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Preparation Conditions of Agar Oligosaccharides with Organic Acids
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The optimum organic acid and temperature conditions were investigated for the preparation of oligosaccharides from agar. The tested
organic acids were acetate, citrate, lactate, malate, and succinate and the conditions for ohgosaccharldes preparation were 0.3%,
0.5%, and 0.7% organic acid concentrations at 80~120C, The low concentration of organic acid below 0.3% decreased the
degrading ratio and the high concentration up 0.5% could not changed the degrading ratio. Conditions below 100C was not good
for degrading agar. But 110C or 120C was optimal temperature conditions for agarooligosaccharides according to the organic acid
type and concentration. The organic acid concentration was 0.5% and orgamc acid was the citrate or malate, The treatment time
considered optimum was 120~ 180 min. The maximal degrading ratio giving optimum conditions such as 110C and 120C was 35.5%
and 38.7%, respectively. The agarooligosaccharides prepared by autoclaving at 110C and 120C were 2~7 species oligomer.
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o1 vt 9tk (Joo et al, 1998b). FtA o2 tiFoZNE BE

oAE 2YnFL AL 3 £ AFH I Azd 5
QA B2 WY au|gola, Fdd A% H3H e
dedgog &eu%E e 7 flowA 9o ugez And
7hsdel & @3] Yo

§4, H2d e iz ¢ iz 07y IFINAF o] g oig
A7 dFaA 2YHR e, 2 % Szt sz ©ge A
A% = %El"‘%ﬂﬂl g 4F EE A%F £A424 o

FHo2RE JsA

x5
off
1
o !
4o
N,
3~ :
O
>
oo
o
2

*Corresponding author: dsjoo777@yahoo.co.kr

oY o

Ha1g
E3A

£ mlo

=
3} acetate, citrate, lactate, malate, succinate®} #-& 559
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7td B8 A Mgde &% ZAo| 75 E water bath (VS
12058W, Vision Inc., Korea) & ©}4-3t¢] 80~100C &%= 9o A
32, 110C (7Lbs 74D} 120C (15Lbs 7HH) o 71t 7+
Agle g7} (Sanyo Co., MLS 3020, Japan)E ©] £33 th.
vlelazst kg wholazg FX (MDS 2000, CEM Co,
USA)E o143 &, At 2 HZ T (power) & ZH3}EA
Agdoed, 239 Aegde 22 285 A7) (VCX 600-20
kHz, Sonics & Materials Inc, USA)E o|&3on, A§3t
probe tapered microtips (@3 mm) th.

sed A 2iflE 59
#9322 Somogyi-Nelsson ¥ (1952) &, AZE&Y ImLs} +
g A 1mLe A¥# A4 A water batholl A 2083 7}

g3te] 43 A 17 (Cu,0) & AAAAT 7)o Egud &9
1 mg/mL 7}8te] HAAIZ O 520 nmolA FREE 233}
mlatoseE AH4E EF AFMozry F4FE ARG
& A% (0mymL, 27] &3 ) g §429 v =



(943 X1009 Hoz Faden ofgd FHE (degree
of polymerization, DP)€ #93d tg A3 v2A Fis)
%t (Waniska and Kinsella, 1980).
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Fig. 1. Hydrolysns ratio of agar-agar treated with various orga-
nic acids and concentration at 100C for 1hr.
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Table 1. Hydrolysis ratio of agar-agar treated with various organic acids at 80C

