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Abstract: In this study, the quality of high-temperature Daqu in Northern China was targeted for enhancement, with the aim
of subsequently improving the quality of sauce-flavor liquor. This was achieved by incorporating No.l Bacillus velezensis,
No.2 Bacillus amyloliquefaciens and the control without exogenous spore addition during the Daqu production process. A

comparative analysis of different Daqu samples was conducted using physicochemical index determination, high-
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throughput sequencing technology, and gas chromatography-ion mobility spectrometry (GC-IMS). The findings revealed
that in Fortified Daqu No.2, the physicochemical indices including saccharification, liquefaction, fermentation, and
esterification capabilities were significantly elevated compared to Fortified Daqu No.1 and the control Daqu. Additionally, a
decrease in Daqu acidity was observed following spore addition. High-throughput sequencing and microbial counts showed
that Bacillus populations in Fortified Daqu No.2 reached 4.2x10® CFU/g, and the abundance ratio was 21.68%. In contrast,
Fortified Daqu No.l contained 2.3x10° CFU/g Bacillus, and the abundance ratio was 18.92%, while the control Daqu
exhibited 4.4x10” CFU/g Bacillus and the abundance ratio was 7.48%. Analysis of the GC-IMS three-dimensional spectra
indicated that both the content and variety of flavor compounds in the two Fortified Daqu samples were markedly higher
than those in the control Daqu. Furthermore, multiple characteristic pyrazines were identified in Fortified Daqu No.2 based
on fingerprint analysis. In brief, the addition of exogenous Bacillus subtilis has improved the physical and chemical
indicators, microbial indicators, and volatile flavor compounds of the two types of Fortified Daqu, improving the quality of
high-temperature Daqu in Northern China.

Key words: Northern China; high-temperature Daqu; physicochemical index; high-throughput sequencing; gas
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chromatography-ion mobility spectrometry
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Yo DB RS R AW T2 208 =
MCHR A28 . R R | il A SR L B IR
KA 745, HorA i R A B S R ™ A i BT
KEEN R Z L, B UTSeAR i [ i S Y
CEIA Sk EEA T, W A X Z AT
W I AR TR e 75 2 9, PALLZR SR R by b X
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TESA ) T7 T B0 22 57 [R] 2 HE AR SC AR SRS . s
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B, 7E Alpha ZFEPEFEE, 2 5 M X il I Hh g 40
PRI =1 o LR, T R b DX e IR R A B s 22
FEPERE R, P DA B T TR K 22 5 0K B
AU A A A v R R R 7 3k v e M R SIS ) S 2 AAT
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LS50 W AR TR AR 7 HL X R T RS Ak is
JHkR$ET RO BT SRR A U

SAH TS -2 T i 215 (gas chromatography-ion
mobility spectrometry, GC-IMS ) J&— F1 3T 4F- 3¢ 3 2%
AT FH TR A e 8 oAt o h R M e R R
HUPIEIEARD ), HAREAET45G T AR 2 HE
JIFNES B E = R AR, nI AR TR Y58 SR A
PRUBRA JER 11 43 25 A w0 12 i O RN R LA R
BRI | Rt BRAK . B8 S JCRFRTAL T, A5 B i 25 th I
A i AR v g B M T N T H s iz
ZHANG %511 3833 GC-IMSS Kl 1 35t i A izt
Kb rEE VLS ALk, G5 RFRHARTS &
R P R AL S YA B & 22 5 . HE 4509
R GC-IMS $878 T B U E= AR FE T3 2 A L
A R A TSRS, IEsr T vOoC
SYPTR R AR B TR . DL AR SRR
GC-IMS H T il v AR S A o3 B A0 ) )
FYAT AT S

AV S F B K DS SR AT IR . A UE R
ZEAAAT R PR ZF AT e S iR Ot P T ES R Ak,
FHAIFFEAS W] 2 FLAF TR R it e I R 7 0 XU 1 52
e, B TERRE AL T X R O BT R N e
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1.1 MRS

