KOREAN J. FOOD SCI. TECHNOL. Vol. 53, No. 2, pp. 133~138 (2021)

https://doi.org/10.9721/KJFST.2021.53.2.133

OfZL|o} 29| o

ofs !

KOREAN JOURNAL OF
SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

= =c|
=

|

ol

FAES}

—

0
ojr

oJZ2 . Ao

= =4
e SPARlelelst, A esepl et AR, Tt g}

Antioxidant composition and activity of aronia leaves at
different stages of maturity

Haejo Yang', Hyunjeong Park', Hyeongyeol Yun', Young-Jun Kim? and Youngjae Shin**
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*Department of Food Science and Technology, Seoul National University of Science and Technology
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Abstract In this study, the leaves of aronia (4ronia melanocarpa) across different stages of maturity were collected and
their chlorophyll content, antioxidant content, and activity were analyzed. The leaves of the selected aronia cultivars
(‘Viking’, ‘McKenzie’, and ‘Kingstar K1°) were harvested in June (young-stage leaf) and in August (old-stage leaf). The
antioxidant content and activity of all three aronia cultivar leaves were significantly higher in the young-stage leaves than
in the old-stage leaves. The main polyphenols in aronia leaves were catechol and chlorogenic acid, which tended to
decrease as maturation progressed. As a result, the young-stage aronia leaves contained more abundant flavonoids, phenolic
compounds, and polyphenols with higher antioxidant activity than those in the old-stage leaves. Overall, our findings
indicate that aronia leaves contain potential bioactive compounds that could be used to develop functional food ingredients.
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Prior, 2001; Routray®} Orsat, 2014; Teleszko9} Wojdyto, 2015).
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A5, vkt 3-84S 72te A 24 SPES ¢
UE Aoz IEA UrH(Thit Hwang, 2014). Lee 5
(2014)3} Thi®t Hwang (2014)2] 7ol <JshH, ofZujo} ¢le]
sl 24 st sl 58 BT f9ol Hoal"i]:]' E3IL,
,z—]]b:§]. 1—% T%]-E}:_.,} 6]—/\}-:6:]. ‘:—Eﬂ 7]—0]] 71—‘6]— /\1-_»]—.»]—7“7]- ]:}‘_T/_ A=A
IEITE, T3 of2ujo) Qo] o Zulse A|=2AEl (quercetin),
FE(rutin) 2 Z2 2 714kK(chlorogenic acid) O]E}u_ AT A=
BaE Wk IthPirvu &, 2014). o1A |, ok=uol o] tieFsiaL
A9 a3E Z2H e AEAEE 4 g d7e o
Zs] o] FolFAIRE, F T volrt FF, F9, Asked o
il wE tigk AE HlwEd RS9 AF ot wabA,

A= WA AMEA 4 melanocarpa €] NEAQ FF
‘Viking’, ‘Mckenzie’, ‘Kingstar K1’S X173t Qo] 5ol

olslstd B4 ws}, ksl Bd 24 2 =
< A3t ofZUol 48 tdet 8= o8 F A
Tl tigk 712 ARR AFsh] 98 T eI
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20173 88 Feo] Sk S8 okziol L 4] 4
A= olFate] A o AL AAT ¥, sTem R 2|2
AR ANk A8 F, ARE GFE S0 Ao

F AbgaiT,

o

st 23, #itE S8 2 Al
2 Ao AlgE og-g, Folin-Ciocalteu ¥|& Al 2F2N),
ascorbic acid (AA), DPPH, 2,2-azino-bis (3-ethylbenzothiazoline-
6-sulphonic acid)(ABTS), oF&AFUEE (sodium nitrite), 335
v F(aluminum chloride), (+)-7}8l 7] (catechin), Z-4H(gallic acid),
3} (potassium chloride), 2~F-oFA|H©] E(sodium acetate), &
AH(hydrochloric acid), B4H-UEF (sodium carbonate), UA4HHE2]
¥ 4(PBS, phosphate buffer saline)> Sigma-AldrichAK(St. Louis,
MO, USA)IA F-ste] ARg-stsiTt

od;_).\_ %I--'-él: SJg

= =

o] HFE4 4L Markwell 5(1995)°] WS ol&3te] 4
4274 7](SPAD-502, Konica Minolta Optics, Inc., Osaka,

