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Abstract: The volatile components in 3 commercial plant-based meat analogues(sample I, sample B, sample O), 1
homemade plant-based meat analogues (sample C) and 1 commercial beef were analyzed by solid-phase microextraction
(SPME) combined with gas chromatography-olfactometry-mass spectrometry (GC-O-MS), and the sensory properties were
evaluated by texture analysis and sensory evaluation. The results showed that the homemade plant-based meat analogues
(sample C) had a high content of meat flavor-related compounds, and the meat aroma and meat taste were similar to beef,
and the overall quality was higher than that of the three commercially samples. However, there was a large gap between
plant-based meat analogues and beef in appearance, texture and other sensory properties. A total of 154 volatile components

were identified in 5 meat samples, among which 40 odor active compounds were identified by GC-O, 69 compounds were
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identified in beef, 46 of which were also identified in plant-based meat analogues. The contents of aldehydes, alcohols and

other compounds related to fat oxidation in beef were significantly higher than those in plant-based meat analogues, and the

contents of pyrazine, furan and other heterocyclic compounds related to Maillard reaction in plant-based meat analogues

were significantly higher than those in beef, and the contents of heterocyclic compounds in homemade plant-based meat

analogues were higher than those in 3 kinds of commercial samples. The texture properties of beef in terms of hardness,

elasticity, viscosity and masticability were better than those of plant-based meat analogues, and the texture properties of

samples I, O and C were better than those of sample B.

Key words: plant-based meat analogues; volatile components; texture; gas chromatography-olfactometry-mass spectro-

metry (GC-O-MS); solid-phase microextraction (SPME)
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Table 1 Volatile components identified by SPME-GC-O-MS from the plant-based meat analogues and roasted beef
RURAL A PR BE (ng/g)
CAS%S SWRFE  FHERI SCPRRT gt X
FEST FEAB FEFRO FEARC 4
A

1 96-17-3 2-FET RS - 907 913 MS,RI 52+1.17° 7+1.56" 2.06+0.1° 6.95+0.1° 1.99+0.23"
2 590-86-3 3-FIRE TS - 912 917 MS,RI 11.38+2.55° 8.44+0.75° 4.06+0.2¢ 16.3+1.39° 4x0.18¢
3 142-83-6  (EE)-2,4-C Il - 1398 951 MS - - 1.21£0.19 - -
4 110-62-3 T FHE /LM 979 978 MS,RLO  37.97+5.18°  71.71+8.75° 18.49+2.68°  39.44+1.74°  76.63+10.33°
5 123-73-9 (E)-2-T Wit - 1037 1039 MS,RI 51.94%7.11 - - - -
6  66-25-1 (i RS 1080 1081 MS,RLO  205.12+18.25° 295.03+27.92°  77.5143.63°  364.05+4.69"  532.5381.77"
7 1576-87-0 (E)-2-JR M - 1125 1131 MS,RI 7.22+0.86 - - - -
8 111-71-7 MM MWk 1186 1182 MS,RLO  36.55+6.25°  230.46+50.14°  33.13+2.23° - 458.6+66.48"
9 6728-26-3 (E)-2-C MM - 1219 1219  MS,RI 3641157  49.45+11.73"  17.5324.28° - -
10 124-13-0 S WA B 1291 1288 MS,RLO 65.1+8.85° 191.46£9.91°  63.23+8.51° 45.545.52°  548.22+32.61°
11 18829-55-5 (E)-2- BRI HE'%‘H‘?WA‘ 1320 1326 MS,RLO  89.12+14.58"  136.3£34.05°  33.75+1.61° 12.46+0.37° -
12 124-19-6 ERi - 1390 1394  MS,RI  232.16327.09° 356.31+£56.77° 123.48+24.3°  68.44x12.27°  751.37+78.6"
13 2548-87-0 (E)-2-FHimE WA IRWIK 1434 1433 MSRLO  53.75£5.39"  91.22415.69"  26.53%1.19° 18.9+0.98¢ 29.29+4.18°
14 112312 SE ACE . A4MBR 1500 1501 MS,RLO  20.57+2.22¢ 66.44+0.53" 12.63+2.88¢ - 81.66+9.59°
15 100-52-7 IR WA 1529 1534 MS,RLO  409.42431.56°  376.59+37.98" 258.95+20.16° 362.24+17.57°  160.76+26.12°
16 18829-56-6 (E)-2- T4 1 WAL ENK 1542 1546 MS,RLO 16.91+3.08° 32.06£7.07° 9.64+0.61° 11.76+1.18"  129.74+25.35°
17 112-44-7 | —7i - 1609 1609  MS,RI 4.5+0.48" - 3.45%0.79° - 36.25+13.8°
18 3913-81-3 (E)-2-Z8 Wit ESTHIIS 1648 1654 MS[RLO  132.79+16.06° 76.45+10.68°  73.75+22.04° - -
19 5910-87-2  (EE)-24-T-—JffE - 1706 1713 MS,RI 9.97+1.68" - 4.15+0.24° - -
20 53448-07-0 (E)-2-+—i& - 1761 1765  MS,RI 88.43+12.47° - 39.15+0.46° - -
21 2363-88-4 2,4-%% I - 1795 1827  MS,RI 41.83+6.96" 22.93+4.9° 13.44+0.67° - -
22 25152-84-5 (E.E)-24-%5 MGl FIFE.BENIR 1795 1827  MS,RLO  155.18426.75"  58.88£9.96°  99.42+37.74% - -

