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Relationship between Types and Contents of Flavour Substances and
Spicy Intensity in Moso Bamboo ( Phyllostachys edulis ) Shoots

CUI Feng-xin, DING Xing-cui, LI Lu-shuang, ZHANG Zhi-yuan, CAIl Han-jiang
( China National Bamboo Research Center, State Administration of Forestry, Zhejiang Province Bamboo High-valued Use Key Lab,
Hangzhou 310012, Zhejiang, China)

Abstract ; [ Objective ] 3 types of fresh moso bamboo ( Phyllostachys edulis) shoots were tested and analyzed to
identify the spicy substances in order to further improving the quality and economic value. [ Method ] The
bamboo shoots above the ground ( AS) , bamboo shoots under the ground ( US) and rhizome shoots ( RS) were
analyzed by means of sensory evaluation, gas chromatography-mass spectrometer ( GC-MS) , high performance

liquid chromatography ( HPLC) , and the correlation analysis between the concentrations of flavor substances
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and the flavor intensities of 3 types of fresh bamboo shoots, shoot residues after boiling and shoot soups. [ Re-
sult ] (1) The sensory evaluation of AS and US showed that the pungency was increasingly enhanced from base
to top of bamboo shoot, and the range of AS was 2 to 9.5, which was apparently higher than that of the US
which changed from 1 to 6. The taste of RS was slightly sweet, and there was no significant difference from
base to top. The taste of boiled bamboo shoot residues was spicy, and the intensity decreased with the extension
of boiling time. But the bamboo shoot soups were bitter and astringent, and the intensity increased along with
the time of boiling. (2) A total of 43 compounds including 9 kinds of esters, 6 kinds of alcohols, 5 kinds of
acids, 3 kinds of phenols, 2 kinds of ketones, 3 kinds of aldehydes, 4 kinds of hydrocarbons and 11 kinds of
other compounds in fresh bamboo shoot were detected by GC-MS. The substances in bamboo shoots with high
content and pungent taste were oxalic acid, tannin and ephedrine. (3) The results showed that the principal
materials significantly associated with the spicy taste of AS and US were cyanide, cyanogenetic glycoside, tan-
nin and ephedrine. The correlation coefficients of AS were 0.812, 0.850, 0.939 and 0.818 (P <0.01),
and those of US were 0.905, 0.857, 0.939 and 0.937 (P <0.01). The relationship between cyanide, cya-
nogenetic glycoside, tannin and spicy taste intensity was highly significant in bamboo shoot residues, and the
correlation coefficients were 0. 859, 0.861, and 0.933 (P <0.01) respectively. The main substances attrib-
uting to bitter and astringent were cyanide, tannin and oxalic acid, and the correlation coefficients were
0.982, 0.954, and 0.976 (P <0.01) respectively. [ Conclusion] The main spicy flavor substances of mo-
s0 bamboo shoots were concluded as cyanide, cyanogenetic glycoside and tannin, and their interaction en-
hanced the strong spicy flavor of moso bamboo shoots.

Keywords : Phyllostachys edulis shoots; flavor substance; spicy; correlation
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Table 1 The boiled solution and flavor
intensity of dry chili

WRE Rk TR
Concentration/ (g + L™") Taste Spicy intensity value
0.0 I - 0
0.5 K Slightly spicy 2
1.0 P Little spicy 4
2.0 3 Quite spicy 6
3.0 TR Highly spicy 8
4.0 3 Extremely spicy 10

T« PRI TCAR MR, JH A AL 7 SR ) e 7K 8T BRABOK T W
IBRUHER s 255 BE (N 1~ 10 ISR

Note: As no standard solution for spicy taste available , it was used
by boiled dried chili solution for this study; the taste intensity value were

rated from 1tol0.
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1044 Mook B

530 &

W g AN g L R IR E /NI ATV E PR E o IR
S NG 53 AT B G 5 1 3 £ 4$F01 200 mL
R P A A T

1.3.4 GC-MS 5 #77 % GC-MS Jll & 25 #i VL K2
PRGN E , B8 57 Ck[20] .

B R ARIBCES TR 25 AL PREARRIR AR 0 S ¢
HEATINE (A 3 ) .