80% &S &uljE o] od
AeFg 2R} Apde| ol Ageke] AAALE Jele] EEsleh
T, 80% oller2-2 7}sle] LT (HR-2171, Phillips, Seoul, Korea)
2 384 33 ddaA EFEth £ A g o
HE 93 FAEEE T Hol U4EE]71(Mega 21R, Hanil,
Incheon, Korea)Z 5230xgollA 2087+ I4E2] stk 94
7t B =gde ATAS ATF F& A A A
Whatman #2 ¢J3}X](Whatman International Ltd., Kent, England)
S Abgste] AN F, AR 3745 571(N-1000, Eyela,
Tokyo, Japan)& ©]8-3t &ulE &3] AAH A7IHA &5 Al
At} FEFAZ FE2He 20°C Y5 HAsIHA Fikst 52
sheF AT gl 5 BA ARSI

% 24
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_|"Ll_
HL
I
=}
In
4 0%

l

A FEEY F FHETol= T2 v (colorimetric assay
=331 THMeyers 5, 2003; Shin, 2012). 3%} &
F4E £ g4 1mLoll 5% NaNO,2 03 mL YWl @3}
5%7F AAstA 122 wEEAIH T 12F vhgo]
] 10% AICLS 03mL ¥ gdslA &dtsle] &
A & wEeAAT HEHOZ IN NaOHE 2mL ¥ 5
FTE 24mL U8l FHS 10mLE BT F, 233w
(Optizen POP, Mecasys, Daejeon, Korea)E ©]&3}] 510nm I}
oA FEEE A B L cateching ¥5 &
A2 AE-3ked 50, 100, 150, 200, 250 mg/L 5% H=Z A 23}
2gstan, & SotRxol= FEe] W9l mg catechin
equivalents (CE)/100 g fresh weight (FW)Z sl %7815t
l=sgE & &4
Q FEE9 F H=s9E P32 Folin-Ciocalteu H]2H (Folin-
Ciocalteu colorimetric method)ell W&} =74 33 thMeyers 5,
2003; Shin, 2012). 3%} S/F55 e 34 02mLoll Folin-

O
B
i
ol
ok
ot
HI

Ciocalteu Al9FS 02 mL H718F &, Fd3lA &35t 4204
627 AR5t 12 RESAIATE 13} W] 2 T 7%
NaCO,E 2mL H7lelal 42 o4 Jel®E 907t AAIske 23}
WAL &, BFFE=AE o83t 750 nm IFollA SH=E
235tk BEEAFFAL allic acidE BTF 222 ARl
50, 100, 150, 200, 250 mg/L, &= W2 A|Zslo] 23, F
H=3E ko] WelE mg gallic acid equivalents (GAE)/100
g FW= 3ilste] 171519

A FEEY ZEdlE I A2 Chen 5(2001)°] el wh
At Al FEE2 3489 (KH,PO,:MeOH:D.W.
=2:3:15)% o]&ated 208 348, FA AL 045 um AR
g2 oAFs4rt g4 ME2 HPLC (Thermo Fisher
UltiMate 3000, Thermo Scientific, Bremen, Germany)E A}8-5}<]
224189 2, Eclipse XDB C-18 column (150x4.6mm, 5 pum,
Agilent, Santa Clara, CA, USAY 40°CelX <331t} HPLC
o5& 3% acetic acid (acetic acid:D.W.=30:970)5 A&-3}%
3, AZE715 1.0mL/min®] 53904 280 nm IHFo 2 A5
otk A8 AIES 10uLE FYete] At A g
2 gallic acid, protocatechuic acid, catechol, catechin, chlorogenic
acid, epigallocatechin gallate, caffeic acid, epicatechin, syringic

K
M
4

acid, 4-methycatechol, epicatechin gallate, p-coumaric acid, ferulic
acid, nuting ¥F EHE ARSI 025, 1, 25, Smgl100g &
W2 Azt A, £4 A3 Fke] ©@elE mglog
FW= #7135t

