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Optimal Processing Parameters of Low Molecular
Weight Carrageenan by Ultrasound
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The carrageenans are linear, sulfated polysaccharides extracted from various species of the Rhodophyta (marine red algae). The carrageenan
backbone is based on a repeating disaccharide sequence of -D-galactopyranose residues linked glycosidically through position 1 and 3,
and o-D-galactopyranose residues linked glycosidically through position 1 and 4. Carrageenans are typical food polysaccharides in that food
applications overwhelmingly dominate their end uses. Other applications, hower, including cosmetics, pharmaceuticals, industrial suspensions
and paints are also of importance But, because of its high degree of gelling and viscosity with low solubility, carrageenan is limited to
use beyond 0.03% as food additives. Response Surface Methodology was applied for optimizing the processing parameters of ultrasound
treatment in order to produce low-molecular-weight carrageenan. The use of ultrasound significantly reduced viscosity of A-carrageenan
solutions. Optimal parameters for ultrasound reduction of carrageenan molecular weight were: temperature, 10C; ultrasound intensity, 121.
64 W/cm®; carrageenan concentration, 2 %; treatment time, 40 min. As the gel permeation chromatogram of dextran standards (M.W.=

500,000 ; 260,000 ; 167,000
were approximately 200,000

; 71,400 ; 42,000) and ultrasound treated carrageenan, the molecular weight of ultrasound treated carrageenan
(peak 1) 'and 60,000 (peak 2), respectively.
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HZd HHEH Takeuchi & (1994) & Joo F (1995)¢] uml A=)
BHl3te A4 o]&dlo 74y AEASE AF iy 9
o= AEA carrageenand] AFe) BT AFe Fopdy) Y5
gA, £ drdAe 2899 71 & 54FY Ul A
£3 (polymer degradation) 3 4& o] 83t} A&} carrageenan
S AzFHT. 229 (ultrasound) & g, o2, FAL AEAHY
of g} ofelA o] &5x glom, HLHE Rold ue} &3
(275, A22)9 B4 234 vdad, 1%% 23971 vyg
e S48 7Y, 5F A% (cavitaton effect), Structural effect,
Compression and Rarefracton 2 Turbulence 591 $l2H, ¢I%
714 5ol% Mechanisme FZFAFolY, & 2329 2e¥E
BA NN 2% F el & A ofF &L F7)WE (mi-
crobubbles) & A3, of WEEC AAUYL AojAAN F
el A L 71sHA Hol W& 2 79 B2 949 §
& tAed o A& 2579 5T AN (cavitaton effect)
23 §ch (Floros and Liang, 1994). A-carrageenan 22 S4&
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1. dEixz

¥ 7o A8# «-, A-carrageenane E7H}E (Gigartina
aciculaire ¥ Gigartina pistillata) 2% H % AT Ao
Sigma Product (Sigma, USA)EZ%H AHEF L 7Y&td 4y
o]-&-3tgltt.
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2. Acarrageenan £99 23 g

Sonicator (Misonix, NY, USA)E 2&%& SHAA k- 2 A
carrageenan & ¥A#FE ZAAZALeH, o o 2535 Az
¢ 442 Box and Behnken (1960) 8] W& EAE ALY (Res-
ponse Surface Methodology) & 7122 33, $49 2% (T),
259 YA (D, $49 55 (0), 2299 2= (DE &4
YW, 39 7 279 YoE on J4PAJE 5 AA
ek =¢ 255 A £ H &= 2AHL Lauda cir-
culator (Wobser GMBH & Co, Germany) 2 ZEdgon, %
S 3£ purse on times 3%, purse off timed 30X2 FH2
&9 &F2 du AP Fo &y AHHAHAV N
o 10m2 3P

3. A-Carrageenan £99 ZH7) A= &34

289 g A,39 Acarrageenan £49 BRI AEe 943
3 %% (Cone and plate) 3 AF=A (Brookfield DV- I+ C/P,
USA)E AM&8td £33yl & 0.1% carrageenan £ 2méE
AHE-3te] 25T N AL EE 03rpmol M 100rpm7bA] BE#o] 7}
HA %@ﬁ}ﬂq.
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2 2 283 Ho] B2 FSEATL
AHAFH M $L 20 & AT 2
HH3 JA A AHLE ¥ EHE AL Statistical Analysis Sys-
tem (SAS Institute, Inc, 1994) 2] RESEG (Response Surface Ana-
lysis by Least-Squares Regression) A& AHE-3te FA A3}
Aot -