B B i 1711.54+104.35° 2070.74£72.31°  915.57+71.81¢  946.01+12.37¢ 2811.03+383.41°

B

1 15250-22-3  2,7-HIBE-1-FFE - - 829 MS - 3.16£0.19 - - -
2 19550-05-1 3.4-—HIE-2-C - - 960 MS - - - - 9.11£0.76
3 41453-56-9  (Z)-2-TiE-1-BE EUR, Rk — 1053 MS,0 - - - 2.62+0.03 -
4 38285-42-6  (E)-2-T-Hu-2-B - - 1053 MS - 3.78+0.29 - - -
5 2088-07-5  2-FPEE-1-1300-3-WF - - 1058 MS - 23.18+1.26 - - -
6 69668-90-2  (2)-3-THf-2-B R - 1060 MS,0 - 11.34+2.49 - - -
7 78-83-1 2-HBE-1- P - 1094 1102 MS,RI - - - - 82.17+23.18
8  112-42-5 1+ LIS - 1127 MS,0 - 42.19+2.08° - - 56.8+2.77°
9  137-32-6 2-FRE-1- T - 1208 1209 MS,RI - - - - 82.36+15.84
10 123-51-3 3-HIRE-1- T - 1211 1211 MS,RI - - - - 360.26+44.47
11 3913-02-8 2-T k-1 - - 1234 MS - 59.27+8.31 - - -
12 112-53-8 1 - 1981 1234 MS - - - - 42.86+7.04
13 71-41-0 13 - 1255 1261 MS,RI 32.04£1.93°  39.93£1.05° 12.17+1.65¢  25.78+5.07°  45.23+5.03°
14 111-27-3 (AL HEL MR 1360 1361  MS,RILO  106.06£15.55"  23.23+4.43*  6.73£1.07° 39.209+1.12°  61.73+10.95°
15 111-35-3  3-ZAE-1-9EE - 1359 1379 MS,RI - - - - 6.14£0.15
16 21570-35-4  2-H13E-4-pes - - 1382 MS - - - - 6.08+0.91
17 69668-82-2 3, 5-F Hi-2-Hi - - 1412 MS - 9.74+0.04 - - -
18 3391-86-4 1= 4f5-3-5 BEREIR 1456 1456 MS,RLO  42.89+3.95¢  94.65+14.09° 56.3+3.2¢ 71.04+3.32°  124.38+16.06°
19 111-70-6 B LS 1462 1463 MS,RLO  37.23:1.04  60.78£11.17°  23.43+7.24° - 102.19+12.92*
20 104-76-7 2-Z LT - 1484 1496  MS,RI 78.15+15.92* - 11.87+3.4°1 18.28+3.62° -
21  78-70-6 gl - 1552 1558 MS,RI - - - 5.48+0.8 -
22 111-87-5 B - 1564 1570  MS,RI 50.02£5.48°  31.99£0.91™  32.58+10.02%  15.86£0.77°  106.13£14.33
23 18409-17-1  (E)-2-F4f-1-1 - 1622 1622 MS,RI 7.31£0.01° - 3.31+1.02° - -
24 98-55-5 a-FATHEE - 1698 1710  MS,RI - - 2.8+0.24 - -
25 100-51-6 o Btk FEAK 1886 1894  MS,RLO 10.6+1.31° - 3.09+0.4° 13.8442.55° -
26 60-12-8 WL - 1923 1934  MS,RI 11.911.11° - - - 195.86:+47"
27 770-35-4 1- 4R -2- P - - 2064 MS - 69.69+14.97 - - -
28 4169-04-4  2-RAEFE-1-PIEE - - 2109 MS - 13.26+4.76 - - -

