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Simulation code ANSYS
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Material type SUS304
Material Young’ s Modulus 210GPa
Poisson ratio 0.33
Model type 3D solid model
Simulation code ANSYS
Simulation type elastic-static
FE model
Number of node 84,804
Number of element 43,641
Type of element tetrahedron & hexahedron
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experiments)= ofeil Eeb &

parameters Low level High level
angle of slope, 6 (deg) 5 20
number of impeller, N (ea) 3 5
angle of inclination, ¢ (deg) 10 30
width of impeller, & (mm) 100 200
height of impeller, % (mm) 200 500
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RUN slope, 0 impel ler, inclination, | impeller, & | impeller, % E)bject
(deg) N (ea) ¢ (deg) (mm) (mm)
1 5 3 10 100 500 31
2 20 3 10 100 200 15
3 5 5 10 100 200 30
4 20 5 10 100 500 26
5 5 3 30 100 200 20
6 20 3 30 100 500 25
7 5 5 30 100 500 30
8 20 5 30 100 200 16
9 5 3 10 200 200 23
10 20 3 10 200 500 25
11 5 5 10 200 500 26
12 20 5 10 200 200 17
13 5 3 30 200 500 25
14 20 3 30 200 200 18
15 5 5 30 200 200 23
16 20 5 30 200 500 25
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Main Effects Plot for C10 Interaction Plot for C10
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angle of slope, 6 (deg) 5 20
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¥ number of impeller NV = 3 ea, angle of inclination ¢ = 30°, width of impeller & = 200 mm
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RUN angle of slope, 6 (deg) height of impeller, % (mm) et
1 5 200 27
2 20 200 18
3 5 500 25
4 20 500 21
5 12.5 350 23
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7 12.5 350 22
8 12.5 350 21
9 12.5 350 19
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Interaction Plot for C7
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ool HSHTIF el V] W AdSZEH ddA 0] ZoiX|2r & Aotet A
SZ2d0| 27 WFEchs 2Fo gddEch O 2o 2 32Tl 2gt Fof
S7t2 17| 22/H 42 2ol M=z=xZFo| mi =0 sfsAl B2 FEIS50l &
Aot

S00KY B 5mm

5.00%V é.ﬁmm, S00SE :ons:zd-aa ‘l.IEn‘Jnn-
J853. sls Al =52 B3t
<&X: Influence of different thawing methods on the microstructure of porcine longissimus muscle

(Magnification: 500). FM, Fresh meat; RT, refrigerator thawing (4°C); AT,ambient temperature
thawing (20°C); WT, water immersion thawing (14°C). Xiufang S, 2012>
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7F oy E EQE otz gF, 2R S 84 dES0| 22, sFEHH X =E
HAMEcZ chRo] Mg Xefstn, O Z3 HX|7|= EEHH s 94X =ich

- s SHELG ol 2}l st HEs2 AESZ ALESHI| fIsHM HAMof st
Hol mpyoz AlEe EMo 2 JdEs 7xe W22 ¢3X UckKang et al
2007). ol W2 s iy HEN Ys AlZEel ZZd FHotat d&s o|x|0,
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Qolct slEs WHE 4T M2 sls, & s, A2 sls, &8 sls S0l U2, of
FE EMEg0| W7 2o sisAlZio] 21 ojdE ME JtsMdo| e, § &
Ho| Abstol| ofst HAM FHaAlol dOojLZ|E FHCHlee & Park 1999; Kim et al.
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— Water content machine (Ohaus mb45, Schwerzenbach, Switzerland)& A5 10,

102 TS2h 105Ce d¥ez2 M2 SIQUch

@ =X|g ot 24

- =X FME2 AESTe LUAEY =2[H-12E2[=2(Roese-Gottlieb)&H & 0] &5+0]
EMstct HAN SEE AFTHAIL] FAE FHEct olx=doto AR 2 g2
240 ZF54 9 mLE 92 = ethanol 10 mLE 911 JHHA 1872 EE0{F &
A 2eto2 =1 2~3F7F MA|stct O = ether 15 mL+A 7 ether 15 mL €11 1
=22 A4ds| 250 Y| T 287 du| = F2|=H ether 2 7|0l wECE 0]
Y E 48 "ghgect J2|0 Y[ AYUsFY|2 A = ether 1~2 mL 20 4104
M 2ol AY JAlo| R=cH2~3H HHS). 98TC2| dryovendlAM 1A|ZE HA=x =

Al BAHE FHeio

o
S AEFEA| =X ZFR A go)/A|_§_9_| A F EF+100

® H|EF2 By, A (Immunoaffinity-HPLC/DAD Assay)

100 mL M2EZ2tAF0| A|ZE 0.5~5.0 g &Z35I0{ 1% sodium cyanide
2} 0.2 M sodium acetate trihydrate buffer(pH 4.0) 49.5 mLE 7}8t = 10
S} (8893-DTH, Cole—Parmer, Chicago, IL, USA) X{2lstZ, 100°C &=
(WB-20M, Jeio Tech Co., Daejeon, Korea)ollAl 1A|ZF FESIHCE FEE A
Aoz WH2st 3 Z/RTE 71510 50 mLE dEet o3

2 o5t
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— WA Ha=El immunoaffinity column(Easi—Extract Vitamin B12, R-Biopharm Rhone
Ltd., Glasgow, UK)2 A2 oM 302 wx|st & column WHEe 2FZHS HHsHD
T4 3 mLE columng ZMSIBICH FEH 9
of H|EtEl B12 & columnoll E&AIZI & S/FFT 9 mLE =x=2 MHESICH
Fstd column W =E2 HAHSt = methanol 3 mLE columno| ¢l 5t0d
FEl vitamin B 12 & &A|ZCEH HERE FEH2 AL25F7|(EYELAMG-2200,
Tokyo Rikakikai Co., Tokyo, Japan)E O|&35t0{ M& 3|2A|Z|11 water 0.5 mLE
7tsto] MBaHAIZICH R ESHE AIEH2 0.45 um membrane filter2 0{2}5t0{ ZHAY
vialol =2 ¥ HPLC/ DAD EAMAIZEZ ALBSIRUCE Vitamin B12 242 HPLC
Agilent 1260 infinity(Agilent, Santa Clara, CA, USA) A|AHEIS 0|&35I¥ 2, column
2 C 18 ACE 3 AQ(3 mmXx150 mm, ACE, Scotland, UK)E Al&sto{ Z11} &2
O|=4te| gradient =AM ZAMsIFond, HEZZHES PDA detectorE 0]-335H04
361 nmollM AE3SHECE oluf o]=4At flow rate= 0.25 mL/min, column oven 2%

= 35°C, AlE FZ2 100 pLHct.

mLE columnoll Fs5t0{ F&EAH

11|o|n£01>|0|>|
>+'ru|ru

J

i#1. Gradient condition of HPLC mobile phases for vitamin B12 analysis

Time (min) (A) — Water (%) (B) — Acetonitrile (%)
0 100 0
11 85 15
19 75 25
20 90 10
26 100 0
40 100 0

- pH S8 MZAE= A|2E 50 mL conical tubeoll 1 g& &S| F[5t09 FF 9 mL
7

ISt = homogenizer2 T2 3550 pH meter(Metter-Toledo AG 8603,
=X

Schwerzenbach, Switzerland)2 &M 5I%iCh.

- ME =XM2 Chromometer(CR-200, Molita Co., Osaka, Japan)2 Al&3t%CH.
® =4
- BT MEREIL 1~0TCo =2 mrtx|e sisAZl = HHE = ¥s =
Hoto] HESZE A LHstct
s (%)= {6las ™ FH- dlis = 2AH)/61s & FAH X100

goll B de|Algs 9 mL=S 7tsto{ EFHol|l =ol stomacher(Bag mixer
W400, Interscience, Saint Nom, France)2 A& stst & o s 10df sMHo =
5| s5t0 AFESIQUCt 348 AXZEE(MC-Media Pad, JNC Co., Tokyo, Japan)
FYol A2 1 mL=2 ®EE F incubator(HB-101, Han baek Science Co.,
Bucheon, Gyeongi—do)ollAM 37°C, 24A|ZF vitsiQUCH 745+ S A= bt

F=l
b sidol el XIS 30~30071 TS It dits MBS 38t 54
|

id oS &HESH] log CFU/g2E HERARACE.

lO}OII

EHJ%
ohl
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O &t 2

- A2 1 gof| B dE[AHs 9 mLS 7lstod E Aol ol stomacher(Bag mixer
W400, Interscience, Saint Nom, France)2 #2&5lst & oIH S 108 sMHo=Z
5| AM5t0] AlZ25tEcCt OfEZAE A= ZE(MC-Media Pad, JNC Co., Tokyo,
Japan) 30| AlZ 1 mLE AS$ 5 incubator(HB-101, Han baek Science CO.,
Bucheon, Gyeongi—do)ollAl 37°C, 24A|Zt HiUFSIGCH S0 ESHZE vl £
HsisdAtol gl HEX|E 30~30070 RleHs gMdsh Hots MEiSIgien] 3Rt FH

wel gafs &SI log CFU/gRE LHERA A

=
® ds=2f =, AL H v|EL B12 &F

2. Physicochemical characteristics of pork leg

Moisture (%) Fat (%) Vitamin Bi2 (ug/100 Q)
Pork leg 38.9+0.2 39.5+0.0 0.28+£0.02

MsF2 T2 38.9%, XU 39.5%, H|ELR B122| 22 0.28 ug/100

gz  LIERCH M=M= ERE 49%(Jeons  2015),  X|2rEbE

13.99%(Seong S 2009), H|EFZI B122| &2 0.45 pg/100 g(Moons 2017)22

LIELSEE. o= AlZel tche|ate| El&=3h X[&e| M Ad|gof wat 23t gto| ch&E

UACt Fofst A|2= o|gH(EE=3 X|2HS MASHK 2b2) bcte[4ol7] mfZo .t
ol

At xpo|7F et 2 5 Aok

I
ol

i >

- ds=]2 s YHol WE & sisAU2 HE S0l 20222 JHE s AlZt
of ®Aen ctZ2z2 MAelX| oS 40, &roiE 90, A25Hs 1702, HZE
& 84022l =22 LIEHRCE Park S(2012)2 70 =M sSAIZH2 XL
Xl sis 8=, Erolls 1202 A2sis 2102, &N S 1440=2 o= '—}EP”
Ct =2 A2t sisAlZte| =M= ZX|2t 2tdnt =20| a2t HEAI”OI x|zt
= A2 = et
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i#3. Drip loss of thawed pork leg under different conditions

Samples Drip loss (%)

Frozen pork -
Room temp-thawing 0.41+0.32°"
Refrigerator—-thawing 0.24+0.01°

Thawed pork Water—thawing 1.16£0.14%
Microwave—thawing 1.04+0.03%
Thumbler—-thawing 0.15+0.06°

YMeans with different superscript letters in the same column (a—-b) are significantly
different at p=0.05 (a>b).

