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The hexane extract of apple seed was analyzed by GC±MS and found to consist
mainly of fatty acids (80.9%) in its volatile fraction with linoleic acid as the most
dominant one (51.2%), followed by palmitic, linolenic, stearic and oleic acids (10.5,
5.6, 4.3 and 4.1%, respectively). The seed pomace was further extracted with 70%
aqueous acetone to yield two major compounds, [(6-O-�-d-glucopyranosyl-�-
d-glucopyranosyl)oxy]benze-neacetonitrile (amygdalin) (1) and phloretin-20-�-
d-glucopyranoside (phloridzin) (2), which were identi®ed by NMR spectroscopy. A
number of minor polyphenols were also identi®ed using HPLC/DAD as chloro-
genic acid, p-coumarylquinic acid, 3-hydroxyphloridzin, phloretin-20-xylogluco-
side and quercetin glycosides. # 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

A large quantity of apple pomace from juice processing
operations is produced worldwide. In New Zealand some
20 000 tonnes are produced annually and mostly used as
stock feeds. As a result of its abundance, apple pomace has
attracted numerous investigations primarily seeking better
applications, but most of these have involved low value
products (Kennedy, 1994). We recently investigated the
polyphenol constituents contained in apple pomace (Lu
and Foo, 1997) as such compounds have attracted a great
deal of interest in potential health bene®ts due to their
antioxidant activity (Okuda, 1993; Rice-Evans et al.,
1996). Seed makes up a signi®cant part of apple pomace
andprevious studies on apple seed havemainly focused on
the protein and fat contents as food and feed ingredients
(Kamel, 1981).While there are extensive data on phenolic
compounds in apples (skin and ¯esh) and apple products
(Dick et al., 1987; Oleszek et al., 1988; Suarez Valles et
al., 1994), there is limited information on the chemical
composition of apple seed (Durkee and Poapst, 1965).
This work aims to ®ll the gap as part of our study on
apple waste as a potential source of speciality chemicals.

MATERIALS AND METHODS

Extraction

Royal Gala apple seed was collected from apple pomace
provided by Frucor (formerly Enza) Processors Ltd in
Hastings, New Zealand. The ®nely milled (sieve 1mm)

seed (25 g) was ®rstly extracted with hexane (3�50ml)
and then with 70% aqueous acetone (3�50ml) to yield
the non-polar fraction as an oil (5.0 g) and the polar
extract as a freeze-dried powder (1.6 g), respectively.

GC±MS analysis of hexane extract

A drop of the hexane extract was dissolved in diethyle-
ther (1ml) and methylated by addition of ethereal dia-
zomethane solution (1ml) freshly prepared from N-
methyl-N-nitroso-p-toluenesulfonamide (Diazald1,
Aldrich). The methylated sample (2�l) was injected
onto a HP Ultra-2 column (20m�0.3mm, I.D.) pro-
grammed from 80�C (2min hold) to 250�C (20min
hold) at 10�C minÿ1 and installed in an HP 5890 GC
instrument interfaced to a HP MSD 5970 spectrometer
(m/z 40±400, EI at 70 eV). Helium was used as carrier
gas. Free fatty acids were identi®ed as the correspond-
ing methyl esters.

Isolation and identi®cation of major compounds from
acetone extract

The freeze-dried acetone extract (1.5 g) dissolved in
water (5ml) was applied to a HP20 column (20�1.5 cm,
I.D.) prepared in water. The column was eluted with
water (100ml) to remove sugars, followed by aqueous
methanol (methanol content being increased from 10 to
70% in increments of 10%, each 50ml). Chromato-
graphic fractions in 20ml lots were collected and moni-
tored by UV. Fractions 1±6, and 11 and 12 were
combined, respectively, to a�ord two compounds (1)
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and (2). The former was ca 85% pure (estimated by 13C
NMR) while the purity of the latter was 95% (HPLC).

1H and 13C NMR spectra of isolated compounds
were recorded at ambient temperature on a Bruker AM
300. Chemical shifts (ppm) were referenced to TMS
(1H) or to the solvent signal (13C).

