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SUMMARY 

The optimization of the separation of veratric acid and its demethylation prod- 
ucts, isovanillic and vanillic acids, by ion-suppression and ion-pair high-performance 
liquid chromatography is described. The influence of the eluent pH, composition of 
the mobile phase and concentration of complexing ion-pairing agent was investi- 
gated. Examples are given of the determination of methoxy acids in a test biological 
material from Nocurdiu culture and the detection limit of the separated compounds 
was determined. 

INTRODUCTION 

About 15 . 10” tonnes of lignocellulose waste are accumulated each year, and 
this is the biggest reserve of organic materials that can be utilized as a possible source 
of food or fuel’. The most frequent polysaccharide component is cellulose, which 
can be hydrolysed chemically or enzymatically. However, decomposition of this com- 
ponent in native substrates, such as wood or straw, is difficult owing to the protective 
layer of lignin, which prevents the decomposition of cellulose. This layer is chiefly 
destroyed by fungi such as Basidiomycetes 2, Ascomycetes and Fungi imperfecti and 
by bacterial cultures4ps, whose effect was tested in model cultures. Among these, 
Nocurdia from the order Actinomycetales play an important role, as they can decom- 
pose not only lignin but also phenyl monomers K formed during the decomposition. 
Compounds such as veratric acid and other aromatic acids, produced naturally in 
the processes of microbiological decomposition of lignin, are frequently investigated 
in model experiments on biodegradation3 and repolymerization of lignin into soil 
humus8,g. As a result of biotransformation, veratric acid may be demethylized, creat- 
ing either vanillic or isovanillic acid, which undergo further degradation processes 
including cleavage of the aromatic ring and decomposition into carbon dioxide6s7. 

The method that has been most frequently used so far for investigating the 
decomposition of particular phenol monomers was the release of r4C02 from spe- 
cifically labelled functional groups 6*7Jo. This method facilitated the determination 
of the loss of a given substrate and, to a small extent, observation of the products 
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formed. Thin-layer chromatography is commonly used for the qualitative determi- 
nation of the products formed after the decomposition of, among others, veratric 
acids,“. This method is time consuming and does not yield quantitative results, so 
it is not very useful in routine investigations. 

For the identification of the polymers (dimers to tetramers) of vanillic acid, 
created during the action of lacase on vanillic acid, Bollag et ~1.~ applied reversed- 
phase high-performance liquid chromatography (HPLC) using water-propanol-acet- 
ic acid (72:24:4) as the eluent. The time of the analysis was 10-25 min. It was therefore 
desirable to develop a rapid and simple method for the qualitative and quantitative 
analysis of methoxyphenol decomposition products in biological material, using as 
an example veratric acid and the basic products of its decomposition. 

In this investigation, the conditions for the separation of methoxy acids form- 
ing in the processes of lignin biotransformation were examined and optimized. Tet- 
rabutylammonium chloride was used as the complexing agent (counter ion). The 
influence of the eluent pH, counter-ion concentration and the amount of methanol 
and acetonitrile in the mobile phase was examined’*. 

EXPERIMENTAL 

Apparatus 
A Pye Unicam Model LC-20 liquid chromatograph with a UV detector (254 

nm) of 8-~1 cell capacity and a Model 7120 sampling valve (Rheodyne, Berkeley, CA, 
U.S.A.), with a IO-p1 loop, were used. A stainless-steel column (10 cm x 4 mm I.D.) 
was used, protected with cu. 3-pm porous steel sinters. The sampler was connected 
with the column and the detector by stainless-steel capillaries of 0.2 mm I.D. 

Column and reagents 
A sorbent with a chemically bonded C1s stationary phase prepared on the 

basis of LiChrosorb Si 100 of particle size 10 pm (Merck, Darmstadt, F.R.G.) was 
used13. 

The column was packed according by the upward slurry-packing technique, 
as described by Suprynowicz et ~1.‘~. After packing, the column was washed with 
100 ml of methanol at a flow-rate of 2-3 ml/mm, and then tested according to Bristow 
and Knox’ 5. The mobile phase was vacuum degassed for 15 min in an ultrasonic 
bath. 

The following reagents, all of analytical-reagent grade, were used: methanol 
and acetonitrile (Merck) veratric acid and tetrabutylammonium chloride (Fluka, 
Buchs, Switzerland), vanillic and isovanillic acids (Sigma, St. Louis, MO, U.S.A.), 
benzyl alcohol (Carlo Erba, Milan, Italy), sodium acid phosphate, phosphoric acid, 
tetrachloromethane and acetone (POCH, Gliwice, Poland). Doubly distilled water 
was used. 

Preparation of standard mixtures and biological samples 
Standards of each of the three methoxy acids were dissolved in methanol or 

acetonitrile to obtain definite concentrations mixed in the ratio of 1:l:l and used as 
model test mixture. 

The biological material came from a Nocardiu culture, cultivated on a mineral 
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medium with the addition of 0.1% of succinic acid as the only source of carbons. 
The cultivation was interrupted in the logarithmic growth phase and 0.02% of ver- 
attic acid was added for the induction of demethylases. Subsequently l-ml samples 
were taken at certain intervals, centrifuged, and the methoxy acids in the supematant 
were determined by ion-pair HPLC. Before the chromatographic measurements, the 
l-ml samples were acidified with 0.1 ml of 5 N sulphuric acid and extracted from the 
acid medium with two 2-ml volumes of diethyl ether. The ether layers were combined 
and dehydrated by the addition of anhydrous magnesium sulphate evaporated under 
vacuum and then dissolved in pure methanol. 

