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STABILITY OF SILICA-BASED AMINOPROPYL-BONDED PHASES 5

increased hydrophobicity of the surface may be suggested as one possible explana
tion. Good resolution of m- and p-chloronitrobenzene seems to be typical of amino
phases; the more hydrophobic cyanoethylated silica with a similar content of organic
phase exhibits a lower retention in comparison with a corresponding amino-phase
and separates m- and p-isomers much more poorly [18].

The last line in Table II is the most interesting; after washing of the column with
2.5 I of acetonitrile-water followed by transfer into anhydrous heptane, both the k'
and the IY. values of the original Separon SIX NH z virtually coincide with those
obtained after washing of the sorbent with cold water. Consequently, the changes in
retention observed with new columns [7,8] with the amino phase can also be explained
[15] mainly by washing out of the sorbed silane.

In Table III it can be seen that washing of these sorbents affects their properties
in the most common application, i.e., separation of sugar mixtures, to a much smaller
extent. The difference between the original LiChrosorb NHz and Separon SIX NH z
consists only in lower k' values; the same applies after boiling in water. Hence, it can
be concluded that, unlike the separation of isomeric chloronitrobenzenes, a consid
erably lower content of amino groups in the analysis of sugars is also sufficient for
maintaining a satisfactory selectivity.

TABLE III

CHROMATOGRAPHIC COMPARISON BETWEEN LICHROSORB NH 2 AND SEPARON SIX NH
2

, ON THE
ONE HAND, AND VARIOUSLY WASHED VARIANTS OF SEPARON SIX NH 2 , ON THE OTHER, IN THE
ANALYSIS OF A MIXTURE OF SUGARS IN THE MOBILE PHASE ACETONITRILE-WATER (80:20, v/v)

Sorbent k' IX

l 2 3 4 5 6 7 2/1 4/3 7/6
xylose arabinose fructose glucose saccharose maltose lactose

LiChrosorb NH 2 1.12 1.30 1.64 2.25 4.20 5.77 6.35 1.16 1.37 1.10
Separon SIX NH 2 1.55 1.89 2.29 3.11 5.66 7.77 8.97 1.22 1.36 1.15
Separon washed I" 1.22 1.47 1.78 2.38 4.31 5.81 6.70 1.20 1.34 1.20
Separon washed lIb 0.92 1.14 1.71 1.84 3.28 4.38 5.28 1.24 1.31 1.20

a Water, 25T.
b Boiled in water.

In the usual application of columns packed with Separon SIX NH z washed in
water, changes in the k' values were observed also after prolonged use. After the
columns had been emptied there was usually a higher content of the organic phase
and a lower content of primary amino groups. To ensure that the cause is really
impurities fixed at the beginning of the sorbent column, we used two glass CGC
columns packed with fresh Separon SIX NH z which before and after being connected
in series had been tested with nitrobenzene in analytical-reagent grade heptane con
taining 0.05% of isopropanol (Table IV). Subsequently, analytical-reagent grade hep
tane was replaced with technical grade heptane and the test mixture was injected
repeatedly. It appeared that the k' value of nitrobenzene increased continuously de
pending on the amount of the mobile phase that had passed through the joined



































































































































70 G. BURINI, P. DAMIANI

Leuenberger et al. [9] and Coelho and Nelson [10] used an Extrelut prepacked column
(Merck, Darmstadt, Germany) containing silica with a large-pore granular structure
which permits the extraction of lipophilic substances from an aqueous phase by
liquid-liquid partition chromatography. Extraction by ion-pair formation with
tertiary amines and their salts was used by Puttemans et al. [11] and Terada et al. [12].

For determination the first methods used UV and visible spectrophotometry.
The former is based on absorption at ca. 260 nm due to an extensive conjugated system
of three double bonds, one of which originated from a carboxyl group. The second
(oxidation method) is based on absorption at 532 nm due to a red pigment derived
from the reaction of malonaldehyde, a product of the oxidation of sorbic acid, with
2-thiobarbituric acid [13]. Some spectrophotometric procedures [3-5,8] were adopted
as AOAC methods [14] for the determination of sorbic acid in cheeses, wine and dairy
products.

The usefulness of thin-layer chromatography (TLC) should be noted with
respect to qualitative and semi-quantitative research [15,16]; it can also permit
a quantitative evaluation if a reflectance spectrophotometric determination is
performed [17-19]. High-performance TLC with fluorescence detection [20,21], used
to determine propionic, sorbic and benzoic acids, requires a derivatization procedure
with dansylsemipiperazide in the presence of N,N'-dicyclohexylcarbodiimide. Deter
mination of the fluorescent amidic derivatives of the acids is performed using a TLC
plate scanner (Aex. = 366 nm).

Determination of sorbic acid in foods by gas chromatography [6,22-25] can be
achieved directly by injecting the extract obtained from the sample or after its
derivatization.

