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Abstract

The present study comprised a comparison of the effectiveness of hot air drying versus freeze drying to determine
the antioxidant activities of five types of apple blossoms-i.e., from apple varieties ‘Hongno’, ‘Aori’, ‘Fuji’, ‘Jonathan’,
and ‘Myanmar’. Comparisons were made between the total polyphenol content, the total flavonoid content, the
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging ability, and the fluorescence recovery after photobleaching
(FRAP) activity of each type of apple blossom. Qualitative and quantitative analyses were carried out on 11 phenolic
substances (caffeic, cinnamic, m-coumaric, p-coumaric, ferulic, 4-hydroxybenzoic, salicylic, sinapic, syringic, vanillic,
and gallic acids) and six flavonoid substances (apigenin, isoquercitrin, luteolin, quercetin, quercitrin, and rutin) by
high-performance liquid chromatography (HPLC). Freeze-drying resulted in total polyphenol content, total flavonoid
content, DPPH radical-scavenging ability, FRAP activity, phenolic acid substances content, and flavonoids content
values that were 3.6, 2.7, 3.8, 3.4, 2.4, and 5.7 times higher, respectively, than those resulting from hot air drying.
However, hot air drying resulted in higher content values among the following phenolic acids: gallic, sinapic, and
ferulic acid. The freeze-dried ‘Aori’ apple blossoms exhibited the highest antioxidant activity, phenolic acid content,
and flavonoid content. They had total polyphenol content of 500.6 mg GAE/g, total flavonoid content of 123.8
mg QE/g, DPPH radical-scavenging ability of 83.3%, FRAP activity of 117.4 mg TE/g, total content of the 11
phenolic acid substances of 737.9 mg/kg, and total content of the 6 flavonoid substances of 105.8 mg/kg. Therefore,
among five types of blossoms investigated in the present study, freeze-dried ‘Aori’ apple blossom was the most
suitable for use as natural antioxidant materials, such as functional health foods and cosmetics.
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22 B83 715 A B A4E XI9YSISITHChoi 5,
2011). & Aol ARt F5E ARHEES] RS B4 6t
R, AZ WHo] WE AE9] Aol A5 °olE &

§ EH71=30 s AR S8HRES Bk &
7k o]Q] A&t HAFARHA| & = flste] A+E
oYt

Al 7733} wl-gof 3t Aol ool what R4k
SHAlof| tigt 7o) &Es] o] Foj AL it} FAkEHAl= 9
] At A FABHIE WA, S A=
o RIS 7R A=A, 5408 ARl B3l
of Zefjoll= A AR TS TR Qb A
AtSHAo] tigt 7ol ZPIs] o] FoA|al Qltk(Branen, 1975;
Kim¥} Kang, 2010; Williams 5, 1990).

Ak WA e e} A0 E 7HIH. tiRE AHd
oA f2E FHET= 2, . oflieAt A1 53 oA
g2 Zgoz AZAwo] rh(Faulds?} Williamson, 1999).
ES #HlsARS hydroxycinnamic acids®} hydroxybenzoic
acids2% HE-5Ht}. Hydroxybenzoic acidsOfl&= gallic acid,
4-hydroxybenzoic acid, benzoic acid, salicylic acid, vanillic

ok 30 o

acid, syringic acid, protocatechuic acid, gentisic acid 5°] 3
9O, hydroxycinnamic acids+= caffeic acid, p-coumaric acid
ferulic acid, #rans-cinnamic acid, ZL2]1l hydrocaffeic acid
5°] th(Kang 5, 1996). o] =2 FAS) I, T4,
Fete] 7S ZH= 208 HEQthBang 5, 1999; Kim,
1997; Panizzi -5, 2002; Pekkarinen 5, 1999).
EH 0| B gAMoL TS wm, 2719 Wk
3t 3709] BAR CeC3-Ce2 7|82 29 SRR Agsh=
THFSE hydroxylZ|o] W} catechins, flavones, flavanones,
flavonols, isoflavonoids, anthocyanidins §°2& ESEct
(Middleton¥} Kandaswami, 1994; Woo, 2002). Zg}H2-0|&
AE-Z4-L apigenin, luteolin, quercetin, catechins, epicatechin,
proanthocyanidins, quercitrin, isoquercitrin, quercetin, hesperidin,
kaempferol, limonin §°| JATHWoo, 2002). EctHE o]
o1 o, Relolels, WolE A, AT, R T, Tl
HIE S8, Bikae] A7 ago) kot kst AT}
735 YERdtHHeim 5, 2002; Middleton?} Kandaswami,
1994; Sohn 5, 2008; Tsao, 2010; Williams 5, 2004).
ANEE 7AZ5H7] ol AREE= ARl AXTHS A
dHZ, SAZ, AFAX, AJAX, 5471% 50l Ut
(Hong} Lee, 2004). €FAZ= AZxAo] 7idtkslo] w2
Al AzEH, FA|Ho|ng 7H} &3] AMGE=
o} SHAITE 25 @A), AWoR Qs AlR9] ¥
71573 RS Heet A 59 ©ol itk 52X ®
ARl Hole} 754 RS It Ho] Hx Algo] 4

