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Abstract In this study, a vacuum tumbler with 4 impellers (DVT) was designed and applied for
thawing frozen pork (vacuum -60 kPa, jacket 35°C, 1 rpm). Quality characteristics of the thawed
pork were compared with those of industrially thawed meat by natural air at room temperature
(NAT) and imported vacuum tumbler (IVT). The thawing time for frozen pork (303.36 kg) using
DVT (165 min) was much shorter than that of NAT (4,200 min). DVT-thawed pork had lower drip
loss (0.85%) than NAT (2.08%). DVT-thawed pork showed a pH of 5.92, a total bacterial count
of 1.96+0.02 log CFU/g and no coliforms. Deteriorations in fat (TBARS 0.31+0.01 MDA mg/kg)
and protein (VBN 5.67+1.98 mg%) in DVT-thawed pork were significantly lower than those of NAT
(p<0.05). DVT-thawed pork had a high water-holding capacity (WHC, 97.5%). The hardness
(34.59+0.46 N) and chewiness (188.2140.17) of cooked DVT-thawed pork were about 5-6 times
lower than those of NTA. Microstructure (SEM) showed myofibrillar damage in NAT-thawed pork,
whereas dense myofibrillar structure was observed in DVT-thawed pork. DVT was better or similar
to IVT in all evaluation parameters. The designed DVT is expected to be used as an efficient
thawing method in terms of processing time and yield and to produce thawed meat with high WHC,
soft texture, and low spoilage by minimizing tissue damage.

Keywords frozen meat, thawing, vacuum tumbling, microstructure, drip loss

1. ME

312919 191 7 3t S5H(A17] - YA 7] - Far7]) 4BER AT 2024’0 WHEH 60.6
kgO & A, 20224 59.8 kgRT} 1.3%7} Z713cky B 1E]QItHan, 2024). E3F, S5 4H|
H|Z22 R 177} 67.6%E 7P =0 th20 7 A7) 19.3%, B17] 12.2%, 2817] 0.9%
&0 8 HIEo] QIth(Han, 2024). /= &, @d, AW 59 o] ot =5 T A4 Al
nEY] A SF BUE Ao 22 Fd Fa7L HEA AYEH7] gzl g7 WA Eaol
o]HtH(Chun 7, 2016). WehA] Rt og =& & A2 o] ZA[UH W Adshs Aol 4uhs
olH o] HHNE §79 F4 Aok= AL FFPE 4 Sirh(Akamittath 5, 1990; Hansen T,
2003; Miller 5, 1980). =W 2571589 dE+ Y& JHZE A=, dis S AX 54
ol= 7HeE A2 AFHEETH(Food Information Statistics System, 2020).
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Characteristics of vacuum tumbling-thawed pork

S & (thawing)> ¥5= 29 FEZ et FARE &2
o7 QABIEE BEYA)7|= T4 0 2 (Kondratowicz 5, 2006),
|7H500lA o g s FAot s A WY
3 239 @A Aol Q8] ¥ FAET H 71 A7)
ZastH o] oA F4 Ast Aol Lol o= Ath(Xie
o} Li, 2012). &7+ ¥ oA 43278471 F9=H
LR F2E BHSHA EH=t, ol s olF 579
g AotE 7HAet A= E™(drip)o] TS Hol &, &
&, i, ey 9 B4 FE9 AskE 7P A "ot
(Akamittath 5, 1990; Hansen 5, 2003; Miller 5, 1980). &
A = B2 S7Fs 4FlolA ol&sta e teT ¥
S5 FHE 37 T A2 WA st o] e 2olil 9}
o} o5 Alzto] Ax F4 FokE T 4= Qlof o] & siAst
7] $15t 71& 7ol " sttt siE AlRkE ©EohiAE £
= AT = e dis 71e9 A 282 AR of
Uz} o] & o] 83t ¥ Ae7eE] FHoe IFe £
2 HRItK(Choi &, 2017).

