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Abstract: The publication presents a novel supplier selection method that can be of significant help in the optimal design 
of the supply chains of so-called commissioned food supplement companies. As a prelude to this, the article also explores 
the literature on existing supplier selection methods using the method of systematic literature search. A key characteristic 
of the newly developed method is that it incorporates such aspects into the supplier selection process as the environmental 
impact of logistics processes or the modernity of the supplier’s logistics system, both becoming highly important criteria 
in recent years. The method also supports one and multi actor decision making following state of the art principles in 
modern data driven supply chain management. As a result, it can be stated that the newly introduced method provides a 
state of the art approach to supplier selection, while it also takes into account all the traditional aspects related to the field. 
 
1 Introduction 

The development and operation of the supply chain of 
small and medium-sized enterprises producing and selling 
food supplements has a major impact on competitiveness, 
as it has a significant impact on the way in which individual 
customer needs (quality, deadline, cost) are met [1].  

In recent decades, customer demand for dietary 
supplements has increased significantly, further reinforced 
by the pandemic situation from 2020 [2]. It can be 
concluded that the dietary supplement product structure is 
changing extremely rapidly and dynamically [3]. The 
increasing competitive situation has increased the quality 
and quantity of the logistics services related to food 
supplements companies (e.g. shorter lead times, increased 
flexibility, etc.). It can be said that with the expansion of 
the product range manufactured and sold by companies, the 
complexity of manufacturing and logistics processes is 
constantly increasing, which generates new logistical 
challenges for today's logistics professionals [4]. The sale 
of food supplements takes place in a specific case of supply 
chains, as the products are not the property of the seller as 
a result of commission sales [5]. In commissioned sales 
surveys of several companies producing and distributing 

dietary supplements, it was found that on average 20% of 
commissioned products were sold in devaluation and 15% 
were scrapped due to maturity, and there have been many 
cases where no sales of the products have been made due 
to a shortage of products in respect of warehouses selling 
on a 'scheduled' commission [6]. The increasing demand 
and the complexity of the logistics process, the problems 
in practice described above, and the possibilities of 
applying new technological achievements of Industry 4.0 
(for example IoT, Big Data, cyberphysical systems, etc.) in 
the field create new efficiency gains in the field.  

Based on the practical experience of the authors, it can 
be concluded that there are significant shortcomings in the 
selection of suppliers, the development of processes and 
their scheduling. This experience served as the primary 
motivation to develop a novel supplier selection method for 
the field, based on a practice oriented scientific approach.  
The development of the method was proceeded by a 
systematic literature research, in which the existing 
supplier selection methods were explored. This is covered 
in section 2 of the publication. Section 3 contains the 
detailed description of the proposed supplier selection 
method itself. Finally, section 4 serves as the Conclusion 
for the publication. Overall, the authors believe that the 
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developed novel supplier selection method could be 
successfully applied to increase the operational efficiency 
of the examined systems, thereby supporting the 
competitiveness of the field. 

 
2 Literature research 

The literature research was carried out using the 
Systematic Literature Review (SLR) method. Systematic 
literature research consists of the following steps: 

1. Identifying research questions (Who's done what 
so far? Who did or published the research first? Where are 
the scientific gaps?). 

2. Mapping related literature, primarily through 
online databases. 

3. Reducing results, selecting relevant literature and 
reading them to determine the main direction of research 
(definition of extra keywords, based on authors, by date, 
etc.). 

4. Develop a method of processing and analyzing 
literature. 

5. Formulation of major scientific breakthroughs 
and results. 

6. Definition of scientific gap or bottleneck. 
On this basis, the first step is to define keywords that 

cover the topic of research work [7].
  

Table 1 Keyword hits in Scopus, Web of Science and ScienceDirect [Source: Own Edit] 

 

su
pp

lie
r s

el
ec

tio
n

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 

m
ed

ic
in

e/
ph

ar
m

a
su

pp
lie

r s
el

ec
tio

n 
A

N
D

 

m
ed

ic
in

e/
ph

ar
m

a 
A

N
D

 m
et

ho
d

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 m

et
ho

d

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 w

ei
gh

t

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 m

et
ho

d 
A

N
D

 

w
ei

gh
t

su
pp

lie
r s

el
ec

tio
n

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 

m
ed

ic
in

e/
ph

ar
m

a
su

pp
lie

r s
el

ec
tio

n 
A

N
D

 

m
ed

ic
in

e/
ph

ar
m

a 
A

N
D

 m
et

ho
d

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 m

et
ho

d

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 w

ei
gh

t

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 m

et
ho

d 
A

N
D

 

w
ei

gh
t

su
pp

lie
r s

el
ec

tio
n

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 

m
ed

ic
in

e/
ph

ar
m

a
su

pp
lie

r s
el

ec
tio

n 
A

N
D

 

m
ed

ic
in

e/
ph

ar
m

a 
A

N
D

 m
et

ho
d

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 m

et
ho

d

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 w

ei
gh

t

su
pp

lie
r s

el
ec

tio
n 

A
N

D
 m

et
ho

d 
A

N
D

 

w
ei

gh
t

se
ar

ch
 ra

ng
e

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

tit
le,

 a
bs

tr
ac

t, 

ke
yw

or
ds

20
00

-2
02

0 
in

 

