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Sensory Characteristics of Beijing Douzhi (Fermented Mung Bean Juice)
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(1. Beijing Key Laboratory of Meat Processing Technology, National Meat Processing Engineering Technology Research Center,
China Meat Research Center, Beijing 100068, China; 2. Beijing National Day School, Beijing 100039, China)

Abstract: In order to quantitatively analyze the flavor and flavor characteristics of Douzhi (fermented mung bean juice),
we collected 10 Douzhi samples sold in Beijing, and analyzed their main flavor and taste characteristics, free amino acid
compositions, amino acid compositions and volatile organic components. Results showed that each sample had its own
unique flavor and taste characteristics, but some samples shared a high similarity to each other. Total amino acid contents
decreased, while the contents of free amino acids and free pleasant taste amino acids increased when raw Douzhi was heated.
Moreover, the total content of pleasant taste amino acids in raw Douzhi was higher than in cooked Douzhi. A total of 223
volatile organic compounds were detected in the 10 Douzhi samples, the most abundant being alcohols and ketones.
Keywords: Beijing Douzhi (fermented mung bean juice); taste; main flavor characteristics; discernibility ability; volatile
organic compounds

DOI:10.7506/spkx1002-6630-20200225-271

&K TS205.5 SCHERbR GRS A CE ST 1002-6630 (2020) 20-0211-11
5130H

XUSCE, IMER, Bbes, 55 bt GV BERHE T I]. & ahRHE, 2020, 41(20): 211-221. DOI:10.7506/spkx 1002-6630-
20200225-271. http://www.spkx.net.cn

LIU Wenying, SUN Jiaqi, CHENG Xiaoyu, et al. Sensory characteristics of Beijing Douzhi (fermented mung bean juice)[J].
Food Science, 2020, 41(20): 211-221. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-20200225-271.

http://www.spkx.net.cn

FE AL XA A G B A R, & SRS SRR, ST R ER
TR . R BCA RIAR ARG /INIZ, AL T 175348 PREBR A W, B e, KRB, ARHIS TR
BN E R, RS H, SR ETRENE ET kB R, 3 AR 2 FLR b A B
TNz —, AL X AR e AL EE W, BFEABRIIRE (Lactococcus lactis) = HiH,
Ak, FFE (Lactobacillus curvatus) V477 ¥R RE (Pichia
WeR H . 2020-02-25
B MR G BRI R SR AR IR IR E  (GIFP2019043)

“H=T7 ERESRERIE S LI (2016 YFD0401503)
S—AEH A XISCE (1983—)  (ORCID: 0000-0001-9995-213X) » 5, gt LRI, Rk, BTS00 &7 i LRV A1 R
HF L%, E-mail: skyocean_2004@ 163.com.
SEAEVEG R/ R (1972—)  (ORCID: 0000-0002-2713-4872) , &, #HARF P TR, fi-t, WFE77 A A s
THEER LA FIH . E-mail: chxyey @aliyun.com




212 2020, Vol.41, No.20 Boail

=

XRS5y 53

occidentalis) VAL FLIREERRE (Streptococcus lactis) 25,
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Tablel Information about the samples tested in this study

PR S B k4] FE SRR (LB
7l SR A T B RN A MlIsheng
P2 AL AE T TN A MJshu
k] Ao Gt AT NG HJsheng
74 O E T LR SN HJshu
FEmS A EICAEET AR AL S BJsheng
PG S FACAE T S N Blshu
AT s394 5t JLHHFS3 5 /MZ)E  BXQsheng
T ih8 JbE S35 E JCH S35 Nz TE BXQshu
FEH9 HRERE G HREE G N IX
FEin10 T I A G e e AN CQK

HR. FERE. SEMME. JiE. 4R, AR
e (B arat) ] 24 £ Ak 22 3R A IR A A
2-FHIL-3-Bif]l (99.9%, CAS513019-20-0) %
Sigma AldrichA &]; 58464 (30 mmol/L. 3.33 mol/L) .
WAEBEW (0.3 mmol/L) . I FAgCI¥E W . IF
Wi B v AR TS e TR H A& InsentA#l; %S

(99.999%) . A (99.9%) Jeat i an R B
PR B =E A (555 299-70501) H A A0
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12 U5 %%
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Table2  Electronic nose sensors responding to different flavor compounds
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ZHECER[22] 71, BEAEH. BX2.0 gt R Nt
M, 50 ‘CIEE 430 min, FAH - Cil- TS e A
Paxiin

FEFP2F: MR & 2. 50 C. 0.05 MPa,
30 min; FABLBFET : WILRIRIE40 C, F3 il 2B IR FILRFF
I min, ZXJ540 C/minfFiE 4210 °C, {£#:5 min; A EtFE
RAFEF: HIUAIRE —100 C, f£%F1 min, 4X)510 C/min
FHRZAE215°C, yit20:1.

