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Microbial Risk Assessment and HACCP Plan for the Safe Production of Dry Aged Meat
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Abstract: Dry-aging is one of the traditional aging processes, especially for beef. This aging process is being popular, because

it produces unique brown/roasted flavor and texture that consumers prefer. However, as it is exposed to outside without
packaging food safety concerns have been raised. The objective of this study was to investigate the presence of total aerobic
bacteria (TAB) and pathogenic bacteria in manufacturing environment and suggest the safety management plan for the

production of dry-aged meat. Surface samples from 66 environmental and 6 beef carcass samples were collected. According
to the monitoring results, the contamination levels of TAB were in the order of shelves (5.4£1.1 Log CFU/cm?), cotton gloves
(2.9£0.2 Log CFU/cm?), and door knobs (2.8+0.4 Log CFU/cm?) in the dry-aging room. In the door knobs, the level of mold
was higher than that of yeast. These results indicate that the mold spores may be cross-contaminated with environmental factors

inside the aging room. The risk factors that may occur during the manufacturing process were presented and possibility of risk

was determined. From the aspect of microbiology, aging and trimming steps were determined as the critical control points. The
temperature of the aging room should be maintained below 10°C and the humidity below 75-85%. Based on the monitoring and
the risk assessment of the dry-aging process, we prepared the safety management plan for the production of dry-aged meat, and
it should be useful in improving the food safety of dry-aged meat.
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em®?] WAL 0.9% NaCle] $F8Ho=Z 1% pipette
swab (3M™, Maplewood, Minnesota, USA)S ©]&3}o] 2
2 RUEES 8l S e AA & o] AEE Al
Fato] F 66719 A B} 2 YFES AEE A

AF e B8 Aol tiste] b, w80 E g%, Ui
3 tWAE, Staphylococcus aureus, Listeria monocytogenes,
Salmonella BUEH S Z3Y3tlom, njlE QA= T =4
IE f e as Tt FadedoR AAsiin

1) kAl B (3o, &%)

< 0.1% peptone water (PW; Becton, Dickinson
and Company, Sparks, MD, USA)E o|-&3lo] TAE=Z 4
71 A5k & dubAld 5 FR1EH7] f18ke] tryptic soy
agar (TSA; Becton, Dickinson and Company, USA) HJ*]
o EFsle] =E@sl L, #3809 SR Potato dextrose
agar (PDA; Becton, Dickinson and Company, USA)°|
Fote] =ESIATE TSAT 35°CollA 24A17F vl st iz,
PDA= 20°CollX 7997F vl § Z47F dutilletzt o8], &

wo] Qe A5

2) g 2 gt

AlELAS 0.1% PWE ol8slo] dAMEE A 343 5
Petrifilm™ E. coli/Coliform Count Plates (3M™, Maplewood,
Minnesota, USA)ll #5337, 35°Col|A] 24A17F wljdste] 7]
5 e 524 FJ2he Wt 84 Y= E coliE
Attt E coli F 22 16s rRNA 248 HeYst3i
<Table 1>, E. coliz 3% ATt E. coli AdT= A3
o} HaAde §72 elsly] ¢8ke]  PowerCheck™
Diarrheal E. coli 8-plex Detection Kit (Kogenebiotech,
geumcheon, Seoul, Korea)g A&-3le] #4131t PCR
premix 10 pLe} primer Mix (Diarrheal E. coli 8-plex)&
5uL, Template DNA 5 uLE 718t F 20 uLe] WHSE&
< "R § PCRZ stk PCR ¥EE 2o == 27]
WA (initial denaturation) TAIE 95°CollA 12 X183},
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<Table 1> Primer list used in this study for 16s rRNA analysis

Mircoorganisms Gene Sequence (5—3') Size (bp) Reference

F-GCG AAA ACT GTG GAA TTG GG

Escherichia coli uidA 252 Cebula et al. 1995
R-TGA TGC TCC ATA ACT TCC TG
F-GTA GGT GGC AAG CGT TAT CC

Staphylococcus aureus rRNA2 228 Monday & Bohach 1999
R-CGC ACA TCA GCG TCA G
F-CCT AAC ATA TCC AGG TGC TCT C

Listeria monocytogenes hlyA 350 Burall er al. 2011
R-CTG ATT GCG CCG AAG TTT AC
F-GCT GCG CGC GAA CGG CGA AG .

