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Changes of Phenolic Compounds in Korean Apple(Fuji) during Maturation

Hea-Jeung Whang
Dept. of Food Sci. and Technol., Chung-Ang University, Ansung 456-830, Korea

Abstract
The changes of phenolics in Korean apple(Fuji) during maturation were analyzed by HPLC and spec-
trophotometry. The phenolics were separated through Cis Sep-Pak cartridge in series. Chlorogenic acid,
caffeic acid, p-coumaric acid, ferulic acid, and (+)-catethin were indentified by the direct comparison
with authentics on HPLC, The total amounts of phenolics were determined by Folin-Dennis’s method.
The amounts ranged from 70.19mg% to 97.57mg% of wet basis, The concentration of phenolics in apple
decreased during the early stage of development and then remained relatively constant during matu-

ration,
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7171% spectrophotometer(Hitachi  U3200,

Japan), high performance liquid chromatograp-

h{Gilson 305, France), UV-visible variable de-
tector(Gilson 119, USA), rotary evaporator
(Buichi RE 121, Switzerland), high power hom-
ogenizer(Janke & Kunkel D-2300 Kiel, Ger-
many) ©] 1t}

EF (%)-catechin, chlorogenic acid, p-co-
umaric acid, caffeic acid, ferulic acide Sigma
(USA) A &kt AA 28 microcolumn?]
Ci: Sep-Pak® cartridges= Water™ Millipore
(USA)A Y3t HPLCE &= formic
acid(Merck, Germany)9} water(Baker, USA)
223 methanol (Baker, USA)& HPLCFo=
AMg-EtTh. FElE 3 &34 A8 A9 Fol-
in & Ciocalteau’s phenol reagent(Sigma,
USA)E AM8-31ch 2 9] BE IuA e dF
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Lunte? 9] W& 83l A&E& C; Sep-Pak
® cartridge® F#A1A £8& AU Sep-Pak®
cartridges A4 10ml methanold E3A]7]12 9]
ojA 10mle] Z/FE THAA A £, Cy
Sep-Pak® cartridged] A& 529 0.5mlE &3
Ak, ABE FFHAZF cartridge: 53 2FF
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Fig. 1. UV-visible absorption spectra of phen-
olics in apple treated by C;; Sep-Pak® cartridge.
A(-mees ) : before treatment, B( ) . after
treatment,

2 Valle’s $(1994) & Aa52 F9] slgA €2
£ ODS-2 cloumns} Nova-Pak C, columng A}
g3t 21CcoAN BE7)&712 8te] 20/09) peakE
B3y, ®£3 Andersen (1983)2 Nucleosil
Cp AP o2 83319 43 42ColA HPLCE H|
=, BAstgen 11719 9aE Feste] #A% bt
At

Cis Sep-Pak® & £l 92 £3& HPLC=E
B3 A3} Fig, 2 @ Table 13} Zo] 4%2) phe-
nolic acid&3#} (+)-cateching &Q1&HA HAtt.
=3 528 EFE EFEAL Cys Sep-Pak® car-
tridgeol] Alggdst 7+ Ao E Hedtd IM
ammonium hydroxide ¥38& 414 o] £3&
HPLCE A8 A3} Fig. 29} 79| p-coumaric
acid, ferulic acid, caffeic acid, (+)-catechin,
chlorogenic acid®] 571¢) #HEA EFo] FRIHAU
o}.

2. 70 HisH 2
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Fig. 2. HPLC of phenolics in apple treated by
C18 Sep-Pak® cartridge. 1. (+)-Catechin, 2.
Chlorogenic acid, 3. Caffeic acid, 4. p-Coumaric
acid, 5. Ferulic acid.

Table 1. Retention times of C;s Sep-Pak® treat-

ed phenolic authentics by HPLC

Peak tr
= Phenolics Recovery?
No. Mean"+S.D, 2? o 7
1 10.45+1.01 (+)-Catechin 78%
2 14.19+0.11  Chlorogenic acid 72%
3 14.33+0.09  Caffeic acid 7%
4 18.75+0.22  p-Coumaric acid 91%
5 20.56+£0.26  Ferulic acid 80%

1 Staticstics are based on 5 repetitive injections, ?
Standard deviation, ¥ Treated with Cj3 Sep-Pak® car-
tridge

0.001 ©13}~0.068mg%9%} p-coumaric acid 0.001
0]&}~0.043mg% 28l3 caffeic acide 0.001
mg% ©]3~0.005mg% Solgte A9 FAS
]2 d9lt}. Spanos$t Wrolstad® & Al £ F
8 HEA 239 FFo=A chlorogenic acid 0.
8~11.37mg%, chlorogenic isomers 0.05~1.
45mg%, caffeic acid 0.19~0.96mg%, (=+)-ca-
techin 0.17~4.44mg%°leh= B E g v ot
Lee$} Wrolstad®+ 471 Akt E5-9llA] chlorognic
acid 0.15~22.8mg%, CoSegtengs} Lee®& 771
A}sh E29] chlorogenic acid’} 2.56~13.6mg%
23 3Tt o2 E ARET B A 4 AL
(FAD ¢l 7% i o7t A 2y A
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HsA EA L §233ES A B2 5 shik-
imic pathway® Ax A2z JARIEZ A=Y
Al whet slEA g ¥ gaRna
oo, 2 g A3} Table 29} 7o) w8717 U4
Abolell (+)-catechin 1.38mg%, chlorogenic
acid 2.60mg%, ferulic acid 0.05mg%2} p-coum-
aric acid 0.03mg% 3= Ztadhs %S EA0

Mosel® Herrmann® & Atats} wie] ojsie] &
{34 % catechin®} hydroxycinnamic acid®] §
o W3S ZAS vt ok, TLCE 23 dsA &
Ae (+)-catechin, epicatechin, p-coumaric
acid, caffeic acid, ferulic acide]$l.eH o|& &%
Fryoe 7tz AFsgn). 1 A3 Hdol B&H
£ 2~3N9 B9 3438 Totsit) Aasinh E
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A& X3¢t Burda 9 F€ 9, Em-
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Table 2. Variation of phenolics in Fuji during
maturation (mg%, wet basis)

Sampl- (#)- Chloro- Caffeic p-Cou- Ferulic
ing Cate- genic acid maric acid
date chin acid acid

9/27 4156 7.113 tr?  0.076  0.137
10/ 2 3509 6.024 tr 0.053 0.162
10/ 9 3541 5.660 tr 0.048 0.138
10/17 3166 5721 tr 0.063 0.113
10/21 2456  5.300 tr 0.048  0.086
10/28 2768  5.564 tr 0.046  0.082

D Less than 0.001mgZ%.
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Fig. 3. Comparison of the phenolics contents
in apple during maturation. —@ — Total content

of phenolics (Folin-Dennis’s method), — M — Chlor-

ogenic acid, —a — (+)-Catechin.
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Table 3. Total contents of phenolics in Fuji
during maturation (mg%, wet basis, n==6)

Sampling date Total content of phenolics?

9/27 97.57£0.449
10/ 2 88.28 £0.09"
10/ 9 75.35%+1.25°
10/17 76.99:+0.52°
10/21 70.19£0.03°
10 /28 75.08£0.23°

U Calculated as chlorogenic acid equivalent, ? Mean+
S.D., ¥ Different lettered within same column are sig-
nificantly different at the 5% level by Duncan’s multiple
range test(DMRT)
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