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Fig. 1. A recommended flow sheet for the comprehensive -utilization of Laminarie japonica Aresch.
1. Laminaria japo;zica (unsalted); 2. Grindings 3. Warm water extraction; 4. Filtrations 5. Seawead
flakes; 6. Formalin treatment; 7. Alkali extraction: 8. Acid céagulation; 9, Alkali dissolving; 10. Alc.
dehydration; 1l. Drying; 12. Sodium alginate; 13. Water extractive liquor; 14. Alc. extraction method
for mannitol; ~ 15. Concentrating by evaporation to dryness; 16. Extraction with 9095 boiling alc.s 17.
Residue; 18. Hot water extraction; 19. Fractional precipitation by alc.; 20. Laminaring 21. Carboni-
zation;‘ 22. Evaporation and crystallization; 23. Potassium chloride; 24. Alc. extractive liquor;
25. Cooling and Crystallization; 26. Recovery of alc. by distillation; 27, Oxidation and distillation;
28. Todines 29. Evaporation method for mannitol; 30. Alkali coagulationy . 31. Concentrating by eva-
poration; 32. Desalting by crystallization; 33. Mother liquor; 34. Sodium chloride;  35. Mannitol;
‘ : 36. First processy 37. Second process. '
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Table 1. The effect of different extracting temps on the yield and quality of

various components

L 2 S B B e D

e | mTE A 5 & CHEE  lex| o

(29 D. & B FHIF. 58 D. & [B.x o e N ,
GO | GO | B | %[RRI e 8% | ()
72
72
74
74

35 17.6410.329. 0.73 63 2,514 5.58 6.75 | 15.04 98 29.4 350

55 17.44 [0.395| 0.88 76 2.52 | 5.60 6.20 | 13.81 90 24.2 460
70 17.93 |1 0.426| 0.95 83 2.55 | 5.69 6.69 | 14.89 97 27.1 210
80 17.98 [ 0.406{ 0.90 78 2.56 | 5.70 6.79°1 15.127| 98 26.8 180

1. Extracting temp. (:2°C); 2. Dry wt. of extract (g); 3. Components in extract; 4. Algin in

algal residue; A. Iodine; B. Potassium; C. Mannitol; D. Content (g); E. Yield (% on the basis

of dry raw material); F. 9% of the total iodine contents in the raw material; G. 9% of the total

potassium contents in the raw material; H. 9% of the total mannito]l contents in the raw material;
1. Viscosity (Cp).
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B0°C IS I B I TS, R MALE R 80% 2o ; ST A PTE s , s BT Em 74 % ;
CH BRI 55°C AN REEEN 98 %, ERITHEIRIEILA B —HR 27 % 2 KB
WS O B M B T T 0 R T B R IR BESE 70°C LM, ) TAE AT As
B AR L R B A BRI, TR R S R B S S E R A ERE,
AT, T 55C AARETE 1 K 10 58,58 2 KA 8 B EMKITRIUE RS
HH, MENBRAEE ARG RN 76 % 8709 72 % , W R 90 % , MR LI kS BE b buige
imjo
THKBESEAEL SEABNEN, 54 RAE HEW%ER, %1 RN
500 ZEF(10 158 ) 7K, BTCRE R ; 55 2 ZERTRIE I 400 Z27H(8 F5E)/K,$2H 1 /R
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Table 2, The influence of different extracting times at room temp.

{ca. 30°C) on the yield and quality of various components

R EEEEEE P
et R A B B CHEE  lpww LmE
D. & [ExF#RExFE D. & EaFul S AT D, g [Erm AT ;
MEPRD OO \aGn| % (B % [RESNaGE o [ R URED
1 17.64 0.329| 0.73 ‘ 63 | 2.51 5.58 72 6.75 15.04 98 29.4 350
4 16.96 [0.327} 0.73 63 2.55 5.68 74 6.26 13.93 91 25.3 430
12 17.09 [0.357| 0.79 69 2.54 45.65 73- 6.18 13.77 4 90 -24.2 470
24 17.45 {0.342| 0.76 66 2.52 5.62 73 6.57 14.63 95 25.2 1 - 480

1. Time in Ist extraction”(hr.); Other explanations are the same as shown in Table 1.

5 2 R EU, SRIEIR(30°C 2o )M W R MIEK , B, 4T H RS B B
BT R AR A A R B, AR 55 1 AR ESRBR ML, 1E 30°C ot BANE
I RERZ 24 NF(E 1 20, TR ITF 55° 3 70—80°C 121X 2 2K, 2 N AORL. 57 B
EEAEHENS, T8, BT &G TETESER 30°C ZAERER, RIT2ERN
N , B 9 A5 AN ICRR 2, T EL T 5 A e, e 28 L |

L BRREESAKE |

TRECE T 50.0 S BEREEH, T 55 £2°C 420X 1 2 3 K 4 1 ZKARIN 500 ZF-(10
{5 8)7K, $-E 1 /NI 55 2 2R 400 ZF-(8 5 &), 1 /M & 3 Kohn 300 Z=7+H(6 5 &),
G/, W ERIBIE AHE, Sk BB TR I  H A4 R DTSRI 3 B
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Table 3. Relation between the extractions and the yield and quality

of various components at 55 4:2°C

R R R R 4. RSP

1485 248 : -

WTE A B B. #f . CHE® BT 1. 4B
RE o ; ; | G- % F o | HLRTF

D. & BN FHF. T3 D. & BN Tiile D. & [E.% FH | 3

B lain| % |ERaRD| % RS NEGD % [AbE R | (T

14.11 |0.337| 0.75 65 | 2.14| 4.76 62 |5.07] 11.20| 73 |25.3| 420

17.44 10.395} 0.88 76 2.52 5.60 73 6.20 13.81 90 24.2 460

18.12 [ 0.383| 0.91 79 2.55 5.67 73 '6.22 13.86 | * 90 24.3 430

1. Extractions; Other explanations are the same as shown in Table 1.

R 3 FERRUL DY P SIS EMEERIRETIE M.  ERPEEBRET&
SHETRZM, N2 RE 3 KEEREN, SR REXTTHEH 5.6% 9 Fk
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Table 4. Relation between the volume of water used in extraction and the
‘ yield and quality of various components at 55 +2°C
(All the 2nd extraction with 8 times of water (400ml.) by wt. of the raw material used)

3. 0# WM ¥ o & Bk oF 4. TERE PR

2483
YR s s o CHEBR  nsrr Lo
FAkE D.& E S L - F e SN

& [ExTEsTE D, & BT, D. & BT[N \

G 5| thos [Horbs G| o PRSI Sy IR W% | ORI
8 4£(400 ml.) 17.52 10.380| 0.85 74 2.61 | 5.81 75 6.63 |14.77 96 26.1 420
10 4%(500 ml.) 17.44 (0.397( 0.88 76 2.52 ] 5.60 73 6.20 ]13.81 90 24.2 460
12 482(600 m1.) | 18.44 |0.323]|0.72| .63 2.72 | 6.05 78 7.26 [16.16] 100 26.1 430
16@5(800 ml.) | 18.41 {0.348] 0.78 68 2.70 | 6.01 78 6.88 |15.531 100 25.7 440

1.98 1 2

%aﬂ% ol

1. Volume of water used in the Ist extraction; Other explanations are the same as shown in Table 1.
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BAERS 1 R KSR B M2, 1E 55C AN, 8 10—12 &
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WL HEMEER
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T BB R U B AR R R X A A A R, A T 50.0 7, B 1
REEWAA 500 BF- (10 K58 AFRFEREE, THE (33°C) X 55°C TR 1
N, SRS IRTETE R 8 F5EK (400 BEFY) FEALEE 1 /NN, BB SHIRRERE
F, AT th 4 A B SRR R A 50

% 5 FE IS0, P RREANGIE TN, SR RH IR Al RO tH B H T AORRER S , BIE 30°C
IR H B 100% B (EMIUREA, BSIImEsE 18Nk m A S
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Table 5. The influence of treatment with dil. HCl on the yield
and guality of various components

(Ist extraction with 500ml. HaO and various vol. of conc. HCI for lhr;
2nd extraction with 400ml. HO for lhr.)

