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Summary

Water, 30, 50, 70, and 95% as well as enzymatic extracts from peel and seeds
of different citrus varieties such as Citrus sunki, Citrus sulcata, Citrus
grandis and Citrus junos were evaluated for their radical scavenging potential
by DPPH, superoxide and hydroxyl radical scavenging assays as well as
flavonoid content by HPLC.

Water extracts, 30 and 509 ethanol extracts of peel from all the citrus
samples showed more than 50 % activities in DPPH radical scavenging while
70% ethanol extracts of peel from Citrus sunki, Citrus sulcata and Citrus
grandis showed more than 50% scavenging activities in DPPH radical
scavenging. Only 95% ethanol extract of peel from Citrus junos showed more
than 50% DPPH radical scavenging activity. Among all, 5096 ethanol extracts
of peel from Citrus sunki showed the highest DPPH radical scavenging
activity, and all the extracts of seed from Citrus grandis and Citrus junos
showed the lowest activities in DPPH radical scavenging.

Among carbohydrase enzymes, the AMG extract of the peel from Citrus
sunki showed the highest DPPH radical scavenging activity (60.5%) while all
the extracts of seed of all citrus varies showed lower activities (less than
50%). Among proteases enzymes, Nutrase extract of peel from Citrus sunki
and Citrus grandis showed strong activities in DPPH radical scavenging (86.2
and 77.1% in Citrus sunki and Citrus grandis, respectively), while Kojizyme
extract of peel from Citrus junos showed the third highest activities (7096).
However, all the extracts of seed from all the citrus varieties showed the
activities less than 50%.

All ethanolic and water extracts of peel and seed from Citrus sunki, Citrus

sulcata, Citrus grandis and Citrus junos showed mild activities, and it was
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less than 15%. 95% ethanolic extracts of seed from all the citrus verities
showed very low activities in superoxide anion radical scavenging.

Among carbohydrase enzymatic extracts of peel, Citrus sunki, Citrus sulcata,
Citrus grandis and Citrus junos) showed the activities between 70.5-79,
©65.9-83.7, 6b.8-82.9 and 705-73.8%, respectively in superoxide radical
scavenging. All the carbohydrase extracts of peel showed more than 60%
activities while AMG and Ultraflo extracts of peel showed more than 70%
activities. All the carbohydrase extracts of seed showed moderate activities
but AMG and Ultraflo extracts of seeds showed more than 70% activities.
Among proteases enzymatic extracts of peel, Citrus sunki, Citrus sulcata,
Citrus grandis, and Citrus junos showed the activities between 72.1-79.3,
77-819, 795-88.8 and 49.2-80.6.26, respectively in superoxide radical
scavenging. All the proteases extracts of seed showed moderate activities, but
Protamex and Alcalase extracts of seeds showed more than 70% activities.
Both peel a and seed water extracts from all the citrus varieties showed the
activities less than 30% but 30,50,70 and 95% ethanolic extracts from peel
and seed from all the citrus varieties showed moderate activities (around
50%) in hydroxyl radical scavenging.

Except water extracts of peel and seed, other extracts showed strong
hydroxyl radical scavenging activities compared with the commercial
antioxidant, Trolox.

All extracts of peel and seed from Citrus sunki, Citrus sulcata, Citrus
grandis and Citrus junos were analyzed for their flavonoid content by HPLC,
and found that Hesperidin, Hesperitin, Naringin and Rutin are available in
considerable amounts. The extracts of peel from Citrus sunki showed 0.730
and 0.255 mg/g of hesperidin and hesperitin, respectively, while the extract of
peel from Citrus sulcata showed 0.678 mg/g hesperidin. Further, the extract
of peel from Citrus grandis showed 0.206 , 0.865, 0.085 mg/g of hesperidin,

naringin and rutin respectively while the extracts of peel from Citrus junos
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showed 0.234, 0.182, 0.015 mg/g of hesperidin, naringin and rutin respectively.
The extract of peel from Citrus sunki showed 0.017 mg/g quercetin, while the

extracts of seed from Citrus sunki, Citrus sulcata, Citrus grandis and Citrus

junos showed trace amount of caffeic acid.
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Tabel 1. Scientific name of Citrus varieties

Varieties Scientific name
Sankyool(SK) Citrus sunki
Sambokam(SB) Citrus sulcata
Dangyooja(DY) Citrus grandis
Yuja(Y]) Citrus junos

2) dgE FEE9 =4

g A Bye FES 742 1g¥ A FH Sk 100mle] X (water, 30%
EtOH, 50 EtOH, 70% EtOH, 95% EtOH)& vl = zt7} 24A1%F FZ3kaL, thAa] o
¥} 2] (Whatman, England, pore size : 0.45mm)E Al-&3&to] Ao A& 3 sample

& ol sstae.
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Powder of citrus peel and seed (1g)
< 100ml D.W., Ethanol(30%, 50%, 70%, 95%)

Extraction(24hr)

Filtrate(0.45¢m)

