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Nitrite-scavenging Activities of Extracts of

Citrus Seeds

Soon-Im Na

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

Supervised by professor Soo—-Hyun Kim

Summary

Nitrite depletion effects by methanol extracts from citrus seeds with
the fat removed with ethyl ether were investigated.

The solid contents of citrus seeds extract were 0.8~1.0%.

Nitrite depletion effects at pH 2.2 were increased with the increase of
the does of extracts.

Especially, nitrite depletion effects by Sankyool(Citrus sunki) and
Sambokam(C. sulcata) were increased with the increase of the does and

reaction time.



Nitrite depletion effects of nitrite at pH 3.4 were increased with the
increase of the does of extracts, and were very unstabled with the
increase of reaction time. But methanol extract from Citrus sulcata seed
showed high depletion effect of nitrite and showed high stability with
the increase of reaction time.

Nitrite-Scavanging activites at pH 6.0 were increased with the
increase of dose of extracts. Especially, extracts from Kumkamja(Citrus
obovoidea), Dangyooja(C. grandis), Smabokam(C. sulcata) seeds showed
high depletion effects of nitrite. But nitrite scavanging effects with the

increase of reaction time were slight.



FAHEolY ASAlE Tl HAHER A= obHEAE S Clostridium
botulinum® A4S A ok oy, M9 myoglobin 2
hemoglobin¥} WFg3}lo] nitrosyl myoglobin® hemoglobing Al ste] A
= F5eA stH, ok e SAlEY 553 FHE SR Ao b
E Ao =N AT F AHH BAS AAATE AR LA 3l
Ao b 2 OAFE e oAy yetol A AE3TbE R Bol AR HE L
A=, HlmeAds 2 AFES qrAlskaL ow, dAA] obdAk vl TS
of Ab&o] &&Har AUrt. obAALS FE&FS Hol 156ppm(7.09g/1001b) o]
gk AA Ao 2= 120ppm bFol™ FAO/WHOOI A 43 Ay} of
Arrd o] 19 A3 3-8 F(acceptable daily intake, ADD-S 60kge] Al
71w Z47F 220mg 8mgolth. ofHANA S 1 AA|7E H4S vERo] ¢
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55 427

ofy
o
e
rr
po

methemoglobins ¥ A3} methemoglobinemia % 2
ow 4 vk gk G A Folu ook B IF FoF sol EAs
E A2d 9 A3FE obRl T of¥lFet Wkl N-nitrosamines /3 3t
4], °]& N-nitrosamine> & AFAH o] dIAHS YEY =
=42 93 A (Peter, 1975; Pivnick &, 1967, Fox®} Acherman, 1968;
Cassen, 1995; Wolff¢} Wasserman, 1972).

AAA S A 542 A9 gley ol u® st e AHEE A
AAs o AR wAAEe] 2ol o oAl ¥ (Leach &,
1987, Tannenbaum¥ Young, 1980), =4
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W, 9FEH, =9 ¥, a2y

off

o = satH Aol o8 1 o] =

7bale Ao m del A il YrH(Wolffel Wasserman, 1972). =3k 3 ojr}
EolMe dEdnh dAt 3 SRS e #AllA A st =
S5E Yorsias wol wAET I 3t th(Juhasz, 1980). o]ube] F<d o
o s-Fol 4mgel AAES HHEA Hrh(Walker, 1990), A4ted-&
AFAW, &5 2 A Fe] AR FAsdEs, AT T
Zh-go o) oA o= Fhel = oh(pdil, 1977)

Ak 9 oldAd e A8 BE AFAA AEEHIL e 25 FES
Aafroll Al Z47F 16~9040mg/kg 2 EHE~6.0mg/kgol®, SA| 7Tl &
747y 19~1295 % 0~96mg/kg, =17 B L 7FEES i 4~12mg/kg, %

11/

A= 10mg/kg olstel At FFe FHata glen, o5 ofditd

© Img/kgoldtel 3<it(Walker, 1990). Ed o}@arel e A& 28R, $5
2 0 R ESS AGeAY e MR 1 sheke] Zrhehth(Matsui
S, 1984; Kawabata &, 1979, Walker, 1990).