Lo 1 i | 2.5 R EYTEERE N 4. R

mAN HOl & | HFE A B B & CHEBR bwr L
, . AT
; D. & [E.FF. 5 & D. & [E.FLS D. & ENFLENT| o 3
HERAE | GO 5650| #hoo (B mon)| % [RES Bl | G, RS HE H% | (R
2.5ml. (30°C) 20.07 (0.341} 0.76 60 2.81 1 6.27 81 7.00 |15.59 100 24.9 340
5.0ml. (30°G) 22.17 {0.327]0.73 63 3.3317.42 96 7.08 [15.76 100 21.8 320
2.5ml. (55°G) 18.73 {0.290] 0.65 56 2.72 6705 78 6.60 |14.68 96 21.6 160

1. Volume (ml.) of conc. HCI added ‘in 1st extraction and extracting temp.; Other explanations
- are the same as shown in Table 1.

=\ HERENERES B &0

o Bk IR A R R SR WY, B ATAMEIT TS T, B, A S EE
R, Rl TSI I, 485 SEREET, B9 4R, T et B i L AR, b &
B % B H BB I B D BB ML S, DA AR BB 28 4058 X 88 B 5B 0 o

H PR T L R B, B S S S IR B, B B o B P R B AR/
8, BlinfE SR A0 ZBE b 0,757 % , FE R BErh R 1,306 %" s fE 55 1B T RIEE /N, nfesi
ZHEERIH 04 %  HILFT DEGI AL T H B RER TR, BEGHE, SHMmE
7 B8 B NP LS R RN TSR BT 3R AR B AT L H SR, R B SR AP RO
FIU (BB HA R, B HRTRIER S , RFESBR R R A BRI, B RE
TR B T-SebRAE 7= e B 83 4 TR A IR B 25035 R0 Black™ & 85 % JEHE B g 53k
ATHRTCH TR BERORRER ; w7 o B BRBR IR fh ol T L R AR T R T RE R 5 3 40
Bt A B B TR B A R S, (AT R IR R ST BRI
PEMARER, TRFTBAH 1A FAH KB R ICH B BN AR, HEBRHES, B
FCETH—S ) MBS AR EE D,  ETPE 2 B E R T R
i PR TR B R R B JLA 5 T AT ol , DA S T B o

T DA 25 B H TR B S b BT R AR B , BEPT A LSRR 409 - H BRI 38.16 %,
8 1447 % , 5 1.93% o F— LB PIFTE 15050 W ( = BT E 144 3DEH HEL
5.50 3%, 81 2.08 35,5 0.278 &,

L. EERREE

SERRBR DL 85 % Wk B2 BT ASHE TR R I B, DABAE SE R ROIR U e BRI 15 S
B, A 5 158 85 % PR (75 ZBF), TOpewEa T /KW i ihR Al i, T
JE BV RALRME Y , B, KR T T A R, WA A B R R IR
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Table 6. The distribution of mannitol, ‘iodine and potassium in residue and
alcoholic liquor after Vboiling the extract for diff. times (min.) with

5 times of 859 alc. by wh of the extract

P 2 WU TRE 3 RS |4 B 5 i o
5 & =
B | AEE | B [comgn |SNER| 5 gy [DNER) TRE Iy gy [5HEE
%

G | @ | Go |BERE TG (BERE| Go | G | RS
15 4.63 70.6 3.27 59.5 1.33 24.2 0.254 1.28 61.4
30 4.56 74.1 3.38 61.4 1.40 25.2 0.279 1.29 61.8
60 4.29 76.4 3.28 59.6 1.51 27.5 0.282 1.33 63.8

1. Boiling time (min.); 2. Crude mannitol crystallized; 3. Mannitol in alcoholic liquor; 4. Content

of iodine in alcoholic liquor (g); 5. Potassium in residue; A. Weight (g); B. Purity (%); C.

Actual content (g); D. % of the total mannitol contents in the extract; E. Content (g); . % of
the total potassium contents in the extract.

i 6 FEEE, B 85% IERSAVRIR 15—60 708k, W H BRI T EH T L KER, &
o TR I S ERR LR 60% Zof, R IIEE 25% Lf, RIS
ST A B A LRI | 15 A-80755 60 20, IR I 1 ZKRE B TRk, 3o
Fiti—gB MR UL B RIM, SR 62% BBR{ERETE b, T e — 8 S Te defibr i1
PR E B, /N A IS TR WS SR N R A RE K , ML H TR A e (L TR
5L EN 71% W E 76% , TR B AEIE W th B BARRI Ho e 61% 128 64% , KT ARY)
ARy, KEVZBNEEKRTBEFSHERIE, —RER, MR S5% B
AR 1RE, DL 6o AathiE; EAREm 2 K, AL o0% BERHRICLS S8k E(RAT
it 1), |

1L EfERRs R | '

T ARRE 85% Wk 5 15 HRIUWED 1 K, 15 560, B RE A0S, SHH
TR, PR BB A AR, SRR 7o

57 FERAEYT, BT RAD 3 RE0, 45 & H el BB R 2 4, (B 4 5 T RES
BRI, 3K 8—15 5N, B S H B BRI b, (R0 B 1, SR A SO LEh o g
Plo B H o B B 3 P RS B NI SR, s 8—15 RSB, B Y 8 FURT SR TR
EH RN 40% £t SHARERL, TR IR v T TR R TR PR B T
8%, /8 15 RN EEE 50 % TR E TR R, Rl AT, B L P se 2
Ho AR FREIEAN, BFA0K HE BI85 , K Z I8 A H BEHS & b, R TR TS
OB TR T A T B S R PR B T AR by D) 3—5 A ST TR, 7 A4 ST
) 61—86% BEERE T, MIGHERI, D 3—5 METRRT, AT H BE
AR S TR,
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Table 7. The distribution of mannitol, iodine and potassium in the residue and
alcoholic liquor after boiling the extract with different times of
859% alcohol by weight of the extract for 15 min.

2.5 M EE 3. A H RS | 4. TR 5. B ryET

- | D FTEEEL oom | D. N | PEGANE oo | Fe STEEEY
A.EE |B.fiF IC.IEEE E. && E. & 1
G | @ | Goo | BERE| Vet | MERE o | o [BREHE

1.85% B A&

: BEN% EEN%

45ml(G. 3458 3.69 | 82.2 | 3.03 55.1 1.02 18.5 0.253 | 1.80 86.2
75ml 458D 4.63 | 70.6 | 3.27 59.5 1.33 24.2 0.254 1.28 61.4
120ml. (858)| 4.56 | 47.4 | 2.16 39.3 2.08 37.8 0.284 0.72 34.5
225 mL(I5 458 4.03 |.57.2 | 2.31 42.0 2.69 48.9 0.285 0.34 16.3

1. Volume of 85% alcohol added; 2. Crude mannitol crystallized; 3. Mannitol in alcoholic liquor;

4. Iodine in alcoholic liquor (g); 5. Potassium in residue; A. Weight (g); B. Purity (%); C.

Actual content (g); D. 9% of the total mannitel contents in the extract; E. Content (g); F. % of
the total potassium contents in the extract; G. Time of alcohol used by wt. of the extract.

