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Effects of different pretreatment temperatures on the flavor of
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ABSTRACT: Objective To study the effects of temperature on volatile compounds in Daqu, determine the
optimal pretreatment temperature for extracting volatile compounds in Daqu. Methods Headspace solid phase
microexection-gas chromatography-mass spectrometry (HS-SPME-GC-MS) and sensory evaluation methods were used
to study the volatile compounds of Daqu at 4 different pretreatment temperatures. Results A total of 57 volatile
compounds were identified, mainly esters, alcohols, aldehydes, ketones, pyrazines, hydrocarbons, and aromatic
compounds; partial least squares discriminant analysis was used to screen 20 kinds of landmark differences with
variable important in projection (VIP) values greater than 1 were identified, their odor activity values (OAV) were

calculated, and the changes in sample flavor under different pretreatment temperatures were analyzed. The results of
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sensory evaluation showed that the flavor characteristics of the samples at 4 kinds of different temperatures were

significantly different. Conclusion

The research results show that changes in temperature will affect the

volatilization of volatile compounds and thus change the flavor characteristics of the sample. At the same time, it

is clarified that the extraction effect of the sample is better at 60°C, which lays the foundation for the research on

the flavor of Daqu.

KEY WORDS: sauce aroma type high temperature Daqu; headspace solid phase microexteaction-gas chromatography-mass

spectrometry; sensory evaluation; partial least squares discriminant analysis; odor activity value
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Fig.l1 Radar map for sensory evaluation of large curves with
different pretreatment temperatures
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Table 1 Quantitative results of Daqu at different pretreatment temperatures by GC-MS

