a3

+ B AV

PR EAE pE SR

A i pE 26 LB R

fIF

]

FS

2006



e TEETREM mYoe=z RiHd

o
=

20065 8A H

FEMRKEBR ERKEPE
EwmEFRTEMN RMTERELK
*x W W

=

KW TEMHELEN s RS

20064 8H H

vl
Wil
R
iy,
&

vl
Wil
>
¥
puid




i

i1

U I I AT Y ettt e et e e e e e

A MR A U [ NG & e o)

2
il a4

i AR

"

3
A
e

8!
ol

—

<

4
TR

~
<

—

o

. 10
. 10

. 10
10
12

s
ol
!

2) CATDONYATASES oottt ettt ettt et e eeenees

12
12
15

. 16
16
16

s
=)
B

—

W

1) Enzymatic eXTTaCtiOn ......cocoeeeieveeeeeeeeeeeeeeeeeeee e

2) MethanoliC @XITACTION uvovieeeeeeeeeeeeeee e eeeenes

wH

W
J_,mo
A
J»NO
W
o

~

;OO

1) DPPH radical SCAVENging ASSAY .ceeeveeeeeeeeereeeeeeeeeeeereeeeeeeseeenens

2) Superoxide anion(O2 ) SCAVENZING ASSAY cevrverrrerreeereeeeeereeeann.



3) Hydrogen peroxide(H>02) scavenging assay .....cocceeeeeeenn. 16

4) Hydroxyl radical (HO')scavenging assSay ...cccoceececeeeeeeveeeeveeeenen. 17
4, NItrite SCAVENGING ASSAY ooveeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeseeee s 17
5. Total PhenoliC CONtENt ASSAY ..eooveioeeeeeeeeeeeeeeeee et 18
IV A TE Bl GLZE s 19
1. DPPH¥ Ol 93k 528719 27 AT oo 19
2. Superoxide radical 271 ZA e 22
3. Hydrogen peroxide 227 A e, 25
4. Hydroxyl radical®] 22 ZA e, 28
5. Nitrite AT o 31
6. Total Phenglic g ol et gt~y - B0 (- 4 A - c-eeoeeeesesereeosseasaenens 34
IV, B0k b 37



Antioxidant and Nitrite—Scavenging
Activities of Enzymatic Extracts from

Opuntia ficus—indica Fruit

Jeong—Sook Boo

Department of Industrial Life Science and
Technology Graduate School of Industry
Cheju National University

Supervised by Professor Soo-Hyun Kim

Summary

The antioxidant potential of freeze dried cactus-fruit was investigated using
different reactive oxygen species (ROS) and nitric oxide (NO) assays.

The antioxidant activities of it was compared to raw fruit and analyzed. The
samples were used with 6 carbohydrase extracts and compared to 80%

methanolic extracts.



In the DPPH radical scavenging activities, enzyme extracts of freeze dried
cactus-fruit showed slightly higher activities than that of raw fruits. Further those
activities were higher than the activities showed by 80% methanolic extracts of
cactus.Those activities were almost same with tocopherol activity but lower than

that of BHT.

In superoxide radical scavenging activities, some enzymatic extracts (Ultraflo,
Thermamyl, Viscozyme and pectinex) of freeze dried powder from cactus
showed higher activites than it counterpart. AMG and Celluclast extracts of raw
fruit showedhigher activities. However, all activities were less than that of BHT
and tocopherol. Methanolic extracts of both kinds also showed higher activities

which were almost similar to BHT and tocopherol.

Enzymatic extracts of both fruit and freed dried samples showed significantly
lower activities in hydrogen peroxide scavenging, when compared with BHT
and tocopherol. There is no any significant different between methanoilc extract

and commercial antioxidant testsed.

In hydroxyl radical scavenging activity, enzymatic extracts of freeze dried
powder showed higher activities than that of raw fruit. Both kinds showed higher
activities than the activity of tocopherol but lower than that of BHT. Methanolic
extracts of powder and raw fruit showed higher activities than that of BHT and

tocopherol.
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Enzymatic extracts of raw fruit showed higher activity in NO scavenging than
that of freeze dried samples. Those activities were almost same or higher than
that of BHT and tocopherol. Some of the enzymatic extracts showed higher

activities than the activities showed by methanolic extracts.
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ME B53Ey vET e gFdoe R o] &E At (Sawaya 5, 1983). A%