In recent years, high-performance liquid chromatography (HPLC) has been
used for the determination of sorbic acid in a number of different food systems. Some
workers employed anion-exchange chromatography [26-28] and others reversed
phase (RP) HPLC [12,29-36], including ion-pair chromatography [11,37]. Most of
these methods were also used for the determination of other preservatives in the eluted
sample and detection was always performed by means of UV spectrophotometry.

This present paper describes an RP-HPLC procedure with fluorimetric detection
which offers high sensitivity and specificity in the detection of sorbic acid as
a derivative of 4-bromomethyl-6,7-dimethoxycoumarin. This procedure allows the
identification, separation and determination of sorbic acid isolated from commercial
samples of margarine and butter by steam distillation. The derivatization with
4-bromomethyl-6,7-dimethoxycoumarin [38], which converts sorbic acid into a
fluorophore, and the chromatographic parameters were optimized. The method was
compared with the AOAC UV and visible spectrophotometric procedures [14].

EXPERIMENTAL

Apparatus
The separation of the sorbic acid from the samples was achieved with a steam

distillation apparatus similar to that reported [14]. A Varian (Palo Alto, CA, U.S.A.)
Model 5000 liquid chromatograph equipped with a Varian Fluorichrom fluorescence
detector was used at the following settings: gain and lamp, LO; attenuator, x 20;
excitation filters, CS 7-60jCS 7-54 (maximum wavelength transmission at 355 nm);
emission filters, CS 3-73jCS 4-76 (wavelength emission> 420 nm),

































































102 C. MANIONGUI et al.

the same way, no TG C4 0 was given in Table V although a GC peak of corresponding
TGs (5.9%) was detected experimentally (Table III) because no known molecular
species of TG C4 0 was identified in fraction 12.

Calculation of the proportions ofTG species in an RPLC fraction was relatively
easy in the fractions where the number of speciesdid not exceed 5 (e.g., fractions 16, 20,
31,32 and 37--47) and remained smaller than the number of available data (fatty acid
and TG percentages). However, many RPLC fractions contained a large number of
TG species, and the proportions of all the species could not then be determined
accurately, especially when a class made up of several (from two to six) parent TGs was
in a low proportion, as is the case for fraction 12 (Table V). As a result, 181 minor TG
species were identified but not individually quantified, and they accounted for only
4.1%. In contrast, 223 individual TG species distributed among 45 RPLC fractions
were recognized, and accounted for a large proportion (79.3%) in the butterfat sample
studied. The detailed results will be published elsewhere [39].

In conclusion, the methodology choosen in this work, namely fractionation by
RPLC and GC analysis of fatty acids and TGs in each RPLC fraction, appears to
provide sufficient data to determine a large number of TG species in a complex fat.
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On-line determination of the optical purity of nicotine

THOMAS A. PERFETTI

R. J. Reynolds Tobacco, Bowman Gray Technical Center, P.O. Box 2959, Winston-Salem, NC 27102
(U.S.A.)

and

JOEL K. SWADESH*·a

Polymer Laboratories, Inc., Amherst Fields Research Park, 160 Old Farm Rd., Amherst, MA 01002
(U.S.A.)

(First received November 9th, 1990; revised manuscript received January 3rd, 1991)

ABSTRACT

Nicotine is an alkaloid of medical importance. Precise quantitation of the enantiomeric purity of
preparations of nicotine has been difficult. In the present work, a high-performance polytstyrene-divinyl
benzene) reversed-phase column was used to separate the enantiomers of nicotine from other components.
On-line polarimetric detection with a commercial laser polarimeter permitted sensitive, reproducible quan
titation of the relative enantiomeric purity of nicotine. Detection limits of about 12 Jlg were established,
with the range of linearity extending to about 200 Jlg. It was possible to assign the relative purity of
mixtures of nicotine to about ± 0.5%. The precision of the on-line polarimeter was comparable to that of a
static polarimeter, but the sample requirement was approximately 1000 times less. Optically inactive com
ponents were separated, making on-line polarimetry intrinsically more accurate than static polarimetry,
and readily adaptable to the analysis of complex mixtures.

INTRODUCTION

Nicotine is a naturally occurring alkaloid existing as a tertiary amine with one
chiral carbon located at the 2' position of the N-methylpyrrolidine ring.

There are two optically active isomers of nicotine, the naturally-occurring (S)-( -)
form [1], and the (R)-( + )-form [2]. Although 50 species of plants contain nicotine,
Nicotiniana tabacum and N. rustica [3] are the two predominant species containing
nicotine. The salt form of (S)-nicotine has been used as a natural insecticide [4], while

a Address for correspondence: 68 Florence Road, Florence, MA 01060, U.S.A.
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Resolution of lutein and zeaxanthin using a non-endcapped,
lightly carbon-loaded C18 high-performance liquid
chromatographic column

ADAM M. GILMORE and HARRY Y. YAMAMOTO'

University 0/Hawaii at Manoa, Department of Plant Molecular Physiology, 3190 Maile Way, St. John 503,
Honolulu, HI 96822 (U.S.A.)

