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Chemical Studies on Manufacture of Agar-agar
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FK (LAY 300 FRNCHHBE TR SN ToKENLEY . P Tho T, SEOEEN 6 Bvkiitic k> T
Boh s ZEE» G, #OHKKRIKZRHT 5 EHELT5 Vv EDL 5 DBRHETH D, DB EOERE
BICBINTIR T 2 Gelidium amansii % EEE S 1y, LT 5 24 Gelidium subcostatum, 7 =
29 Gelidium japonicum, % 4 7% Gelidium pacificum, #3727 % Pterocladia tenuis, %+ =)
Gracilaria verrucosa, 4 ¥z Ceramium kondoi, 7 3 24 Ceramium boydenti BLXx .Y
Campyraephora hypnacoides 715 ¥ %i@&ia L THNTN S, L LABOTEERDORE & LT,
FUFY, AT BB N4 =T Abnfeltia plicata 75 X OM—DEREZHEHT A EDZ,

FICROKHIE v (e Ty ORUKEEICL Y, R 2BECRIls NG, T2 bR HcE T
ARBOBEZFIFALTC a0 7 v OBERKZT20EE IR S L 02 —BICKREREHL, MRS
HVEAERELTHR SN TV A, CAUcH L, Bk 5 ANTHSHREE, 50k L5 -2
0TS OKOBHEAFIMT 2ENMKES S DEEINS L DR TEERLE LT, B§ITHHRRT
TR SN T 5,

EROWS & UTHERRE SN D, BAVILL W E 1 RHDOI ST EDHNTNE, TOEPSH
Eickdwe, EROEWFID-H5 7 h—2B LK 3,6-7 e Ro-L-#5 7 h—ATH3, xPE
e LT, CORMPICA & =0 9ERS L-7 7 €/ — 22 BHEL 2D 450 5,

Table 1. Components of agar.

Component* CC()IUI/ZC)I'HZ Discoverer Agar used as sample
Sulfuric acid 1~5 NEUBERG-OHLE (1931) | all agar samples employed
D-Glucuronic acid 4~7 ARAKI (1937) G. amansii
Pyruvic acid 1 HIRASE (1957) marketed agar

G. amansii, G. subcostatum,
L-Galactose 1~3 {iﬁiil(é?ggg) Ceramium kondoi, Acanthopeltis

. japonica, marketed agar

D-Galactose al:l-%ut BAUER (1884) all agar samples employed

G.amansii, G. subcostatum,
3,6-Anhydro- 15~25, ;I];Ali\g\s]ffég [EZI<9(318C))°8) Ceramium kondoi, Acanthopeltis
L-galactose 38, 48 ARAKI (1935) < Japonica, Gracilaria verrucosa,

G. cartilaginium, maketed agar

* Besides these, D-Xylose, 6-O-Methyl-D-galactose, 4-O-Methyl-L-galactose and O-Metylpentose
were recently isolated from commercial agar, and the same compounds except the O-Methyl-

pentose were isolated from agar of G. amansii®) .

TR DL — 3 DT/, $ded 2MORAYTH 2 b TnsD, 9-8 3
5, AL, 7 U ERES VGRICEL PESEETH 5 AGY O D &, P LEEREE RS
ZAD. 0 g, vo OB L r LRI g SOBER ST BELEETH S APY LICDEL
XISICAG BT H o £t —A (4-O- g -D-galactopyranosyl-3,6-anhydro-L-galactose) 12), 18) % TR AT
ETAHEMEETH AL ERWELMIT U, LOL I ICEXDEEHRERDI AL —Td Y, ZOEZHEEIE

AL BN TIROEOBRE2{EHR LT, AG : agarose, AP : agaropectin, DMSO : dimethylsulfoxide,
CPC : cetylpyridinium chloride.
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BB S AG TH 2D T EDHLITE 10T, BEEOBEIZHNTE, YR AG OBH) %
EUTHIRZRED LT NIE R 5780, UL LAads, EROEESICHONTE LD LT E TN 3L BOW
R DIshITiE, T BBED LOWMERRL ADITS LU,

=75, DY ECEIT 6 FIHOERDERRIY 1D 222 tE2FCALNE L 510, EROEER
2,300~2,600 b TIRIFFUSODIREET B 2 53, AT 1963 > & 2BNTHEEINL, 1966 T I EPILER:E
BEOK 19 % 82T 5 484 b BMAIN TS, $HBHBRERICYL ) ZOOMFEH 505, WAE
2L ADTHBEEEDIZNT0% Th b, LOL 5 THHBMINATNEDICHL, 24, F#LhH
v, FRHCHEED b CEABEC LKL D05 2BIREG DS EOERMETICE - TERT NS HET
HA,

Table 2. Annual supply and exports of agar in Japan.

Roman numerals I and II indicate the naturally-made agar and the industrially-made

agar, respectively.

Supply (ton) Exports
. 1 Exports
, ton e

Year Production , Imports Total supply (ton) Supply
I I Sum | [ | I [Sum| [ I |Totall T | I |Totall (%)
1961 1,939 701 2,640 64 7 71| 2,003 708| 2,711} 441 68l 509 18.8
1962 1,654 800 2,454 76 1 77 1,730 801] 2,531 361] 101 462 18.2
1963 1,445 865 2,310 211 164] 375! 1,656 1,029| 2,685 375 40/ 415 15.4
1964 1,475 845 2,320 1581 236] 396 1,633 1,031} 2,714 397] 192 589 21.7
1965 1,640 900 2,540 172 262 464 1,812 1,092 3,004| 421} 293 714 23.8
1966 1,600% 1,000*% 2,600% 232 252{ 484 1,832 1,252 3,084 332 215 547 17.7

* Forecasted amount

FICERFEAEE L E3RORT XL 5 IcEEel, BEEDLHDOWILID § B0 AT 5bRTU 5D,

Table 3. Annual production and imports of agarophytes.

Production in Japan (ton) Imports
Year . Total (ton)
.. . Quantity Imports
Gelidium sp. Other genera Sum (ton) Froductior
1961 3,288 2,131 5,419 6,590 1.22 17,428
1962 4,564 3,257 7,821 3,984 0.51 19,626
1963 . 3,257 4,292 7,549 5,934 0.79 21,032
1964 3,735 1,55C 5,285 5,803 1.10 16,373
1965 3,567 2,155 5,722 6,823 1.19 18,267
1966 3,800* 2,350% 6,150* 13,387 2.18 25,687

* Forecasted amount
Note: From 1935 to 1939, average annual production of agarophytes in Japan was about
12,508 tons.

I R IR BRI RE RSB IS W TIRE S h s “IRBIRIERIYCEICK ) 2 ISR e S, Bio%g”
(1963) Disipic, FERITDOWTOILEN S 5 BRI 215 8, 80EIET 5 L 021186 Lor
MHCE T2 8 D612 LY LD, Z2RFhOUIRERZHENL T35,
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F PSRN TN S Th b, COL S SBEET, FEEREDHASESESEICEINL, 1966
'EK@§W$W%@%2%ﬂ%K§ﬂ,%AW?E%BO%@MiK&ATu%D L& HITE AHEET

RSN EEL, 12EAR—BTH o ChZDOWENRLS EFEINDL, LichioT, CNbDREER
B LSRN 5100k, 2 ENOEEROSEEORE S L CIHBEL 725 2 TEROBEE 2R U
IS BT,

DIEDE 5 5EADS Lic, EEEZZTERD AG & AP ORJIERERL, DV THEEHOZ, =
OVEE 2 B & 210 U ze 7 OILBIAES & &1 LT, BYTOREETRICK Y » M EEORN, HIZ
BRI L, TR OE DI ROEECIETHBIC DOV TERE LT, DOTH T/ ) EROEEICET 5
BLEELTETHS 7 v h VORI R WS L, & 6 ICEEDGET X > C, EROFEBEIIHARL
BIFRICONT S a2 Ina T2,

X X ke ts k5T, EROMCEHIBIE & SUESRINITL &3 AEE2 N F NS ANGED 60T S 1LE
Botods, BZNIC Dk S I EEERTEERE 2 § & L TSR HE U, 2 OaB{Lo 120 OFHEA
BA2E0T, 2OWHEKERZLUTICEDEEDH LU,

L OWERE S BICHI Y, TR EHEE & R R B o U AR KRB /2 & U
PUKEEA SR EE TR IC 0D LA THBOE 2 ET 5, £ mAMITIRKERFLET DB RRIBEDH
JAZE B VAfEIHE - MRS X - TRITT 5 L W TR I, T OB 5T 50 2 TRIRIIBIEN < 128
ot KRR A R SR TE, S T A RS B E U P10 P KBRS R E R,
TR TS < 17 S o IR BRI G SR AT R T B, e BRI < 12 s o7
Ffnge, FR=HE, FIGE N, AcHERE, S, —ARER, FUE, LEEROBERICBSILALHT 5,

F I EEIDAFICH 12 - THE, BIBLRK . K. ()BT, BHbmK . K. G,
WITEK K. (EHEEEH), REEE CREEH 705 cBEILIK . K. CKIFEEZNT) )%
WIS, T PR L THILHL HI S,

1 AGHELXUAPORH

SRR — s BRI T 5 © & R WS LI IORE GRAN TH25, HiES'D OWETLs
&, CRAN HEFRI 2EORMKEY» D, 2n 53 vEIC L5 BEECERBD S CEHL TN
L5, 20 SAMEC 5193, EFROWEHELZ O VERICEEEGE osMEL, BRI
AGBIP AP ETH0HINEWEDRL 2 ZEV AT 5 T L 2R LT,

F 7R 510, 19, 205 (30°C 1Tl B HUK KT X ) BROME B & BRI 02N =20
LSS Eb NS & EER L, KA L CHWBEEO DN Hydrato-kanten-§ &, #i 5 ®d %> Hydrato-
kanten-A [S3HIL T, 25 OEBEEMEE LT3,

