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Abstract

The antioxidant and digestive enzyme inhibitory effects of Eisenia bicyclis extracted by various extraction methods
(RE, reflux extraction; SE, ultrasonification extraction; AE, autoclave extraction; LE, low-temperature high-pressure
extraction) were investigated. The extraction yield (55.21%) and the laminarin (39.03%), fucoidan (24.75%), total
polyphenol (115.68 mg GAE/g) and flavonoid (36.67 mg RHE/g) contents of AE were higher than those in other
methods. The DPPH radical (86.60%, 500 mg%), ABTS radical (58.56%, 25 mg%), nitrite (86.38%, 100 mg%)
scavenging activities of the Eisenia bicyclis extracted by AE were higher than those of Eisenia bicyclis extracted
by other methods. The ABTS radical and nitrite scavenging activities were above 98% in all tested Eisenia bicyclis
extracts and these activities were dependent on its concentration. The inhibitory effects of AE against amylase
(50 mg%) and a-glucosidase (5 mg%) were 64.76% and 86.71%, respectively. The AE showed the best inhibitory
effect of Eisenia bicyclis extracts (50 mg%) against trypsin (24.37%) and a-chymotrypsin (49.05%), respectively.
These results suggest that Eisenia bicyclis extracted by AE can be used as a bioactive and functional material

in the food industry.
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<3} $Z(NXPC 4020P, KODO, Hwaseong, Korea) =g
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127 Z(autoclave extraction)< autoclave(JSAC-100,
JS Research Inc., Gongju, Korea)E ©]-8-3}c] 121 Coll A 15
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A23d A1Z (2016)

= Tty e § A2 (Centrifuge 5810R,
Eppendorf, Hamburg, Germany)3lo] 1 452l 3ull(v/v)
9] &S Hrtetd HAAES 543 ths acetone 0=
T 3] Aglgk & Ax3sle] 2 FF0|H(crude fucoidan)<
Aot 2t FEEEY = g1 9 gt ke Ee
AZAZ 1E TS 95 AEH g
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& =72 Folin-Denis H(16)l w2} A5
1 mLol| 0.2 N Folin-Ciocalteu’s phenol reagent(Sigma-
Aldrich Co., St. Louis, MO, USA) 1 mLZ 7}sfo] 2l -2of 4
3R WA B 75% NapyCO; 1 mL2 71ske] bAoA 14]
7F Bk ¥k A% F 765 nmel| 4] &34 % (Ultrospec 1000,
Pharmacia Biotech Inc., Cambridge, UK)E 5743} t}. &
ZeloE S gallic acidE ETEHE & ZFFA
ojgte] Ab=EstSiTh

Zg}H ol = ke Abdel-Hameed2] Y (17)¢) whet
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637 ¥X] 3+ U123 10% aluminium chloride 0.3 mLE 7}3}
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DPPH radical &A=

DPPH radical 4271%5-2] 2742 Blois?] W (18)2 W
&l A= 04 mLo] 04 mM DPPH(a,a-diphenyl-B
-picrylhydrazyl, Sigma-Aldrich Co.) ol &+-2 €9 0.8 mL<
A7 E3heta, 1083 WA F 525 nmell A FFEE 27
sto] Al4H2], DPPH radical scavenging ability(%)=100—
[(OD of sample/ OD of control)x100]°l 2]dle] &S 2H&
=g

ABTS radical &Hs

ABTS radical 427152 ABTS radical cation decolorization
assay(19)& °|-&3te] %3ttt 7.4 mMe| ABTS[2,2"-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt, Sigma-Aldrich Co.]2} 2.6 mM potassium persulfate S
E3tsto] A2 bAoA 24417t F2F radicals F A1
o2 A8 HAo] ABTS €942 732 nmol A F3 %7}
0.700+0.030(mean+SD)°| ¥ =% phosphate-buffered saline
(pH 7.4) 2.2 FJA3lo] A8t th FE5 50 uLoll ABTS
8 950 L2 H7lato] ghaolA 1083 wHSAIZ] & 732
mmelA FFEE S35t Al4H2], ABTS radical scavenging
ability(%)=100-[(OD of sample/ OD of control)x100]l <]}
o &5 AEsHATh
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1 mLel 1 mM sodium nitrite 1 mLZ 7}8}5 0.1 N hydrogen
chlorideE 7}8te] % H-3 & 10 mL2 it o] §4&
37CoA] 1A1ZE HF2-A1Z] & 1 mLE #3}] 2% acetic acid
4 mL9 30% acetic acidZ £33 Griess reagent(1%
sulfanilic acid : 1% naphthylamine = 1:1) 0.4 mLE 7}3}aL
AeoA] 1587 WAg £ 520 nmellA] FFE=E S35
Al4F2], nitrite scavenging ability(%)=100-[(OD of sample/
OD of control)x100]9 2|8} AF=3F3

