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Na-binding Capacity of Alginate and Development of Sea Tangle Added Kimchi
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Abstract

In ordr to develop a low Na functional kimchi using sea tangle, the Na-binding capacity of alginate
in sea tangle along with other dietary fibers was evaluated in vitro. The adding type and amount of
the sea tangle that contains alginate in kimchi and characteristics of the sea tangle added kimchi were also
studied. Na-binding capacity of various dietary fibers such as cellulose, pectin, gua gum, carageenan,
alginates (sodium alginate, alginate, alginate from sea tangle) was measured by equilibrium dialysis
method in pH 2 and pH 7 in vitro. Gua gum, carageenan and a group of alginates effectively bound
to Na+. Espacially sodium alginate showed high Na-binding capacity of 29.2% in pH of stomach (pH
2.0) and 33.8% in pH of small intestine (pH 7.0), however, the alginate extracted from sea tangle could
not bind Na in pH of stomach (pH 2.0), but 27.4% in pH of small intestine (pH 7.0) condition. The content
of alginate in sea tangles (dried sea tangle, salted sea tangle and washed salted sea tangle) was 19.8~
22.2% on dry matter basis. The sea tangle added kimchi was prepared with the addition of the flake
type (0.5X%3 cm) of sea tangle with a quantity of 30% in kimchi from the data of the sensory analysis.
The addition of the sea tangle to the kimchi increased the content of soluble dietary fiber, suggesting
the Na-binding capacity increased. The sea tangle added kimchi (SK) and sea tangle and fermented
anchovy added kimchi (SAK) showed higher levels of reducing sugar and acidity than the control kimchi
(CK). In quantitative descriptive analysis (QDA) SK and SAK showed higher score in overall acceptance,
and lower score in acidic ordor than CK, however, SK showed less moldy taste and more fresh acidic

taste than SAK.
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2 A de} 74 EAAS} o] A B
Z oA 7l ) A= o] gl ot S wgk
A A=A 7k AAe]ch(9-12).

E}/‘] ule &9 o] Laminaria longissima® Z 35l
&3l tpA vl §F £ o2 2~3d el g 2o vH(13).
chAlwlol| A R2) gl ofn]x4ke] o F-<l laminined ¥t
73 A3 Jeldlo] FAld AFstae slvh(14). =3
Z2F 549 dl& od-F4 alginate?t 243t 23
%-9] total cholesterol @ triglyceride®] 3#-& A AA
T3 U mA Y Fel Aap o B o) FEkA
2 &4 7 v Az, AR falgt F5E A
9 2 v A7) & 24§ geH(15). Alginates B-D-ma-
nuronic acid$} a-L-guluronic acid® 4% hetero-
polysacchride=(16) +A @ o 2 COOH”|= 7%
F71A T A ke d ol Aoz deA k1),

2 AFE A uhE o] 88 el H FuE YA 715
A3 A E Atslels 2R 02 WA alginate® B 23§
ol2] 2lo] A9 Na F27]5-& FA3tdct A3t 3
9 alginate® -8k thA vHE el mofo g AH7hat
o] Na F2a3& ZoiA 7|22 AHNa 7= a3t
A AAE stz stgdol a#ja o] Ao 1A
Gt ol Febd o fe-H EA e Aol A R0 &
2 Bl A ) e R s B3 R = e R B A B B
AT-stsich.
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Nasl 253} 550 A48 Aol 43 L84 4
o] f-ZE cellulose, =842 |42+ pectin, gua
gum, carageenan, alginate, sodium alginateE Sigma
chemical Co.(USA) ol A 4] 5}o] AH-8-319d 3 whFufe
Z ¥ Sigma chemical Co.(USA)®] seamless cellulose
dialyzer tubing No250-9U(EAt=k 12,000 olst5F3h)&
A1g-3telt. Alginate %o A% ohA =k 7, 7]
AL Al k2 A AR F R ENA el ske] AR
st

CiAlOLS| alginate & 4 g2tEH

84 Ao) A 824l alginic acide Kim™} Cheoung
(18)¢ “o“ﬂii 2?% A "*5}‘33\‘:]' Alme 7111*] A&

&AL F A]E 22} 604l (w/v)«] 196 NazCOs5-4
o) 3412k ksl A &3t LS A AAA AT
ZZ Mol A alginic acidS A EA17171 98l 10% HeSO4
= 7}a) pH 2.02.2 24 3}] 91013l alginate gel& T

