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Abstract.

 

 Interest in the recovery of the polymethoxylated fla-
vones from citrus oil residues has prompted renewed investi-
gations of the phenols in oil nonvolatile fractions.
Fractionation of the phenolic constituents in orange oil by sil-
ica gel chromatography facilitated the detection of citromitin
(3’,4’,5,6,7,8-hexamethoxy flavanone) and a putative pentam-
ethoxy flavanone by HPLC-MS. The HPLC peak of the com-
pound, identified as citromitin, overlapped with a citromitin
standard, and exhibited identical UV and MS properties with
the citromitin standard. Citromitin has been reported in 

 

Citrus
mitis

 

 and 

 

Citrus reticulata

 

, but has not been previously report-
ed in sweet orange. The pentamethoxy flavanone exhibited a
UV spectrum similar to citromitin and had a [M+H]

 

+

 

 MS signal
at 375 amu, consistent with its putative structure. Further
HPLC-MS analyses provided evidence of several other fla-
vanones; the identifications of these compounds are in
progress.

 

The flavonoids in 

 

Citrus

 

 include numerous flavanones
and flavone-

 

O

 

- and 

 

C

 

-glycosides, typically found in the water
fractions, i.e. juice and aqueous peel extracts. Also in the fruit
are polymethoxylated flavones (PMFs) and numerous other
partially methoxylated flavones (Horowitz and Gentili, 1977).
Although these flavones represent minor constituents in the
whole fruit, they occur at high concentrations in peel oil
products, especially in nonvolatile oil residues. Although the
major polymethoxylated flavones have been thoroughly stud-
ied in orange oil, far less is known about the many minor fla-
vonoid constituents. Yet, from the extensive biological testing
of flavonoids, it can be reasonably assumed that these minor
constituents exert similar or complementary biological activi-
ties to those of the major flavonoid constituents. These con-
tributions may be important to the overall activities exhibited
by the flavonoids in orange oil nonvolatile fractions. In light
of this, we initiated a HPLC-MS investigation of the minor fla-
vonoids in orange oil nonvolatiles. In this study we report the
presence of the polymethoxylated flavanone, citromitin, and
other similar polymethoxylated compounds occurring as fla-
vanone analogs of the main citrus PMFs.

 

Materials and Methods

 

Fractionation of flavonoids in orange oil residue

 

. Orange oil
(75 L) was eluted through a 1.5 Kg silica gel column (15 

 

×

 

 60
cm), where the flavonoids bound tightly to the upper portion
of the silica gel. The column was washed with 40 L hexane to
remove residual oil and waxes. Following the hexane wash,
the flavonoids were eluted with acetone. The acetone wash
was rotary evaporated to a thick oily residue, and a portion of
the residue (100 g) was dissolved in acetone, mixed with 100
g Celite, and evaporated to near dryness with a rotary evapo-
rator. Additional hexane and 50 g Celite were combined with
the mixture, and evaporated until a relatively free-flowing
powder was obtained. Half of this material was loaded into a
glass column connected in series to a prepacked 370 g silica
gel column (Ace Glass, Vineland, N.J.). Initial eluting solvent
included 2 L hexane/ethyl acetate (9/1, v/v) followed by step
gradients of 1-2 L each of hexane/ethyl acetate (75/25, 65/
35, 50/50, 25/75, v/v). Following these gradients, 2 L of ethyl
acetate, acetone, and methanol were sequentially eluted
through the column. The UV chromatogram at 340 nm (Fig.
1) of the column eluate was recorded with an UA-6 detector
(ISCO, Lincoln, Nebr.). Twenty one fractions were collected
based on peak separation. Fractions were rotary evaporated
to a minimal volume, then analyzed by HPLC-MS.

