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Abstract: This study aimed to evaluate the effects of dragon fruit peel juice as a natural marinade on the physicochemical
properties and flavor characteristics of beef steaks. Unmarinated steaks served as the control (CON), while a basic sea-
soning group (BSP) and a dragon fruit peel-marinated group (DFP) were prepared. The pH, color parameters, texture prop-
erties, and lipid oxidation levels of the samples were determined. Sensory evaluation, free amino acid profiling, and volatile
flavor compound analysis—using headspace solid-phase microextraction coupled with gas chromatography—mass spectrom-
etry (HS-SPME-GC-MS)—were conducted to systematically assess the influence of the marinade on steak quality and
flavor. The results showed that marination with dragon fruit peel juice significantly increased the a* value while reducing
pH and fracture force (P<0.05), thereby effectively improving steak tenderness and color and inhibiting lipid oxidation.
Free amino acid analysis indicated that glutamic acid and alanine were the major taste-active amino acids. A total of 536

i HEA: 2025-10-15

BEEWHE: #44% 0 T4E35 (20250801) .

TEEBN: 47 (2001-) %, MEAFE A, FFRF @) 1 SF 5 TH AR, E-mail: lijiayi4 1 5@outlook.com
*EEIEE: bW (1966-) , 4, W, 342, FFRF 61 WS BUR S R B T T ¥, E-mail: dairuitong@hotmail.com.,


https://doi.org/10.13386/j.issn1002-0306.2025100115
https://doi.org/10.13386/j.issn1002-0306.2025100115
https://doi.org/10.13386/j.issn1002-0306.2025100115
mailto:lijiayi415@outlook.com
mailto:dairuitong@hotmail.com

- 136 - £ Tl B4

2026 4F 9 A

volatile compounds were identified in the steaks, among which aldehydes and terpenes contributed prominently to the

overall flavor. Compared with the CON group, the DFP group exhibited significantly lower levels of aldehydes and ketones

but markedly higher levels of terpenes (P<0.05), promoting the development of intensified black-pepper-like and fruity

notes and yielding a more balanced and enriched flavor profile. In conclusion, marination with dragon fruit peel juice signif-

icantly enhances the physicochemical and sensory qualities of beef steaks and optimizes their flavor characteristics, pro-

viding theoretical support for the development of natural antioxidant marinades and strategies for meat flavor modulation.
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T PR F WIMERR | BERER . LENEE | SRIERR . M
E.ONT 4ifE=98%, bt ZSEERHEAE R F .

Z8-V82 JUBHFEITHL  JUBHB A RN ] OKL-
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M A R T CT-3 Bitg{ 32 Brookfield 22 Fl;
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W G4 4 B7 PR A A UIREYS 1 em JEASA4HE, I
FEHLSY R 3 A28 2H, FEeH 0 3 BeshHE, AR HE
YER—AEE . BRI RANFRUNT : CON ZH(55 1
XFHALZH) - ZFHERZEMEHIAL PR, BRI 1.5% SE4EHT
AL, FHFRAEAFHE A G AR BSP 2 (kathifEme
ZH) : A HER S, RUHI AT 2% B EEL 5
1.5% ZEAERFIM, VB IREaR IR ZH ; DFP ZH (KB SR 1z
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P HE LTI 2 min J&, TR SRR — 2251
¥, BRI E 220 °C IR AZHE, S A HERTH]
4 min, HAEIHEHTE 2 K, EA4HEPUOIERERE] 7082 C.
RIRISERUT, HARE B =5, PRSI0

1.2.2 KR EZZMmHARSTHT =% Madane 1Y
B 7 I8 e ek . B 50 °C HET R A kOB SR 2
LML L 60 B AU KB BB, B 1 g k.
e B Ry AT R PR PR EL: B PRI 50 °C, B
100 W, BH# H 25 mL/g, ZEEHEE 60%, $2BUHS [A]
10 min, LG, FEMAE 4 C T &0 (9513%g,
20 min), BULTE - EEFRBHIK, G _Lisw, 1592
PRHOR, BT lieiE 28 240 (50 °C) ThiEzg EFEI4/ 0 E
W, B S 70 REEOXU T RRAE Pl T, 19380 d O R i
Z R BUIRE S AT AT o

Ao A AT AL W5 22 AR S B SR BE SR 0.4 g/mL
P P BBV, IR FE S min, 7S 1 h, 10000 r/min Z5.0>
5 min, WHL FVEWRGS 0.22 pm IR BEAH . Bk
BT, UNMERR . FTERAR . JLARE . SRR
ficiil A7 0.01. 0.02, 0.05., 0.1, 0.5, 1 mg/mL A% FH P
IBEW, 2 0.22 um JERGI RS . DIBREEVRITLE
4T HPLC 23#7.

