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Antioxidative and Antimicrobial Activities of Sargassum muticum Extracts

Ji-Young Kim, Jung-A Lee, Kil-Nam Kim, Weon-Jong Yoon, Wook Jae Lee and Soo-Yeong Park”
Jefu Biodiversity Research Instfifute, feju Hi-Tech Industry Development Institute, fefu §90-121, Korea

Abstract

The solvent extracts of Sargassum muticum, which were extracted by using several solvents with different
polarities, were prepared for use as natural preservatives. The S. muticum extract with 80% ethanol was
sequentially fractionated with n-hexane, dichloromethane, ethylacetate, and butancl. In order to effectively
screen for natural preservatives agents, we first investigated the antioxidant activities such as DPPH radical
scavenging capacity, superoxide radical scavenging capacity, and xanthine oxidase inhibitory activity of the
S. muticurn extracts. Through the screening system, we found that dichloromethane and ethylacetate {raction
had high antioxidant activity with increments of the extract concentration. The antimicrobial activities and
cell growth inhibition were investigated for each strain with the different concentrations of S. muticum extracts,
Antimicrobial activities were shown in ethanol, dichloromethane, and n-hexane fractions of 8 muticum.
However, butanol, ethylacetate and water fractions showed weak antimicrebial activity against the tested
microorganisms. Among the five fractions, dichloromethane fraction showed the highest antimicrobial activities
against microorganisms tested, such as Bacilius sublitis, Listeria monocytogenes, Staphylococcus aureus,
Escherichia coli, Saimonella Enteritidis and Pseudomonas aeruginosa. The polyphenolic compounds from
ethanol, n-hexane, dichloromethane, ethylacetate, butanol, and water fractions were 63.96 mg/g, 8.49 mg/g,
28.11 mg/g, 172.64 mg/g, 114.56 mg/g, and 34.91 mg/g, respectively. The dichloromethane fraction could be

suitable for development as a food preservative,
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U o] ¥ed HEBARE FE lysozyme, poly-
lysine, protamine, conalbumin, avidin, 714, polyphenol
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whg AGAAE 2, AFA L ester, FAE FE FE A
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Ae® A oh(ll-14).
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B AU E(Sargnssum)2 227 (Phoeophyveene), =t
B{Fumiles), AP (Sargassacene) | 3= 18 23
FEM FE 29 e gdel, ARy 281 599
off gl EE3H, 40095 S TP E v+ & EFFolch
B A AMRE AR e AN Sargassum muticum) S
St ot BApEE A5 F I o E BANEE A5 &
gl A0 BEE S(I)eE AEEAH g 7adyE

7 okd S 9A ek ol B @TolE 22RY 24

£ 2 AUFLRAVOREY T F28 2 £AY
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Hko] oElE 5 9 £A1E BHEL AzE 8% g
(EtOH) 2 284 4 n-Hexane), O E=22Mg CHgClg),
o| g oA EHl ©) E(BtOA:) 28T BEE (BuOH) S A3l

Sie] FHE o] &% £AE F2HE AT S 22
AEE AEl 8% AHER F23 F AR ‘:’*01{1
FEZAS ZY FFEY FEAEVIE 43 ZART 4
719 B2 354 vE 33 dE8E FE2E2 EL %,
e 1Wi%e] SR,
Hrrete 29 '& T AW FES Yo 22
FTUT YR OESEEMY, o gopAE o
B3 = F& B3 e w4 2 El“

2§85 AA 0.2 sim membrane fﬂter(Advantec MFS Inc.,
USA)Z Agsled 4°Cofl RABEA B Aol ALt