ARSI Y356 FH A TR ( DL SIERT 2R AT 14 . FRTE Ry 25
AP e E S R BT ST B AT BR A F]HR AL
Rl ¥k B ILZARZE AT BRAF], SRIBULES
BORERIRAE el #ffad 40 HifiS—20 °C ¥KA8
PRAFRR I K i 4=9) DNA X774 Fast DNA®
Spin Kit for Soil; JC/K L EE . WERIE . S A L4
TR, PR, 2-T R, 2-36H6 . 2- T8 2-500  2-22 R
2-TERSE  Sybral, RErhimiRibFiA5w) ;s 42
W . ClR ZERSFhRES,  (adEali, 2E Sigma-Aldrich
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23 H); TAE bl db st RSEFERHEARAF 514
R T AR BA A PR W] DNA Marker  Tak-
ara; JIEWE B U AE XA EARG BRAS 75 A% 1% Y
¥l Gengreen 3T AR F]; 11 DNA 2
B4 (E.Z.N.A. Soil DNA Kit) Omega Bio-Tek
ol T A B S IR R A RS SR R TR, &
PHEEFRIN S BN M (PDA) K557 5% .

CP1502 ML 7R g e as A7 BR S Fl
HH-S6A HLHEIR /KIS dEE R K MUES A IR
25 Fl 5 PX2 A B A g 4% 2 )2 B ( polymerase chain
reaction, PCR) Y i ZEBRE YRl A R4S Al
DYYS5 fa ) ukAY  dbEE o —AY #s) 5 Gel Image
System Tanon 1600 BERRARIL i REERMHE A
BR 2y &l ; lllumina MiSeq = i w0 ¢ & 32
Illumina 2 7l ; FlavourSpec®1H1-00053 IS AH 5 F
IR IE: BidA5 LAV. Reporter. Gallery Plot {2} DL A
P19 GCxIMS Library Search NIST %5 ZEFI IMS
BARZE  fEE G.A.SAF]; CTC-PAL A ZhifrEieE

Hfit: CTC Analytics AG 2VF]; WAX EBAEFE(30 mx

0.53 mm, 1 pm) 3E[E RESTEK 2\,

1.2 XWHE

1.2.1 ZRfEFFEAEEIR T s IRt
FAT PR AR v 7 ML R 2R BT (DL SIERT 2R 04T B . e
ZEAFT D A B BB R IR AR 5% 3R 2R 1 AL I T A
37 °C. 180 r/min 53% 1 d & 10®* CFU/mL., &FhZf
EFFEEIBSINE N 10 L FFudsimas] 10 ¢ 4= fh 4,
AINE Ry S IR I R UK S 1R & TS A,
FFFPZF AT BRI 2550 5 B VE R Se e ith, LIS N B R
VSRS e R, B4 i S5 i< sE< SR IAS A 9.5 mx
3.8 mx4.5 m, HhA ALY R 36 m?, fFih & /AR A
AIBURETL R 5 I DU S B, At s —HR A TEY
FEATHT o RIS DL SIERT ZEAAT PR 14 v e S il TR i
Ab 1 5, R i U A AT TR Y s IR R i R AR
Shgdk 2 S, NI AT R R R AR X R .
1.2.2 SR ZF AT . BT AT
BT AERIFREL 10 g B0, INAZE 90 mL JC
A B ER 7K (0.9% NaCl 38 ) 1 = M, IRz
4], 7E 80 °C /KISHA FiCE 15 min, 7547255535 HiAth
H T30, FREL 1 mL INATCE /K 9 mL, DAIIEHE,
ARPESLPRIE DL R RE, — AR RE S 107°~107°,

BT HETRRREL 10 g BEf, BASES
90 mL JoiE A= B EL /K (0.9% NaCl 9% i =M,
PRFH¥I5], 76 30 °C 4514 T AE 30 min, FFEL 1 mL
IRATERE 7K 9 mL, LAk, AR HE S5 BRIE O 9
B, —BEFGRER 10°~1075,

43 EL 100 pL i B A 4 P 2R RS e it
FHELES AR AL SR IE I TIRAT, 2R RELE 37 C
TE IR IR IS FRAE 15 9% 16~24 h, ZEHTE 35 °C fHIRIHE
B FRAA IR 24~36 h PHATRETESAOT DT,

