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Optimization of Enzymatic Hydrolysis Process for Tibetan Sheep Meat
Using Response Surface Methodology and Flavor Characteristics
of the Enzymatic Hydrolysate

GE Shipeng, HAN Lijuan’, WANG Fuhong, ZHANG Zisen, YUAN Zhenzhen,
GUI Linsheng, HOU Shengzhen, SUN Shengnan

(College of Agriculture and Animal Husbandry, Qinghai University, Xining 810000, China)

Abstract: To optimize the enzymatic hydrolysis process of Tibetan sheep meat and to characterize the flavor profile of the
resulting hydrolysates, using Tibetan sheep meat as the raw material, single-factor experiments combined with response
surface methodology were employed to refine the hydrolysis conditions. Flavor compounds and taste characteristics of the
hydrolysates were comprehensively analyzed. The optimal enzymatic hydrolysis conditions were determined to be: A solid-
to-liquid ratio of 1:2, an enzyme ratio of 3:1, a hydrolysis time of 3.5 hours, an enzyme concentration of 0.9%, pH8.2, and
a temperature of 56 °C. Under these conditions, the degree of hydrolysis, peptide yield, and sensory evaluation score
reached 28.08%, 81.14%, and 18.00, respectively. Gas chromatography—ion mobility spectrometry (GC-IMS) identified 58
volatile compounds, with multivariate statistical analysis highlighting hexanal monomer, hexanal dimer, 1-octen-3-ol

monomer, n-pentanal monomer, and n-octanal dimer as key contributors to the flavor profile. Umami and sweet amino acids
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accounted for 34.99% of total taste-active amino acids in the hydrolysate. Levels of umami nucleotides (5'-UMP, 5'-GMP,

and 5'-IMP) were significantly higher than in the control group (P<0.05), resulting in a markedly increased equivalent

umami concentration (EUC), indicating enhanced umami taste. In contrast, the control group exhibited a significantly

higher fatty acid content (63.74%) than the enzymatic hydrolysate group (£<0.05). Overall, the enzymatic hydrolysate

showed a prominent umami and sweet flavor profile, complex aroma composition, and superior sensory characteristics,

indicating its potential application in the development of meat-based seasonings.

Key words: tibetan sheep meat; response surface methodology (RSM) optimization; enzymatic hydrolysis process;

hydrolysate; flavor characteristics

LA 5 P e R A & Pl 2 —, PRI P T
f 3%, HAT SR M (IRAR T SRR AR TR SZ T 2
BN, AR E T RIS R I PGEUR R, RIS
Ve R R A UK AP SR I A2 8] ¥2 613, AN
i R S HLA MRAB A EERRE ), SR, H ATX
MEPEAE R R FH 248 R EAG G I RS I T4, %o
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Table 1 Temperature and pH of different proteases

LR M (C) pH
AR 1 it 50 6.5
W 50 6.5
AR 50 7.0
HAEA 50 8.0
RS 50 8.0
IR 11 5t 50 8.0

1.2.3.2 HEFECEGTHELE  HRPE AR 4 SR, BEHR
SR S A 14 T R0 JH A TR B A 1 4551 52 T, PR
bR 1:2 g¢/mL, SONEEE 0.2%, BFECEE - 1:1 (B
EbO U3 R 44l ‘B A0 R RN pHL 2% A4 T i, 55851
P BT K AR . 22 KA SR AR R A A A XU ) 5 i)
1.2.4 FARIZRIE

1.2.4.1 EgECLL  FREGECSE I BE 30 g TRedrr, 4%
BRI EE 1:2 BRI 8 7K, FEIREE N 50 °C, pH N
8.5, A HE H M5 XUk F Al FC Ek 43 5 28 311,
2:1.1:1,1:20 1:3 2504 F, Bifgft 3 ho BEFRSERUE, 76
90 °C FKJiff 15 min, FFMIKAFEEE, Z2 A5 BRI
M, e B IEC L

1.2.42 Bl L 7ERAERGAC bk a9 LAk L, FREUE
CEABE 30 g TREM A, IR EL 101, 1:2, 1:3,
1:4, 1:5(g:mL) D A KB TR AT R, P75 K
pH Z 8.5, LA 0.2% MR A TS (LS TR,
RSN 50 °C, BifE 3 ho BEEfESE AR, 76 90 °C K
fity 15 min, JFIMZKAREE, ZZIRP95 . BERRVET, SRA5- 5
ERPERE L

1.2.4.3 [gfEtR] AEBAERGEC Lb SORHE Lh it ZEA
b, FRIUECE AL BE 30 g TRedfirh, #e BB R b
BINZLEE TR, KEFISAEIREE N 50 °C W7k g 198

Pk, VTR pH N 8.5, SN A 0.2% BIIRG T,

Bff# 1. 2. 3. 4.5 ho Bf#HSERUS, 7€ 90 °C T K[
15 min, FMKARE, ZA538 . ERPEY, 345 Btk
P4 PR B 7]

1.2.4.4 Jnfiit  FESAERGAC E OB LG . SR AR R
IR . fRefd: pH. SR A vELRE S 1, FREBUECE Y
JBE 30 g Thebfrh, KI5 4 B fre AR L, Tl f st
4], pH, BRI, 575300 0.2%( LR A 21 3%
). 0.4%. 0.6%. 0.8%. 1.0% RS EEHITRER . B
ST AR, 76 90 °C R KR 15 min, IFMIKARE, Z K
19 BERTPEAY, FAR AR &

1.2.4.5 [ pH TERAERENCLL . BRI LL . Befd i
fireEst Al BEAl |, FREBGECE P BE 30 g T-Retfrh, K5
Fie RS A-E AR R L IR ST 1], ZEIELRE R 50 °C Ak
WA R RE I BEFE, 4 BIPETTIE W pH & 6.5, 7.

7.5, 8. 8.5, 4 HINIA 0.2% BYIRG BEHATHHR . B
HSERUR, 7E 90 °C FKHER 15 min, IFMIKAREE, ZAK
193 BEURDTAT, AR MY pH.

1.2.4.6 [fEfFIRE  FERAERENC L . R L . FefEfE
fiEisHE] | frefde pH SEml L, FREUECE PIBE 30 g Theth
v, R e R AR L, BREERsH ], pHL, ZETR)E N
45,50, 55. 60, 65 °C MIARBEAF FwEI1HiFE, A
0.2% MR -G BFUEATHGfA . BfF S8 US ., 76 90 C F
K 15 min, JFRMZK AR, Z2 KA, BERRTTAT, 3R15
M BRI .

