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BRG] A K 22 8 F 78— Al e e ] A 1
At R B REIR, 307 S0/ X IR IR Y, 36k )
rit A B LR ] 2 o USR5 A2 4K R B S8 A L 4T

ERRBT T, EE —BEREZE. Hil, B
£ (electronic Nose, e-Nose) FI G-l (Gas
Ghromatography-Mass Spectrometry, GC-MS) 285 #%
FH R B 58 & it AR, DARS IR P (0 32 00 40 B
GC-MS L& N %8 R a8 R SV F 271
2180 SR, BT IR BRI GC-MS 2 Hr R I
i RE o 0125 [] AH A B DR LR el | i B PR DR SRR R
T2 IS A R R M R 1 RE B,

ZNAFH R, RS, KEA S8
SR, ERRH TEMX 2 A RE, BT ZROTR
il it PR OB . T RS A = B e o R ) At AR K —
IO S R R SRR R ek, B AR
HAS RIS H PR, TR R AN (B4 T
MR A ZIR 28, Wl BR A = 100 °C, 2K
PATHED , FECLT KE 6 AR 2 b,
PR R . HLIE S RV & 1 AR T A 78 70 BT 1D
HHRRAI T« I R ) AR R S R, SR I
AL g8 Tl R kb i B0, AR R B a4 5
GC-MS FiAR, WHFCA RIREF To KB 55 % b i i B
IR AV A, R AU T &456 GC-MS J7i%
XA IB LR S A B, %R A A B2 i Br AL
Tk T KR RIFE A B e KR i 10 i HLIF
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1.1 MR5RF

Z 1A B H R A T i B e R A PR 5
BN BNAEH 48 AR EEIA Y, K%, Bull. %
PIIE . TS5, SRIGHEAETE-80 CHMRIRIKAR . R )II4:
JERRPY, B, DIBRARE . BCE. MRE. B, X
AR RESY, SIERRTAEN . VI 1 emx1 emx1 cm
KA T %K. B8R A B4 80, b8k
1 ecmx1 emx1 cm K/NEH, BRANRE A A5 G 5 i &= L
NT:3.

2-FEL-3-FRE AN IE R BT (Co~C30) ¥ 9tk
WH L EARERA R BN, Adh, TWHE
iR Gl Ak E A RA .
1.2 UBE5EF

PEN3.5 Hi 7 &, fE[E Airsense 2A#); DW-8L930
-86 CHAKIR VKA, T8 e AR HIA B ARG BRA A 5
TA-XT2i 8JF#4¢, Fe[E Stable Microsystem A ;
H-SY2L-NI 6-C fHiE/KB#, b KR # &) ;
GC-MS 2010 Plus i BCHAY, HAEEAF; SPME
KH 3k, [ Supelco AF); TESTO735-2 HU% i &
Th, EEEEAE B R BE RS D L,
FL L # R G s il AR ik AR R T i, A 50K (500 W)
N800 W) « HK (1100 W) K2k (1400 W)
Mk (1700 W) 5 ARG
1.3 7%
.31 FRBRTFNHLIE

2 PR T A A 7 (1t 3 7 TRV 9 3 W S i
A7 URSE I 0T, R S 2 B 1 5 B RS S Y
B H RN S5 5 S AR S M A R B, BT ATEH T
2RI R it 5 B R A 1 1 DG . ARSI T2
KETEHGMFRAERERAT (B D, 2dsudtiEs
FIEFE AR AN KRR B 3 500 g SR AR, BHE .
A HER] 15 min (928 )11 25 PSR AD 22 8 AR K38 43 7K o T
Hy PiKEF CTEAFIEAR 1000 m, ZKEIHE S7E 95 C
FeAi, LN 2K B R mdd e N 95 °C) .«
1500 g 2= )114 g Wi kb 25 g i b KB 40 AR it ) Ot
e W5 B B | T A il S s H R B B T S R R
145 °C) o JRAISHI AL SIS R H i 25 55 I VLR B
b 32K I FOARE S 4k 22 0 1] R B ) P 38 2 126 T,
W ER R IR A T35, RAERE T 5 E
EHfE B T 238, TR &IREIHIE RS
Yo 3 RO TR B HI A 1] L2 1.
1.3.2 BERHh

