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Effects of Freezing and Thawing Treatments on Natural Microflora, Inoculated
Listeria monocytogenes and Campylobacter jejuni on Chicken Breast
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ABSTRACT - The effects of freezing and thawing conditions on microbiological quality and microstructure
change of inoculated (Listeria monocytogenes and Campylobacter jejuni) and non-inoculated chicken breasts were
investigated. Chicken breasts were frozen with air blast freezing (-20, —70, and —150°C), ethanol (—=70°C) and liquid
nitrogen (—196°C) immersion freezing. There were no significant differences on the populations of L. monocytogenes
inoculated with chicken breasts under different freezing conditions. However, air blast freezing (—20°C) resulted in
significant reductions for total aerobic bacteria and C. jejuni compared to the control and other freezing treatments.
The frozen samples were thawed with (hot or cold) air blast, water immersion, and high pressure thawing at 4°C and
25°C. the populations of total aerobic bacteria, and yeast and mold in the frozen chicken breast increased by 5.78 and
4.05 log CFU/g after water immersion thawing (25°C) treatment. After five freeze-thaw cycles, the populations of
total aerobic bacteria, yeast and mold, and C. jejuni were reduced by 0.29~1.40 log cycles, while there were no signif-
icant differences (P > 0.05) in the populations of L. monocytogenes depending on the freeze-thaw cycles. In addition,
the histological examination of chicken breasts showed an increase in spacing between the muscle fiber and torn mus-
cle fiber bundles as the number of freeze-thaw cycles increased. These results indicate that freezing and thawing pro-
cesses could affect in the levels of microbial contamination and the histological change of chicken breasts.
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FH YE5FS ol&st FEAEFS AxsAY 7H
oA x| Al sfsHgol Aoy WEdt vlaLste] s
lﬂ 1 AT, spx|RE A

[6} 1 hal LA

83 s I YesEs2 1-39 FAIZF AAdEs
EE 20~50C &3l & A9 vAE A 2 wake
Hol AT F A= 7 Uk =g W¥ESe f£5F
oA dF S Ye2es FAHA £ 45 Y-8l
T WHEo] WAEl WY wAEe] FAste] AFe <t
Hqe ¥ F g

2ol gl EX

2% AAHFO R T F % &%8 50~100% s
2 )¢ on xe7t dEAY odE AsAF Bd
H 497t U, Kang 5'92 AlS L. monocytogenes,
C. jejuni, S. aureus, Salmonella 4% LA vAE LH-
sk Y I 1T oLy 268 A7} 9 A
2 30084 T 69.7%°1 oW WE AKL 5044 F
76.0%< YERATAL BT

A9 el el e W Ase] HAE
o] S4d A= FF7, ixo“’o“jqo] Y A5 M=
F20] VAL QY 5 A7E FAHo] LA A%
Y5t sls 1ol e Ul/‘ﬂ LHdE wiste] gk A
7 uFet g 2 ATNE A% sl o
¥ JEH slsA 2 dE-als Wi mE mAE
sty EAn vATE Wse) WAE 9L B,

O

uy 2
B AP AL ABE BA F 4CNA oF 2447
ol WA AEle] A% F U © b 19 B3

A1 AT A5l Fskdth Bt A g 2 o]
235k 2F 15x5Sem 27](100£20 g)Z A 5 L. mono-
cytogenes®} C. jejuni 3% 173 ¥ HF 21702 UF
of JPsict Bl HF 25> I AlS 7 MRS
polyethylene (PE) film bag (77|: 0.6 mm, Pack4U, Seoul,

Korea)oﬂ 5] MEHo g A AT HE 25 v)
Fd HYA AR AR HEF F v HE 25
e zhom wAstel 247 gl AHgstsith

