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Abstract

This study was conducted to investigate the quality properties depending on the cultivation methods (general, organic,
pesticide-free) of yuza and its various parts (peel, pulp, seed). The contents of hesperidin were the highest in yuza
feel grown by pesticide-free method (13.23 mg/g). The contents of naringin presented a higher content in the peel,
especially which of the general (4.62 mg/g) showed the highest value. Vitamin C analysis showed the highest
content in the peel, significantly varied according to the cultivation method and various parts (p<0.05). Vitamin
C value was significantly highest in organic peel, which was 770.02 mg/100 g, whereas among the peel, the pulp
and the seed were it the lowest in the seed. The content of total polyphenols were the highest in general peel
(0.85 mg/g). Flavonoid content of pesticide-free seed was significantly higher than those of the other yuja samples
which was 0.89 mg/g (p<0.05). The DPPH radical scavenging activity was relatively more active in the peel among
the above-mentioned three parts, especially the pesticide-free peel was most active, which was 73.94%. The ABTS
radical scavenging activity of organic peel was significantly active among the samples, which was 84.47% (p<0.05).
Based on these results, it can be said that yuja has variety of useful components in the pulp and the seed as
well as the peel: and thus it’s hight recommended to develop more varied yuja products.
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A, Fsok, 7l fA2 BF Fdal shda wset
HEs) e Tk 4)% A A8 B 7)E
ol St AH&SISIT) =, Fe e ke HH), 4], 53
25 47 23] T wldl| f7lE S SR A
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HEeh245 48 A E SAdeki B 4

Adste] 3], 25 8 A S 22} uere] SEART
(LP30, Iishinbiobase, Daejeon, Korea)E ©]-8-3l] < 52
& 5, Azsiich Ax8 ARE 24 F 100 mesh Al
Y& 20Col BAsHA A 22 ALgardth

FElF B2 Lee 5(2)9 WS BFst] A

AE 1 g& THF 49 mLoll B3 & 9 73] 50
mLE 83 5 4C, 15000 rpmoll 4] 587F 9422 &4
t} AH=dl-S- 045 pm membrane filter2 o ¥}3 ¥ HPLCE
B-A3519t) o] uj HPLC ¥4 2422 columne Asahipak
NH2P-504E(4.6x250 mm, Shodex, Tokyo, Japan), £1j&
70% ACN(Fisher Co., Fair Lawn, NJ, USA), flow rate=
1.0 mL/min®] %) 31, 7 %7]= ELSD(Agilent Technologies,
Santa Clara, CA, USA)E Al&3tlct fald T2
fructose, glucose, sucrose, maltose(Sigma-Aldrich Co., St.
Louis, MO, USA)& ETEH =2 o] §3to] 23t 74
omnE At

N

771t

f714t £4-& Shin 5(3)2] HWH& WAt AHE-SHA
th AR 1 g& T7FT 49 mLell ¥3 35 3 ofFsto]
50 mLZ &3k 5 47T, 15,000 rppmell A 5E3F A4 22
33t A5dS 045 ym membrane filter2 o 73+
HPLCZ #4319t} HPLC ¥4 XS Z columne
Amine X HPx-87H Ion Exclusion column(300%7.8 mm,
Bio-RAD, Hercules, CA, USA), £7]+ 0.008 N H,SOs, flow
rate= 0.6 mL/min®]$] 1, HAZ7]E UV detector(Waters,
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Milford, MA, USA)Z 210 nmel| A S38t51t}. #714F gk
< oxalic acid, citric acid, malic acid, succinic acid, fumaric
acid(Sigma-Aldrich Co.)& FEFEA R o] &alo] A4
HEFD o 25H Altstdt

Hesperidin ¥ naringin

A F57 2 F-9Jol w2 naringin & hesperidin 32
DavistH(22)oll wiet F3fsit A8 1 g3 SF5 9

= 718kl FE3 5 47T, 12,000 ipmol| A 15837 QA&
2] 3 ¥ ojzlslo] 50 mLE 383 FEES AHEsT

Naringin> FZA|E 100 uLE # 3 ¥ 95% diethylene
glycol € 5 mL 2 4 N-NaOH 100 uLE =&l 2 7}sho]
103 F 420 nmollA &2 EE 5% 31t Hesperidin®]
739 301 5 360 nmo A FFEE ST
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Vitamin C

Vitamin C £41-2 Hwang 5(23)9] WS Hdslo] 214
3liTh Vitamin C w45 $13F A8 52 A8 05 g=
5% metaphosphonc acidZ FZ3F F 47, 10,000 rpmof| A
1023 e & F 3tste] 50 mLz &3 Ae
AL8-3lA T 5N S 0.45 um membrane filter = OE]JJrEl
% HPLCZ £A135}9ith HPLC ¥4 24 22 Columne
Mightysil RP-18 GP 250-4.6(5um)(KANTO CHEMICAL
Co., Inc.,, Tokyo, Japan), &ul= 0.1% triflucroacetic
acid(Sigma Co.), flow ratex= 0.6 mL/min®| )1, AZ7|=
UV detector(Waters, Milford, MA, USA)Z 254 nmel| A =%
stttk

