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Change of the Volatile Aroma Components of Cut Tobacco in
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Abstract: [ Purpose | Our aim was to provide reference basis for selection and optimization of cut-
ting width of cigarette formulation leaf group. [ Method ] The difference and change law of volatile
aroma components of different cutting width cut tobacco before and after drying were studied using

variance analysis, principal component analysis and cluster analysis, respectively. Finally, sensory
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evaluation was also carried out to verify outcomes. [ Results ] (1) For the cut tobacco before and
after drying, and cut tobacco of different cutting width after drying, their volatile aroma compounds
had great differences. Volatile aroma compounds content of cut tobacco after drying showed a de-
creasing trend compared with before drying. For the cut tobacco after drying, the volatile aroma com-
pounds content showed a gradually decreasing trend with the increase of cutting width. (2) Cluster
result based on the first two principal component score of volatile aroma compounds showed that. The
cut tobacco samples before drying and cutting width at 0.85 mm after drying were clustered into a
group. The cut tobacco samples of cutting width at 0.95 mm and 1.05 mm after drying were individu-
ally clustered into a group. The difference of volatile aroma compounds content was increasing with
the increase of cutting width. (3) There was a difference in cigarette sensory quality of different cut-
ting width. Sensory quality showed a gradually decreasing trend with the increase of cutting
width. [ Conclusion ] The cutting width has a great influence on cigarette quality in the cigarette pro-
cessing. Two factors with sensory quality and process loss should be taken into consideration when
the cutting width was set.

Keywords: drying process; cutting width; volatile aroma components; variance analysis; principal

component analysis; cluster analysis; sensory quality
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Tab.2 Multiple comparison results of volatile aroma components of cut tobacco of different cutting width ~ w/(ug-g")

AR B B 22 1 S5

i TR A2 cut tobacco of different cutting width after drying
volatile aroma components cut tobacco before drying 0.85 mm 0.95 mm 105 mm
?fr%ral 1.80 Aa 1.62 Bb 1.64 Bb 1.08 Cc
fuﬁrgiryl alcohol 1.02 Aa 0.95 Bb 0.92 Bc 0.57 Cd
§Zi§hﬁﬁ§rm 0.13 Aa 0.11 Bb 0.10 Be 0.08 Cd
;frifll%lehyde 0.25 Aa 0.20 Bb 0.19 Cc 0.17 Dd
isﬁilcohol 6.57 Aa 5.48 Bb 4.65 Cc 3.30 Dd
]iieéngicetaldehyde 0.77 Aa 0.65 Bb 0.44 Cc 0.29 Dd
;féfi?zethanol 4.26 Aa 3.54 Bb 3.19Cc 2.53 Dd
?Elgl?lone 16.65 Aa 15.78 Bb 15.16 Ce 13.67 Dd
ffliiii%}li 3.74 Cc 4.64 Aa 4.00 Bb 2.59 Dd
I’Bf)?;ﬁol—;ﬁljione 0.91 Bb 1.01 Aa 0.91 Bb 0.68 Cc
g:éfjﬁemne 6.78 Aa 6.69 Aa 6.07 Bb 4.83 Cc
E:;Iﬁﬁfﬁ]zmne 2.41Bb 2.54 Aa 222 Ce 174 Dd
E-:ﬂ‘fnﬂfnfwﬁ 1.42 Aa 1.25 Bb 1.24 BCb 1.18 Cc
SN 0.85 Aa 0.80 Ab 0.83 Aab 0.55 Be
ﬁ:&lﬁ%zﬂ—(ﬂine 3.84 Aa 3.37Bb 2.90 Cc 3.00 Cc
@%ﬂﬁﬁ%ﬂide 2.53Bb 2.73 Aa 2.48 Bb 1.92 Ce
rlféiszﬁ?rfaﬁtﬁenone A 2.98 Aab 3.01 Aa 2.87 Ab 2.56 Be
Eegaii?faﬁtr?enone B 12.58 Bb 13.27 Aa 11.52 Ce 10.57 Dd
geza;?jgtfenone C 2.62Bb 2.88 Aa 247 Ce 1.95 Dd
rfeiszﬁ?rfaﬁtznone D 12.12 Bb 12.97 Aa 11.68 Bb 10.04 Cc
i‘iiﬁiﬁfﬁe 13.00 Aa 12.40 Ab 11.03 Be 9.26 Cd
Eﬁhytﬁ?ﬁene 540.95 Aa 503.28 Bb 467.38 Cc 402.99 Dd

T RPEAATRTRHEANS T KS PR R K08 R ZE 75 8] 0.05 #10.01 8K,

Note: Different small letters and capital letters in same row mean significant difference at the level of 0.05 and 0.01.



