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ABSTRACT

Today, the rapid distribution of perishable goods is of particular importance and the loss of
quality of these products creates many costs. In this research, an integrated model of supply
chain network using mathematical planning method to optimize the production, storage and
distribution plan of fruit with the aim of reducing costs for several periods is presented. The
echelons in this chain include suppliers, sorting centers, cold stores, customers and waste
customers. The goal is to determine the amount of fruit purchased from suppliers, the amount
stored in cold storage, and the optimal distribution, which ultimately minimizes the cost of the
entire chain. To validate the model, a case study of apple product in cities of West and East
Azerbaijan provinces in 2019 was used. According to the proposed optimal model, optimal
decisions are made about the optimal amount of purchases and shipments from the supplier to
the place of sorting and transportation to waste customers, the optimal amount of cold storage
inventory and the optimal place of construction of sorting centers. Numerical results show that
the optimal locations for the construction of fruit sorting centers are in the city of Urmia.
According to the results of sensitivity analysis, with a 10 to 80 percent increase in fruit demand,
total costs increase from 8 to 18 percent. Also, with a 2 to 15 percent increase in transportation
costs, total costs show a small change from 0.04 to 0.11 percent.

Keywords: Fruit supply chain network design, Mathematical programming, Production-
distribution planning, Optimization.

Inrtoduction

Today, fruit supply chain management is very important due to factors such as supplier
selection, spoilage, storage time, and separation conditions. In order to supply the fruit used in
early Nowruz, as well as the reasonable price due to market demand, most producers prefer to store
these relatively sensitive products for several months. Therefore, it is necessary to have suitable
places to store large volumes of products. Because most of the available warehouses are traditional,
so every year a large volume of products that are produced with great effort and cost, in
warehouses suffer from quality decline. In this regard, the issue of selecting the right suppliers is
very important. Narasimhan et al. (2001) stated that a good long-term supply strategy can provide
competitive advantages for companies and ensure the quality and quantity of supply over time. The
purpose of supply chain management is to reduce the cost of harvesting, purchasing, storing,
storing and transporting products. In this study, time cost is also one of the important parameters
and in order to reduce these costs, plans should be made to buy, transport and store new products.
Buying fresh, quality fruit at the beginning of the season and keeping it in refrigerators is
expensive. Deciding on a storage warehouse should be done at the beginning of the season. The
innovation aspect of the article is to use a new method in monitoring fruit perishability and
combining locating models with the issue of fruit production planning. Determining the location of
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the sorting is related to the location of the problem, and the correct choice of supplier and
determining the optimal inventory in different periods.

Methods

The mathematical programming model for the apple supply chain, which is a perishable
commodity, is presented in multi-level, multi-product, multi-period conditions. The goal is to
reduce production and distribution costs, waste, and ultimately distribute quality fruit to end
customers. The output of the proposed model will reduce the costs of harvesting, purchasing,
storing, storing and transporting products. In this research, fruit storage time is one of the important
parameters to reduce costs when buying and transporting and storing fresh products. With this
model, optimal decisions are made including the amount of production, transportation and the
amount of fruit stored. All parameters are considered definitive, and the optimal model is provided
for decision-making about purchasing, transportation, and storage of fresh products. Food chain
management is complex and one of the reasons for its complexity is the perishability of this type of
product. The purpose of the research is to provide a suitable supply chain plan for apple fruit.
Designing a suitable supply chain for this fruit solves many of the relevant problems, and in this
regard, the costs of purchasing, transporting, storing and sorting are optimized.

Results and Discussion
From the solution of the model, it was found that the maximum value of the variable (Yz;;;) is

71137 tons, which is the amount of fruit transported by the Granie Smith type from the supplier of
Khoi to the place of sorting 3 (Sarv Road) in period one. In the second period, the highest amount
of fruit is related to the seventh supplier (Naqgdeh), so the supplier of seven is selected. In the fourth
period, the highest amount of fruit is related to the first supplier. In the fifth period, the highest
amount is related to the second supplier. In the sixth period, the highest amount is related to the
first supplier. In the seventh period, the highest amount is related to the first supplier, in the eighth
period, the seventh supplier, in the ninth period, the first supplier, in the tenth period, the second
supplier, the eleventh period, and the second supplier in the twelfth period, the first supplier. The
total amount of fruit purchased is less than the capacity of the sorting centers. The maximum value
of Ingqis 10358 tons, which is the optimal amount of type two fruit in the 18th district cold

storage in the 12th period. In some periods when demand is higher, the amount of inventory is
reduced. The amount of inventory in each period is less than or equal to the capacity of each type
of fruit in refrigerators. In this case, according to the results, only in the centers 2 and 3, the sorting
places have been built.

Conclusion

In this research, the integrated supply chain network model was presented by considering
production, sorting, storage and distribution planning for the apple supply chain problem. In the
proposed model, two groups of customers, three centers for sorting, direct transportation from the
sorting center to customers, apple waste and transportation from the sorting center to cold stores
and then sending apples from the cold storage to customers were considered. In addition to apples,
the proposed model can be used for other products. The proposed model addresses the most
important challenge in selecting a supplier in the supply chain, and the model also specifies the
optimal amount of fruit storage in each cold storage, the amount of transportation, and the optimal
purchase rate.
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