Total polyphenols ¥ Flavonoids
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‘Mi A8 AR F+3= 200 1ot 2% NaxCos &1
mLZ 7}ske] 283 W) ﬂﬂ- 1 N Folin-Ciocalteu
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FHEE AT o] E"f—%é]i garlic acidE A}
3lo] AL A4 T 2 Zolus TS AR 100
g 5 mg garlic acidZ YERARITE & SR o]t gaFe
Jia 5(25)°] £ o] &3] AT A7 F2E 250
Lol $F4 1 mLE 91 5% NaNop 75 WLE 9o] 583t
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oA FFEE ST EFEZ -2 catechin hydrate
2 AP 2 F AIS 100 g 5] mg catechin hydrate =

3] A24A A6z (2017)

DPPH &ltd &A=

Alg F5S A& 1 gol 200 mL eSS ¥ 3027t
sonication®l| ] &3 & sl F5S F 50 mLE HE

sl3ith DPPH 2tt]Z &7 52 Blois(26)2] W= W3 st
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(2,2-diphenyl-B-picrylhydrazyl) €< 300 uLo} A& F=4
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H 01—

ABTS 2tH&E ~Hs

ABTS #tZ 2452 Re 5(27)9 WHS W3t
5900500, A5 5 rEm 12 LA

ANE FE23 L4 IR A5t 7 mM ABTS
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okO]io aM/\]y :;c /\154 ;q o] ‘Qhon,] g:grll:‘ %}\-O]
0620727} ¥ =% 3|MsISith A& F+239 20 uLet ABTS
€9 180 ILE 7ot 412 F 732 mollA FBEE 545

et

ABTS radical 4~7]%(%)=(1-

SAHAN2]

RE ARl 33] o] WHEgk A 3kS SPSS(Statistical
Package for Social Science 18.0, Chicago, IL, USA) Z & 13
& ol gale] WEeD REAAS YERRRIT, AR 1k
fo/d 772 one-way ANOVAE 3¢+ 5, p<005 ol A
Duncan’s multiple range testS A A]sle] A1 T/ 2 F¢
A e AR F97S) Aol S vl

Z2n 3 oa

i
fA 27 9 Rolol BE YWPRE RN doke
Table 1] JERIIEE §4 35c) W Fegae
]

o FETFS vJﬁ oR v 243%2 JERTH
(P<005). 715 Ak 23] 2 52 247t 348% B 347%
2 f571% FA K Q247%)°l vlste] feldom e 7
ke JERN A tHp<0.05). 5 A= f71% ket
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AR 23S yetlo] #9(351%) 3 #5(3.55%) 1 Hl
ato] Tk fak M7t 245% 2 G RS YERIG
THp<0.05).

FrAke] Fopd FRsEE T, 75 2 4 o] Al 39
= Aol A vwA @ RS Jepligith 7y S
ARt 3= f7)E 9] B Tk Fa]of Hlgle] fo]4
o e FRIAFS YERA M (p<0.05), F71%F 7]
o} FgoF A3 31e] folA Aol Holx] eigith 359
735 B9} fAkeE Atz duk 82 243% 2 F7)%F
H5(3.47%) 2 F5F 3](3.55%)°) vHlsto] FeolFow
o SREEES B9l oM (p<0.05), 71E TS} Fisok
& 7ro] frojab= HolA] skt Ao R RS AR
Fe] frol A Aol & JEhA] skt

Zhilo A= duk G2ko] H 71 16.37% 2 23](5.94%)
o} 78(7.00%)l Hlste] frelH oz #e ks veRd
Ahp<005). 771 & F&5F FAE it fApeh fAReH
AF4Z A7t o] B FKo H|ste] & 20 g
Hom 53] 7] % FEoF Ae Lut A(16.37%)°l
Hlgle] fodeor wo o kS Jehldot
(p<0.05). ZFo A= A¥t ZFo] 7.00%= 7715 F5
(6.18%)° Hl3le] frejd oz = 2o ks Uehd]
Ao (p<0.05), 5 B5(625%) 2 F2 2= HolA|
FATh 771F H& £ Tk &7 {olA Apol&

ehiA @siek SlelAE f71% Bl T01% Lk

N

Table 1. Proximate composition of various parts of yuza
depending on cultivation methods

(%)
Parts Sample

General Organic Pesticide-free

Peel  245:001™%  348:003* 3512025

Moisture Pulp 243:002" 3472015 355:0.05™
Seed 2481003 247:001°  245:001°

Peel 594:005®  7.01006™  5.76:020%

Crude protein ~ Pulp 700:002"  6.18+002%  625+0.01
Seed 1637£124®  17912030"  18.19£0.01"

Peel 183:0.13%  242:013*  2.342031™

Crude fat Pulp 3024006° 481010 3214006
Seed 3010+0.61™  3151+074"  30.53<1.01°

Peel 296009 280£0.02"  3.10+0.10"

Crude ash Pulp 461+006™  437+0.10°  4.39+0.07°
Seed 2414021 282:0.12%  276:002%

YAll values are mean*SD (n=3).

P Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

I*Means with different superscripts in the same row are significantly different at
p<0.05 by Duncan’s multiple range test.