to
ta

l

7550 50 24 3086 1811 725 4616 22 11 2140 1086 831 1282 3 0 510 186 134

2000 88 0 0 21 5 3 30 0 0 6 3 1 13 0 0 2 1 0

2001 93 2 0 20 0 0 35 0 0 6 0 0 14 0 0 4 0 0

2002 75 0 0 14 2 0 25 0 0 6 3 1 8 0 0 2 0 0

2003 138 0 0 26 5 2 43 0 0 9 0 0 20 0 0 3 1 1

2004 142 2 0 29 4 0 42 1 0 7 5 3 17 0 0 2 0 0

2005 198 1 0 49 10 5 62 1 0 15 2 1 18 0 0 5 2 1

2006 240 3 1 62 8 4 60 0 0 18 4 2 24 0 0 7 4 3

2007 261 7 0 87 24 16 76 0 0 15 4 3 34 0 0 9 2 1

2008 343 1 1 142 35 25 113 0 0 41 12 8 35 0 0 11 2 1

2009 378 1 0 137 51 34 160 0 0 54 20 10 70 0 0 21 6 4

2010 407 1 1 137 48 28 157 1 1 52 26 16 55 0 0 15 5 2

2011 453 0 0 174 58 40 189 0 0 74 41 25 80 0 0 35 15 10

2012 401 2 1 166 57 40 183 0 0 59 29 18 80 0 0 33 14 9

2013 445 2 2 184 65 46 205 1 1 88 44 29 86 0 0 37 14 11

2014 500 2 1 227 72 58 259 1 0 127 59 46 93 0 0 36 11 7

2015 459 5 3 176 72 41 350 2 2 138 77 46 102 0 0 46 21 13

2016 484 4 1 215 58 45 374 3 0 185 89 65 81 1 0 33 9 7

2017 510 3 1 227 875 57 412 2 1 204 98 76 100 1 0 43 19 18

2018 596 3 2 286 100 71 511 4 2 281 144 115 113 0 0 53 19 11

2019 663 7 7 357 123 101 665 3 2 363 200 174 131 0 0 66 20 18

2020 676 4 3 350 139 109 665 3 2 392 226 192 108 1 0 47 21 17

se
ar

ch
 k

ey
w

or
ds

Scopus Web of Science ScienceDirect



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 8  2021  Issue: 3  Pages: 297-308  ISSN 1339-5629 
    

DESCRIPTION OF A NOVEL SUPPLIER SELECTION METHOD FOR COMPANIES MANUFACTURING FOOD 

SUPPLEMENTS  

Szabolcs Szentesi; Béla Illés; Ákos Cservenák; Róbert Skapinyecz; Péter Tamás 
 
 

~ 299 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

In general, the process of supplier selection is based on 
several aspects of decision making. The decision-making 
process is complicated by the need to take into account the 
characteristics of the material to be scored, the participants 
in decision making and its role in the organization when 
analysing the criteria [8]. The literature on supplier 
selection is extremely rich, many publications analyse 
different aspects of decision-making methods. The 
literature analysis focuses on the examination of decision 
making methods and the analysis of the criteria used 

As shown in Figure 1, systematic literary research was 
carried out first in the chapter using the following 
keywords when analysing the literature in the field: 

• selection supplier / supplier selection, 
• medicine or pharma / medicine, 
• method / method, 
• weight / weight 

In the databases, a simple search was also used for this 
literary research section, where only two search words 
were given first, then several search words, the 
combinations and results of which are given in Figure 1. 

The table shows that searches for original keywords 
have been narrowed down to "supplier selection AND 
method AND weight" to create a more limited search 
result. After that, the search results for each keyword 
resulted in sufficiently relevant results, so a total of 1690 
works were selected and analysed in detail. It can be said 
that the words medicine/pharma have greatly reduced the 
result of the hit.  

The chronological distribution of the selected 
publications is illustrated in Figure 2, where it can be 
observed that the number of publications with an 
increasing trend towards the research directions examined 
is displayed year after year.

 

 
Figure 1 Number of publications related to the topic by year of publication [Source: Own Edit]

Figure 3 illustrates the importance of different 
disciplines in the publication list of the Scopus scientific 
database based on data from the past 20 years. It can be 
observed that the delimited field of research clearly shows 
a multidisciplinary character. Research related to 
engineering also plays a prominent role here, but there are 
also publications approaching pharmaceuticals and social 
aspects. Figure 7 shows that there are few publications on 
this subject in the pharmaceutical sector. 

Figure 4 is based on data from the Scopus database for 
the last 5 years, which is based on the search for the 
keywords "supplier selection AND method AND weight", 
which together contains 424 publications. The search 
results then searched the search results for keywords that 
appear in scientific works outside of the keywords you 
specify. It can be observed that decision support and supply 
chains play a major role in the majority of publications 
related to the subject area.

 

 
Figure 2 The emergence of disciplines in publications [Source: Own Edit]
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Figure 3 Distribution of keywords other than search keywords in publications [Source: Own Edit]

As a further analysis, the 10 most published persons on 
the subject were selected (Table 1). It can be said that the 
total number of authors involved in the publication of four 
or more articles is estimated at 39. 

 
Table 2 The authors who published 10 most published authors 
for "supplier selection AND method AND weight" in the Scopus 

scientific library between 2015 and 2020 [Source: Self-edit] 
Author published 

articles 
Author published 

articles 
Wei, G. 15 Wu, J. 9 
Liao, H. 11 Zavadskas, 

E.K. 
9 

Kar, S. 10 Wei, C. 8 
Krishankumar, 
R. 

9 Wan, S.P. 8 

Ravichandran, 
K.S. 

9 Chen, T.Y. 7 

 
The following summary literary review was prepared, 

focusing on outstanding authors and most cited 
publications, by processing 1690 works (Scopus, Wos, 
ScienceDirect in total) delimited in systematic literature 
research. 

Jenoui and Abouavdellah published about supplier 
selection for pharmaceutical products in 2015. They note 
that one of the most important logistical challenges in this 
sector is the choice of supplier, but there are few methods 
for decision-makers to choose the optimal supplier. A new 
heuristic model will be created that takes into account only 
costs and deadlines [9]. 

Voeng and Kritchanchai will use VMI technology to 
supply medicines between distributors and hospitals in 
2019. In the study, a multi-aspect decision-making method 
based on the AHP method is used to determine weight 
factors for the selection of suppliers, illustrating the critical 
factors of the use of VMI in different types of hospitals 
[10]. 

In a case study in 2019, Bakhtiar et al. also analyzed the 
selection of a hospital supplier for pharmaceuticals. 
Supplier selection is treated by one of the methods of the 
MCDM “Multi Criteria Decision Making” model, which 
takes into account several criteria, the “gray-based major 
set method”, which involves several decision-makers who 
play an important role in the hospital [11]. 