Crude extract

Fig. 1. Schematic diagram of enzymatic extraction from citrus peels and seeds.
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Table 2. Characteristics of different carbohydrases and proteases in hydrolysis

process
Optimal o
Enzyme : Characteristics
pH T®
Abhility to liberate bound materials and
Viscozyme 4.5 50 to grade non-starch polysaccharides
Catalyzes the breakdown of cellulose
Carbohy- Celluclast 4.5 60 mto glucose, cellobiose and higher glucose ploymer
drases AMG 45 60 Hydrolyzes 1,4- and 1,6- linkages in liquefied starch
Hydrolyses 1,4-glucosidic linkages in
Termamyl 6.0 60 ailgse and eearylopectin.
Ultraflo 7.0 60 Breakdown of —glucans, pentosans and other gums
Protamex 6.0 40 Production of non-bitter protein hydrolysis
Kojizyme 6.0 40 Amino- and carboxy peptidase activies
Proteases Nutrase 6.0 50 Endopeptidase activies

Flavourzyme 7.0 50 Endoprotease and exopeptidase activies

Alcalase 8.0 50 Endopeptidase activies

_10_
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4) A

2 Ago] ALEd G EA(AMG, Celluclast, Termaryl, Viscozyme,
Ultraflo, Pectinex)®} &2 73] 84 (Protamex, Kojizyme, Nutrase,
Flavourzyme, Alcalase)i= Novo AF(Novozymes Nordisk, Bagasvaed, Denmark)
oA FYPste] A3 S, DPPH(Sigma D-9132), Sodium carbonate(Sigma
S-7795), Sodium bicarbonate(Sigma S-5761), Xanthine (Sigma X-4002), EDTA
« 2Na * 2H-O(Sigma ED2SS), BSA(Bovine serum albumin) (Sigma A-7906),
NBT (Nitrotetrazolium blue)(Sigma N-6876), Xanthine Oxidase (Sigma
X-4376), Sodium phosphate monobasic(Sigma S-8282), Sodium phosphate
dibasic (Sigma S-7907), 2-deoxy-D-ribose(Sigma D-5899), Iron(IIl) chloride
hexahydrate (Daejung Chemicals), Hydrogen peroxide solution 30%/(Sigma
H-1009), L-Ascorbic acid(Aldrich A-92902), TCA (Trichloroacetic acid)(Sigma
X-4376), TBA(4,6-Dihydroxy—-2-mercaptopyrimidine)(Alfa Aesar A-12681)%

A, 79 RE Aoke B4 Bk Agska

5) HPLC #4] A ¢ 4 7]7]

HPLC Ao AF&® &ul= Fisher Chem. Alent Guide Co.AM9]
metanol(HPLC Grade)¥} acetinitrile(HPLC Grade) A3 & AF8-3+$ 2™, buffer=
+ Dae Jung CoAFe] acetic acidE Al&3Adh #4 ~7]7]190 HPLC(High
Performance Liquid Chromatograph)i= Waters CoAlF #3522 Alliance2695°]
™ Detectori= PDAD(Photodiode Array Detector)S AF&3Fth. Columnt
Waters Co. A Xterra® RP18 3.5um 4.6x100mmE AF83tth X542 Ab
45 Al9FS Sigma CoAl A% 2 caffeic acid, rutin, hesperidin, naringin,

quercetin, hesperetin & 6719 E+¥FS F+Ysto] A&t

-11 -
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N
>
oo
0
IF

1) dutd & 4
e ol o] dubAg RS AOACGHW wat 7= A=
o7t AxW, M AL micro kjeldahl (A& Al 1 5.30), ZAW-8 Soxhet

A EEH B4slE S Somogi-HY, 23 2L AH3sHor BAsT)

N

/2)1—

4>
ME
rlo

2) % polyphenol &%
% polyphenol ¢#<2 Folin-Denis(28)H S W 3le] =439 th Al = Smlol

FolinA] ¢F 5mlE 7}slal 3% & 10% sodium carbonate bmlE 9o 30Tl A 1

AIZE AT S 700 nmolA e FHEE AU dETEAE Hd
A S AF8EY a1 g (+)-cateching AF&3lo] 3k A g HoRRE AR

9] polyphenol %S 54353t}

3) FAirs &3
(1) DPPH radical 2A &4 &4
e Hue} FAe 2 FEE9 free radical 2A A2 Blois(55)¢] WH S

wHstel Z4shgln
o gtZol &A%l 0.2mM DPPH &< 100utoll 4 F&= 200s ¥ &%

7]
Fol Ao A 2087 WE A7l F 517nmolA EHEE =4 9o, DPPH

free radical®] A2 A t}S-2]o o3le] A s tH(Fig. 2).

ol

DPPH free radical 27 &4 (%)

- 12 -
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Extract(200u£)+ 0.2mM DPPH(100.:8)

Mixed for 1 min

Incubated at room temp. for 20min

Measured absorbance at 517nm on a microplate reader

Fig. 2. Schematic diagram of DPPH radical scavenging assay.

(2) Superoxide anion radical 2A&A =3

Superoxide anion radical A7 &4 S Nagai 5(56)9 W uz 50uM
Na,COs3 buffer(pH 7.8) 600t 3mM xanthine 254, 3SmM EDTA 25u, 0.15%
bovine serum albumin 2540, 0.75mM NBT 25u02] &8N0 Az 25uE ¢
o] 25T 9] incubatorell 4] 10%# ¥WFgAZl 5 6mM<e] xathine oxidase(XOD) 25u0

= H7Fsle] 25T 9] incubatorol 4] 207 ®H3-A]7, Spectrophotometer(Spectra

Max, Molecular Devices, USA)Z 560nmol 4] &3 == =43 tH(Fig. 3).