ML $20R R | |
W 15 FARTU LA 5 HEE (75 ZEFH) TR IR T BE BT RE S e i B ZE AR T 1 K¢ 15
Hhe BIRAEAERAFATIERIME 8 o |
X8 HTRBREEREREIRASERBEMEREPHNS T

Table 8. The distribution of mannitol, iodine and' potassium in residue and alcoholic
liquor after boiling the extract with 5 times of various concentrations of

alcohol by wt. of the extract for 15 min,

o 2. 5B 0k B 3. WA I IBEE (4. 0RT | 5B a0gy

, A =E|B. . ma | D WER | ¢ = Dﬂ%&WWﬁ%Eﬁ@‘RE%@
@ NG |55 | e | TR (e | oo | @R | anse

75 4.35 | 74.1 | 3.22 58.5 2.05 37.3 0.263 | 0.47 22.6

85 4.63 | 70.6 | 3.27 59.5 1.33 24.2 0.254 1.28 61.4

90 4.83 [ 76.5 | 3.69 67.1 0.39 7.1 0.233 1.75 84.0

95 2.59 | 84.8 | 2.20 | 40.0 0.38 6.9 0.238 | 1.89 90.7

G. TokiERS | 0.49 | 93.1 | 0.46 8.4 0.11 | . 2.00 0.207 2.07 99.3

1. Concentration of alcohol added (9); Explanations from 2 to 5 and A.to F are the same as
shown in Tab. 7; G. Absolute alcohol. :

BN E RS YR AR 7, th T-H BRSO MO B A S B0 R 0 T e, B T i 1 B
B AR EAE , FIEE BB SR 5 (I H BB R AR A Wb, B 75—85 7 RS H- B
FOE59 % Hith s T8 95 % WeBERT BRI 40% 3 AT KIEREAUAR Y 8% Zidvo RN 34iH
REUEESA 90% LI, B Tk b i H BB ARk, FUE B 42 )L, AP EET
BRI o BURIST B9V HY B AR U BRI A T I , 28 90—95 % Wk BE R %R
TEFE IR IE HROST RN 84—90% 7247, FATL/AEREAIAT & T 99 % s UETERE IR E 75 %
7 R AR B0 95 % , T IR AR 28 05 % , H T T/ KRN , B L 25 M B
86—74% B /NI BB TR, D LHEREEN, M 5 BRERRN 1 K6, A\ H B,

bt
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IV. #RKE ‘

R 8 BralfERaZm &, THIRMA 0% %ﬂ 95 % TFEREFHATHRI R # (FFRIE
15 ﬁ%)ﬁ%ﬁ?ﬁ%hﬁx%ﬂﬁﬁa&%méﬁ%ﬁo P ﬁ%*%ﬁni% 9

®9 :EFEEQ—E‘Z:lF%&ﬁEﬁE*ﬂEFﬁ*Mﬁﬁ
Table 9. The distribution of mannitol, iodine and-potassium in residue and
alcoholic liquor after extracting twice or thrice with different

times of alc. by wt. of the extract

1450 2. 5B M R E RS | 3Ry gl s
N W HE T R W
AL WkEE | B. R EE | comE | D Eaagal NEN 6. g [EREITNIRR ¢ op | H.E
@ | CRaE | Go | @ | Go |[BeBl e WEBE o | e BEs

Ist 75ml. (5 )
2nd 45ml. (3 £%)

Ist 75ml. (5 4&)
2nd 45ml. (3 %)

1st 75ml. (5 4£)
95 2nd 45ml. (3 ﬁ,") 5.41 67.1 3.63 66.0 0.45 8.2 0.306 | 1.75 84.0
3rd 45ml. (3 {%)

90 6.20 70.5 4.37 79.4 0.56 10.2 0.284 | 1.55 74.4

95 4.45 81.2 3.61 65.6 0.35 6.4 0.286 | 1.84 88.3

1. Alcohol used in extractions; 2. Crude mannitol crystallized; 3. Mannitol in alcoholic liquor; 4.

Iodine in alcoholic liquor {g); 5. Potassium in residue; A. Conc. (%); B. Extractions (15 min. per

each extration) and volume of alc. used; C. Weight (g); D. Purity (%); E. Actual content (g);

F. % of the total mannitol contents in the extracty; G. Content (g); H. 9% of the total potassium
content in the extract.

BRESRE , A 90 % TEFEFER 2 2K, Eﬁ%ﬂﬁmﬁ%g% ’fﬂé%&@?m, FEUESH 1 KM
67% (RFE8)|EE 79%, MAEHENI | RIEIWEFR L, & 0.233 35S 0.284 37,
HFF R DR IEP A ER 1 RIEME N, B 84 % (38 8) I E 74 % , XRP—IR
PP TIERE R, SRR 2T A B R b FERIERA M H BB Ao B iR A

LRESEY 76% BEZHRAN 2 2RI 70%,,  JH 95 % EASHEEN 2—3 K&, e HEHE BT
$7 s [EH BRI 00% B IH R, BRI, —HRHS LRI 1 RE(F 8)HUELER
C BN, HBANTH A ERETEAR P OIRETR, R 90—95% EIFETRIN 2
RGBS LRI S AEELE 2 K 3 B R EEET M,

W, B B

HE RS AT Ak R R & RS R 60—70% A, WAB AL T, BE
TERE—2P 694, FIEE TEWN LS AR, B FET®ES0E KESR, BRE
AR B TRBET G, A THIDVAET RS ERAE R, TEXT“*_Wﬁ&PEﬁTﬂ:

AR T B TG4, BNER 1 2T, 4 1 Zm 10 3‘]*,”%’5% 2R
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18 FrAK, T 55 + 20 HEATHAMHEIR 2 2, IHEENRH TR I 5, i 90% TSR
AT 2 K 1R 5 8,58 2 M 3 BRI SR TUERHCA , R BB, K
Hr, DIVEMEER G, RERE T, HH SRR RO 70.8%, K5 21.1%, Ko
0%, | | , |

1. KREFESRE ‘

= R4 10,0 35( = 7.08 BATHBRE) , IAREERAK, IRIERE, Hob)a
BIKGE (3—5°C) X,  HTiH AofE S IAD B 05 % EEVEIREIZUS THOA ST FIET,
PSR- H TR A A T B S A 10,

10 FIRERESENIE H IR SERE

Table 16. The purity and recovery . of mannitcl in water-recrystallization method.

g | UMMEEE | somE | 4EUBE | SOEE | 6 ko
Lok G %) GO (%) (%)
15 ml. ) 4.90 94.3 4.62 65 1.34
20 ml. 3.86 91.7 3.54 50 0.43
30 ml. 2.40 94.9 2.28 32 0.06 -

1. Vol, of water added; 2. Mannitol crystallized (g); 3. Purity (%); 4. Actual content of mannitol(g);
5. Recovery (%); 6. Ash (9%).

B 35 7K B, - BRI A B T el EORELA ) 70.8 % HRES T 05 % , KA 21%
e 28 0.06 % 348 e T FRZK B3R, W AR o 538, R b D B 0 (R 2R, (B 2 R (6, 28
KB 30 A5 RN REK 32 %,

I. EREESE o

ARG » H TR AT % v RO R B A RNy, R e o SR IR 6, PRV AT
REWR BT S R, AR E T B S Ry R B A R &
AR BRI, BRI BEBEA 10 $E( — 7.08 SEATHIERE), MIATFRIR
R B R BT , B A B 2 10 580, RIS R Y IR B AT B
B 95 % BRI, 288 FIALAMBITHET o B3R APTRER IR 11,

511 FERRY, THUER 70% ARt BRI EA SIRAN, F3 15 B8
FEERE R 1 R, — AT E 84—87 %, % 85—00% RSN, H-H Em 2y,
REBFEY . MENERIKE 00% #, MK IS M S L BEs 555 H, B2
B3k 93.4 % ;T 85 % k4, BOINFA R EH M o3V AR, (B B0 SR B A H SR e AR YA T
R, T AR, 9 89.5 %o THEIRIE—BIEE T 06% W, B T-HEENERED
SEVE, RES R R B, Borh RS 20% , 360 KCI, NaCl STl KA, (4
BETEELET 4.55 B, ETHRER/SSEHAOTREER RS, Sl BEs),
AL Iy 2.31 3, EIUER B BERZ N T 32.6 %o AN RTERETERS ST, BURIEE FTHRES 28 93 % ,
ABFEESR, BT 1 REA B EIEES, 5 2 KIS MM B R R, 7 B R,
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Table 11, The purity and recovery of mannitol in alcohol-recrystallization method

Lme iR 5. I 5. AR

. 2. TREEER (RN, o ; o F.HE D. &
; E R | B A | C. x5 | DL gt BmA A m CHRA s
o g0 Go | @) | 6 |BEGD| (% EGO[EE (7 |EEE

150 ml.(G. 15 4&) | 85 | 7.30 | 86.8 | 7.51 | 6.33 | 89.5
1 150 ml. (15 &) | 90 7.
2

3 %
91 83.6 | 11.87 6.60 93.4 7 —_ —
150 ml. (15 f%) | 96 .2

.76 83.5 9.30 2.31 32.6 ]6.23|73.0]20.3] 4.

i

W

lst 150 ml.(15 %) | 90 .
{S ml.(15 6 }5.53 92.8 | 1.71 | s.14 | 72.5 |o0.83|85.2{ 9.4]|0.71

2nd 150 ml.(15 4%) | 85

{Ist 150 m1.(15 4£) | 90 } 3

.11 92.6. | 1.93 2. .7 | 3. 1.6112.4(3.23
2nd 150 ml.(15 /&) | 90 88 40.7 |8

1. Time of recrystallization; 2. Volume of alc. used; 3. Conc. of alc. used; 4. Mannitol crystallized

from alc.; 5. Alcohol-insoluble matters; A. Wt. (g); B. Purity (%); C. Ash (%); D. Actual content

of mannitol; E. Recovery (9%); F. Content of mannitol (9%); G. Time of alc. by wt. of the crude
mannitol.