2OBEAD. Dix, BRO7 7% 7 v 2 &0 ATIEE & AERICAE L, SHhIinbkry
WL T, EEED & EREE L FRREO S VL% BT 5 SR, RERD 65 VLD 23712550 %
AT, 2L TR D% SAMEC 51025 b0 2nsh AG 8L AP £72017, DWTAGOR
RIS I LTz, B2 6L, CMDBEROEETH 27 VL% % CisbisinT 2 B am L 1Ry
THBS EEPN B, TEEHOBBEAOBZNG DY, TIREVERTERMZET 55 £ OBHIC
b, CONEEZMOHFTECHEDRHINIL 2T,

LAY, HEAG YTV o RS T T 4 ~FEE L TORE -2 %y o EBER SN A LD
b, M TIEESTYWEORERE FEAMEINTOT, EXLS AG ORBERNEESTRIND &
STz o7z,

Frebh, HIERTEN?D 13, MRMELEROIBHEY & LTREED» BB INTORELRT v E=T A
Wi L A AFIERRERL, 2ORBEIWEINTIN L. 29,
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F70 RUSSEL 530,303, ®yxaFL o) a—u (F—F7 92 R) % AG OWBHIE L THNS
DRERFEHR L, YREED D s I 0,

—75, FHES D, e b 0N 5 0D WS TWEOBEEE UTEE SN TS DMS 0 Itk h &R
% 2HOZHEIAL, 2holdFAD 7 e F MEEDIC LB AG 5L AP LA—WETH S &
WL 72,

FEEICODMSO ks AG DHBIEROZRM 23 L, CPCE wi-281 AG £ 20
PEE % L7,

11 DMSOICKBPEXRDOTE

1411 BB LUOHEAE

a. FUUHEXR BEET S (1963E) % L KR, BELUTEBER DB LUIIOL, A1 200Kk,
E#ALT, C%120°C T3 M ERL, MMHK2MES L0 24 Fxy FEBLTHEABL, 2
W2 BBl sz, Foniy oy (Fav 7)) RENL, BHEIC LT TEESDIZK L S 1o 12 08k
BIRIR L THRENK 2 DA LD b, ZHEKTHREREL, B BB TE32~M8 X v alsh
KT 100 A v & 2 DERZPEBCHEEL 72,

b, AT/ URX : HAEB IO 7L FUEDF T Vi, BHEICLIH>Trvh VN, nE
B, FEOBUKOBEIEIC & - THE SNICTIIRER T, 100 2 v ¥ 2D ORHEL 17,

C. DMSO : Hlif%EKERILA Y ¥ & TH/KLIZD L, 5~10 mmHg THFES Lz,

d. DMSOICKAEXDHE: £ 1 MIORT L5, BFREKS 50 £E80D DMS O & 60~80°C D—
MR LI 2 3985 &, K7 2ROMED &5 RIERE T, TRe@EOSHE (13,000 &, 30~40
73) U TR -1 ERBEBICHT 5o NE 2080 DMSO TH X 8T, 2EPESL, TERIZIER 0-1
EbE 2, I5IAERICZUDDOEED DMSO 2z, [A—EETIEN» X3, $2 &R
BEL T -2% 5 %0 DITAREEIC U TE L RBOBIEZ L 992 LT, ER, BiKa-1 b5Es-10
ETREL, 1212 LE -« UTFO79 29 s 32 Zh 2BMh S 3ETCELLDOTHL, CLHLDE
Wik z ZnEE T 70°C IR CRIEL, BiKo-1idiz U OHE0N%, BEL-2UT075 2 v v idd
FNTOARABEEABEDD THRDOT W BEE L, CALDBEZh X IR L IEEDT 2 %
RARCEMT 5 &, I LKE BB DT 5. BEHOABVELONE SE, IS 1~ 21FH
Kelr 5 ETREROSBERE LB RIBH SR 6 N5, hRR 77 F—IRCIRBIOEEL, 7= b T3 EBEEL
TOLISIKT v ICRUT—REEL, WEAME, AT 40°C T THEL HEaOE2152,
—T77, BWis-10 OB L TRBICE S L RESRIZ 7 & b CHERSE L, WREHOEES ERBICL TKE
N LD - BOBEK B,

e. CPCICKBEEDHE? : 4 8 DIER 2 IBARL720.02M 7 = U FF kU & L¥HE 100 ml (2,
1.58 OCPC2EE0.02M 7 = > bV 7 AP 50ml %> & F L0 6 1EINT 2 & BEYED BEIAD LR
5, TN%HodplH 65~75°C IR L Tr o — %2 — Tl (13,000% 8, 304)) 9 4, ¥V 2@ 0E
wHSIWEHU, BEEEIZT 2D & o THED (e X, 3030 QICEHEKE & DA 72hs b 4~5FKET 5,
S5, COFNVRIEERL, WEF bV v A LELY MY Y ATEEE L oy 4 v o 2D 0B 5 Y
—~ZMATERHD CPC »BEREL, #TEERCRONEEL TEREZ V2T 2 & 0170, KELTZDSL
HHRERAIEIC L 2T AG %29 5, HBEARERETIEZ AP ORNEITRbied 57,

f. D% BEEIT U728 550~600°C TIRIL L 12,

8. WREEE : 3% IR X AR D S Os 2HIENY 06 EUTEREITLI,

h. 4P L{REE - 1139, B 5 28 O EICHE L T2 o 70 T72h BEVRI 2 KBS HEE L o
L, BEISHTICEE, DOTEK CINEGEMREL 722 v 10ml ZEE 14mm OIS OE L CERICED,
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A LT 20°C K—TRIET 5, 2 OBECKTICE L, 7 v RESERCTICEET 5 & ¥ OmEoR
INBSEE (%) %o v [BEE LTz
Agar
—Stirred in 50-fold of DMSQO, 60~80°C, thr.
— Centrifuged at 13,000% &

Supernatanty-g Residue

—Concentrated in vacuum —Stirred in 25-fold of DMSO,
60~80°C, a few minutes

—3-fold of acetone added
—Centrifuged, supernatant combined

—Decanted or centrifuged with Supernatanty-q
Precipitate Residue
—Washed with acetone —Treated with 25-fold of DMSO in
the same as Fy—; : AG fractions,
—TFiltered through glass filter, ie. Fiog, Fo.yq, Fy-g, Fg-3 and
filtrate dlscarded Fg-19 were obtained in the same
way
——Repeated this procedure
3 times —
Residue
Precipitate —Washed with acetone
—Acetone added, allowed to —Filtered through glass filter,
stand overnight filtrate discarded
—Filiered —Repeated this procedure 3 times
Precipitate Residue
—Dried in vacuum below 40°C —Acetone added, allowed to stand
overnight
Fo-1 of AG —Filtered
Residue

—Dried in vacuum below 40°C

AP

Fig. 1. A scheme for the separation of agar into agarose and agaropectin.
Dimethylsulfoxide, agarose and agaropectin are respectively abbreviated
as DMSO, AG and AP in this figure, and in the following figures
and tables.

e

i BU—BRE: S VLRREED & E ERABRICLCERY Y (EE4.30m, F32.0om) 2EERLT
20°C 12 20~24 IRIB L, »— Kx—%— M301-A (BREEMHK . K.8) 1Tk > Tz OBEERE % HE
Lo COEER XE, H— VT4 BERBOENMCE > T 1em? & 72 h OB EOREEIE L
CHEITAHT EWSbr oty & T—HEOREENLL B~ A—AEOBEHCHlETE % X 5 KEHORES
L, HERTEHES D OWETRECEDL U,
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DMS O @39 5 AGO IBROI LK

a. DMSOICKDAGDARIER  4KicHnbns ko,

Table 4. Result of fractionation of agar with DMSO into AG and AP. The method
shown in Figure 1 was adopted, and the values for AG/agar or AP/agar were shown
in parentheses.

| I Sum of | - .
Agar ' Size Temp. [ AG ﬁiasc)' “ Each fraction of AG /S (%) AP
. Lesh ° tions i 9

souree l (mesh) | e (%) ’F0~1 (F1—2 Fo-y | Fyg !Fe—s Fyogo| (%)

| ’( € | 716 | 905| 3.2| 32| 3.2 trace|trace, 8.4
! | (.0 “ (25.0)

Gelidium A U 70 | 72.0 | 96.6 1.7 1.7 | trace ; trace | trace 28.0
| 3248 (59.0) | 5 (23.0)

amansit | | J | ) | ! ’

1 I 80 70.5 i 89.0 5.5 1.8 1.8 | trace | trace 29.5
(Korea) ¥ : ‘\ | (55.0) | ! (23.0)

f l 100 | 70 } 74.3 | 96.4| 3.4 | trace | trace trace | trace | 25.7
7 f (B0 ) { | (20.0)

‘ 60 | 9.9 | 970! 2.1| 0.3 { 0.3 0.2/ trace 3.1
Gracilaria (93.8) ,‘ ‘ ; { (3.0)
X ) 70 97.0 | 97.1 | 2.1 | trace| 0.6] 0.2 trace 3.0
verrucosa 100 ’ \ (94.2) | ! ” (2.9)
(Japan) | t 30 J 96.4 | 99.1 1 0.9 trace [ trace | trace | trace 3.6
) | s | ! | | | G4

Table 5. Result of fractionation of Gracilaria agar (Argentina) with DMSO into AG
and AP. Agar (2g) was stirred in DMSO (100g) for | to 60 min. at a temp.
between 20 and 70°C. After centrifuged, the residue was washed twice with a small
portion of DMSO, and the washings were combined with supernatant. Agarose and
agaropectin were obtained, respectively, from supernatant and residue by the same
procedure as shown in Figure 1,

