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AR ESLT B %A E F R kb % 35 A | % (HPAEC-PAD) 2 17 # % (Apostichopus

japonicus) Z AEHy EAEA R KA EME ., B 3 HEAEZGRENES SELEN YW, hiE
S LA R WRKRERREXNEELEXRNE W, RS EE, BN E LG, 48
B 77, Sevag k£ & AWK RELF, EMIEIKR A 20 mmol/L NaOH &4 T2 & &8, & ¥
. AEFAAE. FIE. HEE. MaatE. FEEIE; £k IER Y 160 mmol/L NaOH #r
200 mmol/L NaAC Wy A T2 B H A MR B An - AL B . S A E i A WA X R B KT
0.998, # tH IR % 2.5~50 pg/L, AnkR Bk 2 4E 83.6%~113.1%= 18], 1% 77 3 ¥ Il % ¥ 5 % 4 thy o M4 |
AEEAERR, TENESREH ST NIRRT R EET &, AHEXENH ERESS,

KA

hESHES TS254.7 CHEkERIZAE A

16 2 (Apostichopus japonicus)j& F & 4 1Y 4 ¢
W2, BRFEE, SAESEE, B, A
TR, A 2R OR S 3R K (Shi et al, 2016).
WAk, SR BA RSN NE, SHEIT IS
P2 R AR BRI A PR S — B T A (MR R,
2011), HFZ 2RISR BTSN Z —,
HAL 22 2H BURE B4 S WL 2 1 i o (32445, 2004)
HAET, RS R L 2 PR S
WeRAERNGE S A3 20 . SR D-N-&
W FLWE . D-H IR . L b R A R T
W5 S 208, XS o F 1R 4~5 T3 I8 7K
SE WM L B B SRS 20, AT

BB TR St ZIERNE; BE5LHE;, 2R E
XEHS 2095-9869(2018)02-0177-06

TN 8~10 TR (B2 1G , 2001), TS ZHES
T TS EAVII 6%LL (XIS, 2015), HA
PUIIRE (Song et al, 2013) ., Pi#EllL(Pomin, 2012) ., Hi4E
fb(Liu et al, 2012). $iFIiAE(Olivera-Castillo et al,
2013). PiE B (Hu et al, 2013)25: L F A= Y24 D RE
o A58 B 1 T 32 o e % — Jk v 22 15 G 7 (HPAEC-
PAD)ITAF K & R El , 0 M RS B 45 1 I FH 3K
BLEAGTE, 2009),  H U £ FH B RIAT ) 22 00 1) B0 4y
Bré, 1ESh Z 0 B0E A L A SCiE R >, 1S
SO T R 5 5 St (2 (ORI B, 2009) . FIAE )
ZHEAIE, 1S 2GR KPRk, 2
SR FR TGt 1y QP BUFS P K e i B, 38 n T i Ak
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MIMENE . WS 2 E A PN . E SRR, 1
AU TR T TR e B8 FIURE B LA (L o BT A o e, AT
5% % i HPAEC-PAD J5i% i K #:37 T L CarboPac
PA10 /3 HTHE . NaOH %53 Fll NaAC ¥R FE kUL,
SIS 10 FhERE, g . LR
PR , A5 J LA i o SRR o B P RGN 7 v B A v
i E RIS %

1 #MBERZE
11 w8, KH SIS

111 =8Aa SCRAERSESST 2016 4
6 HIATILARA T BB st foK =tk iiy, Eih
(200+10) g/ H, IR 2 RU&E S ) 2 28 25 TS VR I
Al 40 min JFHETHIBG; VRTRIZ RIEE IS4 L
P B8 5 TS VR T B DL R T B #h TR =)
i35 o] 2 25 2 A DS Uk i kv Pt
112 EZ3XHA 10 TP pEbRUEI T . L bl
(L-Fucose) . D-2FLH#(D-Galactosamine) ., D- & ##
(D-Mannose) . D-Fi[ 477 {F1 4 (D-Arabinose) . D-ij % 4
(D-Glucose) . D-#, ## (D-Lactose) . D- & %t #j %4 b
(D-Glucosamine) . D-ZJ&¥FLH#(D-Galactosamine) .
D-2 2 ¥ iR (D-Galacturonic acid) . D-%j 25 1 [ iR
(D-Glucuronic acid), ZiE¥=98%, T 3E Sigma
ANCIE

