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Abstract

Purpose: This study investigated the antioxidant and enzymatic activities of 20
species of the most widely consumed edible flowers in South Korea to provide basic
data on their bioactivity. Methods: After the selected edible flowers were processed
based on the tea manufacturing method, the antioxidant activities (total polyphenol,
flavonoid content, DPPH, and ABTS radical scavenging activities) were evaluated.
Two species of edible flowers exhibiting exceptional antioxidant activities were
selected and their enzymatic activities (tyrosinase, elastase, a-glucosidase, and
ACE inhibitory activities) were assessed. Results: Among the 20 species of edible
flowers used for tea manufacturing, Viola tricolor L. (V. tricolor L.) and Chamomilla
recutita (C. recutita) were found to have the highest overall antioxidant activity.
Based on these results, V. tricolor L. and C. recutita were selected to determine their
enzymatic activities; V. tricolor L. showed higher levels of tyrosinase, elastase, and
ACE inhibitory activities, whereas C. recutita showed a higher level of a-glucosidase
inhibitory activity. Conclusion: Based on their exceptional antioxidant and enzymatic
activities among the 20 species of edible flowers, V. tricolor L. and C. recutita are
predicted to be of greater use in the development of inner beauty products.

Keywords: Edible flower, Antioxidant activity, Enzymatic activity, Chamomilla
recutita, Viola tricolor L., Tea

(Kim et al., 2000).
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22 ARAE HESHE 20|77 F74E] et HABS ol
& 2] Aol A= QIEKAFFIC, 2019). ol 43t ERCS]
Qo] AAIL AT 1BtE L3 B TR ofel S 7R
FA)o] et Aol Z75kn YeHKang et al,, 2008), 12t 34}
2 4% glo] FREsH A28 TS| wedshu glon 55 3
o) E50) ALgTA] thet THHHQ A7k Wask Agolct
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Methods

1. & e

£ Aol AEEAA A AT AFFH(ZAHE
A|2021-26%(2021,3.25)°] AE&02 SEH £ FoA Fol|A
Than] 3 Q)i 2059] A4Ee 20199 5790 IIFYEA
A4 (Gangwon—do Hoengseong—gun, Korea)oll A 2f351%ich,
20%9] & BAE(Amygdalus persica L., A, persica L.), 30]%
(Antirrhinum majus L., A, majus L.), 533K Calendula arvensis
L., C arvensis L.), 7§®2u}d(Chamomilla recutita, C. recutita),
A=3HChrysanthemum boreale Makino, C. boreale Makino),
TFHZ(Chrysanthemum zawadskii var,, C. zawadskii var,), &
YN (Cucurbita moschata Duchesne, C. moschata Duchesne),
7o) A (Dianthus caryophyllus L., D, caryophyllus L.), 38}
2}7|(Helianthus annuus L, H annuus L.), S&X|(Helianthus
tuberosus L, H tuberosus L.), 3|8|2A X (Hibiscus sabdariffa L,
H sabdariffa L.), B8 Magnolia denudata Desr,, M, denudata
Desr.), G Malva sylvestris L., M, sylvestris L.), HZ(Prunus
serrulata, P, serrulata), °FFAoFE(Robinia pseudoacacia, R,
pseudoacacia L.), B Z(Rosa multiflora Thunb,, E, multiflora
Thunb.), Zw](Rosa spp.), F2H AFUNEHE(Taraxacum
Iaevigatumm, T, laevigatum), SRASHTropaeolum majus L., T,
majus L.), ARA8Z(Viola tricolor L., V. tricolor L.)°]t},

2, MEEX| &S 4
Y25t 2029] 22 A7|M([DW1200; Deawon Electronics Inc,,

Korea)Z ©]-83 & A= Figure 19 AXE Hiet o] 100C A
7]1(DW1200; Deawon Electronics Inc,)ollAl 1 min < $7|428 &
g, 33] BEESt B S AR F 7 $E0] 3-5%71 € o
T AZRAZEE, AR o= 1 tea bagdl] 42t 4 g¥ EASI] H
TelAA ey A8 A EE ARSI
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Steaming of 20 flowers on the cotton cloth in steamer
(at about 100°C for 1 min)

1

First pan-fried of 20 flowers on the cotton cloth in pan
(at 60-80°C for 30 min)

!
’ Cooling of 1 pan-fried of 20 flowers in pan (for 10 min) ‘

!

Second pan-fried of 20 flowers on the cotton cloth in pan
(at 60-80°C for 30 min)

!
’ Cooling of 2" pan-fried of 20 flowers in pan (for 10 min) ‘
1
Third pan-fried of 20 flowers on the cotton cloth in pan
(at 60-80°C for 30 min)
!