“NS, not significant.

o] o} F-5of uje]| H]sto] 2 Zrhl
(p<0.05), ¥t ]9} FxofF Boj= M2
YERHA] ettt

dvt, f7lE 2 Fef fAke] =AW ke e
Syl AR A Bl a, 3] 9h 3ol Hlsle] A
A o] = AoE Ueigkom, Ko A &
Aud-2ol] M Fo]Z 2tolE YEhA] et A
oF AWl B2 F9v BFoRE vl HHo
481% = AWt A53.02%) 2 F5F B5(3.21%)°l Hl5td
& AW S YE A THp<0.05). #3] A= LRt
73] (1.83%)7F 771 9 2.42%) 2t T35 249](2.34%)
o] H|gle] frojFog Yo Ak S Helom )%
o] o} Fyok 2h] kel foA Aole lTh

A9t fabe] 23| F T 7y, I§ 9 A7F 47t
2.96%, 4.61%, 2.41% =2 A 27t Fol2E YeER)loH
7% At et fAE fARE A YeRSlt
(p<0.05). #39, #F Z A F FHFo] I FiFo] B
Aoz Yepkon, 348 & 4t 452 461%= 171%
T5(4.37%) % 5t B84.39%)°l Blste] freldoz
=2 I8 FFS EAthp<0.05).

Hwang 5(23)2 /&% 2K 1, ) 29} Aes 2t
ool FEEFS 80.5-81.5%, HFo FEIHFS
88.7-90.0% 2 A 87Fe] fo A2 Holx| gkgkon}, zuh
< AAF H9(7.14%)°l Blste] N1 27(8.19%)
7} i B JERgtha Haskih Ea 28)Re] A4
AAE A B 045% 2 NFE 21, ) Z3)o|
Hlsto] WA Vel AlE A 245 2 1R SRR D
H}EFe 247 050% 2L 0.50% % NEFEE F2KID) 5
0.60%)°l vlete] v 23| & stk Yehfiltta o
slo] 2 A3 7 Aol 5 YERIET o= AR R A
g] Zlo| th27] WEo & AlsHh
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2 TR/ 2 9o e s £43 23+ Table
29} 2t} #2192 fructose, glucose, sucrose”} AEE =
ol Al 79 T A9 feld TS fuctose > glucose >
sucrose2] o|th #HEo /BT &L sucrose >
fructose > glucose®] ol Aol = = el
32 sucrose Ho]Ach

At A 79 9] fructose T2 278.03 mg/gC 2 IS
139.29 mg/gel| Hlete] oA o g =& kg YeRlgle
o (p<0.05), F71%F A} F5oF A1) A= dRk
A} vk A2 359 fructose EHFe] Fujof H]s}
o v ghaks Jelfiitt 2k 3 ARk 249 278.03
mg/g O & F-35oF ¥139](196.73 mg/g)oll vlste] frojHom
=2 fructose TS B 2H(p<0.05), 7715 23](272.26
mg/g)°h= FrelxkE UehA] btk 759 fructose 3%
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2 122.03-139.29 mg/gC 2 A} EFo] W2 A|E7e] &
)25 JERNA 29ke). T3 glucose TEFE FAF FFH
2 A|83Ee] ztel= gllon H-9ld Felxs Bt
=& Ao Yeyth dut 3y)9} ek 3iule zhzt
164.65 mg/g, 156.19 mg/ge] Fro 2 F&oF 219)(114.71
mg/g)°ll Blate] fro A o= &2 glucose TS VEIHSL
THp<0.05). T2 glucose g2 Awt, f7]s 2 F5oF
Al BZre] Aol Koz kot

A2 sucrose THg ARE ZH5o] 220.17 mg/gl 2 I}
7(99.74 mg/g) %t A (78.94 mg/g)dll BlEle] folH oz =
& T2 eI AT p<0.09). f71%F frAkeh FgoF A
3 7}-80] 717} 148.16 mg/g, 208.24 mg/g= 3] 9} A o]
H|5to] =2 sucrose & HATh oA H sucrosew 5
of @ol gfrlo] et 5 & vt A5 ok o5
o] Z}7} 220.17 mg/g, 20824 mg/gC- = F71% F5(148.16
mg/g)el BlEte] folHom e IS JehfYch
(p<0.05). Z3] 9} K9] sucrose T B3 FF0|AET)
3] F Ak #9]E 99.74 mg/gCE F71% #9(67.16
mg/g) 9t 5 7}3(78.84 mg/g)oll H|sto] FrelFow =
& FFE Jehl Athp<005). A= duk, f71%F 2 T
oF A7} Z}7t 78.94 mgfg, 81.48 mg/g, 79.44 mg/gl.E Al B
ke frelatks vepdA] ekokeh

Lee 5(2)¢ AFolA= & & FEl9el fructose,
glucose 2 sucrose@ HZ% 2 H, fructose®} glucose=
73] ol|, sucrose= THolA & TS Hol B A}
Ak AE Jepgith 22iu 41 F & Se9 e

Table 2. Free sugar content of various parts of yuza depending
on cultivation methods

(mg/g)
Pars Sample

General Organic Pesticide-free

Peel  278.03221.56"2" 27226:16.11"  196.736.83"

Fructose  Pulp 13929:444™  122,03850°  136.7022.10°
Seed ND” ND ND

Pecl 164654853 156.19+4.51"  11471:0.72"

Glucose  Pulp 64.74+2.18™  5478+190° 63594925
Seed ND ND ND

Pecl 99.74£485™  67.16£255C  78.84:0.95™

Sucrose Pulp 220.17:1658"  148.16+7.04°  20824+41.10*
Seed 7894£445™ 81481264  79.442334"

DAll values are meantSD (n=3).

