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Abstract

This study aims to empirically identify the key factors influencing HACCP certification outcomes
in the Korean meat packing and processing industry in preparation for the full mandatory
implementation of HACCP. Using audit data from 817 firms and 10,259 inspection findings collected
between 2017 and 2022, the study analyzes the structural relationships between firm characteristics
and evaluation items. To address the complexity of multiple interrelated audit criteria and potential
multicollinearity among variables, Partial Least Squares Structural Equation Modeling (PLS-SEM)
was applied. The results indicate that HACCP management factors particularly "Establishment of
Critical Limits," "Product Description and Process Flow Documentation," and "CCP Monitoring and
Corrective Actions" are most strongly associated with certification outcomes. In contrast, firm-level
characteristics, including production volume, revenue, business tenure, workforce size, and regional
location, show no statistically significant association with certification outcomes, suggesting that
certification results are primarily related to actual hygiene management performance rather than
structural firm attributes. These findings provide practical guidance for firms preparing for HACCP
certification by emphasizing the importance of strengthening core management capabilities rather than
focusing solely on firm size or scale. Furthermore, the results support evidence-based policy
development aimed at enhancing technical and financial assistance for smaller firms under the
forthcoming mandatory HACCP framework.
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HACCP(Hazard Analysis Critical Control Pointy A1%-g A R5}= pgo]A] 23 4 9l 9J5)
8012 AMHY| Al T Fajols AAE0F A1E0] QPANS B3] 93t AT FAolct
(FAO and WHO. 2020). $-8|uel= A1E29] obAAS 93 A= 713200202 E3 A=
SAA HACCP £9] 9531E HA|5l6193. 2. (Choi ef al., 2016), 20299 El= RE 710] AlQ.3
AP AJZ 253} fAJo[tHMEDS, 2024b). = ASZAA 2 A= 20239 T 7= 9F 45%
oD RIFEE FYA=IL 9loH, 2029 A7 HACCPZ EJdoF oh= A53842 AA= 4,00071
oljo] E Zog ZHETHKAHAS, 2024).
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HACCP 91ZS s 2Aste] 9 #l2 95t AJAT} HH|Ex7} AgiE]ojof 5h, o=
oL AR Al 63% Sl BT oWl ASOl T A 4ol ojdlo] 408
AR FA53 UrkKim, 2020). F} ol o whzo] 19] U Wil YA thol7]]
(68.2%)(MFDS, 20230), 535 Qo] 2ok T 0182 Aol $HoR 8T > Urk we
A, dF IS R FeE GAEHS B A u18e HASE 4 b A Sy

9% I 29 BHS o 9% F] YA AFHOE HA0HL e vfzio] BRI Aol

HACCP 9132 98E A 3ok W7t 3520] wet NS 1, 4 3585% o]
4 GE GR: A9 UTAE DITMIDS. 202, el WIS A 2

AA oﬁlvf‘ixﬁe SHIMA| got A2 FHlvke PSS 7ol ASsher T A =
fsl7] ofete Aol oo 7+ dAle HEte 1L8std ‘21% P52 A AE" A&

%— 740] Ao, JA9] /HE SAdo] HAL el o FFe A=Al et A7 vlF

e 0:1401]/\1 = AR ASEAAA 2| FA] HACCP TZdA] B7HEE A4 vlE, 91512 A2
3 —’F—Zr, S8 ol tigk £4 59 B7AF SHolA HrIRIE] AT ARk A=
2 H(Jung et al., 2019), ‘”Zﬂ o] FEE AHAR it Q5 TS B4R A BA
OJﬂ(Hwang et al., 2021).
olof] 2 ATAIE F 61¥7H2017~2022) AW Q1ZAA} By} ATFE Hadslol, A HlE
7R WRES AT, A, G vhEe, B4 5 5 A E4o] ol o]
UAE G metstalat gttt oF F3f Aok ArdsiolA Q1S E52 A%t B W A
B, A2 AR AA9] £4]-14] SHM ABARE FAasls 4 Q= Wk AXSAL
o &, W7HETE v 2R HACCP Q1% ool WA= o] Atidom & 99152 &0,
ol SR YAl9 AFE FF o] HACCP o 28] ZF AAISo] A& or figsty] £kt
HEE AlEstaA; gtk