S OIS Y 2 AE #He] Hx
2 AFA AVE-El L. monocytogenes (ATCC 191113
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ATCC 15313)%} C. jejuni (ATCC 335603+ ATCC 33291)
£ T A ERYAE (Korean Collection for Type Cultures,
KCTC)9} H=tv] A & 1 E=A1E|(Korean Culture Center of
Microorganisms, KCCM)ol|A] E<fitol ALg&3}t). L.
monocytogenes< tryptic soy broth (Difco, Sparks, MD,
USA)oll 37123 ZHAS=Z 35°CollA 24A17F, C. jejunie=
brucella broth (Difco, Sparks, MD, USA)l ®]%7]4d 7}
2= 24443 (CampyGen, Oxoid, Hampshire, UK)Z} anaerobic
jar (Mitsubishi Gas Chemical Co., Tokyo, Japan)& ©]-&3}
o] H$714 ZOF 42°ColA 48A17F 242t w3t
Wl 3 20% glycerol 4o HESIL —70°Co 52 H
#3}od stock cultureZ A3 T

4 HEH E5dTE YR 50 $ L. mono-
cytogenes= tryptic soy agar (Difco, Sparks, MD, USA)]l
Tete] 37°CollA 24A17F vl § FAE #Fo ©d
kS dH9 loopE FahA 25 mLe] TSB (Difco, Sparks,
MD, USA)°ll HZEAA 37°ColA 24A17F &<t 218 wjj ok
st FE &A443) ST C. jeuni= 5% sheep blood
(MB cell, Seoul, Korea)”} % 7}€ brucella agar (Difco,
Sparks, MD, USA)ol| =d3le] m&7]d 2702 42°C9
A1 48A17F w ettt FAE #5] ©d HERS 25 mL
9] 5% sheep blood”7} #7}El brucella broth (Difco,
Sparks, MD, USA)ll HEAIA m&7]1% 2702 42°Co
Al 48AIZF EF ' i Fskaith. 2z i Fl S 3,000 x g
ZA0 2 4CA 1087 dAFEE 3] FHE cell pellet

< 0.1% B WEFE 28] MA3ATE. L. monocytogenes
2059 C. jejuni 2352 cell pellets 27 0.1% H

HAETE 348 cocktail FEHZ EFt o HFAL
2 ARttt

o
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} AE AT A 70% ANgE &l 527
3 laminar flow biosafety hood W UV-C lightZ 30
et AElete] 71E AdH o FAE Sle A=
c.g_/\] 3t} 6~8 log CFUML F%2 AZE L. mono-
cytogenest C. jejuni &< 0.5 mL% Ag gHo Z47 &+
sl FE F AFE FH| o] & FHE F IS

laminar flow hood®|4] 60% &<t =Xt}
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Rodezno 5'”# Liang 5279 WS FHarsted]

I A WEso = bzt o] xldEtgith
-20, =703} -150°C freezer (& %: 2.5~
3.5 m/s)oll 4 b A= stAaL FA2 WES deep freezer
(CLN-51UW, Nihon Freezer Ltd., Tokyo, Japan) W]l
—70°C ofEre 8-alo] =71 stainless steel container2} —195°C
liquid nitrogen®] &%1 containeroll ZHz} 2] 2]t t).
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A5 7tEA Alge] A5 button temperature logger
(SL52T, Signatrol Ltd., Tewkesbury, UK)E AFiste] 4

_Q_E_‘__7}_ —20°C°ﬂ 1:1:1—5—]_}; uﬂg LgEg].E /\];ﬂ oz {,—}
Atk YEEes ST 2E7F 4°CoA 20°C7F 2
= 25(°C/min)E YeA T

siE X =]

—70°C ethanol §-91& 01%3}"4 H55A AgE A
IR AlREE 200C YF =
Sk AT A% - A
2 s 2 s
4°Ce 25°CE HAAH F2AF7(FFEE: 1.2~1.5m/s,
SH-202M, Human Corporation, Seoul, Korea)oll A, 52
T Feo] 4C9 25°CE FA¥ water bath (VS-
1205SW1, Vision Scientific Co., Bucheon, Korea)|4] zt
7zt Ak, 23¢ slFS Ko 59 AFE FHas)t
of %319 AX|(TFS-10L, TOYO KOATSU Co., Japan)2]
&S 100 MPaZ AA 3L vessel W 22 4°C9} 25°C
2 gt 7H7} 80 60t FF A stk A 54
%A]H ‘__1_7]_ 1°C°ﬂ 1:1:1—3],_‘:_ tq]% g—HEQ]_E /\]xqoi
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A Jsatel DHE > 2%