5. X210 M2|# A-carrageenan U2 FAfEY EHE
HAzANA 255 A A-carrageenans EAFEEZ TO

Table 1. Independent variables and experimental design levels
expressed in coded and natural units on A-carragee-
nan for sonication

Coded units

Independent variables

Temp. Intensity Conc. Time
() (wiem®) (%) (min)

30 121.68 12 30
30 73.01 12 30
10 121.68 12 30
10 73.01 12 30
20 97.35 14 40
20 9735 14 20
20 9735 1.0 40
20 9735 1.0 20
20 9735 12 30
30 9735 12 40
30 97.35 12 20
10 9735 12 40
10 97.35 12 20
20 121.68 14 30
20 121.68 1.0 30
20 73.01 14 30
20 73.01 10 30
20 9735 12 30
30 9735 14 30
30 9735 1.0 30
10 97.35 14 30
10 9735 1.0 30
20 121.68 12 40
20 121.68 12 20
20 73.01 12 40
20 73.01 12 20
20 97.35 12 30
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7] 918+l Amersham Pharmacia (Uppsala, Sweden) 2% Se-
pharose CL-6B (Cross-linked 6% beaded agarose, Fraction ra-
nge: 10,000~1,000,000)8 T3 Column (¢5.0 cmX99 cm) ol
FAF F 40049 Sample &4 (253 A2 3 carrageenant-})
& loading3t3 6mé/he] $52 $F 89 (0.IM NaS0.) S &3
Hu]o] Fraction Collector (Bio-Rad, Model 2110, CA, USA) &4
Y Gn)E 2L T, 206 nmolA Optical DensityE &3 349
peak® ¥E¥ g FALFFT 50%014L Uede HEw
pooling3td AFTF5FE & HHH=E (SFDSMI2, Samwon
Freezing Engineering Co., Korea) 333}

T3 GPCAl ¥ £AFE 2A}7] 93+ dextran standard
(Sigma, USA; Mw 500,000, 260,000, 167,000, 71400 and 42,000
Da)g 7Y3td, 99 2& =N GPCE FI3AY T
phenol-sulfate’ (Dubois et al, 1956)¢] 23] 400nme] A F3=
g 24389 peakE FU3 g

2o o

ol nkS;

1. 220t Hz2|e ™= AY

FARAAAGYA g3te] BT dY2ANM APd - B A
carrageenan®] FEE ZA3o T8 250 Ao 549 298
SAS programell &3] AL} JELHE o] AR &
e 259 APzAe A

k-carrageenan®] ALt} oA 47kA Y EHRE, L% (T,
x), 2% A2 (1, x), TE(C, x), AL (4, x)o 42 F44
A 2&9 A 589 FHAAE Y HEEEA S
3 o 2o

¥=96.20—0.003x, + 0.032x,+4.693x;+0.019x,+0.000186 x,2 —
0.002x,2 = 2.3135%,>— 0.00006.x:2— 0.005625x,%; — 0.0000125x, x4
+0.07225%,%;,— 0.00075x,%4 ~ 0.003875x; x4
(R*=0.834)

ojg} Zo] AAE WMIAHRYO ZHE carrageenan® AE
A3+E A% 259 AP HAF2AE 2AYLH, 5 25
o Ay 24L& 25, 3464C; 229 X, 1147 W/em?; carragee-
nan %, 1314%; A=Azt 31.89F It el k-carragee-
nan¢l A% 10~14% FxolA do WX3H A3 gelo]
AYHY 229 A Fol= FEo BAYC] gelol AN A
TE ZAY £ 9olA A-carrageenanTHE IR YA AH &
gt

