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Abstract As livestock consumption in Korea has been gradually increasing, the
quality of the final products has been improved to meet this increased demand.
In particular, maintaining the water holding capacity (WHC) and minimizing the
drip loss during the thawing of frozen meat are of utmost importance. This study
investigated the physicochemical properties of frozen pork subjected to thawing
under different conditions: at room temperature (20C, under air), at a low
temperature (4C refrigerator, under air), under water (20C, under water in a vacuum
bag), under microwave (microwave-thawing, 260 W), and under low-pressure
tumbling (20C, 0.015 bar, tumbling). The shortest thawing time for frozen pork
was recorded upon low-pressure tumbling thus indicating a fast heat transfer. The
lowest drip loss (0.2%) and highest WHC (94.5%) were also recorded under this
condition. A significantly higher drip loss was observed upon microwave- (1.0%)
and water-thawing (1.2%), which resulted in the lowest WHC in microwave thawing
(87.2%). The highest total count of aerobic bacteria and coliform group were
observed upon room temp thawing while the low pressure tumbling and thawing
resulted in the lowest aerobic bacteria (1.90 log CFU/g) and coliform (0.78 log
CFU/g) count. Consequently, thawing by low pressure tumbling afforded the best
food quality.
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Quality characteristics of low pressure-tumbling thawed pork
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Fufs}ldct. Clean bench(HB-42, Hanbaek science
Co., Bucheon, Korea)ollA] 4x4x3 cm®| AAE =l
2 Zg-A~E 87](Lock&Lock Co., LTD, Seoul, Korea)
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Life Science, Mainz, Germany)g I42% AXE Y
HEY s HIE ARSI Y5 =5 AIRE AU HE
g Ao ¥ 3 79H0.015 bar)& Aoj51, HEY 3
A7 30°, 3 k= 30 rpmlE HEY X B
At g 47 EgtAT7F 20C 9] R AV EE
o gJHot= &% 20CE FAT

7} o o] wet BidtE s WesY] WESAH 255
AIZPEE BYEEsto] siE F4S A5kt "Rl
A(Cas WPT-1, CAS Co., Yangju, Korea)E o|-&3] 10&
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A 9 27| EA4Z At BAAEE ARESIGITh BE B4
s & 24417t ojfo] U

2.3 ofF E89 pH ¥ ME ZF
pH &4 AEH AEE5 50 mL conical tube©] 1
S AEs| FHolo] SF54 9 mLE 71t & homogenizer
2 #43sto] pH meter(Metter-Toledo AG 8603,
Schwerzenbach, Switzerland)Z &35ttt a5 ==
o] ¥Hol A ¥W3k= Minolta ME=A(CR-200, Minolta
Co., Osaka, Japan)E ©]-&3slo L(lightness, k), a
(redness, ZM ) U b(yellowness, FE) groz BA3}
At e =5 AEY viEe #HS 63 vHE
T HHT BREAGCE YRS A= A2
AeE 2o 2 Aot thaat 22 A 0= AlLlstal
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ol
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AB=\/(Ly—L,)*+(a,—a,)*+(b,—b,)?

L1, a1, bi: Chromaticity value of experimental
group

Lo, @, by Chromaticity value of control group
24. s =89 £ Z'3(drip loss) &

s A ¥ =52 FAE SHw)dlL, 35 =59

AF-ZE7E -6ToA 0T =2 f7h4] sf53t s =
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29] TAE 2A(m)siolc £48 £ e chet 2ol

AAreto] WESF VERf L),
Drip loss (%) = (wy—w,)/w, < 100

wo: Sample weight before thawing (g)
wi: Sample weight after thawing (g)