ORGSR (A% HE: Agilent Eclipseplus Cq, £175
F6:40 °C. WA A: 0.1% HER/K; WshAR B: Z;
R : 280 nm (TR ; BEEEVEN SRR G
W): 0~4 min, 10%~40% ¥isliAH B; 4~6 min, 40%~65%
B AH B; 6~7 min, 65%~100% 73140 B; 7~9 min,
100% 7. 8I4H B; 9~10 min, 100%~10% %ish4H B; ¥
A 0.3 mL/min, #EFEE: 2 pl.

1.2.3 HYLFEHRANERTE PET

1.2.3.1 44k pH pylllxE  4~HE pH #9E =% Tian
LU vk IIE MAE . B 2 g A HE, RIAPLEE R
RIS RBERE SR, T 18 mL ZEME/KIIRIRS], 2.0
JEBC I pH.

1.2.3.2 AHEFERMNE BTG 2 HERE S8 H
2GS HERE Y LYE. o E. bME, T E A
ZEAE {H.

AE = [(L—Lo)* +(a—ao) +(b—bo)’]"

P, Ly ag. by F L. a. b 53530 HEME S AL B
AR B 2EME

1.2.3.3 AHETTHRIIRE BTG T A HE TS
FIMIAE o S5 H 2407 By el s,
FI53HT, BERE R AR B 1 emx1 emx3 cm BYAIZ%, I
TRl 45, SHOEUN R FR46HEES 50 mm, il
MiAAE 20 g, MRS 1 mns, 73N 7 go RIS
BT, FEFREER SR 1 emx1 emx1 ecm 14 IR, SEHAHE
BE . PERME. T IR AN RS AR g A T R, T
TR Ay Joi b ] T 53 M IR = (TPA) - {8 TA3/
100 REEAERS, GE % 1 mm/s, 7138l 7 g, &
AETEALE RN 30%, BEBEIEER 2 UK, PH UG ) Br At [a]
M5 so

1.2.3.4 AHEIRW E LR M e A-HENR D A ik
e FH B AC L 2 1% ( Thiobarbituric acid reactive
substances, TBARS){H 7~ ., TBARS 1IN E S
Al-Dalali &8P (4 J7 ¥ 38 M0k . FREL 5 g P
AT R BEAR A A IRE R, DA 25 mL 7.5% (w/v) iy
=44 4% (Trichloroacetic acid, TCA) IR, Fo/01R5]
JEESC, B S mL 13, IIA 5 mL 0.02 mol/L #iftEL E
221 (Thiobarbituric acid, TBA)E, #l7K % 30 min,
BB FER)E T 532 nm AL E W G(E . @it 556
52 YA 1 (Malondialdehyde, MDA ) AR i £k
(y=0.3863%x+0.0065, R’>=0.9991) 114 TBARS &, 44
S mg MDA/kg PIFERN o

TBARS fH(mg MDA/kg AIFE) = %

U, Agy, WEESHTE 532 nm ARINAE G
1.2.3.5 AHERRVE IO R R B9 A HEDTE
ZR, SRR T R R, IR T =L BENLECT 2
T BETP R 7 AR R IO 5 1 /N R
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Table 1 Sensory evaluation criteria for fried steak!”
A e ORI
-3 R AT
LS 4~6 BRI, ToRIR
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1~3 PR T H 2
LRz 4~6 PR SE R, AN
7~9 S, EHIBA
1~3 AENR BT -5
Jo 4~6 IR, AR
7~9 Sy E, b R
1~3 NE 23
HEE 4~6 TR
7~9 IR