Drying of 3" pan-fried 20 flowers to be at 3-5% moisture-retention in pan
(at 40-60°C for 30 min)

Figure 1. Tea processing method of 20 edible flowers.

Agmxio| SHhist 2y

ERIES
205 T AT B 23S Slo) 22 2

100CE #2144 200 mLE 23 3 min 7F 93t

} 1 tea bagoll

2) Total polyphenol &2f

20% Z2} A 29 total polyphenol EE-E Folin & Denis (1915)¢]
WS Wygste] A3ttt 2EE 350 uLell Folin—Ciocalteu A2
(Sigma—Aldrich, USA) 70 il A7}k 3 min7k 2] 3 %% (w/
v) Na,C0, &9 (Sigma—Aldrich, USA)S 350 uL, 7Fet 3 ehaoflA] 1
h W3k TR, 200 pLe] A|EE well plateo]] 4 ELISA microplate
reader (Infinite 200 pro Nanoquant; Tecan, Switzerland)Z ©]-&-3}
o] 750 nmeA] =5 E43H5.2H total polyphenol g EE
E49 tannic acidE 0]-§-5to] 2/Je #EFH 0 2 HE SIS,

3) Total flavonoid &t2f

20% 24 A& total flavonoid TS Davis (1947)2) #H&
HYsh vhfof w2l 24319tt, &8 70 uLef| diethylene glycol
(Daejung, Korea)& 700 uL2} 1 N—NaOH &% (Sigma—Aldrich)
7 ULE 37Fs F 3704 1 h FAAZ T well plated] A=
2 200 uLA 271 & ELISA microplate reader (Infinite 200 pro
Nanoquant; Tecan)}& ©|-&3t0] 420 nmellX FE=E S35kt
Total flavonoid 32 EEE2Q] querceting o831 2HAJ%H &

£34g vigroE Bksto] Lehigi,

4) DPPH radical AHs
20% £} A &9 2,2—diphenyl-2—picrylhy drazyl (DPPH)
radical 2752 Blois (1958)2] W3S Wgste] AAstgct S5
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Zof| 108 3443t AJ& 100 pLefl 1.5x 10 M DPPH £ (Sigma—
Aldrich) 100 pLE 7}ste] A-29] dAellAl 30 min 7+ B35 &
ELISA microplate reader (Infinite 200 pro Nanoquant; Tecan)&
018314 517 nmolA FFEE St o Y2 & AREE FF
4= 100 L= AHESHATE

5) ABTS radical £7s

20& Z2} A|79) 2,2'—azino—his—3—ethylbenzo—thiazoline—6—
sulfonic acid (ABTS) radical &A%< Fellegrini et al, (1999)2] 1t
Hog EAsglt. SRl 108 348 A& 10 uLell ABTS A
2K(Sigma—Aldrich) 190 ULE 7519 10 min 7F AX]3F & ELISA
microplate reader (Infinite 200 pro Nanoquant; Tecan)Z ©]-&3}
o 732 nmolA SFEE SsI9 o d2E ARREE $75 10
WLE ARSI
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[£=2
[

bl

9|

Pl
S

E2 M=
A3L @ido] 4% AoR MAE £ AEY FEE Az
= A& 7 e 22 108 a9 SRSE AR 3 35 4
ZS B2 8079 heating mantle (HM 250C; Sercrim Lab
Tech, Korea)ollAl 2 h 5 F&3t4ct #EEE 33 o3 (No.
3, Whatman, England)3t & rotary vacuum evaporator (N1110;
Eyela, Japan)Z 3¢}, 553t 524% AlA E3lsie 70T
Y BstHA A A|E2 ARSI

gk

2) Tyrosinase A&l &4

Z=Z4A% AR tyrosinase AL Tomitad] B (Tomita
et al., 1990y WFsto] SAHATt, L-tyrosine 2 5€ dehd
o] A== I7gof| A tyrosinase E ARG o]5f A== DOPA
£ 235k o E 100 mM QAREEE9 (pH 6.8)(Daejung,
Korea) 160 pLe]l tyrosinase (300 U/mL) (Sigma—Aldrich) 40 pL
£ 713t 5 374 15 min preheating A71Th 2 The 10 mM
L—Tyrosine (Sigma—Aldrich)& =<1 71249 40 uLe} A& 200
uLE H7¥sted 37°CollA] 25 min ¥HSAIA 2343 DOPA chromes
ELISA microplate reader (Infinite 200 pro Nanoquant; Tecan)Z
o-§31ed 475 nmollA FFEE ST TS FAE o|&sto] A
& A=t

Tyrosinase inhibitory activity (%)=[1—{(As—AsB)/(Ac—AcB)}] x
100

As: B0 A RE BF 715 g4 ST

AsB: A| &Rt 743t §E3-g-oH Y] Zgw

Ac: EAT H7s uh-gl o] T

AcB: A4 A 8E 25 A7ISHA] g2 8949 S3%
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3) Elastase X5H &

