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Abstract

This study was concerning various physiological activities of agar hydrolysates. All agar hydrolysates
showed strong antimicrobial activity against Bacillus subtilis and Bacillus cereus. Also, the agar
hydrolysates prepared at the temperature of 110°C or 120°C showed antimicrobial activity against St. aureus
and E. coli. Among the agar hydrolysates, several hydrolysates treated with citrate or malate at 110°C or
120°C conditions showed tyrosinase activity inhibition, and their inhibition rates of tyrosinase activity were
about 80%. Some tested samples treated with 0.5% organic acid at 100°C or 110°C inhibited the growth of
cancer cell. Two agar hydrolysates prepared with 0.5% citrate and lactate at 110°C for 180 min had relatively
high cancer cell growth inhibition among the tested samples. The agar hydrolysates treated with citrate and
lactate at 110°C for 180 min obtained the main peaks of six and seven from Sephadex G-15 column
chromatography. Among the main peaks, the cancer cell growth inhibition of C-3 and L-3 fractions were

higher than that of other fractions.
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(agar-agar) ¥ Z4F, T2k, 24 AL S414F 59 f7)
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Sephadex G-15 chromatography

7% 540 gld Alse 84 JES sty {sl
Sephadex G-15& ©¢]&ste A AZutEIHIAE Pst3]
ot 2 E (025 cmx 100 cm)oll 80 cm A= XS 2

st o, AIEE TEAAX 3t dAFS EG~10 mL)dl
=20 & A loadingste] S/ (pH 7.002 &A1 #
429 A8 Z fraction collectorZ ©]&3te] FHo] Ztzt
6 mLA 3Tt dojzl RHEE A3y AT FHS
SAs A, A3 FAT FFo) et & JES Es)
o AYPFAEE ASHs A

ety 9 B5X 2y

Sh o] ExAEE Ao {714t ZhrEd e I

5} S paper disk Mo g2 ZAFTHIL). =, BT petri
dishell nutrient agarZ 15 mLA o] 39S =1 A
TFES 37°CAA 12X M S 7] A& HES o] &3}

o] petri dish ol =23te] HEF3aL, 25°Coll A 2413+ Al
kA1 71 & paper disk(8 mm, Advance Toyo, Japan)S o
ol &= 1 99 045 pym membrane filter2 o] 3}3F
7 E 25 9 50 uLE B rlolAR Mo R U1g &
3T°CE 2 W7ol A vl F3FATE. vl F 1241317 244]
7 B3 $ paper disk 7919 FH o] YA AFE P4
75 A, NE2AHL 05% 714 &d4 1% 5
T2 S &3S AS AFESIATh B AP AFES o
T+ B. cereus KCTC3674, B. subtilis KCTC3729, E. coli
KCTC1039, Staphylococcus aureus KCTC1928 ¥ Entro-
bacter aerogenes KCTC2190 522 FHAAL8(KCTC)
FHEE EFol AE3HH

AT X g wixd BHI(brain heart in-
fusion) brothol]l 1.5% agarg #7}sle] 7|58 wiAE s
o] & petri dishell 53t v]g] RS A=X}AT, 5

H

d F713 S REAEY A 1549

=3 045 um filter paperZ 43}
St AIY §AS "éxé%k B3¢ o 4°Col A 1A 7 X%

=2 F CO, Hl%7](Sanyo Co., Japan)ol| A 484]
ZF ket O 5 ES BE3AT A T 5= Strep-
tococcus mutans KCTC30652 KCTCE X &EoFukol A}
|34

Bifidobacterium ME X5

72 AFH AE AR 1 mLE B7¥ 10 mL MRS
Hj 21(0.005% L-cysteine )7} %01 A= A1E B 7hshe
37°C, 48A17F Ml Fst thg A A=E 650 nmol A §3 =
£ A5t Aoz Ve MC}(IZ). AHESE Bl F T &
T2 Bifidobacterium infantis KCTC3127, Bifidobacterium
longum KCTC31282 Aol A 2 Aot

