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High I ’e r formance  L i q u i d  C h r o m a t o g r a p h y  

of P l a n t  P i g m e n t s  - A Review 

S .  . I .  S c l i w a r t z  

a n d  

.I . II. von E l b e  

D e p a r t m e n t  of Food S c i e n c e  

U n i v e r s i t y  of W i s c o n s i n - M a d i s o n  

M;idison, W1 53706 

AMTRACT 

High p e r f o r m a n r e  l i q u i d  chromatojir; lptiy (HI’LC) h a s  f o u n d  w i d e  a p p l i c a t i o n  

f o r  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  a n a l y s i s  of  p l a n t  p i g m e n t s .  HPLC m e t h o d s  

d e v e l o p e d  f o r  the a n a l y s i s  o f  c n r o t c n o i d s ,  c h l o r o p h y l l s ,  f l a v o n o i d s  a n d  

h e t n 1 n i n t . s  a r e  s i immnrized .  1:nmpnrc.d t o  o t l i e r  chronid to j i r r lph ic  t e c h n i q u e s  

t h e  m e t h o d s  arc p r e c i s e ,  s e n s i t i v e  and  l e s s  t ime c o n s u m i n g .  

S a m p l c  p r c . p a r a t i o n  p r i o r  t o  rhrnmatcr~: rnphy i s  g e n e r : i l l v  minimal  ;inil 

o f L e n  a s i m p l e  e x t r a c t i o n  s t e p  is s u f j i c i e n ~ .  I‘he h i g h  r e s o l u t i o n  r n p a b i l  i t y  

of  H P L C  h a s  made t h e  s e p a r a t i o n  n f  c l n s e l y  r e l a t e d  p i g m e n t s  p o s s i b l e  and  h a s  

p r o v i d e d  a means  f o r  m a j o r  a d v a n c e s  i n t o  t h e  s t u d y  of  p l : in r  p i g m e n t s .  

I n  t r o d u c  t Lon 

S e p a r a t i o n  a n d  i d e n t i f i c a t i n n  oC p l a n t  p i g m e n t s  h a s  b e e n  l a r g e l y  

r e s t r i c t e d  t o  p a p e r ,  t h i n - l a y e r  a n d  column c h r o m a t o g r a p h y .  Gas chroma-  

4 3  

Cr,pyrigti! 0 1082 h y  Marcel Dekker. Inc. 
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4 4  SCHWARTZ AND VON ELBE 

t og raphy  (CC) h a s  found o n l y  l i m i t e d  a p p l i c a t i o n  i n  t h e  a n a l y s i s  o f  

p igmen t s .  High pe r fo rmance  l i q u i d  chromatography (HPIX) w a s  deve loped  

as  a complementary t o o l  t o  C C ,  p a r t i c u l a r l y  f o r  t h e  s e p a r a t i o n  o f  non- 

v o l a t i l e  i o n i c  compounds. i t  e l i m i n a t e d  t h e  need f o r  d e r i v a t i z a t i o n  and 

p o s s i b l e  h e a t  d e g r a d a t i o n  of l a b i l r  p igmen t s .  T h i s  t e c h n i q u e  o f f e r s  many 

a d v a n t a g e s .  The h i g h  r e s o l u t i o n  c a p a b i l  iLies of IIPIL columns a l l o w s  for  

t h e  s e p a r a t i o n  o f  complex m i x t u r e s  of p l a n t  p igmen t s .  A n a l y s i s  times. 

i n c l u d i n g  s a m p l e  p r e p a r a t i o n ,  a r e  g e n e r a l l y  l e s s  t h a n  i n  o t h e r  chromato-  

y,rsphic methods.  and i n  many i n s t a n c c s ,  s c p a r a t i o i i  is comple t e  w i t h i n  30 

min. The i n t e r a c t i o n  o f  l i g h t  ene rgy  w i t h  pigmenLs makes them p a r t i c u l a r l y  

s u i t a b l e  f o r  HP1.C methods which u t i l i z e  s p e c t r o m e t r y  a s  a means of 

d e t e r t i o n .  The h igh  s e n s i t  i v i t y  of 1 1 1 1 r a v i o l e t - v i s i b l e  ,ind f l i i o r e n c e n r r  

d e t e c t o r s  make  a n a l y s i s  of sma l l  s a m p l e  s i z e s  p o s s i b l e .  La rge r  q u a n t i t i e s  

can a l s o  be chrumaLogr;iphcd hy p r e p a r a t  i v e  HP1.C wlii<.li is p a r t i c u l a r l y  u s e f u l  

f u r  t h e  c o l l e c t i o n  of i n d i v i d u a l  components .  O u a l i c a t i v e  and q u a n t i t a t i v e  

methods have been deve loped  f o r  s c r e e n i n g  of p l a n t  p igmen t s .  These  methods 

have p rov ided  f o r  a l a r g e  number of advances  i n t o  t h e  s t u d y  o f  p l a n t  p igmen t s  

and w i l l  c o n t i n u e  t o  enhance  tlie r e s e a r c h  e f f o r t s  i n  t h i s  f i e l d .  

C a r o t e n o i d s  -_ 
The c a r o t e n o i d s  are t h e  most w i d e l y  d i s t r i b u t e d  n a t u r a l  p igmen t s  found 

i n  h i g h e r  p l a n t s .  They r ange  i n  c o l o r  from r e d  t o  ye l low and a r e  l o c a t e d  

i n  t h e  c h l o r o p l a s t .  I n  p l a n t s ,  t h e i r  p r e s e n c e  i s  o f t e n  masked by c h l o r o p h y l l .  

I n  h i s  c l a s s i c a l  chromatography e x p e r i m e n t s  f o r  t h e  s e p a r a t i o n  of  l e a f  

p igmen t s ,  Tswe t t  (1906) nbse rved  h o t h  c h l o r o p h y l l s  and c a r o t e n o i d s .  The 

major c a r o t e n o i d ,  c a r o t e n e ,  was i s o l a t e d  and c r y s t a l l i z e d  and l a t e r  found 

t o  c o n t a i n  c l o s e l y  r e l a t e d  i somers .  C l a s s i c a l  s t r i i c t u r a l  s t u d i e s  began 

i n  t h e  1920 ' s  when l a r g e  eii<ii i~,h qu:int i t  ies o t  ca roLcno ids  c o u l d  he 

s e p a r a t e d .  The d i s c o v e r y  t h a t  R-carotene h a s  p o t e n t  i a l  v i t a m i n  A 

iic t i v i t y  ( S t e e n b w k ,  19 I Y )  s t  imul a t  cd f iir t h e r  r c se i i r c  h o n  c a r o t e n o i d  
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PLANT PIGMENTS 

pigments. Today over 400 naturally occurring carotenoids are known. The 

major carotenoids are R-carotene, lutein, violaxanthin and neoxanthin. 

'l'hose occurring in smaller amoiints :ire a-carotene, R-cryptoxanthin, 

zeaxanthin and antheraxanttitn (Fig. I ) .  These compounds have been in the 

food supply throughout evolution and some are used today as colorants in 

foods and feeds. Some common carotenoids and their sources are shown in 

Table I (Isler, 1979). The distribution of carotenoids in plants and 

algae has been reviewed i n  detail (Coodwin, 1976). 

The carotenoids are a class of compounds composed of isoprene units. 

Differences in carotenoid structures are derived by hydrogenation, 

dehydrogenation. cyclization and oxidation of the isoprenoid unit. The 

complex nature of  these compounds has resulted in many trival names f o r  

various carotenoids. Definitive rules for the nomenclature of  carotenoids 

have been published by IUPAC (1960). 

The carotenoids are fat soluble pigments and are extracted by benzene, 

ether, carbon disulfide. ethanol or chloroform. In some instances, 

preliminary purification is required and usually involves basic hydrolysis 

of lipids or esters of hydroxylated carotenoids followed by chromatography. 