2] 80% WHE 7hal AHste] S At A
ZA17] & gt sle] Aol ALE-3Fed ). 18] 3 alginate
FFEA S 9] 105°C LA geko] & aj7bx] A=
sle] % 2kS Esl o)W alginic aCId-4 (%) &4
g2 A& &9 (g)% alginic acid?] A& F=(g) o2 Al

2F FA5S A= AU S 2 Leed) Lee(19)
o] Wil 3} Tasuji 5(20)8] WS o]-&-stich A=
(mucosal solution)< 4 o]4-#-2} NaCl-g& 345Fl
o] BAwH(Sjgma Chemical Co.,, USA; MW 12,000)
o, e W F-ell = Al (serosal solution) L&
37 25755 ol 4aldth A7) A2 F FF5 £
g & pliE Uttt 2ol 22 B3] 918 0.3 N HCIE
7hal g}, 37°C -2 F ol A 24215 vES- A 7] F FA
ul o) el 500 uLE # 5] AAs(atomic absorption spec—
trophotometer; Thermo Jarrell Ash AA Spectrometer
100074000, USA) & Na®] & FA 33l oh52 %
e} 7o) pHE 72 Fol7] #sl 3N NaOH& 7}ahed
37°C sL_Q_z o]] /ﬂ 2/\] 7]—50}. ul-o- /q 7] w gt -‘YE—/H ul- 1,H
A2 H & AAsE Naol & SA sk AR AHA 9
pHell w2} A7}= = HCI¥ NaOH®| oo tize 2 7}
2] Algol g 2T 22 12 A¥sle] AR
A7V ofubg el HCI# NaOHE 7}shsich Nag -
g A 8Ed A FAEE A s

CHAlOE H7tdxlel A=

A & 27 X (control kimchi, CK)2} tFA =k 714
| (sea tangle added kimchi, SK), e+ A =} 223 7171 %]
(sea tangle and anchovy added kimchi, SAK)H & ¢
gl 78] AR A 129 o) FA 3 7l & 2%
A 2E obE B TEULE, AL A E) AA HH
AR, 2T ADGAVNE 011*1 1%k sl A,
kA mhE 7] A S A Rk R A5 A B E el 2
= R T B R = e L s I B e T
A Aol -1]3led Ab-g-shodct,

by e S 10% i%%oﬂﬂ 10412} A=A 2]
Z Al miEE £EEE 33 4z 347 E7E W
CKY MazAdue=wl53E 100 g 71522 & o a3
7VE2g vHE 2g A% 05g, £9E(25%) 10 mLE
AA AFAEE 25%2 B39t SKe 3o ekE
Tof 308 A=A A7 ¥, 33 A& s & 3X3em, 05
X3 cm, 0.2%X5 cm2 & olg] Pz A F w5 AY
10, 30, 50% & 742t Arlela A EP =5 25% 2 sl
. SAK®] #-$ SKell 4FE Al dAgAE 4%
25%% ZA3st9 10 mL #71skeich



Alginate®] Na &&&79} tpAlwl A7} X9 A 997

OlafBtx o BsAL MY

A% Zx: A8 E Stomacher(Seward, stomacher
400, USA) & shdlste] Fog AA = AT F Mohr“”
(2D)el w2t 109 KoCrOs& A71E F 0.1 N AgNOz &
=h 71-1]4 o] 5]_‘: _%(_TQ-XJ_Q. il {51,0:] NaCIOk_O__ =z 5],0:]1;)'.
pH ¥ Al%2A : pHE A 59 o349g pH meter
(Corning Lab. Science Co., pH meter 220, USA)Z &3
%}“D} A= AOACH (22)9l whet 0.1% s 22l
& A Ajeko 2 3te] 0.1 N NaOHZE A A3} o] & &4
(lactic acid)®} 3 %2 Ar&3stsich
#9923 A BE vhEle] FA4E AT F
O S B4 s3 o gt S Schrool (21)el w
2} Fehling ﬂowr A 7+ Wz ok 0.1 N NazS20s
_;:‘5.__7‘,_:0_1'1 ‘}.o:] ;dxﬂo] %}o{;{] = x—] ° Ztgz-l 0324

