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Production of reducing sugar and evaluation of antioxidant activities

from Enteromorpha intestinalis
Dong-Hyun Kim

Department of Biotechnology, The Graduate School,
Pukyong National University

Abstract

In chapter 1, to evaluate the efficacy of marine macro-algae Enteromorpha
intestinalis as a potential bioenergy resource, the effects of reaction conditions
(solid-to-liquid ratio, reaction temperature, and reaction time) on sugars
produced by a combined process of hydrothermal and enzymatic hydrolysis
were investigated. As a result of the hydrothermal hydrolysis, a 7.3 g/L (8%
yield) total @reducing sugar was obtained under conditions including
solid-to-liquid ratio of 1:10, reaction temperature of 170°C, and reaction time
of 60 min. By subsequent (post-hydrothermal) enzymatic hydrolysis of
samples treated at 170°C. for 30 min, a 20.1 g/L (22% yield) was achieved.

In chapter 2, to “evaluate -antioxidant activities.of - E. intestinalis, three
solvents (hexane, chloroform “and methanol) were applied to obtain extracts.
The extraction yields are hexane (A) 1.11%, chloroform (B) 0.94%, and
methanol (C) 8.2%. Also, the contents of total phenolic compounds of extract
A, B, C are 403%, 815%, and 2.33%, respectively. In the results of
antioxidant activity, extract A and B present the higher DPPH activity than
that of control (BHA and ascorbic acid). The DPPH radical scavenging
activity and SOD-like activity are ordered as B>C>A. However, extract C
show high wvalue in ferric reducing antioxidant power assay. In nitrite
scavenging activity, extract A is relatively higher than others. However, the
antioxidant activities are lower than that of controls (ascorbic acid and BHA).
The antioxidant activities are presented the increasing pattern of increasing by

the increasing of extract concentration.

VI
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o AT 3 A e oAl & ¢ e AEE Y 2 H o] g 2
H AAGE AAA R AHAd Ayow dF Ha o [1-3] ol
upet wpol Qo] Ak o] g5 T =Hol H AAHer FitE

ol FEA Ak HAA AT,
adar sjz=F BGAH) Al 7HA Az E25 du [4-6]. 53], s Hl

oot A AskHoln AAHOR AL H AUNOE B A

Attt Hpolemji= 1 o] gl

9o AR AAH FEE wa gou g AAsd M ¥
A olge AAL g AEFE £ A Adne] AL NG
A =S

Jeom, FEAA S24A nfole vy

o 2= ob4 Feed

U [1=8].- =7 &EokollA wlA

7ol Zgo Aol wrHA glom HbHO AREF
AT

g°] RiuHA

AR 5279 27 4272 279 T2 &2 39 vhg
2l skt [89]. 1% HERFE 1 A XY mannose,
xylan 522 A% cellulose ¢ carbohydrate® A% =& =& starch=

et Avh FEF, dEFY DY xRS O AEdd e
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BaEdo [9-11]. sxF T mx27d st 38 (Enteromorpha
genus)v X AET A& Folw, AT (Enteromorpha
intestinalis), 7t %el (E. prolifera), A3%# (E. linza), $29%8 (E
compressa) s °] old &3t [911], A AAFe=E e BE¥xsla glo
W, Xk efqke] mpfol F-Aekel M Aekal vk [10,11] el =
glucose, xylose, D-glucuronic acid, 28] 3 L-rhamnose 52 = T4 4%
adise] 52 oz 23Ho e Aer deAd e [10],

e voloduy} HetEa Aite] AnEA Be AN

il
-
2
o,
O
S
r
BV
=
ftl
=
o,
to
=
[>
o
.
el
4
:(.)L_‘,
il
ol
ot
0%,
(e
=
rlot
o
Ho

i

of el dew [1314], AAZ A7 HdAgol 3 AFE0]
FaEol Bu FHAd [2,356,10,15-17]. o3 thydt HHE Fol A
AAd = vrolevjzel 54, v g & W o] agd

A Ag wp o] MeE ook 3t} [512,13]. T3 AA g FAAA, 7153
+H 2= e 73] AFE<Ql 5-HMF, levulinic acid, formic
acid, furfural —22] 3L phenolic compoundss o] A= o] A¥xo A4S
Ael sh71 &= gkt [5,12,13] E AAHHES HAAY Falg setEd

