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Abstract

The purpose of this study was to explore the microbiological safety of various cheeses
made from raw milk currently imported and sold in Korea. A total of 12 cheeses were
considered for the study - 4 kinds of imported cheese made from raw milk, 4 kinds of
imported cheese made from pasteurized milk, and 4 kinds of domestic cheese made from
pasteurized milk, and aerobic count, presence of £ coli, Salmonella spp., and Listeria
monocytogenes were investigated. Results from this study showed that in the 12 different
kinds of cheese tested, £ coli, Salmonella spp., and Listeria monocytogenes were negative.
Therefore, the sanitary conditions of imported cheese made from raw milk, imported
cheese made from pasteurized milk, and domestic cheese made from pasteurized milk are
considered safe. The mean aerobic count in the 12 types of tested cheese was below 4.0
log CFU/g. In conclusion, various cheeses produced from raw milk or pasteurized milk
currently sold in Korea have been found to be hygienic and safe. In the future, raw milk
cheeses produced and sold in Korea will require long-term research not only to ensure
safety but also to produce new, high-quality products.
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kA0 2 A== JY/dRo] mhe- FHok, TRt g2 7R A0 & dEA QItKBoor er al,
2017; A€+, 2017; Choi et al, 2018). &3], T, vlepql, F7128nt ofya}, Tkt 71573
EZo] SR vlg] F2 108] 558 AR Fa3% AR e QIAEI It Pescuma et
al,, 2015; Johnson, 2017). X|2= E<ol]icAKEssential amino acid)?! WE 2d(methi-
onine) o] FHINT, o]AL AL B YLoHA sl Adfel] & EE M A

thPark, 2009; Albenzio et al, 2017; Schwab and Broderick, 2017) T35t €& d=Z2|sist
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A5, AR E vl ZEsItHAlbenzio er al, 2017). WA, o]#
9 Aoy U= QI8 Ethsol FEEE olE=elAE BHEA] A
Bflolx]= AlZ o2 QlAlx]o] Wo] A E]1 QItHPescuma et al, 2015; Hall and Mertens, 2017).
S BT, HUR, AlRER 5ol A= Axo| 71 o] o]&E|1 glom, o]52 AA|(whole fat),
ER|(FEER]; skim or partly skim), +TH(cream) 59 T3t FEE WA T ARG E =
IRuYE(Q], Fikt 5ol weh Zh Azveh 1Ret SH|9F BhE UEA AB4ito] Zkssitt
(Montel et al, 2014; Johnson, 2017; Choi et al, 2018). @A A MAZ 22 1,0000] £ oA
9] gret x| =71 AAF 9 REE T QItKjohnson, 2017; Choi et al, 2018). A&7k &8
AAAR] HE 29| tjiEo] Hi= AT ERE AZRE L Qltk= Aot Johnson, 2017; Choi
et al, 2018).. WEbA HPALAAR X 27F A= Atof| QlofA] wiS- FashtE AoltHKim er al,
2015; Song and Seo, 2017; Choi et al, 2018).

oM 2018 1€ 1958 285]= 718E AE3419 (27 Az 9 71g7|e0lA vlak
TEF-Z o-&slo] ARH A29] AL 60Y &4 57932 WlE o-8okaL ITHAIELeRPAA,
2016ab: Song and Seo, 2017; Choi et al, 2018). SFATF LHAIER] S-F+= the- R85t 34l0]
Agk 59 4 S 979 Aol fA S = AEetHJohnson, 2002; Ross ef al,
2006; Kim er al, 2015; Choi et al., 2016). °|# o]f-Z Y75 AtolA] LAl A Foh= vkt
A 2= wj$- AATE 7150 QoA HEjztso] K ot gh=o] An|AREo] HlatEG X2 QF
A AT 4= QS HuE ofe}, T X2AREE AlEA 243 4= g A0 8 AfEE:
weba] 2 Ao FAL2 dA Q)=o) ghollA] wrE]al Q= v HRE ThE TRt 2|29
YESHA QFAdS Yol At APE|Fl o, of7]o] AutE ARE ARE FUAR Ee T4
25 ZARl] M2 AT v|wsttt. etAlsts, Coliform, £ coli, Salmonella spp., Listeria
monocytogenes 6= A SIJEIE BlwstoiTt

ol Hied
x od

>
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1. SAXIE

£ AdoA= Table 13+ Zo] @A AlE] Hufioh= UepPE@EE 9 £9) 123 972 A=
ol (Atd Y2 AxRE A2} HAFARE ARH 2R HrolA] tigutEdA 2018W
OURH 1197 TYUsle] FAMRR AME3HAC.