1.2.3 KithEfbFsdrakaiml  AS[a] 280 iR o i iy 21

TFEPROK S BT . Witk Ty . TRk Ty . RlETT . 12

FELE KR QB/T 4257—2011 KHR I 7 il 388 FH 434 7

Mt

1.2.4  KHNTAE D BETS LR ]

1.2.4.1 &\ DNA fJ42EL  BREUA[RIZE B S iR o h
5.0 g AW AR IE Gl . i sy DNA $2EU
1FE IR 18 DNA $EHGRF S E UL 50819, Ry
TARTIE TR T 5k PR ZH A B R 4 X LA T PCR
Pt K aifk, XFARE 16S rRNA LRI V3-V4 2
AR XA T 18, BTAHS [9°A 338F/806R(5-ACTCCTA-
CGGGAGGCAGCA-3/5-GGACTACHVGGGTWT-
CTAAT-3), § 1K Z Jy: DNA #itiz 10 ng, 10xPCR
ZE 4 pL,2.5 mmol/L dNTPs mix 2 uL, 5 U/uL DNA
BAEWF 0.4 uL, 5 pmol/L IE Al U M1 5[ 4145 0.8 pL,
R ZH ddHO #hFE 2 20 pl. ¥ "3 E44H 95 °C i
5P 3 min, 95 °C Z&PE 305,55 °C i2k 30's, 72 °C ZE
i 45 s, 35 PMEF, 72 °C 10 min, X ELEE I P HRES 57
[AIf% X (ITS D #4791, WrH S 148 ITSSF/ATSIR
(5-GGAAGTAAAAGTCGTAACAAGG-3/5-GCTG-
CGTTCTTCATCGATGC-3), ¥ 3k 2 4. DNA #
M2 10 ng, 10xPCR ZZ #p ¥ 4 uL, 2.5 mmol/L dNTPs
mix 2 pL, 5 U/uL DNA &7 0.4 uL, 5 umol/L 1E[7]
FR 1519945 0.8 pL, & FH ddHO #h5E % 20 pL.
YISy 95 °C FAEYE 6 min, EEPEASEER: 94 °C
AR 45 s, 52 °C iR K 45 s, 72 °C FEAfH 120 s, HAE
351K, 72 °C LKRIEMH 10 min, ¥ #)5H 1% Eiig
WREE RS FEL UK A TASIN

1.2.42 EEERMT RN A SRR S TR Y

T oK o 2R ) 5 24 B AT BR AN F, 8 A v A 5T

(Illumina Miseq PE250)~ {5 54 75 5l 7 o

1.2.5  RINHE&EHA WL AR

1.2.5.1 SAMHEOGE-BTFERIE P a4 ik
RAJEFREL 1 g T 20 mL Tas PERE T, B35 45 H,
FEFEIEE 2 UOPAT.

HERE S5 T2 SERE AR 500 pL; W% & B [A]
10 min; MFFIRE 50 °C; WEEFLE 500 r/min; =203
A= 99.999% ) R # s SHFFEETIRLEE 85 °C; T UEHT
[6] 0.5 min,

GC 737 &1 WAX 30 m ID: 0.53 mm £ 955
HHEHE, HEIR 60 °C; 28 S g A (= 99.999%);
ST WI4A 2.0 mL/min, {445 2 min, 10 min N
P A 10 mL/min, 20 min NZEMHEE 2 100 mL/min,
iz THTE 30 min.

IMS SR 454 AT 98 mm; B NP
JE 500 V/em; SERLAEIRIE 45 °C; EER < = aliE 4
K(=99.999%); EEAL I 150 mL/min; FETIRE Y
B IERGR, 3H); B IEE T

Wy EPESI AT T 125 GC-IMS KM 45 5y = 45
S L, SR AR ECENY Vocal 44 G HEE
Y NIST “SAHI B F B IR E AT GLALS [ #E IMS
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>k F Reporter, Gallery Plot ffi 4= il — 4. —
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Ft; % The Unscrambler X 10.3 37 PCA 5434
El; >RFH SIMCA 14.1 #H 7 1FEAS s/ N e mIIH 5347
2 RS9
2.1 SEUCKBRIB{CIEFRDHT

