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Summary

The biological activities of methanol extracts from 9 kinds of Citrus
Seeds(Citrus obovoidea, Citrus grandis, Citrus sunki, Citrus sulcata,
Citrus tangerina, Citrus natsudaidai, Citrus jyo, Citrus junos and Citrus
aurantium) were investigated.

1. The contents of moisture, crude protein, crude fat, carbohydrate,
ash, flavonoid and total phenol in citrus seeds were 4~6, 12~15, 3
2~46, 22~45, 2~4%, 11~48mg% and 20~53mg%, respectively. The
solid contents and yield of citrus seed extracts were 0.8~1.2 and O.
7~1.1%, respectively.

2. Antimutagenic effect of methanol extract from citrus seeds the
mutation induced by ICR-191, NPD and 4-NQO using Ame's test were
investigated. Methanol extract from citrus seeds showed more than
80% of the inhibitory effect against the mutation induced by ICR-191.
Methanol extract from citrus seeds showed the inhibitory effect
against TA98 and TA100 induced by NPD. Especially, these extracts
showed more than 90% of the inhibitory activities against TA98, but
showed approximately 60% of the activities against TA100. Almost all
of methanol extract from citrus seeds showed more than 80% of the
inhibitory activities against TA100 and TA102 induced by 4-NQO.

3. The inhibition effect of NDMA formation by the citrus seed was
strengthened as the amount of extract increased. The inhibition rate of
methanol extracts from citrus seeds on NDMA formation showed 1.2~

39.8%, 21.3~60.1% and 47.4~94.0%, according to add 1, 3 and 5

- vii -



mé, respectively. Therefore, the inhibition effect of NDMA formation by
the citrus seed was strengthened as the concentration of extract
increased.

4. Nitrite—scavenging activity by methanol extracts from citrus seeds
increased with increasing extract dosage. Furthermore, the nitrite
scavenging activity was pH dependent being the highest at pH 1.2
(42.7~96.9%) and the lowest at pH 6.0 (19.9~62.6%). Scavenging
effects of nitrite by reaction time showed high effects under 3hr
reaction time.

5. Almost all of the methanol extracts from citrus seeds exhibited
growth inhibiting activities for most of microorganisms tested. The
methanol extracts from Citrus grandis, C. sunki, C. sulcata showed
the growth inhibitory effects against Escherichia coil 026 and
Staphylococcus aureus 6358. The —-methanol - extracts from C.
obovoidea, C. sulcata, showed the growth inhibitory effects against
Saccharomyces cerevisiae IBM 4274, Bacillus Licheuiformis 9945a. and
Alcoligenes faecalis. Among this especially, Showed growth inhibiting
activity of the methanol extracts from Citrus sulcata that about
microorganisms investigated.

6. The Antioxidative activities of the methanol extract from citrus
seeds(Citrus grandis, C. sunki, C. sulcata) that about DPPH radical
scavenging activity, Hydroxyl radical scavenging activity, Hydrogen
peroxide scavenging activity, Superoxide anion scavenging activity
investigated. Almost all of the sample showed more than 20~50% of

the inhibitory effect against the antioxidative activities.
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ol HFoly o= v HERYl C¢} flavonoid, limonoid %
carotenoid(33 &, 1995; 7 %, 1996) So] &-Fxo gon, o]l=9 Ay
dAEHdRA FLUAAL, FA, Futelg A, FAEd B A 9
7Isdol &AL JdH(Calomme &, 1996, < &, 1996; A¥ A, 1990;
Oshiba®} Kato, 1981).

Tl el el w3 de AEY s F, 19680 & T, 1967),
Aol 5 et E ® 3 AF 3 AI71A wsE sl #g AT

(3 5, 1970), =] Al & st ok A+ 5, 1967), 3

#5220 FrAdi(olek A, 1986) 5o Kol #E Ao A9E £87
o= o]g3aly] Aot HAHIE ol & HARAZLHCT T, 1977) 2 A%
AZHEE 5, 1982) 5] Atk

g2 ol tigh AFE F2 fgEe A5 T By ddd A
2 o]FofA o FAE o]&3st AL Grapefruitd FTAFEE ol A
gt B dtbsl EaH(x T, 1990, H 5, 1990; ¥ 5, 1995)el tigk ®oaivf
UNE B o THR AFTA N dg A= dAZA A deeltt

e ghpofolu AJoko) e AREHIL SR & F ko] 7
sy FES GEAR] v Fuol de et #E A=
29, #39, A T o]Fo=m odFH Ao A=l FAlel HE
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. AFtAL

ATHE=9F A, 2001).

23] dE7 Je AAde T - A AAde vYd Ves Ad =
Aol XHo U AFe AydAoel i A== A4t Ayas
o g Bi(HA 5, 1977) 55 7IHSE sto] s AFAdEe g o
T7F AFHAT. Trock 5(1990)2> Aol ok A7t debatgeo] vk
3l 31, Oshiba®} Kato(1981) 1231 3 A (1990)& ZHefHE o] =9] kg
2HgS Felstd o, olgk o](199)= A=A AF T A=A e
dEdo] W S Halsghel wa, o] i &
gl we A= xdHo] ey vz ik B2 g A
B 5, 1990), 7+& A&l FvE gl = FdAL7T7E 7ML =
Fdad, FEda, FeAdsadt o Ba(d, 1998)7F Ao, vt

= @ 5 oY e A adrt 9
SHAT (AR A, 1997 A 5, 1997; &3 A, 1998; A, 1999). HgF =4}
o] 7154 (GE3 v 1995) 3 kg4 E Ao Ay A= AP A

SFFE=E Adgd aHE T, 1995 o T 1995), EupeAQIE S o &

g AW HEEY A
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e = dzA EdHoldELS A F] 7, A Tl A
AA e Al opHAFA
Wyte] whgo g AAEE  N-nitrosamine (Lijinsky, 1987; Pearson¥}
Dustson, 1990), 2132l A& F Aspergillus 2522 A%+ aflatoxin
% aflatoxin B EdWol o] g g Aoz dH 3L 9lal(Pariza
5, 1983), @A AFo] 7t X7 Al A EHE dHEAQ SdRoldE
benzola]pyrene®} amino acid pyrolysate?} carboline &, Lg]il
heterocyclic amine &+ E2A] ol& EZL HWFZXE st 7] Wl
DNA®S] 7% Atelm 7)o 0|7t AEZEAWlE dod|= Ao=m &
] 9l tH(Pariza, 1982; Pearson®} Dustson, 1990).
olof REajA A% F =AWl JA=HEL g Ao wat Ax W 3
ol & (bioantimutagen) ¥ A 9] EoldA

=
2 FEE e, dx= Woldo] DNAC Edste s A AY o]v

oje] MANIES BHF= S = =40y, A= Woldeo] DNAJ
s dol7] Al AlE Lol ol AAE EGA A7 AU Wo]
dol Ax W FFE At A48 B dASEH] WHoldA 4R A%
He 434S At B ot (Kata 5, 1982; Kata 5, 1986).