Care should be exercised to prevent long term exposure of the carotenoids 

to oxygen and light. Prolonged adsorption to certain stationary phases 

during chromatography should be minimal t o  avoid alteration of the pigments. 

Techniques for the isolation and purification of carotenoids have been 

reviewed by Liaaen-Jensen (1971) and Moss and Weedon ( 1 9 7 6 ) .  

The advent of HPLC has provided a means for major advances into the 

study of carotenoid pigments. T l i r s  highly conjugated structure of the 

carotenoids provides for their detect ion by ultraviolet atid visible 

spectrophotometers. Table 2 lists some carotenoids and thc wavelengths 

at which maximum 1 ight absorption occurs. The high resolution capabil t t y  

of HPLC has made theoepar;itionof closely related carotrnvids possible, 

which previously was tedious or impossible. 
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46 SCHWARTZ AND VON ELBE 
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Figure 1 .  Structures of some carotenoids.  
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PLANT PIGMENTS 47 

T a b l e  1. Some c a r o t e n o i d s  and t h e i r  s o u r c e s .  

Class Major O t h e r  
Caro t eno i d s  C a r o t e n o i d s  Source 

C a r o t e n e s  %-Carotene a -Caro tene  C a r r o t s  

6-Carotene a - C a r o t i n e  Red palm o i l  

y-Carotene 

R-Carotene Xant hophy 11s A l f a l f a  

1,ycopene Caru t e n e  Tomato 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Xanthophy l l s  C r y p t o x a n t h i n  Zeaxan th in  Corn 

I.ut e i n  C a r o t e n e s  A l f a l f a  

Capsan th in  - P a p r i c a  

As t axnn  t h i n  Salmon 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I:-(:,irol t.111. S:I c r roll (':ire t en , ,  i I. (:roc, i i i  

Acid CroceL i n  

B ix in  - Anna t o  

- 

Many c a r o t e n o i d  p igmen t s  c o - e x i s t  w i t h  c h l o r o p h y l l s  and are o f t e n  

s i m u l t a n e o u s l y  a n a l y z e d  i n  p l a n t  e x t r a c t s  (Abnychi and R i l e y ,  1979; 

Haumann and G r i m e ,  1979;  Dav ies  and Hu ldswor th ,  1980; Ue J o n g  and 

Wood l i e f ,  1978; E s k i n s  and D u t t o n ,  1979; E s k i n s  ct 32 . .  1977; I r iyama  

- _  e t  a l . ,  1978; S t r a n s k y ,  1978) .  

The f i r s t  HPLC t e c h n i q u e  u t i l i z e d  t o  s e p a r a t e  c a r o t e n e s  w a s  deve loped  

by Sweeney and Marsh (1970) .  A coliimn packed w i t h  c a l c i u m  and  magnesium 

h y d r o x i d e s  was used  t o  s t u d y  c a r o t e n e  s t e r e u i s o m e r s  i n  v e g e t a b l e s .  The 

method was a p p l i e d  t o  i n v e s t i g a t e  t h e  e f f e c t s  of  food p r o c e s s i n g  on 

i s o m e r i z a t i o n .  p -Methy lan i so le  i n  pe t ro l eum e t h e r  (1.5%) w a s  employed 

a s  t h e  mob i l e  p h a s e  t o  r e s o l v e  s e v e n  i somers  i n  l e s s  t h a n  one  hour .  S t e w a r t  

and Wheaton (1971) employed HPLC t o  s e p a r a t e  c a r o t e n o i d s  and x a n t h o p h y l l s  

from c i t r u s  p e e l s .  The c a r o t e n o i d s  were s e p a r a t e d  on  a magnesium o x i d e  

column w h i l e  a z i n c  c a r b o n a t e  column w a s  u sed  to  s e p a r a t e  x a n t h o p h y l l s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



48 SCHWARTZ AND VON ELBE 

Table 2 .  Some carotenoids and their wavelengths at maximum light dbsorption. 

Carotenoid Maximum Light Absorption Solvent 

Lycopene (trans) 505 474 4 4 6  

(cis) 502 4 7 0  444 

B-Carotene 497 466 

Zeaxanthin 483 45 I 

a-Carotene 485 4 54 

y-Carotene 494 462 437 

508 475 446 

Astaxanthin 513 493 476 

Bixin 509 475 443 

Chloroform 

Ethanol 

Chloroform 

Pet role um 
Ether 
Chloroform 

Pyridene 

Chloroform 

Cryptoxanthin 480 452 

Crocet i n  464 4 36 411 Pyridin 

Crocin 464 4 34 Methanol 

1 .  Compiled from: Merck Index 9th Edition Merck Co., I n c . ,  Rahway. N J  
( 1 9 7 6 ) .  

The mobile phase was a mixture of tert-pentyl alcohol in n-hexane containing 

1% BHT as an antioxidant. Elution was accomplished by step-gradient 

system increasing the alcohol concentration. Twenty-three pigment:: were 

resolved of which thirteen were identiiied. Carotenoids, a- and 6-carotene 

and cryptoxanthin were analyzed by Reeder and Park ( 1 9 7 5 )  to measure the 

provitamin A activity of orange j u i c e .  l'he method employs alumina as a 

stationary phase and 0.01% BH'r i n  benzene:n-hexane ( 3 : 5  v/v) as mobile 

phase t o r  the separation o f  r;irotenes. A silica stationary phase with 

a 0.01X RHT in tetrahydrofuran:n-hcxane (1:5 v/v) as mobile phase was 

used f o r  the separation of c.ryptoxantllin. The effect of carotenoids on 

the color  of citrus products and problems associated with their analyses 
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PLANT PIGMENTS 49 

by f1PI.C have been  rc.viewed by S t c w a r t  and 1.eiienberger ( 1 9 7 6 ) .  S t e w a r t  

(1977a)  expanded t h c i  method hy Heedcr and P a r k  t o  s e p a r a t e  f i v e  c a r o t e n o i d s  

i n  o range  j u i c e  (u. B and r, c a r o t e n e  and i l  and R c r y p t o x a n t h i n ) .  The 

mcthod employs a s ini : le  magnesia  column and g r a d i e n t  e l u t i o n  s y s t e m  composed 

o f  a m i x t u r e  c f  n-hexane and a c e t o n e  o r  a m i x t u r e  o f  hexane ,  a c e t o n e  and 

water a s  t h e  m o b i l e  p h a s e .  The method was l a t e r  a p p l i e d  t o  measu re  

c a r o t e n o i d  c o n t e n t  d u r i n g  c i t r u s  C r u i t  m a t u r a t i o n  ( S t e w a r t .  1977b) .  I n  

t h e s e  methods,  Je~ect ion ( J [  t l w  pi,:meiit w.is mvni to red  a t  440 nm. Thompson 

and Maxwell (1977)  a p p l i e d  a r eve r se -phase  column and met11anol:water 

m i x t u r e  ( 9 9 : l  v / v )  a s  e l u a n t  t o  s e p a r a t e  B-carotene from m a r g a r i n e ,  i n f a n t  

fo rmula  and f o r t i f i e d  m i l k .  'The R-carotene w a s  d e t e c t e d  by m o n i t o r i n g  t h e  

e l u a n t  a t  4 5 3  nm. f l a j ib rah im 1. (1978) a n a l y z e d  c a r o t e n o i d  and 

p o r p h y r i n  p igmen t s  from geochemical  s e d i m e n t s  u s i n g  s i l i c a  g e l  a s  t h e  

s t a t i o n a r y  phase .  A concave g r a d i e n t  sys t em composed of 1-75% a c e t o n e  i n  

hexane o r  2-50% a c e t o n e  i n  liexane was employed.  D e t e c t i o n  of c a r o t e n o i d s  

i n  t h e  e l u a n t  was mon i to red  a t  4 5 1  nm. T h i s  s t u d y  was i i nde r t aken  t o  

a s s e s s  t h e  p o t e n t i a l  of HP1.C i n  " f i n g e r p r i n t i n g "  p e t r o p o r p h y r i n  d i s t r i b u t i o n s .  