Tyrosinase & Mslls &3
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Tyrosinase &4 A3l 282 tyrosines
3} A 7]+= phenoloxidased] A1 S A3l 3l=
FoH13). =, A128d 1 mLo 0.05% tyrosinase & 0.1
mL%} 1/15 M 14F &5 (pH 6.8) 0.9 mLE 78t A 25°C,
1087 7F3kd ok o3 7]9l 0.03% DOPA(3,4-dihydroxyl-
phenyl alanine pH 6.8) 1 mLE 7}3ledA] 25°Coll A 5&3F
WA Z1 2 475 nmellX FREE A AHDY). ¢4,
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ACE(angiotensin-1 converting enzyme) Malls &4

ACE Adllse 94 vx9] #7114t 35 &4 50 pLel
ACE 2849 200 pL 2 0.1 M sodium borate buffer(pH
8.3) 200 uLE 7}3 F 37°Coll A 587+ A whgA T of7)
o 71A 24 Hippuryl-His-Leu & 94(25 mg/2.5 mL sodium
borate buffer) 100 pLE 7}ste] thA] 37°Cell A 3043t 9H-§
A1zl & 1 N HCL 500 uLE 7}ated §E-3-& ZAAATHZA
il SFrFE AHgsdlen, dxT= 1N
HCI 500 uLE 7}8 o2 ACE Z&4 9% 200 uLE 713h).
o] 719l ethyl acetate 1.5 mLZ 7}8Fe] 15%7F voltex3t &
3,000 rpmel| A 53 D4R 3t A4EH 1 mLE FH3HA
ot o] A& A3 AEAIZ F 3 mLE 78k &3
Al713L 228 nmel A &3 Aate] ofzf o] 2ol o3|
ACE Asl&S ALtstdth14).

ACE A& &(%)=(1—A/B)x100

71, A= A8 H7He FE5, Be Al T3/
FHEE(H, A B EF dx279 FFEE AY A9
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Table 1. Antimicrobial and anticavity activity of hydrolysates prepared from agar-agar treated with organic acid

Test strain > Citrate” Malate

90” 100 110 120 90 100 110 120
B. cereus +¥ + + ++ + ++ ++ ++
S. aureus + - + + + - + +
E. coli - + + + T 4 ¥ N
B. subtilis ++ ++ ++ ++ ++ ++ ++ +++
Ent. aerogenes - + + + - + - .
St. mutans - + + + - - _ _

1)P'reparation conditions of test samples: hydrolysis time, 180 min; organic acid concentration, 0.5%.

P Temperature (°C) of hydrolysis.

3)Sample injection concentration for test: 0.2~0.5 mg (as total sugar).
Antimicrobial activity detected from clear zone size; - J<85 mm, + 85 mm<@<9.0 mm, + 9.0 mm<I<11.0 mm, ++ 11.0 mm<I <

13.0 mm, +++ @>15.0 mm.

sEeMsSTIs =N
AL Ay 90 mLE A3t 1 mLe sodium cit-

|
33 B 1,500 rpmell A 5EIE 4%
g st @RS FEletArh g e -20°Coll #7s)
T Ao AHEE AT &4 EFREgAY AZF 373
(APTT, activated partial thromboplastin time)2 &3 100
plell A58 10 yLE ¥ wvkst & 37°C g2F00 A
32 7hskAn o7l 100 uL acting H7Hek & oAl
37°C g2z A 33 7Hs Ak 3ol He 3t vE
37°CE 7143t E 0.025 M CaCl, €9 100 pLE ¥
SAldl Az A stATHS).

MEZME AMEE

MEAAA A ZEL WST-1(4-[3-(4-iodophenyl)-2-
(nitrophenyl)-2H-5-tetrazolial-1,3-benzene disulfonate)
WS o] 83l SA 3 tHRoche Applied Science Inc.).
U-937 A1 ZZ 96 well platesl] 10" cells/mL &
10% fetal bovine serume] X338 DME Hj %ol A 7] it}
M 471 <F 60% HE confluentd] X H v FH & 2% fe-
tal bovine serum®] X E wjFAdo 7 Wt 12A17F
preincubations siFA T 1 &0 2 AFstauztstE Al
55 A3 FE(20 ul/100 uL media/wel) & %] 2|3},
AEZY AFEE0 et 36~48A12F A= A HshH wl gy
o] 2 WST-18&9S 2]2]3}ed, 1~2417F incubationdt &
F5=(450 nm/700 nm)E A3 AT