Ao 2 JEYYT,
339 ?Jx}i} 34 e
1}2] kt} (Table 2). 100CAA S 608 2 9

2 B3I 2= citrate

o 2T 3

Treatment Acetate solution Citrate solution Lactate solution Malate solution Succinate solution

time (min) (3% 05% 0.7% 03% 05% 0.7% 03% 05% 07% 03% 05% 07% 03% 05% 0.7%
00 0301001 0394004 0681012 2041048 035+016 1772024 129404 167+028 115£016 138£019 195+026 157013 068+018 1814022 0821014
60 0541040 2041030 0831004 2561031 3504025 3614033 181024 2944019 2184014 199£029 294+018 3274031 171026 184£017 0824010
90 0494012 063041 3084022 05400 1811022 11M140 1334023 082+020 491£024 148+011 068011 10112081 0394015 0251011 681117
120 120040 039+0M 440100 1341044 1941060 11612132 183038 1811027 10210% 157+034 1623021 12052155 0493016 035+005 855+07
150 1434012 1442025 6194077 2941049 4352087 1741220 2094013 303405 1726418 012014 388+066 16524270 2002028 2231043 1203192
180 1384016 1572032 7941107 2424028 3744074 18401251 2334031 341£055 16514214 247£032 3551043 BM+191 1812014 1712012 1582282

*Each data represents

the mean £ S.D. from- triplicates.

Table 2. Hydrolysis ratio of agar-agar treated with various organic acids at 90T

Treatment Acetate solution Citrate solution Lactate solution Malate solution Succinate solution

time (min) 3% 05% 07% 03% 05% 0.7% 03% 0.5% 07% 03% 05% 07% 03% 0.5% 07%
300 342032 1374016 2994058 S01072 5631067 5674084 3651023 SNL079 1241018 4681037 4874064 185£004 1651002 219:033 2054019
60 1361006 LI9L015 1204072 7231097 7791087 8824099 S25t051 6051066 5351064 SS3E067 6991089 633107 1641042 2751035 1294023
9 1901014 2841045 2804029 8601082 8611066 1212+141 591402 8121091 713:084 7281064 9491045 02101 3041020 4171062 4641026
10 2354018 335£041 4564046 3084020 7413047 UBL16 6571037 854031 923£077 901084 8841022 13M12 4681039 6351071 6861048
150 302+02 2681017 6942049 356+052 8364042 15914183 370£034 714£032 11824213 8554011 9614071 16254116 3612021 6864040 10931240
180 322016 4872035 859+031 SI£07 855:026 1836+2%4 907057 1091173 15H1132 8241039 16904135 20074193 577051 7464040 1414164

*Each data represents the mean = S.D. from triplicates.
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£ 07% T%9 citrate, lactate 2 malated] M 20% =Y &
&L dedgon 05% sxdAE 714 ZH4 @& #o]
= 92 9199 (Table 3).

2) 127Ieke

10T M 100CEY AAHoE F714 FHY FE, £
Azbol BAQ] #ago] F7H3IA2™ (Table 4), 2217 £ ol
Ae g 20%7F 4= 94L& JEIRIY, citrate, lactate 2
malate€ 30% o449 EH&L& Ve E3F citratet ma-
lated] H$ 05% FZ A 60% HEZ 20% o4 £3&S
o] 34 ¥ EE AZF7] 4T R7IALZE malatet cit-
rate’t AAd e AL AHHo2 U & AT &Y, £3
2% 120C9 A% citrate} malated FE WA E 607 23
2 30% AEY BH&S JERAI, 12082 ol AgAdle &
14 Hgszd we 40%28 de 23&E JeEided

by
i
of
S
o
lo(l

qol e} A AT 100T olate e LEANE AP §
ae] 250 g4 &Y 1008 DLANE §714
guce A7 exd 4EE RS RAFYUT.

3) olo[32u Y =33 Hel

Microwave X Z 100CA 305 HIZ citrated) A$ A
Lo wgd di ZAolE Bged, 05% FEAMNE 5%, 07%
FrAME 8% Fx9 F&H&S YeEMAY (Table 6). Y =
AdA AYALE 0RLZ AL W T Fx9 {714 244
Al k2% AE Bl &o] 45 Malated A5 602 A2
AW 97% AZ9 EH&E e, g §714 Hd 3%
Az BIes B AANF vlolazg A o] AAE &
A 2 A Wyl ohdghe AMEE HUE F AT s0TAA
z&8 AAY z2AAME /709 2F, #7852 2 Ay
Azt 92 95 BA ggon EHEx 122 9A EQT

