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ABSTRACT: The work aims to study the changes of volatile flavor substances in PET/AL/PE aluminum foil and PET/PE
transparent packaging conditions in different time periods. The solid phase microextraction-gas chromatography-mass
spectrometry (SPME-GC-MS) was used to analyze the changes of volatile flavor substances in combination with the rela-
tive odor activity value (ROAV) and principal component analysis (PCA). It was found that the mainly volatile substances
in the sauce meat were esters and alcohols. The ROVA value of ethyl benzoate, linyl acetate, ethyl decanoate, ethyl hexate,

(+)-limonene, nonaldehyde, 1-hexaldehyde, (-)-4-terpineol, eucalyptus oleanol, linalool, ethyl maltol and anisol were
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greater than 1, which were the key flavor substances. In addition, the PCA analysis showed that 2-methyl butyrate,

(E,E)-2,4-nonadienaldehyde, ethyl-hexanoate,

2,5-Syndietone,

(1R)-2,6,6-trimethylbicyclo  [3.1.1] hept-2-ene,

3-methylthiopropaldehyde, ethyl isobutyrate and anisol were characteristic volatile flavor substances. In addition, by

comparing the content of various flavor substances, the ROVA value of main flavor substances and odor substances and

the principal component analysis of sauce meat with PET/AL/PE aluminum foil and PET/PE transparent packaging, it

showed that the different packaging materials had different effects on the composition and content of volatile flavor sub-

stances of the sauce meat. According to the long-term test results, the PET/AL/PE aluminum foil packaging can signifi-

cantly prevent fat oxidation and produce less peculiar smell than PET/PE transparent packaging, which can better protect

the flavor of the sauce meat.
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Tab.1 Proportion of different flavor substances in different packaged sauce meat

