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Flavor substances and nutritional ingredients of wild Allium hookeri
Thwaites in Tibetan
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Abstract: [Objective] This study determined the contents of flavor components and nutritional compo-
nents including aromatic substances,free amino acids,elements and vitamin B of wild Allium hookeri in Ti-
betan to provide basis for development and utilization of the wild resource. [Method) The contents of aro-
matic substances,vitamin B,and free amino acids in stem and leaf of A. hookeri were tested using dynamic
headspace gas chromatography/mass spectrometry method, high performance liquid chromatography and
automatic amino acid analyzer. Various elements in mixed stem and leaf samples were tested as well using

inductively coupled plasma spectrometry. [Result] In fresh samples of wild A. hookeri from Tibetan, 28
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kinds of aromatic substances were detected with 17 in leaf and 21 in stem,and 10 in both. The content of
dimethyl disulfide was the highest in leaf and stem,and it was the main aromatic flavor in plants. The total
amino acids content was 440. 835 mg/hg in stem and 322. 315 mg/hg in leaf. There were differences in con-
tents of the 20 amino acids between leaf and stem. The highest levels of Gln in stem and leaf were 152. 040
mg/hg and 42. 380 mg/hg, followed by Glu, which were 50. 110 mg/hg and 27. 660 mg/hg, respectively.
The lowest levels of Cys in stem and leaf were 1. 205 mg/hg and 2. 210 mg/hg.,respectively. The contents
of other amino acids were 4. 510—24. 490 mg/hg in stem and 6. 055—27. 880 mg/hg in leaf. The content of
B; was lower than 10 pg/hg in stem and leaf. The contents of Vi and Vy, in leaf were higher than those in
stem. The content of Vj in stem was 47. 780 ng/hg and was 86. 250 pg/hg in leaf. Growth environment
had certain influence on contents of elements,and all the tested elements including Cd, Hg, As,Cr and Ni
were within the national standards. [Conclusion)] There were rich aromatic substances in A. hookeri while
contents of amino acid were not high except Gln and Glu. It also contained high essential mineral elements
and harmful element contents were below national standards.

Key words: Allium hookeri Thwaites;aromatic substances;amino acids;vitamin Bjelement content

Y& M Ak CAllium hookeri Thwaites) J& & & Bt
(Liliaceae) 2 J& (Allium) ¥R 2H (sectBromatorrhi-
za) (AEH . 3 A T DU )1 2= B (PG 630D F 75 56 (R r
B s LA BT B 22 R N PR R ED BE A AL AR AR TR R
1 500~4 000 m A3 L3 sbR R, 763 = R 7
— LB KRR ] R 2 R R DY IR R B AR s SR B

C R HEHRE 0.2 C A WS 15.6
T, 0 CLL LA 3 218 C. LM 210 d
fdi. MK 6644 mm, ZHEPLES—9 T h,
W2 AR 71% . 4F H R4 1 988. 6 h. S
I Ay e 2 B A X WS R I O e A
R+,

FHEED A VG R 21 e I R A R 0 5 . A
ZEMDH A R e, S8 15 em ZE A7 BARR R R
] 22 YR SR W HLF U R WA I A7 T R L S B T
2055 ) LAS IR SEFE R X ] B R — A A
A YETT S J AR 1 e (B AR R S . AT X BE
Wk 9 T 5 1 18 B 2D o AT F 5 0 R A A T S A 1)
BB HE |5 0 S R AN 6] JE R 2R 25 1k 5 P 1
B ORI TGS B LY S 2 25 DNA 2 AR
o3 M H A P9 23 A 55 5 T e b P9 23 Ak e] R SE AR 23
AR RSB W 2 A2 RS i
TV R g 70 A i I A O T A 2 ) LD L T R XUR
Py 5 RS IR o F 5 . LSO ER T 5 - A 57 7 W T 1Y