Superoxide anion radical &~H &4 th3 o] AAksEA T
Superoxide anion radical 4724 (%)

= -z F3=-AEFZE)/HET535] < 100

Assay mixture 7508

Add. 2518 xanthine oxidase(reaction)

after 20min

Measured absorbance at 560nm on a spectrophotometer

Fig. 3. Schematic diagram of superoxide anion radical scavenging assay.

_13_
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(3) Hydroxyl radical 2A &4 &3
e F24 7+ FEE9] hydroxyl radical 24 &4 Chung 5(57)9

WS W sle] =43¢t = hydroxyl radicale iron(lll)chloride®] &7 3}l
/] Fenton WHgo 2 AAAZITY. HEEENE 05mM iron(lll)chloride £,

10mM EDTA €< 10mM 2-deoxy-D-ribose £ <3} 10mM hydrogenperoxide
P & Zbzbo] FEE 150109 0.1M phosphate buffer &9 (pH 7.4)& 4

< i47]—?5
of EFA F B R} A00ut RS BASE FTCOAA 1A B WS

S A7l & 2.8% trichloroacetic acid®} thiobarbituric acidE 2tz 0.5ml%® # 7

N

-

Al71aL 100C @ =olAM 1623 AR F dg=ddAM 583 Wzste

=5, 1N

Spectrophotometer(Spectra Max, Molecular Devices, USA)Z 532nmol A 3%
= S48ttt (Fig. 4).

Hydrogen peroxide A~A &2 o3 o] AlAiksl st

Hydroxyl radical 2724 (%)

= I-(N=75F3=-ANEFZE)/HE7T545%] x 100

n:[oll

1500 Sample

Add Fenton reaction mixture
(10mM iron(ll)chloride, 10mM EDTA, 10mM
hydrogenperoxide, 10mM 2-deoxy-D-ribose)

| Add 0.1M Phosphate buffer(pH 7.4) |

| Incubate at 37C for lhrs |

Add 0.5ml of 1% TBA and
0.5ml of 2.8% TCA

| Keep in the boiling water bath(15min) |

| Cooling in ice water, bmin |

Measure absorbance at 532nm

Fig. 4. Schematic diagram of hydroxyl radical scavenging assay.
- 14 -
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(4) HPLC B4 - A% &4

HPLC #A1o)4 &8 N8 acetonitrile 1,000mlel acetic acid bmlE &3 &
Ay} 32 FHFS 1,000mlel acetic acid 5mlE &g 4S8 7] &7] SO
A8k olwl HPLC 7171271 S Table 39 YejWolar, o]l5de] 71€&7] &
2] Z271& Table 40 5313t}

Table 3. HPLC instrumental conditions for analysis

HPLC Waters Alliance System (Waters 2695)
Column Xterra® RP18 3.5um 4.6x100mm
Detector Photodiode Array Detector
Flow Rate 1.0ml/min
Injection Volume 10uLL
Colume Temperature 25C
Sample Temperature 25C

Table 4. Mobile phase conditions of HPLC gradient—elution

Program order Time Flow H2O Acetonitrile Curve

1 1.00 95.0 5.0

2 5.00 1.00 95.0 5.0 6
3 10.00 1.00 90.0 10.0 6
4 30.00 1.00 80.0 20.0 6
5} 40.00 1.00 80.0 20.0 6
6 50.00 1.00 70.0 30.0 6
7 60.00 1.00 70.0 30.0 6
8 70.00 1.00 50.0 50.0 6
9 80.00 1.00 50.0 50.0 6
10 81.00 1.00 0.0 100.0 6
11 90.00 1.00 0.0 100.0 6
12 91.00 1.00 95.0 5.0 6
13 100.00 1.00 95.0 5.0 6

- 15 -
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TAAZET AE Ay FASS AAEHT
qES FAS 27 E Table 59 ot 527
e 42~58%=E U 6%0lstY FRITHS BHioH, x
¥ 04~06%, A= 11.2~15.0%, =AW g 3
44.2%, BrrstEd e 3y 87.2~91.4, A 33.3~47.1%°|N 31, 3|+ FS I
39 0.2~0.5%, FA} 2.8~44%E YERH AL

rlo
i
l

Table 5. Proximate composition of citrus peels used in this study (unit : %)

SK SB DY Y]

component

peel seed peel seed peel seed peel seed

Moisture 4.2 4.7 2.0 4.2 38 4.8 0.8 0.3

Crude protein 04  15.0 0.6 14.8 06 11.2 0.5 13.2

Crude lipid 3.8 414 4.6 44.2 6.2 341 0.1 38.6

Carbohydrate 91.4 34.8 894 333 872 471 88.2 38.5

Ash 0.2 4.1 0.4 3.5 0.5 2.8 0.4 4.4

_16_
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2. = polyphenol Stk

SAAZE 72 ¥y e F29 &£ polyphenol %S Table 63 o], 3}y
288.4~867.2mg/100g, & A 365.9~384.5mg/100gE YEH o 3] 49 Ak
#o] 867.2mg/100g%2 TS YERUA =M ol 39 Fed wE o
AtREE, T Ak qbde] A oR & S e 9l