ToKCEE ., Kl Wb . N, &b, IE
T, LR8N . EDTA. L-2PRMaEiR . 50% A E b
FSR (g al, W T 38 B 22 sk |l . AR JNER FI (4
Mrafi, S5 Sigma 2], HAREGHNE 7/ al.
1.1.3 MEL5EE&  1CS-3000 &1 ik (A 55
fL2E R $8), CarboPac PA10 A4 H: (26 H k%),
CarboPac PA10 i/ H7FE(0.4 mm=250 mm, 3 [E#
)5 V1800 BYAT WA EE IO e il AL 25 R
N B OHLEEER K HER); DFY-300 B4R
1= T RE R PEAILCRLIS T AR AL ; SP-7417 HLZh AT
JEBE DL FEAS LAY ) ; ZRD-A7080 4= [ 37 Al &,
A6 (BRI TR

1.2 EEAHE

121 FaFBhFEuri Fif f ik 2 B W) 20
PR 7k, (B4R i S SR K
FEAR—IIKEE, A T ot — 2 alifbifs 2 20 Kk /X% B
T EGSH R, S 20k B 0 2 GA 2 i H
=R 2eBk . i = E LM% . Sevag . LFREEA
WAL L 3 POk RE A RCR, 2

LTRSS 2K RPN 30%H) =
ACTRE MBS E AP M, #E . B0
FULVE

LRI R T AL . S 2 WK m
A CTREFR AR T AP, IR EHE RO

Sevag 15 : Sevag AW AT FIETEELLS = 1
R BIR AT . S Z KBTI 1/4 (R
Sevag ik7, IRAIFEHUE FZKIER, EEEAE 3 K.
122 &E5matkie WMIE A NaOH ¥,
AR A 400, 120, 80. 20 mmol/L NaOH iAW, i@
T AT B ) 43 B AR , S v P R R S AR 1
WRVE IR B 5% ] 200 mmol/L NaOH #1 1 mol/L NaAC
TRGWRVGERR, BB AR B B 4 BN IR, 1EHE0E
R R 4 25 1 o A IR R VAR 2
1.2.3 FiEEEHAmAFEDK 5k # 5 ug/ml i
FUBEPR TR A WRIERE 6 W, THE AR MER 22 . X T
TS S TS B 0 SO A B S AR SO IR 1.0,
2.0 1 5.0 mg/g BB M SEAT AR EDSCSE RS s X FAE
i HP B Y M B R Y 0.5 %L 1 AR 2 AR
SN AT AR IS SE 58, SEATIGE 6 17, T
[ WA 25 FRI1AH o s v g 2
124 FHEA TN E FREL 2 gCRE 3 0.001 g)
WERER, A BIMA 30 ml 0.1 mol/L Z.BR4NSE i
7. 100 mg AJREEFAHF. 10 ml EDTA &% 1 10 ml
LA TREW, BT 60CTHRERM 24 h 25, R’
MREYE O W EIFETMA 2 5K 95% LBz,
4CHEIR, BORLER. VIESIKOE. N
P Y 4 5 EOR A i T 2 22 % 100 ml, HU 4 ml 24K
VR Sevag 15 H . BL 2 ml S ZHKE R
JIA 1 ml 2 mol/L =LA, FLAEE, 120CK
f#t 2 h (GB/T 33108-2016), FHIFEAZE 10 ml, HL
ZWEKEWGT 0.45 pm K RUERE, SR HPAEC-PAD
HEAT B A3 AT B s 5 o AT AL By VR S 2 B SRS
(2007), FAEJFR A LR E A et
125 H¥EHH SIS 3K, R SR 34
17, BRI hR 1 22 (Mean+=SD) 3R . {f FISPSS
18.040 14k 1 2. 1 & 3 7 (One-way  ANOVA) X} A [f]
I 22 AT SR T, et 2 R E MK
P<0.05, R A Ducaniksrr.

