J Korean Soc Food Sci Nutr
36(7), 902 ~907(2007)

g

Z

AS
S8

SAUED AlE
ST AR AT Y

ZtOHM RART} gfZIdknt 712D

Toojagt. Zumgeal. gixIR?.

F=AFd A3 A

Effect of Gamma Irradiation on the Physical Properties of
Alginic Acid and A-Carrageenan

Eu-Jin Songl, So-Young Leel, Koth-Bong-Woo-Ri Kiml, Jin-Gyu Parkz, Jae-Hun Kimz,
Ju-Woon Leez, Myung-Woo Byun® and Dong-Hyun Ahn"

IFaculty of Food Science and Biotechnology/Institute of Food Science,
Pukyong National University, Busan 608-737, Korea
“Team for Radiation Food Science and Biotechnology, Korea Atomic Energy Research Institute,
Jeonbuk 580-185, Korea

Abstract

This study was carried out to find the effect of 7 —irradiation on the physical properties of alginic acid
and A—carrageenan solution. Alginic acid and A—carrageenan aqueous solution were irradiated with Co® 7 -rays
in dosages ranging from 3 to 100 kGy, and then the molecular weight, viscosity and color were measured.
The molecular weight of alginic acid and A—carrageenan solution were decreased as the 7 —irradiation dosage
increased. In addition, the viscosity of irradiated alginic acid and A-carrageenan solution were decreased
depending upon the 7 -irradiation dosage, too. The high dosage irradiated alginic acid and A-carrageenan
solution’s color were changed to yellow. These results suggest that low dosage of 7 —irradiation from 3 to
20 kGy is a very effective method for producing low-molecular alginic acid and A-carrageenan.
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A v}, vl Fy) g maigka e AR 2 A
Az ohek 65 9+ alginic acid® a-L-guluronic
acid®} B-D-mannuronic acid”} B-14 A¢22 A5
qorm(l), F F5 5 shie] ez Agd ook F
ZH7F o2 A¢d 92 FAF dHH23). Alginic
acid®] 3 - 38 542 M/G ¥ & (mannuronic/gulur-
onic acid ratio)o] v} Ex}eke] whe} debA e A P45, A

T ZAA, AAA, ARA F3A U 2B A= o] Hof
W AE 3AE, AR 2 ogE 5 o 2oke] Ajlel] &4
=3 9lvh4,5). < alginic acide] B2 A &3] g
BAo] FuiEEA B A7) A= T35 2 Wil
A9 AuZ, FelaeE 2wz, Wn] 2§ "
A, i ok, el 2] 4G9S £ Sol By
= 2 vH6-8).

Carrageenan< E7HHEFut A58 5o T2/ o
2 FGue] 9l HAAM dFF2 D—galactosei]r 36-an-
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hydro-D-galactose”} a-1,3 = B-14 A3 73l 4t
717} 9128 <delste] A 25 71X, Fabr]e] Ag
9o o} k-, A-, T-carrageenan®® HTH9,10).
Carrageenan TZo|A fF#lshe 5% EAHLE U3
thokgh Fololl A AlS-E I gler 53] A Fe] BAS =4
s AR o, $7H BobilA FA A, faktAA,
RpA Tog o] £5 3 9JrhI0,11). =3t i) E o
343} carrageenanc]| ¥ H-$ 7 g F 24 WYY
A 2H4 &qt 9 ot 2] 243 2L 7|54 S 7
oz uaAl v olrh(12-14).

o] 2} zFo] alginic acid®} carrageenand theFst 7]54-S
7}7‘]"’ glon}, Aol L= Alzte] Hol A8EH,
GEF Suiole B4olx, o] WA =¥ F=I}
Z715tol wet " oiabe] Zhg A 71 Alge] Algts
3L gl olE gl dAHES Bty 8] A&A} alginic acid
9} carrageenan®] 484 e dFHe], 7R w2 AT
Zo] A s8] %t}. Alginic acid$} carrageenang
7148 EA vl AE f 24T ol&sle] AEA Lelud
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o] Az} 71%5A EA o] By (15-18), F714F 22l
2)3} alginic acid 223293} carrageenan 28239 Alx
(19,20), 7}7HA-8 ©]-8-3} alginic acid®] A&213}H21), &
el 9%t carrageenan®] A EA13H22) -2 A7} o] Fol
Art
)7 2L T Fo] S a3} il
, 3habz) B, Ao o3 Hay
BE - AL pH, SeebEolvt A4 ol
Hg, A 27Y 59 AL AT ] AgA
g Sl A ofago] At e} ek Z:Ale 2AF
_]