of M} Hx= AMAE A AR, 2HE, A& ER
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Afre 366%% 1 T FEA Aoldwe 171%, FTE8A AHoldw=
16.6%= FAd o] ATkl 2002). <EupgAgAAAl ZE g flavonoids,
quercetin, (+)-dihydroquercetin < rat cortical Al¥2] H.0.5 F%=AA Al
BAY EAE AAAA AABAL] EIE VPG B Ho] glil(Hang
s, 2003), EdtExol=s Ay FY2HE S Wiyl vEd
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Table 1. Optimal pH and temperatures of carbohydrates in hydrolysis

process
Enzymes Sources Characteristics Optimal
pH Temp(°C)
AMG Aspergillus niger Hydrolyzes 1,4- and 1,6-linkages 45 60
in liquefied starch
Celluclast Trichoderna reesei Catalyzes the breakdown of cellulose into 45 50}
glucose, cellobiose and higher glucose
ploymer
Termamyl  Bacillus licheniformis  Hydrolyses 1,4——glucosidic linkages 6.0 60
in amylose and  amylopectin.
Ultraflo Hurricola insolens Breakdown of —glucans, pentosans 70 60
and other gums
Viscozyme  Aspergillus aculeatus — Ability to liberate bound materials 45 50}
and to degradenon—sratchpolysaccharides
Pectinex Aspergillus niger Hydrolyzes the methylesterified 30 B

galacturonic acid residues in pectins.

It has the ability to break down

plant cell walls

_11_



3) Alef

B2 ARg3F  Carbohydrases¢!  Viscozyme, Cellucast, Termarl, Ultraflo,
Pectinex, AMG+= Novo Co(Denmark) #A#<S A}E3t3ith.  Butylate
hydroxytoluene(BHT), a-tocopherol, dimethyl sulfoxide(DMSO),
1,1-diphenyl-2-picylhydrazyl(DPPH)2 DPPH radicalS =7#3l7] 98] A}
&3k AJeFo]H | nitro blue tetrazolium salt(NBT), xanthine, xantine oxidase,
thiobarbituric acid(TBA), trichloroacetic acid(TCA), Folin Ciocalteu
reagent, sodium nitroprusside, sulfanilic acidi= Sigma Co(USA) A|3o|H,
N-1-naphthylethylene diamine dihydrochlorides= Hayashi pure chemical
Industries Ltd(Japan)®] #13<, ethylinediamine tetraacetic acid(EDTA),
peroxidase, 2,3-Azino-bis(3-ethylbenzthiazolin)-6-sulfonic  acid(ABTS),

deoxyribose Fluka Co.(Switzerland) #|% & AF8-3F

1) Enzymatic extraction

1,000me  Zepz=e] AJQFLw) Als 7 5g¥ SFF 500mlE FH sl
pH(IM HCI/NaOH)& 1AAZ tg 45 05mE 7tete] &3 +
incubatorell 4] 12A17F wRbste] HEGA| AT 1 % 80TolA 1027 48

gA3 A7l & pH 7% ZA3ta o] A (Whatman No. 1)& o 3slar, F

32
% W7 5§24 Az thFig. 13 Fig. 2).

_12_



Raw fruit or powder(5g)
<—500 m¢ DW
<—0.5 m{ enzyme solution

Incubation for 12 hr

\4

Inactivate with enzyme(80C for 10 min)

Filtrate(Whatman No. 1)
Adjust pH 7
Freeze at -60C for 12 hr

v

Freeze dry

Fig. 1. Schematic diagram of enzymatic extraction from Opuntia

ficus—indica
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F 3

EIEYITLE

L J

Further brealddown of

1
& interior cotrpounds by enEyme

itrrersion of cell wall

.
extract

detistured cell wall of
cactus

—

residue

Fig. 2. Schematic diagram of the enzymatic extraction from Cactus
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2) Methanolic extraction

EFS-(1000m)S  7F3te] 25T 9  incubatorol]l Al 244]

(Whatman No.l, England)& A}-83Fo] oJyslar, oS 7etE S (vacuum

L
ki
19
31'4
o
kS

=]
N

rotary evaporator, 40C)sle] A5 2 AF-&3F tH(Fig. 3).

Dried fruit powder(10g)

and mixing fruit (10g)

<~ 80% Methanol 1,000m{

Extraction ( 25C, 24 hr)

'

Concentration (vacuum rotary evaporator, 407C)

v

Crude extract

Fig. 3. Schematic diagram of methanolic extraction from Opuntia

ficus—indica
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1) DPPH radical scavenging assay

wetelS yeldl= DPPHE 3abshA|ete] wh3-o s <bg3gk 31gEo] A
AEY e ow Wek=d, olyg v A= FAsA S

o oJ&3%tH(Brand &, 1997).

