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Abstract

In this study, in order to develop an foaming tablet product using yuzu powder, yuzu powder was manufactured using different
drying methods such as freeze-drying, 60°C drying, and 40°C drying, and then quality characteristics and functionality were analyzed.
The naringin content per g of yuzu powder was 8.9 mg for freeze-drying and 8.8 mg for 60°C drying, and the hesperidin content
per g of yuzu powder was highest at 53.6 mg for freeze-drying and 46.2 mg for 60°C drying. followed by 40C drying (41.7 mg).
The tyrosinase inhibitory activity of 60°C dried powder was found to be twice as high as that of freeze dried powder. Accordingly,
in order to develop an inner beauty product, foaming tablets were manufactured using hot air dried powder, and the quality
characteristics and functional ingredients of the final foaming tablets were investigated. The foaming tablet prepared with yuzu powder
content of 10 and 15% showed an inhibitory activity of tyrosinase of 73.7 %, which was 1.6 times higher than that of ascorbic
acid (1 mM), which was a positive control, confirming its melanin production inhibition effect.
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Table 1. Foam tablet recipe according to yuzu powder

content

Ingredients (%) Contents
Yuzu powder 0 5 10 15 20
bif;’il(ﬁte 25 25 25 25 25
Isomalt 40 35 30 25 20
Citric acid 25 25 25 25 25
Vitamin C 5 5 5 5 5
Sorbitol 5 5 5 5 5
Total 100 100 100 100 100
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USAYS o] g5to] Bagheh EENAS ALbshech A7
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B, p<0.05 $>2°f| 4] Duncan’s multiple range testS A A| 5}
N@7e] $269l Folg Hlawsgit.

O

Zdunt o nFE
1. X SHY RA 2O Ol=tety S4
Az o] BhE FA4Y pH, AtE, 3% E= Ak 5 0]
%S

5}3—}4 E4 AE Table 20 YeH At pH 4 A3} 5
32,40C ¥ 60C AxE 47 33, 3.12 YET
*PEf FYHQl Apol= YepA] dokom Jde= 52 4
Z,40C AZR, 60C AZ 747} 47, 4.0, 4.8 °Brix® YEFTH

A 24 A3 54 xS A 2Eo] 8458 & BEH
< BPou FAEE 60T AX ARoA 2842 £t A
2 e 2 A 2 A SeR: 2 2
AE7F40°C, 60C AR A gHTE Bt Ao] ¢ 8HA] Yebg
THTable 1). YEtA o2 7}g L7 =11 7 A|7to] Ao]
A2 7h 7| AER ] 7hA0t ZFHER Q] MAo] 27
© A2z A AtH(Chung 5 1996). THEFA, 60C 20
A9 Qof 1=%o] Hol o] g2 Aol =] FAE 7
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Table 2. Physicochemical characteristics of yuzu powders prepared by different drying methods

Color value

Drying Acidity Soluble solids

method Appearances pH (%) (°Brix) L a b
Freeze drying 3.240.0) 4.2+0.0™ 47+0.1° 84.5+0.4* 0.4+0.1° 22.0+0.1°
40T drying 3.3£0.0° 41202 4.0£0.2° 65.9+0.4° 6.0£0.0° 22.2+0.1°
60C drying 3.1x0.0° 4.240.1 4.840.1° 63.00.8° 6.6£0.3° 28.4+0.2°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the meantS.D. (n=3). Sliced yuzu with 0.5 c¢m thickness were dried by three different methods; Freeze drying (-807C, 72 h), Cold air

drying (40°C 48 h), Hot air drying (60°C, 24 h).
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Table 3. Functional compound of yuzu powders prepared by different drying methods

Drying Total phenolics Total flavonoids Naringin Hesperidin Vitamin C

method (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW) (mg/100 g DW)
Freeze drying 2.3+0.0") 56.6+2.8" 8.9+0.9° 53.6+0.0° 99.8+1.6"
40°C drying 2.0+0.0° 13.0£1.6° 7.7£0.0° 41.7+0.4° 27.5+1.3°
60C drying 2.140.1° 53.743.3 8.8+0.0° 46.2+0.4° 68.2+1.1°

D Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the mean+S.D. (n=3). Sliced yuzu with 0.5 cm thickness were dried by three different methods; Freeze drying (-80°C 72 h), Cold
air drying (40°C, 48 h), Hot air drying (60°C, 24 h). The 5 g of yuzu powder was reflux extracted with 100 mL of 80% ethanol (5%

w/v) at 80°C for 3 h and filtered through a 0.45 ym membrane.
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£ 32 159 A= ¥EE A Kim 5(2001)2] Ay}
of = 7hdetol wet hesperidin o2 2 A4S
I Bk EF 9o 1 Av= 2 AP fASH UE
ok v C 2 52 AR A4 £ 100 g F 998
mgO 2 UEFFI 40C A% 27.5 mg, 60C AR 682 mg 3k
< YEFH AT, Park 5:(2014)0] w2 E2H|E]|9] H9-, &
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ol u|ehyl C Yol 71 AA ekl AL A% Aol
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o}, meb, Hlebel C Heke Az L, A7k} Bt gl
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Z S 2t 94 £29) DPPH 2oz AA 2

Az Bo] 494%2 7MY 2 £AA5S BJA 60T
AZ(27.1%), 40T A%(18.8%) +=O0 = YEFHTHTable 4).
ABTS 2zt 42752 G433 v AR &A &4
D= =4S 4= 90U 2 DPPH radical A2AHKETH & &
917} YohRe 5 1999). T3}, DPPH: 2&E9] EA4Jo| okt
A5 2 Z 3 cation f-2]7]9t0] A% A7t thE 4 UL
o, 5 7|43} 9hgETO] A% F =7t 4o|5te] radical A

Table 4. Antioxidant activity, tyrosinase or MMP-1 inhibition of yuzu powders prepared by different drying methods

Drying DPPH scavenging DPPH scavenging ABTS Tyrosinase MMP-1

method activity (%) activity (Vit.C eq. 11g)  scavenging activity (%) inhibition (%) inhibition (%)
Freeze drying 49.4+3.1*Y 20.0:£0.9° 53.1+0.6" 26.9+2.1° 42.7£1.2°
40C drying 18.8+2.9° 11.2+0.8° 6.7+0.2° 23.144.8° 26.441.3¢
60°C drying 27.142.5° 13.6+0.7° 30.0£0.1° 44.0+4.9° 52.4+1.4°

) Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the mean+S.D. (n=3). Sliced yuzu with 0.5 cm thickness were dried by three different methods; Freeze drying (—80°C, 72 h), Cold air
drying (40°C, 48 h), Hot air drying (60°C, 24 h). The 5 g of yuzu powder was reflux extracted with 100 mL of 80% ethanol (5% w/v)
at 80°C for 3 h and filtered through a 0.45 um membrane. For tyrosinase and MMP-1 inhibition activity measurement, the 5 g of yuzu
powder was reflux extracted with 100 mL of distilled water (5% w/v) at 100°C for 3 h and filtered through a filter paper (Watman No.4).

DPPH: 2,2-Diphenyl-1-picrylhydrazyl, ABTS: 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), MMP-1: Matrix metalloproteinase-1.
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QA Bt 0%, 5%, 10%, 15% F= 20%)°] what g
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B35t 01 (Lee 5 2017), o]& {7]4to] o5 A B
H7VFo] F7HEE pH7F AAskal 47 71 2o s
Atz =Tt AP AT (Lee JH 2011; Yang S5 2016)0] wh=2H 4]
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BE(LEDHe AT H7hdol S7HdE Qo A
= H3AH 0% ol 98.60% 7Y wotoH, £ 7t
BHE 594(94.6) > 10%(92.3) > 15%(90.5) > 20%(89.1) =4 =
T o FFadchs A EAth FAERYS HdlS
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Bo] H7lego] F/S BEE Aadt FUES S
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o} Y AFE EAh olfe ¥Ie= /A BEEY
carotenoid] A4xof] OJgt A0 &2 AL HTh e A £
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Table S. Physical properties of yuzu tablets produced with hot air dried yuzu powder

