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DETERMINATION OF PULEGONE IN & pulegioides AND PEPPERMINT 
OIL BY THIN LAYER CHROMATOGRAPHY WITH DENSITOMETRY 

Barry P. Sleckmanx, Joseph Sherma**, and 
Lorraine C. Mineo* 
Departments of Biology* and Chemistry** 

Lafayette College 
Easton, PA 18042 

ABSTRACT 

A method was developed for determination of the phytotoxic 
terpene pulegone using silica gel thin layer chromatography with 
detection by acetic acid-sulfuric acid-anisaldehyde reagent and 
densitometric scanning. The method was used to monitor levels of 
pulegone in the plant Hedeoma pulegioides and to assay the com- 
pound in a commercial peppermint oil. 
was found to be localized in the foliage and stem of the plant and 
to be highest in the spring. 

The storage of pulegone 

INTRODUCTION 

Pulegone is a phytotoxic terpene produced by a variety of 

plants, including the annual Hedeoma pulegioides (American Penny- 

royal) (1,2). The present study involved the quantification of 

pulegone in the foliage, stem, roots, and flower of 5. pulegioides 
at 30 day intervals during the 1982 growing season. The soil 

around the plants was also tested for the presence of pulegone at 

these times. The quantification of pulegone was carried out over 

a complete growing season in order to assess varying concentration 

levels for each plant organ during the growth cycle. 

information was applied to apparent allelopathy in the field. 

This 
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1176 SLECKMAN, SHERMA, AND MINE0 

I n  a d d i t i o n  t o  i t s  i n t e r e s t  as a phyto toxic  compound, t h e  

pulegone c o n t e n t  of commercial p roducts  i s  of importance because 

of t h e  t o x i c o l o g i c a l  e f f e c t s  on humans ( 3 ) .  Pulegone i s  found 

i n  many p l a n t  o i l s ,  such as peppermint o i l ,  which are used as 

f l a v o r i n g  a g e n t s  i n  t h e  pharmaceut ical ,  food,  and confec t ionery  

i n d u s t r i e s  ( 4 ) .  Because of i t s  b i o l o g i c a l  and commercial 

i n t e r e s t ,  methods have been devised  f o r  t h e  de te rmina t ion  of 

pulegone i n  t h e  o i l s  of v a r i o u s  p l a n t s ,  most o f t e n  based on gas- 

l i q u i d  chromatography. Separa t ion  and q u a n t i f i c a t i o n  of pulegone 

by GLC i s  made d i f f i c u l t  by t h e  presence  of i n t e r f e r i n g  compounds 

t h a t  over lap  t h e  pulegone peak. Therefore ,  e l a b o r a t e  e x t r a c t i o n  

and d e r i v a t i z a t i o n  methods and m u l t i p l e  GLC d e t e c t o r s  are 

requi red  f o r  t h e  a n a l y s e s  ( 4 , 5 ) .  

This  paper  d e s c r i b e s  a s imple procedure employing t h i n  l a y e r  

chromatography w i t h  densi tometry f o r  t h e  d i r e c t  de te rmina t ion  of 

pulegone i n  p l a n t s  and p l a n t  o i l s .  

t h e  d e t e c t i o n  r e a g e n t ,  no e x t e n s i v e  sample p r e p a r a t i o n  w a s  requi red  

The method i s  shown t o  b e  a c c u r a t e  and s e n s i t i v e  t o  low ng amounts 

of pulegone. 

Because of t h e  s e l e c t i v i t y  of 

EXPERIMENTAL 

P l a n t  and S o i l  Analys is  

Standard s o l u t i o n s  of pulegone were prepared in a b s o l u t e  

e thanol  a t  c o n c e n t r a t i o n s  of 50.0-500 n g / u l  by d i l u t i o n  of a 

1.00 mg/ml e t h a n o l i c  s t o c k  s o l u t i o n .  Whole p u l e g i o i d e s  p l a n t s  

and s o i l  from around t h e  p l a n t s  were c o l l e c t e d  under s i m i l a r  

environmental c o n d i t i o n s  a t  30 day i n t e r v a l s  from May 26, 1982, 

u n t i l  September 28, 1982, from an  area i n  n o r t h e a s t  Pennsylvania .  

