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Abstract: This manuscript took swine elbow meat as raw material to prepare conditioning pork chops. Response surface methodology
was used to investigate the optimum conditions of pork chops-tenderizing by papain. Three parameters including enzyme addition, tenderization
time and tenderization temperature were selected as the main tenderization conditions. Taking shear force and sensory properties as the main
indexes, the best process parameters of pork chops-tenderizing by papain were determined by single factor experiment and response surface
analysis. The results showed that enzyme addition, tenderization time and tenderization temperature had significant effects on the shear force,
sensory properties, water holding capacity and texture of pork chops (p<0.05). Shear force could be reduced remarkably by using papain, and the
quality of meat was improved. The optimal process of pork chops processing by papain tenderization was determined: enzyme dosage 340.00
Ulg, tenderization time 15.00 min, tender temperature 49.00 ‘C. Under these conditions, the conditioning pork chops were tender and had no
bitter taste or other sensory properties, with a shear force of 2.48 kg and a sensory score of 90.14, which lay foundation for the application of
enzyme tenderization technology to the industrialized production of meat products.
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BEATOAL, (B AERE B, IR, H
o RS Sk, B AL B P AR AL
TR B R AR -

1 MR5ERE

L1 AR5 A

W JE I R F AR N T GBI E,  JREN 32 ke,
TRAFT-40 CRIVKFE PTG 2E500: freh. BHARL
RERERY S T4 M T e Wk i

KRINE AR T 5 T A TREARAR, N
A, IS 7124 100000 Ulg.

1.2 (UHE5EE

MODEL235 ik - Aii 87 U1 Jy 4%, % [E GR
Manufacturing A #); TA-XT2i i, JEE Stable
Microsystem A5 UV-2600 4 AT, Hiddsll
EIIAGIR/AT]; ALLEGR A-64A HRE 0L, [
Beckman Coulter A 7] .

1.3 JFk

1.3.1 LI AAR

AR S A M R R B E b
Hoh 8K
132 JRAtasE

PTG S A, L BRR T MR I 4 4 2H 41,
I LA 27 R EE N T8 4 cm, J5 4 cm, K 6 cm 1]
P, BT 4 CRIVKFEH&H.
133 #RERE

F pH M 7.0 FIBSRRZE M 3 AL I BETS 7524 50
200, 350. 500 U/g HIANE HEFER 100 mL, %1
B AR T, 4 100 g RIVESS 10 mL, HAFre
BTG JI /N3 308 054 2.0 3.5, 5.0 U/mL, [#5Eh
A T RAIR 25 S AN R P I B o) VR 3R
A TR FRIREI s [ BTN I S AR, e ] 2
BN 4. 124 204 28 min, FEEA[EEF IR EE
FEHES TR s 8] 58 BV IS A AT T, kI
FES3 514 304 40, 50, 60 °C, FEEAN [T FE AR

B HES P52 o
134 BRI 3E ik

FH pH N 7.0 TR S i | — 2 B s 71 A I
T HEFA 100 mL, FAVE AR 100 g A
VEST 10 mL 15, BHEREFBIRE, KRB
M, BT IR KA P 48 e IR S R () A T
AR,  [EIHES o e,
1.4 W& 47 K7 i
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Table 1 Sensory scoring criteria of fried pork chop

FeA7 PPATAE A
ewE, CEHY, WREE 8~10
E AREET, AXF, WHREIREK 5~8

BRERE, ABE, EFERY, ARRHK 1~5

KRG, SAM, S5, 85T 40~50
WA BREEY, BMEw, e, rREREY 20~40
B ERAR, Tidb, ReRcE, RgERES 1~20

P BRIRAR, RS E . HIE, BRKIETP 30~40

ik HREh, HREF, LHk 15-30
ARGk, HAL, ARk BARGI  1-15
S 5} 7 5o e B AT SRR 1~100

142 3 emE

W PR E Fi R b, R s e
FIVERER, WREVCEN 100 °C, A A F M I~ s
B, 4% 3 min, BONHBEDREHE, SRR,
£} 30 s BT —%, BUH] 5 min JEEUH, AHERES
o ¥R HE= IR T Y 2 em*0.5 cmx0.7 cm 4H
[FR/NFIEL, BB e g 5, ile =
SRR,

143 AINEGBEEE /)69 E

8 GB/T 23527-2009 (17505 Fgs g 2V,
1.4.4 FHRAHemz

KB LEPBIRREL 5.0 g IRE, TR 7K 23 I 5E 4%
M5E ARES7KE .