NES B3 A o) dte A0ga oj A4 HALS Awuw, =
Goclo] FEAoz el 121mgel ARFS AHAetn e o F A

e 85%, 7tE5°] 5%, F77F 5% E A5t Q) ol AAA S 1.88mg
S AAsta dedl, AiodA 43%, 7FESolA 28%, HFolA 16%E B
A HCornee &, 1992). d=rQlo] A Fo2REH AdA HH 2 95mg/day
ol A&7} 90%) S A EFL TESE ofAAYA S 14mg/day o E S
Fol 656%S AA T & tHKnight %5, 1987). Uld&=921¢ Akl x}
ofaAale XS Z+ZF 52mg/dayet 0.7mg/dayelgt A tHElen %,
1990). T3k F oAl 68mg/dayet 2.6mg/day, =29 o]olA 43mg/day 2}
1.8mg/day, @1 W= 96mg/dayet 8.0mg/dayelzl 3} tH(Walker,
1990). T3F oA A7t EdolM e HEH I J=d, Al of



A5 AHA S 31.5mg/dayel™ o] 5 95%<1 30mg7t B}l Al HE= L
Ao AirFet SAFES T3l 1bmg/dayelgt % tHKawabata 5,
1979; a1, 1979; Tannenbaum %, 1976).

A FAA oldAA N AAEY Fo 92 AAFEA SEAQA A
gl AAats Feke Fo] oM, AT oS A He A2 g 2

T, S, A Blae] dn AR S ddeder A

I AES FE AZe A4S 427 JdHBosch &, 1995).

Ascorbate, phenol’d 3}3& % tannic acid %A, phenolic, guaiacol,
resorcinol & AFHIEZY curingg& Y FTAYTOE ARGt olef Z
< SdEdo] opdAAI whEHW YE=RS whge  JIks H A
N-nitrosamine®] A4S ZFH3A Asistta ®u7F o (Mirvish &,
1972; Gray®} Dugan, 1975; Cooney$} Ross, 1978; Theiler &, 1984). 7+
5 (1996)2 gallic acid, gentisic acid, vanillic acid, benzoic acid 592 3=
d sRtEEe] =2 ofdAlYd AATES HaskSlal, catechin, chlorogenic
acid, morin, luteolin, luteolin—n—-O-glucoside, naringenin 2| flavonoid+
7F ol A AAGS HiasktHLee9t Choi, 1993).

AL &g oA aAZE e AFolA EFEE B okA
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s, 1999), HmEEEE 5, 1990), i, W ®H B33 5, 1998)9 F=
= EF7F obdArd ANkeS YERA T AL Bkl

kel ofstH WA EFF(476:d)d Hefol A WES Y o
(o= VIS wm mFo] HA AFdA o HFE hEo] AwiEHAE

& o Athmsl 7, 199). £Hel V=9 AdgEe] FREE 4,

A, 3k A, SRR, AE, A% ARE, eEE, 5AE, U, 9,
A, FE ol Aoy, EAel v, e EEAE ol oaA Al
oA, A, b W 5AE AF 2 A7l ol ol
g ugtayon olgHx it A AFEEEATELT, 2000)

=T
AEe 553 g9 tpke] vyl CE FFsta 7] Wil Al 5
AdEA Aot AESFEE EY ol&¥i drk. Ed  flavonoid,
limonoid % carotenoid w°] $HrEol QoA Al dEdo] et A+
2 7l sAAFeREAY A7 Az E L dom (S &, 1995), 53] 7
Z5°l A8t flavonoide @& elAA, A, dHltolgl =4, 34 &

o] dAES Zty = Aoew dHA Ad(Eun &, 1996), =3 E f7-
%]

Aol v AYgxd 7l " 7leAd AFLAE ol8H %
oH (3 <, 1997), d2RE el = HkE ARAA BFY A4,
TE, AH, dalfer ASRA, FE, Alsh, FF, il sl ol&Ea 3

7= o = hesperidin, rutin, narirutin, naringin, neo-hesperidin, nobiletin,
poncirin 52 2 flavonoid7} th& %o Qi(Eun &, 1996, & &,
1977), #7134+ 2.2+ d-limonene ©] 9o o2 7}A] limonoidE & &
sla o, MAAREL carotenoidd EAZ LA dok(el, 1997,
Johnson %, 1995). hesperidin® 2 EA|E¥vk olUzt THHF &9 in
vitro2} in vivooll A ol 7HA Ael 2 kgl F& (A A, 1990), naringin