 

High pressure liquid chromatography-mass spectrometry (HPLC-
MS)

 

. An Alliance 2695 (Waters, Milford, Mass.) liquid chro-
matography system was used with a Waters 996 photodiode
array detector. A Waters ZQ single quadrupole mass spec-
trometer with an electrospray interface was used in conjunc-
tion with the above LC system. Interface parameters were set
as follows: source temperature 100 °C, desolvation tempera-
ture 225 °C, capillary voltage 3.33 kV, cone voltage 20 V, ex-
tractor voltage 2 V, RF lens voltage 0.1 V, desolvation gas flow
465 L·h

 

-1

 

, and cone gas flow 70 L·h

 

-1

 

.
HPLC-MS measurements were performed by operating

the ion source of the mass spectrometer in the positive ion
mode. Full scan mass spectra were acquired between 150 to
900 atomic mass units (amu) at a scan rate of 2 sec per scan.
Chromatographic separations were obtained with a C18
NovaPak column (3.9 

 

×

 

 150 mm 5 µm) (Waters, Milford,
Mass.). Initial solvent conditions were acetonitrile/water/2%
formic acid (10/85/5 v/v). A linear gradient was run to (40/
55/5 v/v) over 15 min, followed by a linear gradient to (45/
50/5 v/v) over 30 min, then finally to (90/5/5 v/v) over 10
min at a flow rate of 0.75 mL·min

 

-1

 

. Data acquisition was done
with MassLynx v. 3.5 software.

 

Results

 

Citrus oil nonvolatiles are largely comprised of lipids, ste-
rols, and long-chain hydrocarbons (Hunter and Brogden,
1966; Markley et al., 1937; Nelson and Mottern, 1934; Weiz-
mann et al., 1955). Orange oil residues also contain high con-
centrations of citrus flavonoids, mainly the PMFs. These
compounds occur in orange oil at approximately 1 to 1.5%
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(data not shown), while the main PMFs (sinensetin, hexa-

 

O

 

-methylquercetagetin, nobiletin, tetramethylscutellarein,
3,5,6,7,8,3’,4’-heptamethoxyflavone, and tangeretin) oc-
curred at approximately 15% of the weight of a representative
orange oil residue obtained after distillation (Fig. 2).

The recovery of the PMFs from orange oil has previously
utilized the efficient separations of the PMFs achieved with sil-
ica gel chromatography followed by solvent precipitation
(Delaney et al., 2002). Our analyses of the fractions obtained
from such chromatographic runs have also shown the occur-
rence of many additional minor-occurring flavonoids, includ-
ing a number of compounds with flavanone-like UV spectra.
Most flavanones in citrus occur as di- and trisaccharides, and
thus occur nearly exclusively in aqueous peel extracts (Man-
they and Grohmann, 1996). Yet, the late-elution times of
these newly-observed compounds in the oil fractions, in rela-
tion to the elution times of a number of flavanone glycosides
on reversed-phase chromatography (data not shown), suggest
that these former compounds are methoxylated flavanone ag-
lycones analogous to the PMFs. The HPLC chromatogram of
one of the flavanone-containing fractions obtained from the
silica gel column is shown in Fig. 3. The detection and analysis
of these newly-observed flavanone compounds were facilitat-
ed by HPLC-MS instrumentation (Manthey, 2002). HPLC-MS
analysis of the main flavanone-appearing peak (elution time
of 20.9 min) in Fig. 3 showed a typical flavanone-like UV spec-

trum (Fig. 4A), and a pseudo-molecular [M+H]

 

+

 

 ion at 405
amu (Fig. 4B) that is consistent with the occurrence of a hex-
amethoxylated flavanone. Comparison of this 20.9 min peak

Fig. 1. Silica Gel Column UV Chromatogram (340 nm) of Orange Oil
Nonvolatiles. Sequence of solvent elutions progress in step gradients consist-
ing initially of hexane and ethyl acetate, followed sequentially by acetone,
methanol, and finally, methanol/2.5% acetic acid. The two main PMF-con-
taining peaks (fractions 76-100 and 115-136) were eluted with hexane/ethyl
acetate (25/75, v/v) and 100% ethyl acetate, respectively. The main cit-
romitin-containing eluate (12) corresponded to fractions 58-69, and was elut-
ed with hexane/ethyl acetate (50/50).