ArdAH o2 gy o] 8H I U= Y=Y A2 e FA
Zto] 2QF o] I FollA nBES] F4, A 43}, 7]E
[l &gt F4 A7t YojutA HH(Chun &, 2016). =
N, $E s E vto]aEy} i WY 5& ¥5S sl
ol&d & Sloi}, AdH o & g WESS dAILl A
got7]oll= B84 HolA ALesol s & S e
A Fskal Qiet. vH, A5 "ET WA siE2 A2olA 9
AL, vpo|Ag23}, Y 59 2209 s A ETH A7)
SEHAA L s552] FHo] S5HA FAIE= Ao] gl
UK Chun 5, 2016). E3, Y559 ¢ ST L EH 9
BOE QIS & &4, ¥ &4, #H ot AH, F4 st
e 29 9 54 S(Kang 5, 2007) FE F3E 2ok
WIS AaA7]le HHoE A4 QUtk(Hong 5, 2023). &
A sfejolME HED A ol&Rt FAF AA7E dou =
Sa7|QolA FHEIR A BHE D7 R 7R AlE A
Atof] &g517]0= o8 AAolth ol st ] s X5
HEY s dE 283 4 ] i & o] 4kjF o
& A& 7R H77h dasi

uebA 2 Atoas 2E HET sie Y499 44
A% A(Hong 5, 2023)E HIFOE AIJE0R &

= T4 & dEE-7F "E2(6 ton)E 1IQF
JHow 715 AlF Aol B8 7FsetAof Higt
1% 4 3715 35t 215 gE8 T 9 A
ety 2A AmE vpdstaar Y= sy =
T, pH, =9 9, B4, 718 4% 59 olgt
Z 7ol on, o5 7|&Y AHo R & of§
s Ui sisEEsE o838t siess9 &4
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2. Mg 2 giH

2.1. YHE-HF G2 74 Y AY

2 AFoA ekt & dEE-AE "HESDVDE
Fig. 13} Zo] As3lon, olF EfiZ FZ(HYUPJIN Co.,
LTD., Siheung, Korea)oll 4] A|Ztsto] Ao ARESHITh HE
2] Y7 £l 6 ton(6,000 L)°o& 13] ] sl &3] 3,000
L7HA] 7b55ba, AU 83 kPa7lA] 74gto] 7H5ateE A
A=A 9EF S RS 2% 28-S 98 282 Al
T 1-6%7HA] EAFSHAA S5 2E(20-40°0)8 28
AEE A &2 Wiols dHeof sidshe 4719
77 B2E o] Qlo] "HEE I Al ARE HEY A - 38

F EHATIEA AR AR 2EE FUSH eI AR
7t 9ot 3A4E WA i $EE AMste 9 it 9E
2] 2 o]F A FRE Hof QAL A Wil 2422} ¥
7 <goliA sl W Al A FAge] ofs) 95
WS At fAg "EH AR £9Yo] dgst
7] 13f 24°-+25°% WY A= 7]2od 4 Q1AL SE

(A) vacuum defrosting tumbler

(2850W*5400L*3100H) driving module

steam injection
device

6]

bottom of
tumbler

impeller blade

Fig. 1. Layouts of 6 ton-scale vacuum defrosting tumbler. (A)
full model and (B) cross-section view of tumbler. System
includes a metallic tank (6,000 L) composed of double jacket
structure, steam injection device, and 4 impeller blades.
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A % 240 v} 314 £EE 0.5-5.0 rpme] oA 2Ho]
7Fsotth 9EY UR AR A, WELE, Wi 52 =Y
Bl 2780] Rk 28 Holel Ao wet At

Aslo] FFEOF AREEH 1,1,3,3-tetracthoxypropane+s
Sigma-AldrichAK(St. Louis, MO, USA)o|A 530, 7]
B} AREH AloF 2 G 25T HPLC ¥ ACSH o< AME:

sttt

22 Ay Mg % s

Y= =80 A (Siheung, Korea) O ZHE FHFE4]
(Hwaseong, Korea)2] U4 HA| & Al&= AlFHdth 3
H =% AR 137 ke EEFHE ZFE] AFEHUL
-75°C Y&ao)A Hash Ag® AN WE =5
F(total 303.36 kg=13.7 kgx22 blocks)= FYE1oA AW &
A2(20°C)ol| A EH2Z=A(WPT-1, CAS Co., Yangju, Korea)
£ o]goto] AR FA2LET} -6+1°Co| =2 wf7tA] wegst
R, T I5 =5 E52 Hd TS 3 F ARESHA
t}. 6 ton-scale AF HEZH(DVT)E 0|85t 52 du] A3
< & 2% sE AT U -60 kPa, HEZ] A &
T 35°C, I &k 1 pm, HEY A 4% 10°, AF AR
5%) 22 S5ttt s A s S AA|E(NTA,
20°C, ain)@} ¥l S5 Al =59 SAHF =7t
-6£1°COA] -1x1°C7HA] Edoh= Ao & A5t Et
24 5 HAE ol8 HER0 ojsaly W 23ty B4
2 WEZsp] flsto] ALAENTAE 24 B2 A
(VDS 2T AR ABIITE, IVT 58S ARpze]
@ %718 ARIH ABER Sl ST s 8% L 7K
LA 249 YA AF "EH(Lutetia type 6, Provisur
Technologies Inc., Chicago, IL, USA)E ©0]&3}o] 3535t =
£ 7] AR AT} B3I, 50| AR ARE W
% RS 24412 ool B % v BHE s BAS
gastelrt