X2 Y By

2 Aol ARSE A 20179RE 2022870 SERAIEPATE QIS U] ASAA ] AA
2,516704 5 H71E JEo] et YRkt H7HEE E-8oto], IS4 } t 213y 8177] JAE
W= SR sid FAES] 712 YR (AR, WS, Pitd, SAR, %‘ )92} HACCP
QIZAAL A HAR} & 10259A(AF QA = 7,497, HACCP = 32107)25) Eao] SLs}9ict.

AL 2] <187k AR 71E F 81770 Ao, *"*4 FEQEAA ] FAE
AR T ARE 7|E0R2 AAEY] 7IZYERE Aottt i A9 BlgEE 9 7]
ZEA= Table 1, Table 29} 7t}

1) 20239 & 7% S ASgA QA 7226747 SEE 0] Qlow, o] F 32477)47F A5 e
Aog HAED UTHKAHAS, 2024).

2) T4E 9 48 BT 14,0 ‘*E‘*I%@iﬁﬂi‘i’ gslo] Wrle AXjsk 9ot

3) AAVIR7IEE A RIS 59 9 Udk Ee A1 109 o5t 719)e] wEh aqfrel dut
T B7HER 0] 9ler, °‘HP%7HH BFF TN I 697 FEOE AL gt g7
o 3% 2} 1% 258R0 2 PRTo] Ik 0] W HHER ot 40 Holstel FUL
AT A9 724 ¥lart of2i BAPH dAstol, & Aolis dgo] FA R FRE it
PIRS 71202 B4 AASIg,

4) AFFEWAA 2017~2022 BHEAET ARE VIFoR A AR A dEsiglnk

5) HACCP Q15]7F HAM] 371 7] A 87¢29} HACCP #2] B/ F2Ew, AR Aol 2
k] o5t 71 w2t HAks AgetA Ht.
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Table 1. Distribution of the analyzed firms by characteristics

Category No. of firms Share (%)
< 2 years 517 63.28
Business tenure 373 years 4 Hs1
5-10 years 115 14.08
> 10 years 91 11.14
Seoul 20 245
Incheon 44 5.39
Daejeon 53 6.49
Daegu 44 5.39
Ulsan 6 0.73
Busan 33 4.04
Gwangju 24 2.94
Sejong 6 0.73
Region Gyeonggi 233 28.52
Chungnam 69 8.45
Chungbuk 61 7.47
Jeonbuk 41 5.02
Jeonnam 35 4.28
Gyeongbuk 50 6.12
Gyeongnam 54 6.61
Gangwon 20 2.45
Jeju 24 2.94
Not identified 148 18.12
< KRW 100 million 103 12.61
KRW 100-500 million 105 12.85
Revenue KRW 0.5-1 billion 68 8.32
KRW 1-5 billion 189 23.13
KRW 5-10 billion 107 13.10
= KRW 10 billion 97 11.87
Not identified 123 15.06
< 10 tons 81 9.91
10-50 tons 101 12.36
Production volume 50-100 tons 61 7.47
100-500 tons 188 23.01
500-1,000 tons 104 12.73
> 1,000 tons 159 19.46
Not identified 92 11.26
< 2 persons 80 9.79
Workforce 3-10 persons 235 28.76
10-20 persons 237 29.01
20-50 persons 141 17.26
= 50 persons 32 3.92
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Table 2. Descriptive statistics of the analyzed firms

Variable Mean Median  Min. Max. SD  Kurtosis Skewness Missing
Business tenure -, 5 2 1 25 466 330 1.91 2
(years)
Production
804.88  238.03 0.01 28,236 2,049 104.26 8.99 125

volume (tons)

Revenue (KRW

o 550.5 16.69 0.01 16,499 9,005 331.83 18.24 150
100 million)

Workforce

18.05 13 1 282 26.69 4276 5.74 94
(persons)

Source: Compiled by the authors from the production performance reports of the Ministry of Food
and Drug Safety, 2017-2022.

