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R TRAT R 22 (2 W45, 1987), HAHUEEIN(Chen et al,
2012). FEIf IR G R L%, 2010) ., Fi18 M 2 (Coothan
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Y (% = B2, 2013), 2012 4EF0 E R P & w5 ik
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(Atungulu et al, 2007; Gong et al, 2004), FEHIZGRITE
AR, A BA S A A= g 1 7% 3l DTS2 B i 1) 28
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FERED, XPAEFE L T ERAL, BA gL . X
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W, LI B BR A R DTVE , 75 M0 55 48 T e P Vg ol g
FE WL (T = TR 55, 2007) 6
122 WwHEMEBRFT % T I A VR R A T LB AT
WIS, BRI T BT & R e 5 1,
LG HL B i BN pH . BB AT . BRI
i R ARV R MR B, A B R L A R
FEAy b Do 7 T R 56 TR A FL B AT A A
1.2.3  EAEehm e FH 2 W3 — o 1 2 000 2 5 1
(R, 1987),
1.2.4 FRERAR GG M T FHERFR K it —m R P00 L 7
72 BRI AR 5 1 (5K BLJF 4%, 2002),
1.25 HEBGR T FH HG R I B I
(RIESE, 2012),
1.2.6  #hagn 2 ISR B S - AL AL, SR )5
PR A B0 R M3 s A A AL, DA 2 AR i P ALY
(ALY, 1997).
1.2.7 BLEFwHHE IR AN S = RN W
R=(K;-Kg)/K;x100

KL, R AWEERR (%), K AWI6 T A R
F(mS/em), Kqg A HLBHTE Y S % (mS/cm)..
1.2.8 BHEHGFGHE  DEERERITREAR:

R, =(C;, /Cj 1)x100

K, R R EHELA B (%), Cip MALBERTEE S H R

Bi &t (mg/ml), Cip MHEBHTANILE SbE & i (mg/ml).

2 HRES

21 HBERRWHEE pHNHE
MEBHE LN 30 V., BRI 1.5 L/min,

|

[T 4 JE2 ol 10 mg/ml I, 8 44 96405 AR 9 pHL 2%
MK 4.5, 6. 7. 8.9,

HEAT HLE M 0 S W B 4

J&, ZWiE TS, MERER PR S, AR

E, fh

WK1, HFE 1 TUEH, Y4 pH=5 BB G E

ik P A P SO 5 R PR AR

P =N ==
™ BB (5 ,

HAE&mET

TR, FrAZR G B IS pH=5 FEN B BT
(5 A pH A -

22 HEWREZRIKARE

221
i pH M2 5, W EIEWHREE S 10 mg/ml, i
FHA R 1.5 L/min, W& ARREEASAE T BB AT
VY AR R 2R . RO OR B R s, a5 LA 1,
TE 20-120 V HLREEN, Bk 28RS BT rY T
B, CYE RIS 80 VIE, Miih REEE B R AT
e RN . SRR B RTE 20-80 VB N TE
80%A I, ULBHH BT HCAT LR AT T I B )
P RERRRR NS, FBEAE 80 V B LB TR .
2.2.2
i W (pH=5) , 7TEFETEWI R 10 mg/ml., HLE 30 V
ZAFT, M BB AT T B TR B % . SR
FRIE I ZE R LA 2, 455 oK, 7E 1.5-5.5 L/min
TR N, R B T 3 IR, SRR R
A 1.5-3.5 L/min {u B 28 0, i KT 3.5 L/min
F, EOWE O B R PR BRI E , (H I R R AT
40%.
2.2.3
B R

RF R F AT Ak R

B HAR B AT BT 5 B R Yk

F il

"

A B R B TG A BRI 2E R | BAE AR

F1 BHEEBMAER pH MEENEEERERREEEM(
Tab.1 The content of polysaccharide, sulfate and other components in the crude fucoidan electrodialysised from
L. japonica enzymatic hydrolysis solution under different pH