Color value

Powder Acidity  Soluble solids Turbidity Hardness  CO, content
contents (%) pH (%) (°Brix) L a" b’ (600 nm) N) (gv)
0 3.540.0"  24.140.4° 7.940.1¢ 98.6+0.2* -0.1+0.1°  1.1£0.0°  0.1£0.0°  187.1£15.1¢  2.7+0.0°
5 3.4+0.0° 25.4+0.8° 8.1£0.1° 94.6+0.1° -3.6£0.0° 27.0£02°  02+0.0° 176.2+9.7° 2.7+0.1°
10 3.320.0° 27.3+0.2° 8.240.1° 92.3+0.3°  -3.6+0.0° 29.8£0.0°  0.4+0.0° 173.7£104°  2.5+0.1°
15 3.2+0.0° 28.7+0.7° 8.5+0.1° 90.5£0.3°  -3.5+0.0° 31.6£02°  0.7+0.0° 219.5£19.2°  2.5+0.0°
20 3.120.0° 30.5+0.3" 8.8+0.1° 89.140.3°  —3.6+0.0° 33.3+02°  0.9+0.1°  250.513.1°  1.6+0.2°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the mean+S.D. (n=3). Commercial product shows turbidity 0.440.2, hardness 224.8+15.2 N, CO, content 2.6+0.4 gv.
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3} RART kol FKSl uet RSk B UEdTh £ 4SoAAE, JABEE X AE Aol ot
ZurE Ko & Sim 2014)S H715F AFo|A T BAjzo] J I H 150} 9tk (Moon S 2015). weba] A Bk Hriek
Thgol $H84% Ht Sk S0t FU AFS B o W WA naringin} hesperidin TF o152 SHel5]

Aot T ROA TS89 2411 ojiteiEA oS S| 24 AAISY. A4 22 el wE TxA e

245t A7} §A&F B 0, 5% A7 ol= 2.7 gvE T AR naringin, hesperidin 35 £4] ZAi}= Table 61} ZT}. Naringin
ol $91HQl Aol7k QT 10-15% WASAS e AR B AT 54 RS ArlelA) e Aol
2.5 gv oAlsetas JheFo] ot HAE SFAAL 20% H7HA| A AEEA Fokor, KA B 5%, 10%, 15% Ei= 20%

ot 16 gv A Fastedeh. AFo] Wojshs LR TR WEFIME ¢ F 2205, 10, 15,20 mg 202 §
F9 542 2ARE 23 5 04, JE 248 N, oJIBREE A F/lge] met fH0R Freke ZoE vehgek
Fepol 26 v ekt o] ATk G4 B 15% FFL  Hosperidin YRS BT A3} T FeRol Al ABEA %

A7 A Az 92 SRAT} /1A v|LEt BT 25 9 XL, FAF B 5%, 10%, 15% T 20% T TEH oA
A 25 X BT 15%S A71ske] AIAIES A &89 27y ¢ & 3.2, 65,93, 124 mg £ O F naringin®] A1} &
A SART Ul SIS foldoz Sl

5. At €EHo| & Wz ¥ E2EL0|E EH AL g15HQITh Park 5(2019) AT Aol 2w {2 4
G4 U 2t RIS B A % BoRoIE 2D A A 2 A1) SAAAE pi bt T
AT Toble 63} 2T S BES AANA g3 AZE 2 94 7o) Tt R9H0R ST of ATk B
WEo) F 5 FES ¢ T 001 mol AN, BEAEH @7 Zzieh QASAT ek C £ A% f4 2T
0% 7 B W] Z1USS B lm WAL FAY slgo] Z4TSR HEh C A 1R, S

ok A BEE 5%, 10%, 15% E= 20% H7kske] Alxgt Bl C 2 243 A5 Z3K(Shin 5 2009)0f wEH I}
H2HoNA T HE FF2 42 02, 05,07, 1.0 mggl 2 Fo|A9 BE C S 1074 mg/100 g, B3 F AFS
ol fAF g HrlekA] 2 ®rEAof v F ml 3k 3021 mg/100 go & B 1 E k. wEbA, fAke] Blekd b
Fol oF 20968 7HA] 7Pt ATE EeF 0|20 Ak & FREC] V] "ol fA B o] SIS T
Hed VR E §A4 B J7Fgol BE4E SUtte o "Bl C TFE FUkete Z0R AteH

BE Hebdeh

7. R WEHO| SIS BN 5
q
O

6. FAI 2ZHo| F FFEL0|E A FAESE 24 S4 g8 AHEE= DPPH:= E2 HepAd
Naringin “d+#-2 =72 9y Hujo] &Fd FRFy 2 uL& v WA QYT free radical2A] AL FAS ZH=
HiFA| Q] AFQl HAQ] 2R o R AR aAEe EHAERE AR 245 AFH oW DPPH-HE =W
SR ef FatAgo] kAl HalE o] 131 (Shin -5 2008), A AL Hepo] gt o w SR H g thofet AlE AA)

hesperidin A& 3 9-AF9] A # JEOZE HIEI 3oy ERE s S5t Bol o] &5 JUrkKim &
Ajt =HAO AH = AR VIRE B85 SYULAHE & Chung 2017). §-4F &2 H7hgo] w2 Y34 9] DPPH 2t