1.2.5 man It R R SCE S T, SRR A
it FRA 250 TR 5 i s b S 1 R 22 R - il BSE D (A | pHL
(B) . AL (C) | B (D) Sy [ AR, 2RI 5
K 7 B N A AR XU SRy i) N AEL, 1531 4 IER 3 KOS
Box-Benhnken 46 M a6 DRI 22K W36 2.
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Table 2 Levels of response surface test factors

SES
K - N—
ARG E (h) B NBGE(%) CpH  DEGfERREE(C)
1 2 0.6 7.5 50
0 3 0.8 8 55
-1 4 1 8.5 60

1.2.6 BREWE M SM&EFHYIEMmE I A GXT
TR IR AR U TR XU (6 3) o BRufEfh 43
A 0.25% HRAE . 0.5% SALEN. 5% JHFE. 0.05% Mk
&l 0.025% FPAERR, B AESLIC N 20 530 HU 1 g
FET IS IR, N 100 mL 4 KIR &35, 5
4 FRBRUESH S BNV T HORSFT 430 BOPESy i~ I EAE
SREER DT A

K3 WHEYIVE bR E

Table 3 Scoring criteria of enzymatic hydrolysates

SO0
P
0<S<S5 5<S<10 10<S<15 15<S<20
VR L] — (LE: R
JER EEE] — i AR
ok L] — i (EEH 1R
LS EEs] — (CE R
7S L] — i T R
BRI IR — B FEH =R

1.2.7 ZAKAERAMNE 258 R0 2 S % a4
LM YTk, B 2.5 mL ARSI A 2.0 mL 10%
=44, 2. (Trichloroacetic acid, TCA), TR IESIX
FIR&5, 3 10 min, SR)J57F 4000 r/min &
> 15 min, FiE R E] 50 mL XS, FH 5%
M TCA ERIEIES . SR IR 6.0 mL BT
10 mL EL @A =, DA LA IR 4.0 mL, 1R2, i
‘B 10 min J§ 2000 r/min T £5.0> 10 min, B FIEHR T
540 nm FIMEWOGEE . LI 75 B AR Edn
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Reds
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mg/mL; V R RCEAAT, mL; S A JEUREER 1S
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1.2.8 JKAHEEINAE >R FH FF P VR 2 vk %o e SRR A A
AT EDS; SR GB 5009.5-2025 HH 4 5 )
ERVAE SR, e Q2) TR P R /K R
oo, BB B IEIR SR
IKARE (Yo) = R B A x 100
1.2.9  FErEAR ARAFE
1.2.9.1 GC-IMS Kl s AF 5 A BRI 2 5514
Frim 1 g B IRMZR T8, BT 20 mL Tas i, 0%
B 15 min, BMHEAHET 3 NEE . SRR
WEFE IR 50 °C, WEEE A E] 20 min, PEAEE 500 uL,
SEAEHEE 500 r/min, HEFEEHRIE 85 C. GC-IMS 2%
e RS IRE: 60 C; A mai /AR (4iE =
99.999%) ; F&£)¥ F+ . WA Hii & 2.0 mL/min {RF
2 min, 7 8 min NZEMEHT = 10.0 mL/min, ZF 10 min
PIZPERS 2 100.0 mL/min, 7E 10 min {54 100.0 mL/
min. REHELTHE]: 20 min; BFEE T E)E: 80 °«C. HY
B R (3HD s FLAZ R EE: 500 V/em; iIERE R EE:
45 °C; iti#: 75 mL/min; 1E B TR, @t 2oy
Bt i VOCal 14 P4 B 119 GC £+ 8 5 B (NIST
2020) EHRIERN IMS IERL B [RI R 2R 2 A EE X, X5
B R T2 T . ARSE B AR IR E S Py brfb
A AR B 2 o
1.2.9.2 FAXFRIGEEE(E S22 008 55 5507 B 19
FER R R T T . B eI A R TR s AR AR
HX(HS-SPME ) & £ 4F i v 4% K M e 4y, RIS
A - TS (GC-MS) 8 AR (A% - B B A8
(GC-IMS) I T4r B4« B, 5 I ABE BI(E T34
AIXTRIG M (ROAV), ¥ ROAV =1 FIH R
HFHERWRY R . TR
CC“’: X TTL:'“ x 100

e Cu: MIE L VEI T A DA X & 5 &
(%); To: LG A IFSEE (ng/ke) ; Cax
T s JIRT BT R AAR XA BT IR e R A AU S i AH
S E 438 5 (%) A< BME (ng/kg) o
1.2.9.3 JFEEALRRINE 5%, BRI 1 g B
IR T8 in A 50 mL 0.01 mol/L L %72 #2 30 min
Jead s B 2 mL VB TS0, A 2 mL 8% fiff
FIKMGRIR G5, 76 4 °C £ F & 15 min; )5
1 10000 r/min 5438 F B.0r 10 min, _FJ2IER IKE

A (2

ROAV = = (3

> 5 min, LA pH 2N 2.2 AT IR SE R 1:4 R ks
JEIHWE, 8 0.22 pm i PEES R, % AR A
SR A BT T e

1.2.9.4 EBREZEFRMONE SRaBEdgE"s 197
VETEAEAE A, 5 TP T 1 VR T 03 AR i /K 2 4 ok L
1:40 FEATHECLL, £ 25 C WS IE FEWE 1 h)a A
100 °C 7K7& 90 min, B HIZ =R, 7£ 4 °C T LA 8000
r/min, 50> 20 min fF B, BEfE 7 A A0S, 11
Fi 50 mL M E S 0.45 um SR, BUOIEWR 1y
Mo AR5 AREEE C g A, HE K 250 mm, 1
4.6 mm, $74% 5 pm; FBhAH: 0.01 mol/L MiElE — S 4H-
B B2 (98:2, v/v) s AL 3 - 1.0 mL/min; & I 7 + .
254 nm; FHAFEE: 20 pl.

1.2.9.5 SERUEERRH T SR TR BE YT oE ARl
BRI (EUC) MRS (MSG) By ki HE 100 g T4
Jox Hh SR Y T Y S, AT R SR P B T R BTG
ERGREE, TR ATUNT:

Y=>ab+1218() ab)x(>ab) X 4

. Y FORFFINRE S B SS8ER IR EE (g MSG/
100 g); a; 27~ A &b A £ IR 20 5 18R 1Y) 7 (/100 g) 5
b, 7 fif A 22 B R AH X 45 2 2 9 1H (Glu=1. Asp=
0.077) 5 a; ZR 7B il o IXUBR A 1 PR B9 B (/100 g)
by FRR R T BRAH XS T 5'- WU B2 (B (5'-AMP=
0.18. 5'-GMP=2.3 5'-IMP=1); 1218 “HPhEWEFAH %L,

SR FH#E MR TS BE(H (Taste activity values, TAV) 3
PP B8 G IR | S ARAZ Y TR LA R A5 38U S5 AR VAR 5 ok
TEARIGRE R, 32220 TR A ARG B
Ti
TAV = c

b, TAV RIR RN JIME; C; s34 5t
FIHRE, mg/100 g; T; TNz )5 H{E, mg/100 g.
1.2.9.6 JEWiERMIIINE =% Zhang 551 (77 k1E
U, A FER A GC-MS 7. FREL 50 mg 65, I
ST -F (201, vAv) RGBS T . ZEHLAT,
JFHA AR - FH B2 VOO R i 2547 FH B 4K 30 min. SR)5
FHIE e BUR G, I 5 mL 4li7KFn 25 pL Ki%
Fii PR (P AR ) P A o WA Byl TiE—28 504 o
1 [ Agilent 19091S-433U1 B/ BSAES, . )
AIRJETE 40 °C 4E3F 5 min, #R)5 L 10 °C/min [{ 33
EFFZE 220 °C, IfAE 220 °C FAEFF 5 min. ff S
SNERERS, SN 1.0 mL/min, S%JH 5977B MSD
JR R AL AT R 3% S Mr o 5977B MSD & 440 T -
BEAE CREE 280 C; B FIRIRE 230 C; AR
JE 250 °C. HFZEFHHEE(EDJE, BT HER 70 eV;
K SCAN/SIM AL AGINEF )
1.3 R