2 HRE5HW

21 BEESWEEEXEAAE
IrBIR I =R LR | CTRFERINE AR FAL L K
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Sevag L LIRS ZMREER T, 49RILE 1. 45
R, 3 FhREARINEZE MR E(P<0.05), H
R BRI SRR A0 2 BR 3R 07 kA B T 2
R RRAL, RUZHAHK, JeRI, FRxE
WHIAT AR T, NI, TS T8 73 gk
BR=ZHORIERBIRES 2R SRR, H=HL
MG EZHEALERK R, AR TS 2R,
Sevag %% HUG FIA L A RIS 285 2
FARE, KU Sevag XTI ZERIVECRIIE, A~
2GRS, R RERS BRI T 2 I B 1
RGN T @R IR

R1 ARZEAMENNES SELULNZIT
Tab.1 The effect of protein precipitants on the
polysaccharide purification of sea cucumber

[BE 2/ wxs {(VEri 3 aa )

AL Content of sea cucumber
Protein precipitant polysaccharide
(Count on fucose, %)

ARIMPLIETR Non-precipitant 6.46+0.23"

—H LR TCA 11.46+0.39°
RN R AL B

Zinc acetate & Potassium 4.30+0.31°
Ferrocyanide

Sevag ¥ 7.14+0.31°

H: [F—F A PR RN 22 5 10 2 (P<0.05)
Note: Data within the same column with different letters
were significantly different (P<0.05)

22 BESBNREKEREE

ZER IR, M E N 400 mmol/L NaOH ¥ I,
S BRI kg L AR RE T, SRR DR R R
K, BBEFE AR LIRSS, SRR B ) K,
ANBESCIL B A R B, I, T 2RI NaOH (1)
WRBE (RS, 2012), I 1 RTUL, Rl IR R
PIREAS, HbE 5 B 7 IE A S i ), A5 SRR ARV i
B, 24 NaOH ¥ 2 20 mmol/L B,
T TAROTE . AEZEIET, 8 B b b
(Fuc. Glc., Lac, Gal, Man. Ara. GlcN Fl GalN)3Z
T AT

S 160 mmol/L NaOH-200 mmol/L NaAC R &
IRV 53 B 2 P XA 8 A W S R, T 2 A R
FLHRERR TR G AR v ) a0 (BT LA 2.
23 AERGMXRRMEYRE

HPAEC-PAD M i sk )G, & Sbitnife
RN RERIA S R B KT 99.8%, Lt RiF, 4tk
JEFIE 0.25~50 pg/ml Z [0 K 5 pg/ml B SR AR HETR

BWHRE 6 I, X AR MEIR ZETE 0.81%~3.81%2Z [8]
TAR IR AE 83.6%~113.1%2 18], 255 032 2,

24 BRESEMNESER

V5 R 2 220 ) SR K ff W 64T HPAEC-PAD I
FE K RIS 0 Gk ] BORERR v 0 5 1 EA Tx
FeArdT, MRIEOE A e e vk, M AE R, TR
S R AR, SEIR IR 3. IS SRS A
I FUNE . EILEANE . AL . HEENE . BIhiA
W R R A LR R, i Ty SBR[ B2 )
V2 v BN (R AR LR

400
B M 400 mmol/L NaON
300
2
?n L 120 mmol/L NaOH
g
o VAN
.9 200
&
5 B 80 mmol/L NaOH
i) ]\
'EJ I A\
100 [ 2
1 34567 20 mmol/L NaOH
L va ;
0 10 20 30 40

{5 B4 i} A] Retention time/min
10 AW 20 EAEUhE; 30 PIRAbE; 4: KILAEE;
50 2FUME; 6 HEEME; 7. #iagwE; 8 LW
1: Fucose; 2: Galactosamine; 3: Arabinose; 4: Glucosamine;
5: Galactose; 6: Mannose; 7: Glucose; 8: Lactose

BT IR e B ) B 0 15 1) 5 i)
Fig.1 The effect of eluent concentration on
the monosaccharide separation
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Fig.2 HPAEC-PAD chromatogram of two mixed
uronic acid standards (5 pg/ml)
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Tab.2 The recovery rate of ten monosaccharides in dried sea cucumber (n=6)