-
=2 4o ¥

plate reader® &

SAHKAzZ|

Aol Ave= Ht(mean) + XFHAH(SD)E VERR S
o fo48 #HIsH7] 93 ANOVA 45 Pt &
p=0.05 +% A Duncan’s multiple range testZ A3}t

g o g4l 2y
LI FE FTAE dHeAY HdTe 52 Al
st a7 g8 A =, ol& ERlst] sl T b

LAl E FaEdS AES A7 (Table 1), 7Hi3] &&
o] 7 39 citrate®} malate 7FE3 A159] 49(8),
100°C o)) Lx oA 7l d A 20X B. cereus®
B. subtilis®l 78 F84S Y A3, 53] malate 7
Fi AN EAh0 =& A2E YETh E coliol 3|
ME G4 o a5 UEilaL, S aureusoll Bl =
gdds vepldt ¢, a4 o= s E gl
7t E A A5 AU dEl dE vk gt
A5 e, 24 SEaT g2 FIH A 5A
= B. subtilis, B. cereus 2 S. aureusdl] HsjA I Aol
g1E vl JTH(7). 7hEE] =7 Yol st A
AgoMe Aidoz daddo] g Ao Z YEH
2 250X AHYE A8 FadAdo] =yt olelg
o239 Aole A VM RIAEY A7) &, 28T Y
o] 2 RoT AAAY, THARTE Bacillusg ) 2+
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= o]&3 A IR ESY FEX ARE AR
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A oAl Z7} ey
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o ukA Oi YRS Al g awy F
3= bifidus factor2 98] €#A A=dl16), s 7}
e vy gaT 2 a3E 8913 A3 (Table 2), &%
ol BA QL] lactate, citrate @ malateZ 7}FEE A B
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Tyrosinase &HJ 13H

gzl Thp =Y AR 2 gl el ty-
rosinase &4 A3 TS A3 AF(Table 3), citrate9}t
malate2 7R E Al o)A 55~80%9] tyrosinase A
< Adfste A= eyt ¢, /HeEs A Ak
] %ol W} tyrosinase B A5 AolE HA=
o], 53] A7 Azte] wet &g xolrt et g

7S E Y tyrosinase 84 AdlES 219A] XA &%k
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Table 2. Effect of growth on Bifidobacterium infantis and Bifidobacterium longum of hydrolysates prepared from agar-agar
treated with organic acid

Hydrolysis  Hydrolysis Citrate” Lactate Malate
temp. (°C)  time (min) B. infantis B. longum B. infantis B. longum B. infantis B. longum
100 60 0.342+0.0117"?  0.102+0.017 0.541+0.022* 0.198+0.014° 0.358+0.018"  0.122+0.020°
180 0.268 £0.009° 0.113£0.011* 0.425+0.021" 0.125+0.007* 0.342+0.004"  0.115+0.019°
110 60 0.405+0.009" 0.120£0.005" 0.344+0.018° 0.1360.003" 0.340+0.007"  0.142+0.002°
180 0.419+0.016" 0.100+0.012* 0.38340.023¢ 0.108+0.008° 0.370+0.019*  0.138+0.013°
190 60 0.349+0011°  0.136+0.015°  0.301+0.012° 0.111+0018"  0285+0.017°  0.091+0.003"
180 0.410+0.003" 0.132+0.006° 0.352+0.008° 0.128+0.014" 0.437+0.025°  0.114+0.007°

‘I)Organic acid concentration: 0.5%, sugar concentration of hydrolysate: 10 mg/mL.
?0.D. value on 650 nm (mean=SD, n=3).
IValues with different superscripts within the same column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 3. Effect of tyrosinase activity inhibition of hydrolysates prepared from agar-agar treated with organic acid

Hydrolysis Citrate” Lactate Malate

temp. (°C) 907 120 90 120 90 120
110 — 782+1.3"% 254+1.4° 355+1.2° 734+15" 71.2+1.2°
120 612+18 554+2.1° 48.8+0.9° 33.6+2.8" 845+2.2° 784+1.9°

1)Organic acid concentration: 0.5%, sugar concentration of hydrolysate: 10 mg/mL.