RS A IR, G5 R - ¥I{E-ESD
{8, 5% JH IBM SPSS Statistics 20 #4177 22457 F i

7 (5
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2.1 EBAMATFE

2.1.1 PA—AYTTTE SRR K R, Z KA
R AR RUSR g SE i ULIK 1, BER R Se i a5
i AR A R AR R, BB P AR IR I 2H s AN 2 S R ) T
FNRO, AN 1a IR, AS[RIEE P e R At 7K e 5
Z KIS R 25 5 B 3 (P<0.05), A1 T HABSE F, 22
S A P I o ) /K S D 22 RS R R v é}EIJ
S 15.52% Fl 77.68%. 1MiH MR 1 BB 4 17K
i RN ZZ A SR AR AR, O TR MR U A A
W ZE AR T A I B A — i S DD, EL A TS B4 D)
BT A, T A FLAK A 57 s AH X R BR Y. 4k, i
B 10 Jr, £202 -6 85 A XUBE 85 ) IR e Ao T
fit 4, FLARER | IR | SRR XU AR, FLRRIR | 7
BRIFANBHIR . [FIRY, B A, 25 E A ERET 2
AR P 2 1] A R IR VE L, A P9 B T O 25 TRl 2544,
iy PR P I JBE 7K fie I Bt 0%, AT 42 vy 7K i e 22 kA5
2R, FURSHEVRFE P~ 53 T oo A Fa LR 4H g, M
)20 B T B = B D RE TG R, IXUBR 5 o A 8 F- 0
B2, PRI, 398 A A 2R A - At RO EA T4 0

a 181 180
176 COK d 178

16l BB N7 176
15} & 172
170 £

14 -
166 3%
164 T
62 =
60
sg
56
54
52
50

13
&\*&

12
1
10
9
8
ﬁ&‘»

(UES

IKFREE (%)

—=— AR
—o— P H
—a— PR AR
Wk - EAEA
—o— BRI
- R

LALNAS

PRI Fitk

EES
Bl 1 AR XK AR | 22 RT3 B R A XU A 52 )
Fig.1 Effect of different proteases on degree of hydrolysis,
peptide yield, and sensory evaluation

TE: AR PRI 22 57 .25 (P<0.05), 18] 2~ 8 [l

2.1.2 EFECHEAEERTHE P 2 PR, BT,
AH -5 5 IR, P ) T (e D 5 e 1 22,

PN 52 B il 7K e I B A P ) R K i . Z2 RS 3R
T AR XU I 2 T . W&l 2a Fras, ASIE] 52 e it pit
SR ) K i B RN 2 IR AS FR 22 7 I 25 (P<0.05), i
CB 7K i B 1 22 IRAS AR 5, 4350k 15.02% il
81.58%. 1M CN MY 7K B Al 22 kA5 FJ2 B IR Y, AT
e BN S S | = AN T, X iE—
HAUESE T BRIl I v 7K A RN 22 RAS SR AR 1) i
A, IHsh, AHEET CA. CP K CB, CF YK JE fliZ
JIRAS IR, N 13.69% F1 63.30%. AT HEZ N
IRUBR R P il — P & MO, JHC DS A it 28 D) 51 2
TR R AIR T I VA PSR BEATL DT W g i
2, SEOKMEEEIRAR . S o R B, 1 P4
At A T, ARJINER A (PN VD) 7K BE IR 2 29.69%,
TR ARG R A 7.97%. [, XUSREE FABGRENS A
A EAL 35 T A 7 ) A XUBR 4, AN &) 2b BiFoR, CF B9 fif
R IR R AR AU R 5 H, L R FNR R AN B
o ZE A, EFHE G & FEEFRR S R E N 2
LAY PP IR 1

a 18??&%1 L e
I51bc b T4 —I—%- 80

N % {75 &

—=—CA
——CF
——CN

JEIR ——CP
- CB

HHIR

VS
B2 AR EE AR KT 2R R E
AL
Fig.2 Effects of different proteases on hydrolysis, peptide yield

and sensory evaluation
T a. KR BEFIZ2 IRAS3; b. AR CA: B4 88 R+
HEFME; CF: B4 8 PG KR M1 ON: &5 A l+rh ok
H B CP: 525 8 FIM+ AN F1; CB: &4 & HiF+E 2
HF

22 BREREIEERSN

2.2.1 FERCLCAYIERE  BENC LR iE P RSO S T
IR 5 Z2 JIRASR, R IPRG v 45 S R MR 2 A, AT
TRGE B 2™ il B AU BB S5 -5 A oY el 1] 3 TR,
FEART =, ARG LT BRI O 7K R RE | 22 kA
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SR AR AR 22 57 .35 (P<0.05) . Hak, ¥EEHEM
it AT AU 25 FA il A T B A 301 BsE, K R 22 kA
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Fig.3 Effects of different enzyme ratios on the degree
of hydrolysis, peptide yield and sensory evaluation
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Fig.4 Effects of different solid-liquid ratios on degree
of hydrolysis, peptide yield and sensory evaluation
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) BT TR T PRI B K SBRE , 22 JIRAS: 3 R AR XL
BR2E 5 (P<0.05) . A1, Bff#ET a2 3 h i HZ2
RS R B, 13k 76.28%, 1M FHFERT A A 4 h B HK

itp VR R AR XU B vy o (EVEAARITT 57, B e ] £
SEA, HR AR, Z2 IR RO AR XUR 52 58 ETHS R
FEpf S, AT REIE D M BERE SOV B BEL T, BERYTR TEIZ
WA, 2E T S B AR 0 T K, KRR | 2 RS
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ni 7 e ek o
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Fig.5 Effects of different enzymatic hydrolysis times on degree
of hydrolysis, peptide yield and sensory evaluation
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0.05) . 5 4b, BZE INEE &L A8 N, B #2060 7K fiF
BE . 2RI BT, R RDE K AR EE N 16.58%
EFAE 22.72%, M Z ARG = 1] 1k 82.24%., HEE
PR IXUER AT 0, BEZE IR R 3 i, g XUz i LT,
TESNBGFE S 0.8% B ik B & &, MiNEF&E > 1% B,
TR RBRAT T [, T BB DS Sk B 25 7K e 3 ) 36,
L R P A IR DR R AR S LR A R A HH ke
SRR 2P, H R T BRI AAR, B 0.6% .
0.8% Fl 1% $—2LHEF i 7 T A0
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Fig.6 Effects of different enzyme dosages on degree
of hydrolysis, peptide yield and sensory evaluation
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Fig.7 Effects of different pH on degree of hydrolysis, peptide
yield and sensory evaluation

2.2.6 PfFIRAEENERE AR 8 WIAH, B FEAF IR
AT, TR P K R B A TS R BRI,
TE 55 °C Wi, H 22.11%, X 52288524507 gy ff
FELERARL . X2 Sk 5 A 2 P Tl AT XU 25 1 Xt
ik B AR A AR, EL VR A R ) TR Y R A HE 50~
55 °C, KTl TR A0 B e RE, HR AR K R
ZE KA SR SRR XU . SRR T 50 °C, HAthyR ) 4%
PF N B R 2 SR 22 BN W35 (P>0.05) o LA, fiff
$i P B VA AR XU A BRI RE SR 55 °C Rk B fe i,
MAE 65 °C Bl Exflk. B 50, 55 F1 60 °C JEF7H
R A
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Fig.8 Effects of different enzymatic hydrolysis temperatures on
hydrolysis degree, peptide yield and sensory evaluation

2.3 MR EEITHRIE A

2.3.1 MR EARIG SRR R SEIe i L T, Bk
PERGAREASTE] . pH . BEAEIREE . INBgE Sy B 285, LK
R . 22 IKAS 3R B A XUR Sy i) 7 {E, AR UE Box-
Behnken 7% 11 R, & Design-Expert13 {43
ATIRE BT, DL AR P B 1.2, e e 1. 252
%%, Box-Behnken i85 45 R L3R 4.

