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Caps icum annuum L.,  f ami ly  Solanaceae or ig inates  f rom Mexico and Guatemala .  In the USSR it  is 
cult ivated as  an ~ p l a n t  ma in ly  in the Ukraine,  the Caucasus ,  the Cr imea ,  and Centra l  Asia [1]. The 
sharp  and burning tas te  of the f rui t  of this red  pepper  is due to the p re sence  in it  of a special  alkaloid - 
capsaicine.  

In exis t ing  methods for  the isolat ion of ex t r ac t s  (oleoresin)  f rom the f ru i t  of C. annuum, ethanol, 
acetone,  diethyl e ther ,  and other  solvents a r e  used [2, 3]. We have p e r f o r m e d  an invest igat ion a f t e r  the 
ext rac t ion of the f rui t  of the red pepper  with liquid carbon dioxide, the advantages  of which include the 
re la t ive ly  low boiling point (thanks to which the poss ibi l i ty  of the t he rma l  degradat ion of the biological ly 
ac t ive  subs tances  is excluded), the absence  of the necess i ty  for  using a specia l  heat  c a r r i e r  for  el iminat ing 
t r a ce s  of solvent,  and nonpolar i ty ,  which provides  the poss ib i l i ty  of the ext rac t ion  of the essent ia l  oils,  a l -  
kaloids ,  and other  components not volati le with s team.  

The alkaloid capsaicine p re sen t  in red popper  s t imula tes  the mucous  m e m b r a n e .  This action of 
capsaic ine  is  intensif ied by i ts  capaci ty  for  subl iming a t  r e la t ive ly  low t e m p e r a t u r e s .  Because  of this,  an 
industr ia l  production of the ex t r ac t  f r o m  red  popper  which involves grinding is  difficult.  

We have developed a method for  isola t ing ex t r ac t  of red  pepper  permi t t ing  these defects  to be e l i m -  
inated [4]. 

E X P E R I M E N T A L  

A CO 2 ex t r ac t  of red popper  was obtained on a pilot batch ext ract ion unit. The f rui t  was f i r s t  ex-  
t r ac t ed  in the whole state.  The ex t r ac t  obtained contained capsaic ine  (3.75-6.0%), essen t ia l  oil (2.6-3.9%), 
and carotenoids  (11.6-36.7%). Then the popper  was ground and was r e - e x t r a c t e d .  The ex t rac t  contained 
20.0-37.9% of fa t ty  oil, 0.8-2.0% of capsaicine,  0.5-4.2% of one volat i le  component  of the essen t ia l  oil, and 
0.2-0.7% of carotenoids .  The influence of the t e m p e r a t u r e  on the eff ic iency of ext rac t ion of capsaicine 
f rom red  pepper  was studied. Extract ion was p e r f o r m e d  with liquid carbon dioxide a t  21°C (P = 59.9 k g / c m  z) 
and 28°C (P = 70.2 kg/cm2).  The t e m p e r a t u r e  was s tabi l ized by means  of a the rmos ta t .  

The con]minuted raw m a t e r i a l  was pas sed  through smooth ro l l s .  The thickness  of the flake was 0.16 
ram and i ts  m o i s t u r e  content 7%. F igure  1 shows the dependence of the amount  of res idual  capsaic ine  on 
the durat ion of the ext rac t ion  p r o c e s s  at  var ious  t e m p e r a t u r e s .  Curve 1 cor responds  to the t e m p e r a t u r e  
of 21°C (P = 70.2 kg/cm2).  

I t  follows f r o m  Figs .  1 and 2 that the capsaic ine  is ex t rac ted  m o r e  in tensively  a t  21°C, i .e . ,  at  a t e m -  
pe r a tu r e  m o r e  r emote  f r o m  the c r i t i ca l  p a r a m e t e r s  of the ex t rac tan t  (t=31°C, P =  74.96 kg/cm~). The 
amounts  of capsa ic ine  and the f rac t ions  were  found a f t e r  p r ede t e rmined  in te rva ls  of t ime by the s p e c t r o -  
pho tomet r i c  method,  and the initial  amount  of capsaic ine  in the raw ma te r i a l  by exhaust ive extract ion of 
the s p e c t r o m e t r y  of the ex t r ac t s .  

The phys icochemica l  and organ6lept ic  indices of the ex t r ac t s  - the density,  the r e f r ac t i ve  index, the 
amount  of essen t ia l  oil, and the solubil i ty in ethanol - were  de te rmined  by the appropr ia t e  methods of 
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Dependence of the residual  amount of capsaicine on the time of 
the extraction p rocess  at different tempera tures  (y is the residual 
amount of capsaicine,  %, and T is the time of extraction, rain); 1) at t = 
21°C; 2) at t= 28°C. 