2 397 Hahal et gl 3, Leuconostoc sp.& Alr3l7)
93l phenylethyl alcohol sucrose agar(PESu]A])ell 4]
20°C=1 A4 3~5°€7P 7oz gkt e, Lac-
tobacillus. sp.& A37] $18} Lactobacillus selection
medium(LBS) ¥l =] 4l acetic acid®} sodium acetate®
Z 7}3} modified LBS agar medium (m-LBSu}A] )l 4]
30°Cell A 397t Fr1d e 3]st vh23-25).
Aol F4 ek 24 ABE freeze*dryerfﬂ]k] !
EA28 F ARE 0355 mm7HA] vhaisle] 23 o2
(70°C) e 7] LE(105°Chell A A& F %ﬂl%
ZAste] AZAZ A5 A5 FA 2ol & 48 3
o 2 AArsled o} SDF(soluble dietary fiber), IDF(in-
soluble dietary fiber)& Prosky 5 #H(26)0] <] 3l
27 stejch. TDF(total dietary fiber)& SDF$} IDF9|

o

o g Attt A 59 AFAYES A2 EVE
(dry matter basis)3} 414 & 7] (fresh matter bams)i
2 gdsigd oy thga o] 3t

A E72 A4ASH (%) = AXE7E A AT

(%) < [100-A1 1 &9 42-33(%)]1/100

B A B ZAaE FHE 8w dd 84l
osto] ATt AAHE F 15°CAl A 647 HER
Aeps] o2 A AR ] HHA mal #HQD
A ; quantitative descriptive analysis)< A A8l 2™
(27,28) A&, JAAH, THUH, 2N, AFgH), St
t}l-, E—tj 1:}}, x:é _l% ]- Aﬂizﬂ— \3]—) 117:}(/\}_71- }\}7Lza- 7<1
), 2FAQ st dsl Golslach 24 A F49
=54 YAM e gristdd 4 45 Hrhe 1A
o8 242 g Aert gAY ma s e g g
Fal AU Folnl AR ZABES it
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S AL x4 AgERe g HrbEe
228 ANOVAS 73 ¥ Duncan’s multiple range test
£ 35141} Student’s t testZ o]-§-3to] EA £ sl

Alginate®} o{2{ Alo|MR e

In vitrooll A oJ=] Ao f4 2 484 Aol F4
(SDF, soluble dietary fiber) 2 B84 o] 4

insoluble dietary fiber) £E2] NaF-2 A7 E 54 ‘3}9\1
t} IDF4] cellulose &2 77} 915l 2 SDF 5 pectin
2 Z37 gl o) gua gume A% 7 (pH 7.0)ll A
34.9%, 18|31 carageenans YA9 =7 (pH 2.0)l4
26.8%9 Na &2 377} g)sith(Table 1). I# sodium

Table 1. Na-binding capacity of various kinds of dietary fiber by equilibrium dialysis method

pH 2.0 (stomach cond.)

pH 7.0 (small intestine cond.)

Dietary

fiber Dialysis of Na-binding Dialysis of Na-binding
Na (ppm) capacity (%) Na {(ppm) capacity (%6)

IDE"

Control 1490 14 164.011.3

Cellulose 176.0£33.9 1727 66 -
SDF?

Control 720% 0.0 2289+10.0

Pectin 100.0£39.6 239.8+21.3 —

Control 176.8+t 59 3494+ 85

Gua gum 184.4+44.2 2275%61.0 34.9

Control 264.7+33.0 597.5+389

Carageenan 193.7+31.0 26.8 5778+ 7.8 3.3

YInsoluble dietary fiber, I50tuble dietary fiber
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Table 2. Na-binding capacity of alginic acid and sodium alginate by equilibrium dialysis method

pH 2.0 (stomach cond.)

pH 7.0 (small intestine cond.)

