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Isolation, Characterization, and Antioxidant Activity of E- and
Z-p-Coumaryl Fatty Acid Esters from cv. Annurca Apple Fruits

GIUSEPPECEFARELLI, BRIGIDA D’A BROSCA ANTONIO FIORENTINO,*
ANGELINA 1zz0, AND PIETRO MONACO

Dipartimento di Scienze della Vita, Seconda Universita di Napoli, via Vivaldi 43,
I-81100 Caserta, Italy

A total of 12 fatty acid esters of Z- and E-p-coumaryl alcohol were isolated from cv. Annurca apple
fruit and characterized. This apple variety is widely cultivated in the south of Italy, and the fruits
typically undergoe a reddening treatment after harvest. Structures of the p-coumaryl esters were
elucidated by GC—MS and 'H and 13C NMR after purification of individual compounds by HPLC. It
was found that the esters are localized in the fruit peel. During reddening of the fruit, there was a
substantial increase in the amount of esters and particularly in molecular species with unsaturated
fatty acids. The individual compounds were tested for antioxidant activity, and over half were shown
to be at least as effective as a-tocopherol.
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INTRODUCTION MATERIAL AND METHODS
Annurca i.s an apple variety grown in the south of Italy and Plant Material. Annurca apple fruits were obtained in Sant'/Agata
demanded in the local markets for its high quality.(From de’ Goti, near Caserta (Italy), in October 2003, when the fruit had just

the agronomical point_of view, it has_ Severa_l Sh_ortC(_)mingS such peen harvested (green peel). Tissue samples from a group of these
as bare wood, great vigor, late bearing habit, biennial crop, very freshly harvested apples were submitted to extraction for analytical
short peduncle, and lack of red skin col®).(The fruit is analyses. The remaining green fruits were reddened on the straw until
medium to small in size with a flat shape. The skin is thick, November and then stored in a refrigerated chamber°at énd 98%
first yellowish-green and becoming striped brilliant red blush relative humidity.
when it ripens. The flesh is quite firm and strong, has an average General Experimental Procedures.NMR spectra were recorded
juiciness, is sweet and slightly acidic, and has an average amountit 300 MHz for*H and 75 MHz for'*C on a Varian 300 Fourier
of aroma and good flavor characteristic®, @). This apple transform NMR spectrometer in CDCht 25 °C. Proton-detected
undergoes a typical reddening treatment. Generally, the unred-heteronuclear correlations were measured using a gradient heteronuclear
dened fruits are harvested in October and placed fer3@s ~ Single-quantum coherence (HSQC), optimized'fpe = 140 Hz, and
days on a layer of straw or sawdust on the soil and sprayedagradiem heteronuclear multiple-bond coherence (HMBC), optimized
daily with water. When the sun-exposed surface of the fruit [0 "J+c =8 Hz. UV spectra were obtained on a Perkiimer Lambda
becomes red, they are turned to redden the opposite 5)de ( 7 spectrophotometer in CHE br E_tOH so_Iutlons. Electron_lc impact

In the framlework of the Regional Research Center for the o> spectra (EIMS) were obtained with a HP 6890 instrument

- . 9 . . equipped with a MS 5973 N detector, fitted with 15xn0.25 mm

Agro-alimentary productions of the Campania Region (Italy),

. - o i.d., RTX5 fused silica capillary column (Restek, Bellefonte, PA). The
we studied the chemical characteristics of the cv. Annurca apple .o1umn oven was held at 15C for 5 min and then increased to 280

fruit. In this project, we studied the lipidic component of the  oc 4t 13°C/min. Injector and detector temperatures were both°Z20
fruit. The present study was undertaken to isolate and character-The carrier gas was iNand the flow rate was 1.0 mL/min.
ize phenolic fatty acids from the reddened fruit, their localization ¢ preparative HPLC apparatus (Shimadzu) consisted of a LC-
in the peel of the apple, and their variations during the reddening 10Ap pump, a RID-10A refractive index detector, and a C-R6A
treatment. Chromatopac recorder. Preparative HPLC was performed using a 250
Phenolic fatty acid esters from apples play an important role x 10 mm i.d., 10um, RP-18 Luna column (Phenomenex, Torrance,
in natural resistance to scald, and it is hypothesized that theyCA). The analytical HPLC apparatus consisted of a Beckman 127
have antioxidant activity. Their abundance seems to be cor- System Gold pump, a Beckman 166 BVis detector, and a Shimadzu
related with the apple cultivar and the maturity of the fruits Chromatopac C-R6A recorder. HPLC was performed using a>250