FAAZ A=Y eastase AL Kraunsoed] W (Kraunsoe
et al,, 1996)& W3} 2331tk 1 M Tris—HCl buffer (pH 8.0)
(Sigma—Aldrich) 120 pLe] elastase (Sigma—Aldrich) 20 uLE A7}
%t % 15 min preheating A|ZIth, 1 thd N—Succinyl—Ala—Ala—
Ala—p—nitroanilide (Sigma—Aldrich) 5 mg®] Tris—HCI buffer 1

2 2ol &gt 714N 60 Lok A& 240 uLE H7Iste 25Tl
A 25 min ¥FEAJZ] 3 ELISA microplate reader (Infinite 200 pro
Nanoquant; Tecan)& ©]4-8}4] 410 nmol|A SH=E 243t ok
T4 o835t AsE-S ARSI

Elastase inhibitory activity (%)=[1—{(As—AsB)/(Ac—AcB)}] X
100

As: B4 A BE BT 7R WS-8 S

AsB: A BT 2715 vhg-gol o] g

Ac: BT H7Ke ghE-8l o] TR

AcB: H28 NBE BF H7IekA] o2 89 4=

4) o—Glucosidase Xfsif &t

Z2A2AZ AR a—glucosidase A3 FAL Li et al (2005)
o WS WEst] SAstE APTY wello] Al® 100 L,
67 mM phosphate buffer (Daejung)®ll 1 unit/mL F=Z 52l
a—glucosidase (Sigma—Aldrich) 200 uL&} tjzol= AME o
Al 67 mM phosphate buffer (pH 6.8) (Daejung) 100 uLE ¥
37CoNA 15 min E¢F preheating AFHTH 71AE ARLE 5 mM
4—nitrophenyl—o—D—glucopyranoside (pNPG; Sigma—Aldrich)
< 67 mM phosphate buffere]l o] 100 uLE 37}ste] 37°C]
A] 25 min ¥F$-A]71 3 ELISA microplate reader (Infinite 200 pro
Nanoquant; Tecan)Z o83} 405 nmoj|A TF=S 243 o2
FAE o838t AsfeS AREsiitt.

o—Glucosidase inhibitory activity (%)=[1—{(As—AsB)/(Ac—
AcB)}] x 100

As! ARG ARE BF M7 -8 FPE

AsB: A &Rt 3718 §E3-g-oH o] Zg=

Ac: IAT H7s whe-golo] TR

AcB: A48t A 8E BF H7ISHA] 32 899 S8

5) ACEXfsl &

47z X &9 angiotensin converting enzyme (ACE) #|aj&
/32 Cushman & Cheung (1971)9] W& HFste] S4sk¢h
7|39l Hippury—L—Histidyl-L—Leucine (HHL) (8.3 mM)2] A=
WL sodium chlorideE 300 mM &-7-8F 50 mM HCI buffer (pH
8.3) (Sigma—Aldrich)o]] &=¢§ Z8]3t & ACE &4 (Sigma—Aldrich)
50 UL, HHL 150 pLe} HE A= 50 uLE EF5t3ict, iz A
£ A& Al F75 50 uLE H7kete] 37T ollA 30 min BREAIZ
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&, 1IN HCl (Sigma—Aldrich) 250 uL.E 3713t} uhs-& SAA17
t}, o719 ethyl acetate (Sigma—Aldrich) 500 uLE 7}5ke] 15 s 2
9kt & 3,000 rpmeOllA 5 min 7k HAEe stof A5 200 uLE
3ttt AAS 120ColA 30 min 7F83t AXAZ o &
24 1 mLE 718l 38417 ELISA microplate reader (Infinite
200 pro Nanoquant; Tecan)E ©]-838}e] 228 nmoj|A FF=E =
3 the TS o] 8sto] AeeE A&

ACE inhibitory activity (%)=[1—{(As—AsB)/(Ac—AcB)}] x 100

As: B4 A BE BF 7R TG40 ST

AsB: A BT 715 9h-g-g-olo] g

Ac: BT A7 uhg-8l o] FR T

AcB: B2 A BE BF H7IokA] G2 899 3=

5. SAXz2I

RE 27 SPSS statistics 24 (SPSS Institute, USA)S o]-&3}
o 3t BEURE Folal FAEAS AAEtT F #Hae 7k
2}o| & BAE 790l = Student's t—testS AAEIAT), Z2ke] ME
Zr] -2l one—way ANOVAE AAIEH & FoleES 5%% A%