(=SSN

376.20£27.97°

486.20+35.96

152.28+12.70°

192.18+4.94°

1281.31£195.62°




%424 55 124 BN 55 BT SPME-GC-O-MS KTttt s3Had ¥4 P FIAE P AR (1 A AR E W SR SY <13 -
k1
CASE SORAFIE BBERT SURRT bR POREE DI (vele)
FESL FESHB RO FERC 4
[{EES
1 2550-21-2 3-HJk-2- Uil - 1095 812 MS - 3.46+0.53 - - -
2 105-42-0 4-HJE-2-CL - - 811 MS - - - - 10.82+3.75
3 67-64-1 PR - 814 815 MS,RI 91.63+11.41°  47.99+6.53" 15.75+1.6° 22.1£0.31° -
4 2371-19-9 3-FH 5E-2- i - - 899 MS - - - - 15.51+2.84
5 110-12-3 5-HIE-2-CL i - 1155 826 MS - 3.64+0.45 - - -
6  78-93-3 2- TR - 900 903 MS,RI 33.49+3.6° 29.15+5.87° 4.84+0.26 6.87+0.35" -
7 123-54-6 ZBEPITR - - 1052 MS - - - - 25.2+1.83
8  106-35-4 3- B - - 1149 MS - - - - 43+1.23
9 110-43-0 2- il JIGLENV S 1183 1184 MSRLO - - - 278.97+0.03 -
10 2550-21-2 3-F5E-2-CL i - - 1217 MS - 18.3+4.29 - - -
11 589-63-9 4= - 1224 1222 MS,RI - - - - 8.38+1.27
12 541-85-5 5- 1 JE-3- ] - - 1255 MS - 38.54+3.91 - - -
13 111-13-7 2-3if] - 1278 1286  MS,RI 3.48+0.17° 55.79+4.23" 3.7620.57° 50.77+8.8° 18.52+1.54"
14 513-86-0 352 T T HR 1287 1293 MS,RLO - 61.31+11.82 - - -
15 3214-41-3 2, 5-3F IR - - 1320 MS - - - - 140.11£29.67
16 110-93-0  6-FIE-5-Peifi-2-H  BEGE . IREEE  1341 1340 MS,RLO  49.43+6.39™  109.19+14.41°  73.13x18.99"  36.31£9.41° -
17 821-55-6 2- T - 1398 1391 MS,RI 11724026  85.24+11.92*  13.39+1.21° - 19.65+2.02°
18 1669-44-9 3-FHi-2-1 - - 1411 MS - - - 37.27£3.61 -
19 14309-57-0 3-T-4-2- - - 1521 MS 5.49+1.14® 7.51+1.83° - 4.19+0.41° -
20 30086:00-3 & B Sﬁf;&:m'z' 1569 1581  MS,RI - 47.77¢436°  12.2242.61°  10.79+1.36" -
21 112-12-9 2-F— b - 1598 1604 MS,RI - 10.06+2.28* 1.83+0.37° - 16.58+4.10°
22 98-86-2 g | - 1652 1665 MS,RI - - 7.75+2.31 - -
23 585-25-1 2, 3-% il - - 1674 MS 11.85+2.42° - 5.03+0.2° - -
24 593-08-8 2- =il - 1816 1820 MS,RI - 42.66+8.79° 3.1+0.78° - 6.95+1.89°
RS it 207.08+16.31¢  560.62+18.12°  140.78+22.01°  447.26221.20° 266.03£32.73°
[id
1 64-19-7 I - 1452 1457  MS,RI 88.79+7.53" - 9.38+2.56 - -
2 197994 MR - 1535 1548  MS,RI  375.91+45.23 - - - -
3 142-62-1 (AL - 1861 1857  MS,RI 39.7742.64  53.85£5.59° 15484545  21.4340.39%  98.4+19.30°
4 124-07-2 FiR - 2072 2072 MS,RI 21.05+0.45° - 13.00+2.87° - -
5 112-05-0 TR - 2169 2164  MS,RI - - - - 73.8423.46
6 143-07-7 JIHEmR - 2479 2487 MS,RI - - - - 18.91+1.57
RS it 525.52+51.76'  53.85£5.59°  37.86+6.53°  21.43£0.39°  191.12+42.23"
finZs
1 79-20-9 ZIRH iR - 825 826 MS,RI - - 1.8+0.34 - -
2 141-78-6 IR - 898 888 MS,RI - - 4.81+0.39 - -
3 108-05-4 LR T - - 976 MS - - - 6.62+0.06 -
4 556-24-1 SR H g - 1018 1019 MS,RI 14.96+5.2° - - 22.98+7.65" -
5 124-25-4 PR LS - 1924 1249 MS - 18.9+1.73 - - -
6 106-32-1 ¥ TR SIS 1440 1437 MS,RLO - 16.84+4.02 - - -
7 512-56-1 W2 =R - - 1482 MS - - - - 19.55+4.11
8 111-55-7 1,2-Z W LR - - 1558 MS - 414.29+58.07 - - -
9 93-89-0 R EEZBR - 1653 1680  MS,RI - - 5.83+0.97 - -
10 140-11-4 IR - 1742 1743 MS,RI - - 53.48+1.25 - -
11 109-21-7 TR T T - 1216 1873 MS - - - - 95.27+4.66
12 104-67-6 B LROY - 1948 MS,0 4.78+0.71° 9.51+2.83° 3.37+£0.73° - -
13 616-38-6 iR — W R - - 2125 MS - - - - 50.8+13.28
14 112-39-0 R Y B - 2233 2222 MS,RI - - - - 45.78+3.63
15 5129-61-3 SR AR T Pk - - 2427 MS - - - - 17.89+11.51
MR i 19.74+6.91°  459.55£74.03"  69.2843.03°  29.60 £7.59°  229.29+20.61°
LS
1 624-92-0 1B St 13 R 1066 1071  MS,RLO 4.08+0.29 6.3+£0.93" 1.41£0.27° - -
2 592-88-1 VS B S - 1143 1141 MS,RI 20.83+3.47 - - - -
3 2179-58-0  MaPH R B Ak - 1281 1277 MS,RI 4.69+0.47 - - - -
4 3268-49-3 - AR 1456 1459  MS,RLO - - - 55.835.32 -