AEFA oA, HE T Ay FIfFdA F ZETFE Tl 140~
200mg/100g AEete HIGYE YR B HAFdas s2480x A 2AE A

§3197) e Aol mel Aoz A7 Hh

Table 6. Content of flavonoid and total phenol content from citrus peels and

seeds
Polyphenol contents(mg/100g)
Sample

Peels Seeds
SK 867.2 367.2
SB 343.1 373.1
DY 288.4 384.5
Y] 3159 365.9

- 17 -
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3. DPPH radical 2 HEA

g et FAL ogE Fko mE FEFEW DPPH free radical &~A
A= Table 79 Yetd ATt 72 #99} T2 2t3=E29 DPPH
A 5 1~31.3%= 50% °l
B FEEAA AHHLE =2 45 BoH, 4R FEES Ay 43
8~63.7%, TA 12.0~447%, IFTA FE=S H¥ 440~703% FA 07~
6~73.3%, 31~14.4%<¢ <& HEUS
<, #7F FAbell vl wg =2 GAAS BT
Ad Byt T2 a4 FEE9 DPPH free radical 2442 Table 8
of ettt g@FsERsasFEEdAE gy 46.1~60.5%, AR
3] 40.3~50.0%, FrA23 42.9~535%, FAF43 39.3~47.2%=2 HEF 2399
DPPH free radical 2A&4 & A 60%°]st= ko) 2b=33e] AMG F
EWE 605%=2 thA =& AAGAS Ao AEEFA 36.2~51.9%, AE7E
T 31.5~44.7%, FHAETA 26.0~384%, FAEA 228~31.0%=2 AHEFT ALY
A5 A A o2 50%0]5te] W& AAGA S Bt @A EAFEESl
A oAb 9] 486~86.2%, AR I 389~62.8%, B AT 34.0~77.1%,
k3] 333~70.0%9 AALES Bt ARl 84S0l A nutrase FEE
o ZAZGA ol AR A U=, 538 AEHY] 86.2%, drAY 77.1%
o] 2ABAHE BHYow, FAHIY kojizyme FEENAM 70.0%2 2AZAHS
UERU AT FAFe A AbE TR 234~42.4%, ARIERL 29.6~42.2%, A
TR 27.3~41.9%, TAFA 27.0~45.7%=Z 50%°]38te] 2 AALAHE YE
t}.

of\ FLHN'

~
do

Y2 F 2] ol EFEE 100ug/ml FEolA €432l DPPH radical 47 842
472~61.3%S zt WHH, "5 89.88~98.83% =2 = abo HlE|] Aoid oz
2 2AZHE Zevdn BRuHdoh(B9). =3 ot 60% ofghE FEEA

819(60), B3 EFF =AM 70% 22061 zZte=vhal By glew, +
712k 50% g FEEolA 66.97%2] S-S stk B E ATH62).

)

_18_

Collection @ jeju



Aol Abzta Ao A WA EE free radicale2 AAMES =3 =A . A A E]
o7l Ak 5o MEZEAFS Aty "Ll olE free radicalES A3
2 AR O TN AMNEZ BIeA Dot olgld AT FLe A ey
Zoll s Tolste] AHqNSS FTEATIAL AFW AAAst A A W
t

rr

489

B

=2 o] &57|= FrH63).

>
oty
il
ol

o 4]

-
-

Table 7. DPPH radical scavenging activity of ethanolic extracts from citrus peels

and seeds
DPPH scavenging activity (%)
Sample
Peels Seeds
Water 98.5 28.7
30% EtOH 69.8 31.3
SK 50% EtOH 82.1 29.2
70% EtOH 61.3 215
95% EtOH 32.9 10.1
Water 63.7 31.5
30% EtOH 61.3 31.7
SB 50% EtOH 62.7 36.1
70% EtOH 60.1 44.7
95% EtOH 43.8 12.0
Water 70.3 14.3
30% EtOH 62.7 109
DY 50% EtOH 62.9 11.8
70% EtOH g0 4 7.8
95% EtOH 44.0 -0.7
Water 53.0 14.4
30% EtOH 58.5 134
Y] 50% EtOH 53.5 116
70% EtOH 41.6 5.6
95% EtOH 73.3 3.1
it
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Table 8 DPPH radical scavenging activity of enzymatic extracts from citrus peels and seeds

DPPH Scavenging Activity (%)

Sample Peels Seeds

SK SB DY YJ |  SK SB DY YJ
Viscozyme 585 458 48,6 443|519 447 384 295
Celluclast 56.4 429 429 393|463 426 30.7 31.0

Carbohydrases
AMG 60.5 50.0 535 472|421 427 342 270
Termamyl 46.1 402 438 426|345 315 280 26.3
Ultaraflo 554 425 458 398 362 320 26.0 228
Protamex 491 389 551 352297 394 323 294
Kojizyme 525 451 5B82 700|234 379 419 328
Prifeasas Nutrase 86.2 628 771 658|424 422 399 457
Flavourzyme 65.1 514 431 399|355 296 273 27.0
Alcalase 486 39.6 34.0 333|346 327 31.3 270

