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Abstract We prepared various types of yuja powders from yuja juice, fruit, and
seed (to maintain the unique yuja flavor) by using different homogenization and
drying methods and investigated their physicochemical properties. To this end,
ultrasonic homogenization and high-pressure homogenization, were carried out
to obtain the yuja mixtures. These mixtures were subjected to via spray-drying,
freeze-drying, and microwave vacuum-drying to obtain spray-dried, freeze-dried,
and microwave vacuum-dried yuja powders, respectively. The moisture content of
the spray-dried yuja powder was lower than that of the other two types: however,
this powder had the smallest particle size, with the average particle size ranging
from 4.11 pm to 15.19 um. The freeze-dried and microwave vacuum-dried yuja
powders exhibited irregular amorphous structures, whereas the spray-dried yuja
powder exhibited a spherical shape, as revealed by scanning electron microscopy
analysis. Moreover, the maximum electron-donating ability indicated by the DPPH
test was 80% for the microwave vacuum-dried yujaz powder, and the maximum
ABTS radical scavenging ability was 74% for the freeze-dried yuja powder. The
D-limonene content of the yuja powders ranged from 4.67 pg/g to 4.82 ng/g, with
the maximum amount present in the freeze-dried yujza powder treated by
ultrasonic homogenization.

Keywords yuja powder, homogenization, freeze-drying, spray-drying, microwave vacuum-

drying
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BE ckSeo, 2004). E3, fAHs glEET 36 T
< HEH CoF 373 7714k st qlo] 3ot 1
2 o] Z3FoltH(Kongd Kim, 2006).

FA= 8717F 11804 1292 5o I (Kim
5, 2009), FHll AA|7}F v A3 £5to] Zoto] Fapd=
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Azttt #EAY Wy Ax | Apojo] T &
A 2O o|gletA EAS FRlshy] Yot dRA7], 4

2ok, A, ARFHE A6, e EAJS TEst
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Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid
(ABTS) radical 2715 vlwslgon, /K] 5 7| E
9l D-limonene?] ¥ 42 Gas chromatography(GC)
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2. M= I HHE

2.1 A=
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o, fA= Ad 1184E(Goheung, Korea)olA]
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A " E olgsto] fA Tl & HAad ?:17‘}*—— AAH

FAT 2ZTA = 308 B2 ultrasonic homogenizer
(VCX-750, Sonic & Materials Inc., Sandy Hook, CT,
USA)YE o]&slo] k4= 20 kHz, 28 150 W, amplitude
30% 2HA0R 2% A BHA|517] Y3l ice bath Uiof
A AYsEATE 2T A T = microfluidizer(MN200803,
Micronox Inc, Seongnam, Korea)E& °]&3}9], 1,000
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250 A B 219 A3 4 EPA= EF
%71(B-290, Buchi, Seoul, Korea)E ©]&3}o] s} 3}
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2.10. ABTS ez 2715 &
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A&
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62

2(7697A Headspace sampler, Agilent Technologies,
USA)-Gas Chromatograph(7890B GC system, Agilent
Technologies, Santa Clara, CA, USA)E AR5ttt &
A BT 1 g& AL, slEAm o] AL Hio|(volume
20 mL, O.DxH 22.5 mmx75.5 mm), Z(PTFE/
silicone septa 18 mm)< ZtZ+9] #4S AREolTh
e 270 2% DB-5MS Ul Z™E(30 mx0.25 i.d. x
0.25 pm film thickness)& AREslGoH, 08 2=
60-160T (4T /min), 160-232T (6T /min), 232-248(8T
/min), BFAE} 248T A 58 HEFHL, F EA
45501t AA FAF 2=+ 250C, HE7] 2=
280C, FYREE splithEE AHESH 30:19] HIER
ARESERlom, Fjfo] TtAE AAE ol&st R 1

ml/min®% o] Z4s}gct

2.12. A2/

2 A9 BE B4 2= 33 jHECE AT Ht
ol Z+ £4Z430] gt AR SPSS BAZE L
I (Statistics Ver. 24.0 IBM, Chicago, IL, USA)S o]-&
5}, Duncan’s multiple range testS ©]-85}o] H4t
A 7F] 59442 95%(p<0.05) F=ollA AAISte] ZF A&

