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Abstract: In this study, hydrogels with fast swelling and high absorbent properties were prepared using biopolymers
approved as a food additive and their swelling properties were characterized. To improve the swelling properties of con-
ventional hydrogels, we formed gas bubbles using a foaming agent in the process of preparing hydrogels and char-
acterized in terms of equilibrium swelling ratio, swelling kinetics and cytotoxicity. In particular, alginate hydrogels
observed by a digital microscope have an open-pore channels structure with the sizes of hundreds micrometers. Also, the

cell viability of all hydrogels were found to be much higher than that of poly(acrylic acid).

Keywords: fast swelling, high absorbent, biopolymer, low cytotoxicity.
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71717 e SE2FOAAM FEE o)A BEILEAR
Al K9] EA) slollA] wekel A g = 2104, 7]
AR 7=, A, ARaEE 7HAAL A7) w2el] As)
A, PBA, FHAZ AFAGeIA dE] AR 2y
7HP G sel=2AS IS o Ao FiE A=
o] A yro® FejHo] Uex o]l Bars gl

ofn|= HAYL ThEF e Al 58 dF e Mg
A TOE FEot & HAYS YRR At A=
BAE grstE FEAEA TIEEA7]Y] dFe wdels
H 23} 9 opn|=sly|o] glom® ALg-EA| we}t GR/E 3
7tate] E4S EESRITNAY Almd o] BA0 =2 9|
o} 78 AFAER S8 Sl

Sodium carboxymethyl cellulose(CMC)e 84 ZEAIZ
Al Zhol gL Eol 2 mom A Aol Hojuh B
2 okl ZEA ARSE AL Atk CMC sto]|=24 oA <l
A

ol Falshe] e i ERYI e AA AT S
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AR, 7150] stol=24 Yol ZQ=ojof sl 1 7|FE
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A, 7152 A7 E3AQ0 BAH A4lo] dojd &+ U=
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2Alo] 8- o] EASIAE E2 glassys = 5ol At
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AleF 2 AR, Sodium alginate(SA), sodium carboxymethyl
cellulose(CMC), karaya gum(KG), bovine serum albumin
(BSA), sodium sulfate(Na,SO,)= Sigma-Aldrich co., Ltd®]l
A 48199tk x~Carrageenan(xC)yS =7 FAIECNA Al
QAL amide pectin(AP)y Eo]ol| 27| ATA0 4] Alg ik
ke calcium chloride(CaCl,y= Kanto chemical. col|X] -
315932 magnesium chloride(MgCL)= Yakuri co., Ltd 4]
T 3A . Sodium bicarbonate(NaHCO;), acetic acid
glacial(AA), ethyl alcohol, potassium hydroxide(KOH),
monoammonium phosphate(NH,H,PO,), ammonium phosphate
((NH,),HPO, )= EAks}etoll A 913ttt Alum, potassium
chloride(KCl), sodium chloride(NaCIy2 th7ds}elellr s}t
%32 poly(acrylic acidy= Wako chemical industries, Ltdol|A]

o

T3

Slo|=2Mlo| Az, B Aol Az slo|=24
S SAE 2 dix o R X A% s
oF 70°ColX H5Y¥s & B4 7Z71(FD8508S; llsin
lab.co., Ltd, Korea)Z FF7AZs= o, @Az= €%
Z1%7](HB-105SG; Hanbaek co., Inc)2 50 °CollH 24X17F 5
QF 71xsh= Wl

Sl0|=E2Ho| J|ZHMUY, slolm2 e A3 sl
Al R AR o7t oJste] A ETh o
Z AL 8l 7128 AI9] NaHCO,E ©]&3te] Co, 7t
25 AWINFHLL, FAE 7|27 sl fAE xS
QPG| R BSAE H71slAt). 71Ee ol =24 S Alx
she I F 7hashks Al SAEL 71X37]= AA
9} NaHCO,®| ol whet DefA™ #dsH £x€ 71471
EE Zhe Sol=2A S AlxsP] sike Tl 712
o] FAlel dojuol gitt, 7| ZIAAIE 78R ¢