Pourghahreman and Rajabzadeh discussed the 
selection of pharmaceutical supplier agents in 2015, listing 
the criteria that have been defined from various 
publications, thus selecting 10 qualitative and 10 
quantitative criteria from 38 factors. From these supplier 
assessments, a ranking is established using the TOPSIS and 
PROMETHEE methods. According to the results of the 
survey, quality criteria are one of the most important 
factors in the choice of supplier [12]. 

In 2006, Chen and his co-authors published a paper on 
fuzzy-based decision-making to address the problem of 
supply chain supplier selection. In their research, they 
propose an MCDM model for supplier selection. 
According to the TOPSIS method, a proximity co-efficient 
is determined to determine the ranking order of all 
suppliers [13]. 

Hossein and his team discussed supplier selection in 
2011. In their publication, they describe that the process of 
purchasing raw materials is influenced by a number of 
parameters. The most important of these parameters are the 
product arrival time (order lead time), purchase and 
delivery costs and raw material quality from the date of 
order [14]. 

In 2017, Gupta and Barua discussed the selection of 
suppliers for SMEs based on their green innovation 
capacity. The aim of their study is to examine supplier 
selection among SMEs on the basis of their green 
innovation capacity. A three-phase methodology is used, 
the first phase of which is the green innovation criterion, 
the second phase is the ranking of selection criteria, and the 
third phase uses the TOPSIS method to prioritize suppliers 
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based on the weight of the criteria obtained in the second 
phase [15]. 

Sarkis and Dhavale conducted a supplier selection in 
2015 with sustainable operations in mind. In the 
sustainable approach, a three-prone set of criteria is set up 
and a new methodological approach based on the Bayes 
framework and the Monte Carlo Markov Chain (MCMC) 
simulation will be developed using specific selection 
targets for supplier ranking and selection [16]. 

In the supply chain, it can be seen that in the last five 
years, environmental protection and the development of 
new methods have become one of the important aspects of 
supplier selection. A number of new methods have been 
developed or further developed on the basis of their own 
criteria, which can take into account several aspects [15-
20]. 

Based on the literature analysis, it can be concluded that 
there are a huge number of supplier selection methods in a 
wide variety of areas, but there is little literature on 
medicinal products or dietary supplements. There is no 
elaborated method in the referred literature to provide a 
general solution for selecting suppliers for all companies 
producing dietary supplements. Some of the methods do 
not take into account quality parameters (e.g., 
concentration, proportion of transport errors, etc.), while 
others do not consider environmental aspects, the 
importance of which is increasingly appreciated nowadays. 

 
3 Development of a supplier selection 

method for companies producing dietary 
supplements that sell commissioned 

A significant part of supplier selection methods 
focusses on the automotive industry [21-23], but a number 

of methods have also been developed for food supplements 
and pharmaceutical companies [24-27]. It can be 
concluded that some of these selection methods focus 
strictly on costs, other methods focus on quality or 
environmental protection, but the approach that takes into 
account logistical aspects has not been elaborated in detail 
so far. One of the literatures with the most diverse criteria 
[27], which produces a summary analysis of several 
publications in the field of supplier selection [28-40], also 
does not take sufficient account of logistical aspects. 

With regard to companies producing food supplements, 
this aspect is particularly important as delayed deliveries, 
long delivery lead times or insufficiently defined logistical 
costs can significantly impair the competitiveness of 
companies. 

As a result of the foregoing, the objective was to 
develop a general supplier selection method for companies 
producing commissioned dietary supplements that are 
suitable for taking into account relevant aspects as well as 
for single and multi-stakeholder decision-making. The 
chapter also describes the process of supplier selection, the 
criteria to be examined and the method of deciding on 
supplier selection. 

 
3.1 Supplier selection process 

The task of selecting a supplier is to provide the 
company with raw materials according to the need and cost 
saving in the range, quantity, quality, and time required by 
the company's operations or production program [37]. The 
following is the process of selecting a supplier based on 
practical experience and analysis of the literature [41-42].

 
2. Identify potential 

suppliers

3. Delimitation of test 

aspects

4. Compilation of a request 

for quotation

5. Application of supplier 

selection method
6. Control activity

7. Decision on selection of 

supplier(s)
8. Conclusion of a contract 9. Logistics process planning

10. Implantation11. Feedback (KPI)

1. Selection of raw 

material(s) to be procured

 
Figure 4 Supplier selection process [Source: Own Edit]

Process steps (Figure 5): 
Step 1. The inventory policy of the central 

manufacturer and the commissioning company determines 
the range of raw materials to be procured. 

Step 2. Based on the raw materials to be 
procured, the suppliers involved in the study will be 
selected. Relevant sources of information collection: 

- corporate relationship system (former suppliers, 
etc.), 
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- information from a consulting firm, 
- internet search. 
Step 3. Central manufacturing and 

commissioning companies determine the test criteria that 
are important to them based on the raw material(s) to be 
procured. 

Step 4. When compiling a request for proposals, 
particular attention should be paid to the objective and easy 
evaluation of tenders relating to the selected test criteria. 

Step 5. Suppliers that are the best alternative 
based on the test criteria set out in Step 3 will be selected 
using the supplier selection method.  

Step 6. Control activities should ensure the 
establishment of controls to reduce risks to the 
achievement of organizational objectives, including the 
soundness of the offer from selected suppliers. The control 
activity should also cover the economical, efficiency and 
efficiency adequacy of suppliers. 

Step 7. Following the steps described in the 
previous steps, optimal suppliers will be selected. 

Step 8. The selected supplier is contacted by the 
central logistics and production company, and the supplier 
contract is concluded on the basis of the above given 
quotation. In relation to the service contract, it is necessary 
to clearly define the powers, the possibilities for 
sanctioning and premeditation, and the indicators attached 
to them. 

Step 9. After the conclusion of the contract, the 
procurement logistics process (activities, tools used, 
scheduling, etc.) must be planned. 