14 - 1 Tl B 2021 4F 6 J
k1
WAL AP (ng/g)
CAS% SBRRHE  FEIBRI SCPRRI @t
FESL FESHB FEAHO HEhC 4
5 2179-57-9  URNEETEREE O VEZL AR 1475 1484  MSRLO  62.72+12.77 - - - -
6 2179-57-9 O ik - 1475 1485  MS,RI - - 3.18+0.74 - -
TSN 92.32+20.27° 6.30+1.14° 4.59+0.74° 55.8345.32° -
ST
1 290-37-9 Nk % KEVRTIR 1257 1217 MS,RLO - - - 56.01+0.29 -
2 109-08-0 FH BEnk gg - 1261 1272 MS,RI 19.9342.56" - 16.82+1.34°  106.28+5.62° -
30123320 2,5-HISENEEE - 1329 1331 MS,RI 30.93+1.74° - 43.96+3.47°  170.79+8.35" -
4 108-50-9 2, 6-HIILNkE JEARR 1334 1337 MS,RLO 6.52+0.64° 35.0249.79° 6.92+1.56" - -
5 13925-00-3 AN JEIEAMR 1338 1342 MS,RLO - - - 32.72+7.74 -
6 5910-89-4  2,3-HIHEMLME - 1342 1355  MS,RI - - 1.74£0.31° 14.95+0.73 -
7 13360-64-0 S-HIE-2-2 FE- Nk njmuw‘;:;;%_% 1393 1399  MS.RRIO - - 35.68+3.78" 63.65+3.18° -
8 40790292 5'*3:&%%73'T% - 1407 MS - - - - 38.72+14.83
9 13925-03-6 6-H1IL-2-Z LNk - 1390 1400 MS,RI 23.14+2.67° 97.74+6.15° - - -
10 14667-55-1 = Skt 51Tk 1410 1414 MS,RLO 11.42+0.12 81.04+14.02°  44.27+3.07 72.26+0.17° -
11 13360-65-1 > 5-:@%—3-&%11& Eﬁﬁgu% t 1449 1455  MS,RLO 7.3120.61° - 30.18+2.23°  115.86+8.2° -
12 13925-07-0 > S'J'Eéz'é%"tt ERS1US 1462 1472 MS,RLO - - 7.72+0.18° 23.14+5.71° -
13 18138-05-1 2T, %*l%m - 1492 1504  MS,RI - - 12.49+1.64 - -
14 620-02-0 5- FH BLpfe SRR 1574 1583  MS,_RLO - 72.26+4.33° - 18.77+0.52° 19.19+3.07°
15 22047-25-2 TR LN - 1629 1641 MS,RI - - 10.06+1.32 - -
16 98-00-0 e FEAFIR 1665 1670  MS,RLO 32.6+2.29° - 13.52£0.98°  63.74+4.99" -
17 3208-16-0 2-Z kI - 945 951 MS,RI - - - 11.39+0.19 -
18 1004-29-1  2-7T H:DU%(kng - - 1158 MS - - - - 16.84+3.04
19 3777-69-3 2- PRk g TR 1228 1226 MS,RLO  77.26+4.89°  214.75£2.61°  8538+11.62° 777.51£49.89"  51.07+10.37
20  98-01-1 e Ak 1467 1468 MS,RLO  44.12+7.14°  934.37+64.75°  29.23+6.52°  82.18+5.68°  131.81£19.49°
21 1192-62-7 2-Z Pk FE IR - 1501 1513 MS,RI - 56.1£6.23" 11.36+2.13 10.7+0.63° -
22 4179-38-8 2- Rk - - 1542 MS 0.77+0.19 - - - -
23 98-00-0 PRUR L FEAFIR 1665 1670 MS,RLO - 61.88+9.87° - - 44.78+14.99°
24 3658-77-3 ORI - 2033 2056  MS,RI - 24.55+5.84 - - -
25 616-44-4 3-HISLmgEmy LS 1114 1089  MS,RLO 31.96+4.32 - - - -
JRM R 285.96+12.35° 1577.71£130.29" 349.33+9.58° 1619.96+72.07° 302.41+33.88"
EE S5
1 108-88-3 LIPS - 1037 1038 MS,RI - 19.92+1.82° 13.25%1.6° - 98.56+33.86"
2 108-38-3 13- AR - 1141 1119 MS,RI - 9.29£1.5 - - -
3 106-42-3 xR - 1130 1133 MS,RI 5.96:0.44° - 6.68+1.18" 5.68+0.89" 25.16+4.18°
4 95-47-6 b S - 1130 1133 MS,RI 5+0.85 - - - 13.01£1.36°
5 103-65-1 [ES - 1207 1203 MS,RI - 35.18+4.18 - - -
6 527-84-4 AB-S NI - 1298 1266 MS,RI 42.17+1.11° - - 52.81+18.3" -
7 95-63-6 1,2, 4-=HHR - 1278 1275  MS,RI - - - - 6.79£0.6
8  104-51-8 TH - 1312 1311 MS,RI - 31.54+5.63 - - -
9 135-77-3 1,2, 4-=HEOR - - 1979 MS - - 3.9+0.51 - -
EARRE R R 53.13£1.60%  95.93+5.06°  23.84+2.74°  58.49+17.62%  143.52+48.18"
JlRds
1 111-67-1 2-: ) - - 836 MS - 28.41+2.42 - - -
2 124-11-8 1- T4 - 931 938 MS,RI - 61.04+2.64 - - -
3 20063-77-8 3-Ff - - 953 MS - 9.01=0.58" - - 15.34+3.62°
4 872-059 128065 - 1047 1039  MS,RI - 92.9+4.81 - - -
5 19689-18-0 4-580 - - 1055 MS - 20.37+0.84 - - -
6 4941-53-1 5t - - 1142 MS - 77.76£19.15 - - -
7 5989-27-5 Frtasd - - 1187 MS 73.9£2.35°  7491+42.64°  140.56£23.06"°  13.65+1.76° -
8  99-85-4 y-FA IR - 1235 1239 MS,RI 11.27£1.83°  20.98+1.54° - - -
9 100-42-5 - 1255 1255 MS,RI 14.25+0.99° - 8.06+1.32° 110.28+29.14*  15.51+4.55°
10 527-84-4 PAESR - 1298 1268 MS,RI - - 84.69+13.85 - -
ey seou 99.42+0.87°  385.39+53.26" 233.30+38.52" 123.94+27.38°  30.86+3.44