KBS 2 KR 90 % TR, 70 e BRI g 1B, Horh R B BE S, B T [ sk 1
K,Z 40.7 %,

2 6 D ERBSLEE, R 70% ZeAe B AR TR R R B A AR, AR
&, FTJR 15 f54 90 % T, PHie-H IRBESUEERAIRLE(R0 85%) 5 MR BIZCE RS & , HIMEEE
TR 93% , EDLAS 1 KA 00% 55 2 207 85% RTINS, M4, HEBMEmIS
B IR R TR B, EpeE TR, TN T RIS AR, TR
15 F58 T BRER LR,

. BFeHE

PR T2 RS IR A H BB, 7E F AR BT i rh B T AR ), MM R E ket
P 1B IE TR RIB I 321 B DI BT ACHe Bk sl H B BT T AR
BPER 10.0 sERH EEEC — 7.08 FEALR )T 150 EKeR, SpE B R T A (15 B
R, 56 KT, RIEEIT BT 2eHkk(F_ERAB, 46 EXE), FHEEY 40 &/
Fro ARSI N BT U AR BB T o SHHERIE 12,

®12 BEBFEREMETEENPIE SEKE

Table 12. The purity and recovery of mannitol in ion-exchange method

RERRE v CUGLES IR - 1) 3RE(%) | AETBERGD | 5.EHE)
7.47 94.9 0.09 7.09 100

1. Mannitol obtained after ion-exchange (g); 2. Purity (%); 3. Ash (%); 4. Actual content of
mannitol (g); 5. Recovery (%).

R /NS, R 100% , FEEER 94.9% 5 HAHE L) AUk EKET
91% ,$HEE 98 % |
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e b= A ARSI Bk , B R T e etk B 3R, I 100 % , BEE 05 % 5
TR A 5 s B 2 (B PR S N B 2R T DA H] 72 % L L EE 3k 93 % 5 T /K EE A
it P AL EE BT 94 % o AH EIEER AR, LT 50—65 %

| . RERNEERE

Tl P AR 5 B AR R R B I, B BB THYP , 5SAIEES S, K5
TV (B B R o s T R DL 1 B e — 2B R0 RI o

T A MR IR P A B H B, BN AR IR SRS, A s
6}@?%%@&11& PELSE , B A, RS O INGHEE SR A TIE . FEMABR B H T B Bk A T

T 48 LTI AR AR, L B BB, Sk O TR R e R, 2R H TSRS BT,

B AP, ST ATERTS b Pl , B ARk, TRIE B SR O B, B A AR B
Tl , e TAER E B AT 40T R AR Bl H 5 B kB A, BT —

M%ﬁ%ﬁoimﬁ&ﬁﬁﬁfﬁﬁﬂTTﬁJVs@&uﬁi#mRMﬁ%%#o

L XBF&

See A B2 - SRTAEE (RS 78 H), Bl 500.0 351 (=438 ST R)AH
BB 67.2 35, 5.0 35, SCERHRTRANE 1 PR, BRI KEE B DAES (IR AL 38, BRI n s i
B (U _EBRA“E—TRFE"), RIB R R W , -5 R (AR A S A7), A
il BARBRIESERNT: '

FE—TRRF: IU500 R, 55 1 R0 5 FHK, 8 2 Khn 4 FK, F55+29C S5
B 1 /R, FERECE N, BRIBEIRA B IIA 90 BB 12% HCL, #E#E pH A 14—
1.7, R, FRAERE RIS Mo I TR, DA EM a8, VBB IIA 80 ZEF} 20%
NaOH ¥, 67 pH £ 9—10 &4, AL BRI E VDU , i 37, 36 _ LW A
AT RS W ), S ERUTGE AR Hh Sod IR s BB DAL B, BRI B Ve ki , dhad 2 eh
RUWA ZURITIET 4, 2RI 600—700 ZETHIFEIE K, 2 300—400 ZEFHHdiE—
AR, Pk BRAITTE |

BRF: XPRFEELVE I RS EHERNERE, WML T T 5 452
a5l , LA AR ek B R AR 2 B H Aoks B oh H il AU R -0 590, R SebreT™=
H BB fR RN BB TR

T EBIPTIR &5 Bl S5 2L 90 % TERSUENE , #R )5 DALAME T HET S

B 1, RS E — TR B RIEIIREE R 250 2B (116°C) W RIE IS Ry; 1B
Wk 200 ZF (118°C), Frd= 80°C i AERARIL IR, 158 M Rey IBTR SRS 2 /NN,
fEhf 5 Ry VR SHEIVRSEZE 130 2591 (118°C) B, U8 Hi%h 5 Ry; 38 100 ZEF- (119°C) 1545
S Rss ARG BT I RS, 55 Re; ST Ryo

72, FE—HREZERIEBREEZ 200 Z27H(119°C), BRAIE N HER S KIEKE
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AL 1B S5 IRTEHMITIRAR R 100 ZBTH(118°C), #HE & Sy BB SIS , 25K
Hd SR EHWEN S0 ' ' o '

3. H—REFREMA 75 BT 12% HCL, SRISHIA 65 Tt 20% NaOH HEWEHE
ATHLBLA . VRWIRAFE 200 ZEFH(118°C) HEHE 00°C, B RO IR #G To; IR
I RUHET 130 ZF-(119°C) RHE IR R To; 1B HEEIRERE 100 2271, S=REMA T
T AR T3 WRIEH Tio o | |

4. F—BFHILEEE 3 MR, IBRIERIMER 160 ZI-(118°C), AEHRA
VRS Uss IRHEREEREE T 120 ZETH(118°C) , IR AR 1 18455 Un IBIEN Uso

5. B RFAARIE 5] 3 MR, KHEMIKIEE 250 I, KRBT, BRE
L, R, SRR E 170 BA(118°C) , GRS, R Vi IS 110
ZEFH(119°C) I, BB HA T , AL s & Va3 IR WIS Vo

II. SCERfsRi5ess | |

b5l 5 A4S SEBR B BT A R O T 5 A MR SRR N 13,

S5 — TR R R TR AL S AT DU 7E 1 Tl LEh s & 00 L IR IR %) K5
=%, RSP BN SR RGP T R, 33 VR R, S A
PR B 58S, B B — B FE G L DT , 2 T W% HH P T , S 2 D02 B T JRES LA
WA B EATRRG 1/50 BHCEDRY 200 BBTL) , FFARHAT A i o TEXFTR 13 PRl
S BIHEATE |

1 BT 4 KRGS, Bk A E THIEE, RTTHA B AR R R PR HE
BETI3K 32 %, R, A Re i B RERSE 37 32, J BORhh M H BRERL(67.2 3E)RI 55 % , T UE
Wrp R 4.5 3, BEFT DU Rs Tl Re AFEEATH B EEMARHT,  SE BT IREEEA 100
BT, RS, TTE A, BTSSRI R, Fl R ZFI(REF 3), 5 5 R
BT H B A RRE(23.6% ), BAMBRAE, WEEELRA R /BN HEREMR
- :