Step 10. The implementation and testing of the 
specified purchasing system will be carried out. 

Step 11. In order to enforce the sanctions and 
premeditation options set out in the service contract, the 
indicators of the operating system will be monitored. 

 
3.2 Definition of the test criteria 

Supplier selection criteria can take into account 
qualitative and quantitative aspects, which can be 
interpreted as a minimizing or maximizing objective 
function component. The logistic indicators described up 
to (1) ... (5) describe the quantitative aspects to be taken 
into account, and the logistic indicators described up to 
(6)… (8) describe the definition of the values of the 
qualitative aspects. These relevant indicators are defined 
below. 

 
3.2.1 Order lead time 

The lead time can be interpreted between two arbitrary 
points in the logistics chain. One of the basic principles of 
its calculation when purchasing is that parallel events 
should be considered the longest. The expected lead time 
(average time) and its standard deviation are taken into 
account. 

When calculating the order lead time, we calculate the 
general case that the raw materials, regardless of whether 
they are supplied directly or indirectly, are ordered at the 

previous stage, i.e., the distribution warehouse of an 
indirect supplier, and from there the raw material demand 
can be directly met. The order lead time can be calculated 
in the same way for direct and indirect supply [41]. 

In the case of raw material r, v. the supplier may be 
given the order lead time (1) on the basis of the 
relationship: 

 
��,v

� � ��,v
�� � ��,v

��	 � ��,v
�	 � ��,v

�
 , �hour�         (1) 
where: 
• ��,v

� : the total order lead time for r. raw material at 
the v. supplier, 

• ��,v
��: the preparation time after ordering at the v. 

supplier in the case of r. raw material (purchase and 
manufacture of components for raw materials), 

• ��,v
��	: post-order packing time and ERKE training 

time at the v. supplier in the case of r. raw material, 
• ��,v

�	: delivery time after order in the case of r. raw 
material at the v. supplier, 

• ��,v
�
: waiting time (storage) time after ordering at 

the v. supplier in the case of r. raw material. 
 
The main factors influencing the order lead time in the 

case of dietary supplemental raw materials, the supplier's 
distance from the central production plant, the flexibility of 
the supplier's production equipment, production 
programming, the mode of transport, the characteristics of 
the means of transport, the purchase of raw materials, the 
flexibility of the purchase of packaging material, the 
possibility of delivery from stock, the size of the available 
stocks and the customs procedure time. 

The values determined on the basis of the (1) shall be 
recorded in matrix form: 

 
T� � �t�,v

� �, �hour�                (2) 
 
where the matrix contains the total order lead time for 

the v. supplier for r. raw material 
 

3.2.2 Total acquisition cost 
The purchase price of the raw material for the dietary 

supplements to be sold significantly affects the available 
margin weight. It directly affects expenditure since the 
purchase value of goods sold is a significant cost factor for 
commercial enterprises. However, it also affects turnover 
indirectly, as the purchase price affects the sales price, 
including the quantity that can be sold. The components of 
the actual purchase price for a product are the price 
invoiced by the vendor, the separate cost of the purchase, 
and the preferences or preferences associated with the 
purchase of the product. 

The price at which companies producing food 
supplements that sell them commissioned manages to 
obtain their raw materials from their supplier partners 
depends on several factors. The validated purchase price of 
the product is influenced by its quality and earned value, 
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the long term business relationship, the quantity of the 
goods purchased, and the use of ancillary services related 
to the purchase. However, behind this apparent diversity 
lies essentially two factors affecting the invoiced price 
established by the supplier. These are the inputs related to 
the production and distribution of the product and the 
market position of the product. In addition to the invoiced 
price less discounts plus surcharges, all expenses are 
included in the purchase price, which are individually 
linked to the raw material until it is delivered to the 
warehouse. These factors include freight costs, loading 
fees, product purchase costs, and customs clearance fees. 

For r. raw material, the cost of the total purchase at the 
"v."  supplier can be determined as follow: 

 
��,v

� � ��,v
�� � ��,v

�� � ��,v
�� � ��,v

�� , �EUR�     (3) 
where: 
• ��,v

� : the total cost of purchase for r. raw 
material at the v. supplier, 

• ��,v
��: total freight costs up to arrival at the v. 

supplier in the case of r. raw material, 
• ��,v

��: all loading costs up to arrival at the v. 
delivery point in the case of r. raw material, 

• ��,v
��: the cost of purchase in the case of r. raw 

material at the v. supplier, 
• ��,v

��: customs clearance costs for r. raw 
material at the v. supplier. 

 
Based on (3), the previous ones can be given in matrix 

form: 
 

#� � ���,v
� �, �EUR�             (4) 

( % � 1,2 … ( �, � v � 1,2 … ) � 
 
where the matrix contains the total acquisition cost for 

the "v."  supplier for r. raw material. 
 
3.2.3 Raw material quality 

One of the most important factors in the creation of the 
product is the quality of the purchased raw material. By 
increasing the quality of the ordered raw material, the 
concentration of the active substance in it, the purchase 
price increases, and the production time of the ordered raw 
material increase, but the quantity of raw material ordered 
decreases, since the quantity of active ingredient 
prescribed in the formula can be satisfied with fewer raw 
materials. It can be said that the quality of the raw material 
can be related to the cost of purchasing the ordered raw 
material and its order lead time. This is not typical, but 
there may be cases where a raw material contains several 
components, in which case it is necessary to prepare and 
manage several quality matrices. The developed method is 
presented on a basic ingredient, which can be easily 
extended to several components. 

On this basis, the matrix *� can be determined, which 
for each supplier contains the value of the raw material 
concentration for each product purchased: 

 
*� � �(�,v� �, �%�                              (5) 

� % � 1,2 … ( �, � v � 1,2 … ) �. 
 

3.2.4 Environmental impact of logistics process 
The environment, which is becoming increasingly 

important in all areas of social and economic life today, 
also has high expectations of logistics. It has a significant 
impact, for example, on procurement, the use of 
environmentally friendly recyclable materials, the use of 
so-called 'green' technologies, the collection and handling 
of hazardous substances and the environmental impact 
values of vehicles for transport [43]. 

