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RE  XWWEEFAA R TR H2EET S HERET T8, s Ed
FIRHER, & RBNCETEY = R0 T AFRENE RN G B =008 5%, %M
OGS T LR, B R BEBRNOESBEALATEST, LREIIX & E KNS
SRR RS EE I RE MR

xX@iE  HW BER 2TE '

BERE, BB PERNESIBH SR EY, BREREEKPREENR
(gelbstoff) FIEZA /3", Rashid MABEAI LD MR RIS il P o B AR, g K
rha R R R BER AT T R A,

ELA, MBS B A 7E T i e SR SR S v , 0 52 LR W B LR RO B BN 3 R 0 2 4 S8
PORE AL E M AR, B— X & E 2 AN W E R ERRENT 5 F &7
HERESAIDRY SRR HEER, o URER (HA) EE2# (FA)
MOEEY (ES) =A45%,

‘BRERERNASSHENEERENER, RS- EENHBEE. 4
B HAIYRMARRTLIR L, BFREEE 200nm JARMHTA RAGBUSIE, i E
B e & 6 RN B0E e e WU, Eh ity , b e S E . ANANBHRIERE
HE Y 53 B8 RO R S o

—. KRR 5%

L s£iefH

#gii(Laminaria japonica) RIGWAMEETHWHEBBLEAMAT, 28BE, 1L
& 1.26,

2. ZEBHE

(1) giigbPE H2 200ml &K 56 LUBLIR ARL/E HXUZ I8 iz il of , 4598 2 000
ml, JHAEBKFREZE 20 000ml, RELIRERIAZE oH = 2, HUMN BRI, brXR

* PEMZRGENEFAEHARES 2075 5
IR RETTER AT REH I, FEE .
R 199 F£2 A8 H,



33 LIBE BRI T BRI R B R R 303

FrF GDX-102 #f5(60—80 B, RERF = &)L TR FIZES # R BB, B
ERFEIHEY,

(2) B GDX-102 WIEEMHS S  BEANEREY MY GDX-102 &g
BHE (33.8 X 32cm), #i#% Sml/min, WL 60 /I, WIEHREREG, KBEE
T Cl7 R, REMHBA Imol/L NH,OH ERLER, ERHEERBARLEEN
ko WEBEBUKMIEREZE 30—40ml, MKRERIFZE oH =2, #BE 2 R, Bl BERK
K HA HBH,ATOREKR lmol/L NHOH BEH, KT, BOEBRSKREZE 10
ml, FRF,B% FA F 5o ‘

RIEWENTIELL95% CRERZELG, BLOBREREEZEYL 10ml, FT,% ES F

3 (1]
HA o©

(3) HFERLZESHT SRS W i 2% FA #8E SPECORD UV-VIS& ¥ BE Tl o
TANBMOG IR BT RSN KBr Ef, Dl Leitz Wetzlar Model 1IIG 4LAMEIEL
WE o

C.HN FEE&E Carlo Erba HRITLESHIUISE, S BB, OLIZ W
BHE, DBRERERE EE, FEESEAASERATERSER LVERRLERR
Fisrito BEPSELL Folin-Denis XM ZE" T, RIM 20mg B, AT 100ml K,
H 5ml, fmA 0.5ml ZiR#,385, 3min FIMA 1ml [ERBRERSWER, IKBRE 10
mlo 1h J&,TF 760nm JRTFLLANE, UFEZBELERR, ESRNE, BES
DL 0.5mol/L #ERIN#wK# ShJSLL Dubois SRR -MEREYS T, EEBRSBNE,
BUEESLL 6mol/L HCl F 105°C Nk i@ 48h, ImiddRPi@E DI H T 835-50 A& A
B o M LB SE o

(4) FEMNE  RIE Rashid FEEIRE?, LD NaOH-H EFBRZE ik 4 51
Eo bl HA,FA 1 ES fUFRERF], T450nm R T ER 2B, SR TIEf 4, RGO BIE
3 Sephadex G-10,G-15,G-25,G-50 f1 G-75(Pharmacia A EF=H)EWNE(B2.4 X 36
em)o FAEFHIEA Sml(d 10mg #EDK HAFA 7 ES Wi, HEEA 2ml NaOH-
HERZEMHR, EEBEKERQREY 25ml/h), WETEENKHEK, T 450mm ik
THEXHFE ERHEFHEYS>TENEERSE (mg), RIGHEESES. B 10mg
BEWE, B R EREPRIRRS FREBERNVE. XA, HEH FAHA FIES 4
FE7E <700,700—1500,1500—5 000, 5000—10 000 F1 >10 000 JEEMNE o