The scope  and l i m i t a t i o n s  of HPLC on s i l i c a  for t h e  s e p a r a t i o n  o f  

c a r o t e n e s ,  d i a l s .  c i s - t r a n s  i somers  and d i n s t p r e o i s o m e r s  i n  compar i son  

w i t h  common TLC and pape r  ch romatograph i r  s y s t e m s  have been i n v e s t i g a t e d  

by F i k s d a h l  &. (1978) .  8-Carotene and lycopene  were q u a n t i f i e d  i n  

toma to  samples  by Zakaria ft 4. (1979) .  A r e v e r s e - p h a s e  column and a 

m i x t u r e  of c h l o r o f o r m  i n  a c e t o n i t r i l e  was used as  t h e  e l u a n t .  Pigments  

were mon i to red  i n  t h e  e l u a n t  a t  470 nm. S e p a r a t i o n  was c o m p l e t e  w i t h i n  

1 5  min. The a u t h o r s  s u g g e s t e d  th . l t  Ll ie i r  method g i v e s  a more r e l i a b l e  

e v a l u a t i o n  of t h e  v i t a m i n  A c o n t e n t  i n  f r u i t s  and is more accurate t h a n  

t h e  c u r r e n t  method used  by t h e  AOAC t o  e s t a b l i s h  v i t a m i n  A c o m p o s i t i o n  

of foods .  Landen and E i t e n m i l l e r  (1979)  combined h i g h  pe r fo rmance  g ~ l  

p e r m e a t i o n  chromatography w i t h  nnn-nqiieous revcrse-pl i : isc  1iPI.C t o  

s i m u l t a n e o u s l y  q u a n t i t a t e  U-carotene and r e t i n v l  p a l m i t a t e  in o i l  and 
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50 SCHWARTZ AND VON ELBE 

marpa r ine .  The advan tage  of  t h i s  approach  is t h a t  i t  a l l o w s  a n a l y s i s  

w i t h o u t  p r i o r  s a p o n i f i c a t i o n  o f  t h e  s n m l i l e .  Saflron p igmen t s  were 

mon i to red  a t  440 nm u s i n g  a r e v e r s e - p h n s e  column a n d  n c e t o n i t r i l e  a s  

t h e  mob i l e  phase  ( P f a n d e r  gal., 1980). Four p igmen t s .  a ,  B and y c a r o t e n e  

and lycopene  were w e l l  r e s o l v e d  w i t h i n  f i f t e e n  min. 

. Chl o rophy  -. 11s 

The g reen  p igmen t s  of p h o t o s y n t h e t i c  o rgan i sms  a r e  known c o l l e c t i v e l y  

a s  t h e  c h l o r o p h y l l s .  They were Zirst documented by P e l l e t i e r  and Caventow 

(1818) i n  a s t u d y  o f  t h e  c o l o r  of l e a v e s  and werc l a t e r  i s o l a t e d  by Sorby 

i n  1873. Tswett  (1906) s e p a r a t e d  t h e  c h l o r o p h y l l s  by s u g a r  column 

chromatography i n t o  two components and was a h l e  t o  r e s o l v e  them from 

s e v e r a l  o t h e r  y e l l o w  c n r o t e n o i d  p igmen t s .  The two g r e e n  components  were 

r e f e r r e d  t o  a s  c h l o r o p h y l l  n and D bu t  a r e  now named a and b.  C h l o r o p h y l l s  

n and b a r e  found i n  h i g h e r  p l a n t s  and g reen  a lg . i e  i n  a p p r o x i m a t e l y  a 2 : 1  

( n : h )  r a t i o .  Ch lo rophy l l  c is found t o g e t h e r  w i t h  c h l o r o p h y l l  a i n  mar ine  

a l p a e ,  d i n o f l a g e l l a t e s  and marine d i a t o m s  (Dougherty g &., 1966,  1970). 

C h l o r o p h y l l  d was d i s c o v e r e d  t o  be a minor c o n s t i t u e n t  of r e d  a l g a e  

(Kliodophyta) by Manning and S t r a i n  ( 1 9 4 3 ) .  

Sumerous i n v e s t i g a t i o n s  compr i s ln i :  a lmos t  100 y e a r s  l end  t o  t h e  

comple t e  s t r u c t u r e  e l u c i d a t i o n  o f  c h l o r o p h y l l .  Reviews r e l a t e d  t o  t h e s e  

d i s c o v e r i e s  have been p r r v i o r l s l y  p u b l i s l w d  (AronoFT, 1960,  1966; H o l t ,  

1966; S r e l y ,  1966; S t r a i n  and Svec ,  1966) .  'The s t r u c t u r e s  of c h l o r o p h y l l s  

a m d  b a r e  shown i n  Figure 2 .  Chlciropliyll  c is  c l o s e l y  r e l a t e d  t o  

c h l o r o p h y l l  a and b (Dougherty gt al., 1966) and c h l o r o p h y l l  d is  s i m i l a r  

t o  c h l o r o p h y l l  a e x c e p t  t h e  v i n y l  group is r e p l a c e d  by a formyl group 

( H o l t ,  1961) .  H i s t o r i c a l l y ,  a number oC g e n e r i c  names f o r  t h e  c h l o r o p h y l l s  

and t h e i r  d e r i v a t i v e s  hove been a c c e p t e d  and a r e  o u t l i n e d  i n  T a b l e  3 

( J a c k s o n ,  1976) .  F i g u r e  3 i n d i c a t e s  t l ie r e l a t i o u s l i i p  01 c h l o r o p h y l l  t o  

t h e i r  major  d e r i v a t i v e s .  . C h l o r o p h y l l s  a r e  Me romplexes .  The c e n t r a l  Hg 
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PLANT PIGMENTS 5 :  

( a )  R = M e  

(b) R = C H O  

Figure 2 .  Structures of chlorophylls a and b. 

atom is easily removed particularly under acidic conditions replacing it 

with hydrogen and thus forming the pheophytins. Hydrolysis of the phytyl 

group of pheophytin forms the pheophorbides. Loss  of the phytyl group 

without removal of the Mg atom, usually by enzymatic treatment with 

chlorophyllase, produces the chlorophyllides. The wavelengths oC maximum 

light ahsorption a n d  absorptivity valiics o f  tile chloropliylls and their 

derivatives are shown in Table 4 .  

Extraction of the chlorophylls can be achieved by using a mixture of 

petroleum ether-methanol o r  acetone. 'rile pigments are then transferred t o  

ether and purified by chromatography. Several methods of isolation and 

purification are reviewed by Jackson (1976) and covered in detail by 

Strain and Svec (1966). 

The sensitivity of the chlorophylls to absorb light radiation and 

fluorescence is ideal for the development of analytical methodology 
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52 SCHWARTZ AND VON ELBE 

T a b l e  3 .  Nomenclature  of c h l o r o p h y l l  d e r i v a t i v e s .  

P h y l l i n s :  c h l o r o p h y l l  d e r i v a t i v e s  c o n t a i n i n g  magnesiiim. 

P h e ~ i p h y t i n s :  t h e  magnesium-free d e r i v a t i v e s  o f  t h e  c h l o r o p h y l l s .  