DPPH ZiC|E a7is HE

¢! FEE9] DPPH HUZE &AFS o83 sl 58 173
2 DPPH #4] ¥gel wig}t &8t ch(Brand-Williams 5, 1995;
Shin, 2012). 32} SRTE &3¢ 34 50 pLot 0.2 mM DPPH
solution 2.95 mLE &%t AlF 82 AF2a/delolA] 3027
WSA17l & B335 A (Optizen POP)E o] 83ke] 517 nm 33
oM FFLE . EEPFIHL vitamin CE ¥XF &
A= ARl 50, 100, 150, 200 mg/L & HEE AR, F
Z£E9] 33l 58 =HZS mg vitamin C equivalents (VCE)/
100 g FWZ 3hbste] #7]819Th

ABTS 2|z 275 #H
9l &2 ABTS Ztld 27%< olga d1ls) 59

o

oo
N Mz 12 ofd oX

1999). 32+ TRTE T MY 20uLet ABTS RHS-
980 uLE E93 A1 SHL 37°CoA 1087 vESAIZ

BHAEAE o83 734nm TgA FHEE G EE
AFTAL vitamin C3 BF BZE ARl 50, 100, 150, 200
mgl % W2 AZEHT, FEEY Ite 58 SFUS mg
VCE/100 g FWZ $Hibste] 273kt

ﬂ°l'

SAH Xzl

7t AE el EAATE SAS 935 A Z2IU(SAS Institute,
Inc.,, Cary, NC, USA)3} SPSS 20 3~ Z 13 (SPSS Inc., Chicago,
IL, USA)S AMg-ate] HAHEA(ANOVAYS AAEHa, 7} o)
B Ha3ke] #2994 A4S Duncan®] tHEHIZAAH (Duncan’s
multiple range testy AFESIATHpP<0.05). 2+ 291 ¥ HFglke
JHAAE Pearson2] A E/JEAIG(Pearson’s correlation coefficient)
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ofZuo} do] P4 TS SPAD o E Uehlith SPAD
meter 71E o]&8 7ho] SAHYPL A& A AHwS
AFgchs A7 el 7|dtsle] 2 AollAE SPAD meter S
ol g3te] FEAZE ofZ Lol o] PEA T WSt [P =
APstithMarkwell 5, 1995). 84171 W ofZuo} ¢lo] FFA
St Table 13 2t} Young @Al9] SPAD 32 ‘Viking' &%
6228, ‘Mckenzie® #% 6803, ‘Kingstar K1’ #% 63472
‘Mckenzie” FF°] Th2 F5l Hlg] FAHCE FoxF A =
S Ao=m ZAENSH, old @Al SPAD #HS “Viking’ F%F
17.52, ‘Mckenzie’ #% 9.87, ‘Kingstar KI’ % 1126802
‘Viking’ #FE°] o2 F5d v FAHCRE Folat A =
o2 Yeidth FEAE H4EL T Blae A 55 2T
young ©HAIS] SPAD 7}o] old ©Al¢] SPAD #HHT} & Zo=
ZALE ST} o]#3 A3= Yoo 5(2003)9] white clover 99 3
SAFFS Aol FF T AHAA A S H, =3t
== AN gagithe A+ A} fABIATE 2E o
o HEA FFE FF, Az T2 oy AEITH a9y
4 2% g B S 22 HAESH 8Rld wet zpolrt
AE 4= 9lom, ofZufo} 12 T2 3l F(chicory, dandelion,
garden rocket, wild rocket)ell Hlste] o B F ASAE X3
3l Jote dF AdE BIEATKThi® Hwang, 2014).

