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Abstract: To investigate the effects of high-temperature steam sterilization (121, 126, and 134 °C) on volatile components
and aroma characteristics of Gushi goose nuggets: A characteristic Xinyang tourism food product, sensory evaluation
coupled with headspace solid-phase microextraction gas chromatography-mass spectrometry (HS-SPME-GC-MS) were
used. Partial least squares discriminant analysis (PLS-DA), relative odor activity value (ROAYV), and principal component
analysis (PCA) were utilized to assess variations in sensory attributes and volatile compound profiles across experimental
groups: non-sterilized control (M0), 121 °C sterilized (M1), 126 °C sterilized (M2), and 134 °C sterilized (M3). The results
showed that the treatment group at 121 “C (M1) was closest to the control group (MO0) in terms of aroma, taste, color, and
tissue state. A total of 99 volatile components were identified in the four groups of samples, with significant differences in
their types and contents. Based on PLS-DA, 33 characteristic components with variable importance in the projection
(VIP>1) were screened, and the discriminant prediction accuracy of the model for the sterilization temperature reached
97.3%. ROAV analysis indicated that the ROAV of aldehydes in the treatment group at 134 “C (M3) was significantly
higher than that in other groups, resulting in the strongest overcooked flavor. In contrast, the group sterilized at 121 °C had
the largest variety of characteristic flavor substances, with a richer fatty, fruity, and fresh aroma, and no obvious off-flavors
were produced. The PCA results showed that when the sterilization temperature exceeded 121 °C, the dominant volatile
components shifted from alcohols to aldehydes, significantly enhancing the fatty aroma. The comprehensive analysis
demonstrated that high-temperature steam sterilization at 121 “C could not only maintain the aroma characteristics of Gushi
goose nuggets to those of the unsterilized sample but also promoted the release of flavor substances and avoid the
generation of overcooked off-flavors. These results provide a theoretical basis for the optimization of processing technology
and the improvement of tourist food quality.
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Fig.1 Sensory scores of Gushi goose nuggets at different
sterilization temperatures
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Fig.2 Venn diagram (a) and analysis diagram (b) of the types
of compounds of the volatile components of Gushi goose
nuggets at different sterilization temperatures

2.2.2 BERVERRY) BT R 2 Al aEad HS-
SPME-GC-MS i, 4 ZHAE 54 AG HY 99 Fhi%E L 1EY)

T, Sy DRSS 23 B, RS 3 Fh, BEs 12 Fh, MEkes
6 Fl, MRS 23 Fh, S LG9 3 Fh, IS 16 F, B2
5 %, RHAMSEYI R 7 B ASEFSEE S TSR A B
TR S [T L TG B XK 4 53 X FE i), 2 B 4 ZHAE Y
VERPER S S 25 54

MO. M1, M2, M3 B8 5T AR & i 5
B 11.01%. 22.14%. 17.41%. 17.90%, HrpiAg
Y M R ST 1 -2 Hs - 3-BsA i S AN FITSEE, AR XE
o I A 2% TR I RE T v SRR AIR (P<0.05) o SR
SER 0 R A P TE R T T 1 -2 M -3 - S it . 35
W 13- SR BRI A, SRR
B SR BRI . H A i REAIG56 BH =5
TS B A BRI TR 0 PR IR, B A B i
B R i, BRI R S AR K B TR AR T 121 C
A B i, (H R VRS T 121 °C g, A& i
SR, Pl R R R AR VR R A s & 4R TR
Ak, B R S IR DS 5>, skt s b T
G R T IR BRI TR, KRS S 4R IS R LS S R
R SR B B A AS At 2 B T AR IR A2 AR

P % XU ) S ARG 5 P, AR AR PR LA 1
(M1: 0.58%. M2: 11.65%. M3: 0.31%), MO 21 7] §&
SRR R S BRI AREIN H . PRSE XUk T 3
FH RN 1T 7 A, EBAT ) S AT DOk, R
(BRI UASE i A B

