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This study was performed to investigate the inhibitory activity of Sargassum thunbergii (ST) against a-amylase
and elucidate the availability of ST extract as a functional food agent. To test the inhibitory activity of
ST against a-amylase, porcine pancreatic a-amylase and potato starch were used as substrates. It was
revealed that ST crude ethanol extracts have high a-amylase inhibitory activity. Subsequently, ST crude
ethanol extract was separated into five partition layers by solvent extraction: n-hexane, chloroform, ethyl
acetate, butanol, and water. Chloroform and n-hexane fractions showed higher inhibitory activities than
did acarbose (positive control). To confirm the changes in enzyme inhibitory activity by physical treatments,
ST crude ethanol extract was subjected to heat, pH, and vy-irradiation treatments. In all heat treatments
with the exception of one (121°C, 15 min), the inhibitory activity was increased compared with the untreated
group. With regard to pH stability, ST extract showed no significant changes at pH 4-6, but somewhat
decreased inhibitory activity was revealed at pH 2, 8, and 10. On the other hand, ST ethanol extract was
stable under vy-irradiation under all conditions (3-20 kGy). In summary, ST ethanol extract can be used

in the food industry as a natural a-amylase inhibitor.
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0] 715 3}t} (Puls and Neup, 1973). a-Amylase:= TH=3}=
a-D-(1,4)-glucan 23S E3flste B4R 2F9] BrsES
a-amylase®l] °J3 3| =o] Aol FFE7] A2 FHEo
Fo HE AHAAE A% gAY 2 UR Yo o] gH
t}h o]& F3] a-amylase?} £ HEE3] a49 AR
AL o3l & 4 At} (Kim et al., 2010). 23 TF
L EAES] FUYNES o FA% AT o]o] e
F Tz, ¥IRF 9 2H5Z (acidosis) 59
A& 723514 ®t} (Gao and Kawabata, 2005; Ha et al.,
1985; Kim, 1997). whebA] o]k Aw o] o dba} 222 95
2o AR a4l 848 248 et vk
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53], a-amylase A3 Al= G, MRt B 4SS 5] ot
A8 AZA AGA oJo)7t F aiA ATt (Baht et al.,
2008; McLaughlin et al., 2009). @A a-amylase #| 3l A 24
oJekE o 2 A5l acarbose= WA Actinoplanes sp.2]
dhgo o3 AtE = Aoz #HA3 AU q-amylase}
2~79] brush border®l]l EA 3} a-glucosidase?] &S A3
sto] BstE Ast 2 F55 A AAIZ1Y (Mahmud et al.,
1999; Choi et al., 2008a). 22|} acarbosei= H o G50l %
Bt BEARg, B9, AAF 59 kgl Qe Ao
SHAHA Ao Qo] EAI7F H 1 AT} (Kageyama et
al.,, 1997). WA F Zell= 2 o|7} 7hsshy Rabgo] A2
AA AEAZEE g-amylase AANAE MNLst7] A A
7} &3] o] Foj X3 Ut} a-Amylase A 3= 2 Chrzaszcz
and Janicki (1933)°] 9]} SO0 % HIE oY & W A&
Aol HrEo e Aow dyH e, 53] FFH(Mulimani
and Rudrappa, 1994)2} 2 (Granum, 1978)°A & A7}
FaEo] gheh. 2Eal HZole AU (Lim et al., 2005),
A B L (Lee et al., 2008), A2 2] L5 (Choi et al., 2008b)
9 =3} (Hara and Honda, 1990) 52| 21 &2 A kA ol
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AoRA] Fo §FAEA FEg 2o FE ol FiL e
WA, e FA Eoll theh E A BAl AT FdA =l vl
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al., 2009b) 2 3¢+ (Ryu et al., 1989)5<] A& o3t
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I FAAxs E3)7]E (Deasung atron, Seoul,
g $-20ColA Bakataa] Aol A&t

A 5o] el 109F9] o 8HE e S Tlsto] A=ofA
shaker (Dongwon Science Co., Busan, Korea)= 24X+ &3t
%, 3000 rppmell A 1043 94 &2] (UNION 32R, Hanil Co.,
Incheon, Korea)3}31th. % f‘-li% Z3ka ZA}ol| A 108 SF
o &l E 7hated 23] WHE FEEQUTh AT AS A
(Advantec 5A, Toyo roshi kaisha, Tokyo, Japan)@ ©]3}3}o]
37°Cll A rotary evaporator (RE200, Yamato Co., Tokyo, Japan)
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g &, 59| n-hexaneS
o} shaker (Dongwon Science Co., Busan, Korea)o| 4] 2l
o} o] & FAAA FsAE HAsta, A, A w5 azEzoo
Yamato Co., Tokyo, Japan)3}t®] n-hexanes = A AT} Al S 3]
A e W o R =35 chloroform, ethyl acetate, butanol =
Fato] 247 HEES don, HEH
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T (%) = S E X FTH s F2E X TF
(2)x100

