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Introduction 

Food poisoning incidents caused by various foods have been a common occur-
rence since the past [1-4]. In particular, livestock products are most likely to be 
contaminated with bacteria during production, slaughter, processing, distribution, 
and sales due to various factors such as the presence of moisture and nutrients 
conducive for bacterial growth [5,6]. In Korea, the hazard analysis and critical 
control points (HACCP) system is implemented for all livestock industries such as 
feed factories, animal farms, slaughterhouses, processing plants, meat packaging 
plants, milk collection centers, distribution centers, and meat and milk retail stores 
for ensuring the hygiene and safety of livestock products [7-9]. After the imple-
mentation of the HACCP system for the domestic livestock industry, the hygiene 
and safety of livestock products has greatly improved [10,11]. However, there is 
still room for improvement, and consumers have demanded that the system be 
further strengthened and optimized to enhance food safety. 

Until now, studies on HACCP in the livestock sector were mainly limited to the 
effectiveness of HACCP implementation [12,13]. There are very few studies on 
HACCP evaluation items and inspection methods in the livestock products sector 
[14,15]. In order to increase the effectiveness of the HACCP system, it is consid-
ered necessary to examine the evaluation items and conduct a detailed study on 
the methods of inspection. The meat shop represents a stage in which slaughtered 
and processed livestock products are finally sold to consumers, and has a very im-
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portant part in hygiene and safety management. The HACCP 
evaluation items for meat shops consist of the prerequisite pro-
gram and HACCP management [16]. Among them, the evalua-
tion items in the HACCP management field were composed 
based on Codex [17], and the prerequisite program was estab-
lished based on the Livestock Products Sanitation Management 
Act [18]. The evaluation items of the HACCP prerequisite pro-
gram for meat shops include total 51 items (facilities manage-
ment, 23; sanitation management, 7; storage and transportation 
management, 12; inspection management, 8; recall manage-
ment, 1) [16]. All these 51 items are scored using a 3-point 
scale, with the highest score being 2 points, medium score being 
1 point, and lowest score being 0 point. This current evaluation 
and scoring system is not sufficiently effective in terms of en-
suring food safety as all evaluation items are assumed to have 
the same level of importance despite their varying impact on 
food safety. For example, compliance with standards for “re-
stroom, changing room management” and “raw meat and fin-
ished product inspection” will both earn 2 points, even though 
the latter has a much greater effect on consumer health safety. 
As a result, the final total score does not clearly reflect whether 
a store has fulfilled the most critical food safety requirements. 
This shortcoming of the current evaluation system may com-
promise the hygiene and safety management of livestock prod-
ucts. For this reason, the HACCP evaluation items in the gener-
al food sector in Korea and Good Agricultural Practices (GAP) 
evaluation items in the United States use scoring methods in 
which different scores are given according to the level of impor-
tance of each evaluation item [16,19]. 

The purpose of this study was to assess the importance of 
each prerequisite evaluation item and give a differential score 
for each item in order to increase the accuracy and effectiveness 
of the HACCP evaluation system for meat shops in assessing 
compliance with food safety standards. 

Materials and Methods 

Method for improving the scoring of evaluation items 
The importance (i.e., the safety relevance) of each evalua-

tion item was analyzed based on the analysis of: (1) the sever-
ity of hazards caused by each item, and (2) the non-compli-
ance ratio associated with each item over the past 3 years. The 
analyzed results were applied to the evaluation items of the 
prerequisite program, and the practical effectiveness was veri-
fied through comparative analysis with the current evaluation 
score system. 

Analysis of non-compliance ratio 
The rate of non-compliance with the prerequisite evaluation 

items in a total 1,400 meat shops over the past 3 years was an-
alyzed (Fig. 1). The results were used for portfolio map analy-
sis. 

Analysis of severity level of hazards 
The HACCP prerequisite evaluation items for meat shops 

were classified into 3 categories (high, middle, and low) based 
on their hazard severity levels. The hazard severity level was de-
termined based on the effects of the evaluation item on human 
health safety and the quickness with which the damage can be 
corrected. Evaluation items with a high (3 points) level of haz-
ard directly affect meat quality and health safety and corrective 
action for the safety incident takes a long time. Middle-scored 
(2 point) items are indirectly related to meat quality and health 
safety and corrective action takes a long time. Low (1 point) in-
dicates items whose effects on meat quality and health safety are 
indirect and the effects can be corrected immediately.  