WAL, FIEESAE FRREL 5.0 g BURE, FHEMEIELCH
WRERLEENT, TR\ 50 mL F O HR (PO IR
Jit HE R 1 5.5 cm~6.0 em), 7EFE33 A 9000 r/min f25
OB 10 min J&, BURFES, RIZ0E4C, FRRRR
Ho J% PRI HE K
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1.4.5  JAag e

BRI B8 BN 1 em K/NEIPIER, SR
FF A4 TPA BT, M 28 1R 5
P50; MERER: TPA; MIFTEE: 1 mm/s; RIS
Smm/s; JEZELL: 50%.

1.5 #AEA

ASIG RS SPSS 16.0 SR AESHRIE &5 BBk T 2
SN, SR Design-Expert 6.0 #CEEEAT 1 N
R 1T 5538 o

2 ZR51He

10

2.1 RN & B o g xR 2R e o 8 R

e

AR A BB I 0 VR B HE I B PP T 4
PRI AR 2 AR 3.

I 2 AR 3 W], FEE ARV BN I (14
Z, HEEHRRE . FK D) RIS N

x100%

% (p<0.05), BIY)Jy. BEEE. #ik. BRI
WL IS NE RS (p<0.05), MR 2
KBS (p<0.05). HH, AMEABRINELE 350
Ulg I}, TABEHEERE PP s, BTV 08N, 7
AR L, AR R ORIV IRV INE Y 500
Ulg I, WA BUd R S 80 A w0k, RE
PERAER ), B AR (IS B IR 350
Ulg.
& 2 RINEBBRINEXFIERAERE TN ST
Table 2 Effect of papain added on sensory evaluation of
conditioning pork chop

AINE 6 B BB
HHeF/(Ulg) W5 R Boin
gt 20.8642.67°  23.14+135%  60.71+2.43°
50 32.71£1.80  27.00£3.37°  66.00+1.41°
200 3743£1.81°  30.14+3.44°  75.71+1.98°
350 4186+1.95%  33.1442.04°  84.57+2.07°
500 35.00+0.82°  25.29+2.06°  71.57+151°

E: AR E, B—ARLFEF EARRR ATME
Z A BEEREMEF (p<0.05).

7 3 RNEBEGRINE X EIEE AR R e RIS
Table 3 Effect of papain added on quality index of conditioning pork chop

RINEG B iR g/(Ulg)
MIRFEATF
8, 50 200 350 500
41 /g 5.73+0.15° 5.10+0.36° 3.23+0.25¢ 2.3740.35° 4.50£0.30°
FHRA Y% 32.30+2.03¢ 36.58+1.09° 39.42+0.90° 44.23+1.23° 35.63+0.96°
o 2 /0 123.67+1.53¢ 125.67+1.53% 127.33+1.53% 129.67+2.08% 132.00£2.65°
/g 5599.84+308.17° 4702.19+153.35 3630.27+96.34° 2495.04+343.27° 3148.05+65.72¢
£ 0.93+0.02° 0.84+0.02° 0.76+0.02° 0.65+0.03° 0.7120.03¢
BEAH 0.81+0.01° 0.73+0.03° 0.61+0.02¢ 0.58+0.01° 0.67+0.01°
k0 3345.10476.62° 2924.54+86.03° 2310.46+43.56° 1476.67+17.04° 1917.83+49.62¢

E: PHMALATEL, F—RRXFE EAFRRATHEZAAEREMEF (p<0.05).

2.2 BT 1A X VR B HE e BT B R

SRS TR R R HE R B AN R0 b ST FE AR 52
W 4 FIFR 5. BHE AR I3 K,  EE R
TP RIS GNP (p<0.05), BIYIIE
BUZeU NGB R (p<0.05), FiKI1Z ek,
WEPE . SbE. BTy, THMEMEEETEDN, R IC
B (p>0.05). Hrh, UL EIZE 20 min I, i
HUREHR IR B VR s, BIY) RN, 7 R
TR AR . 4L TR KT 20 min J5, B9YI1(EAE L
REZ (p>0.05), AJNEABHEH 22, ek
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Table 4 Effect of tenderization time on sensory evaluation of

conditioning pork chop

) BB
WAGET 18] /min - — -
W 5 BRI B/
pog:d 20.86+2.67°  23.14+135°  60.71+2.43
4 324342829 2571+1.80°  64.43+1.99¢
12 36.00+1.83°  28.2942.50°  73.43+1.72°
20 4143+1.81° 3371150  84.57+1.99"
28 38.86+2.12°  31.00£2.94°  79.71+1.60°
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Table 5 Effect of tenderization time on quality index of conditioning pork chop