AR

X H, A R 22 58 RE R 22 AE T R PR R AR A AR 85

BERIBEIN, ¥ R A R T A R R
. 0.95 mm V)22 55 BEIR 22 TS5 AU 2 Fh Aok
Yot B, 3-2A o550 24 5 BT 0.85 mm
VI229ilE; 1.05 mm V)22 58 FE MR 22T Je i 22 F
FRY) S KT 0.85 mm Y22 55 FE ) I 2,
21 PR & AT 0.95 mm YIZ2 58 2%
2.2 FERNEFERY) RS AT
221 ERTATIE S R

M af X R 22 B A AR A LAY Pearson
PRI R I 25 T4 K A Ry TS 1 L =2 [
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LI W 22 P S R A R W I R4 BT 1Y
KMO JZ &5 KT 0.5, H. Bartlett BRIE J& A5 56 44
H R RERESR N 0.000, 2/ T B EEKE 0.05,
VR R4 R B R S A A T A T o

#F 3 EAMERYRERSD DIEIE KMO & Bartlett Tk E 058

Tab.3 KMO and Bartlett sphericity test before principal component analysis of volatile aroma components

Bartlett BRFEE 4536 Bartlett sphericity test

L 22 TR bR chemical index KMO

JELL 5 approximate chi square [ H1/¥ degree of freedom {23 /KT significant level

15 R MEF WA volatile aroma component  0.511

1 536.906 231 0.000

2.2.2 FERS R

4 N 22 i KA R I 3 B o A Y
BT PN 273 BRI b T7 22 Tk R o il LR
e FTD R R BUT 22 TTRRIA E 93.244%,

HATPIA E R AR IEE S KT 1. Bk, il
HIAS > (PCL 1 PC2) 47 F — B9 207 .
(] Fof A, i — 25 Bk 1 2R ] 3 B3 0 i v iR
22 PR S PEAR R W) I3 P S B SR A R T A T

*4 BERMBRYRERS DITOFHEER 5 ETTRE

Tab. 4 Eigenvalue and variance contribution rate of principal component analysis of volatile aroma components

EN2 %y I T ZETTRREE Y% BRT5 ZE TTHREE %
principal component eigenvalue variance contribution rate cumulative variance contribution rate
PC1 18.200 82.729
93.244
PC2 2.313 10.515

223 EMAG I YR A fEdT

R AR A R B S B I3 A BT R A FE 0
(2 i DL 5, A e R A IO 3 2R
41 J7 AR AT 1) 25 J0T44 A1 7 R ) o 4 A i)

(R ik 17 8 2 78 32 000 55 08 10 722 8 A9 A 58 R 0
(5).

MRYEZR 5 iy 25 R AR ] H A 2 22 Bhi%
RAERFRP AT P Mo iR A 5

PC1 =0.221Z; +0.226Z, +0.223Z5 + 0.191Z4 + 0.225Z5 + 0.223Z¢ + 0.216Z7 + 0.228Zg + 0.190Z9 +
0.212Z10+0.232Z;; +0.222Z15, +0.171Z13 + 0.171Z14 + 0.211Z15 + 0.212Z;6 + 0.209Z17 + 0.215Z13+ (1)

0.212Z19 +0.210Z5p + 0.228Z5; +0.2267Z>>

PC2 =-0.015Z, - 0.054Z, + 0.124Z5 + 0.362Z4 + 0.169Z5 + 0.153Z¢ + 0.211Z7 + 0.113Zg — 0.369Z9—
0.270Z19—0.038Z11 —0.156Z15 +0.382Z;3 + 0.383Z14 — 0.240Z15 — 0.122Z16 — 0.122Z;7 — 0.230Z;5— 2)