2o

o] 5t A3o] AR, ARl ERstal Ajgto] Hol
A9 = 7HHo] vATH= ©¥o] Stk Holdsworth, 1971,
Hong¥} Lee, 2004; Labelle™} Moyer, 1966; Litvin 5, 1998).

AR Wt AT E ARt £ FEE9 8 2
S RHE 7|54 &9 & A-(Choi T, 2011), Akt £
¥ o] B4 AkA A G4 B4 AHAbassi 5, 1998)
So] Qout, #5 % Axhol mE AT Auo] 2
of thet A ulERt Agolrk, Wby B =RolH A3
RO TR ke ot Alte] £5 52 ofee,
5ok, 9, vlem} 55) Aol vt kst AR At
29| AxAlS GERet 524% 271 o R EA5t
of Zizo] T}E Tz Aol Yo T, Az o] T
7} /g80] FheF Aol dopr A} sigick kS HPLCE &
85jo] AR ATFRe] s BEE 1157} Sk
o|t 650= HEih} EefEo|E A, AgRTE A
Aok

£ A7 Yo B 2IE EE Al 7154 A%
71 5AE Y PR 5 WA HEBHE ARREE 7124
2 AZe gioio] Sagelsict

Az L Y
=
2 ARofA AR ARE2 &-E(Hongno), OF2.|(Aori),

EANFuji), €2(Jonathan), TP Myanmar) & 5&°|H,
2020 497 7t B BYEOlA AF S ZF AR
2 A& & FZFAX(hot-air drying, HD)?} 5274 X (freeze
drying, FD)2 7AZ5I9ITh QEARE AZR7|(OF-22GW,
Jeiotech, Daejeon, Republic of Korea)S ARE-5}o] 70T o)A
364K AZSo, FAARE EAAZ7|(PYTFD-20R,
Ilshin, Seoul, Republic of Korea)E ARg-3to] AZsIiL). 2+
8 RS 7|2 Bafele] Al 3] ABSIIch

NEDESS

5 7h AzioR 9 7} 550 AR AR 30 g
F 108]9f] fF5H= 100% ethanol& 300 mL 7}5}] 60T o]
A 6417 5 B §2ste] 23] Bl 23}, 2B
Adelnt 60T 8 AolA A FEste] $EAK F
sA7AzsIe] B ez Ugle] Mgtk

SEooE 8 24

A= 59 SEe TFFS2 Hwang 5(2006)2] 1
Ho=z ZAsileh ZF AR FEE(2 mg/mL) 100 pLoj
2% Na,CO; LML 2 mL 7|8t & 3871 Hx] & 50% Folin-

Z

ol
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Ciocalteu reagent 100 uLE 7}5F4th 2% Na,CO; -SH-S
JHH 302 WS T 750 nmol] 2 9okt BEEAT
gallic acidg ARESIAH TEHES Al g $9 mg
gallic acid® YERJITHmg GAE/g).

SELEL0|E BE 24

A& 9] FEeH 0l $=F 2742 Moreno 5(2000)
o]l WhHo = ZHslot}. 7t A& EE(2 mg/mL) 0.1 mL
9} 80% ethanol 0.9 mLE &9st &3HE 0.5 mLof 10%
aluminium nitrate®} 1 M potassium acetate 0.1 mL, 12|11
80% ethanol 4.3 mLE 750 AL20] 405 ¥k 3 415 nm
oA SBLE SH5IATE EFEA R querceting ARESHR

. SETHEL0|E9 AR g 59 mg quercetin® & LERY
Ath(mg QE/g).

