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Fig.1 Effect of papain concentration on the maximum

shearing force of camel meat
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Table 2 Effect of papain concentration on the quality of camel meat

AINE G B R E/U-mL!

¥ 47 ka2

40 80

120 160 200

A AR K% 47.61 +2.57 43.09 + 1.84" 42.27 £0.93® 39.85 £ 1.55¢ 40.84 £ 3.45 42.03 £3.91™
A K A11% 60.31 = 0.94° 64.92 £ 0.27° 68.32 £ 0.49™ 73.04 £ 1.31° 69.57 £ 0.90 67.45 £ 0.46°

pH 6.08 £ 0.02° 6.31 +£0.01° 6.32 +0.01° 6.18 + 0.00* 6.28 £ 0.01° 6.35 £ 0.02°
L 38.86 + 0.09' 40.12 +0.10° 41.62 + 0.09° 51.95 +0.05 47.54 + 0.05" 44.54 + 0.14°
a 10.50 + 0.14¢ 11.32 + 0.09° 11.27 + 0.09° 12.95 + 0.14 9.07 £ 0.04° 11.75 £ 0.08"
b 6.09 £ 0.06" 8.69 £0.10° 8.66 + 0.06° 12.69 = 0.03" 8.58 +0.03¢ 10.43 £ 0.04"

R JE g 4813.88 = 361221 3096.36 + 2813.85 % 313432+ 3408.45 =

207.44 225.48" 332.49 169.65¢ 173.82¢ 268.37*

B 0.49 +0.01" 0.55 +0.04° 0.56 + 0.04° 0.72 £ 0.03 0.67 +0.02 0.63 +0.01"
MR 0.59 +0.02 0.57 £0.03* 0.56 £ 0.01* 0.50 £ 0.07" 0.52 +0.04* 0.54 £0.01"

ik )4 793.26 £ 154.31* 687.15 £ 73.40" 519.31 £ 177.37 378.28 +43.12° 435.56 + 157.56° 470.03 + 61.71*

T AN B R BAT 5 P22 5, P<0.05,

2.2 AEBEEAF pH &3 5e A E K0

% 3 N [E B ) pH (B X 5 A WOE Y B
Wi, 45 S S TR) pHL A A0 W TR 16 2% b Vi
it AR (B FA AL R B PR L T 22 53 . B
pH M TF 5, 78200 B e FRALE TH e 1y
#OpH (H A 6 B TR A 28 B R ik, 525 A 4l
FIHIE D T 19.28% ., i H LA Z /K F1 54 I #4
P52 A R RN T 13.50% ., X L E
B, AN pH (E Wk Ab BES 58 R A RE P 2R
PE RGP 35 BT BRI, ELSPE S B, 16 B

PR i S 3 1t R
A TR) it 50 pHL B X B PR e K 5 1) 7 1) 52

SERVLP 2, BEFE B pH (RSG5 A i

RYI I3 5e /Mg K AR E H R R pH fE
6 I A 5 U 08 B B /M W Rk, S
RALFRLA AR HEREAR T 39.53%, W T AR FH R 1Y)
Heid pH (E O 5~7, %5509 pH {H 4 6 B, AKX
A A T 1) T 0 e K TSR S DG, T A A £ Tl 4
RTINS YIDIE 2NN LS € 0 S Q1
FePE B ] pH {H 6 #9 A JIVER 1 i 7 W Ak 2
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Table 3 Effect of pH value of papain solvent on quality of camel meat
RN G B 75 7 pH 1A
15 47
4 5 6 7 8
A AT KI% 43.03 +£0.37* 40.25 + 0.68" 38.43 +1.19° 39.53 £0.73" 42.12 £ 0.69*
K H11% 62.86 + 0.32¢ 66.36 + 1.82" 70.58 = 1.24° 68.45 +0.87* 63.79 + 0.47°
pH 14 5.94 £ 0.02¢ 6.16 £ 0.01° 6.32 +0.01° 6.26 £ 0.01" 6.33 £ 0.02¢
L 39.22 +0.17¢ 44.54 + 0.08™ 43.97 +0.26° 48.18 +0.59° 45.52 +1.04"
a 9.04 +0.11° 11.12 £0.78* 1146 +0.11* 12.30 + 1.23¢ 10.36 + 0.42"
b 6.89 +0.32° 9.03 £ 0.55¢ 8.91 047 7.27 £ 0.68" 8.22 + 0.09"
g 3629.21 £ 107.89" 313575 +£129.07" 2790.10 +255.38° 2951.36 + 147.20* 3 146.73 £ 224.21"
L2 0.56 + 0.04° 0.79 £0.01* 0.84 +0.02° 0.80 = 0.03" 0.73 £ 0.04"
R 0.51 +0.03* 0.55 +0.02° 0.55 +0.03* 0.49 +0.01° 0.47 +0.04°
wB o JE 635.70 + 52.73* 514.89 £ 26.10 484.30 +22.83" 495.03 + 16.74" 492.99 +25.70

