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Flavor Components in Different Processing Stages of Twice-cooked Pork

BAI Ting, ZAN Bo-wen, WANG Zheng-xi, ZHANG Jia-min, ZHANG Yin, WANG Wei
(Meat Processing Key Lab of Sichuan Province, Chengdu University, Chengdu 610106, China)

Abstract: To analyze the flavor characteristics of twice-cooked pork in different processing stages (raw meat, boiling, frying, seasoning,
and packaging and sterilization), volatile component contents in these stages were measured using solid-phase microextraction-gas
chromatography-mass spectrometry (SPME-GC-MS). Meanwhile, taste characteristics of flavor components were compared and analyzed
through odor activity value (OAV) analysis, principal component analysis (PCA), and cluster analysis (CA). The results suggest that the types
and amounts of flavor components increase progressively as the pork is further processed, and they reach their maxima (43 kinds and 32487.59
ng/g, respectively) in the final packaging and sterilization stage. A total of 24 key volatile flavor components (OAV>1) were identified. In addition,
PCA and CA analysis results show that seasoning, packaging, and sterilization are the main stages of key flavor component formation.
Furthermore, the overall flavor is primarily affected by PC1 ((E,E)-2,4-decadienal, phenylacetaldehyde, (methylthio-) propionaldehyde, butyl
acetate, tetradecane, and (E)-2-decenal), whereas the fried flavor is largely due to PC2 (1-octene-3-ol, n-hexanal, and (£)-2-heptenal). Lastly,
PC3 (benzaldehyde, anethole, and estragole) is the most influential in the seasoning stage. In summary, this study revealed the different kinds of
flavor components and their corresponding amounts in different processing stages of twice-cooked pork.

Key words: twice-cooked pork; processing stage; volatile flavor components; odor activity value analysis; principal component analysis;
cluster analysis
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Table 1 Volatile flavor substances in twice-cooked pork during processing