1] 2 BRHEI—TEWRFE 2 200 BT, SRBHOS, PHSMER S PRHERAGEN 254
o, R R MR AR 38% ; AUE, HEEIUREEE 100 BILEMA, IHERE S A
W 1335, KRR, S, TS, A H TEEE MBS 38.5 75, & BN A H BEEE R 57 %, BT
FSeE s B U |

1 3 AKHBIRIRIE IS4 200 BEFHAT 130 I A Sl RIERRERE, BEREEY
100 IR, BEEDSRIEACE  (EEAE G R, FHEAER T, BEE &R 36.6 32,
Bk M H B RS R 54 % , 0 BITRURAT R RRIE, IR IR 0.42 35, M
BEEN 4%,

7] 4 BRHE—E IREEE 160 I, B IRMER 120 277, 0%, AIPHERES U R
U, shH BELM I 42.8 72, 1 Uy i HEBARARE, FETER—SRM, HEE
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Table 13. The distribution of mannitol and iodine in various fractions of crystals
and mother liquors obtained during the concentration of water-extractive
liquor after removing alkali- and ‘acid- insoluble organic impurities

(500 g. of raw material used contains 67.2 g of mannitol and 5.0 g of iodine)

1.5 | ’ B R & A
2. 3.4 2 4 = -
%l A ®a&® A TS | B-HEE | C.HEE | DKy | E4EE | FAE
Go) | FE(%) | &G (%) (%) i)
Ry | G. ¥efzEyy 250 ml. 29.38 10.3 3.02 84.38 0.63 0.183
Re | G. WEESH 200 ml. 5.68 8.8 0.50 85.46 0.62 0.035
Rs | H. H¥ 9.97 18.7 1.86 75.32 1.09 0.109
1 Ry | G. ¥e#FEE# 130 ml 12.82 15.1 1.94 80.24 0.98 0.126
Rs | G. WHEREH 100 ml. 20.63 23.6 4.87 69.67 1.37 0.283
Rs | H. &% 51.61 62.2 32.10 26.96 0.57 0.294
R, | I. B 4.55 2.33
S: | G. WEERH 200 ml. 68.27 15.5 10.58 78.13 1.09 0.744
S | H. B 45. 44 55.9 25.40 35.11 1.23 0.558
2 Ss | G. W#EEH 100 ml. 6.77 16.6 1.12 72.59 — —
Se | H. B 23.89 54.8 13.09 36.58 1.59 0.380
Ss | I. Wik 8.57 2.37
Ti | G. WHEEH 200 ml. 40.03 12.0 " 4.80 83.14 0.85 0.340
3 T: | G. WifEEH 130 ml. 24.50 15.8 3.87 76.45 1.12 0.274
Ts | J. WEEEH 100 ml., Bos|  64.11 57.1 36.60 31.06 1.57 1.01
Ty | 1. BRus 9.42
Ur | G. #iEEH 160 ml. 59.19 15.8 9.35 78.20 1.18 0.696
4 U | J. WHEEY 120 ml., Bug-|  57.13 58.5 33.40 31.60 1.10 0.627
Us | I. B 11.20 ‘ 2.70
Vi | G. WEEEH 170 ml. 65.30 14.0 9.14 75.95 1.10 0.718
5 Ve | ] WEEEHK 110 ml., Bus|  66.44 53.1 35.26 133,77 1.31 0.870
Va | 1. B 10.30 2.49

1. Example; 2. Fraction; 3. Condition of crystallization; 4. Crystals obtained; A. Weight (g); B.

Content of mannitel (%); C. Content of mannitol (g); D. Ash (%); E. Content of iodine (%);

E. Content of iodine (g). = G. Concentrated to a definite volume; H. Cooled to room témp.; I.
Mother liquor; J. Concentrated to a definite vol. and cooled to room temp.

U, J9 B AH BB ARUE, Horh A & 334 35, A ERR B HBBEEMN 50 %, REDH
PREABHBEIEN 17%,

B 5 5 4 REARML BEHER—ERME 120 277, BERSS Vi, BERES
110 I, 0l Friess dh Ve P HEESER 35 m, NEHBERER 52 %, IBEhIE
BERE 10 35, WA HEEEN 15%,

£B e TR RBABIEL BRI —PE (Y 2.3—2.7 3o ) B E TR B b, IR
R (5.0 F0) ) 46—54 % , HARTEFRFERITH,

B b3l 5 P SEERBIE SR, B3, 4 F15 Ay T, U TV, Bré HEREs A FUk R s
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TRBERIRY 50—54 % oA, P FAVERE— 2R H BRI 60 SRR SR P A AR AN,

SR H B AL ST IR RS I kA b R RIEWNEF A BRI s
B 60 % ZoAT 5 3BEBR Y RN (B TR RS RUTEATR R BT 5L R UT T AA DL
YT RIEFL TN, BAEW A E TRE RS, N RIEN SRR B —ER
BRI » IR PUPR3E TP D9 il R S0 sl e Ve i S R s 1 )5 B R A B O RO R AL
B 46—54(F 13) IR UL LA 90 % TERHE BRI 7T MR BLE HEEEM 79%
(L5 86 B ;3 BUR AL BEE v AR —2B 4R Mgk (55 86 B, Sl B4 ety
RYSRIR ; B8 TE R romilt (52 9 vh 90 % TERSHEIR 2R3 ) o8 FOBL BRI 50% 72

Ho

A FULE RS

% 69 FEHLELSREN, T L TR TS RHE I BB S 60RE i ; R AL BE S R
Ho T 3 T A AR TRH TR RS (R LB o 80, SRS B P B 0T , S B
TEEIR A SR b B3R

I ERIRIRAE

A BRI KL 48 SR Ve IR B I S ML A, TS RS
DRFATHG A, T RGBT, 55 7 Hi 3k T3k i 2
B 800 (= 690 T B )HHEATE 5 TR AR T, $2 00 PR T 5
B2, FEENATAMEIT TR BT 400°C L IPeh G 1 /N, Bed FRRIIRTR 5 70, TR
LA R TR 500 ZETF, 48/ MRS HEAG A A oL A 78.5 30 TR 350 BETH IRAAW Bk
G RWHE 28 200 BTt (104°C, T 80°C MIELTE LI2)M, HEREES MBS 175 27
(105°C, thEE 1.17), BHGT I8, 1545 50 K #ER 150 =7H(108°C, e 1.24)5,
e 2 S A0 1 Gk, SRR 55 2FH(110°C, LI 1.26)0, - Mol R4S »
EKHEREREA N K BB FHERET, N Ko A0 REAVREME 140 DAL
PREE Mo SRAE 80°C MHBIERY, R4 0365 1 LA RRIEAEBENE , 4505 B

B TR AR v b RO STERAE A 30 & K, h RS, ETHEN 3.28% , X OB
S8 (7.72 % VRF3 42 % , T DURAEBITR TR, BUE 445 BrP RO A RIR D,

TERMAR IR MR T TRy, TR, FRv e R Rk
7, TR R4 AR B AS 5 AHF T B BN F AR 7,

BT 800 % (=690 38 ) BERENER , SRTFREAAET, EHEMMTH 217 3, &
R T AT R A P 400°C TRAG 3 /NN, WB7RHRIR 5 %K, HRIBTERIRE 600
T, BEHE 50 ST K, CL, SO, il I, Bk 550 B+ AR KZE RIS, TRAY B3t
B 4 5o M EAIFINE 15, 460855 DU RRERDEN:, 4808 BT, HIE5%7E s0C
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Table 14. The fractional crystallization of inorganic salts in water extractive liquor

obtained from the carbonized alcohol-insoluble residue

o# & % # 2. %R B 5B il
" % wEG | AFE | BT | AR | B.MTF ?gh:%q;’?

=)

e % (8 #% | Mo
v D. ik, 78.5| 0.078 0.011 29.67 4.30
105°G, E. }kE 1.17, F. 2#dE | Ko 4.3 0.014 0.002 1.50 0.22 3

108°C, E. 1.24, G. g

;B SLE 124, G Bepiig }Kz, 51.6 | 0.036 | o0.005 | 22.60 | 3.28 )
110°C, E. Jr& 1.26, G. Huanlig :
H. 7T Ks, 21.8 0.045 0.006 5.23 0.76 —

1. Conditions of crystallization;- 2. Crystals and their weight (g); 3. lodine; 4. Potassium; A. Content

(g); -B. % on the basis of the dry raw material; C. 9 of the total potassium contents in the raw

material; D. Total salts; E. sp. gr. measured at 80°C; F. Filtered in the hot; G. Filtered on cooling;
: * H. Mother liquor evaporated to dryness.