AE 2o E3E o] 9dE bioantimutagend] dEA]E Hapoa] EyH
EGCg(epigallocatechin galla te)¢t 72> polyphenol 3}3HE(Kada 5, 1985)
So] glom T3 desmutagen®] o ZAE FHlF9o] peroxidaseo] <3
tryptophan pyrolsate®] 24 3}(Inoue %, 1981)9F ¥, A AFo 2lo]A
frol 93 Edolde] §4(Kada 5, 1984) T dth. =AWl 4
EdWoldd =2E HAG o olY3t el AAEH & 7]

7]

42 meFoA ool gH Mol Jleld F U9 Aoz AR,
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AE T Td=AEE oy A ddEdd s A E= Ao g2,
538 dAFd 3 ol F o) Wk ow A Y= N-nitroso 3tg=-2 1890 th
ojdol= F= AbgEore] &mEA o] &(Hugues &, 1996)H oA 2t47,
Freund(1937)o ¢]3] N-nitrosodimethylamine (NDMA)2] SAlo] HEx=
i HWHA ol gk A5 Al Zskaith

I % 2% 9 N-nitrosamine <A s #HS 224 @ 71 & &
7]+ Ender 5(1964)°] 1957\d =2 9olo A wkAIsE Abekyt =
= FAREA o] A7I7F WA=, HAAF Qle] FojE dERE T o] FAE
dimethylamine® HE5 2 FH7}3F ol A4rd o] Arswkgo olsjr A=
NDMA7} 9AQl& 4 =2 v 2 i A F-5 o] t},

Sen 5(1969)°ll ¢JaiA ofdtd & #lelgh A5Fel A NDMAS Aol &
HE olF AF AA oA NDMA<S Az fdAde dig AF74A
kAl Ad el Mirvish 5(1972)e] HEx 2 obdAg 3 ofvls Fof3h

5o Qo] F9%e HAS A A 7]E ascorbic acid & &%l ts] Ha

o,

3}7]o] olZgt} o]ojA s e] BHA, BHT ¥ il propylgallate”} rat
of Sleo] obdAbd s NDMAS wolol ok b= o a37F dvkal B

I H oM (Astilla} Mulligan, 1977), =4 g3&Eo] ofdakae] 1k-go
ojgt E<dWo] IS Wolst= E¥7F dsol Eia HIJTH(Stich &,
1982).

A Eo A 7Y wol ®AE &= N-nitrosamine< NDMA, NDEA, NPYR
2 NPIPO] =AelH 1 a2 7heoliut SAlEelA Bol AAHT
(Walker, 1990; Tricker ¢} Preussmann, 1991).



st Fujol A 9] N-nitrosamine®l] df g = 19709t =5 Az
A, A0 vHl2 dF ATAES TR FE AF T AT
=2 HA B oobEAd o e W3t 3l NDMAS Aol digh A+-7}
AR AT 5, 1973, o &, 1973, 4, 1974, ¥ 5, 1976; <t 5, 1979).

2% A3 o](1982)¢] HAel Al N-nitrosamine AJ/dell that HilE
7o m sto] MEAFI FARAFA I A7 240w o] Fol X
HA. AA7AA e THxE & Aol wet Ee 1w
1993; #3 Al 1995, - &, 1999), &7 (H &, 1985 A4 &, 1988), AZF
T wEAEFH T, 1990, A 5, 1994, A, 1995, A &, 1998), FAbA#E
2O 7bEE (A, 1986, ¢, 1994; A 2, 1995, A, 1996, 2., 1997, 4 &,
1997; o] &, 1998; °], 1999)% A&7/ H = 7Fa&(H, 1995 #, 1996; 4t
5, 1998), A5G, 1996), ol #d Barlt dew, o9 AA
= A7l % JAgEE EvnE $o #s53gdEd ofmz= B Atk A
NDMAS] Al &at(e], 1998), &2 AAHANA HEZAS WS
AA7= =4de B8 TR\ 1999), gils FE=d4 HEER

WA Al mAQ), 1999), H BARNS mi, A%, 4w, 9 2

1

oY,

](H]—
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ot
mlo

|

5o FEBAA, H(200D) 3 2 jdFEA, FQODS rHEFE
24 ez %eg JANYE 24 Ryss U AFSATn B

719 AFE EA 3 u, N-nitrosamine®] w3+ Aol A z}A ol
AA|etel e AF= vl A Wo] o]FolHo AE Fo EAlSE
N-nitrosamine®] A3 A4 =AY 0171703 FdE 2olay T u
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Al EHAE S eI A S ToM EREE FERS TY=d T
N-nitrosamine> 4% 7Fs 2 A Fol Add 27 v 2 74 =
AedEA dAls =8 AAde AddeE fste] oo S ST <
T W Sastth. 2 olfe uE wekEdo Hlsto] et ol A st
of SHFoRE AA Wl & FEE  Ji(Lijinsky, 1984) E3F o] &

o] AFEHAELS AHe AYS FAS] Aste] AAstn e oAFY #
A ol FHASA FEH 7] "ol th(Cassens, 1995, Kawabata
5, 1979). o5 AFA sl ofuF(A1T, A2w, A3w ofyl 2 A4

5 YEREITE)T ofdAEY AoHbSd 9sto] N-nitrosamines A4

&, A3 55 sk, & ASsE T A&l 7V =2 Clostridium
botulinum® "< ol AAEZA7} Hoju}p ofA e o] oA FAkE o]
W A57ke Al AEETEAR s8] vk ey obdAd S 9 F

ol AFH3A =W A AZ(methemoglobinemia)ol b WIEA  ArrZ
(anemic hypoxia)S FA1Z 4 dal(Lippsmyer 5, 1990), I AAZE
A7 X gA EdWolE FEdE A(direct mutagen) o2 d# A Q7] wiE
of (Balimandawa 5, 1994.) FAO/WHOO| A= o} & At o] A} 8-S 3F A 3} o
19 %3 38 Z(acceptable daily intake, ADI)<S 60kge] AeS 7o =

3Fo] 8mgo. & A|gkslal tH(Cassens, 1995). T3k op @ ak<d
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U= k3] A th(Cassens, 1995; Peter, 1975; Wolffe} Wasserman,
1972).

