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Analysis of Effects of Proteases on Volatile Flavor of Soybean Meal Based on
HS — GC — IMS and HS - SPME — GC — MS

QI Baokun' LIU Yuwen' YAO Yuxue' WU Siyu' SUN Shukun'? CHEN Hao’
(1. College of Food Science, Northeast Agricultural University, Harbin 150030, China
2. Heilongjiang Green Food Science Research Institute, Harbin 150028 , China)

Abstract; To investigate the effect of enzymatic digestion of different proteases on the volatile flavor
components of soybean meal, four proteases ( alkaline protease, neutral protease, papain, flavor
protease) were selected to enzyme soybean meal, using a headspace — gas chromatography — ion mobility
spectroscopy (HS — GC — IMS) and headspace solid phase microextraction — gas chromatography — mass
spectrometry ( HS — SPME — GC — MS) to analyze volatile flavor composition of different soybean meal
hydrolysates (SMH ), combined with the principal component analysis (PCA) , heatmap clustering, and
orthogonal partial least squares — discriminant analysis (OPLS — DA ) to analyze the different SMH. The
results showed that the volatile flavor components of alkaline protease, neutral protease, papain and flavor
protease were quite different. HS — GC — IMS identified 84 volatile components, and screened 33
differential flavor substances, which found that the content of ketones and aldehyde, alcohols and esters
were increased significantly after enzymatic digestion. The PCA results indicated significant differences in

flavor between different SMH. Finally, volatile compounds with large contributions were selected by
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OPLS — DA, and reliable models used to identify SMH were constructed. HS — SPME — GC — MS detected
103 different flavor substances that could be used to distinguish different SMH. The volatile compounds

such as aldehyde, alcohols, and ketones made major contributions to the formation of SMH flavor, which

clarified the reasons for the formation of some flavor compounds. PCA and cluster heat map results

showed that the enzyme digestion of different proteases had a significant influence on the type and content

of volatile flavor substances of soybean meal, among which, flavor protease and papain showed the most

significant flavor improvement of soybean meal.

Key words; soybean meal; hydrolysates digestion; headspace — gas chromatography — ion mobility

spectrometry; headspace solid phase microextraction — gas chromatography — mass

spectrometry
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FlavourSpec % GC — IMS Bt 4, 75 [# Gesellschaft
fiir Analytische Sensorsystem( G. A. S) /3 #] ;20 mL Ti
25 KE R, 58 [ Supelco 23 H
1.3 ZWH*E
L.3.1 Mm%

22 SCHR [ 13 ] 10 Tl Ak 07 0k 16 B 4 b 2R 11 G Y
I A A R, RV 18 T8 BB B Hod ik
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80 H Ui BIAT TR . K GORARE b FH 28 18 /K E 1 1k 8 %
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Tab.1 Optimal enzymatic conditions and hydrolysis

of proteases

) BE
2 BB AR PHEEAE RREAR KKE A
pH 10.0 5.8 5.8 5.8
R/ C 50 50 50 53
{5 ] /h 3.0 5.0 5.5 2.5
Ji RS Lt 1:500 1:100 1:50 1:20
IK A BE/ % 23.76 18.51 15.72 14. 04

Y+ 4 A AR T Y M R k5 M R B
1.3.2 HS - GC - IMS Jil 5

BE &L AL % 0F K 10 mL AR ) E T 80°C
LA 15 min, B AL 0 500 o/min, THZS iR
FHIRE 80°C , E A& 0.2 mL, A4y A, 1 vk i
[E] 30 s,

GC W %% 4 : MXT — 5 %I 8 3% 4% (15 m x
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IMS K 2% 14 RS A KN 5 em , BE RS A5 R
45C A N m i A (LHEE 99.999% L 1) L i
# A 150 mL/min, F00 #5 5 FE R 45°C
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(1) ZE B FREL 8 mL £ & F T2 i b, %
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Fig. 1  Three-dimensional spectrum, difference spectrum, qualitative analysis and fingerprint in HS — GC — IMS