E Slo|ER2AS Tt slo| =2 AR At

2710k Sloj=2M™o| M=, 4714t slo|=2Al A2y
Sriamornsak 5-9] WHS UF BN ARSSIALE? SR
100 mLoll SAQ2 g, 2wt%), NaHCO,(0.9 g, 0.9 wt%), BSA
0.15g, 0.15 wt%)s = ¥ 5mLE FH3l cell strainer(pore
size: 40 um, SPL Lifesciences co., Ltd)ol] &3, 0.34 M2]
CaCl, =& 100 mLoll AA(10 mL, 10%(V/v)S 53+ 4=
gallof] 10 mLol| BTt AlxH slol=2A4S FHal &
Foll AL SRTE ol 2 ¥ sle| =24 S
AxY o] A FF Aol WRe 5 27 Yo} A%
sAth tx stol=2 A S/ 100mLe] SAQg,
2wt%)E =9 &9 smLE FH3al 0.34 M2 CaCl, &
10 mLell 7FAIZ L, o] § 22 Y-S AX 71x9 slo|=
2AS AATK(Table 1).

FHt-Z12f7|h7ttor 2 sto|=E2R™e| M=, 71utrtelr]
o2k A| %3} Sfo| =2 AL o] @S Holr]d FEtek
AL A7Vt S5 100 mLol| «C(1.5-2 g, 1.5-2 wi%)#+
NaHCO;(0.9 g, 0.9 wt%), BSA(0.15 g, 0.15 wt%)S %9 ¥
24z o2 9] KG(0-0.75 g, 0-0.75 wt%)S H7lste] £
SFATt &3 8 20 g2 787} petri dish(50x12 mm?)el] &
3L Al S RIS L & AA(10 mL, 10%(viv)yE E
33 0.1 Me] KOH 5489 100 mLol| 5% &<+ A AT
Az slo|l=2AS Fale] ez AlHE 3 dAx &
2 sAAZES FhakglEdglEeE A slol=2As A
A}, T slo|=2Ae S5 100 mLol «C(1.5-2 g, 1.5-
2 wt%o)ZF ZH2F T2 k] KG(0-0.75 g, 0-0.75 wt%)S 7}
slo] Egtsloith. 3 89 20 g& ZH7} petri disholl B2
A B S 3 0.1 Me] KOH 4~ 100 mLo] 5% &
St AAA AL o] & 22 A AX 7R sto|l=24)
< AATK(Table 1).
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Table 1. Compositions of Biopolymer Hydrogels

x-Carrageenan/ Carboxymethyl cellulose

Component Sodium alginate Karaya gum Amide pectin (CMC)
Cross-linker(gelling agent) CaCl, KOH CaCl, Alum
Surfactant BSA BSA BSA BSA
Foam maker NaHCO;/AA NaHCO5/AA NaHCO5/AA NaHCO;/AA

BSA(bovine serum albumin), AA(acetic acid).

OlO|=H™El Sl0|=E2He| M=. T/ 100 mLoll AP g,
2 wt%), NaHCO,(0.9 g, 0.9 wt%), BSA(0.15 g, 0.15 wt%)=
=0l & 5mLE #3893 cell strainerdl] 3, 0.34 M2] CaCl,
&9 100mLel AA(10 mL, 10%(vAV)S &3k 89
10 mLel| ©@7Fsdtt. o] % o =HH slo|=2Al o] |3}
A Gz sto|l =240 AxAA T FAFH, it st
o=l tET SH 100 mLol APQ g, 2 wt%)S =91
£ 5mLE F3sl 034 M| CaCl, 58 10 mLol| 7ol
AAIL, o] & flofl YA HFE AH 7AxH slol==4
< A3AK(Table 1).