0.229Z19 — 0.088Z50 +0.044Z5; +0.105Z2

s 22y, MU e | Bl 5-
MRS . R RHEE, L AN
Fi BT A (F B 5 b i A5 R B HE 1) I
FF); Zi~Zyy S SRR TEAR B 2 B AL e 5 1Y
PREAS R

AR LR 23 A [0 R 22 A i % K 1
AR BRI T2 o553, AN RIS A 22 1

i 15 & VE A UR W) 5T 3 43 43 B e PCL A PC2 I
BB NE 1 . AR TR &
ANFIY) 22 58 B IR 22 1 e WA R E /R R 4 &
TR RES s TR AR 2258 5 T8
Je WIRR 22 R 2 B VR AE R TR X8 SR 2258
JEE T H 5 MR 22 b 4 R M A R I 2 B3 43 BT 1)
FIPIAS RS0 TE 410 A4 A S A
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Tab. 5 Load matrix and feature vector of the first two principal components

F RO BRA

load matrix of principal component

RN R 5

TR

feature vector of principal component

volatile aroma components

PCI1 PC2 PCI PC2

B furfural 0.943 -0.023 0.221 -0.015
Y furfuryl alcohol 0.966 —0.082 0.226 —0.054
S—FFLHERE 5— methylfurfural 0.953 0.189 0.223 0.124
K H % benzaldehyde 0.815 0.550 0.191 0.362
Z FFEE benzyl alcohol 0.959 0.257 0.225 0.169
7K £, phenylacetaldehyde 0.951 0.232 0.223 0.153
2 2.1 benzyl ethanol 0.922 0.321 0.216 0.211
#iiifill solanone 0.972 0.172 0.228 0.113
IBA 2 i solavetivone 0.812 —0.562 0.190 -0.369
%t — B norsolandione 0.903 —0.411 0.212 -0.270
B—K T B-damascenone 0.989 -0.058 0.232 -0.038
B——Z K p-2H—damascenone 0.949 -0.237 0.222 -0.156
B—%%' >~ {ld B—ionone 0.731 0.581 0.171 0.382
3 M—o— %% 2 EF 3— oxo—a—ionol 0.730 0.583 0.171 0.383
£ A eranyl acetone 0.902 -0.365 0.211 -0.240
AR PR dihydroactinidiolide 0.904 -0.185 0212 —-0.122
F & =4 A megastigmatrienone A 0.891 —-0.186 0.209 -0.122
5 5 =) B megastigmatrienone B 0.917 —-0.350 0.215 —-0.230
EL & =/ C megastigmatrienone C 0.904 -0.348 0.212 -0.229
F & =4 D megastigmatrienone D 0.897 -0.134 0.210 -0.088
AL farnesylacetone 0.971 0.067 0.228 0.044
BT 4% neophytadiene 0.966 0.160 0.226 0.105

AT, Y122 55 A () T S5 M 22 A 5

Y- 19 43 A DX IR B A o .

224 ERALRAB B .

T AT AN R ) 22 G B IR 22 TR e R e s |° :

DRI AR A 4) (0.827 29PC1+0.105 15PC2) KR I

AR 2 BTk, ERAGAIAE ek 2

JE AT ARAER: — KAk =W B g5 &, W § s aks -

B, MR RS0 RE SR AL B R £ R o

o] LA B8 L R R Y B ss &

SO e g 0 g

M 2 al 1 TG D22 SERE ey, 4 s A
22 P R A IR TR 2R G S R T AR 5
AN L2 FEERR 22105, AR AR B 43
BEERAE—E xR, HEEED 258 r
I, IR A 22 T B R R R 2R S i
BT AR
2.3 FERVERRYIBR R 1530 B

TR e P A R I 2 B2 W R IS 1

PC1 (82.729%)
. & THRETNLZ,; m085 mm % EMLZ TG A 095
mm YN TG ;e 1.05 mm S M2 TR
Note: @ cut tobacco before drying; m 0.85 mm-width cut tobacco; A
0.95 mm-width cut tobacco; e 1.05 mm-width cut tobacco

E1 FRMBLHEAFAMERIERIANERS
SoE_HFE MR E
Fig. 1 Projection of the first two principal components score
in the two-dimensional plane of volatile aroma com-
ponents of different cut tobacco samples
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Note: A. cut tobacco before drying; B. cut tobacco after drying with GHO.85-3
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0.95 mm; D. cut tobacco after drying with cutting width at 1.05 mm. GHO0.85-4
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Fig. 2 Boxplot of principal components comprehensive GQ-6
score of volatile aroma components of GQ-1
different cut tobacco samples GQ-2
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RIS I 22 T A R B R B 45 & i S T R
()26 AR
2.4 A 22 50 P R A A 1 R T A A0 AT

