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Abstract
The complexity of information flow and cooperation among enterprises operating in a supply chain is
growing. This process has a significant impact on the economy and the objective is that both traditional
and new ICT (Information and Communication Technology) solutions meet the pressing needs for more
efficient business processes. The current paper focuses on enterprises belonging to the food supply chain
and analyses some indicators supporting the information flow within the company and with partners (being
either a partner enterprise or the final consumer). Our Institute has prepared a survey to examine the ICT
usage and attitude by enterprises operating in the agri-food sector. The importance of business processes
supportable by ICT had to be assessed by companies. In this study we evaluated the importance of some ICT
indicators supporting information flow in the chain. The main objective of the current article is to determine
the difference between food enterprises divided by different grouping factors regarding their evaluation of the
chosen indicators. In our opinion, competitive advantage may be reached using ICT solutions for widening
and maintaining relations through a more effective information flow with partners and consumers.
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Introduction

a network analysis of literature to highlight those
keywords and research topics that are mainly
in connection with our research topic. Figure 1.
provides information on those research topics
that are in close connection with the food sector
and ICT.

Over the last two decades, many empirical and case
studies have been published on the advantages that
information systems may offer in decentralized
supply chains. For this study, we first made

Source: own processing according to Web of Science, 2019
Figure 1: Map of the research field based on keyword combinations.
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The main keyword connections with the keyword
‘FOOD’ are highlighted on the figure. This
means that the analyses on food are considered
a major research topic together with supply chain
management, information technology, trust,
consumption, business and models.

an infrastructure that proves a continuous
information flow and data share with partners (Pant
et al., 2015).
But
besides
advantages,
implementation
of an information system or a supply chain
practice has to be financially sound for enterprises
(Zhou et al., 2014) and company size seems to be
a hindering factor. There is a sound literature
due to the costs of ICT implementation (Taruté
and Gatautis, 2014; Plumb and Zamfir, 2008;
Modimogale and Kroeze, 2011). As large
companies are moving to exploit the advantages
offered by ICT, smaller companies face difficulties
(European Commission, 2018). Stimulating
the agri-food SMEs is important for both EU
and national strategies. The eFoodChain project,
provided by the European Commission, is one
of the measures demonstrating the real benefits
of ICT and eBusiness solutions for agri-food
companies operating in the cereals, fresh fruits
and vegetables and dairy sectors (FAO, 2016).

Regarding supply chains, arguments in favor of using
information systems, advantages of informationsharing methods and impacts of the level of ICT
usage are described both in synthesizing papers
(Chen, 2003; Consoli, 2012; Viet et al., 2018)
and empirical studies (Wu and Jia, 2018; Costantino
et al., 2015). Good practices are also proposed
in many papers and there are several case studies
on this research field that analyse the information
flow between different parts of the supply chain
(Bian et al., 2016; Dominguez et al., 2018).
Several models carried out and published
in articles confirming the role of data collection
and the importance of cooperation and information
sharing among chain members (Fiala, 2005;
Kirilova and Vaklieva-Bancheva, 2017).

Today, open-source and free cloud services also can
offer good solutions to overcome the reasons against
using ICT. Látecková et al. (2018) confirm that
the use of new ICT solutions could make agricultural
enterprises more efficient and strengthen their
competitive positions. ICT and innovation,
as dynamic capabilities, are strategic resources
that support to maintain a sustainable competitive
advantage (Yunis, 2018). Cloud computing is
an attractive option for many SMEs and several
case studies from different countries reinforce
the advantages (flexible cost structure, scalability,
privacy and usage features) the technology could
bring for SMEs (Sultan, 2011; Gupta et al., 2013;
Tutunea, 2014; Vasiljeva et al., 2017). Open-source
software and content management systems are
broadly used in areas such as agriculture or rural
development (Masner et al., 2018). Although, the
relative advantages of these technologies can only
be achieved if adequate resources are allocated
(Hassan, 2017). Knowledge Management could
also be a tool to contribute to an adequate level
of supply chain information flow and SMEs could
further increase the impact of it by better exploiting
the opportunity offered by the new ICTs (Cerchione
and Esposito, 2017.

