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Effects of Hydrolysis Temperature on the Distribution
of the Molecular Weights of Alginates Prepared
from Sea Tangle, Laminaria japonica

Yeong-Seon LiM and Byeong-Jin YOU*

Department of Food Science, Kangnung National University, Gangneung 210-702, Korea

To prepare oligouronic acids from high-molecular-weight alginates prepared from sea tangle (Laminaria
Jjaponica), the alginates were hydrolyzed at various temperatures for 1 hr at pH 5.0. The effects of hydrolysis
temperature (Hremp) On the average molecular weight (AMW) and distribution ratio of MW (DR) in the
hydrolyzed alginates were investigated. As Hremp increased, the AMW of the alginates decreased exponentially;
in addition, the DR of the alginates with MW>500 kDa decreased exponentially, while the DR of those
with MW=50-100 and MW<50 kDa increased exponentially. For the alginates with MW=300-500 and
MW=100-300 kDa, the DR increased exponentially until Hremp reached 80°C, and then decreased exponentially
at above 80°C. As Hremp increased, the MW cutoff size and AMW of the alginates fraction with the highest
DR both decreased. For Hrempy<60TC, the MW cutoff size with the highest DR was MW>500 kDa; the
DR was 39-67% and the AMW 1,000-1,300 kDa. For Hremp 80C, the MW cutoff size with the highest
DR was MW=300-500 kDa and the DR was about 33% and the AMW about 400 kDa. For Hremp, 100-121°C,
the MW cutoff size with the highest DRs was MW=50-100 kDa, with a DR of 39-44% and an AMW

of 70-80 kDa.

Key words: Alginates, Hydrolysis temperature (Hremp), Average molecular weight (AMW), Distribution ratio of the
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o] o] gAF-S WL glou g AEA3}
A7t A Hoigtey A7 Bl AHSEE AR
o] A|zuPH O 2= AR (Nakagawa and Okuda,
1996; Tkeda et al., 2000), iL-2-3LHE 3l (Nishide et al., 1988;
Kim and Cho, 2000), 73w} E3]| (Hein et al., 2000; Nagasawa
et al, 2000), )3 (Kim et al., 2002), T & 2 Ao
)3}t E-3) (Sawabe et al., 1992; Hideki et al., 1993; Miyake
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A2 Z (Kobayashi et al., 1997; Chang et al., 1998; Kim and
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= Az A 9L WO B = (You and Lim, 2003; You et
al., 2004; Lim and You, 2005a) A+@H o & L2714 BAFS
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(Lim and You, 2006)°] o]0} E3|&5g |t 7736t



188 44

yzirie] %5 4
gApt2 R E 47048 F253E W2 You and Lim
(2003)2) W) Faatt. AZ TAFRET (particle size, 425
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Table 19, MW cutoff size®)] W& DR-S Table 20 Z42 VR
Ak, 3 E3FS 21.5%, uronic acid®) TS 77.3%°1 UM,
oju} AMWE 1,013 kDa® 2 Gacesa (1988)2] Hi19} o]
1,000 kDa ©]4re] TEA}EF LS AT (Table 1). ©]
TEALFL MW cutoff size?] wE} DRI} AMW7} 318+
oA AolE HPom, o] F MW 500kDa ©ldo] 674%%
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kDa®] 10.2%Z AMWE 299 kDa®] 11, MW 100 kDa ©]3}=
oF 2.4%2 AEALZIA 0] w§- & F EA|FFIATH (Table 2).
B3 (Hydrolysis temp.: Hremp)S B )31 A] pH 5.0°]
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Table 1. The characteristics of alginates' used in this study
Ash (g/100 g) Uronic acid (g/100 g) AMW (kDa)

21.5+0.32° 77.320.7 1,013212

'The alginates were extracted from sea tangle with 0.5%
sodium carbonate solution for 6 hrs at 60°C.

2A1l data were expressed as mean+SE of dry basis with 5
replications.

Table 2. The distribution ratios of MW cutoff sizes of alginates
used in this study

MW cutoff (kDa)  Distribution ratio (%)' AMW (kDa)
>500 67.4+3.72 1,307 £ 13°
300-500 20.0+22° 499+ 8°
100-300 10.2+15° 299+ 5°
50-100 1.8+ 0.5° 99+ 7°

<50 0.6+0.2° 49+ 6°

'The distribution ratios were expressed as the percentage of
content of alginates having a certain MW cutoff size to total
alginates content.

