AZE SEARNEZ BE 233
X Lole] SEEX

=

REBIR 2 R

o] WX+ LEBM: BMImXoE /MY

19954 2R

BEARKRERBRKNRR

B & L 2 #°

mOX %



IR TERL Bes s

¥ B 2 %

Z R & % el

z & z2a- @

KEEE B W % @9
19944 128

BAKERBRKEK



ADSEFACE « -+« « <o s e reemnnnneae ittt 1
[ AJE - oevrrvree et 3
I, AR B HP] eeeennee ettt e 5
L. AJEL v vveevnne e e 5
Q. AITIMIM oo e 5
(1) BHMG] B v ovvvvmrrrmesrnntrete et aiiiaeianiiieccnnn. 5
(2) GETHA BAJO BA cvrrrrrr e 5
(3) UNHAGELG] B -vovrrrerrmnnrennnneeeraieee e, 8
(4) Agarose R agaropectin®] FTAH] F -cccorrieerireeenn 8
(5) GEIBFES] BT - vvvvvvrrrrrnnneerunnee it 8
(6) B TFEE] BA +ovvvrrerrmnne et 9
T B X S PR PR 9
L RO QUEAE «oorrerean e 9
0. BEMO] B BA o ovvee e 11
3 5E 5 £50) B8 ABEES} AYEE «overerrrmmamoaenns 11
4 55 P SE0) TFE PHY - ooveeeiriiiiiii 12
5 .ﬁ,%%/\g ..................................................... 16
6. HEEAZEY FE B & SEA ~rceenrrriirrraineeiiaas 23
IV. ZE B QO «ocvvrrerrrnrernna ottt aeeeiens 28



Rheological Properties of Agar Solutions

from Cheju Seaweed , Gellidium amansii

Moon-Sub Ko

Department of Food Science and Technology, Graduate School,
Yosu National Fisheries University

Abstract

To bring out the functional properties of Agar—agar, agarose was
extracted with boiled water from Gellidium amansii produced in Che-ju
Udo and it’'s rheological properties were investigated.

It's extract yield from Gellidium amansii produced Che-ju Udo was
32.71%, the content ratio of agarose and agaropectin was 79 to 21,
gelation ability was 0.19% and jelly strength was 413.82 dyne/cu.

Agar-agar solution showed the movement of non-Newtonian fluid
and pseudoplastic property was emerged as it’s concentration go higher
as a flow behavior index in the range of 05 ~ 5% Agar—agar solution
were 0.62~0.69 at 80T, 046~0.67 at 60C and 0.34~064 at 50T, the
more it increase the more it decrease and consistency index were
0.12~1.26 Pa-s" at 80T, 0.12~7.28 Pa-s" at 60C and 3.9~19952.6 Pa-s"
at 50C,yield stress is 0.09~1.21 dyne/cd at 80T, 0.12~5.29 dyne/cr at
60C and 4.84~58.37 dyne/crf at 50TC.



Consistency index’s existence nature to concentration is two straight
line relation which have different slopes on the border of 2%
concentration of Agar—agar solution, existence nature of temperature
followed Arrhenius equation, activation energy were 0.09~13.51

kcal/g-mol, in the range of 0.5%~5% Agar-agar solution.



1.4 &

T2 AEY HJEA FAAHY BPUIHE FEAA A28 %
€ A& D-galactosed} 3,6-anhydro-L-galactose®2 @ 2LEAR FHol
F47] R carboxylZl7t AGE 44 2ol EZoHd,

FAAzE 17471 T4 LEIM AL AFEHALY JYz2/E A5 F
3 AFAA AL FAAE YA FA geld WEL, OJAE AL
Ao 2 2 #3908 BB 3o @5, AXAA FAAFLE pEAD.