In this paper we analyse the agri-food supply chain
(comprising enterprises operating in agriculture
or food manufacturing). Similar to any other sectors,
SMEs have a key role; 99% of the enterprises
belongs to this size category and they have
a considerable share in indicators representing
the agri-food sector (Felföldi et al., 2017). However,
agri-food SMEs operate in an adverse economic
environment compared to large companies
(e.g., productivity, bargaining power, partnerships
or the volume of marketable production).
Regarding the usage of ICT, proving traceability
and transparency is one of the main application
fields in the agri-food sector. The role of traceability
practices supported by ICT has been identified
as a factor increasing food safety and quality
in many empirical papers (Füzesi et al., 2016a;
Maloni and Brown, 2006; Grimm et al., 2014;
Dabenne and Gay, 2011; Ding et al., 2019;
Bourlakis et al., 2014), however, ICT devices used
for traceability purposes could provide information
for the management too and it may be relevant
for smoothing material flow and maintaining
the continuity of information flow throughout
the chain (Füzesi et al., 2016b), including
consumers. ICT solutions have to be classified
as one of the five criteria of transparency of food
supply chain (Trienekens et al., 2012) and a more
intensive deployment of ICT is founded to need
not only for optimization of the company’s internal
processes but also for the successful involvement
in e-business (Ahmedova, 2015). The increase
of
information
transparency
requires

Overall, there is a vast amount of literature on
ICT characteristics in the context of the food
supply chain, agri-food sector and SMEs, however,
there is still a further need for analyses. In part
because enterprises, in many cases, underestimate
the potential offered by ICT, or cannot exploit
them (Fawcett et al., 2011). In part, because there
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is still a shortage of empirical and case studies
to substantiate advantages (Teunter et al., 2018).
In ‘Results and discussion’ we show our analysis
on some ICT indicators that can support information
flow from business to consumer (B2C) in the case
of food-producing and food processing companies.
In ‘Conclusions’ we present some opportunities
to an advanced B2C connection and future research
directions.

A – Agriculture, forestry and fishing
01.11 – Growing of cereals (except rice), leguminous crops
and oil seeds
01.13 –Growing of vegetables and melons, roots and tubers
01.21 – Growing of grapes
01.24 – Growing of pome fruits and stone fruits
01.41 – Raising of dairy cattle
01.46 – Raising of swine/pigs
01.47 – Raising of poultry

Materials and methods

C – Manufacturing
10.1 – Processing and preserving of meat and production
of meat products

Our institute of the University of Debrecen
prepared a questionnaire to survey the ICT usage
characteristics of enterprises operating in the agrifood supply chain. Data of our survey analysed
in current paper was collected in the fourth quarter
of 2017. Respondents were Hungarian enterprises
operating in sectors related to agriculture
(producers) and the food industry (processors).
The questionnaire was structured, responses
were recorded by a market research company
contacting the leaders or a management member
of the enterprises. The sample has been selected
by stratified sampling based on statistics
of the Hungarian Central Statistical Office (HCSO).
A total of 500 questionnaires were recruited for this
study. The exact codes of the sample enterprises
included in our research can be seen in Table 1.

Population
(in HCSO in 2017)

Sector code
Food-producers (01)

10.5 – Manufacture of dairy products
10.7 – Manufacture of bakery and farinaceous products
Source: Eurostat, 2008
Table 1. NACE Rev.2 Codes of Respondent Enterprises.

The number and share of enterprises in the sample
database were compared, by sector, to the number
of the whole population obtained from the database
of Hungarian Central Statistical Office (HCSO),
and the result can be seen in Table 2.
The sample size was compared to the total
population by size categories and the regions
of Hungary and it shows a similar distribution;
thus, the sample can be considered representative.

Share
from Total

Number
of samples

Share
from Total

% of population
represented
by sector

16 133

83.22%

355

71%

2.20%

01.11

7 860

40.55%

234

46.8%

2.98%

01.13

2 627

13.55%

16

3.20%

0.61%

01.21

890

4.59%

6

1.20%

0.67%

01.24

1 763

9.09%

5

1.00%

0.28%

01.41

778

4.01%

28

5.60%

3.60%

01.46

842

4.34%

19

3.80%

2.26%

01.47

1 373

7.08%

47

9.40%

3.42%

3 252

16.78%

145

29%

4.46%

10.1

581

3.00%

37

7.40%

6.37%

10.3

556

2.87%

37

7.40%

6.65%

10.5

119

0.61%

10

2.00%

8.40%

1 996

10.30%

61

12.20%

3.06%

19 385

100%

500

100%

2.58%

Food processors (10)

