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Abstract: This study evaluated the effects of three freezing methods (traditional refrigerator freezing, RF, spiral tunnel
freezing, SF, and liquid nitrogen immersion freezing, LF) on the flavor profile of shredded pork with green pepper dishes,
using fresh samples as controls. Flavor analysis was performed using an electronic nose (E-nose) combined with headspace
solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS). Multivariate statistical
approaches including principal component analysis (PCA), orthogonal partial least squares discriminant analysis (OPLS-
DA), and odor activity value (OAV) calculations were employed to characterize key flavor compounds. The E-nose results
showed that the W1W sensor, which detected sulfur compounds, exhibited the strongest response, indicating a high
concentration of sulfur-containing volatiles. GC-MS analysis identified 81 volatile compounds, with hexanal and camphene
levels increasing significantly after freezing, while benzaldehyde and p-bisabolene decreased significantly (P<0.05).
Through OAV and OPLS-DA analyses, 27 flavor-active compounds and 35 treatment-discriminatory volatiles were
identified. Ten key compounds with both OAV>1 and variable importance in projection (VIP) >1 were determined to be
critical for flavor, including benzaldehyde (almond-like) and 2,5-dimethylpyrazine (meaty and green pepper-like notes).
Notably, RF treatment led to accumulation of off-flavor compounds like hexadecane and (Z)-2-decenal, while SF and LF
treatments better preserved the fresh-like flavor profile. This study identifies the key flavor compounds in shredded pork
with green pepper dishes and provides practical insights for maintaining flavor quality in preprepared foods through
optimized freezing processes.
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Table 2 GC-MS results of shredded pork with green pepper under different freezing methods
. AN (mg/g)
FF e B CASH 37
RF SF LF CK

1 Sk 3-Methylbutyraldehyde 590-86-3 C4H,,0 / 27.73+1.41° / 9.12+1.75
2 U Hexanal 66-25-1 CeH,0  1182.16£115.00° 468.55+8.47° 248.06+8.18° 227.20+15.37
3 PR Heptanal 111-71-7 CH,,0 46.59+1.96"  14.00+4.57° 21.04+1.86"  8.21+1.00°
4 2- eI (Z)-2-Heptenal 57266-86-1  C,H;,0 90.44+1.28"  20.5+0.54° / /

5 R Benzaldehyde 100-52-7 C,HO 99.4242.92°  20.82+0.69°  35.88+0.62°  145.54+1.76"
6 S, 2-2,4-T ZIaTE (2E,4E)-2,4-Nonadienal ~ 5910-87-2  C4H,,0 51.01+0.10° / / 30.32+0.34°
7 RO Benzeneacetaldehyde 122-78-1 CgH;O 36.324+0.89° 8.62+0.78° 9.66+1.07° 20.65+0.60°
8 -2 W (E)-2-Octenal 2548-87-0  CgH,,0 114.4742.03*  32.27£2.09° 20.89+£1.22°  21.56+1.16°
9 T Nonanal 124-19-6 CoH; O 343.73+£30.45°  90.01+9.99° 110.00£10.00°  120+10.01°
10 (Z)-2-F M (Z)-2-Nonenal 60784-31-8  CoH;O 79.95£0.10°  21.10£0.80° 15.57+0.77°  15.57+0.53°
11 ZEE Decanal 112-31-2  CyoH,0 43.83+1.66°  11.38+0.80° / /

12 (Z)-2-%%J5-1-18 (Z)-2-decen-1-al 2497-25-8  C;H;;0  227.80£6.27° 31.61+0.77° 26.91£0.89°  19.84+0.60°
13 FrEE Citral 5392-40-5  C,H,,0 / 142.54+7.55 / 116.03+15.28°
14 2,4-5% ZIgwE 2,4-Decadienal 2363-88-4  C,H,; ;O / 118.73+3.60° / 67.98+6.01°
15 2'WL%'6$%%3’5': 2-Ethylidene-6-methylhepta- gg175 15,6 €, H,,0  145140.98°  2.40+1.01° / 5.08+0.16"

o 3,5-dienal

16 (EE)24-1T W _Jf  (EE)-24-Dodecadienal  21662-16-8  C,,H,,0 / 3.0120.16 / 9.05+0.45°
17 E Octanal 124-13-0 CH, O 149.46+14.34° 33.57+1.19°  25.38+1.52° /

18 3,6-F %%, 3,7-—H - 3 7-Dimethyl-3,6-Octadienal 55722-59-3  CyoH,O 46.60+1.11° / / /

o (B3 ’7':‘;%?2’64&: (E)'3gg$gi‘§;};{l'2’6' 141275 C,H, O 1344.66+86.4° / 346.10+26 46" /