BEH sl e AS k] nAdE o W
35 BAs7] A8l A8 25gH 0.1% Wi FES 225
mLE " bagol ¥ T stomacher (Bagmixer R400,
Interscience Inc., Saint Nom, France)E ©]&3] 3&7F o
A3}t A AT ;Vdi]r H 8AE 0.1% HF HAEFE o8
stel 10u A& 3|43 & 3|4 | mLE ZH7he] A
o sttt £ 57144 AliF2 3M Petrifilm™ aerobic
count plate (Petrifilm AC, 3M Co., St. Paul, MN, USA)
£ ARESte] 37°ColA 48A17F vl on, &R B
Bo]= yeast and mold count plate (Petrifilm YM, 3M

S AR&-3te] 25°CoA 72417F Wl
%ké}‘zii}. HH%k ? A3k FFo] flaL wiA & 30~3007H
Hute Melste] = 374 Alde AR

o
a—‘é‘ (—)]\.} [iuul =
H o 2~ = 31 3L =
2 AgrE a8 2 F3ole 5FEA JEFE A
==
Tttt

L. monocytogenes= TSA (Difco, MD, USA)E A}-8-3}
o] 37°Col A 24A17F, C. jejuni= 5% sheep blood’} 37}
H brucella agar (Difco, MD, USA)S AR&-3}e] 42°CollA
HE71% 202 24X7F v T IAE J=E AT
SRt AEE nAE 45 AlE g2 colony forming unit

(CFUE UFER T 38] whiale] Z2439T),

A= JEE DI 2E 2Y
%5_3]15 HHELA 2ol WE AlS Thsak 2F ] mjA

=
1= 5{‘3‘:’]7391 :‘Iixﬂﬂg‘ $ OH A5
vl ke] tiste] AT OR 10 mm x 10 mm 7=
938} 10% formalin &0l A|EE Yol 48A17F A
1 & s E5S5 At et £S5 4um
2 9ds5te] &glolxo) H& 3k & hematoxylin & eosin
A5 AR (Tissue-TeK Prisma E2, SAKURA Finetek
USA Inc., Torrance, CA, USA)S ©]-83} xylened] &3}
ZAskst & et FEEE FAEET s 9
3171 $18 1087} Harris’s hematoxylin £ %71 & &
ZE B FAHSE 1% HCl §922 33 34 & S
3] FAISF] 0.5% ammonium o= HA3 F}Q
Eosin &0 63] &332 ethanolS ©| &3 @4 LS
Fste] AEAS AT ©]F Canada balsam® =
2915t 33k v 7d (Pannoramic MIDI, 3DHISTECH Ltd.,
Budapest, Hungary)2-2 73733} t}.

pay)

I8 LT 5%

Wed dlsgeolr] dAske AlS 7tsAe =9 &
A2 Y5 (freezing loss)¥ 3l &7k & (thawing loss)2 =
AOAC (1995)P2] ¥ o ulg} 24319t dsgd3e A

F 7kedel WE A FAY ¥E Fo FAE 343
WEE (%, ww)E YERALL sl 532 AS 7sake]
4 A FA s $ FAE SHsA 2715l
et e RS (%, ww)E YER ST

SAMY

B oA9e 33 vhE A sl A Ade Hat + BF
AZ etk 2E A9 Zdake] 94 AL SPSS

(Statistical Package for the Social Science, ver 19, SPSS
Inc., USA) programs ©]-8-st] P<0.05 7|41 Duncan’s

2 AHgtel BAXDE GAs

multiple range test



Results and Discussion

3THZo] ME AL 15 IFES
WEsEee ¥asAEe F4o 9Fs F=
22 AU AZAAAANA 1 ~-5°C F7HS ¥
g5 F4 HslE HASE F e AL
AT, Yz g)ol mE AlS 7hEae] %%-ﬁo% Table
1o VFERHRATE. —20°C, —70°CS} —150°C $-%2] W5A 2
T WEAIZR ZH2; 2603, 56.5%3 31.5%-02 &%}
WS rE Yol dRyHe A8FE Ak 94
(P<0.05)0.2 #rAastdrt. e -70°C olehE&3} -196°C
oﬂiﬂ;ﬂ/\ ;‘d;qﬂ Lgijqa:rgq 1@5/\]7]..0_ 8T,:J+ 2Hog
S5 Waol vis] A Yol A&3] Weo| $5y
= A3E Holth 53] 43 -70°C 2ExU0)RE &
Z2 2 vlaste] o ghe A2 Wsi o] WE A ko] oF
7o) W2 A2 UEhgith WEsHEoA T o ghe HXA] 4
I AAF A FHRA A WsAE = 3.200C/min 12.00°C/
min® 2 32 Ys5xg2 0.10~0.82°C/mine} H| 3}
o A& 7R AIEE F% sAAYIE 235 YERL
—-20°C %%ﬂﬂ%«l W4 EHS 0.72%% -70°CH