L) CAS Jo e e BE CH A (b I 22, pg/kg)
DQ-60 DQ-50 DQ-40 DQ-30
ES
IEC R e 123-66-0 30.54+1.62° 17.84+1.02° 14.26+2.25° 8.38+2.39¢
FIR e 106-32-1 19.53+8.58" 21.53+0.94° 6.41+1.00° 3.82+40.76°
T2 1 123-29-5 16.78+5.42° 13.92+1.26" ND ND
2-{ LR 70301-47-2 465.78+56.40° 160.73+122.60° 98.91+6.97* ND
ZR e 110-38-3 8.11+1.93° ND ND ND
DU £ TR 124-06-1 3.11£1.62° 4.43+0.39 3.67+0.62° ND
AR R S P TR 142-91-6 42.5242.19° 33.66+3.42° 24.76+1.85° 9.96+1.82¢
FERIR £ 1 628-97-7 30.51+12.81° 15.80+1.83° 9.27+1.31° 3.50:0.69°
VIR £ g 111-62-6 5.74+3.52° 2.93+0.31%® ND ND
IR £ 1 544-35-4 10.66+4.75 3.29+0.75° ND ND
WL(2-H B P 3 ) 2 -1,2- . , N
- 84-69-5 4.87+4.12 4.97+2.11 3.19+0.94 ND
2 S
(2R)-J-2- 31087-44-2 23.62+2.85° 21.22+4.02° 11.12+0.85° 6.89+0.80°
S 123-51-3 31.70+6.080° 29.14+0.89° 21.07+1.64° 13.33+2.41¢
IEC 111-27-3 10.49+0.72° 9.48+1.21% 7.52+0.91° 3.96+0.61°
+ = 112-70-9 22.00+3.42° 14.29+0.67° ND ND
13- 3391-86-4 24.54+3.77° 12.93+1.42° 4.79£0.50° ND
2,3- T ZE 513-85-9 24.82+1.07° 12.05+0.53" 8.38+0.57° 6.33+0.27
e 98-00-0 12.42+4.07° 7.39+0.41° 4.09+0.34" 1.76+0.24¢
SV JRR P 506-43-4 5.17+0.53" 2.34+0.37° ND ND
k- 1-1E 1454-84-8 7.74+4 40 11.74+4.30° 6.19+0.14"® 2.43+0.96"
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L7l CAS F vk BE CE- (AR ME IR 22 ng/kg)
DQ-60 DQ-50 DQ-40 DQ-30
2
L 66-25-1 89.67+7.23° 24.26+2.94° 21.9249.02% 12.05+1.36°
1EF 124-13-0 14.54+1.95% 17.96+4.50" 9.60+1.26" 4.74+2.78°
T 124-19-6 112.19+16.27° 126.27+11.13* 48.74+1.68° 21.07+2.21¢
S 112-31-2 33.8443.42° 33.34+6.26" 14.22+4.11° 9.71+0.46"
N -2 - 1003-29-8 7.50+3.01° 8.56+0.21* 7.62+0.58" 2.10+0.83°
2k
B I N 3796-70-1 2.59+0.30° 2.27+0.47 ND ND
(2)- 5 A b -6~ -2 -1 63958-52-1 6.92+1.05° 2.74+0.30° 1.2620.05¢ ND
S
T 1998-01-1 26.22+1.98" 21.17+3.79° 15.89+1.69° 8.02+2.58¢
Mg 2
2-FH b g 109-08-0 30.90+9.43° 36.57+8.94" 24.52+1.07° 12.05+1.65°
2,5- " JLn iR 123-32-0 17.71£1.13% 17.79+2.01* 11.20+0.78° 2.94+0.85¢
2,6- . F JLn i 108-50-9 26.14+2.83" 24.34+4.99* 17.14+2.70° 4.46+0.37°
2,3- " H LNk 5910-89-4 23.98+6.97" 25.63+0.78" 16.19+0.93° 6.49+1.41°
2-2,3-6-F JLnk 13925-03-6 9.98+1.53" 10.80+1.58* 5.96+0.77° ND
2,3,5-— I ELntk iz 14667-55-1 56.38+5.81° 55.08+4.41° 26.30+£2.67° 8.35+1.71°
2-2.3-3,5- " F Ltk 13925-07-0 15.81+4.47" ND ND ND
DY R L nk 1124-11-4 366.69+42.34° 313.85+14.14° 139.88+6.49° 38.87+0.50¢
2-2.3£-3,5,6-= H BLnk ws 17398-16-2 6.62+0.46" 3.92+0.45° ND ND
2,5- L3 Akt e 56617-69-7 5.27+0.91° ND ND ND
(S8
+ =k 112-40-3 26.52+0.54* 20.1+0.60° 12.25+1.49¢ 5.71+0.68¢
d-FrE s 5989-27-5 6.32+1.41° 6.64+0.54* 3.91£0.17° 2.65+0.89°
E+ =% 629-50-5 55.99+4.18° 57.94+9.70° 22.84+1.15° 7.52+0.53¢
+ ke 629-59-4 90.39+2.22° 36.57+1.11° 17.53+3.19° 5.13+1.61¢
B 112-95-8 14.38+1.73" 13.03+0.77* ND ND
Ttk 629-78-7 29.66+0.95° 13.88+4.79" ND ND
RV 544-76-3 29.84+2.67° 8.49+0.05" 6.09+0.65" 3.21+0.17¢
6,8a-— FKL-3-PY - 145 -2k . » . ‘
23,304,587 H L HIEHS 142878-08-8 102.89+7.95 38.94+3.02 15.29+0.90 3.65+0.65
1146 R-5-J5-2-28) 451-55-8 11.68+2.23° 4.41£1.18° 2.1£0.16™ ND
HE-1,3-24% : : ’ : o
TR
IR 100-41-4 54.83+3.68" 23.66+0.83" 11.71£1.71° 6.15+0.36¢
1,2- % 95-47-6 35.21+0.74* 15.38+0.88" 13.41£2.17° 4.23+1.53°
K 100-42-5 560.41+24.79° 270.22+5.97° 102.78+4.90° 38.83+0.97¢
AP H ik 91-16-7 1.51+0.42° 1.1240.15° ND ND
R H 100-51-6 4.1242.46" 4.53+0.12" 3.2740.86° ND
R 1960-12-8 28.09+7.51° 33.96+3.29" 28.24+3.02° 6.33+0.77°
2,4-THE TR 96-76-4 2.03+0.54° 2.74+0.07 ND ND
FAth
e 3658-80-8 13.70+2.27* 8.34+0.34° ND ND
2-FRHEZE 135-19-3 3.2440.56° 2.48+0.07° ND ND
2- L P HE I 1072-83-9 13.13+6.94° 12.342.09* 9.42+0.75% 3.30+0.56°

TE: ND FoR R Z BTG Wl — G WA AR T BE2R807 2 AR 38 I SE T2 22 5 (P<0.05)
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Fig.3 GC-MS heatmap of Daqu with different pretreatment temperatures
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2.3 AEIRTACIREE XA AV & 1A 2 45 1E