& EflEL0|E &2

o2 o}l Qo] FF 9 Aske| wE F ZHEwolE T
£ 3ZEF BF young BAIZ} ‘Viking EF 1554.69 mg CE/100
g FW, ‘Mckenzie’ #& 128125mg CE/100g FW, ‘Kingstar
K1’ &% 144844 mg CE/100 g FW2E old @A Bt} 3t 9l
A e Aoq VEPIT(p<0.05)Fig. 1). A&EEE E570 vl
o4 young ©AIE ‘Viking’, ‘Kingstar K1°, ‘Mckenzie’ &% <
o2 w8 AoF Yo, old Y= “Viking’, ‘Mckenzie’,
‘Kingstar KI” % o2 & 702 ZAEQ o2y} &
2 =3t JPEeE FgEeo|s Fhgo] hAshs AR
Efstth of2Uol Nero F5¢] dol= & A7 Aot vzt
A2 80% e FE2EFL FTHT FE=°1A old @A
103.6, 56.4mg/g DW)ET} young ©7(Z+H2+ 163.7, 110.7 mg/g
DW)2| Zeti col= glgo] =& Zlog HUHTKThiel Hwang,
2014). Cezarotto 5-(2017y> EFHg] AL 393} 1299 e &
gste] ZEEeo|= TS BT Ad 1299 s dEn
39l 83 Yol ¥ Uttt Busiglon, oEgh A= 4
s}8t QRS A ES dsidd uE 9EA I AEY AsE
A& 2Ae] A, A, 24 g wkdEr] o
Folgtal Ruetich Ae@dEde] TRty dEzl 23|
g, EFHE, IAd ¢ EY AHUE 7o wgF d& T
R, 53] AZAMY, ngMd " o}ZTE¢ H|Fo] EgkoH,
olye ZelHkol= AY B 7% ddF TS 7y 9
o B3 E B} Ath(Ferlemi®} Lamari, 2016; Joseph &, 2
oA ZElRiol= o] T olZUo} IS T3] FF
22 71Eetel AFHSAY vt &8-S she AATH okE
o7 dste] o] &3sE 73T, AR WAl F= a2 T
=S Zow wgdr)
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Table 1. Chlorophyll contents of Aronia melanocarpa leaves
extracts

Cultivar Maturity stage Chlorophyll contents
Young 62.28+3.98")
Viking
Old 17.52+7.09°
. Young 68.03+3.85°
Mckenzie
Oold 9.87+5.28¢
) Young 63.47+4.92°
Kingstar K1
Oold 11.26+8.38¢

YResults are mean values+standard deviation from three measurements
(n=10); means in the same column with superscript with different
letters (a, b, ¢, and d) are significantly different at p<0.05.

2,000
a
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o0
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g 1,000
=
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o0
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E
500 . € £
\ [ [
Young old Young ‘ old Young old
Viking Mckenzie Kingstar K1

Fig. 1. Total flavonoids contents of Aronia melanocarpa leaves at
different maturity stages. Vertical bars indicate standard deviation
(n=3). Different letters are significant differences by Duncan’s
multiple range test (p<0.05).

& m=sigtE B3

olzUo} o] EF 2 Ao wWE F HEIPE e
3EE % young DAIZF “Viking' E% 2283.33mg GAE/100 g
FW, ‘Mckenzie’ % 1919.05mg GAE/100g FW, ‘Kingstar K1’
% 2219.05mg GAE/100g FW & old AR {22} A
Eo Aoz UePdthp<0.05)(Fig. 2). AEEE EE7F H|woA]
young TAlI= “Viking’, ‘Kingstar K1’ #35°] ‘Mckenzie® ¥%
o el oAl =2 Ae® UEter, old WA= “Viking’,
‘Mckenzie’ #&°] ‘Kingstar KI” SR} o)Ak A =2 A
o7 AT deH o, dard wE ofZyoe} 9o F
Aeshdes e F Sonxols ) rRRHAE %A 2t
4 T Aaske 4945 Uitk 4 3 S dad Jles
At ETRrolEs AEstdEl o =dE 7 287
fadAE v Adehr] W2l dlestdE =3 4 Y 5

s

ik Aoz dadn. S, zuE] 2 2|9 dujet
young, old &7 ¢1¢] F FHEslgtE TS AR A 93t
W, o Y& edld AR F HEsgE F9e] =T B
Taem, 2(1050~3230 mg/100 g)& Dl (91~338 mg/100 g)ol