P R iR R ERALFR bR 7K o). BRI . WK
AT FIREAY ] 52 e 75 TR R 75 e 2 1 ) R
AT P AR A A ERE, S T2 iR
HT BT

IR 1 R EE SR n] LAE HY, a2 5 X RE
BRI AEE2E S o Hoh, Rk S 2 LR i
B A SRR AR 22—, = Fh s IR i i ok S 7R
11% 2247, AR EAFEART 13% 1935 & 80 s vE R h
bR

WAL T FBEAL 7 i AR S Rt TP A i AR
BIHEA — B DM, JUIURER A . AR =R Rt
BOEAL I A AL S i, siefl 1 S AnsEAL 2 S-S
Xof B AP A S 5 P 25 52 (P<0.05), A AEJR Al i %
Jin—5E B ZEAAT B, R HE TR PR B0, DT
T REREOFEIC I AL T o

Fefb s . &mE IR R iR R i 2B LT e shAs
Fabr, H AT A SRR S R - Febnt s
WA . =Rl ER b Fn & e S b, sefk 2 5
i 55ib 1 Sl X B AEAE W 2k 22 = (P<0.05),
T L ZEAAF B I as X ot Be 46 1 FUE 9 WA
—E M, L HIEX SR 2 SRR SR, N A
A RN Y &2 T L BRI ST E RS %K
BRI P08 DI AH G, e 2 TR 9B | Tk 19
BE, ssAk 2 Sl rbonT GERREERE B JE 19 o LR i i e
teJ. Kl Tamil 1 S T REh .

R R B S el T R B AR AR,
ARt o B AR BE e i o 1.39 mmol/10 g, Hk
JEEIEERAL 2 SRR Y 1.33 mmol/10 g, BRAINGH
b 1 SRR E A 1.21 mmol/10 g, il EEsin—

SE Y ZFAEAT A RO S T ER O TS, JE
b e ORI R FH AR B E TR T R AR
2.2 SRUCKERR YRR
221 AFEERKIMSAEYREE TSR K 2
A LA Y, S8 B0 — 2 Lu A9 A [R] 2EAEAT IR, =
mErR R Rl 1 Sl sRAl 2 Sl S X Bl Y 2
TR BEC . 25 B ) A7 AR 35 P 25 57 (P<0.05)
MEEZEEE AT AR (3l S NR G Il — 2 2= 04 2R AT
PREL, BeE A A ind bty Hh DX ) s i o it i 21
AR, A8 2T R RO 2 EREWIAIA RIS S HbIX
ARV HOR, Sl A MNR G N ZEAAT I s, REASSE )
HAWGAAE PRI 254, ARG AR TR AR 2
2%, URAE S R R R AR v el TR E R R R,
REFPF AT 2 w2 e s, S i g 4 e
JCHIEZF AT B, AT SIS 25 B B AAIE Tk, LA
VI REIE RS, n]LAE il 15l i 85 B4
I, ABis ] 1.3x10° CFU/g A4y, Hakoigsmfk 2 5
A A%, fEIAE] 1.1x10° CFU/g Z2 45, i % B i i
B REURARA 1.0x107 CFU/g 2476
2.2.2 Ei KA I REE S5 53 AT
2.2.2.1 wEiRIHTAEE ST = FhEiR Il
YL R AT E S AR AR TR /K B Ao A gl 2R i
Kl 1,
100 1 W8 Saccharopolyspora
m Virgibacillus
W Kroppenstedtia
8 Bacillus
W Thermoactinomyces
W Pseudonocardiaceae
W Weissella
W@ Bacillaceae
W Scopulibacillus
Faecalibacterium
W Lactobacillus
Oceanobacillus
Staphylococcus

W Pediococcus
X e Others

80 1

60 1

40

AR (%)