Xt GC-MS FrfR#dfi (% 1), FIH] PLS-DA #3 RHKHE
BRI 4), KB 4 FORESE 235050 A TSR R X ), LAY b
S — R RIS — RO ZFI 91%, BEHTEIRINS 4 Fif
RS HAT BB 03 B RCR, 5 RIS 45 1A L. )
I, 38 K AR BT N T — AR s AR B, Al
AR 90 J5 4 ) BR85S 0 ) o ) PR S HR SE —,
EYem T I A AR A A T

X UESE N 5T R RS WA TS RO T A
(variable important in projection, VIP)Zr#, 4% 4 i)
VIP {E AT 1 B IR i% ok Ak, HAE D de /N —
T H 3 53 WA HL h s ) T AS TR R 22 ) A 43 B ROR P,
ikt 20 A VIP {E>1 B9, 05+ IR LM . 2,4-
THFTERR  Mrg-2-FRE | TROEE, 2-2L 03,5k
Mg . SRR CHER . 2,5- -3 AEEE . ke, A
FENER, R, O, FRROBE. 1,2-2H2 | ¥R
i, FIuke-1-B5 2-3 2% ke, SRR HEE, T
R(2-F L HE) R -1,2- R AR, WIEE 2 TR,
2.4 AERACERE AR SIKEREES T

FE RN W 1OV JBE B G AR I A 5 Wi 8 A XL
FRAE A PeE E R, [R) I AR (B 5 A JBTRE 56
BB — gk, T Sl (aroma activity value, OAV)

DQ-40 £ 4 H 1Y OAV 78 3 2247, DQ-50 i M 3.65, 1l
1E DQ-30 #Ef Y OAV<1, T M Z Bt 1 F
AR, TR A NE &SRR, 28 SRl A BAR Y
BORAEA, AR E2IBEHNERER, XHRER
B H DQ-50 EEFHMERZ —. CBE
DQ-60 A HF i OAV>1, [F] i 2 2, 15 HL A5 e 28 R B B 1Y)
FR, CESWMTHEMESTE. W, FROEMTR
ZTigTE DQ-60 1 DQ-50 i H ) OAV>1, T7E DQ-40
1 DQ-30 HE I I A A I 2 X B FP B, S R TR AN T PR
T A B A K R R i A A g i B,
BIWM R ZEMAMS . FE, £ VIP>1 BT
DQ-60 4 57 20 & T DQ-50 4 17 F, DQ-40 (1) 12 Fi
F1 DQ-30 1y 8 Fift,

5L
30°C-2
o 30°C-1% 30°C-3
S 0 0, 0|
= 40°C-1 5 40°C-
40°C-3
5t
10

-20 -10 0 10 20

=1 B AP N e KR A B2 PLSI
Xt VIP {E>1 M kKA EYIER 2)1 5 H OAy, N T
— N . Kl 4 AS[R]HiAb BRYE R {) PLS-DA H R
2 R IR, TR 4 BRI OAV BIAT 1, 4.4 AL KA PLS-DA B2
L Fig.4 PLS-DA model for Daqu with different
HIEAE DQ-50 ") OVA fiFi - & L EE7E DQ-60,DQ-50, pretreatment temperatures
Fz2 VIPEKXT 1 HEZELMELE OAVs
Table 2 Volatile compound OVAs with VIP value greater than 1
\ OAVs
7l A R 1) VIP {4 9 {E/(mg/m?)
DQ-60 DQ-50 DQ-40 DQ-30
+ PR 2.1 BRIMES 1.55008 0.0067 <1 <1 <1 ND
2,4- R T IR un 1.51614 0.5 <1 <1 <1 ND
N -2 FHY R R4 AR 1.48080 65 <1 <1 <1 <1
KT ESEpi 1.47941 0.012 3.02 3.65 3.04 <1
2-2.4:-3,5-
b 1 1.254 .00004 2 D ND ND
— i I LA 5456 0.0000 527 N
B4R LT KRS 1.24956 0.53 <1 ND ND ND
2,5- = 23- 1.23630 0.024 <1 ND ND ND
YL 0 o ' :
B un 1.18829 un <1 <1 ND ND
Tyt B T R 1.17404 0.06 <1 <1 ND ND
o iz 1.15182 0.1 <1 <1 <1 ND
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24
wR SOk VIP ff B/ (mg/m) OAvs
DQ-60 DQ-50 DQ-40 DQ-30
CL EE VS 1.12570 0.034 3.4 <1 <1 <1
TR B i 1.09212 0.01 2.17 1.8 ND ND
1,2-HI% T 1.08596 0.052 <1 <1 <1 <1
FIR e KEEFSR 1.08290 0.022 1.15 1.26 <1 <1
T Iube-1-A un 1.07873 un <1 <1 <1 <1
2-FRHLZR S 1.05382 0.23 <1 <1 ND ND
RAYH un 1.05115 0.6 <1 <1 <1 <1
AR ik LRI 1.02487 un <1 <1 ND ND
T M, & 1.01366 0.0031 46.75 52.61 20.31 8.78
HL(2-FH e P 3 ) %
un 1.00018 un <1 <1 <1 ND

