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Abstract: There are numerous food safety aspects that must be taken into consideration by organic
food producers and processors to ensure the safety and quality of their products. The application of
Hazard Analysis and Critical Control Point (HACCP) principles, together with the implementation
of good hygiene practices (GHP), ensures that food safety and process hygiene criteria are met. This
study was based on a survey conducted among 316 producers and processors representing the organic
food sector in five European countries (Croatia, Estonia, Germany, Italy and Poland). The knowledge
and experience of organic food operators with HACCP systems were evaluated. Moreover, their
needs and expectations towards assistance (training, guidance materials) that could improve the
level of knowledge and compliance with respective food safety rules and regulations were assessed.
The need for support on a number of issues related to food safety and guidance documents on
the application of HACCP principles were also identified. This study provides highlights of the
application of HACCP principles, with particular focus on identifying priorities and needs for two
types of food operators (food producers and food processors). Although most of the surveyed food
operators were confirmed to have basic knowledge regarding the HACCP system, there was a lack
of understanding of the system principles. The needs and expectations varied among the studied
countries and types of organic operators. Recognition of the full potential of the HACCP system
requires assistance, particularly in the preparation of documents and records. Further research is
needed to understand the implications of these findings and to identify effective strategies to improve
the HACCP knowledge of food operators.

Keywords: organic producers; organic processors; food safety; HACCP knowledge; Croatia; Estonia;
Italy; Germany; Poland

1. Introduction

Since the dawn of agriculture, food systems have been continuously evolving, with
each change bringing new benefits and challenges, as well as increasing diversity and
complexity [1]. Today’s food systems are global, diverse, complex and large-scale, which
increases the risk of a greater population being affected in case of any food safety outbreaks.
According to the general requirements of food law, food shall not be placed on the market
if it is unsafe [2]. Food is considered unsafe if it is injurious to health or unfit for human
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consumption [2]. The Regulation on microbiological criteria of foodstuffs (No 2073/2005)
states that food business operators at each stage of food production, processing and distri-
bution, including retail, must take measures to ensure that food safety and process hygiene
criteria are met as part of their procedures, based on Hazard Analysis and Critical Control
Point (HACCP) principles, together with the implementation of good hygiene practices
(GHP). The Regulation (EC) No 852/2004 of the European Parliament and of the Council
of 29 April 2004 on the hygiene of foodstuffs requires all food business operators to im-
plement a system based on the HACCP principles developed by the Codex Alimentarius
Commission (Reg. 852/2004) [3]. It also provides a definition of hazard, stating that a
“hazard” is a biological, chemical or physical substance in food or feed, or a condition of
food or feed, that may cause an adverse health effect [4]. Codex Alimentarius states that
people have the right to expect the food they eat to be safe and suitable for consumption [5].
It defines food safety as the assurance that food, when prepared and/or consumed as
intended, will not cause adverse health effects to the consumer. This definition applies to
both conventional and organic food production.

According to [6], organic production is defined as “an overall system of farm manage-
ment and food production that combines best environmental and climate action practices,
a high level of biodiversity, the preservation of natural resources and the application of
high animal welfare standards and high production standards in line with the demand
of a growing number of consumers for products produced using natural substances and
processes”. According to the EU’s Action Plan [6], organic farming is crucial for the produc-
tion of high-quality food with low environmental impact. The EU legislation [6] specifies,
among others, that organic crops are cultivated without the use of synthetic chemical plant
protection agents, easily soluble synthetic nitrogen, phosphorus and potassium fertilizers,
and synthetic growth regulators. Specific rules and limitations have also been established
for organic food processing [6]. There is a growing number of consumers searching for high
quality foods produced with natural substances and processes [7], and thus the demand for
organic products is dynamically increasing all over the world. The EU is one of the most
important markets for organic foods globally [8], with organic retail sales amounting to
EUR 46.7 billion in 2021. The largest market for organic products in the EU in 2020 was
Germany, with retail sales of EUR 15.9 billion, followed by France (EUR 12.7 billion) and
Italy (EUR 3.9 billion). The consolidated data for 2021 shows continued retail sales growth
in most European countries [8]. According to the EU’s Farm to Fork Strategy, at least
25% of agricultural land in the EU should be farmed organically by 2030 [9,10]. The total
organic farmland in the EU has already increased by 6.1 million hectares from 2012 to 2021,
reaching 15.6 million hectares in 2021, managed by almost 380,000 producers [6]. Among
all EU Member States, France, Spain and Italy are identified as the top three countries with
the largest organic agricultural area (with 2.8, 2.6 and 2.2 million hectares, respectively) [6].
At the same time Austria and Estonia have shown the highest shares of organic farmland
in their total agricultural land (26.5% and 23.0%, respectively) [8].

Organically produced foods have previously been reported to show some beneficial
quality characteristics as well as several positive food safety aspects [11-14]. This is due
to the fact that organic food production and processing are subject to regulations setting
strict limits on the substances, additives, methods and conditions that can be applied in
agricultural production as well as the processing of food and feeds [6,12,15,16]. However,
the restricted use of food additives, especially preservatives, may lead to the need for
advanced awareness and knowledge of food operators on numerous food safety aspects
that must be taken into consideration to assure high quality and safety standards of organic
products [17], and to avoid /minimize the risk of food safety outbreaks [18].

