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Abstract: The effects of 200 W (UC200), 300 W (UC300) and 400 W (UC400) ultrasound assisted vinasse-curing on the
formation of characteristic flavor in vinasse-cured beef were studied using beef as the fresh raw materials. The sensory
quality, structure and morphology of myofibrillar proteins, fingerprint and odor-active values of volatile compounds were
investigated to reveal the changes of ultrasound assisted vinasse-curing on the conformation of myofibrillar proteins and
characteristic flavor in vinasse-cured beef. The correlation analysis was further employed to identify the correlation be-
tween the changes of myofibrillar proteins and the formation of characteristic flavor in vinasse-cured beef. The results
demonstrated that 200 W (UC200), 300 W (UC300) and 400 W (UC400) ultrasound assisted vinasse-curing were able to
improve flavor quality of vinasse-cured beef. Specifically, the ester aroma scores in the UC200, UC300, and UC400 groups
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increased from 0.50 in the control group (CK) and 6.25 in the non-ultrasonic fermentation group (NUC) to 7.23, 8.00, and
7.02, respectively (P<0.05), with the UC300 group showing a higher score than the UC200 and UC400 groups. Conforma-
tion analysis revealed that, the UC300 group exhibited the highest intrinsic fluorescence intensity and surface hydrophobici-

ty of myofibrillar proteins compared to other groups, reaching 2293.55 and 22.54 pg, respectively. Meanwhile, its a-helix

content, average particle size, and surface roughness were the lowest, at 24.91%, 1.64 um, and 0.43 nm, respectively.

SPME-GC-MS results showed that a total of 43 volatile compounds were identified in the vinasse-cured beef. Esters, alde-

hydes, and alcohols accounted for 75.96% of the total flavor compound content. The ester compounds content of UC300

group increased from 50.18 mg/kg of NUC group to 58.53 mg/kg (P<0.05). Partial least squares regression analysis and

odor-active values indicated that ethyl caprylate, ethyl decanoate, phenethyl acetate, phenylacetaldehyde, nonanal, ethyl

valerate, ethyl butyrate, ethyl benzoate, ethyl nonanoate, and ethyl phenylacetate were the key odor-active substances re-

sponsible for the increased characteristic flavor in the UC300 group. Spearman correlation analysis indicated that key odor-

active compounds such as ethyl valerate and ethyl benzoate were negatively correlated with the a-helix of myofibrillar pro-

teins, and positively correlated with the ester and alcohol aroma. Therefore, this research can provide critical references for

the application of ultrasound in improving the aroma quality of vinasse-cured meat products.

Key words: vinasse-cured beef; ultrasonic power; myofibrillar proteins; protein conformation; flavor quality
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PG 1.5 A5 PR 5 114 et /K e 7K S Ok © k.
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B2 R R4 h 5 SR 0y, SRl 44 o CK 4H R
AR, NUC 20 GRS A ), UC200. UC300
I UC400 LHGEAEFEHD . CKRA: VA4 RES A
2, T 4 °C B 48 h, SR EUEE, KA B F—80 C
fiti A o NUC 2H: VI 4R SR s bk 1:2
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A 4 AT 0.1 mol/L KC1 i, &3¢ )5 VU E 2045
g, BRI B O WAEDTTE . DITEMKIR A 0.1 mol/L
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Fig.2 Electrophoresis of MPs from vinasse-cured beef
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Fig.3 Infrared spectra (a) and secondary structure relative
content (b) of MPs from vinasse-cured beef
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(R Y R R PT HES | & 43 T IRlgi /K AH BAEFH 5380 A

g ae, FRmpk PSR FE0H, 300 W B S AL H R
TT T WURLT 4R (A =S el ghs), e e T NURET4E
B R MK LA & .