20

0 -

srfb1 il sRik2 5l
BT RTR] R 240 R AT R R A

Fig.1 Bacteria structure of different high temperature Daqu at

the genus level

AR e A R A A B AR IS | AR AR AT T
ARV o 3 A RS [ B 4 s A - T e e it

® 1 AR TR B S bR T

Table 1  Analysis of physical and chemical indexes of Daqu at different high temperature
41591 K53 (%) 1% 8 (mmol/10 g) Witk 71 (U) ®AI1(U) BEfET1(U) KEES(U)
SEAL 15 110.02 1.21£0.17 102+10.40° 0.34+0.03° 35.73+3.20 0.24+0.01"
iRl 12+0.02" 1.33£0.95™ 138+13.50™ 0.61£0.04"* 45.44+4 40" 0.37+0.03"
Xof H ity 11+0.01 1.39+0.25 30+8.90 0.2340.03 35.93+2.90 0.29+0.01
T KR XS R T LA "FoR 25 il 5 15 AR, P<0.05 A 13 25 v (I * i) ; 2l
2 ANFE R R YR VA TR
Table 2 Analysis of microbial colony number of Daqu at different high temperature
2051 515 e 5l X e ity
ZEUFT % (x10° CFU/g) 2.3+0.078" 4.2+0.064"" 0.44+0.068
FEHE(x10° CFU/g) 1.3+0.023 1.1£0.0317* 0.10+0.025
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KHENFEAN R @R KE L (>1%) W& 3.

3 AR E K 2R (%)
Table 3 Main bacteria at different levels of high temperature

Daqu (%)

IR 44 TR k1S k25 xR

W Z A1 & (Saccharopolyspora) 25.11 14.17 55.97
HCEFHIRT T & (Virgibacillus) 9.27 5.69 e
S R & (Kroppenstedtia) 19.14 7.07 8.03
ZEAUFF IR (Bacillus) 18.92 21.68 7.48
R & (Thermoactinomyces) 1.84 13.22 0.46
B [C R & (Pseudonocardia) 6.07 2.29 15.27
BT ICTA & (Weissella) 1.19 3.71 0.69
FUFF IR 8 (Lactobacillus) 0.68 1.04 3.01
WEFEFT R (Oceanobacillus ) 2.80 — 0.70
I ER T & (Staphylococcus) 1.32 N 0.69

AP ETE IS HH B AN B B KT L B BE TR
ZERJEAS AR . DAIED 1 AN 3 AT LA S —Fheg
TR AN B (>1%) 19 B A 2 1
WE . BCZEIEAT R . 5o B e L SRR
J& . TR AR R L R RS . BT E . FL
FFEERE MGV R R . R ER A8 &5, Xt Al
R T E UL A R S . HPaRLk 1 Sl
I EEHIAT IR 5 L 18.92%, 384k 2 S-ith b 9 21
FFEE & N 21.68%, i B il v i 2R AT i g o5
AR 7.48%

DA =i R S R A A AR v S5 ) 2R AT P R
FRE S LT LUE Y, s8fl 1 Sl SRk 2 S A EE
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Fig.2 Fungus structure of different high temperature Daqu at
the genus level
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Table 4 Main fungus at different levels of high temperature

Daqu (%)
NENG PN SRSl smfk2S il XFER
T TR (Thermoascus) 50.88 24.45 41.89
WEHR TR & (Thermomyces) 3343 55.90 56.63
2@ (Aspergillus) 14.33 732 .

KU B AT (>1%) BT AE Y 22 IR
J& . R ERE . i . bk 1 SR
PR AT R, & R 50.88%, TMisRik 2 5
RS PO N Oy ve =N NE SY T L= 2 W NE S) e o e
B 55.90%. 56.63% TR pHIVEL R
WINZEAIAT RS, B BRE S At 2 A A8k, Hgsn
ANTRIFPSE ) ZEFAT BT 5 BB ARV 25 A AR R, 5
1k 2 Sl R A g LT S K S R Y & Ee AR
1, fE58RAE 1 5l g AR T 5 U RERAIR, sy
Jin, WSk B AT LA HS AR INAHDE R 2 AT PR S X s TR R
P B RS TH O E I E B SR N