GCBHE AT (W 1.0 mL + min™") 5
ARBE OTEAE DB-5 (60 mm x 0.25 mm x
0.25 wm) ; JEAE FELEE 250°C 5 gEAE T 2 AN i itk
K FHEAR R  WIIGIRE 40°C |, Ffi)J5 F+3) 130°C (GEE
2.5%C - min™") , f£H 1 min, A TFHEF] 250°C (G#
JE8%C « min'); RALEIRLE 250°C, MS ¥ E Kl
(B FEd 8 ) , IR 230°C, SRgm 1 70
eV i, LI 200 pA, #2111 230°C, B i 4470
FEl m/z 50 ~ 500,

KR 1% 72 : NISTlibrary 1 WILEY library 2 4~k
B WIS R BB PR AT UL
1.3.5  ZokpaSalg o e &R 5 it
5 SR F LR 1 sh A Ak A &
R SR S5 A TR - b e AR R L €3 220 0T AR 2
i SR FH RN (P Y B R
RESR AT BT R A B A SR A
BOBAR I

DL E A i e F AR AL 3 WK
1.4 HiEAE

I K i Excel 2003 B 2517 70 A B 3
K SPSS19. 0 #4347 Pearson XL & I 35 AH
2SI

2 HRGHH

2.1 EMHEREEE

JREPEE NN 3 RS A AT IR AT B R
JE K AR A F i IR PP 45 R (3R 2) R AS AN
US A7 5535 2 I R 3 BRUR SR B ph S 0 3 Qi 1
AS PEFER 1 ~ 3 52y AT 173, S iR R
FERAR, 55 4 75 M LAUJS S O o B2 W] S 38 im 5 US &
PPEFHETR 1 ~ 5 5 SRS 1/2 B AL
1%, 565 5 5 S LG B FE 218 3 hm . US 475545
BRI E ] AR T AS, Hir 1~ 3 5 Bk R
JEMEALZ) Ry %E N AS 59519 50% . RS 113818 H I
FE 1~ 5 B G R X o Rl 5 5 /B LR e 2
5, s R IC T 9125317

R2 AEEBEMERERERRLEE
Table 2 The taste description and taste intensity on

Moso’ s bamboo shoots

Sty

5K JF Flavor intensity

F
Section of B R B R
Bamboo shoot Intensity value Intensity value
s, meek
Slightly spicy ' Slightly spicy ’

) BEEH 35 feE 16
Little spicy Slightly spicy

5 BEEH 38 EEHR 20
Little spicy Slightly spicy

4 A 4.8 BER 3.0
Quite spicy Little spicy

5 R 5.5 B 3.8
Quite spicy Little spicy

6 ki 7.0 FH 4.5
Highly spicy Quite spicy

7 R 73 FAH 5.0
Highly spicy Quite spicy

g LSS 8.5 FAH 5.5
Extremely spicy Quite spicy

9 S 9.5 AR 6.0
Extremelyspicy Highly spicy
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Table 3 Component and relative content in 3 types of