An increasingly important aspect of the development of 
supply chains is to reduce emissions in the logistical 
process of deliveries. To take this into account, the 
environmental load matrix (6) of logistics processes is 
defined, where the subjective, individual competence of 
the company is entrusted to evaluate each supplier on a 
scale of 1 to 10 (1=worst, 10=best). 

 
,� � �-�,v� �, �point�                   (6) 

 
3.2.5 Modernity of the supplier's logistics system 

A key issue in the selection process may be the 
modernity of the logistics system of suppliers. This aspect 
affects both the cost and quality of the procurement 
process. To take this into account, a matrix (7) determining 
the modernity of the supplier's logistics system is defined, 
where the company subjectively evaluates suppliers on a 
scale of 1 to 10 (1=worst, 10=best). 

 
1� � �2�,v� �, �point�                     (7) 

� % � 1,2 … ( �, � v � 1,2 … ) �. 
 

3.2.6 Reliability 
On the basis of financial and supplier reference data, 

account should be taken of the reliability of a particular 
supplier, as the supply of raw materials may result in risks 
if an unstable supplier is selected. The reliability matrix (8) 
is defined to validate this aspect, where the company scores 
its suppliers between 1.10 as described in the previous 
criterion (1=worst, 10=best). 

 
 

3� � �)�,v� �, �point�                  (8) 
� % � 1,2 … ( �, � v � 1,2 … ) �. 

 
3.3 Description of the supplier selection decision 

method 
With regard to the supplier selection method, a multi-

faceted decision-making method has been developed, the 
important element of which is the definition and 
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normalization of the limitation of the selected logistical 
indicators and the application of the Churchman-Ackoff 
weighting method. 

 
Steps to apply the method: 
Step 1: Define logistical indicators to be minimized and 

maximized, grouped as follows. 
Components to minimize: 
• total costs related to delivery, 
• total lead time of purchase, 
• environmental impact of the logistics process, 
Components to maximize: 
• quality of raw material, 
• the modernity of the supplier's logistics system, 
• supplier's reliability. 
 
Step 2: Define supplier selection criteria. In this step, 

the criteria for supplier selection are defined in paragraph 
1. (8) by specifying restrictive conditions for relationships. 

 
Total lead time: In order to meet customer needs in a 

timely manner, it is important to set the maximum expected 
lead time: 

 
��� 4 ��,567�                           (9) 

 
Total cost of procurement: In order to ensure the 

competitiveness of the company, it is important to fix the 
maximum possible acquisition cost for the selection of 
suppliers: 

 
��� 4 ��,567�                        (10) 

 
Environmental impact of the logistics process: Using 

the "green" technologies used by the supplier, it is 
important to record the maximum environmental load on 
the basis of the collection and handling of hazardous 
substances and the environmental load values of the 
vehicles during transport: 

 
-�� 4 -�,567�                       (11) 

 
Raw material quality: In order to comply with the 

formula prescribed for the production, a minimum or upper 
raw material concentration may be set in order to comply 
with the formula prescribed for the supply of raw materials: 

 
(�,589� 4 (�� 4 (�,567�               (12) 

 
In terms of the modernity and reliability of the supply 

supplier's logistics system, lower limits may be laid down, 
for which there is a: 

 
2�,589� 4 2��                           (13) 

)�,589� 4 )��                          (14) 
 

Step 3: Define reduced matrices. In this step, the values 
of matrix (1) to (8) are modified based on the conditionality 
described in Step 2. Formally, this means that all reduced 
matrices are marked with one override. 

 
Step 4: Normalize logistical indicators. In this respect, 

the value of each target function component is transformed 
from 0 to 1. It can be seen that there are two types of target 
function components in the optimization task, there are 
three minimization functions (15), (18), (25) and three 
maximizing target functions (21), (28), (32). They should 
be managed together during optimization. Co-treatment 
requires that all target functions be either maximized or 
minimized. In the developed method, the minimizing target 
function components have been left unchanged, the 
maximizing target functions have been converted into 
minimizing target function components. 

 
Normalization of logistical indicators: 
 
Normalization of purchase cost matrix values: The 

relationship (15) is given for r. raw material in terms of the 
optimal v. supplier for all transport costs. Then, for all 
values, formula (16) can be used to determine the 
normalized target function components. 

 

#��
: � );(

v
<��,v� ′>; �@ � 1,2, … , );  % � 1,2, … , (�  (15) 

�% belongs to a vABC) 

D�,vE � FGH:
IG,vH : ; �@ � 1,2, … , );  % � 1,2, … , (�  (16) 

0 K D�,vE 4 1                         (17) 
 
Normalization of the procurement lead time matrix: 

Based on the relationship (18), the optimal v. supplier for 
r. raw material is the total lead time related to the supply. 
The normalized target function components can then be 
determined using formula (19) for all values: 

 

L�� ′ � );(
v

<��,v� ′>; �@ � 1,2, … , );  % � 1,2, … , (�  (18) 

�% belongs to a vABC) 

D�,vM � NGH:
 CG,vO : ;  �@ � 1,2, … , );  % � 1,2, … , (�  (19) 

0 K D�,vM 4 1                       (20) 
 
Normalization of quality matrix values: Based on the 

relationship (21), the optimal v. supplier for r. raw material 
is the quality (concentration) of the raw material related to 
the supply. Quality components are normalized using the 
relationship (22). 

