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Abstract: The present study describes the implementation of a food safety system in the dairy pilot
plant “Gourmeticus Academicum,” a spin-off within the University of Agricultural Sciences and
Veterinary Medicine of Cluj Napoca, Romania. In order to improve Hazard Analysis of Critical
Control Points (HACCP) the preliminary programs were integrated into the quality management
system (QMS) by monitoring the biological hazards. The process provides future specialists with good
practice hands-on and educational tools. This study focused on hazard analysis, the determination and
establishment of prerequisite programs, and the role of critical control points (CCPs) based on HACCP
and the challenges found during the process as a critical thinking model on education programs.
The determination of the CCPs in the processing of yogurt was made by applying the decision tree
method. Besides, biological hazards are included as a by-control of the system’s implementation
performance. For the successful implementation of HACCP principles, prerequisite programs (PRPs)
and operational prerequisite programs (OPRPs) were initially implemented. This process could
be challenging but feasible to be reached in small-scale food industries with remarkable results as
educational tools.

Keywords: yogurt; PRP; OPRP; HACCP; critical thinking model; education

1. Introduction

Yogurt is one of the most popular fermented dairy products, with a wide acceptance worldwide
and whose nutritional and health benefits have been known for centuries [1]. As a general definition,
yogurt is a fermented dairy product obtained from lactic acid fermentation by lactic acid bacteria
(Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus). After fermentation, the milk
acidifies and coagulates and increases the shelf life due to the low pH [2].

According to the available literature, yogurt is considered a functional food. The complexity of
nutrients and digestibility gives this classification. It is a food that can be recommended for people with
gastrointestinal disorders (irritable bowel disease, inflammatory bowel disease) and people with lactose
intolerance. It helps increase the immune system and lose weight [3]. Yogurt and dairy products foster
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a significant concern to the dairy industry and public health authorities [4]. Yogurt is a good source of
probiotics, but it could also be an essential source of foodborne pathogens [5]. Several authors have
reported the outbreaks or incidents of foodborne diseases associated with dairy products: Brucellosis,
Salmonella, Listeria, Clostridium botulinum [6–9]. In industrialized countries, milk and dairy are involved
in 2–6% of outbreaks of foodborne diseases [10].

The classical methods regarding the hygienic quality of the finished products are inadequate to
control hazards occurring at early stages of the process [11]. Food safety requires compliance with
good manufacturing practices (GMP), sanitation standard operating procedure (SSOP), good hygiene
practices (GHP), also called operation prerequisite programs (OPRPs), and the principles of Hazard
Analysis of Critical Control Points (HACCP) [12].

The concept of critical control points originated in 1959, when the National Aeronautics and Space
Administration (NASA), Pillsbury, and US Army laboratories collaborated to provide safe food for
future space expeditions. This scientific concept is based on the assessment of food safety hazards
through a control system. This system is a preventive one that analyzes the biological, chemical,
and physical hazards that affect the entire food chain [11,13]. Several reports indicated the effects of
implementing HACCP on the microbiological quality of food products [11,14–16].

Note that the implementation of HACCP is mandated for all small- and medium-sized food
companies in the European Union (EU), and HACCP is recognized in the international food safety
community as a worldwide guideline for controlling foodborne safety hazards [17]. Its principles,
detailed in the Codex Alimentarius guidelines, are integrated with International Standard ISO
22000:2018 [18]. The application of HACCP systems does not imply the existence of a traceability
system as a direct consequence of the documentation procedures. However, the implementation of
such a system is of particular importance. Even if Principle 7 of the HACCP system requires established
documentation and record-keeping procedures, traceability systems are not mandatory under this
system [19].

ISO 22000:2018, which was introduced worldwide on 19 June, 2018, states that organizations
must conduct a risk analysis to identify significant hazards [18]. ISO 22000 was not recognized by
the Global Food Safety Initiative as a standardized reference for food manufacturers in the past, as it
imparts no detailed PRP (prerequisite program)-related information. Hence, ISO 22000:2018 comes
with improvements essentially looking to determine a PRP for and the CCP (critical control point)
of the significant hazards, having as fundamental principle risk-based thinking and risk reduction [18].
In food industries, identifying the hazards was the one of the 12 application steps for the HACCP
approach that were considered critical. It also agrees with the first principle of Codex HACCP and ISO
22000:2018, which calls for the execution of hazard analysis. HACCP systems aim to identify, evaluate,
and control hazards [16].