Moso bamboo shoots

é = 0 PN =N
;E:Zl et i Relatfz iiit/ %
Compound names
number AS Us RS
1 IR — 4.98 0.98
2 R HIR R 6.830 5.65 6.12
3 1,226~ HIR — T ik — 0.32  0.60
4 A4-Fi - O R T g 6.605 3.65 4.23
5 i e 2.460 2.03 2.32
6 4§32 FL2-C R T 4.535 5.76  4.23
7 + I R B R 2.550  1.32  1.03
8 5,9- Atk TR B R 6.665 5.13 5.56
9 1,2-FE 2R, AL 2-F TR i — — 0.09
10 6,8-F "k -1 -l 0.795 1.32 1.13
11 B-7F i i 1.230  3.32  3.13
12 MR — 0.32  0.46
30 PESEHHES-CE2 o 0 601 003
SX H
14 R 0.995 0.64 0.71
15 JIGE-3 - 2 s — 4.65 1.46
16 R 10.435  0.32  3.65
17 MR 1.620 0.46  0.98
18 3;3“%4-Fﬁ’f\%¥5%%—2,4—8 0.125 0.02 0.33
TR
19 FriEmg 2.490 2.46 3.03
20 YRR 1.610 0.23 0.36
21 2-HEHA4- LI T 8.390 6.97 7.1l
22 X 4 0.445  0.13  0.26
23 o 7.225  2.03 4.80
24 2-(2,6- " HIEPR) A THE  1.030  0.79  0.65
25 4-Z B2 IL2-FF N E-1-BH 0.655  0.79  1.03
26 2- LR FLE 0.645 0.56 0.32
27 JIR -7 , 1075 Bk — Jas T 3.430  2.23  2.13
28 W — 0.98 0.23
29 2-fif B2 T Hs 3.030  1.23  1.98
30 I — 5.65  3.11
31 2,3, 10-H - pade — 2.32  3.13
32 bk — 6.12  4.23
33 2;2'/§LXX<N’N':EP%ZM 0.225  0.56 0.46
Jt)
34 2 BRI FL-5-F2 - kg 1.025  1.03  2.65
35 2,3 2 H R I — 232 2.11
2,6- H S m k(K #,
36 2006) 4.200 1.23 4.23
37 5- T BE-1 - Bt 2.985 1.03 2.98
38 W 0.800 0.06 0.46
39 TR0 4.800 2.98 1.23
40 By 8.120  9.98 9.23
41 %57 0.120  0.01 0.02
42 HEER 3.500  7.32  7.11
43 PLA i 0.400 — 0.11
T - " FORRAI
Note: “ - " means nothing was detected.
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BEAMETE BAT 54T RRAT 8447 ( Dendrocalam-

opsis oldhami (Munro) Keng f. ) . E 4T ( Ph. praecox
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Table 4 The flavour substance content and taste on 3

types of Moso’ s bamboo shoots mg-g”'
Yivayst IJ

e AS Us RS
Bamboo shoot types
e = “HA
REER 2.14 1.98 4.91
Bitter amino acids
ALY Cyanide 1.33x107% 1.08x10°>  0.071 x1073
WRTEFF Linamarin+~ 5,08 x10 ™% 4.41 x10™*  0.310x10°*
ﬁﬂﬂﬁﬁ. 8.30x107* 6.66x107* 0.420 x10~*
Lotaustraline

poyii]
%ﬁﬁ *. . 1.34x107% 1.11x107% 0.730 x10~*
Cyanogenic glycosides
EPR Oxalic acid 20.60 15.80 5.12
B Tannin 7.64 2.23 1.80
J¥f # B8, Ephedrine 0.10x107* 0.15x10"* 1.27x1072
W5k Taste FEH+ - e

W+ R, - R,

Note: “ + 7 indicates the higher degree, “ -7 indicates the lower
degree.

3 PRSI AT I 52 R T 5 dk RIS R R LA
SERR ARSI i RS /194 > AS 154 > US
PP R B & it RS AT 5% > US 1155 > AS %%,
ARSI S BRI B AS 7158 > US /154 >
RS A7 5, BV 52 R A S 2 006 WA i B AN A, W2 T
DT A R TR RRR BB 5 B AT SR R TIE G . Ak
Wy U BT B R ARG MR B B AR AR Ry AS AT 5
> US 755 > RS 75%, N 5 BAT 5 F Bk A
Ko BETAN[A] 2R NG R AV A A6 W A 1 A
HRN BN R BRR A % g R 4 A, R
IR 4 i 5T 10 R 1R 0 AR B SR A , BRI, T Jé AS
F1US 2 FhS A AT 55 R YY) o0 3 1 55 0% R o B 1Y
FHICHE T, BEVELE R (R 5.6) RH]: 5 AS BAT
SR AR DG A FAR ) CECH BT R
TEHH 4 Ffr, A9 Z B4 0. 812.0. 850 .0. 939 Al
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0.818(P <0.01) ;5 US BATF BRI AH K1
YA A RO T R RRARR BB S Bl G

ZHSM1 0 0. 905 .0. 857 .0.939 0. 889 F10.937 (P
<0.01).