I LA 3 AN [ 1) 22 58 B ol it A5 0 1 SRR Y
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2.4.1 ANTEI) 22 5 FE F i A I P B O = A
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Fig. 3 Dendrogram of the first two principal components
score of volatile aroma components of different
cut tobacco samples
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Tab. 6 Test result of sensory evaluation of different test cigarette samples by three point method

. D IERIRNE s I P
PR T YIS JBUI AR R HI/% W R 22 57
. . number of correct . A .
sample pair number of smoking . . . correct recognition rate characteristic difference of whole quality
identification
0.85 mm 5 0.95 mm 9 4 44.44 NS
0.95 mm 5 1.05 mm 9 7 77.78 B#E
0.85 mm 5 1.05 mm 9 8 88.89 EE

I ©a=0.05 1, =Sk%IEFHEN 6.

Note: @ Critical value of three point test is six when « is equal to 0.05.

R7T TERERZHERHRERET UGS
Tab. 7 Sensory quality changes of different test cigarette samples

S 45k aroma characteristics

JHS 45 smoke characteristics

#4511 taste characteristics

[E I TR FRE

AR Fa #hk W iR A TR TR
sample number aroma
aroma quality quantit offensive odor vigor concentration delicate degree  irritation dry sense  clean degree
uantity
CK (0.85 mm) 0 0 0 0 0 0 0 0 0
0.95 mm -1 0 -1 0 +1 -1 -1 0 0
1.05 mm -2 +1 -1 +1 +2 -2 -2 -1 -1

e R BB 3 2R o R R B R AR R AR A T 1) SRR

Note: Different values in the table respectively express change direction and degree of quality indexes compared with the control sample.

TR TR R TR AR R AR T R A
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Wy ST AE S s e A AR R B O A Y 3 Ak A,
AF 58 AL T8 T AN TR D) 22 5 B A 22 v i 28 AL R
4, W Fl Oy A D) 24 58 B R e RE A4
HE— TSRS 204 I TR BA 45 55
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R A8 1 A MR 22 AR B TR VR IR 1 I K BE S A K
HFRAL, S PRUE TS R 22 E KR — SO
i L ATORBRAER ZOR (2 12.5%), HERRBE2Z L
WA [ B RS IE T DIRE R N R A R R L
(FEARI W T, Y1258 RN 0.1 mm, iR
ML 22 B FA BE R ARG 3.5 °C), (A 22 1 B fr
K HCRFEAL, RIRRAR TSR . IE 2 h 4t
22 BLGATRE IR B (KA, (AT 22 v i 43 35 E i

PRYIR e A e 03 R B, X it Bt A 1) 22
Vi BE RN, MRS AR 22 AR R PR IR ) B
Wb ERR 2 — . Rl d b7 2 T A
BT TAAESFEIRIRIE AR, R —E SR,
BEH D) 22 SEVE R38N, AR o I S R TR
AR S

BT I7 2250 M A0 I o0 A B AT ST 4 R
e TRERR ARV 22 50 B 22 1, 450
RN RY B B BRI 22 5 TR
Jr M 2 PR e P A R o M R T 2
BRI X T THEE 2, BEE V)22 58 5 s
RN R RY LS SR RS WA
B E BRI AR TR, ARDIZTERE N
AR RS S e —E 255, HEEE D)
22 GERERIIEIN , RS A AR AR i O i
(NI S SR

[ 530K ]

(11 2%, Peoemd, xisn b, b3S T T 2 ARE
[ 48 &R, 2005(5): 4. DOI: 10.1007/512028-009-
9223-y.