A 81771 GA| T BAMEAE T AFg oA s o] ERlEA] ¢k
2, ABAF 1257, SARE & 9471, 9 27dolth 2EA = g Y
HjR )02 Afsto] FAJo E-Esi3ith

AP QAT Byt o5t 547] B35} A& AL Table 33 o] UElyth & 7,049702
oF 9l 571 =L AHES 1,85671 02 AA9] 26.3%0] Gl HACCP #e| B71E 15730l
ozt A Ag= F 321070 A9 570 339 XHEC] 60%°] Hols AR UETh

2 AolAl= 201735E 202218714]2] HACCP 15 AAHAIEES E-85te] HACCP #E 84l
APy a2l 121 AA EAJo] ATl nX= I WAE BG4 ARe
HACCP Q15 AAF IgolA] AA|E AR A4 ARY Almet A @9 A=E Addste] 1535152
H, o] B3l At B7RRRlY A B4 71 23 BAE melstalAt sieirh

HACCP HAFE7I = @Y B7FE0 = o]foixl Zlo| ofe} tiee] 2|80} AR BrRlEs
& 0] Qi oIS 0] HACCP ] @92 | 4, ARAEA 2 S4%, YA, A7
< A%, BUEE 9 7ARA|, AL 1T, WSS T o] WE8Rle R SR, A eyt
P ERF 2P T, 98 T, Hk-out B, AL e 5 B B 8RIC0 R o]folA glrk
ojzfet F7HAA= /N F&ol HHH R ALk AT AvE AAA Q] FH=E +FH

ohe B4 FhI

rlo

B g
e

i

=

2
2

wreb HACCP AARETE T Wspo] ofsf Aisr|Eike tpd] Bel8ls0] 4% d3=
DAHA FRH o R PAEE 25 7T = 4 Sl ook e S4S e v Tt 3l
2ge A3l ¥ 7 AE 2Hske A B AR e tesAl EAleE el
24 BAE SE9] WG| ke AP AT 5
2 3

d

olo] E dAtoldE trr9] #aE] 99l 7F 723 TARE AARAI] digt S FAlof| A5}
7] 9fato] FREFYA R & (structural equation model, SEM)2 Z-8513L}. LREFYAIREL Th9]
ISHLE 3E RSE A6l BE 7] QITAE Al 4 4= Sle 24 e
2 B30 dEAAY oA AEE A4Sk dollA deE] EEE T Qi

E£35] HACCP #8117 A 73] 8912 77} ofg] AR BridEos e IejAAl|=
& o ¥R EA617|Erk= A2 (latent construct) O & /S| FASH= Zlo] Kt 2 ds)
o} SEMZ o]2gh QRS 7[Hte g2 W 7t 24 IAE A0 BAT 4 k= HojlA
2 A9 24 FHo] Faloks HEolzt o & Utk

EQH PLS-SEM W= 7t thg541/d Aol a0 2 Z3si, a8l 7t BEUAE -S40l
4T 4 o] EFAQ A8l AR E Aok b At o R HIETHKim e al., 2011).
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Table 3. Most frequently cited audit items in the prerequisite program and HACCP management checklists

Checklist Management group Audit item Rank No. of findings

Are facilities installed in the workplace to prevent the entry and
breeding of harmful organisms, and is an insect- and rodent-control
Workplace management plan established and implemented? (Including the inspection cycle of 1 473
related equipment, the type of pesticide used and the installation
location)