spectra of VOCs in soybean meal and different SMH
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Fig.2 HS— GC — IMS principal component analysis
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HEAEM . 4 Fh SMH (17 S 415 Fi 28 5 GORITAH AL,
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b R T R AT I 1Y) Ak N S LA SN I 7, —
X KU EL A B 1 i 2 J5 2 K v e B R
PR fife 7 A= S ik 1 2 2 T, LA 1 0 i ROk
i 245 ) I 2 AE UK B TR AE I A o TR M S
SRR TS R BE S 4 R Bk AR AR TR IR P S A A
Jig 107 T2 % 48 Ak 1 ( Lox], Lox2 \ Lox3) %k B A i &
e, T A ok A Ak W 24 i il AR AL I D5 R A b
PR B DR A R R AR Y R R
Ji T 2 Jo 4 2 e AT T T IS IS R R 26 4 o
G, e 2 W BT R A T A o R v R A Y
P £k 2 R JE A, S SMH v (1 £ ZEECR ) i, B
A KAV B8 OR R R i ], 2 R W] i b i
FXUBR B 43 0 T G e T LS 3 SR R
BRI, T3> R R R 1 KU, A R 1 6 ORI
T,

%2 ERARE SMH 1 VOCs f§ HS - GC - IMS S #i4 8
Tab.2 Results of HS — GC — IMS analysis of VOCs in soybean meal and different SMH
. Hxt e A % HXE & /%
& i . . X 3
L EREEESY CAS &5 U nf ot i)/ fif )/ _ £ %e3 it AJK LB
7 & TH
it i s ms HOM ®Al KAl RAW
(106 (7.23+  (0.75% (1.02% (1.36%
11, 8-Hemp C470 -82—6 ek BZ5 KRR 154.3  1027.3 636.931 1.29282
0.08)¢  0.64)* 0.02)> 0.12)"  0.18)°"
(0.23 + (0.12+  (0.31
21, 8-Hem P C470 -82—6 ek \BiZh KRR 1543 1023.7 629.019 1.74929  0.09° 0.11¢
0.02)" 0.01)°  0.04)"
(118  (1.08% (2.42% (2.20% (1.48%
3 1-TEM C71-36-3 . @Bt 741 645.9  196.482 1.17475
0.18)°  0.09)°  0.09)* 0.06)* 0.18)"
(0.19 = (0.60+ (0.42+  (0.45=
4 LTRY C71-36-3  HEELS 741 643.2 195.119  1.38602 0.12¢
0.08)° 0.01)* 0.01)"  0.08)"
& SiTRE J BNV N (0,07  (0.52% (0.11+ (0.15= (0.27+
5 1-pim Cl11-70-6 116.2  970.2  522.443 1.37728
A FE 0.05)* 0.05)* 0.01)° 0.01)° 0.05)"
(0.06 = (0.52+ (0.16= (0.29% (0.23 %
6 1-Ff Cl11-87 -5 W M FH 130.2 1064.8 727.47  1.46659
0.03)* 0.04)*  0.02)°  0.03)" 0.03)"
(0.27+  (0.70+  (1.29%  (0.90% (0.53 %
71k CT1-41-0  J&p &BE K 88.1  749.4  259.651 1.25371
0.08)* 0.001)° 0.04)* 0.03)" 0.08)°
(007  (0.06+ (0.14+ (0.1l (0.11«
8 -k -3 C616-25-1  HiMl . % b 47 86.1  720.6  239.423  1.36023
0.02)" 0.01)" 0.00)* 0.01)* 0.02)°
B KRS B (1.09+ (0.36+ (1.70x (1.22+ (1.19%
9 1-HEEY C107-03-9 76.2 6142  181.758  1.16619
A 0.14)"  0.02)° 0.00)* 0.05)" 0.14)"
BOFE KRR (0.18+  (0.28%  (0.56+ (0.31% (0.48 %
10 1-H B g €107 -03 -9 76.2  616.8 182.894  1.35995
A 0.04)Y  0.01)° 0.01)* 0.01)° 0.04)"
(1.76 (1.09+ (1.02%
11 2-2,%-1-2 Cl04-76 -7 kg FETF B 130.2 1028.7 640.081 1.39133  1.49* 1.79*
0.15)*  0.03)" 0.03)"
(1.09+ (0.95+ (1.22+ (1.43+ (1.25%
12 2-0): i 1 A ™ 98 —-02—-2 Mk Jg i 114.2  911.2  428.542  1.09246
0.18)™ 0.05)" 0.03)*™ 0.20)* 0.18)*