Composite samples were c o l l e c t e d  from both  p a r t i a l  shade and 

f u l l y  sunny l o c a t i o n s .  

ambient temperature  f o r  one week p r i o r  t o  e x t r a c t i o n .  Three 

samples each of approximately 0.12 g of d r i e d  f o l i a g e  and stem 

and 1.0 g of d r i e d  s o i l ,  r o o t s ,  and f lower  w e r e  a c c u r a t e l y  weighed 

i n t o  screw-topped v i a l s  and e x t r a c t e d  by soaking f o r  24 hours  w i t h  

The c o l l e c t e d  materials w e r e  d r i e d  a t  
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DETERMINATION OF PULEGONE 1177 

5.00 m l  of a b s o l u t e  e t h a n o l .  

were shaken, t h e  sample w e s  allowed t o  se t t le ,  and t h e  clear 

e x t r a c t  w a s  a p p l i e d  f o r  TLC. 

A t  t h e  end of t h i s  per iod  t h e  v i a l s  

E x t r a c t s  and s t a n d a r d s  were a p p l i e d  a t  1.0 )11 l e v e l s  w i t h  a 

Drummond Dialamatic microdispenser  t o  o r i g i n s  l o c a t e d  2 c m  from 

t h e  bottom of Baker-Flex IB2 s i l i c a  g e l  s h e e t s  (20 x 20 cm). The 

l a y e r s  were developed f o r  a d i s t a n c e  of 10 cm w i t h  hexane-ethyl 

a c e t a t e  (5:2 v/v)  i n  a paper- l ined,  r e c t a n g u l a r  g l a s s  N-tank t h a t  

w a s  p r e - e q u i l i b r a t e d  w i t h  t h e  mobile phase f o r  a t  least  10 minutes. 

Chromatograms were a i r  d r i e d  and pulegone w a s  d e t e c t e d  by l i g h t l y  

spraying  t h e  l a y e r  w i t h  acet ic  a c i d - s u l f u r i c  acid-anisaldehyde 

(100:2:1 v / v )  p r i o r  t o  h e a t i n g  i n  an  oven a t  100°C f o r  5 minutes. 

Pulegone zones were scanned w i t h  a Kontes Chromaflex f i b e r  

o p t i c s  dens i tometer  equipped w i t h  a b a s e l i n e  c o r r e c t o r  and s t r i p  

c h a r t  r e c o r d e r ,  us ing  t h e  s i n g l e  beam (5 mm head)- t ransmission 

mode and t h e  v i s i b l e  wavelengths from t h e  longwave UV source.  

Peak a r e a s  were c a l c u l a t e d  u s i n g  t h e  equat ion:  

width a t  h a l f  h e i g h t ,  and c a l i b r a t i o n  curves  were p l o t t e d  as  peak 

area vs. ng of pulegone a p p l i e d .  The amount of pulegone i n  t h e  

extract  s p o t s  w a s  then  determined by i n t e r p o l a t i o n .  I f  t h e  

peak area from t h e  e x t r a c t  was  

of t h e  pulegone c a l i b r a t i o n  curve,  t h e  s o l u t i o n  w a s  q u a n t i t a t i v e l y  

d i l u t e d  p r i o r  t o  s p o t t i n g .  Mean pulegone c o n c e n t r a t i o n s  were 

c a l c u l a t e d  from t h e  t r i p l i c a t e  a n a l y s e s  of each sample. A p o r t i o n  

of f o l i a g e ,  s t e m ,  r o o t ,  s o i l  and f lower from each c o l l e c t i o n  w a s  

d r i e d  a t  100°C f o r  24 hours  i n  o r d e r  t o  o b t a i n  a b a s e l i n e  dry  

weight t o  which t h e  l e v e l  of pulegone w a s  r e l a t e d .  

area = h e i g h t  x 

n o t  i n  t h e  l i n e a r  range (50-500 ng) 

The i d e n t i t y  of t h e  chromatographic zone b e l i e v e d  t o  b e  

pulegone w a s  confirmed u s i n g  a Finnegan 4000 gas  chromatograph/mass 

spec t rometer  w i t h  INCOS d a t a  system and 70eV e l e c t r o n  impact source.  