Table 6. Functional compounds and antioxidant activity of yuzu tablets produced with hot air dried powder

(i(;vtve(ftrs Total phenolics Total flavonoids Naringin Hesperidin Vitamin C scavenglr)lzlictivity sczi/]:r}:gsi‘ng
%) (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW)  (mg/100 g DW) (VitC eq. 1g) activity (%)
0 0.0£0.0°" 0.120.0° N.D? N.D 1.0£0.1° 5.942.6° 0.120.0°
5 0.2+0.0° 2.120.0° 0.50.0° 3.240.1¢ 5.1£0.0° 13.2+2.1¢ 0.4+0.0°
10 0.5+0.0° 3.6+0.6° 1.0+£0.0° 6.5+0.0° 10.6£0.3° 23.6+1.5° 6.8+0.7°
15 0.7+0.0° 5.6£0.1° 1.50.1° 9.3+0.1° 14.9+0.1° 30.3£0.0° 11.5+0.3
20 1.0£0.0° 8.7+0.2° 2.0+0.1° 12.4£0.1° 20.8+0.1° 39.5+0.8° 16.9+0.5°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05).
Y Not detect. The values represent the meanS.D. (n=3). The 2.5 g of yuzu tablet powder was reflux extracted with 100 mL of 80% ethanol
(2.5% w/v) at 80°C for 3 h and filtered through a 0.45 pm membrane.
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4 2AS &4 A3 F F7RES 59 vitC eq ngO 2 YERSE
I 8RBT 5%, 10%, 15% F= 20% 3He LE YA =
132, 23.6, 30.3 X 39.5 vit.C eq. ugl 2 SA Bk A7l=F
o] Z7tgol Wt vk JEH o R Frlohe AdFe BT
(Table 6). ABTS:= H|W A 9143t A9 g}t]zt& DPPH 2}t]
23t A FAkst @44 S45t=t ©ol o8& Ut
ABTSE THAFS a4, dH4kSle40f REGA|A S ol
ABTS7} A=W 559 F4tstEo] 93 ABTSO] 47
wo] ged 579 ARl FEMo] ZMET olF FHE
A2 Yetyo] 559 st 84S B7HE & ItHKim
S 2013). ¥R ABTS #HHZ £ATS F H7Ho
0.1%% 7P $& 4 Holom fA &8 H7Fgol 7
Sto]l @} 0.4%, 6.8%, 11.5% E= 16.9%F ABTS Zrjzh &
7ol FAH LR F715HAH. CitrusFo Fhujut FAofl=
Ak EgtE ot 5 F EuE o] =2 A=
A= J 2 H(Kim 5 2009) F-A4F EEol= Ak S A
d naringin, hesperidin 5-°] g-F=|0] 3lo] FAiks S4B
ol ALeg HIUEI SIthChoi 5 2019). & AolA
DPPH, ABTS 2}tz &4 A& A4 9 o] 3719
of wet FojAog F7I6kalal ABTS Sz &
T} DPPH 2tz €4 A7t o =2 AL I & A
o} ol AR 2 475k DPPH W} 2] ol
S-S A A= ABTS 9] Zpol 2 7| A1} wh-g-=3}9]
A% =7t g2tA 2o AA o] AolE Helrtk= &
o] WE=rHLi 5 2007).

ox
ox,
k1
H

8. A} Y HO| tyrosinase L MMP-1 {H| &1}

Tyrosinasex= tyrosines 7|2 & 5} dopaquinoneS A§4JA|

a
a a ab
c c
60 b
40
C
20 .
0
0.5 1 2.5 0 5 10 15 20

Ascorbic acid (mM)

2

Tyrosinase inhibition activity (%)