a-Amylase X 3{&a}

a-Amylase A3 &3} Lim 59 W 21)S HE s
=735t} Al& 20 Lol 1 unit/mL porcine pancreas 7]
9] g-amylase 5 uL2} 50 mM potassium phosphate buffer(pH
6.9) 25 ILE &E3sle] 37l 2083 A A2]et 3 05%
starchE 25 pL A7}k 37°Coll A 2083t wHSA AT 1
HhS-ollo]] 48 mM 3,5-dinitrosalicylic acid(DNS) &4 A] 2F-2-
100 uL ¥31 100TColA 1023t o] THAIZ & F&
WA 71T}, o] Wkg-olof| | mL B2 7fata 2 wwHkgk
540 nmol|A] FF =S 2335190t} a-Amylase A8l E2H%)
T [1-(Cans-San)/(Cans-Babs)]¥100: Caps, HET 5255 Sam,
AR F3E; Baw, A8 F317HY] F3E st 4=
sk
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a-Glucosidase Aali&zz}

Kim 59 Wi 22)°] W} F%& 0.05 mL, 0.2 unit/mL
a-glucosidase 0.05 mL$} 200 mM potassium phosphate
buffer(pH 7.0) 005 mLE Z3ste] 37ToA 1081 HA =]
3k T2 3 mM pNPG(p-nitrophenyl a-D-glucopyranoside) 0.1

£ 78t 37CelA 1087 WH3-A1Z1 3 0.1 M sodium
carbonate 0.75 mLE ¥H-g-3 A A|A]A 405 nmol| A F3=
£ =431} a-Glucosidase A3 E3H %)+ [1-(Caps-Sass)/
(CabsBabs)]X100: Caps, HET FFE; Sans, A E THE;
Baw, A& TS F3=C o8t 426k

Trypsin ¥ a-chymotrypsin XNaljl&1}

Trypsin 2 a-chymotrypsin #3l £7}= Jang 59 Y
(23)°ll w2} 10 mM sodium acetate buffer(pH 7.5)°1 0.01%
trypsin 3! a-chymotrypsing &-3fldfo] &4 02 A&
o} Trypsin % a-chymotrypsin 429 0.015 mLel| A&
0.185 mL< &¥ate] 37ColA 1023 A A2] § 10 mM
potassium phosphate buffer(pH 7.5)°l] £33+ 3% azocasein
0.8 mL< A7ste] 37°ColA 3087 WH-3-A1Z] F 110 mM
trichloroacetic acid(TCA) 1.0 mL< 3 7}ete] Whe-& A Al
ZiTh Aol A 1583t vhgdl5 A R|ste] e A S A
A17]13 10,000xgellA] 2087F YA E2](Wisespin CF-10,
Daihan Scientific Co., Wonju, Korea)3t 5 359 1.2 mLel|
1 N NaOH 14 mL& &3l 440 nmel|A] FH=E S35}
ATk Trypsin 2 a-chymotrypsin A 3 £32H( %)= [1-(Caps-
Sae)/(Cas-Bar)]¥100: Cars, T FFE; Saws, A1 F 8
5 Baws, AlE FHIFTY FFEC oot AHESHA

SAEN

A dzte] fo)4d 352 SPSS(Statistical Package for
Social Sciences, version 19.0, IBM SPSS Inc., Chicago, IL,
USA) software packageE ©|-8-3to] £AHEA(ANOVA)=
st om 7+ A2l 47t 2142 Duncan’s multiple range
testol] 9ot S