£

B~ N|

I
—150°C F34 B A" HA A WeA] Tl 045~
0.49%<} wlarsted o2 Q] Aoz ASUTE WA o e
A BEAETFE 023%2 7P *e Yeggel &
AE A Kang 52 £&5 -20°C9 -70°C 34 2
AAAL A e or 47 ALedle o A=
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7} 2°Col A —10°C7HA] =23
Z+zF 200832 5548 2 9%7}
¥ ArA e}t fAksE A

ES 24°C AAWF2], —45°C FF23 -100°C A
2 YsiyoR Mg 43 257 WEFE Weol ¢
S E £85 e A7kl o E FAagta RSt
—28°C %3213} cryogenic chamberS: ©]-&-3F —70°C, —80°C,
—-90°Ce} -100°C FA42 WYeHHE o83t N5 W
T AY F Y Egs BT A9 £33 ¥ES 2.76%
<, —70°C, —=80°C, —90°C&} —-100°C =42 W& 77}
1.83%, 1.81%, 1.75%%} 1.75%Z YEPHTH= Boonsumrej
59 A B9l A Ee ThEAT NE WEoA =2
Ws gl SAHEATE Ho] & dA7Aze fAksit

tlo
T
_m
=
32
_g
l~n
rob
s
o{N
rlo

2z A3

P H2o] U2 IF A= JIEAY HFES
w& TAE AS EE AR SAHRET 1°Cd =
2ol ME slEgRE slet 4°C F54 sfeAd
%4 I FAI TS 486702 25°C 2] dllFA ] 99

23} vlaste] oF 4.9u)9] F}o]S HEITHTable 2). ¥HA

4°Ce} 25°C 4 dsAH 2= 27 56.553 38.5%9]
sAIES YER $32] dlsel vlE)] dlsSsrA &

SHE ARkl oA s TSl 408k 25°C 5
2] 6HE AT AEEEE 0.09°C/ming 0.43°C/mins
To mEk oF 4881 XpolE YERAT S 49}

G2 = 2= 0.75°C/ming 1.16°C/minE. 3)

25°C A

Table 1. Freezing characteristics of chicken breast treated with different freezing conditions

Treatment Temperature (°C) Freezing time (min) Freezing rate (°C/min) Freezing loss (%)
-20 260.50 + 84.15" 0.10 £ 0.03¢ 0.72£0.01°
Air blast freezing -70 56.50 & 4.95 0.43 + 0.04 0.48 + 0.04°
-150 31.50 £ 12.02% 0.82+0.31°¢ 0.49+0.01°
Ethanol immersion freezing =70 8.00 + 2.83" 3.20+1.13° 0.23 + 0.06°
Liquid nitrogen immersion freezing -196 2.00+0.01° 12.00 £ 0.01° 0.45+0.01°

DEach value is mean + SD.

P Any means in the same column (a-d) followed by different letters are significantly (P < 0.05) different by Duncan’s multiple range test.

Table 2. Thawing characteristics of frozen chicken breast treated with different thawing conditions

Treatment Temperature (°C) Thawing time (min) Thawing rate (°C/min) Thawing loss (%)
4 486.00 + 142.84" 0.09 £ 0.03¢ 0.70 £0.14°
Air blast thawing
25 99.00 = 19.80° 0.43 +0.08° 0.74 £ 0.05°
4 56.50 £ 12.02° 0.75+0.16° 0.44+0.18°
Water immersion thawing
25 38.50 = 14.85° 1.16 £ 0.45* 0.71 £0.19°
4 - - 0.74 £0.08"
High pressure thawing®
25 - - 0.82 + 0.06

DEach value is mean = SD.