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52 L ~ . . F - o
L ERMEEEY CAS & U nT ot i)/ fisf i)/ _— %3 it AJK LB
i) & A ) ) ) )
JFi & s ms HOM wAl EAMl RAW
‘ ‘ (3.66+ (7.25+ (3.04+ (3.43x (3.90
13 2-nk i H g e C98-02-2  mmwE HEAT NG Wi 114.2  908.7  425.033 1.34575
0.12)"  1.12)*  0.22)"  0.28)"  0.86)"
R N N (048 (1.43x  (0.26+ (0.34=  (0.70 =
14 2-Ik g HjT €98 -00-0 98.1  855.5 357.829 1.35693
N 0.13)" 0.12)*  0.02)¢  0.02)¢  0.13)°
) i ‘ (0.67+ (1.46+ (1.00+ (1.04=  (0.90 +
15 2-H 3-1-T C137-32-6 ks g 88.1  777.7 281.933  1.46562
0.13)<  0.06)* 0.23)> 0.07)" 0.13)°
- : (0.69+ (0.34+ (2.14+ (2.23x  (0.95+
16 Zm" C64—17-5  iKs 46.1  427.1  124.228  1.04009
0.23)" 0.17)°  0.08)*  0.09)*  0.23)"
) (1.18+  (0.13 = (219 (1.48+
17 7P C64-17-5 ks 46.1  432.7  125.408 1.14922 1.90"
0.11)°  0.02)¢ 0.03)"  0.11)¢
) (0.18+  (0.09%+ (0.12+
18 2-2. 5831 Cc110-80-5 - 90.1  706.5 230.265 1.09374  0.12" 0.36"
0.05)" 0.01)° 0.02)"
» ) (.11  (0.42%  (0.46+ (0.38% (0.32%
19 Sy C67-63-0 ks KEM KA 60.1 5005 141.909 1.20896
0.02)¢  0.02)® 0.04)*  0.07)* 0.02)°
) ) (0,02 (0.19%  (0.16 + (0.19 +
20 SPEED C67630 WS R KA 60.1  482.4  137.063  1.090 6 0. 14"
0.01)°  0.01)* 0.01)" 0.01)*
) o (0.12 = (0.54+  (0.48+  (0.26 %
21 Sk C123-51-3 K5 @b JRok 88.1  768.9 274.744  1.25179 0.20"
0.02)° 0.04)"  0.02)*  0.02)"
‘ i ‘ (0.38+  (1.44x (2,10 (1.61%  (0.60 =+
22 FoEM Cl11-27-3 ¥ JEW; 102.2  879.6  386.524 1.33075
0.05) 0.18)® 0.06)* 0.12)>  0.10)°
. (0.23+  (2.26+ (1.78+  (0.18
23 F P Cl11-27-3 K BEW; 102.2  875.5 381.445 1.62693  0.09"
0.01)°  0.06)* 0.11)"  0.04)°
) EE T ORA . (1.18+  (0.71+ (0.36+ (0.42+ (1.29%
24 2- C123-96-6 130.2 1004.9 589.05  1.44001
] 0.18)*  0.10)" 0.02)" 0.03)"  0.28)°
o Wt BER T (0.19+  (0.20 = (0.24+  (0.25=
25 3-3F [ €589 -98 -0 130.2 996.7  572.517 1.38418 (0.21)°
ik 0.02)*  0.02)° 0.02)*  0.04)°
R4 (25 F) 15.73 27.99 24.67 23.59 20.83
R o (5.54+  (5.32+ (1.45+ (1.15% (3.25+
26 1-3:4-3-H C4312-99-6 Hzj B4E Jé+  126.2 9856  550.846 1.28334
0.45)*  0.54)> 0.07)!  0.11)*  0.68)°
(212 (0.66+  (1.88+  (1.54+  (0.40
27 2,3-T C431-03—-8  #l EvE A 86.1  585.2  169.833 1.16288
0.65)* 0.13)°  0.05)" 0.03)" 0.02)¢
] (418 (0.28+  (0.20+ (0.17+  (0.53 +
28 2,3-1% C600 - 146 Jl&fy Fisk #ah 100.1  705.8  229.851  1.20657
0.46)* 0.04)" 0.10)" 0.02)" 0.10)"
AT R SRk (5.13+  (0.06 ¢ (0.14+  (0.12
29 2-TH C718-93-3 72.1  627.5 187.704 1.07332 0.13"
i 0.34)*  0.01)" 0.01)>  0.02)"
E R U W (3.58+  (0.69+ (4.69+ (537+ (2.87+
30 T C18-93-3 72.1  548.3  156.508 1.043 14
i 0.56)°  0.18)°  0.17)" 0.12)*  0.61)¢
Bk B (2.31+  (3.86+ (3.42+ (2.72+ (5.00+
31 2-FREAM C110-43-0 1142 902.4  416.245 1.25748
i 0.05)Y 0.62)° 0.05)° 0.01)* 0.70)"
