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Antioxidative and Nitrite-Scavenging Abilities of
Saururus chinensis (Lour.) bail, Pine Needles

and Houttuynia cordata thunb

Sung-Goo Kim

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

Antioxidative and nitrite-scavenging abilities, and inhibitory
ability on nitrosoproline formation of methanol extracts of
Saururus chinensis (Lour.) bai, pine needles and Houttuynia
cordata  thunb  were  evaluated by using  2,2-diphenyl
-1-picrylhydrazyl (DPPH) radical-scavenging ability and a
thiobarbituric acid reactive substances (TBARS) technique. DPPH
electron-donating abilities of each extracts increased with their
concentration. Saururus chinensis (Lour.) barl of 0.5 mg/mL

concentration had 93.9% activity, showing the similar activity to

that of tocophero! of a natural antioxidant. In the results of
TBARS technique, Saururus chinensis (Lour.) bail, pine needles

and Houttuynia cordata thunb showed antioxidant ability and the



activities of scavenging H:O: and hydroxyl radical at an
experiment Inputted together with reactive oxvgen species (H:0s,
hydroxyl radical). In addition, the TBARS value of the control
group showed 3.588 ppm of malondialdehyde (MDA) as lipid
oxidation was accelerated due to Fe” in an experiment adding
Fe?., However, in an experiment adding Sawrurus chinensis
(Lour.) bail, pine needles and Houttuynia cordata thunb, the
TBARS value sharply declined to 1.704, 1.840 and 1.787 ppm for
MDA, respectively, showing high antioxidant ability. But addition
of Fe* did not greatly affect lipid oxidation.

Nitrite-scavenging ability of extract was increased as the pH
was lowered and the concentration was increased. Saururus
chinensis (Lour.) bail, pine needles and Houttuynia cordata thunb
showed high nitrite-scavenging ability of 95.7%, 90.2%, 92.99%,
respectively at pH 1.2 and 0.7 mg/mL concentration. Moreover,
Saururus chinensis (Lour.) bail showed high nitrite-scavenging
ability of 89% at pH 2.5 and 0.7 mg/mL concentration, which is
the pH in the stomach of human beings; thus, when concentration
of 0.5 mg/mL was added, the nitrite—scavenging effects at pH 1.2
was revealed to be the same. And Sawrurus chinensis (Lour.)
bail, pine needles and Houttuynia cordata thunb (0.7 mg/mL in
concentration) showed 85.3%, 83.9% and 75.5% of inhibitory
ahility of nitrosoproline formation.

By the above results, Sawrurus chinensis (Lour.) bail showed



higher antioxidant effect, decomposition ability on nitrite and
inhibitiory ability on nitrosoproline formation than pine needles
and Houttuynia cordata thunb., Further studies for isolation and
purification of useful ingredients from Sawrurus chinensis (Lour.)

barl will be expected to find more physiological activities.



g

A A sk 7}

o]

1o

A4

)

3

(2™sh

of AAEEIF AR AA 9 HEFL ]
1},

[o]

—

=
[e]

A

Hell &3k A7) @s] Jale
2 = (Saururus chinensis (Lour) bail)ys ¥z 3o

—

o

jgott e MTFaged @t uly
st wera ol

AA

At ol

=
T

Q

T

gl

st

A

3

&)
7}

J

K

)
g

.
[ite]

ol

o

@7t vk &

<

3

A=

=

=2 0
E_o_.__.

[

i
U

o
g

of

FHE] 32~ (Salmo
, 1994). 1g8la, &

s

-nella typhi)$]

%

. 1998),

L
[}

=

a7 (

ot
1998) =o]

3

2 WA EZEE nitric oxide 7)Aol

[e]) ];1_'

x-
O

B (]