PR ZE OGS B FH T I BT 7 2 SRR A S i
PEARA, DA SVl R T = R e A4k & 4c
7N, BERE TS D EEIE 0, AR A PR S48 2
58 & (Flmax) Z Wi HE 1, 76 300 W i 75 D) 3218 2] 5
KA H . 5 CK 1 NUC 41 4H kb, UC200. UC300 #l
UC400 2H fx K2 GHREE 43 B 1918.75(CK 4H) Fi
2114.00( NUC £H ) 3% Jm 2= 2229.50. 2293.55 Fl
2195.00, [EIRt, 5 CK ZHAH L, UC300 2HEe R & 5
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Fig.4 Sulthydryl content (a), BPB binding content (b), fluorescence spectrum (c) and potential and size (d) of MPs
from vinasse-cured beef
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Fig.5 AFM morphology of MPs from vinasse-cured beef
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RS . Huang F5PY BT & B H A PRS00 88
SRV LA B, IR R AU Sr R AR BAE A, dE
TTHR LR £F 4E 85 1 2 5] 4340 R/ Rq H . B,
UC300 2H LR £F 4E 45 11 43 A ¥ 53 ] g I R T~ 300
W B IE AN UR LT 4R 454 R I e L ] 1
PR E T WURAEE AT A EAEFH. AFM 45
SR —2IER 300 W BB R FEAR T LR AT 4 ds 1 2L
NIRRT 400 W #EF5 S5 MPs R R AR
FERGIIN, 3X -5 WURETFHEER 1 0 SRR A5 45 AR

—2

2.6 SPME-GC-MS ##f

ANFR 1 UoR, FAlA AR IL A 58 Y 43 iR
PEXRIE A, FLAGEE IS (21 Fh) | BES(8 Fh) | Bk
(4 Fh) | BEZE(3 Fh) | IFIERIEQ2 Fh) FHARIE (5 Fh) .
NUC £H ) 2] 36 F 4y i, i UC200. UC300 Fl
UC400 2H F# 45 2 38 Frdy )it . 7E NUC 26, T
5| EESRNEESHE R ME Y B i N SR R MR R
T 75.96%, ST AR PIHE R XK BT ) 22 A
4y 5 NUC £HAA Eb, UC300 £H B & | B2 I s
e W FANT 16.64%. 7.89% Fl1 22.07%; [F) i,
UC300 ZH £5 25 XUBR ) o e 1 i 35 /5 T CK 40 (P<
0.05), iXEbzE I, 300 W B AL e 28 T

