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ABSTRACT 

Underlvatlzed phenohc constituents from propohs (flavonold aglycones, phenohc acids and their esters) were analysed by capdlary 
gas chromatography usmg an electron-capture detector The analysis was possible because of the good electron-capture response of 
these compounds, which belong to the so-called “coqugated electrophores” 

INTRODUCTION 

Phenohc compounds are wldespread m plants 
and they are important as active ingredients of 
many phytogemc preparations m cosmetics and 
medicine [ 1,2] Phenohc compounds (flavonold 
aglycones, phenohc acids and their esters) are the 
mam components of propohs (bee glue) [3] and are 
thought to be responsible for its valuable blologlcal 
activity [4] Among the various methods used for 
the separation and analysis of complex mixtures of 
natural phenohcs, such as propohs, capillary gas 
chromatography (GC) IS of maJor Importance due 
to its sensltlvlty and resolving power It 1s common 
practice to prepare denvatlves of phenohc com- 
pounds before GC analysis [methyl or trlmethylsllyl 
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(TMS) ethers] and to use flame lomzatlon detection 
[5] The derlvatlzatlon 1s thought to be necessary to 
increase the volatlhty of the phenohc compounds, 
but it has some disadvantages, especially when fla- 
vonolds are to be analysed [5,6] Some recent re- 
ports have shown that under the condltlons of py- 
rolysis GC-mass spectrometry some flavonold agly- 
cones have been detected [7] This 1s an mdlcatlon 
that even the underlvatlzed compounds of this type 
are volatile enough and transmit well through smt- 
able GC columns at 300-350°C without thermal 
degradation The mam groups of propohs phenohcs 
(flavonold aglycones, phenohc acids and their es- 
ters) are also known to belong to the so-called “con- 
jugated electrofores” which have a good electron- 
capture response [8] and m these compounds the 
electron-capture detector might be more sensltlve 
than the flame lomzatlon detector This was con- 
firmed by expenments to use electron capture for 
the detection of the TMS derivatives of phenohc 
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compounds For this reason we tried to determine if 
underlvatlzed phenohc compounds could be deter- 
mined by capillary GC using an electron-capture 
detector 

EXPERIMENTAL 

The flavonolds pmocembrm (2), tectochrysm (3) 
and galangm (5) were isolated from propohs as de- 
scribed by Bankova et al [9] The methodology of 
p-phenylethyl caffeate (6) synthesis has been de- 
scribed by Bankova [lo] Caffelc acid (1) was pur- 
chased from Merck and chrysm (4) from Roth 
Propohs was collected m south Bulgaria near Plov- 
dlv 

Extractton of propolls 
Propohs (1 g) was grated after coolmg and re- 

fluxed with 15 ml of methanol for 1 h The hot ex- 
tract was filtered, diluted with water and extracted 
successively with light petroleum (b p 40-60°C) 
(3 x ) and dlethyl ether (3 x ) The ether extracts 
were combined and evaporated to dryness This ex- 
tract (1 mg) was dissolved m 100 ,ul of acetone, and 
l-2 ,ul of this solution were inJected mto the gas 
chromatograph 

Trlmethylsdylatlon 
A 1 mg mass of the model mixture or of the ether 

extract of propohs was sllylated with 50 ~1 of N,O- 
bu(tnmethylslEyl)trlfluoroacetamlde at 65°C for 30 
mm, l-2 ~1 of the solution was mJected into the gas 
chromatograph 

Gas chromatography 
GC analysis was carried out on a Perkm-Elmer 

8700 instrument The separation was accomplished 
on a 9 m x 0 25 mm I D SE-54 fused-slhca capll- 
lary column with a film thickness of 0 25 pm The 
linear velocity of the nitrogen carrier gas was 9 cm 
s-l (split ratio 1 25) The temperature programme 
was as follows 80-28O”C, rate 20°C mln-I, 28(r 
3OO”C, rate 2°C mm -I, with a lo-mm hold at 
300°C The injector temperature was 320°C and the 
detector temperature was 350°C At the end of the 
column the gas flow was spht m a ratio of 1 1 using 
two 10 cm x 0 25 mm, 0 25 pm film thickness 
SE-54 capillaries, the first of them going mto the 
flame lomzatlon detector and the other mto the 
electron-capture detector 