This work aims to implement a food safety system (HACCP) under the ISO 22000:2018 [18]
standard by conducting a hazard analysis in a small-scale dairy pilot plant and yogurt production to
develop a critical thinking model as an educational tool for food engineering students (FES) as well
to identify CCPs, thus setting up an effective preventive system that will lead to a safer and more
efficient production of yogurt and providing an example of good practice and educational tools for
FES education programs.

2. Materials and Methods

2.1. Small-Scale Dairy Pilot Plant Description

This study was conducted at the small-scale dairy pilot plant (DPP) of the Faculty of Food Science
and Technology, University of Agricultural Sciences and Veterinary Medicine of Cluj Napoca, Romania.
This DPP is part of the food pilot chain consisting of six pilot plants, founded in 2012. The main goal is
to implement the EN ISO 22000:2018 food safety management systems [18] within the pilot plant where
the practical works are carried out with the FES (as internship in traineeship programs—integrated
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education programs), thus setting up an effective preventive system that will lead to a safer and
more efficient production of yogurt. Management commitment was realized by communicating
to the organization the importance of meeting the International Standard statutory and regulatory
requirements as well as customer requirements relating to food safety, and by ensuring the availability
of financial, material, and human resources for the establishment of the necessary work environment,
complying with the EU food standards and regulation. The products are directed exclusively to
the internal market. DPP has implemented ISO 22000:2018 to improve the quality and safety of its
products, customer expectations, the product image on the market, and to develop good practice as
an educational tool. The identification, analysis, monitoring, and corrective actions established for
CCPs and the verification of the effectiveness of the entire HACCP plan were performed according to
the procedures underlying ISO 22000:2018. This standard has been implemented in production lines.
However, the present study aims to integrate microbiological parameters (the total colony forming unit
(CFU), somatic cell count (SCC), and Enterobacteriaceae) in the food safety system (HACCP) as quality
parameters in a spin-off small-scale yogurt processing plant.

2.2. Materials

This manuscript analyzes the implementation of ISO 22000:2018 for natural yogurt with 3.6% fat
made in a DPP.

Qualitative and quantitative reception of milk. Milk is transported from Cojocna farm in secured
aluminum cans.

From the reception valve the milk is passed to an acid dairy products plant (IPI tank with
100 L capacity) using a pump (202 MHI type) a milk flow of 2000 L/h.

The acid dairy products plant is used for milk pasteurization and inoculation with the
starter culture.

Milk pasteurization. Pasteurization is performed at high temperatures (85–90 ◦C) for 20–30 min.
Pasteurization aims at the following:

- improvement of hygienic quality of milk;
- environment improvement for the development of lactic bacteria;
- yogurt consistency improvement: high temperatures of pasteurization favors a softer curd that

retains more whey.

From the pasteurization device the milk is continuously passed through the meanings of a pump
(MHI 202 type) in a heat exchanger placed above the tank until complete pasteurization of the milk.
The pasteurization is done under continuous stirring (the valve is provided with an agitator).

Milk cooling. The cooling of the milk is done in the same valve as pasteurization by recycling
the milk through the heat exchanger until the yogurt reaches a temperature of 45–46 ◦C. The heat
exchanger uses water from the regular city supplies network to cool the milk.

Milk inoculation. This is done with starter cultures of lyophilized lactic bacteria. The culture is
diluted in milk and then the milk is strongly stirred until uniform distribution of the culture is reached
for 10–15 min. With the help of the second pump (MHI 202 type) the inoculated milk is sent to a
packaging device (ADL-ATS 200 type, 200–250 cups/h capacity for 200 mL cups).

Packaging. The dosage in sales packaging is performed in a manual device (ADL-ATS 200 type).
The yogurt has to be continuously stirred in the valve during packaging. The cups are thermosealed
with aluminum foil after filling.

Tempering. The packaged products are placed in a thermostatic aluminum cabinet (with a
capacity of 400 cups for each 200 mL). The yogurt tempering takes place at 43–45 ◦C for 2.5–3 h.

Precooling at 18–20 ◦C for 2 h.
Cooling and storing at 2–6 ◦C for 12 h.
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2.3. Methods

2.3.1. Elaboration of Critical Thinking Model

The critical thinking learning model developed and applied is described in Figure 1. Through the
learning process three stages were identified: (1) Evaluation of information; (2) description/identification
of problems as main concept; and (3) analysis (interpretation and inferences). The evaluation of
information is based on gathering and reporting data, facts, observations, and experiences that should
be clear, relevant, accurate, adequate, and consistent. The description is focused on identifying the
most important concepts, theories, ideas, regulations, procedures, principles, models, and definitions
that should be clear, relevant, and accurately presented. The analysis is centered on interpretation
and inferences and elaborate conclusions and solutions that should be clear, logical, justifiable,
and consistent. The application of the model during the learning process of FSMS (food safety
management systems) to food engineering students leads to achieving the ability of critical and
design thinking.
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(food safety management systems).

