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Abstract:
Today, the development of competent supply chains plays an important role in preserving the
competitiveness of enterprises. The professional international literature examines supply
chain design and operations extensively, but there are some types that supply chains which
analysis of the development potential has not yet been in focus. One of the biggest problems
in supply chains for dietary supplements manufacturing companies is the selection of
suppliers, as many different aspects must be taken into account in decision-making. The paper
presents this problem and the solution method we have developed.
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INTRODUCTION
Today, the expansion of the number of product categories claimed by buyers has
implications for the procurement logistics activities of companies selling confidentially. It can
be said that this also increases the number of types of raw materials to be purchased and the
volume of products to be stored, which can be explained by the fact that due to the expansion
of the product structure, a minimum set of products should be stored in several products [1] to
meet customer needs.
Raw materials are purchased by most of the dietary supplement manufacturing
companies from China or America [2], which can lead to significant lead times of up to several
months. Suppliers in the region can source raw materials at a higher cost but shorter lead time.
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Experience shows that the quality of the raw material also differs considerably, as the quality
of raw materials from neighboring countries can be better than for example from China [3]. It
can be stated that in the case of food supplements companies the choice of a supplier of a
particular base material type should be selected by taking a number of factors [4] into account,
that is, the use of a decision-making method. The literature does not deal with this area or just
in limited depth, as it focuses only on the acquisitions of large companies [5], so we have set
the objective to discuss this topic, as selecting a suitable supplier can reduce operating costs
and / or improve product quality [6].
In the rest of paper, the typical supply chain of the food supplement companies [3] will
be presented, highlighting its procurement logistics system and determining the supplier
selection method. Within the decision-making method, the set of logistics indicators required
for the selection of suppliers, the normalization and the weighting method, will be presented.
Basically, we define the weighted amount of normalized target function components by
collating product types with suppliers.
1

PROCUREMENT LOGISTICS SYSTEM OPERATION OF CONSIGNMENT
SELLER DIETARY SUPPLEMENTS MANUFACTURING COMPANIES

The typical operation and supply process of the consignment seller dietary supplements
manufacturing companies are shown in Figure 1.
Presentation of Objects:
- Suppliers: Companies supplying raw materials.
- Central raw material warehouse: A warehouse for storing raw materials arriving
from suppliers.
- Manufacturing plant: Capsule production is carried out at this location.
- Finished goods warehouse: The finished products from the capsule manufacturing
plant are stored in this warehouse.
- Picking area: Picking and packaging the products to be transported as a replacement.
- Customer: The customer receives the product. Making stock reduction analysis to the
central company about the quantities sold at certain time intervals.

Fig.1 Material and information flow in consignment selling dietary supplements
manufacturing companies
The suppliers are delivering raw material in a predetermined regularity to produce the
finished product, which the manufacturing system replaces the inventory decrease with.
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Implementation of production in most cases is done based on pressure principle. The
implementation of the flow of information between the customer and production management,
as well as between production management and suppliers is electronical; between production
management and production process operations are done on paper.
The pre-ordered raw materials required for production from the suppliers are received to the
central materials warehouse, where they will be stored until it is transferred to the capsule
manufacturing division. This is where – using FIFO method – storage and release of the raw
material for production plant is done. The manufacturing plant produces finished products with
homogenized compositions prepared with different recipes and pack into boxes and label them.
As the total amount of homogenized is packaged and labelled, they will be handed over to the
finished product warehouse. The finished product warehouse also uses the FIFO method. The
picking department must maintain a certain level of product numbers. They replace the products
towards consignment agents from here. After the calculation of the number of pieces to be
replaced for each consignment customers, products are picked, packed and transported. The
number of products to be replaced is determined based on the consumption data.
The subsequent procurement process can be based on the calculations of the central logistic and
production plant. Taking the delivery lead time, the company's specialists determine their order
date, order quantity and product concentration. As the influencing factors of procurement are
highly complex [8], the choice of supplier in practice [9] is highly important. The order is made
in electronic form, and the supplier will tell you what time the quantity is to be delivered.
2

SELECTION AFFECTING LOGISTICS INDICATORS

The selection of suppliers for companies producing dietary supplements depends on
many factors, but their number is significantly reduced. Three indicators were defined for
evaluation, i.e. the price of the product, the purchase cost and the product quality. Prior to the
definition of logistical indicators, the suppliers involved in the investigation go through a prescreening, so only those are involved in which all suppliers' expectations are met in terms of
price and order lead time [11].
2.1 Order lead time
The lead time can be interpreted between two points of the logistics chain. One of the
basic principles of its calculation is that it is the longest to consider in parallel events.
Factors influencing the order lead time for dietary supplementary substances:
- Supplier's distance from the central production plant,
- Supplier's production equipment, flexibility of production programming,
- mode of transport, characteristics of the means of transport,
- raw material procurement, flexibility in purchasing packaging materials,
- the possibility to dispose of the warehouse, the amount of inventory available,
- customs procedure.
The order lead time is a process from order to product arrival, which can be calculated as i-th
raw material j-th supplier:
𝑅𝐶𝑆
𝑅𝑆
𝑅𝑊
𝑅
𝑅𝐸
𝑡𝑖𝑗
= 𝑡𝑖𝑗
+ 𝑡𝑖𝑗
+ 𝑡𝑖𝑗
+ 𝑡𝑖𝑗
,

