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Abstract: Objective To analyze the characteristics and change rules of volatile organic compounds (fried or burnt) of Liushenqu (75
i, Massa Medicata Fermentata, MMF) before and after processing. Methods Headspace-gas chromatography-ion migration
mass spectrometry (HS-GC-IMS) was used to determine the volatile organic compounds in the raw, fried and charred products of
MMF, and HS-GC-IMS fingerprint was constructed. VOCal software was used to conduct qualitative and quantitative analysis of the
detected components. Principal component analysis (PCA) and partial least squares-discriminant analysis (PLS-DA) were used to
analyze the differences of the samples. Results Based on HS-GC-IMS technology, 80 kinds of volatile organic compounds were
obtained from raw, fried and burnt products of MMF, and 60 kinds were identified qualitatively; HS-GC-IMS fingerprints of raw MMF,

RS EHER: 2022-11-21

ELWB : ILARERHEA AN OIH e 3R T2 (2022TSGC1057); ¥ i liRHE AL /N AF g 73R T+ TR (2022TSGC1057); thARE
PR ARHEIH E S E (20212048); ILARE HARMEHESE f5TH (ZR2020KHO17)

TEE RN Mg, L, AR, AFrh 2l sl 525080 )% 5C. E-mail: shihaiyan123@163.com



FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

= 3121 -

fried and charred products were constructed. The three products can be distinguished by PCA, PLS-DA and #-test analysis methods.

Hexanal-D and ethanol can be used as the characteristic components of raw MMF; Butanal, 2-methyl-2-propenal and compound 8 can

be used as the characteristic components of the fried products of MMF; Six substances, including furfural-D, 2-butanone, 5-

methylfurfural, acetone, 2-acetylfuran-D and compound 20, can be used as the characteristic components of the charred products of

MMEF. Conclusion HS-GC-IMS fingerprint can be used to identify and evaluate the types and differences of volatile organic

compounds in raw, fried and charred products of MMF, and provide reference for quality control and clinical application of product

decoction pieces.

Key words: Massa Medicata Fermentata; raw products; fried products; charred products; HS-GC-IMS; hexaldehyde-D; ethanol,

butanal; 2-methyl-2-propenal; furfural-D; 2-butanone; 5-methylfurfural; acetone; 2-acetofuran-D
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1 AHEHphERSPSR. £ERES
Table 1 Sample information on raw, fried and charred
products of MMF
WS AW % fits
Al AN LR E R A R A A 2022083001
A2 NFI R E R A R A 2022091503
A3 NI LR E R A R A A 2022102706
A4 NF DU 2 R A PR A 202202143
AS NPl = NRER AA R 5TAE A A 20220724
A6 A =N ERA AR ITEA A 20221016
AT SRRl R TR T A RO A RS A R 2020112601
A8 Bl BT SRR T 2RO A R SR A R 2021111301
A9 AH DU BTN A BRA ] 20221001
A10 AF DU SATHEE A BRA ] 20211004

45 C. AT HFEEIG: WRE 60 C,
EAGIFTR] 15 min, AR 100 pL, HEAEEHEEE
85 C, WEALFEH 500 r/min. AL SME: E1
SRR E 0~40 min, 150 mL/min; E2 A%
SAEBE 0~2 min, 2 mL/min; 2~20 min, 2~
100 mL/min; 20~40 min, 100 mL/min,
22 HEEHE

FEFRAL 0.5 g ASHHIA S 40 5 B o R
Gt 5 59, HEE T 20 mL T3R5 F, 80 C
B 15 min J51% “2.17 W73 TIE .
2.3 BURALIBESHN

FIFH VOCal A2 4 ik BRI HHE 1) e 1
JE 12, SKH VOCal 3N & NIST HI IMS i ds 2 %f
YIBHAT AT, ISR SRR 1 AN AR
FHE RN, St AR e i £ 5 AT i T e =
MTs Reporter JfftxS LUFE Sy 2 RIS B 2 55 (=
YEptk . 4L AN 2 8% ED ;s Gallery Plot i
HATHRSUEEXT I, B H e s LA AR 2
B (5 R A A ZE R Dynamic PCA i 347 3h
A PCA UL S A 2 A FORE S IR Rh 2
3 ER59H
31 SHEBEFIHEIHN

FIF VOCal ¥4 N & ) Reporter ffifFxf BTk
Bt AE L KRR S R AT 0, AR
W 1, BEARAR B TR (], F 1.0 Abar a4k
NG VAR B 5 1) [ LB F- U6 (RIP W), JAALKR
SRR AR B N ] . RIP U6 2 U A4E 1 A 5AR
R MIERMEAENY, BEREAIIIRE, At
FONRERAG, AARRKRER S, HEBIRRR