319 Duncan's multiple range test2 AFEHAS st

1o

Table 1. The total polyphenol contents of 20 flower teas

Results and Discussion

1. MBEX|e| gHitsl &Y

AEAE 1Y ATt otE F& Hed SEe] A5
(Kim et al,, 1999), 2 f3 H=4 3EL flavonoids, phenol
#, phenolic acidi ¥ phenylpropanoidi 5°] HlF-202 gt
FUYA, AL A SA A, A 9 B o] At
7} 9= Aoz BRI tHAzuma et al,, 1999),

oA 2 Aol A= 2059 EAF A& tigh ghakst 24
7gsto] Table 1-40] AIAJSFEATY,
1) Total polyphenol &2F

5 RES AEA ) 9] £E= o = 23 tjrkkEelt

TheFeh 2ol B 7HA W, —~OH71E 7HA| AL Qlo] Tt 2
< & BT Zeke Ado] gl gats a5 e 7ls
<+ 72 ok, —OH7| & &8 o4 3o Hls 18] 25
SIAA Fakst 4L 7R AR gEjA 9tHCha et al., 1999;
Shin et al,, 2014),

£ dollA] 205 EAF A& total polyphenol I 4% 4
Th= Table 10 AIXE vpel ok, Z2F 2059 total polyphenol g
2 16.03+0.05-157.23+2.68 mg TAE/g2] "Z YelT]
2059 2 5 1-590f &l A2 AAARE, Auntd, Fof

Ay

Samples

Amygdalus persica L.
Antirrhinum majus L.
Calendula arvensis L.
Chamomilla recutita
Chrysanthemum boreale Makino
Chrysanthemum zawadskii var.
Cucurbita moschata Duchesne
Dianthus caryophyllus L.
Helianthus annuus L.
Helianthus tuberosus L.
Hibiscus sabdariffa L.
Magnolia denudata Desr.
Malva sylvestris L.

Prunus serrulata

Robinia pseudoacacia L.

Rosa multiflora Thunb.

Rosa spp.

Taraxacum laevigatum
Tropaeolum majus L.

Viola tricolor L.

Total polyphenol contents (mg TAE"/g)
64.73+0.417%
94.00+0.40°
16.03+0.05°

109.81+0.25°
74.28+1.41°
61.29+0.28"
40.38+3.40"
70.36+1.48"
21.3140.07"
16.24+0.22°
17.60+0.06°
38.28+0.70'
33.38+0.19"
41.71+0.55¢
41.86+0.50¢
46.46+0.32
16.95+0.47°
91.33+0.20°
58.59+2.30'

157.23+2.68°

YTAE, tannic acid equivalent; ?Mean+S.D.(n=3); ?Different superscripts are significantly different by Duncan's multiple range test at p<0.05.
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Z, T4 AFUEAZE, A=3E 2442 157.23+2.68 mg TAE/g,
109.81+0.25 mg TAE/g, 94.00+0,40 mg TAE/g, 91.33+0.20
mg TAE/g, 74,28 +1.41 mg TAE/g2 2 UERGTtHTable 1),

Woo et al. (2010)9] Aol =3k} A& F 165 29 e
FEE| A atE ST A7 5 2 AollA ARES A8 E
9] T4 GRok= Ak} vlwsl HH, v, H2X AYRIE
g, 729 <22 {otal polyphenol FFo] A e} & A
o] Aol AR|3ITh EF}, Lee et al, (2014)9] AFoA] 17F2] 4]
829 total polyphenol ¥ S4% A} 5 2 A-FollA] AR
A8 TR} YXoh= AT} vl Wl B, BEARE, oFpA|oHE,
AAARE, S5 o)t £ Aol AARIE, BEARE,
opFhX|olE, F78e] =0 & AR total polyphenol FHgo]
o9 =2 AL ARt £ At fARRE 2l & 4tk
Kim et al. (2014)2] A7)l 2J31H phenol SHE-2 EF0ILt Afu
WA 9 3 S 22 2700 ) o7 A3E Ve 4 gt
&}od, total polyphenol 3 £ AHHA7|, &l W A|c} B0
71918t ARl 2to)7t e AR Beldt,

2) Total flavonoid gt2f
Flavonoide =& o|ut T8-S el phenolA| 3HES] &
11

o= Ap¢iAel de] FE3HL GIL polyphenol¥} o] A4, 4

Table 2. The total flavonoid contents of 20 flower teas

ron
£
2
kAl
u
k>
=
mn
Kl
0
rir
1=
0
%
>
»
0z
il
e
0z

flavonoid= @3 U9l A nitric oxide@} superoxide?] HF3-0.2 XA
=} peroxynitrite} 1 HFH ] superoxideE A 02 A|A
ZL Aoz I QtHHeim et al., 2002).