1,1-Diphenyl-2-picrilhydrazyl(DPPH) & ©] &3l Almel #fuzd AAG Y
£ Brand-Williams(1995)¢] wWHel w2} Als 1m¢¢} DPPH €< 1m¢, v}&

Algde g et WEre 1ml, HETF+E= DMSO 1net DPPH €9 1=
Yol E3%3 3 A 20 1A HEE F 517TnmolA SHEE A5

2) Superoxide anion(Q2 ~) scavenging assay

Nagai 5(2001)¢] o] wel 0.05M NaxCOs buffer(pH 10.5)°] 3mM
xanthine 20uxf¢, 3mM EDTA Nay salt 0.02m¢, 0.15% bovine serum albumin
2010, 0.75nM NBT 20u09] &8 Alm 20uE 2ol 25C 29 incubator

oA 10% ¥kg3k & 6mM<el XOD 100 uwlE #H7Fske] 25T 2] incubatorel

A 204 WESEE % 6mMe] CuCly 0.02 mE FH7Fste] 560nmeolA SFHFEE
=4 3heh

3) Hydrogen peroxide(H202) scavenging assay

SHPEA I dufe]l HoOp &7 24 542 Muller(1985)¢] Wrijol] uwhet

96 microwell plate®] sample@} blank, controlS &3t ZF &4 W sample

_16_



80uLoll phosphate buffer(0.1M, pH 5.0)2F 10mM<e] H:0: 20E E335H
37C9] incubatorell A/ 583 ¥F&3 & sampledl= 1.26mM ABTS 304,
blankell &= SHFF 30ulE H7F3 & peroxidase(lu/ml) 30u0= sample®}
blankel % 7}sle] 37C<2] incubatorell A 104 WAl & ELISA reader®
40onmell A FF =5 S35k

4) Hydroxyl radical(HO’) scavenging assay

Enfe A FEE hydroxyl radical(OH)2] AAZH SAHLS
2-deoxyribose oxidation method(Chung, 1997)% =43} t}h. Al g 3o
FeSO.7H0(10mM), EDTA(10mM) ¥ 2-deoxyribose(10mM), Al &< 0.2ml <}t
0.1IM phosphate buffer solution(pH 7.4) 1.8 ml, H.O:(10mM) 2mlE 7}35}aL
37C incubatordll A 4A17F RESAI AT HHE $ 1mlo] TCAEH(28%)S 7}
st WS FTAA7]A, 1.0% TBA &4 ImbE 7Fste] 100TCeolA 103t

ZFEAZ & 548 WZbskal 532nmell A FFEE SA AT

4. Nitrite scavenging assay

AlZ 05mlel 10mM sodium nitroprusside 2mle} pH 7.4(0.01M) phosphate
bufferE #7Fste] 25T 9] incubatordl Al 1504 Hb-g-3F & W&&E F 05mE
F 3ol 1me] sulfanilic acid(0.03% in 20% glacial acetic acid)®} &3+3 &
58-7F kS At 71 the Napthylethylenediamine dihydrochloride(0.1%)S

Il H7bshar 2o A 30 WHSAIZl & 540nmel Al 355 F43sHAt

_17_



5. Total phenolic content assay

Foiln-Ciocalteu reagent 05m(g 7}3F %

5%°] NaCO; 1mlE 7}slal ofF% #

725nmol A EFFEE =45
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Fig. 4. DPPH radical scavenging activity of enzyme extracts from freeze-dried powder

and raw fruit of Opuntia ficus-indica.
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Fig. 5. DPPH radical scavenging activity of methanolic extracts from freeze-dried

powder and raw fruit of Opuntia ficus-indica.

2. Superoxide radical %7 &4

Aol EAsteE Fakst a4 F9 sl SOD+ Az fafig g At
2 HZA7) = 9SS Sulsts 240w, SODe &) A
Z2 S A3lAl 7171 = 3Fal peroxidaselt catalaseol] 2] 3f

of e Bahstel Fa FRASL WaRAE ABALE 5, 2004). &



vl FEEo] i3k superoxide A&7 &3 Fig 6 2 73 29kl
A2FEEA superoxide radical® 274 = A AR EUAFA
A Yyelg o 1 F Visozyme F&&°] 7M4 =2 &4 (638%)S HA
i, AMG FEE°] 7 w2 #84(37.3%)S Bk AHA RS AT
£ Pectinex F=5° &40l #A(61%) YEFRLIL, Ultraflo 53 = (
54.4%, A339.3%)3 Termamyle F=& (% 52%/ A3 39.7%)¢1 7%
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A 5(2004)°] elstH 8271e] A EE extraction bufferg AF-&3ste] A&k
Ay 97 135%, AWA 17.1%, HwAF 13.2%, &% 35.6%, A7 9.0%,
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Fig. 6. Superoxide radical scavenging activity of enzyme extracts from freeze- dried

powder and raw fruit of Opuntia ficus-indica.
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Fig 7. Superoxide radical scavenging activity of methanolic extract from

freeze-dried powder and raw fruit of Opuntia ficus-indica.