%

PET/AL/PE 48§ fu. %%

PET/PE 1% W fu %%

el

24 H 41 H 51H 6 ™~H 24 H 44 H 54H 6 ~H
it 22.24 32.04 32.78 16.29 48.57 59.5 45.5 31.41
ik 0.17 0.45 0.89 0.85 221 3.07 3.06 4.67
mE 0.44 0.65 2.09 3.88 1.16 0.47 6.89 7.39
2 16.98 10.1 15.46 12.4 26.23 11.48 12.62 12.41
ik 25 33.24 29.23 35.09 24.01 48.93 55.51 46.93 62.04
12 0.13 0.24 0.32 0.21 0.29 0.27 0.14 0.22
[I7ES 0 0 0.27 0 0 0 0.01 0.21
T 0.47 0 1.15 0 0.83 0 0.47 0
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Tab.2 Components of different packaged sauce meat ng/'g
- e HE SRR PET/AL/PE B §fifu2% PET/PE i W fu %
24~H 44MA sAA 64 A 24MA 44MA sAA 64 A
1 FLIR 2B — — — 0.001 — 0.001 — 0.001
2 A R £ T 0.001 0.001 0.001 0.001 — 0.002  0.003  0.005
3 RHR 2 TR 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
4 RN TG 0.001 0.001 0.001 0.001 — — 0.001 0.001
5 LIRS KR 0.074  0.179  0.069  0.168 0.082  0.248 0.027  0.045
6 ‘ 241 2.1 0.599  0.458 0516  0.557  0.338 1.351 1.387 1.609
7 ES S TR T 6.05 3.729 — 3.061 3.114  37.465 7.141  22.845
8 - TR L1 3.641 6.732 1.579 6.338 1.812 5.835  19.656 45.904
9 SR R 7.843  16.154 253 16.133 100 88.258 25338 —
10 TR Z Hig 10.718 — 11.493 — 13.572  30.631 — 60.088
11 EC R 2R 16.401 30.461 53.588 — 27215 39.633  75.921 —
12 1IEC R Z I BiR 0.119 — 0.082  0.001 0.001 0.094  0.189  0.306
13 T-W2 2B — 0.001 — — — 0.001 0.001 0.001
14 TR M 0.036  0.032  0.032  0.001 0.034  0.006 — 0.008
15 TP 0.002  0.001 — — — — — —
16 ik (H)-FriE 0.453 0.83 0244 0279 0597 0381 0307  0.318
17 7~ AN T 0.001 0.001 — — 0.001 — — —
18 SN 0.009  0.004  0.004  0.007  0.006 — 0.007  0.005
19 Ao M 0.023 0.1 0.001 — 0.019 0.017 0.014 —
20 M 0.124 — 0.511 0.594  0.135 — 0.182 0.32
21 F-iE 0.992  2.075 2564  3.975 1.873 0.85 6.509  6.365
22 SR -2,4-2% IR — 0.001 0.001 1.805 — — 1.576 1.849
23 AR — — — 0.001 0.001 — — 0.001
24 . P 0.034 — 0.262  0.287  0.126 — 0.158 —
25 RER 3-H AR BE T I 0.001 — — — — — 3.042 —
26 2T 0.001 0.001 0.001  10.123  0.001 0.001 3.114 4374
27 1E OV 0.17 0.142 0532 0222  0.234 — 0.096 —
28 -2 W — — 0.08 — — — — —
29 (E, E)-2,4—TF Z I — — — 5.78 — — — —
30 (—)—4—1 i P 0.871 0.001 0.001 — — — 0.802  0.692
31 oA T 0.006  0.006  0.008  0.008 0.01 — 0.006  0.005
32 Fg it Pt 49966 33.926 42.134 49986  52.94  20.051 25.402 18.746
33 =88 R 0.004 0.003 0.007 0.01 0.007 0.002 0.002 0.001
34 QQRJ3R)—(—)-2,3-T _E  0.004 — 0.001 0.011 — 0.065  0.003  0.026
35 11— H—3-B% 0.231 — 1.455 1.224 — — 0.384  0.209
36 o5 — 0.619 0.459 0.423 0.642 0.563 0.302 0.326
37 ik T 7 Mg 100 100 100 100 100 100 100 100
38 * ATV SR H Tk — — 0.001 0.005 — — 0.025 0.032
39 e T 0.024  0.044 0.07 0.085  0.038  0.063  0.039 0.1
40 s L HTE ZE W 0365  0.766  0.835  0.794 0.56 0.424 0257 0251
41 WERER — — 0.754 — — — 0.001 0.331
42 K %&A — — 0.002 — — — — 0.001
43 1E 2 1R — — — 0.01 — — 0.01 0.01
44 TR — — — — — 0.001 — 0.001
45 - 2,5-2F —filil 1.419 — 3.277 — 1.69 — 1.007 —
46 s 6—H 5P ffi—2— i 0.008  0.001 0.001 — 0.01 0.007  0.005  0.003
47 . 1Sk — — 0.003 — — — 0.001 0.001
e i
48 2- B 0.006 — 0.07 0.076  0.003 — 0.009  0.009
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Tab.3 ROVA values of flavor substances for different packaged sauce meat
o - @{E{l PET/AL/PE B §fifu 2% PET/PE i HH fu 3%

(ngkg ) 24H 442 sHMA 64MA 24H 0 44H 0 sAH 64A
1 AR LB 353 553 — — — 0.425 — 0.736 — 2.2
2 HEEFR 1R 330 — — 0.111 0.174 0.032 0.048 0.132  0.201
3 A HR 2T 300 000 1.215 0.549 1.312 2.096 0.722 0.908 1.081 2.433
4 L TRAS TR 1 000 0.07 0.039 0.179 0.192 0.11 0.026 0.031 —
5 LRSI 100 1.104 1.384 2.117 6.538 1.792 1.466 0.308 0.6
6 R LR 20 1.78 0.71 3.162 4.326 1.473 1.597 3.211 4.295
7 S TR 0.1 0.09 0.029 — 0.119 0.068 0.221 0.083 0.305
8  2-HHETMLE 0.15 0.081 0.078 0.073 0.369 0.059 0.052 0.341 0.919
9 SR 2T 0.2 0.233 0.25 0.155 1.252 0.158 — 0.586  2.357
10 S 2. Wi 0.094 — 0.078 — 0.419 0.278 0.17 — 0.754
11 1EC R £ TR 0.5 3.93 — 2.515 5.911 2.965 — 4.392 —
12 1E OV R C )T 7.5 0.133 0.052 0.188 — — 0.042 0.164  0.307
13 ER¥H 1200 — 0.097 — — — 0.07 0.134  0.212
14 M 33 0.256 0.063 0.122 — 0.169 0.016 — 0.097
15 IR 200 0.093 — — — _ _ _ _
16 ()RR 34 3.353 1.669 0.961 1.266 3.019 1.004 3206  4.196
17 A1 i 2140 0.251 0.092 — — — 0.056 — —
18 SN 160 0.323 0.035 0.070  0.150 0.136 — 0.324  0.304
19 A 37 0.189 0.219 — — 0.104 — 0.157  0.147
20 o— 1B 160 0.015 — — — — — — —
21 KM 9 0.243 — 0.532 0.714 0.180 — 0.503  0.419
22 T-rE 3.5 0.757 0.429 1.848 1.857 0.974 0.230 1.691 1.153
23 J-2.4-BE AT 0.03 — — — 0.087 — — 0.060  0.074
24 HH AR 1 000 — — — — — — 0.023  0.015
25 Bl 31 0.230 — 0.940 1.362 0.581 — 0.553 —
26 R -2 0.065 — — — 0.088 — — 0.062 —
27 NG 210 7.762 1.763 12915  6.228 7.317 — 6.163 —
28 -2 W 61 — — 0.565 — — — — —
29 (-4 i 1 4.37 0.829 — — — — — 1.074 1.174
30 a— 0 B 300 0.383 0.098 0.292 0.309 0.437 — 0.531 0.566
31 Feg I 74 st 0.26 2.831 0.521 1.268 1.735 2.045 0.404 2.026 1.892
32 7 450 0.409 0.092 0.370 — 0.458 0.086 0.311 0.255