Are measuring instruments regularly inspected and calibrated, and are

Inspection management the records maintained? 2 418
Upon receipt of raw meat, are test certificates verified in accordance
with the firm's own receiving standards, are only raw and subsidiary
materials meeting the specifications purchased, and are receiving
Storage and records prepared? (1) Whether the raw meat was produced in a
Prerequisite transportation HI.XCCP—certiﬁed workplace; (2) Core temperature of the raw meat: 3 334
program management chilled .72 to §°C or below, frozen — 18°C.0r belf)w; 3) Records of
management appropriate vehicle temperature; (4) Sensory inspection (foreign matter,
off-odor, color, etc.); (5) Verification of test certificates or in-house
testing; (6) Verification of the use-by date
Are the cleaning, washing and disinfection procedures for work rooms,
manufacturing facilities and equipment specifically defined and
implemented? (Cleaning locations and cleaning/washing/disinfection
Sanitation management cycles; cleaning methods and the detergents, disinfectants and tools 4 329
used; methods for evaluating cleaning/washing/disinfection status;
disinfectant, inspection frequency and inspection method for
disinfection baths; other necessary matters)
Manufacturing facility Are the manufacturing fgcilities and. equipment regularly inspected,
management Tnanage?d S0 as no.t to hinder 0perat10n§ aI.ld kept clean, and are 5 302
inspection and maintenance records maintained?
HACCP S}./stem Is verification of the HACCP plan conducted regularly? 1 489
verification
Determination of CCPs
and establishment of  Are the critical limits for each CCP appropriately established? 2 460
critical limits
HACCP Are all hazards that may arise from raw materials (including subsidiary
Hazard analysis materials), processes and distribution stages appropriately analyzed, 3 360
management

and are the HACCP control measures recorded for each hazard?

CCP monitoring and

. ; Is monitoring appropriately conducted at each CCP? 4 359
corrective actions

Product description and
process/facility layout
diagram

Is a process flow diagram prepared, and does it correspond to the

actual site? 260

Source: Annual audit findings, Korea Institute of Food Safety Management Accreditation.

3 QoA HACCP T2] @913 A5 a 7w Q918 WAdse T4, QA B4 (|
L PR, TIEOL, A, B4 S 5)E 94 wew Agste] AETigle) 7R WS
J5}9Ic), EALS SmartPLS TS ol 3lo] S 0r, HEAEHW (bootstrapping)S 5

=

AzA%e] A R3S AZH

FE_IR

ol

2
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Qb0 E ch QS Teie B ol AT B4, F48 B, SR, 2018
9] EAA 7|Ho] R8T Yoo ef al., 2021), o= —‘,LXHJZWE‘?-@(stmcmral equation
model, SEM)Z 283t th Hloe FAHS E8dk= 750l Bol APl Urk(Shin,
2020).6 £ 9= PLS-SEM(partial least squares - structural equation Model)2] } Eﬂ 2 Z2a1om,
o FRAAASH] FHlet TR BYOR W 7 WAV BB AEo] A, T
SAgo] EAskE ol ARt 2 o= AA QItHHair et al, 2011). PLS-SEM LHFARI Z|4
A53] HEA (ordinary least squares, OLS)O|A] TS &= Q= 52414 9] EAIE WS 7F A4
= IL2fsto] HEo] YRR NIgH/do] WolA|w, W0] 7} Bal Ao AT BT Aol &
§oto] dEHset Hkg RS Alo]9] 25 HA AEE & e AHo] UTHKim et al, 2014).

PLS-SEM®] 7] Bei= Eq. (1) o] #3°] 7hssit.

o714 = Eguid xo] APAFR! Ao, wrt ABAF] AGIEAD A9 9 24
W yol FEARS Eq. (2)9 Zol Aklo] 7Fs3sit

Eq. (2) Cov(z,Y) = \/Waw(f/,w VVar(z) vV Var(Y)

= Corr(z, Y) vV Var(z) v/ Var(Y)

oltl, Corr(z,v) = %(\/ﬁi o2 FHE, Covlz, V)= T Wa7h0] 48H 2
SAEE el TEAR, Var(z) 9 Var(Y)E 22t 29 vol BARS Yepdch w2, 2
O ATHARS) 7t e BEEAe Fo2 BYdr

PLS HpelAlE H M - = XS T T3 B B0 19 Bel A s
AR S e /A Mol A IS PV S0 111 B Vorls) =13
72 fet 27o] Gl Holerh. ofeja AokstolA] BEARS Hhslehs ke Eq. (3% 2ol
E3o] 7Rssick

Eq. (3) w=XTy

%, PLS-SEMZ SHHPES HEIRL o] 7I5AE Fofshal, A4H X3 ¥, & °ol8sto
A WA e =53 olF, =2H IAASE ]%3]‘04 o =919 X, Y, A8E B9 2, & S0t
7] gt IS HkEsle] 223} gS ARESKE W2lo]thJeong et al., 2022).