2.3.2. Elaboration of PRPs

The HACCP team was responsible for coordinating and implementing the corrective measures
to improve the adaptation to the PRPs (GMPs, GHPs, and SSOPs). The definition of the production
chain—from the farm to final consumer; the definition of food safety and contamination; types of
contamination; the importance of microbiological contamination; optimal conditions for the growth
of microorganisms; contamination by microorganisms—elimination, inhibition, and prevention;
the application of GMP principles (personal hygiene, environment, and equipment); habits for the
correct handling of foods; benefits of GMPs (food safety, longer shelf life, reduced losses, better working
environment, and consumer satisfaction); the need to change the behavior and commitment of all
employees; work instructions; the importance of hygiene (how to avoid contamination); conditions for
effective cleaning; phases of the hygiene process; and the presentation of work instructions as described
by Cusato [20] were followed.
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2.3.3. Elaboration of the HACCP Plan

Based on ISO 22000:2018 [18] and HACCP principles, according to Codex Alimentarius, the overall
technical process of yogurt production was drawn and a hazard analysis was performed following the
12 steps for developing an HACCP plan (Table 1). The identification of hazards is made according
to their nature (biological, chemical, and physical). The analysis is done according to the likelihood
occurrence level and its severity (Table 2) [12]. Hazard rating is calculated by multiplying likelihood by
severity. The determination of CCPs is done with the help of the decision tree (DT) (Figure 2), in which
only the stages with a hazard rating ≥3 are introduced [16].

Table 1. Steps of Hazard Analysis and Critical Control Points.

Step 1 Assemble HACCP 1 team

Step 2 Describe product

Step 3 Identify intended use

Step 4 Construct flow diagram

Step 5 On-site confirmation of flow diagram

Step 6. Principle 1 List all potentioal hazards, conduct a hazard analysis, and consider control measures

Step 7. Principle 2 Determine CCPs 2

Step 8. Principle 3 Establish critical limits for each CCPs

Step 9. Principle 4 Establish a monitoring system for each CCPs

Step 10. Principle 5 Establish corrective actions

Step 11. Principle 6 Establish verification procedures

Step 12. Principle 7 Establish documentation and record-keeping
1 HACCP, Hazard Analysis of Critical Control Points; 2 CCP, Critical Control Point. Adapted from Kamboj et al.,
2020 [12].

Table 2. Level of likelihood of occurrence and hazard severity.

Likelihood of Occurrence Hazard Severity

High (3) Highly probable; known history in the sector
Life-threatening or long-term chronic illness
(e.g., infection, intoxication, or anaphylaxis),

chronic effects or death

Medium (2) Could occur; minimal history within the
sector but has happened

Injury or intolerance;
not usually life-threatening

Low (1) Unlikely to occur; no known examples Minor or no effect; short duration

Adapted from Kamboj et al., 2020 [12].

2.3.4. Microbiological Analyses

The mandatory analyses according to Romanian legislation were performed according to
Regulation No. 853/2004 as amended and supplemented by Regulation No. 1020/2008 [21] for raw
material milk and pasteurized milk, and according to Regulation No. 2073/2005 as amended and
supplemented by Regulation No. 365/2015 [22] for yogurt, which is in conformity with the EU
Council Directive 2002/99/EC [23], Regulation (EC) No 178/2002 [24], Regulation (EC) No 852/2004 [25],
Regulation (EC) No 853/2004 [26], Regulation (EC) No 854/2004 [27], and Regulation (EC) 882/2004 [28]
for the public health rules and safety food trade.

The total colony forming unit (CFU) was analyzed according to the SR EN ISO 4833-1:
2014 method [29], the somatic cell count (SCC) was analyzed according to the SR EN ISO



Sustainability 2020, 12, 9472 6 of 20

13366-1:2008/AC:2010 method [30], and the Enterobacteriaceae were analyzed according to the ISO
21528-1: 2017 method [31].
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3. Results and Discussion

3.1. Assessment and Implementation of the PRPs

The PRPs implemented in the DPP are hygiene of personnel and food hygiene, disinfection and
cleaning, prevention of cross-contamination, the importance of maintaining a cold chain during food
storage, hygiene premises and buildings, control pests, equipment maintenance, quality control of raw
material at reception, food with water, waste and wastewater disposal, storage and transportation,
product management, and supply management. A well-defined plan includes these programs. PRPs are
fundamental conceptual programs for establishing security bases. There are more basic programs and
assistance programs that provide foundations for HACCP [32]. The programs’ basis is GMP and GHP
for products and the handling and delivery of finished products, to be provided by technology [18,33].