2. OME ZAL

UUAH, T, T AARE SRR eRAA o) AA1E 1o 2 ZgYs|jom, 4t
2dlEl= Rahn $(1992)9] Ho g 78|11 glAHgol BrA|EAYAE Doumith $(2004)9]
oz Y=t

1) YttMiF4(aerobic count) &4

A2 AE 25 gofl QAFLEIIAN 225 mLE H7I5k0] stomacher blender?! Bag mixer
(Interscience, USAYE ©l-g5to] 187F #23I51, 1000 £LE Fsto] 10812 343t Sl4 s
Aerobic Count Plate(3M Petrifilm, USA)°ll =231 36TOIA 24417t 8l & AAH H2 32t
2 Asiol 1 Bl SRS Bolo] A ST,

2) CHEkaFaY(coliform) EH
A2 AE 25 gof QAFLESI AN 225 mLE H7Folo] stomacher blenderQl Bag mixer
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Table 1. The category of various cheeses purchased from wholesale mart in Seoul

Domestic . ) - .
or imported Type of milk Nation Name of cheese Type of ripening Level of moisture
Swiss Emmentaler mild Ripening Semi-hard
. Italy Grana Padano Ripening Hard
Raw milk cheese Italy Parmigiano Reggiano Ripening Hard
Imoorted cheese Italy Pecorino Romano Ripening Hard
P New Zealand Tasty Cheddar cheese Ripening Semi-hard
. USA Monterey Jack Ripening Semi-hard
Pasteurized cheese Netherland Beemster Royaal Ripening Hard
Austria Emborg Edam Ripening Semi-hard
Korea Gouda Ripening Semi-hard
Domestic cheese Pasteurized cheese Korea Cheddar R!pen!ng Sem!-hard
Korea Edam Ripening Semi-hard
Korea Mozzarella Unripening Soft

www.ksdst.org

(Interscience, USAYE ©l-8sto] 187 #&8kI, 1000 pLE Foto] 1082 8431 S|4 HS: o
At AFYE(BM Petrifilm, USA)Ol =5t 36T OIA 24~48A17F ¥l & H-2 ks 2ol
71325 Aokl Qe g Allelal, 1 BadErol S Foto] thd<rE St

3) LXHE coli) &Y

A2 AEZ 25 gof AAARSS N 225 mLE A7I5H stomacher blenderQ! Bag mixer

(Interscience, USAYE ol-&sto] 181 #&3kek, 1000 pLE Foto] 1082 3|43t sj4HS

bt ARG E(BM Petrifilm, USA)oll =E510] 36ToA 24~48A17t vk & A FE J

2F F90l 7125 P4k Sl AHEeE Aklela, 1 Hotglgsol SAuleE Foto] tigets
£ SHsI

4) MU Salmonella spp.) TAL
Rahn 5(1992)9] #H o= Andets HARIGIH. A= ME& 25 gofl BPW 225 mLE 7ot
stomacher blenderQ! Bag mixer(Interscience, USA)E o]83t0] 187t #2561, 37ToA

242 WISt Ei¥ll ) DNAS 353 ¥ invA gene PCRHECRE AR F 47952
2 Aike B

5) 2|AEZ|0F BLAO|ERILIA(Listeria monocytogenes) ZAL
Doumith 5{(2004)9] o= AgEol RIAP|EAYAS HABIIH. A2 AE 25 ¢
UVM-modified listeria enrichmentZ #7151 stomacher blender$] Bag mixer (Interscience,
USA)E o|83lo] 187 #AsIslal, 37CoA 24A17F BioFstqict. vioFofA] DNAS &35 &
prs gene PCRHHOE AASH & A7| Y508 ZAE A9

3. SAEN

2 AFolA dojxl A}e] FAEAL SAZETIH GraphPad Instat(GraphPad Softwre,
Inc., San Diego, CA, USA)S AR8519] Fisher's exact test® SA8+4 01 393 p<0.05)E &4
Sk

o
21 ¥ 1%
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2 AfolA B4 AR ARRE oget (29 wETE HAREIE Table 200 AAlstal
AUt F 12579 Rt A2 RAE G, v SUAR 45Ret A SUAR 455 19
AR FAR|Z 4F70190H. 2 AoM= dRtAltS, Coliform, £ coli, Salmonella spp.2F
Listeria monocytogeness ZARIRLE. A0 R 12579 tjoFst X =of|x= Coliform, £
coli, Salmonella spp.2} Listeria monocytogenes= 25 2432 UeldtHTable 2). £ Ao
OfolH, ol =L Sl vl U2} At YRR 1L oA ik AR =
o] P Ui FaL R Aos Al

