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FE: AR BAATN FEIER MRSy, DA R A K BATA 5 (CK) REIEAL BB AT 4 55 (EG) AR FERS
SR T B2 G TS [ R oA BRSO 83 - B35 36 1 5 ( Headspace solid-phase microextraction-Gas chromatogra-
phy-mass spectrometry , SPME-GC-MS ) % FH &M o A TR 55 43047 o 33k X B AT & SR W EAT GC-MS #ill] | &=
18435387 ( Principal component analysis, PCA) DL S 2k P #1551 43 #7 ( Linear discriminant analysis, LDA) B 1, EAT4 54
PRI ) SR B MUK (N B (1, 3- R AR | 50 HH BB A 2- 2 BE- TR . PCA Rl LDA 73 5T
HR I35 0 99. 336% \93. 719% , 4155 T 85. 000% , 15t W L 1~ S5 A I e O PRS0 A58 ey , I ELARE il 2 ) ) 2 A P 1l 2
XIPROREGS . SPME-GC-MS 73 M5 R W, 2 Fiie G 4 S0 0E ) 34 Fh iy, #2 m2 E2R 2 B A 35 i 450
JFH CK & T EG, 5 M L F SR A5 ) i e BHL LU 45 SR LA PCA I LDA 3B RIEAWI &, U, i F S Rg g X 4y
CK Fl EG B R MY

KB TS U R GCR ISR G- B IR T BT #EA MRSy
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Analysis of the volatile components of winter moso bamboo shoots by elec-
tronic nose combined with SPME-GC-MS

DONG Wen-hui, SUN Chun-wa, DING Xing-cui, LI Lu-shuang, ZHANG Zhi-yuan
(1. Chinese Academy of Foresiry, China National Bamboo Research Center, Hangzhou 310012, China; 2.Zhejiang Humanities Landscape Co. ,Lid. , Hang-
zhou 310012, China)

Abstract; In order to research the main volatile compounds of winter moso bamboo shoots, electronic nose (E-nose)
and solid phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS) were used to detect and analyze the
volatile components of two different types of winter moso bamboo shoots from natural growth ( CK) and fertilization (EG)
treatment. The main volatile components of winter moso bamboo shoots were cefrarolol, myristylaldehyde, 1,3-dihydroxyac-
etone, 5-hydroxymethylfurfural, and 2-hydroxy-butyrophenone by using GC-MS, principal component analysis (PCA) and
linear discriminant analysis (LDA). The principal component contributions of PCA and LDA were 99.336% and 93.719% ,
respectively, suggesting that the electronic nose sensor had a higher recognition effect, and a good separation of volatile

components between samples. The results of SPME-GC-MS

analysis showed that 34 components were identified in both

Y fm H #3:2018-03-28
HESTHE 0 & P EERHLE IR H (KY201502001) 3 H7IT 4 R samples, the levels of alcohols, aldehydes and ketones

I H (2017F10032) were relatively high, and these in CK were higher than
VEERG A %02 (1993-) , 4, TR JE A - BFge 2 BFSEJr Tl those in EG treatment, which were basically consistent
P 5 AT ARG B WFSE , (E-mail) dwhyh1993@ 126.com with the results of the resistance ratio obtained by electron-

BIEE . T %% (E-mail) dxc01@ hotmail.com ic nose and the analysis results of PCA and LDA. It can be
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seen that the electronic nose can distinguish the volatile components in CK and EG.

Key words :
SPME-GC-MS) ; moso bamboo shoot; volatile components
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electronic noses; headspace solid-phase microextraction-gas chromatography-mass spectrometry ( HS-

BRI, T S TCR AL B, B PbE BRAERE
FRAAR A BAR 5 0 RGPS, 2 N TR
g AR, SO - TR B (GC-MS) LU
HorHr it BE R 2 WO Ry S RE 7 9 SR
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SA (1R 20 I 4 , B L 2 S0 RO Y R A GC-
MS Xt 2 BB ST R R 1 JRR A7) 5 4 K P 10 T i
BT, ABEFE L H S8 K (CK) Rt JIE 4 21
(EG) 1) 2 BN FIAL BRI BAT A I BFGE X 4, i 2t
TR BT LA SR 3 BT PR 2% 2 Bl B AT XL
BRI 225
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VU, AbPHZHMEA : W BR=1:1: 1(FBiEL)
AR BATA T, 10N EG; X B F 2R 5%
HTFAERKB B, IEH CK, 2018 4F 1 H 74
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P 2550 2R 4 B DIRE
1.2 KIS