PLSSEME 7 89159) TS ABiolo] SIS She HAl0% B el Baps AAES
7} IFER Fol AAHSE e F o5 HACCP QIS5 AAF A3to] it JF=E FA5H3I:
ZF AAAa] A= o B7ELEO] &3 £ AHECIRE  Flo] 25E e 5E0] HEe
ofulsh, F&Hpl AL Ak FAR(ES 29h) WS 1, A TS 00 FYSI3it) metA
FHQ ArATE g 8219 A&E0] .\J‘E}\ﬂ A W 7Fs/do] =orde omgith

2 A9] TEHp= oY H4o|HE, PLS-SEMO| HEAG= APEERH(linear probability

6) Shin(2020)0] A 7|20] Thilek BAMRES 14T M0 WAsIYOn], H wo] AREle T
4] 7]ate] B2 24 BAMo R WHslolch

l:

[o)



model)2] 422 7M1tk ofoll ARARE S Ao | EEEA F71 uhe] WY BHE viokE
oF SHAsIEon, BAK RS REAEHY 50008, FEAY % 7IEOR AFIAh

2| SRSL GAE S A, FA7IE B hEY, B AR, A
L ghEe] AR Bl 70 18] st PROE TG, IFEL s Wk 2Y
(47 Bhe dgstol Y4 2R SIHEF)E Fig. 13} 20| Aalgic. HACCP Be) 28
A A @}om A BY(1T) B AFAALS I AUl WA A ofol

= AARSES TREY(HREF)S Bstol AA) WA A v]AE JFRL sttt

270l 4182 Zﬂ% E40| B} A, QA B4 AR delESE MEsle] Table 42
o) Bje] Hgtaith Holes o] B40] vich oA ol sl Ak SUE 1)
3 712X AL ol 13} 002 ARl

ru’n

Il. =M Zat

42 SMART PLS(4.0y& ol8stglon, HE9] S Rlolr]o] Al EAhdxacdl
(variance inflation factor, VIF)Z 53| ¥ 7} ts-A41A] EAIE EQIsi9it) €HA4 0 & PLS-SEM
& VIF gfo] 5 ol 49 F44 ZAR BP9 A FAI0H ZotA R (Hair e al, 2011),
BENZATE Table 59 Zo] BE WZAE0] VIFZL 5 ngto@ yepgth 2xugo] Ao
R™=0.398(F7% R=0.385)2 LFEh} 7t $50] A8 grgt Aoz wobech 3hd SRMR ¥
HTMTE 35891 79He] 9h3 SAnge AA= o AR, 2 A9t Zo] 344 SY1xE
Z¥e wEo st SHA7E Qlo] AAIGHA] LFTHHair ef al., 2019). A E} Q)5 g9lo
B JEolloH, oF 9912 7t lﬁﬂ%‘%bl g 159 8%1E0] vlAls I B4 Ao,
R 891 o g2lak JA|9] E4o] Q159 At o] mAe ke uldith

T

Certification

(pass / fail)

HACCP checklist - 15 audit items (H1-H15)

Fig. 1. HACCP management factors.