. At . . ) %382 /(n
w5 PRA o SRRy o T [ TSmrreT
1 4.131 E B Hexanal CeH;,0  99425+1332°  2520.88+12.47°  3179.23+23.05"  2172.64+18.12°  1387.85+15.7¢
2 7.068 S Heptanal CH,O  187.50£1.69°  24554+238°  296.01+4.14°  164.22+2.83%  180.39 £2.06°
3 7214 3-F AR AEE Methional C,H;0S - - - - 89.08+1.87°
4 9.125 (E)-2-B it (E)-2-Heptenal CH,,0 - - 252.6142.14° 91.51+1.79° -
5 9.207 RS Benzaldehyde C/HO - - - 678.56+9.45% -
6 11.095 EFEE Octanal CsHi O 10498+231°  223.0042.93°  411.27+4.44° - -
7 12.78 RUBE Phenylacetaldehyde CgHgO - - - 330.77+5.14° 144458 £13.12°
8 13.514 (E)-2-3 Hin it (E)-2-Octenal CsH, O 68.88+3.69°  22031+532°  35331+7.25° - -
9 15.654 ETirS Nonanal CoH;gO  262.92+4.04°  642.18+10.07°  1107.69+7.89°  1129.67+4.7° 1295.26+6.2°
10 18.469 (E)-2-F it (E)-2-Nonenal CoH;0 - 122.05+3.25° - 88.30+2.3°
11 24.408 (E)-2-%His (E)-2-Decenal C1oH;50 - - 133.40+2.78° 140.53+4.69° 245214455
12 27.34 (EE) 24Kttt (E,E)-2.4-Decadienal CyoH;60 - - 58.89+3.52° 242.28+4.7° 621.76+8.95"
13 36.386 + B Hexadecanal C16H3,0 - - - - 300.42+5.38"
%t BmE 1618.53+6.87°  3973.96+19.14%  5792.41422.24*  5038.48+32.99°  5564.55+23.69"
14 5.64 2-vk 7 F BE 2-Furanmethanol CsHO, - - - - 528.35+11.15%
15 6.036 -8 1-Hexanol CeH,,0 - - 1248.54+9.41° - -
16 9.131 (2)-2-k:B% (Z)-2-Heptenal C/H,,0 95.55+£2.57° - - - -
17 10.14 |- ¥-3-B% 1-Octen-3-ol CsHiO  79.95+335%  293.97+1121°  507.04£1521°  367.35£7.38°  294.86+8.54°
18 12.308 2-THh-1-TEE 2-ethyl-1-Hexanol CsHigO  263.33£12.65°  323.97+15.05° - - -
19 14.074 (2)-2-F His-1-B5 (Z)-2-Octen-1-ol CH,60 - - 112.54+3.07° - -
20 14.121 (E)-Bfb 2 HEmE trans-Linalool oxide C1oH,50, - - - 107.57+3.35° 87.26+2.59
21 15.467 FHEBE Linalool C1oH;50 - - - 3388.99+25.19°  4476.40+£32.54°
22 19.39 (-)-4-75 B3 (-)-4-Terpineol C1oH;50 - - - 1114.34£13.55°  1513.35+16.04°
23 20.253 o-ANhEE alpha.-Terpineol CyoH,;50 - - - 512.43+13.51°  629.48+£12.43°
24 21.296 2-TH-1-¥8 2-butyl-1-Octanol C,H,0 - - - - 169.46+3.89*
Bt gk 438.83£2638°  617.94£22.93%  1868.12+17.69° 5490.68+16.63°  7699.16+25.64°
25 4.515 TERTBS Acetic acid, butyl ester CeH1,0, - - - - 71.99+4.62°
26 10.379 i TR TS n-Caproic acid vinyl ester CgH 40, - 323.97421.59°  423.64+17.32°  205.52+18.97° -
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27 24.204 LB A Bg Linalyl acetate CoHp0, - - - 5140.47+32.89°  5636.05+30.26"
28 28.966 o- GBR #E SuBg alpha.-Terpinyl acetate C1,H,,0, - - - 300.85+10.87° 365.37+14.16°
29 29.602 LA BY nerol acetate C,Hy0, - . - 93.5246.43" 82.09+5.87
30 30.167 3, T-=FH-2, 6-F H-1-B LERES 3,7-dimethyl-2,6-Octadien-1-ol,acetate C1oHp0, - - - 122.63+6.49° 146.90+7.25%
Bt EES 0.00 3239741354 423.64426.65°  5862.99+35.08"  6302.40+36.25°
31 11.58 - e e o-Terpinen CioHis - - - 474.65+18.89° 661.88+24.21°
32 12.11 DA D-Limonene CioHis - - - 3117.56+28.51°  3509.49+26.43"
33 12.658 b alpha-pinene CioHis - - - 305.9149.76° 328.08+14.34*
34 13.107 (2)3,7-=F K1 3,6+ "W (2)-3,7-dimethyl-1,3,6-Octatriene CioHs - . . 313.06£543°  34423+17.56"
35 13.497 (H)-3-BH (+)-3-Carene CioHis - - - 853.56+17.54* -
36 14.809 1,5,5-ZFH-6-2F AR 1,5,5-Trimethyl-6-methylene-cyclohexene ~ CjoHjg - - - - 503.00+6.43°
37 14.82 2-% M 2-Carene CioHis - - - 315.28+7.52% -
38 21.628 4-F B+ — 4-methyl-1-Undecene CoHyy - - - - 75.65+£0.87*
39 32172 T Caryophyllene CisHa - . . 99.99+6.89° 96.86+:4.87°
40 29.508 2-+—Ws 2-Undecenal C11HyO - - - - 174.61+4.68"
&t S 0.00 0.00 0.00 5480.01+25.14°  5693.80+25.95"
41 15.817 5-THR- TR 5-butyl-Nonane C3Hs - - - - 74.65+3.04°
42 21.826 2,6-—F - +—ix 2,6-dimethyl-Undecane Cy3Hyg - - - - 251.12+6.98
43 22.281 4-F K+ k% 4-methyl-Dodecane C3Hag - - - - 199.45+7.81°
44 24.601 + iz Tetradecane C4H;p - - - - 344.06+6.43%
45 25.452 46-—F R+ 4 6-dimethyl-Dodecane C4Hs - - - - 671.72+13.78"
46 25.901 2,6,10-=F -+ )% 2,6,10-trimethyl-Dodecane CisHsp - - - - 115.26+8.21°
47 26.192 2,3,5,8-19 7 A-RKht 2,3,5,8-tetramethyl-Decane C4Hs - - - - 142.83+4.76
48 28.051 2,6,11-=ZF -+ =) 2,6,11-trimethyl-Dodecane CisHsp - - - - 168.78+6.49°
49 32.405 +xkE Hexadecane CieHss - - - - 228.69+7.45%
&t Ik 0.00 0.00 0.00 0.00 2196.56
50 17.379 et BF) Pyranone CgHgOy4 - - - - 519.31+£12.65°
51 23.802 ik p-menth-1-en-3-one CoH,60 - - - 83.35+3.33% -
52 23.82 1- B 8 47 fisi-3- B 1-Acetoxy-p-menth-3-one C,Hy00; - - - - 190.59+5.65°
53 35.086 2-+ A ER 2-Pentadecanone C,5H;3,0 - - - - 126.00+4.55°
Bt iR & 0.00 0.00 0.00 83.35+3.47° 835.90+33.63"
TR
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54 10.6 T TR (Dimethylaminomethylene)malononitrile ~ CqH;N3 - - - 2431.09+26.78°  3822.23+42.56
55 13.666 2- LBtk 2-Acetyl pyrrole C6H,NO - - - 314.70+5.07° -