Hjg] w2 & dssitE 39S 72te 202 HIEATHWang
9} Lin, 2000). Thi®} Hwang(2014)9] 37 @Al & of2uo}
o] A= 9 sl &4 AT E young THAI(250.8
mg/g DW)7} old ©7(139.3 mg/g DW)ll Bl & #H=33E &
go] Eokom, oyt Adt= B AT Aol Ak Ads
& k. SARE, BEVF Y3 AlFA d2 ns @Al HF|
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Viking Mckenzie Kingstar K1

Fig. 2. Total phenolics contents of Aronia melanocarpa leaves at
different maturity stages. Vertical bars indicate standard deviation
(n=3). Different letters are significant differences by Duncan’s
multiple range test (p<0.05).
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Fig. 3. Polyphenol contents of Aronia melanocarpa leaves at
different maturity stages. Vertical bars indicate standard deviation
(n=3). Different letters are significant differences by Duncan’s
multiple range test (p<0.05).

, 2005; Sreelatha®} Padma, 2009).

Eojml= &
olZuol & 80% ol&e FEES] ZEdlE ¢ 24 A,
F2 Z89 5L catechold} chlorogenic acid®l Aoz ==
Th(Fig. 3). Young @A} old @Al 919 catechol 2 “Viking’
% 281.81, 19.77mg/100 g, ‘Mckenzie’ #& 249.37, 18.89 mg/
100 g, ‘Kingstar K1’ &% 27938, 13.01 mg/100 g <=0 & AJ<4:0]
APEFE Folxb Al Haske 7S YERNITE. Chlorogenic
acid S young @AY old @A A ZHzZb Viking EFF
279.74, 60.54mg/100 g, ‘Mckenzie' E% 256.54, 53.57 mg/100 g,
‘Kingstar K1’ &% 28848, 4348 mg/100 ¢S = catechol &3}
PR 54 A T FoAF A A4S Thi®k Hwang
(2014)9] Aol ok, ofZYol ¢ FEES] chlorogenic acid
e old THA(10.8 mglg DW)ol Hls| young ©H71(22.8 mg/g
DW)7t BAASRE Foat JA wUTHY BIsidh & A+
ZAZ9] chlorogenic acid &3} HlwsllS w), Mg W,
g A7) T ok ekl ofs tha Aele UE F UAT o
2yo}l ojd Yol HE 2493728181 mg/100g FW F&E2
chlorogenic acid 7} E-F=o] e Ao=2 AAETL Lee 5(2014)

oM

2,000 -
’ A)
Z 1500 | k3 a
) b
= T
=
= 1,000 -
=
¢
>
g s00 | ¢
i . :
N . N .
Young Old Young N Old Young Old
Viking Mckenzie Kingstar K1
4,000
’ (B)
b 3
= 3,000 ) c
[
)
o
S
= 2,000
=
S
o0 d d
£ 1,000 I I e
0 . . . .
Young Old Young ‘ Old Young Old
Viking Mckenzie Kingstar K1

Fig. 4. DPPH (A) and ABTS (B) radical scavenging of Aronia
melanocarpa leaves at different maturity stages. Vertical bars
indicate standard deviation (n=3). Different letters are significant
differences by Duncan’s multiple range test (p<0.05).

o] A AZrfEIH IS o83t AW EHs AT
A Aol o ZAWE] YA ERIE ZTdls AHE 3
2 oY YellA 7 WokAL, ofH ¥ T8 AR °F 76.9%
2 FAE 79 F=A (Caffeoylquinic acid isomer)2Fal H.313}
nom, o] AR vE= 54 A F F40] Ak of
EUols AFUEES A AR 715d F92 Guivt 5550
UARE, o AP A7 B AT AFoM= & F d5o] of
2Uole] 92 7IE}r Wl vls| ZEjEls ol =of
IFAL 754 AR el fEE AR dohEr)