> H o o

2.3. & ZE(drip loss) ¥ #8(ield) £

S 4% 4% B%9 A% FHLE} 6:1CY U
71402 2R sEstel -1+1°co] EZE WA ELO
20E $49 Yo S el 22 4oz Allstel R
&2 Yehoith 582 4589 o5 459 BAE 2745
of Theut g Ao AMl] MELE Lehhct.

Drip loss (%) = (wo + Wi - w2) / (wo + wy) x 100
Yield (%) = ws / wo x 100

wo: Sample weight before thawing (g)

https://www.ekosfop.or.kr

w;: Steam injection amount (g)
wy: Sample weight after thawing (g)

24. pH & 4= FX

522 pH 23S AR A2 1 ¢ 33| Astol 25
4 9 mLg 7[5t & #335}5F9] pH meter(SevenEasy pH,
Mettler Toledo, Schwerzenbach, Switzerland)Z® =743} th.
o5 £59 ML AR $5EO2 AE T Y HAS
Minolta A% A|(CR-200, Minolta Co., Osaka, Japan)Z ©]|-8-5}
o 53] o} Fato] ZAEAOH, B (lighmess, L), 44
T (redness, a) ¥ B (yellowness, b) FrO 2 A5}
ABE A5 Mg 2702 AAdto] o2} 7ol
Altstict.

AB=\/(L,—L,)*+(a,—a,)*+(b,—b,)?

L,, aj, b;: Chromaticity values of experimental group

Ly, ay, by: Chromaticity values of control group

2.5. Ed+8} W& AT 24

Bdlo] AR 1 gt BF ARGS9 mL Tl
stomacher(Bag mixer W400, Interscience, Saint Nom, France)
= Fslalol 2290900 BP9 il FFhE olg
stel B B4je] 20102 AgSIAT 329 | mLS F
48 AZBEN JIFLE AZDEMC-Media Pad, INC
Co., Tokyo, Japan) 5o <3t 5, incubator(HB-101, Han
Baek Science Co., Bucheon, Korea)o]| 4] 37°CZ 24A|7F vl
AT B30 AT W T ARE colony 58 AR
Stplow, e AT 33 o) WHE S4gke] BddE A
3}l log CFU/go & YEeER|ATE.

26, AHAMYE 24

3f=-8-9] AU T thiobarbituric acid reactive substance
(TBARS) &=Fo 2 BA519tHIo2} Ahn, 1998; Nam 5, 2017).
A& 9F 2 g9 0.2% butylated hydroxy toluene(BHT) 0.3 mL
7} 3.86% perchrolic acid 18 mL< 7} A& AR A]7]
1 287 #435KE & ofZH(Whatman No. 1, GE Healthcare,
Amersham Place, UK)3}$itt. o7} 1 mLoj thiobarbituric
acid(TBA) §912 | mLH 71511 5871 T3 ohe B B
oA 3027 AT T YA HHEAE dAEd7]
(MF-550, Hanil Science Industrial Co., Incheon, Korea)=
450 xgol| A 2087t YAE 5 ASHE Foto] 532 nmo]
A microplate reader(Eon, BioTek Instruments, Winooski,
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VT, USA)E °|&sto] S F=E S35kt A= TBARS
2 1,1,33-tetracthoxypropaneS EFEAZ AREsto] The
I} 22 AAMA 0 2 malondialdehyde(MDA) mg/kg® WERY
o FA[SISIT

Thiobarbituric acid reactive substance
= (A - B) x D x 100/S

A: Absorbance at 532 nm of the sample
B: Absorbance at 532 nm of blank sample
D: Dilution factor