R BRI A B Y B SR A
Table 1 Concentration of volatile compounds and odor description of vinasse-cured beef
o . N PERMEA A PR (mg/kg)
5 &) YA TR AR
CK NUC UC200 uC300 UC400
1 VIR Ethyl caprylate R n.d 12.5440.1°  13.58+0.4"  14.64+0.35" 13.73£0.94"
2 BEHARR — TR Diethyl succinate P nd 7.58+0.18"  7.67+0.38"  8.88+0.77°  7.05+0.46"
3 LR LT Ethyl caprate R 0.02+0° 6.89£0.55"  7.59£0.4°  9.16x0.46"  7.28+0.28"
4 LR LR Phenethy] acetate WHHERE n.d 4544035  5.64+0.45°  7.61£0.5°  5.31+0.45°
5 C R MR Ethyl hexanoate R nd 3.96£0.27°  4.13£0.75°  3.03£02°  4.01£0.37°
6 AR LR Ethyl lactate WA R n.d 3.60£0.24*  2.74+0.34"  3.16+0.09"  2.89+0.65"
7 HHR T Ethyl benzoate & n.d 1.89£0.08°  2.09+0.07°  2.53x0.27°  1.87+0.08°
8 FrRAEMR £ T Ethyl palmita LiEEis 0.04+0.01°  2.63+0.19°  1.95+0.18"  1.70£0.03°  0.77+0.06°
9 LIRS IR Isopentyl acetate R n.d 1.5240.05°  1.43£0.04™  131£0.14°  1.90£0.06"
10 HH:RR g Ethyl laurate & 0.02+0.01°  0.88£0.04"  0.94+£0.01®  1.18£0.08"  0.44+0.12°
11 P %R £ R Ethyl myristate ity n.d 0.82+0.04*  0.84+0.05°  0.67£0.08°  0.45+0.05°
P Ethyl 3- ]
12 3-HUER BN R £ g > R n.d 0.68+0.04°  0.77£0.02%  0.92+0.05*  0.84+0.11®
methylthiopropionate
N . Ethyl 2-hydroxy-4- ’
13 2-553k-4-FIL R 2 e r:ethylzalerafe A n.d 0.67+0.04°  0.69+0.04°  0.98+0.09"  0.64+0.06"
14 LR-2-MEE T BR 2-Methylbutyl acetate R nd 0.76+0.05"  0.75£0.07°  0.87£0.05°  0.67+0.06°
15 KO M Ethyl phenylacetate % nd 0.43£0.02°  0.55£0.01°  0.78£0.01°  0.45+0.03°
16 TR LB Ethyl nonylate RE W& nd 0.35£0.04°  0.43+£0.01°  0.50£0.02°  0.40+0.04™
17 TR Ethyl butyrate R nd 0.10+0.01¢ 0.12:£0° 0.13+0.01° 0.17+0°
18 PIEERR 2 R Ethyl cinnamate R 0.02+0° 0.17+0.01°  0.20£0.01° 0.19£0° 0.100°
19 2-HA TR LT Ethyl 2-methylbutyrate R n.d 0.120° 0.1120° 0.09+0° 0.18+0.06*
20 TR LT Ethyl valerate R nd 0.0740.01°  0.13+0.01>  0.15£0.01°  0.13+0.02°
21 VRSN Isoamyl caprylate R W& nd n.d 0.04+0° 0.04£0.01°  0.04+0.01°
[LEE 58 s 0.1£0.01°  50.18+0.65° 52.41+0.61° 58.53+0.64" 49.31+1.27°
22 KR Phenylacetaldehyde 1 n.d 0.08+0.01° 0.0320° 0.12£0.01°  0.07£0.01°
23 +oRE Dodecanal BEIE . AEF 0.02+£0.01¢  0.17+0.01°  0.16£0.01%  0.22+0.02°  0.14£0.01°
24 e Pentadecanal LS 0.02:0° 0.50£0.03*  0.37+0.01° 0.27+0° 0.34+0.01°
25 e Furfural U nd 0.74+0.14"  0.91£0.11°  1.50+0.16"  0.55+0.03°
26 R Hexadecanal Litiy 0.26£0.02°  6.2240.55°  4.95£0.23"  3.28£0.93°  2.55%0.09°
27 X AR Y p-Anisaldehyde LI 0.60£0.01°  3.65+03®  4.1240.06°  3.64+£0.5°  3.18+0.43"
28 i Nonanal Ned . R 0.41£0.04°  1.81£0.24°  2.12+0.07°  2.23+0.15"  2.35+0.28"
29 I Benzaldehyde W 0.17+0.03°  22.60£1.03°  25.55£0.99" 27.33+0.83*  23.79£0.88°
R B 1.48+0.06°  35.76+1.53° 38.22+0.83* 38.58+0.82°  32.97+1.2°
30 R OB Phenylethyl alcohol YA n.d 5.80£0.33"  5.23+£0.24%  7.08£0.61°  4.73+0.64°
31 e liifi Eucalyptol T 0.14+0.02 nd n.d n.d n.d
32 Iy Linalool T 0.03£0 n.d n.d n.d n.d
33 P Terpineol NG 0.01£0 n.d n.d n.d n.d
[EE 58 0.18+0.02°  5.80+0.33"  523+0.24%  7.08£0.61°  4.730.64°
34 2,3-BE 2,3-Heptanedione Wims A n.d n.d 0.01+£0° 0.02+0° 0.01+0°
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k1
we - N P, YRS YR BE (mg/kg)
CK NUC UC200 UC300 UC400
35 K Acetophenone i nd 0.20+0.03"  0.19£0.01"  0.27£0.02°  0.21=0.01°
36 VNG ET Fenchone S N NjiEi 0.03+0 nd nd nd nd
P2 o 0.03+0° 0.20+£0.03°  0.20£0.01°  0.28+0.01°  0.22+0.01°
3-methyl-6-(1-
37 - A methylethylidene) pNDE 0.02+0° 0.05+0.01° 0.050° 0.07+0° 0.050"
cyclohexene
38 (S)-(-)-t714 (8)-(-)-Limonene N I nd 0.28+0.01°  0.57+0.01>  0.58+0.04®  0.83+0.11°
IR A 0.02:+0¢ 0.33£0.02°  0.62£0.01°  0.65+0.04>  0.88+0.12"
39 FUR Coumarin EEE 0.01x0° 0.06+0.01° 0.05+0° 0.05+0.01° 0.030°
40 4-H S R AT 4-Methoxyphenylacetone [GikS 0.01:£0° 0.08£0.01®  0.08+0° 0.10£0.02°  0.08+0.01°
41 2- TR B IR 2-Pentylfuran e+ nd 0.87+0.12°  0.98+0.01°  0.97£0.04®  0.70£0.01°
Iy} [ Anethole IR 3.5240.15°  27.50£0.88° 33.44+128" 32.61£0.84° 31.92+0.18"
43 i Estragole KEFHHE 0.35+0.03 nd nd nd nd
HAbE S 3.8940.14°  28.51£0.96° 34.55+127° 33.73+0.86™ 32.73+0.17°
AT o 5.7040.09°  120.78+1.33° 131.23+0.92® 138.85+0.65" 120.84+2.14°

