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Physiochemical Properties of Carrageenan Hydrolysates by Organic Acids
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Abstract

This study was conducted to investigate various physiochemical activities of carrageenan hydrolysates
obtained with organic acid treatments. The hydrolysates treated with citrate and malate at 100°C, 110°C and
120°C had antimicrobial activities against Bacillus cereus and Bacillus subtilis. Especially, the hydrolysates
with malate at 120°C for 180 min treatment had the strongest antimicrebial activity to Bacillus subtilis,
Regardless of the hydrolysis conditions, inhibition ratins of tyrosinase activity by citrate and malate under
160 ~120°C were over 97%. Especially, the inhibition ratios for tyrosinase activity of the hydrelysates obtained
with citrate at 100°C for 180 min and at 120°C for 80 min were 99.4% and 98.2%, respectively, Also, the inhibition
ratios for tyrosinase activity of the hydrolysates obtained with malate under the same conditions were about
99.5% and 99.3%, respectively. The APTT as anticoagulant activity of carrageenan hydrolysates with 0.3%
malate and citrate at 80°C for 180 min were 2,451118 (sec) and 1,617+15 (sec), respectively.
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FFPRHEY A 2UoE AFEF A =, Fherd
(carrageenan) & %Lﬂcﬂﬂﬂi AREE w- El(MSC Co., Korea)
S AMREIE R, 24k, FAL, ZA AT 44 S8
714h& A F A ZE(Sigma Co, USA)S FY3td o] 43149
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Sephadex G-15 FA1& o] &3t A ARvE2PHE 7
BETE e S (425 ecmx 100 cm)el 80 cm AR FAE
223 g, AEE FEUFESY QALY )8 B~
10 mL)ell %0 & ZHe loading®ts SFFpH 7002 &
ZAA 429 AEE fraction collectorE o]&-3t F1
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HTEAE paper disk BOR EASYUCHY). =, BT petrd
dishel] nutrient agar® 15 mL2 o HA-S wET Alg
TFEE IFCHl A 1247 vjokA|7) -8 HES 0] &3}
o petri dish Aol B@Ete] HEShR, 25°Coll A 24] 7t H )
4kl 7] 3 paper disk(8 mm, Advance Toyo, Japan)E B3
Yol 2T I Yol 0.45 ym membrane filter 2 o 73
FIpEEHE S "B uLE gy vlejzRoEe® FEE &
ITCE = WidrdlA dekelsich ik 1242k 8 244
Tt AAE paper disk FHY] FHEL A ARE G4
F5E #EHE L, A E-2 05% F714 494 1% 7
== FiErdg Sels AS ARt 2 A8 A
o= B rereus KCTC 3674, B. subtilis KCTC 3728, E
coli KCTC 1039, St aurens KCTC 1928 I Ent. aerogenes
KCTC 2130 $& % #dAR2 S (KCTC, Korea) 7 H &
aFrro} Alg-Epsdch

#HEA 5L T ¥ ¥iAg] BHI(brain heart in-
fusion) broth®] 15% agar® H7}ete 7|15E WA E W&
o] B petd dishell 5t rlE GRE AF:EHL, F5
£ WA (075% agar )8 25 mL¥ Age 253% ot
& B3ES F50C ARE 47 F AggdS (1 mLA
Frete Z+ EREIAR 21F wAE FEHd RES g 23
Ak A7 paper diskE 2 (.45 ym filter paper® &3}
AR S-S JAF BT ohE 4°CellA 1A HAF
&, 37°CE Z4H COy ¥ %71(Sanyo Co., Japan) o4 484
7t ujekst b SHES AESET AMEE T5FE St
mutans KCTC 30652 KCTCERH B ool A48t 9th

Bfichbacterium M £2=

A#7|2 AFE A8 A5 1 mlE 279 10 mL MRS
i A (0.005% L-cysteine 071 S0isle A9 718t
ITC, 43A17E kS ohE A AR E 650 nmell M EEE
£ 43t gLz eI, ARF AlE e~
-2 Bifidobacterivum infuntis KCTC 3127, Bifidobarterivm
longrm KCTC 31282 $HAL 8 (KCTC, Korea) sl &
wrE Felih

