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Thermal and Rheological Properties of Agaropectin Aqueous Solutions
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A sample with a high concentration of agaropectin was refined by the dimethyl sulfoxide method.
Gelation properties of the refined agaropectin and agar were then examined by differential scanning
calorimetry and dynamic viscoelasticity measurements. Although the refined agaropectin alone could not
form a gel, it did not impede the gelation of agar but rather promoted the network formation of agarose gels.
These results suggested that agaropectin contributes to the formation of agar gels not only through the
gathering or cohering of agarose, but also through helping in the formation of the three-dimensional
network of agarose. (Received May 1, 2009 ; Accepted Aug. 7, 2009)
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FERKDORS BIKS 20%, ¥ v/ 0'H 25%, R5E 0.2%,
IRIKAEH T4.1%, FK5Y 3.2% T, HRIKALYID KL H3 %4
HTH3b, TOFEHSEITHe—2 (AG) T Ha~Yy
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MLTWBREEZSNTWVAEY, T MDA B =X &
ELTIE, BOKFTS vy Laa4 VREEE B DAL T W
BEET B AG D 2HFHBENICE BT T~
7 2KEEEER L, S5IENONEETEIEIE-T
ERTHEEEERESE R LV EBEZI LB RATH
3. —7F, APICI37H v B4 — R THREEES » 7 VRS
EDHESLTEBY, ThoOBEREEMIANKEEL L -
T, RN FHETOBHENTININAG L bFEIc<<
TN 2 ZDTERMSHEEENPT W, TV LEE
BREHTED., ChETIERDO LA 0 Y —EiconT
M2 DWEREShTE LY, FdRoERICLD
ERXDLA B V—TFFRITAGICERTLTED, ERDOL A
o Y=ot d 5 AP OREIFIE LA LTSN TV
WY L l, EROZHEREPIC3EESENS AP IEKX
DrAo YA orDEEASZ TVWEIERTTH
D, TOWERERICLIZEBEHDT 7 AF + —#lfllZ1TS
FTEERHREL AR TH S, B, TNFTICHE
KAEWERERE L THO TR S TN ER P REER
WCH S A B B T ENTE, FiESR OB
TX313h, BELROKY o) —HEREAR L LTS
LV, V=2, Frvy vy 7HORAH], ZERIE SR
FE~DOTER M AJREE 155,
FERPUCEFNTWVWS AP & AG 24 W 2 kL L
T, v Y r-EkEEREY, Bty vy
O, B AFU MY RAFUT VES YL, K) T
Ly 7Y 3=k 7 e FouLEY, 3okt )Y
& (NaD %, Nal - 77 ) / —VED, YA F VRV EF
¥ & (DMSO) @& 5 EAFoNTWD, o DED
55, Nal # & DMSO G BIEAEEICTAEEHOY]
Wr (EHFEL PHBEORRENSKEC 57, FRELLL
BHIfEE TdH 5. Nal % 7213 DMSO i3 AG 75 Nal B &
¥ DMSO B3R ICIARE L, AP A% Nal 8 & U DMSO &K IC
BIBELITWC EAFIHL, TS DEBEDEWVICE - T
AG & AP 2B 2 5ETH 5. TR (AG+AP) EEMN
FTEVEME (K2wt%) TITAE, DMSO #d % W0k
Nal Rk DERPD AGBL VP AP ERBERTET ST &
bTE 5. AFETR, BRO LA o v —#Eicd 5 AP
DEE| M 5720, £4 37 )HKD AP 2 DMSO
FETEEICERL, & oFREE oKERDEW B
U VAo Y—HEIc oW TRET L 72,
£ B A &

. = ¥

TARNRTF v (AP) mEEREL (BEkAart, &
E, AP &E93wt%)™ &S ORI TN B TR
U7, ERICFFEMEE LRSS (KR i3« H
Wiz,

2. 7HORIFU (AP) OFEHR

AR T, BRICEREEEL 2 AP O V%
B3 50T, RO A 4 Y REOE/LH/D7E W DMSO
HEAEHWT AP 2858 L 7.