21350l A N-nitrosamine®] A4 o} @ td Fx=o Aol wldsty] o
¥  N-nitrosamine?] Ao T3 HAFEA=Z dHA JdHMirvish 5,
1972). o] o]f+Z N-nitrosamine A2 oAt WS 5 Q=
3}3t 5 E3] ascorbate, @-tocopherol, #=A4 3% flavonoid® 3 2
< A=A g3 AL F U =, olE FFEo] opEd R
BEstH YE=ZSE whgo g2 v A N-nitrosamine®] A4S 48t
AA A ¥ 22 (Gray 9 Dugan, 1975; Cooney 2} Ross, 1978; 4 &, 1996;
Lee®t Choi, 1993), o1& A= sto] U= HAAAF FE=0A4 ofF
Arkde] AAe g A7 wWol AgH o] sx[F(H T, 1987h), HAF
(o] &, 1997; A, 1998), 7= 5(%= &, 1993), #7F( &, 1994, A &,
1999), °F-&21=(°] &, 2000), A&/, 20000 5o FE=EE o3 o4
At AAT wetel uigh gioke A Y ThE A FE o3k o F

A AT diste]l 2.(1997) = Aol = frabiro] ofHAtd a0
A AE el skA A, (1995 B AL A x4 T obHAA T
ol 51 ZHI4ko] N-nitrosamine?] AAdol v A= o] tsle] Rl o
o ALdF T ofEAakAd 9% N-nitrosamine Aol #3 B (A T,

1990; # &, 1996)= <Qlsto] #HAl=4d 3g= H flavonoid 5= S 1 O
A gL Awst 9% B9 Ade HUAHE 5, 1996 Leest
Choi, 1993).

olsh o] o}AME £AFE AwFL Fehuwols Fol ola 2A o
F2 W Qo ol ofg pAW AFe| 2y ¥ AT Fol 4% B

o ZA ofALtA ] &g N-nitrosamine®] S HAis & F deE W
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g 288 /152 AL 4R FHE AEe] ol vk Ao Az

Aol olal grsl el wel olol dAE AEFiAe] weE 2 AYdd=d
kK

dubdow {FAE Wol e AEFAde FqAs =4do] o]
a2 dE A gEd, ZF7] gol = sesamol, samolinol, sesaminol 5 °] 3t
of 4tst mH7F Qdgol Had u glew(d 5, 1990), o4 (¥
gk 1991), k(oo Al 1993; o] &, 1998), &=l (F &, 1995), LW =
T, 1996), F(H &, 1997), EAF=EGE &5, 1999) 5 =4 AAE
H(H &, 1992) =70 5, 1991), L2far Ayof s, 1997) SelA 1

A (4
Frtsigdo] ASHAY. AAA dEd HA Fs sHEE ofrmHE

i)

b, EFAHER, SR ol=9 1§ XA (Naohiko, 1984), Zrwdkg- A4
=, ofv Al 2 g Fo] e A A tH(Beckel, 1983; Mitsuo, 1982).

ol¢} HlEol H FHEIE Ye e AAAEo] gk A= H

o] , 2K 5, 1996), EXE(°] &, 1997), AlH(H =,

1998), &=xbe A8, 2000) sol tHEAOIH, ol# g AFES tFi

kst 2 EdE yetdlia glew 7; AFed wel Jro] o)zt

o] 583 ¥2 B¥E Hole AL A Amn=A &&Ha St (9

.
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o=k gt o, MAARES carotenoidd A= <4

1997; Johnson %, 1995). Hesperidine 2= A X857 olygl /-7 5=
ol in vitro$t in vivooll A o2l ZFA Alel 9 oke] A& (H3 A, 1990),
naringin< & %473 2-8(Oshiba®l Kato, 1981) % &kt =H8(eF 5, 198%),

ot

Fakel ZF8(Tanizawa %5, 1992), limocitrin—3-B-D-glucose,limocitrin = —3-1
-L-rhamnose, 3,6-di-C-glucosylapigenin &< 3743t &3 (Matsubara 5,
1985), sinensetin, nobiletin &3& - 128 &nlo] 2 =28 (Veckenstedt
9} Horn, 1976), nobiletin % tangeritine d=AWHo|dA 37} o
(Calomme &, 1996), quercetin¥} tageretine 2] 59} Hol& "ol
(Jie, 1997; Marc®}t Eric, 1994), limonin, nomilin¥ #-& citrus limonoid&
TS dASTL ®iastal JdohLam 5 1994; Miller &, 1994).
e 7lsAde 8% A7 T $A HE FLE oJFoX Rus H
W, F220 o]gtetA (o] &, 1987), sl d Y e stk T,
1998) 59 o AEFF FL7F IEdd HEEAT S S A
ok AR (3, 2000; Yumiko 5, 1991)7F dlar, #uE o] &3 oA
ek 2001) 2 FHEAE S, 1999)7F Aeel &l
Atk FAEY FAe FE R EAsEH, oy FHELS b
20.3%, AHRZF 50%, SFA 35%, kg 25%, wEA 1.7%, ZEHA|
(sudachi) 1.1%, oldz 09%, =4 21%=(F, 1994), FEFTA=
limonoid# ¢} a-tocopherol 5ol o] o] ek FAtst S oy A
g4 7]se oigt Bk AdATHE T, 1990; = 5, 1995, Miller %,
1994), el dg A= #5534 A95 T4 o] FolxaL dom, Z
2 2] AggAdel gk d4e aYolZxF 2o FA FEE
g A adrt Ba HAaL, o]Als o] &dte] FAlEARE &8 Ut

(5 &, 1990; = &, 1991; °] &, 1995).
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AFE ) ARgel A AA £ 2B F(Table DA FARE B
o 24AZ FAASRT BE 3~48) AE ARl ANG F, 45T

Azx71A dx2AA 24712 £t F28 AR 3t

Table 1. Scientific name of citrus varieties

Varieties Scientific name
Kumkamja(KK) Citrus obovoidea
Dangyooja(DY) Citrus grandis
Sankyool(SK) Citrus sunki
Sambokam(SB) Citrus sulcata
Peonkyool(PK) Citrus tangerina
Hakyool(HK) Citrus natsudaidai
Iyegam(IY) Citrus iyo
yuja(Y]) Citrus junos
Jigak(JK) Citrus aurantium
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e 2 ZH2E 100gel wEE 500meE 7Feke] 40C &z A 3A17H
e FE8Y, oS A e Sete wEgEE AASAH(Fig. 1), 7]l

dimethyl sulfoxide(DMSO)E 7}sto] 2} 50ml = g -&3ke] o] &4S 0.45um

syringe filter= o] #3lo] A8 A5 A&

Dried citrus seeds(100g)

methanol 500m¢

Extraction
(water bath 40°C, 3hr)

Concentration(rotary vacuum evaporator, 40C)

Crude extract

Fig. 1. Scheme for extraction of citrus seeds with methanol.
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1 _
y = 0.0036x
0.8 R®=0.9989
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naringin concentration(ppm)

Fig. 2. Calibration curve of flavonoid(naringin).
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R’ = 0.9997
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0 10 20
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Fig. 3. Calibration curve of total phenolics(Folin—Dennis method).
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K3, S typhimurium TA98¥ TA1009] = 4-nitro-o-phenylenediamine
(NPD, Aldrich*hE Ab&sto] Fxol sy d7x8Hd EdWolE HAsh= &
FEAMolgo R o, S fyphimurium TA100¥ —18]a1 TA1020]+=
4-nitroquino-line-N-oxide(4-NQO, Aldrich*rhH)E @7 xeA =AWl H