7) A ol 0, 1 9 A 12 el Hriuis ez 24 Ak

§) d9ad gelo) 7o 18L wwa e, el Be 3 a4, sl
EehE], HACCP e 5o | 74, B4R 9 &4, Seld, eAl%, wHER 9 A8,
Nad A%, BSEHo) EHwd

9) A 549 BAPH 2 A BAH Hol7h WA 4 ol HasE WEsle] £42 sk
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Table 4. Composition of the dummy variables for firm characteristics

Variable Dummy coding No. of firms Share (%) Basis of classification
Metropolitan city or above=0 230 28.15
Region Urban / non-urban classification
Non-metropolitan area=1 587 71.85
< KRW 500 million=0 356 43.58
Revenue
> KRW 500 million=1 461 56.42

“Small-scale” firm criterion of the Notification

Workforce < 10 persons=0 407 49.81 on Food and Livestock Product Safety
> 10 persons=1 410 50.19 Management Standards
< 100 tons=0 366 44.80
Production volume
= 100 tons=1 451 55.20
< 2 years=0 517 63.28
Business tenure Median of the descriptive statistics

> 2 years=I 300 36.72

Note: Because the mean production volume of all firms is distorted by a small number of very large firms, the threshold was set at 99.4
tons, the average production volume of small-scale firms with revenue of KRW 500 million or less.

Table 5. VIF values of the inner and outer models of the PLS-SEM with dummy variables

Domain Construct Inner model Outer model
Workplace management 1.43 1.02~1.19
Manufacturing facility management 1.21 1.00~1.09
Sanitation management 1.43 1.02~1.07
Prerequisite program
Storage and transportation management 1.33 1.02~1.09
Inspection management 1.20 -
Recall management 1.11 1.00
HACCP team organization 1.19 1.01
Product description and flow diagram 1.20 1.03
Hazard analysis 1.14 1.00
HACCP management Establishment of critical limits 1.16 -
Monitoring and corrective actions 1.26 1.03~1.08
System verification 1.21 1.01
Education and training 1.12 1.00
Revenue 1.75 -
Production volume 1.80 -
Firm characteristics Business tenure 1.04 -
Workforce 1.20 -
Region 1.01 -

Note: Owing to space limitations, only the minimum-maximum range of the outer-model VIF values is presented for each construct.

110 | Resour Sci Res, Vol. 8, No. 2
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TG 7h AT B HTR Table 634 2T}, 24 R 7H AFTARE 0,059~0496 9]
2 et Aikdog %o ke 1aE)x] gl tht B ye] onge g44 2gugo
2 4gElo] Qom, wiely ZYRYolH 22 BET HIMT 72| ofgt Waefy e
Aga 0wt B8et Wazt ek, olo] & Ao TN 7 AgE T sAt olny
o) tEEAN $EVIPS FHo wys HEde weksier

Ry BHS £8) QA E E40] 7 WAL njX JRke EAT AIM: Table 73}
2} 54 3 0% A B4 Wl B HrRololA] SAXOE Qg YIS Uehych WA
o Wet 137 Wheel Aold SAKCR Solt WS UeiA gkt
A4 W BT (§=0.116, p<0.01)2h HPFT(B=0.075, p<0.05) 20N Foft
Yol FREE Vet 2 ATolN IS HulEst G717 2d 29 12 Agsigon
2, k1)) ARARE JYIzo] 29L 27 QAN S 89le] AHgo] AfH oz BA
Uehde ojufitt, o) @igl]7to] Zojdsg At Aule] WS} HiElo] myk-out 9 2
A ) HBolx Axo] ZA3 hsAs BelE & Uk

B 4 W AARIEI(8=-0.004, p<0.05), ZIRPFTEI(B=-0.077, p<0.05), AZA BT
—0.115, p<0.01) QIoIA H2IF 2] RS hepict

2} 2 s 1091 FIFHS 0, 109 oS 12 Agslgone 8 AL B4
A 1091 o4 QAIA i <1e] X|ZBo] Alalom A LR ofwlsit. ol 9lg 1w}
ShrE QAASE AL 2 B L A Pe] SO JRE Byslel 28 5 9 BEoR
SRR