%424 55 124 BN 55 BT SPME-GC-O-MS KTttt s3Had ¥4 P FIAE P AR (1 A AR E W SR SY - 15 -
k1
WAL AP (ng/g)
CAS% SBRKFIE BEIBRI SCPRRT X
FERL FEAHB FEARO FEMRC 4
ek
1 501-92-8 LR HISE SN0 - - 1740 MS - - - 3.61+0.21 -
2 90-05-1 2- I HoR - 1889 1879 MS,RI - 59.98+6.08 - - -
3 90-05-1 AR - 1889 1879 MS,RI 24.7240.19* - 15.65+2.46" - -
4 1072-83-9 2-Z BRI - 1980 1997 MS,RI - - 6.64+0.7 - -
5 118-71-8 5 - 1981 1999 MS,RI - 210.55+25.83 - - -
6 118-71-8 FILA 25 SRR 1981 1999  MS,RLO - - - 188.35+8.03 -
7 118718 EZ A - 1981 2001 MS,RI - - 10.142.29 - -
8  108-95-2 ESE - 2006 2007  MS,RI - - - - 48.82+10.78
9 120-72-9 LN - 2441 2473 MS,RI - - - - 35.58+1.53
Hexpss 247240.19°  270.53£37.36"  32.38+1.36°  191.96+8.23°  84.40+11.84°
PR A 3395.63+76.50° 5966.81+305.69° 1959.23+136.14° 3686.67+34.65° 5339.98+740.99°
T2 5 FRBEPILS Y & EMEETLE
Table2 Summary of compounds content and variety 5 meat samples
L&Y & & (ng/g) fbEPECE (Fh)
FEmI B RO FEARC 4R HESRL MEEB FREAO HERIC 4R
28 1711.54+£104.35¢  2070.74+72.31°  915.57+71.81°  946.01£12.37¢  2811.03+383.41° 21 16 20 10 12
[i52S 376.20+27.97° 486.20+35.96" 152.28+12.70° 192.18+4.94°  1281.31£195.62" 9 14 9 8 14
e 207.08+16.31¢ 560.62+18.12° 140.78+22.01°  447.26421.20°  266.03+32.73° 7 14 10 8 10
[i7ES 525.52+51.76 53.85+5.59¢ 37.86+6.53¢ 21.43+0.39¢ 191.12+42.23" 4 1 3 1 3
e 19.74+6.91° 459.55+74.03" 69.28+3.03¢ 29.60 £7.59° 229.294+20.61° 2 4 5 2 5
ERES 92.32+20.27" 6.30+1.14° 4.59+0.74° 55.83+5.32° 0 4 1 2 1 0
3= 285.96+12.35"  1577.71£130.29°  349.33+9.58"  1619.96+72.07°  302.41+33.88" 11 9 14 15 6
EARMIE 53.13£1.60% 95.93+5.06" 23.8442.74° 58.49+17.62% 143.52+48.18" 3 4 3 2 4
e 99.42+0.87¢ 385.39+53.26 233.30+38.52° 123.94+27.38° 30.86+3.44° 3 8 3 2
Hek 24.72+0.19¢ 270.53+37.36" 32.38+1.36¢ 191.96+8.23" 84.40+11.84° 1 2 3 2
e 3395.63£76.50"  5966.81£305.69" 1959.23+136.14° 3686.67£34.65°  5339.98+740.99" 65 73 72 51 58