4] 294 Aolg AETYL

3. 2 I uH

3.1. 2AF ZtH9 gAt=27) & PDI

Z2STHUH) ¥ 2IYHPH) A3t 44 B3A2] Bt
q&+ =27] 9 PDIE Table 10 UeRHIE 42 A E5}HA]
&2 54 EFA= et A 27171 5.9140.10 pm9
3712 FEEReH, PDIE 0.82&8 YA thd 12X
A BAME] O] Sla& WSl UH AAIZEE Wstst
o] Z4% A BEFA9 B A A7) 58 A A
4.69£0.07 pm, 15% A A] 2.90£0.07 pm, Z 30&
A2 Al 1.7940.05 pmZ UH AgA7to] Z7kgo] uhet
AR} F7]= §94(p(0.05) 0.2 FAdH= AFS Hch
vk PDIE 58 A2 A 0.34, 158 A2 A] 0.23, E 30
B A A 0.192 A7 A7kl mE} fHashs S B
1, 2] vlsiA= UH A9 & §93(p<0.05) 2= 3
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Table 1. Particle diameter and polydispersity index of ywja microcomplex after UH and HPH treatment

Homogenization formulation Conditions Size (um) PDI

None treatment 5.91£0.10° 0.82+0.08°

Ultrasonic homogenization (UH) Amp 30% / 5 min 4.69+0.07¢ 0.34+0.02°
Amp 30% / 15 min 2.90£0.07° 0.23+0.03°
Amp 30% / 30 min 1.79+0.05° 0.190.03°

High pressure homogenization (HPH) 1,000 bar / 1 cycle 2.23+0.05° 0.2210.05°
1,000 bar / 2 cycle 1.96£0.02° 0.2140.02°
1,000 bar / 3 cycle 1.90+0.03° 0.15£0.11°

“*Different letters in the same column indicate a significant difference at p<0.05 (n=3).

A5t 04 UH A AIZte] 15& oliolis SAZCE
F94R1(p0.05) FaE AT 3} A%k PDI %ol 0.3 °]
ot gk HolHA dAHEo] mf IEA FAkEof
SUeii=g

2119 FA9] % 1-33] ¥hE Aol e fAF 5%
A9 W YA A7]= 1 cycle A7 A] 2.23+0.05 pm,
2 cycle Ag Al 1.96+0.02 pm, ¥ 3 cycle A7 A
1.90+0.03 #pm9] 7|2 21 A9 S(cycle F)°l
w2} 594 11(p<0.05) Bt} SkAITE 23] o]4t
Me $940(p>0.05) ¥3t= fllth. HPH A 2o &
PDI9] ¥sk= 1 cycle A A] 0.22, 2 cycle A A] 0.21,
9 3 cycle A2 A] 0.152 HPH cycleo] Wold4&E ZH4
ot FAIE HolAT IA] BAFCEE 194 1(p)0.05)

0] 0 O
AE =

=
HaE

)

—
o8]
=

Moisture content (%)

Hae %io*t}. B AFo)ME UH 308 A3t 44 B3t
At HPH 3 cycle A3t §4F EJAE ol-&sto] 2+
5 “Zﬂ A%, 9 upolazgo|B ARt B
st ﬂ%‘lﬁk

Hul o

:[o

Al & YJ-US, Z=3A4 g
o 5AAxS %Z} %EE YJ-UF, UHAg] & ulo]a 29
H AZAZS 4 24 YJ-UM, HPHAE & 254

2UUAT & 22U

5
C
Cc
4t e c
3 r b
a

2 j
1 L
0

YJ-US  YJUF  YJUM YJHS YJHF  YJ-HM

Fig. 1. Photo of yuja powder samples (A) of (a) YJ-US, (b) YJ-UF, (c) YJ-UM, (d) YJ-HS, (e) YJ-HF, and (f) YJ-HM, and moisture
content of yua powders by homogenization and drying methods (B). °“Different letters indicate a significant difference at p{0.05