% 4 Box-Behnken i 50531 K 45 -

Table 4 Design and results of the Box-Behnken experiment

T A B C IKIREE(%)  ZAFR(%)  BEAARXR ()
1 -1 -1 0 0 16.05£0.79  73.44+0.63 17.00+0.75
2 1 1 0 0 2510£1.70 78.15+1.41 18.57+0.55
3 0 0 1 -1 2230+0.39 74.74+1.38 16.86+0.75
4 1 0 1 0 19.14£0.26  75.60+1.37 17.71+0.41
5 0 -1 -1 0 2091£0.52  72.94+0.17 17.00+0.63
6 0 1 1 0 21.53£1.07 76.30+0.29 18.14+0.75
7 0 0 0 0 2890+0.34 81.13+1.42 18.57+0.52
8 0 1 0 1 1840+0.34 73.30+0.25 18.14+0.63
9 0 1 -1 0 2238+1.09 77.26+0.87 18.14+0.41
10 1 0 -1 0 2323+0.51 75.50+0.27 17.14+0.98
11 -1 0 0 1 17.98+0.70 68.09+1.29 17.00+0.75
12 0 0 0 0 2938+1.64 81.57+0.68 18.57+0.52
13 1 0 0 -1 2547+045  77.22+1.96 18.29+0.52
14 1 0 0 1 21.18%2.04 74.56+0.31 17.57+0.82
15 0 1 0 -1 2401£1.07 79.17+0.20 18.57+0.52
16 1 -1 0 0 19.64£0.98  74.52+0.20 17.71+0.52
17 -1 0 0 -1 19.50+1.10 71.00+0.39 17.00+0.63
18 0 0 1 1 21.4441.16 75.07+1.63 17.57+0.55
19 -1 0 1 0 19.20+£0.22 68.26+0.98 16.00+0.41
20 0 0 -1 1 19.87+0.22  70.58+1.28 16.57+0.52
21 0 0 0 0 29.11+035 83.19+2.83 18.57+0.52
22 0 0 -1 -1 21.77£1.28  77.79+0.35 17.57+0.52
23 0 0 0 0 2950+0.22 82.76+1.15 18.14+0.63
24 0 -1 0 -1 19.70£0.89  74.64+0.35 17.57+1.05
25 0 -1 1 0 19.79£1.01 74.29+0.57 16.86+0.75
26 -1 1 0 0 1795£0.52 71.94+0.62 17.57+0.55
27 0 -1 0 1 2062+047 73.68+0.86 17.43+0.52
28 -1 0 -1 0 18.67£0.39 67.45+0.66 16.57+0.55
29 0 0 0 0 27.67£1.19 82.07+0.66 18.43+0.52

2.3.2 LIRS Ay v o L A4 v o TR 53R 4% iz FH

Design-Expert 13 4P 8B AT 8815047, JHE T

ZouFHLE, 58 R EIE R Y1=28.91+2.03A+
1.05B—0.20C—1.02D+0.64AB—1.40AC—0.69AD+
0.07BC—1.88BD+0.26CD—4.77A%>—4.15B>—4.00C>—
3.50D2,

[l U AR Y 7 2243 Hr &5 SR a3k 5 s, BEA Y
F=21.11, R°=0.9548, 2= 5t W 2 (P<0.0001) ., —IX
IR R A TR (A . N (B) | BREARIERE (D), &k
I A%, B>, C* 1 D* &P 25 (P<0.01), FEHHZ AR
LG B v, e MR T R 45 DR 38 5 ) i = 9] 1) 5%
R, LRI 5
2.3.3  LAZARASE g B AE ) e R E AT aE S X
12X 56 A5 20 09 B SR AT i N T 10 03 ST, A5 5 T
AR R] L BEEAATRLURE L NS . pH X 22 BAAS SRAY SE 0,
H oW Zmi =7 BN Y2=82.21+2.95A+1.05B—
0.12C—1.27D+1.28 AB—0.18 AC+0.07AD—0.58BC—
1.23BD+2.88CD—5.45A2-2.47B*~4.70C>—4.19D?,

W 6 BTN, [EIJAEIRISY P<0.01, REAZE S W
=, AT P>0.05, RIPIZAAI AT etk R i, MIIHER
B R*=0.9632, Ui HIZAR AR S5 gG A R4y, sl )7
Z5 Ml LA L, A B. D, AB. CD. A%, B>, C?,
D? ¥} 2 JIRA5-FR 520 $i 35 (P<0.05 ), 2 BH gz A [a] |
InfgE: . pH B AGMARIERE AR R 2 R85 A8 — &
PRI
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Table 5 Analysis of variance of the response surface model
for the degree of hydrolysis

F T REORUBRIEAN (e L TR Y 5 2% 434
Table 7 Analysis of variance of the response surface model
for overall flavor evaluation

FERI WEVOR AmE ¥y FA PlE WM FERE  WEYHM AmE ¥ Fl P mEH
el 387.43 14 27.67 21.11 <0.0001  ** el 14.11 14 1.01 3438 <0.0001  **
A-ilgfiT A 49.65 1 49.65 37.88 <0.0001  ** ATl i) 2.85 1 285 9731 <0.0001  **
B-Jifi i 13.36 1 13.36  10.19  0.0065 ok B- Il 2.58 1 258 879 <0.0001  **
C-pH 0.49 1 049 038  0.5499 C-pH 0.0019 1 0.0019 0.064 0.804
D-Bffifil B 12.53 1 1252 9.56  0.0080 o D- I 0.208 1 0208 7.1  0.0185 *
AB 1.64 1 1.64 125 0.2824 AB 0.021 1 0.021 0.7174 0.4112
AC 7.90 1 790  6.02  0.0278 * AC 0.3249 1 03249 11.09  0.005 o
AD 1.92 1 192 146 02464 AD 0.1296 1 0.1296 442  0.054
BC 0.12 1 0.02 001 09078 BC 0.0049 1 0.0049 0.1672 0.6888
BD 14.18 1 14.18 10.81 0.0054 o BD 0.021 1 0.021 0.7174 0.4112
CD 0.27 1 027 021  0.6566 CD 0.731 1 0.731 2494  0.0002 Hox
A? 147.49 1 14749 112.53 <0.0001  ** A? 2.75 1 275 93.89 <0.0001  **
B2 111.57 1 111.57 85.12 <0.0001  ** B2 0.0416 1 0.0416 142  0.2533
c? 103.97 1 103.97 79.32 <0.0001  ** c 527 1 527  179.8 <0.0001  **
D? 79.56 1 79.56  60.70 <0.0001  ** D? 1.04 1 1.04 3543 <0.0001  **
i 18.35 14 131 5% 0.4103 14 0.0293
I 16.20 10 162 3.02 01492 AEE AL 0.2708 10 0.0271 0.7764 0.6619 AN
aliiR2E 2.15 4 0.54 afiiR2E 0.1395 4 0.0349
S22 405.78 28 B2 14.52 28
R?=0.9548 R=0.9717