The values for AG/agar or AP/agar were shown in parentheses.
Time (min.)
Temp. i 5 10 30 60
. 2
cC |- ; ; S
AG (%) AP (%) AG(%) AP (%) AG(%)] AP (%) AG(%) | AP(%) | AG(%) | AP (%)
: _ _ ]
20 68.8 31.2 79.8 20.2 93.3 } 6.7 95.0 5.0 94.7 5.3
(55.0) | (25.0) | (65.0) | (16.5) | (85.0) ‘ (6.0) | (85.0) (4.5) | (87.5) (5.0)
30 90.0 10.0 94.5 5.5 94.7 | 5.3 95.0 5.0 95.0 5.0
(80.0) | (9.0) | (85.0) | (5.0) | (87.5) | (5.0) | (85.0) | (4.5) | (85.0) | (4.5)
|
40 92.5 7.5 94.0 6.0 942 | 5.8 95.0 5.0 95.0 5.0
(77.5) | (6.5) | (85.0) | (5.5) | (80.0) | (5.0) (85.0) (4.5) | (85.0) (4.5)
| .
50 | 94.2 5.8 94.5 5.5 94.7 | 5.3 95.0 5.0 95.0 5.0
(85.0) | (5.0) | (85.0) | (5.0) | (87.5) j (5.0) | (85.0) (4.5) | (&85.0) (4.5)
60 | 94.5 5.5 94.3 5.7 94.5 J 5.5 95.5 4.5 G5.0 5.0
(85.0) (5.0) | (82.5) (5.0) | (85.0) i (5.0) | (85.0) (4.0) (85.0) (4.5)
70 — | — | —— | — | 9.8 | 4.2 95.8 4.2 9.0 4.0
(85.0) | (3.8) | (85.0) (3.8) | (86.0) (3.6)

TSNS L, 60~80°C DEF T T > ¥ HEE T 23~25%, 5=/ 1 FER T 2.9~3.4 % ORIEEEHE
LIz, TIERT» LN AG K, BEENSE LI T2 RROB D5 2 AR A & 7008, TIESh
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DEFIFI—ETH-12DT, Thiz AG OB AFTETH o120 TS {MMOFERICE S D THA

5, £7- DMS O 43 AG OEMIZT AN T, RIFERED 90~99 % 5 | FEUNICERL 2, %
to5 L SV ERTIE, 1004 v 2 OREITIE 32~48 X v ¥ 2D b DX O RNEHEH DL o7, UL LUAG
I BIZEEDE LA EROODT, WEWNS O ICBIEFROERED WL JAZ L, FRIICABES D
izt bDEREINS,

DL 510 AG DB THRLTHE T EDbbo7:0T, # o7 VERZEEE LT3 5 CEE,
SRR TG 2R U, MERPE S FORT L91T, 50°C UFTH AG DA EFTH-T,
309 EEA & EDRETHINTEOHEMBES NI, 20°C, DN THEMPFITRE T - T24s
CAVUISHIRED DM S O Ol (18.45°C) O IENTIip TH S 5,

YRR 5, DMS O ik bR % 2 BRI 513l S 35 R 5 °0 AL 70°C,
TR &S EEITRRETH b, 3 5 IClE, EEFETINC EPHL» Lo @ TUTOME TR T
~NT40°C, 1RO RS & & LT,

b. AG, APRISUIEREXRDESY, BEEBIUFILEE  H4RURLI AGOFo-1, AP B
S OERIER I ONT, R, BREEE, S bEil L0 ) —RE AT LRI e KITRT LB H T

Table 6. Some properties of AG and AP. Fy-; given in Table 4 was used as the sample
of AG in this experiment.

gelling*

Sample Ash S50y power J. S.xx

%) (%) (%) (g/25mm?)
Original agar 3.17 2.46 0.22 245
o 60°C ‘ 1.1 1.32 0.14 778
Gelidium - AG 70 0.88 1.10 0.14 797
amansi 80 1.00 {.19 0.14 870
(Korea) 60 7.24 4.25 0.6 —_
AP 70 6.53 4.10 0. 50
80 10.47 4.88 0. 39
Original agar 1.75 1.26 0.21 346
- 60 0.87 1.04 0.16 767
Gracilaria AG 70 0.90 0.98 0.16 757
verrucosa 80 0.87 0.97 0.16 714
(Japan) 60 32.90 6.63 — 117
. AP 70 24.46 5.85 —_— —
80 23.66 5.47 — | —_—

* Gelling power is expressed by the minimum concentration required for gelation of the sol
at 20°C.

#*The concentration of G.amansii was 1.0%, and that of Gr.verrucosa 1.5%. Jelly strength
(J.8.) was measured by Curd meter M 301-A (ITO Electric Co.).

b, FUUYBITAT /) OOFIICEBNT b, KOBLOHEEL AG Dzl AP ZEh o1
1 EEIER AT O P OETH 70, Eior iR L0 ) —E S AG PRIEL, DWTEH
K, AP OETH -1, COEMIITEARORERD . O L —HL TWADT, LI TERZOODH
WEESE AGBIP AP EARTLENTE S,

C. DMSOEDBNICPCHELK-THBIAGOEE: 7Ao¥ FUoEAST ) VDEREZ, DMSO
WX T 40°C, 1EFREOAM, HA3 0L CPCIt L2582 hd i L, DBI0TES W0 EEHEIC &L 5
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AG  OUHEOERRIH LIz, BREPE7RCRT LI, DMSOtiéﬁM%<bﬁ%bT% e
HEE, ¥U—BES ISV LRI OSSR CEONT D EEIER—TH - T, KE2ERIAL

Table 7. Properties of AG fractionated in dlfferent two ways, DMSO method and CPC*

method.
. . . it R
Frargtég}rlls.;on N§ é;ﬁog:tlfosnd SOy Jelly strength | Gelling power rglé?gjlg a&ﬁtﬁic

(%) (g/7mm?) (%) (%)
DMSO 1 0.57 &0 0.3 97.1
7 2 0.53 5 0.3 96.5
7 3 0.57 8 0.3 96.5
4 4 0.51 53 0.3 96.4
CPC 1 0.32 71 0.2 98.9
4 2 0.37 5 0.2 98.0
” 3 0.34 60 0.2 98.1

* Cetylpyridinium chloride.

**Ten ml of 0.02 M Na-citrate hot solution containing 0.03g of CPC is added to 0.04g of
AG dissolved in 20 m/ of 0.02M hot solution of Na-citrate, and the transmitttancy is imme-
diately measured before reaction mixture gels.
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1A AG & AP OERITODVTIEL, bW TS, WMEBEEICONT S MEDORIZER 2|~

2:1-1 WAEAE

a, BY-—-HBEBITTIEE: 11 10TRIK L 272,
b(waﬁ@ﬁ5%M°@E®Eﬁmwﬁbfﬁ&okoﬁ@bz,Ewm%wiwﬁﬂ&ﬁ%mb
THL 72 1.5 % Vv A TER 14 mm OFERE 10 K1C57EL, 50°C OIERKMIcERC 1| RS, 20
TEEREZUY BB LI, BEDETE~771C1°C Tholi, & & ESHBEZDTHICED VIvOR
BEPREERBEE L, ACPROAE S THEU T 6 7S VRIDREIL 72 s 3 EEAEOEEZ Vv ORI & Ui,
C. FUDEAR b EAMKICUTEIZ1.5% Vv 2[HE 14 mm OHEEICZNEN 5ml §O0%E, #
BLT, 20°C DIEEKMEIC 20~24 BB L1, TNZ2hb I EWBEDTeH 5 20 2 BKBIKERK
L, 0.5°C/min QA THHIZGROERE 2 LY, ¥ VEEORRCORICERE 3.9mm, X 253mgd
PERDIET 9% & 2 ORAISRDERE 2 7 VORI E U, 2BHIFEDEES VRE %21 5 mm OE X DKD
ETHis-> THERE2ITE, 4~ KDFEREDTHHETHMRAZED LI,

d. MOBLOHEE : 1-1-105FEIC L o7,

2:1-2 BRBLUEE
a, JIOFNMERE : 7o 7B LTI 0D AG, AP BIOEXOF MEERILE S BITRT & B
hThr, AGHWERLEFIEH, AP CHOLUEEREPTED LN, UPLERIAGEEEAEREU»H

Table 8. Gelling power of sols of AG, AP and agar.

Gelling power (%)*
Agarophyte Harvest place
AG AP Agar
G. amansii Korea 0.14 0.6 0.22
Gr. verrucosa Japan 1.2 1.7 1.3
Gr. verrucosa | S.Africa 0.25 0.6 0.25
| |

* Gelling power is expressed by the minimum concentration required for gelation of the sol
at 20°C.

BV D EDIIEN T VEEER b > T, FAY @5 o7 v R ERE E T 2 HRERKS L0520 AG,
AP OFVERER, £112410.35, 0.35, 1.10% SMEL T AP, CIIE 8 ROBBE LA UM TH
Bo L UBSH S 135 /4 ERBSLF2D AG, AP IZDT0.30, 0.03, 0.60% &ML THY,
AG DTV VMEREERDZN & DEICHEEZZE 2D T b, CIUIEEDREROES L, AP O
{LAEDS AG D Yo~ TH o1z L, B S OEBRTIE Yoo THo1e b Th A, CHLDRERS &
DHBIRD 2.2 DIERH CEWET 2 &, AG & AP OF VBEIBIESEN L, ULrEXRD AP &8
DEUL B WA, BROZFVLEEL AG OZFNEIZEALABRETH 2 LN 3,

d. VILORER : BRV VORBIERICOVTIEEISP, WooD*® | B4 3 3uziiEt® o
D& D B, WOOD {3/ OV HITIRA L 7B 55 RE b, 7 vl & o TRIEDS Y v FRic ik s
% sORERFERE LT3, KUEHKEUERZT-> Tr v lEOER 2 B S £ 5 DT,
BEENREDMES 50N 5 T Edvb iz, hlud s Abic s b2 s RERAR2FEL T, BE—EE
AR & BEE S2 I U 2zds, REOV v (300~500ml) %L 72 T IUSHBEBRT 2 L TR
Potie 2T THRFHBATED A5, FHAO L5 10 KDY v 2 IERES TR EES 28D, B
EENTIE L RIS N2 A T BB L - T v b 2TERE U, SERE 2N LB IRIGRET &

— 10 —



FEROBEICEE Y 5 {LRATL 45

BYTHE, AG VIVOREROBREERGFEIFE 2RO I > b2 hFELL, BEOHMINE & b ICEES
WBELE 21, COEMIEC 1 % TFOBBICEWTEETH oo, CHUIEREE 6 EX Mg D TH

38

Setting temperature (C)

30+ i[
1 1 ] 1 i

0 1 2
Concentration (g/100ml)

Fig. 2. Dependence of setting temperature on concentration
of AG sol (Gelidium amansii).