A RS- K TG-Wax MSHR A
(30 mX0.25 mm, 0.25um) ; JHEMF: 40 C, £
FF3 min, )55 C/minfHiE %200 'C, f£FF1 min, #
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JE1.0 mL/min; i WAL 2R 2260 Cs 5 T URIRFE
280 °C; FiEHHITEH40~600 u.
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FE140 °C.
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Fig.1  Principal component analysis (A) and linear discriminant

analysis (B) of volatile substances in different Douzhi samples

£3 AREIHEEREHX S
Discernibility ability of main flavor characteristics of different
Douzhi samples

Fiih BXQsheng MJshu  Blsheng Blshu  BXQshu CQK  Hisheng Hlshu  JX  Mlsheng
BXQsheng

Mshu— 0.99%

Blsheng 1000 1.000

Blshu  0929° 0995 1000

BXQshu 0999 099 099 099

CQK 0% 0977 1000 0995 099

Hisheng 0959 0995 1000  0.889° 0998 0995

Hisho  0919° 0995 1000 059" 099 0995 0916

X040 0987 1000 09397 0999 0992 0954 099"

Misheng 0347 099 100D  0949° 0999  0.9% 0960 0941° 049"
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X453
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Fig.2  Taste characteristics of different Douzhi samples

BE2A A, AFE I EPCIAIPC2 F () & J7 2 STk
R8I T1%, 7= kb5 B A SRR ARG RRFAE, H &7
mIEPCIAIPC2 R X b . 5219545 KMk, R
MIshu55BXQshu ] 3 44 KU 11 [X 43 6 71 90.999, {HF
HAERER E BAT — 2 IOARAL I, B P2 3% R XU R AE
Al fe AN

WmFApTR, Blsheng B A & (1B Wk FVE Wk AE
(P<<0.05) , HIshuffify & & MEIRE (P<0.05) ,
CQKHM A e i R R [BIBR . (P<<0.05) o 7E H gk vk
FEME b, BIshudfflA 805 MBS, BXQshudfl A & 1)
FEE (P>0.05) . HIshufgWk(E &K (P<<0.05) ,
IXFEWRAE AL (P<0.05) , BXQshengi® M {H i ik
(P<<0.05) , BJshuMHIsheng [ 7 bk [a] bk {8 %5 A%
(P>0.05) , BXQshengiZ Wk mIMRAGfHAL (P<<0.05) .

X T RYE T [F] —/NZJE I, B E F ER R
EI R T RS R BRSSP EE B &
P GV IIERRI N R EUR RS FRBXQshuffiF
B FER R S T BXQsheng LA, FARAE & (1 F & FE 2 7 A
B3, BRFESGE T 2808 %7 NGt & 2IAF K
R M SRAFAE, V8 2 2 AN R RV B AR
23 GiEEAEERMLEER G E

W T R IE TR 4y AE R SEAFAE B bR B P,

TR E AP MR IR, kS, 6FTR, fE
EEHRERER S 251, BrMIshu5BXQsheng 2 [A] £l
WRE LR & B2 7 WA (P<<0.05) , HAbFEA, LK
P 5 HAFE M2 ML R E E R (P>0.05) ; f£5
WRE LR S B 1, FRBXQshengfk T BXQshush, 3
b £ A= ) b ) B T AR, BN ERT e A B T
ER IS EREFRERER TR, SR EIN
i) i v 1) 2 A R S IR I T A S AR R P
HrpBJshengt 2 EF IR F R & B fm (P<0.05) ,
HJsheng 5 HIshut 5 6 bR 2 5L R & & e (I8, HME 2
[B) 22 e AN 2 s 0F T 5 AN A Ao ok o o I R ER B
BXQsheng 5BXQshuZE A W F 4b,  HABFE i AR ) (1)
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BXQshu, BJIshuflIX e Z 20 & 2K K FEIK, Blshengfll
Blshui 2 50L& 8 22 R OK .
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Table4 Taste characteristics of different Douzhi samples
%
ot P
BJsheng BJshu Hisheng Hilshu MJsheng MIshu BXQsheng BXQshu X CQK

