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Phenolic compounds are widely distributed in plants, but their functions are 
not yet known I-‘. Most of them are formed via the shikimic acid pathway, which 
leads also to amino acids (phenylalanine, tryptophan), growth substances (indole 
acetic acid) and secondary products such as lignins, coumarins, fiavones and an- 
thocyanins. The metabolism of phenolic substances is re!ated to phenylalanine am- 
monialyase (PAL). the activity of which is affected by external and internal factors. In 
particular, the different amounts of thymol in the essential oil of Thynus serrufarus 
grown in different environments has been related to water supplf. 

In Thymus capirarus the phenolic fraction, which is the main component of the 
essential oil (60-90%). comprises only two isomeric phenol&, carvacrol (2-pcy- 

menol) and thymol(3-p-cymenol), whose synthesis can be related to external factors5. 
Several researchers have attempted to separate and quantitate these two isomers by 
using gas-chromatographic (GC) or chemical methods in which phenolics were first 
separated from non-phenolics by alkaline extraction *lo_ The results obtained were 
not satisfactory because the chromatographic peaks were not completely resolved 
and/or the alkaline extraction was not quantitative_ Recently, the use of glass capil- 
lary columns in GC has allowed a very efficient separation of these two phenols”. 

For the same purpose. wehave developed a fast and accurate method involving 
reversed-phase high-performance liquid chromatography (HPLC), which has al- 
ready proved successful in the separation of different phenolics’2-‘6. 

EXPERIMENTAL 

Appararus * 
The high-performance liquid chromatograph consisted of: two Waters Assoc. 

Mode! 6000 pumps, a Model U6K universal injector, and a Model 660 solvent pro- 
grammer; two columns, (1) 300 x 3.9 mm I.D., packed with PBondapak C,, (Waters 
Assoc.), (2) 250 x 4.6 mm I.D., RP-18 (Brownlee Labs.) packed with 10-m LiChro- 
sorb (E. Merck); a variable-wavelength detector, Perk&Elmer LC-55 LJV-visible 
spcctrophotometer with a 8-d sample cell; a Leeds & Northrup Speedomax XL 68 
Mark II recorder. 
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Reagents 
A carvacrol and thymol standard was obtained from Fluka. The solvents were 

acetonitrile RS and methanol RS for HPLC (Carlo Erba, IMilan, Italy). Twice dis- 
tilled water was filtered through a 0.2-m Millipore system. The phenolic standard 
solutions were 200 ppm carvacrol and thymol in methanol. Acetonitrile-water 
(40:60) was employed as mobile phase. 

Extraction of essential oil 
The essential oil of T. capitatus was extracted by steam distillation at atmos- 

pheric pressure and then separated from the aqueous phase with petroleum ether. The 
ethereal phase was washed with water, dried over anhydrous Na$O, and the solvent 
removed in a rotary evaporator at low pressure and 30°C. 

Separation of “pheilolic fraction” 
The phenolic fraction was separated by the alkaline method’*” shown schemat- 

ically in Fig. 1. The yields of phenolic and non-phenolic fractions from 2 g of 
essential oil were 1.55 g and 0.45 g, respectively. 
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Fig. 1. Flow diagram illustrating the alkaline separation of the “phenolic fraction” from the “non-phenolic 
fraction” of the essential oil. 

Determination 
In order to find the best chromatographic conditions for separation of the two 

isomers, the retention time, t,, capacity factor, k’, relative retention, a, and resolu- 
tion, R,, were calculated for the two columns tested (Table I). 
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TA3LE 1 

RETENiION TIMES, t,, CAPACITY FACTORS, K. RELATIVE RETENTIONS, I, AND RESOL- 
LTIONS, & OF CARVACROL AND THYMOL ON pBONDAPAK C,, AND RP-18 USING 
WATER-ACETONiTRILE AS ELUENT 

CZSrt-aCrOl I?:10 7.55 17:50 7.75 
1.13 1.35 1.12 1.39 

Th_plOl 19.30 8.65 19:40 8.70 

Calibration curves were constructed by using standard solutions containing 
dif?erent ratios of the two phenols and plotting the amount of pure component 
against the peak area (Fig_ 2). Each point of the curve was calculated as the average 
value from three injections_ Good results were also obtained by plotting the amount 
of each compound against the heights or weights of the peaks, as demonstrated by the 
correlation coe&ients calculated by using a simple regression equation. 