Dietary fiber Dialysis of

Na-binding

Dialysis of Na-binding

Na (ppm) capacity (%) Na (ppm) capacity (%)

Control 28717+ 86 743.2%61.1

Alginic acid 3143285 5399174 27.4
(from sea tangle)

Control 146.0+12.7 5132+ 6.1

Alginic acid 1653+ 8.1 331.8+£324 35.3
Control 300.3£11.7 632.8110.9

Sodium alginate 2106+ 2.0 29.9 4188317 33.8

alginatex= YA (pH 2)5} 23 (pH 7)8] A A zt2
29.9%, 33.8%°] FH 35 B9 ci(Table 2). 23 IDF
B SDF9] o2 Alo| A f-& thao Aol gldA=t
Nag F&sle 2945 ®eich

Sodium alginate %9+ o} 2} alginate®} e} A vl 4] 3
%3} alginateE Nad-2 &£ 37} #2191 =4 sodium alginate
= 587t 57l 42 ARE Ao = 835 o] $AlA
28] Naz} §351¢9(20.9%) 24702] Wl#] 717 TH(33.8%)
alginates} t}A]mhol| 4] F&3 alginater dZ ] o] &3]
He S /1A A%y g7 A 42 Nag
32.3%, 27.4%2] I 74E Bl Nad] F5F A A1z
™}(Table 2). o]+ alginate®] 73 <l §2 COOH7]
Z 3t AERoAe] X3S d.oq Aele A
75l e} o] 9} Fed gl of T2 alginate-K7} 26%, alginate-
Ca 26%, 2] 31 carageennan 219, arabia gum 22%,
pectin®] 6.8%, cellulose”} 0~10% o] £ gHHF-&-& U o
#A Na¥} Aggivta 278 v} 9lcb(21). o] Aol g2
W ¥ty deleg AL = 4199 Nag47t
alginate®} 7o) o] 2w Zuh-3A1S 7}Al -840 2] 2]o]
Aol o8 A=z 1 Azt Fehakse] dAEe =
25 diubg 7|og ¢ dohar el Al A ™Sk
w4 (sponteneous hypertensive rat, SHR)®ll alginate
E AFAAR A Add 93t G5 gAE 24
t el 258 ol2igt dAbY o] f-& alginate-K7}
A3 9] o] Fo whet K7 Hull el A 4t Ak sl A
ot & 2] =] 7 chg- Alo) A AF 9] ] ebbelz Aol 4] of
gk 22 3}+= Na}t 23H3}e] alginate-Na 22 = 7] uf &
o Na®] F71 whsisle] di¥ o] wljdde] X5 =
Aoz AU YERFS A2 vl dAA HhE A3
etz wastgdel = & in vivo 438 HHE Choe
Z(17)& alginates FA -0 E 3F= Aol fE SHR
o] Fo]3}o] Na balanced Z=AHEF A3 @ I Na 3k
2 Fo g ol YA F& Na §32 F4| 5t
A o)A -fTol A negative valued et i th o shgdc)

thA] vle]| = alginate ¢} ¢ ol & laminine®] #&] = &
o o]AL dZ9} ofmiito e I ofEabsg wd
laminine hydrochloride 30 ~100 mg/kg 9} A 9 F=AF 24
B% 20~30 mmHg® ¥47sts Jebli vk et

Laminine-- 2} o} A vhe} d) 257 -5} b4 vk
4 zhe] o] 9ol EAlFhz ek vl 2.m, laminine
& A o] AFdtn ghvi(18). B AT A T = 8ty
Z7%ol| WMozt F 44l angiotensin [-converting enzyme
(ACE)®] &4 oAl A ollA] chAutol|l ] 323 alginate
s} gt 2=2E 1e)l3 EF sodium alginate®] 7%
ACE% 12~18% 7}eF A siste] NaF-Hastet A o
28 13- 7 4 AUl vH29). A oA Rke] =4
A Alo] A & alginate= Na A A &3 9 ACEZ AR
™S} odpel oiste|et 7o)

ciAlote| alginate ¥ sodium S2SH

Alginate®} 7]%5-& ] 4-38te] Na F322 754 A
£ Az3t7) A& At AE alginate & A
oo}, At A et alginate &S AR ES 22.211.8%,
g AchA o= 21.9+1.1%, 308 A X 3 33 A =3 94
thA vl 19.8+0.6%% cHTable 3). AAHF o2 AxE
7124l A wke) 20%71eke] alginate® e A
o}, $ejvlel sietd] 231 ole A2RE 465, HBF
o2 A w383 9l alginic acid $-F-3Fell Sl A
T 30F0] IF 26% o)A E oy RyEI gl
o] 2) &} alginate laminarin, fucoidan, mannitol=} g7,
S 2F G240 gha F3habgo o8 A= 2
F9 27 AHAA7), A7 2 S =Tl H9lof o) gt
of abo]7} glov) 20~30% HEZ gz )rhH30).

chA oF ol &2 8k Nag] §3-2 AAsE o] £-3)¢]

.