P Monosaccharide ARJEHIE Mean (mg/g) SR EYLE Recovery rate (%) FHXTFRHER 22 RSD (%)
ABPE Fuc 16.0+0.36 88.6~101.3 3.00
FILFHE GaIN 0.10+0.05 83.6~99.2 0.81
PRI M Ara 1.85+0.47 87.0~113.1 2.91
F A AP GleN 3.2840.16 93.3~102.7 2.64
A7 Gal 10.1£0.51 85.9~99.9 2.50
A Gle 0.00+0.00 85.5~90.1 3.25
H & Man 4.37+0.56 92.3~96.1 3.81
FLBE Lac 0.00+0.00 89.9~99.5 2.94
LFUBERERR GalUA 6.05+0.15 98.9~96.7 1.46
HEIBEERR GlcUA 1.15+0.01 96.4~104.6 1.86

R3 BEEEHABARNELER

Tab.3 The composition of monosaccharide in sea cucumber polysaccharide

PAjE-S-HE Content of Monosaccharide (mg/g)

B it 24 B

Sample name

HNE FSEILR BTRRRE SR EAE R HERRE  CEIURIERR A R

Fuc GalN Ara GlcN Gal Man GalUA GIcUA
P
BRI 1.79+0.32  0.45+0.18 0.95+0.01 0.08+0.02 5.61+0.02 2.74+0.01 0.68+0.02 0.57+0.21
Fresh sea cucumber
Tz
. . 16.0+£0.36  0.10+0.05 1.85+0.47 3.28+0.16 10.1+0.51 4.37+0.56 6.05+£0.15 1.15+0.01
Dried sea cucumber
HTHS
" 11.25£1.76  0.11£0.01 0.65+0.03  2.20+0.09 7.02+0.52 2.22+0.10  0.59+0.23  0.85+0.49
Salty-dried sea cucumber
HT =
. 8.63+0.22  0.00+0.00 0.13+£0.02  3.23+0.55 2.00+0.05 2.52+0.10 5.63+£0.10  0.15+0.03
Frozen-dried sea cucumber
R =
11.35£0.59 0.45+0.18 0.28+0.02 1.21+0.04 6.26+0.17 2.46+0.13  9.32+0.04 2.47+0.19

Dried sea cucumber

1 T2 G R 2ok 22 2 BT s

1. Dried sea cucumber was dried directly from fresh sea cucumbers without cooking

3 iTie
31 EAZRBRWIESSESENEN

62 ZBE P O RIS, 550032 12 %) A 1 o [ e
PEU(F AL 5, 2005), %M MEHSEESTH,
Hasgm e s Umise v, Wik, SH X2
Z: Z Rt — 25 Al RN 4 G TR (BEIA OEAE, 20006),
TRLLEH(2006) LA R B LBR T &K B, Sevag 1
EEAMRCESR, TH T2 stk 22358
4E(2006)AIF 7T 22016 DT (Mytilus edulis) 2245 45 19 5 i 5 5
%, BIEFE S Sevag IE45 A BEA M LR IG I 26
P EA T, EABREN 78.5%, HI, Sevag ik
REMEA B L BRIBS 2 h /NI, RIS 5 R
ZREPUR, s 2R A LR EE Ik,

32 WIEBKEXBIES BRI RN

HPAEC-PAD J&F| B/ F1F pH>10 FIMPERR
HhaF R I X, RENS 45 G AE BH B A A IRy

B W, AT B SR AR ) BB AR
ek B (&, 2012),

TEWRVEVR MR BE R 20 mmol/L [ E5E T, i A b
Fii Rl LB BA BRI A 43 8, JR A AT i 2 NaOH vk i
KAK, ARERHERERR AT ok, UL, T E o ke
(R VeI o TERTSE P & B, 24 B >R i NaOH ¥ T
REEST BOBHIERR , 75 A VR IR BE 1 5 A NaAC I
VE R KR W (SR 545, 2005; 32 = =48, 2009; 72
42006), (BFERFFEH R B, U0 SF I pE I 00 v i i v
2t IR ANRR R 23 5 i v A G R Y
B Kk, WR A 2 RS A B 0 S5 R4 ) o B S
ZH R, BIR IR VR ROR B Ay B il S 2
T e %) Fp AR R SN, R R U R R B A
155 Z 0 R .