For the implementation of PRPs, buildings, facilities, equipment, utensils, food handlers,
production, transportation of food, and documentation were evaluated. Following the evaluation
and the observed non-conformities, operational procedures were performed. As an educational
tool, the essential stage of the implementation of FSMS is the training. Although most people
involved, especially interns, know about food contamination, theoretical training is not sufficient
to implement FSMS in practice. The theoretical and practical training applied was observed by
changing habits and behavior regarding GMPs and GHPs (by applying the principles of GMP
(personal hygiene, environment, and equipment), habits for the correct handling of foods, how to
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avoid contamination, types of surfaces to be cleaned and cleaning agents, conditions for effective
cleaning (solution concentration, water temperature, exposure time, and mechanical action), phases of
the hygiene process (pre-rinsing, detergent solution, rinsing, and sanitizing), and the presentation
of work instructions). Another aspect that encounters difficulties in DPP is the large rotation of the
interns, delaying a team’s consolidation with the desired standard work and resulting in improvements
taking longer than expected. To improve this aspect, a technological engineer (a university assistant
responsible for student practice) was delegated to do theoretical and practical training and verify the
activity on PRPs and the necessary monitoring. A similar approach was noted by Cusato [20] in a
small dairy factory and by Karaman [34] in a dairy factory in Turkey.

3.2. Implementation of HACCP Plan

Preliminary steps to enable hazard analysis (Step 1–6).

3.2.1. Food Safety Team

A multidisciplinary team composed of nine people was created to implement the requirements of
the system. The team members were trained thoroughly on the HACCP system and ISO 22000:2018
standard [18]. The food safety team members are an HACCP team leader, dairy technological engineer,
technological engineer (university assistant responsible for student practice), testing laboratory manager,
hygiene manager (responsible), maintenance manager, supply manager, sales manager, and HACCP
team secretary.

3.2.2. Product Characteristics and Intended Use

The food safety team preceded a complete description of the yogurt, identifying its composition;
chemical, biological, and physical characteristics; treatments; durability; storage conditions;
and distribution methods. Table 3 summarizes the yogurt’s characteristics, and its use is recommended
for all segments of the population, except sensitive people (people with a milk allergy or intolerance).

Table 3. Gourmeticus yogurt product description.

1 Product name Gourmeticus yogurt

2 Composition and ingredients Pasteurized milk and cultures of selected dairy bacteria
(Lyofast Y 450 B, Lyofast Y 452 B)

3 Organoleptic characteristics

Compact, homogeneous curd, without gas bubbles or zircon;
the ruptured clot has a porous granular appearance.
Milk-specific white, uniform or yellowish in color.
The specific smell and taste of yogurt, pleasantly sour,
without foreign taste or smell.

4 Physio-chemical characteristics
It must not have any physical impurities.
Fat minimum 3.0 ± 0.1%, total solids content minimum 11%,
acidity minimum 0.6% lactic acid, protein substances minimum 2.8%

5 Microbiological characteristics Salmonella, E coli., Enterobacter, Shigella, Klebsiella—absent

6 Treatments Pasteurization

6 Nutritional values
Energy value 55.8 kcal
3% fat, of which 2 g saturated fatty acids, 4 g carbohydrates,
3.2 g protein, and 0.2 g salt.

7 Packing method In 200 g plastic cups and the closure is made with heat-sealable
metallic foil.

8 Terms of validity 21 days

9 Storage instructions Refrigerated rooms, clean, disinfected, ventilated, no foreign
smell at temperatures between 2–8 ◦C.
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Table 3. Cont.

10 Labelling instructions

Labelling must be carried out following the regulations and
include the following aspects: the name of the product, list of
ingredients, any ingredient or technological adjuvant that causes
allergies or intolerances used in the respective factory,
the number of certain ingredients or ingredient categories,
net quantity of food, date of minimum durability or expiration
date, special storage conditions, name or trade name and
address of the food business operator, country of origin or place
of origin, instructions for use, nutrition statement, date of
manufacture (day, month, batch).