Agae ASHE F2HE SRS (Gelidium sp), NSRS
(Pterocladia sp.), M &4 (Acanthopeltis sp.), BN # 714 (Gracilaria sp.) %
H A 7\ &(Ahrfeltia sp)22 +R7IANE, ALR, Ag ol F2o|§=n°,
8 JetelAe A7 FIAAANFL 500 M/T =R e &5 3
o

FAL 7} 30-40TAA geldts=ln 7FEA71E &8s 2= Wl
w2} geldt sold] AH2 WIHE 194 2F B4 /AW, 53 7P
geltts oz FEA, BS54, 14, £44 Fol Holuh 4F9 I7ig &
@ ollz FPAear g 2407,

FAL geldtFol 28 FHYUIFRHY agarosest FA71& wWol 31
€ geldbsol o J4YhFR< agaropectine 2 T H T, agarosed] T
t 139129 ZAYS=  p-D-galactosest 14 #Ae HEYs= 36-
anhydro- @ ~-L-galactose® ® ©|3F<¢ agarobiose7} HHggoz wiE 2

#3 Ao*® agaropectin® D-galactose$}t 3,6-anhydro-L-galactose”}



Aoz AR Rl B4t7], uronic acid R pyruvic acid Sol 2Y
Aoz gAH AP,

A geldl Q%A AF F8 Y& viAE GFHE agarosed A
o2 daA YomB® wal ola}l agarose®t agaropectin® EAJH|o]
et Ao BA4L 2A eFAD. 282 ojF Ul 92 F
F7, AR R AP, 282274 g @A BF Watase™E
TY 49 $RIMEE FLFLAM AT E A0 28AR
A gelsl EF4ol Bt o

A BF A7 AXVNE™P, AzPP®, AN P e
F& R FARYDP Foz g oFodAZ o}, ¥R gel
theology &4l didtede @2 H1g b gl 32 AdEHE ¥y
o7 nEXR Rl dH Bl woAHAM AUdH U €A
2 g 2EA OGHR7E e geldted @A oFF £q9
theology #4& &AL 2HN 1 7|5y B4¢ ¢ + 29, 7153 &
Aol uiel A3 $8o] BAHAY. EF /45%Y THL 4F JFF V)
4, dug, 43 % £4 5o AF 99& 730

getd B AR E geldtsol A3t olnl AFHA, AFA T
2 de 2943 glen, AMRAMY dasigoln] AdF HFL2A9
59 Yol df(dietary fiber)Z MEFA ALHT e AL 4FAQ4
A AAAZA 7154 BAZ Agsted §A¢ 52 2 7123 934
rtheology ®4& AEIH}A



oI As 2 ¥y

1. A%
B AT A48 $RIMAE(Gellidium amansii)e 19944 5973 AF
E $=A90M AP AR 4942 s o ASAT. AHY 4=
€ FA%Y YFEE AAY ¥ S£A39AM & B 44§ AAT F
2~3cm dol2 AW -25Te FARA B Fu AP A4
At

2. 4934
(1) A9 34
H4x2 g A9 &L Fig. 13 Zo| WAL F 942 60g
0.0IN H:SO.89 15L& 7}3td] 241 B¢ A5so 598 5 4%
& AH83t 42 dFsin A& A2dA By, AU F, -TTAA
A AP ohg -15TCelA 2041 FZAFIR, o|RAE Aol AL
93t AAE % EFAY g 7MY, €3, €3, 2, €59 23
Y gRgozA FWE YA, 55T @FAXINAM AF F B4
3t} 32~48 meshe] A& AP AHS-33ch
ojsto] o] AL A9 FAE B FAHALR Ud FAF
(%)& F+E2AM Adso F3
(2) 53 F49 £
AL A ELPA FHTE VM5 FAFET} 05, 1, 2,
3,4 % 5%2 3ta, 95T A 2085 714% F 50~80CE YHAIA



Raw material

Washing

Extraction (1007TC,2hr)

Filtration

Agar soln. Residue

Gelation

Cutting (Icmxlcmx30cm)

Freezing (-15C,20hr)

Thawing

Drying (55T)

Milling

Powdered Agar (40mesh)

