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A new biophenolic secoiridoid was identified in Australian Frantoio olive mill waste (OMW) extracts.
Isolation, purification, and structure elucidation were performed. Hydroxytyrosyl acyclodihydroelenolate,
the first nonaldehydic acyclic secoiridoid, is reported. A second compound was identified as
p-coumaroyl-6'-secologanoside (comselogoside), and although it has been identified recently in OMW
and leaves, this is the first time it has been identified in both OMW and olive fruits. UV, mass spectral,
and NMR data are given for both compounds. The two compounds were quantified by HPLC-DAD,
and their antioxidant potential was assessed against the classical olive biophenols, hydroxytyrosol
and oleuropein, by the in vitro DPPH radical scavenging assay.

KEYWORDS: Secologanoside; hydroxytyrosol; oleuropein; p-coumaric acid derivative; NMR; LC-MS;
DPPH
INTRODUCTION resonance (NMR) spectroscopy. The antioxidant activity of these

ovel compounds was compared with other olive biophenols
sing the 2,2-diphenyl-1-picrylhydrazyl radical (DP#Kcav-
enging assay (9).

There has been intense interest in the biophenols extractec{]
from olive. This can be attributed to the association of these
compounds with various bioactivitied {3). Olive biophenols
are now recognized as potential nutraceutical targets for the foodN| ATERIALS AND METHODS
and pharmaceutical industrie®«5). For example, oleocanthal,
the dialdehydic form of deacetoxyligstroside aglycone, is found Olive Mill Waste. Frantoio fruit, 90% black skin coloration, was
in olives and dose-dependently inhibits COX-1 and COX-2 Processed at Riverina Olive Grove, Wagga Wagga, Australia, in May
activities, similar to nonsteroidal anti-inflammatory drugs such 2003 using a commercial two-phase olive oil mill (Pieralisi, Italy) and
as ibuprofen ). The majority of the olive crop is used for oil a malaxation time and temperature of 1 h andt2Q °C, respectively

ducti Iting in th fi fl titi f (8). The fresh waste was stored under liquid nitrogen without delay
production, resuiing In the generation or large quantities of o, yhen freeze-dried in a Dynavac FD12 freeze-dryer (Sydney,

waste. Modern two-phase mills consume little or no water, and asyralia). The freeze-dried OMW was stored in screw-capped amber-
in this case the waste is mainly solid in nature, commonly cojored glass containers at20 °C. The weight of the freeze-dried
described as alperujo or pomace. This study focuses on two-OMW powder was taken as the dry weight. Gross properties of the
phase mill waste as this is the main waste-stream from waste have been reported elsewhere (8).

Australian mills. Olive mill waste (OMW) will be used Recovery of Target Compounds Freeze-dried powder (7 g) was
exclusively to refer to the waste generated from a two-phase extracted with extrac_tion solvent (methanol/water/HC#20+1 v/v/
processing system. The phenolic fraction of the oil comprises V; 40 mL) for 30 min at ambient temperature (20 2 °C). After
only 2% of the total phenolic content of the olive fruits, with filtration, the raffinate was re-extracted with 30 mL of the same