T A R R BA R E P2 5 P<0.05,
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Fig.2 Effect of pH value of papain solvent

on the maximum shearing force of camel meat
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2.3 AR IEE T TE P 5B E # 5 E
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Table 4 Effect of tenderization temperature on the quality of camel meat

WAL 2 E/C
F5 A%
45 50 55 60 65
AETEKI% 4491 +0.57 42.19 + 0.26° 40.82 + 0.40° 43.06 + 0.99" 43.88 + 0.29*
2K 1% 61.05 + 0.25¢ 63.90 = 0.26" 66.20 + 0.37* 63.11 = 0.96™ 62.02 £ 0.87
pH 1& 6.11 £0.03° 6.06 £ 0.01¢ 6.30 £ 0.02" 6.37 +£0.02 6.40 £ 0.01°
L* 3742 +0.15° 41.06 + 0.06" 43.01 £ 0.22° 36.89 + 0.29¢ 34.41 £+ 0.06
a* 11.66 + 0.15° 11.29 + 0.09° 11.32 £0.11" 11.64 £0.27* 9.85 £0.14¢
b* 7.17 £ 0.05° 8.71 £ 0.08" 8.85+0.11° 7.80 + 0.23" 6.46 + 0.03¢
g 3350.94 £294.59" 244896 +213.75™ 1791.94 +256.72¢ 2190.19 + 173.22*" 2 687.98 + 206.45"
e c A 0.62 +£0.01 0.74 £ 0.02* 0.65 £ 0.04" 0.53 +0.02° 0.55 £ 0.03°
MR 0.58 £0.01* 0.50 £ 0.03¢ 0.43 £0.03¢ 0.47 £0.02 0.55 £0.02"
Rk 660.35 + 146.88" 577.89 + 47.43* 483.94 + 63.14° 526.37 +122.93¢ 623.47 +40.31*

TE AR PR RR B B2 57 P<0.05,
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M 25 2R . AT Il 3 AT B T TR B T B
PR 18 B R B U0 g B SR R ARUS THE 3 iR
JEoh 55 °C, R BT Y ik B AR, b 14.79
kg, GARACFRA AR LLFEAL T 49.12% , B T AR
1 1 A e A TR BE R 50~60 °C, il B S AIG, ok
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BEAR—F, P, AR IRy 55 C.
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ARISFR] S 2 h I6F B A Y i A 3 TR R ek . 5
AL L AR L HZE RN T 14.14% , &K T)
HEINT 7.58% ., Doneva %521% BUK K N £ 100
U/mL AR B A AR B 24 h J5, KSR
FIKITHEINT 25% ,AI 45 R 5 AR HA 5L,
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Fig.3 Effect of tenderization temperature

on the maximum shearing force of camel meat
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BT T U A g, AR IR (I & 8 005 M 1 Isf
KARFES), T EOBAL R A B 2 ; SR B ) 2t K
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VITI s W 4 o SHLIGEHE SEPIR ST T WAk B [ %o
fo oo B RE K £ S R A RS ), ORI ST 4518 5 AR S
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Table 5 Effect of tenderization time on the quality of camel meat