Fig. 1. Flow sheet for the extraction of agar



583 Rgdo FHPANERZ AMEHAD. 5% B4 4L AW F
=74 (Brookfield viscometer DVII+)o] & A-drie] Z7Fo] 25cm, v
Z Adde FHA 275cm, Z°l 9.03cm, AlE 4F 22w UL-adaptor
AZsA AEEAL, NALE 2~100rpm o V&AW W torque
W& X-Y recorder® AF 71§39t

gA8Ae #5%AH BYL power law modeld”™ (1)3 Herschel-
Bulkley model&® ()& o439 A=A 4 (K, consistency index)$t
A4 (n, flow behavior index)& 3143t}

r =K X 1)
tr =C+K-7 2)
o 7] M

r . AGEY (shear stress, Pa)
y : AG4& % (shear rate, 1/s)
C : %89 (yield stress, Pa)

=¥ Casson modeld® (3)& ol8dtd AL A9 FHY (yield
stress)® T3

Jr=JyC+K-J7 (3)
4 (A ¥ F8¥ CE AH4-319 Herschel-Bulkley Jel*884&
4 DAY YT, APPER By vy AL FEAT R
Az=AT5E 27 T3
log (z-C) = log K + n log 7 4



(3) ut o ¥4
TR A/t Aazxy, =AW Soxhletd, WAL semi-micro
Kjeldahly, 28] 23 &L A4 Yez zz T34,

(4) Agarose R agaropectin®] =¥ F3

" Tagawae] Wl Eao o ol AATh F, BUVA 10g&
50u] %2] dimethyl sulfoxide (DMSO)$t #74 60~80T <A 1A% A=
£3A1 o |4EEs AR g4 ¥ O BERE
429 DMSOZ M3Aste] §odye] UG, oA =z¢ 53] WRT
th. ol& §U& 70CAM AYFHS 3uF acetond XA 3 748
oly 445l JA& decantationoll ¥ Fedn ThAl acetond 713
glass filter2 &< AFstd 2dg AAYTG o =zg 38 WHy{F F
acetonol ¥ 2 Y FASA A1, 40T ool FYA=3}A o
A E- &9 agarosed A0t

¥, DMSOl #83 & agarosed] 734 Zo] aceton2Z A3t
B L9 agaropecting AT} o] €9 ¥z 2AuE T

(5) Gel3t's9 573
BHYd Biol 3o g go] HAT. F BALY 10wt & A
£ 15mm 9 NY# $ol £Ho2 M43 WE3}A 25CTAA 2043 %
A &e] YAk o o] APEE FHLE FojA geld EHO| A
AA g ¢ug e FAFE(%)R gelttvs oz EAFHAH.



6) A X (jelly strength)d] &3
15% BALAL =As 20CTAA 154 HAF F o geldl tis)
B lard 2027 ZE + Y& AUZH(g/a)d AAFBESH7) (B
AR)E AHEs] FARADY. oln AL g B

log W2 = log W + (log t - log 20) (5)
o714
W2 : 2023 AW W9 A 2P+
W : 99 713 a4
t: Wg 71384 9 Ade At
K: 499 A% 534 A4 (0.18)
& dehdd.
AA & YodME 20T LAY &E {A7L Y7 W
Table 1¢] LEQAEE o] 4319 RAASTE F33ch

1. 49 4wy
19943 5473 AFE $= dAddA A3 & AT AL R
7HAtEl 9] AWHAdE & Table 2 ol JeERR UL
A% 9 a9 §FL 023% % 151% 2 "Wl ¥gtoy =3
9 #F& 676%=2 thd =4 R U



Table 1. A table of conversion factors

Temp.(C) Correction Temp.(T) Correction

Factor Factor
10 0.74 21 1.03
11 0.76 22 1.06
12 0.79 23 1.09
13 0.81 24 1.13
14 0.84 25 1.16
15 0.86 26 1.20
16 0.89 27 1.23
17 091 28 1.27
18 0.94 29 131
19 097 30 1.35
20 1.00