the remaining 98% being lost in the OMW (7). Coupled with extragtion s_olvent for 15 min an(_j filte_red over the first filtrate. The
. . . o . combined filtrate was defatted twice withhexane (40 mlx 2). The
the mcrea_sed pro_ductlon of olive oil |_n A“S”‘?"a and the defatted extract was concentrated in a rotary evaporator for 30 min (at
accumulation of olive waste, we have viewed this waste as a <35 (), reconstituted with 10 mL of methanol/water/acetic acid (31:
potential resource and source of valuable natural products andgg:1, viv/v), and saturated with sodium chloride before being filtered
products for biotechnology and complementary medicBle ( through GF/F filter. The filtrate was extracted with ethyl acetate (15
This paper describes the structure elucidation of two new mL x 4), and the combined extract was dried over anhydrous sodium
biophenols from OMW based principally on nuclear magnetic sulfate before removal of ethyl acetate under vacuum3 °C. The
residue was reconstituted in methanol/water/acetic acid (31:69:1, v/v/
N - - v) and filtered through a 0.45m PTFE syringe filter. The ethyl acetate
273%Og_rﬁg)if)agBgrﬁg%%rsg_eégﬂhgf1'2'6933'2547’ fax-61-2-6933- extract was unstable, showing decreased recovery of biophenols,
t Charles Sturt University. particularly hydroxytyrosol acyclodihydroelenolate, even when stored
* Macquarie University. at 4°C, so evaporation and reconstitution were performed without delay.
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Fractionation. Strata-X GIGA SPE tubes (1 g, 12 mL) (Phenom-
enex, Lane Cove, Australia) were conditioned with 20 mL of methanol
and then equilibrated with 20 mL of water/acetic acid (100:1, v/v).
Samples were loaded, and the SPE tube was washed with 30 mL of
methanol/water/acetic acid (31:69:1, v/v/v). The fraction containing
compoundA was eluted with 25 mL of methanol/water/acetic acid (45:
55:1, viviv). A wash step with 30 mL of methanol/water/acetic acid
(51:50:1, v/viv) was applied before elution of the fraction containing
compoundB with 25 mL of methanol/water/acetic acid (62:38:1, v/v/
v). The flow rate throughout the whole SPE elution experiment was
kept at ca. 2 mL/min by adjusting the applied vacuum. Subsequently,
removal of organic solvent was performed under vacuurm 2 °C,
and the aqueous residues were freeze-dried.

The process was monitored with analytical-scale HPLC as previously
described (8). This involved gradient elution using aqueous methanol
and a mixture of methanol, acetonitrile, and acetic acid at a flow rate
of 1 mL/min using a 150 mmx 4.6 mm i.d., 5um, Luna C-18(2)
column (Phenomenex).

Purification. The freeze-dried fractions were reconstituted with 80%
methanol and filtered through Qu2n syringe nylon filter (Phenomenex).
Separation, isolation, and purification of the filtered and reconstituted
SPE fractions were performed using semipreparative HPLC. The system
comprised a Perkin-Elmer binary LC-pump 250, ProStar 325-\i¢
detector (Varian, Palo Alto, CA) with preparative dual path flow cell,
9 mm x 1 mm, and a Varian 9300 autosampler (Varian) with a 1000
uL sample loop. Fractionation was performed on a 2500 mm i.d.,

5 um, Alltima C18 column connected to a 38 7 mm i.d., 10um,
Alltima Prep-Guard C18 guard column. Varian Star 6.2 software was
used to control the autosampler and the UV—vis detector (280 nm).
For the isolation of compound, solvent A was water/methanol (95:

5, v/v) and solvent B was methanol/acetonitrile (50:50, v/v). A stepwise
linear gradient elution at a constant flow rate of 5 mL/min was
performed for a total run time of 25 min as follows: starting from
75% solvent A and 25% solvent B, isocratic elution was performed
for 3 min and then increased to 30% solvent B over 3 min, again
isocratic for 9 min, increased to 35% solvent B over 5 min, and finally
increased to 80% solvent B over 5 min. A different gradient program
at a constant flow rate of 4.5 mL/min was used for the isolation of
compoundB: starting from 70% solvent A and 30% solvent B, isocratic
elution was performed for 5 min and then increased to 35% solvent B
over 5 min, again isocratic for 5 min, increased to 60% solvent B over
5 min, and returned to 30% solvent B over 5 min. Eluents were once
again monitored by analytical-scale HPLC.

The collected fractions were concentrated under vacuum &C37
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Figure 1. Reverse phase HPLC profile of crude hexane-washed OMW
hydroalcoholic extract using analytical-scale conditions except for detection
at 278 and 335 nm. Peaks: (1) hydroxytyrosol glucoside; (2) hydroxyty-
rosol; (3) verbascoside; (4) compound A; (5) compound B; (6) luteolin.