200 B AR 5 0 B A R R A5 T R B R R BL o WPEBREE T 5Lk
B &, o BT & R AR A S AR IE Fig. 1 A. hookeri in wild environment

1.2 FEMNRSUZHEHF

1.2.1 Z&ZME  HS9000 BIBh A/ # AT 28—k
HERERS (£ E EST /4 +)) . Agilent 6890N-5973N X,
AH 3% /5 3% B HT A (3E [ Agilent 24 7)), Agilent
1260 7 25 2408 AH €8 335 4 CHF 22 A T 2% 5 56 & Agi-
lent 24 7)), 1-8900 %4> [ ) S SR 43 M AL (H A< H
SEAATD S FLRE BN HL G G A5 B OIS R A
1.2.2 ALK A 20 g B R br o 4 (Sigma 22
Al LA RE=>9800) s Vi Vi, Vi, X BE Cr [ 24 5 A2

1R

1.1 BEMEEM R RE R

AT BT g A A= KT T A e R b AR R
GBI (B 1)K 2 541 m, B A fE A K]
ik 60 cm, 5 2 M A R A2 L 7E — SRR BE 4 1 Oy
MKT5E 1 m Z247. 2013 4F 8 40 . 8 B A A 4k SR
Y20 BT VG AR A e 9% U8 T P 32 9 U AL T
M LA XN —BL R 2 997 m, AR E 8. 6



5053

AL A P R A= S AR KR Y 5 SR A BT AT 155

Yyl i A i) L BB A EE VR L =R L O
G sl Fr i M A (DU 7K VAL ER Ar iR A AL
LA TEK R AN LBl = L oK L R AR L Z,
Bt B O Rk SR R R R L & T TR R L K
IR IR AK AR/ (A =99, 999 %) . = 4l
A (Al E==99.999%)

1.3 HARAE

1.3.1 H A& 20134 8 AKHAvmdEu F
AR RER B KT &, 2015 48 7 914
R A% T GE U5 I A G 2 AR A AR R SR AR b b P &8 43 4
KAy o — 0 H R 2R i RS DL B DR
290w LA B S e e 2 O T OB 2K Bk
il TS YRR IR &) T 05 7 ) o L i S A
M2 Fn4ErE R B G & ik 53— 5 2013 4R R AR A
(¥ Ry ZE MRS HE) 73 0 AE 180 °C R Mk, A f= il
HELTRTE,

1.3.2 FHHAAsEME WK 3 00 g
L3 TR AR RE A T 20 mL T90 %5 o o 3 S5
o BN T 28-S 35 / B35 36 0 AL 58 55 & )
BT i, TS HE AR g TR A5 0F Al AR B A ORE
Tenax TA,RES N E AR WH B 40 CL.x 4
Wi 40 mL/min, W3 WFE] 30 min, f# W IR JE 220
C o ff U E] 2 min, SOAH % /T35 B A T AR %
{5, 3% A 5 DB-Wax (60 m X 0. 25 mm X 0. 25
pm, L Agilent 28w A R 2B AR B A
(A A 1.0 mL/min, #ERE O HR EE R 230 °C,
HEAE DT X HE AR A S 10 2 1L AHRER TN

40 CH-FF 10 min, 2R 5 A 5 °C/min FHE = 120 C
445 7 min, FELL 10 °C/min FHE £ 240 CHHE £ 10
min; & FFE N ETE, B FReE N 70 eV, & F IR
FE R 230 °C, UAT L EE Sy 150 °C L 48 1 BE Sl 230
CLHMERE N scan HAH HHEFE R m/x (45~
300) amu,

1.3.3 ®&AmLsEme RHAEANADELR I

B

10 3 R GB/T 30987 — 2014 Il 5 i R o
i
1.3.4 @A EB&ATMNE RS PO 6

EME SRR BIES R
1.3.5 maZxaEma CIoZE & E %Rk
MW N TR & IR ERENE.P oK &7
HE T Bl 2, K. Na,Ca, Mg, Zn, Fe, Mn,
Cu,Mo.Cr.Ni,B,As ,Hg.Cd Al # ot R & &
FH L BHE A 45 B 1R (ICP) 3530 72
1.4 HFESWE

AW E I NIST 11 il Wiley7n by #E 1%
HEAT R PE A3 B L O €3 0 T AR H — fk ik i AT A
ERAT. BEM GAEER BHREEIYHH DPS v
14, 10544 (%) Duncan 3§ &t 22 5 #E 17 LA R 7 22
aHT.