Table 2. Proximate composition of Cheju seaweed,
Gellidium amansii

Moisture
Crude protein
Crude fat
Ash

2050 %
1.51 %
0.23 %
6.76 %




2. §39 ¥4 14

Table 3 E AFE $E4te] $RMAE M F&¢ §H9 FAS
A€ JeEnich $371AEE 0.00IN H:SO.8-9olA 24 44 &3
A& W FRFEL 3271% o™, agarosest agaropectin®] AL
agarose’} 79%2 ¥A JeEiwth. I geldts R jelly =t 47
0.19% % 41382 g/alo2 ekt

Fuse®7} agarose®] gel®}5©l agaropectin Bt} 208} BE= 7Z3icix
¥ AMY agarose S} agaropectin®] /Agulo] wd} geldisel ZA &=A
t}. Tagawa'"& agaroses} agaropectin®] A& 99 =A% model 4%
€ #3319 agaropectin®] §F¥7t gl uwe} geldtsol A, ol
AL agarose ¥Fol WolAA stag@ Yol AA Aoy gelT 27t 457
o7 wEolatn HAL. EF agaroses] ¥l&o] WolFel uwrel jelly 2
=7t AH¥o =z 3A A n, agarose FFol 10% oM E jelly 7
=7t A9 AA4HA getz s,

a8z B dFAM ALE AFE $E4 $RIAEANA F5F
BN geltt 5T jelly ZE7H HA% $RIMAE N F&8 A A3
ZE 320~620 g/ars] Aol £8BYAL, ¥, dAF R S A=A
2% WA geltts 025-095% R A veEld AL #A FY
agarose’} $8 & 30, AFTANME agarose FFol &7] Wl
gx Azed®.

.35 ¥ 2% & AdS 59 AGEY
80ColA BHLAe W (05%~5%) W& ASEE=()9



Table 3. Charcteristics of agar from Cheju seaweed,
Gellidium amansii

Yield (%) 32.71
AG : AP® 79 : 21
Gelation ability (%) 0.19
Jelly strength (g/cxf) 413.82

a) AG : agarose , AP : agaropectin

A48 (7)) BAR Fig. 201 YD B4R F=o] BAYl
AG&E9] F7tol g} Ad8Yo] vFAAoz Fhste] MFSE 4
(non - Newtonian fluid)®] AE& Jehio). o2l @ 8|4y Hge
Agde) T2/t B&5F A4 dER. oRAL FALdY FEIt @
& "9l binghamplastic %44 UeEhiRen, $E7 Eoldel we
pseudoplastic ¥4& Yl a8x % 60T ¥ 50T9 A48 Fig.
3 R 49 JERIRTE $ARNA] 2571 WolAel wal AL TS W
At AdFeol A F/Hste W44 AP A YR, 50
T A4 A5E9 BALA)ME pseudoplastic 4] FHo] Ljeht
o olZi& 2E7} Welel wtz} FAEAY f5o D@ Ao A=)
nES2 AgE

4. 5= % &xo wE g8
AEEY HFE #A AEe #58d FUPHAYA Herschel-



Shear stress r, dyne/cm®
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Fig. 2. Relationships of shear stress against shear rate of
agar solutions at 80TC.
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Fig. 3. Relationships of shear stress against shear rate of

agar solutions at 60°C.

O:05% ,@:1%,V:2%,Vv:3%,0:4%,0 :5% .
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Shear stress 7,
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agar solutions at 50TC.

Q:05% ,@:1%,V :2%,Vv:3%,[0:4%, 0 :5% .
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Fig. 4. Relationships of shear stress against shear rate of



Bulkley 28%22 479 ¥ 4 gt o] 9L AdSdA §HYY 3
71% AP g3} AdE&Ee] Fus(og-log) TAZANA AABAE
Bl LA FEHHE T3] A3 Fig. 5914 80T ¥4 &9
9 FxHd wWE Vg /& UG ko #ARl FHdEAE
Ho] Casson 2¥¥0] Z FH4Hon, Augez Xy 73 FHY 3
€ BAEE 05 1, 2 3, 4 R 5%0A4 Zz 009, 012, 0.16, 0.30, 064 &
1.21 dyne/cdt ©] it}