Bt BRE 0.00 0.00 0.00 2745.79+37.89"  3822.23+42.56°
56 23.097 (2)- &% he (Z)-Anethole CoH,0 - - - - 174.53+7.32°
57 23.108 SR cis-Anethol CyoH;,0 - - - 129.50+4.65 -

58 25.568 FE Estragole CioH,,0 - - - 124.21£3.21° -

59 5978 2= F R p-Xylene CsHyo - - - 98.88+2.01° 198.46+4.65
60 11.958 9] A A TR 1-methyl-3-(1-methylethyl)-Benzene CioHy4 - - - 218.60+6.89" -

%t te 0.00 0.00 0.00 571.19+21.07°  372.99+16.89°

A RPBEAAPHEATERE, CRTFRENBZH; PUTHRE LAFERR W B FEATA REFREF (p<0.05) .
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TR ER AL . I SRR A A 2 R R A
FEALAR TR B Zh A e R AR BB LR ) — e B
WERE, EMCEE. PR, FRRAERE EIE HORE
SN (B)-2- IR I I R S e i R,
o2 P4 2 R RIS i R S e SRR R .

G 6 R R OAVAE # Tt i, B n
(E)-2-F1ABOAVILF1525.58, BAEHE. 8. M
JIBEFRIARDS, 2 A R IR AL =4, b
Se I T2 GOAVAE S = IV, Ut B (E)-2- T vt
A JE 7 it AU DT R A5 K

2 ERANN LSRR PIEL XK YIERAY 0AV (0AV=1)

Table 2 OAVs of volatile flavor compounds of twice-cooked pork during processing (OAV>1)

%5 & LG AR FLLAR B{i/(ng/g) AN A WYE AR BERE

Wi IETE Hexanal 4.5 22094  560.20 706.5 482.81 308.41

w2 B Heptanal 2.8 66.96 87.69 105.72 58.65 64.42

w3 R A EE Methional 0.2 - - - 445.40

W4 (E)-2- R Vst (E)-2-Heptenal 42 - - 60.14 2179 ;

W5 E S Benzaldehyde 350 - - 1.94

W6 IEFEE Octanal 0.7 14998 31857  587.53

w7 NS Benzeneacetaldehyde 4 - - - 82.69 361.14

W8 (B)-2-F Ml (E)-2-Octenal 3 22.96 73.44 117.77 -

W9 S Nonanal 1 26292 64218 1107.69  1129.67 1295.26

W10 (B)-2-F ¥ e (E)-2-Nonenal 0.08 - 1525.58 1103.78

W11 (B)-2-R Ml (E)-2-Decenal 03 - - 444.66 468.42 817.37

W12 (E, E) 24X %%  (E,E)-2,4-Decadienal 0.07 - - 841.29 3461.14 8882.31

W13 1-F4-3-B2 1-Octen-3-ol 1 79.95 293.97 507.04 367.35 294.86

W14 (Z)-2-3F Hr-1-B3 (Z)-2-Octen-1-0l 40 - - 2.81

w15 FAEEE Linalool 6 - - 564.83 746.07

W16 a-FNih BE alpha.-Terpineol 330 - - 1.55 1.91

w17 TERT B Acetic acid, butyl ester 66 - - 1.09

W18 LR A% B Linalyl acetate 60 - - - 85.67 26.38

w19 D-A7A K D-Limonene 10 - - 311.76 350.95

W20 T alpha-pinene 6 - - 50.99 54.68

w21 T AW Caryophyllene 64 - - 1.56 1.51

W22 BRG] Anethol 73 - - 1.77

W23 I Estragole 7.5 - - 16.56

W24 ks, Tetradecane 100 - - - 344
£t 79.95 29397  509.85 1402.05 1480.89

HE G HINR(E)-2-BEilE . (E)-2-244l % (EE)
-2,4-%% YRR Z)-2-2F - 1-FEOAVAA 7377 960.14
444.66. 841.29F12.81. HH(E)-2- LAl Em. W
B, A2 KB BAIOAVAE S M VER BEI P, T
FEEHARIT BAR AR, 6B 5 52 I R R
(E)-2-PUGHIEIOAVIEAEFE R T2 5 R R21.79, i
KEJGARRGH, (2)-2-2F)f-1-BES A E DR R AL e
A, BARRTERI AR, PR A K T
ZIEEBAATH, U BHIX PR A iR T A B
IMERFAIT . (E E)-2,4-2% )35 52 0 iR 2 AL
F Y, BA MRG0k, HEREWRK, OAV
{EAEMIEIG 841.29, L5 2 Rik8882.31, J&24