The 1.8 m x 2 mm 3% OV-101 column w a s  programmed from 100 to 300'C 

a t  15"C/minute. S u f f i c i e n t  pulegone f o r  t h e  MS a n a l y s i s  w a s  

ob ta ined  by p r e p a r a t i v e  TLC of a scaled-up e x t r a c t  from a l a r g e r  

p l a n t  sample. The mass spectrum w a s  compared t o  t h e  l i b r a r y  

spectrum of pulegone and a spectrum of an i n j e c t e d  pulegone s tandard .  
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1178 SLECKMAN, S H E W ,  AND MINE0 

Peppermint Oil Analysis 

Exactly 2 ml of a commercial peppermint oil was diluted with 
ethanol to 100 ml in a volumetric flask. One PI of sample was 
spotted along with bracketing standards, and the amount of pulegone 
determined as described above. Standard addition was used to 
evaluate the accuracy of the assay. Identical aliquots of oil 

were measured and diluted, but 20 mg of pulegone standard was added 

to one of the samples before analysis. The difference between 
analyseswascompared to the spike level to calculate recovery. 

RESULTS AND DISCUSSION 

Collectionsofplants and soil were made in 1982 on May 26 

(day 0), June 25, August 7 and 21, and September 28. Flowers did 
not appear on the plants until late summer, and no pulegone was 
found in the flower extract from the single collection. 
soil from around the plants were analyzed from each collection; 

pulegone was never detected in these samples, even when 10 ~1 of 

extract was spotted. Based on the amount of sample extracted, the 
extract volume spotted, and the sensitivity of the detection reagent 
(50 nglspot), the sensitivity limit of the assay was approximately 
60 pg/g. Therefore, amounts of pulegone in flowers, roots, and soil 
below this value would not have been detected. 

sensitivity limit of the analysis could be improved by extraction of 
a larger sample, concentration of the extract to a small volume prior 
to spotting, and/or spotting a larger volume on the layer. 

Roots and 

If necessary, the 

Figures 1 and 2 show the decreasing pulegone concentrations 
found in 5 pulegioides stem and foliage over the period studied. 
Pulegone was found in greatest concentration in the foliage, which 
suggests that it is stored and possibly synthesized there, and may 

be released into the environment from this location. The concentra- 
tion of pulegone in the foliage was greatest early in the season 

and decreased steadily until August, at which time the concentration 

remained at a low and relatively steady level throughout the rest 
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DETERMINATION OF PULEGONE 1179 

FIGURE 1. 
foliage as a function of date of collection. The bars indicate 
the standard deviation of triplicate analyses. 

Graph of mean pulegone concentration in &. pulegioides 

FIGURE 2. Graph of mean pulegone concentration ink. pulegioides 
stem as a function of date of collection. 
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of t h e  season.  The c o n c e n t r a t i o n  of pulegone w a s  a l s o  h i g h e s t  i n  

t h e  s t e m  at  t h e  beginning of t h e  season.  T h i s  c o n c e n t r a t i o n  decreased 

sharp ly  u n t i l  l a t e  June and then  g r a d u a l l y  decreased through t h e  rest 

of t h e  growing season,  as shown i n  F igure  2. The t i m e  r e l a t i o n s h i p  

g e n e r a l l y  corresponds t o  t h e  s tudy  of F a r l e y  and Howland (5), which 

found a decrease  of pulegone c o n t e n t  from August t o  September. 

To v e r i f y  complete pulegone e x t r a c t i o n ,  a number of t h e  i n i t i a l  

f o l i a g e  samples was e x t r a c t e d  f o r  a second 24 hour p e r i o d ,  and t h i s  

e x t r a c t  w a s  s p o t t e d  w i t h  t h e  f i r s t  f o r  TLC a n a l y s i s .  S i n c e  r e s u l t s  

showed t h a t  a t  least  95% of t h e  t o t a l  pulegone w a s  recovered i n  

t h e  f i r s t  extract, a s i n g l e  e x t r a c t i o n  w a s  r o u t i n e l y  used i n  a l l  

ana lyses .  