RS AS ERMREESFHRIEENEXES T

Table 5 Correlation analysis between substance content and pungent taste of AS

IR LR

AT B

RS L . . qAY WREH O AIRE . oy R JRE B
i H Ttems X . Bitter amino A K ! A Cyanogenic . X . X
Flavour intensity . Cyanide Linamarin  Lotaustraline . Tannin  Oxalic acid Ephedrine
acids glycosides
WK SR 1
Flavour intensity
ek N
FRRER 0.084 1
Bitter amino acids
ALY Cyanide 0.812* -0.183 1
W FE T Linamarin 0.584 -0.194 0.925 ** 1
B kAR Lotaustraline 0.940 ** -0.027 0.884 0.720 " 1
HH A .
i } . 0.850 " 0.992 0.982 " 0.807 ™ 0.701" 1
Cyanogenic glycosides
B Tannin 0.939 ** 0.235 0.658 0.413 0.888 ™ 0.859" 1
PR Oxalic acid -0.102 0. 106 -0.018 -0.030 -0.008 0.104 0.137 1
JR#74, Ephedrine 0.818 -0.147 0.842*  0.798™ 0.517 0.883™ 0.789% 0.289 1

T x "HE P <0.01 R EBEMR, "« "1E P <0.05 KF EREMR; T,

Note: “

% * "represents these significant correlation in P <0.01 level, “ # "represents these significant correlation in P <0.05 level. The same below.

®6 USEHAZMRYALESFRREENEXE

Table 6 Correlation analysis between substance content and pungent taste of US

TR A IR

FAH B

NS . . HAW W AR . By R JPR L B
I H Items ; . Bitter amino X . ; R Cyanogenic . . . .
Flavour intensity . Cyanide Linamarin ~ Lotaustraline . Tannin  Oxalic acid Ephedrine
acids glycosides

kA 1

Flavour intensity

Sk 5 EL TS

ﬁ. *%%m& . -0.127 1

Bitter amino acids

FALY) Cyanide 0.905 ** 0.010 1

AV PR Linamarin 0.842 ** 0.158 0.764 * 1

B KR Lotaustraline 0.541 -0.185 0.723 ** 0. 145 1

R .

AL . 0.857* -0.122 0.976*  0.932* 0.922* 1

Cyanogenic glycosides

FL7* Tannin 0.939 ** 0.017 0.840 ** 0.907 ** 0.352 0.763* 1

PR Oxalic acid 0.889 ** -0.361 0.707 * 0.662 0.440 0.870™  0.822" 1

K5 B, Ephedrine 0.937 " 0.147 0.772™ 0.532 0.862 ™ 0.746*  0.743 % 0.944 ™ 1
WIRESIRY 2 PRI BT A AR, 5 B9

A R IER 2 R IR Z RO B AT FF R
WRICRZ Wi AS AT 5% HETR 55 5 BROR A 56 R K0
= 0. 102, F BB 5 = BRI A G 1M US A7 58
S ARECN 0.889 (P <0.01) , B 5 4G, (H
BEEPRE E E R R 22 R, US BAT AU
PROR , PRI , 41 W R R X B AT S5 R JC R W o R
B R5 2 PRI B AT T BROR S SR S AR,
PRBRGRSE AS 4795 > US A7 5% {HJRR S B PR 46 X 35 4
AS F755 < US 755, 38 A — 2, HEDDRR S i B A7
SFRT RO JEE PR SN L LR R BB 5, i ik — 2

4.5 GER— BRI BT A BOR Y R R Y
B s Ay RO AT o BT S R
TE AS P45 R E R B 0. 658 .0.859 (P <0.05) ,
US #4515 0. 840( P <0.01) ,0.763 (P <0.05) , 3
W] =3 Z [AAETE B 3 A AR G &R, SRl e 6
ProARIEBRIR . ROk, AS A7 58RI US A7 5= SRR A
TRRZES:  AFEAET AS A5 54T B A 5C
90 B KRR, US A58 s N WRR ¥ 41 . C RN iR
FEATET IR R S 3 TP A S, e A R 20
R, AN TR AR ) 25 R) — A ) AS R 67 £ A
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[0 B, A A AR R A A B i R i, o