JE VR 1 S8 R S AR S B kAT A
AFEMAEI B = 25 CIRACh /NG, FHAETAL I LL
MIREA Z T FTE KT, SRJE ) 3 UK, DHIWTRE S A<k,
HEMWHEEAR . SR WL K Wk g 7 AR A0
1 ) S PR it 5 B UG P 520

o MR T RA A AT K
s |

Sl
TP H

Bl Tk ARTEFSR

Fig.1 Production steps of industrial beef sao zi

*1 EXRBEZRKAKFE

Table 1 Factors and levels of orthogonal test

o) WU 25K IR B mdd et (] VRS 1)
No. SFMRW SFF MSF
time time time
1 1 (3 min) 1 (4 min) 1 (60 s)
2 1 2 (5 min) 2(90s)
3 1 3 (6 min) 3 (120 s)
4 2 (4 min) 1 2
5 2 2 3
6 2 3 1
7 3 (5 min) 1 3
8 3 2 1
9 3 3 2

7. SFMRW ANLARKS 27K, SFF IR IIfAs i, MSF AR i,
INCE

Note: SFMRW is stir-fry muscle to remove water, SFF is stir-fry fat, and MSF is
mixed stir-fry, the same below.

1.3.3 g

ke U)K SmmxSmmxSmm MT, REH
HDP-BSW #REFEBIY) I (TA) IR BE, WHT
HAEN 2.0 mm/s; WHEZFET 2.0 mm/s; W fEHEA
10.0 mm/s; BEE°A 30.0 mm; il 7124 20 N3 T B LA
Y7 MBI, RRANEERIE 3 Ik, BCPIIE.

1.3.4 &F &5

R T SR X A AT . TS 10 N4
JBEMNI Y PR B R, B — R, B WIC
N5 RS EURD « W5S R B « W3C
(RIS B R EDBUE) « W6S GFES D .
W5C (RHEEANTTFRWEMBUER) - WIS (HEEY
U « WIW G EBURD « W2S G BRI
DR ER GBI . W2W W55 F AL SR A HLER
YEUR) W3S G keiaiiug) 12,

R, BS g BESAN 20 mL Z M+, F25°C
KEHFAF 20 min. BTSN ESECN: BN EH
B TEIA 1 s PRI AN 100 s; 22 5T BT (A A 10 s5
FERUEIT I 5 s KSR (A 100 s. 1 52 58,
REE SRR, HEMEERERE TR AL,
1.3.5 #JE ML H

K T2 [ AR B S GC-MS AH 45 & 1 712 RE
FHEEEL, 2 B AR U R A EH. 3 ¢ IRAEASAT 3 mL
MRS AGAR VAR N2 20 mL TRASH T, WIEER 30 s,
60 C /K ¥ F # 20 min, # B 3k %% M 30 min
(DVB/CAR/PDMS-50/35 yum) .

SHERELAM (GC) : BIEEMEH N DB-WAX
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(30 mx0.25 mmx0.25 um) , FLHIEE 40 C, £-FF 3 min,
SRJE LA S “C/min BFHEEEFE 2] 200 'C, FFLA 10 “C/min
IR E T2 230 'C, fRFF 3 min. #HASN He, 1HE
WIEN 2 mL/min, HEFECEEE 250 'C, 77 112.0 kPa,
A3t o

R A (MS) : HF&ii  (Electron Impact, ED
BT, ETRER 70 eV, LI 280 'C, BTURIE
¥ 230 °C, B 250 'C, HFZER 2.5 min, R
VLR (m/z) 50~350.