T 22 57 35 (P<0.05); ** 22 Jetl i 35 (P<0.01), 3R6~3K 7[R,

6 Z AT R AR Ty 22 70 Hr

Table 6 Analysis of variance of the response surface model

for peptide yield
FERR WETVIIRM AW ¥ FA PlEH WEM
T 514.99 14 36.78  26.14 <0.0001  **
A-BfEIT ] 104.43 1 104.43 7422 <0.0001  **
B-Jinfiii 13.25 1 1325 942  0.0083 ok
C-pH 0.1344 1 0.1344 0.0955 0.7618
D-iff i 19.41 1 19.41 1379  0.0023 ok
AB 6.58 1 6.58  4.68  0.0484 *
AC 0.126 1 0.126  0.0896 0.7691
AD 0.0196 1 0.0196 0.0139 0.9077
BC 1.33 1 133 0.9481 0.3467
BD 6.03 1 6.03 428  0.0575
CD 33.24 1 3324 23.62  0.0003 o
A? 192.59 1 192.59 136.88 <0.0001  **
B? 39.42 1 39.42  28.02  0.0001 o
c? 143.14 1 143.14 101.74 <0.0001  **
D? 113.68 1 113.68 80.8 <0.0001  **
F2 19.7 14 1.41
S 16.1 10 161 179 03018 AW
4l 3.6 4 0.899
JexiTE= 534.69 28
R=0.9632

2.3.4  LIBEAR XU ki B AB B i S T S HTas R i
FH Design-Expect 8.0.6 A% 3= 7 FAA XU (1 24
BT I ES WA o X AT vl o i = g L | = E ) G2 - o | k) /= g
F+ Y3=18.46+0.49A+0.46B+0.01C—0.13D+0.07AB+
0.28 AC—0.18AD+0.04BC—0.07BD+0.43CD—0.65A—
0.08B>—0.90C>—0.40D?,

FEAAR PR [ U5 Ty #2 Jr 2250 a SR ANk 7 o,
JrRAEAR R 5 A AR 2 A LM oG R B R, ML

TR 25 (P<0.01), 28 LI AN g 25 (P>0.05), H.
R*=0.9717, R IZAEL BRI AT 5 HARAAAE T S5 B4
DA SR JRUIAR Ay i 3 B FUT 4582 57 1149 Tt v 5 i = PR S o
FREEALR AR . W i 2Z0E R BN, AL B,
D. AC. CD. A%, C? X D? 24 3% A JXUBR 52 i) i 28
(P<0.05), FBARGFAFAT ] I . pH S i 5 )
o) P T S P TR 22 AR IR A 3B XA AT — R T 5]
2.3.5 BONESEES  ZE LTI, AR N R T
01, A VC T P A R = TR A5 381) A TIN5 124- g Pl At ) 1)
3.5 h, JNfFE 0.9%, pHS.2, A f# 15 56 °C, T
A TR EE | 22 A5 3R T AR RUR P 4351
}925.49%+0.89%.80.52%+1.28% }18.66+0.46 43 K
TIF B 00 4 vE e, X LA T IS IE S 56, B A5 2
P S R A R 7K i BE S 28.08%+£0.35%, 22 k15N
81.14%+0.52% IIFEMR XTI 18.00+£0.57 43, 5
TRIMIME AR T, 22 W iR T 250 5%, 0] S 52 i s il
B P SR ISR IR
24 BEBREGRIREFHE
2.4.1 [fFATE A RIE L MR RES AT it
GC-IMS F A X B i 517 5 98 TR 4 R M A3 64 TA:
A5 i — 2k 1] DLIE] 9a.  FREAE RS 392 R T I
ZIFE—E 2R UNIE 9a B, 1R A fl Bk 2.
BTIEER Z, HRERE . Rit—E 0P nns
TR R R MRS Z [l 22 57, ULIE 9b s . LIk
BRI L 2 T4, AR HARER S S Le P 994
PEA P B, WS 198 5ok L, T2,
RIFZY R B R hE T=1, ek
W R BEAE HARRE S IR T2 e, aniEl 9b Bt
7N, BARFES LA s 2, U] EH AP iR
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Fig.9 Three-dimensional spectra (a) and difference spectra (b) FARE.
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Fig.10 Fingerprint of volatile components of Tibetan sheep before and after enzymatic hydrolysis
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Table 8 Composition and content of volatile components of Tibetan mutton before and after enzymatic hydrolysis

W AFR (mv-min)
AR CASH SRFFE
EH KB
EFE30F
(B)-2-BH#ED 18829555 99.26+11.43* 96.79+1.42° FEIRAY, bR, Wi, Nl
(E)-2 B TEM 18829555 621.88+46.70° 705.638.30° FEIRAY, bR, Wi, Nl
(B)-2- 41D (2548870 79.97+7.76° 45.89+3.32° BRI, BRI, &AL, T
(B)-2-FJEM (2548870 468.62+38.50° 224.58+9.65" BRI, BRI, &AL, HE
(B)-2-JJAH1ED C1576870 45.53+3.34° 36.38+2.20° +5, By
(B)-2-1 M C1576870 273.70+12.25" 240.89+14.66° T8, BT
(Z)-4-pEiE C6728310 136.77+6.10° 117.38+5.73* T, TR
2-BE AT 3913711 207.89+7.65° 127.31+8.58° HME RS, W IR AR
2-CUATED 505577 34.40+£3.87° 23.62£1.57 BV, SRk, ZRnt, S22, 25, iR
2-CUAEEM 505577 244.35+16.78" 145.01+7.23° BV, SRk, 2R, S22, 25, ik
2-ELTHED 96173 656+29.06 80.83+13.49" T, ATAf, 22
2-FIET M 96173 1084.52+25.31° 550.63+51.43° T, ATE, 22
3-METEED 590863 1009.13+92.65" 120.50:£22.80° 5587, MRk