S: Sample weight (g)

2.7. By Hife 24

il e A557(2023)9] |24k Conway)H 2.
2 3 g7]Z8 A (volatile basic nitrogen, VBN)E =459
ot A" Alm 10 gofl S5 50 mL2 7}5to] shaking
incubator(HB-201SF, Han-baek Scientific Co., Bucheon,
Korea)& 3057k 37°Co|4] 100 ipml.& &3t T oju}sl A
25 FE90% ARSI Conway 8715 71291 H WA
o] 0.01 N 4 1 mL¥} Q4o 59 1 mLZ ¥ F 270
7IGAE HE & QAo K,CO; ZIHEH | mLg HHE YL
SE 9ol 2HoE 1SNt YA 5N} KCO; X
SRS & A F 25°CoA 1ARE BESAIRL F, Ui
brunswik A]2F 10 pLE H7}5ll 0.01 N NaOH=Z &4 5}o]
Tt 22 ALt 0 Y 4714 StEY] e &4

shoict.

Volatile basic nitrogen (VBN, mg%)
=014 x(b-a) xFxD/S x 100

a: 0.0IN NaOH factor (mL)

b: 0.01 N NaOH blank test factor (mL)
F: Factor of 0.01N NaOH

D: Dilution factor

S: Sample weight (g)

2.8 JtgeE 58

M S5 ARE 70°CY F-242(WB-20M, Jeio
tech, Daejeon, Korea)o| A 3027t 7}E3t & AL20A 10&E7H
WAL 3 71 A9 AR B AjolE weee Adasic

Cooking loss (%) = (w - wh) / w x 100

w: Weight of sample before heating (g)

426

wh: Weight of sample after heating (g)

29 43 35

B4R Kim 52013)9] ¥l w2t 245, H5d
AR 5 g& F24F(WB-20M, Jeio Tech)o| A 70°CZE 30&
7tE =, A20lA 1087 HEAIFT AlE+= 20°C]A] 2,000
xg, 1057t YA E2](MF-550, Hanil Science Industrial Co.)A]
21 % gelslol et 839 ¥ 24sl0] 13} 20|
E&(%)2 AAeHY)

Water holding capacity (WHC, %) = [(w - wg) / w] x 100

w: Sample weight before heating (g)
wg: Weight of gravy after centrifugation (g)

2.10. &zt 2 oJ47E 24

ZA -2 Gan 5(2022)9] W] wet 45kt TA-25
probe(5 cm diameter, 10 mm height)”} Z2Fg Texture analyzer
(TA-XT Plus, Stable Micro System Ltd., Surrey, UK)E AR
S H5E E9 o5 ¥ xY E8L 1x1x1 on'd
2712 ARete] 28] U mm A1) BAE Sqseich 2
A7 e 2 Aasiet 53] 45190, A hardness, N)
2} A2 (chewiness)= ottt E4 %A pre-test speed
2.0 mm/s, post-test speed 5.0 mm/s, test speed 1.0 mm/s=
Sect.

OATE AL Hu 50239l ol T Bl
HsH A2} 28 T AEE 7H2 02 M glutaraldehydeo]
12A|7F 3143}aL sodium phosphate buffer(pH 7.2)2 158 =
o 35] 8247} heos, vl Bolo] HRE u| 99
33 FRFER AT St SR Alae 30%, 50%,
70%, 80%, 90% 12|13l 95% ethanolZ Z}Z} 1584 £-&A]7]
3 absolute ethanolZ 20E =9t 23] 8=A|H ) upx|eto g
ARE BHZ7AZS}I ion sputter(E-1010, Hitachi, Tokyo,
Japan)E ARESEe] F5toA Au (10 mA, 120 5)0.=2 7}
A&E AFstal A 10 kv, Hi& x2509] F71o4 SEM
(scanning electron microscope, JSM-7610F PLUS, JEOL
Ltd., Tokyo, Japan)C 2 &35}t

2.11. &4 &4

EA AL SPSS 27.0(Statistics Package for the Social
Sciences, SPSS Inc., Chicago, IL, USA) 2 1S AR5l
el EEUAE AESHlen, Ag 7 oA Aol
Duncan’s multiple range testE ©]-8-5}0] p<0.05 $Fol|A &

o}y AFAc.
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2 QoA 2ok QIHe-1F HRADVIE o83
AT
295% A0 Ueht 71
of 25HH 23} 4 9l Ao U
59 3154 ool 4312
¥559 s

