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Analysis of sugars in cassava phloem sap
by HPLC-ELSD detection

PAN Kun!'2, HE Xiu-Quan!'2, WANG Wen-Quan?* , LU Cheng?
( 1. Hainan University , Haikou 570100, China; 2. Institute of Tropical Biosciences
& Biotechnology ,CATAS, Haikou 570100, China )
Abstract; High Performance Liquid Chromatography (HPLC) coupled with Evaporative Light Scattering Detection
(ELSD) method was used to analyse the sugar contents in cassava phloem sap. The results showed that the main
sugar was sucrose which was similar to other woody plants,no other sugar alcohols and raffinose family of oligosac-
charides were found. W14 was an ancestral semi-wild species of cassava with low productivity and starch content,
which was used as a control in this research. It was found that both of the sucrose and hexoses of W14 were less than
the cultivar largely, which indicated that sucrose was the main source of starch accumulation of cassava tuber root,and
it determined the rate and quantity of starch accumulation. Meanwhile,and it proved that this method could determine

the nature and quantity of sugars in cassava phloem sap efficiently, rapidly and conveniently.
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Py (I BLBE, T 3R I E A A9 EEDE A N
RHERE, WA NEDIEBTBPESE
W F9 KA BB % (Losecher,1987),

BT AZFSERERHEY WP BB ERS 5
PHARBERE, R T HE—-SHRERLYE R,
X EF L MELY HFEST R TS BDEN. &
BBHEE - BRACBHRNECEE ZHTE
KHEENMERSHT E(RE %, 2010; Z # %,
2010) , HoAR U T 7 ¥ W 2 AT 7 AR A AL BB T
BEERE REESF R BUE R BN T, k4T
HPLC £ G K U 8% f A 2 (BR 305 %5, 2008; F 55 2%
%,2009),

1 #M#EFE

1.1 ##

FRARTERESFEFRE 7 5 (Arg 7)
1B 4 40 e fp W14 (Manihot esculenta ssp. fla-
bellifolia),

1.2 (UES5EKA

BIE X Waters & 20 #H & i {U (waters

e2695 alliance, USA); Alltech 7§ K& >t 8 5 #6 1l %8

(Alltech ELSD 3300, USA); A T K &% (RXZ
800B B, W TR ILEALAR) D, AN .5
HEIEA L, WA Sigma AR, MM AR E
TROKFEMLRES WA TGI(EA & (L)
R T RBEBRAFD.

i & 4. Waters xBridge & # & (Waters
Amide 3.5 um, 4.6X150 mm, USA), %## .2
&+ K. 1%EAK)=70: 30, H&E 1 mL/min, &
B25 C,EREHRES C,AEXH&E 2.0 L/min,
HiEA 2,

1.3 /%

Xt B A A R S AR R R AR
BRI E KEBAMURES 20 mg EFF 100
mL, i 7K 7 % B A5 6% £ ¥ (200 pg/mL),

PR MBS B King (97O W
B TR BURE B[R] FIIE B 5 A B elitsh . Bk 60 d
EERMAREGE BEREL S cm FABEFELH T A
RETIB A, A K%k T30, L 24EA
20 mmol/L EDTA WAKBBR+F . E TKHBERHE,
fESNIBE .30 CREERMAE 1~2 h, REKHE
HABAKPUWRETR 4~5 h, WENT KB
WHEMO0.22 ym FIEBILEE, BEBEAER, &

£1 ERNLEAFEAXRN BELARMNELETE

Table 1 Regression equation, correlation coefficient, limit of detection and liner range of sugars

¥ P o H 2% HXAK RIEEHR (p K¥ENE (mg/mL)
Sugar Stand curve RZ(n=5) Limit of detection Linear range
FEH Sucrose y=9467. 0345:-1256978. 733 RZ=0.9990 1.0 1.0~10
R¥E Fluctose y=17320.19x—1191908. 77 R%?=0,9915 1.0 1.0~10
W& Glucose y=7017.653373x—1019164. 98 RZ =0, 9965 1.0 1.0~10
J A B AR R vk A fr 23 REMRE

2 HREAQH

2.1 BHXRER

G 50045 e R B B R R R 2 B X B B
LA K R B A R ¥ BE Y 2R 5 X B A R, Y R
LR EBRK A E TR, RE UL SRR
B A A, W T AHOA A AL AR R B =3 89 18103 O 72 4
B,
2.2 BEERRE

B[R — e B 0 B B o o O, L R SR A
5 YK, T A5 E BE B o T AR, BT R RO AR HE R E R
1.96% . BN SR K AT

B [a] —# i A R R 40 min #4251
WP R B R R R R AR MR 32 0. 897 %%,
0.907 %M 0.914 %, UL BARE R E M H iF .