21 AEME, T3, BB, & 44 T L 2SR .
JH 5 RHR, 2008(1): 12. DOI: 10.3969/j.issn.1002-0861.
2008.01.004

[3]1 ZLEFS, WIFHE, ZREE, 5. LA EZH 2 T X% 0
T 22 3B Fe A AR 22 SR aT). =~/ K240 (B2
BEE£AR), 2010, 32(S1): 183.


http://dx.doi.org/10.1007/s12028-009-9223-y
http://dx.doi.org/10.1007/s12028-009-9223-y
http://dx.doi.org/10.3969/j.issn.1002-0861.%3Clinebreak/%3E2008.01.004
http://dx.doi.org/10.3969/j.issn.1002-0861.%3Clinebreak/%3E2008.01.004
http://dx.doi.org/10.1007/s12028-009-9223-y
http://dx.doi.org/10.1007/s12028-009-9223-y
http://dx.doi.org/10.3969/j.issn.1002-0861.%3Clinebreak/%3E2008.01.004
http://dx.doi.org/10.3969/j.issn.1002-0861.%3Clinebreak/%3E2008.01.004

AR

X H, A R 22 58 RE R 22 AE T R PR R AR A AR 89

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

TR, T3k, B, 55, BN b 22 55 B 20 G060 45
JOH 2 (2 e [T, MEBERRE, 2011(6): 9. DOIL: 10.39697.
issn.1002-0861.2011.06.002.

MR, MG, mEH e, 55, V)22 5 1 x5 00 =2 0
X7 Bl Hoffmann A% 73 B J5CE (19 5 W [J]. B 42 Tk
AR (H AR, 2013, 28(6): 9. DOI: 10.3969/.
issn.2095-476X.2013.06.003.

BES, AR5, MR R, 25 BN TH S TF L2545
L5 3 H = HSHR 2R I BRI KO0 R R ATLT). T AR
Ak K 2 22 4R, 2010, 32(6): 1307. DOI: 10.3969/j.issn.
1000-2286.2010.06.040.

222 R, BEDY, 55 B 4 T 22400 R
AR, A, 2010, 38(1): 165.

ik, BT, B, & L TS50 9 M ERES
B3 R TR IR 5 W [T]. B B RLEZ, 2014(8): 32. DOL:
10.3969/j.issn.1002-0861.2014.08.008.

FH AR, BRIE), VEoAR, 25, i) 22 208 T X 40 S B IRk e
MRS T RS o sz i T, R R 22, 2015,
21(6): 19. DOI: 10.16472/j.issn.2015.107.

TE, 25, de ST, 22 B MR I R R A 2 R A3 1
B AAFET L[], HELRL, 2010(11): 9. DOL: 10.
3969/.issn.1002-0861.2010.11.002.

TR, TR, T, 45 T8 IR
22 T2 S H00 22 5t & B2 A B R, 2011(8):
5. DOI: 10.3969/j.issn.1002-0861.2011.08.001.

Tkom, e, AR, . R AN T ZSH0TE R
R PR 2], 8 E R, 2011(11): 10. DOL:

[13]

(14]

[15]

[16]

[17]
(18]
(19]
(20]
(21]

(22]

10.3969/j.issn.1002-0861.2011.11.002.
X, (AR, 3, 5. Tk TR HLIEREFERY
A A S AT [T]. LR, 2015(2): 47. DOI:
10.16135/1.issn1002-0861.20150210.

MG, R A, TSP, S5 0 R R K IR
o O P4 R S TR e 2 A 2 AR IR R T,
B 522 3, 2009, 15(3): 44. DOI: 10.3969/j.issn.1004-
5708.2009.03.009.

B, TN, BFH), % Agri IR HE X
SO S R R[], SRR, 2012(7): 86. DOI:
10.3969/j.issn.1002-0861.2012.07.019.

BBz, 1Rt 3, BT, &, 2R 2 B4AF 45 MR-
FEHE b I FE RGeS B AR = M AR A D], R,
2012(10):61.DOI:10.3969/j.issn.1002-0861.2012.10.014.
GB/T 17321—1998. JEE 73 Hr /738 = = SRR [S].
YC/T 138—1998. MHEL J M B ] it S8 VPAN 575 S].
3732, SPSS 19.0 Sith 40 B M T 2K @ [M]. b
TEHR A AR, 2013: 290.

BRA . REFTEGT 2 HTIM] L5 mEHE K
#t, 2008: 332.

FEZE. BT Z%M]. dbat: d BRI R, 2009:
179.

