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Determination of Sugars and Sugar Alcohols
in Plant Tissues by GC/MS

XIANG Ping, TANG Zhe
(College of Plant Protection, Northwest A&F University , Yangling 712100, China)

Abstract: Sugars and sugar alcohols are the most important primary metabolites in plant
tissues, which provide energy, free radical scavenging and regulation of plant cell
osmotic pressure and other physiological functions. Their equilibrium is directly associ-
ated with the physiological condition of plant tissues. For example, sorbitol and manni-
tol are two important derivatives of monosaccharides, which are mainly involved in the
regulation of osmotic stress and important for plant growth and stress signaling. These
sugar and sugar alcohols are usually detected by titration, spectrophotometric method,
enzymatic analysis and chromatographic analysis. However, these chemicals in plant

tissue are kept at low concentration. To enhance the sensitivity for plant endogenous
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sugars and sugar alcohols detection, gas chromatography-mass spectrometry (GC/MS)

combined with selected ion monitoring (SIM) was established. 7 kinds of sugar and

sugar alcohols, including of fructose (Flu), glucose (Glu), galactose (Gal), inositol

(Ino), mannitol (Man), sucrose (Suc) and sorbitol (Sor) were detected in plant tissues

at a low concentration. The result showed that fructose concentration was 5.5 mg/L,

the others were below 0.11 mg/L, and the relative standard deviation (RSD) was

between 2. 3% and 4. 9%. As an application, these chemicals in Lycium chinensis tissue

were detected. The contents of sucrose and glucose in root were more than 2 times these

of the leaves, while the galactose and inositol had no difference in the two tissues.

Key words: gas chromatography-mass spectrometry (GC/MS) ; internal standard meth-

od; sugar and sugar alcohol; acetylation; selected ion monitoring (SIM) ; wolfberry

BB ) ZATAE T B R &)
R A D R LA R R T BR A
DL R U A B 0E R S R B RE .
BRI W) Jo e A ) R PN ) A A AR
LA R 728 A R R B WA W A S A BER
Ot o MUACAE O P L2 T 5 4 X UL AR )
AR H I A% G0 25 61 L ab 0 T I %
PRAE A o BT 52 4008 . M AT A SR L I L AR AR
AT Z TR SRR R 4oy e LA AR L BT
FAF A 195 1 AR i 1 K o 22 (LPB)

il 55 0k I 5 ) o A 5 3k — A A R
ERNGAS 0 R7 N RE NN < 1/ Sk
{EL Hy TR 9y 2 20 H O 2K ) 5 ) TR EE R N
AR L3k T SR AR MEAT B AME R Y 5 1 L A
IAY: S RV LRVSUNEPAS s i) i e i
ko AU TR IR R O B RE T 9 BB
AR IY B R ARAC S B (9 [ 3 S Al AR L OF BE
{0 of R 0 1) SO AT ARG 5 T3 % BB 408 A ) M
EA T YT B O AR S W1
X TREANY > T HAREZMEN. HAl,
SAR ST (GC/MS) B FAH AR E )72 1
TSI epr 0 SR 2 A Al 5
fifk SE LA A S FE HEAT GC/MS 93 H7 Ri 22 % 4k
BT A AL R

ABEFEAULL 7 B UL AR I 2 W A H
WAL G 2 AR AL BR S  DIAZ BB AT D N AR
Py K GC/MS 3 I € M AT M AR 28 o 1Y
B DU » Ay B2 R 4% R ) 20 2 W AR P 2
Yy R N BT RS %

1 LIEERSHS
1.1 XFE5KF

GC/MS-QP2010 < AH 0 3% Jit 3 {1 . H A<
By EEA W) P BEA Aoc-201 H Bl #EAE & L Rxi-
5MS 3% A% (30 m X 0. 25 mm X 0. 25 pm);
MD200 A : 470 M B A 8 A B2 w77 i s
PL303 HL ¥RV Mg - 464 2 Bl IR 7
7l THZ-C-1 2R 4R 5 a4 - 90 JH 35 06 52 3 i
A R F

FopE (Flu) BB (Ado) | 4 %5 B (Gluw) |
FLBE (Gal) L 27 4E i (Ino) | H 82 i (Man) | 1]
ZUE (Sor)  fEME (Suc) b vE & Y R 43 M 4k, 36
[ Sigma 23 F] 7 i HEE VG0  1- SR mRme (3
R ¥ e BRI L JC/K G FR 44 - 19 Sk 3 B 4l L R i
B A A B A F
1.2 ZELERE RBEH

K PRI 0.005.0.02,0.05,0.1.,0.2
mg W AR IR L 4EnE L H EEEE . L
BT | E S AR UME AL o3 B A 0. 02 mg M
TR AT S B I DV R L H R R e R R
JEIMA 0.1 mL B AEMEE R A EET
80 C/ARBFHE S5 min, BUHE J5 A 0. 15 mL
SR IR A, TR T R 5 mins F A
1 mLG 05 22 AT A A =90, SR 5 T 2 A IR )
KB VR 4 3 A HLAE TS OK B R A T S L
% T 3% O rp . B A BT R 4 i Dy 5,20,
50,100,200 mg/L Wy IE & b5 TAE W, H b
R ) A2 B B Bk 2 R 20 mg/ L,
1.3 tFEmIBEAR Z B LAk