e &R R RGN & &, DURER
FEN 0.4896 ug/ul (1) 2-FH3E-3-BE 9 N AR, JE U T
PSR X R R R R AL SR E, AT

c=-"%c D

TG
K 4, 4 73008 BARE Y I AR R A AR LS 11
WA Co C 2l B A &4 00 i SR FE A ARtk
EVIIEIKEE, ng/g.
1.4 BIESH
ARSI 3 IREE R TFHIME. £H Microsoft
office 2013 Fll Origin 2017 #fF£xH|E. KA SPSS 24.0
Al MetaboAnalyst 4.0 #AfF3E4T 77 2 73 #1 (Analysis of
Variance, ANOVA) Flfiifiz /s — 3 #5153 #r (Partial Least
Squares Discriminant Analysis, PLS-DA) -

2 HBREHH

2.1 HFRABRTFUHEIIEZMHT

Wk 2 Fion, KA IEZREES— D0 7T
WP 2K 3. 4. Smin. JIPHENT 4. 5. 6 min. JEA
IO 604 90, 120 s I T ESH. R Ib ] 2F AT i
JOR T 32 2 IR 2 R AR S R o SR B VT R A
CEATE RS SR . T S U R g R
B —F, 3 R AE AR E Vo 3 e T
fgl . Rk, BAETZSHOVIARIS 25K 3 min, H
YO RE G 6 miny VRAIPH] 120 s. B ARG ) E B R A,
[ A0 2 LA O A 25 AKX — S R R P R AR KR KA
T P PR S e R ) e R R ) G R A AR
W[ T BUV G 27 4 & 1 U, — 9 T 4 B IVL R 41 4
EESH MK, SEEBIR, K 2RI
R, FORKH T s K. S SRS Eh K
Ak o @A KM, 5 R R AR UR 4 48R
KA AR A LAE B N VTR 3 T s S UL
JR AT Y R AR
2.2 HFEMK
.21 &FREFLA

wE 2 Frox, AEISHIEY B4 PR 7R A
THRNETFEFEARAREEMLERHE. 201
WS 22K P REN . IBEHIE, W5S. WIW,
W2W [0 B AH 35378 7 i 1 SR RE . LT B WSS AR K
B RENS B, WE 2 TEH, BNERERA
WSS M NAEAR T WA B4 5K Wil B« TR 00

JEIIFE S WU 257K, B kb i 7 FVR & 0 1) 5 52
e 1A R WSS R S AR, 1 B A A T A )
AOm I U A& B RS ERm, ma
BRI EY — A BN ERHE, 3 ORI T
TR S TAL

z2 EXHBER

Table 2 Orthogonal experimental results
NV TP sh: P e v |

Fe5 JZoKitm i A W EE VI
No. SFMRW SFF MSF Tenderness/N Sensory Score
time time time
1 1(3min) 1@ min) 1(60s) 2812.71+134.38° 46+3%
2 1 2(5min)  2(90s) 3618.64+173.58" 72+4°
3 1 3(6min) 3(120s) 5595.23+251.69" 87+5°
4 2 (4min) 1 2 4956.15+98.62° 64+3°
5 2 2 3 4033.9+309.44° 59+2
6 2 3 1 4867.14+152.04° 76+4°
7 3(5min) 1 3 3691.21355.97° 606"
8 3 2 1 4262.55+137.85° 69+2¢
9 3 3 2 2458.97+186.741 47+18

s AP T BERRAE 0.05 K ZE R R .
Note: Different letters in same column indicate significant difference at 0.05 level.

A0 HlMixed stir-fry
—— FILP B b-25 7K Stir-fry muscle to remove water

—— MWD AR DT Stir-fry fat
— JE £l Raw
WIC
W3S : W5S
6
5
4
waw [/ i W3C

wiw | W5C
wis

F: WIC. W5S. W3C. W6S. W5C. WIS, WIW. W2S. W2W. W3S
910 MEREES, T,

Note: WIC. W5S. W3C. W6S. W5C. WIS, WIW., W2S, W2W. W3S
are ton sensors. The same below.