2All data (mean+SE with 5 replications) within a column
with difference superscripts were significantly difference at
p<0.05.
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Table 3. Effects of hydrolysis temperature on the distribution
ratios of MW cutoff sizes in alginates hydrolyzed at various
Hremps for 1 hr at pH 5.0

Hydrolysis

rom MW cutoff Distribution ratio’ AMW
(OC‘)’- (kDa) (%) (kDa)
before fraction 100.0 973+ 10
>500 63.53.4% 1,300+ 8°
300-500 226+45° 497+ 7°
20 100-300 111+25° 208 + 12°
50-100 21+0.3 99+ 7°
<50 07x02 49+ 6°
before fraction 100.0 856+ 9
>500 53.4% 1.3 1,262+ 12°
30 300-500 28.6£4.5° 482+ 19°
100-300 145+ 1.0° 287+ 7°
50-100 2.6+0.8° 99+ 9o
<50 0.9+0.1° 43+ 3°
before fraction 100.0 756 £ 12
>500 485+43° 1,165 £ 18°
40 300-500 296+3.3° 469 £ 14°
100-300 174£20° 281+ 17°
50-100 35+0.8° 98+ 11°
<50 1.0 +0.3 42+ &°
before fraction 100.0 585+ 4
>500 38.8+1.9° 970+ 2°
60 300-500 317£1.1° 444% 7°
100-300 23.2+0.7° 269+ 17°
50-100 52+0.7° 97 +13°
<50 1.1+0.3° 40+ 4°
before fraction 100.0 294+ 6
>500 133+1.3° 688 + 16°
80 300-500 326+0.7° 387 £ 19°
100-300 24.1+1.1° 228 + 10°
50-100 18.2+1.0° 93+ 13°
<50 11.8+1.2° 40+ 4°
before fraction 100.0 149 + 15
>500 22+04° 550 +11°
100 300-500 18.8+1.7° 347 £ 14°
100-300 237+12° 156+ 5°
50-100 387+1.8° 78+ 12°
<50 16.6+1.4° 33+ 10°
before fraction 100.0 118+ 8
>500 12405 527 + 16°
121 300-500 14.7+1.8° 317 11°
100-300 20.8+1.8° 130 + 16°
50-100 43.9+0.6° 74 1 14°
<50 19.4+1.3° 27+ 5°

‘2Refer to Table 2.

o] ZApell A, MW 100 kDa ©13+9) HEAL7IAHS APAF5}7]
9) &) A= Nishide et al. (1988)2] R11.9} 0] 100C ©}/d<]
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Fig. 1. The relationship between Hremp and AMW in alginates
hydrolyzed for 1 hr at pH 5.0.
0O Before
AMW =1,494.7 exp (-0.019 Hremp), I’ =0.965
e MW>500 kDa
AMW =1,667.8 exp (-0.010 Hremp), 1*=0.971
0 MW=300-500 kDa
AMW =555.1 exp (-0.006 Hremp), 1" =0.979
v MW =100-300 kDa
AMW=365.6 exp (-0.005 Hremp), 1" =0.944
v MW =50-100 kDa
AMW =108.9 exp (-0.003 Hremp), '=0.916
m MW<50 kDa
AMW =522 exp (-0.002 Hremp), 1’ =0.944

o

£ 096 O14OE, Hremp® AMW 7ol wi-$- & F87
Hh

MW cutoff size’8 2 #3835 FAE HrempZ} EOHE AMW
B ARz AT, o159 WEE A 20 47
UeERA .

AMW=1,667.8 exp (-0.010 Hremp), 1°=0.971 for

MW>500 KD g cweeeeererreeressemmmmumsiemnminncnsesess )
AMW=551.1 exp (-0.006 Hremp), 1'=0.979 for

MW=300-500 KDa :ersrrereeeseremnerseemnni (3)
AMW=365.6 exp (-0.005 Hremp), 1'=0.944 for

MW=100-300 KIDa wwereererrroresrsrrmrersmsnerssisssnaiinenie. (4)

AMW=108.9 exp (-0.003 Hremp), 1°=0.916 for
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MW:SO_IOO kDa ....................................................... .(5)
AMW=52.2 exp (-0.002 Hremp), 7'=0.944 for
MW<50 kDa ............................................................... (6)

