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A B S T R A C T

The aim of this exploratory study was to determine most 
useful indicators of intellectual capital in Serbian food 
industry. The study investigated managers’ perceptions of 
indicator usefulness and practical application. They were 
top and middle managers from 18 food organizations, 
committed to the bioeconomy. The survey items were 
divided into human, structural, and relational capital. A 
closed-ended questionnaire was used to collect data, later 
analysed by SPSS 21 statistical software. The results have 
demonstrated that all indicators were seen as very important, 
with relational capital being the most useful of all.
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Introduction

The majority of the EU regions/countries (98.6%) feel pressured to include the 
bioeconomy related aspects in their research and development priorities and plans. At the 
same time, there are also regions in Europe that do not use their bioeconomy potential. 
The European Commission report (European Commission, 2017) demonstrates that the 
bioeconomy related research is a priority for most European countries and regions from 
2014 to 2020. According to the Europe 2020 Strategy (passed in 2010), sustainable 
economy should be indispensable for contemporary organizations, as well as countries.
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Bioeconomy is a sustainable, eco-efficient transformation of renewable biological 
resources into food, energy and other industrial products (Schmid, Padel and Levidov, 
2012). The driving factors in bioeconomy may be political – realising existing or newly 
defined objectives in a country, or economic – stimulating existing economic performance 
and/or generating new market forces, such as realisation of environmental protection 
objectives (reducing waste, reducing greenhouse gas emissions, and improvement of 
environmental quality) (European Commission, 2015). In a more detailed analysis of 
the factors influencing this type of economy, the OECD classified all the factors into 
external and institutional i.e. social ones (OECD, 2009). The external factors include: an 
increase in global population, which is expected to reach 8.3 billion in 2030; demographic 
changes, in terms of an increasingly ageing, but also more educated population; energy 
consumption and climate change; increasing demand for agricultural products, rising 
food prices and water scarcity; increase in healthcare costs; development of technologies, 
particularly those relevant to the bioeconomy – informatics (IT) and nanotechnology. 
Analysing these trends, the OECD’s strategy points out that the influence of these factors 
on bioeconomy is different across different sectors. For example, population growth 
will have an impact on primary production, demographic changes will have an impact 
on health biotechnology, while the climate change will affect industrial processes. On 
the other hand, according to the OECD, the most important drivers for the development 
of bioeconomy are three institutional and one social: public research funding, legal 
regulations, intellectual property and public acceptance.

Materials and methods

The European Commission (2012a) defines bioeconomy as the “production of 
renewable biological resources and the conversion of these resources and waste 
streams into value - added products, such as food, feed, bio based products, and bio 
energy.” It includes agriculture, forestry, fisheries, food, pulp and paper production 
sectors, and parts of chemical, biotechnological and energy industries. It is related to 
different sciences, including life sciences, ecology, biotechnology, agronomy, and ICT 
(European Commission, 2012b). Bioeconomy provided jobs for around 18.6 million 
people in the EU in 2014, or 8.5% of total European work force. Agriculture, and 
food, beverage and tobacco sectors account for three quarters of that number (Ronzon 
et al., 2017). The main elements of bioeconomy are: food production and processing, 
agri-environmental products and services, value-added food and health products, and 
energy and bio-processing (Socaciu, 2014).