C h l o r o p h y l l i d e :  t h e  a c i d  d e r i v a t i v e  r e s u l t i n g  from enzymic o r  chemica l  
h y d r o l y s i s  of t h e  C p r o p i o n a t e  f ' s f e r .  7 

C h l o r o p h y l l a s e :  t h e  enzyme p r e s e n t  i l l  l e a v e s  which ca t ; i l y s ; e s  h y d r o l y s i s  
of t h e  C, p r o p i o n a t e  e s t e r .  

Pheophorbides:  t h e  p r o d u c t s  c o n t a i n i n g  a C, p r o p i o n i c  a c i d  r e s u l t i n g  
from removal o f  magnesium and h y d r o l y s i s  of t h r  p h y t y l  es te r .  The 
c o r r e s p o n d i n g  7 -p rop iona te  me thy l  (or e t h y l )  e s t e r  i s ,  however ,  
somewhat u n s y s t e m a t i c a l l y  named a s  me thy l  (or e t h y l )  pheophorb ide .  

" M c % s n "  compounds: d r r i v a t  i v r s  i n  which the C-2 v i n y l  crc>iip h a s  heen 
reduced t o  e t h y l .  

"Pyro" compounds: d e r i v a t i v e s  i n  which t h e  C-10 carbomethoxy group has  
been r e p l a c e d  hy hydrogen.  

C h l o r i n s  e :  d e r i v a t i v e s  of pheophorb ide  a r e s u l t i n g  from c l e a v a g e  of 
t h e  i s o c y c l i c  r i n g ;  t h e s e  a r e  u s u a l l y  g i v e n  a s u b s c r i p t  number,  
e .g .  c h l o r i n e  e6 s p e c i f i e s  3 p r o d u c t  w i t h  s i x  oxygen a toms  ( i n  t h r e e  
e s t e r  g r o u p s ) .  

Rhodins  g :  t h e  r o r r e s p o n d i i i g  d e r i v a t i v r s  from pheophorh ide  b 

P u r p u r i n s :  d e r i v a t i v e s  of  c h l o r i n s  i n  which C-10 has  been o x i d i z e d .  

Po rphyr inogens :  hexahydro d e r i v a t i v e s  o f  p o r p h y r i n s  i n  which f o u r  p y r r o l e  
r i n g s  a r e  j o i n e d  th rough  s a t i i r a t e d  metl iylene b r i d g e s .  

Adapted from: .Jackso;i (1976) .  

i n v o l v i n g  s p e c t r o p h o t o m e t r y .  Thc  s p e e d ,  e f f i c i e n c y  and h i g h  r e s o l u t i o n  

c , i p i b i  l i  t ies  of HPJ.C c o i i p l ~ d  w i  t l i  s i i i~ r t ro [ , l r~ r tun ie t r  i c  d e t c c t o r s  p r o v i d e s  

an e x c e l l e n t  t r i .hniqi i r  L C I  ~ m r r n i t o r ,  i s i > l : i i c , ,  i d e n l i f y  i i i id q w i o t i t a t e  t h e s e  

compounds. 

The f i r s t  aplil ici i t  i nn  ( i f  lll'l,(. t u  t h e  a n a l y s i s  1 t i l o r u p h y l l  p igmen t s  

was r e p o r t e d  by Evans 5' g. (1975) .  

phase  column and a mixt i i re  or eLtiyl a c ~ t a t c  i n  p e t r o l c u m  e t h e r  as t h e  

mnhi le phase .  H e s o ~ l i L i ~ ~ i l  o f  porpIiyi-ii1s , ind c l i l o r o p i i i l l  d c r i v n t i v e s  w I i s  

a c h i e v e d .  Uetect ion o f  LIM. p i g m c b n t s  i i i  ~ l i c  ctlu.int w a s  na ,n i to red  a t  a b o u t  

These a u t h o r s  u t i L i z e d  a r e v e r s e -  
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- M g  
C H L O R O P H Y L L  / P H E O P H Y T I N  

- P H Y T O L  C H L O R O P H Y L L A S E  

- M g  

- P H Y T O L  

C H L O R O P H Y L L I D E  - P H E O P H O R B I D E  

Figure 3 .  Relationship of chlorophyll to some of its derivatives. 

400 nm for maximum sensitivity. Pigment fractions were collected and the 

field desorption mass spectra was Obtained. Chromatographic retention 

data and mass spectral n n a l v s e s  provided complete characterization of 

pigment constituents. Eskins fi. (1977) developed a preparative HPLC 

method f o r  plant pigments separation of the diatom Nitzschia closterium 

using a reverse-phase column and a stepwise gradient system starting 

with 80% methanol and ending with an ether-methanol mixture. The eluant 

was monitored for pigment concentration at 440 nm. Separation was complete 

in approximately 270 min. 

pheophytin, carotenoids, neofucoxanthin, diadinoxanthin, diatoxanthin 

and carotene was obtained. The method was also applicable to separate 

spinach chlorophylls and carotenoids. Jacobsen (1978) described a 

quantitative fluorometric method for  the separation of chlorophylls and 

pheophytins a and b from phytoplankton pigments by normal phase (silica gel) 

HPLC. The method involves an isocratic system employing a mixture of 

acetone:ligroine (20:80 v/v) as the mobile phase. Comparison of the HPLC 

method with classical spectrophotometrlc and fluorometric analyses indicated 

inaccuracy in the latter methods. Chlorophyll6 a and b were separated 

from interfering compounds in algae by Shoaf (1978) .  The pigments were 

Good resolutions of chlorophylls a and c. 
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54 SCHWARTZ mn VON ELBE 

Table 4. Maximum wavelengths of  light absorption and their respective 
absorptivity values f o r  chlorophylls a and b and some of their 
derivatives in diethyl ether.' 

Compound Molar Absor tivity 5 Maxima X 
(nm) (x 10 ) 

Chlorophyll a 

Chlorophyllide a 

Pheophytin a 

Pheophorbide a 

Chlorophyll b 

Chlorophyllide b 

2 Pheophytin b 

428.9 

662 

428 

662 

408 

668 

408.5 

667 

453 

642.5 

452 

64 1 

NA 

655 

135.8 

100.7 

80.6 

54.2 

135.6 

66.8 

83.9 

41.6 

200.9 

72.8 

99 .o 

32.9 

NA 

37 .O 

Pheophorbide b 432 151.9 

654 31.6 

'Compiled from: Brown (1968). 

'White, 3. (1963). 

NA = Not available. 

separated on a reverse-phase column using a mixture of methanol and water 

(95:s v/v) as the eluant and detection was arhieved at 654 nm. Rebeiz 

_ _  et al. (1978) separated cucumber chlorophylls a and h and pheophytins a and 

b using a reverse-phase column with a ternary solvent system consisting of 
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PLANT PIGMENTS 55 

methanol, acetone and water. t'icomole concentrations of pigments were 

detected by a spectrofluorometric detector. A micro-method f o r  the 

qualitative and quantitative analysis of photosynthetic pigments in spinach 

was developed by Iriyama ct-al. (1978). Chromatograms were developed in 

a silica gel column using mixtures of 1-10% isopropyl alcohol i n  hexane as 

the mobile phase. Elution patterns were monitored at 380 nm. Yoshiura 

- _  et al. (1978) resolved a mixture of chlorophylls a, a', b, b' 

pheophytin using a silica gel column and a stepwise gradient consisting of 

8, 10 and 12% acetone in hexane. Eluants were monitored f o r  pigments at 

380 nm. This method was applied to determine the purity of pigment 

isolates by Iriyama etg. (1979). 

and 

Polyethylene powder as a stationary phase f o r  HPLC has been utilized 

f o r  the separation and isolation of bacteriochlorophylls (Chow g g . ,  1978) 
and may be appli.Jble to plant chlorophylls. Tobacco pigments. chlorophyll 

a, b, pheophytin, lutein. violaxanthin, neoxanthin and carotene were 

monitored and quantified at 4 2 5  nm by De Jong and Woodlief (1978) using a 

silica gel column and a stepwise gradient mixture containing heptane, 

diethyl ether and acetone. The method was applied to study the chlorophyll 

concentration in tobacco leaves as a function of tobacco genotype and leaf 

position on the stalk. 