Tyosinase 24 AMolls &4
Tyroginase B9 A% 5L tyrosined dapde =z

redes Ay 34 %63

“r3}A|7]E phenoloxidased] 4 Asidte 5H€S =
FETHIL). =, AR89 1 mLe 0.05% tyrosinase £ 0.1
mLe} 1/15 914 24 (pH 68) 0.9 mLE 7181 25°C, 10F
b 7REEt T 9714 0.03% DOPA(3 4-dihydroxyl-phenyl
alanine, pH 6.8) 1 mLE 71Et A 25°Cel A 587t vhg-4] 7]
F 475 nmel M FHEE S AHDY). E, 7128
HEAT] BE4LE o] &3] FYT AFE S AD)H A
E Y37 AEDye2EH AES HEFHL
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ACEangotensin- corverting enzyme) Mol =3

ACE A& 44 =9 #7148 & &< 50 ulel
ACE &4 200 ul 2 (.1 M sodium borate buffer(pH
8.3) 200 1LE ¥t ¥ 37Co A 527 HRhEAIF T o7
7|22 Hippuryl-His-Leu £¢(25 mg/25 mlL sodium
borate buffer) 100 4LE 7F8ted ohA] 37°CalA 3027 9
AlZl 3 1 N HCL500 uLE 718k vheE-g AR A ZH o FA

2 A5 tale ERPE AMSEELY, HEFE LN
HCI 500 uLE 7}sk ohg ACE &4 200 ulLE 713,
7] ethyl acetate 1.5 mLE 7}3led 15327t voltexdt &,
3,000 rpmel A 5RT HUFE et AEd 1 mLE FE4
ot o]AE g He] ARAT F ]/ I mLE FFEle 43
A171A 228 nmell ] ERHEE SA I o] 2 o
ACE Asj&< AdshacHl12).

ACE Zﬁﬁ?‘ir(%)—(l—%)x 100

H71M, As AR FA7te E9E, Be AR T3
EHE o A B EF U7y EHEE Ags £14.

e =5

e AYE 90 mLE AFHTS 1 mLY sodium cit-
rate(3.8%) &4

o ZFS oS 1500 rpmoll A 5EI H4E
gt dae Besich B g -20°C A
Fa Aol Attt 24 EFREGLE AL EF
(APTT, activated partial thromboplastin time)-2 3 10
ULE wu mwkst § 37C ezl 387 FhEEsch
a7l 100 Ul acting H7FEE 3 ohA] 37°C T F2AA
37 7SSt 3R] HE 3 vl ITCE s E
0.025 M CaCly ¢ 100 uLE E2% FAl4 SuAHE
EATE T ZREEY A7 EF(PT, prothrombin time)
& 37C sEFFo A 1E o4 vlE] 7HESt e E thrombo-
plagtin C 200 L 37°Coll A ©lg] 5% ¢4 7hedte T ¥
A g4y FPA(EAASSA-1010E 71 54
A ETAHE A HTHI).
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AEAQH AA=E-2 WST-1(4-[3-(4-iodophenyl)-2-
(nitrophenyl)-2H-5-tetrazolial-1,3-henzene  disulfonate]
We-S o] 43ty &A%t Roche Applied Science Inc,
Germany). U-937 A £Z 96 well plates]] 10° cells/ml. 5%
2 42 % 10% fetal bovine serum®] T EH DME ¥j o<l

A FIHTE AEL 71 5,000 cells/ml AR ¥|UHHE
Hjakel & 2% fetal bovine serum®] T E vldde s o @
B} 12417t preincubationg #jFRich I ok oz AP}
TAEE AEE L% FEE A sm, AT AaEre|
wel 364847 AR A v ds] g WeT-18<4
£ A, 1~24)7t incubationd § plate reader® 3%