[min]

(1)
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where:
𝑅𝐸
𝑡𝑖𝑗
: the availability lead time of the i-th raw material (if necessary, production
lead time at supplier) for j-th supplier,
𝑅𝑆
𝑡𝑖𝑗 : the i-th packing material lead-time and assembly time of loading unit for the j-th
supplier
𝑅𝑆
𝑡𝑖𝑗
: the delivery time for the i-th raw material in the j-th supplier's case,
𝑅𝑊
𝑡𝑖𝑗 : the waiting time (storage) of the i-th raw material for the j-th supplier
The values of the described logistic indicator should be recorded as a matrix:
𝑅
𝑇 𝑅 = [𝑡𝑖𝑗
] ( 𝑖 = 1…𝑛 )
( 𝑗 = 1…𝑚 )

[min]

(2)

2.2 Total acquisition cost
The purchase price of raw materials will significantly affect the future sales price of the
dietary supplement product, so it is important to consider when choosing the suppliers.
The total purchasing cost (KB) of the i-th supplier can be calculated as follows:
𝐵𝑉
𝐵
𝐵𝐹
𝐵𝑅
𝐵𝐵
𝑘𝑖𝑗
= 𝑘𝑖𝑗
+ 𝑘𝑖𝑗
+ 𝑘𝑖𝑗
+ 𝑘𝑖𝑗

[EUR]

(3)

where:
-

𝐵𝐹
𝑘𝑖𝑗
: the total freight cost of the i-th raw material from the order to the arrival at the j-th
supplier,
𝐵𝑅
𝑘𝑖𝑗
: the total loading cost of the i-th raw material in the case of a j-th supplier,
𝐵𝐵
𝑘𝑖𝑗 : the total purchase price of the i-th raw material for the j-th supplier,
𝐵𝑉
𝑘𝑖𝑗
: the cost of customs clearance of the i-th raw material in the case of a j-th supplier.

Values defined in relation (3) expressed in matrix form:
𝐵
𝐾 𝐵 = [𝑘𝑖𝑗
] ( 𝑖 = 1…𝑛 )
( 𝑗 = 1…𝑚 )

[EUR]

(4)

2.3 Quality of raw materials
By increasing the quality of the ordered raw material, the concentration of the active ingredient
is increased, increasing its purchase price, but decreasing the quantity of the required raw
material since the quantity of active ingredient required in the formulation becomes less and
the raw material quality can be related to the purchase of the ordered raw material cost and
order lead time.
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The concentration of the i-th raw material at the j-th supplier is contained in the matrix (5).
𝑀 = [𝑚𝑖𝑗 ] ( 𝑖 = 1 … 𝑛 )
( 𝑗 = 1…𝑚 )
3

[%]

(5)

LOGISTICS INDICATORS

In order to have the characteristics presented above as a component of a single objective
function, the values of the above-specified indicators should be normalized ((6) .. (12)).
Basically, all costs, lead time, and quality factor will form the components of the target function.
Determination of target function components:
-

Total order lead time:
𝑅(max)

𝑡𝑖

𝑅(max)

= max{𝑡𝑖𝑗
𝑗

}

R(max)

1
𝛾𝑖𝑗
= 𝑡𝑖𝑗 / 𝑡𝑖

-

(6)
(7)

Total acquisition cost :
𝐵
𝑘𝑖𝐵(max) = max{𝑘𝑖𝑗
}
𝑗

𝐵(max)

𝐵
𝛾𝑖𝑗2 = 𝑘𝑖𝑗
/𝑘𝑖

(8)
(9)

Quality of raw materials (concentration):
𝑚𝑖𝑚𝑎𝑥 = max{𝑚𝑖𝑗 }

(10)

ö𝑙
𝑚𝑖𝑗
= 𝑚𝑖𝑗 / 𝑚𝑖max

(11)

öl
𝛾𝑖𝑗3 = 1 − 𝑚𝑖𝑗

(12)

𝑗

Description of the selection method
In the following, we will present the supplier selection method for the supplying of dietary
supplementary companies, i.e. how to order the i-th product type for j-th supplier.
There are three types of weighting that must be considered in the company's interests.
𝜂1 , 𝜂2 , 𝜂3 indicates the importance of lead times, purchasing costs and quality factors, where:
0 ≤ 𝜂𝑘 ≤ 1

(13)

and,
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𝑘=1

The value of the target function is for the j-th supplier of i-th raw material:
𝒏

𝐶ij = ∑ 𝜂𝑘 𝛾𝑖𝑗𝑘

(15)

k=1

The formula (16) determines which of the i-th raw material should be assigned to j-th supplier.
𝐶𝑖 = Min{C𝑖𝑗 }
𝑗

3

(16)

CONCLUSIONS

One of the most commonly used forms of access to the market for food supplements is
commission sales, which is a mutual benefit for both manufacturing and sales companies. The
ever-expanding market has brought about the diversification of customer needs, which resulted
in the emergence of more and more product lines, thus increasing the importance of the supplier
selection process. In the paper, we presented the operation of the typical purchasing logistics
system of the food supplement companies, as well as the method of binding raw materials and
suppliers. The use of the method can bring significant benefits to the companies that supply
food supplements, as the most important logistical indicators are considered in the company's
interest.
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