GIS control systems. Thus,
food safety management will be promoted and gain
much more flexibility and accuracy.
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