(5) BHERXAFEREN R, T HA, FA f1 ESRIRE& % 2,04,
0.08, f1 0.016mg/ml 4 H, TREFMHBFBMA 2ml T IBHEK , 7ERFR B FIREL 20 4~
EHEROXEART . RBEEMALRRIIRK 0.1ml, ZEREFF 120, WEETOR
R ' o
(6) BEHEEXBREBKERE N S RIFREGE W HAFA 1 ES & 25mg, BT
4 10ml Kr(FA §i HA &fnA 10—20 §iF 0.lmol/L NaOH B )ERERE, EAZE
25ml, IREAN Img/ml, FREH L 0.50g WERY, 2AMARBERBK, BERAR
HEEEERECEERIREN 1%),T 60°C KBHEIE 24h, REFN, BH,33%E
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#RKS, F25°C F Hoppler KM MBAERREE (CP), WZEiE T MREE
(%) RBHRMEBMA Iml 1% NaCO, %k (pH 3k 9),F 60°C BERE 20k J&,H
AR,

“.ER5H R

LgERARPRERNSREE
HEFBREATOEHA HAFA 1 ES WBENE | Frx.

® 1 hifERERIENRERBSE (% W/WV. HRER

Tab. 1 The yield of humic substances isolated from macerated liquor of Laminaria japonice

%—yk 2 000ml] #yk 2000ml] =k 3000mll ZPUYR 3 000ml
B R
FTEGR) |BE)|TE (ER(B)ITE @)ER(%)TE (0)FE(%)
HA 0.47% |0.0199| 1.07 | 0.043| 1.61 | 0.043] 1.39 | 0.037
FA 1.96% |0.078% | 3.34 | 0.133 | 4.99 | 0.133| 4.62 | 0.122
ES 0.86 |0.034 | 0.90 | 0.036| — — — —

a) NB%,

BRE—W Syt ,—#B45> NHOH JERki i e &K%, U HA 1 FAR
RSN, K RBE R, R B ERE T HA Y5 0.46—0.54g/L, BREG 0.04%;
FA % 1.54—1.67g/L, #4524 0.12—0.13% ; ES 24 0.43—0.45g/L,43% 0.035%(W/W),
MEZRERE, HAFA F1 ES HIRBRAN 0.2%(W/W)o

B R R R R SMR IO ISR

Fig. 1 The ultraviolet absorption spectra of humic substances from
macerated liquor of Laminaria japonmica
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Fig. 2 The infrared absorption spectra of humic substances from macerated liquor
of Laminaria japonica

2. B ShROLT PR M S il |

B 148MBTHE HAFA F1 ES By 0.05mol/L NaHCO; J&iHIEIMNBIIE %
B
EANRSELEE 205—210nm PR ERIEE 7 260—280nm HE—HB LR,
5 Craigie M3} RAEIRRFHITIERE D BH BT %SRS K
WE A 2 Biiko

HA,FA #1 ES =4 434F 1050cm™ FRIML, ZEAZ B C—O {#45, 7£ 1200—
1250cm™ YRR COOH B C—O 4N OH B, ZF 1 400cm™ FHEB, HE
FA WRKER, %7 COO™ WRMFRMETME OH By OH AT ES 7 1450—1 460
em™ (FEHKR C=CONRIBERHE. =85, KR FA, 7 1550cm™ HHBHR
W, BT N-H B, REEREEE, TEKEEEHUJLEREEY, FA 1 ES
1630—1660cm™ AR M A BRI C=0 {HZEFE C=0, HA ] FA £ 1720cm™,
BRI % COOH fy C=0 {#i4#.ES 7 2900—2 940cm™ KRB EIEHE C—
H g5 AR, B TFEAK ES %Y, 44 U LRIIEHRIE, % HA 5 FA K

2 HEREROTESR

Tab. 2 The elemental analysis of humic substances of Laminaria japonica

‘ o H N s o® R4y
é .
mor (%) C/H
HA 49.61 5.78 6.83 1.45 36.33 1.47 8.6
FA 37.44 6.50 10.13 1.22 44.71 0.76 5.8
ES 50.78 7.70 7.11 0.59 33.82 0.36 - 6.6 .