S ALgEH gom, zhgalnl ckdetn, AAAelr i #4 A
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B Ao de tE AdEgde] 4L Axd s v A4 5
A A7 Q8 dF 2 F5a RS A% dEe Fa g
1A} ek mlol ezl AP g8 EZA ulolvjse] WA

i)
=

W7 2 vlae] 9] AgE = 94 Al (severity factor)E A

rlr

S w9} A7t 4w FAVEle] Hlm BA g [1819]. B AF
oo} & WS o]l gdlo] sk AU zFEol AAE(E. intestinalis)

T

o whol oA kel AREA ol § /Hede FHAl SuA stk
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2. A5 2 Hy

2.1 A3 As

Ao AFE3E 9@ (Enteromorpha intestinalis)= 20103 109 #
Ao A w58 s dxste] Aol AR sttt dxd =
A71= EHlstel EFAE ARESE] Y =7]17F 140 mesh o] &bt
wEste] Aol AlgstRon, Had Az Ad2olA By s F
Ak = 428%2 F B43lE, 316%9 2w A 13%9 A, 17
AL 243%9] Z3|E o= A4 Hol AU [8]l. T4 ThRE] Wl Ab

Hn: i

mlo

£3  &A<  Viscozyme LI} Cellic® CTec2& Novozymes
A/S(Denmark)®] Al#F& AFESIGor, BE A|SES #4448 55 A
&35k T

22 HEA dFA4E

Asbr i wgel @S A fstel e e
[ex]

Al

2

8 3} th. Stainless steel reactoro] LA 3E ko] Hlo] 9w A&}
=z

ol\

T 40 mLE £33te] ¥, PID temperature controllersS % 3

i

_rE'T_
€= oil bathol A wHe &%2 130, 150, 170, 190, 210C = A A s}e]

ali

33191 31, magnetic stirringS %3] 200 rpmZ WHFS A AFATE RES
o ¢ T WhgUE FxEg o83 74 Aow ¥z A [15]

g ol ol ol FRAT BAT Ba AFE o] A}
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A4 HAAY 58 A7 A (Severity factor, SF)S Z3] H7F ¥ o
o AAATE AAY 2= At digt de=EH 13l HIAu

[18,19]. 4 A5 log(R,)= H&3F #Zol Ao sfith

t= HAAg AIZF (min), T & JAAY 2% (), 100 71+ =%,

1475 14" dois otk

2.5 449

Z A9 4o BAS 34-dinitrosalicylic acid (DNSA) HE W3 slo]

AbEstA T [22]. A3 (g AE A= 100 (L, FFF 09
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AE7E 1010914 8.26%2] o]l AAdH AT shAIRE W arein
NAE= =2 3T =7 A HAAT F A g

T8 Uetll= Aol ettt o9k M3k A3t®, Jang 5 [20]2
UAImy (Saccharina japonica)®] &A@ shdrac] gk A7l & #
Lw g oo A wE oElw9 o]f=E uto]uwjo] F(aLd
S dukdom 10% (w/v)E Age Fdom, Meinita 5 [65]&
Kappaphycus —alvarezii °] A 2 ik JheEafodA  FHA
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Fig. 1. Effect of solid-to-liquid (S/L) ratio on hydrothermal

E. intestinalis. (A) Total reducing sugar

hydrolysis of

(TRS), (B) Yield
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Fig. 3. Post-hydrothermal enzymatic hydrolysis of E. intestinalis
hydrolysate. (A) After 30 min hydrothermal pretreatment;
(B) After 60 min hydrothermal pretreatment;
EH (Enzymatic  Hydrolysis); IA after EH (Increasing
Amount after Enzymatic Hydrolysis)
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Bz fel/lZ Q@ AsH sEdssh A el DNA, w93,

%, A2 5ol maed Bk He WP A4S wal, o HAH, A
AR, A7k BGRR, BU5e 5 2ol ¥ol Hau A} (351 <
Moz AL AAAFEL Az Aol FALa AL AHEa

I th " EAZRE vitamin C, tocotrienol, flavonoid, glutathione,
carotinoid ¢ A= A5 F Aok =3 A FS FHASE oF
718t AbshikgS xdslz] 9184 dibuty-1-hydroxytoluene (BHT),
dl-a-tocopherol, - butyl -~ hydroxyanisole (BHA), calcium disodium
ethylenediamine tetraacetate (EDTA-Ca,Na), disodium ethylenediamine
tetraacetate (EDTA-Na), nordihydroguaiaretic acid (NDGA), propyl
gallate, erythorbic acid, isopropyl citrate, resin guaiac, sodium
erythorbate 53 #2 A A E AF&3sta Aot [36]. T 4t
shAl= et AAAdel sy, A b EAVE AvIdel wht
Mz kst =2 Jide] -5 vk [3,7].