AR 50 B BT, LR

AL 57 ] DAy = PR 5

BT HIR T A ﬁﬁ"ﬁﬂﬁﬁfﬂﬁ FIRABISE o VI R A, HL O ~ 20 min #JR DR 5R 2B W
2.4 ASHFKERFE.FHIPERYREES /T\lﬁﬁ:%’ﬁﬁ}ﬁﬁ
EIR SR B MR K S A F P R o 5 R 5 R Y R O
KR R IR NI E S IR (R T) ‘fﬁﬁﬂ‘ﬁ %(?\%8 9) R b b KR R S i
W] . 0~ 20 min A[R]IfA] AS FTHOK G, & VERSRIE B ARG SR B B U AR
RT AS TEKERFEMFFDLERBIRREE
Table 7 The taste description and taste intensity of the boiled bamboo shoot soups and residue of AS
Hisf [ BEBRHREE Flavour intensity
Minite/ min A R Taste of dregs S8 Intensity S5 R Taste of soups SR Intensity
0 TR Highly spicy 8.5 — —
0.5 23 Quite spicy 5.2 R Little bitterniss and astringent 2.5
2.5 2P Little spicy 2.4 WL Little bitterniss and astringent 4.0
6 T f Slightly spicy 1.0 HrE Highly bitterniss and astringent 5.6
10 JL-F-JCHE Nearly tasteless 0.2 AR Highly bitterniss and astringent 7.9
20 JLFEJCHE Nearly tasteless 0.1 e 7577 Extremely bitterniss and astringent 8.5
®8 FHEPEWRYREEWEERNEXE
Table 8 Correlation analysis between flavor substance and taste intensity of bamboo shoot residue
. WIREIER S NI 8P syl S, .
gk AR g e ke "o wm o
15 H Items X . Bitter amino A K ! A Cyanogenic . . . K
Flavour intensity . Cyanide Linamarin Lotaustraline . Tannin  Oxalic acid Ephedrine
’ acids glycosides
TR B {
Flavour intensity
W A HL iR
FORSLEM ~0.472 1
Bitter amino acids
44 Cyanide 0.895 ** -0. 666 1
B Linamarin 0.814 = -0.727 0.986 ** 1
A KA Lotaustraline 0.923 ** -0.550 0.988 ** 0.956 ** 1
AAr
ﬁﬁ:u*ﬂ . 0.861 ** -0.672 0.997 ** 0.995 ** 0.982 " 1
Cyanogenic glycosides
B Tannin 0.933* -0.261 0.753 0.655 0.817 = 0.719 1
R Oxalic acid 0.798 -0.744 0.974* 0.995** 0.939 ™ 0.985*  0.643 1
JiR ¥ 78 Ephedrine -0.860 " 0.101 -0.617 -0.487 -0.701 -0.568 -0.932* -0.445 1
R FEHHERYMREEWEEREXE
Table 9 Correlation analysis between flavor substance and taste intensity of bamboo shoot soups
NV IR IR - e PGHEVRT - .
S e w0 gt RO TOET e g e
N Flavour intensity - Cyanide Linamarin  Lotaustraline . g Tannin  Oxalic acid Ephedrine
acids glycosides
WLR R B ]
Flavour intensity
Bk A 2y
ﬁ*%%@z . -0.709 1
Bitter amino acids
ALY Cyanide 0.982 ** -0.777 1
W BE 7 Linamarin -0.755 0.519 -0.645 1
H kAR Lotaustraline -0.714 0.337 -0.580 0.927* 1
s
BT A _ ~0.754 0.469  -0.635 0.993"  0.965" I
Cyanogenic glycosides
B Tannin 0.954 = -0.850 0.975*  -0.647 -0.603 -0.643 1
R Oxalic acid 0.976 ** -0.791 0.994*  -0.673 -0.569 -0.651 0.958* 1
JFEEE 8 Ephedrine 0.794 -0.204 0.708 -0.622 -0.800 -0.689 0.675 0.658 1
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530 &