[~

LEINTVARER 4D L 3IFELTH-T, VD AG DT eI IEREA 20 L AMEH 44
BT, BORETIS VDB L A2 bDERING, $BIORTAHALNS L, 1.5% JIVORE

Table 9. Setting temperature of 1.5% sols of AG, AP and agar.

Setting temp. (°C)

Agarophyte Harvest place -
AG AP Agar
G. amansii Korea 35.3 29.6 35.1
Gr. verrucosa* Japan 37.9 29.2 39.0
Gr. lemanaeformis Chile 42.5 31.9 41.7
Ceramium boydenii Korea 41.2 35.7 39.5

* Agar was prepared from alkali-treated seaweed.

RTEAGBIPERIZ AP L) 5~10°C 85, AG EEREOMICIZTBEREN S 512, AG
VOBEREREEREENIRE N ENEEZ L E, BROBEFSE AGEAP OREDEI S & T
INBY, EROBEERZZ020HO AG, AP OBBHICI hEEEIh (2:2:3), —MicffHaIn 5%
KT AP BELULZNADIZZNDT, AG ORBESIGEWMEIRIZADTHA S,

IR EEE USRI & O RSB LN DT, 20OREEICII B OSMNH 5 EE2 5,

C. YNORBMA - BIKCRT LI, AG FVOREIZS VOBELE L ITEL Lo, LB LED
K L% OS5V TIEEDDTHIL, 1.5% U ETRIET 1 %OENIT L D DT 90.5°C DEDIER
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MBI ¥ i o Toe LG AG Vv OBHE S OREEREE & B 2 5 Th b, BRIT DN TORFERY
EIEF T A, FARECKEESITES LSV TH BE 5 F i D0 TOMED L 38 - T %,

&0

78

76

Melting temperature ()

i 3 i 1 i I
0 1 2 3
Concentration ( g/ 100m/)

Fig. 3. Dependence of melting temperature on concen-
tration of AG gel (Gelidium amansit).
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log1oC & /T & OBEBEMERICE A ERF LTV A,
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Fig. 4. Relation between AG concentration and absolute
temperature of melting (Gelidium amansii).
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UEOWACEGE T >0, @RS, AHE214 Keal/ mole of cross-links & 72 -5720C, AGH
VDYIEREE & ITRERS VD B0 50 L IBIEREEORENNRETH S EHITINDE, ¥IFL
TSN TIE, BSOBEEREN L o8 AHY Ok X 325700 thermal history o L b B8 %217 2% &
EHINTNAEDT, BRIVCBOWTHESEID L5 SEOBREMBETH S >

1, HIORICAHLEND LI RZEFNFNOFS VORSICBANTIE, AGIE AP J: hEd, BRIZAG
CENMETH 7205, 5D 3 BIERABOBRESE TV 5, €77 X VORI D ZATFEOA IS

Table 10. Melting temperature of 1.5 % gels of AG, AP and agar.

Melting temp. (°C)
Agarophyte Harvest place
AG AP Agar
G. amansii Korea 97.5 79.8 93.9
Gr. verrucosa* Japan 82.8 77.5 82.2
Gr. lemanaeformis* Chile 85.3 80.0 85.1
Ceramium boydenii Korea 83.7 82.1 84.3
* Agar was prepred from alkali-treated seaweed.
DIEEEL, FHERMC LEELE#ﬂt&wi& ENWCEPREIN T A, CNETVOZEERE
DIMEIREC L O WL B O LBan 5y, BRBIP AG IKOVT HEREH sz h
s 5 S TH B,
d. BU-E FENcALNA LS, AG DOV —ITEEL & 3 EGEMTEALI., Th
— 300
™ L
< 200}
=
Z 100f
prt
() i J 1

1
0 1 2
Coneentration (€/100m))

Fig. 5. Dependence of jelly strength on
concentration of AG gel (Gelidium
amansit). The jelly strength was
measured at 20 °C by Curd meter
M 301-A (IIO Electric Co.).
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(EELAS) L 49) L&l —HrT A, FED AG, APBICERD 1% F 0¥ Y —mERE 11 BloRd
BN ThHL, AGDE ) —HRENELTE{, DLTER, AP OIEE Y, ZHEOMICHE S Hs3EEH

Table 11. Jelly strength of 19% gels of AG, AP and agar. The jelly strength was measured
at 20°C by Curd meter M 301-A.

Jelly Strength (g/25mm?)
Agarophyte Harvest place

AG AP Agar
G. amansii ‘ Japan 670 20 310
Gelidium sp. Chile 160 67 115
Gelidiella acerosa* Philippines 138 14 90
Gr. verrucosa* Japan 250 3 140
Gr. lemanaeformis* Chile 159 12 123

* Every sample was prepared from alkall-treated seaweed.

W) 5 iiz, TSUCHIYA 5503, 7 w5 u{hED, CPCHIO B I —F 7 v 2 2pE30-38) 10 k hze
KBDEL, H—FT7 v 2 AET LI VE AG IZERD LD Y ~ER & > TWIZd, BiO2/E TR
FRIZER L DENE ) ~HED AG LHELNT, CHERAIERBICSOTEHVBES 2RI IZOTDH
AHEELTnE, B 11RCALAITLI I, BERIVENE ) —~RED AG¥ELNIZTEIE, DM
SO Lk 2@ B TEHORESHHE I BLLEL oIl EE2RTEDTHS I,

e. RS WEOEFRH L2100 5600 LILAG, APORSRE12RICTET, 725 v tpD . 19, »
F AP BT EARRE, KO AP B aEh, AGKIEDEL, BRCEHEOHREOR

Table 12, Ash content of AG, AP and agar.

Ash (%)
Agarophyte Harvest place

AG AP Agar
G. amansii Japan 1.22 5.96 3.23
Gr. verrucosa Japan 0.91 9.84 2.52
Acanthopeltis japonica Japan 0.88 5.07 2.49
Campylaephora hypnaeoides Japan 1.09 4.42 2.97

BEITN TV,

f. AR 5 13BH LMD L D1T, AP DR b ZRBOFHERELEA, DWTERE, AGDIETH»

Table 13. Sulfate group content of AG, AP and agar.

SO,
Agrophyte Harvest place
AG AP l Agar
G. amansii Korea 1.11 7.24 3.17
Gr. lemanaeformis Chile 0.87 8.64 1.48
G. japonicum Japan 1.05 4.89 2.72
 Acanthopeltis japonica Japan 0.74 4.56 ‘ 1.62

rro COEENIREED B MEIN TN BEHED. D D30 L2 [{—Th>T, AG FHFHEZEETH
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ENDNTOL IR D 6T, MBELZELAFTOAGEREET TELI N TV, EE» b EXDRH
BREL & 7 AL OEIRIT DN TN BN S OBMRIE XN TS, 7o & 2N 3 5RED e b o3
EXY EEAENC & R, ETEHES D RSB L h VR VVEBREOHNS 1 ~2DE BIEE Y
—IRENENC ERREL TS, AP PHBEICER, BB LB 1L BrAdbNIL s vk
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TFOREILEVHET A WBERCEALN, FELRL. 593, ¥y —EN3,6- 7 Foy
Y b=REWT AN T h~2DE VKL, AG B I AP O BERTH > T, 20K
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MEDOA L T ED TR EEBZ A& TI SR INZUINIE L6 51,

213 E B
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Y~ B CTHEORICI S 2 783ERDH 5 T ESbd 212, 3BTRS LUHRMBEORIC & #0528
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2.2 AGELAPODOEEY (BEFNLEX) O

MEIORETHS »2 L5, AG & AP O3B LVEREH S, ERIAG L AP ORESY
Thrnb, BROLODYEE AGBIF AP 2hEE0YH:, WEBEOSRLICHEINS EED
Nb. Z CTARMITIE AG O3 5 AP ORI LI,

2221 & #l

HEELIZAGE TV VIS T Y DERDDE DMSO Bt Lo THHLIL D TH S, AP
WBHREE A ¥ X 2B MBI L TEZIMEEDO 7+ ol 6, AG OBE&ELFERHRLIZED

\\\\\\\

Thhb, BURICRT L 51T, HEHBES LOF VBT AG & AP OFITTEE L EREBA LN, 15

Table 14. AG and AP used as the materials of artificial agar.

Agarophyte ‘ SOy (%) Gelling power*
~ (%)
AG Gracilaria verrucosa | 1.01 0.22
AP Ceramium kondoi ‘ 10.73 4.52
|

* Gelling power is expressed by the minimum concentration required for gelation of the sol
at 20°C.
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FU LI 68.3TH 0T,
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Fig. 6. Gelling power of sols of artificial agar com-
posed of AG and AP. Gellig power is expressed
by the minimum concentration required for
gelation of the sol at 20°C.
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Fig. 7. Setting temperature of 1.59% sols of artificial agar composed

of AG and AP.
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Fig. 8. Viscosity of AG (@) and AP (Q) in aqueous solutions at
50 °C.
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Fig. 9. Viscosity of AG, AP and artificial agar in 1 N sodium ni-

trate solutions at 45 °C.

&, O, @, denote values of AG, AP

and artificial agar containing equal amounts of AG and AP,

respectively.
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Fig. 10. Jelly strength of 1.5% gels of artificial agar composed of AG

and AP.
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Fig. 11. Melting temperature of 1.5% gels of artificial agar com-

posed of AG and AP.
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Fig. 12. Yield of agar from G. amansii. G.amansii was
heated with water under pressurc in an autoclave
at a temperature between 100°C and 120°C for |1
to 3 hours. The extract was filtered and clarified
with the filter aid. The clear liquor was allowed to
gel at room temperature. Agar was obtained after
freezing and thawing the gel. (B, ©, &, O denote
the heating temperature values of 100, 105, 110
and 120 °C, respectively.
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sUf
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Fig. 13. AG content of agar. The marks are the same as
those in Fig. 12.
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Fig. 14. AP content of agar. The marks are the same as
those in Fig. 12.