Trolox(ug/ml) 95.3
- 20 -
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4. Superoxide anion radical &~ MH&EM

e Rae FAY 7 dEs sk wWE FEEE9 superoxide anion
radical 2AEA S =43 A= Table 9o YEFH AT Superoxide anion
radical 2AZAd LS A= 3139 1.1~101%, A -6.2~5.0%, Ar7 343 3.
2~87%, A -22~136%, Bt I 24~79%, T2 -10.3~14.2%, 17
3 HFAE B9 34~71%, TA -93~6322 ¢ e AATAHS BT

g el FAe g4 FEE9 superoxide anion radical A4
Table 1091 YeElRATH @53 ERflgarFEE0-= g3y 705~79.0%,
AR A 6569~837%, FHAHI 65.8~82.9%, FAHI 705~738%=
5 739 superoxide anion radical A2AEAE L A X O R 60%0|oe R =9k
o &3] g3 ERdlas 5 AMG, ultaraflo2 ©] &3 FEEA = 70%°] %
o &2 A2AYHS JEUeH, AdEFA -316~65.9%, AHERFER 55~
70.3%, FrAEA -158~67.1%, TAEA -408~T55%2 H=EFTAY] A5 Al
How v A7EdS oy #EHy e Aytet mRivbA = ghstE o

34§ AMG, Ultaraflog ©]&3 FEEdA= A7AEA ] =t Sl AR 3

rlo

F

EAFEEY AAGHLS ey 721~79.3%, HFRAIY 77.0~81.9%, F-AF
3] 79.5~88.8%, AT 492~806.0%% HAIHORZ T0%0]4e =2 ~AE
AE B3 o & AEER -26.3~59.8%, AHEZFA 29.6~75.8%, A
FAF -349~709%, FAFA 58.6~73.2%2] A AL S HPow, B oA
REalgs Protamex, Alcalase®] TEEAFEFEoA 70%°]de] =& 2AL

kg Al RS E %3 T superoxide anion A2 ZAE FAE A3 Smg/ml
TrolA S 422%, 7MY, e, daA] BEARAL, SeelA 20% o]t &
AL Zta Jdua BuEom(er), dAn H deldw FEE(500ug/ml)ol A
66.2% 2 5352%(68), TR T dwe HWEs F=E(mng/mDolA 52.91%(69),
=2 AFEFEEQCng/mDol A 10~26%2] AAZAS Btk sH31=dl(70), & A

geol Ak o 5ol wste] ¥ & £ABHS wolx ok
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Table 9. Superoxide anion scavenging activity of ethanolic extracts from citrus peels

and seeds
superoxide anion scavenging activity (%)
Sample
Peel Seed
Water 1.8 2.3
30% EtOH 3.0 5.0
SK 50% EtOH 10.1 2.8
70% EtOH 5.9 -0.2
95% EtOH 1.1 -6.2
Water 75 -0.2
30% EtOH 8.7 1346
SB 50% EtOH 9.5 8.7
70% EtOH 3.2 3.6
95% EtOH 4.1 -2.2
Water 24 -4.5
30% EtOH 7.9 14.2
DY 50% EtOH 2.9 6.6
70% EtOH 5.5 6.9
95% EtOH 7.4 -10.3
Water 74 -0.3
30% EtOH 6.2 6.5
Y]J 20% EtOH 59 0.3
70% EtOH Tl -0.3
95% EtOH 3.4 -9.3
Trolox(ug/ml) 85.9

@ jeju
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Table 10. Superoxide anion scavenging activity of erzyntic extracts from  citrus peels and seeds

superoxide anion scavenging Activity (%)

Sample Peels Seeds

SK SB DY YJ|SK SB DY YJ

Carbohydrases Viscozyme 71 659 771 735|-316 -55 -15.8 -40.8

Celluclast 79.0 765 812 756 | -12 T71.8 526 753
AMG 705 826 821 711|650 703 604 755
Termamyl 76.7 783 658 705|49.3 53.8 525 54.3
Ultaraflo 777 837 829 738|659 633 671 52.2
Proteases Protamex 75.0 814 838 887|524 758 708 732
Kojizyme 76.3 819 840 806 |-263 614 728 58.6
Nutrase L 710 81O BEEEF-G8 67.3 3494041

Flavourzyme 793 756 847 492|414 296 681 604

Alcalase 746 81.0 795 T6.2|598 70.7 709 62.3

Allopurinol(ug/ml) 97.6
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Superoxide anion radical WA} gloll &gk whEAo] w]g- Fslo] AE HA
S doA s FEAINAY HF w3t & doZ F Qdrt o dA4AE
5

B, mEds FD, AR ¢

(o3

o=

ro
r
=
fol
E[o{t
Sy
lo
ol
4
o2
s
o|N
N
.l
Ol
ol
rlr

d)(71), 1A Wol A+ superoxide anion radicale #|A3F7] 93}e]  superoxide
dismutase(SOD)7} W)= o] Ao #3l8t superoxide anion radicals st
2HO0) 8 Ao daz A@ANAFE H&207 + 2H — HO, + 02
st Zlem ddA o, SODe o AHE HOox= A =4S A3k 7]7]
%= &}1l peroxidasel} catalaseol &dto] ApAlE Bafdte] EEAIe} AAEAE A
2y 7% stoh SODeF fAFeE 9E8-S st A A 222 2 phytochemicalsoll
&ate Ao RuF I Yrk72).

ol AsERE FE B FA FEETIA Fue ) AL 9

>.\I

i
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5. Hydroxyl radical A&~H&EM