]
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3 9l Agte] st =e] A XAt adE JA4 A=
o](23), ZHetAd A el e rhgste] FA A, A&
A, oA ZEA 59 AAo] gl bR AiAtse
S22 A=H 3 eh(24,25). I AlFelg] WhalAd zAlE
S ZA A o] AL AR GIeEA, AR, XA 5)E dA
AZF 2FAA A, A, A2, BN 59 294
1A & 9 e VIEE, AY A 1HA, HadHdey
Qe84 AAA, A4, B4 Az 5o AHE A
Sl 1 43 dyrt R AP )TH26,27).

olo & dFelA= HEA Az f 7]eA R
alginic acid¢} A-carrageenane] 73vFi1& ZAlsle] FARA
ol & A, AT, Mwo WHEtE S5l Bud A
A WstE A o)F 7k ARRAE Falstdch

A2 o

PiT=3

B A3 o] ARE-3 alginic acidt SigmaAlSt. Louis, MO,
USA)9] ’alginic acid sodium salt from brown algae’ 3 7~
qlsle] o] &3}l em] A-carrageenan< FlukarHBuchs,
Switzerland)o| A4 Fd3te] A-g-stgic),

Zapd =AL

Alginic acid®} A-carrageenan %42 Z<4¢ 1 mg/
mL%} 5 mg/mLE §-3 5ty 8- e 2 zALE 9lo} §F
FAAHATY A B2 dv 3 2AA A A
100,000 Ci “Co& AN L2 o] g3lo] AelA] A7 AA
A=EZ 3,5 7,10, 20, 100 kGy2] FA#E 952 xA}
shodch ek 2ARRE A8 E 4°C AR AsEA A
o o]&-3tgt}

7t RS & alginic acid®} A-carrageenan®] ZAFA
el wWE ExFe WsE 2As] 918l GPC(Gel
Permeation Chromatography)Z o]-&3fe] F-a}ek(Mw)2
ZA3tde} 1 mg/mLE 2557l 341 A &E pH 79 buf-
ferg ©]4-3}4] 1.0 mL/min 422 300 uL4 injection 3}

9t} Detectors= Waters 2410 Differential Refractometer,
Column< 2 xPL aquagel OH Mixed(7.8 X300 mm), { =&
Waters 5158 AH&-3tgloh, ¥x18 15 348 pullulang

EFFEo 2 3o et

e 53

ZdebAl 2] A, 39 alginic acid$} A-carrageenan &4
2 ARy A 95933 (Cone and plate) 3| A A=A
(Brookfield DV- I +viscometer, USA)E A}4-3}o] &4}
3t} = alginic acid®} A-carrageenan 5 mg/mL &% 4 mL
£ F3lw 5°CE 4511 A 40 P2 spindled o]-4-3}
3 A4= 5 05 mmellA 30 mm7hA] vire] 7 S 3k

Mr =X

A AelE A5 Az YAA(JC801, Color tech-
no system Co., Japan)& °]-4-3te] A stgic) Zubd 24}
3} alginic acid®} A-carrageenan 5 mg/mLE YA A & A&
cellel] 10 mLA B2 L4(F %), ax(H %), b+(ZF %) gh-&
ZAslgdon, olu A& FF M-S L+=0373, a*=-0.12,
b*=0.11¢] %A},

UV spectrum &3

Z¥ebAl 23} alginic acid®} A-carrageenan 5 mg/mL
8918 UV-visible spectrophotometer(GENESYS 10 UV,
Rochester, NY, USA)Z 200-1100 nm9lA scanningd}]
290 nme] HFHEFFFAE Do, 2 FAAA 2] 2ALEF
g ¢ A=E A3}