2 Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

I*Means with different superscripts in the same row are significantly different at
p<0.05 by Duncan’s multiple range test.

“NS, not significant.

5)ND, not detected.

32 A244d A6Z (2017)

o] 844-12.19 g/100 g¢| " = Aol WE fro| A= UEt
Witk Barsgl o, 53] 31
fructose= 4.0 g/100 g ©]’F .=
MFS A7 ATl vst] b2 e fe9 FFe
= o
o

ol The AT A vale] o felY P e
Ae Az AAe Bl Fo] e Ao 4w

774t

A F7F 2 Tl e f7ike A8 2 2= Table
3o eI} 7714k oxalic acid, citric acid, malic acid,
succinic acid, fumaric acid’} &5 Ath

Oxalic acidE 43+ A3} At fA} 352 Fuj e} 4o
Hgle] o)z oz 7 B gakS YER A th(p<0.05).
7% FARE #) 9} 2H8o] 717} 10.38 1g/g, 7.20 ng/gel
oz Mo Hsle] FoH o R =L oxalic acid IS
Holom Fipok fals dut fAke} H)53 A9E YeR)
At F o wE oxalic aicd THS FA3 A3 75
73] = 1038 pg/g o= Unt 71391(3.88 ug/g) ¢t 5o 2]
090 ng/g)el HIstd frejdoz =2 e HAT
(p<0.05). ZH52] oxalic acid T2 5.11-9.26 ug/ge] HI =
Al E8ZEe] fFoakE YehA] etk AolM e FEek 4
7} 1.81 pg/gl-2 duk(1.52 ng/g)= +71%(1.47 ng/g )°ll
Hjglo] fojd oz we TS Bl om(p<0.05), Ayt 4
o} f71%F Ae s YA @it

At fAkl| A 9] citric acid EH-S 2H5-0] 120.60 pg/g -
2 7437 (26.83 1g/g) L A (3.37 ng/g)ll Hlste] folF o
TV e SRS HYom, f71% fAteh Fs ek Rl
Mz AR 295 eI 7, 2h5 9 4] 59
Z 5ol A citric acid o] B Ao 2 UElstow,
I8 F 571% F8o] 131.26 ng/g = FolF o 743
=2 S JERN U THp<0.05). §71%F 5L guk 715
(120.60 pg/g)@ F-5F 25 (106.69 ng/g)@t ol 2= Let
WA Thp<0.05). Z9]= Lt 737} 2683 ng/g O =2 {71
] o} FFoF Fulof] Hlste] oA 0= =2 citric acid
HekS Bl om, Aol A 337-3.69 ngg o & At Rl
o2 Al83te] folakE YehgA] &gkt

Aut F2ke] malic acidE 2t 22}, malic acid= Y RF
A 2ol o] gEo] Sl Aoz YERton 598
ng/gel #He= 23(4.97 ug/g)et A (1.10 ng/g)el Blsked
frodoz 22 S e Athp<0.05). 771 A
Fhzlek A= 247} 352 ngle, 221 1g/g =2 f71% F1(5.88
ng/g)ell vlste] frejA o e ks Bl 0m(p<0.05),
7% A Folek A 7k felabE YeRiA] @kt
Tyt §AF N 1.04 ng/g 2 ok 719)(4.16 ng/g) 9t
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5ok 75(5.30 ug/g)dll Hlete] oA o2 BEe malic
acid TeFs Bolom Fgok 7ot H51te] o=
YeEP A &ktt Malic acidE B 2 #4913 23},
Fh&of] Wol =] A=t 4yl f7]1F 9 Tk
5.30-5.98 ng/ge] M= A5k oA Aol S HolA]
ekt

Succinic acid& #A1¢ A3} Lut fAlo M= 23] e} 4
o H)3le] 8(7.73 ng/g)oll %o fﬂ%ﬂﬁ e Aoz
Uelhton §7]% §a19F ok fAE SAKS AE
B} Succinic acidE malic acid®} FAFSH @ﬂ-i Al 79
< 5o Bol dfHo e Aoz Yeiged #&
% succinic aicd ¥ 7.00-7.73 pg/gl-= A TRl
2 foaE Holz Poth

Fumaric acidE Al 591 5 #ollA =A] Uehyte 111 I
o= 35 o] °‘><] o A Oi etttk A 5 f71s
A7t 12.68 1g/g o2 A o2 T e T EML
At A 9} Tk */‘lL AE L«l FoJaHE Holx] ekgk
B9 3 QB9 123 1gge 2 £71% 9231 nge)
s Tk #3227 nggol Hdte] fejHem vk
fumaric aicd $3-S YERN LM (p<0.05), X<} pFzE7EA]

