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Studies on Physicochemical and Biological Properties of Depolymerized
Alginate from Sea tangle, Laminaria japonicus
by Thermal Decomposition

1. Changes in Viscosity, Average Molecular Weight and
Chemical Structure of Depolymerized Alginate
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Alginate obtained from brown algae had various physicochemical and rheological properties and could used as a dietary fiber.
However, alginate has not been widely applied to the food industry, since it had high viscosity, high gelling effect conjugated with
some mineral, and low solubility. To improve functionality of alginate, partially depolymerized alginates, which was water-soluble
dietary fiber were obtained by hydrolysis of alginate from the sea tangle, Laminaria japonicus, heated at 121C. Effects of
depolymerization of alginate on the changes of viscosity and average molecular weight, block composition, ratio of mannuronate to
guluronate (M/G ratio), chemical properties using FT-IR, 'H-NMR, and “C-NMR spectrum were investigated. The average
molecular weight and viscosity of the alginate were rapidly decreased with the thermal decomposition, and estimated to be 1,307,415
dalton and 284,000 cps, before heating, 728,106 and 3,940.29 cps after 30 min heating, 102,635 and 22.22 cps after 2.5 hrs heating,
51,265 and 12.05 cps after 3 hrs, and 10,049 and 4.28 cps after 6.5 hrs, respectively. The M/G ratio was increased with the heating
time, while MM-block did not show any changes and GG-block diminished. The results of FT-IR, 'H-NMR and “C-NMR spectrum
suggested that changes of molecular structure did not occur by the thermal decomposition.

Key words: Depolymerized alginate, Sea tangle, Thermal decomposition, Mannuronate, Guluronate, M/G ratio, MM-block, GG-
block

A = ZA34 uronic acid® BTFHEE F392H, Penman and
Sanderson (1972) P.M.R. spectroscopy® EAF L o F
¢74+& p-D-manuronic acid® o-L-guluronic acid’t o-14 &= FHYPE2o 2 39 M/GY vl&E A% 1Pt Ma-
£ p14 Aoz FAE H2O9FFe) 9£02 (Haug et al,  ckie ef al. (1971)& XA ZEAN T HANEFEHO 2 Grasda-
1974; Nishide et al, 1988), @7 4te} B9 - 8818 54 M/G  len et al (1979)& 'H-NMRZ, Grasdalen et al. (1981)2 "C-
H & 2 block 249 o3 AFHI, M/G &2 HZ2FY §  NMREZ, E%, Gacesa et al (1983)2 HPLCY 93 uronic
Fol wel deAwg duirdor @74 o] &L 7|9 acid®] AL vt Ul E AL} alginated] AZWH
M/G ¥1&% %t} (Nishide et al, 1988; Hideki et al, 1993). & o2& 4 &do] gAY Fxdt 7td 2EE 2dte £3)
3L 2H8A FEH AFLAZHN o] &5 o] AT oA L3} e AZEES wdo] Ba (Lee ef al, 1998b)H ] Slon, A
AZke] 231 AEFF FF Sooles dEoln, vx9 Frhd wel  A@FAA FTHY Aoy P& BF FHo A =, @
LHRLZ AF HELFY 54¢ A He T dHAE Aol AEAPAY EA7} o718 § e @HES 7IA 2 Qi
Agol AgE wa e AFoltt o] FHEE A7 Ao A, B dFolME alginateZt 7HAR Y& i AEF
trEastd AR L Jon, g st odF B N5AE& FA FANTEA ol &l ATl HI e AL &
g - 383 549 w3l diste], Haug and Larsen (1963, 1964) oz $HEE ¥3A alginated o8& Fu¥ oz A7}
< gArte FHEE 28T Lee et al (19982) A §& 27 FEHYEY GHES AT FAo) AP HH 43
ZFY A7) mhet €214 uronic acidy Z24& £33 o Az7t 7Hed 7t ¥ HEAFE ARdAen, AL
I, Haug (1967)€ Ca®* 9 Na* 36 #7935 d& o]5=E 3o & 22l - 5483 A S AESAH Bug
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1. 48 M2

