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Effects of Average Molecular Weights, their Concentrations, Ca™ and
Mg™ on Hydrophobicity of Solution of Na-Alginates Prepared from Sea
Tangle Saccharina japonicus Produced in East Coast of Korea

Yeong Seon Lim and Byung-Jin Yoo*

Department of Food and Nutrition, Gangneung-Wonju National University, Gangneung, Gangwon 25457, Korea

We investigated the effects of Na-alginates’s average molecular weight (AMW), their concentrations and divalent
metal ions on hydrophobic interaction of solution of Na-alginates in sea tangle produced Saccharina japonicus in East
Coast of Korea. As the AMWSs of Na-alginates decreased, the formations rates of hydrophobic micro domains and
pre-micelles between intermoleculars of Na-alginates were increased. The pre-micelles between Na-alginates chains
fully were formed when their concentrations reached 0.2%. In the effects of Ca™ and Mg"™" on the hydrophobicity of
Na-alginates solution, when the AMWSs of Na-alginates were increased, the formation rates of hydrophobic micro
domains produced by Ca™ and Mg" in alginates chains were increased. When Ca™ and Mg"" concentrations that
were needed to form gels of alginates solutions were insufficient, the formations of pre-micelle in alginates having
large AMW were more incomplete than those of small AMW. In the increasing range from 0.01 to 0.1 mM in divalent
metal ion concentration, the formation rate of pre-micelle in alginates solution added Ca*" were more faster than that
of Mg™.
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Alginates= @7 A8t op e} o)z, B4R 5 %
52 Bopol 4 T, g4I, letel, AgA] 5] encap-
sules (Clark and Ross, 1987; Rousseau et al., 2004; Hansen
et al., 2008; Kim and You, 2017), &&= &Y A|7] n]HYA 2
g(Salib et al., 1978; Rak et al., 1984; Chowdary and Suresh,
1988) @ %|2:4 A A|2] matrix (Xi et al., 1981)& 0|21 ¢]
th. 53] AEA5HE Na-alginates= 52 QHFA|, 5A, 78
Ao} e AlZAVER AME-E A Itk (Kim and You, 2017).
Alginates®] 7-z29} 4J4-2 B-D-mannuronic acid (M)@} o-L-
guluronic acid (G)7} o-1,4 &= p-1,44%F0 =2 o] F 07 ol =
ohFo 4F o8, 2 Na, K, NH,"-Ca, Na-Ca%] P = &
A, Cagtd, AR (4, A7), 92271, M/G Hl& 1

[e] QA
Aol i EEA, 17 F4ole SololAlt 7he4 12 2
7} olAbo] G0l Bolel Al gl WAEHE AL Ylek
(Nishide et al., 1988; Hideki et al., 1993). =3t Na-alginates<
EA ol uheh Ad o] et BAbeES 2 As= A7 A
%31 QIth(Lim and You, 2005). Alginates:= A} <] gu-
luronic acid®] carboxyl groupol] 27} o]AF¢] o] 0] Agls}o]
ionotropic gels= %/J5t= dl, ©|23t alginates®] geldh=
& 27} Zho]2-2] H71E guluronic acid®] G-blockol] 32+
A egg-box ReFo] 7huz GOl oJal Lojitth(Clark and

Ross, 1987; Rousseau et al., 2004; Fuat et al., 2012).
Alginates®] Z/Ad2 A1ET} QokEoA HrmxAdA],

as
W opE o] 148 matrix, AHEA A A 5 242 0] §8
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Na—alginates®] 2~4Adof A4S