Fig. 2. Dependence of the extraction of extractive substances (I), fatty 
oil (2), and capsaicine (3) from the fruit  of the red pepper on the t ime of 
extract ion (t = 21°C, P = 59.9 kg/cm2); M is the yield of extract ive sub- 
s tances,  % on the absolutely dry mater ia l  of the sample, and T is the 
time of extraction, rain. 
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Fig. 3. Spectral  cha rac t e r -  
is t ics  of capsaicine i somers  
(1, 2) in ethanolic solution. 

GOST [All-Union State Standard] 14618, 2-69-GOST 14618, 12--69 [5], 
the acid no. by the method for dark oils [6], the viscosity by H6ppler's 
method, and the capsaicine content by the method described below. 

Isolation of Capsaicine, A solution of 50 g of the extract in 100 
ml of petroleum ether was extracted with 80% aqueous ethanol (3 x 80 
ml). The methanolic extracts were washed with petroleum ether (4 x 
50 ml) and treated with diethyl ether. The ethereal fractions were 
dried with Na2SO4, and the residue after tlle evaporation of tile ether 
consisted of crystals of crude capsaicine, which were purified by 
means of a column of alumina (activity grade If). Impurities were 
eliminated by the passage of the solvent system isopropanol-petroleum 
ether (bp up to 40°C)-water (20 : 45 : 5) (3 x 50 ml), and pure capsaicine 
was eluted with 20 ml of ethanol-methanol (9 : 1) until • the eluates gave 
a negative reaction with diazobenzenesulfonic acid in 8% Na2CO 3 solution. 

The pure capsaicine obtained had mp 65.5-66.0°C. Its purity was 
determined on an SF-4 A spectrophotometer in the ultraviolet region. 
The UV spectrum of capsaicine shows maxima at 230, 260, and 280 nm. 

Figure 3 shows the spectral characteristics in the UV region of 
eluates of capsaicine on a column obtained with various solvents. It 
can be seen from the graph that capsaicine consists of isomers which 
are responsible for the burning taste of the fruit, as has been shown 
by a number of authors [7]. 

Capsaicine gives a charac te r i s t i c  green color  with NH4VO s in acetone in the presence  of HC1 (sp. 
gr.  1.19). We have used this reaction to develop a quantitative determination of capsaicine by a co lor i -  
me t r i c  method. A sample of the CO 2 ext rac t  weighing about 0ol-0.2 g was dissolved in 20 ml of acetone 
with the addition of 10 ml of deodorized kerosene and 10 ml of 5% aqueous NaC1 solution, and the mixture 
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T A B L E  1. C h a r a c t e r i s t i c s  of  the  CO 2 E x t r a c t s  

Index Extract from fruit Ex~act from hull" Essential oil from the fruit 

0,9428-0,9442 0,8263--9,8280 Density at 20°C, g/cm s 
Refractive index 

at 20°C 
Solubility in 96% 

ethanol 
Acid No., mg KOH 
Ester No., mg KOH 
Capsaicine content, % 
Hoppler viscosity 

at 20°C, cP 

1,4745--0,4752 

Partial 
48.4 
74.9 

3,5--4,2 

39,24 

0.9232--0,9258 

0,4809--1,4819 

Partial 
11.2 
32,6 

4,5-5,5 

18,42 

1,4845--I, 4852 

l : l i  
8,0, 

10,6 
2,6, 

T A B L E  2. 

Acid 

Unidentified 
Lauric 
MyriJtic 
Pa'lmitoleic 
Palmitec 
Stearic 
Unidenti - 

fled 
Oleic 
Linoleic 
Linolenic 

F a t t y - A c i d  C o m p o s i t i o n  of  the E x t r a c t s  

ChO2flxtr act 9 f CO z extract )iethylesterex- 
e ~ruit ot me from the seeds :tact fromseeds 