Hydroxyl radical £~A%2 IAEs4(H029 ol (FeCls-EDTA)ZF2] 1E
%, = Fenton ¥F3-o 9&] A% hyroxyl radicalel]l 9@ ¥k3-Alel 7| &A= At
4% deoxyribose”} AFstEHA] AAE = 3AEsEHE Sl malondialdehyde(MDA)
s SATeEA Hridd. webd FE Aok T2 A4FEE4 hydroxyl
radical 271845 BHTS} a-tocopherol &AF3}A]e} v nl3le] Table 11 EF
RIS

Hydroxyl radical 2~ &/l dist & oo} F2bo] 7} ofes g F
25 AAGAH L A H¥ 95~634%, T2 195~53.0%, AR 33 202~
50.9%, & A+ 5.1~49.4%, -2 #3 305~59.7%, A 3.1~59.1%, = 23]
16.4~63.5%, &4 51~554%E & FEEo Ag oS FEEA aA4atst

e

X
e
o,
o
19
32
v

Al el trolox$} Bl E =& A&
#drl g WoldM FEEL 0b5mg/mL FxECA ZZ 2615% H 44.15%9
hydroxyl radical &2A&A4S zkil o™ (73), FA4H|Ql A5 70% o&E F=
E 2mg/mls=ol A 137] EFo| 51~124%, H3FEEL 3ng/ml FEdA 60%
of 2AEAe] dvta HuEHJTHT4). T3 A W4 FEAE FEE9 hydroxy
radical 2AEA L AF-FEE 2719 80.45%, %<& 69.75%, T 7= 242t
1295 3 21%= A oH(75), T A9 WEF hydrox] radical 4
17~53%, 1&g <, & 2 e aE: FE=dA% 80.9-81.8% 9 & &

Agde 2o Jthar Bais IeH(76).

Rl

J WA= A A A S (reactive oxygen species, ROS)ol A 7H4 74
3 SAA AR 47 hydroxyl radical®] A HS wHSA 2SI iALE O] 9] F
deoxyribose’} }¥ ¥ o] aldehyde”} A=l DNA &4o ofgt EdA®o], &
59 Az AHI BAVE vhA58). wWEkA hyroxyl radical £A %S 7HA =
deoxyribose2} ¥F$-& 4= 9l hydroxyl radicals #|73dte] MDA<S] A
e AN T ATHEO).

Bz e B ATeME 4F B9s 4 FEEEES hydroxyl

S
™
2,
Lo,
iih3
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Table 11. Hydroxyl radical scavenging activity of ethanolic extracts from

citrus peels and seeds

Hydroxyl radical scavenging activity(%5)

Sample

Peel Seed

Water L o) 19.5

30% EtOH 63.4 46.6

SK 50% EtOH 49.6 53.0
70% EtOH 47.5 47.1

95% EtOH 48.0 43.8

Water 20.2 o

30% EtOH 46.8 44.3

SB 50% EtOH 50.9 48.8
70% EtOH 52.0 47.9

95% EtOH 52.3 49.4

Water 30.5 3.1

30% EtOH 59.5 59.7

DY 50% EtOH 53.0 55.4
70% EtOH 09.7 59.1

95% EtOH 29.6 o4.7

Water 16.4 0.1

30% EtOH 98.2 48.7

Y]J 0% EtOH 4.8 51.0
70% EtOH 63.5 50.2

95% EtOH 4.3 50.4

Trolox(ug/ml) 52.5

- 27 -

@ jeju



6. HPLCE 0|28l Flavonoid A4 - F2F £AM

7+ HnA oz IGHo Quan R ZTgHL-ol= AR

et
ol

caffeic acid, rutin, hesperidin, naringin, quercetin, hesperetin & % 671 <4
o2 HPLC §ZFEAS atdx, 8 A4 2 A £33 FZHY e %ol w

2 Zgnwol= g AFNE Table 12.~139] 29Fstdrt. m=a 747ho]

chromatogram< Fig. 5. ~ Fig. 12.9] YERH A}

Table 12. Flavonoid contents of ethanolic extracts from peels of four citrus

species by HPLC analysis

Flavonoid contents(mg/g, 254nm)

code CA HD NG RT QC HT
1B_30% ND 0.097 ND ND 0.001 0.035
1B_50% ND 0.139 ND ND 0.002 0.042
1B_70% ND 0.500 ND ND 0.003 0.052
1B_95% ND 0.730 ND ND 0.017 0.255
2B_30% ND 0.243 ND ND ND ND
2B_50% ND 0.678 ND ND ND ND
2B_70% ND 0.365 ND ND ND ND
2B_95% ND 0.533 ND ND ND ND
3B_30% ND 0.206 0.626 0.060 ND ND
3B_50% ND 0.107 0.561 0.054 ND ND
3B_70% ND 0.111 0.595 0.057 ND ND
3B_95% ND 0.143 0.865 0.085 ND ND
4B_30% ND 0.104 0.123 0.09 ND ND
4B_50% TR 0.189 0.151 0.011 ND ND
4B_70% TR 0.205 0.164 0.012 ND ND
4B_95% ND 0.234 0.182 0.015 ND ND