Therefore, increased interest among food sector entrepreneurs in the food safety
aspects related to the production of organic foods can be expected. Not only the legal
requirements for organic food production, but also various aspects of food safety, includ-
ing the effectiveness of self-control systems, need to be considered by organic producers
and processors. There are many materials (publications, manuals, guides) available re-
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ferring to food safety for conventional food products [19-25] and knowledge about food
safety among conventional food producers and even consumers [26-28]. However, there
is an extremely limited number of educational resources available for organic food safety
teaching. This situation causes a gap in the availability of teaching materials for educators
and organic stakeholders. There are no teaching materials on food safety in relation to
organic food that would combine the subject of food safety with the legal, production
and hygienic requirements for organic food. The currently available food safety teaching
programs and materials do not include the organic production requirements and do not
meet the specific conditions of organic producers. Moreover, there is very limited scientific
research looking at the level of, and gaps in, food safety knowledge of European organic
entrepreneurs and their expectations towards education in this subject area. Thus, the
present study, conducted within the framework of the European project “Transnational
Quality Education for Organic Food Safety” (SAFE-ORGfood), aimed to assess the knowl-
edge of organic food business operators in selected EU member states about the HACCP
system, plus the implementation of a self-control system based on the HACCP principles,
as well as expectations towards assistance (training, educational materials) that could
improve the level of knowledge and compliance with respective food safety rules and
regulations. Specific objectives of this study were to check the knowledge of organic food
producers and/or food processors about the HACCP concept/term, the existence of a
functional HACCP-based self-control system in their enterprises, and finally the needs
and expectations for training and guidance/educational materials addressing specific food
safety areas and particular HACCP principles.

2. Materials and Methods
2.1. The Survey

This study was conducted in 2022 in five European countries: Croatia, Estonia, Germany,
Italy and Poland. The survey was designed and conducted by researchers representing partner
universities of the European SAFE-ORGfood project (http://safe-orgfood.eu,), including Uni-
versity of Zagreb (UNIZG, Zagreb, Croatia), Estonian University of Life Sciences (EMU, Tartu,
Estonia), Miinster University of Applied Sciences (MUAS, Miinster, Germany), University of
Tuscia (UNITUS, Viterbo, Italy), Warsaw University of Life Sciences (WULS, Warsaw, Poland).
The SAFE-ORGfood project aimed to diagnose food safety training needs and knowledge
gaps in the participating countries, in order to attune project activities and outcomes (teaching
and training materials) towards the identified needs. Thus, the selection of countries for the
survey reflected the composition of the SAFE-ORGfood project consortium. The participating
countries are characterized by various developmental stages, sizes and dynamics of the or-
ganic sector, as well as various strategies and focuses of agricultural and food policies, which
allows us to investigate interesting trends and differences among the countries in the area of
the studied topic. The following analysis is based on responses to a questionnaire distributed
electronically among farmers and companies representing the organic food sector (production
and/or processing) in these five countries.

2.2. Description of the Questionnaire

The online questionnaire was composed of twelve closed-ended questions, divided
into three sections (Table S1). It was designed in English, and then translated into the
national languages of the five participating countries. The questionnaire was developed
based on previous studies, the knowledge of participating researchers in the field of food
safety including teaching and training, and in accordance with the requirements of Euro-
pean Union Regulation No 852/2004. The first section of the questionnaire included basic
questions about the farm /company type, size, main products and organic certification. The
second section was focused on knowledge of the HACCP system, implementation of a
functional HACCP-based self-control system in the company/farm, and previous partici-
pation of the respondents in food safety training/courses. The last section consisted of five
questions related to the respondents’ needs and expectations concerning assistance, training
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and advice on a range of food safety issues, and specifically on implementing the seven
HACCP principles plus the expected and preferred forms of food safety materials/guidance
documents and training.

2.3. Characteristics of the Surveyed Operators

The survey was distributed among over 2000 organic food operators. The inclusion cri-
teria for participants were as follows: (1) producers and/or processors of organic food (own-
ers/representatives of farms and food processing enterprises—one per farm/enterprise),
(2) adults (>18 years old), (3) residing in Croatia, Estonia, Germany, Italy or Poland,
(4) interested in participating in the study, (5) having access to the Internet. Each person
who agreed to participate in the survey was asked to complete the questionnaire according
to the best of his/her knowledge. After excluding the results of 14 respondents who did
not fully complete the questionnaire, data from 316 organic producers and/or processors
were analyzed. The most common participating nationality was Italy (n = 97), followed by
participants from Estonia (1 = 75), Poland (n = 52), Croatia (n = 50) and Germany (1 = 42).

Activity. To improve comparability among participants within each country, it was
necessary to divide respondents into two broad categories. The first category included
primary food producers (farmers), and the second category included food processors and
those whose activity combined both food primary production and food processing. The
distribution of respondents based on their activity/type is shown in Table 1. Across countries,
the majority of respondents (68%, n = 215) were engaged in food processing (Group 2), while
the remaining participants were exclusively organic producers (Group 1). In every country, the
number of participants representing Group 2 was higher compared to Group 1. However, in
Croatia and Italy, the difference in the size of these two groups was not statistically significant,
while in Estonia 96% of respondents represented Group 2. This distribution resulted from the
specificity of organic production in the countries participating in the study.

Organic certification. The percentage of certified organic farms among respondents repre-
senting each country is shown in Table 1. Of the total number of respondents (1 = 316), more
than 80% (1 = 260) were certified as organic producers/processors. This result was consistent
among all countries except for Poland, where only 56% respondents declared that they were
certified as organic operators (producers and/or processors) by authorized certifying bodies.

Size. The distribution of size among the 316 organic operators surveyed within the
study is shown in Table 1. Overall, the vast majority of respondents (95%) represented
operators with 1-50 employees. Approximately 55% (1 = 175) of respondents represented
small family farms (1-2 employees), 17% large family farms (3-5 employees), 12% micro
farms (6-9 employees) and another 12% small farms (1049 employees). Small family farms
belonged to the most sizable group in this study, both in the individual countries and in
the overall studied population. In Croatia, representatives of small family farms accounted
for 80% of all respondents.