DPPH ziC|E 47 &4 &4

A|&2] DPPH(2,2-diphenyl-1-picrylhydrazyl) 2}t|Z 47
P 245H= HP 0 &, Brand-Williams 5(1995)2] ¥4
o2 =459t} DPPH 16 mg2 ethanol 100 mLoj| 853t
T 2854100 mLE 781l oo & ofu}s}eith. DPPH &
B T 20| TF=7T 1.3(0.01) FE EEZE ethanol 2 3
Asto] ARESISITE DPPH 89 4 mLof Z+ ARt EE(1
mg/mL) 1 mLE 7}ste] E9det & 102 529 Hks & 517
mmojA FFEE EHsI9ic

©

DPPH radical scavenging activity (%) =
A -B

100
A X
A: Absorbance of the control

B: Absorbance of the sample

FRAP &4 =34

A)&.9] FRAP(ferric reducing antioxidant power) 2<%
AT Benzie?} Strain(1996)9] WS HEPslo] S45HA
t}. Glacial acetic acid 16 mL2} sodium acetate trihydrate
3.1 g& &95te] 1 L S/ =01 300 mM opAEo]E
ZEN(pH 3.6)2 THEATE 40 mM FAF 10 mLe} 0.031 g
2,4,6-tri(2-pyridyl)-S-triazine © 2 TPTZ &4 =t
SHAlo]d 6531= 0.0541 g& SF 10 mLof| =0 20 mM
FoHAo1d 672t W ZF A 10:1:1(v:viv) 9]
W82 Telol FRAP AJokS BHESIE. 37C 2 Aol
AR 22505 mg/mL) 0.2 mLo] FRAP A|2F 1.8 mLE
o] Sgtoto] 302 53 AoA BES F 590 nmojlA &
FrE S BEBAZ TolonE ASAIT. 3

FRAP A& g 59 mg TroloxZ WEFHITtHmg QE/g).

ozitel ¥y - dY

HzAke] /g3 R4S HPLC(Agilent 1260, Santa
Clara, CA, USAYE AMESISIHE & 117HA] 328 5 BEE
of gt & 7IK] z2Ao=E AYSIAL) Caffeic acid, m-
coumaric acid, p-coumaric acid, ferulic acid, 4-hydroxybenzoic
acid, salicylic acid, sinapic acid, syringic acid, vanillic acid
1052] 242 o] wef hgo] o Mgl &
A8 7L Cs MGII(4.6x250 mm, ThermoFisher Scientific,
Waltham, MA, USA)& AR50, o] 5AF Sufl= HPLC
£ 550 1% formic acid =8N} methanolS ARESI

ZQS 10 L, 29 L 0CE S5, S 10
mL/min, 254 nm®} 320 nm T4 EAISICHTable 1).

Gallic acide= 48 7282 Ci3 MGII(4.6x250 mm)<
ARSI, o154t 8= HPLCE SH-C&, 0.2% phosphoric
acid =883} 0.2% phosphoric acid in acetonitrileS AR&-3]
Ack FUFS 5 pL, T 255 0T Aok, K%
0.8 mL/min, 210 nm IJof|A B35 tHTable 2). & =4
2T B4 AR 2552 2 mg/ml 5EE WE0] 0.2 um
syringe filter2 o7} & ARESIQIT wls4t 115 BEES
T 11F08 BEES AT AIsto] FFsiait

Table 1. Conditions of HPLC analysis for phenolic acid

Parameters Conditions
Injection volume 10 pL
Detector DAD
Wavelength 254, 320 nm
Column temperature 30C
Flow rate 1.0 mL/min

. o, 1 1 1
Mobile phase A: 1% formic acid in water,

B: Methanol
Time (min) A (%) B (%)
0 95 5
5 95 5
10 90 10
15 90 10
20 80 20
. 25 80 20
Gradient program 30 70 30
40 55 45
50 40 60
55 40 60
60 5 95
65 5 95
70 95 5
75 95 5
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Table 2. Conditions of HPLC analysis for gallic acid

Parameters Conditions
Injection volume 5 uL
Detector DAD
Wavelength 210 nm
Column temperature 40T
Flow rate 0.8 mL/min