3. Hydrogen peroxide &7 &4

Hydrogen peroxide 24242 SODe| 93] A H H.0-E peroxidase®l
o] &3 AaRAR dAAA HFHOR AIE JA ANAFE TEHS
A= Aot 5, 2004).
gupgtol A AFH7HER 85l ZAY Ex= AMEHI Qe
e FHEFAF ST Mol FElstAY A ATSEE AFET]E
o] Aol o, Ao r FHUler = A A Fo HAom &

%!

= dvk(o] 5, 2002).
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Fig. 8. Hydrogen peroxide scavenging activity of enzyme extracts from freeze- dried

powder and raw fruit of Opuntia ficus-indica.
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Fig 9. Hydrogen peroxide scavenging activity of methanolic extract from

freeze-dried powder and raw fruit of Opuntia ficus-indica.

4. Hydroxyl radical 271 &4

A W AT s A oAl o]8E o] superoxide anion (- O2)
radical¥} hydrogen peroxide(H-0>), hydroxyl( - OH), #] & 2] free radical¥}
2o A AbAF(reactive oxygen species, ROS)o] HAMEZ AAHTH
3l peroxynitrite(ONOO)& A A ol A nitric oxide(NO - )9} - 0,9] WES-©
2 AAEE FA @A F(reactive nitrogen species, RNS)2. 2 ROS¢9} &7
g Fo EgHEY. o] ROSS RNSE AE W o] #AAED A, &

W, 94 193 DNAS AsAA 438 fdstn Axd o 2xg
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Fig. 10. Hydroxyl radical scavenging activity of enzyme extracts from freeze- dried

powder and raw fruit of Opuntia ficus-indica.
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Fig. 11. Hydroxyl radical scavenging activity of methanolic extracts from

freeze-dried powder and raw fruit of Opuntia ficus-indica.

5. Nitrite &7 &A

=3 AEgess ol&3 AJAGFEE] obdAddAe 27 a¥e Fig 12 H
133 Zokth, Euteg Mg A9 nitrited] AA E9E EhFEEAAE E

|29 B2 ZolE HolA= AT BHA R FAo] dAnvtHow =
A yebgen, vz BHT(73.4%), Tocopherol(67.9%)2 = W] 523t &4

S B
A A 7oA Termamyl FE=(62.6%), Celluclast®%E(67.6%)<> BHT,
Tocopherol HTh =& S HYT HegE FEEoA= Z2AE7

70.3%°] 2745 Hol BHT (73.3%)% Hlseh 27835 Bl A gEs
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Fig. 12. Nitric oxide radical scavenging activity of enzyme extracts from freeze dried

powder and raw fruit of Opuntia ficus-indica.
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Fig 13. NO scavenging activity of methanolic extracts from freeze-dried powder and

raw fruit of Opuntia ficus-indica.

6. Total phenolic content

A FastA o] oS A=A v, e, 271, o, & Sl A8
T2 ZEdEFe B49 Aoz A duH(F B, 2005).

B IR table 3% ZUTh 2 AoNA ] T
B e AFd 8T HAHol7] o] 95% dEtE FEEA AR
A, EZA R AMG 3.8%, Pectinex 3.7% 2 MeOHF& =ZAIH 56%
Hop e S wgda, AIHAE F AMG 3.3%, Pectinex 3.3% % &%
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Table 3. Total phenolic content of enzymatic and methanolic extracts from Opuntia

ficus-indica

Cactus Extracts concentration  Total phenol content
(' mg/me) (%)
Control 0.035 3.5
AMG 0.038 3.8
Utraflo 0.033 3.3
Powder Termamryl 0.036 3.6
Viscozyme 0.033 3.3
Celluclast 0.034 3.4
Pectinex 0.037 3.4
Control 0.035 3.5
AMG 0.033 3.3
Utraflo 0.026 2.6
Raw fruit Termamryl 0.029 2.9
Viscozyme 0.032 3.2
Celluclast 0.028 2.8
Pectinex 0.033 3.3
MeOH Powder 0.056 56
Raw fruit 0.050 5.0
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