= 4528 (0Oshiba®t Kato, 1981) % 3yt 2H-8-(oF 5, 1988), sHik3}
2+ (Tanizawa %, 1992), limocitrin-3-p-D-glucose, limocitrin-3-a

g
-L-rhamnose, 3,6-di-C-glucosylapigenin %< d¢4743 &3 (Matsubara

S, 1985), sinensetin, nobiletin< FP NS ZE  Frfo] g 2
(Veckenstedt®} Horn, 1976), nobiletin % tangeritine IEAHo|AA &

7} E o (Calomme 5, 1996), quercetin¥} tageretine o] I F <} o]
£ "ol (Jie, 1997; Marc®t Eric, 1994), limonin, nomilin¥} #-& citrus
limonoide TF74%4S dAlgttta Rusta dvh(Lam S 1994, Miller %,
1994).

e FAe FE R EAEH, ol FAES Abdo] 20.3%, 4t
B2 50%, T2 35%, st 25%, wEAF 1.7%, 2=E}A|(sudachi) 1.1%,
ol 7t 0.9%, w3 21%=(H, 1994), #HEFZEAN=  limonoidFHF ¢t a
~tocopherol s°] FfHo] o et s}t 5o o A 7ol o
Sk B a7k QA WH(ZE, 19905 =, 11995, Miller &, 1994; Vincent 5, 1980),
Ao gigk A= AdF3 JIE FAHOE o]Fo|Xa Jom HaE FA

o g @gel dE ATE A gl Aotk M B AFeAE A
4 gER FA A Aesee A BAS g 9% 9Bow
wepE A ATAL FAHAL 2A5E A}
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AFZ W F5=LolA 23 =33 & F(Table Dol FAwHe H2] 3}
of 4N FRAS T EZ 3~43] HE 73] AlHI T 45ToAM 4

AzToN DRAA B2 Bete] 228 Anz sk

Tabel 1. Scientific name of Citrus varieties

Varieties Scientific name
Sankyool(SK) Citrus sunki
Hakyool(HY) Citrus natsudaidai
Dangyooja(DY) Citrus grandis
Kumkamja(KK) Citrus obovoidea
Sambokam(SB) Citrus sulcata
Peonkyool(PK) Citrus tangerina

2. 159 guidE =A

4E A4 SRS 4G axy icro kijeldahl™ (4 2

N
(.
=
i)
flo
v B

A 1 530), 2AWS Soxhet AWFE=H, ©53tE Somogi-HH, 3|+

S A3 or B3I (F B, 1991).
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}047 -1 11/3]—
A G mEE 500meE 7Fete] 40T FE2o A 3A3E EQt FE 6o,

o)A E AdEHotd WEeES AASIAHFig 1). o17]el  Dimethyl
sulfoxide(DMSO)ES  7}3te]  zF 100mzE A&kt o A4S 0.45m

syringe filter o] 7sle] o}dAatel £ARE NWL 99 AnZ S
.
Citrus seeds 100g
<~—Ethyl ether 500m{
Extraction
(water bath 40°C, 3hr)
ether extract Residue
Methanol 500mé—
Concentration Extraction
(vacuum rotary evaporator, 30TC) (water bath 40°C, 3hr)
Concentration
(vacuum rotary evaporator, 40C)

Defated crude extract

Fig. 1. Schematic diagram for extraction of citrus seeds with methanol.



: __ solid content of extracts (g)
Yield(%) = . : x 100

5. obAANYE £2AZE
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Table 2. Proximate composition of citrus seeds

Moisture Crude Crude Carbohydrate Ash
S
(%) tein(%6) lipid(%%) (%)

Sample broteit P (%)
KK 4.1 14.1 375 39.2 3.2
DY 4.8 11.2 32.6 451 2.8
SK 4.7 15.0 42.6 225 4.1
SB 4.2 15.0 46.2 30.0 35
PK 6.4 13.3 36.2 38.8 29
HY 4.4 12.2 40.8 37.8 3.0
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Table 3. Soild content and yield of methanol extracts from citrus seeds

Extraction yield(%)

Soild content(%)