Hk B B2 (4.14+  (3.98+ (2.68+ (1.59+ (2.45+
32 2-FEEH" C110 -43 -0 1142 901.7 415.367 1.63109
¥ 0.02)*  0.61)> 0.02)> 0.13)°  0.46)"
(418  (0.40+ (0.16+ (0.14= (0.12+
33 2-T-f C821-55-6  F#H @ik %2 142.2 1087.4 789.007 1.404 58
0.02)* 0.03)" 0.02)" 0.01)" 0.02)"
) (217 (0.09%  (0.40+ (0.48% (0.32%
34 2- il C67T—64—1 FFH A 58.1  498.8  141.43  1.11034
0.01)*  0.03)°  0.02)" 003" 0.06)"
4,5-74-3(2H)- (0.05 +
35 C1003—04—9 7 A .#% 102.2 9551  496.369  1.1772 2.19¢ 0.05°¢ 0.08" 0.07"
8 0.01)°
(412 (0.37+  (1.37+ (1.27+ (0.88 «
36 5L NN Cl41-79-7 i B3 98.1  808.4 309.162 1.45366
0.03)*  0.06)° 0.08)> 0.08)" 0.12)"
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HFR2
Xt e PRER % HM & /%
i A . N
L ERMEREY CAS &5 SRR nF - i ]/ fif 1]/ _— Tl ok i AJK LS
15‘ H E” > 1 r r 2
T s ms EAM ®AM O EAMW O REAW
B A3 (11 ) 39. 66 15.76 16. 46 14. 64 15.99
bk ARk (0.58+  (0.22+ (0.60+ (0.51= (0.43+
37 2-C Wt €505-57-17 98.1 846 347.293 1.17553
A 0.01)*  0.04)° 0.0)* 0.01)* 0.10)"
(0.42+  (0.05+ (0.45+ (0.27+ (0.36+
38 2-HIaE M C78-84-2 M LS 72.1 5314 151.03  1.097 36
0.03)* 0.01)° 0.03)* 0.01)> 0.08)™
(112 (0.24+ (1.14+ (1.00+ (0.54%
39 2. AP C78-84-2 ¥ M 721 535.1  152.204 1.28192
0.03)* 0.02)*  0.03)* 0.04)> 0.08)°
(0.24+  (0.15%  (0.28+  (0.36+ (0.16
40 [ 2-F R (2548 —87—0 JHH N & 126.2  1064.5 726.743  1.33746
0.00)> 0.01)c 0.00)>  0.02)*  0.02)°
Hbk B & (0.62+ (0.8« (0.69+ (0.76+ (0.74
41 3-HIE2-THEM C107-86-8 84.1  798.5 300.036 1.10835
NS 0.04)* 0.04)" 0.04)"  0.05)* 0.13)°
Hovk . E k8 (2.23+  (5.63+ (2.25+ (3.06+ (3.31%
42 3 E2-ThE®  C107-86-8 84.1  795.9  297.67  1.33688
NS 0.15)" 0.78)*  0.15)" 0.18)"  1.07)°
(2.74+  (1.81% (2.77+ (1.45+ (2.94+
43 Fgpmy C100-52—7  FBR A B8k 106.1  983.1  546.136  1.14946
0.35)* 0.21)" 0.35)*  0.02)"  0.35)°
(0.92+  (0.71=  (1.00+ (0.54+ (1.17+
44 HHIEED C100-52—7  FHisk A 86 106.1  982.9  545.864  1.466 12
0.03)* 0.11)" 0.03)* 0.02)> 0.19)°
W A RE (0,02 (0.48%  (0.09+ (0.16= (0.16
45 TEM C123-72-8 72.1 5845 169.542  1.1267
i} 0.00)> 0.02)* o0.01)> 0.01)" 0.09)°"
LE RN (1.87+  (3.65+ (2,16 (3.07+ (2.35+
46 TP C123-72-8 72.1  587.7 170.781 1.26229
iG] 0.15)" 0.13)*  0.15" 014 0.67)°
(2.3 (0.73+ (2.87+ (2.75% (1.96+
47 P ClI1=71-7 &l & 1142 907.8  423.795 1.32082
0.03)*  0.02)° 0.03)* 0.16)* 0.16)"
(.44 (0.86+ (2.87+ (280 (1.67+
48 oM C66-25—1  Jigli A 100.2  792.2  294.387 1.24536
0.05)*  0.07)°  0.05)* 0.09)* 0.25)"
(15.42+  (7.24+ (15.88% (16.95+ (16.06 ¢
49 OEE" C66-25—1  [& Bk 100.2  786.5  289.444  1.56504
0.24)* 104" 0.24)*  0.33)*  2.23)°
(0.97 = (0.18 =  (0.20 +
50 N-T-i% Cl24-19-6  HH EH B 142.2 1087.6 789.506 1.47855  0.14" 0.17°
0.14)" 0.01)> 0.01)"