AFBTE W A%

B Agel AT oFE
JgET 3FH 1%

Table 1¢] bl vle} o]
+4d 35 LR F 655 HAJY

AT )%

Atestd e, WA= tryptic sovbean agar(TSA), tryptic
gsovhean broth(TSB), brain heart infusion(BHI)-2 Difeo
(UsA)Abel M FY3ted ARGStdch =3 DPPH(L1-di-
phenyl-Z-picrylhydrazyl), NBT(nitroblue tetrazolium),
Zanthine oxidase, Folin-Ciocalteu’s phenol reagent, tannic
acid, rutin § 2 ¥h¢] A|SE-2 Sigma Chemical Co.(USA)
EREH FYste AL, T2 =2 Al 97 E£E
ETAIE AMEEETL

DPPH radcal &M =5

FarEl g3 & 1,1-diphenyl-2-picrylhydrazyl(DPPH, Sig-
ma)E ©]§3te ANEY JIY 4 HE T radical scaveng-
3He BlisH-£ #4313 H19). DPPH 2F
2 mg2 gL 15 mlel =< DPPH& & A £315ct ©)
g8 12 el DMSO 625 mLE A7 &, 517 nme] st
oA 2T FHE7} 094~097] HEE Jeez 54
Bt 1057 AR gy & " &) 1 mle 22 F&
d NE 1 mgd H7FElY $23) %<9 ¥ £8" DPPH
450 Lol A2 50 ulE W] Aol 10E WAE
th7b 517 nmellAd FREE G, HEFeRs
Sigmarte] butylated hydroxy anisole(BHA),
acid, troloxE AH&-3}sich

Hanthing oxidase M| X superodde AS~MEM =5

Xanthine/xanthine oxidases £]% uric acid A4-2 250
A ZF7HE ERE6 98 FAEEL, AETLEE
allopurinol(Sigma)s AFHEH T Superoxide?] 42 ni-
troblue fetrazolium(NBT) Fg¥el &3 &33HEch
(2021). e o 2= 2t = A E(1563, 31.25, 62.5, 125,
250, 500, 1000 ug/mL)9} 0.5 mM xanthine® 1 mM EDTA
Z 200 mM phosphate buffer(pH 7.5) 100 ulel| A Z8)8H4]
I 50 mU/mL xanthine oxidaseE H7F8t o wic acide] 4
e F=EErt Superoxide AMEAHE Y wbE oo 05
mM NBTE FH718le vhgA14ch Xanthine oxidase <A

2 supernxide A~ 842 72 AAEH uric acid9} super-
oxide®] E3F=7} 509 4% W veles AERY B
(IC) E EABIHLH, & AFEE 38 wEdle 2g8 24
st WA EhE Fekwch

ing effect)E &

ascorhic

- |
g 52 379 242 paper disc YES

Table 1. List of sirains and media used for antibacterial experiments

Strains Media Temp. (*C)
Bacilius subtilis (ACTC 2213) T3A/TSE 37
(Gram posiive bacteria Listeria monoovtogenes (ACTC 19115) BHI 37
Stapfylococous aurens (ACTC 25203) TSA/TSE 37
Escherichia coll (ACTC 25922) TSA/TSE 37
(Gram negative bacteria Salmonella Typhimuarium (ACTC 14028) TSA/TSE 37
FPseudomonas deruginesa (ACTC 27853) TSA/TSE 37




BETER

AFE A TH22). ZF TFE 10 mLe] SRR FEE T
ITCoAAM 184744 33 AW WjUdty P8 AFFFE
AHEEE e, FEA AEE FHEA 2AE A Ag
T EEE 650 nmol| A optical density(O.D)F; 0.4(10° CFU/
mL)7} HA § F pour-plate W whe} iA|7F BFH
kg Aol T8 e F Ao 2uAA THEE 3
A E "rso] AMEEHATh ZHEre] AR E 100, 250, 500,
1000, 2000 ug/ml 2 2 243t AP paper dise(Whatman
No5, 8 mm)E AlE Fo 2 25 ul® HHe) F547]
T, F24WE 448 S92 AEE FHHuA ZH@e
Fol 2AAF) I FFCAA 2447 oS £ dise Fel
AAHE AAEF ) Fclear zone, mm)E] 2712 EA s 3
TEHE vz BAsgc

