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ABSTRACT Nowadays, the function of Enteromorpha polysaccharide has attracted widespread at-
tentions. However, due to the lack of test methods, the product quality and efficacy evaluation of En-
teromorpha polysaccharide were compromised. In this study, the optimal conditions under which the
samples of Enteromorpha polysaccharide were completely hydrolyzed by trifluoroacetic ( TFA) acid
without loss. Based on the optimization of the mobile phase elution procedures and other chromato-

eraphic conditions, the pre-column derivatization- high performance liquid chromatography ( HPLC) u-
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sing 1-phenyl-3-methyl-5-pyrazolone ( PMP) to analyze the composition and content of monosaccha-
rides in Enteromorpha polysaccharide was established. Monosaccharides in Enteromorpha polysaccha-
ride were determined by HPLC under 250 nm wavelength, and were quantified by external standard
method. It was found that 8 species of monosaccharides in Enteromorpha polysaccharide can be com-
pletely separated under the chromatographic condition. The monosaccharides had good linear relation
in the range of 1 —100wg/ml, and its correlation coefficient was equal to or greater than 0.999. The
average recovery rate was between 76% and 108% , and the relative standard deviation ( RSD) was
below 10% . The strength of this method is the ability to analyze the composition of Enteromorpha poly-
saccharide, and it is found in this study that the most important monosaccharides in Enteromorpha pol-
ysaccharide were rhamnose; glucuronic acid, glucose, xylose, galactose, and small amounts of man-
nose, galacturonic acid and fucose were also detected.
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1.2 SLWHE

1.2.1  F &K A 89 AL

1 mg/ml SUBHAR MEAH A8 W - AR RS BLBE AU AR ME S 10 mg, BB 4l7K A R IF 2 25 2 10 ml, e i ik B2 R
1 mg/ ml (¥ FLBERRUERS WL, T 4 °C UKAE iR i R AE

TR G PRAEATE B 1 mg/ml 0 SO AR E A A W0 =, 20 0 B v FE B B2 R 15,1025 .50 ,100 pg/ml ¥
IREPREA T . HIRS R WAL, 7R LR PMP . fERR PRI 8. 71 g PMP, FHI B E 25 %8 100 ml,
2 mol/LiY TFA ¥ - ERAEEHL 29. 7 ml TFA, /K £ 25 % 200 ml, 0.1 mol/L fi¥ KH,PO, 2 iz Wk : 1R FREL
1.36 g KH,PO,, fil 80 ml 2% &% F- /K % fif, 2 K5 pH 2 6.9 £0.01, # ] 28 77Kk E & 2 100 ml,
50 mmol/ L2 2% whif (KH,PO,-NaOH ,pH 6. 9) . fERAFREL 6. 8 ¢ KH, PO, , 11900 ml 2 &5 T /K& f# , FH 0. 3 mol/
L NaOH #5745 pH 5 6.9 £0. 01, %4 % 1000 ml, £ .
1.2.2 33 446K iR

HERRFRICHF & 2R AL 0.1 ¢ T 25 ml KM, INA 10 ml ¥R JE A 2 mol/L () =M LFRIF, &5 T
LI0CHEAR KA o 43R R IR B[] (1,23 14.5.6 .8 10 12 h) T 110°C F 7K i, Bt i J5 = iR 240, im A
10 mlifk 524 2 mol/L (%) NaOH #¥ b A1, 715 pH ZErp SRS FH 0. 1 mol/L 1) KH, PO, 22 s i 28 45 %225 ml,
AT HE AL BRI T S OO 354 o B 45 BRI 5 =B Ak
1.2.3  #iAqbsbs

3 0 HRUTE 1 40 ) BRME AR ME VRS VR R A I AR B 1 ml 045 b, 0 A T ml ¥R B2 0.3 mol/L () NaOH
WL IRGTRAT ARG A 1 ml (iA=L 7] PMP k3% 1R 515 B T 70°CHEE/K A T RV 60 - 70 min, HUH S
REZEZR, MA 1 ml 0.3 mol/L BEFRVE I H AN, 5% 1R A1, 11 0. 1 mol/L () KH,PO, ZZ AR ERES ml, 7
J3IRAT, L2 ml T 10 ml BYBEESIRAS ARG A 4 ml G520, FE0 %% , (il PMP fii A AL iR FI AT 2 &5
BT VR A AR HO IR, SR 2 KRR I 0. 22 pom SRR, A = O A €3 I 2 431
1.2.4 &350