Aole EEEdHod oz ARSI

B A A AMR3E A "TFFE Salmonella  typhimurium  LT-29]

=.
w0

jon
a.
=

o

of
o2
o
-
oX,
(g
s
N

(auxotroph)?l TA97, TA98, TA100 ¥ TA102

2 Agslgon, AgaTe EAL Table 29 2t}
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Table 2. Genotype of the S. #&phimurium TA strains used for mutation test

) Histidine )
Strain ] LPS Repair R-factor
mutation
TA97 hisD6610 rfa AuvrB +R
TA9R hisD3052 rfa AuvrB +R
TA100 hisG46 rfa AuvrB +R
TA102  hisG428(pAQ1) rfa + +R

All strains were originally derived from S. typhimurium LT-2. Wild-type genes are indicated
by a +. The deletion(2) through uvrB also includes the nitrate reductase and biotin(bio) genes.
The rfa mutation eliminate the peolysaccharide side chain of the LPS that coats the bacterial
surface. from Ames et al(1983).

Ofn

3

3) &F2
(1) H

istidineZ} biotin 27A

AATTEY histidines FAsHA Esle 22 A9 agar platesol
A A AstE %<t histidine &£74 oHFE FE At TAIRE A9 =
T ATAATTES bio FAAE FI FHE wrB AAl dFo|RRE

bioting &3t} z+zte] plate= 0.1M L-histidine 0.1mé<} 0.5mM biotin
01meE A71s wjx9 HrpelA] ke HrujA o] ztzte] FF2 Eukalo]
foFal S u] histidineo] 7} wjA| o) A= AS3} histidine©] & 7 X

ke mA e AFEA g 7S Adsgi

jud)
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(2) Deep rough(rfa) 2ol
S. typhimurium TATTEL Ax¥ A& F lipopolysaccharideE Al

Aste] aFEA EH-o] F45 £o|5HA WHE Deep rough & Holo|H o]

A& crystal violetel Wk A ow FAES APt st wjgH Al
At 7 0.1} 45TCE FA ¥ top agar 2mlE A& Ya 3x3F &
st3l & nutrient agar plateo] Fo] plate’dol] Z HA| == slo] FHo] X
W4 & top agar’t =2 crystal violet 1005 A7 6mmel Hiro] Ao &
FAIZ FH o] HEFH nutrient agardol] "ol 37Col A 124 7F Hj

%3l th Deep rough® -2 crystal violet®] A zH8 o072 FF7F ALE S

ool disc T AsEo] A E Y ofAF (wild type) T A E0]

el ¢kE=1th Deep rough 5% WEF 14m A=< A3

urB £ ol olE wFE°] UVl 3] wzss d5gdezn 3
Q1% Atk Nutrient agar plate gl @& Z¢3to] 33eme] A dA 15W
Ao AtE S 8%7F ZAMSHAL 37TColA 12~14A1F wikatdth worB
AWl #F= UV B ZAL FEoAnt Agastr] ufdito] vl ZAL 9o A
At 75 Agsgu. TA102:= UVl tigh Aol §le d59]

7] Wi UVE FAse] = plate Aol A AAsteE 55 A8sA
(4) R—factor &9 0|

R-factor ¥+ plasmid7} ¢F7F Eotgsle] £F 1 S Lo

= F7F 71 "ol ampicillin WA Q1A EA]A diste] FrjH oz
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Abst STt
Ampicillin WS AAFH] YA+ plate ol histidine £74 &<2l9
A e WS A3 ampicilline &3k plate(TA102+= ampicillin?}

tetra- cyclin) ol &5 Zdslal 12~24A17F &<k kst & plate

oA AAee #rE ddad.

Al #F+ Ames®t McCann® % (1982)0] wet s 244s & +
2+ frozen permanentE A Z3dle] -80C2] We o HASHA A g9
AHEEATE S Ames®EF-H AlTRNE TA97, TA98, TA00 % TAI02E
oxoid brothell 4] 37C incubatorell 4] 10A]7F v <fst & Wt El DMSO &

¥ 2mle] eppendorf

2 wpeel 1 0uE TR G BT

tubeoll &F3to] -80C W aLlX w5 AU

ieh

(2) Master plate2| M=
nj A 2A A EF =] (spontaneus revertant) F7F Aol A

gojd 49, +d €25 doH¥ 49 2 ZEEddoldel d nAy

BN

o] Wola ) frozen permanent®SF-E #jFHNS AU master plateE A
st We B #FE Y ARd =90 F dHad wgolR i
colonyE ##3ted TA97, TA98 % TAI100> ampicillin plate’dol] =23
o] 37ColA 43A17F ®istal, TA102+= ampicillin/tetracycline plateo] %=

Tt & &l colonyE Wwol® FH ko] ejAlafFeel A thAl uf st

-

o] ampicillin plate %+ ampicillin/tetracycline plate 9o WFo]2 12
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T 37ColA 12413 wiekste] 4Te Waare] H sl

(3) Aol © ulijt
Nutrient broth 12.5g<& <5 500meell &3lste] aFE 7)o A 121

T, 2087 "3k 5 Witrd glass test tubeol] 10me® EF3F Tt of 7]

it

master platedl A Wl &E ADHdFE 22 1 g0 HAFs & 37C |
F71oll A T~10A1ZF ettt v FA e W& F3 =7 0.25~0.300] &

CER I I etx) e

ofo
ol
3%
o
2
b
r {
o
Ho
>
o
rlo
—
o
2
()
o
PN

5) ZE=AHMO| 2| dose-response
AR A MEE FEE D AESH S0 FEE Woldd AF
& S typhimurium TA97, TA98, TA100, TA102Z2 o]&3to] Maron}
Ames(1983)9] E=H A Mol whel AAJeitt. EdWoldAd Al =
¥+ WolY &=l 2-methoxychloro-9-(3-(2-chloroethyl)amino—propylamino)
acridine (ICR-191, SigmaA}), 4-nitro-o —phenylenediamine(NPD, AldrichA}),
4-nitroquino-line ~N-oxide(4-NQO, AldrichAhH)E& A}-&3F3
7} wd WwelE A S vyl "WitrAl7l glass cap tubeol ZHzF 10004 7}
star oy 7)o wijk® FF 100mE 7FE v 0.2M sodium phosphate
buffer(pH 7.4)= AAFo] 7007} H =5 st th o] A S histidine/biotin
o] 74 top agarel 2me# 7hste] =iF HAEF 3 5w FH| )
i g st Y. askd
plate™ 37TolA 4843k wjFste] Az EFEAROl(his' revertant

bol Samol el #78 B

¥ minimal glucose agar plate o] =

o

colony) & =4
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6) Spot test

vlg] ZA¥ minimal glucose agar plate Aol "Wt ¥ glass cap tube©l
5 1000, histidine/biotin®] F7}E top agarg 2mE 7hste] # &3t
plate’dell Z@sto] w3tAzl & Hid disc A E Ho AAHOE

ko3
=
Tl Fol A EHEr. aa 47 s AWl

ABH 2
604 TholZE WO A H disc AA A WojmArh o AL
JTColA 4847 wiFste] ERel el FEHEA B Asrt HEA

g gasqgr

7) EEAEHOIEN AE

Holdd NS #sl
ICR191S A}&38tt. 7 Al=E vl Hir Al glass cap tubedl 7}
500, 10002 7Fskar of 719 vl kE i 100 E 71 oS s old
245 7+ 100 7Fskar, 0.2M sodium phosphate buffer(pH 7.4)% A
Aol 7007t HEF stk o] AE 37TolA 4847t w3 & HH=