Salmonella invA 389 Ferretti et al. 2001

R-TCC CGG CAG AGT TCC CAT T

WM (denaturation) 95°ColA]  30%, 7FE4Z(annealing)
60°CollA] 45%, S (extension) 72°ColA] 182 WAL
W7t52o] B3-S 323] RHESIGon mixEte & 72°Cel|A
103 &<t WA F 4°Col] Wztsislnh. vhgo] S5H A
£ 2% agarose gelollA 171955 Fate] ERlsiGit

3) Staphylococcus aureus, Listeria monocytogenes, Salmonella

AELAE 0.1% PWE o]&ste] TAER A 343
% S aqureus= mannitol salt agar (MSA; Becton, Dickinson
and Company), L. monocytogenes= polymyxin acriflavine
lithium-chloride  ceftazidime mannitol  agar
(PALCAM; Becton, Dickinson and Company), Salmonella
+ xylose lysine deoxycholate agar (XLD; Becton, Dickinson
and Company)dll #5-31] =W31aL S aureuset Salmonella
= 37°CoA 24A17F WISSIAAL, L. monocytogenes= 30°C
N 48A17E wiFeIT. S aureuse 1AE SHNSE T
3l e Areiion, SFNgo] Skld s F
3] 16s IRNA 415 2183l ti<Table 1>, L. monocytogenes
9} Salmonella'= W A9 vix]o] zp+ o4 s Al
atiom, o4l ks Fste] 16s rRNA 41 718515
Ci<Table 1> AA| el oA 16s tRNA £42 T3t
F e HlgS Altete Altrs A4Skt

aesculin

A4 &4 FA] 8 94 RUEHe A 2 Az}
+ mean+standard deviation (SD)& ¥ &3IITh T3F T
Hy A#E9] AT 42> SASY (version 9.3; SAS
Institute Inc., Cary, NC, USA)S ©]-&3t3 o FA % {2
e ATl s dniks)t A3 =4 (generalized linear

model, GLM)& AHE-8IAL, o752 p<0.052 278813t

2Fol AREEE 719 B 87 BHO diAlFTE 2.7
Log CFU/100 cm® WYY uf wi5 giet o2 Jtts)
™, 2.7-3.4 Log CFU/100 cm® W¥9lE NAHS Do 7 3l
3.4 Log CFU/100 em® o1’ 739 S24 A& 773l

oF &tt}al A A3 Harrigan & McCance (1976)2] 7152
33 tHJo et al. 2017). £ AF9] wjAE B4 A3E
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73T w4 3R vAETE 04 TFsAe]l B2 Ao
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AE Al 2aRede Gl F Aoz dAAsIGit 2 Log
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<Figure 1> Investigation of contamination level of environmental factors in dry aging process
A: Aerobic bacteria, B: Fungi, C: Yeast, D: Coliform, E: Staphylococcus aureus

FR(3.44+2.5 Log CFU/m?)9] 29%7} 7P =7 g2y
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<Table 2> Evaluation model of the potential risks associated with hazards for each process of dry-aging

Risk assessment

Process Risk factors Causes
Probability Severity
Unhygienic slaughter and prepare processes Medium*
Initial bacterial . o —
Biological concentration Transport vehicle and raw meat core temperature over 5°C Medium Medium
Purchasing and of raw meat Damage to p?ckaglng and microbial cross-contamination from Low
.. slaughter equipment
receiving raw
meat Physical Physw;.il Adulterated due to damage to packaging materials Medium Low
adulteration
Chemical Dry _rf551<.1ues P(?ss1b111ty of a.ntlblotlc residue due to non-compliance of Low Medium
(antibiotics) withdrawal periods
Bacterial  High storage temperature High
Biological growth for  Damage to packaging and microbial cross-contamination from Medium
Storage of " ; Low
storage  potential hazard factors
meat
. Physical . . .
Physical adulteration Adulterated from packaging materials Medium Low
Cross Cross-contamination by workers High .
. — - - Medium
Biolosical contamination Cross-contamination by workplaces or equipment High
iologica
Prepare ¢ Bacterial  Rising temperature of raw meat during working High
dry-agin; . High
ry-aging growth  Lack of space to restrict airflow Low
Physical Physme'll P9551b111ty of adulteration by equipment or workers during Medium Low
adulteration aging
Inadequate temperature High
Inadequate humidity High
Dry age L Bacterial . . . .
storage Biological arowth Improper airflow regulation Medium High
Microbial control failure due to raw meat contamination Medium
Cross-contamination by workers, workplaces or equipment Medium
Cross Cross-contamination by trimmed crust High High
. i
contamination - inati i i
Trimming Biological Cross-contamination by workplace or equipment High
Bacterial ~ Rising temperature of product surface during trimming Medium High
growth  process
Residual microorganisms on the surface of meat due to .
Cross insufficient trimmin High i
. g process Medium
. . contamination R 3 -
Biological Cross-contamination by equipment High
Cuttin, i
g B;(:zl}?l Rising temperature of product surface during cutting process Medium High
Physical Metal Metallic contamination by knives or equipment Low Medium
4 contamination Y quip
Cross Cross-contamination by workers, workplace or equipment Medium High
. L contamination Y ’ P up
Packaging Biological - — - -
Bacterial ~ Rising temperature of product surface during packaging .
Low High
growth  process
s q B . Rising temperature of product surface during storage and Low
orage an Biological acterial - gales process High
sale growth —
Passed expiration date Low