50|
H5 A wAHA oz
ng 5

RER —g— 01 AR
15 Aol vl o Ao
TG, A A7) A8H YES 22 AT o
g 27](4x4x3 cm)gl 2] w]sto]
< F7H8 AFgelA o] &EE 137 kg 2719] £5 2270(F
303.36 ke AMg31e] 113 92 sh5o] gt 5 A%
% Tt 9 2 et A S5,
S, S50 % 58 At 58S ZARE AT Table
17} Zth. DVT= &= 7;}3]‘0] 0.85%= UEFGOH NTAE O]
o s of 24 o4} & 2.08% He] ASFo| Y WA
of 93 £4o] A vehe & 4 At A A7
Hong 5(2023)9] ATOIAE 2% 95 o5 £39 =9
Aol 371 F AQHE vlsto] o 279 o e Aom
vtk Park S012)E o5 el w2 w4179 =Y
e o 2viele, A o5 el VI A2 A =
o ogt gl R0z Frhstrkn Bustch WES
5 A WA EYL 85 229 DR W EE
s B9 5 TRERU WO QB Sua 2YT 4
Sl ool gagel tet A% 1 RS YW Sl
938 f&uo] Yojih 0% FelA YlrkHamm, 1982
Kim 5, 2013). 0|25t £80] e S50 ogisl mlgzel
YU A83to] b5 F B YT 84 Y2
59 247 2L Yng B4 A5t 9] 9 4 gong

Table 1. Thawing speed, drip loss and yield of frozen pork using
vacuum tumbling

Thawing methods” Thawing time” Drip loss Yield
(min) (%) (%)

NTA 4,200 2.08 97.9

DVT 165 0.85 104.1

UNTA, natural thawing in the air; DVT, domestically designed-vacuum
tumbler.

ITime taken for the center temperature of frozen pork to reach -1°C
from -6°C.

https://www.ekosfop.or.kr

(Lee9} Park, 1999) 23 H53 35 W42 57 TS A4
SHAA FAS Piko] At 2o g Helth 3 ¥E =
%9 3F F FE2 Z}%HE(NTAM 97.9%J o AZ H
E9 A&(DVT)E H-Eots 45 104.1%7H4] ot A2

2 UEFTHTable 1). DVTE 3% 330141 3559 5%l
ot 28 LAk ol AY 295 55 5 W

=

— =

st =¥do] M3 I §EYO] g92 550 AEH &
o] A3t Aoz AlmEch

3.2. 8% =8 ofF =59 pH & 4E

35 59 pHe} MEE =A% A= Table 29F Ztt.
Ytz oz AR 0] pHe °F 72004 AlAtsle] =5 & 24
FAlo] Eal|=|1l ZAko] YA HA == 24417t Tofl= pH7}L
5.4-5.87FA] HA} @ol AW (Ko2} Yang, 2001), AME Z27|&
Ay /o] HHA F5ole A0E EiEo] QIthKim 5,
2004). o]ZA YAk AAKO] pHE EE 5.5-5.80|9, pH7}
8.0 olHE R dAl] Holerthal A Urk(James,
1972). AE3A004(2023)= A9 Fus Wg7|ES pH
6.2-6.30]H Fufl 27|2 O4RIal 45t it} DVTY
pHE= 5.9240.01 2.2 NTA 5.98%} IVT 6.100] H|3f 7} -2
pHE YEto] AMKo] 77k pHE Eole s Ax
& 2= 912 A0 HOIT}h Farouk 5(2004)0] TEw P55
2 35 Al 315 A7to] ZolA 2T £4L FE AL
A ) S50 B BN vt 74 sk
& AN E s Al7to] 1 AAslE NTAZF 7MY &2 pH
£ Hole= AR 23E Yt