A: 0.2% phosphoric acid in water

Mobile phase B: 0.2% phosphoric acid in acetonitrile

Time (min) A (%) B (%)
Gradient program 22 122 52
23.1 100 0
30 100 0

SotEL0|Ee| MY - Y

EetH 0|9 A} A=A HPLC(Agilent 1260)
£ ARESIGIHE 448 A2 Cis MGII(4.6x250 mm)E AR
31911, o]'5A) &= HPLCE 532, 0.1% trifluoroacetic
acid =8N} acetonitrile AFESIHTE FUF2 10 pL, Z
¥ 25 3008 SA5H, 942 1.0 mL/min, 350 nm T}
ollA ZASH. AR 552 2 mgml T E T
o] 0.2 um syringe filter®: oJ3} ¥ ALEo}Gh Sehuteo]
E BFEL Z 607 apigenin, isoquercitrin, luteolin,
quercetin, quercitrin, ruting AMES}AT}

SELNE &

AR ogkE FEEY FEYYE dESE A
Table 33} At} FEHE FFE S 41, 521%
ARl EFAE AR Hlwste] oF 3.6 Ak EH]|
= o] 52 UEQItE 5EAR AR 5% SollA]
+ o] AREEO] 500.6 mg GAE/gO= 71 &3tom, &
£ AHHE 405.1 mg GAE/g, FAF AR2E 370.1 mg GAE/g,
u]oku} AFHE 363.8 mg GAF/g, 2 AMFE 351.1 mg
GAE/g <9] & UEUIH. E34% EF of e Akt
0] 188.5 mg GAE/gC = A|Y =& S Yehfiglon,
2 AR 102.7 mg GAE/g, FAF AR 95.3 mg GAE/g,
29 AW} 893 mg GAR/g, U]} AITHE 84.9 mg GAF/g
9] S vehpolct

4% AT(Choi 5, 201eIAE BFo T2 Qi Ak
g 2% Axslol ARE AR, B AFoIe A3}

Table 3. Total phenol content in 100% ethanol extracts from apple
flowers with the different drying conditions

Drying Sample flower Total phenol contents
conditions names (mg GAE/g)
‘Hongno’" 102.7+3.7°
‘Aori’ 188.5+2.3
Hot air drying Ry
(HD) Fuji 95.3+0.8
‘Jonathan’ 89.3+1.7
‘Myanmar’ 84.9+0.4
‘Hongno’ 351.1£8.5
‘Aori’ 500.6+5.3
Freeze drying Ry
(FD) Fuji 370.1+0.8
‘Jonathan’ 405.1+6.7
‘Myanmar’ 363.8+0.1

YEach sample concentration was 2.0 mg/mL.
DValues are mean+SD (n=3).

9] FF0l e = 9 Az W] w2t HEsto] AR
ARESIAT. A9 23, okeE] ARolA ERjHlE Ao
7 Erke 2 ¢ o o, @3dxe) vius sadx
oM ZTfulEe] Tl H w2 ACR Hot 43Ux I
oA EEHl=e] /el wH =AY MEEe] 1 ool 2
a8 Zos oA

EZEgE L 0|E g

AR oekE 2250 FEGERoE T & F3t
& Table 49} 2t} FEetH ol kS ST 4}, &
FAZE AREE o] 2% AREROIA oF 2.7H) =2 &
Hiolt 3RS Ueigith 5274% AR 5% Sollxle
ot ARfEEo] 123.8 mg QE/gl = 7P EUoH, 35
AFHE 86.7 mg QE/g, 2 AR 75.3 mg QE/g, ©|QFat
AREE 65.3 mg QE/g, FAF AIHE 63.2 mg QE/g <=2 T
2 Uehjglth. SEAT B4 okoe] AHEOA 576 mg
QE/go & A|Y &2 TFs Uehliglon, & Al 33.4
mg QE/g, FAF ARHE 25.8 mg QE/g, 32 AR 20.8 mg
QE/g, BIF} AIHE 18.0 mg QE/g <=2 Tk Lehfigict.