£ 15 REHRBECERGREREPENENS ISR
Table 15. The fractional crystallization of inorganic salts in water extractive

liquor after carbonization of the water extract

7}@&(%?12)#%% 2. 3 (80°C WD 3. i (°0) 4 &
550
400 1.12 104 Frih B ER 2R IR e i
350 1.13 104 EhEL
300 1.15 (19° B& 104 A BRAEHEZ, 2RI, 5ERE K
250 1.18 106 FriE BRI &
225 1.20 109 HRERE L
150 1.28 110 HOR A R &, W A4
100 1.31(34°B&) 110 B. PR, R K.
75 1.32 (35° B&) 110- C. i, T, B R K
30 D. ZEET,FREGHER K.

1. Volume change of water extractive liquor on evaporation; 2. Sp. gr. (at 80°C); 3. Boiling temp.

(°C); 4. Crystallization; A. Filtered in the hot, and obtained crystals as Ky; B. Filtered in the hot,

and obtained crystals as Ks; C. Filtered on cooling, and obtained crystals as Ks; D. Evaporated to
dryness, and obtained light yellow crystals as K.

WELE 5 BE B SR bE AR 80°C HI1SAY L BHELAY,

# 15 PIAI& T A HTRER AR 16 (BB 600 BAHRIK A A )o

R 16 TEH, 104°C A HER R (K) Bb, HAHEEN 34%; 2 1100
(ML 1.31, 34°Bé) M dy (Ky) %,35 33.8 3, HPHHEEZR 40%, aEHEN WL,
EERNFEY, WA FBLEELL : F 110°C, I 1.32 (35°BE) I, 458 (Ks) Bk, EFE
7,7 47% 5 9.17 3o, INKT Ko, S B AR, 0.91 75, HE U AMWHEE; BF
ET SR NaCl NRS, RS, MaE s s (FEREA AERRIE %
B, ORER A TR T Ky ) Ko I Ks HPFE SREILDT 32.66 30, XITUWeRHH 4.73%,
FERR AT (7.72% )8 61% o B AT 40, FERRIRHIAL 4 TR ETEL N , B iF 20
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®16 FERPENBHFHEE

Table 16. The content of inorganric ions in crystals

3. E R EMEFER G
1. & & 2.ERER
K Na Cl SO, 1*
A, KIEHGHE 600 ml. | 32.04 — 45.00 6.12 2.88
Ky 5.4 g 1.84 0.45 1.59 1.29 0.006
Ka 33.8 13.49 2.27 ©15.19 1.82 0.27
Ks 19.6 9.17 0.91 7.96 0.36 0.16
Ks 27.3 4.56 7.84 14.70 2.18 1.17

1. Crystals; 2. Weight of crystals; 3. Content of ions in crystals (g); A. Water extractive liquor,
obtained by carbonizing 800g (==690g dry wt.) Laminaria japonica and extracting with hot water.
* Water extract in this expt has not been extracted with alc. for mannitol, therefore the iodine is in

large proportion concentrated in K.

Ko I Ky A , DL IS £ 8dk

. WSS RhEE

M 6—0 T Ll , i EAAE TR BUH SRR IRV b (B ABR I 8 B, 3R I H
BB AN A S RI(RE 14), £R AT T SR E YR AR S AR
AH—TBRAG B TAR , T M F RS rh ARl , T RN B RS T P T e A R, 58
TR EL e S5k ; TR S T RVE SR R4 T 2 Bl b AR e 2 B AR MO B o

B 1 27 Ry (= 875 T MR A AT /K IR AL, 4R)5 AT RS AR AL
e B TR, TR B AR o 2K A I e U T € 3 U RS 500 2, R 300 BB A+
DA R = 05 T8 AT 528 - |

(A) ¥ 100 ZFHERERBEEEIET, T 400°C BAb 1 AR, DRI, Wi,
MRZ 250 2IF, IAEREE N RISH A B=ERN MnO,, M, s H e
A2 20% KISl 4B 0.1 N NaS,0, IIIE A, Dshmh el s,

(B) ¥ 100 ZH BREWAET , 5 47.5 SENEBE A&F, i 400°C Btk 1 /RN, 285
5 (A) FREIB A ES, ' '“

(C) T 100 B BB W rhE BB AEL, ARG 5 (A) BRI ES,

DL L5280 B BT &b Bk B HR SR 20 B 2 BT

B I 2 A5 SR T DR B, TE 5250 ST BB O 4 T, T DU /IER T, Tl HH
BT LIGAE] 95 % (—fREA T AIAGRIRTR , BREHEIERIS 3, 4 IR, J9RURHEALE
70% ) ; SRR A REE IR BRELY S M pE I, TlA B IR e A S 90% ,
18 10% , FRUIEEEERE S, BRI H BEE 0RE b, s &R Y
A S 4% ZiAs ARSI T DR E

PEICH BB )5 T RO R B S RO , (A ISR T B LN , AR B R
558, STk 62 % 2 FERRALI AT IB SIREMASAIE R ;. (B) AR RE R B S
B E—FEBRAN , BIRAYIR A 48.8% 5 (C) ERE BB RIATRRAL , T B IR
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N N

4. 360 FIEHRY) (2 6.01 31)
RamiF =%
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Fig. 2. The content and loss of iodine in every step of the flow sheet

1. 1 kg of Laminaria japonica (=875g dry wt.)y 2. Extraction with warm water; 3. Water
extract; 4. Extraction with boiling alc.; 5. Residue; 6. Alcoholic extractive liquox diluted to
500ml; 7. 100m] alc. extractive liquor evaporated to dryness and carbonized at 400°C for 1 hour;
8. 100ml alc. extractive liquor plus 47.5g organic residue evaporated to dryness and carbonized
as above; 9. 100ml alc. extractive liquor; 10. Extraction with water; 11. Oxidation with MnOs
in the presence of HySOy4; Iodine liberated was introduced into 209 KI soln and determined by
titration with NagS20s soln; 12. Loss of iodine, calculated along the (C) line.

A A, RUERZR ZR e /1N, AN 0.8 7 , X JEURHIFHE BT & MRl & (8.22 FE)F), M 2Ry 85.4 % , 48
REN 14.6% 0 1, (CHRE ST E BN IR, B, BT -h B , KR
R AW B S LB M — 7T AL I R R, RLFEAN T 2 BABIE, BTG
[ e P Y T e SR A TRl H
&, BRI
EBEUEN Y F LB (B Ay SO VAT RV P A U IR I RTU B, Hishaedt
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PSR,  IEWABIEER R B-D-%2 W IGHE B LB C, 1 C; BEAS Y
Lok ; PR SR A7 I 2L ROV O , B 3-B-AATbE 2k DALY, IR
W BRI, — A 3, 4 B R, AN JLETR, 9, 10 SHEES, BEi T
5525% FAT B FBBE SEEBARRY, BEESELSETY bR E A
38 3 JUAEIE AR AR 98 T AR R B SRR AT RS AL 38 , POt iyl FEY,

TETE AR AL O R UE TR 18 3 S IRIE I (Fucoidin) ARIBATE —1E, TR Ha#l 5>
ER LB R AR, DB S EE: (1) Le Gloahee HOTH-L4: B ¥ WO BRI ke
TR (2)7K SRR T, RS - SR TR iR s (3)BEEASR B HEIS), Tl &8 (An
CaCly) HEWCHE ML IR R NG, S20R LR A M T I IR A, FERFE
BEARERT WS S-SRI SR RA SR ITDE 1, A BB IR IR E & R Y b H 275, DA B -
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L EES BT