(1) DMSOEIcL 27 HAo~sF v (AP) OREHEIET

140g © AP & 6% % 2L ® DMSO icfnz (6wt
%), 70°C 1T 300rpm T 3 Hsf#EHE L 72. Z D%, 25°C
T 1FfE, 9000xg TELBEL.. FE%E 3RO T €
FUTHRBS LA, RECHEBXAEL. £2T
DMSO A&EfRE TS 5 —F 2L @ DMSO 211A, [E#
IR BB L, FBRIEBREAEL IS 50HICH
U3EBO T v 2MAY, FEAEKBBRONL
- 72, DMSO RNEfRESY %27 & b v Th[EgEEL, HE
gl 723k A2 AP (1) & L1 (Fig. 1). TOHEITLD
Boh7c AP OEIRIZ 252% TH - 2. 158 AP O[A)Y
PRV DI ES B 7R D B S — 78 i
DMSO & & H_TE WA »IZ, DMSO IC/AH L1z AG (<
L0 FEEEHENT 3L E, DMSO DEENSH W1
DICTFE L 72 AP FIF2Rd TihB Lic < < FBICEEL
TLESTLIcLbb0TH5. FHikElE LTHOW AP
EAERED APERM BwtH LI EEEL, LD b
MEOHVEEID AP 2B RMEOLENMTETIERD
HETHRET 2 EPRETH > DT, APIETIREIC
R REEERREAEORKE L — 7 OEE (Fig. 2a-c)
MoTHOo—2AGEEERL, TOREN AP TH5 6D
LLTAPEEBAHE L. ZOFMEICL > TRES L
72 APEBII>%Bwt% Th - 1.

(2) DMSOiEic kA7 Hu~sF v (AP) OREEIED

FitogElETI I T Ao -2 (AG) BEELID
GEHERD), L0MEOE VAP 2185 L 2HMEL
T, DMSO 2 & » THIE S WA RD 2 BARIICKRET 2 H
EEHOZ, 9, 3L @ DMSO 1T AP &&%a0E 300 g
%A, 90°C 1T 300 rpm T 2 R L, —MEE L 72,
ZDEXDDMSOHFD AP+AGEEIZIWLS TH D,
DMSO 1D AG DIEHEMNE Wiz EEk 13 75
W & 15 572, DMSO OREEA 35°C T DMSO D Ny
DS 1219s O v N o — FREEEEHCHMIE L, AG ZHiH L
72 DMSO @ i NS A5 DMSO & HoxT 1% LIV
% 2 F CRFOMHIRIEAZE R LEF 9 [@fT- 72, &K,
Bontrrt#ic 1L © DMSO 2504, 50°C T 1M, =
g =5 —ZHVTHEELL. Z0%, 40°C T 90 43, 7000
Xg THRILDBEEIT-> 7o, COBIEAR 3EREOERL. &5
2, BoNFiEC 1L @ DMSO 2404, 50°C T 5 Hi,
28 =5 —AHVTHEEL, Z0%40°C T 905, 7000
xXg TEILDEEL 72, T A 95vol% 7 & b T s
&, 70°C T 2 Wfdi#Ese - ve L7c. TR Z 7272 95 vol%
T by THET BEEE 5B DR L. TR KT
+ b v 500mL 0%, 2% —35—2RHVWEET 2 EEE
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| Agaropectin Sample ‘
T T
6wt% DMSO solution 9wt% DMSO solution

—Stirred at 300rpm for 3hrs at 70°C [—Stirred at 300rpm for 2hrs at 90°C
— Centrifuged at 9000 X g for lhr at 25C — Held without stirring for one night

ITT T s s 1 [ ittt 1

| supernatant ! E)recipitation l | supernatant ! [precipitation

le—Added 2. DMSO
I— Stirred at 300rpm for 3hrs at 70°C
— Centrifuged at 9000 X g for 1hr at 25C

[¢—Added 3L DMSO

— Stirred at 300rpm for 2hrs at 90°C
________ Repeated 8 times

_________ | p— ! supernatant E E)recipitation

'
! supernatantf E)recipitation -------
______________ Repeated 5 times

l€—Added 95vol% Acetone
— Vacuum dried

_______

_______

_______

Fig. 1

TR Ve ZEEARGT 3 AT - 1o IR, EoNIIRE
Z1L D7 b vluctks+, BERT 4 205 2.7um
DEMKEHVCTEB L. OkE - BBRELE 3
-7 Bonfitlzs 1ABEZEGZEL AP 2587/, <
DOFREAE AP () E&FfF7 (Fig. ). TOHECELS
AP D[AIYHRIZ 1.96%, AP &EF>99wt% TH - 7-.