) v Q3 AR & LA QIti(Sinduin et al., 1993; Leo
et al., 2008; Tkuko et al., 2012). Alginates+= 812} t}= A
2ke] AFenkgof osto] of ] dAS YER AL, alginates=
guluronic acid®} mannuronic acid2] carboxyl group®] 202
& ek Qs B0 R kil oo £7)
Sl= 2= 287121 hydroxy group (-OH), carboxyl group
(-COOH), amino group (-NH,), keto group (-CO) 4 sulfone
group (-SO,H) 53 44714 TGS sho] 2442 ek
Wk (Mansoor, 1995; Miguel et al., 2003). 3 alginates 2] %I
2ol ABES W] 2= Q. @0l Gufele] AFE RNE0] T, al-
ginates+= gjjo| A &3lE wf $AATO R 213 micelle
ZE g A5 (Zhao and Winnik, 1990), 12282 Q1 th
0] 244 Gole S-golaelolA] Bate] HH|H eleo
O3} A5 A0 2 UM A5HE W &2 3} micelle & AJof] o]
StcH(Dubin et al., 1985). ©] 2]t Na-alginates2] A~=/d 3} 21
T30l FaFE vA= 24 Na-alginates ] &2 31e14] 44
of AFAor Aot 7HE Fa%t 2 Fo shute 4
A oo 2 (Leo et al., 2008; Tkuko et al., 2012), 27 of u}=

2.2

3= 8
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, pyrene-> =/g-§-1fj of| A
A A= oF Akl o] 384 nm2]
0471*@101]*1”& A o= EAShE o FA ol A ul9- 544
Ql FFe UehiBR, A A S o] AT o]

*1 axpAdo] Zhet pyrene®| THAIE FBAR Hol ARSI
(Dubin et al., 1985; Zhao and Winnik, 1990; Mansoor, 1995;
Miguel et al., 2003). Carboxyl group< g3l Q1= 484
Na-alginates®] 2/ A W 9 &4} 712] Zgto] ofsf &
A e 3t AR AQ o] Aot Na-alginatesE
A=A o] AR, gl EA| o] 24 T F2 Yrdor
ARGl 7, o] th o AA| 2] Yol A o] TRt
Adde Uetdls 974 4=9 a/do] asitt ofzgh &
Aol Y Pl A= AR Asto] alginate gel /gl
Sh= 22/ 7 Na-alginates©] 2402 U= RHE71+
£ TFEstaA} Rtk 2 1Rl 4= Na-alginates©| #AH:, &
T T2 ar gel FAJofl Wosh= 27F 540]2Q1 Ca™ 2t Mg™ ©|
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Fig. 1. Effects of sodium alginates concentrations on the I,/

[(@MAV)and /I

(O O A V) values in solutions of Na-alginates hav-

ing different average molecular weights (AMWs). Correlation between I /1, values and AMWs of Na-alginates: 973 kDa, y=0.635 exp
(-6.905x)+1.379, 1’=0.971; 513 kDa, y=0.558 exp (-8.670x)+1.377, 1’=0.957; 245 kDa, y=0.551 exp (-15.680x)+1.385, ’=0.972; 161 kDa,
y=0.609 exp (-19.804x)+1.311, 1’=0.960. Correlation between I /I, values and AMWs of Na-alginates: 973 kDa, y=18.550 exp (0.010x)-
18.540, 1’=0.995; 513 kDa, y=19.110 exp (0.011x)-19.100, ’=0.996; 245 kDa, y=18.730 exp (0.013x)-18.720, r’=0.996; 161 kDa, y=26.960

exp (0.014x)-26.960, 1>=0.995.
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Na-alginates?| &&, MEXtat ¥ £A