ZAY 55 =89 Mg ut7|(lightness, L), 21X (redness,
a), A (yellowness, b) gFo.2 =73t Zi}= Table 29} 2
ok AlASE =19 ARd F242 I8 $9 neIEHl
(myoglobin)o]| 7|15} Frgo] 245 Hoh H24S Wt
(Hong 5, 2023). £ Ao M| HM I (redness)E LHEF
Wl agte] 29 XIS NTAZF 1 2 0.862 Lehgo.
H DV, IVIS} ol ABsiaI HET £4S] 3 olu
V7 o)A 072 =2 13.5137 15.559] 2 YERATHp<0.05).
Akamittath 5(1990) ¥ Park 5(2012)2 Y544 L 5]
olsh s Z ke B sl & A Z3ie} AA/sIS
. ¥l Kim 5Q017)2 sh5o] oo BAwA} Frlell, B
4% 9 24] S5} o) A4} YSo] o3t vl 9Z e
4 B £400) A9) Ul ok A9 489 A% W
S} 7 Yoldkeha BaaE & Aol Aoz
9] 2 NTAL JAUEL 038015101 HEA o]

2 DVT} IVTE 24+ 7.56, 2.99=2 Wi 9] ZA3E YEhfo],
3% A7to] Fre A7 92T H5golH =R FuE
of QJgfoz WA A Aol A et ARL e
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Characteristics of vacuum tumbling-thawed pork

Table 2. pH and color of thawed pork using vacuum tumbling

Thawing methods” pH Color
L a b AE
NTA 5.98+0.00"? 56.87+0.02° 9.86+0.00° 6.88+0.01° -
DVT 5.92+0.01° 57.15+0.03" 13.51+0.08" 7.56+0.02° 3.72+0.08°
VT 6.10£0.01° 48.86+0.11° 15.55+0.13° 2.99+0.07° 10.56+0.13

UNTA, natural thawing in the air; DVT, domestically designed-vacuum tumbler; IVT, imported vacuum tumbler.
YAl values are mean+SD (n=5) and different superscripts (*°) within the same column indicate significant differences by Duncan’s multiple range test

(p<0.05).

ot Z-7to] e A BE 7|t g AEEE A AE(AE)]
Mz s A mEh oAl Afolg UERHTHp<0.05).
Corekei 5(2015)9] Aol W21 Q17 0] A Zjol& <l
AJ5t7] 9l AE9] gho] 3.70] Zddfiof gittal K], 2
Aol A= DVTY] AEFEo] 37] FollA AAITE mEd 5]
S(NTA)HTE F 3.729] 2}o]§ Hof O 3559 Mx
2ol & AT 4= Gl £ 482 WE 4 diEol 9
3 SA9] AN, Aol wWsto] mEk HA 29l M) W}
£ 929 oyt Hsk= We ¥ dE 2ol wet 7] o
2A yehte Aeg Hudd.

3.3 MZ EEE #5 £89 UYSHY Y 05

3f=of] W= ZF4(total aerobic bacteria, TAB)2} &+
(coliformy& £A3 Ao= Table 33} Lt Fw#49] AL,
A% Z8oA 2.96 log CFU/gO.& 7Fd =4 Uehto
), the0 2 DVT AR A 1.96 log CFU/g, Y4t 815 &
A IVT AR 1.19 log CFU/gO & o5 oz Holxch
(p<0.05). E3], AAFE(NTA)] AL AT gE28 5
(DVT, IVT)o] H|3] 24 1 log CFU/g oA A Uef w4y
=Rl Aol Bl=A JFHE ALS AT 4 e 3y,

gaol 29 DVIoAE 5% 4254 e dhsjo] A

=

Aells AlZOAE 0.10 log CFU/go] HAEE 0] I HEY
559 tE AFS atEoE w4 9lg AoE HAl
ok 7 Al 9ESY 27] vBE = 7 30lA S
T = vBETH A= 24 &, HF AR A 2
5715 A S Fa3t A E7F Hk(Heo 5, 2008). A
T HEEE o83t ¥5H dhe2 dus 27| niE
SEY da5S HYE Ao RN HF TESAEY
< AT 4= Sl ol 2 £ 92 AR AlEHr
g ois =59 AWA|E(TBARS)2F Tl A

Y (VBN)E £33 A= Table 33} 2t} TBARS= 4%
o] A Adat T E o qlof YRS AMEE H7ksh= A
B2 ARREHTHKImT}F Choi, 2007). Kim 5(2002)2 TBARS
#to] 1 MDA mg/kg o[ = AF 7} =0 43T 4= ¢l
o BaskiE, E AFolA siE =5 3E(NTA, DVT,
IVT)Q] AHHAHAEE 0.31-0.42 MDA mg/kg?] W HoE
Hoj m HF 7hett 52 Ao YENY 55, X3 |
£ HEDVTL IVT) =59 9 A4HE(0.31 MDA
mg/kg)7t AFANE(NTA) =8-(0.42 MDA mg/kg) Bt} 9
Ao 2 WA YeK(p<0.05), A3 dfEol 37|90 F£o=
AHro] AtstE]= AL WA o= H AR AE F1lstunt. &
H, 34 A714A(VBN) g2 o g AE9] AHEE &