(6). 4.6 mm i.d., Sum, RP-18 Luna column (Phenomenex, Torrance, CA).
Gas chromatography was performed using a HP 6890 PLUS instrument
*To whom correspondence should be addressed. Telephersa in split mode with a flame ionization detector. Flash column chroma-

0823274576. Fax:+39 0823274571. E-mail: antonio.fiorentino@unina2.it.  tography (FCC) was performed on Merck Kieselgel 60 (2800 mesh)
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at 150 kPa. Column chromatography (CC) was performed on Merck
Kieselgel 60 (70—240 mesh).

Extraction and Isolation. The reddened “Annurca” apple fruit (5.21
kg) was sliced, frozen in liquid nitrogen, powered in a mortar, and
infused in ethanol (6.0 L) for 7 days in a refrigerated chamber°@ 4
in the dark. After the filtration of the hydroalcoholic solution, the fruit
were infused in ethyl ether (6.0 L) for 7 days in the same conditions.
The EtO extract, after filtration, was evaporated using an automatic
distillation apparatus. After removal of the ether, we obtained a crude
organic extract (4.80 g).

Organic Extract Fractionation. Crude E$O extract was chromato-
graphed on silica gel eluting with chloroform and ethyl acetate solutions
to obtain fractions | and .

Fraction | was rechromatographed on gi9 flash chromatography,
and the fraction eluted with hexane/acetone (9:1) was purified by RP-
18 HPLC eluting with MeOH/MeCN (4:1) to give pure compourias
(2.0 mg),2d (5.2 mg),1d (3.5 mg),2e (2.2 mg),1e (1.5 mg),2f (2.5
mg), andlg (1.1 mg).

Fraction Il was chromatographed on an Si€lumn by flash
chromatography eluting with acetone in hexane solutions: fraction
eluted with MeCO/hexane (19:1) gave a fraction which, after purifica-
tion on RP-18 HPLC [MeOH/MeCN (4:1)], gave pure compoutds
(1.3 mg),1b (1.6 mg),2b (1.3 mg),2c (0.8 mg), andLf (1.3 mg).

Compounds Characterization.E-p-Coumaryl Linolenatel@). *H
NMR (CDCl) o: 7.12 (2H, d,J = 8.4 Hz, H-2'and H-6'), 6.81 (2H,

d, J = 8.4 Hz, H-3'and H-5'), 6.58 (1H, dJ = 11.7 Hz, H-7'), 5.71
(1H, dt,J = 11.7 and 6.6 Hz, H-§, 5.35 (6H, m, H-9, H-10, H-12,
H-13, H-15, and H-16), 4.82 (2H, dd,= 6.6 and 1.5 Hz, H-9'), 2.80
(4H, m, H-11 and H-14), 2.35 (2H, §,= 7.8 Hz, H-2), 2.04 (4H, m,
H-8 and H-17), 1.31 (10H, m, H-3—H-7), 0.88 (3H,X,= 6.9 Hz,
H-18).*C NMR (CDCk) ¢: 173.8 (C-1), 155.1 (C4, 132.0 (C-7'),
130.2 (C-2and C-6), 130.1-127.9 (C-9, C-10, C-12, C-13, C-15, and
C-16), 129.6 (C-9, 123.9 (C-8'), 114.8 (C-3&And C-5'), 61.2 (C-9'),
34.0 (C-2), 29.8-29.4 (C-4—C-7), 27.9, (C-8), 26.1 (C-11 and C-14),
25.1 (C-3), 21.2 (C-17), 14.3 (C-18). EI/M3/z 410 [M]*. Elemental
analysis, found: C, 79.08; H, 9.25,#1350; requires: C, 78.98; H,
9.33.