a) HEREE D
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EEFEEL, S KSR RO E BT AL EEE FA RETAE OH, BEMGE. ISR
£, ES hIEHERE,

3. ES

B BERTHN HAFA 1 ES ZHSNTELSWERNE 2 ko

B FA UCHEHEKWU6% EH)K, C/H KK, EORMNSENESE, =
AMESHESERILEE, 5E/KEE 6—7%) i, ES MCRHEEL FA %
B, OFBNEK, XEPIRMERS . AEL/ARBOEERE (B 2)E, 2900cm™ 4/
BRI IE(Ig S C—H)mIEHEX — M. % HA f1 FA S &8I ESEE,H5EK
 FA f1 ES M&BO—1.3%)U KRBT,

4. A ST

BHWEREDN FA iSBEERANSE, &2 00, EERNE 3 ko

% 3 WHEERNETREAIN

Tab. 3 The functional group analysis of humic substances of Laminaria japonica

; 23z ; s

— B % % s % G T
(meq/g)™ E:S

HA —_ — — — ‘ —_ 13.33

FA 3.17 2.72 0.45 0.78 0.23 5.35

ES — — — — — 2.81

a) Folin-Denis HF:ME; b) WGP E NHCL, HMERK RESE=-RREL-RE,

B FAHA 1 ES RESHE&E R NHC, TiEATEN TR, T Reshid %
B TR IR, BTN FA ONEEE Rashid St R LM Ry R W)
B CRBRYE R 6.6, 03 5.9, B EE 0.7meq/g, BXRTFH) “Hf€s M Folin-Denis i
FIENEHEMESEE, HA NE%, 3k 133%, FA 1 BS k¥, Ragan 519 F
R EHE (Ascophyllum nodosum) HIEESBINEERE 1| ADLK 13% (HF
o

5. AEMSEBE R

S B DL T B iR HALFA R ES S@&OSBIAN TEAB S BRR
BaR, SRNE |

BEBRRNEERTSEARE TRESAR: KB Q%) KR G—
5%), i S AR L H AR, FAR. 485K, BB, SRaBS8E, kLR
HBEBRES, HA 5 FA (EFHEERSEABER, (B BS ST RBEEE®E
HA il FA ®{E/N, EARERA RN HA F1 FA 45, LI HER S 1.44% o7
WABHERT ES OAEERASEDE HA T FA ZHEY, EERETHE, B8R
B R ER S R(13— 18R BEATHEE (1.7—3.1%) % 6—10
E, WHIRBEER R SE R AERUAERAERS, 2 11.85mg/L; ERAR
REMAF AR, BEEMEREY 19.3mg/L,

B RERD BS AARMMESESIA 11.10%, th HA #1 FA 2315 4 10 §1 2
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F 4 BHERERNBRERANSHSEINR
Tab. 4 The contents of amino acids and total sugarsin humic substances from mace-
rated liquor of Laminaria japonica
HA FA ES
2 % B RHRKFEE (mg/L)
(%% T E)

RERER 2.29 2.22 1.97 3.44
BHEE 3.29 5.10 2.57 11.85
wEB 0.93 1.51 1.80 1.49
HER 1.40 1.10 1.31 0.33
HER 0.70 0.84 1.41 0.23
BEE 0.51 0.55 0.93 —
HMEER 0.90 1.06 1.57 0.64
RER 0.79 0.66 1.42 ; 0.05

FRRER 0.61 0.62 1.49 0.07
A 0.40 0.33 0.83 0.56
BEEER 0.22 0.35 0.15 —
B e B 0.15 0.11 0.24 0.12
BB 0.05 — 0.03 0.47
B 0.55 0.55 1.44 0.05
HER 0.40 0.21 0.74 —
90 S 0.10 — 0.12 —
REEBR 13.29 15.21 18.02 19.30
B 1.26 5.88 11.10

vl
F10

BHEREARYENEERMEER. BALEY. BE. R, 6 RS, dULES
Fea, BWREBUENEEATESE ISR, X518, AKIEXKEERE
H—ER R, XREAEFEAKRELIES, BFRTEXERSWLHBETAK D,
2R, B R e RRERNANLELR, ERSEETEMED R4 1IE
AL, X ERAHRS®ITEERNSE . REFREAER (humification)™ ik REK
B BRENEBHGKER.