AFPA-HChoi 5, 2011)9] FIFHAR AlmHY 327X
Agolq Eepuicol= o] 2.79) B 02 ekt
#Eells RRka Aol vlmspd okes) Azl 274
Ak 1Y 2L FES il Yeix) B 2Eaz
A} Ak viokel ARIHES] 4917t M1 2 ASEHA
UolR] g 29 2k

0|
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Table 4. Total flavonoid content in 100% ethanol extracts from
apple flowers with the different drying conditions

Sample flower  Total flavonoid content

Drying conditions

names (mg QE/g)
“Hongno’" 33.4+0.6”
‘Aori’ 57.6+1
Hot ?i}r[si)rying “Fuji’ 25.8+0.8
‘Jonathan’ 20.8+0.2
‘Myanmar’ 18.0+0.7
‘Hongno’ 75.3+1.3
‘Aori’ 123.8+1.4
Free%eF S)Iying Fuji’ 63.2+1.6
‘Jonathan’ 86.7+1
‘Myanmar’ 65.3£0.4

YEach sample concentration was 2.0 mg/mL.
DValues are mean+SD (n=3).

DPPH 2iC|Z &H &4

AR oflgk2 559] DPPH 22 &7 E42 54
o A3k Fig 13 2tk 34 43, 4343 AR i
SAAZ ARROIA of 3.88 Y= DPPH 2tz &7 24
o] T FEAX AR 5% FollM= ot Aol
83.3%= 7Hg wokor, 5 AR 79.4%, F= AR
77.9%, TQFIF AR 77.6%, FAF AR 77.0% 52 24
S YERQITE EEAF ESE ok AREo] 51.0%
2 AY 22 4 UEtRloH, A AL 14.8%, 8%

pel
(=]

75 r

60 -

45 -

30 -

DPPH radical scavenging activity (%o)

|l I .
o_ - -

AR 13.3%, Tk} AR 12.9%, &2 AR 12.2% &
o 27 84S YERRR:

FRAP &4

AR oflgkE FEE9] F FRAP &4 374 A= Fig. 2
o} Zt}. FRAP &2 5788 23}, 43d% A vl
S s2HE AREOA OF 3.44] Y= FRAP &/do] &3ith
FEAAZR AR 55 FoAe ot Aol 117.4 mg
TE/go & 7} &=9to, 52 Al 842 mg TE/g, 2
AJEFEE 84.2 mg TE/g, W]k} AR 73.7 mg TE/g, BA}
ARHE 73.5 mg TE/g <=9 84S Ueith @842 &
QF ok ] AlfEEo] 46.2 mg TEgC = A|Y &2 E4ds
BRI, BEAF AR 24.6 mg TE/g, 2 ARG 22.9 mg
TE/g, 32 AME 159 mg TE/g, "ok} AR 14.9 mg
TE/g <=9] &< Yt

DPPH 2Ho|Zh 47 &/ 58} HlweiEH, I3
o] Akt S P gow, BAAZR AR A9
£ ofed], FAR] &= ZARE UHA] 37K AR o
£ 95 YRStk

19
o oy M

ositel ¥y - dY
AR ohE 552 HPLCE 283 254 nmojlA|
45} #l=AL 5% cinnamic acid, m-coumaric acid, syringic acid,
vanillic acid, 4-hyroxybenzoic acid®] A13] Ai}= Table 59}
2t} {4t 5% F cinnamic acid®] 0| 71 =4 Ugk
O 4-hyroxybenzoic acid= ARFZO|A AEEA] LUt
HizAt 559 T2 AR 5% Solke 52AXSt ol

Ay

Hongno Aori

Fuji Jonathan Myanmar

mHD ©FD

Fig. 1. DPPH radical scavenging ability in 100% ethanol extracts from apple flowers with the different drying conditions.

YEach sample concentration was 1.0 mg/mL.
DValues are mean+SD (n=3).
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Fig. 2. Fermric reducing antioxidant powers in 100% ethanol extracts from apple flowers with the different drying conditions.

YEach sample concentration was 0.5 mg/mL.
'Values are meantSD (n=3).