Black &0 FIRETE I 26 (A 25 FCUS Y SE WAL ) AL SR, AL S 7E S0 , At
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Fi FARERRCE 1) 94845, B0 Bk H R BLS 008 VB T M TE i B A BS 3K Bk
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2 RN 3 FEEE 90 % TEAE, A USRI, RSB R AFE, B REES
hid e, FHHER, RIAMENEE DGAEITHET, 5 B, T B A 6 @K, T
80+ 2°C IRVEHHRI 1 /N, B0 4788, IIETA 5 /K FRRICAE/R, Rk
I8, B BIBIEET AHEITIET, I €0 TRRIBHRIIA 03% THZ REREY
K 20% (W/V) WETTHE HEL WA, 1 Do W SHBIIA 03% TERZIREHA
60% (W/V) R EES A8, BTN E o IR b B ASZIR BRI 85% (W/V) I, FIAE
SEMITEY Fo F iRy EniS e Ry =, |

P BB A I W B B R BITIE Y v eB I AR 17,  FrRwES
BRI 1.93% I TH#FHo |

17 U, M H ERRIRREIEE B DRI, PRI AR IR
FEH 20% W, FRAERLAOTTIE D PPRiaten N RS BN 41%  RIR s 60% B, 4
FRESTTIE E iRty SR AR 16 % ; ERSIREES 85% WA RMITTIE F Hi &4
BE A, NEKEERTE, BEEDLITIEEN 0%, KILIEWFRES AT, &
THRE —3 4 i T 4 A BT IR, REBMIE M, Black &1 fisk W (Laminaria
cloustonii) 2Bk, BV HABIEIE B RIE 85 % ERETTIEY, T ARMIRETE, 1B
FETEH IR TT 20% RIS,
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Table 17. The content of laminarin in alcoholic fractional precipitates

[500g raw material (=440g dry wt.) contains 8.5g laminarin]

: 3. B/ B E B
1. 9t iE 2.E:EGD
ER= 6] 5.t REERIER%

A. GREED 181.4

B. GEHCH BT AR 96.9

C. (BB HUR ) 6.3

D. (0%ESIiE) 24.3 3.6 ] 41

E. (609 5REiTiEYn) 22.0 1.4 ' 16

. (85%HULIEY) 9.8 _ 0.1 ' a 1.2

i, Precipitaie; 2. Weight (g); 3. Laminarin; 4. Content (g); 5. % of the total laminarin contents
in raw material; A. Water extract; B. Residue after removing mannitol; C. Residue after hot water
extraction; D, E, F. Precipitates formed at 20%, 60% and 85% (W/V) alcohol respectively.

85 % {EAEUTIEY H & 7B B8 MK, STERTIR PP KIEIUE DIpiAb B S hniERs 2
85 % Wt FE i B8 G bE I — R, &%@ﬁ*ﬁ&@ﬁﬁhﬁﬁ@ﬁkﬂm%@ﬁf &, &
R BET K, 2o B 50 BOE frat—2B 2R

II. BEERSRITUIRZE

Black &0l Hﬁﬁﬂﬁéf’aiﬁﬂﬂilﬁﬁﬁﬁ%ﬁzﬂwﬁﬁh {EBER T, AREIRE A
Ba(OH), ¥, MM T 5 Ba(OH), MEAWITLE , MR FHImERE B Fris 2a s
BUTIE, T ARG, NEET D bR E T L A r 5B,

5 BT R SR AR DUKIR I 4”5 DREREREH BB R TTER B, &
SLUTUE SETRIRE, KRR R, BERE IR, RBIER €' IR TR IENE
900 FF, H A 85 Tt 20 % BEBASRESUL , A2 FATLIEN Do ﬁiﬁﬁ!ﬂﬁﬁf\-lzo ZTT 6
F Ba(OH), ¥IRIEFT BB LSS AR, WEkITIEIEH, A 100 ZFKFT
100 ZEF 4 N HSO, JRAE Ba*t SR, BiE i, BDA8, KRELRE BaSO, TE,
YRR RHIAK 2 T 93% RIS ERIRER 60% (W/ V), BTlEN B TE_ Ly H
B S A Y TR 2R BRI R, A 93 % @f@m%zﬁ@zwﬁ@ﬁw;é 85%
AR RCRITTIER Fo

sl &R AU TE B IR B AT R IR 18 iR,

FRHE Black SEUIgg525h, TTIE £ (BNESEASRITIE )5 UM Ba(OH), IhIEAE FRAQITIE)
FEEAREER TR F N -EEABERIEY, BhRI8RAE, BB EEEF h
WL (N NESRE 24%; D', E', F' ZGIETHBEEEDSEETF 4%, BE
- ARBR RIS :

DA BT AR e PSR UL I N PS4 T h IR SR & &, R B ARs
HER 2 BE 20 % ERETIIE P AIBEE- SR AETIE ERK FILgS,, - B THS
P ERRE , BEEAR IR ER,
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Table 18. The content of Iaminarin in the precipitates of lead acetate precipitation method

o - 3.0 OB o'W
Lo o 2. BRGD
, 4 EEGE) 5.3 BB EE %
A" GREESD 170.8
B (HEECH BB R MERR) 85.0
C (BuKiERUR B2 6.7
D (BT 27.7 1.3 v 15
E' (Ba(OH): JTIEASH A BBRILID 26.1 0.4 5
F (EERER-Ba(OH): 43R WiBIITIE) 30.7 2.0 24

Explanations from: 1 to 5 are the same as shown in Table 17; A’, B’ and C' are the same as A, B

and C in, Table 17;  D'. Precipitate by lead acetate; E’. Precipitate by alc. from the liquor after

treatment with Ba(OH). and decomposition by acid;  F'. Precipitate by alc. from the filtrate after
lead acetate and Ba(OH)a precipitation.

CRREE, BEEDEETE PN EE—R A E S 2L AR BIRE A AR
B FE LA HPITERAT 5 B A B, SRTRE LM e RE 1 d B Hhdr=
R, TABSRIBERED TSR NSE, (BESSTHREG HREmE R S Al
(85 % TEFEULLE A ) BT 5 85, 73 BEFIERAL, 48 (b S AL A SR I 58, BRTREAE
HFE—FBEAR T E,

AN -1

EmﬁMﬁmm@%ﬁAﬂmM$Iwgw¢,ﬁ%Aﬂﬁ%i%m%ﬁ¢7ﬁ~
HHPIE, PR AEmT: :

Lﬁ%&mﬂﬁ%&ﬂ%m%@%mﬁﬁ,F%ﬁﬁmﬂﬁ F AR RS R e
MM R, FRZKAE 35—80°C AR B TN, B4RTE 70—80°C mﬂ’ﬁnﬁ% HEALRE
1B HR SRS B RITTAE T, T B BRI IE e s B S T S5 L, BRAFTBA
1E 55°C A8 1 R 10—12 £5&, 55 2 2R A 8 & RI/K(ERIBM 1 A ZEATHEEL, &
AR, M, T B R R R AR 76 %, 8109 72% , H B EEA 90% . 1R E
Tk B g s

2. BRI RIERE I BEAEE AN DL 90% RN 2 K55 1 Kk
RpEERN 5 58,5 2 RN 3 52 F2REI15—30 758,

3. H BB ORMIAE T RER M, M ET A 95%, 2E I ERERRER
Il BT 3k 93 % , B AR 72 % 5 T /KBRS ) e vh A S B T3 94 % LB BB R AR, LR
50—65%, .