YEBSE BRI

TEIEEA BRI pH=5 . Ji& 1.5 L/min,

Wi H Items #LLA Initial  ED pH 4 ED pH 5 ED pH 6 ED pH 7 ED pH 8 ED pH 9
JBE Polysaccharide (%) 40.17 48.32 57.61 47.20 53.25 35.64 38.41
BRI SO; (%) 3.36 3.60 3.69 1.51 2.50 2.74 3.10
‘H #2 @ Mannitol (%) 15.00 16.10 16.60 16.60 9.30 16.00 18.00
fift Todine (%) 2.05 2.04 231 2.31 1.76 2.00 2.34
Pb (ug/g) 2.85 1.58 1.81 0.23 0.23 0.01 0.27
Cu (ug/g) 7.12 5.62 4.97 5.68 5.38 6.55 5.65
Cr (ug/g) 12.78 9.55 8.61 1.32 0.41 0.31 0.45
Mg (ug/g) 449 379 421 431 462 471 389
Ca (mg/g) 9.16 8.15 6.79 7.13 7.29 5.32 5.19
Se (ug/g) 13.16 10.35 13.43 10.48 10.63 14.81 13.36
Cd (ug/g) ND ND ND ND ND ND ND
As (ug/g) ND ND ND ND ND ND ND

ED. ; ND. Note: ED. Electrodialysis; ND: not detected
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Fig.3 The effects of different solid concentration

HUE 30 V& F, RBHOEAT R B
PRERFMEE, 255 3, S55R R, 7E 5-20 mg/ml
[ B W e BE Y 1R A, It 3 i o 1T e 8 g 5 o v
FAG, FEIESIMERT 20 mg/ml LUR, BEERRIA
TRAFANAE | IR R Ay [ v 384 0 S A0 i i 285 2
IR, AR R RS, B I ] P R BRI R A R] 1Y
LT, T AR S S ACRAE . BRI R 3R 7E 5-20 mg/ml
W N ZEH N, BRI R T 20 mg/ml i), &

B DR B AR IEAORAFIE E
23 MREEEMRALBERTZ

Ry B K I TR B B AT T AR A T
TE R EG R At -, FIAH Design-Expert 4
PEAT R R e, R A0 2H A1 Box-Behnken %
5%, IR (V) L 3 (L/min) | &7 499 5 (mg/ml)
h 2 R 2R, A FH LIS T e G Y T R T2k
Trilifl e X5 R A gt W3k 2. X501t 7 £
Tr2Eo AT R 33k 8 i, Hip £ 3 £ 541 3,
6. 8. 9. 15 4RIk, ABRAMIHSE R,
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Tab.2 The experimental factors and levels
. Code level
Independent variable
-1 0 1
A Voltage (V) 20 50 80
B Flow (L/min) 1.5 2.5 3.5

C
Hydrolysate concentration (mg/ml)

10 17.5 25

2.3.2 B A AL R H R DA 6 25 A 1) i
(ELERF, Yty A A FEL Y8 0 7 T 114) 398 38 1 B i 1o {1
#3, RKAPUR, SR ER, BRIW FAER 3429, P<
0.0001, FRUTiZ MIHRIRY = B o 35 22 S, HoA G 3k
KA P=0.127>0.05, 1aBH I FUIT0 22 5 AN I 35 A
A5 He (Adeq-Precision) Ay 20.775>4, X 20 5 2
LA B AT {5 BE AR, i — 25 BB AR AL ] 1
TR 3, B IEYE RAL(A) RN 0.949, 1B
BT BE A RE 94.93% M I {H AR Tk o Jiidh R 56 T oL F
Tt . BRI B R 2T ]S 5 A
Y1=0.39+0.16A—0.077B —0.079C —0.006602AB
—0.043AC +0.027BC —0.044A% +0.043B? +0.064C

P, A BT AR B E(V), B Vilid H
AT 22 0 A W TR Y YTy P YA 28 (L/min), C O
I I ) T8 TR A o T i 8 P T2 6 BE (mig/ml) o

AR 2 hy ey O {ELIE B e 7 1T, DILI&T 4151 6,
HIPE 4 R0, HETEDHE —EmE, RSB R
MAECK, BEF IR TS, BERRE B — E TR i
e, B BRI, B R A T AR R T Y L
B 5 Bt U A3 B R AR AR AR, A R A
iR R NI e 2 NIE | B R e | I
I, LR I, [ A JRE R T R
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Tab.3 Box-Behnken experimental design and the corre-
sponding electrodialysis desalination rate

No Vo(lxtfa)ge (LF/l;ﬁ) concgl}{f;gﬁ(a;leg/ml) R(%)
1 80 1.5 17.5 62.15
2 20 2.5 25.0 23.12
3 50 2.5 17.5 42.25
4 20 3.5 17.5 16.20
5 80 2.5 10.0 66.59
6 50 2.5 17.5 37.68
7 50 1.5 25.0 44.66
8 50 2.5 17.5 39.61
9 50 2.5 17.5 36.80
10 20 1.5 17.5 28.87
11 80 3.5 17.5 46.83
12 80 2.5 25.0 47.39
13 50 3.5 25.0 33.09
14 50 3.5 10.0 48.67
15 50 2.5 17.5 36.80
16 50 1.5 10.0 71.01
17 20 2.5 10.0 25.26