=Mool Erinimum
=3

FHA4 A EEE broth microdilution #2314 wa} o
£33 Zo] EFEHt g4t i“ FEE 60 nmdll A ODgE
£ 04010° CFU/mL)7t FA § F well plates] 2533,
Z ABE 0, 625 125,25 50 ug/mL FER 1018 AE
o 24217 v eFEtATh Al wiekel e 24 AEE micro-
plate reader(Bio—TEK Instrumenis Inc., USA)E 53 650
nm A FA 3T

inhibitory  conceniration,  MC)

HEAMNE FE

n &L ASANEY 4L WA 10 mld s 7
=2 650 nmel A O.DgE 0.4(10° CFU/mL)7t A &
F 449 AEE L0 ug/ml FER iﬂﬂﬂ?&ﬁ 2k
L mieroplate reader(Bin-TEK Instrimenis Inc = 57
650 nmell M S48t o g Aoz WS A& (%)E Bl
ok AFANES T AA L] 44T 2 %k =4
B

o (control—control blank) —
% inhibitory  (freatment—treatment blank)

effect (control—control hlank)

> 100}

& Z2uls gy 52

ZEHE FE 5 HEY 529 phosphomolyhdic
acid?} ¥hedte] HAS JelfE 98 E o]&3 Folin-
DenisW & o] &3t SH A H24). AEE 1 mg/ml=E
=9l e 02 mLE A3 Hew THFFE 71ebd 2
mLE TE £ 7|4 0.2 ml Folin-Clocalteu’s phenol re—
agent(Sigma)& AHr7ISl 2+ EFF F 3870 2290 U
gk 18T 2 M sodium carhonate 8¢ 0.4 mLE 7}
o ERIAL S/FE AR 4mlE BE F 22 ]4
1413t %‘i‘l “c}'] e AEdg 725 nmel A FEEE

A, EEE L tannic acid(Sigma)E ¢ &3 TH E%

zHe a} A F A5 & £99HE ¥9E g/me tannic

ARt Sargassum muticun) FEEY s @ FTEA 855

acid® LERH Rich

% T ko= ﬁ}%}:—q Tee o e T uhy
& 531 SAIETHE). &, AEE A7 L mg/mlE %9
g 0l mlE HI T FHFE 04 ml H71EE 7]
5% NaNO2E 0.03 mL A7iste] 2 TS $ 5587 2o
wr] et e 18 A 0% AICLE 0.8 mL A7ete EHE;
o Az 587 XS F 1 M NaOH €442 0.2 mL H7}
gk 1827 Aol WAl B SR/ 024 mlLE H7t
3 F = ZEE 50 nmoll M EREZ 2R YH BEE
BAL rutin(Sigmals O]%ﬁ}c’q EEZHL Ads 2
APk 225 2L BEE A58 F EdAxD I
g/mg rutin® ® ey ik

SAAz|

RE ANE 33 ol wEoT o Foion, A¥dn
= 7 930 UE BFH+EFHAST Fohe] 21752
5% <0054 $AE 4+9AE WS g

OEtEe =&= ¥ oxlEs=e 8

AuTeRA AZE Y A Z6L70 g1F 80% &R
FET F AF3d Lo FEA S AW FEEA 2FF
5 1357 g2 Lot T8 HeE F25S 7
F2 HeA 7 Fof =2l gER 2, ddelAHE
Eu FeE Fo8 AR B Fi T4 173
g, HEEEME FM 074 g, dEolAso]E FelM 013
g 2 2EE Ze4 118 ¢ 283 WA B Fo4 814
g9 EEEL 4k & ¢£AE BEHES & Table 290
LERHRlL ], FE AMGT AFeEA =S F2
BY $E&2 o 2099% )3} Sl %%%oﬂ e &
AZHE F ogeiHE 285 #&0] 070