ik 2.699" 1.90740.1245  —234140.156" —2.814+0.125° —0.25340.019 —0.325+0.029 0.568+0.156° —0.5194£0.223° —0.109+0.266°  1.18640.264"
g 0.945" 0.78840.099°  0.426+0.099°  1.23140.141"  1.08140.053 —1.00240.094" —0.178+0.063° —1.10540.033" —2.05240.054"  —0.23340.030°
ETNELS 0.107°  —0297£0.105 —0.22140.098" 0.061£0.061°  0.23140.063° —0.136+0.072" 0.1024+0.086°  0.136£0.069  0.025+£0.082°  —0.007£0.110°
Rk 1072 —0.1424£0.199 —0.003£0.231° 0398+0.336° —0372£0.166° 0.524+0.188° —1.105+£0.180° —0.061£0.195¢ 0382£0.101°  —0.693+0.046°
LS —0.056°  —0.033£0.019° —0.104+0.009" 0.104£0.046°  0.0224+0.001*  0.026+0.025° —0.182+0.014° —0.115+£0.014" 0.046+0.038° 0.29340.044
7S 0.034™  —0.048+0.063 0.078+0.034" —0.019£0.077° —0.050+0.008" —0.034+0.014" 0.0254+0.010" —0.034+0.037" —0.007+0.020™  0.056+0.016"
FEE 0014 —0.014£0.063" 0.013£0.046" —0.003+0.026" 0.0144+0.033" —0.062+0.031° —0.046+0.021° 0.055+0.040° 0.018£0.077"  0.012£0.074"
U —0.002°  0.013£0.011" —0.002£0.010° 0.006+0.008° —0.011+0.018° —0.01620.013* —0.003£0.020" 0.013+0.014"  0.003+0.018" 0.00140.008"