Products. Respondents were asked to indicate the types of products their farm /company
produces, based on a list of eleven product categories (see Table 1). The most common
product group reported was fruits (42%), while meat of small farm animals (rabbits, hares,
rodents) and fish and fishery products were the least common (1% and 2%, respectively).
In Croatia, almost 80% of respondents were fruits producers/processors, and 54% were
vegetable producers/processors. Fruits and vegetables also dominated among the types
of products produced and/or processed by the Polish respondents (60% and 44%, respec-
tively). Among study participants from Estonia, fruits also represented the most common
product (about 40%), followed by cereals (24%). Oil cultures and products were the most
common category among Italian respondents (41%), followed by cereal grains (31%). Ani-
mal products, including especially meat of large farm animals (cattle, buffalo, horses, pigs,
sheep, goats) (38%), poultry meat (24%) and milk and dairy products (31%) dominated
among the types of foods produced and/or processed by German study participants. Other
products such as cereals and fruits were also often indicated among foods produced by
German respondents.
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Table 1. Characteristics of the surveyed food business operators, represented by the frequency (1) and percentages (%) of answers, overall and within each country.
Within each country, different lower-case letters indicate significant differences (p < 0.05) (vertically) for each question. Different upper-case letters indicate significant
differences (p < 0.05) for the same answer among countries (horizontally).

Number (1) and Percentage (%)

Question Answers Croatia Estonia Germany Italy Poland Overall
(n = 50) (n=175) (n=42) (n=97) (n=52) (n = 316)
1. What type of farm do you 1. Exclusive food producer 24aB (48) 3bC (4) 14bB (33) 42aA (43) 18bB (35) 101b (32)
represent? 2. Exclusive food processor or food processor and producer 26aB (52) 72aA (96) 28aB (67) 55aA (57) 34aB (65) 215a (68)
1. Small family farm (only 1-2 employees) 40aA (80) 38aA (51) 22aB (52) 54aA (56) 21aB (40) 175a (55)
2. Large family farm (3-5 employees) 4bB (8) 13bA (17) 10bAB (24) 11bAB (11) 16aA (31) 54b (17)
. . 3. Micro (6-9 employees) 4b (8) 8bc (11) 5¢ (12) 9bA (9) 11a (21) 37bc (12)
2. Whatis the size of your farm? g ) 10 49 eilplyoyees) 2bB (4) 12bA (16) 4¢B (10) 13b (13) 3bB (6) 34c (11)
5. Medium (50-249 employees) 0b (0) 4¢ (5) 1c (2) 8b (8) 0b (0) 13d (4)
6. Large (>250 employees) 0b (0) 0c (0) 0 (0) 2(2) 1b (2) 3e (1)
1. Yes 43aB (86) 67aA (90) 37aB (88) 84aA (87) 29aB (56) 260a (82)
3. Are you a certified 2. No 3bB (6) 1bB (1) 2bB (5) 3bB (3) 13bA (25) 22b (7)
organic producer/processor? 3. Partly certified (certain products, certain production lines) 2b (4) 7b (9) 3b (7) 10b (10) 4c (8) 26b (8)
4. Certifying process is ongoing 2b (4) 0b (0) 0b (0) 0b (0) 6bc (11) 8c (3)
1. Fruits, berries or/and products thereof 39aA (78) 29aAB (39) 13abC (31)  20abBC (21)  31aAB (60) 132a (42)
2. Vegetables or/and products thereof 27aA (54) 12bBC (16) 6bcC (14) 13bcBC (13)  23aAB (44) 81b (26)
3. Cereal grains or/and products thereof 5bC (10) 18abAB (24)  15abB (36) 30abA (31) 10bBC (19) 78b (25)
4. Bakery products 0b (0) 6bc (8) 4bc (10) 8cd (8) 3¢ (6) 21d (7)
4 What kind of 5. Herbs and spices or/and products thereof 3bC (6) 14bA (19) 4bcBC (10)  11bcAB (11) 11bAB (21) 43c (14)
'ro ducts do Vol process? 6. Oil cultures and products thereof 10bB (20) 6bcBC (8) 2cC (5) 40aA (41) 1cC (2) 59bc (19)
P youp : 7. Meat of large farm animals (cattle, buffalo, pig, sheep, goat) 4b (8) 9be (12) 16a (38) 10bc (10) 10b (19) 49¢ (16)
8. Meat of small farm/livestock animals (rabbit, hare, rodent) 0b (0) 0c (0) 1c (2) 2¢ (2) 1c (2) 4e (1)
9. Poultry meat (chicken, duck, turkey, quail) 0b (0) 4¢ (5) 10ab (24) 2¢ (2) 7bc (13) 23d (7)
10. Milk and dairy products 3bB (6) 11bA (15) 13abA (31) 12bcA (12) 2¢B (4) 41c (13)

11. Fish and fishery products 0b (0) 2¢ (3) 1c (2) 4cd (4) 0c (0) 7e (2)
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2.4. Statistical Analyses

Before the analysis, the internal consistency and reliability of the data were checked
with the Cronbach’s alpha test. The value of the alpha coefficient for all questions of the
survey was 0.79, which confirmed satisfactory consistency of the data and thus qualified
the data for further analysis.

The statistical analyses were performed using R Studio (version R-4.1.0). Data on
the characteristics of respondents, their knowledge and experience in food safety, and
their needs/expectations for guidance and assistance in dealing with problems related to
organic food safety are expressed as number (n) and/or percentage (%) of respondents
and summarized in tables or figures. Chi-square test (x?) was used to detect group dif-
ferences using frequency (counts) data. In addition, x> was used to assess the association
or difference between categorical variables. Accordingly, differences within categories
in each country, as well as in the overall sample, were tested using the Chi-square test
with the chisq.test function of the stats package, followed by a pairwise comparison with
the chisq.multcomp function of the RVAudeMemoire package [29] using the Bonferroni
correction of the p-value.

In addition, multiple correspondence analysis (MCA) was used as a popular descrip-
tive technique to examine relationships or patterns among multiple categorical variables. It
was used to determine whether/how participants from different countries responded dif-
ferently to each question. MCA was performed using the MCA function of the FactoMinerR
package [30]. All statistical thresholds were set at a significance level of 0.05.