=
Aok o, 4E3A03)IE 459 g w757)

o

3
4

Table 3. Total aerobic bacteria, coliform, VBN and TBARS of thawed pork using vacuum tumbling

Thawing methods” Microbiological deterioration

Chemical deterioration

TAB” (log CFU/g) Coliform (log CFU/g) TBARS® (MDA mg/kg) VBN (mg%)
NTA 2.96+0.01* 0.10£0.17 0.42+0.01° 6.86+0.00°
DVT 1.96+0.02° ND® 0.31£0.01° 5.67+1.98*
IVT 1.19+0.02° ND 0.310.01° 4.57+1.97°

UNTA, natural thawing in the air; DVT, domestically designed-vacuum tumbler; IVT, imported vacuum tumbler.

ITAB, total aerobic bacteria.

ITBARS, thiobarbituric acid reactive substance; MDA, malondialdehyde.

VBN, volatile basic nitrogen.

dAll values are mean+SD (n=3) and different superscripts (*°) within the same column indicate significant differences (p<0.05).

OND, not detected.

428

https://doi.org/10.11002/fsp.2024.31.3.423



Food Sci. Preserv., 31(3) (2024)

2 20 mg% ol3t TASIL 9t 2 ATINE BE 35
=9 A|£9] VBN Zlo] 4.57-6.86 mg% H9IE oS wgrom,
%9149 Aol 2 UehhA| glo} AANEH 1T B2 A5
R P Wi} e AT 5SS A 4 s A
o= woltt,

34 BB G2Y 65 589 /2 2 e ¥ X5
&2.9] B4 (water holding capacity, WHC)-2 7}, £4],
U5 HAAO oSl TS AL W 4% A 4
B EL HrlE £58 HOs= 02 7}9 ZK(cooking
loss)Zh= HH o] HAE E?l‘jr(Chun £, 2016). & A9
A a5 £89) 71 4% 9L B4EE 289 AT Table

49} 2t} 71 e JF gEY(DVT, IVT) 355004
0.02-0.03%% Hj-¢- 2A Ye=d o= AHss(0.44%)0]
Hsf oF 1/20 $Zo|th. o] A5t diERe EHp4E
DVT7} 97.50%& 7P =9kal th& 02 IVT 96.27%, NTA
95.24%9] &0 2 o Ao vehyitt ol AT gEy H
Ao & w27 s)Esk= o] W2 22 9] mty]7} A Yo
FES Hfoks o] 24 A2 4 de 2o KA
o} mebA s oA I5RA 9 &S Mol A2
olF dAz] 4 7[et 7k 34 FolAME A& Eago] =

A A=l 58 A9 SAEY BAtn BireS £
T U AoF H]Ih

58S 2 59 ZAAS ZAX(hardness)? A
(chewmess) 243t A= Table 49} 2t} AAE(NTA)
% zEot £99) AL 212.030.02 N, JIAL 88536+

0
0800 X3 HEY(DVT, IVT) 34550l ulsto] 212} 6,14
9} 478 o]AF =9t} o] AT HEZoZ =3t EL9] 7
% A2 27 F Ul REFYR 82 Hols Z0% o]&
48 o] #Jﬂra Bl Bpgo] 13 Y 50 o
3 Eob7] Wl AoZ Holth B g0 1Ist DVT
L oAk VTS ETW 7t 7=, AmolA o9l ol
2 UehfiA] gob fAket 2A79] 482 Ak Ao Ho
At} Wang 5(2020)2 51559 =7} 715t AL &2

=¢ 291G A, 2% 499 25 2 220 ol 2
Hohn 1908, ol a5 5 A9 SR Qs 28 449
oo AT 4 Gl S0l Fad] HRoleki s
oh 2 A7 ATE B o, 12 929 o5o] Aels)Ee] Hls
AQHoR Y AR L BAAL AL 43S 4
AR 5 gl EQl 3% WHel B 4 U How Balh
3.5. XF E=8 s =89 ZF OJHTE