 

*��
: � )PQ

v <(�,v� ′>; �@ � 1,2, … , );  % � 1,2, … , (�  (21) 

�% belongs to a vABC) 

D�,vR � 1 S 9G,TH :
 UGO:  ;  �@ � 1,2, … , );  % � 1,2, … , (�  (22) 

0 K D�,vR 4 1                            (23) 
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Normalization of the environmental load of the 

procurement logistics process: Based on the relationship 
(24), the optimal v. supplier for r. raw material is the 
environmental burden of the supply related procurement 
logistics process. Quality components are normalized 
using the relationship (25): 

 

,��
: � );(

v <-�,v� ′>; �@ � 1,2, … , );  % � 1,2, … , (�  (24) 

�% belongs to a vABC) 

D�,vV � �GH:
 WG,vO :  ;  �@ � 1,2, … , );  % � 1,2, … , (�  (25) 

0 K D�,vV 4 1                         (26) 
 
Normalization of the logistics system of suppliers: 

Based on the relationship (27), the optimal v. supplier for 
r. raw material is the modernity of the supplier logistics 
system related to the supply. Quality components are 
normalized using the relationship (28): 

 

1�� ′ � )PQ
v <2�,v� ′>; �@ � 1,2, … , );  % � 1,2, … , (�  (27) 

�% belongs to a vABC) 

D�,vX � 1 S BG,TH :
 YvO: ;  �@ � 1,2, … , );  % � 1,2, … , (�  (28) 

0 K D�,vX 4 1                       (29) 
 
Normalisation of supplier reliability: Based on the 

relationship (30), the optimal v. supplier for r. raw material 
is the supplier's reliability in relation to supply. Then, for 
all values, formula (31) can be used to determine the 
normalized target function components: 

 

3�� ′ � )PQ
v <)�,v� ′>; �@ � 1,2, … , );  % � 1,2, … , (�  (30) 

�% belongs to a vABC) 

D�,vZ � 1 S [GH:
 5G,TO : ; �@ � 1,2, … , );  % � 1,2, … , (�  (31) 

0 K D�,vZ 4 1                      (32) 
 
Step 5: Weighting normalized target function 

components. As the importance of target functions is 
generally different, target function values should be 
weighted according to their importance [44]. The 
weighting factors for the target functions are set to ɳE; ɳM; 
ɳR; ɳV; ɳX; ɳZ which the Churchman-Ackoff weighting 
method was used to determine. The method basically relies 
on the values of a single professional person but can be 
easily extended to the assessment of several persons if 
necessary [45]. 

 
Steps of Churchman-Ackoff's weighting method [46]: 
 
Step 1. Sorting logistics indicators according to their 

importance (]E most important, then ]M, … , ]Z). 
Step 2. The weight of aspect ]E is taken as 1, and then 

the weight of the other aspects relative to ]E 

must be given (̂E , M̂, … , Ẑ). In order to 
increase the reliability of the estimate, each 
aspect should be compared with groups that can 
be formed from all aspects. For example ]E 
_;�ℎ a]M, … , ]Zb, a]M, … , ]9cEb, … , a]M, … , ]R}. 
If ]E is more important, but the inequality given 
by the initial weights does not prove this, the 
value of Ê must be adjusted so that the 
inequality is satisfied (if less, if equal is the same 
principle. 

Step 3. Compare ]M with {]R, ]V, … , ]Z} as in step 2. 
Step 4. Continue the comparisons until a comparison of 

]ZcM and {]ZcE, ]B} is obtained. 
Step 5. Divide the weight of each aspect by ∑ ê

B
efE , 

thereby gaining the weights described in the 
relationship (33), the sum of which will be 1. 

 
Factors ɳE S  ɳZ are subject to the relationships (33): 
 

0 K ɳE 4 1, 0 K ɳM 4 1, 0 4 ɳR K 1 
 0 K ɳV 4 1,         0 K ɳX 4 1,         0 4 ɳZ K 1   (33) 

g ɳ8

Z

8fE
� 1 

 
Step 6: Define a target function. Weighted target 

function values are defined as follows: 
 
,�,v �  D�,vE h ɳE � D�,vM h ɳM  � D�,vR h ɳR � D�,vV h ɳV � D�,vX h

ɳX � D�,vZ h ɳZ     (34) 
 
where the matrix ,�,v contains the weighted target 

function values by r. raw material and v. supplier. 
 
The optimal supplier for r. raw material can be defined 

as follows: 

i� � );(
v

<,�,v>                      (35) 

� % � 1,2 … ( � 
where i� the minimum value of the target function for 

r. raw material to which the proposed supplier (vABC�. 
 

4 Conclusions 
The publication presented a novel supplier selection 

method for companies producing commissioned dietary 
supplements, which could enable the supply chains of 
those companies to be developed more efficiently. 
Furthermore, prior to this, the literature on existing supplier 
selection methods was explored using the method of 
systematic literature research. 

The results described can be used for the practice 
primarily for companies engaged in the placement of 
commission and commission stocks. A test method can be 
presented for a specific example, and with minimal 
correction it can be applied to all supply chain types. 
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However, in order to properly explore all possible 
application cases, a rigorous testing phase would be further 
required, during which all the possible combinations of the 
utilized parameters could be examined and a detailed 
sensitivity analysis could be implemented. This would be 
especially important in relation to the environmental 
impact, the modernity and the reliability indicators, which 
are used to quantify complex and qualitative aspects of the 
supplier selection criteria. Similarly, it would be also useful 
for validating the determined weights of the indicators in a 
given application. Therefore, the next forthcoming step in 
the research will be the realization of such a testing 
program, which can significantly contribute to the wider 
scale applicability of the developed method.   

A main objective of the research was also to explore 
and implement the longer term possibilities for further 
development of the introduced test method. A number of 
further development options can be described, among 
which the extension of the test model to the operation of 
commissioned sales companies with several central 
warehouses and production plants, as well as the 
development of a computerized web application for the 
application of test methods at the enterprise level. By 
implementing these further development ideas, it may be 
possible to create a decision support tool that can be used 
in a way that can be used extensively and easily by any 
commission sales company during the supplier selection 
process. 

 
References 
[1] SUNDMAEKER, H.: Accelerating system 

development for the food chain A portfolio of over 30 
projects, aiming at impact and growth, International 
Journal on Food System Dynamics, Vol. 7, No. 4, pp. 
371-381, 2016. 