(6.92+ (8.85% (7.05+ (6.38% (8.7l
51 K C122-78—1  Ftwk I AMEF 1202 1010.9  601.31  1.25716
0.11)> 0.23)* o0.11)"  0.18)°  0.35)°
) (1.19+  (0.18+ (1.29+ (1.55%  (0.58 +
52 N C123-38—6 Wik H S AR 581  478.9  136.164  1.04835
0.00)> 0.0 0.00)>  0.06)* 0.13)°
FERATT (16 F) 39.10 41.56 41.56 41.79 41.34
(0132  (0.64%  (0.62+ (0.51= (0.32%
53 2R TREE €539-90-2  Fibk Suk HHN 144.2 9569  499.322  1.34298
0.0)*  0.04)*  0.03)* 0.04)> 0.01)°
(0.23+  (2.18%  (0.54+ (0.65+ (0.91+
54 3-RTHRBMEE C123-92-2 Rk Fa 130.2  848.8  350.355 1.29781
0.01)¢  0.32)*  0.02)>  0.06)" 0.22)"
3F BB (0.32+  (0.33+  (0.41+ (0.38+ (0.88+
55 C589-59-3 ek R 158.2 1005 589.275 1.37461
TR 0.0n)> o0.0n)® o0.01)> 003" o0.11)°
(0.02+  (0.27+ (0.11+ (0.11+ (0.15%
56 2- TR THE C15706-73 -7 nf itz 158.2  1045.3 678.805 1.37256
0.01)¢  0.03)* 0.01)> 002" 0.01)°
) (0322 (0.28%  (0.46+ (0.30= (0.43 =
57 2-W S iR 2, s C97-62—1  FfbE Bk K 116.2  762.1 269.389 1.18482
0.02)" 0.05)" 0.02)* 0.01)> 0.02)°
(0.22+  (0.42%  (0.52+ (0.45%  (0.67
58 3TN  Cl08—64—5 bk Fik JEs 130.2  856.1 358.525 1.25324
0.03)<  0.05)> 0.03)*® 0.01)" 0.09)®
(0.43+  (0.53+ (1.43+ (1.44x (1.73+
59 T C105-54—4  Jok 3 116.2  454.4  130.201 1.19349
0.05)°  0.09)" 0.15)*  0.10)*  0.19)"
(013 (0.50+ (0.23+ (0.29+ (0.26+
60 THASILE C106 -27 -4 Wik 75 AL 158.2 1052.6 696.699 1.42078
0.01)¢  0.04)* 0.01)> 0.03)" 0.06)"
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HFR2
Xt e PRER % HM & /%
ZNIEE] N N
HERMAEY CAS &5 SRR nF - i ]/ fif 1]/ _— Tl ok i AJK LS
15‘ H E‘[ > 1 r r 2
T s ms EAM ®AM O EAMW O REAW
(0.22 = (0.08 +
61 Z W5 T Cl110-19-0  Fiok Bk Fa 116.2  760.4 268 1.63676  0.02° 0.07" 0.05"
0.02)" 0.02)"
(0.46+ (3.85+ (2.46+ (3.06+ (4.19%
62 R 5L s Cl10-45-2 Z&F fEm 116.2  776.1  280.615 1.65795
0.02)* 0.02)* 0.04)° 0.08)" 0.43)°
(0.54 + (0.19+  (0.15+
63 3-HIETRLEE C25415-62-7 Rk R 172.3 1157.6 1015.504 1.47452  0.02¢ 0.18%
0.01)° 0.01)"  0.02)°
(018  (0.09+ (0.06+ (0.06+
64 R Cl09-60—4 FE3 Bk W 102.1  706.9 230.521 1.16388  0.03"
0.10)*  0.10)* 0.01)*™ o0.01)*
(0.14+  (0.09+ (0.67+ (0.45+  (0.09 +
65 Z D C109-60—4 3¢ bk M 102.1  703.3  228.294  1.49693
0.02)°  0.01)¢  0.03)* 0.03)" 0.01)°
FEH AT (13 F) 2.47 10.03 7.79 7.94 9.92
(0.13+  (0.23+  (0.44+ (0.42+ (0.24=
66 2-H 3T ik Cl16-53—-0 [k .+ Wi 102.1  865.8  369.718 1.21744
0.01)¢ 0.01)> 0.00)* 0.00)* 0.01)°
(0.23+  (0.63% (0.20+ (0.25%  (0.30 =
67 2-Ip I €79-31-2 - 88.1  744.1 255.735 1.15324
0.04)> 0.22)*  0.01)>  0.04)"  0.09)°
(0.18+  (0.17+  (0.08 +
68 2-I F R €79-31-2 - 88.1  737.4 250.919 1.37278  0.02° 0.06"
0.02)*  0.01)* 0.01)"
(015  (0.22%  (0.93+ (1.57+ (0.42%
69 fitiin C64-19-7  FRbE it 60.1 621.8 185.109 1.0472