-1,2- R IR

T un FoR BA AT IS5 300K, ND 2R RAGHIZ T, URBEZ S LS B W B EILRCE IRy KRBT,

3 iiesge

A 5 LA 5] A5 Ak B3 BE A9 R i A A g N 4, il
it 454 HS-SPME-GC-MS FURE PFN (07 s, £l TR
[vi) 717 A FERLSRR 38 11 45 2 T AR I, R TR AR 4
B, FFFIH PLS-DA FI IR A 43 X R 5 2R 47 A
Mo JRE PR 25 R R, 4 FIRE SRR HRE AR R — 2 1Y
Z5ME, EHLEE, £ BEF RN E, DQ-60 F A
—EREMAEFAEAE B MARN R, DQ-50 i
WA . B AT, BRI S A B R, 48
FRM, DQ-40 FE LR, REFHAIFRS,
HE 7 BRI BE AR, DQ-30 FEfh B R Af—, KEFH
hAFEEE . A GC-MS F B A # b rh 4k % 5
57 P kAL G, IR IEEFT PLS-DA, 158 20
VIP>1 ¥, FEXF 20 M k4T T OVA it5, H
Hh T RELE 4 FPEESL TP Y OAV # KT 1, HRikI4 2-2. 3%
-3,5- 1 nt g H A B Y B {E B 7E DQ-60 H i A
ok, XAE SRR B AR KA . AR R AL PR
B4 R HE AR o 22 B S TR] 0 KUK AR A, 3 PT RE S S AR dh P
B R R Z W E R EAEA K, B DQ-60 F
sl TR A v v R A TR L R RE 4 R A R
PR R PR A R A PR BRI A, R A IR
BRI R A BT R 4, AT I 4 5 1 DR

25 LTIk, AHFFE 45 T A S [R] i A BRI BE 0 K 22
[ 2 P AL A A A S 25 22 5, DQ-60 FEHE &AL A (1 il
S A R o6 e 7R 1 A T LR R B A SR TR
B AF, KBREREZEH, FIE AR RSB, AIER
HS-SPME-GC-MS % %2 # & 1 1k &9y 1) S A3 i 4 3 0L
R LA AE 35 TOT5 I AR 5 LS KUK R AIE 1 [ B, (] B A
FEHEE T X F B XU BRI KA, 5235 T K i XUBRAG]
AR, BB T SERL BT R XU, 20 P T

SE Mk

(1

[6]

[10]

[11]

YAO F, YI B, SHEN C, et al. Chemical analysis of the Chinese liquor
Luzhoulaojiao by comprehensive two-dimensional gas chromatography/
time-of-flight mass spectrometry [J]. Sci Rep, 2015, 5: 9553.

SUN YL, MA'Y, CHEN S, et al. Exploring the mystery of the sweetness of
Baijiu by sensory evaluation, compositional analysis and multivariate data
analysis [J]. Foods, 2021, 10(11): 2843.

JIANG X, PENG Z, ZHU Q, et al. Exploration of seasonal fermentation
differences and the possibility of flavor substances as regulatory factors in
Daqu [J]. Food Res Int, 2023, 168: 112686.

TtRTr. FRE A P BRSES B IR BREEAREL, 2002, (6): 24-28.
SHEN YF. Review of Baijiu production technology progress in China [J].
Liquor-Making Sci Technol, 2002, (6): 24-28

R4, FIEERSERAR M. dbat: P EE T R, 2015.

Anonymity. Baijiu brewing technology [M]. Beijing: China Light Industry
Press, 2015.