D 9 =8

1999 8¥l A 7134 AAlet (Laminaria japonicus) S
THH AAHZT YAA7)E ImmE 2EHHFAo —25TR
FA=HE FA30 RAFEA AZ2 AL

2) ©Alv} alginated] A%

4 800 e 7hte] EFI Fol celite 545 AAE ALgste] 7ot
A7 ddo] 0559 Al PANUEFE EQale odL g
3T 10% HCl £40.2 pH 1022 ZHsPon, A4 3
Azt WA Fo JAEE (3,000Xg, 108)5d AHET 358
Aok AHEN 50% ethanol 200E 7}ste] WHbEAA 10%
NaOH €902 Fa3lych AediA a5y W o) Uy
2 279 FIE peld AL dF 0% 95% olPLE &
Aleta 30T A 1242 AE FFAZE Fo) 89 —25C2
FASHE 21 BHUA NEZ ALEEAY

3) ALA alginated) Az

2ol M2 alginate £TE B2} B39 714357
50% alginate $4<& ¥YI 70 pme 2 ¥ 77k (121€)3}
A 7t st ATt 7HEAI e BE At HEE AEEH
FAAA ALA alginate FHAE A23 ol 27 W
don 13 o3g Petn ST g i3t 01% &
A7 ete 75CA A 08T A Foll AR YAA G, of
A& 23 g7 2 AP (045 um membrane filter) 322 M
g4 g g olg duFEGdHFA (MFS Laboratory
Unit Type UF/RO M20, DOW, Denmark) 2 MWCO7} 8213
(M.W.) 6,000 Da (Type GR8IPP), 20,000 Da (Type GR61PP),
50,000 Da (Type GRSIPP) ¥ 100,000 Da (Type GR40PP)
gt9jed et (DDS Membrane, Denmark) 2.8 o838t} BFEx
#o] oF 10000 (o138, HAG-102.2 &), 50,000 (©] 3}, HAG-50
o2 g 2 100,000 (°l3}, HAG-1002.2 k3o 2 Egsty
th o]l A AFEE7E FH3n BEA27] (Mobile Minor
Spray Dryer, Type HI-TEC, NIRO Atomizer, Denmark) ¥ 2
+EZ21%7] (ISE Freezer Dryer, IL SHIN Engineering Co.,
Korea) 2 Az 2 £T3hsle —25C2 §AHe $41d 23
FHA Ng2 A

2. de gy

D 3=y &3

50% alginate §422 83§ A gl didte] 25CAAN HEA
(BROOKFIELD Digital Viscometer, Model DV-1I, USA)E A
A &A33Ad.

2) Gel chromatographyol &J& HFEAFE] 234

015M NaCl &9} 888 2749 AEE Biliaderis et al
(1979)9] Wiel wel gel chromatographysl 2j3te] ZAd .
%, ZA € Pharmacia LKB liquid chromatography system (Pha-
rmacia, Sweden), %= Sepharose CL-6B (Pharmacia, Swe-
den), Columne SR 25/100 (2.5X100cm) column (Pharmacia,
Sweden), ©] %4 0.05 M sodium phosphate buffer, 0.15 M NaCl
(pH 7.0), ZEAFEFEEL Dextran T-10 (MW.=11,500, Pha-
rmacia), Dextran T-40 (M.W.=40,500, Pharmacia), Dextran
T-70 (M.W.=69,500, Pharmacia), Dextran (M.W.= 167,000,
Sigma), Dextran T-500 (M.W.=495000, Pharmacia), Dextran
sulfate sodium salt (M.W.*=1,000000, Fluka), $&4%, 1.0mé/
min; E8F 50n/tube; €5 15CY A0 2 ZA3YY 7 A
859 £&4xd U BEEAY AT dfegez ZA4F 4
FHOT RH AR PaFE Ao 458 G dHE
~ 349 (Dubois et al, 1956) &2 uronic acid $%& 23314
tt,