0.04)4  0.03)*  0.02)>  0.03)*  0.06)°
(0.03+ (0.18x (0.14+ (0.13+ (0.11=

70 T C107-92—6  [Ef Wk i 88.1  831.2 331.632 1.16461
0.04)"  0.06)*  0.02)* 0.01)* 0.02)*"
) (0.05+ (0.18% (0.15+ (0.17+  (0.44

71 Bifg ClIl-14-8 )& mk 130.2 1111.8 861.537 1.37934
0.01)< 0.0)> o0.01)> 0.0n)" 0.07)®
(002 (0.15%  (0.19+ (0.13+  (0.30 +

72 Hi C79-09 -4  FLhh SR 741 723.7  241.472  1.108 14
0.01)¢  0.05)> o0.01)> 0.03)" 0.02)°
WA (T R 0. 63 1.65 2.23 2.84 1.89
(003  (0.10+  (0.22 % (0.19 +

73 2,6-"HIEIEEE  CI08-50-9 EA[ IRGE R 108.1  924.6  448.046 1.13511 0.24°

0.01)c o0.01)* o0.01)" 0.01)°
(0.39+  (2.93+ (1.81+ (1.94+ (1.39%

74 2-7,H-5-HIHMEE C13360 -64-0 - 122.2 1023.6  628.773  1.669 86
0.07¢ 0.41)*  0.19)" 0.15" 0.17)"
(0.23+  (0.33+  (0.48+ (0.36+ (0.37+

75 = ER s C14667 -55—1 &4 ww] 57 122.2 1005.9 591.001 1.15979
0.04)°  0.04)" 0.02)* 0.01)> 0.03)"
MR A3 (3 ) 0.65 3.36 2.51 2.54 1.95
(0.03 + (0.09 + (0.11 &