2 AR5

2.1 BMHIEZNMH RS ERAKLE
T ik b b n] R AL A S R 20 FhiE
BRI LR ILE 1,

1 EMHEZEMHA20MHIERSENILER

Table 1 Comparison of 20 amino acid in stem and leaf of A. hookeri mg/hg
Aﬁr%gfcid 2% Stem I Leaf Aifﬁiid 2% Stem H Leaf

FAER (Thr) * 10.16540. 870 a 12.17540.827 a HE R (Val) 19.990=1. 245 a 17.675+1.280 a
FE R (Met) * 3.04540.021 B 6.0800.283 A | HE4% (1le) 11.590+0. 636 a 11.780+1.414 a
SRR (Lew) 20.180=+0.735 b 26.11540. 940 a HTH A& MR (Phe) * 16.03540.516 b 18.9754+0.318 a
AR (Lys) 19.97040.820 B 27.8807+0.325 A || RLEM (Asp) 19.575+0.163 a 23.270+1.541 a
bk & % (Cys) 1.20540.247 a 2.2107+0.283 b 22 5 1R (Ser) 13.2654+0. 969 a 13.40540. 940 a
H & (Glw) 50.11040. 368 A 27.66040.156 B || A& Bt (Gln) 152. 04041, 966 A 42.38041.160 B
H & /2 (Gly) 4.51040.481 a 6.05540.672 a & (Ala) 24.4904:1. 937 a 24.57040.566 a
Y-&Z I T (GABA) 17.31040. 255 A 8.005+0.078 B B & R (Tyr) 12.2754+0.375 a 12.58040.537 a
2 & B (His) 6.795+0.219 a 6.820=0. 636 a A5 &R (Arg) 20.2352+0. 813 a 17.8354+2.015 a
R AN (Asn) 11.680+0.042 A 6.910+1.570 B || M4/ (Pro) 6.36040.438 b 10.430+0.750 a

W B9 A TR A (Vo) 440.83541.252 A 322.315+2.015 B

W FAT B E A F/NS FRER R B E R (P<0.05) AR KEFHRFREBEEER(P<0.0D), £ 2., fr« KHLHRLKRL

Note:Lowercase letters indicate significant difference (P<C0. 05),capital letters indicate extremely significant difference (P<C0. 01). The

same table 2. * indicates essential amino acids.

HI & 1 AT UL B R G R A RN 25 rp A 3R 22

S, Hoh 2K rp 85 55 440. 835 mg/hg, TR
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322.315 mg/hg, — K EF M B ZE, KA ELRE
SRR R A B R A 22 R o 2R i A R
DA A ARG y- 25T IR AR KB &
B et g E 13, 10%, 81, 16%, 258, 75 %,
13.46%,69.03% , A% A Wt . y- 2 5 TR
IR 2 Tk Bl A7 25 it v 1) 26 S 3K B Bk 35 0K OF 5
MEEREERIA IR TE RRRAR . 22
2 TR T A R 2 R 55 B i T 2R b, i
IR ERAR AR RN AR = R K&
R MR H 2R I 2R % a4 b 2R b
19. 77% ., 99. 67%., 29. 41%, 18. 33%, 39. 61%,
18.88%,83.40% .34. 26% .63. 99% ., H 2 & R .
R TR 2R 2R & 1 25 5 A6 22 A ik )
IRV AR B A R i 25 A B KO
MNZE TN H ) 25 P SRR % 1EOR B A A B K
Vi RO B AR . A2 At & 38 F 10
mg/hg 1A 82 MR e & R H 2 W A2 A& R s TE
10~20 mg/hg WA AR AR 7w 28R RN
AR 2L AR S 2 W2 ; 7F 20~30 mg/hg A 52
MR NRAMR . M A iR & 42 E 20 mg/hg,
TE R W2 30 mg/hg; X KA R & w23k 20
mg/hg. 7EM 15 23. 270 mg/hg; 22 & BT R
FE T 20 mg/hg, HAEM R JE 10 mg/hg; 251