3) MM-, GG-, MG-block ¥ M/G ¥ &9 =3

Haug et al. (1966, 1974)¢] Wil we} A3t &, algi-
nate® 1.0g #3ta] 03M HCI 100 S 713} 100TAA 243t
7td& 4. o] £942 3,000 pmolA 102 AR T A%
4L H3td MG-blocke2 3tgic}. #Ate] 20% NaCl &3t
20% Na,COs& 7}3te] alginate®] HEF=7t 10%HEE 243}
HA pH 7022 Z2M3Ae0, 01M =7 HEZ NaClg 3
7HEtact, o] 4% ¥ 25mM HCIE pH 28~3.028 =34
3t 3,000 pmel A 1023 AHEE 2 4F Y S MM-block>
2 343, FAE NaCoo2 53 433 GG-blocke 2 3y
o} 2zt block FEEL #HlE—F4H (Dubois ef al, 1956) 2
2 uronic acid F%F < FFHA% M/G v &2 alginate 50mge]
80% H,SO4 0.5mE 713t 20CAIA 1841 WA ¥, 3FF 65
mE 7hete] 100CNA 1417 7k R aistgh 2 Fo CaCO,2
2 25g8 7M3e 3 oF ¥ FRFE 25T F L8
ANFEAS FEAY o] AHLAE 045um filterZ & 3stn
Gacesa et al. (1983)9) W o2 HPLCE ol&3td #A3gt
(717], Waters HPLC (Model 515, USA); Column, Aminex
HPX-87C Carbohydrate column, 300X7.8 mm (Bio-Rad, US.A.);
o]54, H,0; Detector, RI (Waters 2410, USA.); #&, 0.6 md/
min; Y%, 25pf; Column temp, 85C). Mannuronic acid
peak® HZ¥ (Sigma Chemical Co., U.SA)9 retention time>
2 FA33AL guluronic acid®t A8 peakt Gacesa et al.
(1983)0) we} B4 Fo) e HAYZH M/G ¥ &S AN
g,

4) FT-IR spectrumd 23

HAG-10, HAG-50, HAG-100 ¥ alginate® KBr 222 FA4 &
%E°] FT-IR Spectrophotometer (Bruker IFS 66/FRA 106, Bru-
ker, Germany) 2 spectrums Z334.28, F4 peakt Mackie
et al. (1971)9) ¥4 A3g Fustd AU

5} 'H-, ®*C-NMR spectrum®} =73

HAG-10, HAG-50, HAG-100 % alginate®] HAZ#AXNE



NMR (Varian NMR, UNITY plus, USA)E Table 13} #2 %
o2 ARAAE AP, &5 E peakT Grasdalen et al.
(1979, 1981)9) ez FAH3H )

Table 1. Operating conditions of 'H-, “C-NMR in HAG-10,
HAG-50, HAG-100 and alginate
Item Condition
Instrument Varian Nuclear Magnetic Resonance Instruments
(UNITY plus, USA)

Nucleus 'H 5C

Solvent DO D,0

Frequency 3000935592 MHz 754580187 MHz

Temperature 80T 80T

Spectrometer  Varian Unity plus 300(USA)  Varian Unity plus 300(USA)
Reference T™S ™S

Detection tech. FT-65536 pulses FT-65536 pulses

Flip angle 315 60°

Repetition time 32 sec 5000 sec
Acg. time 3744 sec 1815 sec
Width 80000 Hz 16501.7 Hz

Total time 40 min 95 hrs

ot § nFE

1. Hzo HrEaigel vis

7t WE alginated] =9 HZEAF WEE Fig 19
YEhH T} 50% §902 25Collq A F Hev 7hgddo] 284,
000 cpsd.ovt 7HE AR} A gtel wtel §23] A3tsto] 0% F
ol 3,940.29 cps, 2.5MZFFoll 2222 ¢ps, 3A17HF¢ 1205 cpsE 73
3 Aaraden 1 ¥ 65ANAAT 428 cpsE §TI] FAd
Aot A EAFL 2719 oF 1,307,415 daltono] Ao} 7HEAIZE
ol A#e % FH3 ZAastd 7149 30T F 728,106, 2.54]
Zto] ¢ 102,635, 3A12t0l ¢ 51,265, 6.5A130] 10,0492 FA3] A
gk 71E 2542 B ARAe FFEAF < 100,000
(HAG-100), 7}¥ 3A2te] HFEAF oF 50000 (HAG-50) ¥
7tE 654130 HEERF oF 10,000 (HAG-10) A= AR
alginate® AZ3HL ZAFEN BE E4E dluggd =g
Hagagne FAE Fig 201 YeRhded, JTEAFE A
8 Nz vEse 94 4R ($=0955F eI