3

Ie]
L

i s

KN

Rk e

=

=1



%9l (Pine needle)?)] A F © £ = a-oinene, P-pinene, camphene 2] A
A1, quercetin, kaempferol & 2] flavoneid &, +%|, @3, carotene, H|E}
9l C7F 9it} (Chung et al., 1990). £912 7HA%, 423, AAAA
B o3I A, ARAE T Ased T vk A Qe
(Chung et al., 1990), £%9 7|54 iz d2E A HA v x &=

y

A8k (Kim et al, 1991, Lee et al., 1996), F& 59 ol 2 3rikzt
&3 (Kang et al, 1995), E4%4 2 7tz
al., 1996), £A FVAE FH4E 2= AR £7 2§48 (Kuk
et al., 1997) o] 4, 21 ¢} £92] AE (Chung et al, 1996)o] o3k
A7 HosE Y

o] A 1= Al x5} (Saururaceae)oll £33l thdAl R oxn & ol
Houttuynia cordata thunb o)™, R Z7FE A= 23d, A4, &, 3=,
AHE, o), &F9 E5 L HIASUTHA T, 1994).
HI = oJAdxe] FFF9 (Kim et al, 2001), 3+¥ &3 (Chang et al.,
2001), 2248 A&7 (Chung et al., 1999), 7l=Fo sl =4
a3 (Lee et al, 2001) T o] R gid.

gatstA = Abste] ofaiA dojue AEFS WA Tl W

Aol absl, aelm HEe) WAL PASHAY ADAD F JE 5

o



FusAe qge  2A  FHoled

(superoxide dismutase) &4 ¥} enzyme FA}&A 2 7o) o3l free radical

i
uR

gt 7%, enzyme

EYHOoR radical ML FAAIE RoT nuyln 9l (Babizhayev
et al, 1994, Chan et al., 1994, Decker et al., 1992, Kohen et al., 1988).
olg AAAY AF Fo EAsE EA YA Uk §9 8 A
= H7Al AFsEAA hydroperoxide 0.2 =0 (Hsieh et al., 1989), A8z}
ol 4} DNAo| &g Fof el 2 Sdvlo] So MErs dojs &
detal, FUAS 2 w3l FoT Bdsly, AFo ZAe iz
a dHA Qo

Ho= AFRobANAM FaE o9, FHagiks
B FEEe F s gy @aEs) ol g #3% d7r) 2oty Bal
o] i 1o (Akaike et al., 1993), &-x]e
ol ol ABYAAZ HE FF FAF 2o A guis )
Bl RalRol 54 Edo] Ao 4bshubg mi= radical whe
Rbofl Al Mg olAE A e Bty SgsolAn, g 2
frit radical sourceel uwhe} I whgr|zpel] uwpEl whg AL olxa 4
e s Ede dArl Fasichy Ajzbs|oj W)

TabEolu AKAE Sol HAHID Y= obANA L Clostridium
botulinume] A 5ol 2 ELHAF-E AAF Wy ofr]gl (Pivnik et al.,
1967) S M40l myoglobin®} 2 & &} nitrosyl-hemochrome-2 A8 A 5} of

TS FEeHAl sk (Fox et al, 1966), o} 2] SAES Z535 En

1o
Y
o%
rx
o
=
2
2
+
32
il

& F7FA1712 (Macdougall et al., 1975), #|ute] AIE AAsto g
AR T AAA SHE AN e el 4B AF 2 A%

of da] o] & &

EY

2
=

A



oFEAFE L AFHAEEAN B oidel FE4, Y Folk AF
FEAQ5a ok g 9o (Harada et al., 1974), 38 ol HF U 3}
Aol v st e ANFE Eodoly A BE AEY A4 F
of A gt G BUAT) 9ste] oA oz FelFo]
Aoy gtoh (Leonard et al, 1976, Hayashi et al, 1988, Takagi et al.,
1991). ey}, obdAdE S 1 ARAZY HAL dERNY dAHFE o4
AFASHA HH dAF 9 ARSI e igtEo] vEHNEFEVNE A
o 2A vEFRF Y F (Methemoglobinemia) 5 o o 7]
= Hog el dr) (Peter et al., 1975). EFH, WA

R AF[ FoF ol EAsteE 29 2 39 ofWl 5o ojvlFe} ukgs)

&
o YERAYE AAM3e= A=z Bau 5o et (Crosby et al,

tlo
o o
~

dx ofd
o4
9,
id
10,
10

ol

1976), o1& HEREARIS] #FAL & ¥ 721> N-nitroso diumethylamine
ol ol &L do7ivti B g wEEo]w (Magee et al, 1962), L

e Skl +E sEaty] 8 we dAgrp A
dlxo] gtom gy UEZAR L Aol A diazoalkane (CoHanN3) 2
2 AgEe] siolu 9w £ AU AES akylsEons 48
gt B w3ttt (Dution et al, 1958). o] 59 AL pH, ul A&,
ATEdEd FSIFE A3l JFS vrech JEZ A 4

fo
S
N
=
o
2
=
r.
O}
S
£
o[\,]
)
o1
e
I
b2
ll
o
=
rg,
fz
kv
rir
o]
X
i)
>
jaltd

& ASelE FAAN FRBEY AleldME  gAo] s
(Ayanaba et al., 1973).