o

DPPH 2iC|E A7is

Z 3 58S vEl= ok2Yol 99| DPPH HE 47
59 AIE Fig 4A)%F Zth 80% ole+e FEE9] DPPH 2+
UZd 274%L 3%% 5 young A7} Viking' FE 147941
mg VCE/100g FW, ‘Mckenzie® % 115526mg VCE/100g
FW, ‘Kingstar KI' % 141489 mg VCE/100g FWOE old &
Aol vla] Fojat A E2 AR YERITHp<0.05). 45T E
E% 7 vRoME young BAGIME “Viking’, Kingstar K17 &
Zo] ‘Mckenzie® FE°l HIal F2xF Al E9kew, old Bl
A= “Viking’, ‘Mckenzie’ ¥%5°] ‘Kingstar K1’ 3| vl
ozt UA w2 S & T UUTE Thi®t Hwang (2014)2] o}=
Yo} 9le] d<= ¥ DPPH 2t &A% A3, young 9] old
Anrh Frh= AFAE FARHATE g, 7129 AFEl 9
sl ofZuo} ¢lo] DPPH it]d 4752 Fohdl, S]]
DPPH 22 A7shtt & Aoz ZALEAtHGawron-Gzella
%, 2012; Lee &, 2012).

ABTS ZIL|H AHs
80% olEre FZE9o] ABTS A 2ARL 3%

of\
b
—
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Table 2. Pearson correlation between physical quality, antioxidant compounds, and activities of Aronia melanocarpa leaves extracts

Total flavonoids  Total phenolics ABTS DPPH Catechol Chlorogenic acid
Chlorophyll 0.971*%" 0.958%* 0.974%* 0.957** 0.983%* 0.983**
Total flavonoids 0.994** 0.992%* 0.995%* 0.993** 0.992%*
Total phenolics 0.988** 0.992%* 0.984** 0.985%*
ABTS 0.992%* 0.994%* 0.994**
DPPH 0.992%* 0.991**
Catechol 0.999%*

YPearson correlation (R): **p<0.01

young A7} Viking FF 3086.55mg VCE/100g FW,
‘Mckenzie’ ¥ 2768.06 mg VCE/100 g FW, ‘Kingstar K1* =%
3230.95mg VCE/100g FW 22 old ©Aldl Blal 421 Al =
& Aoz JERtHp<0.05) (Fig. 4(B)). Ass ¥ 5 7- v
M= 80% oEtE FEE young TACNIAE “Kingstar K1°,
“Viking’, ‘Mckenzie’ % =02 oz} QA & Ao=w Y
o, old FAYAME ‘Viking’, ‘Mckenzie’ #%5©°] ‘Kingstar
K> &%l vjal thd =2 A & & Utk o= Yo} $l9
A& 8 ABTS 202 2752 DPPH 22 &A% FAF
g AFS Bk olEg AgE 71EY AT AHETHE FA
Rom Wang 3 Lin2000)2 S w2, 2=zl 9 B7]9]
young, old ¥¢] 3ks} 58 4 A, young TS Yol old
wAe] YRt ksl FEo] Eriy BuEh olgg itst
2 A FF e 244 Aolot A&k ko] &4 Aol F
TH, A&5cd E9 d= v ™ol 7] WEd Ao
st}

ol

Ot2Llot glo| dt EA, &htst 22 A &itst &3 719
Az

ol2Uo}l Q FEEC] Fitst £ ilst 58 ko] A
AA A3= Table 20 JERNRITE £ SR ol & dH=E

i)

5192 (R=0.994), ABTS |8 47%5(R=0.992), DPPH ]z
2715 (R=0.995), & #=315HE3 ABTS 22 2715 (R=0.988),
DPPH 2] A7%5(R=0.992), 7FE|Z(R=0.984), S =E7AAHR=
0.985)2 wi-$- 73k o] AAAAZ Yeiien, & H=sgt
&3} o2y}l 9o Fo E@dE =9 JHHE, FREAN
7ve] A w3 247k 0984, 0985 WS HL Ao e
Stk Wang? Lin (2000)8] dAtM= 4itsl 583 & Hs
SE Y e folg A #AE JERilew, B,
g=ug] g 27 YoM sl sEH F AssgE 3
ABHAAE ZH2E 0961, 0911 2 0.9962F WS- 74k A3
AE Yellth & AssitEd kst 58 7o e g3
Ae T2 A==z Qs Aolgta Byd v 3lth(Kahkonen
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