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Behavior of (-)-a-Bisabolol and (-)-a-Bisabololoxides 
A and B in Camomile Flower Extraction with 
Supercritical Carbon Dioxide 

BRANISLAV PEKIC,* ZORAN ZEKOVIC. LIDIJA PETROVIC, 
and ALEKSANDAR TOLIC 
DEPARTMENT OF PHARMACEUTICAL ENGINEERING 
FACULTY OF TECHNOLOGY 
UNIVERSITY OF NOVI SAD 
BOULEVARD CARA LAZARA I .  21000 N O W  SAD, YUGOSLAVIA 

ABSTRACT 

A systematic study of the extraction behavior of selected components of camo- 
mile flowers in extraction with supercritical carbon dioxide was carried out. ( -  )- 

a-Bisabolol and its A and B oxides, which have a wide importance in pharmacol- 
ogy and standardization of camomile flower products. were selected. The depen- 
dence of the yield of selected components on the pressure and/or temperature of 
supercritical extraction was investigated. The results obtained were correlated. 

INTRODUCTION 

Camomile essential oil has a complex composition since it contains 
many different components. From the pharmacological point of view, cha- 
mazulene, ( -)-a-bisabolol, ( - )-a-bisabololoxides A and B, and en-in- 
dicycloethers (Fig. I )  are especially important. The antiphlogistic (anti- 
inflammation) activity of camomile essential oil was ascribed to chamazu- 
lene for a long time. However, a very distinct antiphlogistic effect of 
monocyclic sesquiterpene alcohol ( - )-a-bisabolol has been proved. The 
antiphlogistic effect of its oxides, ( -  )-a-bisabololoxides A and B, is twice 
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Chamazulene (-)-a- Bisabolol (-)-a-Bisabololoxide A 

I 

/ kH 
(-)-a-Bisabololoxide B Cis-en-in-dicycloether Trans-en-in-dicycloether 

FIG. I Structirral formulas of important camomile oil components. 

as weak. En-in-dicycloethers also contribute to the antiphlogistic activity 
of carnomile essential oil (1-3). 

The camomile essential oil obtained by steam distillation is colored in- 
tensive blue. the consequence of the presence of chamazulene, which 
originates from proazulenes (matricine and matricarin) at increased tem- 
peratures in the presence of organic acids contained in the camomile flow- 
ers (4). The extracts obtained by camomile extraction with supercritical 
carbon dioxide. as well as essential oils obtained from C 0 2  extracts by 
steam distillation. are yellow. since chamazulene is not contained in them. 
However. their antiphlogistic effect depends. in the  first place. on the 
presence of ( - )-a-bisabolol and its oxides. 

Some camomile essential oils contain up to 50% ( -  )-a-bisabolol. Be- 
cause of the therapeutic importance of this sesquiterpene alcohol, chemo- 
types of camomile with minimal contents of proazulenes and high contents 
of (-)-a-bisabolol were obtained by selection. Determination of the con- 
tent of (-)-a-bisabolol and its A and B oxides. as well as of en-in-di- 
cycloethers. is important for the standardization of camomile products 
(3). 

Previous investigations of camomile flower extraction with supercritical 
carbon dioxide, including ours (5-7).  have referred to the integral observ- 
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CAMOMILE FLOWER EXTRACTION 3569 

ance of extraction and did not include the extraction behavior of each 
individual camomile flower component. 

On the basis of all these facts, the behaviors of selected components, 
( - )-a-bisabolol and ( - )-a-bisabololoxides A and B, in camomile flower 
extraction with supercritical carbon dioxide were investigated for this 
paper. The dependence of the yield of selected components on selected 
values of pressure and temperature were investigated, and the results 
obtained were correlated. Our intention to investigate the extraction be- 
havior of cis- and trans-en-in-dicycloethers was not possible to realize, 
primarily due to the unsatisfactory reliability of the determinations. 

EXPERIMENTAL 

All investigations were carried out on camomile flowers (Chtrrnornilla~ 
j b s )  obtained from the Institute for Hop, Broomcorn and Medicinal 
Plants, Backi Petrovac. Yugoslavia (1992). There was 0.4352 g essential 
oil per 100 g of the material. Essential oil contents were determined by 
the procedure described in Ref. 8. 