3. Results
3.1. Knowledge of the HACCP Concept

Figure 1 shows the percentage of participants who declared their knowledge of the
HACCP concept, overall and within each country. Among respondents from all countries,
only 15% stated that the HACCP concept was not known to them (x? = 158.78, p < 0.001).
The highest percentage of organic entrepreneurs who knew the HACCP concept was
found among Italian respondents (96%), followed by Estonians (89%). In Germany, Poland
and Croatia the percentage of participants declaring to know the HACCP concept was
significantly lower (74%, 75% and 80%, respectively).

Croatia Estonia Germany Italy Poland Overall

b3

Percentage of respondenets (%)

°

100%
b

aA
aB
aC
75% aC 2
500
- bA bA
- bA
bA
[l 2 i
0% [

Yes No Yes No Yes No Yes No Yes No Yes No

Figure 1. Percentage of participants who knew the HACCP concept, overall and in each country.
Within each country, different lower-case letters indicate significant differences (p < 0.05). Different
upper-case letters indicate significant differences (p < 0.05) for the same answer among countries.
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(A)

80%

60%

40%

20%

Percentage of respondenets (%)

Yes
No

No records

bBC

Croatia

I — -
[

H-

Other

3.2. The Application of a Functional Self-Control System Based on the HACCP Principles

The percentage of respondents who declared they have a functional self-control system
based on HACCP principles in their enterprises/farms is shown in Figure 2. Although 85%
of the respondents declared they know the HACCP concept, only 57% declared they have
a functional self-control system in place based on the HACCP principles. About 30% of all
participants reported that they did not have a functional self-control system in place based
on the HACCP principles.

(B)

Estonia Poland Overall

aA

Germany Italy

34%

Exclusive
producer

B
aAB 5

abA

bC

Exclusive
processor
-

processor and
producer

e
—
TR
.n

_

[ws]
-

o

B
s
. -
.a.

68%

Yes

No

No records
Yes

No

No records

Yes

No

No records
Other

Yes

No

No records
Other

Yes

No

No records
Other
Other

Other

Do you have a functional self-control system based on the HACCP principles?

Figure 2. The percentage of operators with a functional self-control system based on HACCP
principles, overall and in each country. (A). Within each country, different lower-case letters indicate
significant differences (p < 0.05). Different upper-case letters indicate significant differences (p < 0.05)
for the same answer among countries. Donut plots (B) show the differences between operator
types (exclusive producer; exclusive processor + processor and producer) in terms of a functional
self-control system in place.

In Estonia and Italy, 80% and 74% of participants, respectively, reported they have
such a self-control system in place. On the other hand, the majority of participants in
Croatia (58%) admitted that they did not have such a functional system (58%) in their
farms/companies. In Germany, 44% of respondents indicated the lack of a functional
self-control system, while 36% of respondents confirmed they have HACCP documentation
but no records of its practical functionality. In Poland, 40% of respondents indicated they
have a functional HACCP system in place, and a similar percentage reported the lack of
such a system.

A significant relation (x> = 43, p < 0.001) was found between the type of operator
(exclusive primary food producer or producer engaged in food processing) and the presence
of a functional self-control system based on HACCP principles. About 54% of exclusive
food producers reported not to have a self-control system in place, while only 20% of
respondents representing the group of exclusive food processors or those who both produce
and process foods in their enterprises reported the lack of such a functional system. The
highest percentage of participants with a functional self-control HACCP-based system was
identified among exclusive food processors.
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3.3. Participation in Food Hygiene/Safety Training

Figure 3 summarizes information about food safety training attended by the study
participants. Only 16% of all participants have not attended any food safety training in the
past. Overall, around 45% of participants have attended only basic food hygiene training
(one-day course) and 36% have attended several short courses. On the other hand, 27% of
participants have attended advanced food safety training (three-day course). In Germany,
55% of participants have attended basic training (one-day course) and 38% have attended
several short courses. Among Estonian respondents, about 60% have attended several short
courses. The highest percentage of participants who attended advanced food safety training
was recorded in Italy (45%) and Estonia (31%). The highest percentage of participants who
had not attended any food safety training in the past was recorded in Croatia (36%) and

(B)

40% 29% 47% .

Exclusive 2 Advanced food hygiene/safety training (3 days)

Exclusive processor

d + Several short food hygiene/safety trainings
roducer rocessor and

P P Module-based food hygiene/safety training in vocational/high school/university

producer
I haven't attended any food safety/hygiene training in the past
20% 29%

Poland (27%).
Croatia Estonia Germany Italy Poland Overall
(A) &
60% aA

—_ aBC

=

e

‘b_.ﬂ a

o aA

'ug aBC

g 40% abBC abAB

& aA aBC ab
w
- aC bB

5} abAB be
o0 abC

=

g 20%

2

7]
A

beBC be cd
b d
S B
c d
i
0% 456 6

12345 12345612345 12345 12345

What kind of food hygiene/safety trainings have you attended so far?

1 Basic food hygiene training (| day course)

Other

Figure 3. The percentage of participants who attended food safety training in the past, overall and
in each country (A). Within each country, different lower-case letters indicate significant differences
(p < 0.05). Different upper-case letters indicate significant differences (p < 0.05) for the same answer
among countries. Donut plots (B) show the differences between operator types (exclusive producer;
exclusive processor + processor and producer) in attending food hygiene/safety training in the past.
The sum of the percentages for each training category exceeds 100%, as the participants could choose
more than one category.

A significant relation (x> = 32, p < 0.001) was found between the type of organic
operator (exclusive food producer or food producer engaged in food processing) and
participation in food safety training. The majority of exclusive food producers (40%) have
attended basic training (one-day course), while about 29% of representatives of the same
group have not attended any food safety training in the past. In the group of exclusive
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food processors or those who produce and process food, only 9% have not attended any
food safety training. Among participants working in food processing, 47% have attended
basic training (one-day course) and 42% have attended several short courses.

3.4. The Areas Where Organic Food Operators Need Assistance

Respondents from each country were asked to identify the food safety-related areas of
knowledge where they require more support, in terms of training and guidance materials
(Table 2). Overall, 40% of all respondents indicated that labelling and claims (nutritional,
health) were a major problem, followed by food additives and other ingredients allowed
in organic processing (30%). Only 8% and 9% mentioned drinking water quality and
personnel-related issues such as health, personal hygiene, and training, as areas of particular
interest. In each country, labelling and claims were identified as the main knowledge areas
requiring assistance, ranging from 29% in Germany to 45% in Estonia.