Ao 205 22X} AR 9] total flavonoid S S48t A3}
& Table 201 AIAJE Hle} e,

22 2059 total flavonoid ¥ 1.65+1.11-505.14+4.65
mg QE/g® HH=E Uehdth 2059 £4 5 1-599) &3dk= A
< Az, AHAMNE, g3 S9E, ASSiE 47 505,14+
4,65 mg QE/g, 481.50+1.30 mg QE/g, 387.75+0.53 mg QE/g,
323.06+2.03 mg QE/g, 199,58+ 3.69 mg QE/go.2 ekt

Woo et al. (2010)9] AolA =8t AE 5 156F £ ogte
FEEY IS anE ST A F B AolA AN A8 E
o] FHol AAsk= Avkel vws| HH, FjEutd, H2K AJE
&, FH29 £O2 total flavonoid T EA UeRgtt, v,
& dFoAE 371 A8E F AEHY Y total flavonoid B
7P =2 AL AR, F2H AgUEERS 1ExY 4
7} o =A el Woo et al, (2010)9] A9} Abolgt 23kE 29
=

Samples

Amygdalus persica L.
Antirrhinum majus L.
Calendula arvensis L.
Chamomilla recutita
Chrysanthemum boreale Makino
Chrysanthemum zawadskii var.
Cucurbita moschata Duchesne
Dianthus caryophyllus L.
Helianthus annuus L.
Helianthus tuberosus L.
Hibiscus sabdariffa L.
Magnolia denudata Desr.
Malva sylvestris L.

Prunus serrulata

Robinia pseudoacacia L.

Rosa multiflora Thunb.

Rosa spp.

Taraxacum laevigatum
Tropaeolum majus L.

Viola tricolor L.

Total flavonoid contents (mg QE"/g)
71.3842.12%%
1.65+1.11°
387.75+0.53°
173.25+2.34"
199.58+3.69°
505.14+4.65°
63.79+4.20"
8.86+0.02°
123.69+1.68"
83.50+1.72"
76.71+0.92'
323.06+2.03°
11.12+1.24"
47.48+3.08"
134.38+2.29'
75.38+2.04'
10.00+1.41°
77.042.17'
98.63+3.89
481.50+1.30°

Y QE, quercetin acid equivalent; 2 Mean+S.D.(n=3); ® Different superscripts are significantly different by Duncan's multiple range test at p<0.05.
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3) DPPH radical AHs

DPPH radical £75-2] W2 DPPHY glEs =g 71&
22 st ZHEZL FAYE} S J=E dobE 4= Ut
DPPHE= H34 Y3} free radical 2 7] $2UA1S WolSo] 31
Y= Addo] St 3 ofn|ieAk]l cysteine, glutathion, WS
o, ascorbic acid 59l 2J3] E=|o] DPPH7}F AH4] A4S ¢
o} HepAoflx} 2} F-4€] diphenyl-picrylhydrazine & 2 245 o]
F4=rt HsHA HER thofst AAEZY free radical 2759 &
Aol dg] AME T JoHJung et al., 2019; Park & Ryu, 2019).

B AFo|A 20% Z3} A2 DPPH radical 27452 £33 2
I}= Table 301 A A€ HEL} 2},

Z3} 20% A2 DPPH radical £27%-2 0,66+4,83-76,44 +
3.66%2] M2 Uittt 20359 €21 F 15910 &dl= A2 &
24 NFUEAZE, Folz, AANE, 7Hol4, Huntdz 7t
Z} 76,44+3.66%, 75.30+0,92%, 74,48+1.19%, 74.36+0,18%,
74,32+ 3,33%% JERTE

Woo et al, (2010)9] AollA =3tat A& F 165 £ oleke 5
S5 A} anE ST A1 F 2 AollA AR A8EY
T} U)ol Aot vlwe) BH, shRaty, HEx U] &
© 2 DPPH radical £74%°] A el & a7t Folgt 21E

uge olejd Atk 7k 2o A, 229 L §uhe] Hol

o2 235t 4= it} E3), Kang et al. (2017)2] AFollA 105
9] 3|8 ZZE0| gt DPPH radical 2459 24 23, sfmaty
o] @4FEE0] e w2 43 Uehio] £ a7 Aatet 4]
is= s

4) ABTS radical A7s

ABTS®} potassium persulfateE 940l FH 4] o]l
ABTS'7} A=, 7} sample A|29] g4t} E/dol s ABTS*
7} &AEo] AEME HA| "o, ABTS' Y] 24 9hg-2 A/AJH free
radicalo] £2AHE AEE HEYs 208 HEE ST -
U}, & a4 9 Ay 249 ARAE AEo] 7tk
EXo] tHLee, 2017; Oh et al., 2016).