RS HHE M E A LA} A-carrageenan A 29| HF 2 &3
HelzAd i ZH4E Fig 1~6 o JelR Ao Fig. 1~6 A
ZZ%9) Viscosity Reduction (VR)& XA den X 2 Y Zd&
A4S BAYY 299 Her ¥ ZxE W4 398
9 (Fig. 1), 5459 B& % Zie ey 288 =7t
ZVE4E JERLE I $1890. 25 2 A-carrageenan
FEE HFLE ANE A4S (Fig 2= Fig 13 a37A=

Azl fg 259 98 A9 gAoy s57t 571858
F=E A F2ddd ex 2 257 AGATE U2 3
< 2% (Fig 3), F 52 Acarrageenan®] AEd) Ao 4&&
XA gttt A-Carrageenan 5% % 249 ZEE HF=E

VR, Z
99.84
99.19

98.54 125,00

97.89 108.33

3¢.00

23.92 91,67 Intensity, Wem
Temperature, C  16.67

10.00 75.00

Fig. 1. Viscosity reduction of carrageenan solution treated by
ultrasound as a function of temperature and ultrasound
intensity.

VR, %
99.84
99.19

98.54 1.400

1.267

97.89
30.00

23.33 Concentration, %

1.133
Temperature, C  16.67

10.00 1.000

Fig. 2. Viscosity reduction of carrageenan solution treated by
ultrasound as a function of temperature and concentra-
tion.

va, %
99.84
99.13

98.54 40.00

97.83 133.33

30.00
Time, min

23,33

Temperature, C 16.67

Fig. 3. Viscosity reduction of carrageenan solution treated by
ultrasound as a function of temperature and time.
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}Ae 3% (Fig. 4, 5 4571 37184% A-carrageenan®) A
e 3A FadAen 255 2 L AYARE SR Y
€ A% (Fig. 5), 7 dF7t 371852 A-carrageenand] HEE
ozt A3k 183 A-carrageenan T ¥ &3 Azt
£ W52 d4e B (Fig )9 ALY 7t B A-ca-
mageenand] FE=ZAE A9 AUSY A-carrageenand FE7}
Z7te) wel A AA gaddo =N, 289 Hd
9% A-carrageenan?] AT Zad F93 AAE 229 AE,
AZE %, 2 wxoly, 3] 289 FE ¥ A-carrageenan F
T Axgidl 9% dehd

Z&oto 9@ A-carrageenan® AERIF Slo1A 474X &
, 25 (T, x), = (4, x), ¥E(C, x), A {t, x) ol FE
9 253 A &9 FRBAE Jepde weEHY
e o2 d 2o

f

[
o

4

¥=99.55—0.04x,+0.47x;+0.15x,— 0.04x,°— 0.16x,°— 0.28x;,>—0.04
22 1+0.08x,x,—~0.01 %3~ 0.08%:x3 — 0.12 %%, — 0.05 x5 %4
(R*=0.988)

Where, y=H =74 (viscosity reduction), %
x=%53 Az 25, T
=229 A% Wiem®
x;=carrageenan 5%, %

%L=253 A2AIZE min

Z259o] & AEA Acarrageenand] HH Ax 2UL L&,
10.00C; 2859 4%, 121.64 W/em? carrageenan §X%, 20%; A
2 AL 40%0] e},

A A AFAF (RDE 098832 #%oH, F94
AMT FA&Fo] 0000022 HAE BeEHe £
T3 D (Table 2). & S AZF 5 A%, ¥E, AL
HE, =% FEE &F JAEHRE YEpG, 28n
g Bgd U mAFazde 59 A:, Fxd T

ol

oX,
1o

oo oft (o oY

o2

JQJ
N

Beoex d

}.n
R~

1.400

Concentration, %

Intensity, Wen 91.67

75.00 '+000

Fig. 4. Viscosity reduction of carrageenan solution treated by

’ ultrasound as a function of ultrasound intensity and
concentration.
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BEst Azt BANA BRENUST. 4 ANSF F 5= AE
AT dAdigol /M & # (4,=04N¢ vdehie A& %
9 Ag A& 9FE A AT F TR MY FoE W
Fe AL ¢ F U0 Zx2d A JANF AdRE F=
ggez & F(5=02600¢ YT lo] 235 M Ad
FTEY olo] Fad WsEE AL € F Atk