CMC stolE2Ho| M=, =7 100mLol CMCQ g,
2 wt%) ¢+ NaHCO;(0.9 g, 0.9 wt%), BSA(0.15g, 0.15 wt%)
g =9 ¥ 5mLE FH3}Y cell strainerd]l €3, S/
100 mLoll Alum(0.3 g, 0.3 wt%)Z} AA(10mL, 10 %(v/v))E
ot 8 10 mLoll st R slo| =2 5
F 80mLoll CMCQ g, 2 wt%) =S =<1 3 20 mL 2] Alum
(0.3 g, 0.3 wt%) 885 33Tt 10000 rppmelA] homo-
genizer(Basic T25; IKA co.)E ©|&3l] #&sist & 7%
slo] AxE slo]=24S AATKTable 1).

slo|E2Ho| BN AlxH slo|l=g2Ao] Wiz
digital microscope(AM-413ZT, AnMo Electronics co.)2 =
AT

WeNHE 3. 72+ ¥Z 5 SF5(distilled water) 2 <1
x(artificial urine)l A BWEE=E S dvee F
F9 1L Na,SO,20g, 02wt%). KCI20g, 0.2wt%),
MgClL(0.5 g, 0.05 wt%), CaCl,(0.25 g, 0.025 wt%), NH,H,PO,
(0.85 g, 0.085 wt%), (NH,),HPO,(0.15 g, 0.015 wt%)> 3H-
sl 8o}

Be A AxE AFe NS 24 F

MESMHASMTT Assay). slo|l=z2Ae] AlZ=A4S H7}
37| S8 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT) assayE AAISIATE” DA A Z RAW 264.7
MEEZE ARl o™, S=tA 230 (KCLB: Korean cell line
bank)© 2HE F5}0] AMESIITE RAW 264.7 A= 10%
fetal bovine serum(FBS; Gibco)} 1% AA)|(Gibco)s SHr-
3t Dulbecco's modified Eagle's medium(DMEM: Gibco) ®i
AlellA 37°C, 5% CO, %71 stol] mjgstslom 2~-3d 744
o= Alth viFste] Aol ARSIt RAW 264.7 Al 25
96 well tissue culture plate®l] 1x10°cells/mlZ Z+Z}; well &
100 uL A FF3ke], 24A17F B2t vl & Aol AR
o}, RAW 264.7 A1) 1000, 500, 250, 100, 50 ppm FE2
Azgk 7H7te] spo|lE2A 8558 A8l 37°C, 5% CO,
784 vjFsATE 24417 & SEE0] E3E A=
HiA] ol MTT &85 Azlste] 37 °CollA 4417k 5% WHg-A]
71 3 w1 E A A} dimethyl sulfoxide(DMSO)S 37138t
% 570 nmel|4] ELISA Reader(ELX808; Biotek Instruments)
£ o] &3t FHEEE SRl Alxs4S Hrketant 2+
AR B 3 BhE Yo FEEE ST T A (2)
£ o]&ale] AZAEES Altste] AlxsAds Wi

Ab
ﬂ) % 100 )

control

AEAER 00 = (1

Abseq= Aol 4=
Abscomrol = EH}-‘E—Q g _,0 =

Figure 12> Y7MWER, 717k ]d, o =Hd, CMC
o] 725 yehd Zlolt

Yo' Zo%e = A& o]g-ste] Hol AT 374 iZ1M Slo|=2Ho| WRHMHE. Figure 2= AN, 71%
o] ML =2Ael B2 FeIUth BaEE 2 (1) o PA ofFel mE G Slo| =AY FRT 2 e
allA ALFeiact ANA Azt w2 W= ¥iskE JEeRd Zlolt). E7xst &)
W ol=2A H|wIP S uf FAAXS slo|=2Ae F A7