Portfolio map analysis  
The importance level of each evaluation item was determined 

by analyzing the portfolio map. The portfolio map has the ad-
vantage of facilitating analysis by visually representing each val-
ue. In this study, the differentiated score for each evaluation 
item was presented through the portfolio analysis using the re-
sults of analysis of the hazard severity level and the rate of 
non-compliance with the prerequisite evaluation items. The av-
erage value of the rate of non-compliance and the hazard sever-
ity level was set as a cut-off value, and the area corresponding to 
the higher value was judged as highly important, scoring 3 
points. Next, 2 points were given to the areas where either the 
rate of non-compliance or the hazard severity level was lower 
than the average value. One point was given to the areas where 
both the rate of non-compliance and the hazard severity level 
were lower than the average value. 

Field implementation and comparative analysis 
The new scoring system developed through this study was 

compared with the scoring system currently being used. This 
comparison was done to verify whether the new scoring system 
is more accurate and effective in assessing safety compliance. 
The new scoring system was analyzed for differences with the 
currently used evaluation score system through evaluation of 
HACCP prerequisites for meat shops. 
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Fig. 1. Analysis of non-compliance rates for each hazard analysis and critical control points prerequisite evaluation item for meat shops 
over the last 3 years. (A) Work place of facility management. (B) Sanitary management. (C) Storage and transportation management. (D) 
Inspection and recall management.

1. Separation of other facilities
2. �Classification of workplace, temperature 

management
3. Floor management
4. Drainage cleanliness management
5. Door and interior wall cleanliness
6. Ceiling cleanliness management
7. Ventilation facility management
8. Lighting management

24. Hygienic conditions of facilities and equipment
25. Indication of equipment and container
26. Employees’ hygiene management
27. Employees’ disease management
28. �Cleaning and disinfection of working places 

and restroom
29. Regular education and training
30. Recording of hygiene management standard

31. Raw meat warehousing record
32. Rapid drop-off and loading
33. Use of standardized packaging materials
34. Storage temperature of raw meat
35. �Raw and subsidiary materials and product 

management
36. Storage and recording of defective products
37. Measures to improve defective products
38. �Product storage, display temperature 

management
39. First-in, first-out of raw meat and products
40. Display shelf signs
41. Recoding of storage management standard
42. Hygiene management of vehicles, tools, etc.

43. Raw meat and finished product inspection
44. Regular inspection and recording of lab
45. Consumables management book record
46. Inspection management item setting
47. Inspection report
48. Hygienic collection of test samples
49. Action of critical deviation 
50. �Measuring instrument calibration, record 

keeping
51. Recall program management

9. Management of worms and mice
10. Restroom, changing room management
11. Compliance with transport facilities
12. Door and window management
13. Tap water or ground water supply
14. Water tank lock
15. Ground water quality inspection
16. Equipped with facilities and tools management

17. Whether to use it for other purposes
18. Management of facilities and equipment 
19. Regular inspection of manufacturing facilities
20. Record management of corrective actions
21. �Refrigeration and freezing facilities, display 

boxes
22. Storage capacity of livestock products
23. Preparation of operation standards
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Results 

Analysis of the non-compliance ration in meat shop 
Fig. 1 shows the analysis result of the non-compliance rate for 

the HACCP prerequisite program for a total of 1,400 meat 
shops. In the workplace facility management, a total 6 items (no. 
2, classification of workplace, temperature management; no. 8, 
lighting management; no. 9, management of worms and mice; 
no. 12, door and window management; no. 19, regular inspec-
tion of manufacturing facilities; no. 21, refrigeration and freez-
ing facilities, display boxes) with a non-compliance rate of 2.0% 
or more were identified. On the other hand, there were 3 evalu-
ation items that had never met with non-compliance. For most 
other evaluation items, the non-compliance rate was around 
1.0%. Most of the evaluation items related to sanitary manage-
ment showed a high non-compliance rate. Of the total 7 evalua-
tion items, 5 items showed a non-compliance rate of over 2.0%, 
and 2 items showed a rate of less than 1.0%. In the domain of 
storage and transportation management, the highest non-com-
pliance rate (over 8.0%) was found in raw meat warehousing re-
cords. In addition, the non-compliance rate above 2.0% was 
seen in no. 33 (use of standardized packaging materials), no. 35 
(raw and subsidiary materials and product management), and 
no. 36 (storage and recording of defective products). In the field 
of inspection and recall management, no. 43 (raw meat and fin-
ished product inspection), no. 45 (consumables management 
book record), no. 49 (action of critical deviation), and no. 50 
(measuring instrument calibration, record keeping) showed 
high non-compliance. 