* CA ' Caffic acid, HD : Hesperidin, NG : Naringin, RT : Rutin hydrate,
QC : Quercetin, HT : Hesperetin TR : Trace , ND : None detect
* * 1B(Sankyool peel, Cirtus sunki), 2B(Sambokam peel, Cirtus sulcata)
3B(Dangyooja peel, Cirtus grandis), 4B(Yuja peel, Cirtus junos)
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Table 13. Flavonoid contents of ethanolic extracts from seeds of four citrus

species by HPLC analysis

Flavonoid contents(mg/g, 254nm)

code CA HD NG RT QC HT
1A_30% ND ND ND ND ND ND
1A_50% TR ND ND ND ND ND
1A_70% ND ND ND ND ND ND
1A_95% ND ND ND ND ND ND
2A_30% TR 0.011 ND ND ND ND
2A_50% ND ND ND ND ND ND
2A_70% TR 0.019 ND ND ND ND
2A_95% ND 0.024 ND ND ND ND
3A_30% TR 0.009 TR TR TR ND
3A_50% TR ND ND ND TR ND
3A_70% TR 0.007 0.003 ND ND ND
3A_95% ND 0.009 ND ND ND ND
4A_30% TR 0.025 TR ND ND ND
4A_50% TR 0.025 TR ND TR ND
4A_70% TR 0.017 TR ND TR ND
4A_95% ND 0.012 ND ND ND ND

* CA ! Caffic acid, HD : Hesperidin, NG : Naringin, RT : Rutin hydrate,
QC : Quercetin, HT : Hesperetin, TR : Trace , ND : None detect
* % 1A : SK(Sankyool seed, Cirtus sunki), 2A : SB(Sambokam seed, Cirtus sulcata)
3A : DY(Dangyooja seed, Cirtus grandis), 4A : YJ(Yuja seed, Cirtus junos)
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9l B ATl ot FA(seed)dl = HRE e FTFHELo|E AHREEC &
A WAE mgoez yepd vhd) 39 (peeD ol Al SEtE -olE RS0
Ees FAT & AT =3 A9 (peeDE FEHH wEk v e o
=9 Hl&o] 30%, 50% 70%, 95% Z7hstel wel EdtRolE AiEEo] Hol
FEEES 99 5 Uk

dEfFdle B flavonoid7t A HAAZEA of 60oF o]de] Fx7t
el dar, FH<t hesperidin®] d#F Ao WA= 43, naringin® F4bs)
AR st T okg ol Ruda glow, WbxI odlA Y FAHAEL
narirutin, hesperidin®] 112 53], ¥53 3} onarirutin, hesperidin®] 2+ F
Fo ZgRo=yt EAsa JE AoR EAEger, & Yauy 3
2o d S 247 100g 3 2.95mg, 6.53mgel o, duo A= a5 H T
grakol ol 10.77mg, 3890mgeletal B Qlvh.(81, 82)

By g Hyoi FEIF 2FEE F ZRol= gk F
hesperidin 2233 50% &L FE=FEAE 0139mg/g, AETIY 50%
e FEEoA= 0678me/g, AH:MITHAFAT 50% olehs: FEECAE
0.107mg/g, AW FA7I] 50% oete FZFEAE 0189mg/go 2 4FH 7]
50% Cl&tE FEElA7F hesperidine 7Hg @Wol sl &S &QsA L,
4] Aol 5 Ffeta gl st Naraingin A 2 32k 2 of
Aol #gojeA HEHJed AABHAAT 30% dHEsE FE=CdAE
0.626mg/g, 50% oEe FEHEAE=0561mgleg, 70% e FEENAE
0.595mg/g, 95% ol&t& FEEo) &= 0.865mg/gol™, AelfA 23 30% o &
g FEEAAE 0.123mg/g, 50% AEs FEEAA = 0.151lmg/g, 70% o g%
FEEAAE 0.164mg/g, 9% ANEE FEEANAE 0.182mg/g= A HAF2t

¥ 95%°1 A naringine 7Hg& ®ol dwdta &S FHAskAar, 2F9 AZl

=

—

Shatal glew Felsttl. w3k rutin hydrated %S B A G2
30% o Ers FEF=lA 0.060mg/g, 50% o &HE FE=EAA 0.054mg/g, 70% ol
B2 FEEA 0.057mg/g, 95% S FEEA 0.085mg/golw, A A
3 30% o ge FEEAAE 0.09mg/g, 50% e FE=EAAE 0.011mg/g,

70% ol&s FE=olA = 0.012mg/g, 95% oltE FEECA = 0016mg/g =
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A G AT 95% ol ehE F=EFZ oAl rutin hydrates 7} Zo] &3t 9l
S ZRA8ATE. 183 hesperetine AbE I o At FIE =T AbE o
30% olEs FEFEoA+= 0.035mg/g, 50% dEs FEEoA+= 0.042mg/g,
70% oletE FEEAdA+= 0.052mg/g, 95% NEE FE==oA & 0.255mg/g=

ol &F2-2] H]&o] 30%, 50% 70%, 95% 57}t wel AE shko] molxl= A
S gl & 4 At wkHo| caffeic acid®t quercetin®! A EE ol A
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Fig. 5. HPLC chromatogram of peel of Citrus sunki_70%.
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Fig. 6. HPLC chromatogram of peel of Citrus sulcata_70%.
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_34_