Ee FATRARNG FRARRORZREE (P<0.05) . R
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Table 5 Free amino acid contents in Douzhi samples
%
BEE i
Blsheng Blshu Hlsheng Hishu MiIsheng Mishu BXQsheng BXQshu X CQK
FAGRAs B () 0.01£0.00° 0012000  000£0.00°  0.00£0.00°  0.01£000° 0.00£0.00° 0.00£0.00° 00040000 0.00£0.00°  0.0420.00°
JhaAMThr o+ 0.01£000"  0.00£001"  0.0240.02% 0.05£0.00° 0.01£0.01* 0.00£0.00° 0.00£0.00" 0.00£0.00° 0.01£0.00° 0.0340.00°
Y FiSer i+ 0.0140.00° 0.0040.00° 0.0040.00° 0.000.00° 0.000.00° 0.000.00° 0.0120.00° 0.0120.00° 0.0040.00° 0.0240.00°
AAFGl i (4) 0.6940.01° 0.48+0.05° 0.1440.02° 0.14£0.00° 0.46:+0.04° 0.4440.02° 0.3420.01° 0.2940.04° 0.4740.02° 034003
Gl ) 0.0840.01° 0.0620.01° 0.1340.02° 0.1340.00° 0.07£0.01° 0.040.00° 0.0340.00° 0.05+0.01° 0.0740.00° 0.0640.00°
%Al M+ 0.64£0.01° 0.5040.05° 0.8340.12° 0.8240.03° 0.44£0.04" 0.2340.01° 0.2540.00° 0.40£0.04° 047£0.02" 0.2540.00°
ERERCys WA (=) 0303026 0.00+0.00° 0.00+0.00° 0.0140.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0140.00° 0.0040.00° 0.0140.00°
BiEmVal B (—) 01920000 0044002 025£003° 0.040.00° 0.1340.02° 0.050.00° 0.0540.03° 0.02:0.00° 0.060.07° 0.050.05°
FHRERMet  FA (=) 0.11£0.00° 0.0840.01° 0.12£0.02° 0124000 0082001 0.05£0.00° 0.0540.00° 0.074£001° 00820004 0.040.01°
SRRl ¥ (—) 0.1240.00° 0.10£0.01% 0.1940.02° 0.1820.01° 0.08£0.01° 0.19£0.01° 0.0540.00° 0.09£0.01% 0.10£0.00° 0.08£0.01°
EH L (= 0.4240.00° 0344003 0.5140.06° 0504002 0314002 0.04+0.00° 02140.00° 028+0.02° 0.34+0.00° 0274002
A Tyr # (=) 0.06£0.00°  005£001%  0.03£0.00°  0.03£001°  0.04£0.01F  0.08£001  0.03£0.00%  0.03£000™ 0042001 0.04£001"
KFERPhe () 02040.01" 0.1640.03° 0204002 020£0017 01220000 0.07£000°  007£001°  0.09£001°  017£001%  0.10£0.02"
WEBLys WA (=) 012£000° 0.0640.01° 0.03£0.00° 0.01£0.00° 0.11£001° 0.00£0.00° 0.07£0.00° 0.0840.01° 0.0940.00° 0.0840.01°
5 FHis (=) 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0340.00°
FERAg B (5) 000£000° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.0040.00° 0.000.00° 0.000.00° 0.000.00° 0.03£0.00°
WEMPo A (4) 0.681024™ 0104016 100L031™  074£030™ 0891052 LI7E0.697  030£029"  044+008™ 1244051 1024052
P Hypro @ (+) 0.6940.05° 2.384032° 0.5240.28° 087£045"  095+0.64" 19640520 1254028™  124£089™  LI5H076™  1.66+0.11"
ik 2814051"  333£039° 2914030 278£076° 27041157 360£117° 2.0240.56° DRELIT 30740607 32740507
FE 2174049° LO4£008" 2342038 1834031% 1774054 1734066 0.84£0.29° 1124025°  2.124046° 175£046"
Sk 0.70+0.01° 0.4840.05° 0.14£0.02° 0.15£0.00° 0.4740.04° 0.4440.02° 0.35£0.01° 03040.03° 0.4740.02° 0.37£0.03°
it 1.5240.26° 0.94£0.05° 1.3420.16° 1.09+0.05° 0.88£0.07" 0.5640.03* 0.5440.05° 0.6740.06° 0.88£0.06"  0.70£0.10°
it 2794026 3524038 2644028 274£076°  283£115° 385£116° 2.1940.56° 2HELIT 341H060° 34340517
B 431£051° 44620.40° 398+043"  383+£078"  3714+119° 4414113 27340.55° 3114119" 42940.63° 4.13£047"
VE: HBRIENL — RIEA L. K6 .
6 HIBEEMREBIBRER