2 Folin-Denis®H (Swain and Hillis, 1959)
M ste] S48 & A& 0.5 mL3I} Folin-ciocalteu’s
4 0.5 mLE E@3ste] A2 323 BAAIZ T o 7]
T B ER 238 1 mLE HUlehal 2R hed
Mol 10 mLo] HA AL Ao A 1A7F #H2 A7)
3, UV/visible spectrophotometer = 765 nmol| A &
ST T EAR gallic acidS AHE-8le] A4S

ol A&l F = TSk

a—Amylase A3 =3

Porcine pancreatic amylase (EC 3.2.1.1, type VI, Sigma, MO,
USA)ell gt #3822 potato starch (typelV, Sigma, MO,
USA)E 712 & 3] Ali 5 (Ali et al, 2006)2] WS W33}
o F43%lth T=EE fﬂﬁf& A& 40 uLe} 16 unit/mL ]
a-amylase 200 ULE E3&Halo] 257C ol A 5E7F vh3-A] 7 &
0.5% starch 400 LILE &383}o] thA] 38-7F w331t} o]
HE-S-o-& 200 pL F 3] 96 mM DNS (3, 5-dinitrosalicylic
acid, potassuim sodium tartrate in 2 M NaOH) 22 A] ¢F 100
pLeb E3A17L 3 85°Coll A 1583 WS AIFATE 255 900
WLE F7bste] g4 WS SAA71AL 540 nm°ﬂ*1 =
& SAY e ABAZ ARG AL

S+ a-amylase
inhibitor¢1 acarbose (Sigma, MO, USA)E positive control=

ARl on ARl FeE FEEY AXxTHFS VTR

3ke] WERY AT
ANE (%) = 100-[(AEE H7M FFE/AEE HIHHA
22 F4E)x100]

Sargassum thunbergii ethanol extract

<« Water and n - hexane

Aqueous layer

Aqueous layer
- EtOAc

CHCI; fraction

Aqueous layer

EtOAc fraction «— Butanol

Butanol fraction

Water fraction

Fig. 1. The procedure to obtain the solvent fraction from
ethanol extracts of Sargassum thunbergii.
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e Jdee FEE2 a—Amylase A3 54
<4 % pH A

=
AdAYE FEEY FEE 5 mgmLE 3] 60ColA 10,
30 2 60%, 80CSH 100°CoAl A 242 10 2 208, 121ClA
153 A3t ol & FW¥AIZ F AEFe A3l pH
AgE FE5EY $¥5EE 10 mgmLE 3t 1 N NaOH$} 1
N HCIS 7}5}o] pH 2, 4, 6, 8 2 1002 =] g]ala 2447k
Ao A AAZ] F Ef o] pHE F3AAH ©]F 5 mgmL
FER 3|A ] AFe A&t

Frabd AL

S AAEATY AR AT Ao e ek A}
A4 (Point source AECL, IR-79, MDS Nordion International
Co., Ltd., Ottawa, ON. Canada)2- ©]-8-3}o] ¢ 109+ Ci, Co-60
S ARA N 4 AFE e FEEC 77
3,7 2 20 kGy2] F F5AHS R
ZALE AR 4ColA Bashds Ao AFE-3h

EAA

AgAre] gt FAAE = SAS program(Statistical
analytical system V8.2, SAS Institute Inc., Cary, NC, USA)%
ol gato] BAREAS Sjen] 2A} FRE 7] f9)4 PA

L p<0.05 =) A Duncan® thEAAH o2 AAEA T}

a3 5 g

==
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FEuols A7 2450 F29Y, dgs FEede
2 BAY ARe 54 ol BF FZHT (Kim

o] oyt
ole g A WA e FEE] B 2FE nr)

Table 1. a-Amylase inhibitory activity and of ethanol and
water extracts Sargassum thunbergii
(Inhibition rate:%)

Concentration (mg/mL) ICs0”
5 2.5 1 (mg/mL)
Ethanol 69.29"+0.70°® 58.81+3.64° 34.95+2.63" 2.22+0.17
Water A - - -
Acarbose  77.02+1.23°  75.12+2.19° 59.15+1.98° 0.88+0.06

" Inhibition rate on a-amylase activity.

* Different letters indicate significant differences determined
by Duncan’s multiple range test (P<0.05).

? ICso value is the concentraion of sample required for 50%
inhibition.