MW cutoff size® Hremp®l THE AMWE) ZAh&T = 742}
0.010, 0.006, 0.005, 0.003 & 0.0022 YEIY MW cutoff size”}
otAell wheh AsATh o] R dIste] BApgo] 25
2 PG AgEoleh 7t 201 Himpdll I8 E3EE
7} AstEol AMWE Z4:A]717] 913 7heEa7t ol 3
< ujgtt. agla £ A ol £E For AAAS
7} 091 oo Z =& ARAE B Hrmpoll wHEF &304
o] AMWY} @A Walsla JAe-S YR AT

Fig. 2 pH 5.0014 1A17F B¢t IRALIAE 7HE3)
3 W Hremp©l T3 MW cutoff size’d DRS] W3S Yehd
A0tk MW>500 kD9 7%, DR Hremp’} EOFA Sl whe}
2 (DT o] AFHE FadAT

DR=71.6 exp (-0.016 HTemp), r2=0.959 .......................... )

MW=300-500 kDa®} MW=100-300 kDa2] -, Hremp
80°C o]8lol A DRE A5 o Frlaltirt 1 o]
AFA o R adPen, 1 FHEE A7 4 (8)-(11)9
R e

DR=21.4 exp (0.006 Hremp), r2:0.920 ............................ 8)
DR=79.3 exp (-0.012 Hremp), P=0.9673 weeeereererseemiiinnenes 9)
DR=9.3 exp (0.011 Hremp), 20,937 ceeeeereersesmsnineninins (10)
DR=32.2 exp (-0.004 Hremp), P=0.991 e e (11)

MW=50-100 kDa® MW<50 kDa®] 7-¢, DR ¥H3sl= 242
2 (12), (13)% 0] Hi?t EOH W2} A2 o2 5715}
Aok

DR=2.3 exp (0.025 Hremp), P OB reeereerereesseersnniienns {12)
DR=1.2 exp (0.024 Hremp), P=0.964 ceeereeresiesninsinnenens (13)

o]44e) A7e} 729, HrapZt EOH O M} ¢214He] AMW
7} A8 MW cutoff size?} 2+ 2029} DR S71&¢]
ARL RGQon Ui BAjge] E45 FAT A2
o7} 2 BA R B =7} BetA Hrampol W DR SH&
Z2o 74 vehgth 283 BE MW cutoff size®ll 4] Hremp®l
)8t DR} ARASF ()7} 092 oG E T ATAEE B
919] 4] ()(13) o831 Aoz BgEalge] &4
o Hdagoz Y 5 glg o wgEHo

pH 5.0001A4] 122t Bt A W, Hienp®l ©HE MW
cutoff sizedl 2 Zthe] DRE Table 40 YERAAT} Hremp?t
ol o] wal AMWYF 243t ) DRE MW cutoff size
= ZolH k. 2, Hremp 60T ©]5+2] T DRE MW 500 kDa
o]4o] e, Hryemp 80C2] 75~ ] DR MW 300-500
kDa®| Q1L Hremp 100-121C2) W) DR MW 50-100 kDa

Distribution ratio (%)

0 20 40 60 80 100 120 140
Hydrolysis temp. (°C)

Fig. 2. The relationship between Hremp and DR of MW in
alginates hydrolyzed for 1 hr at pH 5.0.
e MW>500 kDa
20-121°C: DR=71.6 exp (-0.016 Hremp), 1'=0.959
0 MW=300-500 kDa
20-80°C: DR=21.4 exp (0.006 Hremp), 1'=0.920
80-121°C: DR=79.3 exp (-0.012 Hremp), 1'=0.963
v MW =100-300 kDa
20-80°C: DR=9.3 exp (0.011 Hremp), 1'=0.937
80-121°C: DR=32.2 exp (-0.004 Hremp), 1'=0.991
v MW=50-100 kDa
20-121°C: DR=2.3 exp (0.025 Hremp), 1'=0.985
m MW=50 kDa
20-121°C: DR=1.2 exp (0.024 Hremp), 1'=0.964

Table 4. The MW cutoff sizes and their AMWs of alginates
having maximum DRs of MW after hydrolysis at various
Hremps for 1 hr at pH 5.0

Hydrolysis temp. MW cutoff Distribution ratio’ AMW
(°C) (kDa) (%) (kDa)
Before hydrolysis >500 674 +37 1,307 £13
20 >500 63.5+3.4 1,300+ 8
30 >500 53413 1,262 £ 12
40 >500 48.5+4.3 1,165+ 18
60 >500 38.8+1.9 970+ 2
80 300-500 32607 387 +£19
100 50-100 38.7+1.8 78+12
121 50-100 43906 74 £ 14

'Refer to Table 2.
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