Swelling ratio = S M Qhol] WaAdef ol =eele ASWEAES B ol W&

! el Qe stol=zAlo] A1F7RHMA Sol=2a EH

W BaE AZFe] 7A o e A 23l 71 (closed pore)e] E¥ 7] (open pore)
Wy ZAZE AE2] 74 slEl= dAo] wAsle] A% slol=rANY ¥ Be 4
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Figure 1. Structures of (a) sodium alginate; (b) kappa-carrageenan; (c) amide pectin; (d) sodium carboxymethyl cellulose.
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Figure 2. Swelling kinetics of alginate hydrogels in distilled water
(@ heat dried porous hydrogel; ¥ heat dried control hydrogel; B
freeze dried porous hydrogel; 4 freeze dried control hydrogel) or
artificial urine(O heat dried porous hydrogel; A heat dried control
hydrogel; [J freeze dried porous hydrogel; <> freeze dried control
hydrogel). Control hydrogels were prepared without forming bubbles.
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9} o]l Ad%tslal 1 YoleEo| %_]-‘l/\ slolzzAle] Ca*
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Figure 3. SEM images of freeze dried alginate hydrogels: (a); control alginate hydrogel (b); porous alginate hydrogel.

Table 2. Porosities of Alginate Hydrogels

Porosity(%)

Control hydrogel 35.56+3.84

Porous hydrogel 63.05+£3.37
AHoz dY Ade] thgA X2 o|FL e AL gl
& 4 9t} Table 2= 4714t sto|l=2A4le] 58 544
aJrOIEP sfol=gAde] ¥55S F4s7] S8l vig 4T
=Ky}

A3t K)o ek (1)l S}Oliﬂw AN F, B
2 243k, Sl=R2AS AAY F I ogte ¥
(g SR stol=2Ale] A Z‘“‘T‘"’](VT)*‘ 2] 3)
o) AR 3582 A (@)l sl AT

Vi=V2= T3 3

800~ (2

o
- )x 100 @)

71#— PN TNA] e iz LAtk slo|=rAle] 35
B2 35.56+3.84%2 S EAAL 71Fe] FAEE Lt
tixM FFEL 63.0543.37%= X7 sto|=2A Tt
= +ﬂ§9— 71 AL FRIIATE BAlE A2dollA A
o] Fol¢} 7159 IEAEL SRR B} o] 2
7153718 7KITH 4 iE §555% 52 EEE 7t

A o= AlsEr

7t Fi2p|7LEtor E sto|=EZ2HEe| WRAHS. Figure
4= FHrTREp G FReE A slel =2 Ae] FRrllA o] o)
a7Folth 2}l harlp o2t vhE sto| =gl
2 603l 35 ¢g/ge] WHEE YERA o] FHE F4% o]
Qo= Q3 16 g/g7HA WaErt dadkeE S B 9
O} Fhetol Aol A7k AR BT 60F o]l 35g/g
ojfe] WEEE FAFINLH o] % 1207 = o|5E AT
o] IA FAE A% st ¢ 9tk o]z FlEek ol
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Figure 4. Swelling kinetics of x-carrageenan/karaya gum(xC/KG)
hydrogels in distilled water; @ 1.75:0.5 wt%; O 2:0.25 wt%; ¥
1.5:0.75 wt%; A 1.5:0.5 wt%; W 2:0.5 wt%; [1 1.75:0 wt%.
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%= o). Tt b Tk S 2:0.25 wi% &= &
sl Az slol=2A L v HERE AxE S|z
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E2AL 7IIYAE HIlsHA] 982 sto| =243} v st
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2] H-gdoA sto|ErA o] HFARQ BEEE SFHTOl
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OlO|=HEl 5lo|=2H-e| WRHS. Figure 5& 71X
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il o g BRIt follA thlRol slo|l=zAle o &
o bl FHd off 98-} T sto] =24 Alo]o] AHESY
atoli= 28l o] ARt oF] FAERR sto|=2Al
Ao BEEE THT Aol vlel & §dd o wolxl

oh g, I EAAE WA &2 stol=2Ae] 7|
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2 oz i T 0

—8— Freeze dry- 0.9% NaCl solution
—0O— Freeze dry - artificial urine

—w— Freeze dry - distilled water

—&— Freeze dry (control) - distilled water
—8— Heat dry (control) - distilled water
—0O— Heat dry - distilled water