HLFFF \PEN3.5 BUEHE L 500 TAEE Air-
sense AT 5 [EAH AR B ( SPME ) %% 8 ) F 35 [#] SU-
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(BN TR) 55 50 s, 2 13/ B — N i ik B 1 A0k
AT RE 2 We) B — N0 G B 98 AR, 1 U6 I R) 3
200 s, B 1 ARG E B RS B SE UE,
I HAED &~ — A FE R, RG4S H o 3 R R
DL R SRR AR B, SAA I A I 2 600
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ML R L (3R 1), 2 LT 5 B A R 4
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Table 1 The performance description of electronic nose sensor

G Sl a0y
1 wiC JFE MG, AR 2,10
2 W5S X RGP R AL “EAA
3 Ww3C FUK XI5 S R 1
4 w6S FHR A A R AR, 100
5 W5C B s A T WhE,1
6 WiS MHBE R R HIE, 100
7 WIW Xt TEHLER A R 5 LS, 1
8 w28 o Rt ik T T 28 R 50 —4%fLhK, 100
9 wW2w FHERST ALY WALE, 1
10 W3S bR R KA RS B 10

1.3.2 WE-BEAgFER YIS0 RS
TR -0 5 Ry, MERAFREL 0. 29 ¢ BLA 10 ml
) SPME & HIR HPfL A, A 2 ml 467K, F 100
pwm PDMS/DVB ZEHSk 47 AL B, 1 07 48 Ry
600 r/min,30 °C T 125 2 HL 30 min J5 B, P 4
AR TR 250 °C Y (kAR RE 11 rb | i i B
4 min,ﬁﬁﬁﬁﬁfyﬁ%%ﬁﬁ?o

1.3.3 GC-MS @i A NAR (W 1.0
ml/min ), & 3% A K A % E 4 45 DB-S
(60. 00 mmx0.25 mmx0.25 pm) , #EFE R B 250
C, T A R, THEFR T . 40 45 1R 40
C, b5 73] 130 C (HPE 2.5 C/min) , R FF 1
min,figgﬂ?ﬁiu 250 °C (#EF 8.0 °C/min) ,}KALE
IR 250 °C

RS B IR N 230 °C LR 70 eV
REFL P25 LU 200 A, B2 TR 230 °C, A
VG m/z 35~95,

K235 . NIST library #1 WILEY library 2 Mk
B R PSRRI
1.4 HiEALE

% B 43 53 B ( Principal component analysis,
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2 R 55
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Fig.1 The response map of electronic nose sensor on winter

moso bamboo shoots volatile compounds
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Fig.2  Analysis of sensor responses to winter moso bamboo

shoots under different treatments
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0. 898% , M TTHRE K 93.719%, TE— I T,2
FIA R TTRR R 2 FIRERS HE 1L 70% ~85% , W] A%
AR A fH BB e, PCA 40,
XFHRE AT 4 5% (CK) At Fi 2 A IR KL BAT & 55
(EG) i L 7 S A% B 1) JER 7 L B g 430, 16 I — %
AR ST MiTE LDA 438, CK Fil EG X%
TR A SRS (LI 8 A A7, ot S [) Ak I 1) 2 S AR
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Fig.3 PCA analysis of different types of winter moso bamboo

shoots
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Fig.4 LDA analysis of different types of winter moso bamboo

shoots
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Table 2 The composition and relative content ( relative peak area)

of moso bamboo shoots

X &R (%)

' &Y 2K
CK EG
1 R 2 Y I 0.72  0.67
2 2- kN g 0.21  0.23
3 TR 0.11 0.13
4 3- MW IR H e 0.48  0.49
5 1,3- 5L DI 9.22  9.30
6 4-FHE TR LT 0.32 038
7 2,5-Z I REn g 0.63  0.63
8 2,3- L s 0.39  0.40
9 R 0.81  0.81
10 2-FRHE-T R T 6.62  6.80
11 2,3,5- UL 0.45  0.41
12 R 0.73  0.68
13 4-F2 -2 5-Z H FE-3( 2H) ke i 0.71  0.69
14 S -1F R 0.31  0.28
15 AL 0.26  0.27
16 e 0.16  0.18
17 IR S 17.15  16.52
18 2-WE OBk TR L g 0.77  0.78
19 2,3- 4RI kg 0.53  0.56
20 7 1.21 114
21 B 121 1.27
22 5-%% H S 9.12  9.08
23 2-FIEIR N R IR 0.12  0.13
24 3,3- I AE-1,2- T 2 0.27 033
25 LR 0.11  0.10
26 333 W 0.58  0.55
27 HifE 0.61  0.61
28 LY W I 0.16  0.18
29 PR 0.41 039
30 HE Yy {5 0.15  0.15
31 FAAEE 29.93  29.35
32 3,4- T HU R 0.14 0.13
33 KA 1520 16.16
34 PR B 022 023