Avo] £2 Z4ste] FEAW LY F7T BAFAL. Fue BHL
(3]
-

A& (%)%= HERH AT

ol
=

T Edwoly ®7< 4-NQO, NPD

i
N

:lJ
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6. 4254 FE=2 NDMA 44 ofx ZHAM

=2 NDMA A a3 22 Fig. 49 o] A3
gk, 4 DMA 1m(1000ppm) et NaNO. 5mé(1000ppm)ell F=E=A 52 5
e Z42b 1Inl, 3wl R 5mlE F7eE § pH 34% ZAsto], 37CelA 12
A7 gk A AT ¥rE & gmmonium sulfamateE 7}EFe] HEES A A A
sodium azide 2000¢t WHE-EFH o 2 NDPA 1ml(lppm)S 7}3Fe] wt
AE FrIAUEFOR dEAA T3 AL
~TEA(Gas Chromatography—Thermal Analyzer)® NDMAZ #4153
a1, o] Wl GC- TEA®S] #X4%7-e Table 37 2t Wz+e A5t
SHTE AR 7ot AT o Agsilon, APAA aake
=

of A7F A - ol YEbd= peake] WE&(%)=HA At YERAS]

3
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DMA 1ml, NO: omf

Sample extract 1-5md

Adjust to pH 34

Incubating 37C 12hr

add 20% Ammonium sulfamate
solution 25m{

Put a sample in the 3—neck-flask

add 2.5M sodium azide 2000
add 1ppm NDPA 1mé

Setting of condenser

Collect 125-150ml¢ distillate

add 40g sodium chloride

Extract distillate with 40m¢ of dichloromethane(three times)

Boil off the until there is 2ml late (K-D assembly)

Stream of nitrogen, concentrate extract to 1.0m¢

Transfer to a crimp-top vial and store in freezer

Analyze by GC-TEA

Fig. 4. Scheme for the preparation of A~nitrosamines for GC-TEA analysis.
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Table 3. Conditions for GC-TEA analysis of A~nitrosamine

Items Conditions

Instrument GC, Hewlett-Packard Model 5890A
TEA, Thermo Electron Corp. Model 543

Column 10ft x 2mm I. d. glass column

Packing material
Carrier & flow rate
Oven temp.
Injection temp.
Pyrolizer temp.
Interface temp.
Analyzer pressure

Chart speed

10% Carbowax 12M/80-100 Chromosorb WHP
He, 25ml/min

140-170C, at 5C/min

180°C

550

200C

123, ko5t

0.5 cm/min
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Citrus seeds 100g

<Ethyl ether 500m{

Extraction
(water bath 40C, 3hr)

Ether extract

Residue

Methanol 500m{—

Concentration

(rotary vacuum evaporator, 30C)

Extraction
(water bath 40°C, 3hr)

Concentration

(rotary vacuum evaporator, 40C)

Defated crude extract

Fig. 5. Scheme for extraction of citrus seeds with methanol.
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EEA F2E9 is A EE Blois(1958)9] WS W ste] b
Tojsowg =AUt 2+ A& 2mlol DPPH solution (3 x 10-5 M) 2ml
231 vortex$t § 30+ &< WA U, 517nmeol A FF=(UV/VIS

spectrophotometer; Opron 3000, Hanson Tech Co. Ltd., Seoul, Korea)&

o %
ARAEAT(%) = (100 — — Lz preags ) * 100

2) Hydroxyl radical &2H &M &4

aEFEA FE59 Hydroxyl radical®] 2A&A =&AL 2-deoxyribose
oxidation method(Chung ,1997)% ZA 3}t Alg #ol  FeSO.7H0O
(10mM), EDTA10mM)¥ 2-deoxyribose (10mM), A& 0.2ml¢} 0.1M
phosphate buffer solution(pH7.4) 1.8 ml, H.O.(10mM) 2mlE 7}star 37C
FEFo A AATF BEAZ & ImLe TCAEH(28%)= 7tste] ®H&& <+
A A 714, 1.0% TBA(thiobarbituric acid) &9 1mlZ 7}&te] 100Tol A 10

B2 AR 5 F43 WAL 5Ramol A FREES ZHsech
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i =%
—

3) Hydrogen peroxide Z2=7{& g
= 20

Muller(1985)2] W ol we} 96 well micro plateo] PBS 100x6ol A
% 1.23mM ABTS

wWE 7kt & 1.0mMe] H.Op 20ulE 7Fehal 53 W]
(30, 1.25mM)¢} peroxidase (30xf, 1 unit/mL)E 7}stal 37ColA 10
k32171 & ELISA reader(ELISA processor II, Behring Co. Germany)®
=43k

=
=

405nmol A &%

=3

4) Superoxide anion 27 &M

Marklund ¢} Marklund(1974)2] WHol wz} 2z Al& 2.6mlel] pHS8LHE
F tris HCI buffer(50mM tris+1mM EDTA) 3ml¢} 7.2mM pyrogallol

A3
02mlE 7}t 1087 X3 oS IN HCl ImlZ ¥FgS AXAIZ &
325nmol Al 3 =S A3}
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Table 4. Proximate composition of citrus seeds

(%)
Sample Moisture Crud.e Crude lipid Crude fiber Ash
protein

C. obovoidea 4.1 14.1 375 39.2 3.2
C. grandis 4.8 11.2 32.6 45.1 2.8
C. sunki 4.7 15.0 42.6 22.5 4.1
C. sulcata 42 15.0 46.2 30.0 3.5
C. tangerina 6.4 13.3 36.2 38.8 2.9
C. natsudaidai 44 12.2 40.8 37.8 3.0
C. iyo 4.2 12.1 419 31.2 3.1
C. junos 5.3 13.2 39.7 42.1 44
C. aurantium 6.5 11.8 35.4 289 3.2
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Table 5. Solid content and yield of methanol extracts from citrus seeds