EAAe

AY Aste ZAAZ s A7 ARl O WL EFE
2212 et $le} SAS program o435t EAREA S
AAlsted oo, A G55 7He] {94 742 Duncan?
AR p<0.05 FFNAM AA sk

21 ¥ 0

ZatM Aol mpE 2Xlzke| wist

Alginic acid®} A-carrageenan €92 3, 5, 7, 10, 20, 100
kGy Ao 7ot A 3 GPCE o] £-3bo] ZAMA g
o wtE A= WstE &3 39 cH(Table 1). #A13 4&$
8 FEF L 2 pullulang AH4-31e] standard curves L
2 AF] Al FA o) 4-sidch mEAL o) kAl
A A AR kS0 2 e Faukg, 7l A A, &
ko] sl ALZ B 3Ee] 9w (28), vl ztnt
4 A} A glycosidic bond A gte] s} = o] A EA13} 2w
F8- Aeje| A ZALE 79 £ radiolysisZ s} 4=
free radicale] A9l T2 of] 214 Fofste] & F214
717 Fek23). AEE A S A3 el 2418
2] 92 alginic acid®] 73-$- #AFF] 1,600 kDa B =2t
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Table 1. Effect of 7 -irradiation on the molecular weight
of alginic acid and A-carrageenan solution

Dosage of Mw (Da)
irradiation (kGy) Alginic acid A-Carrageenan
0 1,605,277 1,351,841
3 13,310 9,359
5 9,102 7,252
7 8,307 6,704
10 6,441 5,583
20 4532 4543
100 5,333 9,096

3 kGy ZAFollA 133 kDao2 F43] 7Fastgdc). 2 e
o] Z7t&4E EAlFFo] FhAasle 20 kGy ZAMFlA 45
KDaZ}A] A ¥243t Fgler} 100 kGy ZAFTF-oIAE Ebe
o] 53 kDal & ExjgF 744t 3=+ A9E Bt A-
Carrageenan 8 alginic acid®} 22 3-8 Hof vFA}
T2 7§ EAkeFo] 1,300 kDaol gl 2} 3 kGy EAFTll A
93 kDalZ F43] 493 20 kGy7HA & ZALFe] &
7V 5 BAbgpo] ranste] 45 kDaztAl A #A3 H i
221} A-carrageenan 4 A 100 kGy =AM A1) 9.1
kDao 2 #x15F vt w35 & £ 4 ddoh o=
0.3% 424 A} alginic acidel] ZFeFA-& A} A] Ez}Eko]
125 kDadl| A 100 kGy =} A] 10 kDazbA] Fradhvhes 23
(29)9} 1% 48 e 9] alginic acid®] #=}2Fe] 6x10°
(Mn)oll A 200 kGy &AF Al 8x10°(Mn)7HA] 728 A3}
(30)2} F-AME AdS Bl 28y B A 284
2k9] alginic acid® Alg-3}e] At o o] &3l 27
A9 A3E ek el AgAste] glelE elst
gle] 2 Aldel 49 100 kGyd] mAdeF AP A] ERxlgko] 20
kGyel H]#l Z7}s] A2 vhepydr) o] A-carrageenan
o] Aspo A= FAHA eh) mEALEEe) Abeld M= 2
Adeke] ek bl oa] Ak W Ha)eh tiEe] Fito)
dold 4~ 3l&E BeFE Aoz AEajgke s Pg Ay
Aztel A ElE o ALRHT o] fJe® & A
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Dosage of irradiation (kGy)
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et AL Al & A RS FAd 8k amylopectin®] #A}EF
o] 148X 10°(Mw)ell A 9 kGy ZAM Bkl A 2.36 % 10°(Mw)
744 ZFazshe AREDS fAsieh & A AnE S
20 kGy °ol8ke] A A=k Zhulad 2ALZ A E2L9 alginic
acid®} A-carrageenan®] A|Z7} Lo]3Hg shalzjgich