(n=3).
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Fig. 1B)= #+4 #2459 FETFS vehd Aol
YJ-UF, YJ-UM, YJ-HF, @ YJ-HMQ] $-E3tere 747t
3.96%, 3.76%, 3.62% D 3.64%%3L, YJ-US} YJ-HS=
27 1.85%9F 2.43%2 BERAZS 94 £3o] thE Az

o] Hls 2ol #24(p<0.05) Zol= A v

9 FEIFE 3.62-3.96% Atolo] At #As}H W 9
Az o] mE £94%(pr0.05) Aol I Park
5(2015)0] mr=m HlofE 259 7z vAfle &
=
=

Fo| SRFHRL 335-3.75%, FAAZ B 3.02%2

33 R EY YA 27|, ME L A SEf HE

Fig. 2014 H= A3 Zo] d7 3719 A9 s21xe
YJ-UF®} YJ-HF= 242} 15.19 gm, 10.61 pm, ofo]32
glojB AFAZS YJ-UM YJ-HMS Z+2t 14.77 pm,
13.33 pm, BRAZS YJ-USY YJ-HS= 24+ 4.11 pm,
4.27 pmZ UG A 5 ERAXS 94 2
9] A% ARA77F 7P Ak, 5 AZXE} uto] AR o]
B Q342 BE2 2 A7t gt shARE 253
(UH) A2Ect 239HHPH) A2jet f4F Edo] o380
F(p<0.05) &L YAF712 B2t} Kang 5(2002)2
AurH o wAfE B9 A¥F 7= 1-200 pme] H

20

L d d
c
L b
a | I
0 J .

YJ-US YJ-UF YJ-UM YJ-HS YJ-HF YJ-HM

® N o

Particle size (um)

IS

Fig. 2. Particle size of yuja powders by homogenization and
drying methods. *“Different letters indicate a significant
difference at p{0.05 (n=3).
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&2 BExgitty Buste] §A £ YAA7] Helet vl
A ZUstAth Seo 5(2003) 49 27|17} %
H 2 gAp] v W HRSEEA S 7IAA HEg g2
I gigt HEo] 7hsote] Bhg Bk, & 9 0|5}
2 7|4E 4 Itk BI5M9 3, Rosenberg
5(1990)2 JAA77t A5 Wi B4 ZHok=
Fejoitt Byt
FA £ M= UHA 2|9t HPHA o w& A3} 3t
o] 3A zolE GlE AoE THE o, ARYHA
E A= Ao)7t 9= Aoz WHEKTable 2). AR
=7t AdiAog &8 BRAZS Y]-USS YJ-HSY L'g
2 247} 95229} 94.160.2 H|1H A Yty b g
ZF7} 10.879 11.782 WA Yepgtt. BHHo|, AR 2E7}
w2 nfo]g 2 Yo|H AZAZRS fAF £l 4L Y]-UM
I} YJ-HMO] L3S Z2F 93.219F 92,1302 Hjwd 3o
brightness& WeFW, bat Z+2t 13.673% 13.05% =
2 yellownessE HEH L. o]+ AXIY 5 229 o
Fo e 2 ] 7IQleke Ao® wFEtHChun
5, 1986). E3t, Marshall 5(2005)2 HAMHA] HAF-2
AAA7|7F v Sast AT o, w4 A&t I
A QAT AR At H|EHZ o] F7}ste] L'gho] 7t
oF A4S Uetd Ao g AlRdrty Bty o2 A
Zyo] Hg) L'gto] A vehd AL YJ-USS} YJ-HSS]
PR/ = v w A 22 4,11, 4.27 pmE UEY] g&
olgtx wtHTt wo]F2golB AFAXG FA £

2RAzT £ BT 5AAZT 44 BLUT LG

Table 2. Color value of yuja powders

Samples  Color values
L a b’

YJ-US  95.2240.42° -1.6140.01° 10.8740.03°
YJ-UF  94.64+0.24% -2.14#0.01° 12.74+0.08°
YJ-UM  93.21+0.75% -0.30:0.01° 13.67£0.15'
YJ-HS  94.16:0.88 -1.620.02° 11.78£0.22°
YJ-HF 92.41£1.15% -2.09+0.02° 12.42+0.17°
YJ-HM  92.13+0.58° -0.39+0.02° 13.0540.22°

>Different letters in the same column indicate a significant difference
at p¢0.05 (n=3).
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5(1998)°] w=% DPPHE 35tz oz
FEEE B2 T radical2A FAISHA, WFE of
W% 5 9% A Folof o8} A Haist A4t