WAL B 1] /h
15 47
0.5 1 L5 2 2.5
AR K% 44.83 + 0.64* 43.78 £ (.34 41.39 + 1.02" 40.88 £ 1.19° 43.39 £ 0.72*
A K A11% 61.57 £ 0.76" 62.66 + 0.46° 63.83 £0.35" 64.88 +0.33° 62.39 £ 0.45™
pH 1& 6.26 £ 0.02* 6.40 £ 0.01° 6.36 £ 0.02" 6.34 £0.02 6.32 +0.01°
L* 46.81 +0.12° 42.63 £ 0.22¢ 44.87 +0.13 43.68 + 0.15° 44.00 + 0.08°
a* 11.93 +0.4° 11.19 £ 0.17 10.21 £ 0.18° 11.43 £0.12° 10.72 £ 0.05"
b* 10.03 + 0.05* 8.92 +0.13¢ 9.54 +0.09° 9.97 £ 0.07" 8.83 + 0.05¢
g 2623.76 £ 133.82" 175399 £195.3" 152573 £228.98" 1081.87 +189.57° 1 385.09 +254.73"
LS 0.54 +0.03° 0.53 £ 0.01° 0.61 +0.02" 0.64 +0.01* 0.66 + 0.03"
R 0.53 £0.01° 0.56 +0.01* 0.55 + 0.04* 0.59 +0.02 0.67 = 0.02
L R 819.34 + 52.39* 696.49 + 75.30 369.12 + 68.23" 339.26 + 42.39¢ 513.09 +41.32°

TE AN B R BAT 35 P22 5, P<0.05,
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maximum shearing force of camel meat
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Table 6 Orthogonal test results of papain tenderization process

K5 A B C D W0 4 kg
1 1 1 1 1 19.344
2 1 2 2 2 13.761
3 1 3 3 3 22.059
4 2 1 2 3 15.104
5 2 2 3 1 16.701
6 2 3 1 2 18.822
7 3 1 3 2 22.326
8 3 2 1 3 23.822
9 3 3 2 1 21.275
K, 55.164 56.774 61.988 57.32
K, 50.627 54.284 50.14 54.909
K; 67.423 62.156 61.086 60.985
k) 18.388 18.925 20.663 19.107
k- 16.876 18.095 16.713 18.303
ks 22.475 20.719 20.362 20.328
M ER 5.599 2.624 3.95 2.205
3 A>C>B>D
A A A,C,B,D,
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Table 7 Effect of pressures levels on the quality of camel meat
JE 71 /MPa
I8 47
100 150 200 250 300
A AT K% 42.99 +0.84° 42.15 £ 0.30" 41.51 £0.45° 40.21 £ 0.22¢ 42.61 £0.42"
K A% 59.96 = 0.15¢ 62.83 £ 0.30 63.14 £ 0.54" 65.01 + 0.45 61.73 +0.43¢
pH 6.10 + 0.00 6.07 £ 0.01° 6.08 £ 0.01° 6.12£0.01° 6.05 +0.01°
L* 35.05 £ 0.07¢ 38.94 +0.21°¢ 40.54 £0.13" 42.89 +0.29° 43.17 £ 0.29°
a* 17.16 £ 0.11° 16.47 £0.18° 16.09 +0.14" 16.95 +0.22° 15.84 £0.15°
b* 8.32 +£0.07¢ 9.02 +0.16° 9.63+0.11° 10.05 £ 0.17* 8.85 +0.08°
g 3653.24 +£224.82"  3292.89 +320.08" 2 865.58 £287.50" 2346.00 + 122.58°  2936.72 +215.69"
83 0.67 +0.01¢ 0.66 + 0.02° 0.69 £ 0.03" 0.74 £ 0.02" 0.85 £0.03"
SF 4 0.62 + 0.00° 0.63 £ 0.02° 0.66 + 0.02" 0.69 + 0.04" 0.74 £ 0.03"
ik ¥ 711.29 = 156.15° 532.21 +43.48" 423.19 + 55.40¢ 328.43 £ 28.77° 371.98 + 56.36°