P Any means in the same column (a-c) followed by different letters are significantly (P < 0.05) different by Duncan’s multiple range test.

YHigh pressure thawing treatment at 100 MPa for 60 min.
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B el EEEe] 2 9P vAE Aoz @
"Hh $E4% 54 AE A, BUG LEne E
o] wel SESwe] Aol el e Fruch B
o] GHEE} 7] WE Ao AEdrt

A5 BANE ol G4E WARel From Wy
AT FHOR ofnf He fie] B A o] A
o 24 W th §494 ¢ BeEe] Ego]

ol
>

@_qzs,ze)' 4oc_qu 250C %\_\
FA 9} 4°Ce} 25°C .
0.70~0.82%< LERN AT of 4°C F=2] a5+
= 044%°] 7HF 22 sledHe At Yu 02 4
T A% RAE AER 0°C £33 deAel U2 8
TS 112%2 HHA 18°C 572 slES 3.49%= 3
S wet s Egk el zlolE Btk BAEkgith
Oliveira 32 7A12 71&ake _30°Co A WEH7] 3 7°C
22 10°C ¥4, 17°C 27] A X243} microwave 7}
wHoZ 3 ¥ dleddFs £43% A3 microwave
2 7.65%, &7 A2 e 4.84%, S5 slE
3.60%0.2 54 a5 1.27%%} vlaste] =& st
Fo] AT Rt o sl g ol vls)
o 4°C 54 350 7P 22 sle e Bl 2

FATSE M B eI

1A
ks

off

L

re

Mo U2 AL 5] UPYE Ht

Ogst Weigel e F 37148 Medd &R 9 &
Fol o] Wsts 343 A= Table 39 Wepith o
Z79 & 3714 Al 5 4.75 log CFU/g8l WHH —20°C
%32 YEAYTE 4.06 log CFU/gSE 2F 0.7 log CFU/
S B3Ik B3 -70°Cek -150°C FF4 2 -70°C
qeE A WEAeT T 5748 A4 TR o
0.3~0.5 log CFU/ge] ZFA3tRAIRE —196°C HA| A& 3]
2 WeAgTe et FAIAT AR o8 Wes
H Y2 et AlS 7tsde & 3714 AldT

(1)}

1o
g
B

AEE 27t Yehs Aoz dActsy, 2 Apel &
ARgE Aol —20°C &9 ¥ —82°C 94 W& A
gE A=z F 374 Ad F7F 4EAF Y F 7+
7} 9.14 log CFU/g# 9.87 log CFU/gC.2 WE& 50| wah
ztelE BATL BT, gk Guo 5702 -75°C
FEYE AR A T 57148 AlaH A At
FE 9F 0.5log CFU/g] ZHAAIH T Bargh bp Qo)

AR 2 FFole A$ HERTE 3.86 log CFU/EOIANL
B —20°C, -70°C9} -150°C $32] 9 olehg A2
A Y TE 3.23~3.63 log CFU/gE 79} Blwale] o
0.2~0.6 log CFU/g8] A4S Hel whd g a4 x4 o
AT 2T} FHQ1 Aolg HolA &Sdtt

A& 714 A8 L. monocytogenes$t C. jejunis #
TAZ T YeAgd g uAE ¢ HsEs SA5
(Table 3). HIZ72] L. monocytogenes = 7.04 log CFU/
2o A T $¥24 YWEAETE 6.71~7.00 log CFU/g}t A A
2 YEAEFE 6.97~7.00 log CFU/go 2 X&)+ 7+e]
o]Z Rl Apo]E HolA| eIt

C. jejuni & H3}= L. monocytogenes A3}t Z}ol& H
Atk —20°C 324 YEAHT C. jguni = 4.09 log
CFU/ge 2 thxT2] 5.08 log CFU/gst ¥ ate] <F | log
CFU/g A=¢] 7Haaas vekdllnh. g, -70°C% -150°C
$%2) YeAE T+ C. jejuni = 4.61 log CFU/g 4.62
log CFU/gol e —70°C oler2 X243k —196°C A
A4 AA2 WA= 217 4.81 log CFU/g 4.72 log
CFU/gS YERY —20°CHT} W 25oA WaAE = C
Jejuni &= W3}l w|R]= Fgko] AX] ¢rtt}. Bhaduri*hS
-20°C YsH2 =2 AL C. jejuni 7 <F 0.5 log CFU/
g AT Hiek3l 9 Haughton 5% o2 WY
A mAE ¥E C. jeuni7t L%, NtAEE 5 B &
Ef 2ol tfsl ®Iztete] #-8-Ho] "ojivkal Bttt