Xof AR AT I R R AR ) EROBUME B HE AT s
fE 2 Ab A W T GC/MS &, B 380 R



362

R 0%
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Fig.1 Total ion chromatogram

of 8 acetylated sugars and sugar alcohols
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Fig.2 Total ion chromatogram of 8 acetylated

sugars and sugar alcohols at SIM mode

®1 SHMZBLRMEMERER SIMEXSEETF
Table 1 Reference ions of 8 acetylated

sugars and sugar alcohols at SIM mode

g 5 R . ZHET
R B8 I (8] )
Peak Sugars and Reference ions
tr/min
number  sugar alcohols (m/2)
1 Rk 12. 35 43,103,145
2 A% b 13.63 43,115,145
3 2 A 14. 56 43,145,103
4 Sk 14.79 43,145,103
5 F Y i 15. 74 43,168,126
6 H @& 15. 87 43,115,139
7 1 L e 15. 96 43,115,145
8 e 28.58 43,169,211

2.3 SIM AEHEH R, B RNEEE
o3 B 2 5 TS ] A AR R A AR R
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B 1R 2, 38 IR P 4 28 v D 1 A
VD9 AR » DL H A AR T i 5 0 i It 0 g AR L
v R T IR AEY) R R SRR L« A
[0 UGS MR bG8 T F 304G Hh R (5 IR LE 10 3158
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BR% 5.5 mg/T Ab . H A F00BE A 1o G FR 34
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T I — 2H i e AR A it 7 Ak B o —
SE T IE MERE AT A R I L B S IR
A% T AR SE PR AR i ISR RS
ZEIRG TR 3. SR, IR AE 96. 98 %0~
103. 62 %0 Z [ o A X b 14 f 25 (RSD) g 2. 3% ~
4. 9Y0 T R R AT, BERE W L o LA AT
EER
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Table 2 Regression equations, correlation coefficients,

limits of detection and limits of quantification of 8 acetylated sugars and sugar alcohols

ol O \ AR R LA JE R
| T e , ot B
Sugars and Correlation Linear ranges/ LOQs/
Regression equations LODs/(mg/L)
sugar alcohols cofficients(R?) (mg/L) (mg/L)
gk y=0.027448x—0. 0035671 0.998354 10~100 5.51 18
% e y=0.884213x—0. 013349 0.999995 1~50 0.1 0. 34
2 B y=0.8706152x—0. 001697 0.999841 1~50 0.11 0. 37
2 Y B y=1.0667842—0. 063779 0. 998657 1~50 0.09 0.29
H & y=1.214220x—0. 042814 0.997969 1~50 0.05 0.16
11 AL y=1.1760472+0. 046170 0.998512 1~50 0.05 0.17
TR y=1.185708x+0. 006697 0.999860 1~50 0.02 0. 06
x3 SIMEXTAHEMNEKRERMBEEE
Table 3 Recoveries and precisions at SIM mode
ol O JIA & HRFE i 5 ik FE i 5E hE ) -
B Il il 2 A s HE Al 2
Sugars and Addition/ Root contents/ Sample contents/
Recoveries/ % RSDs/ %
sugar alcohols (mg/g) (mg/g) (mg/g)
gk 0. 823 0. 320 1.1222 98.18 2.3
T % bk 0.512 0. 1452 0. 681 103. 62 2.7
RN 0. 260 0.0125 0. 2798 102. 68 3.1
o Yk i 0. 620 0. 0840 0.712 101. 14 3.5
H & 0.062 0.0018 0.062 97.17 2.3
11 AL 0.052 0.0010 0.0514 96. 98 4.9
A 2.322 1. 4835 3.912 102. 8 2.5
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Table 4 Contents of sugars and sugar alcohols in leaves and roots of Lycium chinensis (mg/g)

B A4 PR P ) 75 SR R R ITEY igi MR
Samples Fructose Glucose Galactose Inositol Mannitol Sorbitol Sucrose Total amounts
HREE 1 0. 312 0.1382 0.0123 0.0813 0. 0015 0. 0008 1. 4922 2.0383
HREE 2 0. 3566 0. 1666 0.01685 0.1195 0. 0001 0.0019 1.9299 2.59145
HEE 3 0. 3318 0.1299 0.014 0. 1405 0.0054 0.0073 2.9131 3.542
MR 1 0. 1007 0. 0675 0.0268 0.1313 0 0 0.7422 1. 0685
MR 2 0.1141 0.0458 0.0034 0.0421 0 0 0.4135 0.6189
M3 0.1229 0.0734 0.003 0.0699 0 0 0. 6545 0.9237

3 g:lél:i/l’: (Goji)[J]. Journal of Chinese Institute of Food
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