CK: X IRBMTA S EC. I A IR BT A 55,
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Table 3 Classification and analysis of volatile compounds of moso

bamboo shoots under different treatments

Y CK EG
2 Fh 8 8
(%) 31.91 31.46
[[:=S Fh 3 3
TE(%) 27.00 26.28
24 2k 5 5
FE(%) 17.68 17.98
(EE S 3 3
TH(%) 2.58 2.59
[LES Fhk 4 4
T (%) 1.86 1.82
[i2S (e 4 4
B (%) 1.42 1.35
[ES Fh 1 1
TH(%) 0.14 0.13
He b 6 6
TE(%) 17.41 18.39
3 45 i
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) b B ) BAT A AT 0BT . B SPME-GC-MS
IIHT R BT A TR R T2 AR B LA
HREIE 1,3- R IR | S5-FE H BRI A 280 T
FRER . H SPME-GC-MS 15 Hi, 2 Ff b B B AT 4 55
HE RV EEE BRI, CK W m T EG, 5
HL TSI 25 L —3k . PCA FIl LDA s 455
W] CK 1 EG Z A FFAH {2 LDA Xf CK 5 EG
() 3 BS AR AR RT 47, 156 BH 3 i fL - 5 LA & LDA 43
Hral AIX 4 CK I EG 2 Fab B BAT A 45

S

(1]

[2]

FKaCh. BITBACKH TR RSO T (1], Molk g2 it
2011 (1) :99-102.

NIPMALA C,SHARMA M L. A comparative study of nutrient com-
ponents of freshly harvested, fermented and canned bamboo shoots
of Dendrocalamus giganteus Munro[ J]. World Bamboo & Rattan,
2009, 37(3) :63-90.

PARK E J,JHON D Y. Effects of bamboo shoot consumption on

lipid profiles and bowel function in healthy young women[ J]. Nu-

(11]

[12]

[13]

[14]

(18]

[20]

trition, 2009, 25(7) .723-728.

B, AN TR Ab XA 5 R JE R BT AL K BRI SR [ D]
PR VU R, 2007.

W ARSI R A RT3 FARNT 9B 37 o A
SERTLT]. APl R AR, 2010,29(1) :101-106.
CRISOSTO C H,GAPNER D, CRISOSTO G M, et al. Increasing
‘ Blackamber’ plum ( Prunus salicina Lindell) consumer accept-
ance[ J]. Postharvest Biology & Technology, 2004, 34(3) :237-
244.

TIEMAN D,ZHU G,JR R M, et al. A chemical genetic roadmap
to improved tomato flavor[ J]. Science, 2017, 355(6323) :391.
FEREIR, T2 REX, 4. BT ERY AN F i S
BRORIREERY R [T]. MOl REDEST, 2017(6) :1041-1049.

XS B 2 R, AR TOUAS [ AR R AR -SRI 43 BT
W7 R T AT R M KRB B ()], ' B, 2015 (11):
124-130.

INEEDS SRR S ok T, TSRS EHBREREFR
ALY GC-MS 4B J]. &Rk, 2014, 35(12) :151-155.
/N, BARR . f A R A AR A 5| R b i 7 B e &
ABTRBILT]. EAE, 1993(5) :6-7.

NAKANISHI K,TAMURA H,SUGISAWA H. Volatile components
in boiled and raw bamboo shoots ( Phyllostachys pubescens) [ J].
Nippon Shokuhin Kagaku Kogaku Kaishi, 1996, 43(3) :259-266.
WOJNOWSKI W,MAJCHRZAK T,DYMERSKI T, et al. Electron-
ic noses; powerful tools in meat quality assessment[J]. Meat Sci-
ence, 2017, 131.119-131.

BABY R E,CABEZAS M,RECA E N W D. Electronic nose; a
useful tool for monitoring environmental contamination[ J]. Sensors
& Actuators B Chemical, 2000, 69(3) :214-218.