A, FEH FHEC) DBKE 7

AT SDRE SE50| SIS
ARFLEAE UL 22E R 279 2B P
sl tie FBE Table 37 Fig 101 Yepysich

Table 2, Yield of each fractions extracted from S. muticum

Solvent Yield (%, w/w)"
EtOH extract 2185
n Hexane fraction G50
CHCly fraction 438
EtQAc fraction 0.70
BulH fraction G55
Water fraction 4543

Uviald (%) —solid extract or fraction (g)/ raw material (dry
wreight) = 100.
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Table 3. Comparison of antioxidant potential by the ethanol extract and its various fractions of 8. muticum

ICs (:g/mL)”

Treatment. DPFH radical Hanthine oxidase Supernxide radical

scavenging actvity inhibitory activity scavenging activity
20% EtOH BI5124574 > 1000 518.87+£414
n Hexane 172654512 > 1000 1 8772+1267
CHzClz 5450+174 > 1000 18614375
EtQAc 5150+3.37 > 1000 1523 +£154
BuCH 33531+474 > 1000 213511564
Water > 1000 > 1000 213.15+485
EHAY 2270 +0.61 Na NA
Asgcorbic acid 300 +3.22 A Iy
Trolox BEZ 220 2BEE0 44 18991203
Allppuringl na® 3124017 22 65 +0.35

MCeo values were calowlated from regression lines using five different concentrations in triplicate experiments.

"Butylated hydroxy anisole. ¥NA: not available method.

Yo UFFH I

Yo Superoxide rad

lg2s 25 2 a4
EHE B4 Aelessed et v f&42 % DPFH
9 free radical &M B0 F718S B o (Fig. 1-A),
E3] &£414 FEE F OoREugy A cE B
& 2] DPPH radical 44842 HETLeE A3 BHA
FTHETHE AT ICegte) ZHa 5452 ug/mLo} 51.59 ug/

DPPHS free radical AH842

mLE wehlie] Hlzd & F4tEEAEE Ehi i

Y% Xanthine ¢

Fig. 1. Dose-dependent scavenging effect on DPPH radical
scavenging capacity, xanthine oxidase inhibitory activity
and superoxide radical scavenging capacity for extracts and
each solvent fracton from S. muticum.

Data represent the mean+ 30 ¢f triplicate experiments.

(Table 3). ARFEEAN &L 25 2 #2148 25E
4 xanthine oxidase AT &84T superoxide radical a4~
3& xanthine/xanthine oxidase system<] 2]8f A5
o AWFEEAN ABE F25 2 £44 E2HEY
xanthine oxidage A 1842 TohA] A vbebA] &3k
T AE BEHE F Yol HCE EHES S FEL
ol 5 xanthine oxidasesl] ™t A &7t =4 vhe
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% oHFig. 1-B). Superoxide radical A=A 842 «etg &
E 2 a8 BHE ZE AEydM R =8z 24
¢] 271 RHLed(Fig. 1-C), 53 A delAs«lE &3
B2 A% superoxide radical 849 ICsgte] 15.23 ug/
mLE W% E2 superoxide radical 4 A 842 ehdIgich
(Table 3).

ksl B2 s BEAEQ sl R )9 BheEte
HeZ #£d7] A 382 F498Dfree radical)sl] HA}
£ Fo3le A& F9 Filatia A M =38 A
e ARR AM-HTH19.26). Xanthine oxidase(xanthine:
oxygen oxidoreductrase, EC 1, 2, 3, 4€ xanthineS 7|2 =
3 uric acid® A43HE ZA A superoxide radicald
AAEE Eiolth Xanthine oxidase’s A5t B7 o)A
xanthine dehydrogenase®HH A4 HT} Xanthine oxi-
dase® hypoxanthineS 281417 HEFHL 2 uric acid} 4+
& AEIH A fE 7|9 PRzt o] 2R
B 2A3A ®r}h Xanthine oxidases| &3] A4E 44
g7l AEe &4-8 st 2Eu o] iRl 3HatE
WA A 7F A EY 4ks-84d 7L fASk=d 2R A
2 A% ZHAe 2 jslAEd st dojubA Hy o] 4
2Ed2E HFALRE AT AHFEAY 4L JoT]
HU A EEHSS dor]ed F2F 988 T2, ot
A A7) Y AE AT F e B T 48
&9 dute] #4888 AL AlsHOh