3-HETEEM 590863 1512.93+1.55" 723.02+£57.26 5577, Rtk




SHAb

1160.90+23.62*

1145.79+86.21°

236 Tk R 2026 4F 5 J
S% 8
IE{RFR (mv-min)
AR CASS SRR
EH KB
3-FEE2-TIRIED C107868 114.97+3.68" 33.74+1.00° RE
3-HEE-2- T M C107868 498.60+3.79° 127.56+8.01° RE
IET#M C124196 2919.3+90.88" 1148.83+73.22¢ WHES, A 3R A s <k
L C112312 91.16+6.60° 62.04+1.87 By, AL, TG, A
BREED C111717 2775.9+70.46° 1036.44+101.63° B, B, W, SR
FREEM C111717 2096.85+9.63° 1720.2+56.97* HeE, N, W, RA
CED 66251 6624.88+42.12 5630.09+143 47" LR, 5 F, KRR
C#EM 66251 2326.58+19.20 2198.16+25.78" B, A, KRR
IET#%D C124196 1024.56+52.15 244.58+16.50° AR, A7 SRV AR Bk
IE=E%D C124130 2399.22+95.31° 458.06+42.43° WEUR, AR, SR, BRI
1E2EEM C124130 2932.36+8.43° 1646+80.53° WETR, AR, SR, BB
IEJR#ED C110623 2037.77£179.56° 1460.27+155.76° TR, WS AR, BRI
IETRIEM C110623 2167.96+52.89" 2378.49+9.77° TR, WS AR, PR
2R C122781 169.79+8.68" 47.10+3.16" pI & S
KD C100527 440.55+10.09° 96.53+11.56° AT, Pk B R
ARHEEM C100527 1403.24+7.78° 636.99+61.32° WA, Bk R IR IR
YRS - 36498.65£697.65° 22163.55+900.21° -
P 1 2
1-BEfED C111706 40.66£0.50° 17.93+3.20° AR R,
1-HEfEM C111706 434.68+12.14° 94.04+14.79° A R,
1-CED C111273 210.51+1.80" 27.86+4.52 TR, LR, A, #i
1-2EEM C111273 1228.42+23 .43 230.45+36.75° TEBT, Rk, RS, it
- C111875 177.63+4.13° 61.85+6.59* T, Wty 25 R0, R
1-3F45-3-B5D 3391864 425.00+19.03° 63.40+3.75* B, TEACHL, BOA
1-2F05-3-FEM 3391864 2821.24+62.57° 748.69:68* B, TEACHL, BOA
1- -3 616251 725.58+24.99" 261.11+18.23° g, R
(Z)-2-1% 7~ 1-B C1576950 126.49+6.19 4741£1.07° aa, SR 15K
1-JX %D C71410 1311.36+18.33" 138.03+19.62° i1
1-JEEM C71410 2194.51£12.03° 733.12+91.81° wH
1R EY C71410 76.21+4.36° 26.03+2.18 wH
S - 9772.30+160.86° 2449.90+246.85" -
T2 9
12531 4312996 132.60+5.23° 393.01+12.25° RS, A ARIR Y FIXG A 17
2-THID C78933 4971.55+17.54° 2266.78+364.06° RE
2-THEIM C78933 1570.83+86.81° 1838.71+36.41° RE
2-PiD C110430 385.76+22.1° 59.31+0.28" B, FRELIN R
2-PEM C110430 1114.79+33.45° 400.62+24.65" B, FHELIGRE
2-CL C591786 215.67+7.59" 126.24+7.95° A, Hl
4- B C123193 117.17+8.90° 118.80+14.48" RE
Z A C513860 641.18+29.26° 493.53+49.52° HOMIR, THhik
i C67641 1510.44+891.72° 488.03+228.79" T, R, Y
SR - 10659.99+848.56° 6185.03+444.06° -
i 2 Sl
LR ZBED C141786 153.85+3.78° 367.71+81.14° T, SRR, FIOR, Rk
LR ZTEM C141786 449.07+15.80° 787.91+£58.97° T, SRR, FITOR, Rk
R ERD 638493 53.52+1.48° 17.03+2.47° R
FRIBREM 638493 447.49+6.74° 80.03+5.25° R
2-FAE T RN i 539902 255.97+8.54° 65.42+2.77* SR, W
YRS - 1359.9+10.16* 1318.09+146.77° -
A2 2Fh
2 HEK R 3777693 636.44+34.92° 176.49+11.43 O, R, HE
IGE 1} C110021 524.46+52.51° 969.29+76.64° R, B
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5%k 8
IEAF (mv-min)
hCA R CAS% SIRFHIE
EH KB
SRR - 59451.70+2380.09° 33262.36+2248.19° -

TE: EH: 8T P RRARIRG KB: JBCF A AR M: 75 4 VEY) BURRAAS D: ¥4 VEW B — R =" FR O A4S UMRAHIE R A SRR % % Flavornet and

human odor space; [FAT/A [F] 5 RF 22 ] 22 57 1. 3 (P<0.05) ; 29~3K12[F]

BRPO, KB 205 EH ZH I 29 B e S5 43 )] o 34
KRR Y 66.63% FI1 61.39%., LTl J5 XURY) 5t
B I BERS N, U6 RH B P B e 2RO R
KPEEEY . Ak 8 s, 5 KB gHAHLEL, EH ZH 1
YT (D M), 2-FHFEETEE D, 3-H3T (D,
M), 3-FR2- T (D, M), ZEHFE(D., M), B
(D. M), IET(D. M) MIEE D A& 2w,
AR B T AR, TS R . SRR AR T
AEAEM, T (B)-2-B8& 18 M FIIE R M 76 KB 41
AR e R s v, A DR T SE AR R B BK . Jin
SEB BIFSE R PR, -2 05-3 ISR O 20 A 9 SR 22 XL
PRI T . AT O R B B = Y, B
AT 21.44%, S BEAFRR A 22 XU IR .
kAR, EH ZHA0 KB 2H v & M o fie 22 114 S
eI, FLURIZREE W BT, 4390 o5 A XK 42 5T 1
16.43% Fl1 7.36%, &R B R R NI —, H
R R TR R A = A 1), BB TR I,
X e VR 1 AR LA EE A E P, 1930 -3-F% (D
M)FN 1-365(D . M) AR & B Rem, 0 i
AR B 5.46% Fl 5.90%, 1--4-3-liE LA 2>
AT B 2 AT T A, AT B TR BRI RS B
SRS AP > T IEIS NI o, A0 - Al
Sy B E EH 240 R KB 2H v 9 o5 te e s, 45 91
17.93% # 18.58%., i 2- Tl (M) 7E KB ¢HH &
HERE i, AR AR A R A R AR . RS T
Sk A EEFBRIT TR INLE G 1E . ASWFFEdeR s 5 Fhig
W, AFE 2-H AL T RRINER . LBRANE D. 4R 4
fig M. 2R D X HRIAE M. Horh 218 2 lRAH
XobEr e, I HAT AR, R, BEMy & B,
7 R B R ELA D A AR o
2.4.3 AR SR PRI R B A A X AR T R
{H(ROVA) AT itk — 2 B A 1T S = PRI 1)
R ESY, T ROVA (E SR 4538 & e 5t
X IR R B SRR AR A . B ROV A {HAR S, XHEE S AY
TR Y, o, ROVA {H>1 YZH 55 AR
A SR XU 5, T 0.1<ROV A {E<1 FYZH S NS
FIIERMEYI R . T OO Y BE AR, AHXT & m e
151, X PR PR A JXUBR DTRR R Ak, Ok CLBE ) ROVA
{HIEREN 100, WK 9 s, ROVA H>1 3L M
Y JEA 16 Fh, GG O . (B)-2-BEMEE | (B)-2-20 4
TEE | (Z2)-4-BlE . 1-2E M -3-l5 . 1-28 05 -3, 2-3% 44
Ji | 2-FH LT 2ok | 2- R B L 3-HH LT
P S BRI . IE . IE o A i . AR,
T (B)-2-BHGIE . 12545 -3 X OE AL, EH 40 H:

RO WA RO AR R B (E
Table 9 Relative odor activity value of Tibetan mutton before
and after enzymatic hydrolysis

Gl ROVATH

R (mgke)™ EH KB SIRFFAE

CLE 0.005 100 100  HifEERY, FHAF, NRMIOR, KRR
(B)-2-PHAIE 0013 3.09 3.95 VH, ARG, B, JEl
()25 0003 1020 5.76 BRI, NI, T AR
(Z)-4-PE%E  0.0008  9.54 937 CERlES
L-M-3-B% 001 1812 518  BELE, HUKEL, BURMITHES
1-45-3-F 0.0005  14.81 50.29 ﬁmﬁg%ﬁ;ﬁ%@%gﬁ@m@
2-BE I 0.001 11.60 8.12 RGBS, RSB

2- B il 0.14 060 021 Z FELNWESE, BUOAE
2-CL 0.017 091 0.63 FAT, Rk, g0t PR, Bk
2-HEETRE  0.003 3240 13.41 AR, AIAT, F 2
2-JFERKIR 0,006 5.92 1.88 O, R, R EE
2HFECEE 0004 237 075 WIETFER KREE, AT
-MEETEE  0.0024 58.66 22.39 STWINIEIS