CRES Hen slSHAlel AR 0.1540.06%2 JHE 22 W2 LIELtD AL
lsol ERAH2 1.1610.14%2 71 =2 42 LIERCh Park S5(2012)2] A7
of =M =gzl g2 Ardls, d&os, MAHAX NS, d2ds =22 &
2 CEUTS LIERCH 2 A7t vluwstH MARelX|el =B ZEo| Xto|7t LIEL
WCh 2 7o ™At elX|= 3 nb £20] 260Wel s 700Wo[Z[ofl Xto[Z} LtE}
b Ao 2 MZLEICH
&2 3ty
*4. Moisture of thawed pork under different conditions
Samples Moisture (%)
Room temp-thawing 38.91+0.15°"
Refrigerator—-thawing 33.05+1.20°
Thawed pork  Water—-thawing 40.71+1.092
Microwave—thawing 41.30+1.96%
Thumbler—thawing 41.71+£0.41¢
"Means with different superscript letters in the same column (a—c) are significantly
different at p=0.05 (a>b>c).
SESHS HEY HSYAOl 41.7110.41%2 7HY £2 S LIERD, WS
oA 33.05+1.202=% 7t& S22 42 LIEHICH HEY sl Al ddsF2 0[85t
7] oj 2ol SRl Mol HEY HEF HES FEEVY0| 2 HoE Lig
ot Aoz MZEECh
pH
#5. pH of thawed pork under different conditions
Samples oH
Room temp-thawing 6.28+0.09NS"
Refrigerator—thawing 6.244+0.01N°
Thawed pork  Water-thawing 6.294+0.06MN°
Microwave-thawing 6.194+0.06M°
Thumbler—-thawing 6.19+0.08"°

NS not significant.
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= WFOolM pHe ool w2t 7ol Xo|E EO|X| AUKXIE, Park &

o LS
(2012)9] oiTol wa Folxol AHo|S LIEHAD flch o= AlRel 37|, ol ot
2 oumt Ao YA A0l Xo|E Hel o= MzECh
A

6. Chromaticity of thawed pork under different conditions

Chromaticity
Samples
L a b
Room temp-thawing 59.92+0.79%" 13.13+0.08% 8.64+0.222
Refrigerator-thawing 54.00+0.41° 10.5640.24°° 6.88+0.10°°
Thawed
) Water-thawing 55.18+£2.08° 9.89+0.44° 6.06+0.11°
por
Microwave—thawing 58.22+0.40° 9.66%1.89° 7.16+0.09°
Thumbler—-thawing 52.23+0.55° 11.33+0.19° 7.79+0.25a°

YMeans with different superscript letters in the same column (a-c) are significantly
different at p=0.05 (a>b>c).

MEE ax(HAME)Z fIF2 MAHEH MAPQX| sisolM e e LIEGDT A2
0| =2 ZtoZ LIEHGCE Park S(2012)e] od7of w2 gx(XMAME)ZoA M
X olX| =0 W2 ez LIEMGCH FA QIX|siS Al EHX|7|el 20| 2

= HU2Z Qo ax(HAT)Ztol H7| LtEHECE

S 2 3T
H#7. Total aerobic bacteria counts and coliform counts of thawed pork under
different conditions

Total aerobic bacteria Coliform
Samples
(log CFU/g) (log CFU/g)
Room temp—thawing 2.38 1.28
Refrigerator—thawing 1.84 1.04
Thawed ,
Water—thawing 2.25 1.21
pork
Microwave—thawing 2.31 0.84
Thumbler—-thawing 1.90 0.78
S+ A26SoM =2 a2 HENRD, dE S X2 S LIERCH hE
BT EE MRS =2 s Ueiktn, HeejsSoiMe We gs uetdoh
Park 5(2012)2] 7ol w2H A 25 S0A =2 42 LiEtHD, ATl SollA
2 2 LiEtRCh J2|0 tiEFE2 d4E =X 2ZpUCH 2 A7}t ATl o =
Mob dxlsich A2 sls Al 7] Eo= k&0l =] o ol 2 Ho= 4
ZtzElct 2 AgolMeE tiE#ol AE=A= ol F/o =Mot= D=2 TA
X , LHE, SN T ENTIPN



2 oo g22 YWE E59 S YHo| M2 xz| SHS 2AS HBHo= oS
JbsEt WE £l A Sy s DA F

o
D lls=s2 g Al B4 =3

- 1 o

|8 ¥ 70C ER4zolA 302 JtE F, ASolA 1027 W

22|HS 0|2510d SHSIECE 50 mL conical tubed MAEZ AlZ 5
2 —1t! oo —é '?ull
AMEE|7|2(MF-550, Hanil Science Industrial CO., Incheon, Korea) 20TOi|A
1 Ababod

2,000 xXg2 1027t A 22| = 7ilel SEES 5Yst0] WEE(%)ZE A LSt
=
EE(%)= O © ARRA-EdEElE welE FE7)/718 © Al2FA%100

7
Z=(WB-20M, Jeio tech, Daejeon, Korea)dlM 3027t

- ols & AIRE 70T g2
Jtdet = HAAZL F Tt © AR FAOMM JHE = AR RAHE HESE LHF0
AlLFSER T
7t (%)= {0t © FAH- 7t = FA)/7tE © FAH}X100
O Z=zt
@ ol Yol e sls =52 2

[=}
v
ar

8. Water holding capacity of pork leg thawed under different conditions

Samples WHC" (%)
Room temp-thawing 92.19+2 213
Refrigerator-thawing 89.3740.44°

Thawed pork  Water-thawing 94.23+2.26°
Microwave—thawing 87.16+1 .51
Thumbler—thawing 94.51+0.48?

YWHC : Water holding capacity.

Means with different superscript letters in the same column (a—c) are significantly
different at p=0.05 (a>b>c).

B4 HEslS0AM 94.511£0.48% 22 Jt& =2 gt e WEs| S0l A
89.37+0.442 2 JI& L4272 LIEFHCE Chun £(2016) o170l w2H 72 2
F2ie vt 24, UdEEE WE 5 =Nl Rl s 3sYS o A<
TE £ HOE 22 Ewsts sEHoloh =59 F/E EE xjo|vt /leH
4552 2w ol YZHo| ¥d=of ojyl F=IF mf=o] A HY4Oo
o L

tdzye Al solA 0.8140.38%2=2 JHE =2 S LIEtG D MXRelX] 6



SolM &2 ¢S HERRCE Yang

s
2lel 37|, Jtdut | JtARE J2|3 JtEA|Ztol whep 2R

9. Cooking loss of pork leg thawed under different conditions

(2010)2 d7tof we=M JtdAdF2 1I|

of

Samples Cooking loss (%)
Room temp-thawing 0.28+0.07°"
Refrigerator—thawing 0.2440.18°

Thawed pork  Water—-thawing 0.81+0.38°
Microwave—thawing 0.15+0.02
Thumbler-thawing 0.64+0.16%

YMeans with different superscript letters in the same column (a—c) are significantly

different at p=0.05 (a>b>c).

o}, Pilot—scale (2 ton) HSH=HE 0|2¢ HS=EFS EXEM Al

HElolA 2
AT Chat

LS
m o o 12

= o — o [ | o AA — = = — e |

St xb &

O Pilot-scale (2 ton) SiSEHERZE o|Est Hs =] dlls
S8 =SS Z(Seoul, Korea) =&t HsE=S 2| A 140 kg2 pilot s HaE2{ o
of B HEde A4E= 0°2 UF0 HETY s AASIFCE AR A2 Az
2Hel 5%=2 MHESGCE & sisA|ZH2 4A|Zko] ZFCH HS 12022 1.0rpme
£ 2 Yoz 58 3™ = 28 FXE =SS, 5 #HM 60F F2H2
1.0rpme £ 2 3oz 582 3™ T 28 FX|E =59 0, MEHM 602 2+

= dsMoz 58 3™ T 12 EXE =50 FEH

2 2= 5°, 1.5rpme &=
o

2 sfjs0| == Act

O Pilot &H|E o| ¢

.
i
i

1863. Pilot-scale 222 slsz2td(zhz slls = AF2E &
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O Pilot-scale sisEHEH ols =52 S4 FAH
T2 ¢ Water content machine (Ohaus mb45, Schwerzenbach, Switzerland)&
ALZSt T, 108 S 105Te A¥e=z EM3 5L
2 MZAEE AZE 50 mL conical tubedll 1 g2 H&s| 5t SFF
9 mLE 7I8t & homogenizer2 255103 pH meter(Metter-Toledo AG 8603,
Schwerzenbach, Switzerland)2 =73 5+ Ct.

@ Mz Mz =XH2 Chromometer(CR-200, Molita Co., Osaka, Japan)S AlEstS
ct.

@ ST AR 1 gofl EAME|AEs 9 mLS 75| EZ#Ho| Eol stomacher(Bag
mixer W400, Interscience, Saint Nom, France)2 & 3lst & o{ZfH S 108 3|4
Ho 2 5|M5l0{ ALRSIFCE 338 HAZXTZ Z2(MC-Media Pad, JNC Co., Tokyo,
Japan)a¥ol A2 1 mLE 3% 5 incubator(HB-101, Han baek Science CO.,
Bucheon, Gyeongi—do)ollAl 37C, 24A|Zt HisiUCt S5 SHZ D= b =
M3t Aol glll HiX|EF 30~30071 ZTets Aot o MEsQlen 3tts 5Y
atel WoatsS &HESHo] log CFU/geZ LEFACE

® & AlZ 1 gol Eoade[AEs 9 mLE Jistd &
stomacher(Bag mixer W400, Interscience, Saint Nom, France)2 #2&stst & 0O
oS 10H IMEHo=E 35|Asto] ALZSIRUct tETZHE HAXZZE(MC-Media
Pad, JUNC Co., Tokyo, Japan) 3ol A2 1 mLE2 JIS =

incubator(HB-101, Han baek Science CO., Bucheon, Gyeongi—do)dlAM 377,
24A|Zt i St B SE A= i = A Aol gl X[ 30~3007H
A

k=3
=
Hete yoe gHe MO0 3ukE Sl WRIS MES0Y log CFU/G

0
4

o2 LIERfACE,

0| 2st0f FEHSIAUCE 50 mL conical tubedll A& =
Fet = 70C 20l 308 7td =, A20M 1082 &
# = AMEZ|7|Z2(MF-550, Hanil Science Industrial CO., Incheon, Korea) 20T
oA 2,000 xg&E 1027t A4 22| & welel 582 S5t HWES(%)E A

2SIt
HEH (%)= (7IE M AM2RAH-ANEEF a8 2F4)/71d ® Al25FAH *100
@ 7tdzz  sls = A|REE 70Ce g23=(WB-20M, Jeio tech, Daejeon, Korea)

oM 302t 7Hdst = HZIAIZI 5| 7t © AR FAH0M 7td = A2 RHE W

=82 LHF0o| AL

7t (%)= {7t © FAH- 71d = 2AH)/71E & FA X100
O 24 21
@ Pilot ¥H|E o|8ct H= =52 sis=u
- Pilot &H|E 0|83l W5 =F2 slilstt 2 sisAZt2 & 44200 2R XS
2AI1Z+2 s =0l =45k O|FO0{M —6.5COIA 3THHX| HE sHsS 2o F AKX -
3TCOAM —2CTZtollM HAT|E LIERHACE FEHMZ[7F AESIGHES o HESE e
Sfoz 2[HsSto] JHeE L& o[3d F2f HAE A Sl sisS FTAIZCH



me (h)

I\

perature

864, =5 oslls 34

@ Pilot-scale(2 ton) sHisEH22 s =12 T2, pH, M
— Pilot-scaleZ M=l 2 ton 82 HsHEZM = =] T2, pH &

ME= F103}b 2ot

H#10. Moisture content of thawed pork under different conditions

Chromaticity

Moisture(% H
(%) ) . . 5

55.24+£0.04 5.86%£0.00 44.60+0.14 17.75%0.27 4.65%+0.25

~ A
— oo
0

1L AMO|=2| lab-scaledlM ds= =52 ==tz
| 5

o|dct. ol= pilot—scale2

™ X ro 4%
mo gy
M

O
oo
=2
[>
gm
mo
£l
>
>
X
om

2N AlFe FF0| B7IE7| HHEL2E HOof
= =T HES MEel pHOlE ¥&S o|x= HeZ2 Eo4Xct &
oA H A= O| pH EESt lab—scale-tumbler2Ct W2 ZtS LIEMH DT ME
a*(redness) @40l Ol =2 @t LIERUCEH

—
o

i
o

® Pilot-scale ll=EHE2 sls =52 o|d=tH
=
=

— Pilot-scale(2 ton) i

.