different diterpene alcohols have been separated on a reverse-phase column 

to further research in the identification of chlorophyll biosynthetic 

intermediates. Elution pattcrns were monitored at either 667 or 410 nm 

for maximum sensitivity using an eluant of methano1:acetone (9O:lO V/V) 

(Schoch g, g . ,  1978). Stransky (1978) developed a meLhod for the 

quantitative estimation of chloroplast pigments. Spinach chlorophylls 

a, b and carotenoids, neoxanthin, violaxanthin. antheraxanthin, lutein, 

zeaxanthin and B-carotene were monitored at 4 4 5  nm u s i n g  a silica gel 

column with isooctane:98% ethanol ( 9 : l  v/v) as eluant. Abaychi and 

Riley (1979) separated phytoplankton pigments on a Partisil-10 stationary 

Complex mixtures of pheophytins esterified with 
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SCHWARTZ AND VON ELBE 

s u p p o r t  employing a mobile  p l i = i w  conis is t in! :  o f  l i g h t  p z t r n l e u m .  a c e t o n e .  

d i m e t h y l s u l p h o x i d e  arid dirtliy1;rmiric. ( 7 5 : 2 3 . 2 5 :  1 . 5 : 0 . 2 5  v / v ) .  R e s o l u t i o n  

of s even  c h l o r o p h y l l s  and d e r i v a t  ivc!.; and n i n e  d i f f e r e n t  c a r o t e n o i d s  were 

d e t e c t e d  and q u a n t i f i e d  a t  440 nm. Raumann and Grimme (1979)  r e s o l v e d  

more t h a n  10 d i f f e r e n t  pigments  f r o m  t h e  g r e e n  a l g a e  C h l o r e l l a  f u s c a  by 

u s i n g  a r e v e r s e - p h a s e  colrimn and a s t e p w i s e  me thano l -wa te r  g r a d i e n t .  

Both c h l o r o p h y l l s  and c a r o t e n o i d s  w e r e  mon i to red  a t  4 4 0  nm. E s k i n s  and 

DutLon  (1979) s e p a r a t e d  c h l o r o p h y l l s  a and b as w e l l  a s  c a r o t e n o i d  

p igmen t s  neoxan th in .  v i o l a x a n t h i n ,  l u t e i n  and c a r o t e n e  using  a r e v e r s e -  

phase  column. The method u t i l i z e s  a l i n e a r  g r a d i e n t  s o l v e n t  program. The 

i n i t i a l  s o l v e n t  c o n d i t i o n s  were methano1:water  (90:lO v / v ) .  I n c r e a s i n g  

t h e  e t h y l  a c e t a t e  c o n t e n t  t o  n f i n a l  c o n c e n t r a t i o n  o f  methano1:water :  

e t h y l  a c e t a t e  ( 4 5 : 5 : 5 0  v / v )  a f t e r  twenty min.  'The method was a p p l i e d  t o  

measure e t i o p l a s t  p igmen t s  i n  red k idney  b e a n s  ( E s k i n s  and Harris, 1981) 

and w a s  forind s u i t a b l e  f o r  the s e p a r a t i o n  of p r i i t o c h l o r o p h y l l i d e s ,  

c h l o r o p h y l l i d e s ,  c a r o t e n o i d s  and s e v e r a l  forms o f  c h l o r o p h y l l  a .  Dav ies  

and Holdsworth (1980) found good s e p a r a t i o n  o f  c h l o r o p h y l l s  ( a ,  c and 

C 2  and c h l o r o p h y l l i d e  a )  and c a r o t e n o i d s  ( 6 - c a r o t e n e ,  d i a d i n o x a n t h i n ,  

fucoxan t l i i n ,  l u t e i n ,  d i n o x a n t h i n ,  p e r i d i n i c  and n e o p e r i d i n i n )  by comparing 

t h r e e  d i f f e r e n t  r e v e r s e - p h a s e  cn lumns .  A d d i t i o n  o f  t h e  i o n - p a i r i n g  a g e n t  

tetrnhritylammonium phospha te  t o  t h e  methanol-water  a l r i an t  r e s u l t e d  i n  

improved r e s o l u t i o n  o f  t h e  complex m i x t u r e s .  A v a r i a b l e  wave leng th  d e t e c t o r  

a t  440 and 650 nm was u t i l i z e d  t o  examiiie t h e  e l u a n t  f o r  p r e s e n c e  o f  

p igmen t s .  Schwartz  e L  a l .  - (1981)  mon i to red  c h a n e e s  i n  ~ : I ~ l u r o p h y l l  durin!: 

p r o c e s s i n g  of  s p i n a c h .  E x c e l l e n t  r e s o l u t i o n  o f  c h l o r o p h v l l s  a ,  a ' ,  b ,  h '  

and pheophy t ins  a and b was a c h i e v e d  u s i n g  a r e v e r s e  phase  column.  I n  

a d d i t i o n ,  py ropheophy t ins  were found and i d e n t i r i e d  i n  conned s p i n a c h  

samples ( F i g .  4 ) .  Thca auLIiors u t i l i z e d  a g r a d i r n t  r l r i t  ioii s o l v e n t  sys t em 

c u n s i s t i n g  o f  i n i t i a l  c o n d i t i o n s  o f  methano1:water  (75 :15  v / v )  f o l l o w i n g  

a I0 min l i n e a r  g r a d i e n t  t o  r e a c h  a f i n a l  s o l v e n t  c o m p o s i t i o n  of me thano l :  
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s 
d 
In 
(0 

Figure 4 .  

Pyro b 

Pyro a 
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I I 

0 5 10 15 20 25 

TIME (MINI 

HPLC chromatogram of chlorophylls and their derivatives found 
in processed spinach. Chl = chlorophyll, Phe = pheophytin. 
Pyro = pyropheophytin. Adapted from Schwartz et al. (1981). 

water:ethyl acetate ( 3 7 . 5 : 1 2 . 5 : 5 0  v/v). Chlorophyll pigments and their 

derivatives were monitored selectively at 6 5 4  nm. Brown st. (1981) 

developed an HPLC method for the determination of chlorophylls a and b 

and their pheophytins in sediments, detritus and other epipelic samples. 

The pigments were resolved on a reverse-phase column and concentrations 

were estimated by fluornmetry. Comparison of their method with standard 

spectrophotometric and fluorometric analysis indicated that the results 

obtained by the standard methods may be in error. 