8l Yamazaki %2 N-nirosodimethylamine © &2 5| diazonium ion<]



Aol 31°o]A N-nirosodimethylamine2 P-4502] isozyme?l P-450
2ETe) o8} diAFEAIEE HolAn], E3F acethyl transferaset= diazonium
ion & AL ZFIAIYT B 1359 Y (Yamazaki et al., 1992).

olg} o] YEZAIRE AEFAHF A Hawtgos AF A Yo

YezAwe 442 oAd/]l 9% ATE Minish Sl o)

ascorbjic acid®] UEZAIY A A Zgo] Hx2 wraE A (Mirvish et
al., 1972) o2 @& AF7} AdHo] Gray 5 (1975) T Tanaka %
(1978) tannic acid F-= ] ¥ sorbic acid o] UEZAIY A4 A&

7 Hojdk Ao g Bastdv w3k AFAR JE e w3 AAE
of o3 oAase weH z F (1986)7F Kato T (1987) 2 R &
(1988) &2 Maillard ¥+-g A Al E-¢) Mellanoidin® YV E ZALY A oA
a7t Q= Ao Ruadth 28, Walker £ (1975)2 gallic acid
o] YEZAY A AAz89 B3, caffeic acid$} ferulic acid:=
opAitF} ] whgsle], UERAR AAE Axsciy ®Rusn o
(Kuenzig et al., 1984).

g, ofnlFe} otdAdF ) dEvrgos AAEE 24
D AHA YA oAt
(1987)2 vbg, bz, A9 +

o Husiglen slxf FoAE =g, dzre] Mwg e HE



o] 7% otz 3 AE&ES YERAY L B s

& dToME Az, &9, ojAdxe AA At GAWET olnuw
NEE QA= BAY AAE (H0s hydroxyl radicalel Wk o 3
74 o] (Fe¥, Fe')ol didt 9a-g ¢n Auugit. =3, ofdagd
wal s JyEaan Aol wAi= e, bz Bl ¢
T YEZRARIoz <y Z nitrosoprolines ©] &35l UEZAIY AA]

Aol 2 A ngket

-



Aa 2

1. A9 Agx

B o Hddo = gl x o] Al (Saurwrus chinensis (Lour.) bail), &
¢} (Pine needle), oA & (Houwftuynia cordata thunb)E (). R . F2|o}2
WE FFL o Agetarh
AFo A8 Z=AA ALRSH DPPH  (a,a-diphenyl-B-picrylhydrazyl):=
Sigmarl A|F& AHE-stETh

Thiobarbituric acid reactive substances =2 ¢l A Trichloroacetic acid (TCA)

e

9} Tween-202 Sigmail A ES AFE5H 3L, 2-Thiobarbituric acid (TBA)
+ Eastern Organic Chemicals (Roochester, NY)ol| A #¢138}e] A}-83}4tt.
oA b R3] ZpgolA NaNO, (Shinyo pure chemicals Co., Ltd),
sulfanilic acid (Hayashi pure chemical Industries), 1-naphtylamine (Merck)s-
A5l o

Nitrosoproline A4 1A Z-Bof}A] prolineS SigmaA}l A& & AF-83} 3L

L-ascorbic acid: SinyoA} #| & & A}£3¢c).

Az, £ 2 oJAdE 1 kgs 47 v F methanol 3 LE 7T
shel 48417 28] FEe] 2 AL FF5 methanol FEHL 3]

Ao Apaal st

_10_.



2. 2. AA}Z ARG
a,a-Diphenyl-2-picrylhydrazyl (DPPH)¥ X 2}

mlo

He dFY d5=
4], phenol#} aromatic amines®] ¥4+t A& FHE of Fo| o] &H+=
kol ) (Bios et al., 1958).