Table 2. The areas of food safety knowledge for which respondents indicated the need for assistance
(training, guidance), overall and in each country (presented as the number and percentage of re-
sponses). Different upper-case letters in the same row indicate significant differences (p < 0.05) for
the same answer among countries.

Number (1) and Percentage (%)

ti A

Question nswers Croatia Estonia Germany Italy Poland Overall
1. General food hygiene and safety principles 8(16) B 9(12) B 15(36) B 28(29) A 17(33) AB 77(24)
2. Prerequisite programs (PRP) specific for
organic food production/processing 19(38) A 22(29) A 15(36) A 5(5) B 13(25) AB 74(23)
3. Food fraud 3(6) B 16(21) A 5(12) B 21(22) A 14(27) A 59(19)
4. Process contaminants (e.g., acrylamide,
PAHs) and residues (e.g., pesticides, 4(8)D 12(16) BC 6(14) CD 31(32) A 15(29) B 68(22)
medicinal)
5 Food additives and other ingredients 7(14) C 44(59) A 8(19) C 19(20) B 18(35) B 96(30)
allowed in organic processing
6. Prevention of cross-contamination and
cross contact including food allergen 3(6) B 10(13) AB 8(19) AB 14(14) A 12(23) A 47(15)
management
7. Temperature control and assurance of the
cold chain 3(6) 7(9) 9(21) 7(7) 5(10) 31(10)
8. Drinking water quality 2(4)B 9(12) A 2(5)B 12(12) A 0(0) B 25(8)

Please select the 9. Wrapping, packaging; requirements of
areas where you Food Contact Materials (FCM) 1122)B 2027) AB 19(45) AB 26(27) A 1427) AB 90(28)

need more .

assistance 10. Transport and vehicles 12)B 6(8) AB 8(19) A 12(12) A 6(12) AB 33(10)
11. Waste management 4(8)B 8(11) AB 3(7)B 14(14) A 12(23) A 41(13)
12. Pest control 7(14) 9(12) 7(17) 16(16) 5(10) 44(14)
13. Cleaning and disinfection 4(8) 9(12) 11(26) 16(16) 7(13) 47(15)
14. Staff: health, personal hygiene, training 12)B 4(5)B 6(14) AB 13(13) A 48)B 28(9)
15. Food safety culture 4(8) C 9(12) BC 4(10) C 20(21) A 12(23) AB 49(16)
16. Food ingredients including raw materials,
allergens, quality requirements 6(12) 1925) 11(26) 10(10) °oa7) 55(17)
17. Determination of shelf-life of food 9(18) 22(29) 20(48) 17(18) 21(40) 89(28)
18. Laboratory testing (production surfaces,
raw materials, final products) 10(20) B 26(35) A 921) B 24(25) A 11(21) B 80(25)
19. Labelling and claims (nutritional, health) 21(42) BC 34(45) AB 12(29) C 42(43) A 18(35) C 127(40)
20. Traceability, recall, withdrawal of food
from the market 2(4)B 6(8) AB 9(21) A 13(13) A 14(27) A 44(14)
21. Other 3(6) 3(4) 5(12) 7(7) 1(2) 19(6)

The need for assistance/training on pre-requisite programs was also declared by a
significant number of respondents (more than 25%) in most of the countries, except for Italy.
The need for assistance in the area related to the determination of food shelf-life was most
frequently indicated in Germany (48%) and Poland (40%). A high percentage (about 60%) of
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Estonian respondents reported the need for training/support in the topics of food additives
and other ingredients allowed in organic processing. Wrapping, packaging and require-
ments regarding Food Contact Materials were considered as an important area of support
needed only by respondents in Germany (45%). The subject of process contaminants and
residues appeared to be of interest only in the case of Italian respondents (32%).

3.5. The Need for Assistance concerning HACCP Principles

Respondents from each country were asked to select the HACCP principle(s) for which
they need more support/assistance in terms of training and guidance (Figure 4). For about
45% of all respondents, Principle 7 was a major concern, followed by Principle 1 (33%).
Principle 7 was also selected by a significant number of respondents representing each
country (ranging from 30% in Italy to 69% in Poland). Principle 1 was a major concern in
Germany (48%), Poland (44%), Croatia (34%) and Italy (28%). Moreover, about 43% and
45% of participants in Germany have chosen Principles 2 and 4, respectively. Principle 2
was also an issue in Poland (40%).

Croatia

60%

40%a

20%

Percentage of respondenets (%)

B

0%

‘l | |‘ || || | ab | |‘ ||

3.4, 5 6. 7.

Overall

03 4.5 6. 7.

Estonia Italy Poland

Germany

3

y -

2

HACCP plinciplc number

3

1. 3.4.56.7 1L 3. 4.5 6. 3.4.5.6.7. 1. 2.3 4.5 6.

Principle 1. Conducting a hazard analysis
Principle 2. Identifving the critical control points (CCPs)
Principle 3. Establishing critical limits at critical control points

Principle 4. Establishing and implementing effective monitoring procedures
Principle 5. Establishing corrective actions

Principle 6. Establishing verification procedures

Principle 7. Establishing documents and records

Figure 4. The percentage of responses indicating the need for assistance (training, guidance) con-
cerning particular HACCP principles, overall and in each country. Within each country, different
lower-case letters indicate significant differences (p < 0.05).