B2 FABRFYRRIARHNEETFETAR
Fig.2 E-nose response radar of different processing stages of
stir-fried beef sao zi

AT B 4 AR WIC. W3C. W5C,
W3S. W6S fmi s AETesm, e i T IR = A 1)
SO A TS S 3 WS AU FE R Hh 2k T %
SRR RN, 8B R [ ) I T A A R T O A
TS B IR mRBLEWRI AR,
52 AR R G B K AL A R R B BR R R
Maillard Jo W AE U100, WS A Bas ot s Ak & W fgUsk,
S IR A b o) 5 i e IR T F W2 i S A B SR AR T DR
SRS 2K, R ER DSBS E Y
M. S AW &R b3R5 5 21— 2RI
i, TSR BUINFAAE PO R R T AR,
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BRIV 524 RN, WIW A W2W AL a8 S5 5 i Ak 4
BBURK, T M P T B BOHE T B WIW R W2 W I R B 5
mTREIOHEL WA LK B, SLEIZR )4 RE T 7E =
AN T B S iy & s m, o 3-FmiEmmg, —HF
FEORBE A PN TR B A TR BB K, 7ERE Wi
TR B BE IR Bt AR 2- F 31, 3-SR A7 A i 0
WA TG S REEIER Z 4, %
WRIE R Belih DR E S T EiR o RSB,
IR AT AE ML S AL St e — 2 BB iR,
2.2.2 BT BRIEN TR

KH PCA X HLFSHHEIAT T (B 3) o TrlkE
M, TR RLE 2 e bn s B A R Bk, i 3
Fisn, PCL AARETER 69.04%, PC2 RERTTEN
22.59%, RIS F2 R I RAUT Z TRk KT 90%,
WA AT PR AN 2 o 7 15 T RE L Ak 2 R RS B R
KA WIS 25K 0 B B AR & A iR o A b
ALMRE S~ 4 A (- 3) . W5S. W2W. WIC.
WIW. W3C H1 W5C L5530k B A i kb Jig 10 FH TR 0 il
FEGAHSCEE, T W6S. W2S. W3S 1 Wi1s SHLA
FIKFEMASREL, JFERIAZE PC1 5 PC2 ¥ NTE, H
BB TS, 72 PC1 b, RIS IR AR & kb h R
o Ao s, O IEAE, TR AL SR dd 22 KR
1) PC1 3 #C N B, HlPHEN 6 min 7E PC1 b (&4
K, (HHTRIBREN SRAHES S MES — 55
VUG IR, W5S. W2W. WIC. WIW. W3C Fl W5C Ji
WA X TF. 78 PC2 b, WL 22 /K FRIRE ik
W N IE, RA WA 2K 3 min (1) 3 ASFATHE
35 N, 5 ERRR 5 2 EECK, U] WS, W2S.
W3S F1 WIS 1] LA SR IX 43 LA B 25 /KA i o 38 3 X6 XX
b EE B 4T, WLRIR IS 27K 5 JERE ATRE & T L2y
MIXFFA T o 34T X 4, B A0 i 17 FD VR B kb R
ANggiEt PC1 83 PC2 #HATIX 47,

0 0.5
4 . :
408
SFMRW 5min 3 ~ 1
W5S 106
~ W2W ]
§ 2r W 1C SFF 6min 1 ) 404
b > MSF 3 SFF 6min3 |
N pwsFFomin2 ] 0
8 SFF 5min 3 4
SFF 51
e W3O 0
B 5 ,lwgc
&
1 SF -0.2
_i( MSF2 " SEF 4min 3 |
™ SFF 4min |
2t N SFF 4min 2 —4-04
Raw 2 )
Raw 1 106
1-0.8

ERi4r1 PC1 (69.04%)
e SR JG B FFRORFEARS R ] . Raw MER] 15 min (K ERA,
A
Note: The number after the text represents the time and sample. Raw is
marinated beef for 15 min, the same below.