ARt Sargassum muticun) FEEY s @ FTEA 857

ERANE HER F2BSO
AT 29 PptAR B A

=
TEY 7T Y 22

gich

AL SR &30 SFEY

ARFeEA dus &89 a8 EHELY U7
4L HWE L 2 diged] AE% FEEH 2HEY 5
7t EVEFE e ZA el 9] dgs 5
9 244 25 F 94 2 OEEEE F 5
HEF=E7t S2MEFE FE849E vede ASANE
7|7t AEEer ZA FrpEiged, 2EUHTE B
subtilisel 4, 18T L P aeruginosadl X 7H =4 &

T 0] et tHdata not shown). 4218 2 EBE F9|
A gEge] b w4 ved AgFERAN gERE
2 2HEY HaANeEE A8 A& A (broth dhution
method) 2 2 4% 9 E Table 4°] Yehiich AgF
RN gEZ2d g 2HE W A EEE B
subtifisdt P, aeruginosa®| A 6.25 ug/mlLE 7HA @2 =
A A& ASEG L™, L monoovtogenes, S. aurens
Me 125 ug/mL, S Typhirmirhone 25 tig/ml, E. eoliol A
£ 50 ug/ml §9¢ £22 et

AT RAN A8E 2250 o218 BFHEY 25

Table 4. Minimum inhibitory concentrations (MIC) of the dichloromethane fraction from 5. muticum against several bacteria

Strains Growth at various concentration (gg/ml) MIC
{ £.25 125 250 50.0 (yg/mL)
B. subtilis + 2 .25
L. monocyviogenes + +¥ 125
S aureus + * 125
E. coli + + + + 0.0
& Typhimurium + + + 50
F. aeruginesz + 625
UGrowth, *No growth. ®Uncertain in growth.
100
O 5 subtilis
oL monocitogenes
a0 b OS5 awreus
E. coli
= w B S Typhinurium
= T WP aerugincsa
S 80
=
1K)
=
=]
S a0
=
20 . e Fig. 2. Growth inhibitory rate of extracts
and each solvent fraction from S. muticum
- against several bacteria.
D L L

EtOH FHExane CHzCly EtOAL BuoH

Data represent the mean 50 of three deter—
Water minations. "p<.05, “p<b01
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Table 5. Total polyphenol and flavenoid contents in ex-

tracts and each solvent fraction from S. muticum  {mg/g)

Solvent Polyphencl Flavongid

EtOH extract BT +0.24 8474123
n Hexane fraction 71.21+153 3B E078
CH:zClz fraction 22043+263 A5 50+2 38
EtQAc fraction 34725+165 64.15+2561
BuCH fraction 14550+174 24072174
Water fractinn AL 5082 067024

Data represent the mean 5D of triplicate experiments.

£ 1000 ug/ml= 3t SA A H7IeE F n)gEo] e
AEAHEE AT Fie 2). I 2 gL F2E2

Zrzre] gEvbth 4zte) Aol REAT AvkEe 7 30%
Wl A& AN ERE ehl9la, 53] &44 fz!g
£ oM =g B3 Ec] B subtilisl sl 63.63%
7 =& AdES JeT, I g e RE P oaeru-
ginosal A 4850% <48 ASAHES e T

% Zolulls 3 ECEoo|E g

A2 Gy BEEXH gle #HE4 222 phenolic
hydroxyl 18 W %o @izl e G40 7| AR
ASH R A, Fargad, 27 FEol&Te Y