TRAAE, T, R, 55 A8 K EIuH A EE R
o5 ECE BUE U 4 ], A RO R, 2014,
53(22): 5438. DOI: 10.14088/j.cnki.issn0439-8114.2014.
22.027.


http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.1002-0861.2011.06.002
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.1002-0861.2011.06.002
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.2095-476X.2013.06.003
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.2095-476X.2013.06.003
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1000-2286.2010.06.040
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1000-2286.2010.06.040
http://dx.doi.org/10.3969/j.issn.1002-0861.2014.08.008
http://dx.doi.org/10.16472/j.issn.2015.107
http://dx.doi.org/10.%3Clinebreak/%3E3969/j.issn.1002-0861.2010.11.002
http://dx.doi.org/10.%3Clinebreak/%3E3969/j.issn.1002-0861.2010.11.002
http://dx.doi.org/10.3969/j.issn.1002-0861.2011.08.001
http://dx.doi.org/10.3969/j.issn.1002-0861.2011.11.002
http://dx.doi.org/10.16135/j.issn1002-0861.20150210
http://dx.doi.org/10.3969/j.issn.1004-5708.2009.03.009
http://dx.doi.org/10.3969/j.issn.1004-5708.2009.03.009
http://dx.doi.org/10.3969/j.issn.1002-0861.2012.07.019
http://dx.doi.org/10.3969/j.issn.1002-0861.2012.10.014%3Clinebreak/%3E
http://dx.doi.org/10.14088/j.cnki.issn0439-8114.2014.%3Clinebreak/%3E22.027
http://dx.doi.org/10.14088/j.cnki.issn0439-8114.2014.%3Clinebreak/%3E22.027
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.1002-0861.2011.06.002
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.1002-0861.2011.06.002
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.2095-476X.2013.06.003
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.2095-476X.2013.06.003
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1000-2286.2010.06.040
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1000-2286.2010.06.040
http://dx.doi.org/10.3969/j.issn.1002-0861.2014.08.008
http://dx.doi.org/10.16472/j.issn.2015.107
http://dx.doi.org/10.%3Clinebreak/%3E3969/j.issn.1002-0861.2010.11.002
http://dx.doi.org/10.%3Clinebreak/%3E3969/j.issn.1002-0861.2010.11.002
http://dx.doi.org/10.3969/j.issn.1002-0861.2011.08.001
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.1002-0861.2011.06.002
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.1002-0861.2011.06.002
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.2095-476X.2013.06.003
http://dx.doi.org/10.3969/j.%3Clinebreak/%3Eissn.2095-476X.2013.06.003
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1000-2286.2010.06.040
http://dx.doi.org/10.3969/j.issn.%3Clinebreak/%3E1000-2286.2010.06.040
http://dx.doi.org/10.3969/j.issn.1002-0861.2014.08.008
http://dx.doi.org/10.16472/j.issn.2015.107
http://dx.doi.org/10.%3Clinebreak/%3E3969/j.issn.1002-0861.2010.11.002
http://dx.doi.org/10.%3Clinebreak/%3E3969/j.issn.1002-0861.2010.11.002
http://dx.doi.org/10.3969/j.issn.1002-0861.2011.08.001
http://dx.doi.org/10.3969/j.issn.1002-0861.2011.11.002
http://dx.doi.org/10.16135/j.issn1002-0861.20150210
http://dx.doi.org/10.3969/j.issn.1004-5708.2009.03.009
http://dx.doi.org/10.3969/j.issn.1004-5708.2009.03.009
http://dx.doi.org/10.3969/j.issn.1002-0861.2012.07.019
http://dx.doi.org/10.3969/j.issn.1002-0861.2012.10.014%3Clinebreak/%3E
http://dx.doi.org/10.14088/j.cnki.issn0439-8114.2014.%3Clinebreak/%3E22.027
http://dx.doi.org/10.14088/j.cnki.issn0439-8114.2014.%3Clinebreak/%3E22.027
http://dx.doi.org/10.3969/j.issn.1002-0861.2011.11.002
http://dx.doi.org/10.16135/j.issn1002-0861.20150210
http://dx.doi.org/10.3969/j.issn.1004-5708.2009.03.009
http://dx.doi.org/10.3969/j.issn.1004-5708.2009.03.009
http://dx.doi.org/10.3969/j.issn.1002-0861.2012.07.019
http://dx.doi.org/10.3969/j.issn.1002-0861.2012.10.014%3Clinebreak/%3E
http://dx.doi.org/10.14088/j.cnki.issn0439-8114.2014.%3Clinebreak/%3E22.027
http://dx.doi.org/10.14088/j.cnki.issn0439-8114.2014.%3Clinebreak/%3E22.027