Solid content Extraction yield

Sample

3.96

3.84

C. obovoidea

2.26

AL

C. grandis

3.32
3.38

3.17
3.24

C. sunki
C. sulcata
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C. tangerina
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C. natsudaidai
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3.73

3.47

C. aurantium
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AeFstd =, 7E 35 T9 T2 ZFH o=+ hesperidin?} naringin
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=
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Table 6. Content of flavonoid and total phenolics from citrus seeds

(mg/100g)
Sample Flavonoid Total phenolics
C. obovoidea 13.7 24.5
C. grandis 224 53.1
C. sunki 115 28.1
C. sulcata 23.5 22.0
C. tangerina 14.1 209
C. natsudaidai 224 33.7
C. iyo 48.5 25.8
C. junos 35.6 16.1
C. aurantium 21.8 22.1
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© 4-NQO7Z} 05pg/plate7tA = HAEAW] 71 F7FHE Holu, 05ug
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Fig. 6. Dose-response of ICR—191 for S. #yphimurium TA97 strains
(Spontaneous revertants are substracted).

Fig. 7. Spot test of ICR-191 for S. fyphimurium TA97 strain.
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Fig. 8. Dose-response of NPD for S. #yphimurium TA98 strains
(Spontaneous revertants are substracted).

Fig. 9. Spot test of NPD for S. #&yphimurium TA98 strain.
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Fig. 10. Dose-response of NPD for S. #yphimurium TA100 strains
(Spontaneous revertants are substracted).

Fig. 11. Spot test of NPD for S. fyphimurium TA100 strain.
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Fig. 12. Dose-response of 4-NQO for S. #yphimurium TA100 strains
(Spontaneous revertants are substracted).

Fig. 13. Spot test of 4-NQO for S. #Hyphimurium TA100 strain.
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Fig. 14. Dose-response of 4-NQO for S. #yphimurium TA102 strains
(Spontaneous revertants are substracted).

Fig. 15. Spot test of 4-NQO for S. #yphimurium TA102 strain.
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Table 7. Mutagenic activity of different solvent extracts of Citrus seeds

Extracts Revertants per plate
Citrus seed
(ub/plate) TA97 TA98 TA100 TA102
Positive
100 858+46 959+35 452+47 1059453 1209£85
control
Negative D.W. 76+12 2116 91+18 233%22
control DMSO 54+9 19+8 T8+27 18629
50 69+11 21+2 69+5 186+14
C. sunki
100 35+6 10+1 66+6 176+30
50 75£8 18+1 87t4 1675
C. natsudaidai
100 53+3 15+2 66+5 124+7
50 H8+6 20+2 8746 227+24
C. iyo
100 3949 11+1 45+4 172+8
50 85+11 25+3 90+6 263+13
C. junos
100 49+16 1142 614 1937
50 61+13 19+3 68+3 171+11
C. grandis
100 31£13 14+3 5043 80£1
50 83+13 22+7 T4+12 268+33
C. obovoidea
100 58+16 15+6 52+7 159+6
50 87£5 26£7 71£10 264+16
C. sulcata
100 58+15 18+4 50+11 157+22
] 50 65+3 33£9 120+7 216£12
C. tangerina
100 54+4 20+2 100+13 16345
) 100 85+3 30+3 113+13 205+21
C. aurantium
100 61£5 19+2 97+8 164+8

Each value represents the mean=S.D. of four plates.
Negative control : 100x4 of DMSO or D.W. per plate was added instead from citrus seeds

Mutagen : ICR-191(TA97), NPD(TA98 and TA100), 4-NQO(TA100 and TA102)

extract.
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AaEdd Wege FEE9 plated 50 FAT wl, FofFo] digd Hut
T gFH o plated A= 0.38mg, 3t 1.08mg, ©ldl7 1.38mg, A
2.76mg, T2 1.08mg, A 1.92mg, AE7F 1.62mg, = 2.17mg, #ZH.74
g, =2 1.10mgo]™, positive control¥ B3 ZdAWHo|dA JgAISA &
AdS AL g2 AadFd FEEL 50% o9 JAZHS Beon,
o] T Ab&, oldF}, FA= 90% o] we oA g4s BHior, 7
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0.79mg, 3t= 2.16mg, ©] 7+ 2.65mg, At 5.52mg, A 2.16mg, &7+AF 3.84
mg, A E 7 3.24mg, = 4.34mg, A7} 347mg, 5= 2,19mge|H, AR7 S
A7 A9 g Ur‘ﬂx] dEFe 80% ool =& AAEIAE Hola ATk
SolM = Ak, oozt FAb, BRrAbe oF 95% ol AAEIH}E Ho

3 9t} ICR-191<& HHS-7]7F DNAC guanine®] 7-N 9 x|ol] 7 gta) A

et N Ll

ol
4= YEHH = acridine F=A2M FRolEd wdWo]l s
71X EdAWolE fEstA] @ FHEARodd EHoltHDrake
1973; Levin &, 1982).
TZolFA BAWol FFQ S typhimurium TA97INAM = b, shd, 9]
7t FEEo] A3 IdEdAdeldd FA4Ss e #1994 H 4,

Al W E FEEe] guld 22 F olWelHZ, 8 FZ RN 7
3 Edwol oA BHL Budtgi, (1999E F WHe FEE2 g
W 2Este] APF A9 hexane LHEOIN ZF AT AT
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Table 8. Antimutagenic effects forward ICR-191 with induced mutations
of methanol extracts from citrus seeds

) Extracts Revertants per plate
Citrus seed
(ul/plate) TA97-ICR191

Positive control 1099+3
) 50 38£8(97)

C. sunki 100 0+0(100)

Positive control 847+94
. 50 227+36(73)
C. natsudaidat 100 134+25(84)
C ivo 50 69+8(92)
100 40+8(95)
C junos 50 286+22(66)
100 49+9(94)
C grandis 50 97+12(89)
100 33+13(96)

Positive control 760%49
. 50 318+34(58)
C. obovoidea 100 135+7(82)
C sulcata 50 263+33(65)
100 170+23(78)
F. margarita o0 343+41(55)
100 266+17(66)

Positive control 727+36
C tangerina 50 647+37(11)
100 75%£13(90)
C aurantium 50 354+50(50)
100 190£14(74)

Each value represents the mean+S.D. of four plates.
Negative control : 1004 of DMSO per plate was added instead from citrus seeds extract.
Spontaneous revertants are subtracted.

o/y — _Revertants of ti ntrol — Revertants of sampl
Inhibition rate(5%) Revertants of positive control x 100
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Table 9. Antimutagenic effects forward NPD with induced mutations of
methanol extracts from citrus seeds

. Extracts Revertants per plate
Citrus seed — \/ Jate) TA98-NPD TA100-NPD
Positive control 774=14 519+13
C sunki 50 18+2(97) 498+19(4)
100 0+0(100) 90+33(83)
Positive control 1139+44 531+94
C natsudaidai 50 79+7(93) 395£100(26)
100 47+8(96) 230+32(57)
C ivo 50 16+4(99) 253+94(52)
100 2%1(100) 146+67(72)
C junos 50 83+11(93) 326+53(39)
100 20+7(98) 110+29(79)
C grandis 50 18+4(98) 61+12(88)
100 2%2(100) 25£14(95)
Positive control 1093£16 454+27
C obovoided 50 207+63(81) 325+30(29)
100 127+44(88) 164+23(64)
C sulcata 50 182+56(83) 236+77(48)
100 114+62(90) 127+94(72)
F. margarita 50 253+47(77) 263£70(42)
100 138+42(87) 138+15(70)
Positive control 828+64 301+54
C tangerina 50 121+14(85) 150£11(50)
100 0+13(100) 36+14(88)
C aurantium 50 145+43(82) 222+60(26)
100 0+5(100) 113+51(62)

Each value represents the mean=S.D. of four plates.