76 Bl C79-92-5 KA 2§ B4 136.2 939.9  471.573  1.21522 0.08" 0. 08"

0.01)°¢ 0.01)" 0.01)*
(031 (0.33+  (0.51+ (0.90+ (1.04+

77 SRR M C78-79-5 - 68.1 530.9 150.882 1.2106
0.05)°  0.02)° 0.05)"™ o0.01)® 0.31)°
Hiok B 7. (.23 (0.95%  (0.70+ (1.02% (1.17%

78 KM C100-42-5 104.2  905.2  420.076  1.40022
il 0.03)”  0.12)*  0.06)*  0.04)*  0.35)°
HRAET3 ) 0.57 1.36 1.3 2 2.32
(0.24+  (0.85+ (0.21+ (0.30+  (0.41 =

79 2-7, F )T C3208-16-0 WA # % 96.1  764.5  271.216  1.28985

0.03)°  0.03)* 0.04)° 0.04) 0.12)"

(.23 (0.27+ (0.43+ (0.35+ (0.38+
80 2-1E T Henk g C4466 —24 -4 ok RS 124.2  890.4  400.267 1.18282

0.02)° 0.02)° 0.01)* 0.02)> 0.02)"

(0.03+ (0.18+  (0.26+ (0.24+ (0.27%
0.01)° 0.03)" 0.00)* 0.0 0.04)°

8

25 L g C3777-69-3 ik R+ HE 138.2  971.7 525.156 1.25784

Wk AT (3 ) 0.51 1.3 0.9 0.89 1.06
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HFR2
ARXF R % HM & /%
B X N 3] , X
L ERMEREY CAS & SRR nF - i ]/ fif 1]/ _— %3 i AR LS
=2 M . R , .
R s ms EOW EAM  BAW  EAW
(032 (1.13+  (0.40+ (0.52+ (1.00+
82 2-7 Bk MM (2429503 -2 IR HEOKE B F 127.2 1025.6  633.209  1.46499
0.02)° 0.11)*  0.02)" 0.06)> 0.21)°
(0.23+  (4.43% (1.80+ (2.89% (3.19%
83 3-THil C109-75-1 - 67.1  652.2  199.633 1.26563
0.07)* 0.17)*  0.17)¢  0.20) 0.78)"
(013 (0.37+  (0.29+ (0.29+  (0.44
84 TN Bk C629-19-6 P+ A 150.3 1095  810.902 1.47228
0.03)¢  0.03)* 0.05)" 0.04)" 0.08)®
HoAth (3 Fi) 0.68 5.93 2.49 3.7 4.63
STt (84 Fi) 100 100 99.91 99.93 99.93
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2.2 HS-SPME - GC - MS 447

2.2.1 HS—SPME - GC — MS B4 &

FIFH HS — SPME — GC — MS X} & #1 DL 2 A [FA]
SMH A7k, %58t VOCs 3t 103 Ff, B AR S5 R I
# 3, HS—SPME - GC - MS %@ th b &9 F 20
FEER 26 B RER G T, SE g b A F 17 Fe
T2 5, AH X B i AR AR SE L 1.07% ~7.56% ,
S e R TR 1 2H I 28 ) TP A R e
T E M. 3-FM-2-M0 (1.71% ) .3, 5-3¢ — J5-2-1id
(1.14% ) Fn 3-F2 B 3L T fe -2 (0. 74% ) H AT R #&
TR TS5 Ak 2, LWy 5 e A IR 11 I 2 T AR
R, X KUK 5 T BRI GR A — E STk
SCHR[ 20 ] B 98 A AR 11 i 6 i 0K 2 2 T i 48 R
PR 5 e 7 A R AR A 5 A B Y 45 R A