Commercial carbon dioxide was used as the extracting agent. 
The extraction was carried out on a laboratory-scale High Pressure 

Extraction Plant-HPEP (NOVA-Swiss, Switzerland) (Fig. 2 ) .  
The samples for extraction (50 g) were previously milled (ratio of the 

fraction between the sieves with 0.5 and 0.315 mm was 96.295, whereas 
the remainer was 3.8%). The samples were extracted for 2 hours at a 
carbon dioxide flow rate of 53.5 dm3/h (expressed at normal conditions), 
and at different combinations of pressure and temperature. Deviation of 
the flow rate during the investigations, as well as of the pressure and 
temperature, did not exceed k 3  and ?2%. 

To determine the total extraction yield, the extract obtained in the sepa- 
rator was quantitatively dissolved in petroleum ether (bp 40-60°C) and the 
solvent was removed by the procedure for the determination of camomile 
essential oil given in Ref. 8. The same procedure, i.e., steam distillation. 
was employed to determine the essential oil content in the extracts. 

For determination of important camomile components (bisabolol and 
bisabololoxides A and B) and other active components (chamazulene and 
cis- and trans-en-in-dicycloethers) in the camomile essential oils. a gas 
chromatograph (Hewlett-Packard 5890 A) with a splitisplitless injector 
and a mass detector (Hewlett-Packard 5971 A) were used. For treatment 
of the results obtained, MS Chem Station and HP 9000 serial 300 were 
used. For identification of components, the Wiley database and our own 
database were used (9, 10). 
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RESULTS AND DISCUSSION 

The selection of pressure and temperature ranges in the extraction of 
camomile flowers with supercritical carbon dioxide is based on the fact 
that an outstanding change in the density and dielectric constant of carbon 
dioxide occurs between 70 and 160 bar and, in order to prevent thermal 
decomposition of some camomile flower components, the temperature 
should not exceed 353 K ( I  1). For these reasons the extraction process 
was studied in the range of 80-160 bar and 313-353 K. 

After the formulation of a two-factor plan, the experiments on camo- 
mile, which were the subject of a previous investigation (71, were carried 
out, and the composition of essential oils separated from the extracts 
obtained was determined. These results are presented in Table 1. 

On the basis of the data presented in Table I ,  the essential oils separated 
from COz extracts do not contain chamazulene, which is in accordance 
with the fact that it is not a native substance contained in camomile flow- 
ers. However, the essential oil obtained by steam distillation contains 
chamazulene. The contents of ( - )-a-bisabolol and ( - )-a-bisabololoxides 
A and B in essential oils separated from the COZ extracts obtained at 80 
bar are higher than those obtained at higher pressures (120 and 160 bar) 

TABLE I 
Experimental Conditions and Results of Camomile Extraction 

Content of component in essential oil obtained from 
COZ extract in percent and its yield in mgilOO g 

camomile" 

P T Bisabololoxides 
No. (bar) (K) Bisabolol A and B Chamazulene 

120 
160 
80 

I20 
I60 
80 

I20 
160 
80 

333 
333 
333 
353 
353 
353 
313 
313 
313 

Content of Componerrt 

11.96 (62.16) 5.70 (29.62) 
12.32 (124.31) 5.90 (59.53) 
18.69 (24.20) 9.47 (12.26) 
11.12 (60.86) 5.63 (30.81) 
10.99 (73.85) 5.30 (35.62) 
18.36 (11.34) 8.95 (5.53) 
11.35 (95.41) 5.50 (46.23) 
14.24 (140.83) 6.62 (65.47) 
17.81 (20.41) 10.49 (12.02) 

in Camomile Essential Oil Obtained bv Ste 

18.78 (81.73) 10.13 (44.09) 6.55 (28.51) 

Value in parentheses. 
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and similar to the contents in essential oil obtained by steam distillation 
of camomile flowers. 

By observing the absolute yield values of the components of camomile 
essential oil obtained by extraction with supercritical carbon dioxide 
(Table 1, values in parentheses), it could be concluded that the extraction 
yield is considerably higher than the yield obtained by steam distillation. 
For example, the yield of (-)-a-bisabolol, i.e., ( - )-a-bisabololoxides A 
and B, achieved by C 0 2  extraction at 313 K and 160 bar is 1.72, i.e., 1.48 
times higher than the yield achieved by steam distillation. These results 
confirmed our previous conclusion (6,  7) that the yield of essential oil. 
i.e., essential oil components, obtained by extraction of camomile flowers 
with supercritical carbon dioxide is considerably higher than the yield 
obtained by steam distillation. 