& $g, 2lojyzl, $30/g, E2jEHE ¥ S8t o=
E,cl>l:

Table 1914 H= vie} Zo] 2305 @23 g
GFFEE 7, v, Fiold, FelvE 9 &
Hicol= 2 FEUd] whet £o A<l 2fo] & Ve
ATHp<0.05). FFYAFZERE), 25IHFZE(SE), 1L
LT EEAE), A2 FEFELDS &% T2 4
& 92 AE RE, SE, LE 2.2 E9th 173 w2715

o

Table 1. Comparison of yield and, laminarin, fucoidan, total polyphenol and flavonoid contents of Eisenia bicyclis extracted by different

extraction methods

Method” Yield (%) Laminarin (%) Fucoidan (%) (Iﬁglygg%ilg) (mgal{‘l’;‘g%?}g)
RE 51.61£0.26 36.95+0.73° 22.50+0.69° 109.073.67° 34.47+0.54°
SE 38.9740.28° 28.08+1.09° 21.25+0.59° 94.70+1.98° 32.79+0.88°
AE 5521£027° 39.03+0.53° 24.75+0.44° 115.68+3.72° 36674175
LE 19.2240.22° 17.75:0.40" 1792055 80.19+2.13" 31.15£1.50°

1

)

)
'GAE, gallic acid equivalents.
'RHE, rutin hydrate equivalents.

& W

)

RE, reflex extraction, SE, ultrasonification extraction; AE, autoclave extraction; LE, low-temperature high-pressure extraction.

Means with different superscripts within a column indicate significant differences (p<0.05).
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7V %423+ DPPH radical 227152 YERAILE e
&2 ABTS radical &7 5 (Fig. 2)—1: DPPH radical /\ﬂﬂﬂr
LA RE A Eoﬂ’ﬁ Tk oEA 0w F76laL 50
mg% FE=NA B 98% o3 w& DS Uil
™, AE, RE, SE, LE 2.2 =9t} gHilsl B4 Alds
Agh T A3, W T A ded A
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oxygen species) s A4dte] 7A7}E FAS RS molr)
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Fig. 1. Comparison of DPPH radical scavenging activities of Eisenia
bicyclis extracted using different extraction methods.

RE, reflex extraction; SE, ultrasonification extraction; AE, autoclave extraction; LE,
low-temperature high-pressure extraction.
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Fig. 2. Comparison of ABTS radical scavenging activities of
Eisenia bicyclis extracted using different extraction methods.

RE, reflex extraction; SE, ultrasonification extraction, AE, autoclave extraction; LE,
low-temperature high-pressure extraction.
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Fig. 3. Comparison of nitrite radical scavenging activities of Eisemia
bicyclis extracted using different extraction methods.

RE, reflex extraction; SE, ultrasonification extraction, AE, autoclave extraction; LE,
low-temperature high-pressure extraction.
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Fig. 4. Comparison of a-amylase and a-glucosidase inhibition effects
of Eisenia bicyclis extracted using different extraction methods.

RE, reflex extraction; SE, ultrasonification extraction; AE, autoclave extraction; LE,
low-temperature high-pressure extraction.
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A9l chymotrypsinogen®] FE] 2 A7gol] EH] ] 11, trypsin
o]} chymotrypsin AHA| ol ©]3te] &/ sls]o] Tl S 7
algtck31). 3 FE22] dd Bl 4 F  trypsin
A8 Adb(Fig. 5)€ 50 mg% FECIA AE(24.37%),
RE(22.76%), SE(19.97%), LE(15.95%)% 2. & JEbston
a-chymotrypsin A3}l £ 3}+= 50 mg% &=olA AE49.05%),
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Fig. 5. Comparison of trypsin and a-chymotrypsin inhibition effects
of Eisenia bicyclis extracted using different extraction methods.

RE, reflex extraction; SE, ultrasonification extraction; AE, autoclave extraction; LE,
low-temperature high-pressure extraction.
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36.67 mg RHE/gS YERNSItL. DPPH radical 2275 =&
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a-glucosidase A3 E2+= 5 mg% FE=olA AE(86.71%),
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