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Abstract

Yuza (Citrus junos) has 3 varieties with variable physiochemical properties. This study analyzed these volatile compounds

and physiochemical properties according to variety. Three Yuza varieties, native (Citrus junos 1), improved I (Citrus junos

[ +Poncirus trifoliata), improved I (Citrus junos 1+C. junos 1) were used. The native Yuza weighted more than the

improved varieties, but the peel ratio (weight of peel versus pulp) was high in improved one. Protein and ash contents
were high in Improved I than native one. Native had 29.6 mg% vit. C in pulp and improved I had 57.7 mg% vit. C

in peel. Free sugar was mainly fructose, and the main organic acid was citric acid in Yuza. Improved 1 Yuza had high
free sugar contents, and the organic acid levels were high in improved II Yuza. Linoleic acid was the most prevalent fatty

acid in Yuza, it was distributed in peel or pulp. The most common volatile flavor component was dl-limonene (64~70%);

improved II Yuza showed significantly higher contents of dl-limonen and 7 -terpinen. Total phenol level of Yuza was

identical in all types, but peels had 2.5 times more than pulps.
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AFEE= 0.1 N NaOH €900 2 pH 8.00] & wj7}x] &A 35t
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Table. 1. Conditions of HPLC for vit. C, free sugar & organic acid analysis

Free sugar Organic acid

Vit. C
YMC-Pak Polyamin II

Column

(4.6x250 mm)
Detector UV (254 nm)

. Acetonitrile 50 mM NH4H,PO,

Mobile phase

(70:30 v/v)
Flow rate 1.0 m¢/min
Injection volume 20 ul
Column temperature 40C

YMC-Pak Polyamin II
(4.6x250 mm)
Refractive index (RI)
Acetonitrile/H,O

nBonda-pak C18
UV 210 nm

0.1% phosphoric acid

(75:25 viv)

1.0 m¢/min 0.4 md/min
10 1 10 1
26T 40T

citric acid, malic acid, succinic acid, fumaric acid, pyroglutamic

acid®] EF-EHE AFSSHAT

7) XAl B

8.2} 7F-2 petroleum ether2 AHME & 23+ 3 0.5N-
NaoH/methanolZ 7}31e] A3FAZ] &, BF; methanolS A&
3o Z|HFAL methyl eater-S Qo] hexane O &2 &3+ & gas chro-
matographE ©]-8-8to] EA51%ith GC #4] 272 Table 29}t

2.

8) A &7| 24

7148 BAL % PR ZAYUL Likens-
Nickerson A& o] &3 A& +37] T/ FEW& ©183t
Atk $A1E Zh7t 77 BEu Adste] AlEE % 242} 300
g¥ F3}o SDE(Slmultaneous steam distillation and extraction)
ol &5t 1A17F 3087 F&35kt) Ether 52 &85t
Solium Sulfate Anhydrousi TES AAT 3 TN 5=
sto] theat e 2A 02 GOMSY| 93 7] AES B4
shglom, 4272 Table 33} Zt}. ojuff FQA9f HE
9] ex 7+7F 250C € 280 C 2™, column®] £XE= 50T

Table 2. Conditions of GC for fatty acid analysis

Supelcowax-10 capillary column

Column

(60 mx0.25 mnx025 yzm)
Intial column temperature 160C
Final column temperature 220C

160C(hold 1 min)-5C/min-220C

Oven temperature .
(hold 15 min)

Carrier gas He

Make-up gas nitrogen

Detector FID (flame ionization detector)
Injection temperature 230C

Detector temperature 250C

Table 3. Conditions of HPLC for volatile flavor analysis

GC-Hewlett Packard 5890 Series II

Instrument Mass selective detector-
Hewlett Packard 5971 Series
HP-1 MS 60 mx0.25 mmx0.25 /m
Column

(Dimethylpolysiloxane)
250C
280C
50C (hold 5 min)-3C/min-240C
(hold 22 min)

Injector temperature

Detector temperature

Oven temperature

Injection volume 0.5 1l
Flow rate 1 m¢/min
Carrier He
Split rate 100:1

oA SEZF $AT The
A3t

3C/min¥ 240 C7HA] &7 2287

8) & H= &E=E &3

(1) Al=He| =H|

Ty 2= 35N 1 g& FH3taL, o]7]of 50% methanol 50
nlE 73ho] 80T Sol 4 1417 BRYSHAA 2E3h1
ooz Wash] duet F 100 iz skt

2 & H= =EE

o] A& 8N 1 mE A& #35}kaL, o]7]9] Folin-Ciocalteau
reagent 0.1 méE 743t §, & E34sto] 327+ A&l WA T