10.7
Total (01+10)

10.3 – Processing and preserving of fruit and vegetables

Source: own survey, 2017; HCSO database, 2017
Table 2: Share of respondent enterprises by sector.
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In this study, we evaluated three questions due
to the relevance of information flow from business
to consumer:
-

and contact with final consumers would be
important too, from both the point of view of foodproducers and food processors. In recent years, there
is an increasing demand for information on food
products. Information on the packaging, however,
is not only to respond for the customer demand,
but the advantage for them is also considerable
and their choice could be more conscious. In this
chapter we show our results on the importance
of some ICT indicators which means a general
measure in ICT development and which could
support this aim. Ordinal logistic regression was
used to calculate the probability that a given type
of enterprise will recognize an ICT solution
important or not.

Evaluate the importance of ICT solutions
for marketing activities (Variable 1)
Evaluate the importance of regular update
of website information (Variable 2)
Chose the technology that your company use
for product identification

Descriptive Statistics, Ordinal Logistic Regression
and Two-sample t-test were used to analyse our
data and the software package used was R statistics
and Microsoft Excel.
Respondents assessed Variable 1 and 2 on 5-point
Likert scale; thus Ordinal Logistic Regression was
used to determine the probability for Likert values
of respondents grouped by different economic
factors. Ordinal Logistic Regression is an extension
of binomial logistic regression. This methodology
is used to predict the dependent variable
with ordered multiple categories and independent
variables. In our case, dependent variables were
indicators assessed on a Likert scale from 1
(not important) to 5 (very important)
and independent variables were the grouping
factors, such as main food sectors (producer
or processor), size categories (small, medium
or large). The model calculated the significance
of coefficients and intercepts and since the p-value
was <0.05 for all variables, they are statistically
significant at a 95% confidence interval.

First, we calculated the probability values
for
food-producers
and
food-processors
separately. Our aim was to determine whether
any difference between enterprises operating
in a different stage of the food supply chain.
Table 3 lists the mean scores for the two variables.
Variable 1

Variable 2

Food-producers
(n = 355)

3.18

3.00

Food processors
(n = 145)

3.53

3.38

Source: own survey, 2017
Table 3: Mean scores of variables by main food sectors.

We note from Table 1 that food processors have
a higher mean score for both variables. Figure 2
shows the probability of what score would be given
by companies operating in the food production
and food processing sector on a 5-point Likert scale
for the two analysed variables.

To determine whether there is a significant
difference in the importance of ICT for business
activities between sample groups clustered by food
sectors we used two-sample t-test too. Our data sets
contain two independent data sample and before
comparing sample means, an F-test was used first
if the standard deviations of the two populations are
equal. We chose the F-test instead of the Levenetest as the latter is strongly significant for large
and equal sample size. Our sample sizes are smaller
and not equal; thus F-test was used and in output
tables showing the results of two-sample t-tests
also report the result of the F-test. To determine
the difference between score means Two-sample
t-test was used assuming equal and unequal
variances on our Likert-scale data (Norman, 2010),
based on the results of the F-test. The difference is
considered significant if Sig.(2-tailed)<0,05.

Our results show that the probability that
a food processing company will consider ICT
for marketing activities ‘moderately important’
or ‘very important’ is a bit higher than 58%,
while this value is slightly slower than 45%
in the case of food producers. The result is similar
in the case of the importance of continuous
and regular update of information on website,
the probability for ‘important’ or ‘very important’
is ~56% for food processors and only ~45% or
producers.
Further analyses were done by size categories
and processing subsectors.
The sample size enables us to apply two-sample
t-test to determine whether the difference between
food-producers and food processors is significant.
Table 4 details the descriptive statistics of the two
variables.

Results and discussion
Information flow is crucial between partners
in the supply chain and we consider cooperation
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Source: own survey, 2017
Figure 2: Forecast values for the variables by respondent enterprises.