2o ILICENLOFREFE 2MEDS, To79noMEINI AGCBLC AP OBNELY 2% 5 &
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I3 2%, AP KON TREBREE L A29HBDERIT AGC KEITAIEEWE T, FRLOEET
YA & CEEY A o TP LT,
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Fig. 15. Amount of AG extracted from G. amansii. The
values were calculated from the vyield and the AG
content of agar, and the marks are the same as
those in Fig. 12.
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Fig. 16. Amount of AP extracted from G. amansii. The
values were calculated from the yield and the AP
content of agar, and the marks are the same as
those in Fig. 12.

c. AG, APRLUERDOBY —BREOE(L : £ 17 ITRT X 5T, HBIEEH 110°C LR TRERXR
DY —HEER & & LD TICE R o Tod, BB DERIC L A2(LIXE LA ZRED b NIEh
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Fig. 17. Jelly strength of 19 gels of AG, AP and agar.
The upper group is AG, and the middle and the
lower groups are agar and AP, respectively. The
marks are the same as those in Fig. 12.

T2¢ HET120°C BT 2HEDBIAE TRIBRDOE ) —RERDTHITE L s -»1205, 3 TIE
L1z, ’

F2AGEERDIZLEDE ) —RE Th-oizhs, JHER 120° C TEBL TEET D S50 L 72
AG TlL, ZRFEHOEBEN DIZEENEY —HER 4 > Tz,

75, AP OF ) —EEINTNE 70g/25mm? P FTREOZND W% LT ThH->T, ZIEBICL S
ERIDTDOTHo1, UL, BREMOEN DALY Y ~8ERIG< 2 h, 120°C 3 B OERTHE
PEXPLDMUT: AP BB EAEF VLU > T2,

d. AG. APHBLUBREOFRHESE 1 I5BIURT L9, B 110°C Ll ETERL TS mx

Table 15, Sulfate group content of agar, AG and AP.

SO; (%)
Temp. 7
Agar AG 3, AP
O ° B
|
thr 2hrs | 3hrs 1hr 2hrs 3hrs thr 2hrs 3hrs
100 2.3 2.2 ‘ 1.9 1.1 1.2 1.0 3.0 3.0 2.9
105 2.3 2.2 1.9 1.0 0.8 0.9 3.4 3.4 3.8
110 2.1 2.1 1.6 1.0 1.0 1.0 3.0 3.3 2.8
120 1.8 t.7 - 0.8 0.8 0.9 3.3 | 2.9 —




58 Ll Hl e ) KRB 17 (2)

TIRBEEREDS R R T 2 EID A 5725, AG B LN AP TRENEBEIC X - CHilEasiciHE s
AR S isir o1z,

313 & K

TREGEDOFHBET b LEE, bao 7y, BHEERBED 7 a5 v, o JOERCEERITI % Hik
W), = v BALEY, B2 DIOERS DO EBEILIC DN T, FEROBEMTHED™ 2515, UL
DEG, HIHSRER T & o TEROKME, ¥ BB SO 2 C L ILHALN T BRICE »hb
59, ChRZREEO RN SHET L flizeL A bhn, 2 O CREICERLIZ 1, 248650 3HHoO
LR ZNZNAEORILE, s OB EEEL, 2NZNOMBERICT 2K (haoFy),
X IEROPIIZ DT, AGHIN AP OYlkn b LItBRRHA AL L ET B,

HIBNBIOE 4 Riessnt ki, PHOMBTELNIERTRNENDZL, AP 4BYE
Ve COEMIZEBRBEOEN S DIREFEETHS. &R, 100°C, IBHOBRTCETERTIE AG
M30%LT, APV 0% Th->T, BIAOEESICHBOEMI AT AG ML, AP Xk
BUT, UIe - THIEDERD 6F 2 5 & CORBOMMKIE AP OHENEL &5 b s O TS
B ETEaND, B BROBESET XV EEMEN»T X HEER L, 20RO oIl &
WODMEDSREE B AL D, 2L COERIC LS EBbN A, $2¥ ) —HE T3 oE R
FHHREED 4 D L3R CETH » 7205, BEICE»iz b B h OB S L Th otc, Tt
DEFRIT AP BEZIy, T T VBEOREN I V22 3 L02EL N5,

BRIV EL 2o THiHoRlicie s &, BRONERMEL, AGIIEMNL AP 3EP U, L
L¥ Y~ AG, AP &S IWHIHEIED & O EBUWERDA LN o7z, LIthio T OHEE
BED b 0w F s LOVETR N, BEEBEO NS v aDENTA v EL S, L LT DEIETE, 120°COD
I UERTERALUTHERIERD AG T, FV-BENEZCETLOL SAMEBEESE > Eb
NADT, |BRIANVOHIEIZUISWDIWINE L 25 THAS 5,

X Lt is 2 &, BRINESEL, BRO AG EBEFHNL AP EBIZES LT, LidisT
ML ORRIZE T U AB»ES 725, 110°C LURT BE, AG O+ ) ~mEIEEEC/ETL
b, AP OFNIMHIIHO YL T E oz, COL575 AP OBNEDBLOE Y —REDIET
WkoT, @oNAERIIMIMIITA S OPBED/NI NS VvERA LBIN G, FI2120°C OB TE
BRTIXAG, AP LHin¥ ) —HEDOETHELL LIDT, EEDET—BELETL, Btk
BVEDS & BT/ NI N B ANV E LB,

—MRICHECERMOBHC L > THELNTERTI, AGHB I AP OFHEOMBEAVEL L HE
ROE Y —HERET L, SRS EE2LrVENER-T, 0WhWwa “Kitin-or” & Jidh 20008
L s,

BB IS B SO 14 IR ICEENS AG & AP OB HEDENERT EOTH-T, 774
O NI R EEOERNE 2R DT O T, 2T TERME S COE S, R SHHIN

H

TTAG, AP OENZLEA S LE SRBLIOE 6 MO LS5iTikoT, AG OHEIERADOEE, &
BHEXT 3 A MDA & &, HhHENIRT & & 3 IIBITEEECIEnL, A—EBEOSHTIZEENE NI
EZNLEERLTN S, WE, 120°C, 3HHOEATHHINI AG OB 100 & LT, &%k
FrTslr s AG OMHERRD 2 LE 6 FD LK b, T4DB, 100°C, 1 BEOZHATIK 25 %
DI &N, SEFEOBRTHIYE0 % BHIHIN B ICT Em, DL 5 Fr F9h b AGRFEITH

T 21D Y BUCRIEBBETH 5, T, AP OIMHEIE 16 Fica bhic & 5 i
Wik d % < DR 22 LW Uiz, CORIRED LB EohE & HFED
CLBBEALE, AP OKIFERWICHIE 3, BAEFRIDE 2 51 LI2hSN D EEDS
p

ETH B
HEZ b bobOEMans, COL31T, AGE AP Ok sERSH 2 BERREES

H
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PEARBTLHED, AG Y VORI AP FvOEnE hiENC L, AP ORBEESTENIEHNC L,
BALOMBEEET2DTHAH,

Table 16, Extraction rate of AG from G. amansii. Amount of AG extracted by heating at
120 °C for 3 hours was assumed to be 100.

Extraction time (hr)

Temp. (°C) U e
1 2 ‘ 3
100 26 30 i 52
105 38 51 63
110 53 61 ‘ 76
120 64 79 ’ 100

PR, BROBEINEL > 2BHEI L, BEOX Y —BER 5 35 & 5T, ¥ U —BmENET
LU BRI TREOINENB SN S Luvbil, BEOHE L 205D, 5 piabh s, ChidES
it shic AP B2 OBOE I L - THANLEAR 2B L, AG dBENERE5 &5 2B
FTREINRMES 2B L TY ) ~HMEBETFT 20T, MEQCRGYTHHERDL Y —HE b {K
TF2EZBELOND,

PECX-T, v 73 0BHBECHEIT S AG, AP OHMHEORETBS LFEXEDY Y —aE D%
FBLENTETL, B—OFERH > TIMEBRC L W BERPMHT AL LOBVTRERTETIE, Mk
DRSO UER 2 2O TREATA CEDTETHA 5, L L RRERTHEICESN TR, SRORBED
BUINERHISSNC S  DBEEDEES U T 5 O THEPREBIE 2 D EMIC e 5, 7 & 2 HIEE O BEE O
B, FIA—FET EHORL2 L CR2NA0ALEET HEE, BAECHAT A, &40 3RIN%E
MOBEB LIRS S - TEBER T2, Lo TAHOEEL2Z20EEH/AT A L3 TEA
Vo LU AP IZHHIESICHI 31208 AG 25Kl T 513072 D L OWERESQBETH 5 &
WHEE, BIOAG, AP OBM, B, S AERDE Y —8FIC 2O TORID &1, &R
& EE TSI & L A B AN DL,

314 E #K

FrUy OIMEERERE BT 2 AG, AP OBN, BWEBL2TE LI, Z20fR, ZT|RITBITS
AG & AP DEE Er IO L > TREans
EWHOpE ot TR S L TIREOZBREZFIC I 2EROY ) — O e at L1,

32 +FaOFCOENREKICEIEAGCBLUVAPOEM, BHEL

FERIFC B AEELTETHA baaF o ORKTE, EENANASDOHENEALN TN S, Bb
2 b D, RIAOESZRMET 5 HENKE, BEEC X5 AT BEEKE, T X 350 50K
ORBEFET AL (Fr03 e, R Bk 59 -2, @@ L o mesHic & 5 J5k5 . 60
HETHB, CDHHLITENCFHSN TN ADEREAO 3BT Th 5, TERERTETIEIIEMAK
ED L EDN TS, S5 755 giz/NE D1, FEIAE S B AR N T ERIN R 2 E T &
BAEMBYY ~BERET CE2WEL, 1B 3ENIKOREIICEROETTE L b TR
T 5 ERED, BKUBEOIRBEUG B LD THS S EBRNT D, THEDEEREMS, FIlik
BERKOSHIFMABICHEL 52 5 EBbN b, 2 CTRETTIE, MERNAE S h B NIEE S, L
BERAG, ) — B L OTRIBIE SR 02 hs & DS 5 HlE L 12,
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3-21 HRBLUWMESZE