2. XZA} carrageenan®| chromatography pattern % =XI2

33 259 AezdodA AZF HEA A-carrageenan®] gel
permeation chromatography®] 2#& Fig. 791 Jelct. Fig.
791 vERWA] $SEAT Control A-carrageenans ©9 Peak £
e ot 2892 A2 ¥ A-carrageenan 2709 peakE U}
el 21t} Guild and Fillippes (1957)2 <k 8009 daltond] #
A%E& 717 DNAE 223 AGPE 245 500708 GHE
RAIH UL A% A-carrageenane WA 2719 peakHS A
Mgk 253 HY ¥ A-carrageenan?] EAEFE 937 9
dtof Aol Med vt 2ol EEFER 247 AHEd
A-carrageenans 2tz GPCol B#HAZ A=, BEFY AS

VR, %
99.84

99.19
98.54

97.89
125.900

Time, nin

108.33 26.67

Intensity, W/cm 91.87

75.00 20-00

Fig. 5. Viscosity reduction of carrageenan solution treated by
ultrasound as a function of ultrasound intensity and
treatment time.

VR, %
99.84
99.19
98.54
97.83
1.400
1.267
Concentration, X 1.133

1.000 20,00

Fig. 6. Viscosity reduction of carrageenan solution treated by
ultrasound as a function of concentration and treat-
ment time.
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Table 2. Model coefficients" estimated by multiple linear reg-
ression of A-carrageenan freated by ultrasound

Factor Coefficients
Constant 99.55
Linear

T —0.04
I 0.26**
C 0.47**
t 0.15%*
Quadratic
T? —0.04
I? —0.16**
C? —0.28**
2 —0.04
Crossproduct
TXI 0.08***
TXC 0.00
TXt —0.01
IXC —0.08***
IXt —=0.]2+*
CXt —0.05
R? 0.9883
Probability 0.0000

*Model on which x,=Temperature (T), x%=Inten4sity (0, X=
Concentration (C), x=Time (t is y=Fot 2 Pixit 2 pux’+ 2

=1 i=1 =1
ZZB,']'X"XJ' (1<_])

“ Significant at 0.005 level
*** Significant at 0.05 level

Absortance at 206nm

140

Fraction number

Molecular weight curve of dextran and carrageenan in
Sepharose CL-6B. Column, 5.0X99 cm; Eluent, 0.1 M
NizSO,.; Flow rate, 6 mL/hr; Fraction volume, 5
mL.
— @ ~ Dextran standard
—[J— Sonicated carrageenan

S-1 : M,W.=500,000

S-2 : M,W.=260,000

S-3: M,W.=167,000

S-4: MW.= 71400

S-5: M,W.= 42,000

phenol-sulfate method?l &3 &< peakt Z&3 HHHE A
Carrageenan® 206 nmol A} &AE peakZ elution profileE 24
3 A3} 7 peakd] ZEE ta o7} lEH o)Re 2AH
o7l mgel 27| ozt AAH| A 2 FLE elu-
tion volume¥ timedll 93] A H A Hol2g2 F71A 9] peakd
R3S 348 2 A7 p19] Z$ 9 2000008 AeH, p-
29 A% o 60,0008 % o dch

(@] ok
I =

A-carrageenan 159 548 FAFUA £ E 1Y ALR
A-carrageenang A FE3te] B B&F0Z A FHYe o] &3]
Yt 2 9E o) 484 A-carrageenand AEAS}FE HAF=x
A4 ZAS AF A-carrageenan® 257 MY 4 N zxAs
o AEAs Zdde JAAAE vehlle wsaEYE 7
A%, carrageenan T8 2 &5 ZT7t AR wAE F
JEAAY Aoz vehyt 1gx AEANE 4 289 A
29 AF 2142 289 AYLE 10C, 257 ZE 121.64 W/
cm?, A& carrageenan % 2%, 259 A7k 40E 01U A
carrageenan 2 A& A8HE A-carrageenand] A FE ZAG 2
3} ) 2T A-carragecnan®) ¥AFE o 25000001 oeH Z&T
Aol e AEAZ @ A-carrageenand EAFE 47 p-19
A4 2 2000008 % Fom, p29 A$ o 60,0008 % oAt
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