WRFERRK . BB L al%n, SSefihAdh. 10 ARTAE
Ty AT R I 2 K 4 R M LIRSy, HE R .
DI HR R g EE NS, . R E
PO L S5 T B A 7S o A i S5 R4 P E R ALY
ZEr, SRIE 2. B SHAE S KR AT
N EE s U (1N ) S S | S R AN SV NS WA i
Koty AR T IR S T AR, R B
s RS RIRER T A, AT ISR, S
b i SR BRI & = 2 IS
PEAAL, X TTBE S WAL A PRI FE 2 B
Iy KA B <
32 EMEINSH
SAHBEFIT ST A S AE S Kb AR
i LRI 80 AR MEA NI . i — 25 NIST £
A IMS BRI G, %2 T 60 FiERMER
ML, S A S S s RS E AT

fE W% 2.
3.3 Ffphd . W RAE R HS-GC-IMS #5417
&]jt

HT HS-GC-IMS RAFHHE A A WL WA 24
FERAER T 7S A A i b it A i () HS-GC-IMS 48
gUEE, R 3. B BT EEAT N A1~
A10. B1~B10 fl C1~C10 * jrH R HAH VA
B0, f—F 7R F—4E R AN S v
Aty KRR B RE S, BRI I
WEE. BB 3 a5, SHhAah . BHREE N %
R RN S EAAEES, M6 EHER
PEA LA AR 2 A LU AR 3 S R 2
5.

CREER 2K 3 i R, 2- I LR IE (2-pentyl
furan). (E)-2-PH#ilE-M [ (E)-hept-2-enal-M |, PEf%-
D (heptanal-D). C.f#-D (hexanal-D). (E)-2-P¢
i%-D [(E)-hept-2-enal-D 1. (E)-2-CL/#lE-M [(E)-2-
hexenal-M]. (E)-2-C./fil#-D [ (E)-2-hexenal-D ], 14
W5, 17, ZFE (ethanoD) %5 10 MR & &= AESS
pRh A s RIS, T T AR 3
LA E-M (3-methylthiopropanal-M) . 3-H i34
fit-D (3-methylthiopropanal-D). .54 7~10. 16
T (butanal). 3-F % T FE-1-fF (3-methylbutan-1-
oD\ 2-FFE-2-i#% (2-methyl-2- propenal). 3-$83&
T %E-2-H (3-hydroxybutan-2-one) &5 11 M)JH & &
FEZNFH D PRI AR, e T AR R
BElE-D (furfural-D). FFT7EEE (bergamal), 5-H1JE
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Fig. 1 HS-GC-IMS diagram plots of raw (A), fried (B) and charred (C) samples of MMF
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Table 2 Identification of volatile organic compounds in raw, fried and charred products of MMF
o ey AR AHXF 43 P 1%% i‘ﬂz U T AR 25 :
ThR HffE)/s B A /ms A 1 it £