Z-p-Coumaryl Linoleatelp). 'H NMR (CDCl) 6: 7.11 (2H, d,J
= 8.7 Hz, H-2 and H-6"), 6.82 (2H, dJ = 8.7 Hz, H-3 and H-5),
6.58 (1H, d,J = 11.0 Hz, H-7), 5.70 (1H, dt,J = 11.0 and 6.4 Hz,
H-8"), 5.36 (4H, m, H-9, H-10, H-12, and H-13), 4.83 (2H, dds 6.4
and 1.5 Hz, H-9'), 2.77 (2H, m, H-11), 2.33 (2HJt= 7.9 Hz, H-2),
2.05 (4H, m, H-8 and H-14), 1.30 (16H, m, H-8-7 and H-15-H-

17), 0.88 (3H, tJ = 6.9 Hz, H-18).23C NMR (CDCk) ¢: 173.8 (C-

1), 155.1 (C-4"), 132.0 (C-7"), 130.2 (C&nd C-6"), 130.1-127.9 (C-
9, C-10, C-12, and C-13), 129.6 (C}1123.9 (C-8), 114.8 (C-3and
C-5'), 61.2 (C-9, 33.8 (C-2), 30.429.5 (C-4—C-7, C-15, and C-16),
27.7 (C-8 and C-14), 25.8 (C-11), 24.9 (C-3), 22.8 (C-17), 14.2
(C-18). EI/MS: m/z412 [M]*. Elemental analysis, found: C, 78.01;
H, 9.55. G/H40Os requires: C, 78.60; H, 9.77.

E-p-Coumaryl Linoleate (2b}H NMR (CDCL) 6: 7.24 (2H, d,J
= 9.0 Hz, H-2 and H-6"), 6.80 (2H, dJ = 9.0 Hz, H-3 and H-5'),
6.58 (1H, d,J = 15.3 Hz, H-7), 6.14 (1H, dt,J = 15.3 and 6.6 Hz,
H-8'), 5.35 (4H, m, H-9, H-10, H-12, and H-13), 4.70 (2HJd 6.6
Hz, H-9'), 2.77 (2H, m, H-11), 2.33 (2H, § = 7.9 Hz, H-2), 2.00
(4H, m, H-8 and H-14), 1.30 (16H, m, H-3-7 and H-15—H-17),
0.88 (3H, t,J = 7.0 Hz, H-18).13C NMR (CDCk) 6: 173.3 (C-1),
156.0 (C-4), 135.0 (C-7), 129.2 (C-2and C-6), 130.1 (C-8), 130.0-
127.9 (C-9, C-10, C-12, and C-13), 129.1 (§-115.6 (C-3and C-5),
64.2 (C-9"), 33.9 (C-2), 30.5—29.5 (C-4—C-7, C-15, and C-16), 27.9
(C-8 and C-14), 25.7 (C-11), 25.1 (C-3), 22.8 (C-17), 14.2 (C-18). El/
MS: m/z 412 [M]*. Elemental analysis, found: C, 77.92; H, 9.98.
C27H4005 requires: C, 78.60; H, 9.77.

Z-p-Coumaryl Oleatelc). *H NMR (CDCl) 6: 7.12 (2H, d,J =
8.7 Hz, H-2 and H-6'), 6.82 (2, dJ = 8.7 Hz, H-3 and H-5'), 6.58
(1H, d,J = 12.3 Hz, H-7), 5.71 (1H, dtJ = 12.3 and 6.6 Hz, H-3,
5.34 (2H, m, H-9 and H-10), 4.83 (2H, ddi= 6.6 and 0.9 Hz, H-9,
2.35 (2H, tJ = 7.2 Hz, H-2), 2.00 (4H, m, H-8 and H-11), 1.29 (22H,
m, H-3—H-7 and H-12H-17), 0.88 (3H, tJ = 6.7 Hz, H-18).1°C
NMR (CDCl) o: 173.8 (C-1), 155.3 (C-4'), 132.4 (C-7'), 130.3 (C-2'
and C-6"), 130.2 (C-9), 130.0 (C-10), 129.7 (§;124.2 (C-8), 115.2
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(C-3"and C-5"), 61.4 (C49, 34.3 (C-2), 31.9 (C-16), 29-729.1 (C-
4—C-7 and C-12—-C-15), 25.0 (C-3), 27.2 (C-8 and C-11), 22.7 (C-
17), 14.1 (C-18). EI/MS:m/z 414 [M]*. Elemental analysis, found:
C, 65.88; H, 10.12. gH4,05 requires: C, 78.21; H, 10.21.