Figures 5 and 6 show the percentages of responses regarding the forms of training,
and the forms of training materials, preferred by the study participants. As for the forms
of food safety training, a high percentage (40%) of participants from Estonia preferred
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On-line training via internet (e.g. Zoom. MS Teams) 4% 7% 55%

passive offline training via the Internet (e.g., via homepage, Moodle—where they could
download materials and study them according to their time availability), while in Italy
63% of participants preferred active online training via the Internet (e.g., Zoom, MS Teams).
More than 50% of respondents in each country, and overall, selected online training via
the Internet (e.g., Zoom, MS Teams) as the most preferred option. In addition, more than
50% of participants (in Germany over 70%) chose hands-on, on-site training in a well-
functioning organic enterprise as the most preferred training option. Overall, training in
classroom as well as offline training via the Internet were the least preferred training forms.
Regarding the forms of food safety training materials, the collection of sample HACCP
procedures with practical solutions was one of the most preferred options internationally
(50%). However, 64% of participants in Germany preferred short guides (>4 pages), while
65% of participants in Poland preferred videos. Among the participants in each of the
countries, the lowest interest was observed in the case of leaflets (1-4 pages).

Croatia | | Estonia | | Germany | | Ttaly | | Poland | | Overall |

Training in classroom 16% 25% 36% 24% 359 26%

49% 63% 55%

o
Off-line training via internet (e.g. via homepage. Moodle) .16% - 40% - 19% . 14% . 15% - 22%

Other{ 2% 7% 5% 12% 3%

Figure 5. The percentages of responses regarding the forms of food safety training preferred by the
study participants, overall and in each country.

Croatia | | Estonia | | Germany | | Ttaly | | Poland | | Overall |
Handbook 32% 33% 29% 31% 17% 29%
Leaflets (14 pages) 4% 9% 17% 9% 17% 11%

Stort sidance materls (4 prges) | e [+ I+ v

videos | [N v > - o o

Collection of sample HACCP procedures with practical solutions 42% 60% 55% 40% 60% 50%

‘Webpage with E-learning materials -34% _ 49% - 19% -42% -40% -39%

Other | 2% | R |2%

Figure 6. The percentages of responses regarding the forms of food safety training materials preferred
by the study participants, overall and in each country.

3.6. Multiple Correspondence Analysis (MCA)

Figure 7 presents the first two dimensions of MCA, which accounted for about 28% of
the total variation between countries, and the characteristics of surveyed organic operators,
including variables such as operator type and size. The results show that exclusive food
producers tended to represent mainly small enterprises (only 1-2 employees). In contrast,
participants engaged in food processing tended to represent enterprises of a larger size
(3-9 employees and 10-49 employees).

Figure 8 shows the first two dimensions of the MCA, accounting for about 27% of
the total variation between countries, organic operators” knowledge about the HACCP
concept, presence of a functional self-control system, and previous participation in food
safety training, respectively. All these variables were included in the second section of the
survey. The analysis revealed that organic food business operators who declared not to
know the HACCP concept and who had not attended any food safety /hygiene training in
the past, tended not to have a functional self-control system in place based on the HACCP
principles. Moreover, participants who declared to have known the HACCP and had a
HACCP-based self-control system in place, had typically attended either several short
food safety courses, advanced food hygiene/safety training (three-day course), and/or
module-based food hygiene/safety training in vocational/high school /university.
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Figure 7. The Multiple Correspondence Analysis (MCA) illustrating the first two dimensions (Dim1
and Dim?2), created with the following variables: country, organic food business operator type, organic
food business operator size.
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Figure 8. The Multiple Correspondence Analysis (MCA) illustrating the first two dimensions (Dim1
and Dim?2), created with the following variables: organic food business operator type, knowledge of
the HACCP concept (g5), presence of a functional self-control system in the enterprise (q6), types of
food hygiene/safety training attended to date (q7).

Figure 9 shows the first two dimensions of the MCA, accounting for about 11% of the

total variation between countries, as well as the organic food business operators’ needs
for assistance on a range of food safety issues. No strong associations were detected, as
the two dimensions of the MCA analysis explained only a limited percentage of the total
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variation. However, on the positive side of Dimension 1, it could be seen that exclusive
food producers tended to have problems related to (1) general principles of food safety,
while participants who process food tended to show more interest in the topics related to (5)
food additives and other ingredients allowed in organic processing, (6) cross-contamination
and cross contact prevention including food allergen management, (16) food ingredients
including raw materials, allergens, quality requirements, (17) determination of shelf-life of
food, and (18) laboratory testing (production surfaces, raw materials, final products). It can
also be noted that issues related to (10) transportation and vehicles, (11) waste management,
(12) pest control, (13) cleaning and disinfection (14) personnel (health, personal hygiene,
training), and (15) food safety culture, are among the common problems for both types of
food business operators.

i
@ | Exclusive processor + processor and producer i
24

" ||| Exclusive producer

Dim?2 (4.9%)

Dim (6%)

Figure 9. The Multiple Correspondence Analysis (MCA) illustrating the first two dimensions (Dim1
and Dim?2), created with the following variables: organic food business operator type, food safety
knowledge areas requiring assistance/support. The meaning of the numbers (1 to 21) can be found in
Table S1 as the answers to 8. “Please select the areas where you need more assistance”.

Figure 10 shows the first two dimensions of the MCA, accounting for about 23% of
the total variation between countries, and the respondents’ needs for assistance regarding
food safety issues related to the seven HACCP principles. It appears that the participants
classified as exclusive food producers indicated their need for support in the areas of
Principles 1, 2 and 4. In contrast, food processors reported the need for assistance in the
areas of all seven HACCP principles. The need for assistance within the areas of Principles
3, 6 and 7 appears to be specific to participants working in food processing.

Figure 11 shows the first two dimensions of the MCA, accounting for about 14%
of the total variation between countries, and the kinds of guidance materials indicated
as needed by the study participants. It appears that participants classified as exclusive
food producers are interested in acquiring information on (9) traceability and (11) allergen
labelling and management. On the other hand, participants classified as food processors
indicated the need for guidance on all subjects except for (9) traceability and (11) allergen
labelling and management. No common needs were identified between the two types of
food business operators.
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Figure 10. The Multiple Correspondence Analysis (MCA) illustrating the first two dimensions (Dim1

and Dim2), created with the following variables: organic food business operator type, needs for

assistance in the area of particular HACCP principles.
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Figure 11. The Multiple Correspondence Analysis (MCA) illustrating the first two dimensions

(Dim1 and Dim?2), created with the following variables: organic food business operator type, kind of

guidance materials needed. The meaning of the numbers (1 to 14) can be found in Table S1 as the

answers to q12. “What kind of guidance materials would you need?”