6. BHEARN S FRME

Ji Sephadex BB I IEX IS BER=R D FFNARHNS TRERE LR 5 fiR, HA

x5 BEEERDSTREE

Tab. 5 The distribution of molecular weight of humic substances of Laminaria japonica

#FEEESE S E (B
BRER
<700 700—1 500 1500—5000 | 5000—10 000 >10 000
HA 22.0 10.9 37.7 28.3 1.1
FA 20.0 18.0 38.2 23.7 0.1
ES 52.8 21.8 6.8 17.3 1.3
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M FARDTFESHBEREL<700E 5L 20%,<<1500 fy5 33—38%,1 500—5 000
5 38%, BRI 1500—10 000 FEEEL L 60% Ll oM ES M FREBEEKK, <700
Fg53%,<1500 45 75%,

Rashid %" SfNBABE (Fucus) REW (Laminaria) SERKSHIR PO E HK
FA RN STE <700 F0H31% 18% M 16%, XEAXLEREEL, HRNEHNS
FE7L5000—10 000 JEFE F#E,B4 67%, 5000—10 000 > FETEESHIN 29% F1
8% ,(ERNEREY HA > 200 000 5353835 21% R140%,

LGRSV SRl B Rk 5K FA MBS FREEESTE 400—700 ZjH,
HA 53R 20000 £4, HFA o FRILEWRIEKT FA FEK. Gagosian F
HIEE/AKWER FA HTE<I5003F 5 81%,<5000 %24 99%, MERRERDTE
Ho

1. BHBRAREERY & PERHR W

TEH PRI K R X I E A (R A R S AR T
W IR FA, HA A1 ES WX E&INFRERERY, FELHERWME6 HE 6 4R
&,lW FA WX EANFRNMAARHBROIEER, BN AKRERNEETmER; |
HA R ES FHRFIHBURBISRL, BELE 0.1mg/ml JKE T I0-F P50 KE 53 FEfLo FA
G E R 5 &M ANE S FEREAE R, Sieburth FURER, WESWAR
HEHBE, WA —EHF k.

® 6 HEEHERMNXE&PFERHVNA

Tab., 6 The effect of humic substances of Laminaria japonica
on the growth of amphioxus eggs

FA (mg/ml) HA(mg/ml) ES(mg/ml) popit
BR-FI L iE
0.1 ] 0.02 | 0.0040.0008 0.1 |0.02|0.004/0,0008 0.1 1]0.02;0.004/0.0008 0
EELCY | 20 | 12 3 2 4 0 1 2 4 6 2 1 2
B Q 8 17 18 16 } 20 19 18 16 14 18 19 18

8. B RHERNBRENEN T

WERBEARK ST AW, HAKEEZEHE, BRI NRBRELSETE,
BINAE , BB IEBR. S 38 50 B AL S E P S B P MR8 T Mo Smi-
dsrpd FWEHEFEEEAEY(EEREIEREERSRRRERR. Mi1AXY, B
B R B A 5L A I TE R A R P AT BB A BRI AR B, SE0BE
R, BATTHEBRMAETIMA HAFA F1 ES, M THMED L, E5R0E 7.

REAE, BERWR RTINS BER HAFA A1 ES, £IMBLEE, MEHH
—EREN T, M HA Ml FA JREK 0.2mg/ml B, METFREE 42—43% K%
0.04mg/ml B, Tk 23—25%, ES 2, M4 20%, LERKEmMEFMRLESE,

1) BRAFERE T A B, EEE T,
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® 7 EBERERHERE R

Tab. 7 The effect of humic substances of Laminaria jeponica on
* the viscosity of sodium alginate solution