Solvent

1.1

Ja2

KK

0.9

1.0

DY

1.0

1.1

SK

1.1

1.2

SB

0.8

0.9

PK

0.8

0.8

HY
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3. pH 22914 oA d £2AEH

AEFANGSFEEY pH 2204 RESGAIAS W ofEAY &A=
Table 49 Zd. BE T4 FE=9 obdLd 2A%E
AlZy, A 7beEl el Zfol

AEFTANEEFEES 42 1m, 3m, 5mb H7bske] 1A1ZE WESAI S
o =732 05%~28.0%, At 21.2%~55.8%, Atw 32.2% ~57.6%, 4R
23.8%~81.5%°] 1, A= 17.5%~36.7, 3t 0% ~18.0%°] Lt}

3AIZE RESAIA S W SR 54%~28.0%, TR 23.7%~64.9%, AHE
36.9%~87.9%, ArE7F 29.3%~934%, HE 65%~33.7%, stE 0.0%~
18.9%°] At}

SAIZE HESAIH S o S A 18.0% ~51.2%, A 22.3% ~72.5%, At
2 34.0~94.1%, AR 226%~969%°| o, HFE 75%~383%, st&
7.5% ~31.3%°] A t}.

ZF 5(1996)2 pH 1.2~42%F oA (+)catechinn, gentisic acid % gallic
acid7b =& obdAke &AAES Btk Hasklar, A(20000 271, #t

S oAU Fao o}dY AARES Wegdel pHI Be 5, AR

b

i
%
o
id)

ol o4 wybHoldttn s on o (1999 HEF(A, 1
A A7) WegE FEE5S pH 1.2, 40. 6.0914 =AM 23} o]F pH 1.29]
A g Ee
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Table 4. Nitrite depletion effect of citrus seeds extract under pH 2.2

Nitrite depletion rate(%)

Sample Reaction by amount of addition(m{)
time(hr)
1 3 5
KK 05 9.3 28.0
DY 21.2 36.4 55.8
SK 32.1 41.6 57.6
SB 1 23.8 63.4 815
PK 175 324 36.7
HY 0.0 0.0 18.0
KK 54 25.1 452
DY 23.7 42.1 64.9
SK 36.9 77.1 87.9
SB 3 29.3 786 93.4
PK 6.5 276 33.8
HY 0.0 112 189
KK 180 37.7 51.2
DY 22.3 482 725
SK 34.0 80.3 94.1
SB 5 22,6 85.0 96.9
PK 75 337 38.3
HY 75 23.7 31.3
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——KK
—m—DY
SK
SB
—%— PK
—o—HY

Depletion of sodium nitrite(%

Time(hr)

Fig. 2. Changed to nitrite depletion effect of citrus seeds extracts under
pH 2.2 by 3ml addition.

100

g
o]
= ——KK
; —8-DY
3 SK
B
7] SB
5 —%—PK
s —o—HY
k5
o
[0
[a]

Time(hr)

Fig. 3. Changed to nitrite depletion effect of citrus seeds extracts under

pH 2.2 by 5ml addition.
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4. pH 3494 obA2Y £AET

AESANEGSFEEY pH 3404 RESGAIAS W ofEAY &A=
Table 59 #th. &= T2 FE&9 ofdAd &2A%E
AlZY, A7beEel wel 2po] & K.GIt

pH 3494 #EFAMEEFEES I, 3ml, 5m 7t 1A]7F vEE-
ANAS W 72 3.6%~63.0%, FHAF 23.0%~49.2%, & 1.7%~32.5%,
AR 05%~41.2%, HeE 81%~6.0%, st& 19.1%~67.9%°] 2 T}.

pH 344 3AIZF WHSA RS W =3 5.7%~64.2%, B2 0.0% ~
48.3%, Ak 0.0%~27.0%, SR 7 52%~62.6%, A& 0.0%~36.0%, =
7.2% ~59.6% °] L T}

pH 34°4 5AIZF wbEAIAS W 5732 5.0%~64.9%, A 4.8%~
20.6%, AbE 0.0%~24.5%, 2H 7 0.0%~365%, HE 6.3%~354%, st=
6.7% ~41.9% °] L T}

obdstd I Aw o7t WSSkl N-nitroso 3t&E& AP 7= F
2 pH7} 34%-olgtar H 13k o™ (Peter, 1975; Pivnick %, 1967, Fox<}
Acherman, 1968; Wolff¢} Wasserman, 1972), 7 5(1996)2 o]o] w& +t
Soll Al datatA ¢S di= ascorbic acid & ¥ 71A dgE HAE
of ME BAAA 52 obdAA AAel tig EiE kil qith