Nauta’2 ofo]&&E=e} =29o] 5 frHol = Al
Campylobacter 29 & 7AaA7]7] 1% &3¢ 4

Table 3. Change in the populations of natural microflora and foodborne pathogens of chicken breast treated with different freezing conditions

Microbial count (log CFU/g)

Treatment temgéf:tzuirneg ©C) Non-inoculated chicken breast Inoculated chicken breast
Total aerobic bacteria Yeast and mold L. monocytogenes C. jejuni
Control? - 4.75+0.2172 3.83+0.18" 7.04 +£0.28° 5.08 +£0.24°
-20 4.06+0.11° 3.61+0.11%* 6.99+0.19* 4.09+0.13¢
Air blast freezing =70 4.56+0.13% 3.23+£0.13¢ 6.71£0.10* 4.61+0.16°
-150 438+0.15° 3.43+0.17¢ 7.00 +£0.23* 4.62+0.19°
Ethanol immersion freezing =70 4.33£0.21° 3.55£0.11™ 6.97 +0.23* 4.81 £0.16®
Liquid nitrogen immersion freezing -196 4.66 +0.19° 3.79 £0.20® 7.02 +0.18° 4.72+0.11%*

DEach value is mean + SD.

P Any means in the same column (a-¢) followed by different letters are significantly (P < 0.05) different by Duncan’s multiple range test.

YFresh chicken breast before freezing.
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Table 4. Change in the population of natural microflora and foodborne pathogens of chicken breast treated with different thawing conditions

Microbial count (log CFU/g)

Treatment Thawing o Non-inoculated chicken breast Inoculated chicken breast
temperature (°C)
Total aerobic bacteria  Yeast and mold L. monocytogenes C. jejuni
Control? - 4.42+0.01"" 3.44 +0.04° 6.99 + 0.24° 4.65+0.14°
4 3.70 £ 0.19¢ 3.07+0.18¢ 6.80 = 0.05% 4.28+0.07°
Air blast thawing
25 4.02+0.27¢ 3.21£0.19% 7.05+0.23 4.68+0.15°
) ] ) 4 4.54 £ 0.60° 3.37+0.11™ 6.91+0.23% 4.24+0.20°
Water immersion thawing
25 5.78 £0.08° 4.05+0.09* 6.67 = 0.08"™ 4.58 +0.09°
4 3.77 £ 0.07° 2.73 £0.09° 6.51 +0.08° 425+0.17°
High pressure thawing”

25 4.28 +£0.05™ 2.85+0.15° 6.72 = 0.06" 4.50 + 0.04™

DEach value is mean + SD.

Y Any means in the same column (a-d) followed by different letters are significantly (P < 0.05) different by Duncan’s multiple range test.

9Quick-frozen chicken breast using —70°C ethanol immersion freezing

“High pressure thawing treatment at 100 MPa for 60 min.
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Table 5. Change in the population of natural microflora and foodborne pathogens of chicken breast treated with freeze-thaw cycles

Microbial count (log CFU/g)

Freeze-thaw cycles Thawing loss (%)
Total aerobic bacteria  Yeast and mold L. monocytogenes C. jejuni
0 4.44 £0.07"? 2.85+0.03* 6.91 +0.06* 5.84+0.17* -
1 4.58+0.21° 2.74£0.15® 7.03+0.15° 5.01 +0.44° 0.29+0.07°
3 4.34 +0.05% 2.67+0.10° 6.93 £ 0.04° 471+ 0.24 0.42+0.10°
5 4.15+0.05° 2.30 +0.20° 6.91 +0.26" 4.44 +0.29¢ 0.80£0.17°

DEach value is mean + SD.

Y Any means in the same column (a-d) followed by different letters are significantly (P < 0.05) different by Duncan’s multiple range test.
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