T AR R R R HoAT W 122 5 P<0.05
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Fig.5 Effect of pressures levels on the maximum
shearing force of camel meat
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Table 8 Effect of pressures time on the quality of camel meat
JE 77 B 18] /min
EiRos
5 10 15 20 25
AR K% 40.92 £ 0.45" 4241 £ 0.42° 39.83 +0.31° 37.88 + 0.99¢ 41.00 £0.11*
2K A1% 59.10 £ 0.53¢ 63.06 = 0.83" 64.12 £ 0.50 66.72 £ 0.69° 57.81 £0.83°
pH 6.16 £ 0.01° 6.09 +0.01* 6.16 £0.01° 6.22 + 0.00" 6.39 £ 0.01°
L* 37.15+0.17 41.78 £0.22° 41.52 £0.07° 42.88 +0.12° 4246 +0.16"
a* 14.27 £0.10° 17.11 £0.21° 18.31 £0.19 18.39 £ 0.16* 18.64 +0.31*
b* 7.34 £ 0.09° 9.06 +0.11" 10.39 = 0.09* 8.83+0.12 10.62 +0.19*
B g 3909.63 +360.66*  3836.20 +301.51" 3415.56 + 126.16° 2 758.48 £ 182.59° 3 186.33 = 202.05"
3 0.75 £ 0.03* 0.74 + 0.02* 0.83 +£0.03" 0.77 £ 0.02" 0.71 £0.01°
MR 0.64 + 0.02" 0.62 +0.02" 0.61 +0.03 0.69 +0.02¢ 0.65 + 0.03
ol 799.66 + 136.54° 663.81 + 127.10* 602.34 + 40.33" 425.30 £ 55.84° 568.57 £ 75.40"
AR RN B R 3 P22 5 P<0.05,
1t 2 T UL PN 8 T 2 24 Bl e DR RN BT 2L, 44t
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Fig.6 Effect of pressures time on the maximum

shearing force of camel meat
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Fig.7 Effect of different tenderization methods on the ultrastructure of camel meat muscle fibers
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Tenderization and Comparison of Camel Meat by Papain and Ultra—High Pressure Technology

Sun Shuyuan', Chen Qi', He Jing’?, Wang Yuqiang®, Jirimutu'?*
('College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018
*China—Mongolia Biopolymer Application "Belt and Road" Joint Laboratory, Hohhot 010018)

Abstract This article studied the effects of papain and ultra—high pressure tenderization on the tenderness and nutrition-
al quality of Bactrian camel tendon meat. Experiments on papain concentration, solvent pH, tenderization temperature,
tenderization time, ultra—high pressure level, and pressure time, by measuring the cooking loss, water power, pH value,
color, texture characteristics and maximum shear force of camel meat, the best conditions for tenderizing camel meat
with two treatment methods were screened out. The results showed that the tenderness of camel meat was improved after
papain and ultra—high pressure tenderization. The optimal tenderization conditions for papain are: enzyme concentration
120 U/mL, solvent pH 6, tenderization temperature 55 °C, tenderization time 2 h; the optimal tenderization conditions for
ultra—high pressure are: pressure value of 250 MPa and pressure treatment time of 20 min. The shearing force of camel
meat tenderized by papain is significantly reduced, and the effect of ultra—high pressure tenderization is not as obvious
as that of enzyme tenderization, but it can better protect the nutrients in the meat. The research results provide a basis
for the application of related tenderization technologies for livestock and poultry meat, and also lay a foundation for the
subsequent development of camel meat and related products.

Keywords papain; ultra-high pressure; camel meat; tenderization