"Food producers Observations: 355"

Variables

"Food processors Observations: 145"

Mean

Std.Deviation

Std.Error Mean

Mean

Std.Deviation

Std.Error Mean

Importance of ICT for marketing
activities

3.1887

1.3491

0.0716

3.5310

1.5140

0.1257

Importance of continuous
and regular update of information
on website

3.0028

1.5793

0.0838

3.3862

1.5509

0.1288

Source: own survey, 2017
Table 4: Group statistics of the scores given by food producers and food processors.
F-test for Equality of Variances
Variables

F

"Sig.
(2P)"

F-crit

Two sample t-test for Equality of Means
t

df

"Sig.
(2-tailed)"

Mean
difference

Std. Error
Difference

95% Confidence Interval
of the Difference
Lower

Upper

Importance of ICT
for marketing activities

0.7940

0.0903

0.7992

-2.4828

498

0.0133

-0.3423

0.1378

-0.6132

-0.0714

Importance of continuous
and regular update
of information on website

1.037

0.8109

1.2675

-2.4759

498

0.0136

-0.3833

0.1548

-0.6876

-0.0791

Source: own survey, 2017
Table 5: Output Table of Two Sample T-test.

Variable means are higher in both cases for food
processors; however, these means are all under 4.
This means that enterprises do not consider
important these basic ICT-based services to make
the opportunity for a more effective information
flow. The difference is approximately 0.4 for both
variables and Table 5 lists the result of the twosample t-test.

(Sig. (2-tailed) = 0.0136 and t-value = -2.4759).
In fact, the food processing sector is closer
for consumers as these companies have more data
on food products, but our result still indicates
a willingness to a more effective cooperation within
the supply chain. As manufacturing companies can
share information on labels and packages, a higher
evaluation of these ICT opportunities suggests
a tendency to provide easy access to information
and to have an impact on consumer choice. Foodproducers produce mainly raw food materials,
but they could also participate in information
flow in the chain. Producing companies can also
use an online platform for sharing indicators that
consumers are interested in.

The results suggest that there is a significant
difference between producers and processors
in food sector. The mean scores given by food
processors were significantly higher both
for the importance of ICT for marketing
activities (Sig. (2-tailed) = 0.0134 and t-value =
-2.4829) and for the importance of continuous
and regular update of information on website
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Difference by sector and size category

We analysed the situation of companies separately
by NACE Rev.2 codes; our aim was to determine
the impact of activities on ICT evaluation. Due
to the size of food-producing companies, this
analysis was made only for food processing
activities. The score means of variables calculated
by food processing activities can be seen in Table 7.

Within sectors, we considered an important issue
with measuring differences by size categories.
Revealing the relative positions of size categories
(micro, small, medium and large) regarding
the ICT usage and tendency of adoption could
be useful for both policy makers and company
owners. Mean scores of the importance of ICT
solutions in marketing activity (Variable 1)
and the importance of Regular update of website
information (Variable 2) are presented first by size
categories in the production and processing part
of the supply chain. Large category is excluded
from this analyse for the small sample size (n = 8).
Table 6 lists the score means.

Variable 1

Variable 2

Processing and preserving of meat
and production of meat products

3.57

3.57

Manufacture of dairy products

3.70

2.40

Processing and preserving of fruit
and vegetables

3.57

3.49

Manufacture of bakery and farinaceous
products

3.50

3.54

Source: own survey, 2017

Mean scores of food processing companies
clearly exceed the mean values of food-producers.
Regarding the size categories, values of mediumsized companies are higher in three cases. Figure 3
demonstrates the result of the logistic regression
and shows the probabilities for evaluating variables
important or not.

Table 7: Mean score of variables by the processing sector.

There are only minor differences between score
means by activities; however, in the case of dairy
manufacturing the mean score is significantly lower
than the others. Figure 4 shows the percentages
for probabilities by food processing sectors.

Figure 3 shows a clear growing trend between
size categories; the larger the size of a company,
the higher the percentage considering a variable
‘very important’.

The probability for evaluating the variables at least
4 (moderately important) is much higher when
the sample is grouped by activities. For Variable 1,

Variable 1

Variable 2

Micro

Small

Medium

Micro

Small

Medium

Food-producers

3.09

3.26

4.07

3.06

2.88

3.14

Food processors

3.14

3.53

3.19

3.27

3.21

3.85

Source: own survey, 2017
Table 6: Mean scores of variables by main food sectors and size categories.