E-p-Coumaryl OleateZc). *H NMR (CDCl) 6: 7.25 (2H, d,J =
8.9 Hz, H-2'and H-6'), 6.82 (2H, dJ = 8.9 Hz, H-3'and H-5'), 6.60
(1H, d,J = 15.5 Hz, H-7), 6.12 (1H, dtJ = 15.5 and 6.7 Hz, H-3,
5.34 (2H, m, H-9 and H-10), 4.73 (2H, d= 6.7 Hz, H-9), 2.34 (2H,
t,J = 7.2 Hz, H-2), 2.01 (4H, m, H-8 and H-11), 1.30 (22H, m, H-3
H-7 and H-12-H-17), 0.87 (3H, t,J = 6.7 Hz, H-18).13C NMR
(CDCl;) 6: 173.4 (C-1), 156.3 (C*¥, 134.4 (C-7), 130.3 (C-2and
C-6"), 130.3 (C-9), 130.1 (C-&nd C-10), 129.9 (C-1'), 115.7 (C-3'
and C-5'), 63.9 (C-9), 34.1 (C-2), 32.0 (C-16), 298.2 (C-4—C-7
and C-12—C-15), 24.9 (C-3), 27.3 (C-8 and C-11), 23.0 (C-17), 14.2
(C-18). EI/MS: m/z414 [M]*. Elemental analysis, found: C, 65.90;
H, 10.32. G/H4.05 requires: C, 78.21; H, 10.21.

Z-p-Coumaryl Stearate (1dH NMR (CDCl) 6: 7.28 (2H, dJ=
8.7 Hz, H-2'and H-6'), 6.82 (2H, dJ = 8.7 Hz, H-3'and H-5'), 6.58
(1H, d,J = 12.0 Hz, H-7), 5.70 (1H, dtJ = 12.0 and 6.2 Hz, H-3,
4.84 (2H, d,J = 6.2 Hz, H-9), 2.36 (2H, t,J = 7.8 Hz, H-2), 1.30
(30H, m, H-3-H-17), 0.88 (3H, tJ = 6.9 Hz, H-18)13C NMR (CDCk)
o: 173.2 (C-1), 155.4 (C*% 132.4 (C-7), 130.2 (C-2and C-6}, 129.4
(C-1), 124.2 (C-8'), 115.0 (C-3And C-5'), 61.6 (C-9, 34.2 (C-2),
31.6 (C-16), 29.9-29.1 (C-4-C-15), 24.8 (C-3), 22.9 (C-17), 14.5 (C-
18). EI/MS: m/z416 [M]*. Elemental analysis, found: C, 77.48; H,
10.87. G7H1405 requires: C, 77.83; H, 10.64.

E-p-Coumaryl Stearate (2dH NMR (CDCl) 6: 7.28 (2H, d,J=
8.7 Hz, H-2'and H-6'), 6.78 (2H, d) = 8.7 Hz, H-3'and H-5'), 6.58
(1H, d,J = 15.9 Hz, H-7), 6.15 (1H, dtJ = 15.9 and 6.9 Hz, H-§,
4.70 (2H, ddJ = 6.9 and 2.2 Hz, H-9'), 2.37 (2H,3,= 7.8 Hz, H-2),
1.27 (30H, m, H-3-H-17), 0.89 (3H, tJ = 6.7 Hz, H-18).23C NMR
(CDCl) 6: 173.2 (C-1), 156.4 (C*¥, 133.9 (C-7), 130.2 (C-2and
C-6"), 130.0 (C-8, 129.4 (C-1), 115.9 (C-3and C-5'), 62.6 (C-9,
34.1 (C-2), 30.9 (C-16), 29:929.1 (C-4—C-15), 24.9 (C-3), 22.7 (C-
17), 14.5 (C-18). EI/MS:m/z416 [M]*. Elemental analysis, found:
C, 77.95; H, 10.54. gH4405 requires: C, 77.83; H, 10.64.