Literature review shows different, sometimes opposing, views regarding bioeconomy and 
green economy. For example, according to Socaciu (2014), green economy is part of an 
overall bioeconomy concept. On the other hand, D’Amato et al. (2017) analysed bibliometric 
data from almost 2,000 articles published around the world during the last thirty years. They 
reached the conclusion that green economy comprises concepts from bioeconomy, such 
as bio-efficiency. While green economy deals with all ecological processes, and is more 
focused on certain features at local level (such as eco-tourism), bioeconomy is directed 
more towards resources, biosecurity and rural policies (Socaciu, 2014).
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Unlike the traditional agricultural systems, the bioeconomy-oriented systems 
concentrate on incorporating environment, natural resources, food and agriculture, 
energy and industrial development (Socaciu, 2014). Agriculture is the main source of 
local employment in many countries. Closely connected to agriculture, bioeconomy 
creates food and energy by use of sustainable biological resources, thus facilitating 
resource efficiency and reducing the carbon footprint (European Investment Bank, 
2017). Various adverse factors that influence global economy, such as limited access 
to energy resources, population growth, and periodic financial crises have brought 
about the change of the global agricultural framework. Agriculture has to adjust to the 
new economic and environmental challenges. Food safety and security have become 
the cornerstones of the European agricultural model (Drăgoi et al., 2018), while food 
quality and safety have incorporated new values for companies and consumers (Pop, 
Dracea, and Vlădulescu, 2018). Food security is an extensive issue, which has various 
economic, social and environmental aspects. Food and feed are important parts of 
bioeconomy (Ronzon et al., 2017).

Bioeconomy requires intensifying research and development activities; bringing together  
professionals from various fields, who are willing and motivated to share their knowledge 
and to convert tacit forms of knowledge into explicit, accessible to all; developing an 
environment that will foster creativity and innovation, providing new ideas and solutions; 
freely accessible, easy-to-search knowledge bases. Only this can ensure a free flow of 
knowledge within an organisation and using all available resources (Đorđević Boljanović, 
2009). It is worth mentioning the launch of the Bioeconomy Knowledge Centre (n.d.), 
under the auspices of the European Commission, which provides open access to the 
knowledge on the methods of sustainable production of renewable resources and their 
transformation into new products. Consider all that, also can be said that power of human–
machine collaboration is need in industry growth (Bolton et al., 2018). 

To fully understand the significance of knowledge in bioeconomy, it is important to 
define the so-called environmental knowledge. According to Fryxell (2003), this kind 
of knowledge is defined as general knowledge of facts, concepts and relationships 
concerning the natural environment and its major ecosystems, i.e. the knowledge that 
people have about the environment, key environmental aspects and impacts, and about 
collective responsibilities for sustainable development. The definition itself conveys the 
impact that the management of this kind of knowledge has on sustainable development 
of organisations, especially those focused on bioeconomy. Such organisations strive to 
manage this knowledge in order to make it useful for their business activities and to 
address the four key current challenges that have emerged both in theory and in practice 
(Beljić at al., 2013):

•	 inconsistency between environmental knowledge about management of raw 
materials, energy efficiency, and waste; 

•	 failure to identify and analyse important environmental features related to raw 
materials, energy and waste management;
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•	 lack of empowerment, which prevents employees from taking relevant 
environmental protection actions, using their environmental knowledge and 
integrating their individual knowledge, plans, experience and goals into 
organisational structures;

•	 lack of ability of an organisation to make external contacts, acquire and adopt 
knowledge from external stakeholders and to properly integrate it into internal 
knowledge.

Therefore, an organisation that is committed to sustainable development and the 
bioeconomy-based business needs to focus on its knowledge resources and its 
intellectual capital (IC). IC is related to a company’s whole operations (Starovic and 
Marr, 2006). If sustainability is one of the fundamental postulates of bioeconomy, then 
intellectual capital of an organisation is indeed one of the key indicators showing the 
extent of business sustainability of an organisation, i.e. to what extent an intellectual 
capital investment will provide not only its temporary survival in the environment, but 
also the continuation of its effective business performance (Bose and Thomas, 2007). 
This involves striving for sustainable food production that will be based on regeneration 
of natural resources and the assimilation capacity of the environment (Szűcs, Vanó, 
Korsós-Schlesser, 2017).