Table 6 Total amino acid contents in Douzhi samples
%
R W il
Blsheng Blshu Hlsheng Hlshu MIsheng MIshu BXQsheng BXQshu IX CQK
KL&EBAsp i (+) 76640270 320£027° 8564059  7.14+£046°  935+£040"  7424028"  7.67+041°  485£0.12° 4274016 5974032°
JRE R Thr NE| 0.7240.02° 2244013 14140.10°  1.02£006"  149+0.06°  1.19£0.06° 1264006  0.82£0.01°  0.74+0.03  0.9440.05°
40 i Ser i+ 36040130 L17£013" 40940265 344+023°  437£0.19° 3454013 355401070 2284005 1.90+007  2.81£0.14°
BAMG i (4) 16.6610.58  15.1940.74"  14.58+£095" 12.62£0.84" 1631+0.71° 13.124£048" 13.7240.73%  8424023°  6.97+£027°  10.3240.55°
HRFRGly (4 2.80+0.10°  1.87+007°  3.05+021°  2.68+£0.19°  32040.14°  2.554+0.10° 2744013 1.63+£0.04° 1524006 2.05+0.12°
HNEMAla i (+) 4084015 2.88+£0.13°  433+£031°  4.07£028°  421£0.17°  335£0.04°  3.93£0.19"  2.114£0.06°  221£009°  296+0.17
EREmCys (- 050£0.02"  033£0.06° 0752006  0.6940.02° 087015 0622001  0.74£0.04  046+£007  04240.06"  0.53£0.03"
SRE R Val A (=) 2754176 17542.02°  3224031°  2814021% 3334035 27440.03° 2844025 1.67£0.01°  1514£003 22340117
FhEBMet () 020£0.01°  031£001°  024£0.01° 0384002 0.54£002°  022£0.01°  04340.02¢  0.08£0.00° 047+0.02"  0.17£0.01°
FEA Bl = (—) 34240030 3.074005% 32940217 29440207 34540150 2744001°  293+0.16" 1774005 15940060 2.2740.12°
SRR Leu W (=) 8204029"  7344+034% 78610507 6984046 8264035 6554025  7.00£039¢  419+0.11°  3.69+0.14° 5374028
BB Tyr E (=) 0.0240.00" 0032001 0.0240.00°  2.15£0.15°  273£0.11°  2.16£0.08°  2.1940.12° 1374003 1.10+0.04"  1.7240.09"
S A Phe (=) 6154022 55140257 5.67+£0377 5014034 5.99+£026% 47320070 49940290 3.05£0.08°  2.62+0.10"  3.9040.20°
HiEMLys WA (=) 6.64+£024° 6104028 594+039" 5204035 676+030° 5384020 56940327 344+0.10°  2.96+0.12°  430£021°
HZ i His W (=) 2554009 2284010 2304015 2024003 250+£0.11°  1.98+0.07°  2.07+0.12° 1294004  1.13£0.04°  1.6040.08°
Hia K Arg HrE (+) 6514023 5834026 5904039 5.10+£034° 6404028 5.04£0.18"  5194030°  330£0.09"  265+0.10°  4.08+£022°
[l A FPro R (+) 0594002 2.08£0.16° 2184014 1.72£0.09° 2154007 1691006  1.85+0.09°  1.19£0.02°  1.15+0.05"  1.4540.06°
Bl Hypro i (+) 86.6516.51"  9.95+1.71°  72.68+443 51074563 S51.80+£7.66 58.8242.24° 52324184 35484245 343+130°  41.93+1.17
EEiS 122714659 3831+£3.11° 112.3646.99" 8532+7.80° 94484927 92.46+351° 88224027 57.30+£2.94° 23244069 69.43+2.54°
R 37.5441.03" 346343367 37.28+£243° 35014231 4298187 338341260 35914£2.02 21804057 19294074 27.62+1.40°
Sk 24314085 1839£1.01° 23.14+1.54 1976+131% 2565+ 111° 2054+0.76° 2140+1.14° 13274034 11244043 16294087
At 304441114 26724297 29.30+1.90% 28.194+1.88 34434153 27.10+1.02° 2887+1.63 17314046 1549+059" 22.08+1.12°
far i 12927+£7.94" 45.014£2.62° 11679+£727° 88.85+8.02° 99294942 96.634+3.67" 92254035 60.07£3.01° 24.85+0.65 72524275
HE 159.7147.77F 71.7344.69" 146.0949.12" 117.04+9.87" 133.72410.83° 123.73+£4.69% 121.11£1.90" 77.394343"  40.334£0.64°  94.60+3.85°
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Table 7