ol idel A} 2|, alginate® F=v 7HEXVIFEH FAE A
371 AP e, °olE Haug e al (1966)F Smidsrdd et al.
(19660} ¥DAHE 1M FA22 100TAAN 7H-EHUS o, 2
23 Haug et al (196D%= 03N F4o2 100CAA 7tE30 8
o M/G B &S Z3PE o), £, Haug et al. (1974)& G2 2
BRI e T4 plock 2 23 HE 9 s5RE 2
718 A% F= HI}E FAgdste AT AAEFH ¢
At BAEAFE Fg 9 @A (P=0995)F YEt
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Fig. 1. Changes of viscosity(O) and average molecular weight
(02 in depolymerized alginate hydrolysed by heating at
121C.
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Fig. 2. Relationship between average M.W. and viscosity of

depolymerized alginate hydrolysed by heating at 121T.
Viscosity was measured in 5.0% solution at 25C.

Wlen ol Haug et al. (1966, 1967, 1974) % Smidstdd et al.
(1966) T°] €24e 7152 S o, =T EAZH H#H 3
© A88AE Jeidte BREF 9439,

2. MM-, GG-, MG-block ¥ M/G H|89| 8}
71gA e W AEA alginate® MM-, GG-, MG-block &
Aulgl M/G H1&& &34 Table 2o JYeRSiY, 71gd 9
alginate® MM-block®] 41.22%, GG-block®] 17.82% % MG-
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Table 2. Changes in block structure and M/G ratio of depoly-
merized alginate hydrolysed by heating at 121C

Heating time Block structure ratio( %)

M/G ratio
(hrs) MG MM GG
0 40.90 4122 17.82 170
0.5 41,29 41.52 17.19 173
1.0 43.08 43.60 1332 1.81
15 4476 40.09 15.15 201
20 4524 4198 1278 209
25 4598 4191 1211 222
30 46.19 221 11.60 243
35 46.85 42.16 1099 2,67
40 4890 4026 10.84 282
45 47.89 4276 935 293
50 4107 4377 9.16 301
55 4822 43.89 789 320
6.0 48.16 4409 175 330
6.5 48 88 413 6.99 338
7.0 49.72 4432 590 344
75 49.99 4408 5.93 347
8.0 49.87 4445 5.68 349

blockel 4096% Qem, 7}4 258 %% (HAG-100)9) &2 4191
%, 1211% 2 4598% UL 719 3ATF (HAG-50) 4= &
4221%, 11.60% 2 4619% 421, 714 65AF (HAG-10) &
27t 4413%, 699% L 4888% Aot Mz A BEol
MM-block?] 243H)= A9 dASA FAHA oY, GG-block
7tg A Tre] Aagtel wet FAFA AsEHHL MG-blocke ¢
o3 Frhske A% Je Atk =3 M/G vl &L 7tdA (al-
ginate)ol 1700) 0oy 254 tF (HAG-100)9] 222 2 343t
(HAG-50)°] 243102 7€ 65417 (HAG-10)°] 3442 33
S7HEE ¢ 4 Al

E AYdA 71 7te] Do A2 GG-blocko] #AFT M/
G Higo A FrEAded, 1AL alginateE 2% 9 ¢
FHEE7} ZMEFE 22571 BEF4E, 3430 294
FE M/G ¥l &o] Z7tatg ke B (Nishide et al, 1988, 1992)
g dAggon stegafol o ALA3 alginatel A mannu-
ronate &l F7tsted M/G Hl&o] F7tE 2 (Fujibayashi et
al, 1970; Haug et al, 1974), &3, G53EA o 7194zt 2
o] Ael wWat GG-blocke] 343 FA3E MM-blocke] 353
M/G Hl&¢] Z718tdcte 22 (Nishide et al, 1992, 1996) &3}
= gx3d