3. rEEE#H= (DSC) HIE

AREKICE R E iR T 30 /[ #iR, 95°C < 1 R
LIS O IR S HATE D IRE TR & 72 (3HER AP KA
W AFERLL 72, HI5E 1 Micro DSC I (Setaram, Caluire,
France) TfT - 72. 900 mg DEEIKIARK =% £V (1 mL
KE) AR, v FLVEBDE02mg ODEREKEY 77 L
v 2 & LTHWE. AIEIZ 100°C 2 5 1°C % T 0.5°C/min
TR, 1°C T107fEES, FU100°C £ T05C/
min THRES#TIT-7. 40wt% £ 0 bEVIEE TR
IO DS CMEROFER vicEE 2 AN 3 2 &R
ThH oo t, A0wt% ZERD FIRE L.

4. BNROREREMEAIE

AEKICEE =il T 30 /L, 95°C T 1 KRR
U SUARR S B ATE OFVEHERE DFEKR & 72 13HEEL AP
KRR TR 12, $72, AP BEXOT IMALICRIT T
BICHSWTHRET 2700, ERENEE AP BS/KAK S
ML E L THW /2, HIEIR HAAKE o RS (ERE 60
mm, AEXDI—v - FL—}) TiT-t + 7D
RFEPF I, FL— DD % 10cSDY Y 3 VA

AP | L upe

________

________

1 1
' filtrate ! residue
Vacuum dried for one week

Added 1L DMSO
Stirred at 300rpm for 1hr at 50C
Centrifuged at 7000 X g for 1.5hrs at 40°C >Repeated 3 times

precipitation

Added 95vol% Acetone
T Repeated 5 times
precipitation

[¢—Added 500mL absolute Acetone
[— Stirred at 300rpm for 2hrs at room temperature

Repeated 3 times

[precipitation
Added 1L absolute Acetone
Filtered

| AP (I

A flow chart for refining agaropectin.

ANTE-7. oL ABBEENMETLRVES I
95°C IThNB L 7o v ) 3 v A A vaHW, BIERY v 7
% 80°C THREFL, TOREICHT B4 v 7L ORItk
G EBRAMR G DEREZNEN 1% RN TEELT
W3 ZERRER L, 80°C A5 5°C £ T 0.5°C/min TH
B, 5°C T30 R L, 80°C £ CRIICAES®T
Tofe. AN o d lrad/s & L1, $71, TEERE
LU TIBTHRIF 2 RIE U, SRR E 72 2 I0T) 2 @R L
7. 40wt% £ 0 bEVIEE T EVE OREEE AN < HIEDS
WEETH - Fofodd, 40wt% ZHEEED ERRE L,

R ELEERE

1. 7HaORIFU (AP) D5 V{4

Fig. 2 3ER, BHEEI LB o7 Ho s F v
AP (1) BLUHEHEL I DBONIT Ao )T F v AP
(I KiEEORERS & IR DSC Hiff Td 5. FRIKE
WD F— 21213, BRBRET 32°C fHTic A vbIiTwiGd
LA I B — 7 3B ot (Fig. 2a k). TOE—7
FERBEZE 02wt% T CHERARRETH - 72, 7
EETECIRE L — 7 DR S N, B — 7 IEIIRFRRE
BToRBE -7 L bILL, FoE—27REE 12°C
TH-7 (Fig.2aF). DT EIFERD VIV —4IVEEL
BICRE e 27 v 20325 EaRd. —F, AP (1)
DRElR DSC #hfRic 13, FEHERE 1.0 wt% DL L THRE e —
7 DIFFEDHER T X 7205, 05 wt% T3 DSC & 7' s
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Fig. 2 Cooling (left) and heating (right) DSC curves of agar (a), AP (I) (b),
and AP (II) (¢c) aqueous solutions, respectively.