MFR 2, 2 3. K AGERATLIAEH, R DLsE
W ZE AT B . R E A 2E AT B e X AT s T R il iy
Tl RV A AR S A AR HL 2 AT B s A e A
BE 5 He A9 3] T B N, HAb AN P . B TR RS R
W LR T UNWAE S eAb, i S ZE AT R T
B, B vl LAE Y, sk 2 SR P a0 2ZE AT
BOM R B W bhsim Ak 1 S5 i g, T RART RAAI 25 )
DT30S VS I e P DA 2R HOAF TS TS S e
T b DR i YR R P I B
2.3 BRCKEELMEXRYIR ST
2.3.1 HINAEE K GC-IMS % K40t & 3
&l 4 35 A FHIASTE B A9 Reporter Fli{ 55 HT3k45
AN EI R BT GC-IMS = 4% K Al —4Eig K, Kl
REARBRAC R B AR I A], PAAL AR QAR AR BE Bk
e, B ) e BEA X I 4 2 i e s I g
SR, DNIE 3 ] EULAE H R R & PR A 53 FEAR B st
[[] 400~1800 s Ju[FINFAHEH B 225, H T = 4iE%
SIATANE, L EBUILE (& 4) 722 X b, PA4TL
{0, 228 g 7 07 85 T (RIP 14, RIP WA A iy -1~ o
1RFR 1 MR ALY, 5 S BT T A RN
LRI, LT FOR R R, BRI I N e ek
Koo B 4 A ZE M R il X7 — 2 P o R4 S e

K3 ARSI GC-IMS =2 4]
Fig.3 Three dimensional spectrum of GC-IMS of different high
temperature Daqu
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Fig.4 GC-IMS patterns of volatile compounds in different high temperature Daqu
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Table 5 Analysis of volatile components in high temperature Daqu by GC-IMS

75 EY CASS ¥ XS 43F it {RERFEEL PREAIH) (s) AXF IR ] (ms)
1 2-Z BRI % (22047252 C4HN,0 122.1 1620.4 1529.107 1.14252
2 R 100527 C,H,O 106.1 1544.7 1310.435 1.15101
3 Z-M C64197 C,H,0, 60.1 1498 1191.367 1.04799
4 ZR-D C64197 C,H,0, 60.1 14943 1182.484 1.15251
5 e 98011 C,H,0, 96.1 1489.4 1170.64 1.33187
6 2-2,3-3-F LN C15707230 CH (N, 1222 1404.9 985.584 1.16541
7 3-F[E-M (589980 CgH,;0 130.2 1415.9 1007.791 1.39639
8 i C123966 CgH, 0 130.2 1416.6 1009.271 1.44155
9 2-2.3k-6-H Hn C13925036 CH (N, 1222 1418 1012.232 1.64543
10 3-¢HE-D (589980 C¢H,;0 130.2 1413.7 1003.35 1.77447
11 (B)-3-C - 1-F% 928972 C¢H,,0 100.2 1367.4 913.042 1.25057
12 FCRE C111273 C¢H,,0 102.2 1366.7 911.723 1.32582
13 2,3-HISEnk C123320 CHgN, 108.1 1323.7 835.231 1.11227
14 2,5- I Skl 5910894 CHgN, 108.1 1347.4 876.477 1.11696
15 2,6- - FISLnk ik C108509 CHgN, 108.1 1330 845.971 1.13912
16 3-$3E-2- TR C513860 C,H 0, 88.1 1310.1 812.404 1.06038
17 EZ AL C108941 CeH,,0 98.1 1296.8 790.585 1.15996
18 == C111137 CH,,0 128.2 1294.9 787.648 1.33055
19 FRTNTR C116096 C,H,0, 74.1 1309.4 811.145 1.22943

20 2-FHBEE g -M C109080 CsHN, 94.1 1273.7 754.918 1.07753
21 3-F1-M C106683 C¢H,O 1282 1265.3 742.457 1.30668
22 ZIRC R C142927 CeH,,0, 144.2 1265.3 742.457 1.41523
23 3-2Fffi-D C106683 CH,O 128.2 1264.4 741.019 1.71942
24 13 C71410 CH,,0 88.1 1262.4 738.144 1.25308
25 FEE-M C123513 C,H,;,0 88.1 1224.9 684.947 1.24638




FAasEE 1M kAR , 25 JB SN ST BB U b DX R R A 1 b o - 151 -
&gks
5 L&Y CAS% 5k AN o i PRERFEEL LR HFA] (s) XL AL ] (ms)

26 SIEE-D C123513 CH,,0 88.1 1222.1 681.113 1.49429
27 SR C107868 CHO 84.1 1212.1 667.694 1.09228
28 2-HETRR TR C15706737 CyH, 0, 158.2 1222.1 681.113 1.37503
29 WER-M C120923 C;HO 84.1 1194.5 644.689 1.103