Holok Alehy ARettind oA JEg 2ok W

Ancerewicz

ojt}y. §4F 9] DPPH radical® &AL 251 A
SRR 738 YJ-UM(79.6%), UR(77.2%), YJ-US(65.1%)
O F 32 st S-S UL, 23 A 54
2O YJ-HS(75.0%), YJ-HM(67.7%), YJ-HF(61.7%)

o

l

+08 FYAQI 210|(p0.05)F YEFH AthFig. 4). +A
o] A4, 75, A9 DPPH radical &£7%°] Z+Z} 93.3%,
64.7%, 18.0%2+= H1il(Lee, 2017)2} B|W5}HS o &
A9 AA R T W2 AR S UErIAT N9} 15

Hohs =2 A 42 7T deS 99T 5 Sl
o} £l dz=37]7F 20014 100 meshZ F7FgHo] w
2t DPPH radical £7%°] S7IstH mlA] 222 E49]

100

80 | ey d

60

40 |

Antioxidant activity (%)

20

0 ]
YJ-US YJ-UF YJ-UM YJ-HS YJ-HF YJ-HM  L-Ascorbic
acid

BDPPH OABTS

Fig. 4. Antioxidant activity of ywa powders by various
homogenization and drying method. “°Different letters in the
same parameter indicate a significant difference at p¢0.05
(n=3).

Fig. 3. SEM images of yua powders: (a) YJ-US, (b) YJ-UF, (c) YJ-UM, (d) YJ-HS, (e) YJ-HF, and (f) YJ-HM.
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FH

HAZ Sdigloto] 4Hoz F-EE49 F50] &0l
stttz B3(Choi &, 2019)9} tha Zo|7} U= 23 U
BTt Lee 5(2008)2 44t I +229 49 1 mg/mL
A7F Al 50% o149 &A= UERTh L Huskgith &
Aol 9] AAE o5 o)A Aot HlS SHAY o &2
FAE S Btk B fAETY 3% YJ-HS
7} YJ-USEDH =4 Uehd A2 239 At 235}
A7t SEGAER I FFAYAZ IHH FAEIA R
HH o 2 359 sy EEo|E 52 &5
FAT =2 AXLER Qoo B 52 3 =
AR SAE Uetl= 8ol =S Aol At
=g

ABTS radical £2AHL 4% HS4 ARY &A &
AL BF AT 4 108 DPPH radical &7HET}
28 "7t WckRe 5, 1999). T3 DPPHE free radical,
ABTSE cation F87]0|B& 7]49] EXo] A& tZr},
FE59 540 w2t At AT cation 7217|249
2% A7t o 4 e, 7 71dn sREe] 2%
L7} AFoloty] radical AA sE% Aol7t 7= A
07 ARHH(Woo 5, 2008). ABTS radical A7
YJ-UF7} 73.6%2 YJ-HM(71.3%) ¥ YJ-HF(71.0%)2}=
F92R1(p0.05) AolE HEFHA] LAt 6714 A==
oAM= 7P B2 AAss UEUHAKFig. 4). EIF
YJ-UM(69.3%), YJ-HS(67.4%), E YJ-US(66.8%) <O &
A3l ZAJo] wolH 3, DPPH radical £75 Rt %2
44 UeRIT Leedt Lee (2017)9) 74 5 E<
FEEY e FEE I €42 1,000 ppmY &
oA 2+ 30%2t 37%2 EAISIAch E3ZL Shin B
(2008)9] A+ o FeFEE2 1,000 pg/mLolAl 83%
£ UEtH S, radical &Ask= £4 AJEo] o 35
=0} Qlo} T Hth HFoA o =2 A FAES U
Hohy Baskoinh 2 At A G442 o 2E2E

MUk e A B4E Uehfglon g F5EE
L %O PUS BHYL Hepisied ol YUHE 4%
3} §45 ) AHgle] BUS A2 BEOR 239
2 % 9

Chang¥ Kim(2011)2 gH4tst 842 71948 S
3% HEtTICE} Zo] dof oFst FalstE o] ntyjgoz
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A dutbEog 1 550l

5
3} Nhuan(2014)2 Az 9 &9 g4st G50 9
A

o= BAeh Fo] ¥ AL Bk by st B
o] Tejsts B chopstn, AZHe] et ole 2
A9 WP} dojytta F2solxlct