Diphenyl-picrylhydrazine2 520 nmoll Al zpalo] 71 Z429] Azl wWj&
of 4% &< bandE Ho|i}, phenold}t Zo] Fart AA FoAH G wrg
S %A o] phenoxy radical® AAISHA Hr}l o]o] B band= Ale)
JaL kAt Eel o Apetdoia wddor wslste FH =7}

dastA doh F, el FRE] HAE A radical 424 B4

N

2 ¢ 4= 9Jr} (Hatano et al., 1989).

7t Fed ANEE WEgd %9 % 2 mLy Hse 2x10° M FER
&l &aA1z) DPPH &< 1 mLe} 2 E§slsuch o whg &3l
S Ao 3087 R 5, 520 nmol| A4 FHAEZ =AY} (Fig
L). A8E #H7skA &2 dzesd vaste =g gz LA E
AEE5E dear 50% 285 (Co)s AMdstdtt. 24X = 38
o @& 2735 Hed o JeER i

2. 3. Thiobarbituric acid reactive substances (TBARS) Z3A
2. 3. 1. Oil emulsion A Z

Oil emulsion & A}&35}7] # el HE1l maleic acid buffer (pH 6.5) 8
mLE ¥ v} 50 uL Tween-20, 0.5 mLY o2 ¥, 1587 wyt
3 & KOH 2~3 %7+ W1 wulst® A 0.1IN HCIZ pH 658 A& A&
sl et

ol

_11_



2. 3. 2. Alg FA
Al=m.Z A= oil emulsion 0.5 mLel] 50 ppm®} Fe*, Fe'2 217} 0.1

mLA 7}3t 3 Als FEEH AAE < 40mM H.O,, 40mM H,0, + Fe*
(-OH) >3 2% FU5HAS 2474 0.1 ml4 Hrlskel #A 1 mL7}t 5
5% FH52 240 308 dAsgr.

2. 3. 3. Thiobarbituric acid reactive substances =4

Thiobarbituric acid reactive substances (TBARS):= Buege® Aust
(1978)2) ol weh ZRaelch | mL WS EREol APN AR
£ 37T water batholl A 1A1ZF #<F WA AT Whg-o] Fuztebal 50p
L. dibutyl hydroxy toluene (BHT) 7.2%& Al G ol 7}8le] AHgute S A A
ANZG g EFES F 42 92 2 mL TCA/TBA A|fe 7hsla o}
Al ERESE F s Bl 15 ZFEAAT 7HE & el AR

T 2,000 x go] 22 1587 AR Ak FEds FFE 531
=

malondialdehyde (MDA)Z ¥ A} s} & T},

24. o}l ALY w3 AL F

Al@ e otzAALY Eaf ZHEL ImM NaNO; 8- 1 mlLo] A~ 8
7 0.2M citric acid (pH 2.5, 6.0)2 A}43&o] HhS golo] pHE 7}7z} pH
12, pH 2.5 % pH 6002 7tz ZAek thg whe £ B2 |0 mL
2 5kt o)A I vk 37TCelA 1A WA L2 v &

Zk7F 1 mL2 HEa oz 2% AR 5 mLE H7Fgk thS Griess

_12_



MeOH solution of sample at

various concentrations (2 mlL)

Solution of DPPH(2x10"M)
in ethanol (1 mL)

AN

)

Mixing

Shaking wvigorously for
20 sec

Standing at room temperature

for 30 min

Remaining DPPH was
determined by measuring the

obsorbance at 520 nm

Fig. 1. Measurement of DPPH radical scavenging effect.

- 13 -




Aok (30% ZAro w ZbZy F A% 1% sulfanilic acid®} 1% naphthylamine
= Il vg2 8% A, AR x4) 0.5 mLE 7ty 2 A

H
the AeoA ISET BAAZ T BRBEAS ASste 520 nmel A

o
FFEE SATNA AESE oFHAAES FEAY W R TE Griess A
g}

F d4l FHFE 05 mLg shshel ik BUsA Bskgh oba
9 Belge ARE WM A WA @ B BEgas
el

2. 5. Nitrosoproline Al A3 & =A

Proline& ©]£3} nitrosoproline (NPRO) A As] Z&E& o] F9
Hy (ol &, 1992)8 4R A3t Figo 2.9F ol A¥sdrnh.
0.1M Proline 5 mLol wg2o =9l 7} Frd AlH (mg/mlL)E 1 mLA
H7V8far, 25% Perchloric acid (PCAYZ pH 252 ZAI Z 60mM
NaNO:E 200 w# H7tgozmy wg& A #stan. g £ o] gbs:
ohell 10% ammonium sulfamate 8°8 1 mLE H7isio] d¥l8& FAAZ
T, o)A Table 13} 2L %7 stelA HPLC BAS §3tozy
NPRO A #& ZA3¢grt. NPROS A& W. Lijinsky 5 (1970)9]
ol ojste] A% NPROZAH & FJ3HE st AFsae
H, HPLC 2414 2+ Al89 Fd=#2 20 = st