[2] HAMULA, J., JERUSZKA-BIELAK, M., 
GÓRNICKA, M., DRYWIEN, M.E., ZIELINSKA-
PUKOS, M.A.: Dietary supplements during covid-19 
outbreak, Results of google trends analysis supported 
by plifecovid-19 online studies, Nutrients, Vol. 13, No. 
1, pp. 1-17, 2021. 

[3] Grand View Research Dietary: Supplements Market 
Size Analysis Report by Ingredient (Botanicals, 
Vitamins), By Form, By Application (Immunity, 
Cardiac Health), By End User, By Distribution 
Channel, And Segment Forecasts, 2019-2025, p. 120, 
2019. 

[4] SZENTESI, SZ., TAMÁS, P., ILLÉS, B.: Application 
of churchman-ackoff weighting method for 
procurement of consignment seller dietary supplements 
manufacturing companies, Academic Journal of 
Manufacturing Engineering, Vol. 16, pp. 33-37, 2018. 

[5] ELODIE, A., NANTAPORN, R.: Consignment 
contracts with retail competition, Mechanical and 
Industrial Engineering, University of Illinois, Chicago, 
United States, 2011. 

[6] SZENTESI, SZ., TAMÁS, P., ILLÉS, B.: Étrend-
kiegészítőket gyártó és bizományosan értékesítő 
vállalat disztribúciós hálózatának logisztikai elemzése 
(Hungarian), 29th International Conference on 
Mechanical Engineering, Romania: Erdélyi Magyar 
Műszaki Tudományos Társaság (EMT), pp. 324-326, 
2021. (Original in Hungarian) 

[7] CRONIN, P., RYAN, F., COUGHLAN, M.: 
Undertaking a literature review: A step-by-step 
approach, British Journal of Nursing, Vol. 17, pp. 38-
43, 2008. 

[8] ESSE, B.: A beszállító-kiválasztási döntési 
szempontjai; workshop study, BCE 
Vállalatgazdaságtan Intézet, pp. 16, 2008. (Original in 
Hungarian) 

[9] JENOUI, K., ABOUABDELLAH, A.: Conception and 
implementation of a decision support system heuristic 
for selecting medicines suppliers, 45th International 
Conference on Computers and Industrial Engineering, 
2015. 

[10] VOENG, S., KRITCHANCHAL, D.: Factors 
Influencing Supplier Selection for Vendor Managed 
Inventory Adoption in Hospitals, 4th Technology 
Innovation Management and Engineering Science 
International Conference, 2019. 

[11] BAKHTIAR, A., SIAHAAN, Y.S.T., SUSANTY, 
A.: Supplier Selection with Gray Based Rough Set 
Theory Method (A Case Study: Pharmaceutical 
Installation of RSU Grand Medica Tanjung Anom, 
Medan), IOP Conference Series: Materials Science 
and Engineering, Vol. 598, No. 1, 2019. 

[12] POURGHAHREMAN, N., RAJABZADEH Q.A.: 
Supplier selection in an agent based pharmaceutical 
supply chain: An application of TOPSIS and 
PROMETHEE II, Uncertain Supply Chain 
Management, Vol. 3, No. 3, pp. 231-240, 2015. 

[13] CHEN, C.T., LIN, C.T., HUANG, S.F.: A fuzzy 
approach for supplier evaluation and selection in 
supply chain management, International Journal of 
Production Economics, Vol. 102, No. 2, pp. 289-301, 
2006. 

[14] HOSSEIN, C.S., MOHAMMAD, D., MUTHU, S.: 
Critical Success Factors For Supplier Selection: An 
Update, Journal of Applied Business Research, Vol. 
20, No. 2, pp. 91-108, 2011. 

[15] GUPTA, H., BARUA, M.K.: Supplier selection 
among SMEs on the basis of their green innovation 
ability using BWM and fuzzy TOPSIS, Journal of 
Cleaner Production, Vol. 152, pp. 242-258, 2017. 

[16] SARKIS, J., DHAVALE, D.G.: Supplier selection 
for sustainable operations: A triple-bottom-line 
approach using a Bayesian framework, International 
Journal of Production Economics, Vol. 166, pp. 177-
191, 2015. 

[17] LIOU, J.J.H., TAMOSAITIANE, J., ZAVADSKAS, 
E.K., TZENG, G.-H.: New hybrid COPRAS-G 
MADM Model for improving and selecting suppliers 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 8  2021  Issue: 3  Pages: 297-308  ISSN 1339-5629 
    

DESCRIPTION OF A NOVEL SUPPLIER SELECTION METHOD FOR COMPANIES MANUFACTURING FOOD 

SUPPLEMENTS  

Szabolcs Szentesi; Béla Illés; Ákos Cservenák; Róbert Skapinyecz; Péter Tamás 
 
 

~ 307 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

in green supply chain management, International 
Journal of Production Research, Vol. 54, No. 1, pp. 
114-134, 2016. 

[18] HAMDAN, S., CHEAITOU, A.: Supplier selection 
and order allocation with green criteria: An MCDM 
and multi-objective optimization approach, 
Computers and Operations Research, Vol. 81, pp. 
282-304, 2017. 

[19] GOVINDAN, K., KADZINSKI, M., SIVAKUMAR, 
R.: Application of a novel PROMETHEE-based 
method for construction of a group compromise 
ranking to prioritization of green suppliers in food 
supply chain, Omega (United Kingdom), Vol. 71, pp. 
129-145, 2017. 

[20] GITINAVARD, H.A., GHADERI, H., PISHVAEE, 
M.S.: Green supplier evaluation in manufacturing 
systems: a novel interval-valued hesitant fuzzy group 
outranking approach, Soft Computing, Vol. 22, No. 
19, pp. 6441-6460, 2018. 

[21] FANTAZY, K.A., SALEM, M.: The value of strategy 
and flexibility in new product development: The 
impact on performance, Journal of Enterprise 
Information Management, Vol. 29, No. 4, pp. 525-
548, 2016. 