*High risk: investigate the process and implement controls immediately; Medium risk: keep the process going; however, a control plan must be
developed and should be implemented as soon as possible; Low risk: keep the process going, but monitor regularly. A control plan should also be
investigated.



Vol.3,No. 1 (2022)

. Suide Juump sixIom  uoneINpe
IN=MOTHPIN uopoadsul [ENSIA Aq UOREISHNPE 10} SUKOAY) Jo juowdmbo £q uoneroynpe jo Aiqissod  [edIsAYq reotsyd
JA=YSIH+MO0] 10RO J[E e SuljEIsu] MO[JIIe 10LISal 0} 9%eds Jo yoe]
: : (;wo/N. 1D 807 7>) sansered Jurpnjour ursd) [BIISO[OIGOIIW SUNNOY o 5
YIMO.
S0Ip Suppom  [BHSI0RY
ID=USIH+YSIH onewolne Aq oM Joye pue a10joq armjeradwe) woor Suissaoold oy Sunjoay) Sunnp 1eow mer Jo aumeidus Surs Surde-A1p
D601 40[9q amerddwey woor Juisseooid ap Jumurejurepy Hop 4 St 5 aredaiq
eo13ojorg
(Ul ()7 10y JOZI[LI2IS A() B Suisn) dwi) 0} dW) WOL SIAIUY SunoJuisiq wowdinbo : !
BN="P3IN+YSIH ({wd/N.1D S0 7>) yedw yim < .
J0BIU0D UI (030 T0KeAU0D ‘preoq Sumno ‘Qpuy) juswdinba jo sseurques(o Sururejurely 10 20BIdHOM £q UOYBUILIEIIO-SSOL) uomeuIUIElu0d
Sso
sioyerado pauren Aq duai3Ay [euosiad jo juswadeury D
BIN="PIN-+YSIH : : SIBIOM AQ UOHBUIWIEBIUOI-SSOI)
(Luo/NAD 807 7>) SaYIO[d puk SAAO[S siojerddo jo uonoadsur [BIGOISIA
uoneInNpe
N=MOT+ PN J10J0930p [ejow pue uonodadsur [ensia Aq uoneI)npe Joj Juryody) sretoyew Suigesoed woy pajeIsynpy [Eoskg ea1sAyq
- SISSBOIBD UaM]aq alow Io wd ([ Jo ooﬁ%ww_on MSMMMM_\M §10J08} prezey [enuajod Woly UONEUIIBIUOD  53pio)s Jo H‘MMMQm
IN= + ! -
‘sulq ysen Jeau) UOPBUIWEBIUOD JO $30Inos [enuajod woyy jeaw mel Jjeredog $S010 [eiqoionu pue Suiseyoed o} dSewred Joy ymoi3  [earojorg
eLIRBg
BIN="PIN-+YSIH Dot M0[oq ameradwoy 93e10)s ayy Surureurey ameradwoy o3e1ols Y3y :
spouad [emeIpym Jo souerdwos-uou  (sonoiquue
IA="PIN+MO'] spodar uonoadsur ooy Jo wLey Aq suonodadsur Sunonpuo)) om m:v M:?mmw:wmom_z:w mo.ﬁb:ﬁamom Momma.MMQ mv_ JeoTway)
N0 Do J1030910p [E1OW pue uonoadsur [ensia Aq uonelnpe Joj SurfdayD S[eLIJeW  uoneI)Npe oS
N=MOTHPN s1oyiom pauren Aq jeaw jo Sunoadsu]  SuiSesoed 0y oSewep 0) onp pajeINPY  [BIISAYJ [o1SA4d
. juowdinbg 19)ySne[s wWoy uoreUIEIUOd Jeat mu
A=PIIN+MO] jeow mel Junoadsur uoym a3ewep Joj SuiSeded ayp Junppoyd ss015 [PIqoI pug SmSesoed o) SewE( Sulareoa1
1q0.1o1 ! pue
PN DOINL DO SSeared ay Suraow oS 10A0 amyeradws)  Jesw mel Jo Suiseyoing
N=PIN+PIN uayMm Db Mo[eq amerodws) 95e10)S Ui pue JJOIYA U JO JPISul AP Sururejurepy 2109 JedW MBI pue J[OIYA Modsuel] UOnenudOUod  [edsr3ojorg
suodar uonoadsur SUnjoayd JO SISSEOIRd UO S)S9} [BIIS0[0IqOIOI SUTONPUO)) cossonod [ELIRIOBq [emu]
BIN="PIN+ PN Teaw paroy3ne[s 10j SUNod AUO[0 [€10} Y} JO [IAJ] aredaid pue sowEnes orueISAY-Un
POPUSWIWOdT AYY ST YOIYM ‘SSJ[ 10 W/} SO § Je padeuew swirey Ul SuIper], T
£]9A9] JUSWAFeURIN ueld juswadeuew Ajo5eS sasne)) S10308) Sry $S20014