4. Discussion

Food safety remains a critical issue in the food chain, and the production of safe food
is a priority for both conventional and organic producers and processors. Consumer aware-
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ness of the importance of high quality and safe food as part of a healthy lifestyle [8] has
also been systematically increasing in the last decades, pushing food system operators even
more strongly towards investing significant efforts to comply with the expected standards.

The present study allowed us to assess and to compare the food safety knowledge
of organic food business operators in five EU countries, as well as their expectations and
needs towards assistance (training, guidance materials) that could contribute to improving
the level of knowledge and compliance with respective food safety rules and regulations,
including successful implementation of a functional self-control system based on the
HACCP principles. The results of the present survey fill a gap in the existing literature
on organic food safety. A number of studies on the difficulties in implementing HACCP
food safety knowledge, attitudes, and practices were carried out among conventional food
producers [19,31-35]. With the growing trend of organic food consumption, similar studies
need to be performed for the organic food sector. Knowledge of the needs and capabilities
of organic food producers in the area of food safety will help to provide specific support,
and thus facilitate the development and management of successful organic food operators.

The present study has shown significant differences in the knowledge of the HACCP
system among the surveyed producers and/or processors from different countries. A high
percentage of food system operators who knew the HACCP concept was found among
respondents in Italy and Estonia—countries with a significant share of organic products
on the market [8]. In Poland, where organic food is still a niche market, organic producers
and/or processors have previously reported a number of significant barriers to running
organic businesses, such as difficulties in the adaptation of European requirements, high
production costs, and finally lack of adequate guidance [36], which is most likely the
reason for the lack of knowledge about the HACCP concept and the lack of functional
HACCP-based self-control procedures in many of the organic food business operators
surveyed within the presented study. A similar trend can be observed in Croatia. Even
though the number of organic farms and the area under organic management in this
country have both increased significantly in the last decade, the majority of operators in
this sector are focused on primary production, and organic food processing is still at an
early stage of development [37]. Among 6024 organic operators in Croatia in 2021, only
378 were processors [38]. In Germany, many small food enterprises use the possibility of a
simplified control and record-keeping procedure, as described in Annex III of the European
Commission Notice on the Implementation of Food Safety Management Systems [39].
Even though these procedures are also based on the principles of the HACCP system,
representatives of many small businesses do not seem to be aware of this, which may
explain the relatively low percentage of affirmative answers to the question about a self-
controlled HACCP system and the high percentage of those who stated that they do not
keep appropriate records.

The largest need for support (in terms of training and guidance materials) in the
surveyed countries indicated by the organic processors was related to the first and the
last of the seven HACCP principles, i.e., hazard analysis and HACCP documentation.
Similar problems were reported when analyzing the implementation of HACCP princi-
ples in the conventional sector in Poland and Germany, and in several small-sized Polish
food companies [23,39]. Hazard analysis and HACCP documentation for organic food
production facilities should take into account hazards and procedures specific to the or-
ganic sector, to ensure food safety. The need for support for the first HACCP principle is
related to the lack of knowledge about the risks and their occurrence, which has already
been demonstrated by many authors [23,40,41]. This may be due to the lower impor-
tance being given to these topics in the available training programs, or due to the lack
of available training materials/content covering this specific knowledge. The positive
impacts of training on food safety in the conventional sector have been demonstrated
by many researchers [42—44]. It is expected that the knowledge and practices of organic
sector operators would also improve significantly after participating in appropriate train-
ing programs. Regarding food safety requirements, organic stakeholders in Poland were
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previously reported to complain about the high level of bureaucracy [36]. Knowledge about
the needs and expectations of organic food producers is important to ensure organic food
safety, and guidance and training materials intended to help organic producers cannot
be based exclusively on conventional documentation templates. Examples of documen-
tation for organic operators, in the form of comprehensive, ready-to-implement manuals
in the field of HACCP principles, have been developed as a part of the SAFE-ORGfood
(http:/ /safe-orgfood.eu/intelectual-outputs/ready-to-implement/).

A few studies focused on the frequency of undergoing food safety training by represen-
tatives of conventional food sector entities were previously reported [45]. Moreover, several
reports comparing the knowledge and awareness of conventional food operators before
and after specific food safety training can be found in the scientific literature [41,44,46].
For example, Taha et al. [45] investigated food safety knowledge among over 6000 food
handlers in nearly 100 food service establishments in United Arab Emirates. Food safety
knowledge of food handlers was evaluated as good, with half of the respondents being
familiar with, for example, correct procedures for cleaning and sanitizing food contact
surfaces. The study found a significant association between food safety knowledge and
food handlers’ education, age and experience in food safety training. The authors under-
lined the need for enhancing the efficiency and effectiveness of food safety training and
training materials [45]. Hugq et al. [41] analyzed hygiene practices and safety measures in a
number of small and medium-sized bakeries in Tangail Region, Bangladesh and identified
a massive need for education as well as for the development and implementation of a
proper monitoring system and control procedures for hygiene practices in all the studied
objects. Trafialek et al. [44] analyzed the effectiveness of food safety training provided to
employees of a Polish catering company with an implemented food safety management
system based on ISO 22000:2018 standard. The study allowed the verification of the level of
employees’ knowledge prior to and after the training. It proved that staff training played a
significant role in the upskilling of the catering employees and in minimizing the risk of
mistakes related to food safety made by the employees when fulfilling their duties [44].
At the same time, to date, no studies have investigated the attendance of organic food
operators at various types of food safety-related training sessions.