01

2. 6. BARAN
Ztzbe] AlZo] WE FErEF AR YEged, 7t o mE

Mg g § a=0.05 <o) 4] Duncan's multiple test

_14_



5 mL, 0.1M Proline soln. 1 mL, Sample

~ 7

Mixing

Adjusting pH 25 with 25%

Perchloric acid

Adding 200 g, 60mM NaNO:

Stirring vigorously 30 sec

Incubating for lhr, at 37T |

Adding 1 mL, 109 ammonium

sulfamate Soln.

HPLC analysis

Fig. 2. Schematic procedure for the determination of nitrosoproline.

_15_



Table 1 Instrumental condition for HPLC analysis of

N-nitrosoproline (NPRO)

Instrument : Waters Associates HPLC systems
Column : pBondapak ™ ¢ ( 3.9 x 300 mm )

Detector : UV 238 nm
Mobile Phase : 0.02% H,PO, : CH;CN = 80 : 20

Flow rate : 0.7 mL/min

_16_



EAHAG Fig 3). 293, o)v] P43 o] ol Ao
BHA, BHT¢] &4 &4tala) e} tocopherol, ascorbic acid®} Z+& A
izt g ol &sted DPPH o A4 €48 wu =

Az, &9 adn o4z wagE F < 54 s Uy (01~

=5
0.5 mg/mL)ol Al % oFA o7z DPPH #itid 4A 48 el

i

delE WEe F5E 01 mgml FEolA 77%9 DPPH #tu)zd 47
3 0.3 mg/mL EEdAE 85%, 0.5 mg/mL 5EolA

T HU%E =L FAS YEhL, ol HA 343 A9 tocopherol ¢

0.5 mg/mL FxolX el DPPH gtz A @43 fFAFsE ok

&9 Heg 225 0.0 mgmLl FXoA 75%° DPPH gojzk 2A &

Ags YA, 03 mgmL FEo A= 86%, 0.5 mg/mL ‘sEdAE

92%2] DPPH etviZ & &8 vehggin

o]z WEE F&E 0.1 mgmL ¥Xxo|A 70%<2 DPPH gtz A A

_17_



Table 2 Yield of methanol extracts obtained from plants

Sample

Yield (%)

Saururus chinensis (Lour.) bail

Pine needle

Houttuynia cordata thunb

10.8
16.0

10.3

_18_.
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2 100

S’ e e &

§ 95 5 a3 O—

e X

5 90

o]

£ 85¢

E

c 80t

) —e— PN

< —O— HC

c 75 | —— SC

o) —— BHT

| = —f— BHA

"'5 70 | —— Tocophero!
@ —&— Ascorbic acid
uJ 65 1 1

0.1 0.3 0.5

Concentration (mg/ mL)

Fig. 3. Electron donating ability of plants extracts.
The abbreviations of PN, HC and SC mean Pine needle,
Houtunia cordata thunb, Saururus chinensis (Lour.) bail,

respectively.
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248 Yehdsl D, 03 mg/mL 5o A 82%, 0.5 mg/mlL sENA &
90%<] DPPH <ozt 47 @A4S vetuiith. 28, 0% gz 4
A &4 el ICog Table 3o YeERHQITH 3wl 9] ICS 404
ps/mLg YERdlo} &9e] 453 pg/ml, o} &e] 494 pg/mlel vla] =
7 #Hold &AE yeiWloy 7iEe 4 gikalAlQl BHAS BHTY]
ICso 8.1 pg/ml, 12.5 pg/mLe} M d4E3}A| Q) tocopherol, ascorbic acid 2]
ICs, 8.4 pg/mL, 0.9 pg/mLe} B)XHAL wo]x= DPPH iz A7 A

2. 2. o] froll i3 343 A (TBARS)