Table 3. Contents of alginate and sodium in different sea

tangles

S 1 Moisture Alginate Sodium
AMPIES  contents (%) contents (%)" contents (%)

Dried sea 13.2+04 222+18 64103
tangle (74+03)%

Salted sea 646%1.1 219+1.1 97*15
tangle (27.5%4.2)

Washed-salted 924%05 198106 0.2%0.0
sea tangle (20%0.2)

l)Dry basis

2)Soaking in water for 30 min and washing 3 times
*The data in the paranthesis are expressed as dry basis
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Table 4. Means of appearance analysis data of sea tangle
added kimchi

Types of addition

Addition(%6)
of sea tangle Powder Flake type (cmXcm)
to kimchi  type  3x3  05x3  02x5
10 21+11Y 38%+10 32%07 30%10
30 14105 30*t14® 39+09* 28+08"
50 10100 22+11 22+08 19%11

YAs the value increases from 1 to 5, the intensity of fa-
vorite characteristics increases
#7°Values with the different letters in the same raw are
significantly different (p<0.05) by Duncan’s multiple range
test.

ol
ol

o

I A AAE 7)FA AR ehE 6410.3%, 9
APk 9.7115% ¥ Na@#g Bglov 30%
AR & 32 AH R 0210.0% 5 Nadteko] w4
ot et A A £2FEREAE FUHA7I7] H8) &
gafo] 2A ad A3 dAiA kg o) 43l oA
PAAE Azt

D ol

gl N

)|

LRIMZ=A|l CiAote] HItHel W AT

AR ARt et E 712 JFE XA ZE 3%3
cm, 05X3 cm % 0.2%X5 cmE Awsle] 7134 10, 30,
50%%2 A7isted {7 ALE BT A2z Table 49+ 7
o} 10% o A= 3717} 3X3cemd] A7}7F 38 0.2 A4
7t Egkon} 30%ol A= 05X3 em7t 393 0B 71 F
L H4E Aol oAE 50% AUHA 71357} 1.0~
228 §73) 9ol ArtEa s e o
o ZA &4 F2 2 A Hriekal 30%2) b =t
E A7 oA e A A5 A zsteth 15°CelA
67t ta A Hr] Aol diat 2| FHHAL A7 05%3
cm, 3X3 ¢cm, 02X5 cm, 7} 412 A3 E vyt

[
=

999

(p<0.05). A= kA vl 7y el 2 HobeEe 7|57}
=2 A Ayl 05%3 cm 3 &2 30% AHrlslgdcl

X

CHAlOpRZ I R|of e E4

O|3EMEN
A LA 7} A = 2o Er) we] 38E o] 15°Cel
A, 0E 694 272 (pH 5.4 th A FR 2 717 %)
(pH 5.1)2.t} k7k & pH 492 velyted, A2 7t
o] B3 Azke] &% 2hg- 02 FAT pHe i Ao
2] 93keh30,31). ALE ol A= 6 A A Are] A o]
271 o) vl 3] chAE 712 21(0.81%) 8 kAl whAl A A
7421 2(0.84%)7}F ©] ZtH(Fig. 1). AZ2-& FAE2A Z
Ao A e we] whEokAtel B3t o7 Ar-AE A
HArw Ao $x 8 F7HAA A7 o pHe| W sl
= FoH el Aolr) glod ot AAAEe} AL g 24
AL Fr o] Fld4E 2ok %A A A
&5 wekxu pHe 23 2folrt ¢
af

u}
=
& RRF Lol Bol Qi ofrlxmAl B9 A3 4E

e A$- wF 6UA A rkAZAE A 2 (157
%), th A kA 7170 2] (1.25%), Sl 27 21(1.10%)2] w019
om A HRAA AT ollF HFS A Yot (Fig. 1.
o)) gl U F3eke] ol Az oA vlel| A ste
FFelA 7 Ao gzl B HrHA
Feo| 2 ol g Bolx| 9o} A oE Hylsko
v slod MtA LT} Folx A FRHIL AAHEY A&
2412 5 glow ghAwt AL 219 A HEAA
of wal thAjutellA 7j1El el o3 waLEs)
Foldotz 53 o+ Uk

Nt

WE A 77 5 oA ek s A o} oA eb Al 2 A 717
29 "AALFao] ofo] dix7)x] o wls] BWkoh(Fig. 2).