Choi 5{2018)9] v[At 92 AzH okt Gouda X 29] t¥E QFYA49] Ao s, 60
A £33 3 ulREFHANA Coliform, £ coli, Salmonella spp.@} Listeria monocytogenes=
HF S4S Holrh & Adlox BAE e vlatds A2 39, 24609 44 ol 9
EojA AZo]7]9) Coliform, £ coli, Salmonella spp.2} Listeria monocytogenes= 25 24
< Hol A 0& AEEH, 2 oA dojzl A= o] Tt At Axfet 22 FFE Holil
ALt

o202 UubA[#E(Aerobic count)= $£YE BPRFFYS X2 45704 E4Z(not detected)
oA 4.40 log CFU/g7HA] Hlom, el At 22 45714 1 log CFU/goIA 3.86 log
CFU/g7tA Hgiom, 12|11 kit At 2|12 43557014 2.65 log CFU/golA 4.86 log CFU/g7t
A Vel Choi 5(2018)9] &1 oJstd, URMAlF4Aerobic count)= B[4t Gouda
Cheese?] ARA] B 7~8 log CFU/gAA &35l 60Y %7935t Foll= tigF 4~5 log CFU/g&
Hadhs A Bott. & AgolA FUE vER X129 Y¥bAlt4= Choi 5(2018)9] 2
e} vt ZE HH

EZh 2 Ao ol&H X|27} tiREe] SAHY, FH(Ee w4 R0 &4 o R
T A 29 Aol e AJaH|e] A7t ZgEojof & Ao g AlREHrh 2018H 28 AFINE
AETA9 A2FY 7|EqtEol otd, wEAANA Staphylococcus aureus(n=5, c=2,
m=10, M=100), Clostridium perfringens, E. coli 0157:H7 HAAE EstE|o] Ql=y], &5 27}
ARl AP 85 B9, vl Y2 THE K29 A9 FEAEUE HIHAN(n=5, c=2,
m=10, M=100)2} AEE4 HHn=5, =0, m=0/25 g) AA} BIEA] A ofolgt Fict,
EQh BERHA FEE ZEO] Q7| I sYEle vARHES A A2ERE ofyz), o]
A AAkE]o] AlFo] =T Sl Rkt BIARHES A A2 tigt P8 B7He HHEA]
ZgY=jojof & A o= AmETh 121 (27 185 HERE F 37HAUH, AA= HelER

Table 2. Comparison of coliform, E. coli, Salmonella spp., Listeria monocytogenes of various cheeses tested in this study

Domestic or imported Type of milk Name of cheese Coliform E. coli Salmonella spp.  Listeria monocytogenes
Emmentaler mild ND ND ND ND
Raw milk Grana Padano ND ND ND ND
Parmigiano Reggiano ND ND ND ND
Imported cheese Pecorino Romano ND ND ND ND
Tasty Cheddar cheese ND ND ND ND
Pasteurized milk Monterey Jack ND ND ND ND
Beemster Royaal ND ND ND ND
Emborg Edam ND ND ND ND
Gouda ND ND ND ND
. . . Cheddar ND ND ND ND
Domestic cheese  Pasteurized milk Edam ND ND ND ND
Mozzarella ND ND ND ND