Table 5. Qualitative and quantification of phenolic acid using HPLC in 100% ethanol extracts from apple flowers with the different drying

conditions (254 nm)

Drying Sample flower Cinnamic

m-Coumaric

Syringic Vanillic 4-Hydroxy

conditions names acid? acid acid acid benzoic acid SUM
‘Hongno’" 210.2% 2.1 75 0.5 - 2203

‘Aori® 212.7 22.1 8.7 - - 2435

Hot ?ﬁDd)rYing Fuji’ 143.4 16.4 7.9 ; ; 167.7
‘Jonathan’ 143.6 25.0 10.5 12 - 180.3

‘Myanmar’ 121.0 20.6 6.5 - - 148.1

‘Hongno’ 231.9 141.4 4.8 - - 378.1

‘Aori’ 269.2 2172 7.8 - - 4942

Freez(;g)ly ing Fuji’ 2164 1102 133 25 ; 3424
‘Jonathan’ 163.9 129.1 12.7 1.5 - 307.2

‘Myanmar’ 229.0 91.6 8.4 24 - 3314

DEach sample concentration was 2 mg/mL.
YEach sample standard was 0.2-300 mg/kg.
Units was mg/kg.

2] AHEOl % 4942 meke O 71 S GRS Lheh
At SEAX ofeF] A2 cinnamic acid 269.2 mg/kg,
m-coumaric acid 217.2 mg/kg, syringic acid 7.8 mg/kg?] $l=F
< YERHR.2 ™, vanillic acid?} 4-hyroxybenzoic acid= HE
E|A] okt SAURRL AHEES] HlEAt 550 S ot
o], $2, BAp viohl, 99 w02 ekt

QE7Az A7Ee] 4% A%, $AAZY} R of
92 ARl 1 B wisdt RS Lhehiglc. 9

AZ ol AIES = 2435 mgkgOC & cinnamic acid
212.7 mg/kg, m-coumaric acid 22.1 mg/kg, syringic acid 8.7
mg/kg?] SRS UERJRI. O vanillic acid, 4-hydroxybenzoic
acidi= UQA] Skt FFAZT ALY HisAt 559 F
F ok, F&, 5, FAL vt &og UEhth

Vanillic acide= E84X T2, T2 AR 52A4ZR9]
FAL B, mRbE Ao AT AEE T

AR oflghE 5E2] HPLCE E-83F 320 nmojlA &



786 AARALRESA] A28 Aos (2021)

A3t Hl=At 55 caffeic acid, p-coumaric acid, ferulic acid,
sinapic acid, salicylic acid®] A3 Zil= Table 63} Zt}.

AR A= 919 HlEA 5F 5 salicylic acid®] gFgo]
7P =A UETh xR R AR 53] Ak 8%
7Azxe} Hluste] FAARNA =2 g HEloH,
FAAX ot AREAA THY =2 S UEUITE
SAZAROA oted] AREES F 241.9 mgkgOE salicylic
acid 151.9 mg/kg, caffeic acid 82.0 mg/kg, p-coumaric acid
5.6 mg/kg, sinapic acid 1.3 mg/kg, ferulic acid 1.1 mg/kg2]
W veisich SRAZT AEolN 9io] Mt 55
FEZ ofed, AL e}, 3L, 2] ¢O0= UEHIT
Sinapic acid®?} ferulic acid A4E-2 FAL L, w]Qku} Al
A= HEEA etk

IFAE AR AY AT, 521X} vERIZHA|E of
8 AN 7P =2 HEAb FEE UEUI
p-Coumaric acid 21.8 mg/kgo] 7F 2 skRe LERY] O
H, YHZ| 471 B4 salicylic acid 20.9 mg/kg, ferulic
acid 4.6 mg/kg, caffeic acid 3.5 mg/kg, sinapic acid 3.4
mg/kg 0% F 542 mgkegS eI EFALT AF
TZOIA §19] At 589 S ok, =, FAL Hk
ol $29] £02 YEpyith

SAAZ AREo] I3 AREY B W HisA &
A % salicylic acid, p-coumaric acid, caffeic acid 35-9] &
o] =A| UATL, ferulic acid, sinapic acid 252 G4

2 AFROIA § w2 S UEiIT:

nel 0] 837} Qs A0E UPA glom, FAZXSE of
Q& AEOA HlsAt 559] S0l 7P ¥} B =, of
Q2] AR AR9] FEF, L 59 At 95 Ao
2 o,

A ofjghS 2550 HPLCS 2831 gallic acid Bl
Ak 73, A Aikes Table 73 .