- rpoRS = IR & B 7R 20 me/hg 72 A . KA T A
IR & B TE 10 mg/hg 7o . EZEFNIF T & /Y
WG E IR R R AR M A Al LR 2 BE R
FAE/NT 30 mg/hg, 7 M T AR Y B A R TE
ik ) 120. 680 mg/hg. i @ T 25 % 100. 975
mg/hg,
2.2 EHIEZMHINELEEDBKRIERER

gortdE P 4E A R B K A 2 R AR R (R
2), Vy, A ZE AN h <10 pg/hg fI8F Iy kK
B 2Ry Vy SRR T Ve HE R
mrprg PR Horh 2 )V, SR ESRR
FOKV LV, 28 Rk KO . X R st R
FEARRE Vi 8 Ve JHXTE S Ve, o

2 BEMHEZMHGEEEBRSBOHLE

Table 2 Comparison of vitamin B in stem and

leaf of A. hookeri ng/hg
Vitamin B 2 Stem it Leaf
VI‘.l 14.570+0.191 b 16.150+0. 488 a
VB2 47.780+2.192 B 86.250+£1.768 A
Vg <10 <10

2.3 FERTAEZEFIM B35 &Y BE M LB
i I A 25 I R A 55 A ) I RE PR R E B A 46

I3 WLIE 2 FIEE 3.

12 Z£ Stem
1.0
S
®E o6
#<
0.4
O-‘““-“"—'—‘u“ \ . v
4 8 12 16 20 24 28 32 36 40 44 48 52
7 B B [8)/min
Retention time
2.5
M Leaf
20
58
ég 1.5
# 5
#2 10
0.5
0 L. 1 | N TTTY
4 8 12 16 20 24 28 32 36 40 44 48 52
L& B B [8)/min
Retention time
B2 sond dEZE A o 55 A 9 R R TR B

Fig. 2

Ion flow diagram of aromatic substances in stem and leaf of A. hookeri
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Table 3 Comparison of aromatic substances in stem and leaf of A. hookeri

2% Stem M Leaf
671 it 1 ; o7 it 1 ;
FR B8] /i R Wb e o PREBE/min R IR A/ %
Retention L . Retention L .
. Qualitative type Relative content . Qualitative type Relative content
time time
PR i e FH it P
4.8 Methanethiol 0.177=%0.022 4.8 Methanethiol 17.36140.277
Ak Bk - Ak Rk
0.1 Carbon disulfide 0.152+0.014 5.1 Carbon disulfide 0.498+0. 034
3 T R
5 + +
5.3 Dimethyl sulfide 0.08140.021 5.3 Dimethyl sulfide 1.04840.074
5.7 A Propanal 0.43340.021 6.4 P 1 B 7.09040.118
Propyl mercaptan
e 25 LT
6.4 P 0.179-+0.063 7.5 ARG PIIR . . 2.108-+0. 001
Propyl mercaptan Methyl sulfur impurity c ring
T S _ ke
7.5 RGN . . 0.215+0. 024 7.7 21 A 3.077+0.018
Methyl sulfur impurity c ring 2-methyl furan
9.3 Z i Ether 4.77140.001 9.3 Z fif Ether 6.005+0. 056
PR BE 05 Y ik B Tk FH 075 TN Bk o Tk )
+ +
9.9 Methyl allyl sulfide 7.677720. 006 9.9 Methyl allyl sulfide 2. 977750, 037
. . P et R (] .
N oo acrvlic + S 4+
15.9 2-F N M5 2-fluoride acrylic 0.28840.014 17.5 Dimethyl disulfide 33.212+0. 064
ZHE Y Y YIS 2
+ +
17.6 Dimethyl disulfide 19.80940. 218 22.1 Diallyl sulfide 0.31740.048
RS TE kA FE T 3 ik 4
97+ S . +0.005
19.8 Propyl ene propyl disulfide 1.79740. 006 26.1 Methylpropyl disulfide 8.023+0. 005
R D R HJL R TN 2 i Ak
+ 380+0.
22.1 Diallyl sulfide 4.21270. 022 28.1 Methyl allyl disulfide 6. 380£0. 448
TN R T =AY
+ 31.6 . . . 050£0.
24.2 Diallyl thioether 0. 22040. 007 e Dimethyl sulfide 6.050+0.110
FP R T K B Bk - I TR TR 3 e
+ 33. L . +0.
26.1 Methyl propyl disulfide 11 17570..006 33.0 Allyl propyl disulfide 1. 64320. 024
1,3-THERE . TR ALY o
+ 4 + ‘
271 1,3-thiamethoxam alkanes 0. 122:50.0014 3.0 Diallyl disulfide 2 3370, 284
B Y S S ] ) ; +— b
+ 4+
28.1 Methyl allyl disulfide 19.12320. 008 36.0 Eleven alkanol 1. 084720 044
) 2-(L-NAHLEIL L HR
28.4 W%W%#ﬁ/ﬂz% . 1.5414+0.023 37.6 2-(1-c oxygen radicals) ethoxy 0.79240.002
Methylpropyl disulfide
ethyl benzene
31.5 #Fﬂ—%;ﬁﬂc% 3.16740.006
2 propyl disulfide
352 - 2- Bt A -4 - W e b
33.1 3-amino-2-thio-4-thiazole moiety 11.38340.013
ketone
R e X ] y
34.5 Diallyl disulfide 13. 156 0. 004
) =
37.6 S 14 2 = AL 0.33020. 006