BN, RN AT S2; hIE 6 nIA, M —
FERT, RO AR SRR MR, B R R,
R B T R (AR R Y R Y S50
T, BRI TR B ER RS AN Wik B9
VR (3G I I ER SRR KA, L [ETR H v B o) ot 6
RN
233 wHHAEMERG F NP0 DL S Or
2 Ay O] SO (LT, YAl b A VAL P Y8 T e L T )X 1
KU RAE AN 5. 3 6 i, Z5 R, BiAF AN
5.76, P=0.015, FHIZEIABIRG % A5,
PN P=0.011<0.05, {50 I o130t 2 o 80 ) 1
% [t (Adeq-Precision) &) 8.602>4, X EMH HFEAIHIE
JE RO A5 BE AR &, 0 — A U I AR BT T RO
BRI TN . BEIEDLE REU(A) RPN 0.728, BEHHZ
B BB RS 72.8 1% b {E B AR Th o Bt RIE T oL |
T, BTEYREEA R 2T R H R
Y2 =0.80-0.027A—1.660E —3B +0.045C +0.17AB
—0.053AC —0.056BC +0.11A* —0.051B* +0.12C*

x4 EEARBFTENIRLE

Tab.4 The regression model analysis of variance results

F P
Source of variation Sum of squares df Mean square F value P value Significance
Model 0.35 9 0.039 34.29 <0.0001 Significant
Residual 0.008 7 0.001
Lack of fit 0.006 3 0.001 3.55 0.127 Not significant
Pure error 0.002 0.0005
Total residual 0.36 16
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Fig.4 The effects of flow and voltage on
the rate of desalination

Fig.5 The effects of solids concentration and flow
on the rate of desalination
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Fig.6 The effects of solids concentration and voltage
on the rate of desalination
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Tab.5 Box-Behnken experimental design and the corre-
sponding electrodialysis saccharide retention

Hydrolysate
No Vo(l\t/z;ge (E/lr?l\i)ZI) cor}llcentilation Rs (%)
(mg/ml)
1 80 1.5 17.5 80.43
2 20 2.5 25.0 94.14
3 50 2.5 17.5 97.87
4 20 3.5 17.5 93.01
5 80 2.5 10.0 97.98
6 50 2.5 17.5 97.67
7 50 1.5 25.0 98.27
8 50 2.5 17.5 97.81
9 50 2.5 17.5 89.12
10 20 1.5 17.5 99.47
11 80 3.5 17.5 92.11
12 80 2.5 25.0 86.45
13 50 3.5 25.0 92.89
14 50 3.5 10.0 94.84
15 50 2.5 17.5 91.55
16 50 1.5 10.0 97.42
17 20 2.5 10.0 85.87

TR BRI R IR, RN RS, R
FRBEA TR RS, R R E R, SRR R
SR A O ek T I

2.3.4 vf R EkAGLE R DYEDNE S ST =Sy il PN
/DR B, BT T2 &M T, 15 A B
WAHSEFRAGIE W 7. R 7 /AN, 7RIS
AR, EPRE SRR REE T 100%, itk
R FIS(E . FERAESME T, B B )
o T4, I AR i A B i, AR LR 8.
FHE 8 Al B H (38 BB i B 40.17%42 5 3
62.61%, TSR 3.36%iEE 3 3.73%, #4)8
BT EREY TR

235 wEHRBF EE—FHA M T
FE A5 AT HL 9B M AL BRLUS AORE B R AR 5 e B IR (B
AR SRR ETFRESEN 3.73%), £ 8B E TSR

&6 [EINARBEFENIER

Tab.6 The regression model analysis of variance results

F P
Source of variation Sum of squares df mean square F value P value Significance
Model 0.280 0.031 5.76 0.015 Significant
Residual 0.038 0.005
Lack of fit 0.035 0.012 16.04 0.011 Significant
Pure error 0.003 4 0.0007

Total residual 0.320 16
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Fig.7 The effects of solids concentration and voltage on
the rate of carbohydrate retention
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Tab.7 The comparison of the actual value and the theoreti-
cal value of response surface optimization

) AT -~
) \:\“:33:5333:: : Optimum Voltage Flow Hydrolysgte
NS diti v L/mi Concentration _ .
g Br e condition (V)  (L/min) (mg/ml) R(%) Ry(%)
=
ie”ﬂ-
EE Theoretical 79.99 3.13 10 63.65 100
lue
& va
e
Actual val- 80.00 3.20 10 60.32 100
ue