B Ao 205 Z2} AR ABTS radical 2752 £33 2
IRz Table 4] AAE ve} 2,

20% Z32] ABTS radical £7%2] ¥ 9= 2.29+2.30-37.00+
2.12%9] M= vehgth, 2059 £4 5 1-590) &t A2 4
AANE, 7|0l A, FHRUY, BARE, F24 AYRIEYECR 7}
7} 37.00+2.12%, 30.88+3.39%, 17.39+0,92%, 15.77+2.35%,
13.60£3.91%= YERIT}

Woo et al. (2010)9] A-tollA] =3kt A1 F 155 29 e
FEEY IE aE ST 23 F & AollA] ARG A8E

Table 3. The DPPH radical scavenging activities of 20 flower teass

Samples

Amygdalus persica L.
Antirrhinum majus L.
Calendula arvensis L.
Chamonmilla recutita
Chrysanthemum boreale Makino
Chrysanthemum zawadskii var.
Cucurbita moschata Duchesne
Dianthus caryophyllus L.
Helianthus annuus L.
Helianthus tuberosus L.
Hibiscus sabdariffa L.
Magnolia denudata Desr.
Malva sylvestris L.

Prunus serrulata

Robinia pseudoacacia L.

Rosa multiflora Thunb.

Rosa spp.

Taraxacum laevigatum
Tropaeolum majus L.

Viola tricolor L.

DPPH radical scavenging activity (%)
72.63+0.86"%
75.30+0.92°

2.43+3.94%"
74.32+3.33°
37.65+0.57°
33.44+0.17°
50.33+0.88°
74.36+0.18°
0.66+4.83"
4.51+2.30"
8.19+2.28°
1.62+1.51"
26.04+3.29°
23.16+1.80'
19.83+1.11°
21.47+0.62°
6.89+2.81°
76.44+3.66°
19.21+3.81
74.48+1.19°

Y'MeanzS.D.(n=3); ? Different superscripts are significantly different by Duncan's multiple range test at p<0.05.
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9] 229l dX|5k= A9} vjwd| By, JEord, FAzx, WET
©] 4202 DPPH radical 27%0] %A e} 2 Ao} Aolst 2
= 2} olgd Aup= zF 2] YA, FEuPH 9 o)
o] fizo 2 53 4= Qirt,
2. MEZijo| §4 Y

205 =2 5 kst EAo) 7HE
Hut o] 2Fof Tt B BAHS E%
1) Tyrosinase X5 &

Tyrosinases= HWatd AL 2Ast= E42 tyrosined
3,4—dihydroxyphenylalanine (DOPA)Z H¥3l= tyrosine
hydroxylase &4 % DOPAE DOPA quinonel = Atslsh=
DOPA oxidase B4J& BE 7FA]3L Qlo] M4 xka fHo| ik
TyrosineolA] L-DOPA, L—DOPA%]lA DOPA quinonel 22| g4
Tl A tyrosinase T4 AL Asfsichd Wabd TS A

S5 L2 AAA ] E ) A
45} Table 59l A5+

SHZ0flA] CHAH| E|7 QU= ARZEX|O| Mz

[T
0z

2= tHAn et al., 2007: Lee et al., 2013b).
Tyrosinase A3l E4& &3t A}, AAAE[Ee] 72,56+
0.33%, 7h=nrdo] 62.95+0,.79%= Lrelgtt,

2) Elastase A&l &t

Elastase A3 2/49] elastin 75 X5} 9 9o &4 {5
T8l 8% 7ot} Elastin® Hae 3F 355 A8t
BElS AStAA fiwsts XAt Elasting E3flghs 54
2 UA elastase= collagen} A A¢ZZA9] 7|44 XS 2
ok elasting &afok=tll, 29 2224 B84 S F
elasting E8ot= Y3 AaiolH, dlastase AAE IFE F5
9 w7 =315 sk A9E 7| 4= YitKSong et al., 2017:
Lee et al., 2013b).

Elastase A3l 84S 233 23}, AXAuIZo] 52,67+ 1,98%,
FNEutdo] 34,81 +2,57%= LFEFHTE,

Table 4. The ABTS radical scavenging activities of 20 flower teas

Samples

Amygdalus persica L.
Antirrhinum majus L.
Calendula arvensis L.
Chamomilla recutita
Chrysanthemum boreale Makino
Chrysanthemum zawadskii var.
Cucurbita moschata Duchesne
Dianthus caryophyllus L.
Helianthus annuus L.
Helianthus tuberosus L.
Hibiscus sabdariffa L.
Magnolia denudata Desr.
Malva sylvestris L.

Prunus serrulata

Robinia pseudoacacia L.

Rosa multiflora Thunb.

Rosa spp.

Taraxacum laevigatum
Tropaeolum majus L.