5 =5} o] 22E =59 nAFEE SEMOE
o ke g 29 gt 480l THfE 222 Sl )
o, AL o A 2AT 282 0] ZFFL 1Y
A Wi E= o] tk(Ozuna 5, 2013). Hu 5(2023)2 SEMo] f|
S IoIA AR 24 F2 WSS O P HolFe
At st o, =52 deshe Y SOl 5ol %
e 2R Holil die FHAAY dF%e JHE B
Atk Husiolrt. & AFolHe AARS(NTA) ==(Fig
2A)E ZAR7E AN AR o, LA Aol 7ol |
oA = HHd, I EFJ(DVT, IVT) s ==Fig. 2B}
20y AR ZET v 7HA 9 Afol7} FFEShaL nEE
Leotel 22 Al F2E50] S0 Ae As 9T
ATt o7t vlA 229 vl Al%0] HpE fFa o
o] Tttt AAElof 2159 ¥
Fe= AoR Holy dAFor JUF 5
s A B FE EAS =Y 4 e Aok AlmdEd:

ER, 3H5%—9‘ QA 2 Fof HAFERE, 4K
Hlg) 2HR7F Fofl o) pFo® Ko AR ey S5
g F2E Hole A2= Uehgth(Fig. 2). ol At £17]
£ @30% 4 $3UXT BHE ARl SA ol o3t 24
o] Aoz e TUNI 28TEE BIIATIE Park
£(2009)9] Zte} x5}, shE, AT HEY g5 T X
o9 A9 A% (Fie. 269 2F) ARIAE F ARIH A2
(Fig. 2D)°] H]3) it} 28 220] WAglo] Het EET 72
£ Uehfio], a5 FgoIA 0] dofh 280] 4L olF &
A7 343} o] £& oM SjFo] oF AL A& S

T
A Ay T

o

o

=
g2l g

Hed sl 4

2

oA BY B4 U

£
:Oé

Table 4. Cooking loss, water holding capacity and textural properties of cooked pork after thawing using vacuum tumbling

Thawing methods" Cooking loss (%) WHC? (%) Textural properties

Hardness (N) Chewiness
NTA 0.44+0.05" 95.24+0.03 212.03+0.02° 885.36+0.80°
DVT 0.02+0.01° 97.50+0.90° 34.59+0.46° 188.21+0.17°
IVT 0.03+0.01° 96.27+2.30™ 34.53+0.22° 180.06+0.93°

UNTA, natural thawing in the air; DVT, domestically designed-vacuum tumbler; IVT, imported vacuum tumbler.

IWHC, water holding capacity.

DAl values are mean+SD (n=5) and different superscripts (“°) within the same column indicate significant differences (p<0.05).
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(D)-CRT

(E)-CDVT

(F)-CIVT

Fig. 2. Scanning electron microscopy images of the cross-sections of thawed pork and cooked pork under different defrosting conditions
(%X250). (A)-NTA, natural thawing in the air; (B)-DVT, domestically designed-vacuum tumbler; (C)-IVT, imported vacuum tumbler;
(D)-CRT, cooked pork after thawing at room temperature; (E)-CDVT, cooked pork after thawing using domestically designed-vacuum
tumbler; (F)-CIVT, cooked pork after thawing using imported vacuum tumbler.

FHE A E= 208 B sEagolAe] A& 259 &
AE Hagshe Zo] By Jlos Holrh

4, Q9

B AT S7H8 ) B4 B WES o A 2
B N80 B A5 AAs] ste] W WRY 5
5 P2 ABSHTA ARG 4 P AT

< A YA LE o]Eh= AANEINTA) T FUP4t 5
HEY eV 543 Bl EA4613H. ¥F =&t
o] A AT 4,200221H] ¥Fted DVT s5-2 16580]
2850 WE =% siEAlzto] oF 25 HEEHI. diE Al
E89 SyHe Al 2.08%00 Hst] DVT 3s-2
0.85%% WOl £ s 7&(992%)S ¥= 4 AUk A
o 584 o] 0.10£0.17 log CFU/g $FOF 7
ZH) Hslo] DVT 81529 pHE 5.92, 234 1.96+0.01
log CFU/g, 1+ EAEE £ AMEE HAlth E3
DVT 3}5-5-9] A9FAH) & (TBARS) 0.31£0.01 MDA mg/kg
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