Analysis of hazard severity level of each HACCP 
prerequisite evaluation item 

Table 1 shows the analysis results by dividing the hazard se-
verity levels into 3 categories (high, middle, low) for each evalu-
ation item of the HACCP prerequisites for meat shops. The 
hazard severity level for each evaluation item was established 
through consultation with Korea Agency of HACCP Accredita-
tion and Services (KAHAS). There were a total 15 items (no. 2, 
19, 21, 22, 25, 26, 27, 28, 29, 31, 33, 35, 43, 49, 50) in the evalua-
tion items for which the hazard severity level was high. A total 
17 evaluation items (no. 3, 4, 6, 8, 9, 11, 12, 16, 18, 24, 30, 32, 34, 
36, 38, 39, 40) had middle hazard severity levels. The remaining 
19 evaluation items (no. 1, 5, 7, 10, 13, 14, 15, 17, 20, 23, 37, 41, 
42, 44, 45, 46, 47, 48, 51) showed low hazard severity levels.  

Analysis of the importance level of each evaluation item  
In this study, the importance level was classified using the 

portfolio map method through the analysis of the rate of 
non-compliance (statistical method) and hazard severity level 
(subjective method) of each evaluation item (Fig. 2). As per the 
portfolio map analysis, the evaluation items that belong to the B 
area with both high non-compliance rate and high hazard se-
verity level were no. 2, 8, 9, 12, 19, 21, 24, 25, 26, 28, 29, 31, 33, 
35, 36, 43, 49, and 50. The number of evaluation items in the D 
area, with high hazard severity level and low non-compliance 
rate was 1 (no. 45). The evaluation items corresponding to the 
A area, with high non-compliance rate and low hazard severity 
level were no. 3, 4, 6, 11, 16, 18, 22, 27, 30, 32, 34, 38, and 39. 
And both low non-compliance ration and low hazard severity 
level (C area) was no. 1, 5, 7, 10, 13, 14, 15, 17, 41, 42, 44, and 
46. 

Comparative analysis with the current scoring system 
Based on the results of the portfolio map analysis, 2 points 

were given for the evaluation items in the areas A and D, 3 
points for items in the B area, and 1 point for items in the C 
area. Table 2 compares the scoring system for each evaluation 
item used currently in meat shops and the scoring system de-
veloped through this study. In the current scoring system for 
meat shops 3 points are given regardless of the importance level 
of each evaluation item. However, in the system developed 
through this study, evaluation items are given 3 points, 2 points, 
or 1 point according to their importance level. The score system 
composition according to the level of importance consisted of 
15 evaluation items (29.4%) corresponding to 3 points, 17 eval-
uation items (33.3%) for 2 points, and 19 evaluation items 
(37.3%) with 1 point. 

Evaluation of the meat shops using the newly developed 
score system 

In order to compare the current scoring system with the new 
scoring system developed in this study, the evaluation was con-
ducted by selecting meat shop X with excellent facilities and 
poor prerequisite operation, and a meat shop Y with poor facili-
ties and excellent prerequisite operation (Table 3). The evalua-
tion found that a total of 11 non-compliances occurred, includ-
ing evaluation item no. 19 (regular inspection of manufacturing 
facilities), no. 21 (refrigeration and freezing facilities, display 
box), no. 24 (hygienic conditions of facilities and equipment), 
no. 25 (indication of equipment and container), no. 26 (employ-
ees’ hygiene management), no. 29 (regular education and train-
ing), no. 31 (raw meat warehousing record), no. 36 (storage and 
recording of defective products), no. 43 (raw meat and finished 
product inspection), no. 49 (action of critical deviation), and 
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Table 1. Analysis of hazard severity levels of each hazard analysis and critical control points evaluation item in meat shops

Index
The severity levels of hazards

High Middle Low
Evaluation items 2. Classification of workplace, temperature 

management
3. Floor management 1. Separation of other facilities

19. Regular inspection of manufacturing 
facilities

4. Drainage cleanliness management 5. Door and interior wall cleanliness

21. Refrigeration and freezing facilities, dis-
play boxes

6. Ceiling cleanliness management 7. Ventilation facility management

22. Storage capacity of livestock products 8. Lighting management 10. Restroom, changing room management
25. Indication of equipment and container 9. Management of worms and mice 13. Tap water or ground water supply
26. Employees’ hygiene management 11. Compliance with transport facilities 14. Water tank lock
27. Employees’ disease management 12. Door and window management 15. Ground water quality inspection
28. Cleaning and disinfection of working 