1 T CoHisO 1422 1107.1 505.466 147645  516.05 573.13 579.92

2 WM CsHzO 120.2 10443 405990 125527  842.82 958.85 552.27

3 2-RK R CoH140 1382 9952  342.238 125387  560.07 344.48  201.85

4 (E)-2-BHfils-M CHRO 1122 956.2  307.408 125663  475.93 313.43 143.49

5 ZRHIEE C7H6O 106.1 963.1 313.288  1.15074  713.02 699.23 476.61

6 3-FEEEERE-M C4HsOS 1042 904.0 266248 1.08812  281.69 40050  271.64

7 BEEE-M CsH402 96.1 833.3  224.778 1.08470  962.79 983.58 1 006.64

8  MME-D CsH40: 96.1 829.1 222,611 133292 233127 369511 527542

9 1 / 0 8450 230967 1.42287  290.29 304.44 23225
10 PEiE-M C/HLO 1142 897.6  261.606 133406  267.06  213.89 33145
11 2-Pif-M C:H4O0 1142 892.4  257.892 1.26574  386.02 300.65 184.51
12 FE CsHisO 1282 1007.0 356306 140693  279.82  263.58  236.53
13 2-F CsHisO 1282 10012 349.188 1.34431 157.61 116.84 110.23
14 PElE-D C/HLO 1142 898.5  262.225 1.69386  279.31 177.59 115.11
15 2-BEfH-D C/HLO 1142 887.3 254797 1.63010  124.33 169.29 121.48
16 CfE-M CeH20  100.2 7923 204.352 126347  551.53 443,73 453.67
17 CiE-D CeHi20  100.2 791.6  204.043 156292 243820 166225 1087.74
18 (E)-2-PilE-D C7Hi0 1122 9562  307.408 1.66881 29516  211.65 93.89
19  (BE)-2-CflE-M CsH100 98.1 846.7  231.896 1.18262 20821 127.07 65.98
20 TR CoHisO  140.2 1049.0  412.631 117693 25.52 29.53 50.02
21 S-FSLHEmE CsHsO2  110.1 971.6 320716 1.129 11 143.13 260.55 1333.10
2 2 / 0 989.3 336.778 129600  174.43 43049  435.53
23 3 / 0 9884 335918 171016 52.68 195.11 173.19
24 RZE-D CsHzO 120.2 1044.6 406441 153750  146.94 182.68 77.50
25 4 / 0 9654 315277 120172 44.14 72.23 36.83
26 5-HIEE-2-FE-4-Ti CsHisO 1262 972.9  321.871 122185 94.33 109.88 35.65
27 1-F4-3-HR CsHus0 126.2 982.5 330471 127375 45.19 45.94 22.44
28  (E)-2-CJ#EE-D CsH100 98.1 846.4  231.738 151470 92.65 58.50 43.11
29 5 / 0 763.5 191.100  1.129 46 80.84 56.32 21.17
30 6 / 0 760.9 189.946 1.41295  134.87 133.76 62.69
31 Juke-1-mE CsHi20 88.1 760.0 189.560 1.51356  100.62 112.67 35.50
32 3-HmEAEE-D CsHzOS  104.2 904.4  266.549 139721 54.59 123.05 40.91
33 7 / 0 871.5 245615 122627 11537 178.01 71.84
34 4-FIEE3-JE-2-H-M CeHioO 98.1 811.5 213.705  1.12222 31.55 40.29 36.95
35 4-HE3-E-2--D CeHioO 98.1 806.2 211.063 144817 24451 231.25 77.23
36 E-2(3H)-MRMRH CaHs02 86.1 917.5 276.305  1.300 59 57.60 44.28 71.28
37 2-ZFERRIR-M CeHeO2 1101 911.3  271.630 1.11797 8.65 41.42 143.97
38 8 / 0 8722 246.021 1.63823 33.69  248.83 91.14
39 9 / 0 9132 273.053 125069 77.39 123.72 42.25
40 10 / 0 913.4 273256 1.664 77 12.56 45.19 9.92
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T E IFA)/s  BFIA)/ms T yT £

41 1 / 0 913.2 273.053  1.55541 24.63 75.59 71.08
42 12 / 0 916.4 275492  1.47790 25.00 46.02 33.35
43 2- FF -3 - i it B2 CsHeOS 1142 865.7 242363 1.13921 37.88 48.62 22.25
44 13 / 0 845.0 230.981 1.15513 92.37 118.55 41.62
45 2-ZBWRIR-D CsHeO2 110.1 911.5 271.833  1.43862 38.31 48.07 484.79
46 14 / 0 916.4 275492  1.37279 45.95 73.58 268.12
47 15 / 0 854.0 235.859  1.308 02 4327 64.86 363.76
48 234! CsHsO 84.1 784.9 200.900 1.339 88 25.14 31.97 101.71
49 16 / 0 843.9 230.371  1.45030 96.25 161.84 82.93
50 T C4H30 88.1 816.8 216.347 1.179 55 39.13 65.73 97.52
51 LR T CsHi00s  118.1 806.6 211266  1.53524 38.98 64.36 2526
52 3-HET® CsHi002  102.1 869.7 244598  1.493 83 65.05 143.23 114.28
53 R CsH100 86.1 695.9 163.256  1.423 93 776.21 680.47 371.47
54 2-HIITHEE CsH100 86.1 669.2 154.677 140107 213479 219645 1594.54
55 3-HALT I CsH100 86.1 658.9 151.662 1.40750 179169 160239 1070.53
56 LR BE C4Hs02 88.1 614.5 139.285  1.33825 754.05 600.65 379.00
57 T C4Hs0 72.1 557.7 124.940 1.28261 221544 302495 2390.11
58 17 / 0 496.6 111.135  1.17793  218.67 155.61 78.56
59 L C2HsO 46.1 459.7 103.557 1.13173 237486 1708.54 160633
60 P C3HsO 58.1 4953 110.865 1.11381 2646.50 325889 4179.70
61 2-THH C4Hs0 72.1 596.9 134.684 124772 74235 149842 267841
62 2-FE-1-TARE C4H100 74.1 628.9 143.167  1.36520 126.29 129.20 28.51
63 (E)-2-I%J% 8 CsHsO 84.1 748.8 184.679  1.107 24 39.05 22.19 27.16
64 3-JREE CsHi20 88.1 711.1 169.162  1.206 31 211.88 247.60 163.95
65 BETR C2H402 60.1 582.8 131.076  1.15963 111839 889.62 940.65
66 3-FIE T b 1P CsHi20 88.1 728.4 176.105  1.49875 102.71 151.58 58.31
67 18 / 0 609.3 137.906  1.290 37 166.50 324.15 533.60
68  2-HIH:-2-TNME C4HsO 70.1 577.7 129.807 122044 71743 1070.65 708.86
69 IR C3H602 74.1 526.5 117.675  1.193 20 39.81 127.48 212.62
70 (B)-2-FE-2-THilE  CsHsO 84.1 737.4 179.859  1.33628 111.34 234.36 389.18
71 19 / 0 750.2 185.295  1.297 72 48.75 64.24 213.30
72 2,5- T HIEERKY CsHsO 96.1 705.5 166.976  1.030 11 36.59 27.05 103.91
73 1,4- % C4Hs0> 88.1 713.7 170.197  1.126 88 29.15 26.21 4134
74 2-JRHH CsH100 86.1 689.2 160.735  1.37105 23.88 33.52 172.17
75 20 / 0 527.3 117.857 1.15560  225.19 441.49 809.74
76 g C4HsN 67.1 752.9 186.441  0.97125 2525 47.50 149.83
77 THECRY C2HeS2 94.2 738.1 180.126  0.987 91 75.66 121.81 447.80
78 (E)-3-13H5-2-Hd CsHsO 84.1 739.2 180.589  1.35232 18.72 93.60 144.61
79 1- 34531 CsH160 128.2 985.3 333.072  1.15798 36.96 37.22 14.96
80  3-FRHE T E-2-H C4H302 88.1 710.4 168.895  1.328 02 149.98 197.05 167.35