=5
oz2 2dE5H0 et U2 HEWCH sl A |2 TS ZE5IL
ol M JH S st |2

ot ZotE LIEH ATt

ro

4>

i

H#11. Total aerobic bacteria counts of thawed pork under different conditions

Microorganism (log CFU/g) Total aerobic bacteria Coliform
Pilot—scale (2ton) 0.30 0
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@ Pilot-scale slsEH =8 sles =529 B3 L A2

— Pilot-scale(2 ton) sH=HE20A slls= Aol H4242 83.31+0.988 LIEH S
oy ZtEZZF2 0.51£0.18% =2 LIEIGCE O|= small-scale HEd als&xeb v
SIFE I RS EFyE EQout JIEAHME pilot iSEX|7F O E2 g2 &
of MMHMo=Z pilot HEZ ZXE 0|88t HES sls gt 55 X2z FolF
2Act E£SH Beattie §(1999)2 &5t AMZo| W JtEzd =S Mo{ZRIct 5H04
scale up MHOM HE =] F7| £t Jek2 n|HE A2=E Hoizlch

H12. Water holding capacity and cooking
different conditions

loss of pork leg thawed under

WHC" (%) Cooking loss (%)
Lab—scale (1L) 94.51+0.48 0.64+0.16
Pilot-scale (2ton) 83.31+0.98 0.51+0.18
YWHC : Water holding capacity.

Ht, ZE

O itde=z HEE MHele |7I30AM gX|et &2 3™8E /sl ALE==dl ol= &t
Mol Mzl o|2lof E2|Ael otEnt 20| o|F0{7] 2o atetxol HrZ0o| O 7t&53}
0] I3 A== AZEE THEAIZL, ALE STA|Z|H, MBI =AY F
HE SES ddst st Aoz LK UAcHSiegel 5, 1978). H=Y X2l Al g2
HMotete 4% HE=E X2l & dE=F0 JhXl= 7IAXM g EIotE gel &Ex 2 ¢l
5t01 HEM CHMZEo| FEED o|AHo| JIE3™ & Ss1EHON STEME BT Z
HUS st EcHWeiss, 1973). XM& ot L Fo JAME CHEbAE Ay 7t
st= 5o =22 EZXot=E dEs st ME =88 S7MA7|1, MEQ CiEM8s &
AAZ|A ot 21 5[0 AcHKrause, 1976).

O olz{et Eel&el oiAX] 21tE LiEl = HE22 382 Yass sisoll 883517 fls
01 small-scale(1L)} pilot-scale(2 ton)e| HEd sl ZX|E 1etst O 0|35t
of 4552 slasAl7|H silsLHol e sisse EZ SM2 dluw EAsIQUct A
sy = EX3H 22 GFE dIteHX] 27| 2o Foll o5t =& 27
7t 2at= 7| = fleu S2[Hel 5ol 2|st ofALX| Z 3o 2|5l shs HEo
WM, B2 M, o|ldME ¥ Mot S sles E& JIM 508 o5 = U2 A
o2 H0{X|0{ o|E AA Zx[ofM ofifst FEfZ2 T 0] Alo|g ZZEo| O|xl= IE
of chst Tstdel 24 X2 E EHESIIA St Ct.

O & 57X|(H& dlls, M2 sils, ElFalls, MR IR s, 4 8223 sis) dHe
E Hds =52 st 20, EEUATE2 BEY l=0] 0.15£0.06%=2 7t 22 A
oz LIEIGT ZpsiS2 1.16+£0.14% 2 71E =2 Zt2 LIEtRct 222 HE
2 sES2A0] 41.712£0.41% 2 JHE =2 gt2 HERID, H&sHSolA 33.05£1.202
2 7 22 g8 LEICH pHe sisgdol w2l felXel Xjo|E HEOo|X| 2L Uct,
ME= MMEOM A2 sias>EHE8 dis>dZ sis>E 5 sls>HA X sls =2
2 = HEgCEH S35 A2 sis>HREeIX] siEs>EF ds>EHE sias>HE



s =22 F HEHLH, tadd2 A2 sis>Es s>l sl s>T Ak x|
HS>HE2 sls =22 7| LIEHRCH f1eF 20| olatstd & n|d =5t EMg H|
wot 2ot ds =52 ols U & HED sis0| 7t Fet Z2oE LE U

Pilot-scale(2 ton) slsE=22{0AM slsE Ag2e E422 83.31+0.982 LIEtH O]
JHE A2 0.561+£0.18% 2 LIEIGCL Ol&=
M He HfHg BEYout JtdUME

small-scale EE2% alls& %2t
S, o %2
O pilot HEY HAE 0|8 H=ES sls 27 e Aoz elxdct. ESH
= 3

pilot—scale(2 ton) 3h

T2 =dE5H0 et 22 S42 LERCL
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5) mo|x FH| At

7t #F mo|R FH| & ds5HIt

J265. 2tong sl SEE8 uwolR FH| 3D 2

00 O.
04 1

A
HE=F | =5 FX| 140 kg (H=2 2 2tona2 Al = 1ton7HX| S 7Hsst
g 7

oh 2 E dsgrtol7] miEoll & oS
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Material type SUS304
Material Young’ s Modulus 210GPa
Poisson ratio 0.33
Model type 3D solid model
Simulation code ANSYS
Simulation type elastic-static
FE model
Number of node 695,136
Number of element 348,557
Type of element tetrahedron
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Model type 3D solid model
Simulation code ANSYS
Simulation type elastic-static
FE model
Number of node 688,575
Number of element 355,457
Type of element tetrahedron

T2l -24.56°0 CHalf A2t

of e &4

- Modal analysis&= &2 =

Al

a) 1% mode : 5.25Hz

13.94Hz

1293, 558 AAZ —24.56°0 S modal analysis Z 2}

c) 3 mode :

_86_



O 13 DRASHE 5.25Hz, 2%t TRASHE 9.44H2 Ol HER BIHMSTI} 1rad/s
olstol7| wj2ol Bt X FS Sx0l;, HE 7SV ZHET M Aot 15
DRSS o5tz FEEES MY

O "HEels 2F [ 1baroll cHall EE8 WHF= = 0.5bar7tX| 7Z4{0F st7| f-=Zofl
HE2o Aol == Gol thal MEIME AS
- BdAx=H2 HEE2 WF L2 0.6bar, EE8 2F = 1.013bar
o= &
Material type SUS304
Material Young” s Modulus 210GPa
Poisson ratio 0.33
Model type 3D solid model
Simulation code ANSYS
Simulation type elastic-static
FE model
Number of node 148,500
Number of element 75,745
Type of element tetrahedron & hexahedron
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Material type Water
Model type 3D solid model
Simulation code ANSYS
Simulation type CFD
Number of node 10,986
Number of element 33,877
Type of element tetrahedron
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0.00e+00
295, O| A Lfge| 24 &3k AlZa|o[M Z1} : stream line
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3.41e+01
3.34e+01
3.28e+01
3.21e+01
3.15e+01
3.08e+01
3.01e+01
2.95e+01
2.88e+01
2.82e+01
2.75e+01
2.68e+01

[c]

a) HED #HH BE 25 Bx
96, OIFR el 2

| 3.87e+01
3806401
3.74e+01
3.67e+01
3.61e+01
3.54e+01
3.47e+01
3.41e+01
3.34e+01
3.28e+01
3.21e+01
3.15e+01
3.08e+01
3.01e+01
2.95e+01
2.88e+01
2.82e+01
2.75e+01
2.68e+01
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b) OISA T 2T

T =g Alg8old 21t

- 237t e QLEZ Mool 2EJ1 40CE 7t =11 ¥ g 3|M™MstHM 257}
HE FolX| US

- HEY Hue 2EExIt 23 HEY R EEES st W0l a)el AlEe 0]
M ZIE 2H o|ZAPe 24 stof o5 HEr HHe 2= 2F 32T ~ 35T
2 odstA 2Est ASS ol = US

- b)el o|ZAZ MAME EH, O|SAE HIZZE 2+ 27C HEER AUHE U2
He golg = Us

O O|FZXe 25 &l o2l HE HHe 2EREXE g2elsty| fls FIHEC Alg
20| S AA|

- HEY 2Fof| O89%-a)2t &2 2E2x7 42 of HEe 2=F=TJF ofEA
Hatsts X2 AlEHo|ME Saoff &l
- Aol g ¢ler HE22 FE 22 HE= 31 &2
= &
Material type SUS304
Model type 3D solid model
Simulation code ANSYS
Simulation type heat transfer
Number of node 140,702
Number of element 70,952
Type of element tetrahedron
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O ey o x[Mst= 2 HSF0| WEH 2tsto] Hs=d o = oist 2 3¢
£ TatslHM HHule| & AR &E0| AYSIEE st= A
- o ost =&t Wassel X5 HE e Mol os As=H7| o "E
o] 35 Adeol olst US| o2 M U
- oy A 2 ME AFoM SHMetE Ctsot 2o AdE = D FHeI Y
=55 Telo| & 5= AJAoZ Tt
F;bject - NN X revolve until ved block moves
O 1XHHE 2tong Z2Eo| lEly] X E 7|dtez2 MAMHs MY
- AApZE dEE Tl T2, ddy = Ey zole & svfzE MY
- MA#HE MAEse ZEE FEH FAMSH| flst 3P EEe| DOE(design of
experiments)= ofel Eeb &S
- 1XHH T 2tonZol HlsH 2+ B9 =FEX0|E O I M o H2 HdAM HEE
o Z|oiE et X gs Foe o
parameters Low level High level
angle of slope, 6 (deg) 5 25
number of impeller, N (ea) 3 5
angle of inclination, ¢ (deg) 5 35
width of impeller, & (mm) 100 300
height of impeller, % (mm) 300 700
O oz BEAMS 2ol AA=HE MdAstn Hexgol w2l AlZeo/8dS AAGIM =
Mol U8 =2
- & 5719 Hol sl “half 2" factorial’® DOEE MA
- MAE HEetn AlFEo|M Ao wE SMets 42 g Bt E5
angle of number of ~angle of width of height of
RUN slope, 6 impel ler, inclination, | impeller, & | impeller, i Fobject
deg N (ea) ¢ (deg) (mm) (mm)
1 5 3 5 100 700 37
2 25 3 5 100 300 21
3 5 5 5 100 300 25
4 25 5 5 100 700 19
5 5 3 35 100 300 22
6 25 3 35 100 700 26
7 5 5 35 100 700 33
8 25 5 35 100 300 21
9 5 3 5 300 300 19
10 25 3 5 300 700 24
11 5 5 5 300 700 25
12 25 5 5 300 300 16
13 5 3 35 300 700 29
14 25 3 35 300 300 21
15 5 5 35 300 300 22
16 25 5 35 300 700 31
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RUN angle of slope, 6 (deg) height of impeller, % (mm) }qiﬁed
1 5 300 28
2 25 300 21
3 5 700 35
4 25 700 31
5 15 500 28
6 15 500 26
7 15 500 20
8 15 500 25
9 15 450 28

Main Effects Plot for Object Function Interaction Plot for Object Funtion
Data Means Data Means
angle of slot height of impeller Point Type 36 angle
ad —=&— Corner of slot Point Type
= Center 344 —s— 5 Comer
32 — .- 15 Center
324 25 Comer
314
304 304
g 29 g o
284 261 .
274 24+
25 n n
204 . . .
uL ‘ ‘ ‘ ‘ ‘ 300 500 700
5 15 25 300 500 700 height of impeller
3102, AeAEH| mE 2 W ol 24
O 38 102 F e SHetpof et cld=et wszxgs 248 Aol old e
1A gt EH 220l i E
- £ #% Dol gEel Folo| RIZEIF LR HARUEC O 2 JEE Hol
He oy 4+ AT T W5 2o WSEE0| LYEX| oHs HoR 2AH
- 2t DOEE &Soff 7iLE 1A 8 EH ZEH2 wsxg g2 MAste ch3nt

(0]

Fpe = 22.25—0.275040.02125

~ 1% BFSEH 2of CfE ANOVA table2 of2h E2 28

Estimated Effects and Coefficients for F (coded units)

Term Effect Coef SE Coef T P
Constant 28.750 1.507 19.07 0.000
angle of slot -5.500 -2.750 1.507 -1.82 0.128
height of impeller 8.500 4.250 1.507 2.82 0.037
Ct Pt -3.350 2.022 -1.66 0.159

S = 3.01496 PRESS = 103.5
R-Sq = 73.71% R-Sq(pred) = 40.13% R-Sqg(adj) = 57.94%

Analysis of Variance for F (coded units)
Source DF  Seq SS Adj SS Adj MS F P
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Main Effects 2 102.500 102.500 51.250 5.64 0.052
angle of slot 1 30.250 30.250 30.250 3.33 0.128
height of impeller 1 72.250 72.250 72.250 7.95 0.037
Curvature 1 24,939 24,939 24.939 2.74 0.159

Residual Error 5 45.450 45.450 9.090
Lack of Fit 1 2.250 2.250 2.250 0.21 0.672
Pure Error 4 43.200 43.200 10.800

Total 8 172.889

Unusual Observations for F

Obs StdOrder F Fit SE Fit Residual St Resid
7 7 20.0000 25.4000 1.3483 -5.4000 -2.00R

R denotes an observation with a large standardized residual.