7RI 715A] Ao A 20144 8900] HFsto] Az o)
AT} stainless mixer (SMX-4000DY, Shinli, Korea)= 54
5ko] 635 pm o|5}2] thA|ukE 2 A F 9] Na-alginates 4|28
A7 2 ARE-5FITE Chapman (1980)2] HH-2- =43t You et
al. (1997)2] ¥ ol whet alginic acid®] %8k glo] thA|to] A
2] Na-alginatesE =3¢t} Lim and Yoo (2005)2] v
0 2 ZE 2355 Na-alginatess= MW cut off 500, 300, 100 2!
50 kDa2] $Fe]o] ek (Amicon model UF membranes, Milli-
pore Corp., USA)Z ©]-§-5to] oa}4 o &2 Al A7)0 whef
212t 2 E)519iet. Zh7ke] BolS wol MW cut off 1.2009] =
AuH(No. D7884, Sigma-Aldrich Co., St. Louis, USA)S ©]%-
sto] BARL &, Xg-54 7dxsho] 247-o] Aol thE
Na-alginates-= A Z3}% T
Na—alginates?| Br2XE 58

Na-alginates 2] 2+ =42 Somogy and Nelson (1952)%,
uronic acid $F#-2 phenol-sulfuric acid¥(Meloan and Pomer-
anz, 1973)0] w2} =43}ttt Na-alginates®] %= (DP,
degree of polymerization)= o}gfje] 4lof ule} ehid T=F
(mg/100 g)of| T3t uronic acid E=(mg/100 g)2] H] =2 A5}
& O ™ (Hirst et al., 1964), Na-alginates®| H-E-A2HAMW,
average molecular weight)2 You et al. (2004)0] A| A gt 4] 21
AMW=0.194 (DP)2 €] L3} t}.

NELIRETESS
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A=o] B S 2Hal7) Slelo] BarAlo] 973,513,
245 4 161 kDa?l Na-alginatesE 0-0.5%% =& &9 = &
=5 x4stal, o] 8-9of pyrene (No. 8264, Sigma-Aldrich
Co., St. Louis, USA)= | uM©| &= 7}5}% tH(Amiji and
Park, 1994). A|& 849 &F S4& FFF=A(RF-5301
PC, Shimadzu Co., Japan)E AM-5}¢] Miguel et al. (2003)2]
v o whe} pyrene?] excitation T2 334 nm, emission I}
A-e-373 nm (1, 1,,), 384 nm (I,) 2 475 nm (1) 3o} &3
O] M715 ZH2r Z74skelh. 271 |40 alginates®] gel /3
% 2] uA| S A3 pre-micelle] P4 Aol v|A= F&F
5745171 $15to] Na-alginates-§-219]] CaClL 2} MgCL7} 2t
0-0.4 mM F=7} H=5 Hristo] flof 2 WhHow &
skict.
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Fig. 2. Correlation between change rates of [ /1,(®) and I./1, (O)
values and average molecular weights (AMWSs) of Na-alginates.
'The data with different superscripts are significantly different by
one-way ANOVA test at P<0.05. *The mark of *means significant
difference by independent t-test at P<0.05. *The ns is indicated
no significant difference. Correlation between I /I, values and
AMWs of Na-alginates: y=7.388 (Inx)-56.547, r’=0.952. Correla-
tion between I /I, values and AMWs of Na-alginates:y=0.007 exp
(-0.003x)+0.010, r>=0.999.

(Analysis of Variance) tests AA|3}0] 95 % F-ol4==(P<
0.05)°ll A Turkey's multiple range test® H3t2] 241 7
kot w3k F A ek 1he] Wt H] il H Y EE ttestE 0§
101 P<0.05(*), P<0.01(**) @ P<0.001(*#%)] §-0]=Z0] 4]
A4 3FHHIBM SPSS Analytics, 2009).
Zat W o
Na—alginates®| HHEAIEu st MU Ay
of Olxl= G