Intellectual Capital

The knowledge economy has moved its attention from tangible to intangible assets 
(Bramhandkar, Erickson, and Applebee, 2007). The intangibles are also becoming 
increasingly important in business appraisal (Bischoff, Vladova, and Jeschke, 2013). 
They clarify the gap between a company’s book and market value (Sveiby, 1997). 
Intellectual capital, also called intangible assets or knowledge assets, are assets that 
do not have a material or financial manifestation (OECD, 2011). Among the most 
widely accepted definitions are “Intangible assets are those that have no physical 
existence but are still of value to the company” (Edvinsson and Malone, 1997, p. 22), 
and “Intellectual capital is intellectual material – knowledge, information, intellectual 
property, experience – that can be put to create wealth – collective brainpower” 
(Stewart, 1998, p. XI).

Intellectual capital is usually divided into human, structural, and relational capital 
(Starovic and Marr, 2006). Human capital consists of the competence, knowledge, and 
creativity of all employees of an organization. Structural or internal capital integrates 
procedures, patents, models, and databases belonging to the organization, independent 
of individuals. Relational capital, includes the relationships with customers and 
partners, marketing channels, brands, and the organization’s reputation (Sveiby, 2001; 
Feleagă, L., Feleagă, N., Dragomir, and Râbu, 2013).

All these elements are closely related and their synthesis leads to creation of new 
values for the company. Their interrelations are singular for each context, industry or 
organization (Kozera, 2011; López López, & Salazar – Elena, 2017).
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There is now consensus on importance of intangibles in creating value, and many studies 
(e.g. Zeghal, and Maaloul, 2010; Vishnu and Gupta, 2014, Urbanek, 2016, Sharabati, 
Naji Jawad, Bontis, 2010) have found a significant positive impact of intellectual capital 
on organizational performance. However, there are different approaches to measuring 
intellectual capital. This area is still evolving, so many of these approaches have 
limitations. Companies need to understand how these intangible assets are developed, 
so that they could allocate their resources more effectively, and eventually create more 
value (Starovic and Marr, 2006).

As reported by Sveiby (2010), “No one method can fulfil all purposes.” Organizations 
should choose a method according to “purpose, situation and audience” (Sveiby, 2010, 
p. 4). Therefore, it is no wander there are quite a few different methods for measuring 
intellectual capital. For example, Kaplan and Norton (2004) based their Balanced Scorecard 
on causal relationships between four measurables (financial, customer, internal processes, 
and learning and growth) and objectives within “strategy maps”. Similarly, the Skandia 
Navigator (Edvinsson and Malone, 1997) analyses financial, process, human, customer, 
and innovation perspectives, using different indicators to measure them, human capital 
being the most important element of the Navigator. Celemi’s Intangible Assets Monitor 
combines three categories, namely people (competence), customers (external structure), 
and organization (internal structure), with three main areas of growth, efficiency, and 
stability (Starovic and Marr, 2006). In their study in Canada, Miller, DuPont, Fera, Jeffrey, 
Mahon, Payer, and Starr (1999) also divided intellectual capital in human, structural, and 
customer capital. They found that human and customer capital indicators were preferred 
above structural capital indicators.

There are several important national programmes and strategies related to green 
and bioeconomy in Serbia, e.g. National Strategy on Sustainable Use of Natural 
Resources and Environment, National Sustainable Development Strategy, and National 
Environmental Protection Programme. Many companies in Serbia are dedicated to green 
economy and bioeconomy (UNDP / UNEP, 2012). Still, to the authors’ best knowledge, 
only few studies have addressed intellectual capital, or specifically, intellectual capital 
in food industry in Serbia (Kontić and Čabrilo, 2009; Komnenic, Tomic, D. and Tomic, 
G., 2010; Djekic, I., Dimitrijevic, B. and Tomic, N., 2017). 

Komnenic, Tomic, D. and Tomic, G. (2010)  established a positive relationship between 
the IC and organizational performance in the agri-food sector of Vojvodina (Serbian 
northern province). Djekic, Dimitrijevic, and Tomic (2017) found that the most valued 
IC indicators in Serbian fruit industry are customer satisfaction and loyalty (indicators 
of relational capital), while the study of Kontić and Čabrilo (2009) showed that human 
indicators are more important than relational and structural IC indicators. 