Estimated Coefficients for F using data in uncoded units

Term Coef
Constant 22.2500
angle of slot -0.275000
height of impeller 0.0212500
Ct Pt -3.35000
- 11X} vt2EH o] SHEAM ZI Mot AZ S R? 410| 74% =2 MEM S EHot
sh7lole ClA %2 ez 8 = U2
- Ol F Ho AlSE =& Alolo ZHMo| EZAE = U= 50| =32 2olo|st=
dl, 88 T B0 ASE =F Xlo|7} 37| mw2of st Aol £ QS
O 2%} vt DU IAsMAEHoz AMes MAA sHA DOE AA|
- =AM Ao w2t 47042 F=I7IE S DOEO| 7t 5t A|S8o|ME AlAl 2 22X
St 42 EE5192
—- SABMEHOIM =422 MH
height of
angle of .
RUN slene. @ (ckol |mpe(lmlntle)r, h Fobject
2 1 5 300 28
(0.0) 2 25 300 21
LD an 3 5 700 35
A I -* 4 25 700 31
I ; 5 15 500 28
| | 6 15 500 26
- e - 7 15 500 20
-0) | 00 | X
bos? | | @0 % 8 15 500 25
I l 9 15 500 28
G = o 4 10 0.9 500 31
(-1.-1) (1,-1)
%0 11 29 500 20
0-0) 12 15 217 16
13 15 783 29
O SAgtMAslHoz MAE DOEO w2l 2XF 2 FEH oS yjut
- DOEO|| w2} === SN2 RE 22X dsEHRE S 3o Zo| £



F

[¢]

yject = 30-997 — 1.2476— 0.00663470 -+ 0.02425¢” +0.000023%" +0.000386- 1

- DEsS FX| 2e AN H42 RUg EHSID 24 BT DS 0| RE EH
szs =5
- 2x sk EHEE gt ANOVA Table2 Ctg B2t &5
— ANOVA Table2RE HM3M HASBSI+ R 86%= a2 MgtMo| gctn mebst
% e HEQ =
- e 2% HISEMRHS BIHAM YUMS HD MHHSel 2N
The analysis was done using coded units.
Estimated Regression Coefficients for F
Term Coef SE Coef T P
Constant 23.0250 1.5791 14.581 0.000
Block 2.3750 0.9793 2.425 0.051
angle of slot -3.3195 0.9793 -3.390 0.015
height of impeller 4.4231  0.9793 4.517 0.004
angle of slotxangle of slot 2.4250 1.1587 2.093 0.081
height of impeller=* 0.9250 1.1587 0.798 0.455
height of impeller
angle of slotxheight of impeller 0.7500 1.3850 0.542 0.608
S = 2.76992 PRESS = 112.856
R-Sqg = 86.85% R-Sq(pred) = 67.76% R-Sq(adj) = 73.69%
Analysis of Variance for F
Source DF  Seq SS Adj SS Adj MS F
Blocks 1 23.111 45125 45.125 5.88
Regression 5 280.854 280.854 56.171 7.32
Linear 2 244.665 244.665 122.333 15.94
angle of slot 1 88.155 88.155 88.155 11.49
height of impeller 1 156.510 156.510 156.510 20.40
Square 2 33.939 33.939 16.969 2.21
angle of slotxangle of slot 1 29.050 33.604 33.604 4.38
height of impeller*height of impeller 1 4.889 4.889 4.889 0.64
Interaction 1 2.250 2.250 2.250 0.29
angle of slotxheight of impeller 1 2.250 2.250 2.250 0.29
Residual Error 6 46.035 46.035 7.672
Lack-of-Fit 2 2.835 2.835 1.417  0.13
Pure Error 4 43.200 43.200 10.800
Total 12 350.000
Source P
Blocks 0.051
Regression 0.016
Linear 0.004
angle of slot 0.015
height of impeller 0.004
Square 0.191
angle of slotxangle of slot 0.081
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height of impellerxheight of impeller 0.455

Interaction 0.608
angle of slot*height of impeller 0.608
Residual Error
Lack-of-Fit 0.881
Pure Error
Total

O 27 YISEHRARSE Be| Aol ANYS £5

Contour Plot of Object Function vs height of impeller, angle of slot

= 18
W i - 2
70 W o- 24
24— 27
27 - 30
s 600 30 - 33
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% M 36 - 39
£ [ ] 39
5 5004
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=
(8]
< 4004
3004
) 10 15 20 e
angle of slot
121103, 24 22 mogdo]| ofst ETM
: angle of height o
Ontmal pign PNt 7678477
Car 1.857/4] [Vaz 84271
1.0000 gy, 0.6579 2171573
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ol

O S7t5&E| M8
- 2018 AU ES F2 URe SFe & ASTS dd Uiy 13.2% 37t
st 663,369E22 HIHE=Z= HA[DI| A2E0| 43.5%=2 71& ol Al2=E1
Aen, H1I|7t 717 9.7%2| H|EES AKX
7|

= AFBEF2 322,496E2=2 2016  CHH| 44.3%
of ZIiMolm, HI7| AEFES 268,825E2=2 2016 CfH| 57.4%
= C

Ej'.

o
57t

t

F

1ot

- H{X[27| 4 HE2 AL STt 2018 75.2% U1, HII|= 87.2% =2 =2 Al
2B RAIG wel 47|k 231%2 XS B0l 28

O MgrtBED x5

O-"?'f o - = Lo
- 2021 7| AIFIISE & ZHFo WAMZ2 4 440,338E0|H, O & HAl =S
0| 1,583,991 E22 & MAIZE| 35 7%2| H|E2 Jt& To| X}X|5t1 A2
— U EofzF EESF =X ZZEFRO0| 1,553,848Ec0 2 MA HojE = 190|nd, ==&
2 2,133Ec =z 29
- 5 EESS MAZR0| 925 376E2 2 HX| Cl2o2 JIE oo, $&22 35,872
Eoz AlgIIZE 9 EASZ0|M 80.7%2| HSZ JIE =2 HIEZ AX|
F13. AFIISED T2 MM 2 &S
MABiIE o Es1E
== MASE A A2E A ALK =Lf| ol =L ool == TEH
(T (1) (Hg) 2HT) (M) (M (%)
A A 31,770,295 4,440,338  23,853,167,631 4,358,595  28,215,409,539 44,461 85,746,786
AlgylR=E 15,141,738 1,382,448 6,715,230,434 1,391,121 8,262,438,030 4,718 24,088,494
HF 751,057 206,593 1,135,441,938 201,589 1,527,215,055 606 4,310,428
DAXF 538,896 126,094 591,580,824 126,196 750,479,248 58 358,798
iﬂ%ﬁ;}ﬁzﬂ 82,073 22,803 284,983,174 21,061 349,097,385 2 99,415
HAFH 3,742,316 614,311 2,968,853,604 630,536 3,544,438,612 838 4,772,108
2MIIESHZE 5,873,390 253,397 1,131,818,596 255,914 1,408,758,247 69 397,904
ZH|7f 2= 29,690 5,760 61,983,171 7,026 68,794,969 113 401,207
Moizo|A
~ 305 124 708,688 1 319,874 113 401,207
("]AHH)
K=
?E%E 4,124,316 153,487 540,569,127 148,800 613,654,515 3,034 13,748,633
[=)
5 16,628,557 3,057,890  17,137,937,197 2,967,474  19,952,971,509 39,743 61,658,292
EEF(D) 6,660,307 429,723 6,676,014,243 439,600 7,465,765,783 77 1,688,685
ZEE( 300 140 1,170,872 145 1,517,091 - -
ZZEE(2Y 143,982 9,069 95,205,133 8,258 104,792,041 - -
ZR(HK]) 6,024,212 1,583,991 7,401,597,009 1,553,848 8,902,906,087 2,133 3,895,354
ZHE(H) 3,068,495 925,376 2,562,756,036 864,377 2,933,237,688 35,872 55,589,479
ZEE(2E]) 728,871 108,662 395,839,968 100,553 539,088,024 1,661 484,774
EZF(AE) 1 0 2,365 0 3,363 - -
ZEF(E7)) 70 23 360,096 4 66,423 - -
EZHF(EHX) 4 4 21,978 4 31,867 - -
ZEEE(H) 0 0 6,402 0 7,683 - -
ZEE(MFE]) 4 4 41,068 4 59,549 - -
ZE(H) 24 14 241 150 10 472,779 - -
ZE(7|ED 2,287 884 4,680,877 671 5,023,131 - -
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2021 MAAIM (D ZH)2 35 8,155 R0|H, A|MARE 44% 7,462 2=
LIEHS

o WoHY V|E A9l 57 B2 B 47 ZRE(S AL, 291 &, 49 H)2
WEY J|FE ZHE A9l 574 PAE @B, HESAFS, SHAMAF FAAL
SAUESH, @EAEalols, M JIFE ETS A9 o AHE @siE, mEC
YRS, SUB|ALHEl FASIAL Che, RASESH, SHAMAF T84}

Al
MARE 7| Z= TETTISIES
';l AR M AHEE(KG) ';l & = of Z o (X 2)
1 ESkela=] 102,103,768 1 &Fste 454,005,710
2 FEEztEE 56,758,291 2 PreEgtxrce 285,203,437
3 SUS|APHOl FAIS|IAL CHE 50,883,857 3 SHHAXX| FEFAIS| AL 281,635,218
4 HHdUdESH 43,789,478 4 HHUdEsH 278,355,907
5 SAEM X =4 5| AL 43,593,260 5 FEHAED 258,620,670
6 A 2o Zof| A 42,983,777 6 @ololEe 250,745,537
7 FEAELD 34,979,659 7 sy 2= 227,032,255
8 sy =2 34,039,383 8 @R AFHAZ 214,783,479
9 FEEZIEE 29,261,950 9 SUS|AIHOI FAIS|AL CHE 208,108,009
10 EME 29,178,683 10 FEME 172,952,323
O =AM 2 ZMJIEE NAAIZ MAF B2

e
20214 FA=E/FLIIEE2 A1|74|A|o MAb 2= 4107 581388 =, X117
7

20204 Cf{H] 20212 é;’é!%% 2|307| 0.69%, HHXID7| 12.49%, 7I2] 1.29%,
HE| 1.24%, X= 2.15%, 7 0.83%, BX[EF -1.71%, MXEF -0.66%2 H=2
2 UEHto], 2017W~2021d 570 W3 AZRES HE(2.19%)2F 7H2S(2.00%),
X|=(1.99%)0l M H| WA =7 LIE

Xk 2 A7 ofZa 7t x| Hdedo| wloz olaf| Mitol ZiAst X172l HL, &
2ol M SHX| 27| Aol MxF F|=EHA 2020 tfje| 20210 A ASsE Z0|
Exlx—lol
sHx|m7let 7)ol A 22 570 A"E P MEAEO| 242t -0.98%2t -0.46%=2 M

UE

l= 7I85(1.97%)