2 289
SHAz
A8Y d3s T (mean) tEFHAHSD)E YEAZ
e, 4% AAINY] Y93 ANOVA F4% e &
p-0.05 &4 Duncan’s rultiple range testE A A3}k

e SHeERES $TRYE AT ZFH(Table

1), citrate®} malateE 7HpE8 WiF = ]88 A5, 100°C,
110°C 2 120°C 71 B8 &2 B. cereus?t B, subtilisel 7
T AT EAE UehiRlen, A Eo R A E ger-
ogenes\t S aureuss WE FoEAS vER R £3)
malate® 12(FCoAl A 18087t 7h83 3 A o] B. subtilis
e &3] s Fo L e s ole e Stonwtans
o5 o] &35 FErd 7R $ER E9E AEE
i, HA AEEeAA AT £ 94 B FRFA @
st

Bfidus S4l5 1}
E dgelA g%t Fekrld 2R ey Ay vln s
T EAEANE gutdo g 2guge] ARy Hlg o7

Z2& 223 bifidus factor® E7 L&A 31=(13,14)
AGE 2 HEEs F4%0] #HE HAxA gfsdch
(Table 2).

Tyrosinase 2HM Xalls

FHE7 1w 7R R B2 tyrosinase B4 ARl S-S AEE
A (Table 3), 100°C = 120°ClA AHEEH Als FolH
citrate9} malate A& 371 97% ¢4 T2 tyrosinase 2
A& Adfste ALex AAHRUT CitrateE 100°Cel M 90
B AEE A5e A4 971%, 1808 M d AL 994%9)
A B LS e, 120°CH A 908 AMEd A52 A

Table 1. Antimicrobial and anticavity activity of carrageenan hydrolysates treated by organic acids

T ‘ Citrate" Malate

oS strens &0” 50 100 110 120 80 80 100 10 120
E. cereug +4 + ++ ++ ++ + ++ ++ ++ +
St auirers + + + + ¥ +
E coli + + + + + +
B. subtilis + + ++ ++ -+ + + e+ -+ et
E aqerogenes + + + + + + + + " +
St mutans

UPreparation conditions of test samples: hydrolysis time, 180 min! organic acid concentration, 05%.

ATemperature of hydrolysis.

3]Semrlple injection concentration for test: 0.2~05 mg (as total sugar).

Antirmicrobial activity detected from clearzone size
130 mm, +++ ¢ >150 mm

¢ <85 mon, + 85 mun< ¢ <80 mm, + 90 mm< & <110 momm, ++ 11.0 mm< ¢ <

Table 2. Effect of carrageenan hydrolysates treated by organic acids for growth of Bifidobacterium irfontis and Bifidobacterium

longum
Hydrolysis  Hydrolysis Citrate” Lactate IMalate
temp (°C)  time (min) B. infantis B longum B infantis B. longum EB. infantis EB. longum
100 £0 0144400067 0115400035 0221400048 010140007 0141+0008°  0.005+0.002°
180 0102200120 0132400147 0103200080 013800097 011600115 0.12120.004°
10 60 0.111+0.002° o.11z¢o.oc-5§ 0.11510.005; 0114+ 0002 0.11510.002; 0.111 +0.006°
180 0.179+0015°  0120+0010°  0180%£0011% 010240008  0148%+0016°  0.108+0.011°
190 £0 0.140%0.012° 0.11010.009: 0.12510.011: 0.10210.011: 0.214+0015°  0.122+0.005
180 012340007  0091+00047 0168400145  0116+0012° 012440007  0.106+0.002°

”OIgemic acid concentration: 00.5%6, sugar concentration of hydrolysate: 10 mg/mlL.
0D value on 650 nm (mean+SD, n=3).
Falnes with different superscripts within the same column are significantly different at p<0.05 by Dhancan’s multiple range test.
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Table 3. Tyrosinase activity inhibition of carrageenan
hydrolysates treated by organic acids

Hydrolysis Citrate” Lactate Malate
terp. (°C) o 180 a0 180 o) 180
100 o71% 984 821 947 O8R5 G095
120 082 &4 S0 81 983 359

YOrganic acid concentration: 0.5%, sugar concentration of hy
drolysate: 10 mg/ml.