Y Less than 5% of inhibition rate.
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=2 a-amylase A4S Bl Lim 5 (2005)9] A<}
FrAEE Ak 2 Aol Yebhd A Fo] dde FEE
9] a-amylase A3/ C] ICsy #t- 2.22 mg/mL=E positive
controlZ AF8-3t acarbose (0.88 mg/mL)°ll ]3] 2.58] H=
=& otk 18y Lim 5 (2005)0] Bardh AU of g
& FEE9 a-amylase A 1Cs0%ke] acarboseo] <F
2449131, Choi & (2008b)°] Halgh Ao gy v ehE
FE==9] a-amylase #3273 9] ICsgke] oF 3.72 vl Ae}
Hl & o o]5 Huh a4 dE & 5 AT AF7HA
AR FHx=F T2 a-amylase A3 EZo= WZHEEH
A A% diphlorethohydroxycarmalol (Heo et al., 2009), 7 E| =
¥ #2 % phloroglucinal %] (Lee et al., 2009a), &3]
22l polyphenols (Iwai, 2008) 52| #H&4 E4o] s
ATk Bitou T (1999)& sixFrell Solde oleldh =3kt
o] At AN FAARI AeA FSAES T

MR o) o
rol

a-amylase A3l HoIdte] =L 3 AL Ve Aoz
Attt

Table 2. Effect of heat on a-amylase inhibitory activity of
ethanol extract from Sargassum thunbergii

Temperature Time Inhibition rate
() (min) (%)
60 10 76.46+0.93%"
30 75.97+0.09%
60 75.98+0.16™
80 10 78.42+2.51°
20 78.10+1.25%
100 10 76.62+1.71%
20 73.4620.72°
121 15 61.32+0.61°
Control 66.31+0.82°

" Different letters indicate significant differences determined
by Duncan’s multiple range test (P<0.05).

g Aol 23 a—amylase A& W3}

=2 aamylase A3NEAGE B A Fo] e FE259
A AdS SAs] S8, 60TlA 103, 305 2 603, 80T
9} 100°C oA ZHzE 10% 2 20%, 121ColA 1583 I A8}
3 FYs ¥, a-amylase A3 EAHS 543U (Table 2).
I A 121C, 158 A a7F FA e el e fojAow
S ALEE Btk 18y 121, 158 ATE A9
BEE A9 aamylase Al &Ado] FA Tl vl3)] F<
Ao F7Fekaitt 100CoAlA @48 ¥ a-amylase A 3l &
A4S 4% o8 Jd7ES B, Lim 5 (2005)0] ®.13k
WA FEE9 q-amylase A2 I <oHA
3F% 21}, Mulimani and Rudrappa (1994)7} R 13+ Holg]
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T A 27] Aol vl 37% FHAag @S Ho & AT Table 4. Effect of v-irradiation on a-amylase inhibitory
o} o2 A7= YeRTE Choi 5 (2006b)l] whEw 2] &) activity of ethanol extract from Sargassum thunbergii
2 d48s9S u Ads e Zas AR SEdoz - Dose é)f irradiation7(kGy) 5
=] 3} gl o] =78kt FAS A A A d=
N E‘L_O}:*E}_ whebd ARl Inhibiton rate; | g6, > 61 71 4811.65° 70.2442.27° 69.91:0.32°
e AFel FEE B4 Tk FHPY dAesgEe (%)

< = = = " Different letters indicate significant differences determined
7kl 71R1% Ao Al Hth kA Aol olehE F5 bv Duncan’s multinle range test (P<0.05)
e ol oa) el Fbeky] wFel nAHE s Y ple Tne o
NEol® mnHow o8 & e AR AR

Table 3. Effect of pH on a-amylase inhibitory activity of
ethanol extract from Sargassum thunbergii

pH Inhibition rate (%)
2 38.27+0.19°"
71.4141.38°
70.36+1.06°
8 54.48+0.85°
10 38.14+0.39°

Control (4.8) 70.7611.36°

" Different letters indicate significant differences determined
by Duncan’s multiple range test (P<0.05).

pH A2l 2|3k a—amylase #3|&A W3}

pH W37} 2| Fo] o gt FEE9] q-amylase A3/l
n)x)= 93-S grelatgith. 1 A} (Table 3), pH 49} 6014+
FAE T YA Aol E HolR gk M Addd S
HSOoU pH 2, 8 H 1094= frojAo® v S48 ngich
53] pH 109] 7] dFelA 7 Ee 245 e
t}. o] & F3l A|Fo] dekE FEE9] aamylase A3l &40l
Aabdat dzeldoll A QA g o2 e o] W 9
Aol A (Lee et al, 2010) A ZF©] AE-E FE5ES] F H=3}
& el pH 2, 8, B 10014 4TS Baskglt) ol &
o 5= o] A+ a-amlyase A3

7

%3 AFo] ke FE gl 9
B2 el dEagEe] et 9] 2ol
shalwe] Bye] st o AR EF Le B

(2009b)0] A|Fo] FEE2| pH Aol o3 e A3}
S Yol Aol A pH 2-109] MY E A Al pH 2-89] ¥4
olME A E GA4E B O pH 10014 Tha EAdo] A
stS Bl b, WU 2559 camylase A3
AJo] Akl o ¢rgdHS B9l Lim 5(2005)9] -9h=
U2 Aee 1) old AYER w|Fo] pH Aol up2
A g o] atol= B9 F, pH A WY, A&
5ol w8 A4S Holv o= ALY Iy