11 Instructions for use It is consumed as such.

12 Delivery/sales conditions

Authorized means of transport, isothermal, refrigerated, clean,
ventilated, in the absence of toxic substances or a pungent smell
at temperatures between 2–8 ◦C. The product is sold at the
university store. The temperature in the storage refrigerator is
between 2–8 ◦C.

3.2.3. Flow Diagram

The flow diagram includes all the technological process stages for making Gourmeticus yogurt
(Figure 3). In addition to the technological process stages, the diagram shows the stages until delivery to
consumers (storage on the market). This detail is essential for a better presentation of the environmental
conditions that could affect the product’s quality and safety. These aspects must be taken into account
due to their importance for consumer health [35]. The flow diagrams were checked on-site by the food
safety team.

3.2.4. HACCP Plan Principles (Steps 7–12): Hazard Identification and Determination of Acceptable
Levels

The identification and assessment of hazards is a crucial principle for all HACCP systems [36]
and a prerequisite to protecting public health. To achieve this step, the food safety team established
a procedure specifying the methodology for hazard analysis, described in Table 4. Hazard analysis
is applied from the receipt of raw materials to the delivery of the finished product. The dangers can
have a direct or indirect impact on yogurt. They are based on the implementation of PRPs and aim to
identify CCPs.

The identified hazards are classified according to pathogens (biological hazards), toxic substances
(chemical hazards), and external particles (physical hazards) and are due to contamination,
multiplication, and persistence. The HACCP team’s identification and analysis of the dangers
of yogurt were performed for all stages of the production process.

Assessment of hazards based on the severity (S) of known effects on consumer health and the
likelihood of these hazards occurring in DPP. The probability (P) is established according to the history
and expertise of the DPP. Each hazard is evaluated and receives a score between 1 and 3. A hazard is
considered significant if the resulting hazard rating (HR) score from the multiplication of the probability
by the severity is above 3 [12,16,37,38]. A significant hazard is one of such a nature that its elimination
or reduction to an acceptable level is essential to the production of safe food.

Following the hazard analysis, an HR is established. For hazards of HR ≤ 2, which are considered
low or almost non-existent hazards, control measures are made using PRPs, with no CP (control point)
or CCP required [39].

The PRPs control the potential chemical hazards associated with milk, such as veterinary drug
residues, food additives, residue of migration of substances from packaging materials, heavy metals,
and oil-free air compressors or potential biological hazards in order to reduce the probability of
occurrence [40].
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Even if greater importance is given to chemical and biological hazards, physical hazards in dairy
products are just as significant [40]. Physical hazards can easily occur through non-compliance with
PRPs or accidental contamination [41], and are related to contact with various objects, packaging,
or incorrect labelling [40].

Milk cleaning is not considered in our unit, with HR ≥ 3 (CCP or CP), but is periodically checked
for the presence of external particles (glass, plastic, wood, metal, etc.) [39].

When significant hazards are identified as having HR ≥ 3, a 4Q (Questions) decision tree is used
to decide whether a particular hazard is a CCP or control point (CP), analyzed in Table 5. Although it
is not mandatory to use the CCP decision tree method of ISO 22000:2018, the decision tree, a clear,
well-organized, and understandable visual analysis tool, should be used to determine [41] and to
prioritize [42] the CCPs.
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Table 4. Hazard analysis and assessment. The table presents the hazard analysis of each steps of the technological flow diagram.

The Stage of the
Technological Process

.2
Potential Hazards

.4Is the Danger
Potentially Significant?

Hazard Assessment .2Preventive Measures/Control Measures
S 1 P 2 HR 3

1. Reception of milk

B 4

Mycobacterium tuberculosis,
Salmonella, E coli,
Staphylococcus aureus,
Brucella campylobacter,
Listeria monocytogenes,
Bacillus cereus,
Mycobacterium bovis
CFU 7 max 100,000/mL,
SCC 8 max 400,000 mL

Yes—non-compliant milk can
lead to obtaining an
inappropriate product or even
to the production of diseases.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Performing a second party audit at the
supplier to verify compliance with
GHP measures
-Checking the analysis reports, the declarations
of conformity, and the sanitary approvals that
accompanies the raw milk
-Rejection of inadequate raw milk from a
microbiological and physio-chemical point
of view
-Cooling the milk immediately after milking
on the farm and transporting to a refrigerator
-Checking the temperature and
transport conditions

C 5

Antibiotics, pesticides,
neutralizers, nitrates,
mycotoxins, drugs,
growth hormones,
the presence of detergents
and disinfection substances

Yes—it can lead to obtaining
an inappropriate product or
even to a health impact
causing different diseases.