We keI o s T AE T e AUk, OB B (8 e, %o
KUK TTHRAT B, (0 Z R e RIVE F T RESE i [ 4A 1S
B XU 2o, JLAG I Y 12 Fhke s dy R, Horb
MO i 12FF. M1 11 Fp. M2 2. M3 1 5
i, EHLAE X & 5 Bl A AR B R R Y $E v S B
(P<0.05), X 1 REIETNRITR B, 2R e 268 iy,
BRI, MRk A HITER R H
MFFE R, MO ZH A S I RS BT 6 Fh, AHXT & &=
5.96%, A% B Ja Bl IS 0 &= 4 Bl (M1: 3.37%. M2:
3.01%. M3:4.90%), BLEH AR5, & BUA IS XUBR
YL, X AT RER D A i — 255
HEENEAL G, Hor, 220 0 (2 ATk . 22
15 AN IR S a- 2208 ORI T 18 i R i
VeI BT T S A= 22 ROl

4 BRI EASIN B 24 FhEESE R, AEFPSIEAN
T B 2ERRIR . BRIEYT FERIE TARITE SR
N RAMNEL . KAV, BRI BT B (B %
1, X HEAAR USSR 2 sV E Y . Horp 2 e
Y5 BRMEAS R, HoAA U5 E IR SR, X 4G
FEH g XURTE AT B B ZEAEADY . AR &
SRR A P AERT B i i s (P<0.05), M RE
55 PR PN R A E FH BRI BN W A A oG, 31X
5 T AR g S IR —E

TR A T T R IR I R e A, SR TR
FE AR W PR Ak, T e S VR
WRIE, 4 ZHAES T Sk G o] Besk R TR R



- 108 -

B Tl B

2025 4F 7 A

HREIN A 22 B DL B IV E A R AR T S I A FE T LA B el
BRI ITERINAIZ B FE 4 AR AR G
3 A S mAib G, AHXT SRR/ M3>MO0>M 1>
M2, MO 5 M3 ByAHXT & & JC i k25 57 (P>0.05),

M3 BYARXT & e S AN A] B i T i R AU SE L
TERON AT TARIRE P F 2 134 °C, Stk ey
AR 5 e T 2 AT, DA s v i RS 2
FECE AL S YRR T R B . X S