[22] LENGYELNÉ, M.T., TÓVÁRI, J.: 
Kutatásmódszertan, Eszterházy Károly Főiskola, 
2001. (Original in Hungarian) 

[23] KOLLÁR, L.: Szabadbölcsészeti fogalomtár, ELTE, 
2006. (Original in Hungarian) 

[24] ZANONI, S., MAZZOLDI, L., JABER, M.Y.: 
Vendor-managed inventory with consignment stock 
agreement for single vendor-single buyer under the 
emission-trading scheme, International Journal of 
Production Research, Vol. 52, No. 1, pp. 20-31, 
2014. 

[25] CHEN, J.M., LIN, I.C., CHENG, H.L.: Channel 
coordination under consignment and vendor-
managed inventory in a distribution system, 
Transportation Research Part E: Logistics and 
Transportation Review, Vol. 46, No. 6, pp. 831-843, 
2010. 

[26] BIENIEK, M.: Channel performance under vendor 
managed consignment inventory contract with 
additive stochastic demand, Statistics in Transition, 
Vol. 19, No. 3, pp. 551–561, 2018. 

[27] HARIGA M., GUMUS M., DAGHFOUS A., 
GOYAL S.K.: A vendor managed inventory model 
under contractual storage agreement, Computers and 
Operations Research, Vol. 40, No. 8, pp. 2138-2144, 
2013. 

[28] DEGRAEVE, Z., LABRO, E., ROODHOOFT, F.: 
An evaluation of vendor selection models from a total 
cost of ownership perspective, European Journal of 
Operational Research, Vol. 125, pp. 34-58, 2000. 

[29] HUMPHREYS, P.K., WONG, Y.K., CHAN, F.T.S.: 
Integrating environmental criteria into the supplier 

selection process, Journal of Materials Processing 
Technology, Vol. 138, pp. 349-356, 2003. 

[30] ARAZ, C.; OZFIRAT, P.M.; OZKARAHAN, I.: An 
integrated multicriteria decision-making 
methodology for outsourcing management, 
Computers & Operations Research, Vol. 34, pp. 
3738-3756, 2007. 

[31] DICKSON, G.W.: An analysis of vendor selection 
system and decisions, Journal of Purchasing, Vol. 2, 
pp. 5-17, 1996. 

[32] DULMIN, R., MININNO, V.: Supplier selection 
using a multi-criteria decision aid method, Journal of 
Purchasing and Supply Management, Vol. 9, pp. 177-
187, 2003. 

[33] GHODSYPOUR, S.H., O'BRIEN, C.: A decision 
support system for supplier selection using an 
integrated analytic hierarchy process and linear 
programming, International Journal of Production 
Economics, Vol. 56, pp. 199-212, 1998. 

[34] HA, S.H., KRISHNAN, R.: A hybrid approach to 
supplier selection for the maintenance of a 
competitive supply chain, Expert Systems with 
Applications, Vol. 34, pp. 1303-1311, 2008. 

[35] HO, W., XU, X., DEY, P.K.: Multi-criteria decision 
making approaches for supplier evaluation and 
selection: A literature review, European Journal of 
Operational Research, Vol. 202, pp. 16-24, 2010. 

[36] LIU, F.H.F., HAI, H.L.: The voting analytic hierarchy 
process method for selecting supplier, International 
Journal of Production Economics, Vol. 97, pp. 308-
317, 2005. 

[37] MURALIDHARAN, C., ANANTHARAMAN, N., 
DESHMUKH, S.G.: A Multi‐Criteria Group 
Decision making Model for Supplier Rating, Journal 
of supply chain management, Vol. 38, pp. 22-33, 
2002. 

[38] PERCIN, S.: An application of the integrated AHP-
PGP model in supplier selection, Measuring Business 
Excellence, Vol. 10, pp. 34-49, 2006. 

[39] HOU, J., SU, D.: EJB-MVC oriented supplier 
selection system for mass customization, Journal of 
Manufacturing Technology Management, Vol. 18, 
pp. 54-71, 2007. 

[40] TING, S.C., CHO, D.I.: An integrated approach for 
supplier selection and purchasing decisions, Supply 
Chain Management: An International Journal, Vol. 
13, pp. 116-127, 2008. 

[41] CSELÉNYI, J., IILLÉS, B.: Logisztikai rendszerek I., 
Miskolci Egyetemi Kiadó, 2006. (Original in 
Hungarian) 

[42] MORAUSZKI, K.SZ.: Autóipari beszállítói 
értékelési és kiválasztási kritériumrendszer 
vizsgálata és elemzése minőségügyi aspektusból, 
Ph.D. dissertation in Hungarian, Szent István 
University, 2019. (Original in Hungarian) 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 8  2021  Issue: 3  Pages: 297-308  ISSN 1339-5629 
    

DESCRIPTION OF A NOVEL SUPPLIER SELECTION METHOD FOR COMPANIES MANUFACTURING FOOD 

SUPPLEMENTS  

Szabolcs Szentesi; Béla Illés; Ákos Cservenák; Róbert Skapinyecz; Péter Tamás 
 
 

~ 308 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

[43] BÁNYAI, T.: Direct shipment vs. cross docking, 
Advanced Logistic Systems: Theory and Practice, 
Vol. 6, No. 1, pp. 83-88, 2012. 

[44] SZENTESI, SZ., TAMÁS, P., ILLÉS, B.: 
Churchman-Achoff-féle súlyozási módszer 
alkalmazása bizományosan értékesítő étrend 
kiegészítőket gyártó vállalatok beszerzésénél, 
Doctoral Forum, Conference Issue of Faculty of 
Mechanical Engineering and Informatics, University 
of Miskolc, pp. 111-116, 2018. (Original in 
Hungarian) 

[45] KAVAS, L.: A súlyszámok problematikája komplex 
rendszerek értékelése során; Repüléstudományi 
közlemények, Hungarian special issue, 2007. 
(Original in Hungarian) 

[46] GALLA, J., FARKAS, G., HORVÁTHNÉ, D.K.Á.; 
TÓTH, G.N.: Oktatási segédlet; Hungarian guide, 
University of Óbuda, 2010. (Original in Hungarian) 

 
Review process 
Single-blind peer review process.

 