4-P i 0.0082  0.80 0.92 R

AR 0.35 029 0.13 AT, MRk R R

4 0.0001  50.98 39.66 A, W57, AL, Nl

PR 0.003  90.70 58.62  Mifif, BE, NG, 5 &R, Y
IET 0.008 27.52 11.11  BOAHES, AR
B 0.0031 96.03 43.30 [, WUk, AtHR, SRA, IR
1E S 0.012  19.56 20.43 HRUIR, TS A AR

IE Y 0.084 035 0.74 IR, B

M5 R PER ST ROVA {HEZE ST KB 41(P<0.05),
UtAh, 0.1<ROVA fEH<1 W XK BT 2-BEfm . 2-%
ST . A-BREER . AR R R SewEwy . HiH, KB ZH 4-BRTR
FIEERY 1) ROVA {H Ik 25 T EH 240 (P<0.05), JLH
A S, [ E P KB 20 B TR S o
2.4.4 BEFEETS R R R PERLST OPLS-DA 4341

TEAE A Fe/)s Z3fe-H41 531 53 H (OPLS-DA) J&—Fi
ARG FIZE IR S 22 W] 22 F 5 kPe, Shih—20
Sy MR R i SREEAR (L, SR OPLS-DA X
it e T S 2 R A T 25 S RO M . aniEl 11a oK,
PRRIAE i 2E P9 22 RIS SR A, 2H 0] 22 TRl 45853 5, RIAW
RS Z (A 225 35 (P<0.05) . &5 P 1 IR B0 A6 56,
K 11b Fr7R, R*=0.9999, 0*=0.9985, H #E 1
B, FRHIZAERI AT 5, L6 R4, NS EE .

SR T 2 DX AN R AU A SO Xk it i i e =

P DTRR R, AR B4R S BRI T R AEDT .
&l 11c Fros, PEFPAE S VIP>1.5 B9 XUBR ¥ 2 A
7 Fp, AR CEE DL OIERES M. 2-T B M. CEE M.
TE2FIE D 1-3F0-3-l% M A GEW;
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-40 -30 —20 -10 0 10 20 30
1[1]

RX[1]=0.883  R>Xo[1]=0.0557 Ellipse: Hotelling's T2 (95%)

R*=0.999874; 0*=0.998483(OPLS-DA) , 2
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Fig.11 Scores of volatile components (a), displacement test (b)
and VIP (c) of Tibetan mutton before and after
enzymatic hydrolysis

2.4.5 WAL )S RCE A SER A R AT BER
R PR XU 357, BE -5 HAL S R oA DR
HEEEROVE, ELRE W g SR B A KUK, SR GMP,

10 iR AT BT PA) S R H IR S 5
Table 10 Composition and content of flavor nucleotides
in Tibetan mutton before and after enzymatic hydrolysis

A~ EL
B ) & (ug/mL) TAV
K L
ik (mg/100 g)&” PRRAFAE EH KB EH KB
5'-UMP - R 3.97+0.02°  3.48+0.02° - -
5'-GMP 12.5 iR 10.42+0.04° 6.94+0.01° 0.08 0.06
5'-IMP 25 fif ik 287.75+0.02° 222.98+0.03* 1.15 0.89
5'-AMP 50 SERAER 16.59£0.02°  37.5+0.01°  0.030 0.075

IMP F1 AMPP 7, WRPRE T AZ R S B An3% 10
B~ o R 10 JF AL, R REE & o A B R T IR
(5'-UMP) . Z 2 (5'-GMP) . I & (5'-IMP) I JIit
F 2 (5-AMP) . H.ir, EH 4H /% 5'-UMP. 5-GMP
Ko 5-IMP 11 7% 1= . 25 78 T KB 4H (P<0.05), o,
5'-IMP 1Y) TAV {H>1, X B W% 1 522 R EL A 85 22 5T
Mk T AMP 193 el e BH S BRAIG, ] GBS A B
TR R R R T R, AR AT R T R XU A T )

JERP

2.4.6 il fiE T IS AR IR SR R 2 LR 2H L 53 BT B ek
PP B A S PR R SR R A R UL R 11 TR .
R 11 s, RS S e Y 29 PR a3k
Wi, BPPE A AR S P 2R AR T R E S B E

(P<0.05) . #EAKT &, HE 2 AUEER Z LR . SR
Hpg | R ESLR AL SR SRR E S T
KB ZH(P<0.05), H Guo 4510 W5, M of F b i
TRk PR K S T S A SRR R, 3X S AT LG
RARLL, Hrp, 5 KB 4HAHEL, SEEREILRR P A &R IR
B AT, SR T T ) B AR R T, T IR S 3
T2 5 Rt B A LR 1Y 31.47%, LA 2201 RN 2201 19
TR, SRR R SRR . [RIR, PR
SAFERR XS R h 4 IR, R R
BREG—2= A [ ZRFF T K BN R T R S 3

B EIEIRNY 65.00%, S HEE AR —3, HAF5EA
W7 A 5 2 FE PR AEATR MR B2 B GBAS i 25 42 = ik

£ 11 FHRATERCE N Z2REARERA NS TAV

Table 11 Tibetan mutton showed flavor amino acid composition and TAV before and after enzymatic hydrolysis

G T (mg/100 g) TAV
LR RO /'f?)ﬂ.ﬁg)m] — — —
IR LR
HREMRGlu i A 30 66.55+5.00° 14.95+0.71° 222 1.10
KA HFRASP /g ag 100 6.18+0.45° 10.02+0.88° 0.06 0.35
YRR 72.73+5.28° 24.97+1.55" - -
AR LR
22 5 i Ser EIUS 150 37.79£3.13° 14.05+0.93" 2.52 1.23
HEMGly Atk 130 44.54+0.76" 62.55+3.74° 3.43 1.56
HE FRThr Atk 260 103.26+8.03" 7.06+1.45° 3.97 1.71
NERRAla BN 60 122.01£9.39° 83.40+4.56° 2.03 1.02
Jifi &2 Pro FERYS 300 4.16+0.25" 5.33+0.06° 0.01 0.34
H R Lys FIERS 50 337.77+£21.62° 11.32+1.27° 6.76 2.63

SR AL

649.52+40.93°

183.72+9.54° - -
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gEkn
5 i (mg/100 g) TAV
HIER SEORAHE mE
(mg/100 g) KB HE KB
RS SR
K& R Arg RIS 50 131.59+4.96" 43.49+1.14° 2.63 1.23
i 2 R Tyr RIS 91 94.19+9.22° 9.98+0.65" 1.04 0.68
#i54R Val RIS 40 269.93+20.72° 16.78+1.59° 6.75 2.64
21 4 His LS 20 105.14+2.76 59.53+1.38° 5.26 2.17
SRR le LS 90 195.74+9.34° 3.60£0.31* 2.17 1.07
L@ Leu FEUS 190 26.02+0.56" 15.39+0.74° 0.14 0.38
K& fRPhe FEUS 90 361.66+31.96" 15.11£0.17* 4.02 1.69
H i R Met i 30 154.81+14.79° 5.78+0.20" 5.16 2.11
EE Cys i - 2.30+0.09° 1.08+0.04° - -
IR R 1341.38+88.53" 170.74+5.82° - -
YAA 2063.64+133.98" 379.42416.80" - -
EUC(g MSG/100 g) 2.64+0.20 0.49+0.02° - -
FHEERN ) TASHIFSE Ho A RS S PN 2 R A TS 2 R BT
A& BN (P<0.05) o AN, T BRIk 2.4.7 WEfERTISECERNBIIRA N B & st I8
ZA BRI DTRRFR B, SR VGRS BEAE i ER%T YU 22 1 2 - 32 e Wik P BT 2 TR Y S
MR AT S RCE P AT PR o TAV>1, BEIKEESIE A (E o XUBR S TR0 ANt 12 T, 7ERIRE S 3