Compound (1) was identi®ed as amygdalin. 1H NMR
(300 MHz, D2O/CD3COCD3 2:1): � 3.23-4.25 (12H,
sugar-H), 4.53 (1H, d, J 7.7 Hz, H-10), 4.60 (1H,
obscured, H-100), 5.91(1H, s, H-7), 7.51 (3H, m, H-3, H-
4, H-5), 7.60 (2H, d, J 5.7 Hz, H-2, H-6). 13C NMR (75
MHz, D2O/CD3COCD3 2:1): � 61.59 (C-600), 69.13 (C-
60), 69.28 (C-7), 70.10 (C-40), 70.49 (C-400), 73.67 (C-20),
74.05 (C-200), 76.40 (C-30, C-50), 76.73 (C-300, C-500),
102.51 (C-10), 103.67 (C-100), 119.37 (C-8), 128.16 (C-2,
C-6), 129.98 (C-3, C-5), 130.93 (C-4), 133.61 (C-1).

Compound (2) was identi®ed as phloridzin. 1H NMR
(300 MHz, CD3COCD3): � 2.89 (2H, t, J 7.4 Hz, �-
CH2), 3.4-4.0 (8H, m, sugar-H, a-CH2), 5.08 (1H, d, J
7.6 Hz, H-100), 6.00 (1H, d, J 2.2 Hz, H-50), 6.32 (1H, d, J
2.2 Hz, H-30), 6.74 (2H, d, J 8.4 Hz, H-3, H-5), 7.10 (2H,
d, J 8.4 Hz, H-2, H-6). 13C NMR (75 MHz,
CD3COCD3): � 30.16 (�-CH2), 46.29 (a-CH2), 62.46 (C-
600), 71.04 (C-400), 74.25 (C-200), 77.90 (C-500), 78.06 (C-
300), 95.42 (C-50), 97.97 (C-30), 101.95 (C-100), 106.28 (C-
10), 115.90 (C-3, C-5), 130.17 (C-2, C-6), 133.19 (C-1),
156.28 (C-4), 162.08 (C-20), 165.54 (C-60), 167.09 (C-40),
205.88 (C=O).

HPLC analysis of acetone extract

The HPLC analysis was performed on an HP instru-
ment, series 1100 equipped with vacuum degasser, qua-
ternary pump, autosampler, thermostatted column
compartment and DAD detector, connected to Chem-
station software. The column used was LiChrospher1

100 RP-18 (5�m) (125�4mm I.D.) equipped with a
guard column of the same material and thermostatted at

30�C. Solvents used were solvent A (HOAc-H2O, 2:98,
v/v) and solvent B (CH3CN-HOAc-H2O, 20:2:78, v/v)
starting with linear gradient from 20% B to 60% B in
40min, increasing to 100% B in 20min, then isocrati-
cally for 20min. The ¯ow rate was 0.5ml minÿ1 and
compounds were monitored by UV absorption at
280 nm.

RESULTS AND DISCUSSION

GC±MS analysis of hexane extract

The hexane extract of apple seed was methylated with
diazomethane and its volatile fraction analyzed by gas
chromatography-mass spectroscopy (GC±MS). Forty-
six compounds were detected, most of which were fatty
acids (as their methyl esters) (see Table 1). Linoleic acid
was by far the most dominant fatty acid, followed by
palmitic, linolenic, stearic, and oleic acids. Minor acids,
found at levels between 0.2 and 4%, were eicosanoic
acid, eicosenoic acid, docosanoic acid, hexanoic acid,
octanoic acid and heptadecanoic acid. A number of fatty
acids present below 0.2% were also detected and they are
included in Table 1 as trace components. As shown in
Table 1, some fatty acids were also detected as natural
ethyl, butyl and hexyl esters, albeit in small amounts
compared to the free acids. Linoleic acid, including its
esters, made up 51.2% of the total volatile fraction of
the hexane extract.

Squalene and nonacosane (3.4 and 3.6%, respec-
tively) were also present and formed the two major
components of the non-fatty acid fraction. Several
compounds present at levels ranging from 0.2 to 2.6%
were also detected in the GC±MS, but their identity was
not established.

Isolation and identi®cation of major compounds from
acetone extract

The 70% aqueous acetone extract of the oil-free apple
seed residue yielded a brown-coloured material which
consisted predominantly of sugars, the 13C NMR spec-
trum of which showed that it contained fructose, glu-
cose and sucrose in a ratio of ca 2.5:2:1, respectively.
These sugars were removed by chromatography on an
HP20 column and the absorbed phenolics separated by
elution with aqueous methanol. In this way, two com-
pounds (1) and (2) were isolated and further character-
ized by 1H and 13C NMR spectroscopy.