HALET 18] /min
MIRFEATF

< F8. 4 12 20 28

41 /g 5.73+0.15° 4.43+0.25 3.63£0.25° 2.47+0.35 2.830.25¢

HKHN % 32.30+2.03¢ 36.85+1.52° 41.73+2.12° 46.70:£1.40° 48.42+0.72°

o 5/ 123.67+1.53 125.00+1.73 127.33+1.53 128.67+2.08 126.00+2.65
R /g 5599.84+308.17° 5027.02+189.05° 4592.65+346.17° 3838.42+133.77° 3415.46+122.90°

B 0.93+0.02° 0.83+0.02° 0.75+0.03° 0.66+0.03¢ 0.61+0.02°

BRA 0.81£0.01° 0.76+0.03 0.650.02° 0.61£0.01¢ 0.58+0.02¢
PEL 3345.10+£76.62° 3089.34+40.36 2861.17+43.06° 2385.40+35.02° 2256.83+123.88¢

Er PHMALATEL, F—RIRXFE EAFRRATHEZAAEREM LR (p<0.05).

2.3 B IR xR HE A HE T R

* 6 MIREXH BRI EITN RIS

Table 6 Effect of tenderization temperature on sensory

A IR R T TR BRI B PN AN B T A R 52 evaluation of conditioning pork chop
L 6 fiFK 7, o BB
g 6 e 7 AR, BEEMULEREW ETE, g MORUC T an PPN
PRV E PR FKTD, iR SIS S8 258 208642.670  23.14£135° 6071+ 243
Ffas (p<0.05), BTV, RHEE. #fdE, By, 1l 30 32.86+2.12° 25431720 63.2942.36°
WEE RGN E IR IS (p<0.05). Hdr, ik 40 3720214 30.1442.12°  71.57+2.64°
IRFEAE 50 “CHF, BB HERRE PR e, BYYI 1 50 415742.64° 32574264  85.86+1.77°
/N, TR R TS B, AR AR . S IRE Y 60 CH, 60 34.4342.44°  27.86£1.86°  68.57£1.99°
W R B B, S B AR, fROK I TR EPHEAREL, B—FIELFE EAFRR AT
HAMse B RmIR, SEC= AW, EETFRA 2 BEDEMEF (p<0.05),
PSP, e AR VAR R 3E BL U GIR P 50 °C
=7 WICRE R Hm R E R R R
Table 7 Effect of tenderization temperature on quality index of conditioning pork chop
AR C
MXFRAT
xR 30 40 50 60
W0 /kg 5.73+0.15" 5.07+0.15° 4.43+0.12° 2.17+0.35° 3.80+0.30¢
R Y% 32.30+2.03¢ 36.89+1.51° 40.06+0.73 43.55+0.62° 34.10+1.89
i /% 123.67+1.53" 125.33+1.15% 128.00+1.00* 129.33+0.58° 119.00+3.61°
R g 5599.84:308.17° 4730.51+152.80° 4004.38+165.86° 2480.66+135.77° 3353.92+207.91¢
A 0.93+0.02° 0.87+0.03" 0.79+0.03° 0.70+0.04° 0.74+0.02¢
B_EAH 0.81+0.01° 0.77+0.02° 0.710.02¢ 0.63+0.02° 0.68+0.01¢
ik ed 3345.10+76.62° 2952.24+38.58" 2466.09+33.16° 1546.81+33.47° 2042.59+51.48¢

A CPRHMEATEE, Bl RLFH LAFRR R T HERAEREREF (p<0.05).