B3 IH 4 ABRTFRE i eTF 5 TR BAFH
Fig.3 PCA biplot of e-Nose in different processing stages of
stir-frying beef sao zi

2.3 EBEERMUEWMSHR

B4 b A4 P50 CRY BAE R AL B3R
KB M. e 144 FERMEIL G, PR S
52 BB R LAY, & R IE (P <0.01),
0 1) 2 PR R 32 B A R MR KR AL B DR R R .
B, BRI R EY) (K 5) , EERIETRIER
FUBRIR IR, oKL EWIEREL, BilGE. 2R
TFRR TR, bl A U B R BIR SIS R A B4 FH DA G Joit 1
IPRMAR, B B WA S BRI A miR A
il i P LA ST, e R T R S
MR, EA R B I UREFAE 2, AN [ s R e ()
SR NI S R AR ML S B
FEMEEE ., 2,6- — FILIEERSE (] 4)

JEAL P2 LA W 1 25 7K e i RIR & 40 41 )
B, WHZE. M. BB BESEARUEYHE
EAEY R TEEA, XEFNZENNFEVA. f&
G EAWEREAE YR AY I, TE DGR X
SE TR A N AT R AL A . — S B IR
AU A DDA A2 K B2 g 7 R SRR 11 26 e 43 ),
BERAUAEMEEENPH N B T BEERELED
(K5 .

A i J5 I 4 R AN B 4 v I 2 0 51 R R R
B E T WL RIS 25K FITR &0 1, 15 BH i 1 76 = iR
il FE A= AR R S A LA 2R 2 2 R AE
B BB R, — BT TR A KU TR A NP
A2+ —W-1-BE . 2-FSE-1- WA 3-2¢ I H e i
JE 7 A BRI 1, 58 IR 3 3 v 2 2856 22 )1 A4 (1) XU BT ik
BUK B R RIS A A YDA B8 2 N T ) T =
Wk, tnpEEE. IECEE . IESERE. IEREESE, RUE
T K0 B 5 B Bt 2 77 A K R e ) 24 DAY iR XU T ik ¢
KIIEERY T . 2,3- T ZEEAE WL R A0 25 K B BE AR A
, HAESRIS GG TR A IS AR 10 I O R R I 2R
W0 5K ) 2 PR R TR XU DT R AR, X 5 L S )
R—% (H2 .

WA 22K KERE. Bl B, BR. BR. 05
FEALEY . SEBAME, B, BR, WXt s
Y& BN 22K 5 2R3, mene kb &9
TENVA RIS 2K BE R AL, KR A& 90 2 B
FE 7 I #ocd F h  AE 5E R AE ON PE AR Y, Uk B R A
i B BB K A e ) ok R A R KR A . BRI
BARAN, WU RS 2K B 28 P R PR R AL & 9 5
YORE T« TREICHIAAL. AR, 7R VLR Mk 2 K I 4
PRI HRRG ) — 2 SRR PR R R R L R R R R M
&Y, W 3-HEIENE. . K28, (BE) -2-
T, (BE) -2,4-Z IGEE%, XEhTUHldid
B8 & L T s AR R A B RN, T R IS
53 FAE 52 5 10 XU 5 M 17 95 MR AR R C- 11 1 I R Ak
RAEMEIN, FERR —FfEBE, XA E H 5P E
FEWLE W i RO AR A S B A S R 3R e €9, C-13
TR AR E A R A Y, AT A XA i A A
SR A g R ER R AL A Y
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[T 1] z% Ethylbenzene
1-FJ-3-1F 1-Nonen-3-ol
2-JRHIR IR Benzaldehyde, 2-hydroxy- 3
+= Tridecanal
(E) - 2-FH-1-8 2-Nonen-1-ol, (E)-
1+ Z4ElE 1-Dodecanol
6-F[ -5 A7-2- 5-Hepten-2-one, 6-methyl-
TR IR Butylated Hydroxytoluene 0
3-FH - THAHL g 1H-Pyrrole, 3-methyl-
2R LML TR Acetic acid, 2-phenylethy] ester
2,3-% i 2,3-Octanedione
2,4-ZHIHE-3- L 3-Hexanone, 2.4-dimethyl-
LN Styrene 3
(B) -2-+ Wil 2-Dodecenal, (E)-
(E) - 2-3H-1-82 2-Octen-1-ol, (E)-
IR Acetic acid, diethyl-
Xof I p-Xylene
137 5-3-1% 1-Octen-3-ol
I (E) -2-F)5ms 2-Octenal, (E)-
[ 3 Nonanal
[} Octanal
B 1-Octanol
|| 1-Pentanol
|| - 1-Hexanol
3-LHkHLE Pyridine, 3-ethyl-