HOMY Aol e Mol Bist

3 kGyell4l 100 kGy A% ZHetdg 243} alginic acid
9} A-carrageenan £99] Al ek ulE FEwslE of
olxr] 9la AF:HYAY A4 AEAE o] 43l HE W
35 &8t oh(Fig. 1). 2 43} alginic acid &-42] #$-
v 2ALT HE7} 294 cPoll oy 3 kGy EALFAAE
307 P, 7 kGyol A= 123 cP2 ZAIFo] 271242 A
= F73) Frasteln, o o) F Az olg I A
25 Ry on o 714 x e vlv)slgd el A-Carrageenan
£ BFAe] H =& 231 cPE alginic acid 94 v] 3]
iAo n 3 kGy 2AMFolA 204 P, 5 kGyollA}+ 143
cPE F73] FAastslen, o] F-2| AR Fed A& alginic
acid®} wFRAZIAR o} FE A E Hyew P AR
o A] vlu)sleict. o] A= alginic acid®t A-carrageenan
fale] Balepe] 3 kGy EAFFelA F43] FHasty AR
ol Fo1gtell mtet A Aol FAF AR E o] 59
Ayl EAE 24 IAE A3 S o S 9lth
Aol WAL S A A AR Wl AAE A =
o ofsfix] AL k] uncoiling¥ & FARFER] Wit
AE Fxe) ¢aAge] AdE e Aoz A
7t 3AE 3 AR dg22 8] Wl 29304 =
Axe 4 E dogicke Bu(32)9 722 =2 A=
st Aol AL A=, mal o] 9 o] ZvtAl 2
Atell 2lgk A =] f-oJAQl 2ha A 712 F3(32,33),
wHAE(34), S AR, et AR, Ak A2(35) S
Zubd &AL A} Ao} ZARER] v 3t folH o g 3}
A% Aspel dA gt} w3 7hebid 3418 alginic acided

Viscosity(cP)

ol *—
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(B) A-Carrageenan

Fig. 1. Changes in viscosity of alginic acid and A-carrageenan solution treated with 7 -irradiation at different dosages.
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Table 2. Changes in color of alginic acid and A-carrageenan solution treated with 7 -irradiation at different dosages

Dosage of Lightness Redness Yellowness

irradiation (kGy)  Alginic acid A-Carrageenan Alginic acid A-Carrageenan Alginic acid A-Carrageenan
0 91.62+0.02" 90.49+0.02" 0.28+0.06" 0.44+0.05% 5.11+0.03° 7.06=0.03¢
3 94.14+0.03° 9355+0.02* 0.24+0.038 0.33+0.05" 4.36+0.02° 5.06%0.00°
5 94.32+0.05° 93.40+0.02° 0.22+0.04"8 0.30£0.01% 45140027 552+0.06°
7 94.09+0.06° 93.09+0.02° 0.23+0.01%8 0.25+0.00°° 487+0.00 5.79%0.03°
10 93.34+0.02° 91.50+0.02° 0.16+0.05° 0.34+0.048 5.06+0.02° 7.12+0.025¢
20 95.36+0.02° 91.98+£0.00° -0.21+0.04° 0.19+0.00° 6.02+0.04° 7.18+0.01°
100 95.60+0.03" 90.40+0.08° -1.40+0.02° -0.22+001" 12.90+0.02" 11.69+0.07*

BMeans in the same column bearing different superscripts are significantly different (p<0.05).

A-carrageenan £ 9] EA}gk G x o] {-2]=ql At
AAAZG 1Y AL 285}l 23 A-carrageenan®] A&
2}3H22), &} AW Macrocystis pyrifera)$t ©1 9 (Undaria
pinnatifida) 4 323 alginic acidE -§7]4H.B 712
g A #-A} alginic acid®] 44 A A74G6)9 & A
Foll Zdvkalg a1k A3 AFENe dA|gel

2ot ZALof| m 2 Mo| wis

ZinkA 2AMEE alginic acid 8997} A-carrageenan 292}
A WHEHE deliy] 8] YAAE o] 43l HE, HYE,
FA =5 ZA 35 cH(Table 2). Alginic acid £ B E&
v Aol vle] 2AVPIE Fobske A o A4
ZE A el vl dte] Zhasich s & Aol g 14l
FA T 3~20 kGy ZAME B 2AR) v]§) tha 7Fas)
At f-Akskd o 100 kGy A A4 129022 5119
v ZAL v)s] FAESL 26 oA} EA Jelgdoh A-
Carrageenan®} 7-$- W& 3 kGy A7} v Z Al H)
& 54 Jehgont Aldko] F1a4E Fh4ste] 100 kGyol
A vzAb e FAR HEE wedok AMEE alginic
acid®} eHR7FX) 2 Az vldsle] pAsig o Az =
3~20 kGy ZAFFE& v ZAFF B8] ZFasiAAg vk
& 23, 100 kGy ZAF-lA] 11.692 8] ZAE 7.0691
HlEl & 3 Bk v]EAFe B3] 2ALFS) HEE