Tt X KU 8 29 o (1 A v (o

PR R G G0 (OAVAED A 2K B s
(1.94). ZKZEE (82.69) FIF5HlE (564.83). o-Fa
THEE (1.55) ZFRI5HARE (85.67) D-F1d5eHs (311.76).
M (50.99). ATHE (1.56) &M (1.77). HiE
il (16.56) 5kl ML RRFIE VI . K FREAS HE
HN678.56, (HHBH Fi£350, SEOAVIE R H1.94,
XF 72 it USRI ST MR AN A AR SRS, {HE i — T o 11
iR R TN S RE T Strecker M AR B M T BR @
IR R 2R AR PR R OAVE H82.69,
{HALEE KB G IAR0361.14, i B PRI R RN 25 K
A BT Z R R, BRI 2 B H T Rl
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(S BRI S R R (1 Strecker ARSI, RILHIER
B RIESP, Wi, BRI R 3 ZR IR T
AR, SR AR A AR, (R R
RIS FHREE. L5 FEBE AID-Fr A I IO AVAE
B, 0 R DTIRECR,  Herh D5 A T IR
WK, BEAE T &, BEER, EARERY,
AR B HT . MR AL E, Db
Wi ELAT e AR i A

AL KR GG I R A . R T B A1y
e, HOAVIE S 51489.08 71.99F1344.06, {H(E)-2-
BEAEIE . DR . (E)-2- M. 1 2 Ao AR e o R A

Xt BB AN RN TR BE 24 Flt OAV1 5 XU 7
BEAT E RS 30T (PCAD, AHSCHEFEARFIEE A4 3 T,
FEHREL 3 MRHEEANT 1 E sy, HoTikae s sl
N 55.11%-20.72%- 19.80% fiftke 1 i J7 721 95.63%,
ERA T IEFREUEL S 90% LA A5 R 3 iR,
A=A TR FEARRE T 24 FhOCEHE R YR 4
RERIME S AT N X 23 AN RN TR B ™ it e i
XU AEA o
3 ERSFHEER R TTEER
Table 3 Principal component eigenvalue and cumulative

contribution rate

the WEFENERENR AAEREREE. FEEEMN ERga M TakRE%  RITERE%
LEENE, RAPIAIN ST A Dk R 1 13.23 55.11 55.11
RV MR () e 4 H R TR AT R, (HJE T 2 497 20.72 75.83
Bk, HBMERR, &SRB N, 3 475 19.80 95.63
4 1.05 4.375 100.000
2.3 i T Bk 8 ReR A BT B £ i
® 4 e RERSEFRIR S M
Table 4 Rotating principal components loading matrix
5 L AR FE XA AR PCl PC2 PC3

1 (E.E)-2,4-% —Mnlt (E,E)-2,4-Decadienal 0.984 -0.133 0.087

2 RTEE Benzeneacetaldehyde 0.973 -0.216 -0.06

3 FELA A B Methional 0.932 -0.207 -0.286

4 CER T Bg Acetic acid, butyl ester 0.932 -0.207 -0.286

5 + eIkt Tetradecane 0.932 -0.207 -0.286

6 NS S (E)-2-Decenal 0911 0.285 0.188

7 FAEE Linalool 0.883 -0.196 0.425

8 a-AN i B alpha.-Terpineol 0.864 -0.191 0.465

9 D-AFA% M D-Limonene 0.838 -0.186 0.513

10 LER 5 A% B Linalyl acetate 0.829 -0.184 0.527

11 K+ alpha-pinene 0.822 -0.182 0.539

12 EN7S Nonanal 0.787 0.545 0.286

13 T A M Caryophyllene 0.786 -0.174 0.593

14 1-FH-3-B5 1-Octen-3-ol 0.228 0.945 0.197

15 IE TEE Hexanal -0.203 0.922 0.056

16 (E)-2-EHn s (E)-2-Heptenal -0.151 0.910 0.174

17 R R-2-F Hi-1-B% (Z)-2-Octen-1-ol -0.163 0.891 -0.19

18 33 Heptanal -0.350 0.787 -0.504

19 B X-2-F Ml (E)-2-Octenal -0.461 0.762 -0.449

20 AEFEE Octanal -0.484 0.751 -0.446

21 R A-2-F Wik (E)-2-Nonenal -0.25 -0.036 0.343

22 E S Benzaldehyde 0.045 -0.009 0.991

23 R Anethol 0.045 -0.009 0.991

24 FE MR Estragole 0.045 -0.009 0.991
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FRERFRIA 5 H )0 o 1975 05 0.0 0.5 10 Is
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§ 0 . Fig.3 Principal component load diagram of key flavor
§ ® & Hil PR substances principal component score in twice-cooked pork
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Fig.4 OAV heat map of key volatile substances in samples
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AR ok 1 28 2 T A SR e A o 4 i S
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