A AEfoll U= 2 : 4 g SES

I =E o|F1 US

20214S 7|Z22 Fo ZJMH 417 MAZ fEE =20M 0|20 12,7308 ES
AtX| St MIAAE E7E0] 21.90%0 O|21 U0, CtEF2=E H2HE(9,5008 &,

MIAAI L] 16.34%), &=(6,980H &, MAAIZL] 12.01%), EU(6,855T =, MA
AEel 11.79%)2 Yol =2 A2z HAE

2020 CHH| 20210l MA =CH #3107 dik=2l 22t EUME A 127] 4k
ol ot B, oj3n = oM 4127 o] STtsts FAol Us R

o
2 LIERE. Xgh 5EZE A7 WakEol JHE whEA STtet =7hs JHLcH(Ag 7
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MEE 4.28%), HAIZ(AE T MZE 2.80%), S=(Ad™ET HAEE 2.41%), 0|=(A
O MEE 1.61%)2 Ao=Z2 LiEtE.
- 20212 7 ._QE xQ Iyl SR TV MAZ FRE Y E30| 47,5008 EL

AEX|SH0 MAIAIE HRE0| 44.09%0| 0|21 ULln, CtF22 EU(23,7208 =
MIAAIZRL] 22.02%), Bl=(12,559% &, MAAIES 11.66%), 222 (4,365 E,
MAAIZS| 4.05%)2] MAIZHO| =2 Z{oz LIEtCt X|ut 94 H47)F ofZ 2| Fte x| Y
Ho| oz Ziash ZFOME HA27|2f WLt 3550 20204 CfH| 2021
Holl 30.71% =352
- MA z=diel XY da=el S=, EU, 0l=2| 2021d 4oz StAH= 83,779%
=22 MAAIZS 77.78%E AIX|5tH, TEI'—PEPOI A”ﬂ%%

= 1,407 ESZ MAA|

o MR8 1.31%E AHX|ste H2Z2 HEHE. X[ 547 SHX| 07| dAtZo| Z+z

W2 EI7tet F7t= HAlol(d"E A HMZEE 5. 75%) seiE(dyd AEE 4.04%),
HA|Z(HHEA MEAE 4. 03%)_ Hoz HAE

- 2021 S 7|1EL2 F2 IIME Jigs HME A4EE EH o/=0| 20,391 ES

RIX|5E0 MIAIAIZ A OI 20.28%0l o|211 len, CtF22 F=(14,7008 E,

HIAA| 2] 14.62%) 2H& (14,5008 =, MAIAIZNS] 14.42%), EU(10,830% E,

MAAIES] 10.77%), 2{Al0H4,600 X &, MAAIZS| 4.58%)2 ditEFo] =2 A

o2 LIEtL.

- MA F2 Jtgs 4at=el o=, 530 22loM e JiEs o] Bitste F
Mol 8HH . EUdIM = Jitas M4atol st de=z LEFE(2020/2021 A
1.81%).

Jél-g —

HE15. FUMS/FLIISE2] MAAE d& A=

2017 2018 2019 2020 2021 17~'21
|
o= MELE MELE MELE MELE MELE Hed
'H'E co&T 'H'E coZ=T 'H'E co&T 'H'E coZ=T 'H'E co&T A-III-%
(%) (%) (%) (%)

27| 59.21 2.02  60.83 2.74 61.52 1.14 60.57 -1.54 58.13 —-4.03 -0.46

| 112.06 0.64 112.94 0.79 102.08 -9.66 96.7 -5.22 107.73 11.41 -0.98

7k8]  93.01 2.05 9452 1.62  99.54 5.31  100.59 1.05 100.54 -0.05 1.97

BE 10.31 1.88  10.59 2.71 10.82 220 11.21 3.57 11.27 0.54 2.63

A= 20.43 3.14 20.74 1.53 20.98 1.16  20.98 0.00 21.86 419 1.76

NI 509.01 2.27 519.72 210 524.41 0.90 532.25 1.49 544.07 2.22 1.55

B 473 -0.23 4.76 0.57 4.78 0.42 4.94 3.24 476 —-3.64 0.59
gxﬁl_ 454 -2.07 4.46 -1.85 4.59 3.01 4.83 5.21 4.55 -5.8 0.22
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Microwave thawing machine Tumbler based thawing machine

Dual Stage Thawing System

— Air Thawing Machine by Samjoo ENG : M Z0| &sl= 2Xo| T=stH 7jdH|H 0| Xz
o=z HEDN FEZ MBS LREREE 5CZ2 FX|sct sl SAIZHS 90%0|aF &
T AL FH &4E =0l FY £&42 FY = ULt

— Air Thawing Machine : Si &2, ML ST 22 ChHefst Fao HSHES X[5H2l of
S2 flsil L™t AHiolo] HE =52 st 7|2 sisS Aasich HEE J
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1~6%0|Ct. 100 L-scale sisE S22l 3 MHAM AEBZS EAIZT 2271 7X|

7t == wajolch

- MEeTIl = AHS HEE wAoln| MEE AHZ0| BT 487} HH 2Ald
Al erech AEZS AR mel BAsts gAlolol IR1009 ZO| AR e

O 2 % =5 2
- 2[ZXMOZ 100 L-scale sHsEHEHZXE o|8st HEs =5 dlse & EM At
3 = ZAMIE st AY ClRlS sl Factor 37HX[2} Level 3THAIE E 52F &

H#16. 100 L-scale sHSEHEHEAIE 0|82t ds=5 sla=de 2zt =&

Factor Levels

Pressure (kPa) -35 -55 -75
Temperature (C) 20 30 40
Rotation rate (rpm) 1 2 3

0]

HEsolM BE2 Fx2f 2ofEdy), HEE =22 de (s, 2k

o
M), AEIZER|o| HEHAEZ, 2%) oMY e Sof

3™ 2T A = Factor2l Level2 AH
5t RSM(response surface methodology, HHSEMEAE)ol di = SiLfQl
Box—Behnken DesignBHi2Z 15 set =2 HE =82 HEZAI|IM =9

=20l o|xl= &2 2M ISR SR
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- 2 MEoAM= Hils HEele =do w2 Ws SF7F M2 sis & 2
DUEESH| fiAM vt ZF 22 M (Response surface methodology, RSM)S
glood, oluf AlEAE 2 Box—Behnken AlSLC|AIRlIS XM 351 CL.

1. dEANY2 S8
HIH BN o

[ xmﬂm ] [W] ﬂm%%*ﬂ}

I 1
Full Central - Simplex Simplex Extreme
Factorial Composite Lattice Centroid Vertices
Design Design Design Design || Design
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2AM A1 A (critical values)0
M (surface analysis)2 3}01

H#17. Levels of independent variables in the Box—behnken experimental design

> m

o0 0x

225 2 (pressure, kPa), = (temperature, C), 31X & Z(rotate, rpm)0O
Z+ d F170] MA|= At MEF= WHsls =Hol| o}

o fjo

. . Levels
X independent variables > 0 1
X; pressure(kPa) -35 -55 -75
Xo temperature(C) 20 30 40
X3 rotation(rpm) 1 2 3

i#18. Box—Behnken experimental design of independent variables for frozen—thawed beef

samples
Coded levels of independent variables
Run No." -
X1 (kPa) Xo (C) X5 (rpm)

1 -75(1) 40(1) 2(0)
2 -75(1) 20(-1) 2(0)
3 -35(-1) 40(1) 2(0)
4 -35(-1) 20(-1) 2(0)
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23 . =do| 2 HE =52 sisAlzt
- 100 L-scale EHEdsls&xe| =0 w2} lis=e= 45 =182 siasAlzt2 I8
1129F Zot. =2l HA2sl52 isAIZH2 220822 LIEGCE -35 kPaollAl 90
= olatel siasAlZte B AF, 2k ¥ SMEEI IEFF sisAlZto] 2O
= A8 UEHGCH -75 kPadlAM & 2 siasA|ZhS LERH D JHE w2 S SA|
22 30=0|ct ZZzE, 2k ¥ UKL I =255 iS5 ot e A2 LEN
Ct
O dlse=s 7l &2 54 MY
o =AY 5H
- HE =] ME2EIt -6ToA 0Co =& WX sisct s =ES22HEH &
AE ER L2 CtST 2ol Atsto RS2 LERL QUL
=g AZ(drip loss, %)= [(lls & - sle = FA)/ls & FA1%x100
@ s =52 pH & Mz 5H
pH EM2 MA=Z A|RE 50 mL conical tubeoll 1 g2 XM &ts| #5101 S5 9 mL
2 7tst = homogenizer2 TZ&3tst04 pH meter(Metter-Toledo AG 8603,
EMs5IQct s =]2 EH A HSL= Minolta
L(lightness, HE),

Schwerzenbach, Switzerland) 2

Osaka, Japan)&
sl =8 AR

M = A (CR-200, Minolta Co.,
a(redness, MM T) & blyellowness, HMT) G222 —5—43}9'1 Ct
of njet EHEZ 63 = FMot = B EFHA U422 HEWMICH AE= 4
2olsel MEE =FC=2 MYl Cia &2 4= ﬁlﬂﬁP%EF
oot &2 24
=ho} stomacher(Bag mixer

- A2 1 goll B d2[AFEs 9 mLE 7H5to ol
ste of o= 10tH

Interscience, Saint Nom, France)Z +* =
Aats HxEHE

s|MHo =z

ZE(MC-Media Pad,

W400,

5|M5t0] ALESICH SO-E AxZEDN HE

JNC Co., Tokyo, Japan) 0l Al 1 mL=2 ®3st 5 incubator(HB-101, Han

Baek Science Co., Bucheon, Korea)ollAd 37°COAl 24A|ZF HYUA|ZACH ZFT2t
a0l @il viX|Z 30~3007H &=zH2 Mot d
Zte MESTD log

HERE 5% 2oE Y 5 45
me Mesiol Asigon e

CFU/ge 2 LtEfLY AT

a[

Zd1i= 3EE
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Kim et al. (2013)2| ol w2l 2E4S S™SHFCE MA, 50 mL-conical tubed|
MAEE AR 5 g2 dgs| et T 70C g2F=0M 302 7tE =, A20AM 102
2+ gl = Ll AME2|7[(MF-550, Hanil Science Industrial Co., Incheon, Korea)E
0|83t 20COllAM 2,000 xXg, 1027 HAEe = FeE SESHF2 S| WE

N
1R
Rl
Rl
U
1

~
X
o
S

s = A|lRE 70Ce 24 (WB-20M, Jeio tech, Daejeon, Korea)ollAl 3027t
le} LHZ Bl XI_-|

ot = WZtA|ZI 7 Tt AZ FAOIM 7tE = A2 FHE HWEE2 50



| 2=t conway)H (2019)2 2 3| LM HI[HA(VBN)E FHSIRUCH Al

A Z3Me o|E

M=l AMZE 10 gol /% 50 mL2 75t Shaking incubator2 37°C, 100rpmoil A
3027t FET 5 oot A|RE AHEWU2=E ALESIQUCE Conway &718 7[2°¢
T iAol 0.01N &4 1 mLS E1 Ao AR 1 mLE2 ¥ 5 G2 7|2 E
O™ HIEE = K,CO; ESEW 1 mL2 4o xje| Y0 HIHE o Eje=z 1
Yot Ao A|HEMI K,CO3 E2tEMS & 412 F| 25TOIAM 1A[ZE BESA|
7l = W&ol brunswik Al2F 10 uLE &Itst F 0.01N NaOHB8U =2 HMF s 2
LHMHT| A stetEe ¥S SYSHAct

S UMAT|A A (mg/ %) = 0.14 X (b-a) X F X D/ S X 100
0.01N NaOH H & ZHmL)

0.01N NaOH 3AIE® A (mL)
0.01N NaOH<e| &7}

5| A 5=

@ O T o9

A 2R F 2¥(g)

@ X %“LFEHE Z7(TBARS)

o O

10
OEJ

=3 MIlE =X sth= thiobarbituric acid reactive substance(TBARS) &&=
SO P(Buege and Aust, 1978; Ahn DU et al., 1998; &= et al., 2017).
2 2F 2 g2 AFE T 0.2% butylated hydroxy toluene(BHT) 0.3 mLZ} 3.86%
perchrolic acid 18 mLZ 7tll AtstEts S HXA|Z|D 28272F 42 3et =
(Whatman No. 1)2 0{n}st¥ et o2 1 mLoll thiobarbituric acid(TBA) &4
mL# 7t5t0{ 527 Eetst CfS £&= =0lM 3027 EXelst = HZSUC

H

2
Rl

[IJ

my J|)|' rc ﬂJIO :J_
X o0lo —

HI

[=] S L—
U= 450 XgollM 20272t AMEE = 4SHS F5H0] 532 nmollM SEE
SIqch SAIEE2 AR SFTE TJisto] 2 #2 wWHoe=z X2l
I ct=2at

Rl

lo

mo
F
MY
14
u
>
k0
(o]
2
o

TBARS #ft2 1,1,3,3—tetraethoxypropane
malondialdehyde(MDA) mg/kgZ LIEHH O] ZEA|SIHCF.