?)Hydrolysis time (min).

JInhibition ratio of tyrosinase activity (%).

YValues with different superscripts within the same column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 4. Angiotensin-I converting enzyme inhibition ratio of hydrolysates prepared from agar-agar treated with organic
acid

Hydrolysis Citrate Lactate Malate
temp. (°C)" 037 05 03 05 03 05
Control 19.4+2.1%% 12.4+2.4° 25.6+1.7 175+16° 19.4+1.8° 131+21°
80 202+1.3" 211417 337+25° 25.4+2.2 359+1.7 -
100 227+31° 16.3+2.8" 354+1.4° 189432 25.6+2.6" 12.9+0.8"
120 30.8+2.8 79+1.2¢ 41.7+16 44425 26.4+2.1° 20.1+1.8

l)Hydrolysis time: 180 min.

2)Organic acid concentration (%), sugar concentration of hydrolysate: 10 mg/mL.

PACE inhibition ratio (mean=+SD, n=3).

YValues with different superscripts within the same column are significantly different at p<0.05 by Duncan’s multiple range test.

i, 53] 120°Cell A A2l Al 5ol 2ge] dutdoz 1 5), & Aol Az A rhesEe] 23198 A8
Ebtont 110°C olste] =014 A2ld ARoAE ty- ol BAlol 35~50%9 APTTE YEo] tiF-E o)
rosinase &4 Ao J=7F vlefsiitt. AB7F FEdsudge] A9 gle AR Yehgth
ACE Xslls M= 34 XS
Jukr 0 & ACE Adlso] Qe Bde ndgte] gubs A ThesiEe] 7HAAL Sle 54 Al e AR
AAels BT} Qe Aow AEA glon E4] AR AAY A adE T3l FAade] FFE FAsH]
peptidedl d 1 37} BEEE Ao dg] 48 A Y1 7t z7 A HERAHR FA MRS HE S

4

ﬁ
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(Table 4), $r714}e] F79} 22 276 Al A3 E=2 10°CoA 180% Aeld A& FolA citrategt lac-
30% olabz B0l A9 LepA sk tatese SSE AE el 2 70 % 60% = AE
248 oS A0E Yeg, 1 99 AR GRe A
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22 A BAoAE FAHE Aow A AHA).

of M
o B et
off X

[s}
sEHS ey T 22 AAEHI} a0 A @9 FH, AE FA
P75 S BRI dubH o R A= FE S A4 &7t A vehgd T A2 (Nol7 & 18)el] o3
AFFA518)E 7= Aem dA =, & 3 Tk 7}7} Sephadex G-15 A AZvlE1# 9= 335} (Fig. 2),
FaAlEY dH3A a9V A=AE AP A7 (Table 0.5% citrate® 110°Co A} 180% 2@ Al A 7719 &
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Table 5. Anticoagulant activity of hydrolysates prepared from agar-agar treated with organic acid (APTT: sec)
Hydrolysis Citrate Lactate Malate
temp. (°C)” 0.37 05 0.3 05 0.3 05
Control 34.4+1.8"% 339+1.1¢ 32.7+0.9° 342+15° 312+1.1° 31.9+1.3°
90 481+1.1° 455+1.0 44.0+1.1° 492+1.4° 462+1.8° 446+1.3°
100 430+14° 465+1.9° 39.1+1.6“ 42.4+1.3" 450+1.6° 40.0+1.4°
110 38.1+0.9° 404+15° 42.1+1.7° 445+12° 41.1+16° 44.1+15
120 422+1.1° 50.4+1.6° 41.8+1.3° 420+1.6° 437+1.8" 421+15"

{”Hydrolysis time: 180 min.

?Organic acid concentration (%), sugar concentration of hydrolysate: 10 mg/mL.

Y Anticoagulant activity (sec, mean+SD, n=3).

YValues with different superscripts within the same column are significantly different at p<0.05 by Duncan’s multiple range test.