Buibe-Aip Jo ssaoo0id yoes 1o} |aAg| Juswabeuew pue ue|d juswabeuew Ajojes <¢ ajqe| >



K10)0BS1IES [BS ‘AOUSIONJOP IOUIIA] (IJAl ‘AOUSIOIOp IOfeIA BN ‘AOUSIolap [eonL)) 11D

(+107 Aoualy sunueren() Jug[d PUB [BWIUY ) [SPOW JUSWISSISSE YSLI UO Paseq PIqLISa(] :x

SuiSexoed pue SunuwiLy Joye SAep 7 UIUNM JeS J0J POPUSWIIOITY

IN=UBIH MO Suiddiys pue jusweSeuew AI0JUSAUT INO-SI-UI-ISIL] wep uoeidxa passeq o3 eorSoror ofes
| S Ao (;wo/NgD 507 ¢>) Sumoyuow [eAZ0[01GOINA ssaooad sofes pue o3eroys Juump  [EHAEY oI pue a5eiolg
IN=YSIHHMOT Dol M0[2q ameradwoy o3e10)s ayy Surureurey doeyns jonpold jo ameradwey Suisny
ssaooxd SurSexoed Sunmp ymoi3d
JA=YSIH+MO0] D001 Mo[oq woor Surssaoold ur amyeradwoy oy Juurejurepy aoepmns yonpoid jo angessdgy Sy [eHeweg ] .
eo130[01 uiSeyoe
PGB PO spIeoq juowdmnba 10 uonEUILEIUOD [EoreoIoiE PR
WN=HOH+PIN Sumno pue SOAIUY JOJUISIP PUB UBI[O PUB ‘SIAO[S JodIom dZueyd ‘SuruwiLy Joyy 0B[dyIom ‘SIONIOM AQ UOIBUILUEBIUOI-SSOI) SS01D)
TN="PIN+MO J10J23)9p [ejow pue uonoddsur [ensiA AQ uoneId)npe Joj Jur|od Juowdinba UOEUILLIEU0) O1SA
IN="PIN+MOT] 10919p [l p I I [ensIA AQ UONEIS)NPE 10} SULNOSYD) 10 SOAIUY Aq UOHRUILIEIUOD OI[EIN BN [Bo1sAYd
PRI PO Surwuiy Joye Ae[op NOYIM Pasdoild ssaooxd Supno Sutmp  yPmoi3
W=HStH+PIN 0,01 M0[3q woox Surssadord ur amjereduwe) ayy Surureurejy doepms jonpoid Jo ameroduwe) Swisry  [eLRIORg
juswdinba Sumno pue JuruwiLy UsAMIeq YSINSUNSIP 03 PIIN
Apuarolgns uoneIpell A Aq SOAIUY JO uonoJuISIp pue Surysem jusnbar Sumn)
BIN="PIN-+YSIH oM JaYe pue 210J3q UONIJUISIP pue Surued)) juawdinba Aq uonRUILEIUOD-SSOI) [eo13ojorg
(;wo/N 4D S0 7>) Jeaw paSe Yum 19EI0D UOHBUILUEILI0D
J0o1p ur (:9)2 1042AU00 ‘preoq Sumnd Juy) juowdmbe Jo ssauruesd JurureUIRIA §S0ID
PPN Jojerado pauren Aq SOA[RUS Y} PRJOBIUOD Jey) soejns Jo Jurwwily ysnoloy]  $s200id Jurwuwunny juLmdLgnsul 0} dnp jeawn
N=PN+ISIH SHOM JoYe PUB 910} UONOJUISIP Pue Jurues) JO S0BLINS AU} UO SWSIUBSIOOIIW [EnpISIy
Jojerado pouren Aq pajoidwod s1 Suide Joye Ae[op NOyNM JulwuwLy, ssaoo1d SurwwiLy Juump ymoi3
NE”F—meAT.ﬂVDE . . B . . B . B B
0,01 Mo[aq woor Surssadord ur amjeredwey oYy Sururejurejy doepns jonpoid jJo amerodwoy Suisry  [eLR)ORg
Juswidmbe Sumno pue JunuwiLy usaMIeq YSINSUNSIP 03 PIIN
sasseored Aq AJojeredas SOAIUY Ay} asn 0} PN
ID=YSIH+YSIH Jom Joye pue 210Joq qozonwemﬁ pue Surues|) Juowdnba [eo1Sojorg  Sururuiy,
! ! (/D 01 75) oo vm 3o i IO 10 90e[dbI0M Aq UOHEUILIEIUOD-SSOI) UoIRUIIEIUOD 160101 ruru
30a11p ur (039 10A9AU0D ‘preoq Sumnd ‘gpuuy) juswdinbe Jo ssourues[o Juurejurepy SS01D)
Jojerodo pouren Aq jsnio pawuLy 9ZIueSIo pue J09[[0d Ao g
AD=UBIHHYBIH JHom IO pue 210Joq UONOJUISIP pue Surued|) IO POUILLLY Aq. UOKBUIUIZILOO-SSOL)
=1 z > ¢ -
pade yym 10BIU0O 1021Ip Ul (919 ‘suey ‘SAA[AYS) Judwidinba Jo ssaulued[d SulurBuIRIN OOBICHHOM “SIHOM £Q UOHPUIUIL0S-$S01)
. (UOIBIPELI-IOA0 O} anp STBWEP [BULISL) PIOAE 0] JUSWUISEURIA) UONBUILIEIUOD
BN=USIH+PIN s Lions d d o013 a3ei0rs
uowt 9 A19A9 dwe] A oyp 9oejdoy  JeSw mer 0) onp AIn[rej [ONUOD [BIOIdIN UM 3
[eudl0Rg S R Aq
BIN=USIH+P2 (si0e[URA 0 Sugy BUIS[)) Woo! uopnem3ar mopare todordw .
WN=HOH+PIN Suide oy ur s/wg Jo paads puim ayy Surjpuey Aq MO} JIe [euIdUl JO JUSWSeURIN wel L 1
ID=UYSIH+YSIH %S8-5L & wool SuiSe du ur [9AJ] Ayprwny oty SUlUTEUTRIA] Ayprumy ayenbapeuy
ID=YSIH+Y31H (Ost-0 amyeradwey Suide Jadoid) D Mo[eq woor Suide ur amperadwa) aup Julurere amgeradway oyenbapeuy
«]9A9] JUSWATeURIN ued juowoSeuew K9yeg sasne)) 10308} SrY $S90014