RESULTS AND DISCUSSION 

Experiments were carried out to see if the TMS 
ethers of propohs phenohcs have a significant elec- 
tron-capture response In these experiments a mod- 
el mixture of representatives of the three mam 
groups of propohs phenohcs (caffelc acid, 1, flavo- 
nold aglycones pmocembrm, 2, galangm, 5, and the 
ester /?-phenylethyl caffeate 6) and propohs extract 
were used At the end of the column both detectors 
were run simultaneously It 1s shown that the elec- 
tron-capture response was about one order of mag- 
nitude higher than the flame lomzatlon response 
(Fig 1) When the mJector temperature was m- 
creased (28&32O”C), higher responses were ob- 
served for both detectors because of the increasing 
vapour pressure of the compounds analysed An m- 
crease m the detector temperature (32&350°C) re- 
sulted m a lower electron-capture response (15- 
40% for the different compounds) This 1s an m- 
dlcatlon that the electron-capture process m this m- 
stance occurs m a way which represents an undls- 
soclatlve attachment producing a stable negative 
molecular ion [8] The high electron-capture re- 
sponse of the corqugated electrophores (sllylated 
flavonolds and cmnamlc acid derivatives) encour- 
aged the analysis of the low-volatile underlvatlzed 
compounds by capillary GC with electron-capture 
detection The same column was used for the sep- 
aration of derlvatlzed and underlvatlzed propohs 
phenohc components (caffelc acid, 1, pmocembrm, 
2, tectochrysm, 3, chrysm, 4, galangm, 5, and 
/3-phenylethyl caffeate, 6) A satisfactory resolution 
(not the optimum solution) of the underlvatlzed 
compounds was achieved under the condltlons used 
for the analysis of the TMS ethers, so these condl- 
tlons were used for the comparison study (Fig 2) 

The injector temperature was 32O”C, when It was 
increased to 35o”C, only a slight increase m the rela- 
tive areas of the peaks with the longest retention 
times (chrysm 4 and galangm 5) was observed The 
percentage of caffelc acid 1 (retention time 4 5 mm) 
m these samples was low (less than 1%) [ll] and 
was below the hmlt of detection It 1s interesting to 
note that when underlvatlzed propohs phenohc 
components were analysed using the two detection 
methods simultaneously, only the largest peaks pl- 
nocembrm and galangm, were satlsfactorlly detect- 
ed by flame lomzatlon detection at an acceptable 
signal-to-noise ratio 
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Rg 1 Capillary gas chromatogram of TMS ethers of propohs 
phenohc constituents For GC condltlons, see under Expenmen- 
tal Peaks 1 = caffelc acid, 2 = pmocembrm, 3 = tectochrysm, 
4 = chrysm, 5 = galangm, 6 = P-phenylethyl caffeate ( p) 
Flame lomzatlon response, (----) electron-capture 

To the best of our knowledge this 1s the first anal- 
ysis of underlvatlzed Aavonold aglycones by capll- 
lary GC It was possible because of the good elec- 
tron-capture response of these compounds The 
method proposed allows the rapid quahtatlve anal- 
ysis of the mam blologlcally active components of 
propohs [12] The good reproduclbdlty of the peak 
areas is an mdxatlon that the method could also be 
used for the quantitative analysis of this valuable 
natural product 
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Rg 2 Capdlary gas chromatogram of underlvatlzed propohs 
phenohc constituents usmg electron-capture detectlon For GC 
condltlons, see under Experimental For peak Identdicatlon, see 
Fig 1 
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