(2R,3R)—(-)-2,3—
33 T 400 0.330 — — 0.563 — 2.004 0.321 3.996
34 11— W—3-Bx 10 0.503 — 1.604 1.634 1.053 — 1.179 1.813
35 5 e 31 3.159 1.134 1.647 1.749 2.956 1.353 2.869  3.925
36 T 5 M 0.073 1.591 0.431 0.845 0.975 1.085 0.566 2239  2.833
37 4T FEIR gk 7.5 — — — — — — 0.058  0.094
38 T & 10 0.052 0.026 0.081 0.113 0.056 0.048 0.120  0.390
39 L HEFE 2 Wy 440 35.012 19.922 42499  46.615 36.586  14.468  34.682 42.819
40 ER R 0.5 — — 0.044 — — — — 0.064
41 IEZ R 69 000 — — — 0.095 — — 0.045  0.068
42 T 1500 — — 0.290  0.096 — — 0.204 —
44 TR 18 000 0.025 — — — — 0.011 — —
45 2,5 i 2.52 0.779 — 0.956 — 0.633 — 0.778 —
46 67@2%75?}%%7 100 0.167 — — — 0.153 — 0.160  0.130
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47 1-F I Kt 640 — — 0.203 — — — — —
48 2Bk 150 0.206 — 1.211 1.525 0.664 — 0.431 0.495
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Tab.4 Cumulative contribution rate of
principal components

ENN % FRIEE TR/ % Z/%
PCA1l 6.833 40.196 40.196
PCA2 3.586 21.094 61.29
PCA3 3.252 19.13 80.42
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Fig.1 Main component load diagram during
each storage period of key volatile flavor substances
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Tab.5 Analysis on load matrix of principal components

R PCAl PCA2 PCA3
2 32.864 52.767 39.548
i 4 25.852 24.577 10.389
S 15.075 62.678 57.937
6 51.209 51.209 -2.711
%2 7.973 54.094 48.125
% 4 12.312 40.406 13.137
%5 —4.950 76.377 —-2.099
%6 11.296 48.470 24.495
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Fig.2 Scatter plot of

LRSS, SRR PET/AL/PE 5l
F1BEF PET/PE i85 WA £ 2% Xop A% % o XUBR ) I 1) 2
M, @It GC-MS Kol s ER S . M2de . mESs . EEk
FR2S5F 48 ARSI . 1813 ROAV 2 &L, Z&H
R TG . LTRISHERR . 2RO . IECTRABR . (+)-
Frighs . TmE . IECEE . (O)—4—h ARl . R Jh s
DFRERE . CHEAE Wy | AR IO R XU R B T 32
PAEM . BGFER A, 2-WETROE.
(E.E)y2,4-TF " Jils . IECROER. 2,5~ 0 .
(1R)-2,6,6— —H FE X IR [3.1.11F 20 . 3-HF i A
B STRROE . oA M2 S KR T, Xy
J5 1% PET/AL/PE $5{fi £ il PET/PE i W] G0 1 ¥
PRTE S 390 P 4 e KU ) 2 S 0, T 2 e
()35 PR HH R 25 S 1Y) = B D R 2R 1 B O R A%
P B HEE R R  AUBEESSE E T IR



Faa B

XUHET, 4.