places and restroom
16. Equipped with facilities and tools man-

agement
17. Whether to use it for other purposes

29. Regular education and training 18. Management of facilities and equip-
ment

20. Record management of corrective ac-
tions

31. Raw meat warehousing record 24. Hygienic conditions of facilities and 
equipment

23. Preparation of operation standards

33. Use of standardized packaging materi-
als

30. Recoding of hygiene management 
standard

37. Measures to improve defective products

35. Raw and subsidiary materials and prod-
uct management

32. Rapid drop-off and loading 41. Recording of storage management 
standard

43. Raw meat and finished product inspec-
tion

34. Storage temperature of raw meat 42. Hygiene management of vehicles, tools, 
etc.

49. Action of critical deviation 36. Storage and recording of defective 
products

44. Regular inspection and recording of lab

50. Measuring instrument calibration, re-
cord keeping

38. Product storage, display temperature 
management

45. Consumables management book record

39. First-in, first-out of raw meat and prod-
ucts

46. Inspection management item setting

40. Display shelf signs 47. Inspection report
48. Hygienic collection of test samples
51. Recall program management

High, point 3; middle, point 2; low, point 1.

Non-compliance rate (%)
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Fig. 2. Classification and scoring of importance levels 
using the method of portfolio analysis.
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Table 2. Comparison of the current scoring system and the new scoring system developed in this study

No. Evaluation items Current This study
1 Separation of other facilities 3 1
2 Classification of workplace, temperature management 3 3
3 Floor management 3 2
4 Drainage cleanliness management 3 2
5 Door and interior wall cleanliness 3 1
6 Ceiling cleanliness management 3 2
7 Ventilation facility management 3 1
8 Lighting management 3 3
9 Management of worms and mice 3 3
10 Restroom, changing room management 3 1
11 Compliance with transport facilities 3 2
12 Door and window management 3 3
13 Tap water or ground water supply 3 1
14 Water tank lock 3 1
15 Ground water quality inspection 3 1
16 Equipped with facilities and tools management 3 2
17 Whether to use it for other purposes 3 1
18 Management of facilities and equipment 3 2
19 Regular inspection of manufacturing facilities 3 3
20 Record management of corrective actions 3 1
21 Refrigeration and freezing facilities, display boxes 3 3
22 Storage capacity of livestock products 3 2
23 Preparation of operation standards 3 1
24 Hygienic conditions of facilities and equipment 3 3
25 Indication of equipment and container 3 3
26 Employees’ hygiene management 3 3
27 Employees’ disease management 3 2
28 Cleaning and disinfection of working places and restroom 3 3
29 Regular education and training 3 3
30 Recoding of hygiene management standard 3 2
31 Raw meat warehousing record 3 3
32 Rapid drop-off and loading 3 2
33 Use of standardized packaging materials 3 3
34 Storage temperature of raw meat 3 2
35 Raw and subsidiary materials and product management 3 3
36 Storage and recording of defective products 3 3
37 Measures to improve defective products 3 1
38 Product storage, display temperature management 3 2
39 First-in, first-out of raw meat and products 3 2
40 Display shelf signs 3 2
41 Recording of storage management standard 3 1
42 Hygiene management of vehicles, tools, etc. 3 1
43 Raw meat and finished product inspection 3 3
44 Regular inspection and recording of lab 3 1
45 Consumables management book record 3 2
46 Inspection management item setting 3 1
47 Inspection report 3 1
48 Hygienic collection of test samples 3 1
49 Action of critical deviation 3 3
50 Measuring instrument calibration, record keeping 3 3
51 Recall program management 3 1
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Table 3. Differences in the evaluation of the meat shop Y based on the current scoring system and the new scoring system developed in this 
study