Spectral widths were set to allow at least 0.5 ppm on either side of
observed resonances. 1D NMR spectra were recorded (6009.62 Hz)
with 32K data points zero filled to 64K and resolution enhanced using
a Gaussian multiplication of the raw FID (Gaussian broadewiry2,
line broadening= —2 Hz) before Fourier transformation. All 2D NMR
experiments were run with quadrature detection witH apectral width
of 6009 Hz and a recycle delay of 2 s. Chemical shifts were referenced
to the residuatls-DMSO (6H 2.49;0C 39.8). High-powetH /2 pulses
were determined to be 104 and low power (for MLEV spin lock)
at 25 ms. Thé3C high-powert/2 pulse was 11.@s, and a low-power
pulse of 65us was used for GARP4 decoupling. Gradient pulses were
delivered along the-axis using a 100-step sine program.
Homonuclear proton—proton correlation was achieved with the
eCOSY sequence (10) using gradient pulses for selection. The data
were recorded in 4K data points it and 512 data points iti. Points
were predicted out to 8K data points 12 and 1K data points inl
(maximum entropy) and zero filled to 8K and 4K data points,
respectively. The data were processed using/2asine-bell shifted
apodization in both dimensions and carefully phase corrected. TOCSY
experiments were recorded over 2K data point$2irand 512 intl
using the X_M16 sequence (11) for the mixing time (30 ms; P20

for 45 min to remove the organic solvents. The aqueous residues werems, SPO= 8.86 dB). The data were processed using/2 sine-bell
freeze-dried and stored at20 °C in airtight, amber glass containers  shifted apodization in both dimensions. HSQC spectra were recorded
until required. The isolated compounds showed a single major peak over 2K data points iri2 and 512 data points itl (10—170 ppm)
(ca. 70%) in their HPLC chromatograms at 278 nm. Further purification using the sensitivity-enhanced double INEPT transfer with no trim
via semipreparative HPLC as before, except that solvent A was water pulses and adiabatic pulses f8€ decoupling inf2 (12). The spectra
and solvent B was acetonitrile, yielded peaks that were chromatographi-were made phase sensitive using eehotiecho gradient selection (80:
cally at least 90% pure. 20:11:-5). Long-rangeH—C correlation (HMBC) spectra were
Liquid Chromatography —Mass Spectrometry (LC-MS).Samples recorded with 2K data points id (10-210 ppm) and2 and processed
were analyzed using a Beckman (Fullerton, CA) liquid chromatograph with magnitude calculation irfl to destroy all phase information.
comprising a 126 pump and a 168 diode array detector coupled to a Spectra were obtained with a low-passilter (145 Hz) to suppress
Quattro Il mass spectrometer [Micromass (Waters), Manchester, U.K.]. one-bond correlations. No decoupling was used during the acquisition,
The same column and conditions used for analytical-scale HPLC were and gradient pulses (50:30:40.1) were used for selection. Two experi-
used for LC-MS except for replacement of acetic acid by formic acid ments were run, optimized for 20 and 5 Hz long-range couplings,
in the mobile phases). The eluent was split such that 160 min~* respectively. Long-range heteronuclear couplings were quantified with
of the flow was directed to the electrospray source. Mass spectrometricthe J-HMBC experiment1) using heteronuclear zero and double-
scans were performed in both positive and negative ion modes, scanningquantum coherence for determination of long-range coupling constants
from m/z80 to 1500 in 1 s. Cone voltages of 30 (negative ion) or 35 (optimized for 2.5 Hz) by the splitting ifil (scaled by %). Phase-
V (positive ion) and 70 V (both modes) were employed. Data were sensitive acquisition was achieved using eehaotiecho gradient
acquired by both the Masslynx data system for the mass spectrometerselection, and one-bond coupling (13060 Hz) was suppressed using
and the Beckman data system for the diode array; two wavelengths, a 2-fold low-pass-filter. Through-space connectivities were obtained
280 and 520 nm, from the diode array were also recorded by the using 2D homonuclear correlation via dipolar coupling (NOESY) using

Masslynx system to allow alignment of the data.

Nuclear Magnetic Resonance SpectrometryNMR data were
acquired on a Bruker DMX600 NMR spectrometer operating at a
frequency of 600.18 MHz at 28C using TopSpin (version 1.3, Bruker
GmbH). Samples were preparediniDMSO (99.98%; Sigma-Aldrich)
in Shigemi tubes (Sigma-Aldrich) and degassed (argon) before sealing.

phase-sensitive ech@ntiecho gradient selection with a 250 ms mixing
delay (2K x 512 data points).