282 60T R 50Ce] BBEA oy V o} V7 & Fig. 6 % 79 4
el it Fig. 7914 ¥ ¥VEA9] =7 50C2 HolNd FHHL
IA AT & A4 F=E 051, 2, 3, 4 R 5% oA FEY
e A7 484, 7.29, 1056, 2007, 3091 R 58.37 dyne/ad 22 ENTH
d7]4q T8 FEEE FE¥E 25 W& WHF Fig. 84 Yehict.
BNgAe] 257 60C R 80TAME ¥/} 2A gon FIY =
7} 4% ol ME gHYo]l FUEAT. 2 2=V RoldF{F FE
Yo F7l3te AR& Roln, $57t E&4F &5 A% 9%E 2A
157422

5. #% ®4
AGEo) A FRIE W gto] d$Q log(r O logr 48] BAE
80T % 60TAM Bagede] SEWE Fig. 9 % 109 Uehisich 38l
Herschel-Bulkey4] 22 ¥E 80T, 60C R 50ToA AL Fxdo
Hel f-FEA4UY F54AFY AXEATE FI9 g8 Y 94A 4
Table 4, 5 2 69 JeRi A



J t, dyne”/em

Fig. 5. Plot of ¥ ¢ vs ¥ 7 of agar solutions at 80TC.

O:05% ,@:1%,V :2%,Vv:3%,0:4% , 0 :5% .
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Fig. 6. Plot of ¥ r vs 4 7 of agar solutions at 60C.

O:05% ,@:1%,V :2%,v:3%,0:4%, 0 :5%.
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Fig. 7. Plot of ¥ ¢ vs ¥ 7 of agar solutions at 50T.

O:05% ,@:1%,V:2%,V¥:3%,00:4%,8:5%.



Yield stress C , dyne/cm?®
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O
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40 F
O
30 |
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®
0 -—@o—@ ] o—9 v
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Conc. of agar , %

Fig. 8. Yield stress as a function of concentration for agar
solutions at different temperature.

O :5T, @:60C, V:8T.
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Fig. 9. Power law curves of agar solutions at 80T.

O:05% ,@:1%,v:2%,v:3%,0:4%, 0 :5% .
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Fig. 10. Power law curves of agar solutions at 60TC.

O:05%,@:1%,V:2%,v:3%,0:4%,0:5%.



€E 80TCAME(Tabled) RFHAF7L 062~0699] W2 WHIE
FHM2H AFRYLY, $E7 Eoldd wa da Fasgd. gz
FZXEASE 012~1.26 Pa-s"9 P92 $E7} Eordol mat ot 7}
AT an &E S0TAME(Table 6) #EAAS7E 031~064 P2
80Ce B4 vl Wele & glon, FEF7id BE §5HAS5
e H= A 2 F2E A$E 60THAAM(Table 5) 0.12~7.28 Pa -
s"e] HHET Q4 ¥& 39 ~ 199526 Pa-s"9] ¥HH= ¥N B} 4~
5%2 ®ATR 7IFsHLE FIHSA oA FALdo] guLeE
oA 7IANA g4 §27t Aol 22 P} AMNAA Hgosz
FE84ATE T2 F19 ue i Fade, L0 Faged g
A A g4 F4 89 pseudoplastic ¥4 47t AHATY 281 FxE
Ass FRYL F=It FME £/ g4 F7 e, 23 227 B
2% £8% IA F/AEAG.

6. AXEAFY ¥ 9 25 &4,

FzEAS K@tel B JE4& AE}Y] HA3le 82 log K &
Fig. 119 Jeligict. #8899 F= 05-5% WA 71&717 4= o
& FA9 JA@AR 2don, M9 777t eAE FALAY ¥
EE 2%, 2%°]39] VAFZAME 718717 FH3%o A FE
wel O g &/gdo] i€ Uehifith ad3 exrt RolA4-E A9
Z1&717F AR VALY 2o we FEYFAYE o 4PE PeA
22 BY IXEATE FE B¢ ohUF £x9 Jg= e ¥A
849 AzxEAS Y ddd FYLEY J=4& FESY] AsY log k
g /T3] #AR Fig. 12¢] Jehiich 2271 37184] AREASFE
Fadte A¥AHY {49 BAHE& Jehiigien, $xd 734 34 #