#17

SRR RS RR T8

Volatile components of Douzhi samples

%

R

FEh

il

=
B

k48

Blsheng Blshu

BXQsheng

BXQshu

Hisheng

Hshu

MIsheng

MIshu

CQK

(RH-—)-2-TH
(2)-2-F- 1B
(22
()21
(2L ERE2-CI- 1B

12-HE-E, 2,134 \Biff- 1B

13- 18
17-% =
1B
- T8
1 -3
|-
|- 1f-3-FF
2H(F NG OB
LT HEE
2-CE-1- 3
pRE SN
247,73, 13-4 \ Bl
2-FIEIR R
2-T-1-
e i
2518
22315
228142
30, 56-2- 0 - e E-3-FE
3TN
350
3-Off-1-BE
3-BUE- 1R
3-AE-D-BERE
41
4-FE-OF
S-HE-R24- 00
EEZ-13,12-F = 15-5,14- "
E-N-(12-5 )+~ 418
B3l 0
22251
Z-10- 1B
J-2- - L
J-2-FAEHR I
R0t
R
it
B
TR
Ji-2- B - 1
Jii-1,2-5F
A
LB
LR 4 E-1-F R
SR
EpeE
o
R

223

3.804£2.324

0.962+0.632  0.281£0.398
03260461

246513.486

0.35210.498

06510921

0375+0.531

0.193£0.273

0.469+0.663
065120921
1.056£1.498
0.62710.388

0.17620.249

0.469£0.663
0.515+0.728

1.922£0.767
0.704£0.996
2981£3.155

0.545£0.225  0.745£0.789

0.450£0.637
3.18613.960

1.140£1.612
10.18817.243
0.163+0.230
0.064£0.091

18.434£10.780
0.129£0.182

13.64317.885

03520172

0.3460.489

0.414£0.586
02300326
0.46610.156

1.420£2.008

0.0580.081

022710321

0.576£0.815

023710335

0.115£0.163

1.613+2.281

197141449
0.05910.084

0.473£0.669
1.573£0.383

8.985£0.490

0.045£0.064

0.18240.257

0.13640.193

022740321

0.524£0.030

0.636£0.900

0.54410.512

241713418

0.504£0.712

025210356

172742443

0.1010.142
2017£0.281
1.755£0.346

12.062£0.602

0.055£0.078
0810+ 1.146

0.776+1.098

0.0550.078

0443£0.627
1.542£0.770

7.589£3.834

022220314

0.44910.706

0.449£0.706
044310.627

0.533£0.753

3207£2.340
2.052£0.704

04880377
0.1660.235
28.672+22.204

0.09120.129

0.36610.517

0.183+0.259

0.322£0.455

0.081+0.114
241513416

0.36610.517
0.564£0.797

0.36610.517

0.16120.228
0.081£0.114

274213878
0.1830.259
0.161+0.228

0.322£0.455

0.640£0.905
224610443

7.967£0.108

131420291

0.051+0.072
03020427
0.557£0.788
275410455

02030287
0.655£0.926
0.811+1.146
2475£0.061

1.925£2.722

015220215
0.2030.711

1.813+2.564

3735£1.270
1.060£0.353

0.859£0.075
0910£0.290

6.870£0.601

1.732£0.137

0.49110.694

0.92910.883

0.818£1.156
030510431

2.126£3.007

0.762£1.078

0.381£0.539

0.19920.066
0.708+0.076

2.058+2.910

0.883£0.602
1.768£0.303

9.199£0.289

0.9550.098

03440487
03990564

024610348

0.197+0.278

0.197+0.278

0.24610.348

0.228£0.322

028510403

0.148£0.209

1.649£0.245
1.600£0.314

3.986£5.638
0.148+0.209

5.606£5.918
139941978

349714945

0.194+0.274

1.114+1.392

8042111373

041420403

0.775£1.09%
0.129£0.183
1.809£2.558

4.84245.020
6.058+5.278

4.134£5.847
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HRT
ERMER Pl
N 47k Blsheng Blshu BXQsheng BXQshu Hisheng Hishu MIsheng Mishu CQK X
TR 47614£2.729 0.338£0.092  0.854£0.581 102541450
174\ 123241743 040940090 075740216 0.544£0769 032240455 016940240 1.04941.483
2R3 ERTHO R 0.258+0.365
VESBEANR 0.118£0.167
LA IR 0.05740.081
2R TR 0.178£0.251
PR 0.0490.070
BEAER 0.129+0.182 0.58740.341 0.04940.070  0.73740.054
) 9 F AN 0489+0.691  0.17440.079 0.101+0.143
L DL-Fft A 0.17840.251
DL-JNE 0.16140.228
L-FRAR 0.18340259
78 R0 TN BRIG RS 0.528+0.747
HEIS-6-F 7 017640249 058240558 04080075 0.096£0.007  0.111+0.157  0.59640.068 0.076£0.108  0.106+0.011  0.06540.091
RA-13-+ ) \BGER 0.065+0.091
HIEg-10,13- 1\ = 1R 017640249 0.607+0.063  0.176+0.086  0.096%0.007 0.17240.015 045040636 0205+0.128  0.194+0.274
TSR PR 0.230+0.326
10-4 )\ Bk 019340273 0.651+0.921 020140285 0.044+0.063 0.708+0.432 0.098+0.139
16-1 )\ Bl 0.258+0.365
2-CHRRE 0.414+0.586 431642027
4N-TREF T 0.151£0214
4R 0.09140.129
S Bk 0.188:+0.265
23 8-+ Bl 0.49140.694 0.06540.091
K 0.6760.426 0.629+0.084  1.243+1209
K 0.12940.183
FOh R 0.050£0.071
T 201242.845
g 0.955+0.135
B 0.055+0.078  0.0910.129
a3 077040293 0.17340.244 005540078 0.091£0.129  0.101£0.142
ok 0.050£0.071
| {4-(REER AL ] 0.081+0.114
13 -2- i 024040158 0.65140921  0.117£0.002  0.328£0.039
(2R 2B F R 02810398  0.230£0326  0.101£0.142  0.753£0.126 0.148£0.206  0.350£0.494
25-Z 3O 2953741771 32927446566 5928742507 3061443205 27730432906 702624481 4584243660 6472411514 710961485 31525444582
2TH 0.101+0.142
2L (1R 2 2R)-SR R 0.051+0.072
-4 31.272444.226
Bk 34,5 = R k-2 0.09840.139
34-ZHED-O 0.0570.081
4350 T 0.64420910 0.640£0.236
43RO 0.480£0.176
S5-It e =3 0.16340.230
AR -4-J-3,6-— 0.05740.081
ZA3-RA A0, 5 IR R 0.194:+0.24
S-SR (QH)- TR 0.091+0.129
FW 0.09440.133
(-l 1.04941.483
13- 2T 0.716+0.016 022840322 174842472
- 13- Z RS-0 0.176:£0.249
ix R 0.15140214
(iR 0.091+0.126 029540418
i) 0.1460.078
L% 0.864+0.160 0.489+0.306
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BT