No. Evaluation items
A B

a b a b
1 Separation of other facilities 3 3 1 1
2 Classification of workplace, temperature management 3 3 3 3
3 Floor management 3 3 2 2
4 Drainage cleanliness management 3 3 2 2
5 Door and interior wall cleanliness 3 3 1 1
6 Ceiling cleanliness management 3 3 2 2
7 Ventilation facility management 3 3 1 1
8 Lighting management 3 3 3 3
9 Management of worms and mice 3 3 3 3
10 Restroom, changing room management 3 3 1 1
11 Compliance with transport facilities 3 3 2 2
12 Door and window management 3 3 3 3
13 Tap water or ground water supply 3 3 1 1
14 Water tank lock 3 3 1 1
15 Ground water quality inspection 3 3 1 1
16 Equipped with facilities and tools management 3 3 2 2
17 Whether to use it for other purposes 3 3 1 1
18 Management of facilities and equipment 3 3 2 2
19 Regular inspection of manufacturing facilities 3 1 3 1
20 Record management of corrective actions 3 3 1 1
21 Refrigeration and freezing facilities, display boxes 3 1 3 1
22 Storage capacity of livestock products 3 3 2 2
23 Preparation of operation standards 3 3 1 1
24 Hygienic conditions of facilities and equipment 3 1 3 1
25 Indication of equipment and container 3 1 3 1
26 Employees’ hygiene management 3 1 3 1
27 Employees’ disease management 3 3 2 2
28 Cleaning and disinfection of working places and restroom 3 3 3 3
29 Regular education and training 3 1 3 1
30 Recoding of hygiene management standard 3 3 2 2
31 Raw meat warehousing record 3 1 3 1
32 Rapid drop-off and loading 3 3 2 2
33 Use of standardized packaging materials 3 3 3 3
34 Storage temperature of raw meat 3 3 2 2
35 Raw and subsidiary materials and product management 3 3 3 3
36 Storage and recording of defective products 3 1 3 1
37 Measures to improve defective products 3 3 1 1
38 Product storage, display temperature management 3 3 2 2
39 First-in, first-out of raw meat and products 3 3 2 2
40 Display shelf signs 3 3 2 2
41 Recording of storage management standard 3 3 1 1
42 Hygiene management of vehicles, tools, etc. 3 3 1 1
43 Raw meat and finished product inspection 3 1 3 1
44 Regular inspection and recording of lab 3 3 1 1
45 Consumables management book record 3 3 2 2
46 Inspection management item setting 3 3 1 1
47 Inspection report 3 3 1 1
48 Hygienic collection of test samples 3 3 1 1
49 Action of critical deviation 3 1 3 1
50 Measuring instrument calibration, record keeping 3 1 3 1
51 Recall program management 3 3 1 1

A, current scoring system; B, newly developed scoring system; a, maximum score; b, the number of scores obtained as a result of evaluation.
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no. 50 (measuring instrument calibration, record keeping). 
These evaluation items are classified as evaluation items that 
can directly hazard consumer’s safety if management is neglect-
ed. Thus, when the same meat shop was evaluated using the 
current and new scoring systems, the current system gave the 
store a quality rating of “suitable” with 85.6% (131 points), but 
the new scoring system gave the rating of “non-compliance” 
with 78.4% (80 points). This shows that the new scoring system 
is more accurate and stringent, which can improve food safety 
management. 

Discussion 

The most advanced food hygiene and safety management 
program is the HACCP system. For this reason, many devel-
oped countries implement the HACCP system in all food sec-
tors [20-23]. The effects of implementation of the HACCP sys-
tem are appearing in various fields, such as improving the hy-
giene and safety of food, systemic management, and increasing 
consumer satisfaction [10,24,25]. The HACCP system of meat 
shops is divided into the prerequisite program and HACCP 
management field. Among them, the HACCP management 
field was established based on Codex [17], and the prerequisite 
program was developed based on the Livestock Products Sani-
tation Management Act [18]. Accordingly, the HACCP evalua-
tion items for meat shops were developed in accordance with 
the legal standards (prerequisite evaluation items) and Codex 
(HACCP evaluation items). The meat shop is the final stage of 
the meat production chain where consumers come to purchase 
meat. Therefore, a lot of attention is needed on the hygiene and 
safety of meat. However, the effectiveness of HACCP imple-
mentation is compromised because all evaluation items of the 
HACCP prerequisite program for meat shops are evaluated on a 
3-point scale despite the differences in their safety relevance 
[16]. In fact, the HACCP evaluation items for most livestock 
products do not consider the level of importance of each item 
in terms of their effect on human safety. In order to resolve this 
problem, the US GAP [19] or the Korean food HACCP system 
[16] is operated by assigning different levels of importance ac-
cording to the evaluation items. The scoring system that con-
siders the level of importance of each evaluation item is consid-
ered to be effective in enhancing the safety of food as it has a 
positive effect on the evaluation results. The purpose of this 
study was re-establishing the score according to the level of im-
portance of the HACCP prerequisite evaluation items for meat 
shops. As a result of implementing the results of this study in a 
meat shop quality inspection, it was verified that effective hy-

giene and safety management is possible. In addition, if there 
are no detailed criteria for evaluation items, the evaluation re-
sults are determined according to the subjective opinion and 
bias of the inspector, so additional studies on establishing de-
tailed criteria for each evaluation item are required to increase 
objectivity. 
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