Powder content (%)

o

7™, o]F A/d% dopaquinone OFH] At 22 ThlE] F
wgo] oo} 25402 Wepdlo] FHATHLee 5 2009).
ZhA 2 AFo)A= melanin A4 AFGo] FQ37F BA
tyrosinase®] &4 A o FEE ERI5 1 11 A¥= Fig. 1A
@} Zt}. Tyrosinase A3 AL H7ISE 23 FAEL
5~15% A7FA] A&7 623~73.7% AEZE A=A 20%
FA Ego] A7ME NS W 258 Azt Fhohs A
Hol 15% 242 H7Igh dxFo] a3&Ql Ao R wHE
Aot FA B T 10%, 15%7} tyrosinase] A|5f /o]
73.7%3% positive control@l ascorbic acid(1 mM)Xt} 1.6H] =
2 A5 S Hof dWepd AG9A aE AHS IRlst
At AlEC] EActs EYulEs JEES A4S ¢ vH
/ol a7t 9l5o] Bl Eojqltk(Veberic 5 2015). LRt
Ao 2 HER FFES HFE TfRdte AEAe 1 =
EE2 2 4SS 27] "o, tyrosinaseo]] 2]t 7+
4 Q5SS AL B4 UERITHKim & Uyama
2005). ESF H&5F SISHEL tyrosinase?] 7]& 9l tyrosinel}
TZAO0Z FAISIO] tyrosinase?] B/d2 Asittal A2 A
UTHBoissy & Manga 2004). RAFFZO|A A A A
(competitive Inhibitor)= 7|23} 71 Fe|7} -2 SAGHH &
49 GAEL0) 7181} FAH o= Adstet ol
A2 FARREEO] tyrosinaseS Asfisto] v|H 24dS L
Woltkal weE] Qi

R A2 A 22S A5k RS 7Hed S
2 g7 AR FFY 9% Eol= F8 4 @i doltt
wEtA FEHe] Bolle & 2% 229 ©E Astel 15
5 2 Ao AFAQA JFE A

Aol A BPE= 4SS MMPs 712 MMP-1-2 &

a
a a a a
b

60
40 b I I I I I
20 I

C
o

0.5 1 10 0 5 10 15 20

NNGH (uM)

o 8 oot

£

MMP-1 mhibition activity (%)

Powder content (%)

Fig. 1. Tyrosinase inhibition (A) and matrix metalloproteinase-1 (MMP-1) inhibition (B) of yuzu tablets produced with
cold air dried powder. Means with the same letter in each column are not significantly different by Duncan’s multiple-range
test (p<0.05). NNGH (N-Isobutyl-N-(4-methoxyphenylsulfonyl) glycyl hydroxamic acid) is the representative MMP-linhibitor:
The 2.5 g of yuzu tablet powder was reflux extracted with 100 mL of distilled water (2.5% w/v) at 100 for 3 h and

filtered through a 0.45 pm membrane.
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Z7llo] Eo]x o R Zh8ol= A Eof 8 A (proteinase) =
A MMP-19] &4 JAsto] Fehlls Eostd o7 27
o] &S RASHL 59 B AT 5 U= A=
&2 A Uth(Kondo S 2000). wehA FAF F o] wE
o] MMP-1 A5l /442 AL T A3= Fig 1B
o Zh. fAF Eo] M7HEA &2 F M7 B 53%
E MMP-1 A5l /o] 7FF A Yehetal fAREE d7FF
o] T7ILTE o= B¥E A FAF £ 5~15% &
7FA] A AE&0] 64.8~66.3%7HA] Z7 o= ARFS UFERAA| N
20% H7TE R S= 253 64.8%F A4St o] Aite
tyrosinase®] Ao AT} 2= HFOo = YeHTh §4 £
SHF 5~15%7F MMP-19] A3 E4Jo] 64~66%= positive
control 1 tM NNGHXE T} oF 23] A& =2 A3 &44E 7}
A= Ao= drefth

2 AFNA e A BES 83 olvRE AFA =
g AE S A8 Az PHEEAR, 60T X, 40

N

AE)S FESNe] G4 RUS AZT F 154 4EL

Qo= AL 20% FAF 2ol A7 IS =
Q5] o FrAoks TS B 15% B8 J7ig dx
Hol mHel Aoz WAAT TG 94 BT Y
10%, 15%7} tyrosinase®] A3f] &-AJo] 73.7%= positive
controlQ] ascorbic acid(l mM)E T} 1.6H] =& A A4S H
o] ehd Aol ETHE AW S FIsiAc o4kl A
ANE GA RGO 4AFSE At 712 EE E8E &
Qe Aoz Az

2 A= AGESRE7|e/T ARl e 53 &

g 717 9 A st
(RS-2024-00437307), A +H]ol| oot =3d Ao I+
=, o] Z& FAE =9yt
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