FKAN[E SMH i VOCs 1) HS — GC — IMS i 15 70 [ B8 20 52 SUR TR S5 S A VIP {H
OPLS — DA, permutation test and VIP predictive in HS — GC — IMS spectra of VOCs in soybean meal and different SMH
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R3 T EAE SMH f VOCs fJ HS—SPME -GC-MS & R
Tab.3 HS - SPME — GC — MS analysis of soybean meal and VOCs of different SMH
FE o BERELAD CAS 2 SRR LECE vIP ff
> - 7 UIRAF I /
" o MUEEAR THEEAR AREAR KEEABH
(1.69 + (1.59 = (0.94 + (4.62 %
1 TR 124-19-6 &R B B - 0.01 1.02
0.03)" 0.06)" 0.02)°¢ 0.09)°
! [ A S (0.61 + (1.04 +
2 2 4-THERHE 15764 —16 -6 - - - 0.01 1.04
H 0.01)" 0.04)"
O R, M 2 (0.74 = (2.62 +
30 KK 112-31-2 - - - 0. 04 1.03
i 0.033)" 0.04)°
1H-1, 2, 3-1 me-5- 0.38 +
4 16681 -68 -8 - - - - - <0.01  1.04
[ 0.01
(4.01 = (2.73 +
5 FCE 66-25-1  ®np B - - - 0.01 1.05
0.08)® 0.04)"
1.76 =
6 TR 111-30-8  FZhng - - - - <0.01 1.00
0.53
0.84 +
A 3 112-54-9 W& MG AE® - - - - 004 0.03 1.05
BER A (T ) 5.70 - 2.71 1.55 13. 61
(0.36 = (0.75
8 HEERE 12-712-1 5%k BEE BT - - - 0.02 1.05
0.03)" 0.02)°
2.01 +
9 2-ZHATHEE 35301 -43-0 - - - - - <0.01 1.02
0.02
2-[ (2R, 58)-5-2, f 0.94
10 JES-MEE ek 5989-33-3 WA - - - '004’ - <0.01  1.02
Fe2- 4 i '
1 1,2-B 3710 -31-4 - - - - 0.93 £0.02 - 0.01 1.02
12 1,1-"HEEZE 25201 -40-5 - - - - 0.63 £0.01 - <0.01 1.02
1-(2-RERAER) 2
13 T417-18-7 - - - - 0.62 £0.01 - <0.01  1.02
E;#
1,2- 7 E-3- (1 3
14 2 3#)-[1R-(la, 803-35-5 - - - - 0.73 £0.01 - <0.01  1.02
28,3a) |-FR B
15 i 1892-12-2 - - - - 0.52 0.02 - <0.01  1.02
2-5 A5 gE-1- (1.08 = (0.52 +
16 91337 -07 -4 - - - - <0.01  1.02
B 0.07)* 0.02)"
2 H-1-H R4 1- (2.53 & (0.56 +
17 N 6756-99-6 - - - - 0.03 1.02
HELZ )R C 0.06)* 0.04)"
2,2,4 4-HHJE-1,3-
18 3010-96-6 - - - 1.12 £0.06 - - 0.01 1.04
BT 8
19 RR-2-0H-1-E 928-95-0 LBk R RE - - 1.23 £0.06 - - <0.01  1.04
20 23-"HH3-EE 4166 -46-5 - - - 0.73 £0.01 - - <0.01 1.04
(2.07 = (2.41 %
21 2-ZHCW 104 -76 -7 MG B - - - 0.02 1.00
0.10)° 0.09)°
22 13-THEJm2-HEE 5694-68-8 - - - 0.36 £0.01 - - <0.01  1.04
23 B2t -1 69064 —37 -5 kg - - 0.54 +0.04 - - 0.02 1.04
2, 4- FOE2-BE g
24 39986 -37-3 - - - - - 1.92+0.07 <0.01  1.05
ot 4 i
25 2-FILIREEE 16240 -38 -3 - - - - - 0.55+0.04 <0.01  1.05
2-BHHES-HRK D
26 490-99-3 - - - - - 0.56 £0.04 <0.01  1.05
ot -1 -
(0.82 + (0.54 +
27 B4 3574-58-1 - - - - <0.01  1.05
0.02)® 0.04)"
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HFR3
HX & 2/ %
e HRMAE CAS 5 SRR - - P VIP
A MEEAR CPHEEAR AREAR KHEREAW
3,5- 7 Lt g -1 -
28 85264 -33-1 - - - - - 0.85+0.03 <0.01 1.05
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