AWz, &9 2 oz vggE FE2EE ol&dd offe AH
23} o4 &35 TBARSY o2 Ay R gtr} (Fig. 4.).
Age 43 dlxz=7= 0185 MDA ppms YEM L, d¥lE FH5F L

=
0.131 MDA ppm, £9 FZZ£ 0.133 MDA ppmo 2 7}3 3k 22
AhsboofA AES e R, ojdE FEES 0138 MDA ppme
TBARSgt o2 A A4 o4 285 yehiie. $dd< A 4k
ol A 3= 4-hydroxy-5-methyl-3-[2H]-furanonec] 2}= E# o] 375 <]
ATk &HA Ad=dl ool AEstE HFpolw (B T 1994), Az
+- phenolic compoundE& H 732 ¢lo] free radical & AAAI 7| = A4S
AL Sle] @AF e T AgE FEEY AUx dEE FEEL T
7 kst Aol H7RA AgErdE veElddz Hudtz gtk (Kim
et al., 2003).

il

2. 3. AN AE dig 9T

_20_



Table 3 Scavenging effect of plants and several antioxidants

against DPPH free radicals

Sample ICs
Saururus chinensis (Lour.) bail 40.4 pg/mL
Pine needle 45.3 pg/mL
Houttuynia cordata thunb 49.4 pg/mL
BHT 12.5 pg/mL
BHA 8.1 pg/mL
Tocopherol 8.4 pg/mL
Ascorbic acid 0.9 pg/mL

ICs, denotes the concentration of the material which is

required to scavenge S50% against 2x10"M DPPH radicals.

_21_
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—

on mixtureL
I= L ]

Uy
U

L of reacti

0.10;

mg MDA/
S
o

(

TBARS
=
=
S

CON SC PN HC
Plant extracts

Fig. 4. Effect of plant extracts on lipid peroxidation

in fish oil emulsion.

The abbreviations of CON, PN, HC and SC mean

Control, Pine needle, Houtunia cordata thunb, and

Saururus chinensis (Lour.) bail, respectively.
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TBARS(mg MDA/L of reaction mixture)
o]
W
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Control H,0, *‘OH
Reactive oxygen species

Fig. 5. Effect of reactive oxygen species on lipid

peroxidation in fish oil emulsion.
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g4 AAaF AAZE Agaste] njals s SAHSAG (Fig 5).
)=+ ¥ hydroxyl radical ( - OH) 3 ~7}7-= 0.6 MDA ppm TBARS
e JeEdo] HO0. H7Fe 0313 MDA ppmit ¥ 4ok
hydroxyl radicale] T}& AA4FRT AWislE doye=d AAHA
g2 st vu9 dxs g}t (Halliwell et al., 1986.).
g4 AAFH B Alg FEE A Aste] vAE 42 Fig

| Yebgich HO. #7bE2 0313 MDA ppme TBARS#S YEHH
Ao, HO0:% Als FE2E8 4 F7He 35 ¥z 0198 MDA
ppm, £ 0207 MDA ppm, o4 % 0214 MDA ppm% H 0.0 2§ A
W &7 Aol oAlslelx: Fshe Jehylct
Hydroxy! radical (- OH) #H7}a-ellA4 & 0.6 MDA ppme = A4 4lslr}
209 ARE dedon], An FEES @ FUE 2% 4vE
7} 0.384 MDA ppmo & 29 0405 MDA ppm, ©]4 % 0.427 MDA ppm
Hup -8 At A gs 2ol

2. 4. F&Eo| L (Fe 2 rFe)ol djst H
At Qlo] FHejA &S St Fe'ol o diste ANE FEE
o] A wpiksl Al 28& Fefol & H7l djx+ 3.588 MDA ppmol 4|3
Z2E9 H7I3 A9 AWz 1.704 MDA ppm, <9 1.787 MDA
ppm, ] % 1.840 MDA ppme 2 MDA & g43 gAA7= &
e HelidFig?). olHE 2 ARFEFSY Feol
Ho| 9552 Ul Aok m1g, HO: Feol &3} ul
$-3}e} hydroxyl radical S A HA 4 EE LS dod|=d HO, AA
o] TBARSZL 0.313 MDA ppmit} 22 2984 MDA ppm& Hehals

& binding

_24_
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&
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Plant extracts

i ———— H 2Oz

Fig. 6. Effect of plant extracts on oxidation of

fish oil as affected by active oxygens.
The abbreviations of CON, PN, HC and SC mean

Control, Pine needle, Houtunia cordata thunb, and

Saururus chinensis (Lour.) bail, respectively.
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]
|
|

T
\

[\
\

(S
A\

TBARS(mg MDAJL of reaction mixture)
—

CON SC PN HC

Plant extracts
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Fig. 8. Effect of plant extracts on oxidation of fish oil as

affected by active oxygens with and without ferric ion.