2 NIRRT BRI R Mo RS S i
Table 2 Types and contents of volatile components of Gushi goose nuggets under different sterilization temperatures
M R RN A cas sk EEBH MR o)
min) 5% MO M1 M2 M3
Al 2- T He-1-1E 3913-02-8  C,H, O 1195 1393 1.09+0.20 - - -
A2 -2 J 18409-17-1  CgH,O 12.14 1067 0.56+0.02 - - -
A3 1,7,7- = HHEROFR2.2.1-Pik-2-BE 10385-78-1 C,,H;sO  13.89 1138  0.95+0.00 - - -
A4 1,3-% B 149-31-5  CgH1,0, 1.92 959 - 0.39+0.01° 0.91+0.00° 0.75+0.08"
A5 2- T 78-92-2 CH,,0 2.15 581 - 1.89+0.03 - —
A6 IET R 71-36-3 C,H,,0 2.74 662 - 1.57+0.05* 1.6120.12° -
A7 (R)-(-)-2-THE 14898-79-4  C,H,,0 2.16 581 - - 1.63£0.15 -
A8 S 123-51-3 CsH,,0 398 697 - 9.76+0.11° 3.94+£0.08" 4.29:0.48°
A9 2,2-— H B 1679-08-9 CsH,,S 576 1444 - 3.14+0.06 - -
Al0 1E B 111-70-6 CH,O 1026 960 - 0.51%0.01° - 0.87+0.02°
_— All 130531 3391-86-4  CgH, O 1043 969 4.75£0.18° 1.46+0.01° 0.89+0.02° 0.30£0.00°
Al2 2-FH -6~ P~ 118 67133-86-2  CgH;, O  10.715 985 - 2.07+0.14 - -
Al3 23-HIER O 1502-24-5 CgH,,O 13.88 1030 - 0.71£0.11 - -
Al4 (R)-a,a-4- = H 5E-3-FR O Ji- 1- H 2 7785-53-7  CioH; 0 1426 1143 - 0.31+0.02 - -
Al5 IEC R 111-27-3 C¢H,,0 7.89 860 - - 3.00+0.07
Al6 S 111-87-5 CgH,;0 12.19 1059 - - 1.23£0.06* 1.27+0.02°
Al7 N 60-12-8 CgH,,0 1298 1136 - - 0.40+£0.03*  0.5+0.01°
AlS 6- 1 B-5- P -2- i 1569-60-4  CgH O 1071 964 - - 0.54+0.06° 5.430.30°
Al9 ey 470-82-6 CioHisO 1149 1059 2.26+0.12° - - 1.84+0.07°
A20 J5 R 78-70-6 CiHigO 1270 1082 0.52+0.01° 0.33+0.01° - -
A21 3,7-H 562,69 -1 624-15-7 CHO 1517 1228 - - - 0.3420.00
A22 1- T 143-08-8 CoHy)O 1389 1159 - - 0.94+0.04 -
L= ER 10.1320.14" 22.14+0.10° 15.09+0.12° 16.87£0.12°
Bl fitifz 64-19-7 C,H,0, 257 576 - 0.58£0.04" 0.97+0.07* 0.310.00°
B2 ] 79-09-4 C,H,0, 3.67 676 - - 0.19+0.00 -
B2 B3 4-FI LR 646-07-1 CH,0, 1033 910 - - 9.99+0.27 -
B4 SPEHR 628-46-6 CH,,0, 11.70 1009 - - 0.5+0.05 -
TR B - 0.24+0.12° 11.65+0.14* 0.31+0.01°
Cl1 =R 67-66-3 CHCI, 2284 - 4.68£0.38" 5.23+0.26° 5.72+0.17°
2 EZNPNP ST 68998-21-0  C,Hyq 11422 928  1.36+0.03 - - -
C3 2,6,10-= F 3+ =% 3891-99-4 CiHsy 1553 1419  0.52+0.01 - - -
Cc4 R 112-40-3 C,Hy 1433 1214 0.56+0.01° - 1.32+0.03* 1.26+0.07"
kK C5 1-3R-2-FA LR L 6294-39-9  C;H;Br 1608 1038 0.23+0.03 - -
C6 IE Tk 629-62-9 C,sHs, 17.18 1512 1.00+0.02° 0.65+0.05¢ 0.83+0.05° 3.72+0.38"
C7 1E7RkE 544-76-3 Cy6Hay 1971 1612 0.58+0.08" - - 0.32+0.25°
c8 1B Ak 629-94-7 C, Hy, 26.14 2109 - 1.17£0.04* 0.89+0.07° -
C9 ETuke 629-92-5 CyoHyy 21.03 1910 - - 0.19+0.00 -
Cl10 2,3,5,8-P4 H L2845 192823-15-7  ClHy, 1271 1156 - - - 1.29+0.04
s ysyill 4.02+0.12d 6.73+0.12° 8.46£0.56° 12.31%0.15a
DI B 79-92-5 CioHyg 9.73 943 0.68+0.12° 0.41+0.00° 0.26+0.01° 0.21+0.02°
D2 o-F 644-30-4 C,sHy, 1835 1524 0.79+0.16° 0.21£0.01° 0.25+0.02° 0.14+0.02°
D3 2 495-60-3 CsHy, 18.51 1451 233+0.13* 2.26£0.11° 2.23+0.08° 2.00+0.21°
k2 D4 (z)4#1'%&446#5%%2,5-:‘%-2-%)W 29837-07-8  CsHy, 18.68 1518 0.710.08 - - -
D5 BRERA W 20307-83-9  CsHy, 18.88 1446  0.89+0.08 - - -
D6 (+)-Frisi 5989-27-5 C,oH,6 1142 1018 0.56£0.04° 0.49+0.01° 0.27+0.02° 2.55+0.17°
2L BN 5.96+0.01° 3.37£0.12° 3.01+£0.32° 4.90+0.56°
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k2
) VS AL A cas  pFst RERERE Hx )
(min)  #8%L MO Ml M2 M3
El AR iR 84-69-5 CiH,,0, 1822 1908 1.41+0.01 - - -
E2 EC R HGE 3050-69-9  CgH 40, 12,63 974  0.63%0.03 - - -
E3 Ty Y i 112-39-0  C;;Hy,0, 2085 1878 1.18+0.12 - - -
E4 BRI £ T 628-97-7  CgH;0, 2299 1978 9.97+0.21 - - -
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