The 1H NMR spectrum of the more mobile com-
pound (1) showed the presence of sugars as indicated by
the multiple signals in the � 3.2 to 4.3 region. This was
corroborated by 13C NMR which showed the presence
of 12 signals assignable to two hexose molecules which
were associated with the proton signals in the H,C-
COSY spectrum. The down®eld shift of the C-6 signal
(� 69.13) suggested involvement of the C-6 hydroxyl in
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the 1!6 interglycosidic linkage. As the sugars com-
monly occurring in glycosidic form are all readily dis-
tinguishable from one another by 13C NMR
spectroscopy, comparison of the 13C NMR data with
those reported (Markham and Chari, 1982) led to the

assignment of gentiobiose (two glucopyranoses linked
by 1!6 bond). The 13C NMR of compound (1) also
showed the presence of an aromatic ring; the chemical
shifts (� 128.16 (�2), 129.98 (�2), 130.93 and 133.61)
were consistent with a mono substituted benzene ring. A
quarternary carbon observed at 119.37 ppm and an
oxygenated carbon at 69.28 ppm in the 13C NMR spec-
trum, together with a singlet at 5.91 ppm in the 1H
NMR spectrum, suggested the presence of a cyano-
hydrin group (Schwind et al., 1990). From this spectral
evidence, the compound was assigned as [(6-O-�-d-
glucopyranosyl-�-d-glucopyranosyl)oxy]benzene-aceto-
nitrile, or amygdalin. Con®rmation of the chemical
structure of this compound was achieved by spectral
comparison with published data for amygdalin
(Ribeiro, 1990; Nahrstedt et al., 1990).

Amygdalin, a cyanogenic diglucoside, is widespread
in the seeds of Rosaceae, principally in bitter almonds,
but also in the stones of peaches and apricots (Nahr-
stedt, 1972; He and Li, 1988; Femenia et al., 1995).
While its presence in apple seeds has also been reported,
no details on its isolation or spectral data were available
(Dziewanowska et al., 1979).

Compound (2) was identi®ed as phloretin-20-�-d-glu-
copyranoside (phloridzin). Its 1H NMR spectrum
showed, in the aliphatic region, two mutually coupled
triplets (� 2.9 and 3.5, J 7.4 Hz) which were attributable
to the a and � methylene protons adjacent to a carbonyl
group. In the aromatic region there were two mutually
coupled doublets (� 6.0 and 6.3, J 2.2 Hz) characteristic
of the unsymmetrically substituted phloroglucinol ring,
and an AA0BB0 type quartet (� 6.7 and 7.4, J 8.4 Hz) for
protons of the p-disubstituted phenyl ring. The presence
of a sugar moiety was also apparent in the proton
spectrum (� 3.4±4.0) and the �-con®guration of the
sugar was indicated by the large coupling of the
anomeric proton (� 5.1, J 7.6 Hz). These data were
consistent with the structure of phloridzin and further
con®rmed by spectroscopic and HPLC comparison with
an authentic sample previously isolated from apple
pomace (Lu and Foo, 1997). Phloridzin has been known
as an apple constituent for a long time and generally
accepted as a marker compound for apple products
(Spanos and Wrolstad, 1992; Tomas-Barberan et al.,
1993). Recently, its level in apple seed coat (0.2±5.2%
DM) was reported (Jham, 1996), which is consistent
with the present study. Phloridzin is clearly the most
prominent polyphenol in apple seed, representing about
75% of the total polyphenols.

HPLC analysis of acetone extract

By UV detection the acetone extract showed one domi-
nant peak (peak 14) in the HPLC chromatogram (see
Fig. 1), accompanied by a number of smaller peaks.
This major peak was identi®ed as phloridzin, as descri-
bed earlier. The identity of the minor polyphenols was
achieved by HPLC and UV±VIS absorption comparison

Table 1. Compounds detected in the methylated hexane extract
of apple seed

Peak
no

RT
(min)