Gallic acid®] TF FFAF ARHEEo] FA7A% AR
T} H| o] 2 g UEUITE o AdlolA 2%
AHES] ATEo] ¥R AR Hls) =8I Adk=
v o] Aaks Uepfoltt. E34% AR 559 3% of
Q32 AREEO] 4.6 mgkgC® 7MY w2 TS HIAL F
5, vQhul, BAL SR ¢0& Ut

Gallic acid®] §+efo] SAAZ AR GEA% A}
ZoA 1§ o] &2 o= A=Y gallic acide 29
2 Bof=]] o= FYARl EdolH, T RO SRIEE
= Bl oJgf] Z3f= o] gallic acid?] FE£= e 0], gallic
acid?] w27} oMl ACo=E AlfETh

Bapeolsel MY - By

AR ok F2E0| HPLCS B8 St
X - AR P Table 83} 2o

Sehu ol 6% % quercitrind] Bl 7V E7 vet
oiek A% PHE AR Avk @Sz} v|wsto]
FAAZANN £ YFS Lehfglet. oleid Fuke UVE

ol %

Table 6. Qualitative and quantification of phenolic acid using HPLC in 100% ethanol extracts from apple flowers with the different drying

conditions (320 nm)

Drying conditions Sam[l)llaemflower Caiti“t(‘lezi)c p-C(;::Lirgaric F;?I(':lil(ljic Siarg}()iic Saellicci}élic SUM

‘Hongno’" 479 1.3 34 42 31.8 454

‘Aori’ 35 21.8 4.6 34 20.9 54.2

Hot ?i}r[gl)‘ying Fuji’ - 1.7 2.8 3.5 83 163

‘Jonathan’ - - 1.7 49 - 6.6

‘Myanmar’ - 1.4 2.7 4.0 - 8.1

‘Hongno’ 5.6 33 1.3 1.5 123.1 134.8

‘Aori’ 82.0 5.6 1.1 1.3 151.9 241.9

Free%f:]%"yi“g Fuji’ 1.4 25 - ; 167.4 1713
‘Jonathan’ 3.7 5.5 - - 129.8 139

‘Myanmar’ 1.6 3.1 - - 136.0 140.7

YEach sample concentration was 2 mg/mL.
?Each sample standard was 0.2-200 mg/kg.
Inits was mg/kg.
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Table 7. Qualitative and quantification of phenolic acid using HPLC in 100% ethanol extracts from apple flowers with the different drying

conditions (gallic acid)

Hot-air drying (HD)

Freeze drying (FD)

Sample flower
names

‘Hongno’”  ‘Aori’  “Fuji’

‘Jonathan’ ‘Myanmar’

‘‘Hongno’  ‘Aori’ ‘Fuji’  ‘Jonathan’ ‘Myanmar’

Gallic acid? 1.4Y 4.6 2.1 24

22 1.4 1.8 1.1 1.8 1.2

YEach sample concentration was 2 mg/mL.
YEach sample standard was 0.2-50 mg/kg.
JUnits was mg/kg.

Table 8. Qualitative and quantification of flavonoid using HPLC in 100% ethanol extracts from apple flowers with the different drying

conditions

Drying conditions Sam[r)llsmflower Rutin? Quercitrin Luteolin ~ Isoquercitrin  Apigenin Quercetin SUM
‘Hongno’" 16" 6.1 0.2 12 0.5 0.2 9.8
‘Aori’ 10.6 10.2 0.7 83 1.2 0.2 31.2

Hot air drying RPN
(HD) Fuji 0.5 1.9 0.2 0.3 0.4 0.2 3.5
‘Jonathan’ 1.5 5.5 0.2 1.1 0.4 0.1 8.8
‘Myanmar’ 0.4 1.3 0.1 0.2 0.3 0.1 2.4
‘Hongno’ 15.0 30.0 0.3 122 0.6 0.3 58.4
‘Aori’ 28.9 50.7 0.8 23.7 1.4 0.3 105.8

Freeze drying e
(FD) Fuji 8.7 24.8 0.4 7.4 0.8 0.1 422
‘Jonathan’ 21.0 343 0.6 17.1 1.1 - 74.1
‘Myanmar’ 9.3 21.3 0.4 7.8 0.8 0.1 39.7

DEach sample concentration was 2 mg/mL.
PEach sample standard was 0.2-100 mg/kg.
Units was mg/kg.