Concentrations of agar, AP (I), and AP (II) aqueous solutions were 0.5, 1.0, 2.0,

3.0, and 4.0 wt%. Cooling and heating rate was 0.5°C/min.

JARVLNWPRER s tcledic E— 7 BSHERTE -
7o (Fig. 2b 5. F7/z, BEE s g VEK AP (ID
@ DSC Mg i 3EEHEE R 40wt% Th-ThbE—7 13
Rohnwh-7 (Fig. 2¢). TokHic, BElick-T
DSC R FREHHER D 3. 2 £ WASERE 2 D13 E 1T AP FERIEE
DEVCIELZEDTHBEEZONS.

5iT, #R, AP (1) BLUAP (II) &Ko DSC
iRz 50°C D 7 — & FATHIEILd 5 &, AP (II) @ DSC
RS IehbRN—25 4 vDEHICHB2FEH T &b
» ot (Fig. 3). AP OBRWIHEEICRET 25/ HTIE C 0 " 10 @ 50 100
hEcifrbhTwizuwg, Diad & SERO 7 IS Temperature (C)
THDAGRTMET BEICY v 7V E— FOFERE — Fig. 3 Cooling DSC curves of 4.0wt% agar, AP (I), and
JEELBENREINTE DO, KEBROERE AP (II) aqueous solutions.
EEITHE, DTFEETIZITYVLICE RERAE—7 17 Cooling rate was 0.5°C/min.

Agar 4.0wt%

AP (I) 4.0wt%

Exothermic ———»

AP (II) 4.0wt%
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Fig. 4 Temperature dependence of G’ and G’ for 0.2wt% (a), 0.5wt% (b), and 1.0wt% (c)

agar aqueous solutions, respectively.

Heating and cooling rate was 0.5°C/min. Angular frequency was 1.0rad/s. Stress of 0.2 wt%,
0.5wt%, and 1.0 wt% agar aqueous solutions was 0.1, 0.3, and 0.3 Pa, respectively.

AGDAICHRT 2 bD LR TE .. SO/ V-7
WEERE TR % DSC gz, £ oAk r—7 0
HiE T E PRS2 12 DIEEB E— 7122\ TOEROE
BEBMERET 5 E0RETH 508, FMEOEHV AP
@ DSC #hi#i% AG & AP DIREYIDN—Z 54 v &£ H&IS
TIENTENIEDSC =2 DYy X — T F IV~
P AGEREDOTERIINATE 2N H 5. 772U AP
D DSC ghfp s R D DSC gl & = fEIR LA O B EE R
HicB0WT—HT5LE0WHIHEERZKLT LS AP @ DSC
BNRERD DSCHIOR—254 v &4 3T &5 R
T B boTIRE L, BWHEARES AG & AP OffiFkic oW
TRESEHFMICHRTT T 2080 H 5.

Fig. 412 02 wt%, 05wt% ¥ & U 1.0 wt% ERKIERK
OIFEHIER G LIEERIER G DREREFR 2 T hZTh
TT. BRESENSFLARVTCHRRBELTOWEVEE, 3
WO SN FBEE LTI 7 a v A XL ED Y S
2y —EEHLTVS EXICRARKE w<1rad/s Tb
G'>G" L 125H°0~% KBTI THW e TR D /KA
FOWEFNOEEICBVWTHERE T>40C OERIE TR G
<G'THY, IWEFD I 7 o VKBS B DI
BBRDTDIE W E RS N FBEERRICB VW TEKR
IR 1Z 30~40°C TG’ & G" H—F L1, L FOE

ETG >GC"E -1 800, G'E G ORAFF VLA
IHELTWA D EEZEZ LN, MBICEAE, O
RRIGRIER IR T 25, BEOCLHERICIET
OHENRLIFLIEHAONEY, ERIF02wt% E0WH T

CIEVWVEETLSMLL, FvD G IIEREENSVIE
EREVWTEN, TbE, HOFTIVEIES Z LT
b5, BREENROLTH02wWt% THHAKKEZRF ) v 2
W—7hEE s (Fig. 4a), FEMEED G’ & G 13EREE
BTofELid—Ked, 7 IVLEE 30~40°C ioxt LTl
FRIEFEI1Z T0~80°C Th - 1z, 15 DIEE R DSC g o
WFeEE — 7 BE (Fig. 2a~c) &1ZIF—E L 1.