(panunuod) Buibe-Aip jo sseo0ud yoeas 1oy} |aAs] Juswabeuew pue ueld Juswabeuew A}ajes <¢ a|qe] >



Vol.3,No. 1 (2022)

<Table 4> Determination of the critical control point (CCP) in dry-aging process

TR Critical control point 1 Critical control point 2
Risk factor Management of temperature and humidity Management of cross-contamination

Process  Preparation and dry-aging Trimming
There is a high possibility of microbial growth due to During the trimming process, there is a possibility that
insufficient temperature and humidity control of raw meat microorganisms growing on the surface may be cross-
during process, and there is a risk to the quality of dry-aged contaminated from equipment such as cutting boards and

Description meat due to contamination before aging. knives.

There is a risk to the quality of dry-aged meat due to the There is a possibility of cross-contamination of micro-
change in the distribution of microorganisms growing during organisms due to insufficient maintenance of personnel or
aging. equipment.
Maintaining the proper temperature in the processing room Distinguish between trimming equipment and cutting
- 10°C or less equipment

Establish - Separation of cutting board/knives for trimming and cutting

critical limits Maintaining proper temperature and humidity
- Temperature: 0-4°C
- Humidity: 75-85%

Non-detection of pathogenic microorganisms in equipment
(cutting boards, knives, conveyors, etc.) before and after work

Record of temperature and humidity checks before and after work

Inspection of surface contamination before and after work
- Check the count of aerobic bacteria (<2 Log CFU/cm?)

Monttoring ;jlfe};elqcli( ti}llz Zig;:?cp;ﬁmpme Onfﬂet/lh;‘rﬁ:l(i)dulztso?;lsdei(;omz hours Check the fungi isolated from the product have a toxin
s vy v Check whether equipment is used separately
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