(Table 5), ol& &4 XNIYHET 15~20% ©
ot (Joo et al, 1998b). ¥ AulFoz e 2xAM Ei&o]
2orE  acetatet} succinatedl AT 30%

S B30l

o4 gHee v

Table 3. Hydrolysis ratio of agar-agar treated with various organic acids at 100T

(Table 7). 4718 AN f7)tol g @A &3] zde=
Bg2g ARG, 1200 227t AE] 23N 0.5%
EE 07%9 citratelt malateE o] &8t= o] 717 AFHH

Treatment Acetate solution Citrate solution Lactate solution Malate solution Succinate solution

time (min) 03%  05% 07%  03%  05%  07%  03% 05% 07%  03%  05% 07%  03% 05%  07%
30 0824002 0772019 181£011 35014033 S15£022 8081048 32+015 379+019 SII+041 2614007 534£032 5961027 091+030 275:031 3321016
80 2181041 058102 1674020 5484027 7041051 10514072 2874030 440+022 7704034 441024 4684020, 11172070 (584022 3694023 7754025
0 28108 2473036 5481073 7651030 878078 18REL13 49R+041 690£056 1472+101 TH40I8 4622034 17041120 SS31013 4071026 8741088
20 3074033 4784004 7321082 12511054 9214029 NH+152 401029 TSI+043 loMtldl 6471026 4681006 2025+06 468025 6801032 102+034
150 3034025 483:042 8701079 11441142 9741064 2040£225 4141018 8692033 2035083 7412035 2514010 17322035 459023 515072 881049
180 341019 506£057 6761045 1015£054 936+128 2092£246 4281052 8841026 M1 Te0+024 12424092 28961165 525+0.18 6991065 12654091

*Each data represents the mean +S.D. from triplicates (n=3).

Table 4. Hydrolysis ratio of agar-agar treated with various organic acids at 110C in autoclave

Treatment
time (min) 03%

Acetate solution Citrate solution Lactate solution Malate solution

Succinate solution

05%  07% 03%  05% 07% 03%  05%  07% 03%  05%  07%

03%  05% 0%

30

60 SLO0M8 8271044 12421083 T0A+06) 996+027 25891241 874011 6661028 2289: 151
90 ST2EO0B3 12121104 1821183 NME1N BULLD 653+134 308123 NSRBI BAL1I
10 487104 ISSIE185 17031136 24052245 206121358 30441194 35811162 B21205 BIT+2D
150
180 1BI2+173 2734206 26881256 228186 B7L28 B9£1 0T 1583228 H51+25]

1981021 4022015 600011 SIS0} (1042042 1950155 S$25:018 4201033 IS01L13 808032 11342102 10+ 185
1820044 21992223 W77 1215
BISLLI 1051282 414128
J094+085 32911264 34101085
15804150 20162131 AML14 22194 163 3030£215 3864347 35471225 32504231 30704200 32701145 AN +127 M85 125
31552267 33311214 35352214

3883053 619040 1091111
280+02 QAN 17652041
1590+ 142 1604166 17134103
12918 2nE131 U810
1900219 2529124 U2+1Y4
©77119 8571263 32661248

*Each data represents the mean+ S.D. from triplicates.

Table 5. . Hydrolysis ratio of agar-agar treated with various organic acids at 120C in autoclave

Lactate solution Malate solution

Succinate solution

05% 07% 03% 05% 0.7%

03% 05% 0.7%

Treatment Acetate solution Citrate solution

time (min) 03%  05%  07%  03%  05%  07%  03%
0 4631024 1688+ 143 8124035 20711165 1BU107 B304 9111025 11152056 N49+137
60 1252+032 16514062 21324135 1842+ 104 1656191 16891084 15152029 11874036 1538 +0.63
9 15454060 14042042 O E180 0T U207 VRLLIS BBLLH Vb LT K223
00 BT V112 055095 350139 0051115 001256 35424260 0S3£141 RN+ 1Y
150 25554152 WB39+053 3050113 3801220 BI4£214 B0 35704227 M5+173 3315201
180 30531092 004+ 1073 3084143 3876119 31614058 BBL13 3MH+139 R4+091 3N£12