Viola tricolor L.

ABTS radical scavenging activity (%)
15.7742.35"°
2.44+0.87
3.37+0.68"
17.39+0.92°
12.03+0.63°
9.04+1.17"®
7.08+1.91°
30.88+3.39°
2.29+2.30
9.71+0.59%
3.03+4.61"
11.85+3.15°
9.7040.59°
8.85+0.31%
11.16+0.31"
6.41+0.52%"
3.20+0.56
13.60+3.91*
6.89+0.78%
37.00+2.12°

Y Mean+S.D.(n=3);

? Different superscripts are significantly different by Duncan's multiple range test at p<0.05.

Table 5. Enzyme activities of Viola tricolor L. and Chamomilla recutita flower teas

Samples Tyrosinase inhibitory

Elastase inhibitory

a-Glucosidase inhibitory ACE inhibitory

activity (%) activity (%) activity (%) activity (%)
Viola tricolor L. 72.56+0.33"" 52.67+1.98" 5.97+0.72"" 90.17+3.31"
Chamomilla recutita 62.95+0.79"" 34.81+2.57™ 10.84+0.09™" 75.70+4.39"

Y MeanzS.D.(n=3); ? "p<0.1; “p<0.05;

http://www.e-ajbc.org

p<0.001, significant difference between Viola tricolor L. and Chamomilla recutita by student’s t-test.
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3) o—Glucosidase X5l &

a—Glucosidasex= 2l0] Foll {8 32 431 B0l A
a—amylasedl| &8l E3E FEAES HAFTAEY dFFE HEAA
th. a—Glucosidase?| A3 &/ avh= B2 723t 35
AAAA AL T FA4% EF 529 5715 U= 5Y 28 A
(Hyun & Han, 2014). @a}A] o—glucosidase Al &a o
A 947t 2 8A) Fdo] 5-85HA ARS-ErhBaron, 1998).

o—Glucosidase A3l A4S =43t A1}, sf=atdo] 10,84+
0.09%, 4+HAAEZo] 5.97+0,72%%th, 7HEntdo] AAAH|ZE
o HI3} o—glucosidase Asf E4do] oF 2ui7} & A& &
At MEetd-2 malondialdehyde (MDA) 4223} superoxide
dismutase (SOD) ¥ glutathione peroxidase (GPx)9 B4 A
A £Z207 27X A(Alouie et al., 2017; Al-Musa & Hashem,
2014) ZAH o2 Y AL JJAT = 9loH, Gl He
o] =Lo| "oty A% v} It Emam et al., 2012; Al-Musa &
Hashem, 2014; Hajizadeh—Sharafabad et al., 2020).

4) ACE H3H 24

S ZA3l+= 2919 renin—angiotensin system< d¢+
o] Z4shd AAo|A BH|E renino] A9 angiotensinogeno|
angiotensin 1 22 A&ET} Angiotensin converting enzyme
(ACE)o]| 93} angiotensin I ©] angiotensin 12 Z3k=]o] BAlq]
oA EAHEQ HHIE FXste] UEET E0] AS5E0]
IS A A7t Jang et al,, 2006), ACE A3 4L AAEHS
HAA HEEY vlEo] oA o FojAA st 2 RET
(Corvol et al, 1995; Fujita et al., 2000).

ACE A3l &4+ 4% 21}, AAAR|1FEo] 90,17+3.31%, A
matdo] 7570+£4.39% €22 A Yeh} w2 1det auts
et o]fgt Axk= Cho et al, (2005)0] E1gE 25T oA 7

Bl 4 339 ATHET.9 R EE $EUS & 4

Conclusion

e QI ARE AUl A8 vt gt A o A
B BFog AMgd| gkouh fejuEtoA= old71A] A8ZEA ] o
3P oI ek AR|g Aol HET Aol

olof & Aois AFFH A8 FER E 5 A ta
H] 20%9] £ AT F Aldste] X2 AxsiGrt 134802
L A &4 (total polyphenol $F, total flavonoid $F, DPPH
radical &A%, ABTS radical £2A4%)E 2591, EAlo] ¢4
gt 2% 2] A28 (tyrosinase Al L4, elastase A3 24,
o—glucosidase A3l &4, ACE A3l E4)& Z7g3s1tt.