red pepper of the fruit ~f the fruit 
I -- 

a m o u n t ,  a c i d  a m o u n t .  I a c i  d a m o u n t ,  acid % qo % 

[ 
1,46 
1,09 
4,02 
1,46 

26,44 
0,73 

1,09 
18,49 
32, 49 
12.72 

C~,( 0~4 
C16z I 0,32 
C16~C 18.87 
Cis~( 1,41 

C=,I 1056 

~ : 0  
C~ : C 
Cls : 1 
Cl6 * 0 
C~8 ~ 0 

CI8 z 1 
C~8 : 2 
C18 z .3 

Hexane extract 
from the ~eds 
o_f the fruit 

amount, acid % 

C~: 0 
C1611 [ 
C16 ." O[ 
C18 ." 0 I 

- -  - -  w 

054 C,c o 2- 
0,13 Cle:l 0,11 

14,11 C,6zC 16,36 
2.34 C18:(  1,53 

97 4 c:,i[9 7 
73,55 72,51 

_ C'~:21 _ 

was  s h a k e n  fo r  40 ra in .  The r e s i d u e  a f t e r  the  e v a p o r a t i o n  o f  the  aqueous  l a y e r  was  e x t r a c t e d  with 15 m l  
o f  a c e t o n e .  To the e x t r a c t  was  a d d e d  0.5 m l  of  a 1% so lu t ion  of  a m m o n i u m  v a n a d a t e  in a c e t o n e  so lu t ion ,  
and  the  m i x t u r e  was  shaken  fo r  20 s e e  and p h o t o m e t e r e d  with  a r e d  f i l t e r  on an  FI~KlVl-56 p h o t o e l e c t r i c  
c o l o r i m e t e r .  F o r  a n a l y z i n g  c a p s a i e i n e  in  the  i n i t i a l  m a t e r i a l ,  2 g of  g r o u n d  p e p p e r  w a s  we ighed  out  and  
e x t r a c t e d  wi th  20 ml  of  a c e t o n e ,  and  then the  a m o u n t  of  c a p s a i c i n e  was  d e t e r m i n e d  by the m e t h o d  d e s c r i b e d  
above .  

The  a m o u n t  of  c a p s a i c i n e  was  a l s o  d e t e r m i n e d  f r o m  the o p t i c a l  d e n s i t y  of  s o l u t i o n s  u s i n g  a c a l i b r a -  
t ion c u r v e .  The  c a l i b r a t i o n  c u r v e  was  p lo t t ed  wi th  known a m o u n t s  of c a p s a i e i n e .  The  L a m b e r t - B e e r  law 
i s  o b s e r v e d  a t  c o n c e n t r a t i o n s  of  c a p s a i c i n e  in the s a m p l e  r ang ing  f r o m  0 .05-0 .2  m g / m l .  By  th i s  m e t h o d  
we found the a m o u n t  of  c a p s a i e i n e  in  the  CO 2 e x t r a c t  to be 3 .5-4 .2% and in the  i n i t i a l  r a w  m a t e r i a l ,  0 . 6 -  

0.s%. 

The a m o u n t  of c a p s a i e i n e  in the  e x t r a c t  was  c a l c u l a t e d  f r o m  the f o r m u l a  

X =  a.100 p - , % ,  

w h e r e  a i s  the  a m o u n t  of  c a p s a i c i n e  d e t e r m i n e d  f r o m  the o p t i c a l  d e n s i t y  wi th  a c a l i b r a t i o n  c u r v e ,  rag; and  
p i s  the  we igh t  of the  e x t r a c t ,  g. 

The c o m p o s i t i o n  of  r e d - p e p p e r  f r u i t  and  of  e x t r a c t s  f r o m  i t  o b t a i n e d  by m e a n s  of  o r g a n i c  s o l v e n t s  
have  been  l i t t l e  s t ud i ed .  We have  d e v e l o p e d  a p r o c e d u r e  fo r  i n v e s t i g a t i n g  t h e i r  c o m p o s i t i o n .  A s a m p l e  of  
CO~ e x t r a c t  (1 .5 -2 .0  g) w a s  t r e a t e d  wi th  5 N aqueous  HC1 to p r e c i p i t a t e  b a s i c  compounds  in the  f o r m  of the  
h y d r o c h l o r i d e .  A f t e r  t h i s ,  the  so lu t ion  was  b rough t  to  pH 7-8 wi th  5% NaOH, and  the b a s i c  compounds  w e r e  
e x t r a c t e d  with  d i e thy l  e t h e r  [8]. 