Quantitative determination 
Peak-height measurements were used for quantitative determination with ben- 

zyl alcohol as an internal standard. Linearity of the detection response was estab- 
lished in the investigated range of concentrations. The concentration of the solute 
was calculated according to the equation 

h c = h.5.2 
hs cx 

where c = the concentration of the solute in a biological sample, h = the peak height 
of the solute in a biological sample, c, = the concentration of the standards (benzyl 
alcohol) in a biological sample, h, = the peak height of the standard in a biological 
sample, h, = ratio of the peak heights of the standard and solute in a test mixture 
and c, = ratio of the concentrations of the standard and solute in a test mixture. 

RESULTS AND DISCUSSION 

Optimization of separation conditions of the test mixture of methoxyacids was 
carried out in three stages: (a) evaluation of the effect of pH; (b) determination of 
the optimal composition of the mixed mobile phase (organic component-water); and 
(c) establishment of the concentration of the complexing agent. 

pH showed the greatest influence on k’ values. A pH of ca. 5 seems to be 
optimal for an adequate resolution (1%) and a short analysis time (tA) (Fig. 1). 

Replacement of methanol with acetonitrile led to lower k’ values and even to 
shorter analysis times. 

About the same values of tA and & and the highest selectivity of the isovanillic 
and vanillic acid peaks can be obtained with the use of ca. 10% methanol or ca. 5% 
acetonitrile in water (Fig. 2 and Table I). A change in the concentration of the com- 
plexing agent, tetrabutylammonium chloride, has a stronger effect on the k’ values 
of the investigated substances when methanol-water than when acetonitrile-water is 
used as the mobile phase (Fig. 3). 

To avoid side reactions, it seems advisable to use acetonitrile or ca. 0.015 M 
or slightly lower concentrations of tetrabutylammonium chloride. Mobile phases 
with acetonitrile seem preferable to phases with methanol because the reproducibility 
of k’ and a values is better. For instance, the mean standard deviations of k’ and a 
for the mobile phase containing 5% of acetonitrile are ok, = 0.095 and cr, = 8 . 
10m4, respectively, whereas the respective values for the mobile phases containing 
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k’ 

t 

Fig. 1. Influence of pH on k’ of methoxy acids. Mobile phase: methanol-water (-); acetonitrilewater 
(- - - - -), containing 0.015 M tetrabutylammonium chloride. VA, Vanillic acid, iVA, isovanillic acid; 
VER, veratric acid. 

10% of methanol are: aY = 0.1118 and tr, = 0.2801. 
Peak asymmetry factors (A,) give an indication of separation systems. The 

numerical values of A, do not exceed the acceptable value of cu. 1.2 much, and the 
results in Table II confirm the optimized conditions chosen. 

The detection limits of the methoxy acids obtained under different conditions 
are compared in Table III. The use of acetonitrile instead of methanol provides a 
lower detection limit, of the order lo-’ g/ml. 

TABLE I 

SELECTIVITY (a) AND RESOLUTION (B,) USING DIFFERENT MOBILE PHASE COMPOSI- 
TION AND A CONSTANT CONCENTRATION OF MODIFYING AGENT 

Modifying agent: phosphate buffer (pH 5.5) and 0.015 M tetrabutylammonium chloride. 01 and & deter- 
mined for the pair of peaks isovanillic acid and vanillic acid. 

Organic compo- Concentration (%, v/v) k a RS 
nent of mobile 
phase Vanillic Isovanillic 

acid acid 

(pure water) 
Methanol 5 

10 
15 
20 
25 

11.20 12.69 1.13 2.59 
1.12 9.5 1.23 2.00 
5.06 6.26 1.24 1.95 
2.85 3.26 1.15 1.14 
1.76 2.00 1.13 0.53 
1.13 1.13 1.00 - 

Acetonitrile 5 5.06 6.30 1.25 1.76 
10 2.29 2.10 1.16 1.02 
15 1.07 1.18 1.10 0.43 
20 0.85 0.85 1.00 - 
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Y. organic component 

of mobile phase 

Fig. 2. Influence of mobile phase composition on k’ of methoxy acids. Compounds: methanol-water 
(----), a&o&rile-water (- - - - -), pH 5.5, containing 0.015 M tetrabutylammonium chloride. Abbre- 
viations as in Fig. 1. 

TABLE XI 

COMPARISON OF PEAK ASYMMETRY FACTORS OF METHOXY ACIDS 

Peak asymmetry factors (AI) measured at 10% of the maximum peak height. Complexing agent: 0.015 M tetrabu- 
tylammonium chloride. 

Organic cotrtpoirent ConCentrntion (%, -v/v) 

of mobile phase 
Pff -4 

Voniffic mid lsov&ilic acid Verutric acid 

Methanol 10 3.5 1.20 I .03 1.25 
10 5.5 1.20 1.25 1.28 

A&on&rile 5 3.5 I.15 1.18 1.10 
5 5.5 1.10 I .os 1.25 
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The chromatogram in Fig. 4 shows an example of the separation of methoxy 
acids in a biological sample. 

CONCLUSIONS 

Veratric acid and its metabolites in biological samples can be separated and 
determined by ion-pair HPLC. The limit of detection with a UV detector (254 nm) 
is of the order of 10-6-10-7 g/ml of a single methoxy acid. The time of analysis does 
not exceed 20 min. The developed method may be used for the investigation of lignin 
biotransformation products. 
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