Bog B33, oA 7z} citrate &2 U-937 mono-
cytic cell lineS ©] &3 AX AF JATS &2lg 23

80

B (o2}
o o
! !

Inhibition ratio of cell(%0)

N
o
!

0

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Sample number

Fig. 1. Comparison of cell growth inhibition activity of
agar-agar hydrolysates. Sample 8 was treated with 0.5% lac—
tate at 100°C for 60 min. Sample 14 and 15 were each treated
with 0.5% malate and succinate at 110°C for 60 min. Sample 16,
17, 18 and 20 were each treated with 0.5% acetate, 0.5% citrate,
0.5% lactate and 0.5% succinate at 110°C for 180 min. Sample
21, 23, 24, and 25 were each treated with 0.5% acetate, 0.5% lac—
tate, 0.5% malate and 0.5% succinate at 120°C for 60 min. Sample
26, 28, 29, and 30 were each treated with 0.5% acetate, 0.5% lac—
tate, 0.5% malate, and 0.5% succinate at 120°C for 180 min.

10

—&— Total sugar
Reducing sugar

O

Sugar content(mg/mL)

Fraction number

Fig. 2. Sephadex G-15 chromatogram of agar hydrolysates
prepared from agar-agar treated with 0.5% citrate at 110°C
for 180 min.

(Fig. 3), C3 &2 1~3% =2 YT BFolA Hxs
7} ¢F 0.12~0.15(A450 nm/A700 nm)Z 7} E E3171
Toll B3] 90% =] AE A4S JAsh= AL=E eyt
o C28} C4 882 =7 71l et AE A5
Z718be] 3% oA oF 90% A= AE AF AdATS
el At 338 05% lactate® 110°Coll A 180% &)@
AlB5AE 6719 g5 Ao (Fig. 4), citrate®t TLg

1.4
—e— C-1
124 —O0— C-2
3 —v— C-3
§ —v— C-4
<jt 1.0 A —a— C-5
> —0— C6
£ o8 —-C7
g
<
5 0.6 A
o
£
c 041
3
O
0.2 A
0.0

T T
2% 3%

Dose(v/v)

T
1%

Fig. 3. The effects of agar hydrolysate fractions (Fig. 2) on
the cell proliferation and/or survival of U937 monocytic cell
line. The number of cell was estimated using WST-1 assay Kkit.
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ey
—e— Total sugar
14 1 L3 O~ Reducing sugar
- 12 4
£
9 104
£
=
c
2 84
S
S
o
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o
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0 4

Fraction number

Fig. 4. Sephadex G-15 chromatogram of agar hydrolysates
prepared from agar-agar treated with 0.5% lactate at 110°C
for 180 min.
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Fig. 5. The effects of agar hydrolysate fractions (Fig. 4) on
the cell proliferation and/or survival of U937 monocytic cell
line. The number of cell was estimated using WST-1 assay Kkit.

AHS 33 A} lactateE 3l 223 XX citrate

2 A3 &G FA 23S Heh AT (Fig. 5).

o ok
i =

=9 ZF A4S A7 A4y, 100°C
ol el =AM 7R E AR B. cereus®t B. sub-
tilisl 733 Fa 24 et =t 53], malate 7HEE
I EAM G0 =& AR e, i gRoA=
E. colidl q3lME &4 g 5345 e A, oFsHA|
9 S, aureus®] A= F7EAS JE A Citrateo}
malate2 7FFEalE Al S o)A 55~80%2] tyrosinase A
£ Adlste A2 vegoy AR H o Fdo] vt
SH bR EY vy AT F4 Ade 2% B
o] lactate, citrate & malateZ 7}FEE Al FNA B. in-
fantis 7ol Wl FAEFHIL A=A A Tt E
M= ACE Adliseol &l=A g, FdHEndA
5 A9 vEhA kgt 8, A EF2 JAT2 0.5%°
citrate9} lactate® 110°Coll A 18083t 7Rl E ol A&
oA A3t Edo] gRlEoem, o]E AEE HA|ste] Ao
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A 54 AR LYANE 33 AE 34 A5l Fal
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