| -mey [ BEF |

MRy (HET
£-mey ¢REM

[-Ung MYNAS [-urugH S E S E
U MINAS C-urug St S E S S
C-UIWEMINAS C-TeH S EHE
[-ury MWYNAS [-UIup S S E S E
TUUpMINAS U S =
C-uIpp YIS €U ST HE
[-UTWG MYNAS [-UIWGH WS =
UG MNMINAS T-UIWIGSE RS FE 5 =2

[-uTwy S [-UIWpE B S S S 5
UG MNINAS €-UIWIGSE [ TS B 55 =

TUIW[ S U FERS SEF 5
cuIwy IS CUWpE FES ES R
[-uwg A4S [-UWGE EESES R
UG IS C-UIWGE RS HE R
c-uIug 14§ c-WWGE EESEE R
[-UIwg, 14§ [-UIugE EE S EF R
-y S g-urugE S EF R
c-urwg 1§ c-urugE EE S EH R

e LR HER S SR S A R B B AR JEE <

2,6- KL mE Pyrazine, 2.6-dimethyl-
| 3-LHE2-HIE1 3-C M 1,3-Hexadiene, 3-ethyl-2-methyl-
| 5-2 2 (BHD -MEIEER 2(3H)-Furanone, S-ethyldihydro-

2-Z4 M 2-Decanone

2-CfE 2-Hexenal

= Rk Pyrazine, trimethyl-

12 56-2-75 2-Propanone, 1-hydroxy-

2 (SH) -WmslR 2(5H)-Furanone

24-— LR Ol Cyclohexanol, 2,4-dimethyl-

T Butyrolactone

3-HJL T Butanal, 3-methyl-

L Pyrazine, methyl-

| (B, B) -24-%0% 8 24-Decadienal, (EE)-

p RS S Pyridine, 2-propyl-

ES Benzaldehyde
2-Piperidinone

2- [ HEK R Furan, 2-pentyl-
p-Cresol

2-HHE R Jo i 2-Pyrrolidinone
Acetamide

e 7] 2-Dodecanone

4-37f 4-Octanone

PR R T P Isopropyl myristate

IR Dimethy! sulfone

y 2-Heptadecanone

D-Limonene

2-Furanmethanol

1 IS IEZ DM
TASIN CESIpEF
€ SN CEZ b5

Note: The color box on the right shows the relative concentrations of the corresponding volatiles at different stages.

A 4

F W IRT &N BAR L A S YR R E KA

Fig.4 Cluster heat map of volatile compounds concentration at each stage of beef sao zi

SNSRI KB B G, Smdd B 7 B B BT A 1 A
KBV S RmAIIN. X —85 55 i1 B 45 B AR
N, HTEIENAE WIW. W2W. W2S ¥4 g .
Ha b, IBEBHINIERE A IERTEX A B4R
. fEVREISHINEL, M. K. R, BIRUhEw
TREETRE (E5 . 8Rim, SARERELEAERK
5 WL 2K R0 0 i 17 o BAE AL o OB RIRE ity
FHENAEY &= AR B s, P H R
RN R YRRST A, PRtk
LR AL, FAD AW B2 KNP IR O
AeWi. IREH. WA K.