Ad Bo FALYY AR5 2xdEAL <lele] Arrhenius4 ol
G2E A& YA,

K = Ao.exp (-Ea/RT) 6
A71M Ape HIEUQA(Pa - s™), Eat ®43lYA)(Kcal/g - mol) 282 R
< 71A734(1.987 Kcal/mol - K)°lt}. Fig. 12014 VM §h9 a2 3
A 71&712 RE 78 f48UAE 05, 1, 2, 3, 4 R 5%A &z
0.09, 0.04, 1.59, 6.36, 954 B 1351 Kcal/g - mol ot}

f&9 FABANUA} nFEAM F8e AL AFZAA fA7L
e 59 FAJAA oo nEEAME ALY F2 434y
A7t Rasu® gAY =7 wold5-E 4G YA Frlse
AL U YR AUY & {5 A AP &Yl F& vE
W 283 50CAA # F43uA gt& Role AL §H9 S
o 7IANA e 37t dojyr] ez AZE

Table 4. Rheological parameter of agar solutions at 80T

Yield Consistency Flow
Conc. (%) Stress index behavior
(dyne/cn) (Pa - s") index
05 0.09 0.12 0.69
1 0.12 0.13 0.69
2 0.16 0.17 0.68
3 0.30 0.26 0.67
4 0.64 0.63 0.66
5 121 1.26 0.62




Table 5. Rheological parameter of agar solutions at 60C

Yield Consistency Flow
Conc. (%) Stress index behavior
(dyne/cat) (Pa - s") index
0.5 0.12 0.12 0.67
1 0.16 0.15 0.62
2 0.25 0.20 0.60
3 0.90 1.01 0.56
4 1.69 3.16 049
5 529 7.28 0.46

Table 6. Rheological parameter of agar solutions at 50T

Yield Consistency Flow
Conc. (%) Stress index behavior
(dyne/cx) (Pa-s" index
0.5 484 39 0.64
1 7.29 7.8 0.59
2 10.56 126 0.51
3 20.07 63.1 0.47
4 30.91 501.2 0.41
5 58.37 19952.6 0.34
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Fig. 11. Effect of concentration on consistency index of
agar solutions at different temperature.

vV :5%TC, @:60C, O: 8°T.
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Fig. 12. Arrhenius plot of agar solutions at different concentrations.
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Reciprocal temperature 1/T , 103/K

O:0.5%,0:1%,v:2%,v:3%,D:4%,I:5%.
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A9 J1FH BRAHE W7 989 AFz $=24 $RMEE 3
B #3& 45 F&E3H9 5% B4& FAEHAL

AFE ¢4 $27M 82 RE §39 F&5EL 3271%, agarose
9} agaropectin® YFHH|E 79:21 NI, gelfFL 019% R jelly ZEE
413.82 dyne/caol A ct.

ALY L HFHE /A AFE B3lew, F=7t ol ot
pseudoplastic ¥4& Jehi .

FARA RFEAHFRLE FFHAASFE 05~5%2] WA 80T, 60
T % 50CAA &2 062~0.69, 046~067 R 034~064°192H, Fx9
Z7t @2 FasAT. 2 AREASE 012~1.26 Pa-s”, 012~
728 Pa-s" R 39~199526 Pa-s"o|#i:, ¥ 009~1.21 dyne/cr,
0.12~5.29 dyne/ci' R 4.84~58.37 dyne/cd.2 °] €& =7 F71¢+-E
2 kel 7t

AZEX S FEYEHL THFE 2%F FA= 7¢I/t A2 &
F9 ALdgAE RAen, 229 EAQ L ArrheniusAdl F wgton, ¥
AgAY FE7F 05 ~ 5% FA4ZAdAE 0.09~1351 Kcal/g - mol
o] Rt}
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