33 BBESENELHERMLLLER

12 22 M h AN TR S BL A BB 2 A, BB A7 A B
AR SRR 221 SRR LD R A B B MBS SRR

N
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JIT LA 2 22 8 1) UM 20 B 0 W S R AT i 2 2 08 I
s i FAR B 2 7R {5 B ARG B2 22 2R 15 (Fonseca et al,
2009), HPAEC-PAD 43 H7 Sl 20 i 2 A7 137 51 . ORG 25 BF
L JCTAT A LS, AR 20 RN L 2
Iz, AW UK HPAEC-PAD i JH T sh# £ 4 1)
BRI . BEARBFFT LS M PMP-HPLC &£
) B2 25 SR (I 2255, 2014)MIEL, st Bpp bk
K&, &I PMP-HPLC [ 5 25 5 /D> Ara Fll GalUA
X 2 R, HPAEC-PAD il 45 it 6 2 vh B G b 2k
TATE, X AT RE AR S Z MR BUY A R

34 MIIZXNBESHBERESSEHNEN

FEGERT 1S I T 2 285 2 R AL T
A AR BRI S N, XS R E RN
EARE. KBTS —ERE LRE TS 2H, |
Th TS MR B A AR T2 O
UL AR, SRR AR IR o B G R T
EARMET RS, AR A & W s T A Ty
XS, RWEZS BN TR 7 208 R SR 803
LE S SN NSRS L

4 i

AWF5E K Fl HPAEC-PAD X} 15 5 2 i 7K i 45 31 1)
B AT 08T, il CarboPac PA10 #0474, Di—
FE M B NaOH 7 8UFT NaA C 1 T80 A IR I8 T8 007706 255 ik
Ve o 12 T D A VS v ) AR | A SRR T TR
SRR, BRI, EWAA, BEES, 1A
55 h OB I AR e B e SRS %

& % x #
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Establishment and Deter mination of Monosaccharide in Sea Cucumber

LIU Fenl’z, SUN Xiaojiel, ZHU Wenjial, GUO Yingyingl, HE Liu1’3, YANG Zhenzhenl’z,
WANG Yuanyuan'?, WEN Yixiao'?, WANG Lianzhu'"

(1. Yellow Sea Fishery Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Food Science
and Technology, Shanghai Ocean University, Shanghai  201306; 3. College of Food Science
and Engineering, Ocean University of China, Qingdao 266003)

Abstract

High-performance anion-exchange chromatography with pulsed amperometric detector

(HPAEC-PAD) was widely used to analyze monosaccharide in botanical and fungal polysaccharides, but
lightly used in marine animal polysaccharides. A method has been developed for determining
monosaccharide composition and content in sea cucumber polysaccharide by HPAEC-PAD. Purifying sea
cucumber polysaccharide were optimized by comparing three deproteinization methods. Optimum
chromatographic conditions for the separation of monosaccharide were optimized by comparing eluent
concentration on the separation of monosaccharide. The results indicated that the reagent of Sevag
removed micro-molecule polypeptide more effectively than others from sea cucumber polysaccharides.
The concentration of eluent had significant effect on separating monosaccharide. Eight monosaccharide,
such as Fuc, Gal, Ara, GalN, GlcN, Man, Glc, and Lac, were separated using 20 mmol/L NaOH as eluent.
GlcUA and GalUA were separated by 160 mmol/L NaOH and 200 mmol/L NaAC as eluent. The linear
coefficients of monosaccharide standard were above 0.998. The detection limit of each monosaccharide
was between 2.5 and 50 pg/L, and the recovery rates ranged from 83.6% to 113.1%. The method
determining neutral sugar, amino sugar and uronic acid in sea cucumber polysaccharides could be used as
analysis and quantitative method of monosaccharide in sea cucumber and its products. The composition
and content of monosaccharide were significant indices for determining the biological activity of sea
cucumber. The established method could provide basic monosaccharide information and promote the
polysaccharides research progress in sea cucumber. It could provide references for the establishment of
sea cucumber standards, and expand the application of active substances in medicine and other fields.
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