Fig. 2. HPLC Chromatogram of the Main PMFs in Orange Oil Nonvolatile
Residue. The PMF composition was as follows: Sinensetin, 18.4 min (0.57%);
Hexa-O-methylquercetagetin 20.1 min (0.50%); Nobiletin 21.2 min (4.0%);
Tetramethylscutellarein 22.1 min (1.8%); Heptamethoxyflavone 23.0 min
(5.4%); Tangeretin 25.6 min (2.7%), for a total of 15% residue weight.

Fig. 3. HPLC of Flavanone-Containing Fraction 12 Recovered from Silica
Gel Chromatography. Compounds separated by C18 reversed-phase chroma-
tography and monitored at 280 nm.



 

412

 

Proc. Fla. State Hort. Soc.

 

 116: 2003.

with a known standard of citromitin, 3’,4’,5,6,7,8,-hexa-
methoxyflavanone, showed identical HPLC elution times, UV
spectra and MS data (data not shown).

Two other chromatographic peaks at 19.6 min and 24.3
min in Fig. 3 had similar flavanone UV spectra shown in Fig.
4C and E, respectively. In each case, the wavelength maxima
occurred at 278/9 nm, in contrast to the value of 285 nm that
is typically observed for hydroxylated flavanones, i.e. hesperi-
din and naringin. MS analysis of these two peaks showed
[M+H]

 

+

 

 ions at 375 amu and 345 amu (Fig. 4 D,F), respective-
ly. These molecular weights, along with that for citromitin
(405 amu) show the presence of a series of compounds with
molecular weights that differ by 30 amu. These differences in
30 amu suggest that these compounds vary in their numbers
of methoxy substituents. Hence, these molecular weights and
their UV spectra suggest that the compound at 19.6 min
could be a pentamethoxylated flavanone whereas the com-
pound eluting at 24.3 min could be a tetramethoxylated fla-
vanone. No standards for these compounds are available, and
work is in progress to isolate these compounds and determine
their chemical structures.

Similar analyses of the remaining constituents in Fig. 3
showed evidence of two additional flavanones with elution
times at 25.3 min and 23.7 min. The UV spectra and MS of
these compounds are shown in Fig. 5A-D. The absorbance
wavelength maxima of the 3 previously discussed compounds
(data shown in Fig. 4) occurred at 278-279 nm, whereas these
latter two compounds shown in Fig. 5 have maxima at 286-288
nm. These higher wavelength maxima suggest the presence
of free hydroxyl substituents on the flavonoid A-ring of these

latter two compounds. Differences between the two sets of
compounds in Figs. 4 and 5 also occur in their molecular
weights. The molecular weights of the compounds in Fig. 4
were consistent with permethylation of all putative hydroxyl
groups, whereas the molecular weights of the compounds in
Fig. 5 are consistent with the occurrence of desmethyl deriva-
tives, i.e., with at least one free hydroxyl group. Based on this,
the compound with a [M+H]

 

+

 

 peak at 391 amu is possibly a
desmethyl citromitin derivative (i.e., monohydroxy-penta-
methoxyflavanone), and the compound with a [M+H]

 

+

 

 peak
at 361 amu is similar, but contains one fewer methoxy substit-
uent, i.e., a monohydroxy-tetramethoxyflavanone.

 

Discussion

 

Citromitin and 5-

 

O

 

-desmethylcitromitin have been previ-
ously reported in calamondin (

 

Citrus mitis

 

) (Sastry and Row,
1961), and other similar methoxylated flavanones have been
reported in 

 

C. reticulata

 

 (Chaliha et al., 1967; Chen and Mon-
tanari, 1998) and in 

 

C. kinokuni

 

 Hort. 