SELE U TR ST, 1965 S TS RN TR L7 v /¥ Th b, COKETEYZ 4 — 7
L— T T10°CIT 3 BRIEEEL, BRI XD A LT b3 e 7 v 28, CThe 2501, —HidE
SAHET X b EkE, AR TRREXE L, 750 Fieiles k5 nERbkic & o TER RIS
Lire T7b b, hans i CiiRic Ly vk 2o A7 (HEE 15.5cm) OROPREIICES, 2
~3EBAENACE AT EFIIRALAEIIDOF VI =9 s PRAIALEIOE LR EP» T, LD
EA R UTEARERIRE LA ?OE, LIZOIIZZ0ES 2H UL, N24ABHE MERCLD Y
tem?dh1o b 2.5kg OFEF %A THAL, 155057 L2 BEEEL 7 « v 2 IROERZ1FT2,
e DOREERD AG, AP ~OHJik DMS O Itk » T, /TR RMIERE, TR EIRmK
SIRBICTRER N Y & & & LTHIBT 255, SFovFRireravy—uik, #ioliz SOMOGYI-
NELSON D& 12k h 2 n#REIEL 12,

3.2.2 # 8

a. PIOAFVOEBRE: FaoF b bFIC k> TEBH U FHEES & 82 ORERETRD 5 7 ¢
NUTRINE S o TR ORZE 17RO LY TH b, MERYOBREZFE S v 79D 7~10%,
KEBAKIETRIZER D 20~24 % ITHEY L, 23 H KBOYENIEMRETIRET A& 2RUTIND, &

Table 17, Dehydration procedure and waste liquor.

i Waste liquor Precipitate obtained with acetone
No. G.m(na);zszz G(CII{‘ASL ( I/,g;dQ) j exuded from waste liquor
8 & 8 o mDh (2

2.6 | 940 3.02)

1 60 2.8 gg ?;g égz 5.95g, 9.9 % of seaweced
2,500 | 410 1.09
2.6 i 680 1.88

2 40 1.9 332 iig 82’? 2.88¢, 7.1 % of seaweed
2,500 i 200 0.28

1z, FHEOBEDERE 12 No.1 T0.27~0.38 %, No.2 T0.14~0.28 % Th - i2p3, HEBEFETIZ SN
TRRNIL B EADSA LN, FTREREYOS & RRS2HE 18 RITRT, ZOFERDIRKIEYTH
ST, H#77 h—R2ELTHR48 % DBITHENSEN, KD, FoRIERL» T EEUIL, L0 EEY

Table 18, Precipitate obtained by adding acctone from waste liquor No.2.

Yield : 2.88¢g, 7.1 % of seaweed (249% of agar)

Ash : 15.5% DMSO soluble : 3.5%
Red. sugar as galactose : 47.7 DMSO insoluble : 86.9
Total nitrogen 114

SO, D767

BRI NIER TN S, 20 DMS O RNESLTNT AP THHEWMET S T ERTERDOD,
REBESEN BN LD L RIDIZ AP ThHA &b b,

— 26 —
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b. BXOIUE : BBIORITRT & 5w, ENFKECIIEMET L, HETKEONTE%TH > 12,

Table 19, Yield of agar. Agar was obtained by pressure dehydration or freeze dehydration.
P.D. and F.D. are used for the abbreviaions of pressure dehydration and freeze
dehydration, respectively, in the Tables of 19~23.

Yield (%

No. P. D./F. D.
P. D. F. D.

1 34.3 45.4 0.76

2 32.0 42.5 0.75

C. AGBRUAPDEER  FE20KILRT LB,

R BRI T X o 1238a

HRHDAGEAPOESBIIFEANRKTZ X - 1285
IhENFNEINBE LD Uiz, BICAPOREDVEHETH>T, LrLID

EIZENETH > T, BEETHEINTAGUEABKO TETHENT 5 L 3EBA SNV, & CTHE
NHEBLNTT AG, AP ONERFET 5 LE2 B0 L 5 isoiz, T/8b bEIRKEI X 5 FERIY

Table 20. Contents of AG and AP in agar.

AG (%) AP (%)
No. \
P.D. F.D. P.D. /F.D. P.D. | F.D. P.D. /F.D.
1 65.8 51.8 1.27 16.8 | 40.5 0.42
!
2 64.9 50.0 1.30 17.6 39.1 0.45
|
Table 21, Decrease in amount of AG and AP due to pressure dehydration.
Seaweed Agar AG AP
(F.D. 100 g 45.3 g 23.5¢ 18.3 g
1<P.D. 100 34.3 22.6 5.8
Decrease 11.0 0.9 12.5
(24.3%) (3.8%) (68.5%)
F.D. 100 42.5 21.3 16.6
2<P.D. 100 32.0 20.7 5.6
Decrease 10.5 0.6 11.0
(24.7%) (2.8%) (66.3%)

BIXERERAEDCZN L D25 % Dixnd, ZORNBTIZAGCDEDH3I~4%ThHhs0I L, AP O
DEHG 70% Th H, TOFER S N 18 Fhs 5 LMK OFEHIR IR T 2 R OAT DL AP T

HBHEHLTIUDPAIEN,

d. BY—8E: LA LS 2ELFDAG, APDARIOELEIMREXDY ) BT e 52
Bo 22 BORT & o4T, FEABKE TR BREIAECHNTERDOY ) —thENI 60 % ALz, T
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TISEERFRD AP O E, AG, AP ZDDDY ) ~BEDERKLICLLEALILD

Table 22, Jelly strength of agar, AG and AP.

Jelly strength (g/25mm?2)
No. Sample - 3
P.D. F. D. ! P.D. /F.D.

Agar 276 166 1.66

1 AG 523 426 1.25
AP 42 24 1.75

Agar 306 195 1.57

2 AG 439 486 1.00

| AP 56 39 1.43

e. BEEE B2 FTORT Lo, FEHBUKETRER, AGC B I AP OFEBEL T b S
KR X A& L bR LT,

Table 23, Sulfate group content in agar, AG and AP.
After hydrolysis of the sample, SO, In hydrolyzate was estimated turbidimetrically.

SO4 (%)
No. Sample
P.D. F. D. P.D. /F.D.
Agar 1.54 2.58 0.60
i AG 0.99 1.15 0.86
AP 3.57 4.33 0.82
Agar 1.82 2.51 0.72
2 AG 0.97 1.04 0.93
AP 3.64 4.82 0.76
3-2.3 2 %

. WEOE VDS EHRETORAKIL

INESD I FEHIRIC > 12 b R OB TS L ORI O » 585
18ROFER»S AP 2ERDET BT &H3E

M RE T s SKBVERE TR A 5 SR L T2hS, 25
L E LT,

EHEE N3 e T ORI (7 20 o T, WD GERIEE 0.1 %, FIEYODF v EILEY
60%, HFARAEM 22 %, RS 15% EAEL, #o ) 3ERWILE 0.22%, BERMOETF vF15.2%, &
KA (3752 b~ EUT) 25.1 %, [K5329.8% EEL T3S, TAUCHNA & FEHTKERRILE
TERENS PR E L, FREEEMCRIIDE L F » BEWBPITOEBDIT > T s,

F70, FEAAKEIC & 2 BRIVE & BEEDKER L 2 2Hieo0T, FfEL D7 vs ) s o Y
FERTEMEIZEAEER )L, FUVER, Fo79@ 7R VIENE 3 9 %250 % RBELT
JERDNECESBIKEEC & A ERIENSET T 5 EWE L, £7/NED 27 v n VA4 = Vic7 L

HYVNIEA D Y 2 30% B FREUIZE X, FAR VRS T Y BIO & X L O EARIKEICL A
FERNEMBET TS EEBL TS, COLIBRERSYO L RT3 E05TE 5, T/4bbL, |

— 28¥
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BEOFEMD 5 IETIHHORLT L » T—E TS0, —#icy v 7 BRI 30%, 77 VIE
Pnafg40 % Lk, 7ovk VAMRA 72 VEREN 0% UTOAPRHEATNADT, hbDr veHE
JIAKT 5 & AP OFREIEAT /) BT L S ERICENTELL, ERNRBOETLEETH A
TR, Tk VI TV ERTREET S AP PILEL 05 BRNEOET S HnoT
HAHI, T, HE22 R IOE 23 ROKER, FOMKETRERD AP BOOEDOENMT,  AG,
AP ZD b OORBIEDE B L8 ) — BMEDHKIC L T, EXDOWMEECH D 6 Lory ) ~5aE D
BRPECELERRL TNV, 27 VIKEYO v R L 2TBECHI S FHOMESIC L 5 &
LEINTOERD, FABKBEOY Y ~HmEDMANLEAS &, FEOBKCL> TEHORESL S C
ZAEEMEE IV K IR L > THTFOMBESE BT 05, b L, AG, AP PEHEERE, €U —
BEDWTWTN I —Td % &9 1ud, 2OMWBELE, €0 — B PokE S MBERIC—EL 258 T
bbb, ETADVEINIKTIE AG, AP OWBHEIIELDL, €8 —RENHERLIL, TOHEENPLAG,
AP WIS DERICONTRE—Th 5 EEAIT B 2EIN, BT, fllis™ 13 AG, AP 2217
NEMO7 T2 v a  DEL, AG, AP O BT E DFBEO/HINT 524 s id ETRIEAE
WL, ) —MENRNC ERRE LI, DT S, FEABKTE AG, AP DEDFEHT
s PBREEN, Lrd AP AG LOHL b s EHET, EXORBENEASL Y —i#
EBBRT2OTHAH,

FRAHO BE A OTRERD LY ~BERIEL, —MICATER (TEER) CHRBERLLE
Y —RRENE L, POMAMITRIT A ERRE LI, FREXRITKINTIE, FEEOF 73K AP
BPHBICEUA T VR A F A RME U CHEHKEIC L » T8ET 2D L, THEEXTIE T V4 VAL
Wz =7 Y 2R E UTEIBREC & » TEET 2 2 28200 T, TEERXTHRARELIL AP
ISl IsBEEALND, LI o TAFHVIERUIL LY BERET 5 DTHS I,

324 B

b T e o DFEANKSERD SRS O U — I RE T RE R L, 2EDC LWL )
L1z,

U FEABKESERE AP 2EMD & T 2 RKIEMHFE L Z0, ‘
2. EABKTEIER T, FREPIKETEI 8 ORI THBED D72, o€ ) —ENED - 12,
FIEIETIERHRE LD AGHEL AP B ois,
3. FEABAKC & 5 EROWHMEDFEA S L O5¥ ) —HIEORAI 1, TEROLEERIC T 225k
T7zd, AG, AP 2D DOEM LS L Tvs