Compound (m/z) %

1 4.03 benzaldehyde t
2 4.76 unknown (45, 59, 72, 89) 0.42
3 6.52 methyl octanoate t
4 6.77 unknown (41, 55, 69, 84) 0.40
5 7.43 2-dodecenal t
6 8.11 methyl nonanoate t
7 8.30 hexyl pentanoate t
8 9.25 deca-2,4-dienal 0.49
9 9.60 isomer of peak 8 0.63
10 10.51 hexyl hexanoate 0.54
11 12.23 unknown (41, 91, 107) 1.74
12 12.83 unknown (41, 69) 0.49
13 12.98 unknown (41, 110, 152) 1.22
14 13.13 hexyl octanoate 0.49
15 14.26 unknown (43, 119) 0.77
16 14.41 unknown (43, 93, 162) 2.62
17 14.86 methyl myristate t
18 15.33 unknown (43, 110) 0.99
19 15.99 methyl pentadecanoate t
20 16.87 methyl palmitoleate t
21 17.14 methyl palmitate 9.93
22 17.79 ethyl palmitate 0.56
23 18.13 methyl heptadecanoate 0.28
24 19.05 methyl linoleate 37.71
25 19.08 methyl linolenate 5.60
26 19.09 methyl oleate 4.12
27 19.20 methyl stearate 4.33
28 19.57 ethyl linoleate 4.31
29 19.61 ethyl oleate t
30 19.81 ethyl stearate t
31 20.19 methyl nonadecanoate t
32 20.88 tricosene 4.29
33 21.15 methyl eicosenoate 1.05
34 21.47 methyl eicosanoate 2.18
35 21.74 an alkene 0.38
36 21.92 butyl linoleate 1.50
37 22.22 hexyl palmitate 0.61
38 23.01 methyl heneicosanoate t
39 24.99 methyl docosanoate 0.72
40 25.59 hexyl linoleate 3.30
41 26.24 a benzyl ester t
42 27.49 methyl tricosanoate t
43 30.72 methyl tetracosanoate t
44 31.88 unknown (91, 279) 1.13
45 34.96 squalene 3.40
46 38.52 nonacosane 3.59

palmitic acid 10.49
stearic acid 4.33
oleic acid 4.12
linoleic acid 51.15
linolenic acid 5.60
total fatty acids 80.91

Free acids were identi®ed as methyl esters in the methylated
sample; t indicates that the level of the compound was less
than 0.2%.
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with authentic samples obtained previously from apple
skin pomace (Lu and Foo, 1997). These were chloro-
genic acid (peak 1), p-coumarylquinic acid (peak 3), 3-
hydroxyphloridzin (peak 9), phloretin-20-xyloglucoside
(peak 11) and a mixture of quercetin glycosides consist-
ing of galactoside, rutinoside, glucoside, xyloside, ara-
binoside and rhamnoside (peaks 6, 7, 8, 10, 12 and 13,
respectively). Chlorogenic acid, phloretin and quercetin
glycosides are common constituents of apples (Dick et
al., 1987; Oleszek et al., 1988), while p-coumarylquinic
acid was ®rst isolated from immature apple fruit as a
minor component (Whiting and Coggins, 1975), and 3-
hydroxyphloridzin was only recently identi®ed as a nat-
ural apple constituent (Lu and Foo, 1997).

The UV absorption spectra of the three unidenti®ed
peaks, peak 2 (�max at 232 and 300 nm), peak 4 (�max at
232 and 284 nm) and peak 5 (�max at 230 and 280 nm)
suggested they are of the dihydrochalcone or ¯avanone
chemical constitution. The UV spectrum of peak 4 was
similar to that of 3-hydroxyphloridzin (peak 9) and,
because of its higher mobility in the HPLC, it was
probably a disaccharide of 3-hydroxyphloretin, possibly
3-hydroxyphloretin-20-xyloglucoside by analogy with
phloretin-20-xyloglucoside.

Phloridzin alone accounted for ca 75% of the total
apple seed polyphenols, followed by phloretin-20-xylo-
glucoside (ca 9%) and quercetin-3-galactoside (ca 6%).
These values are in sharp contrast to the apple poly-
phenols where there was a more even distribution of
various components with phloridzin comprising ca
20%. The range of polyphenols is very restricted in the
seed while, in apple fruit, there was a wider range of
compounds and in particular the presence of epicatechin
and its oligomers (Burda et al., 1990), which were
absent in the seed.

CONCLUSION

Free fatty acids were the dominant GC-detectable com-
ponents of the hexane extract in apple seed with linoleic

acid (51.2%) as the principal acid. The polar fraction
obtained by extraction with 70% aqueous acetone con-
tained two major compounds, amygdalin and phlorid-
zin, the latter making up to ca 75% of the total
polyphenols. Minor components detected were chloro-
genic acid, p-coumarylquinic acid, 3-hydroxyphloridzin,
phloretin-20-xyloglucoside and six quercetin glycosides
(arabinoside, galactoside, glucoside, rhamnoside, ruti-
noside and xyloside). These results showed that apple
seed is a good source of linoleic acid and phloridzin
while ¯avonoids and procyanidins were absent or pre-
sent at low levels.
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