TBARS(MDA mg/kg)=(A-B)x 3| A Hi4=x100/S
A AlZ229| 532 nmolMe S&E
9|

B : SAIZ2| 532 nmollA{e] S&E
S A2 7 F 2H(g)
des=s 7t 22 54 24 Zdot
NSHE=YMS(100 L-scale)2 2 s =52 EEEY
- dls=se 2 5S4 A A1 grtgse gdaS E192F E200| MA|SHACH of
s=59 =28 ZH oiYste =EEAF, 243 2 JtdzEol AM 100
L-scale allsE =22 slls =70l Um2tM ZZEo| des F= A2 el
sHH, s & AlEQ pH g2 pH 6.23~6.242 A™HSIHAH |FAI=HO sHsx=Ho| A&t
2 EX| 2ZgpCt EFT(E.col)2 EMsIX| %2 A2 Hoi=Jdn, Sd4 ESh
of < ojojst MEf 2 FoHo|MES ZE oA Zel=X| 2tdct. dils /el AM
T E motet = = FeAd HI| & A (volatile basic nitrogen, VBN) 4t 2.28~9.15
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mg/% HeZ2 AMsE TEI|E(VBN(Mg/%)7|&E: AMd| 1~10, MM =F
Z7|1Ru| 30~40, FufF 500/2ho Mt 2oLt 100 L-scale sHsEE
7o w2t ok XpolE EQIck Esl ME & XERhEE Y
TBARS(Thiobarbituric acid reactive substances) &= #tT 0.05~0.12 He|Z of

Sot sis|R/= MMet 7| Fol Hestdct.

i)

F

o

0

H*19. Means of response variables of frozen—-thawed beef samples from Box—Behnken

designs

. Color Heat

Run no. Drip loss pH WHC
L a b loss
1 2.81 6.24 50.82 10.94 5.51 95.30 0.82
2 0.53 6.24 56.81 11.58 5.26 95.88 0.31
3 3.18 6.23 50.82 10.19 5.26 95.43 1.10
4 1.14 6.23 56.05 11.42 3.77 95.30 0.35
5 1.24 6.23 56.11 11.06 5.38 95.21 0.35
6 0.48 6.23 56.51 11.19 3.76 93.83 0.29
7 3.04 6.23 55.37 11.15 5.79 95.21 1.10
8 0.89 6.23 49.96 11.24 5.26 92.44 0.32
9 3.02 6.24 50.71 10.12 5.76 95.43 0.71
10 1.90 6.24 50.63 10.50 3.22 93.83 0.39
11 1.37 6.23 55.54 11.54 3.72 95.74 0.28
12 0.72 6.23 56.21 11.61 6.30 96.56 0.34
13" 0.73 6.23 56.44 11.20 5.46 96.92 0.40

YRun number of 13 is the means of 3 center points.

#20. Means of response variables of frozen—thawed beef samples from Box—Behnken

designs
Run No. VBN TBARS TAB E.coli
1 2.2876 0.0543 1.6000 0
2 2.2876 0.0607 1.8167 0
3 9.1504 0.0988 2.1367 0.3010
4 9.1504 0.1040 2.4800 0.3597
5 2.2876 0.0607 1.6833 0
6 2.2876 0.0572 1.7033 0
7 9.1504 0.0901 2.1433 0.1003
8 9.1504 0.0936 2.2967 0.1003
9 2.2876 0.0520 1.7467 0
10 2.2876 0.0572 1.7600 0
11 9.1504 0.0971 1.9167 0
12 9.1504 0.1265 1.9467 0
13" 2.2876 0.0532 1.8256 0

YRun no. 13 is the means of 3 center points.
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IMPNE=L

Al %= (estimate

H#21. Estimated coefficients of fitted quadratic polynomial equation for response
variables of driploss, pH and WHC based on t-—statistic
Drip loss pH WHC
Coefficient p—-value Coefficient p-value Coefficient p—-value
Intercept 8.3924 <.0001 6.2468 <.0001 79.8175 <.0001
X" 0.1110 <.0001 -0.00004 0.9283 -0.4398 0.0002
X5? -0.4076 <.0001 —-0.0009 0.3489 -0.0471 0.8315
X5? 0.1261 0.7516 0 1.0000 5.4388 0.0048
X1 X1 0.0010 <.0001 0 1.0000 -0.0033 0.0002
X4 Xo -0.0002 0.3826 0 1.0000 0.0008 0.5635
XoXo 0.0076 <.0001 0.00001 0.2439 -0.0011 0.7258
X4 X3 0.0173 <.0001 0 1.0000 0.0174 0.2645
XoX3 0.0118 0.0865 0 1.0000 0.0604 0.0577
X3X3 0.2641 0.0006 0 1.0000 -1.4187 <.0001
X (pressure, kPa), Xs(temperature, ), “Xs(rotate, rom)
#22. Estimated coefficients of fitted quadratic polynomial equation for response
variables of color parameters(L, a, b) based on t-statistic
L a b
Coefficient p—Value Coefficient p—Value Coefficient p—Value
Intercept 23.4559 <.0001 11.6733 <.0001 5.6918 0.0480
X" -0.4440 <.0001 0.0235 0.0887 -0.0475 0.3830
X2 0.9532 <.0001 0.0347 0.2279 0.0796 0.4861
X5? 8.5947 <.0001 0.4252 0.0756 -3.1025 0.0020
X1 X1 -0.0019 0.0098 0.00006 0.5218 -0.0002 0.5264
X4 Xo 0.0009 0.5037 -0.0007 0.0007 0.0015 0.0575
XoXo -0.0201 <.0001 -0.0019 <.0001 -0.0040 0.0198
XiX3 0.0726 <.0001 0.0005 0.7860 -0.0135 0.0968
XoXs3 0.0186 0.5112 -0.0078 0.0558 0.1280 <.0001
X3X3 -1.1513 0.0004 -0.0608 0.1489 -0.3045 0.0729

X (pressure, kPa)

2%, (temperature,

3%, (rotate, rpm)

T)
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H#23. Estimated coefficients of fitted quadratic polynomial equation for response
variables of heatloss, VBN and TBARS based on t-statistic

Heat loss VBN TBARS

Coefficient p—-value Coefficient p—-value Coefficient p—-value
Intercept 0.7199 0.21183 52.1501 <.0001 0.4805 <.0001
X" 0.0256 0.0251 0.6433 <.0001 0.0036 0.0083
X2 -0.0297 0.2044 -1.2009 0.0002 -0.0129 <.0001
X5 0.5508 0.0062 -6.8628 0.0072 -0.0793 0.0011
X1 X 0.0004 <.0001 0.0042 0.0003 0.00002 0.0259
X1 Xz 0.0002 0.0748 0 1.0000 0.000001 0.9371
XoXo 0.0008 0.0201 0.0171 0.0003 0.0001 0.0001
X1X3 0.0090 <.0001 0 1.0000 —-0.00008 0.6523
XoXs 0.0095 0.0057 0 1.0000 0.0006 0.1207
X3X3 -0.0494 0.1492 1.7157 0.0003 0.0130 0.0024

X, (pressure, kPa
2%, (temperature, C)
3¥%,(rotate, rpm)

H24. Estimated coefficients of fitted quadratic polynomial equation for response
variables of TAB and E.coli based on t-statistic.

TAB E.coli

Coefficient p—-value Coefficient p—-value
Intercept 4.8297 <.0001 1.5410 0.0005
X4 0.0629 <.0001 0.0371 <.0001
X5? —-0.0415 <.0001 -0.0392 0.0224
X5® —-0.0618 0.2262 0.2300 0.0970
X1 Xi 0.0003 <.0001 0.0002 <.0001
X1 X2 —0.0001 0.0007 —-0.00007 0.5276
XoXo 0.0003 0.0005 0.0005 0.0217
XiX3 —-0.0016 0.0004 0 1.0000
XoX3 0.0004 0.6292 0 1.0000
X3X3 -0.0173 0.0592 -0.0575 0.0217

X, (pressure, kPa), Xs(temperature, C), ¥Xs(rotate, rpm)

® 100 L HegslsZxlolMel WEs E5 dle=H =HsHOptimization)
-HE E5 s Al, =& a2 2t 100 L HEdSER S s zHEE ¢
f ZEREM st5oz2= =ZZ2A(drip loss), 22 (water holding capacity, WHC)
2 JtEZEH(heat loss) BT AP E[UCE = HSE et ZHUCZ= EEZAL} U}
BLUH2 Fastst, E4H2 Hise = As S HdY6IQUCt
- 3X|gt 2 AEHoAM dssFo RAo|dESo(Ed, HaA4D) ol A&E=ALD, A



g & MMZ(VBN, TBARS) =4 &1, 7|&Ex Hel o2 MME "oz =el=of
M, 100 L EHEolls&x2l Halls2l =X =74 dFoYoM= HE=X pEUgct
ohH, MEol A2 a & b IHEE FAX! M1xtek(linear effect)2l &7t 7
O|SHX| P4otM Z|AMat = MHol= HEEX LUAL, pH @42 ZE ZHolM £FH
gh 22 RAISIAZ] HZoll =AHa = dYols HE=A pUuCt

E25. Polynomial models extracted from the regression equation to increase R? value

Responses Quadratic polynomial models R? Adjusted R?
_ 6.6047+0.0979X;—0.3044X,—0.4973X35—
Drip loss 0.9467 0.8934
0.0008X1X>+0.0005X15+0.0052X2,+0.2268X 3
L 58.5676—0.0503X1—0.2705X,+0.5525X3 0.6451 0.5483
4.3949-0.0046X;—0.0005X,+0.0574X5+9.3874E-0
WHC 6X1Xo1+0.0001X:X3+0.0006X2X3 0.8829 0.6722
—0.00003X412—0.00001X2,—0.0149X3>
Heat loss 10.4664-0.0462X,—0.2144X,—1.0398X3 0.6993 0.6173

EotEe X2 ZAHHRAR HYSIAUCH.
- OverlappingS I8t Zt #H52| desirable levels= EZZA 0.5 0|5}, Lgt 550| 44,
H =2 (WHC) 960|4H, 7t&EZt2k(heat loss) 0.6 O|5HE A Moz MY S CE
- 470 ¥is=2| RSM 2 ZE overlapping St SSHUZ Q= =X H{=TZHH A
Aoz MPEQCH THH, siE== A5 FAolM ole §F FM(a)2 FE5H01 5l

SR Zt Hde driploss=0.5223, L=57.2287, WHC=96.9628,
n

Heatloss=0.29570|
Temp=

L

a2, o @ "ol oiYsts sHEx=Hd2  kPa=-66.0664,
20.6903, rpm=1.68542 XM ztPdof siEste A= &el=qdct

Driploss

Temp(°C)

Driploss

kPa

T‘-""P{“c; 20 -75

kPa

2113, Contour graph (left) and response surface methodology graph (right) of Drip

loss using the

derived regression equation.
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Temp(°C)

Temp(C)

kPa

12114, Contour graph (left) and response surface methodology graph (right) of L value
using the derived regression equation.