4, B T R RIEIH BN S B, MBS ETISEENY, REXERTESR
SEEWER, RO BRI ET R 53—58%, MHENFEEE SRR 50—
54% (5% 13 dhily Tay U, F Vo), 7T B DAE—2B 4040, DA H- BRI
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5. MR ICH BEE SR T ARETE, AL, ??E&%E»‘E‘R 55 R WMNEZEIE 1.24—1.26
R AP AT H R B (5 14 o o) el & B Beds , 56 AR IR T A 205

6. M H T B S IS R &8 £ 5 09El, 8 RIF e HlaRlR, REEBERFER T

HeMASE AT S A AR B AT 208 FORLE & AE R 85 % Al

7. S EH BER IR B R AR UITE N, SR 20 % BRETIED 8L
BB ERTTIE R, ﬁﬂﬁﬁﬂﬁﬁﬁ—@ﬁ%fﬁﬂﬂ}:%ﬁﬁ‘#@%go

8. 3 FSERTHE M RE AR AR BN DAE 4 BIEFIANTS, #H4E HBOE B AR AT
FAGE R ER ; i R Sh B AR A sl e St TJ/JMH*%@%*%ﬁﬁ%@]?ﬁ%ﬂﬁbﬁ%ﬁﬂ%
FoleEe  H B BUFDHE B ST SO B IR TE S5 7 o

& % X @&

[1] B, 1959, MEERAORAIF. FISSEIE 1959 (4): 120—122, | ,

[2] #EBE. BkME, Bl 53.7’”@, 1958, ALY R BRI E . FEER 1958 (21):
666—667,

[31 FEDIfE, BeoEs. Musk. BIHE, 1959, HEHHESM ATIZE, 5 1959 (6): 273—276,

[4] #EHE. SLIE, 1962, IFHFmERIERSHGAZE. RS ET 10 182189,

[5] #EBAR, BRER, 1962, BEEMR O-F AW th BB B EAHIE. AL 1: 190—199, . :

[6]1 #ATt, 1952, WERSOITMFEILRT 5T, KK, mE, <> =21, 1&%@:&7&%%?‘%—‘%@?%5[:
3 (1): 5867,

[7] #EEE—FL, ShME, 1931, 2 5 =32 V5 (B, » ¥ ba/“7)"—’r/”@/§3‘5lﬁlﬁﬂi&, ;o
TSRS 26 (1): 11-25,

[8] WEhrRifE, 1951, MBI, WETH=M, CUHRRE, BT HiRR, 1961 £,

[9]1 UFEs A AILALESERR S, 1951, $14E, HANKET,

[10] 3mgees, B. B., 1950, IlepepaGorka BOnHOro HEPLIGHEOTO CHpbst. TlmmenpoMmmspat-MockBa. 314 crp.
[11] Béchli, P. and E. G. V. Percival, 1952. The synthesis of laminaribiose (3-8-D-glucosyl D-glucose) and
proof of its identity with laminaribiose isolated from laminarin. J. Chem. Soc. 1952: 1243—1246.

- [12] Bashford, L. A., R. S. Thomas and F. N. Woodward, 1950. Manufacture of algal chemicals. I. Pro-

duction of alginates from brown marine algae. J. Soc. Chem. Ind. 69:337—343.

[13] Barry, V. C., 1938. Preparation, properties and mode of occutrence of laminarin. Sci. Proc. Roy.
Dublin Soc. 21: 615—622.

[14] Black, W. A. P., E. T. Dewar and F. N. Woodward, 1951. Manufacture of algal chemicals. II. La-
boratory-scale isolation of mannitol from brown marine algae. J. Appl. Chem. 1: 414—424.

[15] Black, W. A. P., W. J. Cornhill, E. T. Dewar and F. N. Woodward, 1951. Manufacture of algal
chemicals. III. Laboratory-scale isolation of laminarin from brown marine algae. J. Appl. Chem.
1. 505—517.

[16] Black, W. A. P., E. T. Dewar and F. N. Woodward, 1952. Manufacture of algal chemicals, IV. La-
boratory-scale isolation of fucoidin from brown marine algae. J. Sci. Food Agr. 3: 122—129.

[17] Black, W. A. P., and E. T. Dewar, 1955. .Extraction of manritol, laminarin, and alginic acid fromm
seaweed. Brit. Pat.,” 727, 013.

[18] Braham, J. M., 1919. Some physical properties of mannitol and its aqueous solutions.. J. Am. Chem.
Soc. 41:1707—1718.

[19] Cameron, M. C., A. G. Ross, and E. G, V. Petcival, 1948. Methods for the routine estimation of
mannitol, alginic acid, and combined fucose in seaweeds. J. Soc. Chem. Ind. 67(4): 161—164.

[20] Dewar, E. T., 1955. Sodium laminarin sulphate as a blood anticoagulant. Second International Sea-

weed Symposium, Pergamon Press, 55—61.



100 # W OB 2= 4% T

[21] Kylin, H., 1918. Weitere Beitriige zur Biochemie der Meeresalgen. Z. physiol. Cherm. 83:171—197.

[22] Le Gloahec, V. C. E., and J. R. Herter, 1938. Method of treating seaweed. U. S. Pat., 2, 128, 551.

[23] Percival, E. G. V., and A. G. Ross, 1950. Fucoidin. Part I. The isolation and purification of fucoidin
from brown seaweeds. ]. Chem. Soc. 1950: 717—720.

FURTHER STUDIES ON THE COMPREHENSIVE UTILIZATION
OF LAMINARIA JAPONICA ARESCH.

M. H. J1, S. Y. Sur, S. Z. Pu anp Y. X. Zuanc

(Institute of Qceanology, Academia Sinica)

ABSTRACT

A method of comprehensive utilization of Laminaria japomica had been suggested
previously™!, on the basis of which further studies were carried out in greater details, the
following results being obtained:

1. Extraction of water soluble components -from the raw material w1th warm watet
was confirmed to be better than with dil. acid, which will cause certain degtee of de-
gradation of "alginic acid, the main product of comprehensive utilization (Tab.5). Al-
though at 70—80°C the amounts of iodine and potassium dissolved appeared to be
higher than those at low temperatures, yet from the points of view of ecomomization of
fuel and maintenance of high viscosity of the alginic acid, extraction at about 55°C twice,
first with 10—12 times and second with 8 times of water by weight of the raw material
used for 1 ht per each extraction, seemed to be more reasonable (Tab. 1, 2, 3 and 4).

2. Extraction for mannitol from the water extract with. 90% alcohol twice, Ffirst
with 5 times and second with 3 times of alcohol by weight of the extract for 15—30 min.
per each extraction, were found to give the best results (Tab. 6, 7, 8 and 9).

3. Among the purification methods of mannitol the highest purity (95%) and com-
plete recovery were obtained in ion-exchange method, 93% in purity and 72% in re-
covery in the alcohol recrystallization method after crystallization twice, while in -water
recrystallization method the recovery was very low, being only 50—65%, though the
purity might attain 94% (Tab. 10, 11 and 12).

4. Evapotation method for mannitol without using alcohol has been studies (Fig. 1).
The water extractive liquor was first eliminated from otganic impurities with alkali and
acid, and then concentrated to a preferable concentrafion, ctude mannitol thus isolated
having a purity of 53—58%, amounting to 50—54% of the total mannitol contents in
the raw material (Tab. 13, as T3, Uy and V). Pute mannitol may be prepared from the
crude mannitol by any of the purification methods mentioned above.

5. 'The remaining residue after the extraction of mannitol with alcohol was cat-
bonfzed, and extracted with hot water. The aqueous extract was then concentrated on
direct heat evaporation to a definite concentration (Sp. gt. 1.24—1.26,' Boiling = temp.
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108°C) and cooled to room temp. The crude crystals thus settled out were rich in potas-
sium, amounting to 42% of the total potassium contents in the raw material (Tab. 14).

6. The waste liquor after the alcohol was distilled out was confirmed to be rich
in iodine and a good source for its preparation (Fig.1). By direct oxidation and dis-
tillation iodine liberated amounted to 85% of the total iodine contents in the raw ma-
terial (Fig. 2, (C)). .

7. In the study of fractional precipitation for obtaining laminarin from the aqueous
extract of the remaining residue after the extraction of mannitol, it was found that in
alcohol fractional precipitation method in the precipitate at 20% alcohol (W/V) the
laminarin was relatively abundant (Tab. 17), while in lead acetate precipitation method,
was richer in the filtrate obtained after treating the liquor with lead acetate and then
barium hydroxide solution (Tab. 18).

8. A reasonable flow sheet of laboratory-scale complex utilization of Laminaria
japonica was recommended as Fig. 1, through which and under above mentioned condi-
tions from Laminaria japonica may be successively obtained the products as alginic acid,
mannitol, iodine and crude potassium chloride or ctude laminarin mixture in relatively
good yields and qualities.