2.5, o5 ER9 SFH+9 LfE AT B4

A& 1 gofl B¢ AZAds 9 mLE 7tste] Edwo
2ol stomacher(Bag mixer W400, Interscience, Saint
Nom, France)2 w4313t & oBAS 108] A=
3|sto] ALgSIGITh Fwt5& ARE S A& A
ZYE(MC-Media Pad, JNC Co., Tokyo, Japan) %]
AlFE 1 mLE d=% 5, incubator(HB-101, Han Baek
Science Co., Bucheon, Korea)ollA] 37ToA 2447t 8f
FAZ. St W 574 2wl $ A3 4

o] =2
ArstRon, Be ke 30 SPEY 349 s

St1l log CFU/g2 = YISl

2.6. o5 =89 238 FF

Kim 5(2013)9] o] wet H5(WHC, water
holding capacity)& £%5tth. 8A, 50 mL-conical
tubeo] AIEE A& 5 g& Ags] ;T & 719 A FAE
S5tal(w) 70C 2204 30% 71D F, 204 10%
7H vy & YAEE7|(MF-550, Hanil Science Industrial
Co., Incheon, Korea)E o]-&sfo] 20CA 2,000 x g
1087 9AEE & 184 $5%(ne2 5795t HEE

(%= AAlstAt.
WHC (%) = (w—wg)/w x 100

w: Sample weight before heating (g)
wg: Weight of gravy after centrifugation (g)
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e B 9 ERUAR Yerhelth AR 70§ 24
2 SPSSZZ T(SPSS 25.0, SPSS Inc., Chicago, IL,
USA)E o]gato] EAFEA(ANOVA)S AAISHT, HAHE:
A Btz 242 p<0.05 522 Duncan® t5H
9 AL A8stel AT

3. 24t { uH

3.1. & LB E YE =29 dis £&
orFst Wol met sl Y =59 RS
o] HslE HUHEHT e FAS Fig. 13} 2o, 7t sis
273} oo w2 ¥F =59 o A2 Table 13} Ztt.
A 2EY HEIPDLRE shs Al E59 FH2E7t -6C
oA 0T Zgsh= o Al AR & 20802, T2
o 1ol vlote] 7Hg siEAlzto] Aoror, thEo s A
Q1A s (M) 408, F4 dia(W) 908, A2 &R
17082, A2 ¥4 sJ5(LT) 84089] £o& d5AZto] 2
oA, dE 27l w2t sis AlZto] o 428§71A] F7Fol
AE BRI 4= QItHTable 1). di% 27| Wt si=
1 Zto]& YEPATH(p(0.05). Park 5(2012)
W5 =8 QA9 S50 4QF A7RS AAHQIA] s
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Fig. 1. Thawing curves of frozen—pork under different
thawing conditions. RT, room temp thawing; LT, low temp
thawing; W, water thawing; M, microwave thawing; LPT, low
pressure-tumbling. Their thawing conditions were shown in
Table 1.
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Quality characteristics of low pressure-tumbling thawed pork

Table 1. Thawing time and heat transfer rate of frozen—pork leg under different conditions

Thawing methods

Thawing time" (min)

Heattransfer rate? (‘C/min) Equations of thawing curves (R?)

170£0°%
840+0°

Room temp-thawing (20°C, under air)

Low temp-thawing (4°C refrigerator, under air)
Water thawing (20, under water in a vacuum bag)  90+0°
Microwave thawing (microwave-thawing, 260 W) 40+0°

Low pressure-tumbling (20°C, 0.015 bar, tumbling) 20£0°

0.0350.000° 0.987+0.000°
0.007+0.000° 0.995+0.000°
0.067+0.000° 0.994+0.000°

0.150£0.000°
0.300+0.000°

1.000£0.000°
0.964£0.000°

"The total time to reach at 0C from -6°C in pork leg. The core temperature of the pork was measured.
ITotal thawing time/(TF=Ti). Tf, the temperature of core pork leg after thawing of 0°C; Ti, the initial temperature of core pork leg before thawing

at -6C.

IMeans with different superscript letters in the same column are significantly different (p¢0.05, ayoycydde).