AN ) ELRE AR 5 PR 4% A XU ) T ) 2 ) - 251 -

ARG, fEUET R A9 EA BRI, HX 5 A B B
PREEAE B ES . KIS AY 25 5 F i, PET/AL/PE

B EL R T I B L AR AR, AR AR Y S R
Yy, AT EAE DR YRR
S E 3k

(1]

[7]

EBE. EAR B AR I R B
58-60.

WANG Xin-tong. A Century-Old “Wind Sauce Meat” on
the Tip of the Tongue[J]. Occupation 2014(22): 58-60.

POlk, 2014(22):

XSS, AL, W, SRR 7 00 8 i
FuS Ul SE SN SIE ATT NN ‘/ﬁﬂjlﬁiﬁﬂkﬂ%, 2011,

50(3): 580-582.
LIU Xiao-xiao, HUA Jing-zhong, LI Shu-jin, et al. Ef-
fects of Different Packaging Methods on Refrigeration
of Yanbian Yellow Cattle Cooling Meat[J]. Hubei Agri-
cultural Sciences, 2011, 50(3): 580-582.

%f 4 I IO PR 4 2R DX ) JB K 53 A F 5

1. AN, 2021(8): 46-50.
WANG Dong-jie. Optimization of Curing Technology
and Comparison of Extraction Methods of Volatile Sub-
stances from Spiced-Meat[J]. Farm Products Processing,
2021(8): 46-50.
W H, gk, RIS, %L R GC-O-MS Al
AEDA 5 X 5 Y48 AP R 23 0 A (7] £ A R
2,2015, 36(16): 153-157.
HAO Bao-rui, ZHANG Kun-sheng, ZHANG Shun-liang,
et al. Analysis of Volatile Flavor Compounds in Pickled
Sauced Meat by GC-O-MS and AEDA[J]. Food Science,
2015, 36(16): 153-157.
FEFE G5, 4B mesk, HE,
P il Bt b ?%ﬁiﬁﬁ‘]ﬁ;”ﬁl
40-44.
CHENG Ya-ting, JIE Xiao-die, TIAN Xu, et al. Effect of
Different Packaging Materials on the Quality and Nutri-

KIEJ@%%*JH#XT Ui
LW T, 2018(9):

tional Composition of Frozen Pork[J]. Meat Industry,
2018(9): 40-44.

BAG#E, TR, B, 5. A AL AR R IR
X 24 5 R SZ IR [J]. A% TR, 2021, 42(23): 116-122.
JI De-rong, WANG Yi-rong, DUAN Li-li, et al. Effects
of Packaging Materials on the Quality of Special Fla-
vored Shredded Chicken[J]. Packaging Engineering,
2021, 42(23): 116-122.

PEEDF, MRS, BOLMR, . AR T &M R
T 58 KR A T e e v B 4 R XU B A 0. B
REMEHE, 2021(12): 240-251.

LI Yu-fang, SHI Ya-nan, WEI Guang-qiang, et al.

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Changes of Volatile Flavor Substances in the Fermenta-
tion of Dahe Black Pig Ham under Standardized Tech-
nological Conditions[J].
Technology, 2021(12): 240-251.

B, T, BT, A FLBRW N R BEAE R N
Jign BRAAE R % e M AR ) S A S D). 2 55 R T
Tk, 2020, 46(4): 57-64.

GONG Jue, TANG Shan-hu, LI Si-ning, et al. Effect of

Lactic Acid Bacteria on Physicochemical Properties and

Modern Food Science and

Volatile Flavor Substances of Fermented Yak Meat

Sausage[J]. Food and Fermentation Industries, 2020,
46(4): 57-64.

IVANOVA-PETROPULOS V, MITREV S, STAFILOV
T, et al. Characterisation of Traditional Macedonian
Edible Oils by Their Fatty Acid Composition and Their
Volatile Compounds[J].
2015, 77: 506-514.