S Na,CO; E3H20) 02 2 75k & 33319t} of 7]
of 375 2 mE 7Fste] S|AThaL A2o)A 1412 FA”E
A T F8ke] 725 nmof|A] uv/vis spectrophotometer
(V-550, Jasco, Japan)2 L =5 &43lo] AU AF
et dgae

b

flo

caffeic acid 1 mg& 50% methanol 1 mlo]|
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SHNA HE FEIL 24,68, 10 w7t HES 24
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1) RRIS| Yty

Al 744 Z59) §2ke] 390 ]2 Table 4] Uehgl
o AEE SR FHS WP 128 g0 AFE 10 111 g
MeFE 119 92 gRth §0oJ3t 202 Fago ol Uae
o 4 QI3ITk. RS HAHS mafo] ol &4 ghork,
HAe AFrct oha 2 Ao Rolu, AU A ul&
& AT F(41.5%,9.00%) 2T} A TFE(43.0~44.3%, 10.7~14.6%)
o tha %L, 389 v AFO] & Ao ekt
(p<0.05). ©|ejgt ATH= Lee 5(1987)9) Aaprct 49| vl
o Tha AT B8] H]&L EOm, Lee 5(2010)0] 14
9 ajo] Aol el ula) 3wl ulgo] £, 7he
£ 4148%tm RIS eI} ul5T AT T o] 83}
£ A9 NHES HES o8 A9 ARES Anz
A v FRolAE Bgo] F& Ao Yehirh

A S 1, S 10] AP SRS Table 59
2 AT sl A 8, T, A, HE vit Cof
TS =43 A1), 122 AA 80.5~81.5%, 15 88.7~90.0%=

Table 4. Characteristics of Yuza according to variety

A FREE FYT o] & HolR] Agton), thlde
g 7.14%EH NFEE 18] AEoA 819%= tha =4
e AL, MFE s X Fo] f-o5tA a8 HAEU I
o AAA 045~0.75%% AAE2] 045%H Tt HAFEo
A 0.70~0.75%2 =A JeRG I 3-Eol A= 0.50~0.60%2 Lt
Ebutth o] Lee 5(2010)9 A3 Z3, TujofA] 0.63~
0.82%, T+Eo|A] 0.58~0.72%E Th= Tha wropct A Akt
=42 vit. C= AAF A FollA] 29.6 men= TEE2
21.4~222 mg%R Tt 254 FTHp<0.05). AAA A= 7
2 19 vit. C7} 57.7 mg%=2 thAd =9t o] Y3t vit. C
AFE Lee 5(2005)9] AF-AHQ] 22.6 mg%et FARRE =2
01913, Shin 5(2009)2] 8- 6.14~10.74, T}1] 19.38~30.21 %
th= A UEhsth

37HA] A4 AR fEd 9 #5714 FRFS Table 63 2t

g2 I, T=q, Ao HEEHA=, 2 gyt
Ao N, AY, =t ol ok AT 1do] 2.94%
2 NFFES FA S AL, FA} BAE wefgt A
Z10] 4.14%, G2} SRS mufst NFEO 7} 321%= &
o5t 20 2 AR R} EUTHp<0.05). ZEFL 1.07~1.22%
FEOE FTH AolE E 5 floth A2 AiFe] 2.11%
2 NFFEY o A UEsth Lee 5(1987)2] A xte}
v wa)] B o] 58 3 1.17%, T=F 1.01%, A3 0.93%
Qlel, & =AY A7) thas E8kth Song 5(1998)2 &4t
oA A, I, EEF o2 HEdo] 2 AL EF5HE

Aol hehylr.

Citrus junos 1

Citrus junos 1+Poncirus trifoliata  Citrus junos 1+C. junos 11

Average weight (g) 128.18+8.77* 111.43+12.95 92.43+10.33°
) Height 5.65+0.84° 6.58+ 0.91° 6.35+ 0.85°

Average diameter (cm) . b
Width 6.34+0.51° 5.69+ 0.55 5.04+ 047
Peel 41.50+1.57° 4430+ 1.33° 43.00+ 1.25°
Composition ratio (%)  Seed 9.00+0.22" 10.70+ 0.17° 14.60+ 0.31°
Flesh 48.10+0.34° 4130+ 0.85° 40.80+ 0.52°