30 WER-D C120923 C;H,O 84.1 1194.5 644.689 1.33617
31 2,5- " HISEwEmy 638028 CeHS 112.2 1188 633.187 1.07753
32 2- i C110430 C,H,,0 114.2 1187.5 632.229 1.26112
33 A C123353 CoHyg 136.2 1165.6 589.668 1.29549
34 BT EE-M C71363 C,H,,0 74.1 1156.6 573 1.18266
35 AT HE-D C71363 C,H,,0 74.1 1156.4 572.785 138036
36 BRI 592881 CeH,oS 114.2 1144.4 551.296 1.11643
37 RS IIR C123922 C,H,,0, 130.2 1133.6 532.601 1.30209
38 4-F I3 1300 - 2- il C141797 CH,,0 98.1 1131.7 529.377 1.44258
39 S TE-M C78831 C,H,,0 74.1 1106.1 488.119 1.16962
40 S TEE-D C78831 C,H,,0 74.1 1106.4 488.549 1.36732
41 B-IRN C127913 CoHyg 136.2 1104.1 484.896 1.72659
42 IECEE-M 66251 CeH},0 100.2 1097.4 474.796 1.26596
43 IEC#-D C66251 CeH,,0 100.2 1098.3 476.085 1.561

44 IEHNEE-M C71238 C,H,0 60.1 1051.3 419.023 1.11074
45 EWEE-D C71238 C;H,O 60.1 1050.6 418.221 1.25412
46 T EE-M C78922 C,H,,0 74.1 1036.2 402.175 1.14918
47 [TRAMERU ] C110021 C,H,S 84.1 1026.2 391.432 1.09083
48 T #E-D C78922 C,H,,0 74.1 1035.1 400.971 1.32328
49 2,3-1% - Fif 600146 C,H,0, 100.1 1036 401.956 1.22324
50 o-JE M C80568 CioHps 136.2 1010.8 375.426 1.21731
51 TR g 623427 CsH,,0, 102.1 994.1 359.859 1.1488
52 2,3-T 431038 C,H,0, 86.1 997.2 362.052 1.17844
53 2-J%i-D C107879 CH,,0 86.1 999.7 364.244 1.37212
54 IE R C110623 CsH,,0 86.1 963.3 339.25 1.18371
55 b C64175 C,H,0 46.1 946.5 328.506 1.13299
56 FIHE-D 590863 CH,,0 86.1 925.5 315.57 1.40176
57 BT P C75650 C,H,,0 74.1 916.8 310.308 1.32337
58 S IHE-M 590863 CsH, 0 86.1 917.5 310.747 1.15736
59 2-THi-D C78933 C,H,O 72.1 910.8 306.8 1.243

60 2-THi-M C78933 C,H0O 72.1 909 305.704 1.05987
61 LR ZTE-M C141786 C,H,0, 88.1 893.4 296.714 1.09478
62 R TE-D C141786 C,H,0, 88.1 893 296.495 1.33654
63 SHNBE C67630 C,H 0 60.1 942.7 326.094 1.22785
64 1ETHE-M C123728 C,H,0 72.1 837.6 266.601 1.10682
65 LR C123386 C;H,O 58.1 816 255.829 1.05687
66 IETE-D C123386 CHO 58.1 816 255.829 1.05687
67 HEE-M C123386 C,H,0 58.1 816 255.829 1.05687
68 EE-D C123386 C;H,O 58.1 817.8 256.67 1.14249
69 TR 2639636 CoH,00, 1723 1402 979.662 1.48155
70 2-F 3Lt %E-D C109080 CsHgN, 94.1 1272.7 753.48 1.38977
71 TR C123864 C¢H,,0, 116.2 1086.7 461.145 1.23974
72 2-J1R-M C107879 CH,,0 86.1 1000.1 364.683 1.12179
73 TR ik C140885 C,H 0, 100.1 999.7 364.244 1.41494

2.3.3 HERVEAYMIFESUIE S
Reth . Ak 1 SRR L 2 SRR PEE VI A4S
S, B4 s AEERE A 94 M S I,
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Fig.5 Gallery plot fingerprint of volatile compounds in different high temperature Daqu
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