Free Radical Scavenging Activity. DPPH radical scavenging
activity was evaluated according to the method of Kulisic et ) (
with minor modification as follows. A stock methanolic solution of
DPPH radical (32 mg/100 mL), prepared daily, was diluted 10-fold
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o previously reported in OMW. The former were identified on
the basis of retention data and mass spectra by comparison with
appropriate standards. The latter were designated compounds
A and B and had retention times of 27.0 and 36.3 min,
respectively. Compounda& and B were unidentified in our

0g 0 previous work (8).
o CompoundA, molecular weight of 382 (M- H~ 381 amu),
Hooe was the most abundant biophenol in the waste (and fruit),
Ho coocH, although this is not apparent from chromatograms generated at
Compound A Compound B 278 nm due to the relatively weak absorption of this compound
o o gy roctenelate e aaiay e at this wavelength. Nevertheless, it exhibited absorption maxima
Mol. Wt. 382 Mol. Wt. 536 at 219 and 279 nm in the UWis spectrum, suggesting a
Figure 2. Chemical structures for compounds A and B. catechol group was present (16). Proton NMR data showed a

1,3,4-trisubstituted benzene 2 d, J = 8 Hz; 1 x singlet)
consistent with hydroxytyrosol. The ethyl group (€Z8) was
Ny T W || evident from the HMBC spectrum, which showed (HWas
: ' coupled to C2 (¢ 116.5), C6 (¢ 119.9), and C1 (8 128.5),
whereas (H8) was coupled only to C1 in the aromatic ring.
The other half of the molecule contained an iridoid type moiety

170.0

171.0

o Q 9 with a methyl esterdc 174.9 (s), 51.6 (q)], two methenol groups
: 172.0 [0c 61.9 (1), 62.7 ()], and a propenyl groud 137.9 (s), 123.3
- (d), 13.0 (g)]. The assignment of the HH5' spin group was
173.0 straightforward using the eCOSY spectrum. The attachment of

42 40 38 36 34 32 30 28 26 24 22 PPM the carbomethoxy group at C@as indicated by the HMBC

spectrum that showed correlations between'@htl H3', H4,

J and H3. H3 additionally showed strong correlations to C8 and
ST e C9 and a weak correlation with C10 as did the'HThis
arrangement could be accommodated only with a dihydro-
B "x P H elenolate moiety, either cyclic or acyclic. As the mass spectrum
! H 3 indicated a molecular weight of 382, this would correspond to
ilh 2a’ cO a molecular formula of GH260s, which has only seven degrees
of unsaturation, consistent with an aromatic ring, two carbonyls,
172.5 C C and the propenyl, so the iridoid moiety must be an acyclodi-
4 8' hydroelenolate. The critical HMBC correlations tying the two
173.0 H2b’ components of compound (Figure 2) together to yield the
final structure ) as shown irFigure 3A were the correlations
173.5 between (H8)of the tyrosol (circle) and (H of the elenolate
3.4 3.2 30 PPM (rectangle) with C1'. The centrality of C@/as also confirmed
Figure 3. HMBC spectrum of compound A showing the key correlations by the HMBC spectrumRigure 3B), where H3 showed®Jcy
connecting the phenylethanol and dihydroelenolic acid groups and a coupling to both carbonyl groups (Cahd C11'). The stereo-
Newman projection for the C2'~C3' bond as determined by measuring chemistry indicated forl was on the basis of biogenetic
homonuclear and heteronuclear 3J coupling constants. Panel A shows considerations, where the dihydroelenolate would have origi-
an expansion of the correlations of C1' and panel B those of H3'. nated from secologanin. The conformation about the-C3'

bond was investigated using a J-HMBC spectrum and homo-
with 80% aqueous methanol prior to use. Various concentrations of nuclear couplings. H2a0y 2.22) and H2b (0n 2.45) were
test samples in 80% aqueous methanol (2DPwere added to 3 mL coupled to each other by 15 Hz-assisted) and H2do H3'
of the DPPH solution in plastic macrocuvettes (1 cm). The macro- by 10.6 Hz, indicating an anti orientation. Consequently, H2b'
cuvettes were covered, well shaken, and kept in the dark for 1 h, and 514 H3 should be syn to each other, and this was confirmed by
coavenging of DPPH radical was saleiated accoring 1o the formuia & SMall cOUpling s = 4.5 Hz). The relaive orientations of
C4' and C8' were clear from the J-HMBC spectra, which
indicated a 6.5 Hz coupling between Hzmd C8'and only
3.8 Hz between HZ2band C8'. Similarly, a syn relationship
Statistical Analysis. All analyses were performed at least in Petween H2aand H2b'with C4"was indicated by couplings
triplicate. Data are expressed as me&r8D. Student’s test was used of :'3.7.an('i 3-.8 Hz, respectively, Iead.lng to the Newman
to test significant differences. For antioxidant activity, concentrations Projection inFigure 3. The stereochemistry at C#vas not
that resulted in 50% scavenging (&0were calculated from the dose possible to ascertain through NMR spectroscopy because H3
response curves fitted to data points using Microsoft Excel software and H4 were anti to each other and there were no differentiating