Z-p-Coumaryl Arachidate (1efH NMR (CDCl) 6: 7.12 (2H, d,
J = 8.4 Hz, H-2'and H-6'), 6.81 (2H, dJ = 8.4 Hz, H-3'and H-5),
6.58 (1H, d,J = 11.7 Hz, H-7), 5.71 (1H, dtJ = 11.7 and 6.6 Hz,
H-8"), 4.82 (2H, dJ = 6.6 Hz, H-9), 2.35 (2H, t,J = 7.8 Hz, H-2),
1.29 (34H, m, H-3-H-19), 0.88 (3H, tJ = 6.9 Hz, H-20).13C NMR
(CDCl;) 6: 173.5 (C-1), 155.0 (C*¥, 132.4 (C-7), 130.0 (C-2and
C-6"), 129.6 (C-)), 124.4 (C-9), 115.2 (C-3and C-5'), 61.3 (C-9,
34.0 (C-2), 31.6 (C-18), 29:829.1 (C-4-C-17), 24.7 (C-3), 22.6
(C-19), 14.2 (C-20). EI/MS: m/z 444 [M]". Elemental analysis,
found: C, 77.99; H, 11.27. H4g03 requires: C, 78.33; H, 10.88.

E-p-Coumaryl Arachidate (2ejH NMR (CDCls) d: 7.20 (2H, d,
J = 8.7 Hz, H-2'and H-6"), 6.80 (2H, dJ = 8.7 Hz, H-3'and H-5'),
6.58 (1H, d,J = 15.9 Hz, H-7), 6.14 (1H, dtJ = 15.9 and 6.3 Hz,
H-8'), 4.70 (2H, ddJ = 6.3 and 2.2 Hz, H-9'), 2.37 (2H, §,= 7.8
Hz, H-2), 1.26 (34H, m, H-3H-19), 0.89 (3H, tJ = 6.7 Hz, H-20).
13C NMR (CDCh) 9: 173.3 (C-1), 156.4 (C*4, 133.8 (C-7), 130.1
(C-2 and C-6), 130.0 (C-8), 129.3 (C-1), 115.6 (C-3and C-5), 62.4
(C-9), 34.4 (C-2), 31.2 (C-18), 29:29.1 (C-4-C-17) 24.7 (C-3), 23.1
(C-19), 14.5 (C-20). EI/IMS: m/z 444 [M]*. Elemental analysis,
found: C, 77.99; H, 11.27. H4¢03 requires: C, 77.86; H, 11.45.

Z-p-Coumaryl Behenatelf). *H NMR (CDCl) ¢: 7.12 (2H, d,
J = 8.7 Hz, H-2'and H-6"), 6.82 (2H, dJ = 8.7 Hz, H-3'and H-5'),
6.58 (1H, d,J = 11.7 Hz, H-7), 5.71 (1H, dtJ = 11.7 and 7.2 Hz,
H-8'), 4.83 (2H, ddJ = 7.2 and 1.8 Hz, H-9'), 2.35 (2H, = 7.8
Hz, H-2), 1.29 (36H, m, H-3H-21), 0.88 (3H, tJ = 6.9 Hz, H-22).
3C NMR (CDCk) 6: 173.6 (C-1), 155.3 (C*¥ 131.8 (C-7), 129.9
(C-2 and C-6), 129.6 (C-1), 124.4 (C-8), 115.2 (C-3and C-5), 61.8
(C-9), 34.1 (C-2), 31.5 (C-20), 29:89.1 (C-4—C-19), 24.5 (C-3),
22.3 (C-21), 14.1 (C-22). EI/MSm/z472 [M]*. Elemental analysis,
found: C, 78.11; H, 11.25. £Hs,03 requires: C, 78.76; H, 11.09.