“I7ONRKH, 1~20- k%%, T

“/” represents undetected, 1—20-not identified, the same below
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Fig. 3 Comparison of fingerprints of volatile organic compounds of raw (A), fried (B) and charred (C) samples of MMF

FEI% ( 5-methylfurfural )« —51-2(3H)-FE A dihydro-
2(3H)-furanone]. 2- ZFEFRIR-M (2-acetylfuran-M) .
2-LERIR-D  (2-acetylfuran-D). &%) 14, 15,
RIXHH (cyclopentanone)« PR (acetone) 2-1 i
(2-butanone) ZFRHME (methyl acetate). (E)-2-H
F 2T [(E)-2-methyl-2- butenal]. L5419,
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ANHHER. WRSERBELMRS (W (XLs,n=5)

Table 3 T test of each index of raw, fried and charred MMF (X £ S,n=5)
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“P<0.01; S5

#P<0.05 *P<<0.01

"P <0.01 vs raw products; P <0.05 #P <0.01 vs fried products

4 e
HS-GC-IMS AL G 7 A AH AR R 15
A7 S B AT A% i R R v R e S R PR R A 3
VT AF SR T TE S BT R 48 58 TR 20 B 02130, il
TUSIEETF TG T — RIS . A SLie !
X7 A AR A PR AR A ) R R,
P& tH DAFE R RAE VI R, F g S i AR i A
MU (b, £ HS-GC-IMS fear &, it g2
B0 sh AR A S S B IRE U/ K B AR A R
PSR AE Sy o R R S R A ML R
R, SRR HIA R B8R EERER
PE R 53 B AT B e (R AR AR E , {5 2 T DO 2 e B
PLS-DA RIL/S# A i S kb . fER T BL& 3 2R

N, BEIIZSHREAE O RIER S AL A Ry
FAEZESTE, B PUESE 1ML TR 7S it e 4
RAERETy s D BRIE IR 7N i Az it S LM ) B A3
TRHEARE, RIS 7oA A L e AT
A il 7R I R N B TR 7

ALl HEZSuwi/I Aok 1Y 4a =2/ N 0K A S A
X EEAR LRI 2 B 73 D 3 BUE R TS PER D) g
AR BB, R T ORI ] 5 M A AN Y )
HRIEUOL, AW FEAE W EEAN R Nt A= i ) Ak
AT RGEE] B £RD, X7l AR i R )
O Rdh) BFERVEA YT 00T, SRR
INFHETE] R B JEREERIEAHIRR. &
EHEMMILEIESR, RN 80 MRS




* 3130 -

FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

7 ERBSBREDITRE
Fig. 7 Cluster analysis heatmap of differential metabolites
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