Methyl allyl trisulfide

Hi 2 3 AL A8 v i AR AN 17 RO Y
Jit s AR ZE RGN 21 F 5 A e H S M B
10 A, U6 W 5 it Ak M b AT £ 8 A i 57 & ) Bk 28
Mz,

1 3 AR ZE R b A S 07 R ) SO X
RSB, TR R B R AR T
Bifk #, W7 ik 33, 212%, Hok 2 W OB . R
17. 36106 » — 0 P9 KL AL 1k Joe {1k, 1 0. 31706 . AR 4 AH
X B R RO 57 A W B0 6 LR A AR T
16 HE 10 ~2% ] 2% ~300 % H 3 Rl 3% ~4%
WA 1 F, 620 ~T7 0 HIA 3 Rl 700~800.8%0~9%
102~20% B T 200009 & 1 Fho 825 AT 55

AR AR TR AR T A 19, 80900, Hk
T2 TR T A . S 19, 12306 — YKL it
B A% 420, 08104 AHXT & AR T 1019 A 10 i, 7
1% ~2%WH 2 Ff 326 ~4 20940 1 Fi .4 %6 ~5% 1)
A 2MLTH~8NBAL 1 F . E T 1000/ A 5 A,
ZEAH IR [ 10 FhOT A I, 3R AL
W AR NS B 2 A A e O R A B ZE R AU Y =
AW, WA AR T O R 2R
DA 8 R s P L I A X S A P B R AR 2R AR
A A i T F B e 5 Y P R A A A R X e A
AR R 25 R BAIR 5 F 0 TA  RRAR A X
TEZE R R AR B AE R R LR
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XoF 5 E e S e 7R 2 v 0 i ARG 5 PR A P o Tk
DS N N0 A e S ¢ Sy ol S s L 7
Al Bl « B A3 2% T BRI 3 b 40 o A X 5 1 AE 25 F0
i rh BRI
2.4 AEEREHEZTERELER

PR 4 vl UL B AR 5 ON Tk 8 2 48 /9 i i 3B AH
Foo HoH BT B4 e R & A ok, Ho CUN
Cu.Cd.Cr.Hg #A ARk, # 22 A it 10%0; Ca,
Mg .BH —E %57 M 2ZE1E 1006 ~20% ; Fe P Hl2
20%~50% ;Na,As . Mn.Ni Al {2 50 % ~100% ;

Zn.K.Mo # 2% e K. it 100% . Hh Mo & & A
25385 455% . UEWIAE R IAEEXT GE it dE & o R & &
H—E M, EAR(GB 2762 —2012) B 7E , i fif
M-Sy Cd<<0. 2 mg/kg, B & 32 1 Hg<<
0.01 mg/kg.As fl Cr<<0. 5 mg/kg, Ni 1&gk
H<{1.0 mg/kg., FartdE THEd X ILFOTR Y
A TR b i E B AR (O i AR K &
90 % A AT J s 5 A R i R AR VL AT A B K 4
Bk, SRV, SErt e PLCa K Na,
Mg.Fe.Zn.Cu.B.Mn.Cr Al 0 R FEWE .