3.5, 2Af 229 D-limonene 2'3f 241

| 9 AE9Ql D-limonene< 1-Methyl-4-(1-
methylethenyl)cyclohexeneo|g}al sh, EA}42 C)oHie
07 Pt HAE F= AEFY T8 PR CE o
H2o] ol Ad® 28] SIthKim, 2003). ©3}
Faf7t YR BAY oy et S WA Kot ga
F7F 8-1570 Aol F7|E ol Wiy Ak&sEo] 1L
gotE R Aotal, EXSHTt USE 2 Wol
g 4 Qlokal Stk(Kefford, 1960). wWEhAl gh44 1071,
EATF 136.24%0 D-limonene 3 & U+ 413
o dx Edo] "o A#rEAE HAsIH
D-Limonene #&EA & GCE o|&sto] ¥& AT A
= AT tE A 92 B4 50] peak WA O EA 2
HE AEslt. §A4F £89S59Y D-limonene
YJ-USE 4.668 pg/g, YJ-UME 4.665 ug/g, YJ-HSE
4.667 pgl/g, ¥ YJ-HM+= 4.675 pg/g2 D-limonened
TFZ o Aozt Qo 52 AERI fA4 £l
YJ-UFS} YJ-HF7} Z7F 4.823 pg/g®t 4.750 pg/go2
0E Azl B8] D-limonenes ®ol 2okl AN
H(Fig. 5). D-Limonene< #+=7%0°] 175.5-176.5C0°]

, T RAAR) AR FEY] dEE AMGEH T
719} o oJsf & Alp}E= E4o]7] whze]l Z1-5-2] AJEjollAl
W2 252 AREE 54 4% ol D-limonenes Bl
2 o] gotal Qs A0 & AEHT Hong 5(2017)&
simultaneous distillation extraction(SDE) BW'{o &2 &

9] 3 714 dES FE519 gas chromatography/
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Fig. 5. D-Limonene content of ywa powders using GC
analysis. *“Different letters indicate a significant difference at
p<0.05 (n=3).

ok

mass spectrometry(GC/MS)Z £43t Limonened
o] 1,301 mg/kgolgtal H5kict & A7) Limonene
ol vlofl Ags] B2 %2l Limonene®] 54% olf+=
75 #74 % Limonene &4} 555t= W4]Q1 SDE %
HE ARgste] £ o]-&E Q7] wizeleta AteE

-

4. Q9

949 38, 3, AE o] g3l 34 18 FL A
sH0 §A% & Uk 94 B Az UH 2

HPIHE o|831e] §24 %P ALl ol 42 &

n] E4o] 348 44 29 Xho}&’it} FA 2L o]
3 ’EM E47 H4itstant 9 7| dEE 4% 2
. YJ-UF, YJ-UM, YJ-HM, YJ-HF9] $E3tzke
.96%, 3.76%, 3.64%, 3.62%A1, YJ-HSS} YJ-US
b 2.43%2}F 1.85%% fﬂiﬁ} FAF o] &
ol vsf Eekgo] A WA YEth §A 1
JAke] 271 YJ-UF, YJ-UM, YJ-HM, YJ-HF7}
19 pm, 14.77 pm, 13.33 gm, ¥ 10.61 gmZE
111, YJ-HS®} YJ-US7} 4.27 pm®} 4.11 pmZE
ox} Hulo] t}2 A=) H]8] A&27]7}
ERAZS §A 2L AR =5
73 céﬂi?l A& SEMO.Z a3t M A
WA} 2717 A2 BRAR 1A
gHo] ['gho] T2 fAF Eatof| H]g) &9ky, AR =Tt
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Bl wow 9zt 7|7t & BAAR A B2 a
o] | Ut} wpo]Z&folE JNFAZT FAF ZE
L3 Wokon, o', b &7 Yeht vwg *d_%fﬂ *
E = EO%%%E}. akst &4 oA DPPHO 9%t
AAFAS5L YJ-UMo] 80%, YJ-UF7} 77%& 8% =

A UeFRaL, ABTS Stz &7 Y-UF7} 74%, Y-HF
o} Y-HMo] 71%Z H]1% &7 UrEP*E}. GAe] Y EZ
37143591 D-limonene? &% E443} YJ-UF, YJ-HF
7V 4.82 pglg, 4.75 png/gl 2 tRE X0 Hls| Bl
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