TE: FATA R REFRE i 8] 22 57 %, P<0.05; n.dFR ARAG s XUBRAL& 4 RA & K A hitps://www.chemicalbook.com/ProductIndex.aspxfilhttps:/

www.chembk.com/cn,

TR R R PERURAES Y ZH B, (R BE T RS .
FEFNEIEY) TR R
B G EAR A  B IR R R R 2 —,

EZLLOHRIE AR, AU R 1Y %% (C4~C6)
F 4% (C8~C10) I TR 2,15 LA KI5 55 2. Wi, BAT R
T WA AT BN, TERAHER. IR ZRF
BEIR L BREA RATFNEETTRRE, 2R 1R LR AN FH iR
BRI A ERISOTMR TAEAFIEIR, Sk B &
Pzt A T e A G A R A S B - SR, CK 2R
il 21 53X LB iR 2L AW . ILAN, 5 NUC 4 AA tL,
UC300 dHH IR Z.T5 . SFFR TR . 2512 L BRI
TR L TR FY M BE 3 ) M BN T 114.29%. 16.75%.
32.95% F 33.86%(P<0.05), X F 0] 300 W A8 75 4l
B PEE T AR A P LB BRI TR e R

B GRS —FEE TR T, ARWFIT
o, FHRE 2R A IR T Y 8 R, B DY I RIS D
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[N 75 | e 3/ =) D T 2 R RN R RT 7S
FRAE . 5 NUC gHAHLEL, UC300 2 28 201 | B 2K
FH RN B 43 0 3 0 1 50.00%. 102.70%.
20.93% Fll 23.20%(P<0.05), 3 7 B 75 4 Bipkt il 47
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T N V= R R A7 B S R S sy S A VN S i
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Horp 2R 2, s S 20k W & Peeac A v h i E AR
KLU E | /INTET AR | s A XUR AL S S B
TE CK 2H, H BERAIG, 13X 7T BRI P P04 XUk 42 53
T8 1 P VA S B e ) B A A I o R A 5 i =

il KRB S -G BEAH G, i 53
2H A% KM pE R E R VIA 6 . 5 NUC AR, R4
UC300 ZH (S)-(-)-Frisdfs . 2- I FEmmsg it e Ji i 54
n, gR iR B EAR X, B e T ] fEX T A
A= PRI XUR T s M58 71N o

P25 358 5 e AR A PR B T 25 S ) AU
A&, AWTFEM T PLSR AR, Horh g 28/ X AL
AR AMER R S AR R, AR B Y AR SR
FElE . WA 6a Ui, AR BRI BT X M Y A8
SPER 98.60% Fi1 92.70%, 32 BRI HA K 45y
A REFITINGEE ) . PLSR AU PC1 fEfERE X JERE
(35 R PERRIE A9) 83.20% HIAS SR, PC2 X BEM RS
X Ml 7.55% AR S @it PC1 X4 (NUC,
UC200. UC300 Fil UC400) FIAAE Hil 40 (CK) , P 7
FIEAE SR H I . S HH BR ZL106 . 2-H 3T 18 2145 AL
PRALG W B TEAH G

ISR E R B EAE(VIP) 2347 (K] 6b), Hhifik
15 Fh VIP>1 By SCHEE XURAL &9, L35 IGHR £ H5
ROPEE. O OHR . FRIEBR L1 . 4-H A LR TN IR
4., 5 CK 404H [k, NUC. UC200. UC300 F1 UC400
AUHIHE IR £ RS SRR 5, AR 2,
fig &85 5°N 0.07. 0.13. 0.15 Fl1 0.13 mg/kg, UC300
e . Fitk, DL ESCEXURLS Y AT BE 5
AL UC300 4R1E XUBRIE N Ge i 12422 F AL A
Yo AHHH AR S ER XUBR 1 A5 42, 38 o AR I BE (A
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PRS- AT