Sh e Hae 7 8ANAT ROt 2(-)9] YT HERICHH(8=-0.091, p<0.05), 1

Table 6. Correlations among the constructs

. It . Manufacturi
HACCP Inspection Storage al.ld Sanitation Workplace anu ac Hine Recall .
Construct transportation facility Pass / Fail
management management management  management management
management management
HACCP
management
Inspection 0335 _
management
Storage and
transportation 0.286 0.243 -
management
Sanitation 0462 0.298 0412 -
management
Workplace 0.435 0.297 0.393 0.479 -
management
Manufacturing
facility 0.327 0.223 0.303 0.324 0.372 -
management
Recall 0.157 0.103 0.150 0.209 0.068 0.059 -
management
Pass / Fail 0.496 0.206 0.221 0.299 0.335 0.257 0.075 -

Note: The values are correlation coefficients among the constructs, excluding self-correlations on the diagonal.
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Table 7. Outer model results by construct with dummy variables

Firm characteristics (path coefficients)

Audit construct

Revenue Production volume Business tenure Workforce Region

Inspection management -0.036 0.063 0.009 -0.094" -0.031
Storage and transportation management -0.034 0.081 0.116™ -0.039 0.024
Sanitation management -0.053 0.101 0.034 0.006 -0.035
Workplace management -0.038 0.065 0.075° -0.077 -0.059
Manufacturing facility management 0.019 0.051 0.029 -0.115™ -0.030
Recall management 0.026 0.041 0.011 -0.038 -0.018
Education and training -0.010 0.033 0.021 -0.036 0.017
Monitoring and corrective actions -0.044 0.056 -0.015 0.000 -0.041
System verification -0.046 0.003 0.003 -0.037 -0.038

Hazard analysis 0.001 -0.005 -0.019 0.053 0.026

Product description and flow diagram -0.008 0.028 0.014 0.030 -0.010
HACCP team organization -0.091° 0.079 -0.016 -0.004 -0.015
Critical limits 0.005 0.014 -0.007 —0.054 —0.053

Note: Results based on 5,000 bootstrap resamples.
" p<0.05, ™ p<0.01.

9] o] BrE oA BAF SR Fogt ko] SRIFA] ISttt T3k AR 1 A B
£ B7FaRIoIA BAHCE Fofdt GFS UEA] G AoE BAE

THH R WY 9RRY BMojlA foslA Uehd G4 B4 Big= 52 SAR =9 9971
ZF Bispoly, o5 Wi i) B7Ea Q1Y) IS Btk of= Y HACCP #28919] o)
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Table 8. Inner model results by construct with dummy variables

Domain Inner model path Path coefficient p-value
HACCP team organization — Certification outcome 0.067 0.072

Product description and flow diagram — Certification outcome 0.159 0.000™

Hazard analysis — Certification outcome 0.045 0.089

HACCP management Critical limits — Certification outcome 0.161 0.000™
Monitoring and corrective actions — Certification outcome 0.159 0.000"

System verification — Certification outcome 0.130 0.001"

Education and training — Certification outcome 0.004 0.961

Workplace management — Certification outcome 0.141 0.002"

Manufacturing facility management — Certification outcome 0.082 0.023°

Prerequisite program Sanitation management — Certification outcome 0.122 0.016°
management Storage and transportation management — Certification outcome 0.019 0.667
Inspection management — Certification outcome 0.024 0.535

Recall management — Certification outcome 0.004 0.909

Region — Certification outcome -0.052 0.076

Business tenure — Certification outcome 0.023 0.357

Firm characteristics Production volume — Certification outcome —0.037 0.285
Revenue — Certification outcome -0.036 0.309

Workforce — Certification outcome -0.020 0.507

Note: The dependent variable is the audit result (fail=1, pass=0). A positive path coefficient indicates that a higher citation rate for the
construct is associated with a higher probability of a fail decision. Results based on 5,000 bootstrap resamples.

* p<0.05, ™ p<0.01.
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Table 9. Certification audit results by regional classification

Category No. of firms Pass Fail Pass rate (%)
Metropolitan city or above 230 158 72 68.7
Non-metropolitan area 587 462 125 78.7
Total 817 620 197 75.9

Note: x°=8.510, p=0.004. “Fail” includes cases requiring documentary or on-site supplementation.
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