ZHENG XW, YAN Z, ROBERT-NOUT MJ, et al. Microbiota
dynamics related to environmental conditions during the fermentative
production of Fen-Daqu, a Chinese industrial fermentation starter [J].
Int J Food Microbiol, 2014. https://doi.org/10.1016/j.ijfoodmicro.
2014.05.008

LIU P, ZHANG L, DU X, et al. Dynamic analysis of physicochemical and
biochemical indices and microbial communities of light-flavor Daqu
during storage [J]. J Am Soc Brew Chem, 2019, 77(4): 1-8.

DU H, WANG X, ZHANG Y, et al. Exploring the impacts of raw materials
and environments on the microbiota in Chinese Daqu starter [J]. Int J Food
Microbiol, 2019, 297: 32-40.

Mo, R, RS, T EAE G IR A KU AL £ BT 5T R 0], TR
R, 2017, (3): 89-94.

ZHENG J, PENG ZF, ZHAO D. Research progress on flavor chemistry of
traditional Chinese brewing Daqu [J]. Liquor-Making Sci Technol, 2017,
(3): 89-94.

SUN X, QIAN Q, XIONG Y, et al. Characterization of the key aroma
compounds in aged Chinese Xiaoqu Baijiu by means of the sensomics
approach [J]. Food Chem, 2022, (1): 384.

BRI, LT, IMVEGUT, SF. VR B KUK ZE S TS - T A
BOELS A A BT PP T 4 R A KU ). B 5 R BE Tk, 2016,
42(9): 169-177.

GONG LL, LI ANJ, SUN JR, et al. Analysis of volatile flavor components



%5 23 4]

FORNAS, S5 AN Ay Ak FH i RE Xof 3 78 7 ol i XU F) 5 171

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

in Baijiu fermented grains by solvent assisted flavor evaporation combined
with headspace solid phase microextraction [J]. Food Ferment Ind, 2016,
42(9): 169-177.

AR T KUK ) 5 B P 2 XU ) [ A e e A PRI 2 M R ATF
D] M LRI, 2019.

ZHAO DR. Study on the antioxidant and anti-inflammatory properties of
flavor compounds and phenolic flavor compounds in Gujinggong liquor [D].
Guangzhou: South China University of Technology, 2019.

HEFAE, BAGE, SKREEF, . OJET R Ak i b e R R
S BT  H S (0], B A R A I AR R, 2023, 14(7):
279-287.

CUI XY, LV ZY, ZHANG MM, et al. Establishment of an evaluation
model for aroma substances in medium and high temperature Daqu based
on principal component analysis [J]. J Food Saf Qual, 2023, 14(7):
279-287.

HOU X, HUI M, SUN Z, et al. Comparative analysis of the microbiotas
and physicochemical properties inside and outside medium-temperature
Daqu during the fermentation and storage [J]. J Food Saf Qual, 2022, 13:
934696.

WANG Z, WANG S, LIAO P, et al. HS-SPME combined with GC-MS/O
to analyze the flavor of strong aroma Baijiu Daqu [J]. Foods, 2022, 11(1):
116.

LI 'Y, QIAO H, ZHANG R, et al. Microbial diversity and volatile flavor
compounds in tibetan flavor Daqu [J]. Foods, 2023, 12(2): 324.

STELT BVD, TEMMINGHOFF EJM, VLIET PCJV, et al. Volatilization
of ammonia from manure as affected by manure additives, temperature
and mixing [J]. Bioresour Technol, 2007, 98(18): 3449-3455.

FEFHIA, XER, XL Z N CO, B | IR LN RRAZ AL X R Al 45 K
Wy BE IR R R (J]. 7T PG AL 4, 2023. DOI: 10.11931/guihaia.
gxzw202204043

CUI JX, LIU H, LIU H. Indoor CO, The effects of concentration,
temperature, humidity, and light changes on the release of volatile
compounds from touch fragrance [J]. Guihaia J, 2023. DOI: 10.11931/
guihaia.gxzw202204043

BRRE, XS, TR AR E TR bR AR R A i — AR5 77 (0]
b £ 2R, 2008, (3): 121-124.

ZHAO L, LIU W, WANG HY. General principles and methods for
establishing a food sensory evaluation index system [J]. J Chin Inst Food
Sci Technol, 2008, (3): 121-124.