24 HEERBEH

% 8 MR ERITERKKF

Table 8 Factors and levels of response surface design

TER R ZFRIGHEA -, #3455 Box-Behnken H100 % KE A BRAE/(Ulg) B E/min C #ULERE/C

THEE, DIEERRINE (A, BALETE (B). ki -1 275 12 45
B (C) ARZE, POAESEH B I AR E N 0 325 16 50
WA, K Design-Expert6.0 Stit/r#ritt, T +1 375 20 55
) AT TRE N g
i R 95 F2 B y 2=
BT R 22 e 8 o 2.5 v Sy T VA AR By B L RO = AT
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TEHR ARG AL b, FIH Design-Expert 6.0 3K
4% 8 Box-Behnken JFHZEAT el N R 15 11, 1606
SRR AR 9. HEEHRR BT g ST [B] AR A T
SIRTEER I 10, HER 10 WA, BERAINE. B

(8], SRR X B D) AR AT AR ik 2

M (p<0.01),
H HASAREOE AN BI1 ) (p<0.01), BEAh, Wik
T B2 SN TR) 2 T A B R 52 HAER] (p<0.01),
L RIS, WS ERAEXEIETTRE (p<0.01),
9 mMEERIRIT 55K
Table 9 Experimental design and results for response surface analysis

%3 A% KT ION
A B &/(U/g) B #AL.8 18] /min C BB E/C kg
1 325 16 50 2.44 89.00
2 375 16 45 2.60 80.00
3 275 20 50 2.70 60.50
4 325 16 50 249 88.50
5 275 12 50 3.18 65.00
6 325 20 55 2.35 71.00
7 325 16 50 248 §89.50
8 375 12 50 2.98 85.00
9 325 16 50 247 90.50
10 325 20 45 2.75 81.00
11 375 20 50 2.72 80.50
12 325 12 55 2.76 77.00
13 275 16 SN 2.80 58.50
14 375 16 55 2.75 77.50
15 325 16 50 248 91.00
16 275 16 45 321 70.50
17 325 12 45 2.90 86.00
7= 10 SN A E E ISR 5 E AL R
Table 10 ANOVA results of shear force response surface regression model
7 ZRR P75 Fa A HE HF F 14 pfa BEM
AR 1.230 8 0.150 122.24 <0.0001 *x
A Bty 0.640 1 0.640 511.20 <0.0001 ok
B AL 8] 0.099 1 0.099 78.58 <0.0001 *x
C iR & 0.120 1 0.120 95.28 <0.0001 *x
BC 0.017 1 0.017 1341 0.0064 **
A’ 0.190 1 0.190 154.11 <0.0001 *x
B’ 0.032 1 0.032 25.44 0.0010 **
2 0.088 1 0.088 70.02 <0.0001 *x
K= 0.010 8 0.001
FEOV 0.008 4 0.002 4.36 0.0914
RE 0.002 4 0.000
% Fm 1.240 16
R?=0.9919 Adj.R>=0.9838 Adeq.Precision=31.80

% (p<0.01),
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E: R F (p<0.01).

B2 W B, SRR R, AR
R>=0.9919 , Adj.R>=0.9838 Al

Adeq.Precision=31.80 ({SMELL) fHIZ KT 4, FKAUII
AR (p>0.05) WAL, EEGEGERS, fe%
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IRt BIY) AT 1. A Design-Expert6.0 %
xR 9 1B RNBIE BT —IRZ LIS AR A, 15
FBIY) ) IR Z TR TR R

BI1]) 17=29.28906-0.06471x B Il £:-0.10762x i
AL B 11]-0.5492 5 < il A4 1L B +0.00020 B8 fin 52 > i 14
R[] -0.0032.5 A, BRF [1] < 2 44, 1L B +0.00009 < i
F2+0.00545 X ML [A]2+0.0056 3 x Ak L FE2

VAR HE ) B B V20 S8 T ] VI ABE 2R 7 22 43 A &5
B 11, B 1 A, BEAINE. SLEE.
MIRFE . SR E VR AR E M (p<0.01), FHH.
#H AT EOE X E PP (p<0.01), B4, BRI
= HWAIR R MR A HAEA (p<0.01), &

B BIA M, B IR EIEITEE (p<0.01). [H]
R, BRI TR REF, HBRAR B2
( p<0.01 > , R>=09864 , Adj.R>=0.9758 #i
Adeq.Precision=29.57 (fZRELL) {Hm AT 4, KA
AEZE (p>0.05) "R, [BIHGEMEEMRR, REW
TR Uy Mo BB PE 3 i3 AT Tl . R Design-Expert6.0
AR 9 [MBIMEEE T X2 ug B REIAE,

ARV —IRZ IR AT R T -

OB VE 4 =-950.64063+2.82600% i ¥ N &

+9.20000 F AL IR [8]+20.22500 A4 i £ +0.009 50 il
I < B FBE -0.00482 il 778 1l 5:2-0.30703 x i Ak,
I A2-0.24 150 < ik F2>