ND: not detected.
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ARFEFOIH, 0.5 g/kg OISHEIS|E2 A0 2A), SRl ABAL ABARER, ABARIEO|H,
3.0 g/kg OloHAEAO 24 V&5, T2 u Ak B X202 HERS HES o &
AL 9 20 2410] AREEFO] 3HA7} 3.0 oloh), 181 ARl TR A T2 2i b4, T2
T ARFERC[H, 3.0 g/kg OJSHEZ T 2AL0 2A] 7|01, ABAL AHAREE T ABARE
Hegrollis ZR a4k W ABAN] ARERFY] §HA7} 3.0 ofs}) o]tk wEbA] 1 o]9lY] BER
A2 NE A2 FEFo e ET skl QtHAReREAA, 2016a). Han &
(2014)2 A& AlHollA ez AvjRkEC] Wol FYohs X|2EF oA 14719] TR =, 20
7hel FFRZ, 22719] AERGAZR, T8l 46719] Sfo| AR 2E AEote] X|2o AFol= HE
2E BAg 7S skt F 102709] A Z0A 14709 AlFofA] 244 B Tam|eio]
HAEEIAT B 310 ALg7IE] Agolon, HEsrs 13709 X =04 4£24914F 197.3
~1,736.1 mg/kg, 1719 X|ZoA T3 LA 362.7 mg/kge] HAEEUHHan er al, 2014).
A2 fEEz IYXNZ 1270004 A2HlAo] AEEo] 60%2] HEES HYoH, Lefo]Az| =0
A A2k 9 Z2ajeato] 242t 170 HEEITHHan er al, 2014). whA oA A 2
Tz At A 20f) thigh Z|1&AQ1 nlBESH FALE Zdgsto] o] Qbdska AfFaL F&o] 945
St AEE0] A EE HE vidcks ot XY A7t " asith
FeRE3]9 Azl 95t 2015WHE 2017971A|9] §H=9] A= AH[ERS ¥ 134,180E04]
158932808 &9l AAES Kol tHKDC, 2018)(Table 3).
2015A%E] 2917W7k2|9] M= Au]EF FolA gH=tofafe] RS 20% olstolH, L A] 80% o4t
2 A% Qo2 E 4]0 o&stil Q= AHoltHKDC, 2018). B2 ofd L&A I &
SlHTh 3Ho] &2 Y9zt g uolE 4= It Choi et al, 2018). Wb 3H3o] B G713IAL
Eo] Aipte] Kok fiFo] A atkrhs o=old AEst A2E st f8skal ot
(Yoon, 2017; Choi et al,, 2018). T Yo7k ol Ql=3te] FTAAZEAR £UYX|29] A7}
AU E= WY A& 02 Wl 1 Q)= AAFolA] SAE (| 29) 7HAAAES iy oFslE] 1
U= A7%oltKYoon, 2017; Choi er al, 2018). SFAINE @A = AREE] A&AQ1 A5k
A5T0 2 Tt F70] A= AH7E E T Qs A2 ARdolt), dlE EH, 2719 A
20} AR 2 FANA A= S2Q1 7R, 7P| E7H] vl (s AFERE AR
&) X29] 487} FH5HA 71kl JTHAL}F <, 2017; Yoon, 2017; Choi et al, 2018). TSt
=Y 49 f7kso] @A ARgA ] Eol%le A HEEA AR TR A= T
X 29} AEF A9 ABE 27151 UtKLee and Yoon, 2017; Yoon, 2017; Choi er al,
2018). THA] Aefobd, 2018ARE] oA vldeG 2|1 29] ikt 7} 58511 Q= A%
oflA] BIAFUR X 20]| gt 22 THOR St AHAES] gl FuIE WEohs S A

i

fie mo &

Table 3. The production and consumption of cheese in Korea from 2015 to 2017

. Year
(Unit: ton) 2015 2016 2017

Domestic Natural cheese 7,248 4,233 3,608

Process cheese 15,940 24,609 31,606

Production Imported Natural cheese 101,519 99,071 113,666
Process cheese 10,002 10,550 11,336

Total 134,709 138,463 160,216

Domestic Natural cheese 106,399 104,994 115,700

Process cheese 26,194 35,434 42,912

Consumption Exported Natural cheese 395 232 137
Process cheese 55 165 183

Total 133,043 140,825 158,932
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UG Ao At oplel, 49 9718400 ol & 5 G o] e A A
olo ¢ Ao AR

(o] 5
=

kO

I

Aol HAL FA Y= o] ThaollA] THE T Al HlAE YRE The TRt A2 e
14 QP S GotE AL APE|QIL). & Aol AR SUA R 455, At FUAR 457
8|3 At AR R 4585 AER 519 o, YUtA|W<r, Coliform, £ coli, Salmonella spp.
9} Listeria monocytogeness ZAFIFLE E A819] Al AR 122F9] thofst X ZojA=
Coliform, £ coli, Salmonella spp.@} Listeria monocytogenes= B5 /40 & ettt w=t
A @A oA T Ql= Bl AR R} At UAIR 173 ShollA] Ak AR =
9] P del= Qb Ao E Uehidth 121 RARE 125579 2129 ANt ek 4.0 log
CFU/g olotE HSit}. 22408, @A gh=oli] REE1l U= A2 AFo]1 QFdgt Aos
UFERT}. @ oAl ABARE| DL sl vl 2| 2of) it n|A8Esrs RARE XIg¥sto] /g
< SHET op2h, Algal FHo] 93k AlEE0] FARE gk A71AQ At 80X

d
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