TRIEW], ROV, JKIRIR, 4. $EA R RIS IXUREE RS R
SFHMESHT[I]. Bhh 5 R BT, 2023, 49(1): 73-78.

SHEN SM, LIANG MF, ZHANG JJ, et al. Preliminary construction and
aroma characteristics analysis of sauce flavored high-temperature Daqu
flavor wheel [J]. Food Ferment Ind, 2023, 49(1): 73-78.

BURDOCK GA. Fenaroli's handbook of flavor ingredients [Z]. 2010.
YAN 'Y, CHEN S, NIE Y, et al. Quantitative analysis of pyrazines and their
perceptual interactions in soy sauce aroma type Baijiu [J]. Foods (Basel,
Switzerland), 2023, 10(2): 441.

GAO W, FAN W, XU Y. Characterization of the key odorants in light
aroma type chinese liquor by gas chromatography—olfactometry, quantitative
measurements, aroma recombination, and omission studies [J]. J Agric
Food Chem, 2014, 62(25): 5796-5804.

SHI X, ZHAO S, CHEN S, et al. Tetramethylpyrazine in Chinese baijiu:
Presence, analysis, formation, and regulation [J]. Front Nutr, 2022, 9:
1004435.

AILAN LJJ, YAO F, HENGYE C, et al. Furfural and organic acid targeted

carbon dot sensor array for the accurate identification of Chinese Baijiu [J].

J Food Sci, 2023. DOI: 10.1111/1750-3841.15766
YANG Y, QIAN MC, DENG Y, et al. Insight into aroma dynamic changes

[27]

(28]

[29]

[30]

[31]

[32]

[34]

during the whole manufacturing process of chestnut-like aroma green tea
by combining GC-E-Nose, GC-IMS, and GCxGC-TOFMS [J]. Food
Chemistry, 2022, (S1): 387.

TIAN P, ZHAN P, TIAN H, et al. Analysis of volatile compound changes
in fried shallot (Allium cepa L. var. aggregatum) oil at different frying
temperatures by GC-MS, OAV, and multivariate analysis [J]. Food Chem,
2021, 345: 128748.

ERENR. H AR A 30 o A S s S0P (D). a8 1L
R, 2014,

WANG XX. Study on aroma substances and their differences in
Maotai flavor and Luzhou flavor Baijiu [D].
University, 2014.

ik NFE, M, EA, S ORI b KU AR E R
ZERATI]. EARIE 2023, 44(12): 235-243.

ZHANG BS, YUAN CC, GAO X, et al. Difference analysis of chemical
flavor and sensory characteristics of Maotai flavor Baijiu from different
origins [J]. Food Sci, 2023, 44(12): 235-243.

TR SEIEEREE. (LAY ERBEICHM]. duat: Bl 2015.
LEO HEMERT. Compilation of aroma threshold for compounds [M].
Beijing: Science Press, 2015.

PU D, DUAN W, HUANG Y, et al. Characterization of the key odorants
contributing to retronasal olfaction during bread consumption [J]. Food
Chem, 2020, 318: 126520.

NICOLOTTI L, MALL V, SCHIEBERLE P. Characterization of key

aroma compounds in a commercial rum and an australian red wine by

Wuxi: Jiangnan

means of a new sensomics-based expert system (SEBES)-An approach to
use artificial intelligence in determining food odor codes [J]. J Agric Food
Chem, 2019, 67(14): 4011-4022.

YANG Y, Al L, MU Z, et al. Flavor compounds with high odor activity
values (OAV>1) dominate the aroma of aged Chinese rice wine (Huangjiu)
by molecular association [J]. Food Chem, 2022, 383: 132370.

SHIQI Y, GUIHU Z, LING X, et al. Investigation on the interaction
between 1,3-dimethyltrisulfide and aroma-active compounds in sesame-flavor
baijiu by feller additive model, odor activity value and partition coefficient [J].
Food Chem, 2023, 410: 135451.

(riEs#: #Hoei KEER)

fE& &

MU, BLHRE, TERARFE
ARBRRLZRMMRRERA.
E-mail: 17353659943@163.com

HWRA, BIBE, TEMRAEHAE
GAERMRIRENENEM.

E-mail: Iclin@tust.edu.can

KEBX, FUR, TEARABRAMK
ERIERA.
E-mail: cyzhangcy@tust.edu.cn