Table 3. Organic acid content of various parts of yuza depending
on cultivation methods

(ug/g)
p Sample
arts
General Organic Pesticide-free
Pecl 388403878 1038+3.16" 0.90+0.05"
Oxalic Pulp 9266.08™  720£235" 5.11£0.90"
Seed 1.52:0.11® 147+0.11® 1.810.14"
Pecl 26.83+090"  18.58x1.09"  19.18+2.14"
Citric Pulp 12060£293™8 131264397 106.69+15.18®
Seed 3374113 3.6040.14° 3.69+0.10"
Peel 497+0.16™ 35240.16™ 4.16+0.85"
Malic Pulp 5.98+0.82" 5.88+0.5" 5.30+0.83"
Seed 1.10+0.16™ 221+1.12° 1.0420.03"
Peel 349+0.14" 5112032 2.88+0.09"
Succinic  Pulp 7734028 7.00+0.33" 725+1.10°
Seed 0.68+0.59° 1.7240.14% 1.00£0.01®
Peel 1.23+001"™ 2.31:0.06™ 2274012
Fumaric  Pulp NDY ND ND
Seed 1147+024® 1268059  11.20+039®

VAll values are mean+SD (n=3).

2 Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

9*Means with different superscripts in the same row are significantly different
at p<0.05 by Duncan’s multiple range test.

“NS, not significant.

5)ND not detected.

2 f71% Thlsh Pk Al AR
oA e,

Shin 5(3)¢] 2+ A7ellX = x}gl o] o} el A
malonic acid, malic acid, citric acid & succinic acid”} &%
Aem 71 Z citric acid7} 102-17.7 g/100 g2 7|} f7]4
o visked 44 e S deniichy Husd) &
@ Kang S@& FhE 4] 3918 714 walgh
A F 655 Aot 53 A3 citric acid7} 7HE
we e UehiRich Buaiic. ¥ A9 23 di
aid’} el S fRlelnl fAj] SRt 391 Aol
£ Sl FHEl AE 1) £5 D ) FIE
WAL Aoz nl

27§94 Aol &

Hesperidin ¥ Naringin

A S5 B F-9loll whet hesperidin S £A1 ¢ A}
+= Table 49} 2t} §2} F7Fo W& hesperidin & 32
Auk 52} 39 = 12.94 mg/g O E F5(4.42 mg/g)T A
(198 mglg)ell Hl3te] FrelH o e FFE ehhn
(p<0.05). +71%F frAtet F5oF fAF ek Ldnt ket
ARt Azt 2 7}3] o) hesperidin FEFo] =l AollA] W
FFe el oz Byl fael 339 % §71%
73] 12,03 mg/gl 2 Uuk 747 (12.94 mg/g)sﬂr ‘jlﬂok
2139](13.23 mg/g)°ll Hlete] f-2o 80 2 SEe hesperidin
L IR (pe005), Lut 792} ot sl A
B2t fe|AHE HolA &St

5 Z F5F 359 hesperidin T2 6.21 mg/gl =
yelyton Adut 318442 mge)@ 771% 5(4.30 mg/g)
of H3lo] frejd oz w2 TS HATHp<0.05). f71F
A 2] hesperidin g2 2.22 mg/gC 2 AW #(1.97 mg/g)<}
5k 4288 mglg)St oIS ek ekgkont, R
oF A= dubHof Hlsto] oA o g & ke Bt
(p<0.05).

Table 4. Heperidin content of various parts of yuza depending
on cultivation methods

(mg/g)

Sample
Parts - — F-value
General Organic  Pesticide-free

Peel  1204:055"% 1203t061° 1323065 6432
Pulp 442:063"  430£047" 6212073 17847
Seed 198+046° 222030 288:090" 356"
F-value 65779477 699.695" 283467

DAll values are meantSD (n=3).
»Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range  test.
I*Means with different superscripts in the same row are significantly different at
p<0 05 by Duncan’s multiple range test.
NS not significant.

, p<0.001
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AR fAke] Al g ATA5)0NA #He B #se]
hesperidin 32 w21k 27} 73] 9] heperidin HF2 7}
5ol Hlato] oF 4.81-7.8000 T =7 B =FE AT Bk
ow nEAWFE 2] 72.48 mg/100 g, 157N FE 7}y
7441 mg/100 g, L&A HZF 25 10.77 mg/100 g, 1SN
%= 38 1124 mg/100 g2 1% /| FFo] 1 Aol
H|3lo] H] w2 =2 hesperidin g &S VERAITIAL
skt

Naringin®] &S 273t Z3}+= Table 5 YERAATE
A2 F57°l| w2 naringin 32 hesperidin &3 2 29}
AR o, Al 791 T oA E& e UE
= 35 AN Ak Fger 2 27 4.61 mylg,
444 mg/g © & 71% #37](4.15 mg/g)oll Hlst] oA e
2 % naringin IS YERAAH FFelde FEof
#5(3.13 mg/g)°]l IRF H52.49 mg/g)@ F71E &
(2.55 mg/g)°ll H5te] Fo]H O 2 =L naringin T H
RO H (p<0.05), IRt F53 F71% & 1 fFoAte
YeRRA] ekt A9 naringin S -5k #(1.46
mg/g)} 715 A(1.48 mg/girk L1 #(1.28 mg/g)°l B3l
Fodoz w2 FFS Bk