BOE &
REFEEMRREIAR K& :
R TXg @) | @ (mb) | gy [soccmimzy s T MBI O Frn
(CP) |b & (CPY " (%) |BEEINT(q)
HA 10(4& 10mg)]  0.50 40 263 150 43.0 81 69.2
2 (& 2mg) 0.50 48 264 202 23.5 125 52.6
FA 10 0.50 40 267 154 42.3 88 67.0
2 0.50 48 267 199 25.5
ES 10 0.50 40 269 182 32.3
2 0.50 48 269 196 27.1
%t 0 0.50 50 265 211 20.4 153 42.3

a) X B ATKE ML,

WA 0.2mg/ml B, HA HIXEEE R 69% ,FA R 67%, WA 42%, Bk 3 &R
Al41, HA WEBEES, FA RZ, ES &/, Hifi HA WEEEAREE., Xk
B, BB RIEAF I BRI E T, BR . MEDEIR-NMREZERN, BT 28
RYRRERVEERNEE, LEBEBERKERNERERE,

=, & &

L X B A GDX-102 WM P &BER, KEHBMLELE
Beli, o EER (HA) EER (FA) FICERTEY (ES) =Z4M4%0. BESHNY
4 0.04% ,0.12% Fn 0.035%(W/W),

2. ZH/AEAE 2050m UV RERABRKE. HA fi1 FA WONRECEEEREE &
KFE e AR E FA KHEBIERIKREENHEE,

LWET ZHASNAENKT SR, FRTABREE RESERASES . =&
THREEREEN 13—18% (HFE),LEKBEERAEAE 6—10 5, ES fnkE
&84 11%, b HA F1 FA #4554 10 f12 4%,

4 ABEBRERENZZSoWENS FREEERAE, HA f1 FA (o TEEEEX
Kl <700 F 54y 20%, <1500 A9 33—38%; ES WS TEDSARE: <700HZ K
53% ,<1500 F4H 5 75%, Bl ES FEHKS TEAMK.

5.FA &3 EAIFHRORAERAZOMEIER. HA f1 FA SHBERMAOKS
EEDENREER, EMEETLAHEE; ES MEmMKR/N.

2 % X ®B
(1] 2GS 1982, ERREFANTR LAGDX- 1020 Mg A B BAKBE R, B H S5HHE,13(4):370—379,

[2] ®3CAHI198LEKEARMNEERER 2EB - REERLEZATRKIRIE P ELFR,169—170,
[31 #XAS84BKBERRNZHEY— AAREERNEN 2B ZREERLEERTIRSRE
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THE ISOLATION AND PROPERTIES OF HUMIC SUBSTANCES
FROM THE MACERATED LIQUOR OF LAMIN ARIA
JAPONIC A*

Ji Minghou and  Zhang Hongsheng

(Instituze of Oceanology, Academia Sinica, Qingdao 266071)

ABSTRACT

A large amount of brownish mother liquor, remained after isolation of iodine and man-
nitol from the concentrated macerated liquor of Laminaria japonica, was not of any use up
to date in the comprehensive utilization industry of Laminaria.

This study deals with the isolation of humic substances from the macerated liquor, the che-
mical characterization of the fractions isolated and the determination of their properties.

1. The humic substances were adsorbed on the China-made adsorption resin GDX-102,
eluted with alkali and ethanol successively and fractionated into three fractions humic
acid (HA), fulvic acid (FA), and ethanol-soluble matter (ES). The yield of HA, FA and ES
was ca. 0.04%, 0.12% and 0.035% of the weight of macerated liquor, respectively.

2. All three fractions exhibited the UV absorption maximum at 205nm. The IR spectra of
HA and FA are somewhat close to those of seawater and soil, but in the spectrum of FA some
absorption peaks appear more distinctly.

3. The elements and functional groups of the fractions were analyzed. The total amino acid
contents of the fractions range between 13% and 18% of the dry weight, 6—10 times higher
than the content of those in seawater. The total carbohydrates reach 11%, 10 and 2 times hi-
gher than HA and FA, respectively..

4. The distribution of molecular weight in the fractions determined using Sephadex filtra-
tion method showed that both HA and FA gave a similar pattern, being ca. 20% in<700,
and 33—38% in <1 500, while ES gave a lower molecular weight range than HA and FA,
being 53% in<700 and 75% in <1 500. :

5. FA fraction exhibited more remarkable inhibition effect on the hatchmg of amphio-
xus eggs, while HA and ES showed almost no effect. The addition. of HA ang FA to.the al-
ginate solutions caused a remarkable depression on the viscosity, and especially in the presence
of alkali, while ES gave only slight effect on the viscosity.

Key words Lamineria japonica, Humic substances, Molecular weight.

* Contribution No. 2075 from the Institute of Oceanology, Academia Sinica.