W(Table 1), @M 120
0.007CH A==t whoto] A23% 0.035¢ =
0.067C, A RIAHE 0.15C, 121 79 g2 s

gl &

L2 03CH ASHE 5L E HojFo] 240 uet o
&2o] foF9l AolE UEhfE A s 4 it
(p<0.05)

298 32 4871304 94 BHoz AgHE B

El
Hog BoAQ what $4E ol GAdo|

U5 Yia2

AEF L AL 71&3)5to] T AQEE AZFS é:—/\]

2 & rHKrause . 1978). & AFlA 52 S1s)
Z

S A HEBS EEW} QX*O}”W 5171 ‘41—r°ﬂ*1
| 95

P & A Y WHIPL o adFoR olRojfltt
(Mirade 5, 2020). & AollA Y7L wiIIgA] Qo 23
o] = T A7t EHAIE ARSI, olEtt St
3 WyRol 229 d=¥d(impeller)= S2tAT7} 3% W
o2 A& A Al AlE7} 3 ko Ent 1P H 0 ofF
St E= S5 Yoles Woly g sHA "k o=

AR 25 HOISE  # ohish A2 Psls 342
SUNA GE BAE £Y 4 Y= Ao HT EF
92

£7] W 4EE 0.015 bar $F22 Y A7|E= L WE
59 dSZ24o] $5tE1 Y5 =80 w24 si5E &
Y AoF HolLh

3.2 8i=Z =89 L& ZI2Kdrip loss)

ot sis THoR sieE =59 &Y AF A%e
Table 29t 2t} A1&9] £8 FF 247 A, 44
4 5 o9 2 A#q dF= A IHKim 5, 2001).
EH(drip)2 ¥55= o Al AF A4 E2Ho &
gules Mz, =9 FFY Aes Yot AT 5 348E
Als U A2 270l ofsl WAk ZAIE S TS UE
W, sis Al Bl8E #2419 HRlo] E7]: gttkKang 5,
2008). & A7 2AsloflA siEE =50 =Y AR A
HEY dlEol4] 0.15+0.06%2 7Fg W2 4‘—"% Hio

|

o, A A 11601445 1 S @2 ehd
o} 815 89 3 W =Y Aol a5 we] uet
=2

5 =2
gAE A2 e 230 ¥ Wi =2 ot

Table 2. Drip loss of the pork meat thawed under different
conditions

Thawing methods Drip loss (%)
0.4140.32%Y

0.2410.01°

Room temp-thawing (20°C, under air)

Low temp-thawing (4°C refrigerator, under air)
Water thawing (20C, under water in a vacuum bag) 1.16£0.14°
1.04+0.03°
Low pressure—tumbling (20°C, 0.015 bar, tumbling) 0.15+0.06°

Microwave thawing (microwave-thawing, 260 W)

"Means with different superscript letters in the same column are
significantly different (p¢0.05, ayb).
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TAE ST JFFE F= Q9lo] HES Hojsrtal o4
th. Park 5(2012)2 58 =8 S gl Al A2 o,

1o

3 £ ol g Roltky Bustek B Agels
A B2 5ol AL 55l vlsle] £/ 5 gl
o @ 508 veht, ojde] A7E A4 o5 R

dEd0 22 =94 %7% =3 %‘:‘”\17% 3

3.3. ofE E89 pHe O/H= 42

ohFet oiis Wiol wet sheE =59 pHi= Table 37}
i dubE oz P48 pHE 5.5-5.6 FolH, §9
pHe &5 W glycogen®] ¥l o3} A== A& U

A AAtHYu &, 2005). S5 Al A9 Al ] 849 5=
HSHR Qlste] W A A8 Hlof S IHgS AR A8
=2 pHE UEUA =&, sis Alzte] dojA S&AlL
o &4 Hol| F= ARolE AlE W Efo] gol HAYs}o]
pH7} &7ttt Al B g0} QItk(Farouk 5, 2004). & <
TollA] chofet B o R siEE =50 pHE A4S0l HY
(5.5-5.6)Er} o7t =2 Ao Yepgon, sis W
ket Bt 6.19-6.299] HI9IE B3O siE Wil e
F9HQl Afol= T A gttt o]t 4529 pH Aol
= AR9 7], § 24 5 95 540 vt deE AL
2 Holt}, g, Park $(2012)9] AAFollAE 3% WA
W, A, AREIA shs)el wet s =59 pHE
Folds o xR o S7ISFAAIRE folotAl=
a0 (= STRR-IEAC] ;U