*8 REMIBESEMA(THBTELR
Tab.8 The comparison of the components before and
after electrodialysis

Items ED Before ED 1 1 time

Polysaccharide (%) 40.17 62.61

8 SO% (%) 3.36 3.73

Fig.8 The effects of solids concentratio.n and flow on Mannitol (%) 15.0 16.7

the rate of carbohydrate retention

Todine(%) 2.05 2.34

SR, PICR T Z B Eh A B, 25 523 ER UOBON Pb (ug/g) 2.85 171
BERMER R IE b A5 Jm B 1 B 4R R 9, Cu (ng/g) 7.117 4.94
32 0 WL i, B BT UCRON 3 BT, HHE Cr(ele) 1278 8.85
BRBRE L (T H) IR S B O 25T 497%, # Mgy 449 413
OB RO I A A K, Bk & R T G2 (e®) 10 638
BT, S5 508, IFEB b Ecy 3 . S e 1316 1232
Cd (ng/g) ND ND

3 -i;j-i@ As (ng/g) ND ND

ED. ; ND.

HLB T AE 2 W EL J7 1 I F o © e BUAS T — Note: ED. Electrodialysis; ND: not detected
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Tab.9 The comparison of the components under different
times of electrodialysis

Items EeDfore ! . 3. 5. 7.
ED 1 time 3 times 5 times 7 times
Polysaccharide (%) 40.17 62.61 47.11 54.94 58.23
S05™ (%) 336 3.73 497 509 493
Mannitol (%) 15 16,7 16.02 17.17 17.65
Iodine (%) 2.05 234 254 1.75 1.63
Pb (ug/g) 2.85 1.71 ND ND ND
Cu (ug/g) 7.12 494 029 0.12 0.08
Cr (png/g) 12.78 8.85 8.06 8.12 796
Mg (ng/g) 449 415 16.04 835 228
Ca (mg/g) 9.16 6.38 0.13 0.13 0.08
Se (ug/g) 13.16 12.32 11.7 12.55 13.93
Cd (ug/g) ND ND ND ND ND
As (ng/g) ND ND ND ND ND

ED. : ND.
Note: ED. Electrodialysis; ND: not detected
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Separating Fucoidan From Laminaria japonica Using
Electrodialysis Technology

JIANG Xiaodong, WANG Qiukuanm, LI Pengliang, HE Yunhai, SONG Yuefan, REN Dandan, HOU Li

(Key Laboratory of Aquatic Product Processing and Utilization of Liaoning Province, National R &D Branch Center For
Seaweed Processing, College of Food Science and Engineering, Dalian Ocean University, Dalian  116023)

Abstract Fucoidan is a type of heteropolysaccharides that contains the sulfate group. It has gradually
become a hotspot of research on the marine bioactive ingredients because it has various biological activi-
ties. Fucoidan is commonly found in brown algae such as Laminaria japonica. Fucoidan can be separated
from L. japonica with the ethanol method. However this method costs a large amount of ethanol and re-
quires special safety facilities during the precipitation process. In order to establish a more practical and
efficient technology, here we explored the separation of fucoidan from pretreated L. japonica enzymatic
hydrolysate using electrodialysis technology. We used salt removing and carbohydrate retention rates as
the indicators and optimized the electrodialysis with the response surface method. The contents of each
component in the fucoidan crude (on dry basis) were determined before and after the electrodialysis. The
results suggested that the optimal conditions were: voltage 80 V, pH 5, flow 3.2 L/min, and solids content
10 mg/ml. Under these conditions, the salt removing rate was 60.32% and the carbohydrate retention rate
was 100%. After continuous electrodialysis for three times, the polysaccharide content in the dry matter
increased from 40.17% to 47.11% and the level of SOLZ( increased from 3.36% to 4.97%. Some metal ions
and heavy metal ions decreased after electrodialysis, which were Ca0.13 mg/g, Mg 16.04 ng/g, Cu 0.29
ug/g, Se 11.7 pg/g, and Cr 8.06 pg/g on the dry basis, and Pb was not detected. These results suggested
that electrodialysis technology could be an efficient and practical method for desalination and fucoidan
purification from alginate-free kelp enzymatic hydrolysate. This method should help optimize the pre-
treatment process in the industrial mass production of fucoidan, and provide a new idea and theoretical
foundation on fucoidan separation from L. japonica. Moreover it follows the trend in current food indus-
try: high efficiency, high quality, and environmental protection.
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