N-notroso 3t3t=2] Aol HA pH 34oA+ H7tgo]l S7tdeE &

=

AEFH7} 7S Holne YA WhSAZbe] whel wf Bl m

ﬂH

2 BolFm glom, 58 WY B3 FERES gasts 444 B
i

i AR olE T wHA FAFEE

rr
offt
>
=
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oo
>
=)
=
(g
S
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=
il
s
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o
i
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i
Auj
X
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Table 5. Nitrite depletion effect of citurs seeds extract under pH 3.4

Nitrite depletion rate(%)

Sample Reaction by amount of addition(mé)
time(hr)
1 3 5
KK 36 52.0 63.0
DY 23.0 42.3 49.2
SK 1.7 136 325
SB 1 05 15.1 41.2
PK 8.1 5.2 6.0
HY 19.1 515 67.9
KK 5.7 58.3 64.2
DY 0.0 175 48.3
SK 0.0 24.0 27.0
SB 3 5.2 35.2 62.6
PK 0.0 234 36.0
HY 72 52.6 59.6
KK 5.0 41.4 64.9
DY 48 12.8 20.6
SK 0.0 7.2 245
SB 5 0.0 47 365
PK 6.3 24.4 35.4
HY 6.7 35.9 41.9
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100

3

—e— KK
—m— DY
SK
SB
—%— PK
—o—HY

Depletion of sodium nitrite(%

Time(hr)

Fig. 4. Changed to nitrite depletion effect of citrus seeds extracts under
pH 3.4 by 3ml addition.

100

3

—e— KK
—m— DY
SK
SB
—%— PK
—o—HY

Depletion of sodium nitrite(%

0 1 2 3 4 5 6
Time(hr)

Fig. 5. Changed to nitrite depletion effect of citrus seeds extracts under
pH 3.4 by 5ml addition.
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5. pH 6.0914 o}d4d 2AEH

pH 6.0014 ZEFAMGSFEES 1, 3ml, 5Snl H7Fste] 1A% v
MRS W S 40.1~68.3%, A 16.2%~51.3%, AHE 1.8%~32.1%,
AR 0.0%~47.1%, BE 6.7%~36.7%, 32 21.6% ~60.7%°] At}

pH 6.0°14 3213t RESAIZ S o =3FAF 35.2% ~64.2%, FfrAF 17.0% ~
54.71%, A 0.0%~53.6%, A7 18.1%~70.2%, A& 14.0%~42.7%, st=&
15.8% ~57.4%°] At}

pH 6.0914 5413t wbgAZ S Wl w34 36.7%~176.6%, T+AF 5.7%~
46.0%, Ak 7.29%~34.0%, AE7F 0.0%~584%, HE 69%~30.9%, st
29.296~46.9%°] L T

A(2000)= =7], vk, A F2= pH 25, 42 3 6004 of&AY

b
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Table 6. Nitrite depletion effect of citrus seeds extract under pH 6.0

Nitrite depletion rate(%s)

Sample Reaction by amount of addition(m{)
time(hr)
1 3 5
KK 40.1 61.6 63.3
DY 16.2 30.3 51.3
SK 1.8 28.2 32.1
SB 1 0.0 196 471
PK 6.7 30.8 36.7
HY 21.6 49.6 60.7
KK 35.2 58.3 64.2
DY 17.0 40.6 54.7
SK 0.0 19.2 53.6
SB 3 18.1 476 70.2
PK 14.0 36.6 42.7
HY 15.8 55.4 57.4
KK 36.7 675 76.6
DY 5.7 155 46.0
SK 72 26.6 34.0
SB o 0.0 36.6 58.4
PK 6.9 23.2 30.9
HY 19.2 345 46.9
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100

3

—e— KK
—m— DY
SK
SB
—%— PK
—o—HY

Depletion of sodium nitrite(%

0 1 2 3 4 5 6
Time(hr)

Fig. 6. Changed to nitrite depletion effect of citrus seeds extracts under
pH 6.0 by 3ml addition.

100

3

/

—e— KK
—m— DY
SK
SB
—%— PK
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Fig. 7. Changed to nitrite depletion effect of citrus seeds extracts under
pH 6.0 by 5ml addition.
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