% scavenging= 100 x (A control — A samplt)/A control

(15). 3Jch couplings. On the basis of these data the structure of
compoundA was tentatively assigned as 2;43dihydroxyphen-
RESULTS AND DISCUSSION ylethyl-4-(hydroxymethyl)-3-[2-(methyl-3-hydroxypropanoate)]-

HPLC chromatograms of the crude OMW extract exhibited 4-hexenoate (trivial name: hydroxytyrosyl acyclodihydro-
six major peaksKigure 1). These comprised four previously —elenolate).
identified compounds, hydroxytyrosol glucoside, hydroxytyro- ~ The UV spectrum of compoun® (Amax 225, 309 nm)
sol, verbascoside, and luteoliB)( plus two compounds not  suggested @-coumaric acid derivative, confirmed by proton
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Table 1. NMR Chemical Shift Data for Compounds A and B in

d-DMSO (600 MHz)
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Table 2. Recovery Data, UV Spectral Data, and DPPH Antioxidant
Scavenging Activity of Compounds A and B

compound A compound B
hydroxytyrosol coumaric acid

13C lH 13C 1H 13ca
C1 128.8 125.2 127.6
C2 116.5  6.60 (d) 131.0 7.54(d) 131.7
C3 145.5 1157 6.40(d) 117.3
C4 144.1 160.3 150.2
C5 116.6  6.55(d) 1157  6.40(d) 117.3
C6 119.9  6.45 (dd) 131.0 131.7
C7 345  2.65(dt) 1452 7.53(d) 147.4
C8 65.2  4.00/3.99 (m) 1143 6.77(d) 115.4
co 167.0 168.8

glucose

cr 99.3 455(d) 100.6
c? 726  3.02(m) 75.0
c3' 763 3.18(Y) 78.3
c4 69.5 3.15 72.1
C5' 738 343 76.2
ce' 63.5  4.37(d), 4.22 (dd) 64.9
iridoid group iridoid group
Cl 171.6 173 176.7
C2 36.1  2.45(dd)/2.22 (dd) 340  2.80 (bd)/2.04 (dd) 355
C3 350  3.15(d) 27.2  3.03(m) 154.0
C4 515  2.75(ddd) 110.0 110.7
C5 61.9  3.45/3.41(m) 150.7  7.34(s) 154.0
06
C7 62.7  3.86(d)/3.81 (d) 96.3  5.22(d) 98.2
C8 137.9 431 2.64(m) 45.7
C9 1233 5.53(q) 1335  5.50 (dt) 134.9
C10 130 155(d) 1195  5.16 (d)/5.08 (d) 121.0
Cl1 1749 168.5 169.6
OMe 516 3.72(s)

@Values for compound B (ds-methanol) taken from ref 19.

NMR spectroscopy, which showed an aromatic AB systém (
6.40, 7.54;J = 8 Hz) and atrans-double bonddy 7.53, 6.77;
J= 16 Hz). The olefinic protons (H7 and H8) were both coupled
to ad,f-unsaturated estedd 167.0) in the HMBC spectra. In

recovery? (mg/ absorption DPPH scavenging
kg of freeze- maxima activity, ECso
dried OMW) (nm) (uM)
hydroxytyrosol NA 220 and 277 152+0.8
oleuropein NA 228 and 278 14.0+0.1
compound A 3460 + 2002 219 and 279 12.6+0.3
compound B 120 + 8¢ 225 and 309 243+11