Table 5. Proximate composition of Yuza according to variety

Citrus junos 1

Citrus junos 1+Poncirus trifoliata

Citrus junos 1+C. junos 11

Peel Juice Peel Juice Peel Juice
Moisture (%) 80.5242.25 88.92+1.44 81.50:£2.37 90.00+1.15 81.1042.12 88.77+1.03
Protein (%) 7.14£0.37° 0.78+0.10° 8.19+0.05° 1.0920.11° 7.54+0.33¢ 1.14£0.09°
Fat (%) 1.00£0.18° 1.07+0.14° 1.00£0.12° 1.14£0.15° 0.55+0.03° 1.53£0.11°
Ash (%) 0.45+0.05" 0.50+0.05° 0.70£0.07° 0.50+0.04° 0.750.08° 0.60+0.03°
Vit. C (mg%) 54.7 +£2.91° 29.6+2.98" 57.7 +2.88 21.4 +334° 53.0 £3.70° 222 3.10°

Values with different superscripts in the same row are significantly different at p<0.05.
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Table 6. Composition of free sugars and organic acids in Yuza

Variety Citrus junos 1 C. junos 1+P. trifoliata Citrus junos T+C. junos 1T
Fructose 2.9440.09* 4.14+0.22° 3.2140.17°
Glucose 1.07+0.08 1.13+0.23 1.2240.12
Free sugars (%) b
Sucrose 2.11+0.19* 1.7940.14 1.14+0.10°
Total 6.12 7.06 5.57
Oxalic acid 0.04+0.01* 0.6 £0.09° 0.16+0.03°
o Citric acid 2.61+0.15" 1.23+0.18° 3.14+0.17°
Organic acids (%) . . b
L-malic acid 0.26+0.03" 0.10+0.01 0.57+0.06°
Total 291 1.93 3.87

Values with different superscripts in the same row are significantly different at p<0.05.

LAAEO] 0.04~0.60%= JHFFEA F-oJ8HA =%3L,
AibT AFARE TS Il T ZpolE Bl /7]
A% Y we BEE 2 AL Aol Song 5
(1998)2] Zato] slalel §he] 714 B FAkbo] 0%z}
SHARE, 2R 1714HY e FFolU Askel 93
oha Aol ek FEolER AAFlAT T 2
T7F I, EE 12 64%, NFZM AL 80% F= A
ZE9ch BHUR §o4k0] B BAHoR Golat A
o] YEH AUThp<0.05).

37HA §AF A& AHHAE SHgS Table 70 et vhe}
Zow, 42 Bu)¢t fAF AWAHS GCE F&S 24 7t
2 HEE TRE e A2 AE 31.7-35%, 45
o] 32.6~36.85 X ¢l linoleic acidZ, A ZN| = o, NF
Z IolA= ZBEo linoleic acid®] §Fo] F o w4 Z3H
o] QI t} Oleic acid= 18.4~23.4%2 A =9] FoA T
o] NFEY FolAET tha =4 Ueydth 1 ooz s

linolenic acid®} palmitic acid?1d], linolenic acid= 12.9~17.9%,

Table 7. Fatty acids compeosition of Yuza

palmitic acid= 15.3~20.0%2] 3+ R Ft} Linolenic acid=
NFE 19] HujofA FootA &2 S HA LK p<0.05)
TFo A= Zol7h JAAL palmitic acidi= AF T5ollAl
Yot & e ok I o= Aol o] &
o ket Al dEl e, 5 Aol
capric acid, lauric acid, myristic acid 5 3o A HEH X9
4to] AE HEEA FArh

ETHE §2Y HARET AFHste] GC-MSE A
F7IES AT Zi}= Table 83 Zth SujFoeE HE
H AES AT 2052 ATk AA A2 HEE LA
¢l 9 =9] HAH|= Yehflth 412 371742 dl-Limonene
o] 7 Wot 63.9-69.3%5 UEhH L, NFE oA thE
Zol sl o A UEhgdth

Gamma-Terpinenne©] 1 Th2 02 11.5~142%= 1}zt7}A]
2 NEFE oA tha =9tth Linalool2 6.44~9.46%% A=)
FollA 7H =4 Ueht=Tl(p<0.05), o= 2-2.75%F HE
3t Lee 5(2010)9] A} vlws & o %2 At Jeong

(Unit: %)

Citrus junos 1

Citrus junos 1+Poncirus trifoliata

Citrus junos 1+C. junos 11

Peel Juice Peel Juice Peel Juice

Capric acid (10:0) 2.0+£0.11

Lauric acid (12:0) 3.4+0.11 4.4£0.19 3.6+0.16

Myristic acid (14:0) 1.740.19 3.4+0.22

Palmitic acid (16:0) 15.3+0.15 20. £0.22 16.0+£0.31 16.4+0.18 17.2+027 18.0+0.21
Palmitoleic acid (16:1) 3.240.37 2.420.01 1.3+0.11 2.340.51