R

i

HE

A

Blsheng

Blshu BXQsheng BXQshu Hisheng Hshu MIsheng

MIshu

QK X

10-FE-E-11-F = - 1-FE AR
B S Wil
L4 3R TR
2B I TR ARG
3,10~ -So- MR RR RS
58,11,14-ZFBIUGRL £ B
O-+ MU RERR T
7-F- 2T B 2 B
774,16 \ B —f-1-B8 L R
Z10-F - 11U |- PR
KM
FFMCIECH
[0
TR IE 1N
BOMT - h - EE LR
R T 5
e
CoBM-RTH
E S
B
TRECE
AR IR T T Tl
Bt R — T
MR B
J5i-9,10- F RS+ fLbe R
BR-10- R AR TR
RERR-2-BER TR
KB -RTHE
IR T2
TR LT
FOR R h
LE--2
L4t R
LIROE
LRLE
LSRR
SRR 12- A = A
SR LE
iR R S
L2 ZHHER TR
L2-BESI Bk
135-= ff2-+ k-3 ke
(-2 &R~
1-f2-
2,6,10,15-P9FE+Lht
2,6,10-= A1k
2,6,10-= 5+ Fike
LEER
L=ROBEAT T
250\
3ZROBAHT
SEROBAET T
58~
S-FH-%kt
T-CHE T

[

S

0.06410.091

0.70420.996

0.36910.024

9.20415.821

1.906£1.786

0.545£0.225
1.408£1.992

0.064£0.091

1.009£1.063

0.24010.158
0.06420.091

0.050£0.071
1.460£2.065
1.561+2.207
0.41410.586
0.055£0.078

0405+0.573

016310230 0.118£0.167

0.11840.167
0.906+1.282
0.7661.083
0.081£0.114

0.504+0.712

0.461£0.652
0.44410.628
4.095+5.792

0.11540.163 0.091£0.129

1.565£0.090  0235+0.170  0.091£0.129

0.504£0.712
1.466+2.073
093120313
0.144£0.204
8.915+3.055 0.155+0.220

1.303£1.843

25571272 2.185%1.666 3.97242.656

0998+ 1411
2.983£3.308
0.233+0.016

117240518

0.592£0.837

0.118£0.167 04840170  2.295£2.555  0.252£0.098  3337+1.728

0.1514+0214
0.17210.015
0.231£0.326 0405£0.573
022240314
1.064£1.504
0.806£1.139

0.554£0.783

0.094£0.133 02370335
0.17320.244
0.09410.133
0.081+0.114
065120921 0.235+0.170

0.111£0.157 0.202£0.001

1234£1.480  0.117£0.002

0.058£0.081

037310243 02440189 0.081£0.114

0.081£0.114

0.05010.071

L140£1.612  0.178+0.251

0.818£1.156

0.245£0.347
0.123£0.173

0.61010.862

6.376£5.784

0.1520.216

0.24610.348

0.581+0.822

0.11420.161

0.3500.494

2904£4.106
0.11420.161
0.0980.139

0.517£0.731

191910347 5.41246.192
0.904+1.279

0.12920.183

05650315 0.673£0.038

0.11420.161

0.1940.274

0.711£1.005

03940557 0.388+0.548

0.129£0.183
0.149£1.483
13071118
0.065£0.091

0.163+0.091
0.098£0.139

054120766 0.194+0.274
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BRT

IR

Hmi

k2

Blsheng

Blshu

BXQsheng

BXQshu

Hisheng

Hishu

MIsheng

MIshu

CQK

T-HHEF A b
8- T
9- AN
9-FEA-LhE
-k
b
(iR %78 o
R
R
3
AR b
B
R
Ak
e S
TRHE-F b
EF73ht
15
@3- 1-tuhs
@)y5-+=mli
17-8-7- L
1-Z -4 4= DR
LT
3,5-ZHFE 1O
BRE 4913170 EA8 12,16+ B
RFENG
KLIh
IR DU
T
Jii-2- 28
fhk

26- TR
RS 6-Z AU 25
2-FEARUEE KR
4-LEHR
E-T- &%
1T 51 H- i
24.25-~ B HUERD,
5L UBERE-HFRD
2LWE R &
I EU L
AR o B LR
4L EHE LI R
- il-d- B
NN-Z RSB
NN-Z A
“HHE=RR
it e 2 71
R-2-CH- B
iF
2 R R
ANREE
R R
T2 BRI~ AR
HERBR T
AR
FEERE K
FCHEEER