TR & B4y B N 0. 859 0. 861.0. 933 (P <
0.01) , 557 o B I 25 A O i 2R i A w4k
Yy BT RIRIIR A OC R B30 0. 982 (P <0.01) |
0.954 (P <0.05).0.976 (P <0.01), &5 %0,
AS US EA7 5 Hb_I- i 55 7K 38 J5 553 Hh 52 e B
() o [ S A RUE LT Bk T I 3 A AR
Py IR S BOAR AR 5 T 28007 42 v T A, S R Rk
Y BT RIRIIR G R, BRI T A O R
B4 59 0.994 (P <0.01) 0. 958 (P <0.05) , %M
=N SRR DT AR 9 A AH AR R
3 3tib
3.1 EHREKBREREERZE

BRI R FE M B A Z —, R AR A
T UOGIE IR AR SRR S I, 7™ 5 e H o
B 5 o0 B AR TR AR A A T TR
SRR PP R A 1) T ) o 2 R R B T R R
HIEEH, TR ERAE 2.6.3.0 mg - mL™" 435k
SRR, SRR EIAE 1.3.2.0 mg - mL™' 43
I TR R IR B B, i — 2 100 B R X
TR TR B R AE T, A [ 5 e R AT A
TR, fir % S ST AT S0 SR 1 5 R bR E
XFFBAT S B GE T R R S R A
B A5 e 3T, A R R I AT A TR Y
B TR B | R R R (T Y
FETBOE BT BRI S R N 2 R AT A
R, H OGRS B 5 2R Y B & 522 A
FERFFRAT A58, IR R AL AT IR e, LUt
A E M. T IRE TR E AR E R AP 2L T
HHAR B RE], AR S % GB/TI2312 - 2012 45
EN B AN R B K T BOBUK I S R
TE BT SR AR o, X 3 Fob 28 0 B A7 6 55 Kt
AT K B G A A TR E VR, T T
PR IEIR R R B T MR R A 2
W) o 1 5 2t N B 5 R L % A i BE R DG 1k
BT, Z B LAAKE, T BORUK S WA BB P B AT 5%
EBRFRUER T IR AT T .
3.2 EMFNERKRYER

TR =2 URh & AT 00 1B R ON [R], BAT
B FNE R, BRAT 55 R 8RR, AT LT T
PRI AE L, FL R R S R A AR A JRRATT
ST IR 2 R R O o B TR RE R A B FH R 4
ST GRS R R A, B AT A LR IR

AR B SRR R R . AN IR ) A S
R R e 7/ NS /R N N D]
T AR GC-MS M E R I LS AL A
Yy, G RT AL, BT AR BR S E AL S k.
WFFE IR, A7 5 v ) SR ) IO 2 A P R S SR IR L
MR AT AR AR T A R AL A
HRIF IRV . AW FE 38 & Fp oA, 1 5%
M) A7 S LR 1) R R T AL R LR T,
FEUH BT I B 547 SR R G W 1) S R S A7 A
ZE5 o BRI OB R R E AT
— HR P E Y 2.0 mg - g7 T BAT R
TR T. 64 mg - g7 IRIT IR . L
WP BT ARV 22 & 81,5.0.7.0.,10.0,15. 0 mg
- mLTUYREE T, B AR OR T VR, LR E G B
St RIS TEE O, R R B, BAT S 2 B IR R
R LR R TR, A R R T A AR
FMZER . BT B A PR AT & &8
0.001 33.0.001 338 mg - g~ ' (XL R AT 4 iy 1/
6 000, MiF LY R W i ) 2 AFFE T 45 25
Py M BT i T AT K (H S SRR T
PR OR AT Tz M, IR N AT S
BRAMREER . PR mET e fmH5Y
JoT, TC i At g o A o R A TR T R 5
TEEATRRREEE, H G, 75— SR A SOkt
e o

4 2

i GC-MS il \HPLC 555 1 5 1 73 Br 5 Ja&
BERE A A 1007 1, B S R B AT S PO 11
DRI B AL U AT HS i = A AR
FHBAER i -5 R 28 HE TR F R MRR S JC 5% o 5
PrAe= il B R 2, Al E S B A WOERY
A RIRE, B3 BAT AR A AL, 4R A T
{H, fe BT A AR
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