—F, BRAETICLESNI APEEL AP (1) 34
MEEE S LT 10wt BET, £ i bIRWEEGR
TR G <G Th -7 (Fig. 5). 1, BREERRIC
AP (1) BEEMNZHBIICONT, G'& G DfEIZAEL
ot A5, BEIFETICLDEShA AP (1) 3,
COBREHEBICBVTOHICGC <G THY, ¥ LLK
WZ &b o7z (Fig. 6). DSCHIETIE AP (II) D
BEMR40wt% THHBEREZ 7 ) YR RBEINE -
f HSKETREERIE T3 AP (1) OEEMS20wt% TG &
Gtk 27 ) YA s N/l L}, >ED0HERICL S
LEZONDG, BEREN -FEORETRHREBICH > TG
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, | 00.2wt% G’ ; b 00.5wt% G’
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g lemw%QQQQQK\\
S0 o S0 28, e
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Temperature (C)

Temperature (C)

Fig.5 Temperature dependence of G’ and G” for 0.2wt% (a), 0.5wt% (b), 1.0 wt% (c), and
2.0wt% (d) AP (I) aqueous solutions, respectively.

Heating and cooling rate was 0.5°C/min. Angular frequency was 1.0rad/s. Stress of 0.2 wt%,
0.5wt%, 1.0wt%, and 2.0 wt% AP (I) aqueous solutions was 0.1, 0.1,0.1, and 0.3 Pa, respectively.

LG DEMNRELIEBLDICRIBENTOREEE - I3E
BILL->THEEDH A ADBKELBE2LENDHD, OAG
L AG, @AG & AP, 7213 @ AP & AP @ 3 FEHDKE
BELRBESICLE I 7 o VOEREREST S I EMH
BEThH 5. AGEEEICHBR L/ AP () BV Td O
BLU @ OAfeEAEGETER VDI, TePESHEE
LTDAGH AP () T bErRELNSEAT % alEE
Whid 5 EDiEnic, BEBEREENDEHRENEN AP
2SAGIHARLL 7o B LR 2R Lo & LT o AEER
DV HTH S, AP (1) KBKOMR®B L CFEERE
TR AEE — 7 BBl iz v id, DSC DFFH|
BEARRDIENIT, 370X IVDERB ST TN v 7 R
DI & ZRS BHIEIC K - T, FIZAIRKEEEENEDE
WEEDOZWES FORASVICL > TR 322 & EE L
LTEZONS.

2. EBEXOTIMELICRIFT7Z7HORIF (AP) ORE
Fig. 713, #RHEENT AP (1) & AP (II) =@l
AR OBFIRERIERIE D S8 SNl M VLR, $1ab D
G'=G"t1sEE0EEELAMOLERICNT 5 ACE
BISHLTT oy b LIcERTH 5. ERERL AP (1)
BLUAP (II) ® AGEBAZTNTNT0%, 50% BLU
0% & LCTHE L. 2PEEE 05wt% TR, 2iERERE

KITHd B AP OFINZERDS 20% LU R T3 r vk L fe.
IBIRROEEEES—ETH>Th, AGEENEINT 2
EALEE IESERNICEIT L. T ORERIE AG BEXR
FIDxy b7 =7 E » CTEERKE|ZRIcT &
HEMERNCET . L L, BIKRhO AG EBEA—EIC
%5 T AP EEZBINE T 5 &, Y IVLEEIZ AP EED
Himc & SR OVEEAICHEIT L., CoRIERD S IV
TR MBI AGATFOBDARKEINTVW S DI TR
KW &, L TAPBERDSIVEMELT L HHEL
wWT & AR