The abbreviations of CON, PN, HC and SC mean Control,
Pine needle, Houtunia cordata thunb and Saururus chinensis

(Lour.) bail respectively.
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Fig. 9. Comparison of antioxidative activity of plant extracts
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Control, Pine needle, Houtunia cordata thunb, and Saururus

chinensis (Lour.) bail, Tocopherol, Ascorbic acid, respectively.

_30._



)
~
e
wn
7

&
(9
S
S

i
©

o

o

h
i

&
[y
h

AN

(mg MDAJ/L of reaction mixture
S o
= B

=
=
2L

TBARS

&
=
S

CON SC PN HC TO AS BHTBHA
Antioxidants

Fig. 10. Comparison of antioxidative activity of plant extracts

and various antioxidants on fish oil oxidation in the presence
of ferric ion.

The abbreviations of CON, PN, HC. SC., TO and AS mean
Control, Pine needle, Houtunia cordata thunb, and Saururus

chinensis (Lour.) bail, Tocopherol, Ascorbic acid, respectively.

_.31_



100 — 71 a

Q

S | c

Z 80717

=

< LTI

a0 6017

k=

0 =
L1

£ 401

=

a L

2 20

=

=

Z,

0.1 0.3 0.5 0.7
Extracts (mg/mL)

== pH 6.0 pH2.5 =mmm pH 1.2

Fig. 11. Nitrite-scavenging ability of methanol extracts

obtained from Saururus chinensis (Lour.) bail.

_32_



100 *T_ﬂ—_\ a
S | b
Q 80+ 1 d
IE
o =
en 601 L
=
= -
]

2 401
]
2 =
o =
;f 20
Z

0

0.1 0.3 0.5 0.7
Extracts (mg/mL)

= pH 6.0 pH2.5 = pH 1.2

Fig. 12. Nitrite-scavenging ability of methanol extracts

obtained from Pine needle.

_33_



10071 a

s | b
E 80 c
'ﬁ LT d
gn 601
CED /l/
S 401
x
3 "
2 1]
= 20
=

0

0.1 03 05 07

Extracts (mg/mL)
[ m— pH 6.0 pH 2.5 ==wmm pH 1.2 ]
Fig. 13. Nitrite-scavenging ability of methanol extracts

obtained from Houttuynia cordata thunb.

_34_



2

pH 120149} dAo] Fapaisleh. pHe.0A = Ho &4 %
0.7mg/mLoll A A¥lx 2437%, €9 2145%, o|&Z 20.7%E el
FUAHoZ ofF 2 ojdald Fa A4S UEd

4. Nitrosoproline A A 3 =&

ool A 2. 36 WAz Bk AS zbzE 20 uL A injection
3ted, 238 nm Aol A ubebyd N-nitrosoproline (NPROY2] peakE Fig.
14,0 vebd A}

Az, &9, oA %, ascorbic acidE® Tk T w Hrlslg e u
NPRO2] peak& Fig. 15. 16. 17. 18] }eFyi}.

2, 7 AR vdd FEE AEe we NPRO AL
Table 4] Lhebuigich.

mg/mLo Al =9} Bl 3le] 32.3%<2] NPRO AAl oA ETE e
Wi, &3 Hx %9 0.7 mg/mLol|AE 853%7x NPRO AL
AAlehs EAE JEbAT €99 F9 0.1 mg/mLolA hzel H
wdte] 454%2] NPRO A4 oa ax2 yeho] ezl o4zl
A T adEct Holdon, %4 A3 wxQ 0.7 mg/mL
A= 83.9%2 Az F4F FroAHY anEdE 27 Hoiiy
oA ze A% FE 01 mgmLolA =79 b Tale] 30.8%9
NPRO A4 d# £34& Jedlda, 24 J1 %59 0.7 mg/mLol A
= 75.5%7}A] NPRO A& oA 54}

“1e} 2, ascorbic acidE H7}8h9l-& W 0.1 mg/mL o)A 88.7%. 0.7

_35_



NPRO

Abzorbatice at 238am

Retention Time (min)

Fig. 14. The HPLC chrematogram of N-Nitrosoproline (NPRO).