The main objective of our exploratory study is to identify the indicators of intellectual 
capital that are relevant and applicable in Serbia. These indicators would in turn help 
Serbian enterprises manage their intellectual capital, which is of paramount importance 
for improving organizational performance levels.  
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The paper is organized as follows: It begins with the literature review, which introduces 
and defines bioeconomy. Then intellectual capital, its structure and measurement are 
presented. The methodological section shows the logic behind using the particular 
methods in this study was explained, as well as the data collection and analysis. Then 
the results are analysed and compared to previous research. The conclusions are 
discussed in the final section.

Methodology

In order to examine the importance of managing intellectual capital in food industry 
organizations, we focused on managers’ perception of the value and usability of IC 
indicators. Two main research questions were explored:

1. What IC indicators do managers in food industry regard as useful?

2. What IC indicators do managers use in their activities?

The survey was conducted by email from January to March 2018, with the response 
rate of 44.2%). We focused on food industry organizations which clearly show (publicly 
promote on their website) their commitment to bioeconomy, such as solving problems 
of biodegradable waste from their own production process, using waste to produce 
energy, clean production, etc. All of them belong to large and medium enterprises. The 
respondents (61 in total) were top and middle managers from 18 companies belonging 
to different areas of food industry in Serbia, such as meat industry, fruit and vegetable 
juices industry, dairy industry, etc. (Statistical Office of the Republic of Serbia, n.d.). 
The same research sample was used in a wider study, with a different research focus and 
modified research questions (Djordjevic-Boljanovic, Dobrijevic, Cerovic, Alcakovic, 
Djokovic, 2018).  

We used a modified form of the survey used in the research by Miller, DuPont, Fera, 
Jeffrey, Mahon, Payer, and Starr (1999), conducted in different industrial sectors in 
Canada. The original survey was based on IFAC (1998), Sveiby (1997), and Edvinsson 
and Malone (1997). The definitions of all relevant terms were provided at the beginning 
of the survey: intellectual capital, human capital, structural capital, relational capital. 

Statistical analysis was carried out using SPSS Statistics 21. The internal consistency 
of the instruments used was checked using Cronbach’s alpha coefficient (Table 1). 
The items showed relatively high internal consistency, over 0.8, including the overall 
(0.889), as well as the separate IC indicators, all over 0.8.

Table 1. Cronbach’s alpha coefficient
Measured construct Number of items Cronbach’s alpha coefficient
Indicator usefulness (all) 33 0.889
Human indicators 9 0.851
Structural indicators 13 0.827
Relational indicators 11 0.847
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Results and Discussion

High scores in Table 2 indicate that managers value the importance of all IC indicators. 
Relational indicators (e.g. customer loyalty, customer satisfaction, number of supplier/
customer networks) are considered most useful of all, while structural indicators (such 
as number of software licenses, number of multifunctional product teams, and average 
length of time for product design) are considered least useful. This is not consistent with 
the results of Kontić and Čabrilo (2009), and Miller, DuPont, Fera, Jeffrey, Mahon, Payer, 
and Starr (1999), which found that human capital indicators were perceived as the most 
useful of all. The reason for high perceived usefulness of relational capital indicators could 
be that, since bioeconomy is relatively a new field, companies try to acquire sustainable 
competitive advantage through relationships with customers and other stakeholders 
(Djordjevic-Boljanovic, Dobrijevic, Cerovic, Alcakovic, Djokovic, 2018).  