3. FT-IR, 'H-NMR % “C-NMR spectrum2| #3}

HAG-10, HAG-50, HAG-100 % alginate®] FT-IR2 Fig. 3,
'H-NMRZ Fig. 4 ¥ BC-NMR< Fig. 5 244 el 2
9N NENFEFFAXE carboxylic acid®] $24+7]1(0H) (3,444
em™ 23), CH 4%3% 2927cm™ %), C=0 &35
(1612ecm™ ¥2), C-0 4%3% (1415cm™ ¥2) ¥ anti-
symmetrical ring (1,030cm™' #3) 22 HAG-10, HAG-50, HAG-
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Fig. 3. FT-IR spectra of HAG-10, HAG-50, HAG-100 and

alginate.
A HAG-10 C  HAG-100
B : HAG-50 D  Alginate

100 ¥ alginate 2% 549X #3552, 'H-NMR4 man-
nuronic acid(M) 9] F#42Z2FHAE 506 (M-1), 427 (M-2), 437
(M-3), 4.65 (M-4), 485 (M-5) 2 542 ppm (M-6)3} guluronic
acid (G)¥ 504 (G-1), 415 (G-2), 434 (G-3), 4.54 (G-4), 479
(G-5) % 509 ppm (G-6) ¥olA, *C-NMR$ mannuronic
acid (M) 9] @22 E 10843 (M-1), 79.01 (M-2), 7948
(M-3), 8642 (M-4), 84.46 (M-5) 2 18322 ppm (M-6)% gulu-
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Fig. 4. 'H-NMR spectra of HAG-10, HAG-50, HAG-100 and

alginate.

A THAG-10 D : Alginate

B HAG-50 M : Mannuronic acid
C I HAG-100 G  Guluronic acid

ronic acid (G)€ 109.03 (G-1), 7323 (G-2), 7744 (G-3), 8835
(G-4), 7624 (G-5) 2 18334 ppm (G-6) BN 27} &=
o] 7tdel g 7|EAQ ExFx HaE AT 4 g
Grasdalen et al. (1979)¢] ¥¢714H8 'H-NMRZ ZA % $42
929 Grasdalen et al (1981)¢] BC-NMRE2 23§ ©24d
T 2 489 FE9A 9 EX 5, Mackie et al. (19
D)L XANAENT FNEFEA FHe} Gacesa et al (19
83)°] HPLCZ mannuronate$} guluronate®] A& 93l B g

< £ 439 d3g ¢& & s sl
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U, AR G R ot HFolY BEAE o8l Al
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4 FA FRAINEA AL Eola =S EHA algi-
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Fig. 5. “C-NMR spectra of HAG-10, HAG-50, HAG-100
and alginate.

A HAG-10 D : Alginate
B : HAG-50 M : Mannuronic acid
C . HAG-100 G  Guluronic acid

ot &, JFERF] o 10,000 (HAG-10), 50,000 (HAG-50)
g 100,000 (HAG-100) BX 9} alginateS AZ3 4 AE7} al-
ginate®] £ - 3184 54 #3E PEI}Y
7Age) 93 e HERAFLE /HGATL ol BRESFE F

3 Adslgon, Az JREAFlelde N2 2HF Jud
A (#=0955)F Jehi At 7hdol 9§ alginate®] block Z4H]
2 M/G Bl &2 7tgAzte] AaEe] wel MM-blockS W37t
gdey GG-blocke #3733 AzH. 2812, MG-blocke
238 4w TN ed M/G Bl e 39 St A
S Ry EAwHY Zad ©E alginated EATFZY WSS
FT-IR, 'H-NMR 2 “C-NMRE &3% 2%, 7/1g 93 algi-
nate’} AEAZFHAE EATFZY EAHHY #Hies I 4
At
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