Shin 5(15)& 74+ #5-9] 73-% heperidin &2} FAFSH
Ao v wA e oS Yehiita Hasiil o
o 1% N 82 - 984 me/100 g2 T Al
Hlglo] froAdo g e ks Uehiitha B asigith
3F 249 9] naringin RS 28.69-44.96 mg/100 g 2] 9
= FEFEATa sigi) ol @ A5t Fatele F
=, AR, ARG 2 A 7] mE 23do] '
27 gE ¢ Rez Bumstgen, 7HEF Ty
hesperidin $H&F2 #Halo] Aol whet HAp st 2
AR 99-12¥ 9 11.66%M1 A 7.82% = AT 313
th28). £ A3 ZAZ= naringin®] ©] hesperidin 3ol
Hlsto] w2 dhaks YeEhfdoh

Table 5. Naringin content of various parts of yuza depending on
cultivation methods

(mg/g)

Samples
General Organic ~ Pesticide-free  F-value
Peel  4.61:020™ 415029 4440238 4432

Parts

Naringin ~ Pulp 249:0.18"  255:031™  3.13:037" 8346
Seed 1280.17%  148+0.13"  146+0.14* 3511
F-value 35074570 1644277 1944137

DAll values are mean+SD (n=3).

PMeans with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

9*Means with different superscripts in the same row are significantly different at
p<0.05 by Duncan’s multiple range test.

“NS, not significant.

I p<0.001

Table 6. Vitamin C content of various parts of yuza depending
on cultivation methods

(mg/100 g)

Sample
Parts - — F-value
General Organic Pesticide-free

Peel  15026:2.68"™  770.02¢7.20"  550.54+12.85 3958.197"

Pulp 2557:583°C  349524743"  29731:048™ 398661
Seed 1326t039%  1127+085C  17.461095" 50357
Fvalue 2518626 120300127 3848752

YAll values are meantSD (n=3).

»Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

9*Means with different superscripts in the same row are significantly different at
?59.05 by Duncan’s multiple range test.

™ p<0.001

ol¢} e AE FraEFolA 71 Bo| EAGTh &
217 ZgtH o= 313122l hesperidin naringin®©] A+
of 3ol 71 o] i e AL ERlsk) ukeh
A Aol ARl fAAF Bohs 3T AW Edlso] ¥3elH
NE 98 a2 o] 43 & e AAR AvE &
SlE AlEG] Hgo] e d o wol:,

Vitamin C

A 7 2 Yol whe} vitamin C2 33 24131 A3}
+= Table 63} 2t} vt 5219 vitamin C g2 3-59]
225.57 mg/100 go] #o2 Tu|e} Hof| Hlste] fejHoz
=2 TS YA THp<0.05). fr71°E A+ vitamin
C 3tk 7197} 770.08 mg/100 g = 7H5(349.52 mg/100
27 A (11.27 mg/100 g)oll Hlst] FojH o g =& s
wHoow, F5ok A= f71F fAket fAlsE A7E 1)
¥l 9] vitamin C ¥©] 550.54 mg/100 g JERHSATH
(p<0.05).

Vitamin C &2 2] Al 791 5 23]l ¥]ma gl
FrElo] la Mol AA el e AeZ YERht
b R F9ldl whel gatel & vehdth 2] F
£71% T3 & 770.02 mg/100 g& & folHdow g wo
ghekS e 9 thp<0.05). L4t 39 (150.26 mg/100 g)<+
& oF 791(550.54 mg/100 9= 71 Fholell Hske] f
ojF o= o ks Holon, 55 Uyt Hul= HEH
Or Y& vitamin C 75 YERH ATH(p<0.05).

& ZFAAE F71 Z50] 34952 mg/100 go = Lyt
7}-5-(225.57 mg/100 g) F52F 75(297.31 mg/100 g)l]
Hjglo] folFo g =L vitamin C S JERAAT
(p<0.05).

Shin 5(15)2 4 5 & HEW C L 6.14-10.74
mg/100 g2 1 3 1T 7| ZEo] 10.74 mg/100 gO =
=2 vitamin C &5 YERITh Bustict. 3k 2



Chemical compositions and antioxidant activities depending on cultivation methods and various parts of yuza 809

719] vitamin C 32 19.38-30.21 mg/100 g& & 50
H]3lo] Zu]o] Be %] viamin C7} FrElo] JE Ao
Bt ol ¥ Arazel fARR T

Hwang 5(23)= AelE 2 RS F2KH 1, 9] 5
HrElo] e vitamin C7F 242} 29.6 mg%, 21.4 mg%, 222
mg%= AHE A vitamin C7F B o] FHrE o
JE Aew Husdrh

Total polyphenols ¥ Flavonoids

% s & Eotixols S S A
Table 72} 2T} 72} 570 w2 & Z2)¥= e gt
2 #3917} 0.85 mg/gl & ¥5(0.09 mg/g)¥ #(0.10
mg/g)el Hlste] fejHeoz Ee IS YERUY
(p<0.05). 71§ A= #37} 0.68 mg/g & H5(0.12
mg/g)7 #(0.14 mg/g)ell Hlat E& kS Hylom, 7
sF fAE fAkeh fARE A2 YeER it
(p<0.05).

frAke] Al 791 = H7t 1 F FelulE e Ve
wlom 53 3= gk ol ATk %1‘%} T} =
0.85 mg/go® A& T 7M =2 &S Helilen,
F71°€ 2+391(0.68 mg/g)<t F-&F 77 (0.76 mg/g)= AR
Foof vlate] frojAo g e S HATHp<0.05).