20%9] Z2}19] total polyphenol &% =4 A3} AAAH|Z
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(157.23+2,68 mg TAE/g), 7N&v}l(109.81+0,25 mg TAE/g,),
F012(94.00+0.40 mg TAE/g), B-2-4] AGFRIEHE(91.33+0,20
mg TAE/g), AF=8H(74.28+1.41 mg TAE/)2] <02 A vehd
t}. Total flavonoid ¥ 57 23}, 782(505.14+4.65 mg QE/
g), AAIAIHI2(481.50+ 1.30 mg QF/g), §X2K387.75+0,53 mg
QE/g), HH%(323.06+2,03 mg QE/g), 4r=2K199.58+3.69 mg
QE/g)9] =02 &A Uepitth. DPPH radical 2459 5% 23,
Bon AFUETZ(76.44+3.66%), F012(75.30+0,92%), A
ABIE (74,48 £1.19%), 7H1014(74,36 £0.18%), 7H=rH (74,32
+3.33%)9] o2 A Yehgth ABTS radical 27459 74 4
T}, APAAEIE(37,00£2,12%), 7H1014(30.88+3.39%), 7H=nt
A(17.39+0,92%), BARE(15.77+2.35%), H2K AFUNEHE
(13.60£3.91%)9] <02 A Uett), 0|9k o] kst &go]
THH o2 945HA U EAe APANRE T A=t o3k,

20%2] 22} 5 kst Ao 1, 2912 A U AIAEIE, A
mutlo] F4 BYS 2% A3, tyrosinase A3 TAIL AA
H]Zo] 72.56+0,33%, FEutelo] 62.95+0,79%, elastase A3
AL AFAAE[Ze] 52 67+1.98%, HHEutde] 34,8142 57%,
o—glucosidase A3 &4 APAAH[Z 0] 597+0,72%, FH=ntdo]
10.84£0.09%, ACE A3 d2 AHAE|F0] 90.17+3,31%, 7HE
ulo] 75,70 +4, 39% T},

olo} 7 Ak B9 48 2050l e U PUE BIY
ol -

S iglon], B5] AMAIZE o, 25 @ 1B Ao
3 Wk QIglon], ARAtAL i Ao glof 945
B} inner beauty 2742 e 4+ Gl 54 B1g B
25 QoA APt Afmrtele Aot AT Sl thet

R B4 A 0 FTH G AR NGRS g,
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eh=of|lAM CHAH| |37 Q= AM8EX|o| Ma|2y
FUA!, BRI, o

A7\t oAt Ae,
A7\t oA jsiErY AEA AT, AL, B

B3 & d7olrte oA o] Ha Y 2059 283 A B Altkste] et B4 a4 84S SAste] A8
o] g dol it 712Ak=S nlisharat shyict. W 2059 A8EES Ak AR £ FHAtsH 24d(total polyphenol
. total flavonoid %, DPPH radical 27, ABTS radical 271%5)& S743t5tt. 1 7hedl] itet @/4do] o3t 483 232
Ad7gsto] B Bd(tyrosinase, elastase, a—glucosidase, ACE A3l 2/d)& S4Bk 2052 483221 5 XA,
7immt, Fo127} total polyphenol B 1-391E ZAISHRA LM, total flavonoid T} 1-3%= 7282, AMARIE, 4P
DPPH radical £716-2 524 AYUS2NE, o2, AAARIZ0], ABTS radical 2752 AHAAMIRE, 7Hijo]4, 7irntdo] =}
At oj=et Atet @S SA= APAANMIE AEntdE AAste] B4 B4 ST 2, tyrosinase, elastase, ACE
A3l 232 AR 7P A BRSO, a—glucosidase A3 /82 HErtdolA £ YebdTt, 2E: 2059 A8%
2} 5 ket B3 Aol S o' S| Uehd AbAA Iz AR ekdS: 0]-83t inner beauty AlEEE HAYEZ
7| dRtct.
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2ok, AT, HsA, U4 SUAl 238 G 2259 e, FH48A 2 NEESA. T 5 YRR, 25:
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A0l, AR, $FE, A8%. Pair Fed AF | QoA =249 A, AN 9 At a3} ghF 97 %/, 41:
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HEE, 0|33, 24d, A2u], XY, 2, FAH, 32
Aoz HAASGHE=Z 27. 7-11, 2000,
AAY, AEs, g, dHQRRE Add 2UR ¢£n) 2ZEI R S GYEL] B, d4/F7 95X, 31:
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HHA G, detel Ay 221 £ FE2EY A R AFY B BV ofXeHEE s EES A, 1T 247-
256, 2019,
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SHR0lM CrAH| |1 QU= AMEER|o| Maly

PR
HERRERIBMUEETMH

WHREF, AL, @B
'REAFAEETR, B8R, BE
"FHRAFREETAFREMATER, BR, BE

BEY: AARIAE T HE 20 MERR ZNEAEAINANCMEEE, MREEXEEYIEERNEMBIE,
Bk RIEGIRAENERBEFA RITNIE, WEASMAEE (528, K28, DPPH. ABTSHEES
BRIEM) BTN, ERTRMABRANANMEENRAE, FITETENNEEE RMAkEE. B4R
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