F 1 EREFSIREEIHRE S ESER
Table 11 ANOVA results of sensory evaluation score response surface regression model

7 ERR T Aa B @i ¥ 75 F & P& e
AR 1745.65 7 249.38 93.08 <0.0001 ok
A Bt g 586.53 1 586.53 218.92 <0.0001 o
B 3#ALET ] 50.00 1 50.00 18.66 0.0019 o
C # LB E 140.28 1 140.28 52.36 <0.0001 ok
AC 22.56 1 22.56 8.42 0.0175 *
A’ 610.11 1 610.11 227.72 <0.0001 ok
B’ 101.61 1 101.61 37.93 0.0002 ok
C? 153.48 1 153.48 57.29 <0.0001 ok
KRE 24.11 9 2.68
KT £ 19.81 5 3.96 3.69 0.1152
EE 430 4 1.08
B o 1769.76 16
R?=0.9864 Adj.R=0.9758 Adeq.Precision=29.57

E: MEEE (p<0.01),

26 BHEERIERAH

*2 & (p<0.05).

Y173 / kg
~
O
4

A:

18

16 (&
@

14 W

= N

& 45012 @

1 SRR RSB B ) R
Fig.1 Effect of tenderization temperature and tenderization

time on shear force

2 BERINEREE TR E TSI

Fig.2 Effect of enzyme addition and tenderization temperature

on sensory score

R4 — R Z Wi =3 7772, FIH Design-Expert 6.0
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YRR St ], WL 1 A 2.

FHE 1 A5, RS R0 X, 55 E &I,
O R A I T . BN I E e, iR
JE 5 Ak B 18] 32 HAE ot 8 47) 948 A A 5 25 5
(p<0.01), mJ37 iy 2 IWBH S R S o T i . 78
— & VA TA) T, BYY) B AR s e T
BéJa ETE, FEBALIREE N 49.00 CHREAR| &/ ME; 7E
— € VAR EE T, BYY) B AL RIS o
BJa ETE, TEBALET TR 15.02 min Bk 2 5/ME

FHE 2 FTAN, FESE Rk 0 X, JEE TP,
G [ I BT AR . AL TR — e B, BN
5 WO R E A AR R R E A B R
(p<0.05), i J3; i Ty 2 BH S ¥ et Ja B i 3. 78
—EMINRAIIE T, JRE VP B A AR s o
FFE TR, TEBAIR A 49.00 CHR B E;
FE— € FIAGIRFE T, JRE VP B S B S = 1 3G K
Je LTHE IR, BRANINEN 339.46 Ulg BHA R i KME

2.7 wELILSHEE KR

JHI A Design-Expert 6.0 BT H3E 24, DU
HVF s, BV E N RS E R, 1FRIAK
B R B R ) S R L2 5k A AR TR
BN N ER: 339.46 U/g WAL A] 15.02 min. WAL
49.00 Co AT I ESEERERAE, B S200 25 A2 BRI
JiEE 340.00 U/g. BACETTE 15.00 min. SAGIER EE
49.00 C. EHUZHAIATIIERE, WISgs R uk
12 s, WRFTLLEH, BT AR E 1755 i 5EbR
5 TME AR R ZE 8 2.42%F1 1.36%. SEFME
S5WINMEY & REF, BEESSERRRIRBEAA 2L, TR
e LG RARMNAER . SARWACKRESE AL,
BIY) IR T 3.26 kg, IEEITFAIGINT 27.14, FirLA
ARINE E B AR AR, 18 7 s
T

=12 WiFARER
Table 12 Experiment data for test validation

A7 40 /kg N N
FmME 2.54 91.37
KA 248 90.14
3R £ /% 242 136
3 g

AR S0 SR FH AR T B 1 o0 U SRR HE AT S Ak
B, WE TARE ARG EH %M. f£RERR
St b, @I S Box-Behnken X530 cit, %
ALY IR IAECARRTY, AR L T 2
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FEHFR B AR L2 56E NBRNINEE: 340.00 Ulg. WAL
] 15.00 min. fALIEFE 49.00 'C, fEMLZEAET, A
FEHEIBITI )TN 2.48 kg, BE SN 90.14, #LEE
RS, AL IR Z I AECA A R, P
T, HIEERERR, EETPELT, X ki
PR i) A P A R AR T S SR T R S

B Lk
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