Then the f r e e  o r g a n i c  a c i d s  w e r e  r e m o v e d  with  2% aqueous  s o d i u m  b i c a r b o n a t e  so lu t ion .  The p h e -  
n o l s  w e r e  e x t r a c t e d  wi th  570 aqueous  NaOt t  so lu t ion ,  and  the a l k a l i n e  so lu t ion  w a s  a c i d i f i e d  with 3 N HC1 
and e x t r a c t e d  wi th  e t h e r .  To d e t e c t  pheno l s  we u s e d  the c o l o r  r e a c t i o n  of  coup l ing  wi th  a d i a z o t i z e d  s u l -  
f an i l i e  a c i d  wi th  the  f o r m a t i o n  of  an  a z o  dye .  P h e n o l s  gave  a c o l o r a t i o n  r a n g i n g  f r o m  r e d - y e l l o w  to r e d -  
brown [9]. C a r b o n y l  eompounds  w e r e  d e t e r m i n e d  a f t e r  the  e l i m i n a t i o n  of  the b a s i c  compounds ,  a c i d s ,  and  
pheno l s .  The  r e s i d u e  f r o m  the e t h e r e a l  so lu t ion  o f  the  e x t r a c t  was  p a s s e d  t h r o u g h  A m b e r l i t e  IRA-400  
r e s i n  in the  b i su l f i t e  f o r m  (HSO~) to  i s o l a t e  the  e a r b o n y l  compounds .  The l a t t e r  w e r e  e l u t e d  f r o m  the 
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r e s in  with 1 N NaC1. The bisulfi te de r iva t ives  were  decomposed  with sodium bicarbonate .  Af ter  ext rac t ion  
with pe t ro l eum ether ,  the carbonyl  compounds were  concentra ted under  vacuum. The p re sence  of carbonyl  
compounds was  es tab l i shed  f rom the fo rmat ion  of p rec ip i ta tes  with a sa tu ra ted  solution of 2 ,4-din i t rophenyl-  
hydraz ine  in 2 N HC1. 

The alcohols  were  i so la ted  in the fo rm of the phthalates  with phthalic anhydride by a known method 
[9]. The res idua l  neutra l  f rac t ion  of the ex t r ac t  was t r ea t ed  in the n - h e x a n e - 9 0 %  methanol  sy s t em cooled 
to 5-10°C. The r e d - o r a n g e  color  of the neutra l  f rac t ion  of the r ed -poppor  ex t r ac t  is due to carotenoid p ig-  
men t s .  On t r e a t m e n t  with this sys t em of solvents ,  before complete  decolorat ion the l a s t  por t ions  of m e t h -  
anol ex t rac ted  yellow xanthophylls ,  which belong to an inactive fo rm of the carotenoids .  A hexane f rac t ion  
contained carotenoids  in the biological ly act ive f o r m  (~ -  and f l -caro tenes) .  The chemical  composi t ion of 
CO 2 e x t r a c t  of red pepper  was de te rmined  by a method that we have developed: 

Main Components  Content, %* Main Components Content, %* 

Carbonyl  compounds,  including 3.54 Alcohols, including 7.24 
benzaldehyde 1.2 linalool 4.6 
hexanal  1.1 Bound fat ty ac ids  of t r ig lyce r ides  41.4 
fur fura l  0.8 Carotenoids ,  including 20.2 

Bas ic  compounds 0.76 o~-earotone 1.2 
F r e e  organic  acids  4.2 f l -carotene  5.6 
Phenolic  compounds,  including 8.06 xanthophylls 10.68 

capsaic ine  4.2 Wate r - so lub le  compounds 2.08 
Hydrocarbons ,  including 11.5 Other  compounds 1.02 

l imonene 5.3 
ocimene 4.2 

* The f igures  given a r e  the ave rages  of three  exper imenta l  de terminat ions .  

The fa t ty -ac id  composi t ion of the ex t rac t  of the f ru i t  of the red paper  was studied by the GLC 
method.  The acids  were  chromatographed  in the fo rm of the methyl  e s t e r s  on a gas chromatograph .  The 
e s t e r s  were  sepa ra t ed  under  the following conditions: "Tsve t "  ch romatograph  IV, column 2 m,  t e m p e r a -  
ture  180-185°C, solid suppor t  Ch romoso rb  800-100 mesh ,  s t a t ionary  phase 15% of poly(ethylene succinate);  
f l ame- ion iza t ion  de tec tor .  The re la t ive  re tent ion volumes of pure  m a r k e r s  were  used  fo r  identification. 
Resul ts  obtained a r e  given in Table  2. 

S U M M A R Y  

The composi t ion of a CO 2 ex t r ac t  of the f ru i t  of the popper  Caps icum annuum L. with r e s p e c t  to the 
main c l a s se s  of compounds has  been studied. A method has been developed for  the ext rac t ion and quan-  
t i ta t ive de terminat ion  of capsaic ine .  
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