40
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Swelling ratio (g/g)
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Figure 5. Swelling kinetics of amide pectin hydrogels in 0.9% NaCl
solution(@ freeze dried porous hydrogel), artificial urine(O freeze
dried porous hydrogel), or distilled water('¥ freeze dried porous
hydrogel; A freeze dried control hydrogel; B heat dried control
hydrogel; [J heat dried porous hydrogel). Control hydrogels were
prepared without forming bubbles.
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A ol 71Fe FAAAIZ slo|=2ART 22 W{EE
B oA 7138 FAAIR o =dE slo|l=2Al S
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7} FUR7] Wil Aeg e cheln)dd A,

Figure 6= pH 5.5, 6.2%1 Q13 H5-oflA] Al7ke] up2
oln|=2El slo|=gAo] RS Yeld Tgjzo|t). W&
A7 1208 AF pH 5.5 629 Baul= oF 1 g/gd] =po)
o] UAJZR] AxF o] A=) pH 5.500A = & Al
ZF ol Sa7deel mgsAvE WEErE e 2SS
I AUk pH 620014 5.50014 B} F uje] A7k Fo 3
S e d4S Tt A pH 8.1 of
7t 62 52 5.5¢ Wi WEETF 7HE =T o= pHZE
Y W= hol=2A te] 72 547]7F COOHE
stz pHZE 71kl wiek coo™ 78] Whitste] H&=7}
715 o7 Bt}

slol=24 Qo] Eo] Sitd e St A} o]¢he)
ol el wet 2714 FEE EREch A, G0t
o]ETHT} o]F =2 W= case | & Fickian EH4to] o
ojdtt. =4, Eito] ojgtitt uijg- WE W= case 11 Ak
E1gAE o] ot} {A 17 o=z U
2 HAEI B FFEEM/M,) Alole] BANAM SRS
o] 0.6HT} 22 Fto] gisliAe= 4] (52 == 784
Mg AL 7 U

[*]

Mt

V = kl tn (5)
A7IM, M= A7ZE @A st =24 YEAR FE &
o A%, M= VEHA WHES] F7F Bl =233
< wjo] Eo] A, k2 sfol =24 ] 543/ (characteristic
constant), # 5-7J %] 5(characteristic exponent)ZA] &} ]
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Figure 6. Swelling kinetics of amide pectin hydrogels in pH 5.5,
6.2, and 8.1 artificial urine.
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Table 3. Parameters n, k; of eq. (3) for Amide Pectin
Hydrogels Swollen in pH 5.5, 6.2, and 8.1 Artificial Urine

n ki (min™)
pH 5.5 0.558 0.051
pH 6.2 0.494 0.053
pH 8.1 0.557 0.052

HAE 7S 8-S Jepdth o] n ol we v &
w HE w7 ESS 2HEd), n=0.5°]" Fickian gXto] 2
n=10]" Case I 4FS o|m]3ic}

A olEE o]83l] In(M/M,) vs In & AILFEIA plot
s 7]&7et dHogRY 22t A5 vt kS 78
ATt

AdolE = 3H APt HIps ARt on Alxlst
n, ki Table 39 A2|8IATh pH7L 6.2Y W ne 0498H=
0.5 7F¢ 283 s 7= 2 & 5 AL 2 &
ufe] & w7y Ee] &A1 Fickian gAtelete 21S 9
H)gtc}, pH7E 5.5% wie} 8.1 wf mo] 0.56 F=o|BZ o|¢t
Aloq o] 71 Fickian SIS & 5= 9tk

CMC slo|=E2He| WRHS. Figure 7 E71x3F CMC
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Figure 7. Swelling kinetics of CMC hydrogels and amide pectin
hydrogels in distilled water.
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Figure 8. Cytotoxicity of hydrogels in Raw 264.7 cells for 24 hr
using MTT assay(n=3). PAA: poly(acrylic acid); Al: alginate
hydrogel; x/K: x-carrageenan/karaya gum hydrogel; AP: amide pec-
tin hydrogel; CMC: CMC hydrogel.
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