& F IRF F5L2 009 mgglZ F71% 5(0.12
mg/g) 5 F #H5(0.14 mgg)ell WlEte] frojH o wre
total polyphenol $H&F& VRN 01 (p<0.05), f71& 25
I} FEof IS A8 foAE Holx] kel drt
Aol & ZeldE TS 0.10 mg/gl 2 F71% % (0.14
mg/g)¢} 5 4(0.12 mg/g)dl| Blsto] FejHom vk
FFS Btk

Flf

= %

% FotHwol= e A, f71% 3 e f4
T a5 A9e B A 29 3 Aol A1 we

Table 7. Total polyphenols and flavonoids content of various
parts of yuza depending on cultivation methods

(ingg)
p Sample
arts
General Organic Pesticide-free
Peel  085:003"%%  06810.020C  0.76+0.04®
pol;;)};zlnols Pp  009:003  0.12:000°  0.142000"
Seed 0.10:000°  0.14+001"  0.12+0.00"
Peel 0.18:000"  0.18:000"  0.19+0.01"
ool Rp 0162000 017:000"  0.19:000"
Seed 081:0.04%  0.82:007° 089002

YAll values are mean*SD (n=3).

»Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

I*Means with different superscripts in the same row are significantly different at
p<0.05 by Duncan’s multiple range test.

T B eolE e et o & FeoF A7t
0.89 mg/g O 2 AWk 9} f7]5 Mo st WS] Hom
71w B 1lowpaos), L Ask #71E As
AlB3te] frefAkE HolA] fgitt

Ha]e] F Fepico|= SEE 7ok 719019 myg)
7F fH oz g =%oH (p<0.05), Lut A9t 1%
H e 8Tt foAE vEhA] it

Shin 5(15)9] A7 = F2F A3 Fo F Zed=
Fhako] T}-go H]Glo] 2864.15H] =A UEhton = Za
HicolE $hge F Zejuls It AR Ade s o
(1 95-3.93 mg/100 g)°] 2}3(9.67-11.87 mg/100 g)°ll H] 5}t

e & FPEolE dRe UrEM Ithal Baskgich

Hwang (239 Aol = A& e Aol vt
WA ekskont atulo] & %ﬂﬂ %t & ZelulE ol
90-100 mg% = ¥}5(21-22 mg%) =tk 2.54] o] g o]
dE Aoz Wustgr)

DPPH 2lt|d =75 A ABTS 2IlHZE 2HS

DPPH &}tz 427%3} ABTS g2 &7 %2 431
A= Table 89 VERAQITH
dwl §21o] DPPH g2 2A%L Uk §21 77}

72.98% % (7. 30%)4 R (27.87%)°l Hl8te] oA o
7V = AATS YRR 2 (p<0.05), 71 Akt
5ok fAtl| = A 232 KBSt DPPH 2t
2SS frAe Al F-91 S HlolA Blud w2 2"
Ae Boled 1 F T Bujet dk At 44
73.94%, 72.98% = 7]% 79 (52.97%)°l H|ste] &2 A

o7 & g 2AGA S HERNITHp<0.05).

3] the-0 & DPPH #Ho|Z AA%0] & 29= A9
ow §71%F A9} F5<k A= 217} 3676%, 36.65%= A&

Table 8. DPPH free radical scavenging activity (DPPH) and ABTS
free radical scavenging activity (ABTS) of various parts of yuza
depending on cultivation methods

(%)

Parts Sample
General Organic Pesticide-free
Peel 7298046"%  5297+065" 73942052
DPPH Pulp 730£1.65™ 7.63£0.65° 5.98+0.65°
Seed 27874144 3676:033"  36.65:0.06™
Peel 84041085  8447+097"  77.90+037®
ABTS Pulp 8330+021"  82.07t1.06™  76.15+035%
Seed 14.620.38™ 1353+0.58°  14.49+033*

”All values are meantSD (n=3).

“Means with different superscripts in the same column are significantly different
at p<0.05 by Duncan’s multiple range test.