3 1 3

P 6 Hair, straw, feces
No—the presence of foreign
bodies cannot cause injury to
the consumer.

2 1 1

2. Reception and
packaging storage

B E coli., Staphylococcus,
B. cereus, molds

Yes—infected and infested
packaging can lead to an
unsuitable product or
even disease.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Evaluation and selection of suppliers
-Verification of declarations of conformity
accompanying packaging
-Rejection of improper packaging from a
microbiological and physio-chemical point
of view
-Proper storage of packaging

C - - - - -

P - - - - -
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Table 4. Cont.

.5
3. Reception of
lactic acid bacteria
starter cultures

B Salmonella, E coli.,
Staphylococcus

Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Verification of the declarations of conformity
that accompany the starter cultures
-Monitoring the storage temperature and
following the validity period written on the label
-Observing the FIFO 9 principle and
disinfecting the refrigerator after each defrost
-Keeping in its own closed packaging

C - - - - -

P - - - - -

4. Milk filtration

B - - - - -

-Compliance with GMP measures and
staff training
-Maintenance filters
-Checking the hygiene and operation of
the filter

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P Filtering surface
Yes—the presence of metallic
impurities can cause illness
and injury to the consumer.

2 1 2

5. Pasteurization

B M. tuberculosis, Brucella, E coli.
Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3

-Compliance with GMP measures and training
of staff on compliance with GMP measures
-Checking the equipment’s hygiene and utensils
by performing quarterly sanitation tests and
by visual inspection before each pasteurization.
-Respecting and monitoring the
pasteurization conditions (time and
temperature)—thermograms
-Maintenance of washing and disinfection
substances in specially arranged places,
kept under lock and key
-Control of washing solutions

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P - - - - -
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Table 4. Cont.

6. Cooling

B - - - - -

-C - - - - -

P - - - - -

7. Inoculation with
the starter culture of
lactic acid bacteria
and fermentation

B - - - - - -Compliance with GMP measures and training
of staff on compliance with GMP measures
-Performing quarterly sanitation tests to check
the hygiene of equipment, utensils, staff
-Employee staff must have regular medical
check-ups performed according to the
legislation in force
-Performing disinfection operations according
to the planning

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P

The presence of foreign
bodies in the production

space, from the staff,
from the utensils

Yes—the presence of foreign
bodies can cause injury to
the consumer.

2 1 2

.5

8. Packaging

B - - - - - -Compliance with GMP measures and training
of staff on compliance with GMP
-Performing quarterly sanitation tests to check
the hygiene of equipment, staff, packaging
-Employee staff must have regular medical
check-ups performed following the legislation
in force
-Checking the heat seal of the lids

C Contamination with
detergent residues

No—the presence of residues
of washing substances cannot
cause serious illness.

2 1 2

P - - - - -

9. Tempering

B - - - - -

-C - - - - -

P - - - - -
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Table 4. Cont.

10. Pre-cooling

B - - - - -

-C - - - - -

P - - - - -

11. Storage Cooling

B Salmonella, E coli., Enterobacter,
Shigella, Klebsiella

Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3
-Compliance with GMP, GHP measures and
training of staff in compliance with GMP, GHP
-Performing disinfection operations according
to the planning made by the HACCP coordinator
-Monitoring the temperature in the cold
storage and following the shelf life written on
the label
-Respect the FIFO principle
-Carrying out the disinfection operations
according to the planning

C - - - - -

P Pests, mice
Yes—contamination can lead
to an unsuitable product or
even disease.

2 1 2

12. Sales
B Salmonella, E coli., Enterobacter,

Shigella, Klebsiella

Yes—contamination can lead
to an unsuitable product or
even disease.

3 1 3

-Compliance with GMP, GHP measures and
training of staff on compliance with GMP, GHP
-Respecting the sales parameters and checking
the validity term written on the label
-Respecting the FIFO principle and sanitizing
the refrigerator after each defrost
-Performing disinfection operations
according to the planning made by the
HACCP coordinator

C - - - - -

P - - - - -

1 S, severity; 2 P, probability; 3 HR, hazard rating; 4 B, biological; 5 C, chemical; 6 P, physical; 7 CFU, colony forming units; 8 SCC, somatic cell count; 9 FIFO, first-in first-out.
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Table 5. CCP 1/CP 2 identification.