Mydrolysis time (min).

“Inhibition ratios of tyrosinase activity (%),

¥ 98.2%9] tyrosinase B4 -& Asiste A2 E v
FHH, malate A E|F = ME| =4 M Alzbel] we} ekzhy
ztole AT A A LR citrate A2} v =T AR
98~935%=] ¥& tyrosinase B4 As| EHE eIt
oled OE #7014k Aol M =del wE v
Atele SlAIRE 75% )42 tyrosinase B4 A® EHE 1
BRI o8 120°CelA 1808 Mel " A5 A¢ 771
A2l FRol BAge] &% )dtRE 2W HAFe] AiHe
AE 2elE F 3t o] A= FHE EARFe] €A
7] ©]F = FHelAH tyrosinase B4 A EHI} welx]

Fig. 1. Sephadex G-15 chromatogram of carrageenan hy-
drolysates treated with 0.5% citric acid at 100°C for 90 min.

Fig. 2. Tyrosinase activity inhibition ratios of each fraction
(Fig. 1) obtained from Sephadex G=15 chromatography of
carrageenan hydrolysate.

redes Ay 34 %5

Edl, olelst Aae #ar] §T B0 e ALE o
AR $HH, B4e] BUH AEE 4SS Sephadex
G-15 T ZA=vEIYHE A @ste 27 I HE
tyrosinase -4 A EHE ZAFeEHct 2 F3H 05% cit-
rate® 100°Coll M 908 A § Al5e Af ARvETeY
2 o8 FEL dRey 7 H§E Y tyrosinase B4 A¥
EAS AES 2, gd9d #19 @] s gud
C-3 BF¢] 85% AR tyrosinase B4¢) AH= AL
2 B cHPig. 1, 2). 05% malate® 100°CelA 905
AEH A5 Afdx oAy HELE FER T FF
2] tyrosinase 4 Az ER(Fig 3, 43 M-4 FE A
oF 5%, M-3 ZEolX 0% A=Y tyrosinase B/4-2 A 7
ste ez gt o] 5 AE FEL B BT
2 AT ] b w2 FadA 22 842 e
ot EYUE 59 citrate?} malateE A3 100°C, 180
7t e A Z 9} 120°C, W0ET e AZ MR tyrosinase
B4 Al Erb edTh ok AR B4 Fe 714
Aol AAELezN B4 A EH7 thd: WelAE L
2 oAgAAH

Fig. 3. Sephadex G-15 chromatogram of carrageenan hy-
drolysates treated with 0.6% malic acid at 100°C for 90 min.

Fig. 4. Tyrosinase activity inhibition ratios of each fraction
(Fig. 3) obtained from Sephadex G=-15 chromatography of
carrageenan hydrolysate.
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Table 4. Inhibition ratio of angiotensin-I converting enzyme by carrageenan hydrolysates treated by organic acids

Hydrolvsis Acetate Citrate Lactate Ialate Succinate
temp. (°C)Y 27 B A B A B A B A B
80 95+1 194 G9+14° 16.8+1.3° 27IE0S 13.8+2.8
100 104+21% 45+13%  93+22 105+07°  191+25° 17.7+2.38 11.2+2.6
120 182424 113+15° 50+05° 114+12°  194+23° 131+16 12.8+1.4

UHydrolysis time: 180 min.

“Organic arid concentration (%) A 03, B 05, sugar concentration of hydrolysater 10 mg/mL.

Mean+SD (n=3).

MValues with different superscripts within the same column are signiticantly ditferent at p<0.05 by Duncan's multiple range test.