S FHAch =3 vl da FEte 4 oA E A
g3t AAANE FLALLEH gTER T f@ﬂ
24 71%S 7HATH29,30). wEkd ARFEEAE og
FE2EH 218 Y5 £ =g EH EE}EJ—
olze] F¥E A vl tHTable 5). %ﬂ?*az}ﬂ
AgE FE2 59 218 BHEE & ZeuE §92 A2
£ FEEM 6979 mele, Aol T1.21 me/e, E}*ﬂii
Hgkell M 22943 mgle, AGelAH I EAA 347.29 me/g,
FEEolM 1455 mg/e T8I F&H EFHEM 405
mg/e® ol HE BEE>OZEZNY EFE>F
BHE FHE>H BFHE>RE FEE>FEY EEHE
+0 2 e 53 F iﬂﬁﬂ*ﬂ ko] 7 A e
@ oEolAE o E REHEL g 2B vls] o byl
7V 7 EE ARE Rch £ AuTFERA o
F2E0 £218 FE5Y £ EgRko= e oEE
22500 847 mg/e, Hatel M 3801 mg/e, JEREM T
oAl A 4859 mg/e, AEolAH o] Ecl M 6419 me/y, FEE
N A 2407 mgfg 2E W $8&4 BEEA 067 me/ee]
om, 3 F EN k0] = W] 7B A e SE
clHHCIE BEHEL odRE 5850 Bl o 764 7
Z7HEE A ey, JEREWE FEE =5 od
clHH ¢ E BEHED £ FFE Bo FUG AT
BN A gE 227 A ZEHEAMY £ E9E =
= TH FHE A€ HCE REE>OEREHHY 2
HE>H4 BEHE>RE®E BHE>HE FE2E>FEA
FHE ol

|';|o

off

4F o5 A« dp g

= Fedew FoR =0 = I Aol nhE 3itbE
L g Egdve] FEBAE YHEE, Ao e & 9
HE o] 24 Lehd dgolAHe|EL HER 2T
BFHEM g2y HE Fx B2 el 371A s
T A4 dY Zoe BEe] TabERse] =4 UEd AL
2 Hol f44E e F 3l%len, olgy FE2E H 4
A FEHEC THE T e dTEEs Tl nebs At
249 Aozt 2 A vehgg Z2e0E £ 3ok ey
FoEEL & EedE §F b F S =c| =] B
o] ¥4 Yeld EZ MY 250 ohE FEEH 73

ESMET $93 FTTHE BYL 2N FAHyPERA]
el 4 2] ﬂﬁ%f%ﬂ Togte ARE dAs548EE e
M ETEo]= i) FH FolT AR O ek
T oS AEEALE FE OERd 43 a2 B3
WEA Yo AUFEEAVY BHARE 2RF0 R
vl ZEHE 2 ES o2 22 Fo FH FHtE B
ZE2)E U8 F carotenoid A2 F chlorophyll A &) F3
Aolgt o Hch

(Smgassm mmm)%
gt ghatalga] 2 SEEde vln

A} 3}5’&4 o ZEH 75":4"7‘&35'—1}“]' Gﬂ £ 325 9 &3
A FHEY HusEAE MY FE7F worEsE W4k
A= vl FrtH e, &9 £AE fEEE F
HEREHEH Yol He|E E& 5 Fitatgddo]
7t A e B3 S EA4e oA E SuEE
5 Zo] gEzzng 250 ] HEA ARE 654 ©
F BEFAA 7 EE4< wd B FRIh o]
ARFEEAN AdBE FEEY £A4E BHED 3443
2 An gy 29e § eEE 2 ERtE o= BT
et oo FRAE vedled, 3E F EeHE
FHE dGelHCE 2HE-HERRMY 2EHEXR
®E EEHE>HL HE}%)IOﬂE}% FEE>7EY 2E=
TOR, F THHR0)E FHE oA ECIE E2FE>
Hes i“ﬂEJr B EHE>H —E-*Q%VE'E&% BEHE>EE
A BHE o2 ek
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