Tkl A A P S SC R UL & 119 OAV ZB4k
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Fig.6 Partial least squares regression (a) and variable impor-
tance in the projection (b) of flavor compounds and sensory
qualities in vinasse-cured beef

K2 MR ORI B I RTE (L (OAV)
Table 2 Odor-active values of key volatile compounds
in vinasse-cured beef

LI 7 ory

mg/kg) CK NUC UC200 UC300 UC400
1 FRRZEE 00557 0.00 250.80 271.60 292.80 274.60
2 HBERCEE 0208 010 3445 3795 4580 36.40
3 ZMRZEE 0257 000 18.16 22.56 3044 21.24
4 HKEE 0.005%7 000 1600 6.00 24.00 14.00
5 T 0.122°7 336 14.84 17.38 1828 19.26
6 JWRZME  0.0058 000 12.07 2241 2586 2241
7 THRZEE 002" 000 500 600 650 850
8 AWMLmE 0.58° 000 326 360 436 322
9 OB 1.50°7 000 264 275 202 2.67

TR g 0.20 0.00 175 215 250  2.00
FAHERC R 2.00°7 002 132 098 085 039
12 HRZBRZEE 0407°Y 000 106 135 192 111
T1: OAV HH KUSAL & Wi B AR LA BB AR 2); 35501k &9 BIE K A https://

www.vcf-online.nl/VcfHome.cfm,,

—_
- o

M CK 4H. an, 5 NUC 4i4H kb, UC300 £H %R £ B
B OAV LI T 114.25%, H. 43 5w T UC200
1 UC400 4119 22.41, BVEZERFR, UC300 411
g 7 A IS P40 2 35 % T NUC 4H, H& F UC200
1 UC400 4H. HEAMFR T, IR ZHR. SFIR LT 2%
12 £ TR A5 KR AL S ) 5 A L A e S BRI AN

B XU L T, H OAV>1. ik, DL_E 10 FRRG
PR BR300 W RE S AR PREH Hr R AN R XU
WS RIE I &Y. M, 5 NUC AAH Lt,
UC300 £ H O 1% £ BiR FNAR T R £ B8 1) OAV 433l
/T 23.48% Fll 35.61%, UC200 Fi1 UC400 2H 754k,
BN
2.7 Spearman HXM 5T

i F 3R 10 Fh QSR UG P4 & 9, 8 o
Spearman AHICM ST HTRBE— 2L DT FEAE A PRXUA
B S UL g BB MR Z B R K 7 Uik,
BGIR i AN 2K FH R & FR 43 5 55 B A (7=0.975. P=
0.005, 7=0.900. P=0.037) . BEZ (=0.975. P=0.005,
r=0.900. P=0.037) F1 N & 2 5t (#=0.975. P=0.005,
7=0.900. P=0.037) 2 R FIEAHE, IR R FIAE
IR ZlR 5 a-12JiE (7=—0.975. P=0.005, =—0.900
P=0.037) 2 WENAHIC ., BRI LIBPREE. 78
2R BRI TR .08 5 _ iR sk A 4l 2L,
Zhao Z5B WF5Y 2 HH, 500 W A8 A5 A BN I LELLT
Y SR 2GR B B R AT a-BEUE S B A REAI, A3 B
FHE G A LB 2 25 PGB | 2- S Lk il 5-
FH LR I &5 XU ) 5T i 45 5 3 . Han 5510 ifF g 3%
B, A P AL B AT 5 o 58 B-FLERER H (BLG) AR
IREEFIA I ZE WM, 755 BLG 119 EF 24 (Loop EF)
X3k A R, WINE GG . Bk, AR
FAHIE ST HE—A R BH, S R B vl REIE 15
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Fig.7 Heat map of Spearman correlation coefficients
between flavor quality and conformation of myofibrillar
proteins of vinasse-cured beef

T * IR S B VK P<0.05, P<0.01,

3 g
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4% PR & . SPME-GC-MS 45531, Ty
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NUC 2H4H Lk, UC200. UC300 Fl1 UC400 £H 5 XUk
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