20 (E, 2)-2.4- Sk (E,Z)-2,4-Decadienal 25152-83-4  C,jH,O  356.59+25.11° / / /

21 J-2- 2-Undecenal 2463-77-6  C;H,O  122.5448.18° / 29.80+1.97° /

22 TR Pentanal 110-62-3 C,H,,0 71.26+£0.99 / / /

23 (E)-+Puke-2-Htis (E)-Tetradec-2-enal 51534-36-2  C4H,0 58.33+1.49°  26.92+0.26°  2.73+0.04° /

24 (E, E)-2,4-Jiss (E.E)-2,4-Decadienal 25152-84-5  C,oH,,0 30.22+0.66" / 164.64+4.77" /

25 S -4-B4 I (E)-4-Decenal 65405-70-1  C,oH,{O 26.82+1.48" / / /

MK Aldehydes 4536.71 1073.76 1056.66 816.15

1 BN Camphene 79-92-5 CloHy  174.84+12.96° 64.53+3.71° 22535+12.81° 26.62+0.62
PR P e e 1743619 CyoHyg / 60.16:0.63" / 31.9541.92°
3 3- B 3-Carene 13466-78-9  C;oHyg / 4.42+1.10°  26.09£0.29°  75.21+3.91°
4 a-E T a-Curcumene 644-30-4  CsHpO  26.77+0.98°  9.48+0.73¢  42.07+2.42°  7.84+0.42°
5 e Zingiberene 495-60-3  C;sH,,O  232.06£9.36°  30.5+2.20°  140.46+8.78"  29.86+2.13°
6 (+)-1,7-ZR-p-EWM (+)-p-Funebrene 79120-98-2  CysHy, / 8.77+0.75°  4323+2.84*  9.08+0.74"
7 o-JR M a-Pinene 80-56-8 CioHyg 91.58+8.56" / 165.01+4.88" /

8 1’5’5‘?Eﬁ§fh%‘ﬂz$5% 1’5’S'Triényecﬁ};ile'fé?:thylene' 514954 CyH,,  3047+125°  1127+41.08°  4.03+0.16° /

9 i o-Cymene 527-84-4 CioHyy 14.60+1.30°  2.56+0.22°  8.17+0.55" /

10 (R)-l-%%;%é—%%&ﬁ meth(y];)th;“;f)ﬂ_‘g;fféﬁe'xene 146127-4  CHys  180.51223.42° / 54.21+0.89" /

11 (Z)-2-1 Hfg-4-pr (Z)-2-Pentadecen-4-yne  74646-33-6  C,sHyg 12.75+0.90° / / /

12 3,7-Z"HH-2-2EM-1-B% 3, 7-dimethyl-2-Octen-1-0l ~ 40607-48-5  C,oH,,0 42.49+1.66°  6.96+0.60°  12.13+0.21° /

i3 NOEH L AT 1’6'0“"1‘1(;?;‘;’31‘;’“1[}“’“'3’7' 72845331 CpH,0  38.03+1.56° / / /

14 (Z2)-a-EN cis-a-Bisabolene 29837-07-8  CsHy, 28.20+1.30°  5.03+0.22° / /

15 B-IRIG B-Pinene 127-91-3 CioHy6 / / 44.23+3.10° /

16 KA a-Phellandrene 99-83-2 CioHy6 / / 16.23+1.05° /

17 (-)-0-JR M a-Copaene 3856-25-5 CysHy, / / 7.77+0.54° /

g FOH }i&if( I-FE CyCIfIi?t’g;’l‘:;ﬁ;,ﬁ‘i‘gg?;"( I S86-62-9  CyHyg / / 13.6+0.36° /