08}

a6+

optical density (290 nm)
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L
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optical density (290 nm)

Z7bsln AN 2r} Fasts dobe ek 2418 v A
o HEE Zrlsta AAEE Fagttie Bu34)e §
AFgt Astolv] madgke] ZubAd 2} A B0 Z7) Adk
2 ZHeAd 2A g #K(37), A H(38,39), alginic acid -89
(30)2] w7} F713 Aol Axstelct, wyk kAl 2
218t alginic acid®} A-carrageenan 242 UV spectra &3
ZA 3} (Fig. 2), 290 nmollA] alginic acid®] 7% v A7
0.267, A-carrageenan®] 0.2050]1%1 3 ZA} A ko] Z7)5tk
& F =7} FolA 100 kGy &A% 7h7F 1.564,
1.4229] zk2 Bt ol Fr] &) dlelA alginic acid
G- el 50, 100, 200 kGy] aAl=F 2=AF Al 23k o 266
nmel| A Aol vt F4 F=rb wobxl Azte {4}
she], 23l 2] #AF-2-alginic acidE ©]FE glycosidic
bond”} &8 WA pyranose ring?] ¢|FA 9] 47 27}
kAL FAle A EE|ubge] dofulr] wjFolz} Bty
th30). vt & AR el F7tmrt Aol vlels) F
74w A= 100 kGy 2AFPEAA 2A Z7hste], 1
A ZALR o] FAT Y uF dATF oA F7} Aot
2 gate] dojuis o2 ALRH) o3 AR |2
of & o mAlake] ek zAF A] chdfeel 2w PAabo]
doid-& o 4 gloy}, A2} alginic acid®} A-carra-
geenang 47] 1814 B2F 20 kGy Pl 2 kel A

08

08

0.4
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0.0 Lt .
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Dosage of irradiation (kGy)

(B) A-Carrageenan

Fig. 2. UV absorption intensity of alginic acid and A-carrageenan solution treated with y -irradiation at different dosages.
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Z4ebAd ZA7} alginic acid®d A-carrageenan®] E8lA &
A Wislel] wlxE FE dolry] s 3,5, 7, 10, 20, 100
kGy2) 7}wtA1£ alginic acid®} A-carrageenan £l A}
sto] A1 A, Axo] wEkE 2234} Alginic acid
F4-942] 0~100 kGy H4l9] Zebd A2lE % 1,600 kDaol
A 45 kDazl=A] A 824315 712 k3, A-carrageenan 48
-2 1300 kDasl| Al 45 kDazhx] #-A}eko] 2tadle A
Bych A= &4 A7} alginic acid®] 7$- 294 cPallA 2A}
AdsFel vlgte] zrastadon 20 kGy APl A& 1.23
cP2 oAl A-Carrageenand 23.1 cPell A 1.02 cPE &
AR gko] 2718 E A paskedch WEE alginic
acids ZAR7) BlZ2AL 7R =4 e} o) A-carra-
geenan< ¥711t FrAFSHA| rebel A A== alginic acid
9} N-carrageenan 25 A%l vl sl Ftasig o, 3
Y X 100 kGy ZAFTFA v]2AFFo w8 w9 &4 o}
elytel, olAbe] A2 alginic acid®}l A-carrageenan -2
off ZtetAl-& ZAFE ¢ 20 kGy viute] AAdskes] AR
o] F7tEE EART A2l foA XA Aastg e
o}, 100 kGy9] ;A% 2AMS A #)slare Zdwe] doju}n
o¥o} ZietAl ZAP) alginic acid$} A-carrageenan®} #] -2}
Slof| vi-$- 83 WO E AMSE & 9l& AoE AlRH
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