2k P &l 2811.03 ng/g, o3& T THE
Y AFE S (P<0.05), - HAEY RAEESS T FfnesEs, B
MEERAEY S REES TS OFMEERS Co B
F1ATLLEW, RO EE(532.53 ng/g) . BEfiE
(458.6 ng/g) . S (548.22 ng/g) . T-1(751.37 ng/g)
SRANEE S RS, ORI E Y S
FAAYI A FE A (EE)-2, 4-C . (E)-2-
Tl (E)-2-IRMEEE . (B)-2-BamE . (E)-2-F¢k
. (E)-2-2%f . (E,E)-2,4-T-fft. (E)-2-—
. 2,4-3% TIREE . (E E)-2,4-5% " IRTEEEA MM 2
TEAEYIRFE SRS e T A R P oA e, DRI A= P h
ORI 12 P Ak S, AT AE Y R
121 FO)FIFEESE O(20 Fl) . AR, Ml . M
A 5 AN R T e I S Sy g i 5 I Rk R v = A
FRIEF LAY, HnT RASE— 2 S A A2 |
B2 A RARTEAL S, $ETHA4 PRI <. ANA]
AP PARE S Z RN A G P 25 St T4 W, B
ah T FRES: B H A S W JC IR AN I i ol
JEFNE AR, Y ILAE AR L TR B B R T
TEU,

2.1.3 ZRFRMLEY Nk 2 o, W IAAES 1. B,
O. C UL M4 v 22 S 254k & W0 10 & 3 43 9 ol

285.96. 1577.71, 349.33, 1619.96, 302.41 ng/g, Ff
FArHIA 11,9, 14, 15, 6 Fh, AHPIAEES B 1 C 5
AL AW B S e R RD 2 3 S 3 T A AR
(P<0.05). 5 FpAF fl HhoRS 0 Sfe i) 2 Pk & 4 22
ALFE ARG . MRS | WERAR AR S b 5 ) e 45 TR il i b
R ISR W e S U k= Sl IO S
PIAEIZ N, G2 AN IR IR I N =i, R
B DA E Y B AN R A, it 36 1
WG, BES C kg . B 3knkigs . 2 3kntkigs | 5-
FR3E-2- 2 - | 2, 5- " F Ji-3- Z Sk e iy 5 4y
B 56.01, 106.28., 32.72. 63.65., 115.86 ng/g, I .
e T HARE 5 (P<0.05) , MRS 12 26 h it
R A= r= 8y, Hook B PSR . RGP
Strecker [&fF LI BILRILC S IM46 G, Hoa HiLAl
MR JEE R . RIRED), T AT LT B
WA EE PP, BESL B HPAY 2-mCg L ik
R () 2 B 351 61.88 . 24.55 ng/g, i 5 FhEES
i, DRSS ) BAT BRI R A L JEEE
FEAFDS, I HL B (E— AR, XA P i AR A < Tk
BER . ARBFFET Y 5 Fh AR A RAG H ek Ak
AW, AT GESRMEMEIS AL A4 & IR TR A B
S
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2.1.4 EHALEY W 2 iR, FEWIARES 1. B,
O. C &G = HIh 92.32, 6.30. 4.59.
55.83 ng/g, FPSE55A 4. 1, 2. 1 Fh, Wizk AR
ARAGN ) ST G . A A P IR ) 4 R XUBR
W FZAL G, XG0 BB RAL H BEA R
W, X PRIl R AR UK - 43 EE R, 5 B BIAE Y
AR PP e Gk . A N AR L SN S 3k
Tk, 3-FH LIS . PR . & U T
fitix 6 P Eramfb- a9, 4 P2 b &P 7eAa Y A
FEan T gl 2] . A RAE S C i B ARASRI 5]
- ET IS X —Fh S i G4, (HR e B3,
>k 55.83 ng/g, 3- B IL PN I 3222 fh 2 IR AR 45 2 ik
A FEIR R S A, AR AR ORI 1.4—
4.5 ng/g)P7, B AL WA, T LA PR R
S, PRTHEEAA R,

2.1.5 EESRAb&Y gk 2 R, AR 1. B,
O. C DL A4 R B fb G & =43 50 376.20.
486.20. 152.28, 192.18. 1281.31 ng/g, #2451 K
9. 14.9. 8. 14 Fp, 4 R EESMb-EY) & s s T
YRR . FRPRESNEE Y SR FERE
FH 2-FF JL-1-P s, 2-FF - 1- T/, 3-FF 3-1-T i
KOFEFEAEY I EN, EMfEFRAF &SR N
82.17. 82.36. 360.26. 195.86 ng/g, (R LA, H4
A YITERE ) A RE S T AR A . RS —
s R ULIRIZH 2 i AR T 48Uk 2R, BT DA -4 IR 6 i
R, (FZ BT B — s &, R UK i 3 AR BT
FRAHXT A58 /N®