Negative control : 100u¢ of DMSO per plate was added instead from citrus seeds extract.
Spontaneous revertants are subtracted.

oy — R ts of ti trol — R ts of sampl
Inhibition rate(%) Revertants of positive control < 100
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Table. 10. Antimutagenic effects forward 4-NQO with induced mutations
of methanol extracts from citrus seeds

. Extracts Revertants per plate
citrus seed - plate)  TA100-4-NQO  TA102-4-NQO
Positive control 990+35 1405+90
C sunki 50 326+16(67) 1051+7(25)
100 297+8(70) 700£55(50)
Positive control 1119+74 1159+26
C natsudaidai 50 854+32(24) 723+21(38)
100 114+6(90) 456+23(61)
C ivo 50 644+29(42) 599+16(48)
100 267+13(76) 494+23(57)
C junos 50 576+£12(49) 762+23(34)
100 268+32(77) 558+24(52)
C grandis 50 535+34(52) 588+27(49)
100 140+6(88) 180+11(85)
Positive control 1218+55 1062+195
C obovoidea 50 534+26(56) 671+£120(37)
100 87+9(93) 210+70(80)
C sulcata 50 220+57(82) 429+125(60)
100 58+10(95) 174+13(84)
F. margarita 50 525+61(61) 606+38(43)
100 79+16(94) 170+37(84)
Positive control 907+45 1210+27
C tangerina 50 45+12(95) 213£13(79)
100 0+12(100) 82+18(92)
C aurantium 50 19£15(98) 410+18(59)
100 0+9(100) 122+37(88)

Each value represents the mean+S.D. of four plates.

Negative control : 100 of DMSO per plate was added instead from citrus seeds extract.
Spontaneous revertants are subtracted.

o/y _ _Revertants of ti ntrol — Revertants of sampl
Inhibition rate(5%) Revertants of positive control x 100
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NDMA A A &35 YeEfdth= 2 a($, 20000%= At
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1976)¢]H, E-3lascorbic acide= 48 “JHlolA pH 2~5 & 1 o)<
] 9] ol M =

dehyroascorbic acid® % o] NDMA2 AAS AAA G st
(Fiddler &, 1972).

T3 Gray9t Dugan(1975)2 2EA Ado A ghdil A& AF B

opdits HEE FUAA AsELE AL EAll AL

£8 9 N-nitrosamine A AafA 2 AL S, Theiler 5(1984)&
2] gof  olHALA S H7Iste] wrE  mEA Ao HEA Aol
|
A YE=RS dbg-& 7F=E 8] A st (Pignatelli 5, 1984), €718 ¥H-gx=7d
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A A Al 7] ™ (Challis¢} Bartlett, 1975), A2 =4 & o] NDMA A & A 282

W gole] pHb W A5E, AR W5 2245 At 2
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Fig. 16. GC-TEA chromatograms of AFnitrosamines.
1,Solvent; 2,NDMA; 3,NDPA
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Table 11. Inhibition activity of citrus seed extracts addition amount on

NDMA formation

(%)

Amount of extract added(m()

Citrus
1 3 5
C. obovoidea 19.7 21.3 53.6
C. grandis 16.7 26.8 64.4
C. sunki 39.8 46.0 52.5
C. sulcata 1.2 44.5 94.0
C. tangerina 399 60.1 72.2
C. natsudaidai 34.0 394 474
C. iyo 26.4 29.7 30.5
C. junos 125 29.7 38.8
C. aurantium 21.0 37.1 55.6
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Table 12. Nitrite scavenging effect of citrus seed extracts at pH 1.2
by reaction time and amount of addition
(%)

Amount of addition(m{)

Sample Reaction

time(hr) 1 3 5

1 35.2 58.3 64.2

C. obovoidea 3 36.7 61.6 68.3
5} 40.1 67.5 76.6

1 21.2 40.6 55.8

C. grandis 3 23.7 42.1 64.9
5 22.3 48.2 72.5

1 32.1 41.6 57.6

C sunki 3 34.0 77.1 879
5 36.9 80.3 94.1

1 22.6 63.4 81.5

C sulcata 3 23.8 78.6 93.4
5} 29.3 85.0 96.9

1 6.5 26 33.8

C. tangerina 3 75 33.7 38.3
5) 17.5 36.6 42.7

1 15.8 359 46.9

C natsudaidai 3 19.2 49.6 59.6
5 21.6 55.4 60.7

1 1.6 20.9 37.6

C. iyo 3 6.1 22.0 45.0
5 13.0 64.2 70.4

1 4.3 71 9.1

C. junos 3 10.2 18.2 36.7
5} 17.3 20.9 38.7

1 9.4 20.1 26.3

C. aurantium 3 9.8 21.5 21.8
5) 17.6 21.2 37.0
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Table 13. Nitrite scavenging effect of citrus seed extracts at pH 3.4
by reaction time and amount of addition
(%)

Amount of addition(m{)

Sl Bocton 3 5

1 3.6 414 63.0

C. obovoidea 3 54 52.1 63.5
5 18.0 58.2 64.9

1 16.7 36.4 48.3

C grandis 3 16.2 30.3 49.2
5 17.0 43.2 4.7

1 1.7 28.2 32.5

C sunki 3 2.3 26.6 53.6
5 7.2 28.2 53.6

1 0 15.1 41.2

C sulcata 3 10.0 36.6 58.4
5 18.1 47.6 70.2

1 6.7 V82 30.9

C. tangerina 3 6.9 30.8 36.7
5 14.0 33.7 38.3

1 15.8 34.5 41.9

C. natsudaidai 3 19.2 49.3 574
5 21.6 55.2 60.7

1 1.1 9.6 124

C iyo 3 10.2 46.8 53.6
5 27.6 53.1 68.5

1 0 44 6.1

C. junos 3 3.7 9.6 17.3
5 15.8 20.8 379

1 3.2 12.1 19.3

C. aurantium 3 8.2 19.9 24.3
5 85 24.1 33.3
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Table 14. Nitrite scavenging effect of citrus seed extracts at pH 6.0
by reaction time and amount of addition
(%)

