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Abstract: Camel meat serves as an excellent source of high-quality protein for human consumption. However, its relatively
high connective tissue content renders the meat tough and challenging to chew, diminishing consumer acceptance. This
study investigated the effects of ultrasonic and papain treatment on enhancing the tenderness and overall quality of camel
meat. Univariate experiments were conducted to evaluate ultrasonic time, ultrasonic power, and papain concentration, and
the response surface methodology (RSM) was employed to screen for the optimal tenderization process. Furthermore, the
synergistic effect of ultrasonic treatment combined with papain on camel meat quality was analyzed in this paper. The
findings demonstrated that tenderness of camel meat was significantly improved (P<0.05). Specifically, the optimal
tenderization conditions were as follows: A papain concentration of 120 U/mL, an ultrasound duration of 50 minutes, and
an ultrasound power of 180 W. Under these optimal conditions, compared to untreated meat, the shear force and lightness
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(L") in the co-treatment group were significantly reduced (P<0.05), cooking loss decreased by 8.64%, while texture profile

analysis showed significant improvements (P<0.05). Therefore, the above data indicate that the treatment significantly

improved the tenderness of camel meat. Additionally, the electrophoresis results showed lighter bands at 220 and

100 kDa, indicating degradation of the myosin heavy chain and decomposition of myofibrillar proteins. And the a-helix
content of myofibrillar proteins decreased from 46.21% to 29.40%, while the f-turn content decreased from 25.11% to
13.08%. Conversely, the contents of f-sheet and random coils increased.

Key words: camel meat; ultrasonic; papain; tenderization; process optimization; quality

IROE VI g a2 A, R R BirE
VOBLE R E R AT AR B iR iy iz 1,
B R —Fh e 2R U5 AIRAR T | AIRAR [, & & R
Z ARG VT 1R S 22 3R 198 A BRI 26, P L Bd
R E TR VB RR SR AL, IEAE R & iRl 2E 58 TR
I A AZE E B4 RIS TR, R A R A
PIEEEZ —. 2RI, T Ie R b e e = HA,
SETE PR RO, U2, AN VHRE, & ST R
2R ZBRPY, s rEAR FORE BE L RR il T A E Py il &
TR

P IR S R T B B e R 2L R 2 il o
T PR B SR T A it A e Y RIS
BE . WUBET ¢k L K 2% 235 2 27 B4 56 5 MR 4 5 mig EL I
L B MR AR T, PR BREN LR IR LT ¢
LERAEUBAS 155 B, A 2F I AR AR 2 4 AUy, T A4 ) i
125 RIS TR 1A Tl S5 R 4 06 Tl 11 R S e A e P S
HARE A, (EAS T R A, BA— A B T s (o
S ) ) A 4RIV I Bl B8 3 120 U/mL A+,
T EE K S ST S EOVLET HERIBRY A, LR ZE &R
SEHAIN, X AR5 ) - AR Y R R g .
PR ERE I Ty, R S S FE
BB RS R INT Z BIAATT Z 2emET zER
T LAAE P 2H 2R 38 i PR R A0 ) 58 2 P e 17F
Bt {12 52 7 {545 A AR IORE A5 2 ek s ™) . Liu 26500 sl sk iF
AR P B AR AR £ S T A A o TR A SR e 2 B,
I I ZS AV E AT ARSI LT 42540, el 2 IR
BE . A anSEl O FEF ST g R RS IR AT ABGE A A
PR, ST IR AT AL Se sk, $2 v DU AR 4ie
PR, IR BRSO . A2 Fe L, S A
FH AT R TS IR A R AR FNORE, A T3 T e g
P ST .

FOFT T2 B, B I -5 ATV ) I [R) 4
JHAE R A AT R B T H R A 1. X R b1
VEFAMY GBS o 220 B f FH L, DATTRRAIR A 7 il
7%, IS REAEAT 50k G PRl et i o FAR A 2 F It - S 38009
— R A A, TiEE S (TR, SRS I
5 B IR PR A= PRI EA T AL B, ey il FH b
F AT, MR BRASTIM PR R AT I ML ASER . eAh, 8
PEAL PR GERS A E— B R L3 ATV F i, (s A
ARSI, T E— TSR, RSy
TIRMRTE, 5 P A FERERS AN P B b
L5 VS ET 4 I TN 2 b as &, PN s B 4

AR HAT, 7ESE PR AR FR Y S B, AR TR
PR N B, SR, X I S5 AR
P Pt I ) A B PAC S 50 PR 0 7 T () PSR 2 AR X [
=, JCHIZAE E N, AR STl B S P RIATC
FR FA TR B PR O S ) A SRS i o

FET I, AT ST R FH A S IR PR IR A IR, 1 X
By U TN B, DAY ]S AR AR, PR TR B AL
B I 285G i 1N T 3 BT 06 O 0 L Ok ) e T2
P2, DIARAS IR S P A X BRZH, SR GEFSE PRI
HEXTOE R B Y] ) | ZEAEIO . e ikl B T
A B EF2E 2R (R EEFISER, BAE T AR
BEAE . FRSSCR ST I T B AR BEAEHL SRR, HEshT
RITE DS Tl AP e
1 #REE%E
1.1 MR5EE