Flavono ids 

The Elavonoids are perhaps the most universally present phenolic 

compounds in the plant kingdom. Tlie many red and blue  hues of fruits and 

flowers can be attributed t o  the presence of one o r  more anthocyanins 
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BASIC STUCTURE 

SCHWARTZ AND VON ELBE 

H o e o n  I I -  W W O H  @ 
OH A, \ 

H o o  no 0 
A 

FLAVONES FLAVAN 
FLAVONOLS 

R = n APIGENIN R ~ R ?  * n UAEMPFEROL 

R ,  P on.^^* n OUERCETIN R - O H  LUTEOLIN 

R~ R? - on MYRICETIN 

ANTHOCYANIDINS CATECHINS DIHVDROFLAVONOLS 

R I  R Z ' H  PELAROONIDIN 

RI 'OH. R 2 . H  CYANIDIN R - on + I -GALLOCATECHIN a .on DIHVDROOUERCETIN 

R - n ( +  I-CATECHIN R rn H DIHYDROKAEMPFEROL 

R ,  R 2 * O H  DELPHlNlDlN 3 - H  I - ) -EPICATECHIN 

R - O H  ( -  I-EPIGALLOCATECHIN 

" o W O H  \ 

HO 0 

FLAVANONES 

R a n  NARINGENIN 

R .  on ERIDDICTYOL 

HO 

PROANTHOCYANIDINS 

Figure 5A. Structures of the flavonoid group. True flavonoids. 

b e l o n g i n l :  L O  the g r o u p  n l  f l a v o n o i d s .  ( h r o t e n o i d s  and I lnvonoids ore 

r e s p o n s i b l e  t o r  t h e  y c l  l o w  c u l u r  i n  III.III~ f l o w c i s .  F1 ; rvo r iu ids  a l s u  arcourit 

fo r  the w h i t e  c o l o r  i n  f l o w r r s ,  a n d  u x i d . i t i v r  p r o d u c t s  o f  f l a v o n o i d s ,  

r c l  A L c d  p h e n o l i c  i :ompounds or I l ' i v o i w i d  c . l~cl .~tc .s  p r c d i i c c  n.lturesl  hrown 

.and black r o l o r n t i o n .  
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PLANT PIGMENTS 59 

DIHYDROCHALKONES 

NEOFLAVONES AURONES 

R * H DALBEROIN R = H  HISPIDOL 

R * OH STEVENIN 

F i g u r e  5 B .  S t r u c t u r e s  o f  t h e  f l a v o n o i d  g roup .  Other compounds 
i n c l u d e d  i n  t h e  f l a v o n o i d  g roup .  

'The t e rm f l a v o n o i d  Ii.is b e e n  used for  t h e  l as t  t h i r t y  y e a r s  t o  embrace 

a l l  compounds w i t h  t h e  b a s i c  s t r u c t u r e  i l l u s t r a t e d  i n  F i g u r e  5 .  I t  c o n s i s t s  

of two benzene r i n g s  ( A  and B) j o i n e d  by t h r e e  ca rbon  a toms  formin}: a 

y-pyrone  r i n g .  'The s t a t e  of o x i d a t i o n  of t h e  t h r e e  ca rbon  a toms  d e t e r m i n e s  

t h e  c l a s s  of compound w i t h i n  t h e  f l a v o n o i d  g roup .  The s t r u c t u r e s  of t h e  

f l a v o n o i d  group are i l l u s t r a t e d  i n  F igu re  5 A .  I n  a d d i t i o n  t o  t h e  e f g h t  

classes o f  f l a v o n o i d s ,  t h e r e  are f i v e  c l a s s e s  which are c l o s e l y  r e l a t e d  

i n  s t r u c t u r e .  These are t h e r e f o r e  i n c l u d e d  i n  t h e  f l a v o n o i d  g r o u p ,  and L h e i r  

b a s i c  s t r u c t u r e s  a r e  i l l u s t r a t e d  i n  F i g u r e  58 .  Flavono id  compounds 

w i t h i n  each c l a s s  d i f f e r  i n  number and o r i e n t a t i o n  of h y d r o x y l ,  methoxyl  

and o t h e r  g roups  s u b s t i t u L e d  o n  t h e  benzene rings A a n d  B. F l a v o n o i d s  

u s u a l l y  e x i s t  i n  p l a n t s  as g l y c o s i d e s ,  t h a t  i s ,  one o r  more o f  t h e  

hydroxy l  groups a r e  bound t o  a s u g a r  moie ty .  The s u g a r - f r e e  p o r t i o n  of  

f l a v o n o i d s  i s  r e f e r r e d  t o  a s  t h e  a g l y c o n e s .  T h e i r  p r e s e n c e  h a s  been 

r e p o r t e d ,  b u t  b e c a u s e  o f  t h e i r  w a t e r  i n s o l u b i l i t y ,  are l i k e l y  d e g r a d a t i o n  
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6 0  SCHWARTZ AND VON ELBE 

p r o d u c t s  furmed d u r i n g  e x t r a c t i o n  p r o c e d u r e s  e i t h e r  by enzyme a c t i v i t y  o r  

a c i d  s o l v e n t s  (von Clbe arid S r h a l l e r ,  1968) .  D e t a i l e d  d i s c u s s i o n  of t h e  

c h e m i s l r y ,  d i s t r i b u t i o n  and o c c u r r e n c e  of  f l a v o n o i d s  < - a n  be found i n  

( k i s s m a n  (1962) .  Harborne (1964) and Swain ( 1 9 7 6 ) .  

The impor t ance  of f l a v o n o i d s  on b e e r  s t a b i l i t y  h,is been w e l l  

r e c o g n i z e d .  A s  e a r l y  a s  1973,  Charalnmbous g 52. a p p l i e d  HPLC t o  t h e  

s e p a r a t i o n  of  a numbrc o f  p o l y p t i e n o l s  i n c l u d i n g  c a t e c h i n  and q u e r c i t r i n  

ii 3-glyconide of t h e  f l a v o n u l  q i i e r ce t  i n .  

HP1.C chromatography has  ma in ly  been a p p l i e d  t o  t h o s e  f l a v o n o i d s  t h a t  

a r e  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  c o l o r  of pl ' i i i t s .  HP1.C: h;is made t h e  

s e p a r a t i o n  of a n t h o c y a n i n s  p o s s i b l r  t h a t  p r e v i a i i s l y  cou ld  n o t  be s e p a r a t e d  

by o t h e r  chromatogrn[ihic  t r r h n i q u e s .  MmIev and  Sliiilii.ik ( 1 9 7 5 )  a p p l i e d  

HP1.C chromatof;raphy t o  s e p a r a t e  r n o r i a n i n ,  a c ~ m m e r c i a l l y  a v a i l a b l e  

g r a p e s k i n  e x t r a c t .  I n  t h e i r  work.  s e v e r a l  p a c k i n g  m a t e r i n l s  were 

r v a l u a t e d .  Best  r e s u l t s  wt're oh t ; i i ncd  wi tlr a 1poIy;imidt- packing and a 

s o l v e n t  sys t em composed of c i i lorof i , rm:niethanoI  ( 8 7 :  I 3  v / v ) .  Three  

monoglucosides  of m a l v i d i n ,  p e t u n i d i n  oiid p e o n i d i n  werr s e p a r a t e d  w i t h i n  

20 min. D e t e c t i o n  w a s  mon i tn red  ;it 530 nni w i t h  a Beckman Acta  111 

Spec t ropho tometc r  o r  wit11 :I f i x e d  wavelciigtlr m o n i t o r .  A r e v e r s e - p h a s e  

sys t em was used by Adnmovicr, mid S te r rn i t z  (1976)  L o  s e p a r a t e  a n t h o c y a n i d i n s  

and f l a v o n o l s .  Three  a n t h o c y a n i d i n s ,  d e l p h i n i d i n .  c y a n i d i n ,  and p e l a r g o n i d i n  

were s e p a r a t e d  w i t h  m e t h a n o 1 : a c e t i c  a r i d : w a t e r  (20 :5 :75  v / v )  as e l u a n t .  