1.2.4 JFEEILRITNT =% Dermiki 5% 977k
I e

FEAS T £5: SR 35 [ Kairos 2 LRI &k T
TiE S LR R BURAT A A . B 50 mg iR s 5]
PR BEAR A 25 PORE S, LA 1000 pl 50% FRIEEK, PR7%
EE1h 5T 4 °C.9513xg &L 10 min, HXL 10 uL
EVEW, N 10 pL B alizk, 5 pL PYARFN 40 pl 5
NIEE(0.1% FFR), RIEES. O I B IS 1T AccQ. Tag
it

TR v (i s SRRV S B R B L A T
Bl o HC 20 pL BEAS, 5 pL AR 40 pl 505 B
(0.1% TR, WA B0 i B 18 EA TAT A AR R

£, 313% 55 ). % JH Waters ACQUITY UPLC I-
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CLASS # & RO AH i A T s 40 55, SR T
£7, 4% & Waters UPLC HSS T3( 1.8 pm, 2.1 mmx
150 mm); A shAH: A FH(0.1% HZ/K) . B FH(Z)E);
7ik: 0.5 mL/min; YEMUAESEREFUNTT: 0~0.5 min, 4%
B; 0.5~2.5 min, 4%~10% B; 2.5~5 min, 10%~28% B;
5~6 min, 28%~95% B; 6~7 min, 95% B; 7.1 min kK&
% 4% B, I{#3FE 9 min., FHEAEE: 5.0 uL; AR
50 °C.

Ji% 514 R Waters XEVO TQ-S Micro H3H¢
PUM AT TS R Se b AT Ui 44T, IES F 5 TR+
1.5 kV. #EFLHJE 20 V; REFNREE 600 °C, %57
SR 1000 L/h; HEFLSMAHEE 10 L/h,

KA MassLynx & 541 oA A, £ B4 B ]
FUVFIR2E 15 s, il bRuEN RIS 2 s R . AR
SAIEPRPRUE MRS 3] i R 2R

TAV T3 ST 2GR S5 10 125 A 55 5 {E ( Taste
activity value, TAV) R PF-Ak Ui 25 2 JE iR X AL T 19 57
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LR = 7= (1

Cx
TAV:T—

P Oy MR T & i (mg/kg) s Ty HIRTEMAR
Yy B AE K HH A5 B8 B (B (mg/kg) -
1.2.5 HFE5Pr  FRE 4 g B2 A BEIR 1Y
FESCA 15 mL TZSHE R, 76 25 C I T #HE
30 min G TIMNRE . SRAEEBSTRIE]IFE R 1 s/2H; 1L/
HEVERTE] 2 100 s; AL RARITZFERT AR 5 s; 76 i
FHTE] A 5 s PEREFR B 400 mL/min; 2564340
T TE] A 60 s, R 57~59 s Zefa & B AT
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Table 2 Performance description of electronic nose sensors

5 FRIRT AN a3
1 wIC o557 3 TRk
2 W5S XNy F RS TR U
3 W3C XTSRS T 5T R
4 W6S XA R
5 W5C X R DT T LT R
6 WIS o B e R A
7 WIW XA R
8 w2s X BER B
9 W2W K55 7 WL A ML A ) R
10 WEN X de R

1.2.6  T0%S [&FH f8 28 HC-UBT 36 FH % R (HS-SPME-
GC-MS) 43t &% Sun 452 {07 B 3108 24160,
FREL 3 g BT 505) TR BEIR B RE A B 20 mL Tiizs
I, Z3 BN A NAR 2.5 pL(ZE-d8 20 pg/mL, 1IE+ 10
f5-d32 50 pg/mL) X 5 mL M FIEA ALK ISR . R
FH 1.1 mm B9 SPME Arrow £} 4t (DVB/Carbon WR/

PDMS ) (120 pm>20 mm)ZEBELAE 80 °C Ji#fk 20 min,
FEEL 10 min, F* 240 °C Ff# 5 min J53EEE,

GC &1k BERE OHRJE 240 °C, 2N ELiE /S,
FHAPE 1.0 mL/min, FEERITHE 3 mL/min. F+
IRFRF: WA TR 40 °C, DL 8 °C/min Y I =
120 °C, LA 20 °C/min A F+ & 230 °C, Ff4EHF
4.5 min, Sz f7HE] 20 min,