Table 5. Anticoagulant activity of carrageenan hydrolysates treated by organic acids {APTT: sec)
Hydrolysis Acetate Citrate Lactate Malate Suecinate
Temp. (03" AT B A B B A B A B

&0 627 164799 3050495 161754155 5984 +12.3° 12724480 721 5472° 2451 3418.2° 1008249 1° 10405475° 9303483

80 3285+101° 1401+48° 3572+435" 1245+67° 2051+39° 14832+94° 5I33+79° 2425+36" 2761+154° 1373431
100 939437 726452 631445 B2R4TI0 BRO+433 124415 7904295 TRI+3ZF  GBI+1LY  l2+2F
110 396+219 3924167 821+432° 742445 390+11% 3814187 4714150 5284230 391+14% 412417
120 39.0+20° 4102147 421413 441+20° 4124250 4374247 s57+14° 520417 3:99+21Y 421417

UHydrolysis time: 180 min.

“Organic arid concentration (%) A 03, B 05, sugar concentration of hydrolysater 10 mg/mL.

Mean+SD (n=3).

MValues with different superscripts within the same colurm are significantly different at p</0.05 by Duncan’s multiple range test.
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Aol g AL R HuEHY A4F F9, AP FE)
wg AF frolabel o HEAgnEAAS IS A9 A
5 gAe] gl 3oz FEFYen, ol AEaAAA
7hh7Id AAA 7E HA S 2EHe Zle] 2 HRlel ALeR oA
Ak a8 B 59 A0S 2t dojd A RES
AR A TGS Jehed A4 24 =, 7k
A= b FEAgw %f‘éﬂ £ A8 e Sl
ot B8 A Aoz A& Ce A 7R ig A AR
o] A4 APTT7} i) 2080 ] He w& 894w AR =
&) vt #7143 E54d et s 2 248 AelE
et gl 0.3% malate £ 2 2 80°Col 4] 18087
Hee A7 B APTT7F 2451+ 18(sec) 2 FEA ST
240 7 =ed, 5Ys F91A L7 0.3% citrate

FIr R Eo] 16172 15(sec)e] 2 lactate, succinate,

acetate 7F PR & o8 Tyt of2y BY £ A
g O R M TEAA 7R EL 2 B4 gl

A Arkg Ael7) giokes Ao B35, 0.3% malate
Sdo® gCAAM 18087 AME AlE54 A% APTT7H
2,451 +18(sec)?] WA, 05% malate oM FHpEEH
Alge] A 10080(sec)® HE AL uGAo] 1203 R
FoZoks AE 21 HE k2w o E 254 #7144
Mz aest Ak FYEA UEwch 3 sl R 25

o W2 FHE vlmsRnd sPCeA R Algel 1l
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Fig. 5. Comparison of anticoagulant activities of carrageenan
hydrolysate, fucoidan and heparin,

H-heparin (18 ng/ml), F-fucoidan {50 rg/ml}, C-carrageenan
hydrolysate {50 tg/ml).



Fig. 6. Comparison of cell growth inhibition activity of
carrageenan hydrolysates,

Sample 1 and 3 were each treated hy £.5% acetate and $5%
lactate at 1M°C for 180 min. Sample §, 7 and 3 were each treated
by 05% acetate, 0.5% citrate and 05% malate at 10°C for 90
min. Sample 12, 13, 14 and 15 were each treated by 5% citrate,
059 lactate, 5% malate and 05% succinate at 100°C for 90 min.
Sample 16, 17, 18 and 20 were each treated hy 5% acetate, $5%
citrate, $5% lactate and $5% succinate at 11{°C for 180 min
Sample 71, 22, 23 and 24 were each treated by 5% acetate, (5%
citrate, 5% lactate and $5% malate at 120°C for 93 min. Sample
25 was treated by 05% acetate at 120°C for 180 min

< W shise AL e 0 heparin®} fucoi-
dan 28|32 B AHed M dojd 80°C, (.3% malate 8- 7}
AR YYALTRAL YT BT (Fig. 5) B
A fucoidan®) 713 F& B¢ LR, heparin® car-
HE% B4 tedch

rageenan JIFEI B0
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