E-p-Coumaryl Behenate2f). *H NMR (CDCl) 6: 7.28 (2H, d,
J= 8.7 Hz, H-2'and H-6'), 6.78 (2H, dJ = 8.7 Hz, H-3'and H-5'),
6.58 (1H, d,J = 15.9 Hz, H-7), 6.15 (1H, dt,J = 15.9 and 6.9 Hz,
H-8"), 4.70 (2H, ddJ = 6.9 and 2.2 Hz, H-9'), 2.35 (2H, §,= 7.8
Hz, H-2), 1.27 (36H, m, H-3H-21), 0.89 (3H, tJ = 6.9 Hz, H-22).
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3C NMR (CDCk) ¢: 173.8 (C-1), 156.0 (C*¥, 133.5 (C-7), 130.2
(C-2 and C-6), 130.0 (C-8), 129.2 (C-1), 115.4 (C-3and C-5), 62.2
(C-9), 34.1 (C-2), 31.5 (C-20), 29:29.1 (C-4—C-19), 24.7 (C-3),
22.5 (C-21), 14.3 (C-22). EI/IMSmM/z472 [M]*. Elemental analysis,
found: C, 78.11; H, 11.25. £4Hs,0; requires: C, 78.76; H, 11.09.
Z-p-Coumaryl Lignoceratel@). *H NMR (CDCl) o: 7.14 (2H, d,
J = 8.8 Hz, H-2'and H-6'), 6.82 (2H, dJ = 8.8 Hz, H-3'and H-5"),
6.56 (1H, d,J = 11.7 Hz, H-7), 5.71 (1H, dt,J = 11.7 and 7.1 Hz,
H-8"), 4.83 (2H, ddJ = 7.1 and 1.8 Hz, H-9'), 2.35 (2H, § = 7.8
Hz, H-2), 1.26 (40H, m, H-3H-23), 0.88 (3H, tJ = 6.9 Hz, H-24).
3C NMR (CDCk) ¢: 173.8 (C-1), 155.2 (C*¥, 132.0 (C-7), 130.1
(C-2 and C-6), 129.8 (C-1), 124.6 (C-8), 115.6 (C-3and C-5), 64.8
(C-9), 34.3 (C-2), 31.5 (C-22), 29:@9.1 (C-4—C-21), 24.2 (C-3),
22.1 (C-23), 14.5 (C-24). EI/MSm/z500 [M]*. Elemental analysis,
found: C, 79.31; H, 11.29. £Hs¢03 requires: C, 79.14; H, 11.27.
Gas Chromatographic AnalysesA total of 0.1 mg of each pure
ester was dissolved in 0.2 mL of 2 N KOH in methanol in a 1 mL vial.

After the solution was stirred for 30 min, 0.8 mL of heptane was added.

The solution was mixed by a vortex mixer and centrifuged, using a
Beckman GS-15R centrifuge, for 10 min at 4000 rpm. A total o1

of the organic upper phase was analyzed by GC fitted with 100 m
0.25 mm i.d., 0.2um SP2380, fused silica capillary column (Supleco,
Bellefonte, PA). The column oven was held at I4Dfor 5 min and
then increased to 24 at 4°C/min. Injector and detector temperatures
were both 260°C. The carrier gas wasJNand the flow rate was 1.0
mL/min.

The fatty acid methyl esters were identified by comparing their
retention times with those of the standard fatty acid methyl esters
(Supelco 37 Component FAME Mix).

Extraction of “Annurca” Samples for Analytical HPLC Analyses.
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Figure 1. Structures of the E- and Z-p-coumaryl fatty acid esters isolated
from cv. Annurca apple fruits.