2.4 EBERMUEYREXMS PLS-DA 51

ARV T B B 1 A PR 9 ) AR AL B ) 2 (] 1)
AH AW 6a B « 5 AN RN LI B i R4 S P0AE L,
[ — 10 T B A ()0 e ) 2= P g1 0 4 A 1 AR AL &
YIRAL . Bk, SR &R T2 S HUA A A R
AIAREEANF D B HE R AL ST . tn ] 6a Fiw
WEHRR 3 AL AR, SWRREHRET LGN 3 H, X
A LA NIRRT B BE 4+ 5+ 6 min Z [AIFARAME, DA
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Analysis of volatile flavor compounds in different stages of stir-frying of
industrial semi-finished products beef sao zi

Bai Shuang, Wang Yongrui, Luo Ruiming®, Shen Fei, Ding Dan, Bai He
(College of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract: In order to investigate the flavor changes of beef sao zi industrial semi-finished products in different stir-frying
stages. Sensory evaluation and instrumental analysis of tenderness were applied to optimize the processing parameters. For the
overall odor perception, electronic nose (e-nose) can be used to distinguish the different odors of raw materials and processed
samples. The volatile compounds were identified by headspace solid-phase microextraction (HS-SPME) and gas
chromatography-mass spectrometry (GC-MS). A total of 144 volatile components were detected by HS-SPME-GC-MS, 52 of
which were screened by t-test (P < 0.01).In the whole process, aldehydes were the major volatile flavor compounds in beef sao
zi, which was consistent with the results of electronic nose in the stir-fry fat (SFF) stage. According to the results of partial
least squares discriminant analysis (PLS-DA), the odor formation in stir-fried beef sao zi was divided into four steps including
raw, stir-fry to remove water(SFMRW), stir-fry fat (SFF) and mixed stir-fry (MSF). The results showed that the method could
effectively distinguish the different processing stages of beef sao zi. There were 27 volatile compounds in raw and SFMRW,
103 volatile compounds in SFF, and 14 volatile compounds in MSF. Among these stages, SFF stage plays important role in the
flavor change of beef sao zi. Even in PLS-DA evaluation of scatter plot, the raw and SFMRW were in the fourth quadrant,
but their samples could be clearly separated. In the fourth quadrant, there were 27 kinds of volatile compounds, among which 5
kinds of volatile compounds were unique to raw, 5 kinds were specific for SFMRW, and 17 kinds were common for raw and
SFMRW. There were 103 volatile compounds in the second and third quadrants of PLS-DA evaluation of scatter plot, of which
25 were specific to SFF, and the remaining 78 were common in three processing stages. There were 14 volatile compounds in
the first quadrant of the PLS-DA evaluation of scatter plot, which were shared with ¢ MSF, raw, SFMRW and SFF. The
amount of volatile compounds in the MSF stage was less than that in the SFMRW stage. The results showed that volatile
compounds in the MSF stage was less than that in the SFMRW stage, but the 14 volatile compounds can be used to distinguish
MSF from other processing stages. MSF stage was the final stage of flavor formation of stir-frying beef sao zi. The content of
volatile flavor compounds in this stage was lower than that in SFF stage. On the one hand, after the end of SFF, most of the
butter in fat tissue has been already spilled, and the rate of autoxidation and thermal oxidation cracking of fat were weakened.
On the other hand, adding 70% sfmrw sample to 30% SFF sample can reduce MSF temperature to 126 ‘C.Compared with the
heat treatment temperature (145 “C) in the SFF stage, the reaction rates were weakened. At the same time, the addition of 70%
of SFMRW also diluted the volatile compounds generating in the SFF stage.

Keywords: clectronic nose; volatile compounds; partial least squares discriminant analysis (PLS-DA);gas
chromatography-mass spectrometry (GC-MYS); stir-frying; beef sao zi
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