Fig. 81T, /AR D AG B 0.05 wt%, 0.10 wt%,
0.15wt%, 020 wt%, 0.25wt%, 050 wt% & 185 & 5 ic%
FKiEHE B LT AP (D) KEKRZRE LIOKBEKRD G'D
BREREEA/RT. AGEENSESME1EE, 30°CLI T
BUIEGOERRESCEY, YVEHELCEE I E08DD-
fo. 1o, AGIEEMN0.05wt%, 0.10wt% &7 5544T
2, SVHEENESCKEIEE GOEREFICRELE-
7. AG DS 0.15 wt%, 0.20wt%, 0.25wt%, 050 wt%
Tld, 2HEENELHIIEE GCOEROIHITKEL
Mote, TOTEMD, RIFRTD AG EEN—ETH -
Thd, APERDPZVES VIS I Enbr -1,
F12, AGBEMNEVIZE T IV LERITKd 5 AP ORI
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Fig. 7

Total polysaccharide concentrations were 2.0, 1.0 and 0.5
wt%. Since the mixing ratio of AP (I) and AP (II) does
not affect so much the gelation temperature, the mixing
ratio is not indicated for each data point.

BERE B EDbhr -1

PIEofERLD, APIZAGD3IRITAy b7 — 0 %2
MBI HEIE L TERD 7 IV O FE S EEMEE S r v %
ERLICK K S ENH2EEX 005, —IC, 5
DETFNVTIRZEOEBBIRICBOTY VDX v b7 — 7K
BICE#ESM UL WEES S FOERET 5 & IVERDE
LLBEESNE D, —HOKELSHEICH L CRRESE
DIREAICE DHEENEL 55, Wbhww3 [HHERER] &F
ENABROELI 5T EMBHERSN TV B9 FERD
oAb K RGBS 13 AG & AP OFEER R EZ /D
BhLFRBLIERTH 2 EEZ 5N, L 0IEHICKRET
T B0 EDT VXV TOHE/FRERBNETH 5.

-3 #

DMSO AW T T H o~y F v (AP) &&®kin
SHEDSWV AP 2458 L1, BREBLURKEIL/ AP %
HOT, REEBRMENTEL O LA oY —AIEIcLDE
KDTNWALICKEE T 2 AP OEENC > W THRE L7z, REElEE
PEWV AP TREZRHICOTPICEENETHo— 2 (AG)
DEE - BERICE D rVETERR L IcDict L, HBEEOE
W AP BT SV LREE R 2, SV ERTER LISV T




598 BARRMETEREE %56 & 5% 115 2009 11 A (48)
10¢ — 10¢ e
R AG 0.05wt% 1 b AG 0.10wt%
102 o 2.0wt% 102

2 1.0wt%

ANI%%%% o 05wt [ — 10!
< <
SR A~ SRl
S 1 2% ©

10_2 [\ -'-'!lu|mnmu|||u“-|||n|||ug,1wll“'ﬂi‘;y 10_2

o]
1073 ) 10—3
104 104

0 20 40 60 80 100
Temperature (C)

10%
10°
10?

_ 1o
<
Sl

¢ AG 0.15wt%

o 2.0wt%
A 1.0wt%
0 0.5wt%

© g
10-2
103
104

]

o) w! Wy

IR ) NS
) SR

0 20 40 60 80 100
Temperature (C)

104
10%
102
10!
10°
1071
1072
1073
1074 -

AG 0.25wt%

G’ (Pa)

Temperature (C)

20 40 60 80 100
Temperature (C)

AG 0.20wt%
o 2.0wt%
A 1.0wt%
0 0.5wt%
1074 v r v :
0 20 40 60 80 100
Temperature (C)
104 ; : :
o AG 0.50wt%
102 o 2.0wt%
) A 1.0wt%
_ 0! = :
< a
& 100
© 1t -
1072
1073
1074 T " " "
0 20 40 60 80 100

Temperature (C)

Fig. 8 Temperature dependence of G’ of the mixed solutions for agar, AP (I), and AP (II).

Agarose (AG) concentrations were 0.05 (a), 0.10 (b), 0.15 (c), 0.20 (d), 0.25 (e), and 0.50 (f) wt%.
Total polysaccharide concentrations were varied from 0.2 to 2.0 wt%.
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