Mz T mx2Fol Hote = dadel &, dAAAAcm d
dom, F= fQke] nielel FAeto] MAstal vk -

a
vt = J2ad (Enteromorpha compressa), 7FA3el (E. prolifera),
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A (E linza), A3 (E. clathrata), &A38 (E. intestinalis) 5 ©]
AMAstar Aok (68l Aol AREE A (link  confertii; E.
intestinalis) = %2 &% 23 E (Ulvales) 2323} (Ulvaceae)ol <
b JHlE= T Ul

2IotA molAY EtHetA FEaA A BES dede] ks

O

RokS »5‘}1,} G o7 ols AATVF Hol RF

et EEar dvk (910 FAves AFomAe I AT of
el &aksh, AZ A peptided] 7154, dEdwo] &4 A o

rol

&

A, angiotensin-1 A3 &2 A4 =3 2o g AR o

ATE Bt [9,11-15].
B A= g A A et FxpukE (E. intestinalis) 25-E 3714 ¢ &
n] %% (hexane, chloroform, methanol)S ¢4& %, ol FHEE

zAbele sz e e Aedd =4 RV S

3 At

oot
2
Lot
ofr
o
l

J (
ro
ol
20
=
by
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2. A5 2 UH

)

!

Aol A3 d8] (Enteromorpha intestinalis)+ 201239 A %l
oA 43ta RS Az T Biyste] Ao ALEatrh. gkl

A¥S 9ste] AF&3F butulated hydroxyanisole (BHA)®} ascorbic acid,

oX,

m {

1,1-diphenyl-2-picryhydrazyl (DPPH), chlorogenic acide Sigma-Aldrich
Co.(USA) A5, NaxCO39F DMSO+= Kanto chemical (Japan) A%<,

1 ']l Folin-Ciocalteau reagents= Wako pure chmical Co. (Japan)2]

A& AHg-sk AT

N
ofo
=2
il
i
ﬁN_',
X
o
fru
wn
o

i

=
53
_l

i

-
i
>,
ofo
_0|L
%5
.
n
QL
£
Jo
N
ofo
=2
il

AAG &, dAF=7 HEE DMSQol =9, ksl A3 2183514
b ALES FEEWE 5 4 & (dielectric constant)oll Wl §vije] FA4
o] q& & 371# 9] &w n-hexane (F4& 1.88) (A), chloroform
(4.18) (B), methanol (33) (C)S o] &3] ¢=x14 o8 FE3%h

2.3. I3 &4

R FEE2 Pl 2= =437 ?] 8k DPPH

(1,1-diphenyl-2-picryhydrazyl) radical 4A7%, 293, superoxide
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BN

dismutase (SOD) FAFEA, ol AX 2ASTE WZEZT (BHA, ascorbic

acid) ¢} v 13} o},

231 DPPH radical 5%

7t % #99 DPPH radical 2715 542 hydrazyldl &4 3t AFE)
of AAaYA7} FAYAE Wolsol= A S o] &3 dikst B4} ub

Skl AA o] AMAS 4243 E DPPHO 5A4S o] &3 =AHuy ot}

S F BAFEAZE ol48lY 517 nmollA SHEE SAHSFAL UF
T Als tAl 50 ulLe] DMSOE H7bste] Whe & de F3% s
AHE3l9 T, DPPHE #AAE o5 (electron donating ability, EDA)<
EDA (%) = (B-A)/Bx100 (A: Al5°] F3%= B g+ F3)=
AArst AT, 2+ 2 BHA, ascorbic acidE Ab&sle] aAkst 842 H]
askieh [1-3]

232 2r¢¥E(Ferric reducing antioxidant power (FRAP) assay)

¥
At w=2 343 Alg 0.2 mLel 200 mM sodium phosphate (pH

(o))

6)¢} 19% potassium ferricyanide 0.2 mLE £33t 50Tl A 20&7F
kS 3 10% trichloroacetic acid 0.2 mLE #H7F & &3%3}e] 10,000
mpml=Z 1087 YAEESETY. 05 mLeY A5 0.1% ferric
chloride 0.5 mLE €& % #33=AE o]&3ste] 700 nmolA F&F%