22 27194 a-amylase A3 o] FAhshe AL
A Fo] FEES a-amylase A3l 7|54 AF AAZ ALE
st dlE EAVE HA @S o2 AlgE

ZapA ZARe 93k qa—amylase A3 A3}

A o] ek FEE 3,7 H 20 kGy AFo = 7vpA
ZAFE A A)EHY] q-amylase A 3|24 o] WslE Lol ofth

1 A3} (Table 4), vk =AM A Fo] olEhs FEE9]
a-amylase A3 2 o] W ZALTe} £ Q1 2Fe] 7} Gl A
o2 Yelsth ol & F3l A Fo] oEE FEE2 a-amylase
Al gAS YehlE 28 320 kGy2l 7k 2A}d] m)$-
A =AY sow AtgEh FArbd A
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Ao B, AEe ohdAd B wEA Y Sol azf
Qe Aow WuH T Qu} Bk olg} 2 Ad Make] WAl
A 2AE B, 38 2 A5 EA 9ES a4 FX
oA AF Fo F3st vAES AFEAAIA 2F9] 7HF
Aol M= o] 87t Ak s i At} (Yook et al., 1998;
Kim et al, 2006). WEFA] 2 Ao x] x| Zo] o EFe F3E-0]
b ARl b ES dlEtl o g Aubd FALE AX
AH A F T A Fo] e FEES 83 5 S
o2 Alg )

I

oY ol
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Table 5. The yields of solvent fraction from Sargassum
thunbergii ethanol extract

Solvents Yields (%)
n-Hexane 9.07
Chloroform 23.27
Ethyl acetate 3.10
Butanol 2.96
Water 20.12

Table 6. a-Amylase inhibitory activity of solvent fraction
from Sargassum thunbergii ethanol extract
(Inhibition rate:%)

Concentration (mg/mL) ICso"

mg/mL
5" 25 1 05 04 (me/mb)

8357 74.60 67.96 63.84 11.78 0.39

n-Hexane 302 1063 2023 203 +024 +0.02
89.01 87.03 83.18 73.56 2379 0.34

Chloroform  $3'51  £117  +0.69 032 236 +0.00
88.28 88.01 7059 56.12 1244 045

Ethyl acetate ;514 +0.89 +1.14 +128 +1.69 +0.01
8505 8270 7275 5415 1441 046

Butanol ;5’78 1221 123 1098 +1.82 +0.01
Water 18‘21% 2 - - - =
69.29 58.81 34.95 20.12 2.30

Ethanol 1570 +3.64 263 103 =~ 017
73.87 7488 57.01 3848 12.85 0.88

Acarbose 4592 378 +3.70 036 +123 +0.06

Y ICso value is the concentraion of sample required for 50%
inhibition.

? Less than 5% of inhibition rate.

? Not done.
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chloroform 39| 2327%9] 3t 1o 7H &
YEF 1 2.7, water n-hexane, ethyl acetate, butanol
FE FES B (Table 5). AFo] &vjd &
-amylase A3 EHS 5,25, 1, 05 2 0.1 mgmL 5=
At} L A3} (Table 6), water &S A3 2 &
A gtE 2FEEol Y3 %2 a-amylase A3NZE .
53], n-hexane¥} chloroform & & 2] ICsake] Z+2+ 0.39<}
0.34 mg/mL2] 7S ¥ 0.88 mgmLe] #S LEF positive
control?! acarbose HUFE W& ICs50atS UERH O] Hold «
-amylase A3 &3S 7 AL AT 5= YT} ol
A= e E 8=l A a-amylaseo] 2 AHES WS
ethyl acetate =2 &9 1Csak¢] 345 pg/mLe] FH& HQ Lee
5 (20092)2] AFe} fFAFSFSITE S Choi 5 (20082)2] W a8 %
=9 a-amylase A3 &4d 0] n-hexaned} dichloromethane
SlEo| A HErS 2FZF H|3] =& TS B
A5} §ALE AShE eIk A0l FHE9] q-amylase
Z 3| &A] o] n-hexane¥} chloroformol 4] & A4S Hol:=
AOFE nFojHol AFold Fod= HFA EAo] a
-amylase A3lol A5 7HA = AL 2 Al kA 5
n-hexane¥} chloroform & E-of o3l a-amylase A& EH2e
=2 2 AGA gigk AU ash Ao fobEn) Egh
A ¥ a-amylase A3 22 9] inhibition types ¥3|= 2 ¥
= FrhEolof @ Jew Ardn.
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