 

ex

 

 Tanaka (Iwase et al.,
2001). No reports of these compounds have been made in
sweet orange (

 

C. sinensis

 

). Yet, considering the significant
contribution of mandarin parentage of sweet orange, it is not
surprising to find compounds previously reported in manda-
rin also occurring in sweet orange. The data obtained from
this HPLC-MS investigation provides strong evidence of the
occurrence of citromitin as a minor constituent in orange oil.
Further evidence points to other flavanones with similar
methoxyl substituents. Two desmethyl derivatives are also ob-
served by HPLC-MS. Isolation of these compounds will ad-

Fig. 4. UV Absorbance Spectra and Mass Spectra of Methoxylated Fla-
vanones in Orange Oil Nonvolatiles. A,B: UV and MS of compound (cit-
romitin) with elution time (20.9). C, D: UV and MS of compound with
elution time 19.6 min and [M+H]+ 375 amu. Proposed compound: pentam-
ethoxy flavanone. E,F: UV and MS of compound with elution time 24.3 min
and [M+H]+ 345 amu. Proposed compound: tetramethoxy flavanone.

Fig. 5. UV Absorbance Spectra and Mass Spectra of Methoxylated Fla-
vanones in Orange Oil Nonvolatiles. A,B: UV and MS of compound with elu-
tion time 25.3 min and [M+H]+ 391 amu. Proposed compound:
monohydroxy pentamethoxy flavanone C, D: UV and MS of compound with
elution time 23.7 min and [M+H]+ 361 amu. Proposed compound: monohy-
droxy tetramethoxy flavanone.
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vance our understanding of the flavonoid constituents in the
orange oil nonvolatile residues, and ultimately provide a bet-
ter basis on which interpretations of the biological activities of
orange oil flavonoids can be made.
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Abstract.

 

 

 

High Pressure Size Exclusion (HPSEC) and Ion Ex-
change Chromatography (HPIEC) methods are being pio-
neered for the separation, detection and quantification of
galacturonic acid oligomers. Efforts are focused on develop-
ing methods compatible with an evaporative light scattering
detector (ELSD). An ELSD is a mass responsive detector that
is compatible with gradient elution and offers high levels of
sensitivity. Baseline separation of mono-, di- and tri-galactur-
onic acid has been accomplished by HPSEC with an acetic

acid buffer. Values for 

 

k

 

 increased with increasing acetic acid
concentration while 

 

R

 

s

 

 

 

decreased. Urea was determined to be
a suitable internal standard. HPIEC with a Hamilton PRP-X600
column and an ammonium formate buffer gradient was able to
resolve oligogalacturonic acid oligomers greater than DP 30.

 

A major component of the citrus juice processing waste
stream is fruit peel. Every ton of waste peel contains 200-300
pounds of pectin (10-15% on a wet weight basis), a complex
polysaccharide. Galacturonic acid (GA) is the major constitu-
ent of pectin comprising 80-90% by dry weight (Grohmann
and Baldwin, 1992; Grohmann et al., 1995). The majority of
the GA residues are located in linear homogalacturonan re-
gions in which a variable proportion may be methylated at the
C6 position. The functional properties of pectin are largely
dependent on the fraction of GA residues that are methylated
and their distribution along the homogalacturonan stretches. 

The degree of esterification (DE) and distribution of me-
thyl esters of a population of pectin molecules can be manip-
ulated either chemically or enzymatically. Extraction or
treatment with a basic solution leads to a reduction in DE due
to saponification and results in a random pattern of demeth-
ylation (Limberg et al., 2000a). Enzymatic demethylation may
occur either randomly, by treatment with bacterial or fungal
pectin pectinmethylesterases (PMEs), or in a block-wise fash-
ion by treatment with plant PMEs (Catoire et al., 1998; Denes
et al., 2000; Limberg et al., 2000b; Willats et al., 2001). Dees-
terified block size has been shown to vary from 10-11 (Denes
et al., 2000) to 17-19 (Goldberg et al., 2001). Smaller block
sizes also have been reported (Willats et al., 2001). Catoire et
al. (1998) observed different action patterns for multiple
forms of PME isolated from mung beans and a difference in
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