@Recoveries based on chromatographic peak areas and expressed as mean
+ standard deviation for triplicate analyses. ? Expressed as oleuropein equivalent.
+ standard deviation for triplicate anal bE d as ol lent
¢ Expressed as p-coumaric acid equivalent

are axial. Additionally, large couplings between the other
saccharide protons indicated a glucose nucleus. The remaining
component contained a terminal olefidc[ 119.5(t)], im-
mediately suggesting secologanic acitBY, The points of
attachment between the three groups were elucidated with the
aid of the HMBC spectrum (optimized for 20 Hz coupling).
Figure 4A shows the HMBC correlations between the anomeric
proton (HZ; 4.55 ppm) and C7of the secologanic acid residue
and the correlation between H75.22 ppm) and the anomeric
carbon (C1'; 99.3 ppm). Similarly, the coumaric acid carbonyl
was coupled to both (H& protons of the glucose, confirming
a 1,6-connection between the coumaric and secologanic acids,
respectively. The NMR data agree fairly well with the published
data despite the solvent being differedt-(methanol) except
for C4, which is more than 10 ppm different. As the chemical
shifts of caffeoyl residues are well-know2Q) and agree with
our assignment, it is likely that the chemical shift reported by
Karioti et al. 19) for C4 is in error. On the basis of NMR data,
the structure of compounB is assigned ap-coumaroyl-6
secologanoside (trivial name: comselogoside) (Figure 2).
Mass Spectra.ESI scans made at 30 or 35 V provided soft
ionization conditions and confirmed the molecular masses for
hydroxytyrosyl acyclodihydroelenolate and comselogosig (

the TOCSY spectrum there appeared to be a seven-proton spiras 382 and 536 amu, respectively. Reconstructed mass chro-

system typical of a hexose. TH&C NMR resonances of the

hexose are in good agreement with published datg3for

glucopyranosides (17)réble 1). The anomeric proton at 4.55
ppm has a large couplingJ = 8 Hz) to HZ, indicating both

PPM

A

)

[ 95.5
P 96.0
P 96.5
' 97.0
97.5
98.0
[ 98.5
E 99.0
P 99.5

F100.0

5.2

51 50 4.9 48 4.7 4.6

PPM

matograms of the OMW generated at relevamfz values
corresponding to the pseudomolecular ions showed a single
major peak in both positive and negative ion modes (data not
shown). ESI at higher cone voltage of 70 Mdure 5) provided

HB 3 HMBC

M

[167.5
@ @ [167.0
[166.0

[165.5

165.0

4.6 4.5 4.4 4.3 4.2 PPM

Figure 4. HMBC spectrum of compound B showing the key correlations connecting the coumaric (A) and secologanic (B) acids to the central glucose

moiety.
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fragmentation behavior. A notable feature is the relatively strong
pseudomolecular ion for both compounds in negative ion mode.

General Comments Hydroxytyrosyl acyclodihydroelenolate
has not previously been identified. To the best of our knowledge
this is the first reported example of a nonaldehydic open cycle
secoiridoid in olives.

We previously noted the occurrence of comselogoside in
OMW (8) but did not assign a structure at that stage. Since the
completion of this work, comselogoside has been reported in
olive leaf associated with growth under stressed conditions of
boron deficiency19). Under these conditions oxidative damage
accumulates in cells, and production of compounds with
antioxidant activity may be a useful strategy to minimize
oxidative damage.

Both hydroxytyrosyl acyclodihydroelenolate and comselogo-
side exhibited in vitro DPPHscavenging ability comparable
to that of more recognized antioxidan®aple 2). DPPHis a
long-lived radical that is extensively used for primary screening
of antioxidant activity of plant extracts and phytochemic8)s (
DPPH radical scavenging assay correlates well with lipid
peroxidation, LDL oxidation (22), and cytotoxic activity (23)
and is useful for relative ranking of antioxidants, although
extrapolation into in vivo systems should be avoided)(
Hydroxytyrosyl acyclodihydroelenolate was twice as active as
comselogoside on a molar basis, consistent with the fact that
catechols are more efficient antioxidants compared with mono-
hydroxyphenols. Hydroxytyrosyl acyclodihydroelenolate was a
more efficient radical scavenger than hydroxytyrosol and
oleuropein. It appears that the linear structure of hydroxytyrosyl
acyclodihydroelenolate makes it more accessible to the sterically
hindered DPPH radical (25).

OMW continues to be a source of novel compounds with
potential bioactivity. The discovery of compouAdhighlights
the diverse range of degradation reactions of secoiridoid
derivatives, with diol derivatives now added to the well-known
dialdehyde compounds.
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