Our results suggest that there is a need for different approaches to food safety training
depending on the country. For several years, Estonia has been implementing the long-
term knowledge transfer programs “Food Safety and Food” and “Organic Farming”, with
the aim to raise awareness about food and food safety among stakeholders involved in
primary food production and food processing. Under this program, information days and
additional training sessions are held every year, food safety conferences are organized,
and manuals and informational materials are provided. Practical materials for organic
processors about cereals, fruits, vegetables, dairy and meat products have been published.
This is probably one of the reasons behind the strong knowledge of the HACCP-based
food safety systems and the declared participation in advanced food safety training among
the Estonian participants of the present study. Beyond the described initiative, there is
no specialized organic advisory system functional in Estonia [47]. Examples of guidance
documents produced within the above mentioned program in Estonia are “Determination
of shelf-life of food” [48], “Essential foodborne pathogens” [49], “Chemical hazards in
food” [50], “Biofilms in food production environment” [51], “Root cause analyses of a
pathogen contamination” [52]. The production of these materials was supported by the
European Agricultural Fund for Rural Development (EAFRD). The positive impact of these
guides is probably the reason for the high level of awareness among Estonian processors,
which is reflected in the survey results from Estonia.

In Croatia, all food processors and handlers are required to attend the “Minimum
Hygienic Course” before starting their work with food, and then every five years, to acquire
necessary knowledge about food safety and personal hygiene. The course, conducted as
part of the basic and extended programs, is not mandatory for primary producers. The
extended program is designed for people who work with food in complex preparation
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processes and provides detailed knowledge on HACCP principles, in contrast to the basic
program, where HACCP is presented only at the concept level [53]. It can be assumed that
the majority of Croatian producers who responded to our survey have completed the basic
program, and thus need more support in the area of the HACCP-based food safety system.

The survey revealed that 54% of food producers, who do not process food, do not
have a functional self-control HACCP-based system in place. About 45% of all respondents
indicated Principle 7 as an important concern, followed by Principle 1 (33%). A high
percentage of respondents within each country also indicated Principle 7 (ranging from
30% in Italy to 69% in Poland). Principle 1 was a major concern in Germany (48%), Poland
(44%), Croatia (34%) and Italy (28%). Moreover, about 43% and 45% of participants in
Germany selected Principles 2 and 4, respectively. Principle 2 was also a concern in Poland
(40%). It should be noted though that primary food producers, who do not process food,
are not required to implement a HACCP-based food safety system on their farms.

Even though some benefits of the implementation of the HACCP concept in primary
production have previously been suggested, as it might create a direct link with the HACCP
systems in place in the food processing businesses [54], there have also been reports
showing that the HACCP system is not fully applicable at the primary production level,
and that food safety can be obtained through the careful implementation of good hygiene
practice (GHP) at the farm [55]. In the case of primary producers, the major concern is
when good practices and other pre-requisite programs are not fully understood and/or
implemented, as suggested by the results of this study. Thus, for this stakeholders’ group
the development of training programs to strengthen good practices could be considered
as a priority. However, HACCP training programs could also be recommended for all
operators (including non-processors), taking into consideration that primary producers
may use this knowledge, should they decide to venture into the food processing realm.
The present study had several limitations. Firstly, the performed survey was limited to
only five European countries participating in the SAFE-ORGfood project, characterized by
a different level of development, geography, historical background, etc. These countries
are also in various stages of the development of the organic sector, including organic food
processing. Therefore, the study outcomes may not be applicable to other countries, with
other geographic and political circumstances, and that are currently in other stages of the
organic food sector development, even those in Europe. Another limitation concerns the
low response rate to the survey, resulting in a low representation of the sector in particular
countries participating in the study. This limits the possibilities to further investigate
several interesting potential moderators/drivers of the study outcomes, which would be
allowed with a greater sample size.

In response to the needs identified within this study, the SAFE-ORGfood project
consortium developed useful educational materials for teachers, trainers and organic
producers and/or processors. However, the study results, showing significant differences
in the knowledge and needs of organic stakeholders among the surveyed countries, indicate
that further projects and initiatives are needed to support organic operators, in order to
ensure safety of organic food products. In addition, further international cooperation and
exchange of experience is of great importance to support European organic stakeholders
in the field of food safety. Such integrated actions can increase the share of high quality
and safe organic products, especially in countries where organic food is still a niche market.
On the other hand, future research should focus on consumer awareness and expectations
regarding organic products in individual countries. Such a comprehensive approach would
allow the production of safe organic foods that meet consumer expectations.

It might also be of interest and be fascinating to further investigate the background
of the differences identified amongst the studied countries participating in the SAFE-
ORGfood project, in relation to their history and other conditions. This could help to
overcome country-specific limitations and to attune strategies, including policies and other
interventions, towards improved food safety.
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5. Conclusions

In this study, the developed questionnaire allowed us to assess the food safety knowl-
edge as well as the needs and expectations of organic stakeholders in selected EU countries,
i.e,, Italy, Estonia, Croatia, Germany and Poland, in terms of the content and forms of food
safety training and guidance materials. It could be applied in other countries to identify the
respective training needs and expectations of organic food business operators, in order to
develop effective strategies that are well-attuned to the actual country-specific conditions.

This study identified a number of food safety aspects/areas in which organic food
producers and processors from Poland, Estonia, Italy, Germany and Croatia need more
assistance and support. The largest need for support was related to knowledge about
how to conduct hazard analysis and how to prepare documents and records in relation
to the HACCP principles. Labelling and claims (nutritional, health) were also indicated
as main concerns in all participating countries, but there were also significant differences
among countries in food safety-related topics in which assistance was needed. This study
has also identified significant differences between the needs and expectations of primary
producers and processors regarding training programs, which helps to better attune the
training forms and content towards the actual needs of the specific target groups.

The outcomes of this study, but also the identified study limitations, clearly pave a
way forward for future follow-up studies and for the development of training programs
which could significantly help to assure a high level of food safety in the organic food
production and processing sector.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/sul5086605/s1; Table S1: Questions included in the SAFE-ORGfood
organic food business operators survey.
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