Stearic acid (18:0) 4.7+0.05 4.9+0.19 4.540.10 4.0+0.15 4.8+0.11 3.7+0.09
Oleic acid (18:1) 23.4+0.25 22.842.03 23.0+1.34 18.4+2.25 21.7+0.31 20.6+1.67
Linoleic acid (18:2) 31.741.24° 36.8+1.22° 35.0+2.03° 33.7£1.65° 32.142.63° 32.6£1.46°
Linolenic acid (18:3) 13.5£0.11 17.0£0.23 16.7+0.21 17.240.30 12.9+0.10 17.940.14
Arachidic acid (20:0) 3.1+0.06 7.0+0.08
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Table 8. Composition of volatile flavor components in Yuza

No Components Citrus junos 1 Citrus junos 1+Poncirus trifoliata  Citrus junos 1+C. junos 11
1  Hexanal 0.14 0.35 0.29
2 trans-2-Hexanal 0.15 0.16 0.19
3 alpha-Thujene 0.34 0.36 0.37
4 alpha-Pinene 1.31 1.26 1.49
5 beta-Pinene 0.11 0.12 0.13
6 (1s)-(1)-beta-Pinene 0.75 0.75 0.81
7  Myrcene 1.86 1.79 2.14
8 alpha-Phellandrene 0.47 0.45 0.56
9  alpha-Terpinene 0.22 0.21 0.25
10 para-Cymene 0.8 1.17 0.65
11 dl-Limonene 63.93 64.97 69.31
12 3,7-Dimethyl-[E]-1,3,6-octatriene 0.39 0.29 0.48
13 gamma-Terpinene 11.51 11.69 12.44
14 Linalool oxide-2 0.16 0.1 0.11
15 Terpinolene 0.5 0.51 0.56
16 Linalool 9.46 8.06 6.44
17 4-Terpinenol 0.38 0.38 0.43
18 alpha-Terpineol 1.27 0.95 1.19
19 Thymol 0.44 0.47 0.31
20 beta-Farnesene 0.42 0.49 0.62
21  Unknown 5.39 5.47 1.23

Total 100.00 100.00 100.00

(19942 A9 g7 8-S EA3 A, terpinene ] ©3}
4242l limonene ¥ gamma-Terpinenne®| 2132 87%=2 H i1
shgiitl, ol AERY YRS Uehi 212 B
3tk Lee $(1994)2 dl-limonene, gamma-terpinenne, /-
farnesene, linalool, sabinene, /3-myrcene ¥ terpinolene®] 752
F8 G RoR HAY oF 0% oS ATt BT
stg=dl, & AFolis 87.591%F tha WA UEa,
I 9] Rt 1Rl AEEHUT Lee (1987 2
7173421 limoneneo] 72.4%= AEEH U=, & AT
o w8t $AAES FAY BujoA &3 FIEET
% 2L A9 uash debthKin 5 1996).

92} 4% 9 B Fo| & v 3R] YL Fig 1]
Ko Zro] 37FA] A A& Thol| F3gE Apol= HolA] gk
o 7] Fofl T Fol A9 90100 mg% = 5ol Z3t
B 92122 neo) i} oF 2,50 o4 e Ao vehgr
A grEo] = Hls FEEE2 naringin, hesperidin,
chlorogenic acids, gallic acids S-¢| =4, Ji $(2008)2] A+
AAE A7 AL} & LE0] 2loli= Yo, 25.556.6
mg GAE/100 g $H5-5]o] &= Ao 2 et Shin $(2009)

140
I 120 -
¥
< 100 = e
g‘ 80
% 60 —
£
= 40
S
20 7 7

junl)s 0S 1

<t S
xP- rifot™ cits i

s
S j"'w
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Fig. 1. Total phenolic compounds in peel and juices of
Citrus junos. 1 Peel of Citrus junos, Juice of

Citrus junos.

of Ao A= AR FETFE o7} 9o, T5oflA] 6.4~11.1
mg%o] 31, Tu]of| A 26.7~31.8 mg%= e} Thao] XS
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= MFF 10] 57.7 mgh= ot g)th F2F2 AFo] =
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e} BFofA FFE EAL Holi Utk RS
dl-Limonene®] 37|59 64~70%5 X} A|ol= B2 2, gamma-
terpinene¥} A NFF MolA F&JsHA Uk -4kl &
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