E A3 [1,2]. ETF2E BHAS ascorbic acidE AF&3FH
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2.3.3 Superoxide dismutase (SOD) AF&%

A& 0.2 mLel 10 mM EDTAE &3 50 mM tris-HCI buffer (pH
85) 3 mL¢ 7.2 mM pyrogallol 0.2 mLE 7}ste] 25Co A 1023t ¥H$-
st o 1 N HCI 1 mLE 7}ste] wheS AX A7l &
gto] 420 nmell X F3 =5 SAsAY. tExT+ == BHASE AHEsksld
SOD #AFEAE (%) = [1-(A3 79 F3=/Hx79 535)]x100 [1,2].

L

S8 ZARY oA RASE et 2ol Axstgdnh ot 27
500 = (Mg AT F2=- ueds FHE/Aaitie &

F51]x100 [1,2].

24. T ds=Ad SFEY F

ANE F9 F AEd FE9 2 Folin-DenisH S ME3le] 543}
Gk 1A Alm 01 mLol 28 32X %  Folin-Ciocalteau phenol
reagent 1 mLE F7lste] &% ¥ A

NaCOs; X238 1 mLE 7lsto] &3tstar Ao A 1A]3F &<QF vE§-A]

Ao e 2RZEAE oSkl 725 nmolH FFEE 5745t
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5 4 3EE FES ANHAL TFEAEE gallic acid® A

skt [1-31.
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(n-hexane, chloroform, methanol)E x4 © & Soxhlet 715 ALE
st FE3AY. FEAE 20 gol =89 350 mLE A&t A9

o

A7t gls wW7bA] 5 A w9k FESA Y (Fig. 1). =40 718 Zrst
methanol®] 7}4 B FET&S UEHUAT. 2479 5809 =
94%, I1¥] 3 methanol 8.2%°] At}

rm 0.
Aol AHER g FEES 4 S FEEdA fr18WE AAD
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flald (%)

Fig. 1. Effect of solvent on lipid extraction of E. intestinalis

using soxhlet extractor.
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32. F d=d FF=d FF

Alg 9 & dHeuA 3gE9 S He=A &5 2o phosphomolybdate

to
rU.‘.
oo
ol
2
o
&
o
T
o,
=
rlr
o
o
o
o,
o
ot

o

olin-DenisH & 33}

I} (Table. 1), 1 mg/mL 5%¢ F=& A B, C A5 9 &

H

iy
2

o
ol

Ao e ZH7F 4.03%0.05%, 8.15+0.00%, 2.33+0.09%=

ettt B 23 (chloroform) Al 8oA 7F4 w& oko] A 3 3HEo
3
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Table 1. Content of total phenolic compounds in extracts A, B

and C of E. intestinalis

Extracts Content (%)

Hexane extract (A) 4.03+£0.05

Chloroform extract (B) 8.15+£0.00

Methanol extract (C) 2.33+0.09
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3.3. &4k3 &4
33.1. DPPH radical &7+

7zt % 99 DPPH radical &7 5482 d4kst 543 w851

AA ] AL 225 DPPHS EA4S o] &3 Wior =43}

=)
o Abg3 =55 A B, C 27, 272 AF-&3F BHA, ascorbic acid
o mlulste] A4kt o] Ut AR FRVF FUMETE AAAA o
% DPPH radical &40l $7Ft= A&FS Bt 1 mg/mLolA <]
DPPH radical &A%< v¥ust A3 F=&E A, B, CildA= 47
17.2%, 14.1%, 3.8%E 4YEo] thxz+2 Al&3 ascorbic acid 62.9%,
BHA 96.1%°l Hlgte] s ghe Yetdly. F5= A= BHAC) vlst
of 55 v DPPH radical 27152 WYEHAT. 4 S[1]2 mo g
FE=9 dibst 2945 deofr”] 98t DPPH radical &2As<S 573
S A3 A5 F&=7F5 mg/mL 7HA = Ao Hls:gh e g (29%)E
Fom 50 mg/mLAlA 70.1%2 AATE ATt R o u
272 AFE3E ascorbic acid®] A2A TS 25 mg/mLolA 923%E H
astdeh gAlvl dFEFEEY AolAe 25-50 mg/mle FEE
DPPH radical 27%< Z43% 23, Az 5% Z7to el 42750
<7 1 mg/mLoA = ¢F 6%, 5 mg/mLolA = ¢F 15%, 10 mg/mL
off Ml&= ¢F 30%, 183l 50 mg/mLol A& 86.4%7F A AT Bl
A (2]

i
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EDA (%)