33 +aaFrOKRBCKBAGCHEBIUAPOEN. EMNEL

RAREXTHECHO TR PS5 o 2KET 5 0 S RBIERNEKRRET Y, $H20BREZC52 8
DIEBM»LFELL 2ol sd), THEERTETEIHGOREHENEOBHNT, A5 IEETRE (1427
FERBLGECBIT AT v A VLA LT a0 7 o DRKERITEI T EDBD S, REITE 3w
F 2 DREE (BUTHvKEE & IEED) SO SIS L o2 Y ~ TR IS 3 8 2 iET L 72,

3-3-1 HERBEUmMRHZE

3e2e1 R ABEOEEL LOMILFRIR L o TR Fon s O R (2.4ke) T 1 QKT BB
L, 2FMCEIRE EY DA TARKIEL Db, HEiES 0 0HE, ARENR L COKBEXIER 2 172, 78
HD ka7 s b KEERIERTT 2 /T2 Od R BER & & B U TG L m R WK E L1,

AG. AP ORI, 75500 iRsy, B, 47 o3k, BIoHE, ¥ —HEOREE ST 3201 [FlEE

(TFFs o 10,
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332 8 =B

a, BXOINEBLIPKERDSEIN UA-ERYOME 524 BORT Lok, EBROREIZAEXT
WRRE L b, WEEROK 87 % Thotr, FIEIEEE L R BKERD S 72 b VIS X > TH
2l 3.558 OMBEOOEIBY %1815, 2050 % % 1 [EEH O KEFICEEL, KEBEIT I
POEEYOFERIZ DT ko, T RERYDOEEE 1 HEOKERKKBOTHRIKREL0.2% Th
b, IFUIDWEA U T4 EEOKEEETIX0.03% Tho10, 0 28FCRT I 2 KEEDONS
GEDRKERHRO 20 L ZIERICTH o1205, K207 »yHRILEWEZA TN SRR L>TVE, &
EEYCRREREED L, ZDHI90 % 1IDMS O W 5o 120T, EIYO R EDRK TR
HOLEEFEFEIC AP 2RO ETAHEDTHES S,

Table 24, Steeping procedure of “Tokoroten” and agar yield.

G. amansii Gel wt. Steeping Ppt. from steeping
(g) (kg) procedure water (g) Agar (g)
each 1/ of HyO,
120 2.4 5 hrs., 4 times 3.55 19.3 (32.2 %)
2.4 —_ o 22.1 (36.8 %)

Table 25. Precipitate obtained by the addition of acetone from steeping water.

Yleld : 3.55g, 5.9 % of seaweed (18.4 9% of agar)

Ash D 14.2 % DMSO soluble : 1.0%
Red. sugar as galactose : 47.2 DMSO insoluble : 89.8
Total nitrogen T 2.24

SOy :8.93

b, AGBLUAPDEBME(L : F26FKitAHLA A L5, KEXODERXTCEHNBEXOLD LD AGH
DITDIZE L, AP s bDisirotz, TIEEE 1008 o ELNATRD AG 8L AP 3 27%

Table 26. Contents of AG and AP in agar.

Content (%)
AG AP
Steeped 58.0 27.0
Unsteeped 56.3 33.0
Steeped /Unsteeped 1.03 0.82

Table 27. Decrease in amount of AG and AP due to gel steeping.

Seaweed Agar AG AP

(® () (g) (g)

Unsteeped 100 36.8 20.7 12.1

Steeped 100 32.2 18.7 8.7

Decrease 4.6 2.0 3.4
(12.5%) (9.6%) (28.1%)
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DEDICiE 2z, KERTENER LD AP BEL DR, »KkEC L 3ERDINEOE T APOD
B DD E LD EWDD D, BIbDH 29 RITRT L 51T, KEX &HBX T AG OB
BELWCELL S, TVKIEI LS AG OESE LI L THLEEDPNS,

c. BU-BESIURMBE  FH 28R LB 20 RICRT LT, Y VKB L > TEROY ) — 5
BEERL, BB Uz, AP THEEFRIUEESED 5170, AG TERCOMEENEEHD ThT
WTh o1z,

Table 28, Jelly strength of 1% gels of agar, AG and AP.

Jelly strength (g/25 mm?)
Agar AG AP
Steeped 311 687 52
Unsteeped 220 621 38
Steeped/ Unsteeped 1.41 1.10 1.37

Table 29, Sulfate group content of agar, AG and AP.

SO4 (%)
Agar AG AP
Steeped 1.92 0.91 3.81
Unsteeped 2.28 0.92 4.11
Steeped/ Unsteeped 0.84 0.99 0.93

333 & £

TERIGE T ITISU 5 7OV KEE DR, BROINES L NRBEOMED 5 HETT 2 58N D 5,

S S THEED D o A i, FAKEDERORIESBICHET S Lk, b LOKBEIRICHE
TAMEDV B L ZBICE C LR WEL I, 525 ED &5 KBS HEEE 2 S 8IS,
ZORMEIE AP 235 EMIHEN, WEOWENTYMTH o120 &2 HERT AL ENTET,
T D& DI IVIKBRIT & D ISR 2 2SS bICAP TH A B, 7V /KBET L 3 ERFNEODIET
WIREEOELE, 7 VAKPEOR MBS JOKBICHBIN A EZ L0025, T5bb, AP 2EZRBICALA T
U, =T Y, TRIVBHINEAF R EREE LT L v T, FOvKERIC & B ZERIERIET
WHETDHS 5. —J7, 7on VMEEE» SR LIz F 305 o T2 08BN EBbn b, Uiz
Do T, REFERTEZ VKT L - TIER 272 W {ERT 528, 7oun VA =2 9 2EE S UCTE
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Iig. 18. Increase in jelly strength after dialysis of
alkali-treated AG. O, @&, (B, € denote the
values of alkali treatment at 30, 60, 70 and
80°C, respectively.
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. 19. Change in jelly strength of 1% gels of
recovered AG with the concentration of
sodium hydroxide solutions. The marks arc
the same as those n Fig. 18.
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Fig. 20. Change in jelly strength of 1% gels of
recovered AP with the concentration of sodium
hydroxide solutions. The marks are the same
as those in Fig. 18.
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Fig. 21. Decrease in sulfate group content of
AG (the lower group) and AP (the upper
group) recovered with the concentration of
sodium hydroxide solutions. The marks are
the same as those in Fig. 18.
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. 22. Change in AG content of agar with the concen-

tration of sodium hydroxide solutions employed for the
alkali treatment of Gr. verrucosa. @, O denote the
values of alkali treatment at 80 and 90°C, respectively.
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23. Change in AP content of agar with the concen-

tration of sodium hydroxide solutions cmployed for
the alkali treatment of Gr. verrucosa. The marks
are the same as those in Fig. 22.
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24. Increase in jelly strength of 1% gels of agar with

the concentration of sodium hydroxide solutions em-
ployed for the alkali treatment of Gr. verrucosa. The
marks are the same as those in Fig. 22,
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ployed for the alkali treatment of Gr. wverrucesa. The
marks are the same as those in Fig. 22.
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Fig. 26. Decrease in sulfate group content of agar with the
concentration of sodium hydroxide solutions employed
for the alkali treatment of Gr. verrucosa. The marks
are the same as those in Fig. 22.

Table 30, Change in SO; content of AP with concentration of sodium hydroxide solutions
employed for the alkali treatment of seaweed.

Conen. of NaOH 504 (%)
(%) Treated at 80°C : Treated at 90°C
1 7.14 8.13
2 B 7.53
3 7.25 7.70
5 7.43 7.53

SO, content of AP in intact seaweed: 8.05%.
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Fig. 27. Decrease in sulfate group content of AG with the
concentration of sodium hydroxide solutions employed
for the alkali treatment of Gr. wverrucosa. The marks
are the same as those in Fig. 22.
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Table 31. General properties of Gracilaria used in the present experiment.
The value on agar prepared from alkali-treated seaweced is shown in parentheses.
The jelly strength of agar is measured by NIKKANSUI-shiki method.

Harvest place Gel]ingr power of hot | 50y (%) Jelly strengéth of aga;r
water extract Seaweed Agar (1.5%, 20°C, g/cm?)
South Africa | + -+ 1.72 0.88 740~840
Argentina 8 1.88 ‘ 2.66 250~400
Chile — ; 6.80 (1.64) (670~800)
Japan - 7.87 (1.54) l (500~700)
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Fig. 28. Contents of AG (i) and AP (#) in Gracilaria agar.
In this figure and Tables 31 and 32, the Roman numerals I to
IV indicate African, Argentine, Chilian and Japanese Graci-
laria. And the suffix R shows agar prepared by heating the
intact seaweed with water at 100°C for 7 hours under reflux,
and the suffix A, by heating the alkali-treated seaweed with
water in pressure cooker.

EHLUTHIZ I-RBXF I-R TR AGHO% PULEZ.THoicifL, M-RBLFN-R TE
AP BZNZNABLTO0% EEh, AGOEEIHIZ o, COAG ORBOMEENT-R L
I[-R & W-RBELFN-R D7 MMEIIOERD—-HTHS 5,
b, HHWBHOEEX, AG, APOBWMBELIC/ ML  E2FRT Lo, WL I-R
Table 32, The contents, SO, and gelling properties of AG and AP. All samples were

prepared from intact seaweed, and freeze dehydration method was applied for I-R
and II-R, and acetone precipitation method for III-R and IV-R.

Content (%) SO, (%) Jelly strength*1 ¢ Gelling power*?2
Sample |- - : . -

AG | AP Agar AG AP Agar | AG AP Agar AG AP

S SR VT P I | R -

I—R 83 17 1.28 0.52 ) 4.84 166 184 ‘ 47 0.25 0.25 0.60
I—R 87 13 1.65| 1.01| 6.05| 80 99 . 13 | 0.30| 0.30 | —
n—R 30 42 | 7.58 1 7.28| 8.61| *3 2 { *3 | 1.2 | — | 1.5
V—R 34 64 | 12.75| 13.41 ] 12.43 | *3 3 | *3 | 1.3 | 1.2 | 1.7

¥1 : The jelly strength (g/25mm?) of 1% gel was measured ai 20°C by Curd-meter M 301-A
(I1O Electric Co.).