Heatloss

Temp("C)

Heatloss

kPa

20 75 B kPa

12115, Contour graph (left) and response surface methodology graph (right) of heat
loss using the derived regression equation.

WHC

Temp(°C)
WHC

20 75

12116. Contour graph (left) and response surface methodology graph (right) of WHC
using the derived regression equation.
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Overlay Plot

30 —4

Temp(°C)

heatloss 0.5

driploss: 0522305 |
L

WHC 969628

T

kPa

J2117. Common range

Ht, HE

of optimization by overlapping RSM graph of 4 variables.

O 1XHA oM o] JHX| sfiswE & AMA ZAHEZT 2 2A 9| siS0| slass =
Z FXlo oMol de =elstdeny olof 2HsH0d 2AHAZo M= 100 L-scaleZ
HMztEl HE2EAE 0|85t ZSHEYEXS =HE QUERE HEA I =5 i
=0 Mgt =& =A4 MY 2 | SEX| scale-up= fet 7| =AIRE OfEHSHIA}L St
Py
- HA, HSEXe AT, SIMEE, AEH U 25 20lo] HRE MYstn Z2t7te| ¥
2 thollM F=Z(level)2 HA st =HE sls2 TR 20| RSM SHEAHE Of
&olo "Itstct

- dlEs ¥ H==82 pHE 6.23~6.242 AX™GIH FX=HU2H sis =Ho w2 H
2 EFX| EUCE

- disE =AM HEFZ(E.coli)2 AESA (U2, SFT Lo 0f? 2 &
oz HAE=}c

- dls SR MUEE Hotg £+ s M YA A(VBN)E2 2.28~9.15 mg/%
HZ MMSF EHC|Fof MESIH oLt 100 L-scale sHsE S22l =Zof w2iA
Cta Xto| & Ech

- NM& & e EE E™sE TBARS 5% 4tk 0.05~0.12 He|Z o Yo} =
S/ Mueh 7|Fol MBSt



- 2 AgolM sissRFol a3 Z(E.col)2 AEEX (U2, SHF L5 0f 2
2 FFoZ HAEHUYD, MY T AMME(VBN, TBARS) 24 Z1} J7|=x| ¥ oluf
2 MMet Aoz Eol=of, 100 L HEdls&x[e dallsel =& =714 M-t
Me ME= X piULt.

SHH, MEo| AR g & b "HitstsE FUXIRl HM1XteHlinear effect)e &7 72

StX| oot =Mzt =7 MHAYole MEEX| AUL, pH @2 ZE 7oA ™S &f

2 TAISU7| 2o #AHE =4 MdYoll= =X 2UgCt

-dHs =5 s Al, 22 NS 98 100 L-scale HEHMNSEHXQ| slas=AH zH
SIE 28t EXHEM st=Eo=2= =2 ZA(drip loss), 248 (water holding capacity,
WHC) & 7t Zt2k(heat loss) H17t AFSE[AUCE FXHEE 2| ZHULE= EEE

X

Aot zaststn, E4H2 Fdste & As SHE HYSIAACH

Z|BXoz zHHRAE HHSI7| I8t overlapping?| #5Z desirable levels= EEZ

A 0.5 0|5}, Lgt 550|4F, E=(WHC) 960|2t, 7tHZZ (heat loss) 0.6 O|5tE A

Hoz MHSIYUCE iY== 2AXME IHolM eole| stE(a)2 FESH F=29 2t H

= W2 drip loss=0.5223, =57.2287, WHC=96.9628, heat l0ss=0.29570| ! C}.

- 2|2} Z0l 100 L-scale Z3EHEZNSEX2| 2M=HS RSMZE ZAMSIQUCt Z|
XM s =HES kPa=-66.0664, Temp=20.6903, rom=1.68542 =2l =|iC|,
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';cs.,. DRIP LOSS AND MICROSTRUCTURAL CHANGES BY THAWING
PET FROZEN PORK UNDER DIFFERENT CONDITIONS Z*HYUPJIN
Won-Ho Hong!, Deng-Seuk Kang?, Chang-Hes Cha?, Jiyeon Chun!

Daparimer o Fond Teshnology. Sunchon Hatinal Uriversy
“Department of HYUPJIN €O, LTD., Sihey s

Bolesn and Tacioodioy, B, Kacth

Engineering,

ABSTRACT
Park 15 the most consumed lype of meal worldwids. Generally, pork is siored in & frozen siate #ler slaugnier and thawed mmediately batore
processing. Thawing is a major process that afiects the quality of meet and final pracessed products. and the selaction of & thawing method is
IMpErtan! 1o oBlaN Migh-ually BOSUEtS. Curmently, e 1M TempSCalrs hawing Methnd |5 the most widsly USSd in e NBuStry 10 faduce costs.
g lme is long and the amount uf dip gensration during defosiing (s tvgh, which causes product gually

However, in this method, the defros
deterioration and economic loss a5 well as envicnmental polkuion. in this-study, frozen pork was thaned using four different mehods: Wmeing
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ol g3l 20&0tch
= AF 242t

CAS Co,. Yangju, Korea)&

T A (Cas WPT-1,
Mot siso| 2taE AMlRs HAME oS Sis
st Ch.

ot

S [=] oA
st 2ME 5

b

H 2
- ERTY =3

Tt -6CoIM 0ol TEE WK HEE HE ESoRLE
22 LiEphtch

EP%J—P Zo| Httstof HE s
U (drip loss, %)= [(Bl& & FH - siEs = FH)/cis & FAH X100

™

WB-20M, Jeio tech, Daejeon, Korea)
AlZl 5 7t ™ Az FAoA Tt

1o
St
—|>
i

FA- 7t = FA)/7E ® FAHFX100

of M =H

Minolta 44 = (CR-200, Minolta Co., Osaka, Japan)
L) e

&

B ), alredness, MAHE

— —1 1

Lo, ao, by =T (A2

o He EH
ghHof w2t E™SHECE 50 mL—conical tubedl| =
bs| Z[g8F = 70T ZolA 302 7t =, Al=20|M 10274
Incheon, Korea)E 0|2

F-550, Hanil Science Industrial Co.,
AR & gelsl S5Ys Yl Y

AL
a2

~

=
2 2(%

2|7
A 2,000 xg, 102+ &

FAH)/7tE © A2 %100

e
ghHof| w2t 2AMSIECE TA-25 probe(5 cm diameter

L

o ZRZ 2
- ZAU2 Gan 5(2022)2]
TA-XT Plus Texture analyzer (Stable Micro System Ltd
2= X172 1x1x1 cm®e 37|12 HEst

10 mm height)”

Surrey, UK)E AI2SIYCH s = =
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0 23 &4=F(7 mm Hel) 2ME FdsIFCH =AU EM2 ZF A
oo, AE(hardness, N)2F XZHM(chewiness)g ToiXCct &
5

speed 2.0 mm/s, post—test speed 5.0 mm/s, test speed 1.0 mm/sZ SIF CF.

o O|Ml7t= 24 (SEM)

- SEM 2AM2 Hu &(2023)2 2ol wat FAMsIUCt sisE Azt =2 F

2 lutaraldehydeol| 12A|ZF DA S0 sodium phosphate buffer(pH 7.2)2
EZAMZiCt OcE &7 i WS w@X|5HY| fef 3% SFRTE 1
AZch A2 30%, 50%, 70%, 80%, 90% 12|11 95% ethanolZ
&AM 7l F absolute ethanol2 2082 &9t 25| EA|ZiCt opx|etez
Z=35t1 jon sputter(E-1010, Hitachi, Tokyo, Japan)& AlE23st{ ZXZ
FE(10 mA, 120 s)2 2 Zt A|RE X2lste M 10 kv, Hi& x25092]
toll SEM(JSM-7610F PLUS, JEOL Ltd., Tokyo, Japan)2 2 Zt&sICE
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my 1= o
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>
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_Ol
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>
c

B
i
ofr

> dls E52 F2 &4 vln #1
O M=H=8 sis Mefd sils =52 M
- ols E52 M2 L, a, bal 25 dis =dol w2l Fo[Hel Xo[E LIEHHO
(p<0.05) HAMAMl MEoME XO[(AE)E LIEHARACE L, a, bat 2F =HZH H
sEiS(HVT)oIAM 7t =2 42 HERD, B[EH=A HEsi S(LVT)olM J+E
=2 WS LIEHUCH3E26)

#26. Color values of pork thawed under different conditions

" Color

Sample L a b AE
HVT 57.23x0.01 10.94£0.02 7.12+0.01 1.11
LVT 54.00%£0.12 8.84+0.05 6.58+£0.08 3.15
MT 55.18+0.08 8.92+0.01 6.71x0.04 1.94
RT 56.87x0.11 9.86+0.15 6.87+£0.03 -

DOHVT: high vacuum and low temperature tumbling thawing (optimized thawing conditions, —66 kPa, 25T,
1.6 rom), LVT: low vacuum and higt temperature tumbling thawing (-35 kPa, 40°C, 3 rpm), MT: microwave
thawing (260 W), RT: room temperature thawing (20C)

i#27. Drip loss and cooking loss of pork thawed under different conditions

Sample” Drip loss (%) Cooking loss (%)
HVT 0.48 0.28
LVT 3.17 1.15
MT 1.62 0.40
RT 2.08 0.44

DHVT: high vacuum and low temperature tumbling thawing (optimized thawing conditions, —66 kPa, 25T,
1.6 rom), LVT: low vacuum and higt temperature tumbling thawing (=35 kPa, 40°C, 3 rpm), MT: microwave
thawing (260 W), RT: room temperature thawing (20C)
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T12134. Scanning electron microscopy images of the cross—sections of pork thawed
under different conditions (x250).

(A): high vacuum and low temperature tumbling thawing (optimized thawing conditions, —-66 kPa, 25C, 1.6
rom), (B): low vacuum and higt temperature tumbling thawing (=35 kPa, 40°C, 3 rpm), (C): microwave
thawing (260 W), (D): room temperature thawing (20°C).

@ s =52 71E = EEEN v
- HEHe 2HxAH HE2HS(HVT)Ol 97.14% 2 JHE =2 42 2%ct ol 2|
Mol £=2 st olAlX] Eafel Zigtol| olst d5 ZAe| AESH siS0l & HSAl
2+2 ShEA|F|= AEe ot 2l 2] A9 mi|E zAi3tslod 2 A/|0| JHX|
U HEeHZS =2 TFELE RAlstes A2 AL=RECCH
- XZAUE HEH = 2

C
dret Helde zMzd "HEssiS(HVT)lM 242f 46.032
P Hie|2 5t AlF W &0

b
| =olX|l= ZHez Heolct,

#28. Water holding capacity (WHC) and texture profiles of cooked pork after thawing under
different conditions

0 2) (o Texture
Sample WHC™ (%) Hardness (N) Chewiness
HVT 97.14 46.03 195.15
LVT 94.43 456.15 957.31
MT 95.72 201.12 812.25
RT 95.24 212.03 885.36

Y HVT: high vacuum and low temperature tumbling thawing (optimized thawing conditions, —66 kPa, 25,
1.6 rom), LVT: low vacuum and higt temperature tumbling thawing (=35 kPa, 40°C, 3 rpm), MT: microwave
thawing (260 W), RT: room temperature thawing (20C)

2 WHC: water holding capacity
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TJ7F -6 CollA oCcoll ==E ufx| =gt

Ct=2k ol ALtsto HEs=2 e AT
= ™ FA1x100

%)= [(cls & 77— sls = F7)/HS

Eg2 Z2K(drip loss,
(WB-20M, Jeio tech, Daejeon, Korea)
FAAIZL 5 7t ™ A2 FAMM 71

TA)/7tE o FA}Xx100

E

_\.‘_
|
N
e
ol

SFT 9 mL
8603,

Minolta
o)

e
£ 50 mL conical tubeoll 1 g2 X &s| F5+04
pH meter(Metter-Toledo AG
FHol M HFH=
L(lightness,
Al
=