16312097 14132103 1775+ 114
UTTH062 21161084 3520113
0551138 0804127 84114
3481176 305504 4005£152
35711145 B9 185 38521026
3561083 3406+ 165 31394200

17542 114 11124054 667+048
§17+021 UT6+02 12711051
19961115 25324047 441191
B34084 771902141 368010355
B801124 3351052 210+178
2601173 4581143 36121091

*Each data represents the mean +S.D. from triplicates.



e

d &g AxE

9% F714 Ag 23 9

Table 6. Hydrolysis ratio of agar-agar treated with various organic acids at 100C using microwave system

Treatment Acetate solution Citrate solution Lactate solution Malate solution Succinate solution

time (min) (3%  05%  07% 03%  05%  07% 03%

05% 07% 03% 05% 07% 03% 05% 0.7%

00 1001 1262000 LIEONT 4132027 4872027 8271083 212%0.1

292014 4402039 23022 468019 532031 141:016 228£001 268027

80 LI8£0R 142£006 1612033 S14£050 6324027 1080£048 3544026 442032 6654066 4812010 6424030 9M:06 1§7£0M4 292+083 357403

*Each data represents the mean = S.D. from triplicates.

Table 7. Hydrolysis ratio of agar-agar treated with various organic acids at 50C using ultrasonicator

Treatment Acetate solution Citrate solution Lactate solution Malate solution Succinate solution

time (min) (3% 0.5% 07% 03%  05%  07% 0.3%

05%  07% 03% 0.5% 0.7% 03% 05%  07%

300 017P002 0202004 032£003 026002 0432004 037£002 0141001
60 0431004 039+002 0412005 032+002 0492003 0622003 028100

033+001 0402005 0482002 0362001 0421005 0341003 0352002 02+0M4
0342002 0312003 0522004 0542003 0482000 037006 0312005 0382002

*Each data represents the mean £ S.D. from triplicates.
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Fig. 2. TLC patterns of agar hydrolysates on each condition.
(A, acetate; C, citrate; L, lactate; M, malate; S, succi-
nate).

= TLCHS a2 110~120C7F AR, 28 Alzte =
A2 HEG o o3 AEA B4 oF A4S U R
Hadtych =3 R8-S 1A Ledd {7189 Fqd
#AGe] E3 £x P AN 2P ZHe EIES o
T FE USE ¥ F U 39, TLC AelA #2208 259
£P17 FEE BEse AL Ao AREIYAE §
3 EAFE SHste Aol FAAT £ AN AA EAHEY
FYEE HH R Z3Y g1 F5EE wEsh 21 ¥y
o2 FHEE ZAsS e, & S92 0d AF ¥]2A DPE

3% 29, BgdNE FAHAUD ZAY 2~6 B FF
EE JEUSY (Table 8). 44 TLC 3ol Yed R Eo]
2R FAA XN Aol7t JAAT gejndo] FHFHL, Hh £
of 9% A 2PuFHE FRHADT Joo et al, 1998b).

Table 8. Polymerization degree (DP) of agar-agar hydrolysates

Samples Dp*
110T - citrate 69+ 1.1
120C - citrate 43+17
110C - malate 6.5%05
120C - malate 26% 1.1

*Each data represents the mean = S.D. from five replicates
(n=3%).

A, KU1 B 2L 8 4B R4, 2y A4
A% 2 II5EA 59 SHA o= HE 2Ho FAY HY
Ae FF FET 4Yo| o|Fojzjo} T Aoz Yzdrt At
F713 AR dojAe ZAEY £ VIsHE ASH + §lo
A RAEH TLC 49 &nd &, 28 A8 F9 37 2
AE HAVNMEEANY £ To2 ADd B 9 citratel) malate”}
ALY oz BEHASY, lactatert succinate ¥ HEo] &
A 7154 E 7R U g dele olE Rt FE38 neof
& ez oA,
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