2.1.6 WEAZAb&Y gk 2 iR, AR 1. B,
O. C DL A4 R b G400 & 5= 4350k 207.08.
560.62. 140.78. 447.26. 266.03 ng/g, #2543 51 K
7. 14,10, 8. 10 Fp, £h5h B HHIBRSEIL &9 SN
Py T AR S . BS540 He SRR A AN S
TR N e A, B FRRRIR | AR DL R B W R SRR
TR, X RS A IR R HA B B a3 s/ P,
Machiel 5P & PSS AT-4504 T 52 0 A PR RUBR (19 3= 22
TG YiE 2- TR, 2-=F0 L K 3-8 3L-2-T 45, 3X
LV A PIAE AT ST rh i) 2], Horp 2- T B AEAE
fh I PR, D 33.49 ng/g, 2-FERAN 355 KE-2-
TR B TherER s, 43 55.79 A1 61.31 ng/g.
2.1.7 Ee2Ab&Y gk 2 iR, FEIARES 1. B
O. C LA B4 R B2 & W & =43 3 19.74.
459.55, 69.28. 29.60. 229.29 ng/g, B4 9 K 2.,
4.5.2. 57, B0 B RBERA S S ERFEE .
W 1 TR, R B RS E R 1,
2-2, R 2 RS A Y, AN 414.29 ng/g,
AR ST IR kb S . BRI S AR A
S RNFRFEERNSZ—, FEREERIM S
ZIE TR A SO A i, — B T, DAL
SHAESRAES MRYE SCHRIB 1] FRAE, Xt PO XUSR BTRikES:
KEITRSAC G W) B2 R LR 208, LR 2RI kR
i O G HY, ik 4.81 ng/g.

2.2 FERS9HT (principal component analysis, PCA)
Z#ER

VABRRP RIS RS | B | BR2S | fR2S . lRIE.
FRINS | TR RS AR E ek A
MBS B AR g, AT FE ST . AR anE 2 iy
e Hor, FERGE 1 AU 2 IITTHREES IR 42.5%
1 36.2%, BTTHRRIAF] T 78.7%(>75%) , FRWIiX
2 ARSI RERE SR 5 Bl PIAE T BT S R R 4
SEBRIEGL. AR (& 20) T AT DA Y, lisls | s
S SIS RS FE A 2 IEA DG, S5 E (A 2a)
AT AR Y, 2R RE L B TR Al SY 2 Bk, DR RS |
B SPI& BAR E 2R S S S Ak
Sy 1 IEARSE, 534y 2 FAHE, WA EI(E] 2a)
ATLUA Y, BESD B B9 E A 1 BOR, R C 1Y 3R
41 2 S/, PIGX P  1 2 A b S i B 38 =i o

4 (=== LR

4+ ¥ REMB
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Fig.2 Score scatter plot (a) and loading scatter plot (b) of 5
samples after PCA analysis

23 [RMIGERD

ASHIFGT AR RE ORGP L s | A L ok
FINEMGE 6 T % 5 T RAE B SR A R AE 251 T 1
fr, H32E 3 A1, 24F R FNESAE Y P 22 18] 1 S AA 22 15
2 (P<0.05), BRALBRHEFRAS A, 4= PO i & i
AR THWE D A . 4 PR AEES T, BES
1. O. C MBFa 2 A, ZEHH W47 THES, Bo

i 5 5 2 P TR SS A I AR AR B3 UTAR DG, 2] 1 T4y
TR MR AL, S EUE RS H A, ITTE—
FREE_ L F20 = S B B, 2R R BREEE A 9.31 N, JBAE
YRR (1.76~4.36 N) I 1~5 15, AP R H A
FEE A LU R A A%, S LA FHAH EbH:
5 KA FH X A HI, DL O R AR ARG R AL A B N
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Table 3 Texture analysis between plant-based meat analogues and beef

P FEALB FESHO FEfC 44
TR (N) 4.36+0.57° 1.76+0.23¢ 3.43+0.2% 2.9140.25¢ 9.314+1.02°
AbBEFEE (N>mm) 0.03+0.01° 0.06+0°" 0.04+0° 0.030° 0.02:0°
#H#: (mm) 2.20+0.25 1.07+0.29° 2.4040.17° 2.31+0.12° 3.58+0.15°
15 1 (%) 0.18+0.02¢ 0.15+0.01¢ 0.27+0° 0.37+0.01° 0.32+0.01°
JBEHR (N ) 1.89+0.33 0.64+0.03¢ 1.94+0.19 1.93+0.16 6.19+0.28"
NEA@E (m)) 421+1.23 0.8+0.09° 4.67+0.58" 4.47+0.44° 22.17+1.86"