MS £k B FURIRE 280 °C, L T-HEE: 70 eV,
BT m/z 35~500, FTis4rE%k 30000,

REPERE f: f SE IR ARAR Y BT 5 NIST 2023
T RS 2R EEXT, ik H DU ACRE 80% LU LAY, SR
FHAREIEF 7208 /430, FHEHS AR X RS
(Relative odor activity value, ROAV ) 2% 152/ 2
ﬁ[ﬂ::

G y T
T, G

2o C AR Y B IAERT B 1 (% )5 Cae N
XA i AR XU A BT R S K2 43 AR X 5 B (%)
T, N X B ¥ & B J0T A6 7K v 19 3 bR BB (mg/kg) ;
T oax JIRTHE dt S XU BT R e K20 5390 JBT 7E 7K i)
AR E (mg/kg)
1.3 HEAE

SLEGIEAT —UCHAT, AR LSERHEE R EZEIE A
Fok. RJH IBM SPSS Statistics 25 SEATHLRN K 722
ST, W TR P<0.05; KR 25K Origin
2022 . SR SIMCA 141 FRAEX o 7 8 RN 25
2 % iR F W 25 47 32 )8 43 53T (principal component
analysis, PCA) . RJHFREH Y =75 (cloud.major-
bio.com)i##4 T HS-SPME-GC-MS HEHIE ST 545K
2 RSN
21 KEREHSHER

a3k 3 7R, HPLC E =4 Prai R 3R W], kel
W E AT E BN ZmRAe Gy . Hi, 445
PR . BT PR AT P e 2 e e v ) = 2 1) o, it
e WA A, X ek G mT DUE A E R H
e BG R T r A RAnHINR BT AR, AT LA
VER-E MBTEATIR AR AFgErh, e
TRRAILAS R AR o X5 Jiang 4578 IBFIE 45 2R
—E, TSI BAASE H AT BE AL AT 5
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Table 3 Content of polyphenolic compounds in dragon fruit peel

ROAV, = x 100

A i (ng/ghESh)
BET]R -
ILE#E -
SRIFR 7407.14+196.46
Ul [L(ivd 3018.22491.69
B 258 i 6615.18+375.76
i % 250.89+13.24

TE: =" RRARM N, FRd4~TRolA].
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PIZE A BT 04 S BB bR 045 pHL. B0 . JBT b e
BARTE, Hi, pH X P AR BTIA L B0 RT3 AR i B
HA e, 132 4 Froas, KOe S Rz e i
EREA T 4 HER pH(P<0.05), 3XBE-5H 3 B A% pH
A, WA R FIH A HESU AP G M . Cunha
SRR (IR R B, K OB SR B T RIS PR DE
pH. FEFEJ 1, BSP 201 DFP ZH4-HEM) S (0 2=1H
AE 5350°M 17.33 F1 16.01, 5 CON £Hr=4: T PHR A]
DLAA 22 (AE>2.0) o AHECIERH YRR, K o5 5 7
R T AR & EH(P<0.05) (3R 4), X EFEE
R KSR R i R S BB SR 4T i FE . Bellucci
SEBY AR A BE TR B IINET K R SRR B, R 5]
T aHM TR (P<0.05), JF8E T 4% PRURY (L5
SRR T, KSR B v S i E A B S DR R 4 2
FEAS T - HERI M 2L 7 (P<0.05), 3 B 4H L CON
2l 2RI (P<0.05) , FRWIMBREFR T TR =2 Y
oA A B AE TR T IR R R I K, PR AR
IR, PR A BB [RIESE, KBS B v a2 1y
Zepy vl B S5 WLsh & A -WIERER AAH B AR, i —
HHASR AL ORP . 5 CON 2B 4H L, BSP ZH#1 DFP
ZH N ERPE B HN(P<0.05) . CON A& P SR M4
T B I8 R AL AR 2T 465 (3 AR S EIVE FH Y
ZEL . AHELZ R, BSP 201 DFP 4H 3% 5 (R B
o BETEMM AR (8 1A) 7R, DFP ZH 2B HELE XU
FIEETESS 155 T CONZHFI BSP 4H, ik I 51
Bt el A BERE T A HE B 5T .