Reaction amount of addition(m)
Sample time(hr) 1 3 5
1 0.5 9.3 28.0
C. obovoidea 3 5.0 25.1 45.2
5) 5.7 377 51.2
1 5.7 155 46.0
C. grandis 3 17.0 42.1 51.3
5 23.0 42.3 48.5
1 0 19.2 32.1
C. sunki 3 1.8 24.0 34.0
5 3.1 28.2 34.0
1 0.5 4.7 36.5
C. sulcata 3 5.2 19.6 62.6
5 12.0 35.2 41.2
1 0 6.2 8.1
C. tangerina 3 6.0 23.4 354
5 6.3 24.4 32.7
1 0 0 18.0
C. natsudaidai 3 15.8 11.2 31.3
5 19.2 34.5 189
1 0.6 4.5 94
C. iyo 3 1.8 28.0 42.6
5 6.8 31.5 47.7
1 0 1.7 52
C. junos 3 0 55 8.1
5 10.6 16.3 31.7
1 1.1 6.5 13.7
C. aurantium 3 6.6 18.0 27.0
5 8.8 23.8 23.0
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Table 15. Antibacterial activities of citrus seed extract for bacterium and yeast”

Clear zone diameter(mm)”

e igones Bl Saccharomces

ATCC 9945a IBM 4274

Control(DMSO) 8.3+0.5 10.3£0.5 8.5%0.6
C. obovoidea 15.3+1.3%: 14.5+0.6%: 12.8+1.0%
C. grandis 12+0.8% 13.0+0.8% 9.5+0.6
C. sunki 15.3+0.5%: 14.5+0.6%: 8.8+0.5
C. sulcata 19.5+1.9%: 16.8+1.0%: 11.3+0.5%
C. tangerina 8.8+1.0 14.5+0.6% 11.8+1.0%
C. natsudaidai 10.8+0.5 18.8+1.0%: 9.3+0.5
C. iyo 11.3£0.5% 15.8+1.0%: 8.3£0.5
C. junos 10.5£0.6 11.3£0.5 9.5+£0.6
C. aurantium 14.5£0.6x: 15.3£0.5%: 8.3+0.5

D Antibacterial activity(growth inhibiting activity) was indicated as diameter of clear zone
surrounding paper disc absorbing 40u¢ of soluble solid of pine needle methanol extracts on
nutrient agar plate inoculated with test microorganisms. YValues are meanszS.D. of
triplication. *Significantly different from the control at the P<0.05 level. **Significantly
different from the control at the P<0.01 level
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Citrus obovoidea Citrus sulcata

Fig. 17. Antibacterial activities of citrus seed extracts.
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Table 16. Antibacterial activities of citrus seed extract for food poisoning

bacteria”
Clear zone diameter(mm)”
Sample
Escherichia coli Staphylococcus aureus
ATCC 026 ATCC 6538
Control(DMSO) 9.5+0.6 8.3£0.5
Citrus obovoidea 10.5+0.6 13.5%0.6%:
Citrus grandis 16.5+0.6% 12.2+0.8%
Citrus sunki 13.5+0.6%x 11.5+0.6%
Citrus sulcata 20.5+1.3%x* 13.0£0.83%:
Citrus tangerina 11.520.6% 12.5£0.6%
Citrus natsudaidai 12.0+0.8% 9.5+0.6
Citrus 1yo 11.8%1.0x 8.8+0.5
Citrus junos 9.5+0.6 9.3+x0.5
Citrus aurantium 11.0+0 15.3£1.0%:

D Antibacterial activity(growth inhibiting activity) was indicated as diameter of clear zone
surrounding paper disc absorbing 40uf of soluble solid of pine needle methanol extracts on
nutrient agar plate inoculated with test microorganisms. “Values are means=S.D. of
triplication. *Significantly different from the control at the P<0.05 level. **Significantly
different from the control at the P<0.01 level
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Table 17. The activity of DPPH radical scavenging from citrus seeds

extract
Sample Scavenging activity (%)
BHT (0.0lmg/ml) 63.24 + 0.66
BHA (0.01mg/ml) 73.92 + 0.52
a—-tocopherol (0.01lmg/ml) 82.27 + 0.33
C. sulcata (0.01lmg/ml) 2232 + 1.20
C. grandis (0.0lmg/ml) 52.33 + 1.33
C. sunki (0.0lmg/ml) 20.21 + 1.20
C. sulcata (0.05 mg/ml) 66.47 + 1.66
C. grandis (0.05 mg/ml) 8147 + 1.51
C. sunki (0.05 mg/ml) 60.97 + 1.42
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Table 18. The activity of hydroxyl radical scavenging from citrus seeds

extract
Sample Scavenging activity (%)
BHT (0.0lmg/ml) 65.06 + 0.45
BHA (0.01mg/ml) 73.92 + 0.21
a—-tocopherol (0.01lmg/ml) 7472 + 0.24
C. sulcata (0.01lmg/ml) 4212 + 1.22
C. grandis (0.0lmg/ml) 33.79 + 0.98
C. sunki (0.0lmg/ml) 3218 + 1.71
C. sulcata (0.05 mg/ml) 63.12 + 1.35
C. grandis (0.05 mg/ml) 7379 + 1.03
C. sunki (0.05 mg/ml) 54.18 + 1.36
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Table 19. The activity of hydrogen peroxide scavenging from citrus
seeds extract

Sample Scavenging activity(%)

BHT (0.0lmg/ml) 30.43 + 0.67
BHA (0.01mg/ml) 5463 + 0.52
a-tocopherol (0.01mg/ml) 58.56 + 0.34
C. sulcata (0.01mg/ml) 11.38 + 1.05
C. grandis (0.0lmg/ml) 12.11 £ 1.21
C. sunki (0.0lmg/ml) 1031 + 1.34
C. sulcata (0.05 mg/ml) 20.11 + 1.45
C. grandis (0.05 mg/ml) 3133 + 152
C. sunki (0.05 mg/ml) 9433 + 149
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Table 20. The activity of superoxide anion scavenging from citrus

seeds extract

Sample Scavenging activity(%)
BHT (0.01mg/ml) 29.11 = 0.67
BHA (0.0lmg/ml) 4511 + 0.52
a—tocopherol (0.0lmg/ml) 50.01 + 0.60
C. sulcata (0.01lmg/ml) 15.15 + 1.22
C. grandis (0.0lmg/ml) 10.22 + 1.21
C. sunki (0.0lmg/ml) 1766 + 1.32
C. sulcata (0.05 mg/ml) 20.11 + 1.66
C. grandis (0.05 mg/ml) 2833 + 1.52
C. sunki (0.05 mg/ml) 2011 + 181
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