(First received July 19th, 1990; revised manuscript received January 3rd, 1991)

ABSTRACT

A new rapid and reproducible high-performance liquid chromatographic method using Spherisorb
ODS-l, a non-endcapped, lightly carbon-loaded column material, for the separation of higher-plant chlo
roplast pigments is described. The method resolves lutein and zeaxanthin, as well as all other major and
most minor pigments at or near baseline by either of two solvent programs. Program I is faster and more
sensitive than program II while the latter resolves pheophytin a and j3,6-carotene slightly better than
program I. Both programs use an initial buffered aqueous mixture that appears critical for this application
of ODS-I. The method is well suited for analysis of xanthophyll-cycle pigment changes.

INTRODUCTION

Baseline separation of plastid pigments from higher plants in a simple,
reproducible, one-step method has yet to be reported. Difficulties arise from the
wide-ranging polarities of the comprising pigments and the limited selectivity of the
columns. The carotenes are non-polar whereas at the other extreme 9'-cis-neoxanthin
is polar. Separation of structural isomers such as lutein from zeaxanthin and
[3,e-carotene from [3,[3-carotene is usually incomplete in most reversed-phase high
performance liquid chromatographic (HPLC) procedures. Of several aqueous [1-9]
and non-aqueous [10,11] reversed-phase HPLC methods reported for plant and algal
pigments, only one method separates lutein from zeaxanthin at the baseline [12]. Rapid
quantitative separation oflutein and zeaxanthin has become important for research on
photoprotective processes in plants because of the apparent relationship between
zeaxanthin and non-photochemical quenching of excess energy in the antennae
chlorophylls of photosystem II [13]. Light induces changes in zeaxanthin levels via
interconversions withviolaxanthin and antheraxanthin in the xanthophyll cycle [14].

Thayer and Bjorkman [12] obtained baseline separation oflutein and zeaxanthin
with a non-endcapped Zorbax-ODS column. Unfortunately this packing material is
not presently being manufactured and therefore is not widely available. We sought an
alternative solution and here report a new method using ODS-I, a non-endcapped and

0021-9673/91/$03.50 © 1991 Elsevier Science Publishers B.Y.







































































































188 C. A. THOMSON, D. J. CHESNEY

traps to ensure complete collection of extracted components [10]. The use of pure
carbon dioxide as a supercritical fluid extraction medium has also led to restrictor
clogging problems due to the rapid cooling of the fluid which takes place upon expan
sion to atmospheric pressure [10].

A problem which we have encountered in our use of off-line SFE in the analysis
of food crops for pesticide residues is the presence of undesired co-extracted compo
nents of the plant tissue matrix. This material collects in the pressure restrictor,
causing unpredictable changes in its restrictive ability and intermittent plugging. In
many cases, the flow of supercritical extractant has been stopped entirely. This co
extracted material was found to be soluble in organic solvents such as ethanol and
isooctane and is most likely plant triglycerides which are known to be extracted from
plant tissues at the SFE conditions employed [I,ll].

Our interests lie in the determination of "bound" residues, which are incorpo
rated into the plant matrix and thus difficult to extract. In such a situation, a constant
flow-rate of supercritical extractant for extended periods of time is crucial for maxi
mum extraction efficiency.

Our solution to this problem of restrictor plugging involves combining a suit
able solvent with the supercritical fluid between the extraction cell and the pressure
restrictor. This approach eliminates the intermittent plugging of the pressure restric
tor due to the accumulation of extracted plant material. The solvent flush is also
useful in providing additional enthalpy sufficient to prevent the freezing of the carbon
dioxide at the pressure restrictor outlet. Secondary control of the extractant carbon
dioxide flow-rate is also provided by varying the solvent flow-rate through the re
strictor. This paper describes the apparatus and its operation. Data is presented to
illustrate the improvement in consistency of the supercritical carbon dioxide flow-rate
during extraction.

EXPERIMENTAL

Chemicals
Isooctane and ethanol were reagent grade and used after filtering through a

0.45-/lm glass microfibre filter. 2,4-Dichlorophenol, 99% (Aldrich, Milwaukee, WI,
U.S.A) was used without further purification. "Bone dry" welding-grade carbon
dioxide was used as the supercritical fluid extractant.

Samples
Plant tissues were straw and seed of triticale and barley. All were stored in glass

jars with aluminum foil seals at - 20°C. Small amounts of material were ground 10
min in a small grain mill producing 2-4 mm lengths suitable for packing into the
extraction cell. The individual portions were combined and thoroughly mixed to
ensure a homogeneous sample of each matrix.

SFE instrumentation
The SFE apparatus was constructed in-house from available components and is

shown in Fig. 1. A standard reciprocating high-performance liquid chromatography
(HPLC) pump (Milton Roy MiniPump, Laboratory Data Control, Riviera Beach,
FL, U.S.A.) was used to pressurize the carbon dioxide above its critical pressure. The
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