The COSY experiment showed correlations between the
doublet atd 7.12 and 6.82 and between the signabab.58

Samples of about 3 g each of the whole core free Annurca apples, peeland the triplet ath 5.71, which was also correlated with the
and pulp, obtained from both reddened and unreddened fruits, weremethylene at) 4.83. These data suggested the presence of a

cut into small pieces, frozen in liquid nitrogen, powdered in a mortar,
and lyophilized using a FTS-System Flex-Dry instrument. The powders
obtained were extracted by Soxhlet apparatus for 4 h with GH®k
crude extracts were dried to have residues, which were solubilized in
MeOH, with a final concentration of 0.5 mg/mL. A total of 0 of

each solution was analyzed byisCGHPLC with detection at 258 nm
and using a flow rate of 0.5 mL/min. The eluent was Me&WeCN

(4:1) in isocratic mode.

Antioxidative Activity. The antioxidative activity of each isolated
compound was measured by its inhibition of methyl linoleate autoxi-
dation in the bulk phase7). Methyl linoleate (294 mg, 1.0 mmol)
containing the isolated compound (each Qu5ol; 0.025 mol %, on
the basis of methyl linoleate) ar-tocopherol (0.025 mol %, on the
basis of methyl linoleate) was placed in a 1.5 cm diameter test tube
and incubated at 6TC in the dark. Methyl linoleate monohydroperoxide
was used as the standard peroxide. After 24 h of incubation, each sampl
(25 uL) was withdrawn and dissolved in 1.0 mL of ethanol. The
peroxide value in each sample solution was determined by the
iodometric method (8).

RESULTS AND DISCUSSION

The metabolites isolated from the Annurca apple fruits have
been characterized as tdeand E isomers of thep-coumaryl
esters of C18C24 saturated and unsaturated fatty adkigure
1). The first isolated compound was identifiedzp-coumaryl
oleate (1c). The elemental analysis and the EE spectrum,
which showed the molecular ion ah/z 414, indicated a
molecular formula of gH4,03.

The!H NMR showed, in the olefinic region, four protons of
an AA'BB' system ab) 7.12 and 6.82, a doublet &t6.58 (J=
12.3 Hz), a double triplet at 5.71 (J= 12.3 and 6.6 Hz), and
two protons as a multiplet centereddeb.34. Also present were
two protons as a double doublet @&t4.83 (J= 6.6 and 0.9
Hz), two protons as a triplet @t2.35 (J = 7.2 Hz), four protons
as a multiplet ad 2.00, 22 protons abt 1.29, and a methyl as
a triplet ato 0.88.

e

p-coumaryl alcohol moiety, and the coupling constant value of
the propenylic chain indicatedzgeometry for the double bond.
The 13C NMR confirmed the hypothesis, showing two proto-
nated aromatic carbons @t115.2 and 130.3 and two tetrasub-
stituted carbons ad 129.7 and 155.3, besides the olefinic
methynes ab 132.4 and 124.2 and a methylene carbor at
61.4. The HMBC experiment showed correlations between the
aromatic protons ad 7.12 and the carbons ét155.3, 129.7,
and 132.4 and between the protong & 82 and the carbons at

0 155.3 and 129.7. Finally, the carbinol protons were correlated
with both the olefinic carbons and the carbonyl carbor at
173.8, which showed cross-peak with the protons at35.

These data suggested the structure @-g-coumaryl ester
of an unsaturated fatty acid. To identify the acidic moiety, 0.1
mg of the ester was hydrolyzed and methylated by a methanolic
KOH and confirmed by GC with authentic samples. The GC
analysis revealed the presence of methyl oleate, confirming the
hypothesized structure.

Compoundd.a—1gshowed similar NMR data for the alcohol
moiety, indicating the presence of tddsomer ofp-coumaryl
alcohol. The differences were due to the acidic moieties, which
were identified by GC analyses by comparison of the retention
time (RT) of the samples with those of the pure standard. The
chromatograms of the methyl derivatives of compoubalslb,
1d, 1le, 1f, and 1g showed peaks at RT 30.81 min (methyl
linolenate), 29.14 min (methyl linoleate), 26.63 min (methyl
stearate), 29.66 min (methyl arachidate), 32.32 min (methyl
behenate), and 35.81 min (methyl lignocerate), respectively.