The t h r e e  f l a v o n o l  g l y c o s i d e s  s e p a r a t e d  were quercetin-3-0-rutinoside. 

kaempferol-3-0-rut  i n o s  t d e ,  and i so rhamne t  in-3-0-rut  i n o s i d e  u s i n g  t w o  

columns i n  s e r i e s .  Me thano1 :ace t i c  a c i d : w a t e r  (30 :5 :70  v / v )  was used  

as t h e  e l u a n t .  D e t e c t i o n  was mon i to red  a t  2 8 0  nm. S e p a r a t i o n  was comple t e  

w i t h i n  23 min. A s imilar  r r v e r s e - p h a s e  s y s t e m  was used hy Wi lk inson  

.- e t  - a l .  (1977)  t o  s e p a r a t e  six a n t h o c y a n i d i n s  ( d e l p h i n i d i n ,  c y a n i d i n ,  

p e t u n i d i n ,  p e l a r g o n i d i n ,  p e o n i d i n  and m n l v i d i n ) .  T h e  coliiinn was e l u t e d  

w i t h  w a f e r : a c e t i c  a c i d : m c t h a n ~ i l  (71:10:19 v / v ) .  The p igmen t s  were d e t e c t e d  

by m o n i t o r i n g  a t  530 nm. Aknvia and S t r a c k  ( 1 9 8 0 )  added a c e t o n i t r i l e  
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PLANT PIGMENTS 61 

t o  t h e  mob i l e  phase  t o  o h t a i i i  ii h e t t t , r  s o l v e n t  f o r  t h e  s e p a r a t i o n  o f  

a n t h o c y a n i d i n s .  A complex m i x t u r e  o r  a n t h o c y a n i n s  from f r u i t s  c o n t a i n i n g  

a c y l a t e d  as we1 1 as non-acy la t ed  an t i l ocyan ins  were s e p a r a t e d  u s i n g  a 

g r a d i e n t  e l u t i o n  s y s t e m  and by Wil l i i ims e t  ~~ 1. ( 1 9 7 8 ) .  Non-acylated 

g l u c o s i d e s  were s e p a r a t e d  u s i n g  a c e t i c  i i c id :wa te r  (15:85 v / v )  as e l u a n t  

w h i l c  w a t e r : a c e t i c  a c i d  contnininy:  mt~tli.ino1 (65:  1 5 : Z O  v / v )  was r e q u i r e d  

t o  s e p a r n t  e a c y l a t e d  a n t l i o c y x i i n s  on ;I r eve r se -phase  column. These  

a u t h o r s  p o i n t  o u t ,  as one might  e x p e c t ,  t h e  need for  t e m p e r a t u r e  and pH 

c o n t r o l  t u  o b t a i n  reproducible chrum.ito):raphic d a t a .  S1 i g h t  v a r i a t i o n  

i n  e i t h e r  or bo th  p a r a m e t e r s  w i l l  r e s u l t  i n  d i f f e r e n t  r e t e n t i o n  times. 

T h e r e f o r e ,  a n  i n t e r n a l  s t a n d a r d  is r e q u i r e d  s h o u l d  t h e  d a t a  b e  a p p l i e d  

f o r  i d e n t i f i c a t i o n  pu rposes .  'I'he e f f e c t  of t h e  p o l a r i t y  o f  t h e  compounds 

on r e t e n t i o n  t ime  i s  a lso d e m o n s t r a t e d .  The most p o l a r  a n t h o c y a n i n s ,  

non-acy la t cd  d i g l u c o s i d c s ,  a r e  l e a s t  r e t a i n e d  w h i l e  a c y l a t e d  monog lucos ides  

show t h e  l o n g e s t  r e t e n t i o n  t i m e .  Wi th in  i n d i v i d u a l  g roups  o f  a n t h o c y a n i n s ,  

t h e  h y d r o x y l a t i o n  o r  m e t h y l a t i o n  i n  t h e  B r i n g  ( F i g .  5 )  d e t e r m i n e s  t h e i r  

r e t e n t i o n  time. With i n c r e a s i n g  h y d r o x y l a t i o n ,  r e t e n t i o n  t i m e  d e c r e a s e s  

w h i l e  m e t h y l a t i o n  of t h e  hydroxy l  p,roups i n c r e a s e s  t h e  r e t e n t i o n  t i m e .  

A r e v e r s e - p h a s e  column pack ing  and a g r a d i e n t  e l u t i o n  s y s t e m  w a s  used by 

Wulf and Nagel (1978) .  Nagel and Wulf (1979)  n o t  o n l y  t o  s e p a r a t e  a n t h o c y a n i n s  

from g r a p e  v a r i e t i e s  h u t  a lso t o  q u a n t i f y  t h e  p i g m e n t s .  Q u a n t i f i c a t i o n  

was based  on a s t a n d a r d  c u r v e  p r e p a r e d  from p u r e  malvidin-3-monoglucosides. 

I n  t h i s  work, a g r a d i e n t  e l u t i o n  s o l v e n t  sys t em composed o f  f o r m i c  a c i d ,  

methanol  and water was employed. An i s o c r . i t i c  sys t cm ( f o r m i c  a c i d :  

m e t h a n o l : w a t e r ,  10:17:7.1 v / v )  based  o n  t h e  work of t l i e se  a u t h o r s  h a s  been 

a p p l i e d  t o  s e p a r a t e  t h e  an thocyan i i i s  i n  c r a n b e r r i e s  ( A t t o e  and von E l b e ,  

1981) .  Cranbe r ry  a n t h o c y a n i n s  had p r e v i o u s l y  been s e p a r a t e d  on  a r e v e r s e -  

phase  c o l u m n  u t i l i z i n g  a m i x t u r e  of m e t h a n o 1 : a c e t i c  a c i d : w a t e r  (37 :  10:53 

v / v )  a s  t h e  mob i l e  phase  ((:amire :ind C l y d e s d a l e ,  1979) .  

A number of a i l t h e n t i c  f l a v n n n i d s  i n c l u d i n f i  f l a v o n e s ,  f l a v o n o l s  and 

f l avanones  were s e p a r a t e d  by HP1.C on ;I r cv r r se - l )hase  colwnn us in^. water: 
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SCHWARTZ AND VON ELBE 

a c e t i c  a c i d : m r t h a n o l  (65 :5 :30  v / v )  a s  t h e  m o b i l e  phasv .  The e l u a n t  was 

s i m u l t a n e o u s l y  mon i to red  a t  254  aid 280 iini (WuLf and Sap.t-1, 1 9 7 6 ) .  These 

a l l t h o r s ,  i n  t h e i r  s t u d y ,  d i s c u s s t 4  tlie e f f e c t  of s t r u c t u r a l  c h a r a c t e r i s t i c s  

of t h e s e  compounds o n  rcteiiLirin t i m c .  As a i l  r x a n i p l < ' .  t l i c  f l a v c i n o l  m y r i c e t i n  

c .vnt , i ining a t r i h y d r o x y l  s u b s t i ~ r r t  ion i n  Lht. H r i n g  vlutcs,  because of i t s  

g r e a t e r  p o l a r i t y ,  before  tile c l o s c l y  r e l a t e d  q u e r c e t i n  c o n t a i n i n R  two hydroxyl  

s u b s t i t u t i o n  i n  t h e  B r i n g .  S i m i l . ? r l y ,  t h e  e f f e c t  o i  u n s a t u r a t i o n  between 

p o s i t i o n  2 and  3 ( F i g .  5 )  upon e l i i t i o n  Lime i s  d e m o n s t r a t e d .  The f l a v o n e  

l u t e o l i n  ( u n s a t u r a t e d )  is r e t a i n e d  much l o n g e r  oi l  t h e  column compared t o  

i t s  s a t u r a t e d  c o u n t e r p a r t  t h e  f1;iv;iiionr. c , r i o d i r t y o I .  A n u m h e r  of p a p e r s  

have  been p u b l i s h e d  a p p l y i n g  HPLC t o  t h e  r o m p o s i t i o n  of f l a v o n o i d s  and o t h e r  

p h e n o l i c  compounds i n  p l a n t  and f o o d  m a t e r i a l s .  I n  1976,  H o e f l e r  and Coggon 

a p p l i e d  HPLC t o  a s t u d y  o f  t e a  f l a v o n o l s  and  t e a  p igmen t s  ( t h e a f l a v i n ) .  