The an isa ldehyde  reagent  d e t e c t e d  pulegone as a p u r p l e  zone 

a g a i n s t  a whi te  background a t  an % of 0 . 4 3 .  

r e l a t i v e l y  s e l e c t i v e  f o r  t e r p e n e s ,  and only two f a i n t  zones o t h e r  

than pulegone were d e t e c t e d  on chromatograms of e x t r a c t s  s p o t t e d  a t  

t h e  l e v e l s  descr ibed  above. T y p i c a l l y ,  one brown zone w a s  l o c a t e d  

near  t h e  o r i g i n  and a f a i n t  g reen  zone, probably due t o  c h l o r o p l a s t  

pigments, c l o s e  t o  t h e  s o l v e n t  f r o n t .  The d e n s i t o m e t r i c  c a l i b r a t i o n  

curve  [peak area (mm ) v s .  ng pulegone s p o t t e d ]  w a s  f i t  t o  t h e  

l i n e a r  equat ion  Y = A $. ( B - X )  w i t h  t h e  fo l lowing  t y p i c a l  va lues :  

index of de te rmina t ion  ( r 2 )  = 0.999, A = -42.0,  B = 3.74. 

The reagent  i s  

2 

Because 

of s l i g h t  d i f f e r e n c e s  i n  t h e s e  v a l u e s  from l a y e r  t o  l a y e r ,  bracket-  

ing  s t a n d a r d s  were always developed i n  p a r a l l e l  w i t h  samples. 

To confirm i d e n t i t y  of pulegone, f o l i a g e  e x t r a c t  w a s  s t r e a k e d  

onto a p r e p a r a t i v e  TLC p l a t e ,  t h e  pulegone zone w a s  scraped and 

e l u t e d  w i t h  e t h a n o l ,  and t h e  e l u a t e  w a s  analyzed w i t h  a d i r e c t l y  

coupled gas  chromatograph/quadrupole m a s s  spec t rometer .  

spectrum had a molecular  i o n  peak of m/z = 152, a b a s e  peak of 81 ,and  

o t h e r  prominent peaks w e r e  a t  137, 109, 95, 91, 6 7 ,  5 3 ,  41.  The 

c l o s e  match ( r  = 0.998) between t h e  e x t r a c t  spectrum, t h e  spectrum 

of an i n j e c t e d  pulegone s tandard ,  and t h e  pulegone spectrum i n  t h e  

instrument  l i b r a r y ,  and t h e  correspondence of GC r e t e n t i o n  times 

( 2 . 8  minutes)  between t h e  sample and s t a n d a r d  i d e n t i f i e d  t h e  TLC 

zone as pulegone. 

The mass 
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DETERMINATION OF PULEGONE 1181 

The concentration of pulegone in a "concentrated peppermint oil" 
purchased in a local health food store was found to be 5 . 8  mg/ml by 
the densitometric method, which is within the range of pulegone 
content found for a series of commercial peppermint oils by a much 
more complex GC method (5). 
by densitometry, 2.0 ml of this sample was spiked with 20.0 mg of 
pulegone, and reanalyzed. The resultant value of 14.9 mg/ml 
represented 91% recovery of the added pulegone, which is adequate 
for trace analysis at the ng level. Several other purple and 
brown zones appeared on the chromatogram of the oil (RF values of 

0 . 2 8 ,  0.59, 0.65, 0.70), but none interfered with scanning the 
pulegone zone. 

To verify the accuracy of quantification 

The quantitative TLC method described provides a simple, 
accurate means for determination of pulegone during botanical phyto- 
toxicity studies or for assay of this toxic compound in peppermint 
oil to be added to consumer products. It would also be useful 
for analysis of finished products, for which the International 

Organization of the Flavor Industry Committee of Experts ( 4 )  has 
set a pulegone limit of 20-250 ppm, after extraction and concentra- 
tion steps. Because of the resolving power of TLC and the use of a 

sensitive and relatively selective terpene detection reagent, 
pulegone appeared as a separate zone that was not overlapped by 
interferences, as is often the case when analyzing similar samples 

by gas chromatography. 
studies might require cleanup prior to spotting. 

Samples other than those used in these 
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