Source: own survey, 2017
Figure 3: Forecast values for the variables by main food sectors and size categories.
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Source: own survey, 2017
Figure 4: Forecast values for the variables by food processing sectors.

Source: own survey, 2017
Figure 5: Share of respondent enterprises by sector and product identification technology.

the chance of an evaluation under 4 is less than 40%
in almost all cases. For Variable 2, this probability
is a little bit higher; furthermore, the chance
for assessing it to 1 (not important) is extremely
high. We assume that the dairy sector is concentrated
and online appearance is much less important
for them because there is an already established
up- and downstream cooperation within the sector.

In the case of food-producers, the application
of a serial or work number has the highest
proportion (24%). This type of identification
is widely used in the processing sector as well
(42% of the respondent enterprises); furthermore,
the barcode also has a high ratio (25.5%). These
codes could be used for applications on the consumer
side for displaying information on the products.
By a digitalized way and using a collaboration
of the ICT-based information platforms,
consumers could access all the information they
need easily and immediately, even for the moment
when they choose a product. Providing
the opportunity for consumers using these
technologies may support them in conscious food
consumption.

Finally, we present here the share of applying
different product identification technologies as we
consider important these technologies to create
an ‘information handover point’ between companies
and consumers. Regarding information flow,
our research targeted mainly the tools supportable
by ICT which can help data and information
exchange between partners and consumers. Product
identification technology may be used in order
to easy and effective information transfer towards
consumers. Figure 5 shows the share of the most
widely used technologies.
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Conclusion

forming a national agricultural strategy
and creating an RDP support structure (Veveris
et al., 2019). At the policy level, a high priority
should be given to advancing ICT skills, especially
for the human capital of SMEs (Giotopoulos
et al., 2017). Analyses on the business activities
supportable by ICT can contribute to a more
effective information share and this could lead
to more conscious food purchasing decisions
at the end of the supply chain. Information display
is also an important issue as a complementary
service for consumers. Papers analysing food
information that consumers are interested in means
a good starting point for an effective information
flow. For instance, Kubicová et al. (2019) analysed
the dairy sector and they determine great importance
on factors that could be appeared digitalized.
Further data collection on the requirements
from the consumer side will be our following
research direction.

The current paper is a pre-study for analysing
the readiness of enterprises operating in the food
sector for an appropriate level information flow
with partners and mainly consumers. We analysed
the opinions on the importance of two variables:
ICT for marketing activities (Variable 1)
and the continuous and regular update of information
on website (Variable 2). The grouping factors
were the main food sectors (producing
and processing), food processing subsectors
and enterprise size categories. Our result
from ordinal logistic regression suggests that
food processors are ahead of food producers
in the importance of online contact. Probability
values for the variables are considered ‘very
important’ or ‘moderately important’ were higher
with 13 and 11%, respectively, in the favour
of food processors. Two-sample t-test showed
that the assessment given by food processors
is significantly higher (Sig. (2-tailed) < 0,05)
for both variables compared to food-producers.
The t-values for Variable1 and Variable 2 were
-2.4829 and -2.4759, respectively. Our experiments
are in line with those results claiming that applying
ICT solutions supporting different business
activities is generally driven by larger companies.
Our analyse by enterprise size categories (micro,
small and medium) showed a clear growing
trend; the larger the size of a company, the higher
the percentage considering a variable ‘very
important’. The average difference between micro
and medium-sized companies was between 5 and
10%. Larger companies assess an ICT solution
important with a greater probability than smaller
enterprises. However, this process may also
promote smaller enterprises and agricultural
farms to improve the level of ICT infrastructure
and usage.

We believe that providing advanced information
service for food consumers would be an advantage
for companies, including SMEs. Taking
into account their financial situation, cloud services,
applications for smartphones and using currently
available technologies (e.g., barcodes, websites,
marketing opportunities) mean a cost-effective
option for them. Our suggestion aims mainly
for SMEs as ICT adoption is crucial for them. ICT
solutions are widely used for different business
activities and enterprises can reach a competitive
advantage by applying them. In our view, ICT based
information flow has a positive effect throughout
the food supply chain and the connection between
agri-food companies and the consumer could
increase customer satisfaction through an informed
choice and more conscious purchasing.
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