..36...



Absorbance at 238nmn.

Absorbance at 238nm

&
v g
5 @
2 o Ryl
: w oI
8 m
2 g i?%-]
| 5k
i % 1T
o e s M\‘-\mp.“ﬂ-’iv_“ft___
Retention T ims (min} Retention Time (min)
0.1 mg/mL 0.3 mg/mL
=]
& &
S PR CT I
% 18 e -
8 o — &
: I B
'2 I iy i
o B li é, g
g I RO
Sl BL T
Retention Time (min) Retention Time (nin)
0.5 mg/mL 0.7 mg/mL

Fig. 15. Effect of Saururus chinensis (Lour.) bail extracts on

nitrosoproline formation at different concentrations.

_37_



3.62

2
po
o g
S| =® g
E e ® a8
8 ! 81 7
g1 4 <
& byt ﬁ o
2 a5 0 i
< |- <] iiwt R
Retention Time {min) Retention T ime {min}
0.1 mg/mL « 0.3 mg/mL
] @
o mv
N
-
8
& ¥ g e
[~ s o Ly
a ] @ [
H <3 %
© ¥ ® il
5 | i@ !
s | l- g il i
Ny B
El B ELO s
[ fgé — & & = :
B x“‘:f i < i i
& ; f'ﬁ . B o ¥ b e
Y b L L . B
Retention Time (min} Retention Time (min)
0.5 mg/mL 0.7 mg/mL

Fig. 16. Effect of Pine needle extracts on nitrosoproline formation

at different concentrations.

...38_



5,38
384
5,38

g g | s
& : = i
" B 4
5| & o
[y rd H H
8 & g s
3 i i H i 8
g el g f
bt g% § i§i’ i
D S S
Retention Time {(min) Retention Time (min
0.1 mg/mL 0.3 mg/mL
[Tal
o :g:'-'
Rl N
=S ” 8
b =
g | g I i
=] i =i § :
o H o o9 I H
] o ® Li 3 4
8 ] 2 g : S
g ; g g %’,
3 ( § :
l ; :
é ’ 3 < i
Retention Time (min) Retention T ime (min)
0.5 mg/mL 0.7 mg/mL

Fig. 17. Effect of Houttuynia cordata thunb extracts on nitrosoproline

formation at different concentrations.

_39_



g 8
o - b4
o LD. o
k] N %
g1 |8 8

i g
s | i s
§ ,,.} HA e _3: - o o

Retention T ime {min) Retention Time (min)

0.1 mg/mL 0.3 mg/mL
@
fyr)

g1 @ g | |
gl g
2 ; N i

! ® i
&1 g |

& S
% v ‘g )
2 ) § T}
<l e < ]

Retention Time (min) Retention Time (min

0.5 mg/mL 0.7 mg/mlL

Fig. 18. Effect of ascorbic acid on nitrosoproline formation at

different concentrations.

_40_



Table 4  Inhibitory ability of plant extracts on N-nitrosoproline

formation at different concentration

Sample Concentration Nitrite scavenging effect NPRO formation

(mg/mL) (%) (ng)

Control 100 1,392.2
0.1 32.3+£0.2 941.0

SC 0.3 53.6+0.8' 644.5
0.5 71.7+1.1° 391.5

0.7 85.3+0.2° 202.6

0.1 45.4+1.0/ 759.4

PN 0.3 56.8+1.6" 600.1
0.5 69.7+2.3% 419.7

0.7 83.9+1.8° 222.0

0.1 30.8£1.9" 963.0

HS 0.3 57.541.6" 590.5
0.5 66.7+2.32 461.0

0.7 75.5+1.8¢ 338.7

0.1 88.7+0.2" 155.0

AS 0.3 90.0+0.1° 136.1
0.5 03.340.1* 90.3

0.7 93.5+0.1° 87.6

Values are means of three experiments. The abbreviations of CON, SC,
PN, HC and AS mean Control, Saururus chinensis (Lour.) bail, Pine

needle, Houtunia cordata thunb and Ascorbic acid, respectively.
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