Na-alginates 8] zof w2 1/, 9 [/1, 373w ¥
SH= Na-alginates®] w24k 7)ol w2} Fig. 1 off Urepd
%Atk Na-alginates ] -2 AHF 2710 TA| glo] H= &-Ho
A Na-alginates?] ‘5% 7} 2% pyrene®] I/, 32 A4~
O & ZF45k9lal, pyrene®] 1/L 39 4 &le= HobEAlE
973 kDa2] 7-%--6.905, 513 kDa2] 73-%--8.670, 245 kDa%] 7
9 -15.680 X 161 kDa®] 7% -19.804%, H-EA}Fo] 2
5 TAEETE S71RE UE Sl Fig. 2+ Na-alginates
Gl o] Pt AL =27]7} pyrene®] I/ % I/ 7] H3} <&
of| mAl= FeFE HERd Zoltt Na-alginates -84 9] 4t
EARFo] 245 pyrene®] 1 /1, G- y=7.388(Inx)-56.5479] 2]
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Fig. 3. Dependence of the 1 /1.(@ B A ¥) and [/ ,(O O A V) values in 0.2% Na-alginates solution on CaCl, concentrations. Correlation
between I /1, values and average molecular weights (AMWs) of Na-alginates: 973 kDa, y=0.038 (Inx)+2.026, r*=0.897; 513 kDa, y=0.069
(Inx)+2.063, 1°=0.911; 245 kDa, y=0.095 (Inx)+2.029, 1>=0.992; 161 kDa, y=0.100 (Inx)+1.979, 1*=0.992. Correlation between I/, values
and AMWs of Na-alginates: 973 kDa, y=0.026 exp (-8.872x)+0.015, r’=0.984; 513 kDa, y=0.036 exp (-9.223x)+0.016, 1>=0.996; 245 kDa,
y=0.054 exp (-11.015x)+0.018, 1>=0.996; 161 kDa, y=0.070 exp (-12.206x)+0.019, 1>=0.995.

of whz j4=4 0 2 Z7}8}% o, pyrene 1/ FHS y =0.007
exp(-0.003x)+0.0102] 2| <= Alof whe} {-0] 2 Q] Z}fo] & K oA
QYT /1,9 k-2 pyrene EeIXFL Q= wlAlEH B 2] =
A& YEY = A3 (Yekta et al., 1993)2 &4 911l micelle
HAS FAsHE Frolgtal ®i(Dong and Winnik, 1982)%]
812, Ndou and Wandruszka (1990)2 pyrene¥} -8-ujj 2}

A5/ A orkgol ashd 1 /1 ghol Fasm, of7]of &
3}A| 2l triton TX-405< H7}8HH TX-4052] w71 Z7}81H
pyreneEA7F &2 K€ TX-4052] micelle A 0.2 o]F3l 22
/1, kol §48HA Zaghtial Earskgith Ren et al. (2006)
I/1,9] gko] Zaxsh= A2 alginates A7} 856k 4
micelle2 FA5IE 2 pyreneo| 24 micelle Aol A}
Aoz gafur| wFEolgtal 311, Neumann et al. (2003)
2 alginates 58 of| A alginates®] 5= 7} +0}A|H alginates
FTUA| AREell 2 nlA| G o] thar A E| o] Agedo]
2t pyrene &A7F A4 &Kol A alginates EAMAE ] A
Hqog fejEo] olgstag I/ gho] #Agtthal K alstgl
t}. 31 Mansoor (1995)2 F52 0 & gholA|els)sl 7| EAF

lo ®

»

10 @ of

< O_>l: [‘lO

T8Ho|| A 7| EAS] &7 ZF715HH glucosamine-N-acetyl
group Ako]o] A e ARl ofsf Apld P o] STtet
nE I/A7} dagtohar Baskeich oldt AR s &
o] B B & Lof| A Na-alginates®] 57} 5245 pyrene
O] I/, gko] FAdk= 21 Na-alginates FAMARS Ujo]l A4
/3 pre-micellec] AP B2 A2/ wlA| G o] F7Fsto] o]
PO 2 pyreneo| o]F5}7] wiZolrt. EZE 2 AF oA Na-
alginates®] FAFO| 225 1 /1 340 HAaKE7F S716ke
Z(Fig. 2)-> Na-alginates©] AFgFo] 25425 -89 9] H &7}
wrolx] B & Na-alginates -A}2] 0]5-0]| £-0]35}¢] Na-alginates
ARl A& whE A It EA; ARo| 9] /] mIAY
olo] W= B/ ES ettt