For the quantitation of the two phenolin, solutions in methanol at different 
concentrations (200 and 2000 ppm) of the essential oil and of the two fractions 
obtained by alkaline extraction were subjected to HPLC. 

weight oi campounds (iug) 

Fig_ 2_ Calibration graphs for carvacrol (C) and thy1101 (T)_ Each point shown is the average from t!!ee 
determinations. The lines indicate *he 95% confidexe limits for some points on the ca!ibratior; curves. 
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RESULTS AND DISCUSSION 

The HPLC separation of the two isomers carvacrol and thymol was attempted 
in reversed-phase mode because of the low polarity and solubility of both chemicals 
in water. Excellent results were obtained when a PBondapak C,, column, an ac- 
etonitrile-water (40:60) mobile phase and a Bow-rate of 1.5 ml/min were used. No 
improvements were achieved by varying either the flow-rate or the mobile phase 
composition. The analysis time and the resolution of two bands decreased as the 
acetonitrile content increased. The analysis time was unnecessarily long and resolu- 
tion did not improve by increasing the water content. 

No appreciable variations were obtained under the same chromatographic 
conditions but with the RP-18 column, the packing of which is somewhat more 
retentive than that of PBondapak C,,. The two columns had approximately equal 
resolution powers for the two isomeric phenolics as demonstrated by the a parameter, 
1.12 on RP-18 and 1.14 on FBondapak C,, (Table I). 

Thus, all results reported are those obtained with FBondapak C,,. 
The correlation coefficients between the amount of compound and the area, 

height or weight of the peaks (Fig. 2) indicate linearity over the investigated concen- 
tration ranges (O-S pg). 

Some chromatograms of mixtures of carvacrol and thymol at different ratios 
are reported in Fig. 3. The two isomers are well separated as demonstrated by the R, 

values (about 1.4) which indicate less than 1 0/0 overlap of bands. From the same tests 
it is possible to calculate the detection limits under these chromatographic conditions 
as the amount of sample which gives a response equal to the noise of the detector”: 
these are 0.02 pg for carvacrol and 0.15 ,ug for thymol. 

h 

I * 
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Fig. 3. HPLC chromatograms of S-pg mixtures of carvacrol (C) and thymol (T) in dif%erent ratios: a. 
100% C; b, 70% C + 307; T; c, 30% C + 70% T; d, 100% T. Conditions: mobile phase, water- 
acetonitrile (60:40); column, PBondapak C,,, 300 x 3.9 mm I.D.; flow-rate, 1.5 ml/min; pressure, 700- 
1000 p.s.i.; detector, IJV at 283 nm. 
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In order to check the effectiveness of the alkaline extraction, equal amounts of 
the “non-phenolic fraction” and of the “phenoiic fraction”, obtained according to 
Fig. I, were injected. The respective chromatograms (Fig. 4) show that the two frac- 
tioris have about the same percentage of phenolics. This demonstrates that the al- 
kaline extraction is not quantitative, as already pointed out”, and that the phenols 
present in the essential oil of T. capitarus are partitioned between the aqueous and 
organic phases, with a preference for the former. Consequently, in this case, the 
alkaiine extraction should be avoided if the exact content of phenolics is to be de- 
termined. 

I-, ,.I, . . . L.. . . . . . . . . . . . .*.. 1 

0 4 8 12 16 20 24 

fig_ 4. HPLC chromato_grams of 80 pg oi the ‘-non-phtnolic fraction” (a)_ ‘-phenolic fraction” (b) 
and --essential oil” (c) of T/~~mus capirurus. Peaks: C = carv~crol; T = thqmol. Conditions as in Fig. 3_ 

A chromatogram of the essential oil Lvhich \vas not subjected to alkaline extrac- 
tion is also shown in Fig. 4. 4 large amount of oil (80 pg) was injected, in order to 
reveal the thymol, which is present in very small amount in comparison with carva- 
crol. The separations were not as good as those obtained in calibration tests. as dem- 
onstrated by the lower R, value (about 1.0). Nevertheless, this ialue indicates that the 
separation is still eEcient and that reasonable estimations of the contents can be 
made_ 

On the other hand, the retention times did not change in the concentration 
range examined_ 

Only the thymol was quantitated from the chromatogram in Fig. 4c, whereas 
carvacrol was determined from a chromatogram (not shown) obtained by injecting 8 
,ug of the essential oil. 

By means of the calibration graphs, it has been calculated that 94% of the 
essential oil of T. capitatus is constituted by the “phenolic fraction*‘, of which 9 1 “/;; is 
carvacrol and 9% is thymol. 
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In conclusion, the present study has demonstrated that: 
(1) the sample of the essential oil must be injected without alkaline separation, 
(2) the elimination of preliminary purification and separation steps notably 

shortens the analysis time and reduces the risk of sample loss, 
(3) HPLC allows the separation and quantitation of phenolic compounds, 

even of isomers, in some essential oils. 
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