The experimental data were obtained in accordance with the two-factor 
plan (Table I ) .  On the basis of these data. a regression equation was 
derived describing the dependence of the extraction yield of a selected 
component (y) on the pressure ( 1 1 )  and temperature ( T ) .  

1. For ( - )-a-bisabolol: 

= - 1692 + 8 . 4 1 6 ~  + 8.081 T 

u =  26.64 

2 .  For ( - )-a-bisabololoxides 

= -684.9 + 3 . 6 0 4 ~  + 3.2701 

u =  23.59 

~ 0.01817pT - 0.OOSp’ - 0.01025T’ 
( 1 )  

Aand  B: 

~ 0.00725pT - 0.00369p’- 0.0042ST’ 
( 2 )  

where y is expressed in milligrams of the selected component per 100 g 
carnomile flowers (mgil00 g). p is in bar, T is in K,  and the standard 
deviation (a) is in mg/lOO g. 

By introducing the values from Table 1 for a constant pressure and 
temperature into Eqs. ( 1 )  and ( 2 )  for selected components. the systems 
of equations for the investigated Components were obtained. The equa- 
tions for the extraction at constant pressure (Eqs. A, B, and C. i.c., a. 
b, and c)  and at constant temperature (Eqs. D. E. and F, i.e., d ,  e ,  and 
D are presented in Table 2 .  

The corresponding graphical presentations. together with the experi- 
mental points, are given in Figures 3 ,  4. 5 and 6. 

Judging from the f i t  of curves obtained (Figs. 3-6) and the standard 
deviation values obtained (Table 7 ) .  the validity of integral Eqs. ( I )  and 
( 2 )  of selected components describing quantitatively the extraction pro- 
cess for the case of boundary states ( p ,  i.e.. T constant) is confirmed. 
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TABLE 2 
Expressions Obtained from Eqs. ( 1 )  and (2) by Introducing the Condition of Constant 

Pressure or Constant Temperature 

Standard 
Constant Equation deviation 

( 2  a) parameter Analytical expression identification 

( -)-a-Bbcubolol, E y .  ( 1 )  

p = 80 bar 
p = 120 bar 
p = 160 bar 
7 = 313 K 
T = 333 K 
7 = 353 K 

p = 80 bar 
p = 120 bar 
p = 160 bar 
7 = 313 K 
7 = 333 K 
T = 353 K 

.V = -1051 + 6.637 - 0.0102T2 A 
I’ = -754.1 + 5.917 - 0.0102T’ B 

= -473.4 + 5.187 - 0.01027’ C 
V = -166.6 + 2 . 7 4 ~  - 0.005~’ D 
4’ = -137.4 + 2 . 3 8 ~  - 0.005pz E 
JJ = - 116.5 + 2 . 0 2 ~  - 0.005~’ F 

(-)-a-Bisuhololoxides A und B ,  Eq .  ( 2 )  
y = -413.8 + 2.697 - 0.00425T2 a 
y = -291.2 + 2.40T - 0.004257’ b 
V = -177.1 + 2.11T - 0.00425T2 C 

d 
e 

.V = -77.7 + 1 . 3 3 ~  - 0 . 0 0 2 6 9 ~ ~  

y = -80.1 + 1 . 0 4 ~  - 0.00269~’ f 
= - 67.2 + 1.19~ - 0 . 0 0 2 6 9 ~ ~  

2.14 
9.53 
6.09 
3.44 
9.11 
5.99 

0.99 
5.05 
6.06 
I .58 
5.22 
2.92 

0 0 - 7 r - r V - n - r  350 
310 320 330 340 

Temperature (K) 
i0 

FIG. 3 Graphical presentation of Equations A.  B ,  and C and the corresponding experirnen- 
tal values. 
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3574 PEKlC ET AL. 

FIG. 4 Graphical presentation of Equations D. E. and F and the corresponding experirnen- 
tal values. 

70 I 

A 
a 

A 

1 1 1 1 ~ " 1 1 ~ 1 ' " ~ 1 1 "  
310 320 330 340 350 1 

Temperature (K) 
0 

FIG. 5 Graphical presentation of Equations a ,  b. and c and the corresponding experimental 
values. 
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FIG. 6 Graphical presentation of Equations d ,  e,  and f and the corresponding experimental 
values. 

The integral equations of selected components derived in this way (Eqs. 
1 and 2) represent a potential means of defining the dependence of selected 
component yield on the  pressure and temperature in camomile extraction 
with supercritical carbon dioxide-within the whole range of investigated 
values of the pressure and temperature. 
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