Reducing sugar (g%)

pH

Acidity (%)

6 9 0 3 6 9

Fermentation time (days)

Fig. 1. Changes in reducing sugar, pH and total acidity of control kimchi (CK), sea tangle added kimchi (SK), sea tangle
and anchovy added kimchi (SAK) during fermentation at 15°C.
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Bacterial counts (log CFU/mL)

6

Fermentation time (days)

Fig. 2. Microbial changes of control kimchi (CK), sea tangle added kimchi (SK), sea tangle and anchovy added kimchi

(SAK) during fermentation at 15°C.

TPC: Total plate count, Leu: Leuconostoc sp., Lac: Lactobacillus sp.

Fqtre) RAabe] wists Aujdd A7t F 3dA
Leuconostoc sp.8] 73 thAl =t 37171 %)= 6.6 < 108 CFU/
mL2.2 7b4 @ghow, 64 A= ohA mk A 2 A 7k 2] 7}
6.0x10° CFU/mL2.2 7} wskc}. Lactobacillus sp.2]
7AS2E 6ds hz:A] 2 ol uls) A ek 7h7 A o} o}
Aot AAA 7R A 7F wsph oAl Aobe) A 24
39} kel Frhg n| g Ee] FAlo) 2219 Aoz A}
298¢ =28 Kim3 Kim(31)9l oA Rz H7A
Ao geke) wgkon A WA NS 8 A4 g
aFo] Eiet.
CHAIOHE AR o] M08 7 &
oA w7131 2] 2] 79 Bl 22 A ol v] 8] SDF7} &7}
o] gubulde A ARBT 62+09%d4 9.2+
09%=2 =A Z7Hp<0.05)= %2} IDFE 17.210.1%
oA 149%0.1%2 #43ste] TDF= 234+0.8%¢°4
246+0.9%2 %7k F71= 9l vH(Table 5). A gt A
of A} T} A u}= SDFo|| &3} alginateE 20%4 & -7

I=1s

o

3t sle] el 2el felsiel SDIVF 3714 o2 A
ZrEle} Alol A6 & SDF = A9 HAlS ZUA|A %
5 F AL BT JFre o)Bo] EH¥l 2 A

glucose -5t ohje} v, =2 of &
= FA) s A B3

ZAgsle] v Ao ZN o2 20'1
¢} Zo] lipoprotein& ¥4 8l cholesterold &F4He.
HAFAAA A cholesterol& ZFAA71th(33,34). L2
SDF& ool i &5t F350] 91e1(35) F4o]29
F4E AeA 7z BAAARIE 9l T F
37 o] g-Eof of 34 7] A TH(19). 3 A Ao whee]o}
ol 98 w42 utsk(short chain fatty acid)-2 2 2 80%
A & Wi 5 =4 L 3 propionic acidE- 7+ cholesterol
Aol 83 HMG-CoA reductase?] # A2 =4

FEE 7&5:*1 7]

<

2L

Table 5. Contents of soluble dietary fiber (SDF), insoluble
dietary fiber (IDF) and total dietary fiber (TDF)
in control kimchi and sea tangle added kimchi

(%)
Sample Moisture e IDF TDF
content
Control 923401 0501 13+02  18+01
kimchi 621097 (17.2201) (234%08)
Sea tangle 92704 071£00* 11x03 18+01
added kimchi (92109)** (14910.1) (246109)

UThe data in the paranthesis are expressed as dry basis.
**Significantly different at the p<0.01 level by Student’s f-test

sl &A cholesterold &+ 28-S IH(34). 53]
SDF F9] alginate®} pectin® COOH7|S 7}A| 3L ¢l ]
Na¥Zgaol Iqztetast aeja EHASE o

ik 21w gleh(20). o] 2 & alginate®] 7152
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Fig. 3. QDA (quantitative descriptive analysis) of control
kimchi (CK), sea tangle added kimchi (SK), sea
tangle and anchovy added kimchi (SAK) fermented
after 6 days at 15°C.
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