)

homogenizer2 & 3}5H04
=ZXsict

Osaka, Japan)&

et =
s E5e

Schwerzenbach, Switzerland)&
M = A (CR-200, Minolta Co.,

AH
(redness, A E) 3l p(yellowness,
ot EMst & 4

= =2
LIEFH L AEE=

Lo, a2, bt I:Hx‘_’L( A2

A
=tol stomacher(Bag mixer
ot s 10uf S|MHOo =

A28 HAZZEE(MC-Media Pad,

| incubator(HB-101, Han
24A| 24 B UM FACEH SA42t
Aete M3 o

= 30~30071 &=

W400, Interscience, Saint
5|M5t0{ ALESIUCE BSETE
JNC Co., Tokyo, Japan) &0 AIE 1 mLE o

Baek Science Co., Bucheon, Korea)ollA 37°Cofl
AT 58 Zot= ik = A3t sA0| gl HiX|
BE 5 S goasS o

me Mesiol A4sig e e gyt
CFU/g22 LIEySict,
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o

EI—Et%

Zo| XlErMIE ZHSH= thiobarbituric acid reactive substance(TBARS) &
EX35I%cHBuege and Aust, 1978; Ahn DU et al., 1998; =71 et al., 2017).
F 2 2 g EAH T 0.2% butylated hydroxy toluene(BHT) 0.3 mLz} 3.86%

S o T

2
al

perchrolic acid 18 mL2 7l AtstHt2e FMX|A|Z|D 28271 A&s6H =
(Whatman No. o{ 2}t Ch offed 1 mLoll thiobarbituric acid(TBA) &2

)2 o
mLs Jfsiol 522 B Cig BE 2olM 3022 Exl2ls F UzEICH

1=

N rulru
moEoJe rTomo &
0% oo —

lo

M2 450 xgollM 2027t dAZE2 & A4B3US F5t0d 532 nmollAo SE T
£ 7ot et 2 dwHoe=z el

TBARS Zt2 1,1,3,3-tetraethoxypropanes EZTE=EZ AlEs5t0d clszt

malondialdehyde(MDA) mg/kgZ LIEIH O] EA|SIA LY,

St SAIEE2 AIROY SR

o

TBARS(MDA mg/kg)=(A-B)x 3| A 84=x100/S
A AlR2| 532 nmollMe| &=
B : ZAIZ2| 532 nmoflA{e] &=

S ANE MFH(g)

CHH Ao s 5Y

A ZZ Mol o|ZEHA (conway)E (2019)2 2 3| 2M HI|AA(VBN)E SHSIYCE Al
M=l AR 10 gol /% 50 mL2 75t Shaking incubator2 37°C, 100rpmoil A
3027t FET 5 ot A|RE AHEW2=E ALZSIQUCE Conway &71E 7[2¢
T iAol 0.01N &4 1 mLe Y1 Ao A2 1 mLE E2 5 7ol 7|2HME
A% HIE T K,CO; Z3HEU 1 mLs Ao Mz @0 GIHE Eo 28z 1
Mot Ao AHEMUT K,CO; Z3BUS Z A2 F 25TOAM 1A|ZE BESA|
| = W&ol brunswik Al2F 10 yLE &7tst F 0.01N NaOHEH2Z X5l 3
SHMAT| AL StetEe Y2 FHSIICt

S UMAET| A A (Mg%) = 0.14 X (b-a) X F X D/ S x 100
a: 0.01N NaOH XA ZHmL)
b: 0.01N NaOH =AIE HHZHmL)
F: 0.01N NaOH2| 27}
D: &AMl
S: A=ZAFZ(g)

J

[e]l}

- B2 Kim et al. (2013)2| gtHof w2t ™SI CE 50 mL—conical tubedl| di=
= A g2 MEs| F ot = 70C g$24=xoAM 308 JtE F=, Al20AM 1027

=5
gl = A2 2|7 (MF-550, Hanil Science Industrial Co., Incheon, Korea)E 0|2
20CollA 2,000 Xg, 1027 ez & Rel= SEH2 5510 HWES(%)

Ut d ANz FA-HAZE = welE =2 FA)/7tE ™ AR FH+100



- Z=AZ2 Gan S(2022)29| HitH
10 mm height)7F &&= TA-X
Surrey, UK)E AlZ35ICH dlils

of w2t 2AM35I%cE TA-25 probe(5 cm diameter,
T Plus Texture analyzer (Stable Micro System Ltd.,
= x2|=E HXDI7|E 1x1x1 cm®e A7|2 MEEst

ol

0 23] &4=(7 mm Hel) 2=MS Fdsict =2z M2 ZF A|zolct 53 8 st
ooy, ZX(hardness, N)2F X ZtM(chewiness)S ToIFCE 2AMZTZHE2 pre—test
speed 2.0 mm/s, post—test speed 5.0 mm/s, test speed 1.0 mm/sZ SIF CF.

Z &4 (SEM)
- SEM 2AM2 Hu &(2023)2| 2ol wat EAsIUCE isE A=t =2 T ARE
M glutaraldehydeod| 12A|ZF 1A 35t sodium phosphate buffer(pH 7.2)2
33| E&AlZict OctE &R I UE X5 s 3k SFRTE
o EZEAIZCE AR2&= 30%, 50%, 70%, 80%, 90% 12|11 95% ethanolZ
2N 2&FA7Z] & absolute ethanolZ 208 S92+ 25| & A[ZiC DlX|gfe 2
SZAZTS5ID jon sputter(E-1010, Hitachi, Tokyo, Japan)E AtEsH{ Xx
FE(10 mA, 120 s)2 2 Zt A|RE X2lste M 10 kv, HiE x2502]
Z=71510l SEM(USM-7610F PLUS, JEOL Ltd., Tokyo, Japan)2 =2 ztEHSIGCE.

N
=
N
-

\ch—n*
LI o,
0|'|'|_o

e r

il

>

o X mu _ o
>
(e

ob
=2

> 8% dSsdiSHES (6ton) X EHAL ST EE E4 &4 Zn
O ls=52 sisAlzt, =84S & 7tddEy =4
- =ZH|o| =dof| E dHE ==]2 slSAIZ2 165=0/f2H, ==l H25s2
4,200 22 LEtL s SA|ZHE 28] Ti7tol SHSA[ZICE EfALS| SHSEAIE O|ETt
ST2l 2% =& |2 Mol ALZSIEz & = iUt
- SERIUAE2 B SHSEAIE 0| 8%t ST2| A< sl |2 Mol ALESIc=
2 Y 5 eH, 2EHI(HT)= 0.85%=2 A 2aiSoll vlsl of? L2 g2 LEICE
H42 ZE ZSHERGHS0| 0.02~0.03% =2 A2sf=ol dHlaf i Z=2 44
LIEHY EHE29)

329, Drip loss and cooking loss of pork thawed under different conditions

Sample" Thawing time (min) Drip loss (%) Cooking loss (%)
HT 165 0.85 0.02%0.01
ST - - 0.03%0.01
RT 4,200 2.08 0.44+0.05

Y HT: Hyupjin company vacuum tumbler thawing, ST: S company vacuum tumbler thawing, RT: room

temperature thawing

@ dls =52 M #H35|
- s =g M2 MMEZE LIEN|E aZgfo] A26S(RT)o Hlah ZE XZHSE !
Z(HT, ST)OIA =2 Zt2 LIERH 20, pH= HT, RT, ST&R=E =2 2 LIEfYCt
(E£30)
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3 30. Color values of pork thawed under different conditions

Sample” Color

L a b AE
HT 57.15+0.03 13.51+£0.08 7.56+0.02 3.72+0.08
ST 48.86+0.11 15.55+0.13 2.99+0.07 10.57+0.13
RT 56.87+0.02 9.86%+0.00 6.88+0.01 -

D HT: Hyupjin company vacuum tumbler thawing, ST: S company vacuum tumbler thawing, RT: room

temperature thawing

=52 o2t tadd =
of 2%, A=2siS0lM 2.96 log CFU/g2z 7t &U20{, SAL ZISEH S5k

olA1 1.19 log CFU/ge & 7t& %2 &2 HECh 2 ISHESHS2 £
Zt

s ol Hlsi 1.0 log CFU/g Ol&t &H LIEtg=dl, ol= dS50| &4 el

> T Tl ofn OBt ofn

_".”_

et M s ol Zd=22 A2 sisEchs 71 2 &0 H7| mfZo
7t A LER Aoz Heolch thEa2 A2siSolAMel 0.10 log CFU/gol &
g2en 2 ZUSHEDE 08¢ sisolMM= dE=A ZEUACH

[

¥ 31. Total aerobic bacteria and coliform of pork thawed under different conditions

AL

Sample" Total aerobic bacteria (log CFU/g) Coliform (log CFU/qg)
HT 1.96x£0.02 -

ST 1.19+£0.02 -

RT 2.96x0.01 0.10£0.17

DOHT: Hyupjin company vacuum tumbler thawing, ST: S company vacuum tumbler thawing, RT: room

temperature thawing

Al 2si=oll dlsi 0.1 MDA mg/kg Ol& S|

Ligtet SHIAHO T w5t B E MSH S0 s0| A26is0ll Bl 2.28 mg% Ol
S Hten], 2E AIZ7F 10 mg% Ol5ke| gt2 LIE F2f AMersS =2teldict

#32. TBARS and VBN of pork thawed under different conditions

Sample" TBARS? (MDA mg/kg) VBN (mg%)
HT 0.3140.01 5.67+1.98
ST 0.3140.01 4.57+1.97
RT 0.42+0.01 6.86+0.00

DOHT: Hyupjin company vacuum tumbler thawing, LST: S company vacuum tumbler thawing, RT: room

temperature thawing
2 TBARS: thiobarbituric acid reactive substance
3 VBN: volatile basic nitrogen

® HESESe| olMTx 24 (SEM)
- SIE5e| o|MTxE REE SEMOl ZoHe IR1363 2o A2 S(RNS UM
ot PERAXD Yoo, TAMF Aolel ZHHo| HES uhE, ZetE Eeis S(HT,
ST)2 TUMRe ZTe AT 2| Aol BES HS Helsyct



T12136. Scanning electron microscopy images of the cross—sections of pork thawed

under different conditions (x250).
(HT): Hyupjin company vacuum tumbler thawing, (ST): S company vacuum tumbler thawing, (RT): room
temperature thawing.

® sis 89 Jtd & ERSY blI

- H432 HT, ST, RT 92 £2 22 Uewct =82S Ueihs et 4y

2 2= ATHYSHNSO| A2HSol Bls 22t euf, 58§ oA WAl Ltet ABHE
23| S0| 7t FolT RSEe A2 Jacks A2 el

#33. Water holding capacity (WHC) and texture profiles of cooked pork after thawing under
different conditions

0 2 /o Texture
Sample WHC™ (%) Hardness (N) Chewiness
HT 97.50£0.90 34.5910.46 188.21+0.17
ST 96.27£2.30 34.53£0.22 180.06+0.93
RT 95.24+0.03 212.03+0.02 885.36+0.80

DOHT: Hyupjin company vacuum tumbler thawing, ST: S company vacuum tumbler thawing, RT: room
temperature thawing
2 WHC: water holding capacity

@ dls = 7tEES2 olbTxE &4
- dis5]2l =2| F o|MFx=E zHEE SEM2| Zt= 8137zt 2ot sfs|s2 =E
Folle ZHAMRIE Lol 2fsf =F=0 ZE AR ZEHEH siPnt 7k 9| Ato|Tt
S5 A4S =elsiict

2137, Scanning electron microscopy images of the cross—sections of pork thawed

under different conditions (X250).
(HT): Hyupjin company vacuum tumbler thawing, (ST): S company vacuum tumbler thawing, (RT): room
temperature thawing.
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(M 2023 ISFRS(International sympositum of Food Rheology and Structure) &ts| &HAd

68 11~152 HE2t= Wageningen BergdlM &l ‘International Symposium of

Food Rheology and Structure 2023 &fs|of| ZHAS10{ ‘Textural and microstructural
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