“Means with different superscripts in the same row are significantly different at
p<0 05 by Duncan’s multiple range test.
NS, not significant.
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7] 9o)A 2ol 2 JERA] &gt} gk M=
971% s} ;@rho:oﬁk Aol vlete] o)A o7 Y& DPPH
g AATS E-OX;]\E]'(I)<O-05)~

-5 FEo] DPPH @2 &7%52 5.987.63%2] W9
2§72 TRl wE fAE dehiA ek

ABTS E}Wé 2SS A A, It °7<} 2} o}
HEo] 77} 84.04%, 83.30% = UNE Ak H(14.62%)°l
Hjsle] fojdoz =& g AAes Eiow
(p<0.05), ] 9} 782 A F7he] ol AtE YehA] 23
=3

7% 4 259 ABTS &0Z 2745 - 82.07%=
2}5](84.47%)°l Bl3lo] folHor vre AAGS HYC
o, §71% 42 AE 1353%2 2] 9} 2480 H] 0}04 2l
How e 2ASH S JEATp<005). F5F A4
o] ABTS 2t 2752 f7]% fAkeh A1 A3
e ATt

ABTS 27 27 %A= DPPH &) 42757} v}
xw}?‘]i A Al 791 T AF]eA HnA e LA
= YeERith 39 5 7] F9le 84 47%; g of
B39)(77.90%)°l Wlste] frolH o s we aA% S HIo
™ (p<0.05), 7715 3= It 73)(84.04%) <t ‘I'T'-q =
UERRA] ekttt #EolAs duk 7h8o] 8330% 2 7]
% 8(82.07%) 3 F-5F 35(76.15%)°l Hlsto] 24
07 & A7%E HAtHp<0.05).

#2] ABTS 2] iﬂ T2 Ak Ko} sk K7t 2zt
14.62%, 1449%°] #o2 #71% M (13.53%)°l Hlst]
947;49& 2 &A% S Y tHp<0.05).

Ji 5(29)2] E ol o8t f2F #y] FAAR BHe
T Zo)vls oMY I du

23589 Fuse

o] Ik 215125, Chash ChoGO)= FHE7S] 43}
e Fehuwol =l o] Inf FEFE] Fehio]
=

E sty AAFAe s AE3 AP hesperidin©]
naringin®]] H|3to] &2 &4kst 245 YERta Eas)
At

2 A F ZEuE sEL o 2ol s
01 Ao F FepHiro|E 3etE-S Aol Bol o
ASlET ole & Ao Arpgedso] & EuEs SjtE
W ooplel Zetico|E SRhE] J3Fe e lom A7t
2=

2 o

A S5 B T wet FAEAES A $lst
ARt freld, 714k, HIEFIC, hesperidin 3! naringin
g ksl g4 EAEHTh fElde EAS 29
= 3% AZEJed A9 &

32 A244d A6Z (2017)

FaF2 fructose > glucose > sucrose =0 NSH,

frel e 2

% 7 freld T2 sucrose > fructose > glucose 0|3
o} A Aol grEo] e 2l sucrose o] AT

714 % 5% (oxalic acid, citric acid, malic acid,
succinic acid, fumaric acid)°] &% = 23] ¢} Z&of
AE citric acid7} =& S eI o, M=
fumaric acid’} & =S el 9t

Hesperidin> F5<F 237} 13.23 mg/go.2 7MY w2
kg %“ YERN o™, naringine Al £-9] 3 Fujo A &
TS JeRlla 1 5 49t I9d62 mgg)7t 7HE =
S YER A thp<0.05).

Vitamin C& -"'&:’ﬁ, 3 A3} ot B9 o vlsle] 13
o] gisle] glon £5 2 elo] wel feld Aol
£ YEh S«’i‘ﬂr(p<0.05)- w7l%= 7ol 770 02 mg/100 g©
2 FelA o 7Hg E2 vitamin C TS YR T 4
l?_Eoﬂ 7(474] -61—05401 o]t 7—]0; }\-1549}1;]_@<005)
% Fovls e I #9971 0.85 mg/gd] o=

A=)

7V Ee IR el on, ek Bk f71F 3
1= zhz} 076 mg/g, 0.68 mg/g o & Auk 3}u]of| H] s}t

= e AT p<0.05). F5F MH
ko 089 mglg O FAF AlE S

Ao g 7MY =& s UERN oM (p<0.05), A7t DP#
F-9lol vlste] =& kS UeERiQlTh ARk f7]1F 2
Frok o} B8 1F F EEE k0| e foatE
YERHA] ekttt

DPPH 2}t]Z &7 5odA = Al 59 5 Z3joA] ¥4
e AAZAE YEdEd o F R A9rt
101L.07% 2 7V =& 2AE4S Y thp<0.05). 7}
1 o g AAGA o] e BEC N E 3278-3348%2)
#e Uepidlen, #4582 1023-12.14% 5 UrEM% Ak
(p<0.05). F-71 Z}3]e] ABTS &2 iﬂ 52 8447% %
Ag F froder =& gdud 2755 Jeidilen
(p<0.05), Lut H3]E= 84.04% 2 715 29(84.47%)
A9t 715(83.30%) 7 Tl AHE HolA| skt K9] A5
13.53-14.62% % T} HEo| nlgle] foA oz e a7
24 e ATH(p<0.05).

Ak T2 23] 7S o] &3 R FE 2 Fol A
= glo] H3E AL YA FiE50] #7]Ho] ghe
u, 2 29 A 521 2] 9o g3} Mol B 584
o] gfrElo] Jend fa AAE FEH R o] &3
ket A EF A st o] Fold Ao R 7St vio|th

LAl 2

S A (A S PI011629)
7
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