289 FEE0|E AT SHAUAONA sEAXT ok
2] AREO] Bkl 7MY Ekd AY Axter YAsklth

SEUE AR AY Ay, ofed] Ao EftH e
o|E 659 ZTF2 105.8 mgkgOZ quercitrin 50.7 mg/kg,
rutin 28.9 mg/kg, isoquercitrin 23.7 mg/kg, apigenin 1.4
mg/kg, luteolin 0.8 mg/kg, quercetin 0.3 mg/kg O Z LFEFH
ok FAUE o AREROIA 9]9] SRt olE 632 FF
< oted, 3L, =, FAL vt «o= YERith

BSAE AR 539 St ot 659 AP oF2
2] Aol rutin 10.6 mgkg, quercitrin 10.2 mg/kg,
isoquercitrin 8.3 mg/kg, apigenin 1.2 mg/kg, luteolin 0.7
mg/kg, quercetin 0.2 mg/kg & 31.0 mg/kgC T2 F7AZX At
I F 7P w2 RS UEIgh S8 Al
A 919l EEI0lE 650 FF2 ok, BE, 38, F
AL mlQme] o= LERTh

EE 0= 639 IS EAT 2, EFxE ofeF
ARHEES} Bl FAAR of] AfRol|lA oF 344 2
SFtEro|= ) 2ok A o® YERTH

EEEC|EE F9 Tt AL 29 5 A HiellA
Ot 237 e Ao AHA . FEUES ofeF
ARROA EEtRieo|E 539 ol 7MY B R,
I, I, I 5 AR BHE 7Y 92 Ao oY

e,

B AT Az W B, ofee), Bk 58, mal
Ak s st A3S e A7l ET SR
of B8 71T AAFASHA| 271% Zol Tt Hojo]
83hA} slolct GFAx} BAAE T A A%

off gk oft 2.
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Ho g HFsto] X W0 wE DPPH o) 474 &4
3} FRAP 24 #jol5 A EQkon, ofehgz &dlo] Al
9] il @47 HPLCE 83t wlisit 24 1150 &
0|t 24 652 HA - RS siolth Az W
A 5350 Avks E3A% AR diH] 524X A
oA =& AR ) A EATEE YEURL
- EAR ARHE, FAAR AHEES] Hudks Ml sk
A7 37X} Blusto] SEDHE o 3.6H, &
Eti ol JkF 2.74, DPPH 2ol &7 58 3.8H],
FRAP 3.44l|, At 54 112 244, E2tE 0|t 6& 5.7
vl &2 235 Uit ST Hsit £4 5 gallic
acid, sinapic acid, ferulic acide F&ARNA ¢ &2 A}
2 Uehfiole. Ak s3] £5Y sk A Avie o
FAX ARHE, 58% AL F AR0A ot Al
o] 7MY =2 Z2E YEHIRILE 931F AREY ofeg
AT R 45 AR A 23 BogS Hlwsh
FTEYvs I 23 2.08), FETE 0| 2.48), DPPH
2tz &7 59 3.84l, FRAP 248 =2 A7E e
o HEAt &2 115 £ cinnamic acid AJE0] 212.7
mg/kg, ZTE 0= 65 FofA= quercitrin®] 10.2 mg/kg
O 7MY w2 A YEIITE 521% AREES] ot
2 AR U A] 45 AR AE AT BdgS Hlaskd
FEYHE ok 2% 1.38)], S5 o= 1.78, DPPH
gtz 24 59 L1H], FRAP 154, Hlz4t &4 115 5
cinnamic acid AJ80] 269.2 mgkg ZTHHLO|E 6 &
quercitrin 50.7 mg/kgC & 71 9hgo] =3It wEbA 2F:
A A}, 57X ot Ao 7MY 2 A 24
I FAIEE R FFE YERRITE 52 % ot AR
o] Az}, FETHlE I 500.6 mg GAE/g, TETH o]t
312F 123.8 mg QE/g, DPPH )2 A7 52 83.3%, FRAP
4 1174 mg TE/g, Hl=At B4 115 F 7379 mgke,
gHEolE &4 6% & 105.8 mgkgS LEHQITH

zMel 2
o] ZEL 2021 Ty Bt SHediTH] A
o ol 2.
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