3% : Agela Venusil XBP-C (2) ;#E3 :30°C ; 3 : 1. O ml/min; JE s AH : JshAH Ay 15% LG (V/V) +
50 mmol/ LESFRZE ik ( KH,PO,-NaOH, pH 6.9) , i gh Al B H 40% Z 5 (V/V) + 50 mmol/L ik 22 i ik
(KH,PO,-NaOH ,pH 6. 9) ; B e AR = BHEI AL 2 0 min — 9 min—25 min—45 min—60 min—65 min , FH )i/
R HAE A IR EERS BE Ry 100% —92% —80% —75% —70% —100% 5 58 S5 I £% : P4 250 nm; HEAE AR
20 pl,

2 ZR5H®

2.1 BiEEHR%EE

S WA B R O BT REAT M AT AT SN W AT BE S AT A T BR M L BN A A
MERR R Bl S FUBIERR EFUME ARE CH R pE 8 Fibr i SOl A PMP 17 AR W s ROHORE (1% 70 B 25 PRt AT T
DAL o T A HILVE ) £ R o B2 ) SR VA VR I I 2 A R ), B TR AR, K AN A1 LG 1 F) i 700 s ik 2
AR ER TR 5 J5 M TSl AH , BERE bk G — IR A A A, HRERS AE AL T RO Al o SE6 e HIAS[R] LU A9 Ao
TR BV TR EAH , e 23k e & CIEIARTRLL 533 15% F140% 1) A B AR S0AH . S22 AN R pH {H
HIERI M CIE R AR N SR, SR R, b pH = 6.9 N (5 IR &R pH=7.2 -7.6) , 4>
BRSO A o T AR RE BRI T SUIRMERE PMP A7 AR AL 0] 5 H 820 L SR 8 200 B, S LB T 1 AR
TRBIAR BIAN ] HE A5 B AS [RGB P ) X5 B RCR R 52m o 45 2RR , B A ILAH L B BCR B s Al B iy He 4ol
SN, A% BB e IR ) B T, 0 B T Y I ) A, (B 0 B AR AN AR, AN G BRI WO H B A5 ) B 58 4
Oy gt IR RS B AR UL oo VR, Ik 1 R .
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T G 0 P ] AR G A (8 2 P A — 0T R
£ o 00, HshHHRY pH {EtLZR2 M 53 B R Y
—EENR, pH A L2 25 SOl G O/ B
)R BACR , AR TT 5 pH AR AEAE N 6. 9,

2.2 KBEHRITEUFENHE

1 T Z BT A58 A B0 BT 5 220 B HOAH G =
s 7K AR AR P A5, TRIRE i SO [R), K A BT
FAFURTE] . SEESIFSE T W& 284 110°CF K
it 1.2.3.4.5.6.8.10.12 h ZEA[G] A ) % 25 5 19
S22 22 B H SO Rl K i R) AR AR LR 2,
SEIFI | B 7K g ) A B A A 7= A
FRSE R BT, TP 55 1 a6 W 2 /D ki oF- 22
Mo, B2 AT, 7E 110°C 4504, e B
J92 mol/L () =9 LB /K A S h B, i 20 E K
o4, HE e , AR TR . HEH &2
Fae KoK i) S 2R # 110°COKfE 5 h e
M AR K R 2
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Table 1  Elution program of the mobile phase

s [r Asf WBIAH A Wsh#l B
Time gradient (min)  Mobile phase A (%)  Mobile phase B (%)
0 100 0
10 92 8
25 80 20
45 75 25
60 70 30
65 100 0

140
120
100
80
60
40
20

-20

VWD1 A,Wavelength=250 nm

K1

S E AT A A SR AR EE AR, X PMP Y T AT 2R
PSS TR R E Al T 5236 20 A, S 36 3R W, PMP 554 i AR
P 11 IS e 4, e IR EE O 70°C, A AR AL I 1] o

70 —80 min,
2.3 tRAEMZEIGHR
DL B e B A i Ak b W T R

DAL bR Hil bR e 2

LR A5 HORERRER AR 1 - 100 pg/ml N 2B R
UFRIERMEC ZR o A5 FAME Y OR BR IR T) Ao il 2 [nl )9 07 72 AR

B LR L R YRR L 2
2.4 FEHEKERNBZE

Man
PME Rha Glu-UA X1
Gla-U
GlU Fuc
JJ Mino L _J
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i} (8] Time(min)