2.4 AR ERE
HERE RO HB S B RE S BRI W&

(C4)5 153, WA FE L B TE W L 3 2 B8 A0SR % 0. 56,

0.24 #10. 23 mg, GHHE B & FHHE 10 oL, 9 & 0 1
UG F R bR v 2R 2 ) 00 48 B 5 o R ) b 2K 0 B
BER, BJE THE B IR A S AR R 2 L R
UM R E SRR, BERERE 2,
25 EMARAE
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Table 2 Results of recovery rate about sugars
n BEGHAR  SIEXER SR Wieg HkE  PHEKE o
Sugar (?ontent of sugar Content of additive Found Recovery Average %)
in sample (mg) sugar (mg) content rate (%) rate (%)
RE¥E Sucrose 0. 5686 0. 5600 1.1230 99. 50 99. 59 2.22
0.5698 0.5600 1. 1254 99,61
0.5677 0. 5600 1.1234 99.62
0.5679 0. 5600 1.1230 99.57
0.5664 0. 5600 1.1223 99.63
H & ¥ Glucose 0. 2470 0. 2400 0. 4831 99.19 99. 35 1.76
0. 2465 0. 2400 0. 4823 99, 14
0.2463 0. 2400 0.4834 99. 40
0. 2463 0. 2400 0. 4844 99. 61
0. 2458 0. 2400 0.4830 99. 42
¥ Frucose 0.2342 0.2300 0.4610 99. 31 99. 03 1.05
0. 2397 0. 2300 0.4623 98.42
0. 2389 0.2300 0. 4645 99. 06
0. 2367 0. 2300 0. 4646 99,08
0.2345 0. 2300 0.4611 99. 27
£3 RRAENESER
Table 3 Sugar contents in samples 3 é:[:}f _‘Vﬁ _l;_j _‘Lﬂ. i/%
2 B &R (mp)
Sugar Sample Mean content of sugar
e e i S UL Y L LA E 3
w4 1. 69076 L HEHHBEFED PR UFEES I REZHE
R Glucose oo K. Turgeon(1996) 75 5 & 41 W6 B L " 5 th
S48 Frucose C4 2 34171 EHEREYHHFEESE M URRRRE R RHFiE
wis 0. 56997 5048 B0 1) 2 M 0 B 5 R0 A T W AL B

ZRRE 3, HRMRERNEEELE 1WA 2.

FEES I RERRHEA TN (—RERLT

400. 00
o~
&
z 18
200. 00 - $ 3 8
- ~ o
0.00 x FaY 7S ra¥ zs x x
— AT T T T T T TR T T T T TR T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00  (min)
100. 00
80. 00 3
- o~
2z 60.00 5 g
40. 00 3 - g o o
- s ~ @
20.00 o & ¥ A
.
0.00 T L T T 'I-} T T Q T IAI T L] 4\' |‘ L) Q ¥ lnl L] T vl-\- L] | L) T ‘,-\" T I T T T L] l T T T T | T T T T | T T T T
0. 00 1.00 2.00 3.00 4,00 5.00 6.00 7.00 8.00 9.00 (min)
A1 HHAERFIRE 7 5 M W4 AjERE

Fig. 1

HPLC-ELSD chromatograms of Arg 7 and W14
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F4 FEMVNRBREMNEERRE
Table 4 Retention time and peak
area of standard samples

B B (g 328 R =

we wm o IO N A e
: time(min) (mV +s) (%) (mV)

1 H¥ Frucrose 3.797 452377 11.43 35754
2 & ¥ Glucose 4,127 1937348 48.95 157208
3 HE¥E Sucrose 5.094 807267 20.40 62535
4 H-F ¥ Raffinose 8.356 424301 10.72 23399
5 7K 78 Stachyose 14. 337 336493 8.50 11611

D , 23X BB R & B 9 FIK 95 B, iX 4
SN O KK A BE 5 BLIE M- P 40 o B R |T LA
RS 71 I T BE & 58 1 8052 i » B LB B

HBRPALESERTHE KA ENEBEEESESE |

. HREASBERAIES S, KEPETITR
W EBERS R AR, R XA MR
FEEOHARHAZER X ZHEY —FH R

ADPG #: 8% B fL B (AGPase) & JE# & R 1 £
S, Tiessen 25 (2002,2003) 7F Th 0 B b 25 (B (5
BELB R, AGPase B X5 E LB R =
Xt VA A R AR AR R M, T AR
EE R R, £ SNF1 2B E GO HKE
(SnRKD) Xt FERH T AGPase WE AR EHERE
BRPEEREER, X —SBRAKE T EEN D
B, SCHEdCHEBNESERERE AR,
HREEN R PR, MR EEFWESERAY
WEZH,EEEEMN, RS HAER S R M
(Gibon %,2004),

WA M FE L E B 4 I 2 B A 3
. BAMAR R SERERBRATAS EEEERR
Bk, HERERENEERNERE SR E
R R G EEHAL (Patrick %,1996) . 7EIHIE
BRHERNRGRE T HEBBEHRAD, -1 &

ML IR B R 25 5 55— A 2 M IB) 7 22 ) B & (Patrick,
1997 ; Turgeon %:,2009) . ¥ % 50 48 2 2 40 i
JEA B AR N R B AR,
MR E BN T8 M 5 K 43 F » £ b Sf I A e 40 Ml F)
BHERKE ABEEE, U TH -2 HEK
(Frommer %£,1995), KEHHBEUEH I EE
BB MR E, R T B SRR XL m., &8
RERBRM T ARLEHRE DB LZIARE B EL
H B AE 7 4 FEE LR 4 F /48 R0 B A W RE 40
H A JER R T 4 i 5 55 S0 R BE K R B b AR B
AFRIGFEERSENER  RIEM BN &
BT RE AR, % King(19740) 78, LB R
B0t 23 C.8h .16 h BB 4K 2~3 1M AFE
B4 5 T 55 1 % (2008, 2009) BT A B 52 36 b1 Rkt 12
g, X REEd TR BESBIERNIER, B
A LI BT B BB R K B —BU S, W4 BRI K
1A, XA REEERESEERNEN.

A E&E R AR a0 EE R Y
WA AR — RS 5 AL IR e AL 2
FE YT AGPase B9 1, 1 [ 6 JE 8 ) R =
BT 0 A0 P B Y R A B T AR B T RE R Y
HE .

A B3R A HPLC-ELSD B R B ik E &
MERESTAZETERITRPOBEL, IR
EHRNEA R REE  ERMET BAERE, TR
P e e & A Tl R R LS.
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