F 4 FUREIRS S A HER pH, PRI A4S
Table 4 pH, color and texture of steaks in different groups after
pan-frying treatment

Eitan CON BSP DFP
pH 5.76+0.03" 5.83£0.01° 5.67+0.03°
L 45.70+£2.21° 28.78+2.50° 31.89+3.51°
a 7.88+1.12% 7.39+1.44° 9.42+1.27°
b 18.24+1.74° 16.94+2.25° 18.63+1.25°
AE 17.3342.96" 16.0142.51°
K% T1(g)  4049.00+£189.69"  5067.67+770.30°  3654.00+384.45"
T (g) 197.00+30.27° 163.00+10.44® 149.67+2.89"
AR 0.53+0.02° 0.58+0.03" 0.6120.03"
3t (mm) 1.89+0.09° 2.11£0.20° 2.0120.04°
& (g) 118.00+19.97* 101.33+3.79* 103.67+11.93
NG PE (m)) 2.20+0.44° 2.1040.26° 2.03+0.25°

H: CONRy s ({5t HRZH, BSP R S EARUE S I 2, DFPA O SR K2 i
Tl 4 A PR A R R RR 22 7R B35 (P>0.05), RIRIVING FHERIR[R]
—FEhr2a 5 035 (P<0.05), #5~F6lA],

TE AT AR v 09 B 5 A8 AL X PRI IS JRURR 9T 1%
AR \EEEM, (BT E S5 R 558K, I
I F B AP, KRR RIS AT R
Z RS E Y R RAFIPTEALFN A i 3ETE RN
TS, E 1(B)ATOL, 5 CON 4i4H Lk, BSP 4 Fi1

T % SR PR Hh ek KR 139 -
s .
) T hep
75 —a— DFP

) B
I
N

e <
E W
T

e
w

T

e
S
T

TBARS (mg MDA /kgA
e

0

CON BSP DFP

B 1 B A RS A A HER B E PR TR R E (A)
F1 TBARS {E(B)

Fig.1 Radar plot of sensory score (A) and TBARS value (B)
of steaks in different groups after pan-frying treatment

H: CON Myzs FXf B4, BSP Ry A SARUEER A 21, DFP 4k
Je S B M A ANENE RN F — 5 bR E R B
(P<0.05); K 2~& 6 Ir],

DFP 20 14 TBARS fH 4535 F T 8.93% F1 51.79%
(P<0.05), FHHKIBH L T REA R il Bl A v
gk, R T HE BT A kAR e M . Huang
SEPV [RIAE R B, AR Fe PR HU AT S KA A L DF
B TBARS {H(P<0.05), ZE L, KIBRPITER LR
Préa bkl WA RO ENR A AL, SR HE AR, 3
THA=-HEXBR M FR = TE
23 KEREXT4HEERF AR
2.3.1 UERESEIERRTHT RGBS 2 SR
FRZH RSN R DIAE DG, e St R v Ui 2 2 kiR
Sy SRR | EHR . PEBR A TR IR AT S
W 17 FhiE RS S FERR (R 5) o AbFE T 2 A4 HEY
SN B A I A T B SE RN (P<0.05), CON ZH 1)
Ha A7 4577.18 mg/kg, BSP 44 4409.55 mg/kg, i
DFP #H I i AR 2= 2706.35 mg/kg(P<0.05) . =
2R AR HE PR S IR 11 LU A8 H5e v (>50%) , {H 56
bR, BEERE LIRSS SRR, X TCHREA IR (CYS),
TE CON g h oA, AT RESE: i T A HER &t fids il ik
P B B LA A b 220 R sl AT AR S TR N R AR R
Fedb ol 5 H A L S I 7, S B0 2R B AR R PO,
i BSP ZHF1 DFP ZH Al G2t T T RHHE R,
TERTHS R 5 4 A P A S SRR A AR, S a3k
BR S AAS b . DFP 40 FR i B8 R a2 b LU
WA R A A R SR B R P e A LA A 4 b 2 R AT
(P<0.05), IXTATRE S LUT RIZRA K Ho—, 28 AR
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Table 5 Composition and content of free amino acids in steaks
of each group after pan-frying treatment