6 % RBELIBE AL ISR A B E R T
A AT PR F s AR (800 U/mg) b et 33
BHECA BRAF] SRR S3ral, KRESHHEAR Ik
X B F A BRAS 7 BRI A 4 SIbEE 4
Hrati, e CORER) A=Al R vl — 3 FE (it
ShmREL | HAWR . T e IR AN . A IR FE
e R & . SDS-5 PN s Tk i B s v, ) g 3k 751
. T REFE A B Marker(11~245 kDa) . 5xZE 1 _FAE
P AL ARSEFRHE A BRAF]

LM3B LRI IR SRS A R
H]l; TAXTC-18 ity fRIETI KRA R
HH-4 /KBS VAR S0 58 3 45 A B2 A s XHF-
D = a2 A YRR A A B H
TGL-16M 5303 AR B Ol R L s =
ARSI A PR JI-A TR BHER B
PHERA IR T BS200S-WEI 37K FigEEE
AL BT BR 2N 73 BIO-RAD HLUKAY A SR A=
27 i CE R ) A BRZS W5 CR-10 436 2R
=R BERH A BR A F]; KQ-300DE M I B
LLIET SERBFSIUAAT BRAS Fs Milli-Q #Ealizkig kAL 38
[ Millipore 2\ 7 ; IRSpirit-T {# 37 H-£T 4 G 154X
H A B il T Pilot2-4LD HLASVRURTHRPL 1=
FRALFOSEFA R F]; Tecan Infinite 200 pro M Nano
PRAFLAAS I PN 52 i 8 IR A BR 2 s THZ-
98C fH IR IR v g —E BRI 2# AR A R4S Al
FM200A & a5 280l i dhaE ekt kA RA R

A



478 % o

XUEAR , 4. P I BRI A TCEE A P )T S A B Pl A5 - 235 -

1.2 SEAE

1.2.1 BRREES AL EE B AEEA 28R ] DLAR T
T fss, VIR IR A (6 em>3 em>2 em), ARk
50 g, SEAIAL AR ANIE 1 iR, Soiafisd BAE
FA - TR, AR BB A 25 °C ARJINER I Tiff
MR BB, Ab T 20 min; PE—2, BUH BE YRR
R B B P T Bas a2, I E TG
AL, LAAKLBRLAAE Ry 3o BELH

bl
& . m

BEA l/

'

AR IR R

v
FAAUE 180 W A AR S0 min

AEFE20 min

T IR P ) A TR A AT B PR A A

Fig.1 Flow chart of ultrasonic-coordinated papain to tenderize

camel meat
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Fig.5 Contour diagram and response surface diagram of the interaction effect of each factor on the shear force

JoT L8 L5 T 7K S 3En, I B IVER F K A5 2
FEKBE I3, T ZEEWURREAR, ARALFHLH 7 530
R (47.32%) \b 35 v 188 7S I R A 3 2H (P<<0.05),
Vi TR P PN B AL BT TR SE P 28 R A
FEEIVER, RSB A A Ao B T T4
[e] Ay Fa] B2, A5 B RILIRL T 4 h K S A AR5 ke
PSR AR IR, RS RIR .

>

25 a

53
(=]
L

5510 (kg)

—_
(=]
L

W
L

SRALE R YA FALEL Py E

ab
I
1

AAbIE B YA FEAL P HpE b
P 6 S P DI A TVER AL FEOGS BE  5 00 ) 78 4
PN Al
Fig.6 Effect of ultrasonic and papain treatment on shearing
force and cooking loss of camel meat
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Table 4 Effect of ultrasonic and papain treatment on texture
of camel meat
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Fig.8 Effect of ultrasonic and papain treatment on protein
composition of camel meat

TE: LORACFRZ; 2. D[] Ab BREH; 3 8 I AL B4 ; 4. RRALBHAL

AR B 7K -, R 7R IR A B A TR I
IK S, IRl AFELE O] DA S Ay AR B P TR A S, B
T PR U

2.5.2 JURLF4etE i —Reitmmastb  ARE6R
AR BN 2T A NGRS X A R AL BRLH A9 38 P R e asAa it
F1534r, HeAr B 1 47 (1600~1700 cm ™ ') J&FE 4
ZERA FARER AR, IR 9A W, AS[EIALFRZH BT A
WUREF 4 (e 1A B 284k, WA ir2:
5, HRAW, ULHIHES A | BEAb 3 L)L K PrH]
AFRER AT L ARG A LA AR AR 1 9 24544 .

A — DhIEIEE — R b

— Mg — RAbE

e S

40I00 35I00 30I00 25I00 20I00 15I00 IOIOO 560
WAL (em™)

TR i

i = ] -1

WOGIREE (A)

v}

100

>
(=
T

PEHE (%)
2

IS
(=]
T

[}
(=]
T

0 1 1 1 1
RALHE A AL AR B fE] bR
PO P I P A JTER P Ak B B P LT 4 3
TR
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structure of myofibrillar protein of camel meat
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