19 B-LL 0 S-Bisabolene 495-61-4 CsHy, / / 31.28+1.44 /

20 g Anethole 4180-23-8  C,oH;,0  250.30+14.49" 49.24+4.32° / /

21 B B-Ocimene 13877913  CjHy4 / 15.1120.96° / /
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k2
n i AR 5 i (mg/g)
i 4 P34 CAS% AFR
RF SF LF CK
22 Hagw Azulene 275-51-4 CyoHq / / / 5.04+0.24°
23 B-IefnsE S-Longipinene 41432-70-6  CysHy, 20.48+1.70°  52.88+2.87° 33.48£1.29° 100.68+8.43°
3-WHIE-1,1-— W 5E-2-2 2-Ethenyl-1,1-dimethyl-3- b a
24 WA T b methylenecyclohexane 95452087 CiHig / 4.95+0.21 / 13.37+0.73
25 2,6,10-=HEE+DUKE  2,6,10-Trimethyltetradecane  14905-56-7  C;Hyg 114.47+0.29°  28.63+1.05°  7.62+0.99"  69.74+1.49°
26 IE+7R%E Hexadecane 544-76-3 C 6l 343.7345.13°  28.37£1.86° 13.55+1.10° /
27 +=ke Dodecane 112-40-3 CHy 43.83£1.28"  41.75£1.91°  53.33+3.55° /
AR be-3-F, 2-EFH L, Cholestan-3-ol,2-methylene-, a b c
28 G3p. 5u0)- (3 s 22599-96-8  CpHyeO  227.80+3.62°  8.57+0.43°  2.99+0.13 /
F7SBE, 1,130kt Hexadecane, 1,1- a
29 Ak)- bis(dodecyloxy)- 56554-64-4  CaoHlg0 14512041 / / /
Rk Hydrocarbons 1923.74 433.18 944.83 369.39
1 1-345-3-% 1-Octen-3-ol 3391-86-4  CgH,O 32.65£2.09°  9.84+£0.42°  10.78+0.74"  11.58+0.83"
2 I Linalool 78-70-6 CoHgO  150.44£9.29° 28.87+0.53" 36.98+1.56°  32.73+0.43"
3 el Eucalyptol 470-82-6  C,H 0 667.95564.63 1436551230 351 93413580 158.1144.07
4 R trans-Verbenol 1820-09-3  C,jH,sO  978.39£92.69" 114.1+6.71° 164.92+13.95° 86.74+2.64°
5 2- R endo-Borneol 507-70-0  C,H;gO  168.56+9.18° 30.48+1.12¢  442+1.99°  62.44+2.12°
6 A-iff A Terpinen-4-ol 562-74-3  CoH,O 34.48+1.87°  6.86+0.35° / 4.94+0.14°
7 a-FA T a-Terpineol 98-55-5 CoHgO  221.13£13.27° 3538+0.77° 88.11x2.30"  60.20+1.85°
8 (E)-7-1 DU iedfi-1-F E-7-Tetradecenol 37011-95-3  C4Hy0 / 3.08+0.23° / 10.71£0.41°
9 fif(ﬁm%—}g]g), 8- - trans—p—mentzh_zz)—ll(7),8—d1en— 21391.844  C,oH, 0 21.7741.81° / 8504051 /
(2)-37-Z W26 (2)-3,7-dimethyl-2,6- . b
10 ool Outadien]-o] 106-25-2  CuH,s0 23.72+0.82°  5.87+0.23 / /
11 X HI2E-2,8-Z0f-1-B%  cis-p-Mentha-2,8-dien-1-ol ~ 3886-78-0  C,oH; O  1182.16+0.92a / 9.91+0.44° /
12 17 1-Hexadecanol 36653-82-4  C;gH3,0 46.59+1.18"  36.80£1.93°  43.92+1.68" /
13 4 - 1- R 4-amino-1-Pentanol 927-55-9  CsH;;NO / 97.32+0.64" / /
14 1E R 1-Pentanol 71-41-0 C4H),0 / / 7.01£0.48"  15.17£0.61°
15 RS Cyclodecanol 1502-05-2  C;oH,0 / / / 11.28+0.32°
=S Alcohols 3768.71 11227 735.56 453.90
| (B)-10gds g (E)-10-Heptadecen8- o) oo 0 g0 149.4622.02° / 12.43+1,02° /
- ynoicacid,methylester o0 1877302 ’ : ’ ’
10,13-
2 10,13- /&R H g Octadecadiynoicacid,methyle 18202-24-9 C,gH;,0,  356.59+3.15° / 4.90+0.35 /
ster
12,15-
3 12,15- /UG AR Octadecadiynoicacid,methyle 57156-95-3  CgH;00,  46.60£1.14°  7.56£0.64°  15.84x0.33"  9.090.10°
ster
13,16-
4 13,16-+/\J&EHE  Octadecadiynoicacid,methyle 56846-98-1 C,gH;0,  1344.66+1.32°  6.24+0.53° / /
ster
IS Esters 1897.31 13.80 33.17 9.09
1 2-F-i 2-Nonanone 821-55-6 CoH, 40 122.54+0.45" / 15.98+0.33 /
2 (8)-(+)-F5 HE M D-Carvone 2244-16-8  C,oH,,0 71.26£0.97°  3.53£0.22°  5.98+0.38" /
3 6- 1 HE-5- B -2- ] 6-Methyl-5-Hepten-2-one ~ 110-93-0 CgH,,0 58.33+2.13° / 45.56+1.17° /
[iFES Ketone 252.13 3.53 67.52 /
1 2,5- H Lning 2,5-Dimethylpyrazine 123-32-0 C HN, 30.22+0.48"  5.58+0.54° / 43.23+0.31°
2 2zkpEds il PRIRRRERISS 13005.07.0  GHON, 26826025 82450307 743038 14.49:096"
3 1,3- 1,3-dimethyl-Benzene 108-38-3 CeHyq 174.84+4.55  8.81+0.22° /
= = . Pyrazine,2-methoxy-3-(2- .
4 2- T AR5 Tk g methylpropyl)- 24683-00-9  CoH,,N,O / / / 78.10+3.88
5 2-1E I g 2-Pentylfuran 3777-69-3  CgH,,0 / 19.19£0.20° / /
H3IeS Heterocyclic 231.88 41.82 7.43 135.82