3.58 mm, FPAEES: 1. O. C BUSRPEIEVT, 4351~
2.20. 2.40. 2.31 mm, &EF & T B(1.07 mm), 4+
PR P LA B R sl A RS MR BB T R 1
SEA; A P ARERPE N 6.19 N, A A 1. O C Y
RGP 2ERE R, 78 1.89~1.41 N 2 J], 35 & TRES,
B(0.64 N), 25 A 14 B Rk R s v S it AN s A= 42 1) e [)
VEF 20 A4 RPN R 22.17 mj, A9 AR
i I, O C BT AH 22 AR, 7F 4.21~4.47 mj Z [H],
2 TR B(0.8 my), PRI 14 EL RS A e
SERCPE RS AGE oe, R EE | SR AN RORY Pk T, RV
BT, MELERE g2
24 REIFNERST

XTS5 B AEERS HIRT S AU 3 TR, K5
HE PR E PR SE RANEE 4 R, MIE 3 Thal IR
i, 545 POAH L, AR 1 PAERS I Z BT R G, T A
PAEI AR LT 5 i 2 e, A A T 5245 R0 B e fe 422
T, ATRB SRS T TSN T AR M AT A K

M 4 A RIFR I, BE5 C FE R FBF MR BEHR T
R E S 54 Wi, & 3 Pl B AEY
P, 3X 5 2.1 Y GC-O-MS %58 45 S AH VT IS,
Fedh C P2 b G & e, XG0T
DABR A (R 7 A S PRI, PRI IPGAE PRLA AR AF PR) 72%
R IS5 T o (EAHERERS, 4 AR B SRS
SyssiE, L ML T R A Y AR, X PTRE S 4R A
PRI R AT G, TTAB A 26 1 A I Sk SR 220k | PR R
Wi AR )R P VR AR AR T IR BORE A S
AR A, BB AR R PRI PR AL TR R, PR
PEEZE, X — 55 2.3 BSR4 R RE R
FiEm TR X —S5 S DT AL

FEEE U7, 5245 AR F, A IR SE AT RS
AN, RSP AT TE SR, BT R AR 2,

(b)
3 5 FhARERE T Z i () FEH 2 5 (b) B AN AL

Fig.3 The appearance changes of 5 kinds of meat samples
before cooking (a) and after cooking (b)

1 FES I 2: A0 B; 3 KR O; 4: KRS G 5: - 1A,

NG, XS B R AT 2 S e i g e bt

Ak
3 %

il GC-O-MS 4347, 2RIt Ee e Y 58 Fihig
F 4 REAEY AR A 2Z 8 R E PN A0 %t L

Table 4 Comparison of sensory evaluation scores between different plant-based meat analogues and beef

FEHT FEEB FESHO FeEfLC 41
RS 2.740.95° 3.0+£1.05° 2.0£0.67° 3.240.79° 3.3+1.49°
INAUS 2.6+1.17" 2.6+0.84" 1.940.57° 3.4+0.84% 4.0+1.05°
T 2.4+1.07° 2.7+0.95" 2.940.99° 2.840.79° 2.3+0.95"
2tk 2.5+0.71° 2.6+0.84 2.440.84" 2.4%1.17° 2.3+0.95
HE®A 3.1£0.99° 3.0+£1.41° 2.6£1.17% 3.140.88" 1.941.2°
SR (IR . RIEIRSE) 2.2+41.4° 1.9+1.29° 2.3+1.06° 1.840.92° 2.0£0.94°
SR sz B 3.10.88® 2.9+0.99® 2.4+1.17° 3.7+0.82° 3.0+1.15%
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2021 4 6 H

KeVEAeE Y, HoHe B Ry 5339.98 ng/g, A4 PARE S
B R AR PR 45 AR I ARARL, FRZETE 51~73 T
ZIJE], AT 1959.23~5966.81 ng/g 8], JLHIEA
HAEY) PIRES C, FoE A nhiEs | WemE 45 5 PR s
FE AR OG0 A2 BR 2R AL S A e R & B = (15
1619.96 ng/g), TGP AL S P B, HE i
HR1(6 Fl, 302.41 ng/g), B PEM 45 SR UESE T 31X
— L FEE C RSN AL RS 432 3.2 F1 3.4,
W T 3 AT BN (P<0.05), 54- (3.3 F
4.0) A543 AHIT; 24 PYAIRENE: S 22,17 md, FEY P PH
IRPETE 0.8~4.67 mJ Z 0], 54+ P4 22 BRSO, X 2
B SR AR B FE AR AR EAE A R

H Y AR 85 R i 7R I A SO PR R S5 T
T8 5 4 RIAB{RUEE 38 15y, (ELAR:, 77 i 7 O LA B T4 4
M5 24 PIAH L 22 BRSO, BRI, FE5 s BRI P A= ™
SRR, FREE EUE Y E L AL T, S
A A O LR &R, #E— 88 R ik
L
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