SO _Il)l' g}o

ohket 27904 s = ?_HM T} hA
o] H3l= Table 337 Zth 459 49, AL F5oA
2.38 log CFU/go.& 7 &9koH, ZJH HE9 sl
1.90 log CFU/gl.& 7} @& &g Yehith Park 5
(2012)9] AFolME o sis Wy 5 A2004 sisd
A 29| Fagto] 7MY =0kom, o] AL s Al 37
FO8 AFo] LEH7] 47] fEe] FHd57F fFJHeR
w24 Z71517] witolaty B vskict, W, B oLofA]
Aegt 7 9EY dhe2 Wasel A% AHY gEe ¢
oA sso] APHEE AL sfFHTt= F7] T Eo
A7) 2ol STt DA Uehd A0 Btk &3 £
AFoA s AEAZS FE =52 SH2E7 0C7HA
ok b dele ARECR olal, AAHQIA siE 40
&, A o 908, AL s 1708, 37 die 84011
gksto], 7Y 9E9 e TAZH208E) ol SZ2 = o] 1
EC] BET 4= e AlRto] FEoHA] got =9 A5
o] F2 AHog W}, o]2fgt AL Table 29 o5 =%
Z AME FASHA e, A2 359

l

ll‘

< 1.28 log CFU/go 2 7H} =& 42 2
7Y "HEY 504 0.78 log CFU/go& 7H4
W2 3HE HojFo] A% §EH Sis4lo] nYE S-S

w0 WE & 9l SA 5ol B 4 g Aow

85 & A5 v a2 PR 543 A7 239
wet 24 Yeld 4 Qltt Park 5(2012)2 o8 74|
s THER, 98, A, AR AA de)E B9 B
alsE =5 oA aiatol HESA] efStthal Barek
gH, Choi 5(2017)2 841, #5442 AA=AA s

Table 3. pH and microbial population of the pork meat thawed under different conditions

Total aerobic bacteria (log CFU/g) Coliform (log CFU/g)

Thawing methods pH
Room temp-thawing (20°C, under air) 6.28£0.09"5"
Low temp-thawing (4°C refrigerator, under air) 6.24+0.01"

Water thawing (207, under water in a vacuum bag) 6.29+0.06"
6.19+0.06"
6.19+0.08"°

Microwave thawing (microwave-thawing, 260 W)

Low pressure-tumbling (20°C, 0.015 bar, tumbling)

2.38£0.01°? 1.280.02°
1.8440.05° 1.0440.02°
2.2640.02° 1.2140.01°
2.31£0.01° 0.8410.01°
1.90£0.01° 0.78:0.01°

UNS, not significant.

Means with different superscript letters in the same column are significantly different (p¢0.05, aybycydpe).
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o A= 3ls 22004 shed 5 Ak
A g5 dzxde 2d9) o] AT 2
SHRTE. 09k o] A5 43 A7 Fg9] 23]
A ]

R
715 5 <l 2¥E & AL, AFT 7 T LALAE
7Fsdt Aoz &#A StHChoi 5, 2010).

34. o5 =89 4

Ot 2704 diedE =59 MEE SHTT 4=
Table 49} Zth =52 v|e2=Y o] g2 M5
(red meap)]] &2 AT E52 IvH¥os B4
drt. diE %9 A2 g7](lightness)E Uel= L, A=
(redness)& YEMY = a, 3 Z(yellowness)E YEH=
b#t 25 s 2ol wet §-94Q1 ZelE Ho(p<0.05)
AR A Mo M= Zo(AEYE YRR oY, &%to s
He gt & Aol HolA = ¢tk L, a ¥ bt BF
AL oA 7H =242 UEila, A%k §EY o
A29] A olHth foHor W2 gk Helow, M4
S5 A A He AoA glo] 7P W e UE
Pl g