BRI A ) S R B 35 R (P<0.05) »  SLEEFIR AL
RS, A MRAEMFEES T TAV ZSRT 1. w8k
FHERE IR S, 24078 .. HER . WA . 752018
KA @ R AE I FPEE S T TAV BT 1, TR MR TE
BEEAT IS TAV /T 1, SRR RHR A B35 105
Mg (P>0.05) . AR ZIEIR T &, bR T2 &A MR, 55
R KRR . B . SErR . ER . RN &R A
FR R P AR IR B IR EE 2 DTk
SR S LR N S R AZ T IR H A PRI RN, REfE
T N TR T PR P A AR R M PRI, SR
FH#@&%%‘/&EZ(EUC)%%&@%@BZO ik 11
A7~ , HE 28 /9 E e 50 B ) 35 5 T KB 4H (P<0.05),
S 2.64 g MSG/100 g, FEBFFRTY 5.38 17, SRR

Rl iy 40 BRI IR, HoAb 4 & 17 B i I 1R
(SFA) #1123 Fi AN A1 AE i iR (UFA) o AR 7,
KB 20 /9. S g i & & 3nk 25 T EH 4H(P<0.05), &
IR R TR AR R IR R R A T Ak, S EdEA T
& W& & 0BGl 3 5 AR BIF 5T 45 R — 3K
EH 4H 0945 Koy i & e W35 s T KB 4. WF5T
R IR AN T R ELAT $2 i AR PR B g 78 P IE [
B B IVE A, 255 RO ARSI SFA F i
76 KB 20 o & =3 m o BeAh, P RRREE & A SRR
8 FHEA N ANAR TR (MUFA) FI 15 FhZ A iy
i2 (PUFA) . Lu5s" W58 & BNR oT A A R i i) =22
ARG AR, UNIMER, VIR SV FRAR . ASHF 5T
o, AH BE T B AT, THERRRAR T 22.57%, WAHPRREAR

FN2 BRSNS AR A A 5 1

Table 12  Fatty acid composition and content of Tibetan mutton before and after enzymatic hydrolysis

g (pg/mL)
4 W T
EH KB

(A7 C6:0 0.02:£0.00° 0.01£0.00*
FR C8:0 0.12+0.00° 0.08+0.00°

Y7 C10:0 0.36:£0.00° 1.66+0.01°

+—bem C11:0 0.02+0.00° 0.06+0.00°

At C12:0 1.83£0.01° 8.96+0.01°

=z C13:0 0.07+0.00° 0.32+0.00°
TR R C14:0 25.02+0.09 89.44+0.50°

IR TS I TR C14:1N-5 0.94+0.00° 5.23+0.01°
RS C15:0 2.65+0.03° 10.10:£0.04°

| IR C15:1n5 cis 3.31£0.01° 2.56+0.04°
Pt C16:0 154.35+0.87° 277.34+1.60
Bt AR C16:1 N-7 cis 18.13+0.10° 73.65+0.27°
B e C17:0 6.61£0.03° 23.58+0.03"
LR C17:1 N-7 cis 6.19+0.09° 18.18+0.15"
TR I PR AR C18:0 127.40+0.90 251.46+1.00°
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k12
& (pg/mL)
2 YEHE - <5
SR C18:1 N-9T 4.75+0.05° 13.310.18°
THIR Cl18:1 N-9 298.53+1.65" 472.58+0.89°
SR C18:2 N-6,9 all-trans 0.52+0.00° 0.48+0.00"
DA C18:2 N-6,9 all-cis 77.61£0.38° 84.68+0.49°
7- L JFRR C18:2N-6,9,12 all-cis 0.66+0.00° 1.09+0.00°
WJFRIR C18:3 N-3,6,9 all-cis 6.15+0.07° 13.35+0.08"
1A C20:0 1.74+0.00° 3.96+0.01°
TR C20:1 N-9 cis 2.52+0.02° 5.61+0.06
TR IEmR (20:2 N-6,9 all-cis 6.36+0.09° 4.18+0.01°
=R €20:3 N-6,9,12 all-cis 3.18£0.01° 2.29+0.00°
k=R (20:3 N-3,6,9 all-cis 0.17+0.00° 0.200.00
AeAEVUIIR ARA 30.35+0.16 19.43+0.05°
TR R EPA 4.15+0.03° 3.03+0.01°
Z ki C21:0 0.06+0.00° 0.120.00
IEergi C22:0 0.21+0.00° 0.24+0.00
ITR C22:1N-9 0.65+0.00° 1.33£0.02°
T IRR (22:2 N-6,9 cis 0.76+0.01° 0.87+0.02"
B LR = Ak U R C22:4N-6,9,12,15 cis 1.78+0.01° 1.27+0.01°
T IR R DPA 6.59+0.05" 5.67+0.04*
T IR R DPA 0.41+0.00° 0.34+0.00"
T TNIR TR DHA 1.11£0.01a 1.10+0.04°
Z =k C23:0 0.01£0.00a 0.04+0.00°
AR UHETR C24:0 0.04+0.00a 0.05+0.00"
TR C24:1 N-9 cis 0.03+0.00a 0.51+0.01°
p¥iok i i Total SFA 320.50+1.80° 667.41+3.03"
SRR R Total MUFA 335.05+1.75° 592.96+0.79°
RERNEFPEITR Total PUFA 139.81+0.15° 137.98+0.46°
-3 AR IR Total N3 18.17+0.14° 23.34+0.04°
Kn-6Z ANHR IR Total N6 121.64+0.27° 114.63+0.50°

T 4.36%, WHRARFEAR T 36.93%. #lun, AR ik
8-. 9-. 10-F1 11-A L &=y, i —2E = AEVr 2 A
PEACE Y, AN . SF1 . OB B SENS T P vl
FRAESASAFAE R 72k 9-FN 13-t 484k, TV kR
7R 9-F1 10- K 16-F A E Ak, B e A AR R
Yy, ALFE 2,4-5% TR | 2- S MR USRS, TR
TR AEWIRRE R PR RS Y, S il SR IR
4 37.53% Fl1 33.80%, SRR f 09 TR ZENR IR o
3 “ig

A5 i 2o B PR B S I 45 A o RIS A T
P TR Fre AR MR S5 BB EC b 301, R L 1:2.
Wi 8 0.9%. [ fi B5F (8] 3.5 h, pHS8.2 K [iff fift 15 B
56 °C, FEIZSAF FAKFHEE | 22 IRAS- 38 R AR UK 53531
k7 28.08%., 81.14% Kz 18.00 45, 38 3k Xl Bl T i ik
2R S BT 2 B, EH 40 3% &8 B0
Fm T KB 2H(P<0.05), JUHSRMES | BESFR2E )
SO, AR AR AT AR R AR FER ., TR Ah il
ZINEITAPINE T OB RR . O Rk, 1%
I -3-PE PR | TF G AR R TE S I SRR AT Sy A
Al PRFIE XU BT . RS T, Tl a8 il =4 v ek
FITEH R IR & B B SR &R & 1 34.99%,

5'-UMP. 5'-GMP & 5'-IMP &+ 3w T KB 2H(P<
0.05), H EUC & &E#im, ks . [FA), KB 2079
AE TR & B W35 T EH 4H.(P<0.05), 153 63.74%.
M JE I R R IR AL T 8 SR e S
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