Compound2b—2f were the isomers of compoundb—1f.

The most abundand, was identified ag&-p-coumaryl stearate.
The EI-MS spectrum and the elemental analysis indicated a
molecular formula @H4403. TheH NMR showed differences
because of th& geometry of the propenylic chain. The ABB'
system of the 1,4-disubstituted aromatic ring was shifted at
7.28 and 6.78J = 8.7 Hz), and the propenylic chain signals
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_ _Retem'on e (e Figure 3. RPg-HPLC analysis of the peel (A) and pulp (B) extract of the
Figure 2. RP15-HPLC analysis of the extracts of the unreddened (A) and reddened fruits of cv. Annurca apples. Flow rate, 0.50 mL/min; concentra-
reddened (B) whole cv. Annurca apples. Flow rate, 0.50 mL/min; tion, 0.5 mg/mL; injection volume, 50 L.
concentration, 0.5 mg/mL; injection volume, 50 uL.

30

were present as a doublet @t6.58 (J= 15.9 Hz), a double

triplet atd 6.15 (J= 15.9 and 6.9 Hz) and a double doublet at g
0 470 g = 6.9 and 1.2 Hz). Two-dimensional experiments L
confirmed the presence Bfp-coumaryl alcohol in the molecule. g
These data were present in the spectra of comp@ime?2f, 2
indicating the same alcoholic moiety in the molecules. The 2
differences were due to the fatty acids. In fact, GC analyses of g
compoundgb, 2c, 2f, and2g showed peaks with RT at 30.81 8
min (methyl linolenate), 27.65 min (methyl oleate), 26.63 min =S

(methyl stearate), 29.66 min (methyl arachidate), and 32.31 min
(methyl beheate), respectively. Compowidwas previously
isolated fromBuddleja globosastembark (9).

Whitaker et al. {0) reported the presence & andZ-p- B unreddened fruits @ reddencd friuts
coumaryl fatty acid esters in the epicuticular wax from cv. Gala Figure 4. Composition (%) of p-coumaryl fatty acid esters of unreddened
apple. The fatty acids present in the esters isolated from thisand reddened cv. Annurca apple fruits.
cultivar were all saturated and had 16—26 carbons. These
compounds are present at high concentration in few cultivars with those of the pure compounds. The results are reported in
as cv. Gala and cv. Annurca apples but are absent in otherFigures 2and3.
cultivars. Figure 2 shows the comparison between the unreddened and

The esters were isolated from cv. Annurca apple containing reddened whole fruits. The content of ireoumaryl fatty acid
unsaturated C-18 acyl groups and saturated fatty acids compose@sters in the reddened apples were greater than those in the green
of 18—24 carbons. To localize the esters in the cv. Annurca ones. The increase prcoumaryl fatty acid esters of over 300%
apple and to understand their variations during the maturation during reddening has been estimated by integrating all of the
period, 3.0 g each of lyophilized unreddened and reddenedester peaks in the HPLC—UV chromatogranksgure 3B
whole apples, unreddened and reddened peel, and unreddeneshowed the absence of these compounds in the pulp of the
and reddened pulp, in triplicate, were exhaustively extracted in apples, while localization in the peel of the fruits was confirmed
a Soxhlet apparatus with CHLIThe crude extracts were as seen irFigure 3A.
analyzed by HPLC with detection at 258 nm. All of the Figure 4 reports the percentage of each compound with
compounds were identified by comparing of the retention times respect to the wholep-coumaryl fatty acid esters in the

1d 2d 1le
compounds

le 2¢ Ze

1b 2b
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100 (3 esters in the peel of apple fruits seems to act as phytoalexins or
90 B feeding repellents1@). The compounds showed a good anti-
80 oxidant activity, probably because of the phenolic moiety in
70 the molecules. The antioxidant activities &-p-coumaryl

80 palmitate and thé&-p-coumaryl oleate were recently found to

50 be as high as those of commercial antioxidative compoub®Js (
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% inhibition of
autoxidation of methyl linoleate
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