~12]aL Fig. 137} 20]| 4] Na-alginates 9] 5% of| ti2t L/1 ©] 7k
< A og F7FEAAL, 1L, 788 S7H55%+= 973 kDad|
742 0.010, 513 kDa®] 73 0.011, 245 kDa®] 3% 0.013 2
161 kDa®] 7-- 0.014% LEp, HatdAbgo] 25 L/,
W 7S SRS Hol AR /L gk HASKETE S
7}5lo] vknl g8l A1E e 21 th Neumann et al. (2003)
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Fig. 4. Dependence of the I /1,(@ M A ¥) and /1, (O O A V) values in 0.2% Na-alginates solution on MgCl, concentrations. Correlation
between 1 /1, values and average molecular weights (AMWs) of Na-alginates: 973 kDa, y=0.087 (Inx)+2.056, *=0.990; 513 kDa, y=0.096
(Inx)+2.036, 1°=0.965; 245 kDa, y=0.111 (Inx)+2.007, 1’=0.983; 161 kDa, y=0.123 (Inx)+2.005, 1’=0.974. Correlation between I/, values
and AMWs of Na-alginates: 973 kDa, y=0.025 exp (-9.764x)+0.016, 1’=0.987; 513 kDa, y=0.026 exp (-11.057x)+0.019, r’=0.982; 245 kDa,
y=0.031 exp (-11.850x)+0.020, r>=0.987; 161 kDa, y=0.032 exp(-12.395x)+0.021, 1>=0.986.

2 alginates 8-l AHSYAE H71otA] B2 Z--HTt A
HEAAE w32 5= H7161S o pyrene®] HARA
722 Uehhe /1, 3 A5V 443k, pyrened] &
FAF of7] A o] oA BlEE Yetl= 11, 3 w4
5] 5718k 418 Na-alginates} A2HIA) Aolo] 254
<l pre-micelle] 4/J=7] wZolehal Harsgiet. o2t
QAT vjsto] mo} 1 QIe] Aol A HgAlago] 2
S48 11, 90 7M7) F7KHS Rl w11, 3he
Ha&z7l S7ksto] Hh|E|sh= 212 Na-alginates©] -89
A1+ Na-alginates®] H-E21F0] 22~ alginates®] Zro}
A STA Abs Atololl A 23] 714 Q1o o3t 4T
280 2 ditf dstE W =43 micelle 3/l Holsh= 24
Alol pre-micelle®] Y447} BalA] pre-micelleo]| 444
o] 73t pyrene £AF WEE £ & o] FdhE ofn|Rit) 1
1! Na-alginates®] A= #A|¢lo] Na-alginates®] 5=
7H0.2% oVl M= 11, 2] 747} A 9] ol gk AL
Na-alginates A& AFo] o] 4424 pre-micelle2- 0.2% ©|5}ol| A
AL Aol AR =SS u]gitt.