WRiG A, F80000, & Ee,
R4 ) GC-MS 43 HT [
35(21): 291-296.

CHEN Yi-ying, GUO Bei-bei, ZHANG Hui-ying, et al.
Volatile Flavor Compounds Analysis of the Dapanji by
GC-MS[J]. Science and Technology of Food Industry,
2014, 35(21): 291-296.

LORENZO J M, CARBALLO J, FRANCO D, et al.

Effect of the Inclusion of Chestnut in the Finishing Diet

Food Research International,

LR R AN A R XL
. @nu Tk ®EF, 2014,

on Volatile Compounds of Dry-Cured Ham from Celta
Pig Breed[J]. Journal of Integrative Agriculture, 2013,
12(11): 2002-2012.

SCEH, INVEE, RAEs, . IR
L7 ':F'[E‘{FHHE[, 2004, 29(9): 41-44.
WEN Zhi-yong, SUN Bao-guo, LIANG Meng-lan, XIE
Jian-chun, et al. Flavour Compounds from Lipid Oxida-
tion[J]. China Oils and Fats, 2004, 29(9): 41-44.
MARUSIC N, VIDACEK 8, JANCI T, et al. Determina-

tion of Volatile Compounds and Quality Parameters of

A

Traditional Istrian Dry-Cured Haml[J].
2014, 96(4): 1409-1416.

X5, RER, REI, 5. 4T SPME-GC-MS ¢
BT S A A A ) SRS B i e KUK ) S ) 52 I [ D). B
B2, 2019, 40(24): 220-227.

LIU Deng-yong, ZHAO Zhi-nan, WU Jin-cheng, et al.
Effects of Different Smoking Materials on Volatile Fla-
Food

Meat Science,

vor Compounds in Smoked Chicken Thighs[J].
Science, 2019, 40(24): 220-227.

ARk, A, AR, AL PR TR S T AR
TR RUR Sz A A ML [D]. £ S R, 2015, 36(16):
175-179.



+ 252 -

(-

2023 41 A

(18]

LI Lin, WU Qian, LIN Jing, et al. Variations in Major
Characteristic Flavor Compounds during Pickling and
Smoking of Chinese Traditional Bacon[J]. Food Science,
2015, 36(16): 175-179.

ERAMR, WG, R, AL KNG i ) AX T A
o R M T AR D). B 5 R EE T, 2015,
41(3): 191-198.

LI Song-lin, JIANG Chang-xing, NIE Ling-hong, et al.
Changes of Volatile Compounds during Curing and
Drying of Air-Dried Chicken[J]. Food and Fermentation
Industries, 2015, 41(3): 191-198.

RAGH, FEH, #R, 5 NTBER6G Rk
P XK 1 5 4 78 A K S R ) 5t 03 B (], B Bl
2019, 40(20): 208-216.

WU Qian-rong, ZHOU Hui-min, LI Su, et al. Changes
in Volatile Flavour Compounds during Storage and
Analysis of Off-Flavour Substances in Air-Dried Sau-
sage[J]. Food Science, 2019, 40(20): 208-216.

XUk, B We44, MIHEEZ, A PR BRI PR R A X e X

[19]

[20]

JHRE PR A XU B 23 S W 1 E S [T]. ARk, 2013,
34(14): 223-226.

LIU Xin, ZHAO Gai-ming, LIU Yan-xia, et al. Effects
of Cinnamon Pieces and Powder on Volatile Flavor
Components of Stewed Chicken Leg[J]. Food Science,
2013, 34(14): 223-226.

OLIVARES A, NAVARRO J L , FLORES M. Estab-
lishment of the Contribution of Volatile Compounds to
the Aroma of Fermented Sausages at Different Stages of
Processing and Storage[J]. Food Chemistry, 2009,
115(4): 1464-1472.

JE R, Bk, SRR, A R WIHURT I IR
AU VY BT A e SR B (D], B R, 2020,
41(24): 162-171.

ZHOU Hui-min, ZHAO Bing, WU Qian-rong, et al.
Changes in Odor-Active Compounds and Analysis of
Off-Flavor Compounds in Chinese Sausage Added with
Black and White Pepper during Storage[J]. Food

Science, 2020, 41(24): 162-171.

SRS R