FUBEPRER I PMP AT AR B (i A
Fig.1  Chromatograph of PMP-labeled

monosaccharide standards
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Fig.2 Variation of the Enteromorpha monosaccharides

contents versus hydrolysis time

SRR E D7 1 BOVERA P A AT SEAE , EAT T IR [mD A S 36 FIORS 5 B S o 0 UK R WL AR 75 2R A EAT S
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Table 2 Regression equation, correlation coefficients, linear range and detection limit of monosaccharides

bR B T IIEpY UESS 9. S Kt
Standard Retention Regression Correlation Linear Detection
solution time (' min ) equation coefficient range (pug/ml) limit( pg/ml)

H#ER Man 30. 820 y=27.791x +13. 155 0.9998 1—100 0.5
FLZEHE Rha 36. 845 y=21.586x +2. 898 0.9997 1—100 1.0
Wz BERERR  Glu-Ua 41.831 y=27.698x —4. 899 0.9998 1—100 1.0
LFBERERR  Gla-Ua 44.578 y =24.092x +3. 569 0.9997 1—100 1.0
W2 Glu 48.258 y=23.817x +10. 853 0.9995 1—100 1.0
FHE Gla 51.819 ¥ =23.905x +33. 204 0.9996 1—100 1.0
AME Xyl 53.598 y=27.063x +14. 522 0.9998 1—100 1.0
AR Fuce 58.915 y =20.704x +21. 846 0.9990 1—100 1.0

R3 FENMRERERNBZEELER(n=5)
Table 3 Recoveries and RSD of the present method (n=35)

ANTR S e B2 ) ] iR
- 25 i Recovery rate of different addition level
Monosaccharides Blank % pg/ml 10 pg/ml
(pg/ml) Ofe AR 22 Oites X e i 22
Recovery rate( % ) RSD( % ) Recovery rate( % ) RSD( % )

H#E&ME Man 1.5 107.5 1.3 101.2 1.2
FRZ=HE Rha 3.4 87.3 7.7 75.7 6.5
HEPEER Glu-Ua 2.8 105. 4 5.3 91.9 5.1
LFLBHRRR  Gla-Ua — 96.7 0.6 96.0 3.2
HEME Glu 6.6 97.9 4.8 92.1 8.1
KF B Gla 1.5 108.2 0.8 101.7 6.0
AHE Xyl 3.5 91.1 2.6 85.7 8.4
HBBE Fuc — 88.8 3.7 82.9 7.4

“—" FORIZY S AL TR H R Means the content is below the detection limit

P 3 n] DL, 2% ORI o BERCR BT, R ARG, nl 7 [ A T g PERE TR th TR aR A AT, SO
FEHL AR I T AR 22 5, T SO A I TP A OB B 2 S R (BN RDOR T B R AR T
(Y R R — B, RS EORTE, BRSO R RO R 4 R A SO S i, R R A A A B
EEEGE, ERAE T 192.04 g/ke,

3 it

ASBIRGEXS I 7 20l B AR 57 il 5 47 A G T SLTICH5 2 A e 53 28 A7 1EA 5 B2, I £ Honda 55 (1989)
AOBIFFE R A PMP XRE S #EAT AT AR AL B, 38 5 98 35 S sl A L0 B e i e e 45 (i 26 1, SE B T 8 Fi
PR B ) 5 4 B, DTS2 B0 17 X # 228 v 2% O B0 DR s 1R i 2 M o 3207 I R 1 R E B R A, W
JEE RN 4 P06 A I A R, S WF TS 75 Z2 W ) S R 2L B A B A B R A R AR 1 BRI,

SR AR T 106 75 22 Wi AT A A ™ 0 1A T OB B 2L SR 25 A0 A, 0 78 205 R 7, 5 2 B i
A R A BRI A R ZURE AORE SEFURERERR B SCa B A L R S R e, A
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Fig.3  Chromatographs of derivatized Enteromorpha polysaccharide in four samples

R4 AMHESHEERPREESE

Table 4  Content of monosaccharides in four Enteromorpha polysaccharides samples

L Kl ACg/kg) i B(g/kg) Feih C(g/kg) i D(g/kg)
Monosaccharide Sample A Sample B Sample C Sample D
HEME Man 3.56 0.51 1.19 1.44
FZ=8E Rha 192.04 57.08 63.07 75.04

HIATWEETR  Glu-Ua 42.39 50.72 2.36 37.80
P HEERR Gla-Ua 1.23 — — —
Hi%ME Glu 46.33 4.34 3.83 14.27
BEBE Gla 15.38 3.45 2.13 5.90
KB Xyl 26.81 10.83 1.35 6.14
HUERE Fuc 0.87 1.64 0.67 3.16

C—" ZWI RS AL TR HUFR Means the content is below the detection limit
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