®I BESHEEHEM IBETEAELR(TER

Table 4 Change of element contents in aboveground between wild and cultivated A. hookeri (dry samples) mg/g

U2 S 0 AE PAEIT s 90 AR
Esi\eﬁifl r‘:leinnits Cultiviiiiil 2ofq; years 7k wild Esi\efﬁiazl Ezgqits Cultivfiiun iffTZ years e Wild

W HE L ZE Macroelements Cu 0.019 8 0.018 4
C 416. 647 2 413.010 0 Mn 0.069 8 0.107 8
N 33.587 5 35.587 1 Mo 0.015 3 0.002 8
P 8.316 8 5.880 2 Cr 0.032 7 0.033 2
Ca 16.792 1 18.797 2 Ni 0.011 9 0.020 3
K 63.762 4 30.921 7 B 0.393 1 0.455 8
Na 2.727 2 5.313 4 As 0. 000 5 0.004 1
Mg 4.631 2 5.258 1 Hg 0.001 0 0.000 9

R It E Microelements Cd 0. 000 5 0.000 5
Fe 0.649 0 0.836 4 Al 5.668 3 9.797 2
Zn 0.186 6 0.088 5

s Wi QRA — A Wk, 2R IR & A K

3.1 SEBRS=REITEY RS RN Mm

B R N T A R B S R IR — S A
B o AR RIS = oh 2 R R, AR
/R S SN S W NG s W R Y B |
LA > A > KA H K58 150 mg/g
Zidi CERE) R AN 26. 11 mg/gCFHE) 5 5 2R Fl
K AR & it AR X SE 2R AR W h A e A
BEMR Ay 48. 31% ~86. 56 %611 G5 i Ak 25 op L Y
S IR B AT 3k 440. 835 mg/hg, i H1k 322, 315
mg/hg ., 5 TR N & TR AL S5O
PR3 (42. 62 mg/g. THOU i din . £ X H K
PR AN B f 7E FE i AR Y ZE A R R I — o 1 22
S5 TE 25 F B R Y 18 O A O e RO A A
iR, HoAh 25 Fh s BL R & = 4/ T 30 mg/hg., TEZEA
RSB 7 Rl A R R (s R R ) L R
i 7E M gk ) 120, 680 mg/hg. i & T EH
100. 975 mg/hg. P28 & 2 5L MR 5 — & IR FF
P WA =R R A& AR BB IR, R AR S AR
P 28 T2 A TN 2 IR L 4 A TR AR 2w R, H 2R LN &
R I 2 IR | 22 2 TR AN I 2 IR L B L A TN 2 TR R G

Il

XoF e ELA — R . ASHIFSE T AR R 4 — T M
R R R A SRR A i R T AR B —
Rt
3.2 BAEHMYELEEBKREEER

KiEYE B 4 A % B, (B, By By & 4EEE A
1E H AR B A AR ) BE AN T k2D 11 Bl B SR A T R
SEORLS N T A R B I EZORIE . H A Xt
dES% B G4k AR R 05T B A A0 UL (b g R
AREFFOIRE 23 FhE B B 4 RS R
TET B, H, Ve & EBRESR 0.0 pg/h) KT
ga AR ZE R A E AN A 22 MR Ve B
By F it Ak s 78 K R VR F i N SRR
RS TSR RSB Ve, & R AR T etk
E AN NN O U T SN
1 Vi, & f T 5 Ak 22K F b, oAb 9 Fhayy s
Fgmt ks Ve, & EEE K SR R % E
72 oA 20 Fivigh S8 vh & R B (R e AR 25 A
Vi, F <710 pg/hg AL T ki R, sk,
PSS T3 B A R A LA
BONEBEM B YA R R SRR R
Vi, & Al ik 222 pg/hg. Ay 143 pg/hg, HAl
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FFPEE S <50 pg/hg; % FEE LTV, & <50
pg/hg. Vi & <100 pg/hg, xR A SE %t B 4
SEEZE B R Vi, A R 5 2L B
SEN 25 R Vi, AR KOl 158, 82,47, 98,
74.94 pg/hg, HHANIEE SEAH L, 58 0 Ak ZE R b
1 Vi, &8 TR E K Ve & AL 8ARKOF
Vi S B L Ve BV, G R R
X 5 B A RN R B AL Ve, 3 d 10 22 S AR

3.3 BAEHEYFEYRASKRENESEER

35 5 W S R [ 4 v A R TR A
(R N N TN N R E R R e/ T L 7 D
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