*2 : The minimum concentration (%) required for gelation of the sol at 20°C.

*3 : No gel formed.
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Table 33, Effect of alkali-treatment of seaweed on the properties of agar, AG and AP.
All samples were prepared from alkali-treated seaweed.

Content (%) é SO (%) Jelly strength*t i Gelling power*2
Sample |— ‘
AG AP Agar AG AP Agar AG AP Agar | AG AP
I—A 9 3 0.68 | 0.40 *3 181 218 *3 0.30 | 0.30 *3
I—A 90 trace 0.39 0.39 *3 212 232 *3 0.25 0.25 *3
V—A 70 17 2.27 ; 1.24 6.33 114 173 14 0.30 0.25 *3
i

*1 : The jelly strength (g/25mm?) of 1% gel was measured at 20°C by Curd-meter M
301-A (IIO Electric Co.).

#2 : The minimum concentration (%) required for gelation of the sol at 20°C.

%3 : Due to a small amount of AP, further experiments couldn’t be made.
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Fig. 29. Infrared absorptin spectra of Korean Gelidium agar (A),
agar of alkali-treated Japanese Gracilaria (B) and mucilage of
intact Japanese Gracilaria (C).
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Chemical Studies on Manufacture of Agar-agar
By

Shoji Tacawa

Summary

Agar-agar, a gel-forming polysaccharide extracted from certain species of red
scaweed, has been revealed by the extensive studies of ARAKI and his associates not
to be a chemically homogencous entity but a mixture of at least two polysaccharide
components having different propertiecs. One of the constituental polysaccharides,
agarose, has been found to be the repetitive unit being composed of 3,6-anhydro-
L-galactose and D-galactose. ~ ARAKI has also shown that the sulfate and carboxyl
groups of native agar are accumulated in another polysaccharide having the same
back bone as agarose, for which he has proposed the name, agaropectin. And the
gelling ability, the most characteristic property of agar, has been also found to be
attributable to the former.

The fractionation of acetylated agar with chloroform reported by ArRAKI has been
the only known method until recently, but in the last decade some less complicated
methods were developed by other investigators.

Because of the technical difficulty of the {ractionation of agar, numerous earlier
investigations on agar manufacturing treated agar merely as a homogeneous com-
pound, although some experimental data showed the chemical heterogeneity of agar.

The present study was undertaken by using dimethylsulfoxide in the fractionation
of agar to obtain some information about the behavior of agarose and agaropectin,
and about the concomitant change in jelly strength in the process of manufacturing
it.

The results obtained are summarized as follows.

(1) A fractionation method by which the amount of agarose and agaropectin can
be obtainable quantitatively must be employed to investigate the manufacture of agar
on the basis of the change in amount of agarose and agaropectin. Fractionation
with dimethylsulfoxide was therefore studied, and agaroses fractionated by this way
and the cetylpyridinium chloride method were compared in their property.

(1-1) Fractionation with dimethylsulfoxide was found to give sufficient results for
the experiment. When agar in powdered form was heated with the reagent at 40°C
for one hour under continuous stirring, it separated into two fractions, soluble and
insoluble, in the reagent. The soluble fraction had a higher jelly strength and a
higher gelling power, and smaller contents of sulfate group and ash than the insolu-
ble fraction. Since these properties agreed with those reports previously issued on
agarose and agaropectin, the fraction soluble in dimethylsulfoxide is regarded as

- 4(,) J—
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agarose, and the insoluble one, as agaropectin.

(1-2) As little difference was observed in characteristics between agaroses fraction-
ated from the agar with dimethylsulfoxide and with cetylpyridinium chloride, agaroses
obtained by these two methods are considered to be approximately identical.

(2) The properties of agarose and agaropectin which are the constituental poly-
saccharide of agar must be understood in order to understand the properties of agar.
For this, agarose wes compared with agaropectin in make-up, and the influence of
agaropectin on the make-up of agar was investigated.

(2:1) Agarose surpassed agaropectin in gelling power. The minimum concentration
required for gelation of a sol was 0.14% for agarose and 0.6% for agaropectin
fractionated from Korean Gelidium agar. Agar showed either the same magnitude of
gelling power with that of agarose or a littles maller one than the latter. The setting
point of agarose sol was considerably higher than that of agaropectin but approxi-
mately identical to that of agar at the same concentration. And, the setting point of
agarose sol rose with increasing concentration. The melting point of agarose gel was
higher than that of agaropectin but nearly identical to that of agar. And the melting
point of agarose gel rose with its concentration, although it rose to a smaller extent
than did the setting point at concentrations of more than 1%. Agarose had a much
higher jelly strength than agaropectin, and agar was betwecen them when the same
concentration was used. The jelly strength of agarose was closely proportional to the
concentration in the range from 0.4 to 1.9 %.

(2.2) The following changes occurred in the properties of artificial agar in which
varying amount of agaropectin were mixed with agarose. (a) The gelling power
decreased as the amount of agaropectin mixed increased : the logarithum of the
minimum concentration required for gelation increased linearly with increasing
agaropectin within the agaropectin limit of 0 to 70 %, but it increased remarkably
when the amount of agaropectin increased beyond this limit. (b) The setting point
fell gradually and the jelly sirength decreased linearly as the agaropectin mixed in
increased. (¢) The melting point of artificial agar containing agaropectin less than
70 % was approximately the same regardless of the amount of agaropectin contained,
but it fell lower when the amount of agaropectin exceeded this limit. (d) The specific
viscosity of agarose was about one fourth of that of agaropectin in an aqueous
solution having the same concentration of each, and increased as agaropectin was
added.

These results show that the properties of agar vary depending upon both the
ratio of agaropectin to agarose contained in it, and the properties of the compounds.
(3) It is well known among producers and investigators of agar that the jelly
strength and yield of agar vary with the method of preparing it. But it is not evident
which fraction (agarose or agaropectin) is more effected by the method of preparing
agar. The changes in jelly strength and yield of agarose and agaropectin fractionated
from agar which were prepared by different processes were therefore cxamined to
clarify the above problem.
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(3-1) The amount of agarose extracted increased and that of agaropectin decreased
as temperature and time increased when Gelidium was heated with water under
pressure at temperatures varying from 100~120°C for 1~3 hours. Since the apparent
amount of extractives, ie. agarose and agaropectin, is regarded as being the remainder
after substracting the amount decomposed in heating from the real extracted
amount, the preceding statement shows that the majority of agaropectin is extracted
at relatively low temperature in a short period of time, and the partial decomposition
of agaropectin becomes dominant upon further heating. The jelly sirength of agarose
was the highest after 2 hours’ heating of the seaweed, second highest after 1 hour’s
heating, and lowest after 3 hours’ heaiing with the exception of when it was heated
at 120°C. Upon heating at 120°C, | hour’s heating gave the highest value in jelly
strength of agarose, and further heating brought it to a lower value. The jelly
strength of agaropectin, however, decreased gradually regardless of the heating
temperature as the heating time of the seaweed increased.

The above facts seem to show why the jelly strength of agar varies with the

manner of extracting it.
(3-2) The pressure dehydration of “Tokoroten” yielded a smaller amount of agar
than the freeze dehydration. Since the decrease in amount of agar was ascertained
as being due mainly to the decrease in the amount of agaropectin, it was felt that
the decrease in the yield of agar caused by pressure dehydration will vary depending
upon the kind of seaweed employed as raw material.

A larger amount of agarose and a smaller amount of agaropectin were contained
in agar prepared by pressure dehydration (APD) than in agar prepared by freeze
dehydration (AFD). Moreover, agarose and agaropectin from APD were both higher
in jelly strength than those of AFD. These results show evidently why pressure de-
hydration yields a higher jelly strength than freeze dehydration.

(3-3) Upon steeping “Tokoroten”, the yield of agar decreased and its jelly strength
increased. These results were seen to be attributable to (a) the decrease in amount
of agaropectin and (b) the increase in jelly strength of both agarose and agaro-
pectin.

(4) Gracilaria agar has been shown by Koyma and other workers to increase its jelly
strength through alkali treatment of the seaweed used, and Gracilaria verrucosa is now
considered to be one of the most valuable raw materials in the Japanese agar
industry.  Literature explaining the mechanism of alkali treatment by which the
jelly strength of agar increases is lacking, and it is therefore uncertain which fraction
of agar is responsible for the change in gelling properties effected by the alkali
treatment.

L
i

In order to cbtain information on the effect of the alkali treatment on the two
polysaccharide fractions of agar, the change in jelly strength of agarose and agaro-
pectin separated from the mucilage of intact Gracilaria was studied by treating them
independently with sodium hydroxide solution. In addition, investigation was also

made into whether or not the same change occurs when the seaweed of Gracilaria is
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treated in a similar manner and why the jelly strength of Gracilaria agar greatly
differs depending on the harvest place of the seaweed.

(4:1) The jelly sirength of agarose and agaropectin increased when they were
treated independently with dilute sodium hydroxide solution at 80 or 90°C for I to
3 hours. Based on some experimental data, the above finding is assumed to be due
to the facts that (a) the jelly strength increases in both agarose and agaropectin
after the removal of each fraction having a lower jelly strength, and that (b) it also
increased in each fraction of agarose and agaropectin which remained after the
treatment.

(4-2) Agar from alkali-treated Gracilaria contained a larger amount of agarose and a
smaller amount of agaropectin than that of the non-alkali-treated one. And the jelly
strength was higher in agarose and agaropectin of the former than in those of the
latter. These results explain sufficiently why the jelly strength of Gracilaria agar
becomes higher through alkali treatment of the seaweed.

(4.3) The contents of agarose and agavopectin in Gracilaria agar varied widely with
different harvest places of the secaweed. The agar of South African and Argentine
Gracilaria contained agarose to the proportion of more than 80 % of its weight,
whereas there was less than 40 % of the compound in the mucilage of Chilian and
Japanese Gracilaria. And the agarose of the former two was high in gelling power
and jelly strength but that of the latter was very low. These differences in quantity
and quality of agarose are the reason why the former has a high gelling power but

the latter, very low one.
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