feke%

3

i

0.880+1.245
112141403

0.1762:0.249

0.064£0.091

0.450£0.637

0.193+0.273

0.1290.182

0.657£0.565

8.51314.394
0.352£0.498

0.1762:0.249

0814+ 1.152
08141 1.152

1.86611.047
08141 1.152

0.32610.461

0.46910.663
0.814+1.152

146612.073
0.489£0.691

0.582£0.558

0.178£0.251

0.533£0.753

0.993£0.101

0.828£1.172

LIT2£0518

0403+0.570

0.518£0.733

0.059£0.084

0.230£0.326

0.237£0.335

1.683+1.041

0.1170.002

0.710+1.004

022740321

0.409£0.579

0.25210.356

0.04510.064
0.101£0.142

0.82210.262

0.045£0.064

0.24210.085
0.04510.064
1.785£0.467

0.0450.064

0.13620.193

0.04510.064

0.1110.157

0.54410.769

0.089£0.126

0.044£0.063

0.554£0.784

0.1550.220
0443£0.627

0.7100.094

0.089£0.031
0.266%0.063

0.044£0.063

0.033+0.047

0.888£1.256
0.044£0.063
0.610£0.078

0.1110.178
0.111£0.178

1478£0.496

0.59610.068

0.1610.228

0.183+0.259
032210455

0.081£0.114

0.274£0.388
0.0810.114

0.25210.098

02740388

121240281
0.453+0.641
1212£0.138

0.859£0.075

105741495

2475+0.082
20171420

3.68610.341
0912£1.290

0912£1.290

025310215

0.355£0.501

0.123£0.173

0.164£0.231

0.9370.400
0.28610.405

0.940£1.330

040910578

022910323

0.203£0.287

0.122+0.172
0.163+0.230

0.15510.059

(.285+0.403

02280322
0.984£1.392

0.66010.516

0.269£0.102

0.49240.696

0.057£0.081

0.86010.733
0.220£0.172
0.409£0.257

0.09820.139

1.822£2.577

0.9810.422

0.1060.011

0.05740.081

104941483

2964£2.731

0.45210.640

0.802£0.145
111411392
2071£2.016

3.056£3.590
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24 G ERVERNIRSY

WERTHR, Syt IeR 30223 Mg R AN, H
I, LB, IECEE. ISR, 2,5- T HIE-3- Ul
2- S 2N BT

2. 19 AT kn, SRR B 3 XU AL,
H 4 B S 2 AV BB B R AR AL . SV R R R R
PEYI R ZH 5y 5 L L3, BRSSO . A 2 A RN B 2R A
i & Bk . MJsheng. BXQsheng 5TXZEPC1FIPC2
P REREMESE, SEEEE. B
KRG E LY LEEESR (P>0.05) ; Hlsheng,
BJshufHIshu?EPC1AMPC2 7 A E B A8 m M E &1,
SHWAERR ., AN R R EE Y LR EER
(P>0.05) , RIS UK EZE R AR BRISANER
K. FRAHEI R BoR R S B, ik
BRI, ARSI O R R Y R B R, AR
CAEMENAME XA ZR, SHET R EREE Y
A BA BRI o ot

ANEEH R, BRE BB, HEFEL. RE. B
KR EERALE (P>0.05) ; Mlshengd ki ff 2
YIRS ERE ST MRS (P<0.05) , HHEARESZ
B Z R AEE (P>0.05) ; Hlsheng PR & B
=1, BlshengH kS5 i & S8 s AH LG T RIEAH R )
A5G t, Mishu. BXQIshu. BJIshuMIHIshuPUff & it
BRI 0T, TXFE R AR Y 2R, {HCQK
FE & D B I R R0 .

Om D% EHEEE e

OMRE B FHFEHR miFRk
Ok mfgk LIS
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Ji S %
S
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M3 GHrREREDRAS SBRER
Fig. 3  Contents of different classes of volatile substances in Douzhi samples

B B A I R R A I 238 FhE K
PERSY, FEIRERH T 20 GERSW) . 2- Tl CH&H
O L OlE (BRE) L 3-OM-1-8E GBEEE) . 1-PiIE
5%, #E. REE) . OF (BRE) . 2-COH%
(gEMF, KRE) « KRB GER{m) o 2- T
CEHERD © 2ROl KBRE) - WROE (F
F) . WARCTRFERE (5EW « SHECREB (FRA
BR) Fi4- 252y (2578, BF) ; s g

AR AR ALY A 26 ~39 B R MEYIT,  [RIRER I 2
TR TRRE 4-LHE-K By, ORE. KWL 2-T RS
2- UM L 3-CE-1-BE A OO, 150 WA L8 XUK B 20 7E 5
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Bif. R = mEEE S AR B EEERY R
AHHER BREMREN AR, HBRERIR TR,
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MALTT T 37 R AR 10 Rl R B 5K ST 72 5,
B A MR RRRAE, BRFEIdE = AL S35 2
Gt WERE OB G YT E Sl AAE  RE A B A S 3
b= S EAT X 40 Ah, HAR P WA REEAT A X A T
HUL e A Gyt dbWS3 54 Gt iR e g vt 4k
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