Y O AL
(mg/kg) CON BSP DFP

Asp 26.80+0.22° 19.33£0.24°  26.13+0.18"
Glu  368.42+0.57°  373.56+2.18"  217.5+0.43°
Gly  209.97+0.19®  221.31£0.34*  106.05+0.75°
Ala  619.47£7.10°  682.79+2.45°  318.55+1.95°
FHIRZALRR  Thr 232.79+1.19°  24435+0.49°  126.02+0.25°
Ser 308.39+1.67°  320.38+0.95°  167.4+0.61°

Pro 90.30+1.04°  92.88+1.16°  49.54+0.57°

Lys  283.95£1.21°  103.65x0.33°  203.58+1.99"

His 113.05+2.86"  115.31£0.93°  67.67+1.79"

Val 384.74239°  392.21+0.77°  208.79+0.93°

Met  225.94+3.13"  231.01+0.39°  140.16+0.83°

HIREER e 328.35+1.34"  337.5+1.64°  191.17+0.86°
Leu  591.33+2.00°  597.54+0.87°  334.65+1.88°

Arg  230.71£1.22°  186.89+1.05°  175.50+1.38°

Tyr  201.12+0.87*  122.83+1.20°  148.87+0.87°

Phe  361.89+2.35"  360.79+2.01°  218.67+0.37

TCRAIEIR  Cys - 7.2240.48" 6.10£0.67°
YRR 395.2240.79°  392.89+2.42°  243.63+0.61"

Y RHIRE R 1460.92£11.19° 1561.71£5.39"  767.56+4.13°
YRR 2721.04+17.37° 2447.73+9.19° 1689.06+10.90°

S TCR A R - 7.22+0.48" 6.10£0.67°
S 4577.18+29.35* 4409.55+17.48" 2706.35+16.31°

JEIKEEPERY, FEE SRR T S e ) B
PEES S LR =B TR SRR, K IESR i
Z Py o Al A SR A KA AR S LA SR
254, PIRIER S P, E R IR SR el 7 H
=, ZWHiE V] RSB IR & AR E RN, E—
BEARIL A DY, KOPIR e S 2 2SIt nlfe
i I ZZ IR AR AN 8 1 BT AN e BRI R . ARG
S SRR — 455, Hui £50°) fii FH 2 LA Ml 24F
PR, BB 26 ) LA 3R MR I B8 i, e 2 2 R 5
B#A% . Long &1 & A 5 XG0 B i AAE R 25 22
T SEAE P LA AT AT I 2 XK R 172, 5%
M 2B E R . 27 1, KORESR B T AR B S S5
il A HE PR RS 2 LR RS, (RX L AT B Lkl 1)
BARFE T 2P ReT .

2.3.2 BBREMIES TAV A H RUE KOBSR vl
TR R AR LT Fr TR, 2 TAV E 58T
5 R (3R 6) R, Glu(#HEER) 1 Ala(HER ) 7E CON
ZHAN BSP ZH4EHE B9 TAV (EISK T 1, 7E DFP 41
F4r5h 0.73 F1 0.53, 2 HE R R RE S
1%, Horp Glu 19 TAV (B &=, & B AR g Ry g p
MSCEE . AR T, REEGYREILR T TAV
{EH/NT 1, SRR IR IR /N, TAVAER T 1 1Y
IR N BSP RS TAV Fis, k& CON
ZHAE T, 1T DFP AE S el X5 DFP 277 B8 24 LR
ETHEBANE K. PCA 5545787 (I 2A, & 2B) &
HH, PC1 F1 PC2 SZEFHTTHR R IEE] 99.9%(PC1 78.8%,

PC2 21.1%), BEWE X 434~ [F] b BE LA [8] (1) 2 JL % 20 A%
25, ZHAHEFEMAE PCA E E S B X 5.