Stage Q31 Q2 Q3 Q4 CCP/CP

Qualitative and quantitative reception of milk Yes No No - CP

Qualitative and quantitative reception and
packaging storage Yes No No - CP

Qualitative and quantitative reception of lactic acid
bacteria starter cultures Yes No No - CP

Pasteurization Yes Yes - - CCP1

Cooling, storage Yes No Yes No CCP2

Sales Yes No Yes No CCP3
1 CCP, Critical Control Point; 2 CP, Control Point; 3 Q, Question.

The first CCP identified was pasteurization, because non-compliance with the parameters of this
stage could lead to the survival of pathogenic bacteria, which has the consequence of causing health
problems to consumers. Several publications have been identified that describe the effect of term
treatment on the inactivation of toxins and bacteria [43–45].

The second CCP is considered cooling, followed by storage. At this stage of the technological
process, the temperature is reduced from 85 ◦C to 2–8 ◦C in 1 h. This CCP is considered essential
because keeping it under control prevents the growth of potentially present thermotolerant bacteria.
After pasteurization, product cross-contamination can be controlled by applying strict cleaning and
disinfection rules [11].

The growth of bacteria can be controlled by strict time–temperature control. Consequently,
time and temperature must be carefully monitored during the storage process [46]. The same strict
conditions must be observed for the delivery and sales stages—CCP 3.

After the correct performance of the CCPs, the critical limits are established for each, monitoring
procedures and actions to be taken if critical limits or action limits or action criteria are exceeded,
as illustrated in Table 6.

Table 6. Identifying critical limits, monitoring procedures, and corrective actions.

Pasteurization Storage, Cooling Sales

Target value 85–95 ◦C
20–30 min 2–8 ◦C 2–8 ◦C

Critical value ≤85 ◦C; ≤20 min ≥8 ◦C ≥8 ◦C

M
on

it
or

in
g Responsible Technological engineer Technological engineer Refrigerator driver

Method Physical method, visual Physical method, visual Physical method, visual

Frequency Continue Continue Continue

Document Monitoring sheet Monitoring sheet Monitoring sheet

C
or

re
ct

io
n/

C
or

re
ct

iv
e

ac
ti

on Correction For parameters
(temperature, time)

For parameters
(temperature)

For parameters
(temperature)

Corrective action

Bringing the parameters to
the critical value
(increasing the

temperature and time)

Bringing the parameters to
the critical value

(temperature drop)

Bringing the parameters to
the critical value

(temperature drop)

Responsible Technological engineer Technological engineer Technological engineer

To check whether the HACCP plan is functioning as envisaged, the food safety team established a
verification plan in Table 7, which specifies the application domain, frequencies, and responsibilities
for the verification activities.
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Table 7. Establishing verification procedures.

Crt. No Field of Verification Check Frequency Responsible for Verification

1.
Verification of compliance with the
procedure for selecting suppliers and
procurement of raw milk and materials

Monthly HACCP team leader/FES

2. Checking the quality and safety of food Monthly Responsible for hygiene
and quality/FES

3. Checking the mode of transport of raw
milk and materials Monthly Technological engineer/FES

4. Checking the storage and output mode
for processing raw milk and materials Monthly Technological engineer/FES

5. Drinking water supply check Annually Responsible for hygiene
and quality/FES

6.
Verification of compliance with the
stages of preparation of raw milk
and materials

Monthly Technological engineer/FES

7. Verification of compliance with
equipment maintenance Biannually Maintenance manager/FES

8. Verification of calibration of measuring
and control devices Biannually HACCP team leader/FES

9. Checking the hygiene of production
spaces, annexes, and social groups Monthly HACCP team leader/FES

10. Checking the control of the health status
of the staff

Biannually HACCP team leader/FES

11. Checking the hygiene of the
work equipment Monthly HACCP team leader/FES

12. Checking the way to ensure the
disposal of waste Biannually HACCP team leader/FES

13. Verification of compliance with the pest
control procedure Monthly HACCP team leader/FES

14.
Verification of CCP records; deviations
from critical limits; execution of
corrective measures

Daily HACCP team leader/FES

15. Checking CP records Daily HACCP team leader/FES

16. Checking the way to ensure
staff training Biannually HACCP team leader/FES

17. Checking the quality control and safety
of the finished products Monthly Responsible for hygiene

and quality/FES

18. Checking the registration activity Monthly HACCP team secretary/FES

19. Checking the registration and
settlement mode of complaints Monthly HACCP team secretary/FES

FES—food engineering students.