Table 2. Perception of overall usefulness of IC indicators
 N Min Max M SD

IC indicators (all) 61 3.1 4.97 4.12 0.39
Human indicators usefulness 61 2.89 5 4.16 0.45

Structural indicators usefulness 61 2.62 4.92 3.88 0.48
Relational indicators usefulness 61 3.09 5 4.33 0.47

Note. n – sample size, Min – minimum, Max – maximum, M – Mean, SD – standard deviation 

Amongst individual human capital indicators, employee motivation, employee 
satisfaction, and IT literacy of staff are seen as the most important. They are also most 
used indicators. Employee motivation is the most important indicator of all used in our 
study (mean 4.79). In knowledge economy, employee motivation and satisfaction are 
crucial in gaining competitive edge, because motivated and satisfied employees lead to 
more satisfied and loyal customers. 

In general, relational capital indicators are perceived as most important of all IC 
indicators, most of all market share, customer loyalty, and customer satisfaction, while 
ratio of customers to employees and number of alliances or partnerships are considered 
least important. On the other hand, the number of supplier/customer networks is used 
most frequently of all relational capital indicators. Relational capital focuses on the role 
of social interactions and benefit of connections (Still, Huhtamäki, & Russell, 2013).

Regarding the question of how the managers would use each of the human, structural, 
and relational capital, the results show considerable differences between the three groups 
of indicators. More than 57% stated they would use all three groups of IC indicators to 
increase shareholder value. Naturally, almost all managers (96.7%) would use human 
capital indicators to manage human resources (Table 3).  Moreover, two thirds of 
participants would use human capital indicators to improve operational efficiency.
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Table 3. Preferred indicator use 
Use indicator to N Human capital Structural capital Relational capital

Manage human resources 61 96.70% 24.60% 23.00%
Market product 61 31.10% 50.80% 68.90%

Secure funding/capital 61 31.10% 70.50% 52.50%
Gain competitive edge 61 47.50% 57.40% 78.70%

Increase shareholder value 61 57.40% 68.90% 63.90%
Improve quality of product 61 47.50% 62.30% 59.00%

Improve operational efficiency 61 65.60% 68.90% 32.80%
Allocate resources 61 50.80% 70.50% 32.80%

Facilitate budget planning 61 55.70% 68.90% 42.60%
Influence government policy 61 33.30% 50.00% 60.00%

Note. n – sample size 

The results have shown that the majority of everyday managerial activities would 
require structural capital indicators. This is conflicting with answers to previous 
questions (Table 2), which showed that structural capital indicators are the least useful 
of all IC indicators. The reason for this could be that structural capital elements (such as 
patents, licenses, and data bases) are easier to assess and evaluate than human capital, 
and is owned by the company. Contrarily, employees only work for the company, and 
their skills and knowledge are not owned by the company. Structural capital is generally 
perceived to be a support for human capital (Djordjevic-Boljanovic, Dobrijevic, 
Cerovic, Alcakovic, Djokovic (2018).

Conclusions

The research objective of this paper was to determine the indicators of intellectual 
capital that are applicable and useful in bioeconomy-based food companies in Serbia. 

The managers perceived intellectual capital indicators as quite useful (overall higher 
than 4.1) in most cases. Our results have demonstrated that relational capital indicators 
are seen as the most useful. Relational capital is the value based on maintaining good 
relationships with organization’s customers and partners. It means that the majority of 
managers who participated in this study value the connections and networking with 
organization’s stakeholders.

Unexpectedly, structural capital indicators would be used in nearly all managerial 
activities, even though these indicators were perceived as least useful. The reason for 
this could be that structural capital is usually seen as some sort of support for human 
capital, since it is visible and easily quantifiable. 

There are several limitations to this research. Only the companies in food industry 
committed to bioeconomy were included in the survey. The results would probably 
be different if compared to other industries or sectors. The research sample was too 
small for generalizing results for the whole industry. This research could be useful in 
understanding and application of IC indicators in the process of managing intellectual 
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capital in bioeconomy-based food organizations in Serbia. Future research could spread 
across other industrial sectors in Serbia, with a larger sample.
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