CON ZHAESNL 55 4 /K, 5E3T ARG. TYR Z5RHIE

[a) £, 2% B FLE BRASRNE B A 7] 77k . BSP ZHAE ST
T =48R, 51T Ala. Thr, Gly 55 BREFENR, 230
TGS B EE R 5 S BRRRAE . DFP 21 R & 53 11 75
PC1 1E [ X3, FEUT Lys. Asp & 5Lk, F0 Kk g 5
Bt Mgl GEAS M AL S i SRR SRR SZ . Aok
T, KB R il s T A HEr b SR RS LR 1 AR

F 6 HIHIbHS & A4 HEF S S AR Y TAV (H

Table 6 TAYV value of free amino acids in steaks of different
groups after pan-frying treatment

‘ TAV{H
Wers A AR R {E (mg/kg) ™!
CON BSP DFP
Asp 30 0.89 0.64 0.87
Glu 300 1.23 1.25 0.73
Gly 1300 0.16 0.17 0.08
Ala 600 1.03 1.14 0.53
Thr 2600 0.09 0.09 0.05
Ser 1500 0.21 0.21 0.11
Pro 3000 0.03 0.03 0.02
Lys 500 0.57 0.21 0.41
His 200 0.57 0.58 0.34
Val 400 0.96 0.98 0.52
Met 750 0.30 0.31 0.19
Ile 900 0.36 0.38 0.21
Leu 1900 0.31 0.31 0.18
Arg 500 0.46 0.37 0.35
Tyr 725 0.28 0.17 0.21
Phe 900 0.40 0.40 0.24
Cys 200 - 0.04 0.03
PCA-X
@ m CON
4 m BSP
_ B DFP
= 2 cox1eggh
N !
s 0 Dit2e
82 wsr103h3
4
-6
-8
—15 -10 -5 0 5 10
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70'1mwhﬁ> S Vv N & O Q
PSPPI S S
PN NS NCE NS\ \t NREEENE
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B2 R Ah B 25 4 A HER T 2 e S5 R 4 431 PCA 1547
&l (A) Fi#gmi [ (B)

Fig.2 PCA score plot (A) and loading plot (B) of free amino
acid composition in steaks from different groups after

pan-frying treatment
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P4 O i ORI L ) AE AR 55 25 5 (P<0.05) . TF
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FaL BRI BRI LE S . IXFRIHFR 2 XTh
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YE . DFP 40 7E W5S. W1S Tl W1W 14 i )37 {8 B
=, REHRES AT RE S R 2 R AL . B Ak s
AP, ML Z R, T A R TE WIC, W3C,
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Fig.3 Electronic nose radar chart data of steak samples in each
group after pan-frying treatment
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i b G W H A B REFR, BFEZKBEME
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Fig.4 Number (A) and percentage (B) of volatile flavor
compounds subclasses of steak samples from all groups
after pan-frying treatment
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Fig.5 Relative content of volatile flavor compounds (A)
and PCA score plot (B) of steak samples in each group after
pan-frying treatment
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Fig.6 Heatmap of the 15 screened key volatile compounds
of steak samples in each group after pan-frying
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WIS A & i .35 = T CON £H.(P<0.05),
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Table 7 Odor descriptions, ROAV values, and VIP values of the 15 key volatile compounds identified

e Rk 347 TR ROAVI vIPfi
mg/L) CON BSP DFP

2,4-%% TIIE BRIV AT B IR 0.00005 100.00 100.00 100.00 1.71
2- I REIDT; B s BN 6.5x107° 16.22 11.44 20.76 1.06
[Nt HHA; IR R 0.0075 4132 31.26 72.49 8.61
S A B s b 0.0007 16.50 10.36 3237 2.10
Tl T BRII& e & 0.015 36.44 2423 66.25 3.87
T JERE s e IR SRR 0.008 1.51 1.06 2.18 2.60
B BRI JE5 B 5 R 0.01 3.08 1.99 6.22 1.98
127 J5-3- 1% B A H R 0.007 6.63 5.53 14.39 1.90
(+-) -7 FHAR s APAE s A 0.01 0.00 0.32 1.00 427
4-SERFEH K [ NI 0.0133 0.01 14.57 48.88 532
o-VRM AR MSBRE; A& 0.033 0.00 0.85 2.05 3.87
AR MR B B 0.0039 4.84 10.36 14.69 2.62
S AT INMER; A 4x107° 5.85 15.22 25.16 1.14
Fet e TS s Al ; it 0.00026 0.01 0.28 1.07 1.00
2-I B0k g SR TR R 0.0048 2.12 1.68 3.39 2.05
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