S| A2 AR} ASE A9loke H $85HA 11
Sk 821 5 SHH=E, A% T S92 ¥igk= pH, Ad 45},
N8 E 54 5 B2 8Qlo] #A8ol= A& dHA ot
(Zhou 5, 2010). Schubring(2003)< a5 A] agto] Hot
A= WAt A4 A9 AA, v] == 4] (myoglobin)

Table 4. Color of the pork meat thawed under different conditions

o] 0|En]QZZHl(metmyoglobin)2. 29| W3l =4,

2419l AT} heme displacement® 719 4 Utk
HsH3e} Jeong 5(2006)2 =5°] ¥5d s 23
AAHA A27} E4d5 o] Al W9 ol 71&=0] 4%
29l 28-S s1A| Hotal SAA thil o] Alsr} Byt
. SFAIEE 2 Aol A XIgYet 7]&9] s W
A2 dE, 9% s, A s 2 AREJAA os)
At HEY sheo] A, sis Al WAs A4 v eF =Rl
ASFE B 4= A= aglo] F-9AQ Aol 7t Qlont &t
o= JEE TRk F AJolg Ho|R] oo, tE A-oA
Hig n]ea=wo] Agl § WAsl @42 A APEA|

o

Mo kI my

oflt

T

3.5 5 £89 Hy2

TFet 24004 ded =59 BE4gE 4T Ak
Table 59 Ztt. s HrHo] wet oF 87.2%-94.5%2] B4
g HE Byon, 7% "8 dl%6(94.51+0.48%)7 A
T 35(94.23£2.26%)°] F-JZ QA #fo] Qlo] &2 Had
< HYoH, fZoF AL 51%5(92.19+2.21%), A%
31%5(89.37+0.44%), AAEAA 35(87.16+1.51%)<]
AR HpEo] foAog HAsHs ZoE YERT
(p€0.05). &7 EE2 71, 24, 2 E= d5 5
E24Ql %9 3 A8t W AAY S8 = 7L
S8 HE5= S8o|tiChun 5, 2016). 248 &%
70TolA 3082 712 9 YAlEe] o] A5 Yo E5E
£B80] okg ZA5HA Hug &% 3y F st
S5 FAoks 718 3014

2]
Z]o o TAL F Qe #E S AEE 952 +

[ rlo ot

L)
y
'
v
ol
o

Thawing methods

Chromaticity of thawed pork

L a b AE
Room temp-thawing (20, under air) 59.92+0.79>" 13.13£0.08° 8.64+0.22° -
Low temp-thawing (4°C refrigerator, under air) 54.00£0.41° 10.56+0.24% 6.88+0.10% 6.7
Water thawing (20°C, under water in a vacuum bag) 55.1842.08° 9.89+0.44° 6.06£0.11° 6.3
Microwave thawing (microwave-thawing, 260 W) 58.22+0.40° 9.6611.89° 7.16+0.09° 4.1
Low pressure—tumbling (20°C, 0.015 bar, tumbling) 54.23+0.55° 11.33+0.19° 7.79+0.25%® 6.0

"Means with different superscript letters in the same column are significantly different (9¢0.05, ado)c).
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Table 5. Water holding capacity of the pork meat thawed under
different conditions

Thawing methods Water holding

capacity (%)
Room temp-thawing (20°C, under air) 92.19£2.21%)
Low temp-thawing (4C refrigerator, under air) 80.37+0.44°

Water thawing (20°C, under water in a vacuum bag) 94.23+2.26°
Microwave thawing (microwave-thawing, 260 W) 87.16£1.51

Low pressure-tumbling (207, 0.015 bar, tumbling) ~ 94.51+0.48

"Means with different superscript small letters in the same column are
significantly different (p¢0.05, ayb)c).
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35 34 A 2 2L diE ARlE 55 gt 712
A=g vt P PE5HES AA)S A2
35(room temp-thawing: 20T, under air), A%
35 (low temp-thawing: 4T refrigerator, under air),
A4 35 (water thawing: 20T, water in a vacuum
bag), AR A d5(microwave thawing: microwave-
thawing, 260 W), &Y% "©&% d5(low pressure-
tumbling: 20C, 0.015 bar, tumbling) 2.2 Z+Z} &5}
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