Ca™2t Mg™0| Na-alginates &2 A
X= Ak

oo

goll 0|

Ca-alginates gel I4 % alginates®] A4 WSS Yol 7|
o] FatwAtaFol 42 thE 0.2% alginates -] CaCl,
SH Wk EEle o pyrene® /1, % /1, £42] Hs}
£ Fig. 30l UetHi Sl o] ZLelofl A & 4= §lzo] Ca™ o]29]
/b =345 alginates @] EALFL] A 7] of A¢lo] pyrene
of 11, ZH& tH o Z711%on, alginatese] 1Al
973, 513, 245 @ 161 kDaO.& 2hobaloas [ /1, 3e] Z7h4
== 717+ 0.038, 0.069, 0.095 2 0.100°.2 7|5kt 18
L I/L, 752 alginatesol] thoto] X424 0.2 ZhAghE Helo
™ alginates®] EAFRFo] Zrotd g [ /1, 4o Hadve= 5
7¥sFaiet. 12 aL 7w Ca™ 0|29 =41 0.0lmM Y of
I /1, 52 alginates =AFo] 161 kDa2] 749~ 1.510, 245 kDa
9] A2 1.600, 513 kDa2] 739 1.72, & 973 kDa2] 74-%- 1.830
o7 BAFFo] 2451/, gto] S716t9ith. Zhao and Winnik
(1990)& =84 1 EAHEZ 9] gelof| 4] micelle -2 A4S 4
A nN g Qo] EA517] o], Liangbin et al. (2007)2
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Na-alginates -8-of| Ca"'2 7}5' Na-alginates= €| Na'7}
af|2]7} & o] alginates®] carboxyl group®] ZEHO 2 e ZE] 31,
Na'Hth 23l o] & Ca™& $4 0= 0]-%9] alginates +4}9]
=25 carboxyl groupE°] AE5H0] egg-box FE Q] gelS &
AJgickal B akgct. o] 2fgh 1 AakE v Fo] B E Ay
oA Ca™9] Fe7} =25 alginates®] A =7]of At
glo] pyrene®] 1 /1, Zko] 7otz A& Catske o] S7H= <l
3o alginates AF2] carboxyl group Alo]& Ca™ o] gL
P BB R alginates FAHES] ARE UiRof 444
pre-micelle®] A/do] F7IIER A mlA| o] 718t
o] o] YO 2 pyrene¢| ©]53}7| W&ol 12| 1L alginates
o] FAFo| A= I/, 4k8] S7H5=7}F Ca™ 57} =0t
Ao wke} F7Fel= A Caofl 23t alginatest- Ao 23
o uff EajeFo] 2H2- alginates2] 0]F-0] G-o|5tEE A4 U]
Al ool mr=A A7) wfZolth Ca™ 9] F=7F 7MW
0.01 mMoj|A] alginates w-AFo] =25 1/1, 412 5715t
31, I/, 3R Ak 22 alginates gelS 43l Qo] &
EOHA] 2 Ca™ o] sieof| A= Aol  alginates7} A}
o] A2 alginates©]] H]3}to] pre-micelle?] 3/d o] E-2H st
= A& HojErh

HatEAFo| ThE Na-alginates 0.2 %-8-2 ]| 4] Mg* 9] 347}
351 wislol ok 11, 2 11, 7o) MBS Fig. 40 Ueiol
o} Mg" 9] A7Fs =7t =255 alginates @] A} A7]0f 4
hglo] pyrene®] I /I, 42 thp2| 0= S745kE H 81 0™, Na-
alginates®] E2}=F0] 973, 513,245 4 161 kDa= 774x§of| u}
2} I/L e =714 2E 72171 0.038, 0.069, 0.095 2 0.1002
2 Z7Fekodeh ey I, 2 A o8 ashE Hele
™ Na-alginates©] EAFo| 24505 [, 3o Aade= 5
7ketodet. 1ejan 7P W Mg 521 0.01 mM o ff 1/1,
4r2 Na-alginates 2] £AFo] 161 kDao|H 1.470, 245 kDao]
1 1.520, 513 kDa'= 1.630, % 973 kDa'= 1.670.0.2, Bx}e}
o] 842 Z7}IaL I /1, GHS 71210050, 0.048, 0.044 2
0.039= 745131t} o] 2igt Aah= Fig. 3ol|A du3t Ca™s
Tof| w1/ B I, ko) Biskel -2 74 3ke] 2102 A ofu]
Arg gt Bt Qlok ot 0] 28] F=710.01014] 0.1 mM 714] 5
7¥eh= Aol A O T/, 4Ee] 2713 eo] QlofA] Ca™
7} 73-9-= Na-alginates ] wA}5F0] =7 of| whet =515 20| &
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