TA# 5, BB L, DI, A5 ) R A D AS [ 7 3 et 2ol
B[ T TR, 2017 ,45(10) £ 136-140.

sHade, S E MK AR LT]. e k==, 2013(6):
2836-2840.

HHMEAE SRHETE X PR 35 B BORTE & % e i i
IR [ T]. B 5 42 B A 0 22 4, 2016, 7 (4) : 1578-
1586.

MASTOVSKA K, LEHOTAY S J. Rapid sample preparation meth-
od for LC-MS/MS or GC-MS analysis of acrylamide in various food
matrices[ J]. Journal of Agricultural & Food Chemistry, 2006, 54
(19):7001.

B 3 B (Arundinaria oleosa) B 37 5 ML 2F 4343
B D]. rEmMAlRF, 2006.

Rhifas , S, Bk, 45 IR A Co, B Fum T4
B il ar[J]. 4ol TAEZA4R, 2009, 25(8) : 312-316.
ARG Ot 55 TOUES - [ERH A BB Bk ¥ 43
HrMEHIRRT S A PEROY [ T]. frimBhas, 2013, 34(18) :193-
196.

R, IV Tl 7 e fe KBRS R0 P R T[] h
FE MR &, 2008, 33(11) :61-64.

BRI R R, A MAREE S SRS AW



HOCE L LT B A TS SPME-GC-MS 37 BATA FFAYE & VE RSy 691

[26]

[27]

(28]

[29]

[30]

WEIELT]. Baef A A i3], 1991(4) .545-547.

ik, LA R, MIAREEM 2 BVE B sT (D],
BHZYRF K244, 2014,31(7) :584-588.

ZERKBE RGN LTI, A5 AOR (AT DY AR TR I S A B
[J]. Mol s EA, 2013(5) 164-66.

XU AT, BT, T GC-MS I FHH AR 1 BATIE &4
WA= Y3 Hr [ T]. ZUERIEGE, 2011, 29(4) .81-84.
O, R P KUK A T A ST (D). K. R P R
2%, 2007.

MRS R IR R AR BN BATH SR R[]].
LM RLEL , 2004, 31(2) 19-11.

ZELIKIN AN,PUTNAM D. Poly ( carbonate-acetal ) s from the di-
Macromolecules, 2005, 38

e

mer form of dihydroxyacetone [ J ].
(13) :5532-5537.

ZHU Y,YOUSSEF D,PORTE C, et al. Study of the solubility and
the metastable zone of 1,3-dihydroxyacetone for the drowning-out
process| J]. Journal of Crystal Growth, 2003, 257(3) ;370-377.
KEE, 5k 26, FEE S 3 MBI R b 5 R
BRI B 2T (1], BBk, 2014, 35(17) :41-47.
BB BN R, AF. 5o AR Y A e v R AR
PREPERFFEERE[T]. frih TR, 2016, 37(11) :372-377.
BRIk 4,5 ROmERsTs e[ T]. 2t

[34]

[35]

[36]

[37]

[38]

[39]

#il, 2008, 30(12) :899-902.

TN 4-855-2,5- 7 HUEL-3(2H ) - i o5 7 T4 AR i 7
KA D], LAt AER T R R, 2010.

STEINHAUS M, SINUCO D, POLSTER J, et al. Characterization
of the key aroma compounds in pink guava ( Psidium guajava L.)
by means of aroma re-engineering experiments and omission tests.
[J]. Journal of Agricultural & Food Chemistry, 2009, 57 (7).
2882.

SPEIRS J,LEE E,HOLT K, et al. Genetic manipulation of alcohol
dehydrogenase levels in ripening tomato fruit affects the balance of
some flavor aldehydes and alcohols[ J]. Plant Physiology, 1998,
117(3) :1047.

XIRHE A . BT HF 55 SPME-GC-MS 543 A 6] itk
TR THIE b TR R RS B[], AR R,
2014(2) :279-284.

JING GUO, TIANLI YUE, YAHONG YUAN, et al. Chemometric
classification of apple juice according to variety and geographical
origin based on polyphenolic profiles[ J]. Journal of Agricultural
and Food Chemistry, 2013, 61:6949-6963.

PR, BT L FROCHR, 45 K SRR SE e [ 1], R 2%
i, 2016,33(12) :1556-1566.

(A8 TR R)