Collection @ jeju



ooEH
-:u:s:-E
-:.m:E
7 l:-.cs:lf :
E-.EIJE . = E E
: E Iy & g
1 L] ) Eu 1
gl B ©
1 I.Il‘ | l I'F'l L ||
] |
|J,|:;|:|;—J |W\_,I Lhu'-....l"m ._A%WMU‘I\_ Jr\_d_l“_k_ﬂ_,__m\_,.\_;"-r\_ —
I T . T

TTT T[T T T T [T T T T TT
a0 £.00 face 1z00 !:I.Il E.I::I "J :l:l 35({ 4[ :I:l &850 =000 550 s000

Fig. 11. HPLC chromatogram of seed of Citrus grandis_70%.

n.0eH]
£.035
.03
no2e z
2 202] o '5'; 5 i
5 ¢ EY @ :
] - 3
[t f
] g = & i §
] ﬂ » wr o) -]
0010 i E = v a
f 3 E 4
005 | J | | \ F’| I i
1 . |
1MV LM LN w-LJ et | HRN L SRR S
=g y bt fLos il A W £
......... T ] T B B B T
afc | con | idee | dan | mhe | e mad | sen | domn | ssne | foan | s gara

hrules

Fig. 12. HPLC chromatogram of seed of Citrus junos_70%.

Collection @ jeju



V. & ¢

e el T A TS AESH] fskd, &, 30%, 50%, 70%, 95%
o] Jete WU FA FEEE59 DPPH radical, superoxide anion radical, hyroxyl
PS

radical 2724 S AL, HPLCS ©l&38to] flavonoid A& s 48t

1. DPPH scavenging activity

AZE 7FA1 9] sampled] tsle] DPPHAA TS SRRz =HH3 Ay &
e 3399 water FE 23 30% EtOH 5% % 50% EtOH FZEE°1A 50%
o|4}o] DPPHAa 5] &<l =3, 70% EtOH FEEol A+ A=
fr2 el A 50% ©]4e] DPPHA7 5ol &<l ATk 181 95% EtOH
EEAE FAHI AT 50% ]2 DPPHAA Eo] 22l ¥ At

TS Ak 7y 9] 50% EtOH FEEdA 7Hd =2 2AF

oil

FrAkel frAb Aol A A A o= v
g Byt Ao a4 FEE29 DPPH free radical 2H 842 &
T EAFEFEAAE AERY AMG F=
o, AEEFAY FF dAHLE 50%°late] w2 AL S HYrh duidR
MELFEE T nutrase TEES 7S o] HAF SR =/ YEWoH, &

8] Ak Y] 86.2%, AT 77.1%9 =& AAEHE HYa, Kojizyme
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2. Superoxide anion radical scavenging activity

AZH 87FA ¢ sample®] superoxide anion radical 24 %5S FEHE =A%
Ay BE FEFEAA 15% olste AAs A4S YEde ARzt gRA
T2 30% EtOH FEE& ol T dUAoz w2 &

e T 9% EtOH FE2ddA = Axd 218

4 9l Fx FEE9 superoxide anion radical A4S FTEER A
3 Ay AA A Z15% " W] superoxide anion radical A7 %S #elslear
I F EFA 95% EtOH FE 504+ ve 848 s

e Het Tk mad &
FolERA e aFEEAN= A 70.0~79.0%, AR 65.9~837%, T
Fr Ay 65.8~82.9%, FAHE] 705~73.8%% #EF 339 superoxide anion
| grslERdlasr F
AMG, ultaraflos ©]§3 FEENA 70%°]d2 &2 2AZAHS HeEATH
dESTAY] Bs UAFE a3 e] Adtel vzt
A E BFIEEEA 5 AMG, ultaraflos o] &3 FEEA 70%°] A<
=2 2AEAHAE 29Fa Yo SR dEAFEFEAE EHY 721~
79.3%, AR 77.0~81.9%, T4 795~88.8%, FAHY 492~
80.6.0%° AALHES HIom, GdulARHEALE o8& AEFEE] AAL

ol AH oz FokH
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FZE 9] superoxide anion radical 27 &4 & &
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3. Hydroxyl radical scavenging activity

7+ By e 22 FEEY hydroxyl radical 24 %S xR A3 Ay
water FE5-2 30% ©]3F] hydroxyl radical &7 %o] &
50% EtOH, 70% EtOH ¢} 95% EtOH F& &A= 50% +*
B ATt

[40
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° 32
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N

b )9} F219] hydroxyl radical 27 5S ¥R

A\

At Ay water
FEES AYS 4w Hylel A EFA hydroxyl radical &7 %F°] $-3}

| SHels i

X
32

4. Flavonoid &t2f &AM

4% & Ay F FA F9 flavonoid FFS w4 A AbgdHy A=
hesperidin  0.730mg/g, hesperetin 0.255mg/g, AFHE 73394 =  hesperidin
0.678mg/g, A WD A73 o) = hesperidin  0.206mg/g, naringin 0.865mg/g,
rutin hydrate 0.085mg/g9 &S Hgorw, AT o A=  hesperidin
0.234mg/g, naringin 0.182mg/g, rutin hydrate 0.015mg/g® =S H Y}
quercetin< At 33 o)A 0.017mg/g, caffeic acide At AH7H A DA
A Aol A Ao &4 s YER ST
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