Concentration (mgimb)

Fig. 2. Effect of E. intestinalis extracts on the DPPH radical

scavenging activity.
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332 2¢8 (Ferric reducing antioxidant power (FRAP) assay)

Ay kst g4 AHS AAE A Aot A e,

TE, FE8v Sl et v s veERdY [12] AF

A, B, C B4 dx=+= A}&3 BHA, ascorbic
5

st SUtEeE AR R Frkete AFS R 10 mg/mLY
=2 TR E B Co AFoAE ET (ascorbic acid)ol H]3l 3=
A Yyegt. =55 A, B, C9 4594 = DPPH radical 245 23
(Fig. 2)¢t+= H=2A4 55 C7F 7H =2 S48 yediden,
o deF=EY 4FolAMe 5 mg/mL 7HA=
o skoy AyE Bl 50 mg/mLel A oF 3uje] stdHo] =
o)

_%
HAta wanEgdoy giaAlgdez vET (ascorbic acid)ol ¥}
[ o 2=
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Reducing power (G0

0D 4
= Agcorbes acd
—— BHA
T T T 1
& 2 q -] ] J

Concantratian (mgiml )

Fig. 3. Ferric reducing antioxidant power assay of E. intestinalis

extracts.
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3.3.3. Superoxide dismutase (SOD) A%

Superoxide dismutase (SOD):= Ao H3lst saES T}islsAi
(H)00) & A3 A 7= Zholtt [1]. o9 A

go Giahse 2AsA el S FEE A B CE 2% o

2
oty
Lo
rU.‘,
oo
o
=
ox
[o
il
>,

th. &5 A B, C9 Z %o+ DPPH radical 27% A% (Fig. 2)%
FALEHA FEE B, A, CY «£22 SOD #FAM&EAo] =4 ey
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B0 —8— ExractA
—— ExtactB
—— ExtactC
B i —— SHA
F 90
(]
(]
o
40/

—

0.0 ’J:I qu g;:, ﬁ.'a ‘-.El
Concentration (mgimb)

Fig. 4. Superoxide dismutase(SOD)-like activity of

E.. intestinalis extracts.
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5. Ade ALES AR T FEFE AdA HddHoR =2 ofil
Te Hou, dEE AR

#= Uetdth AR Tt SUMESsE otEAl AT R STk e
s B gk g dFEF=E0 otEAr AT A
mg/mL 7FHA = Aol FAS Holx gL HbH 5 mg/mlLel A+ 30.1%9
A2ASTE B, 22 AFE3 ascorbic acid®] A $olE 5 mg/mL
ool A= Y 100% &7 A& Biaskdt [1]. =3 HAqt 4
FEEY AFodAe otdAd AAFol bt ErE s STkt 5
mg/mLol A 47.6%, 100 mg/mLolA%E 86.2%7F A AE AT H xS
o [2].
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100

I 0.1 mg/mL
I 1 mg/mL
N 5 mg/mL
80_ -
—_
S
z
g o0 1
©
c) [—
£
>
§ w0 - -
Q
=
=
Z
20 1
0- e T

Extract A Extract B Extract C-__ Ascorbic acid

Samples

Fig. 5. Nitrite scavenging activity of E. intestinalis extracts.
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off

w ATl s Sl FA R ZAIE (E intestinalis) 258 FE3

37FA1 9] F%E (hexane, chloroform, methanol)S Aoz A<

.

ZAeEA Y. 5482 hexane (A) 1.11%, chloroform (B) 0.94%, 1]
I methanol (C) 82%°]%tt. +=& A, B, C 9 % A=A IgF=9
shake 247y 4.03%, 815%, 2.33% %, F=% B (chloroform) A&7} 7}

A we o dm4 sgEel Rl AN Fus BYL 545

=<}
7] 9]8le] DPPH radical 27%, SOD 4AFEA, 38, o} 2 2%
of tfet AeS 3 A3 DPPH radical 253 SOD FAFEA S

F== B, A CY £o2 =3t wtd 9y SAHAdM= FE5= C

% 2
st BHAO sl4E 2 @ dehifleh ARe] 5w/t 31855
Sars FAE F7hshe A4S nAh Sl ATARRTE FAv

FEwe AEFad R AYEd sdre ke S glsdn [17].
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