TE: “/FIRARKG Y, Rl AN R R R B ) 22 7 W4, P<0.05,

5B NGy = STV ) S S 22 SV VA O o2 s ) | W [=7: 0 L Rl (TER IR0, T REE th T frd e rhar
B oW i, B AHA LS8 . BN, RE 2H 5 TMPRSE AL AINE DR )it B S A T2
AR AR 1-700-3 - (U RIS i RO A7 BEIEA &4 2RI T3 F BUKR ™ A= A AL
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Fig.2 Volatile components of shredded pork with green pepper
at different freezing methods
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UREE R, IX LRI BT A 5 MR 223 P I BT
rRIY 2, =AY EE@HEE)‘?%, (I = 1) %
BIPREAIRRY, 45300, Ra R =, a0
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2.2.3 OPLS-DA 53#T b T 43 A Iml b 31 7 AL
BRI 2257, Al S XU AL A T R 2432
B XK TTHR, £ S57 T OF 38 M e /) 3R ) ) Sy At
(OPLS-DA) B, 25 Ran® 3 firan . KB HAE =&
R*X, RAZ 5 RPY SR 482 O° W{E 535K
0.936. 0.997 5 0.994, HjiinT 1, R G &
BB, [F 3A KA 22355 Kk OPLS-DA &,
FERSTZ AR 81.8%, NI LIRSty -Hb 2 WA Sl 5L, M
B AT DA AN TRIAR S 7 A BR)S (RE S TR A7 22
S o AE REX[1]J7 18] |, SF Fl LF 4H 1 KUK BF 432 3%
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Table 3 OAV of shredded pork with green pepper under different freezing methods
OAV
75 i P4 SR EIE (mg/g) SR

RF SF LF CK
1 S 3-Methylbutyraldehyde 0.15 IR /18487 /  60.80
2 R Hexanal 45 i JEI 26270 104.12 5512 50.49
3 B Heptanal 3 Jig i 1553 467 701 274
4 2- A (Z)-2-Heptenal 13 KRTF, HERE 6.96  1.58 / /
5 TR Benzaldehyde 3 WACLMRE BOR 3314 694 1196 4851
6 B Benzeneacetaldehyde 4 i 908 216 242 516
7 R -2- N (E)-2-Octenal 3 RS & 38.16 1076 696  7.19
8 T Nonanal 1 o Ml 34373 90.01 110.00 120.00
9 LM Decanal 1 LS 4383 1138  / /
10 B Octanal 0.70 HERPLMA IR R 21351 4796 3626  /
11 (E)-3,7-ZHE-2,6-J%m  (E)-3,7-dimethyl-2,6-Octadienal 4.00 FlgE Wi A 33617 /8653  /
12 R Pentanal 9.00 ol Sk 7.92 / / /
13 (E, E)-2,4- "Ml (E,E)-2,4-Decadienal 0.05 IS 60440 /329280 /
14 1-3FH5-3- 1 1-Octen-3-ol 1 Yot Rk 3265 9.84 1078 11.58
15 iy Linalool 900 i N i 0.17 0.03 004 0.04
16 A% i Eucalyptol 0.26 Rl . WA 2569.04 552.50 1235.5 608.12
17 oA a-Terpineol 30 AR 737 1.8 294 201
18 2-T:Fii 2-Nonanone 5 PR IR 24.51 / 3.20 /
19 (8)-(+)-F Frfil D-Carvone 8.6 BT TR 829 041  0.70 /
20 6- H1 35-5- PN -2- ] 6-Methyl-5-Hepten-2-one 10 HARL, BEREIR / / 4.56 /
21 2,5- F Bk 2,5-Dimethylpyrazine 2 FEREE | IMEE 1511 2.79 / 21.62
22 2-2,5-3,5- T H ks Pyrazine, 2-ethyl-3,5-dimethyl- 0.25 JEIIR ARMERINAE 10728 3296 29.72  57.96
23 2-WAUJE-3-RTHEMEEE  2-methoxy-3-(2-methylpropyl)-Pyrazine 0.001 ok HHR / / /78100
24 (Z)-2-T-Hisls (Z)-2-Nonenal 0.19 LIS 42079 111.05 81.95 81.95
25 (Z)-2-2%)55-1-1 (Z)-2-Decenal 0.3 AR 759.33 10537 89.7 66.13
26 W Camphene 8.5 AT | MG 2057 759 2651 3.13
27 TN Zingiberene 20 @, JeLIR, R 1160 153 702 149
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Fig.3 OPLS-DA results of flavor of different shredded pork with green pepper samples
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