In this study, to achieve the last principle of the HACCP plan, the documents and records prepared
during the implementation of the plan are used. These documents represent evidence regarding the
realization of the HACCP principles, the monitoring of the parameters of the CCPs, and the proposed
corrective actions. These documents are divided into instructions and procedures and consist of
the documents elaborated for the educational tool [11]. Their structural elements are title, purpose,
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application/scope, definitions, abbreviations, authorities, responsibilities, description of activities,
records, related documents, references, and annexes.

3.3. Microbiological Analysis Results of Yogurt

The microbiological characteristics of raw milk, pasteurized milk, and yogurt samples are shown
in Table 8. The samples were analyzed before and after the implementation of ISO 22000:2018 to verify
the advantages of FSMS.

Table 8. Microbiological characteristics of raw milk, pasteurized milk, and yogurt samples quantified
before and after the HACCP implementation.

Analyze/Sample Before/After HACCP
Implementation Raw Milk Pasteurized Milk Yogurt

.5
CFU

SR EN ISO 4833-1:2014

Before HACCP
implementation 250,000 cfu/mL 754 cfu/mL -

After HACCP
implementation 80,182 cfu/mL 97 cfu/mL -

.5 SCC
SR EN ISO

13366-1:2008/AC:2010

Before HACCP
implementation 345,000 NCS/mL - -

After HACCP
implementation 14,000 NCS/mL - -

.5
Enterobacteriaceae ISO

21528-1:2017

Before HACCP
implementation - 6 cfu/mL 3 cfu/mL

After HACCP
implementation - 0 cfu/mL 0 cfu/mL

Following the HACCP plan’s implementation, a decrease in the specific microbiological load
is observed, as shown in Table 8. In the case of raw milk, CFU decreases from 250,000 cfu/mL to
80,182 cfu/mL. In the case of pasteurized milk it decreases from 754 cfu/mL to 97 cfu/mL. These values
are within the maximum allowed [21] of 300,000 cfu/mL for raw milk and 100,000 cfu/mL for pasteurized
milk. In the case of NCS there is a decrease in raw milk from 345,000 NCS/mL to 14,000 NCS/mL,
with the maximum allowed [21] being 400,000 NCS/mL. Spectacular decreases are also observed in the
case of Enterobacteriaceae: In the case of pasteurized milk it decreases from 6 cfu/mL to 0 cfu/mL, and in
the case of yogurt it decreases from 3 cfu/mL to 0 cfu/mL, within the maximum allowed values [22]
of 10 cfu/mL. In the literature, the HACCP system application in dairy establishments has improved
the microbial quality of the dairy product [14,20]. A study by Cusato [20] show similar results and
showed the reduction of total coliform, mold, and yeast count in yogurt after the application of the
HACCP plan in a dairy factory.

4. Limitation of the Study

The study integrates the microbiological parameters as a quality control (QC) tool of FSMS
(Food Safety Management Systems) (HACCP) concerning good hands-on practice for FES implemented
on-site in a small-scale yogurt pilot plant as educational programs. The model is adapted to a
small-scale yogurt pilot plant, implementing only a simple FSMS (Food Safety Management System)
involving HACCP principles and PRPs. These limitations help define new good practice and thinking
models for teaching and learning FSMS in food-scale yogurt plant production.

5. Conclusions

The implementation of PRPs has a significant impact on the implementation of the HACCP system.
The decision tree application shows that pasteurization, cooling/storage, and distribution processes
are the selected hazard control measures, classified as CCP. The results of microbiological analysis
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of packed yogurt showed that the implementation of HACCP could improve the microbial quality
of yogurt. The implementation of the HACCP plan in a small-scale yogurt pilot plant has brought
benefits to food security. This system allows immediate action to be taken when safety issues are
reported from the receipt of the raw milk to the delivery of the yogurt and the basis of educational
tools for practice and learning the implementation of FSMS.

The results obtained following the implementation of ISO 22000:2018 regarding the processing of
yogurt in a small-scale yogurt pilot plant have implications for the yogurt industry and education
programs. The HACCP approach in DPP and the results obtained can be easily applied in pilot
stations or food industry factories at a food scale-up, assessing the advantages and drawbacks of
implementing FSMS in the food industry. This study’s conclusions underlie future research regarding
the development of FSMS by applying predictive microbiology models and risk-assessment schemes,
being an integrated model of good practice and education tools.
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DPP Dairy pilot plant
CCP Critical control point
CP Control point
PRPs Prerequisite programs
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SSOP Sanitation standard operating procedure
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HACCP Hazard Analysis Critical Control Points
FSMS Food safety management system
QMS Quality management system
QS Quality system
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