T h e a i l a v i n  is formed by p h e n o l a s e  c a t a l y z e d  o x i d a t i o n  of e p i c a t e c h i n  

and e p i g a l l o c a t e c h i n  (Takino ._ e t  .._ a l . ,  1967) .  The s e p a r a t i o n  w a s  accompl i shed  

on  a r eve r se -phase  column w i t h  aqueous  a c e t  Ic a c i d  a t  v a r i o u s  c o n c e n t r a t i o n s  

a s  t h e  mob i l e  p h a s e .  A E r a d i e n t  c l i i t i o n  sys t em on 'I r eve r se -phase  colrimn 

w a s  used by C o u r t  (1977)  t o  s e p a r a t e  f lavonoid. ; ,  s p e c i f i c a l l y  t h e  

f l a v o n o l s  o c c u r r i n g  i n  t o b a c c o .  HP1.C because  o f  i t s  speed  h a s  g iven  

v a l u a b l e  i n f o r m a t i o n  o f  the  f l a v o n i o d  c o n t e n t  o f  p l a n t  aiid food  mater ia ls  

b o t h  f o r  s c r e e n i n R  1ar):t. ntimlxrs t l i  samples  a s  well a s  q u a n t i t a t i v e  

d a t a  (Niemann and Koerselman-Kooy, 1977; Niemann, 1 9 7 7 ;  Galensa  and Hrrrmann,  

1978; Hardin and S t u t t e ,  1979; I , ; i h > s k y  and S e l l e r s ,  1980;  Ue Loore .  

1980; Niemann, 1980; StrwarL g ; i l . ,  1980;  Wulf and Nagcl , 1980; Galensa  

and Herrinann, 1980) .  

y u a l i t a t i v c  a n d  qu.iiiti t . i t  ivt ,  Ill'!.(: proccd i i r c s  have b c c n  a p p l i e d  t o  t t ic 

s t i i d y  o f  f l a v o n e s  and f l a v a n o n e s  i n  c i t r u s  p ro t l i i r t s .  I n  1976, F i s h e r  

and Wheoton s e p a r a t e d ,  on ;I reverst*-pIi; ise column t i s ing  w a t e r - a c e t o n i t r i l e  

a s  t h e  mobile  p h a s e ,  n a r i n g e n i n  ;ind n a r i n g e n i n  r u t  i n o s i d e  from g r a p e  f r u i t  

j u i c r .  F i s h e r  ( 1 9 7 8 )  s c ~ ~ i , i r : i c e d  : i t id  ilii:int i l i e d  t h e  t Iavnnrine t i e s p c r i d i n  t.lw 
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PLANT PIGMENTS 63 

7-glycoside of hesperetin. Uetection of the compounds was obtained by 

monitoring the eluant at 280 nm. Its content was correlated with the ex- 

traction pressure used during the processing of orange juice. The method 

used was a reverse-phase column and water-acetonitrile as the mobile phase. 

A quantitative HPLC procedure to separate five major polymethoxylated 

flavones in orange juice w a s  developed by Rouseff and Ting (1979). 

Several mobile pliases were tested. A reverse-phase column and a mobile 

phase of water:tetrahydrofuran:acetonitrile (72:22:6 v/v) gave optimum 

separation of the five compounds. In this system, a dual UV-fluorescence 

detector was employed to determine the presence of interfering substances. 

Relative concentrations of these compounds can be used to detect 

qualitatively the presence of one juice in the juice of another. This 

method was applied to mixtures of orange and tangerine juice by Ting g 1. 
(1979). Retention time of five polymethoxylated flavones from orange peel 

o i l  have been reported by Biancliini. and Gaydou (1980). Flavones found 

in buckwheat and oats and separated by HPLC have been studied by Strack 

and Krause (1978). Strack st. (1979). The influence of isomerization 

and glycosylation of the monoglucoside of the flavone apigenin on retention 

time has been reported by Niemann and Van Brederode (1978). 

Soybeans and soybean food products contain isoflavones. They are of 

interest because of their antioxidant properties. West _ _  et al. (1978) 

separatcd both non-glycosylatcd 4',6,7-trihydroxyisofIavone and genistein, 

4',5,7-trihydroxyisoflavone from soy  and fermented soy products. Preparation 

o f  the sample before HP1.C involves drfatting soy samples with petroleum 

ether. Separation is accomplished o n  a reverse-phase column with a 

mobile phase of  water:acetcrnitrile ( 4 :  I vfv). Detection o l  the compounds 

was achieved by monitoring the eluant a t  260 nrn. Six isoflavones were 

separated by HPLC in soybeans by Ohtn 1. (1979). Ohta g 31. (1980). 

The separations were accomplished with reverse-phase column and a linear 

gradient system of methanol ranging from 32-90% (detection at 254 nm) 
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1iI’I.C i n v c s t i g a t  i o n s  by I.ca (1979)  .~nd I.c.1 ( 1 9 X O )  1 i . i ~ ~  g , i vL ,n  v a l r i a h l e  

i n f o r m a t i o n  of ttic p r o c y a n i d i n ,  d i m e r s  of c;itcscliin a n d  ispicci techin found 

i n  f o o d s  and b e v e r a g e s  p a r t i c u l a r l y  r i d e r  and wine .  Tlir a u t h o r  i n v e s t i -  

Rated s e v e r a l  pack ing  m a t e r i a l s  and conc luded  t h a t  r e v e r s e - p h a s e  sys t em 

o f f e r e d  t h e  g r e a t e s t  p o t e n ~ i i i l  f o r  the sr’parat  i o n  o f  r y a n i d i n s .  

Be t a l a i n s  -___ 
The c l a s s  of p igmen t s  known a s  b e t a l a i n s  (Mahry and D r e i d i n g .  1968) 

c o n t a i n s  r e d  and y e l l o w  pigments  ca l led  h e t a r y a n i n s  and h e t a x a n t h i n s ,  

r e s p e c t i v e l y .  These pigmeiits  are r e s t r i c t e d  t o  seven  f a m i l i e s  w i t h i n  

t h e  o r d e r  Cen t rospe rmae .  B e t a l a i n s  are found i n  t h e  c e l l  v a c u o l e s  o f  

f r t i i t s ,  flowers. 1e:ivc.s nnil r n o t s .  C h i m i r a l l y ,  t hcv  iiri’ . implioter i r  r i m -  

p o u n d s .  ve ry  s o l u b l e  i n  w a t e r  and p r a c t i c a l l y  in s i i l u t i l e  i n  trrgariic 

s o l v e n t s .  The s t r r i c t u r r  o f  t h e  cliromophore of  b e t a l a i n  p igmen t s  i s  

shown i n  F igu re  6 ,  and c a n  be d e s c r i h c d  a s  i( p r o t o n n t r d  1 . 2 . 4 . 7 . 7 .  

t c t r a p e n t a s u b s t i L u t e d  I , 7 - d i r l l . ; i t r r p L a m c t h i i i  sy s t em.  When I < ’  d o e s  n o t  ex tend  

thc  conju5;ati tm o t  t h e  1.7-diaz:ihept;imethin s y s t e m ,  t h e  pip.mrnts a r e  

y c l  l o w  ( a b s o r p t i ~ i n  inaxirniim near  480 nm) ; i f  t h e  c o n j u g n t i u n  i s  c o n t i n u e d  

throi izh t h e  s u b s t i t i i t i o n  [ i f  an a r o m a t i c  griiup a t  R ’ ,  t l i r  chromophore 

unde rgoes  a s h i r t  toward 3 longer wave leng th  ( a b s o r p t i o n  maximum n e a r  

A’ + R ‘ R  5, / 
‘N’ 

COOH 

H 

HOOC COOH HOOC 

F i g u r e  6 .  Chrornophore of t h e  b e t a l a i n  p igmen t s .  
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PLANT PIGMENTS 65 

540 nm) wh i rh  a c c o u n t s  l o r  t l ie r e d  c o l o r  of t h e  b e t a c y a n i n s .  The  most 

i n t e n s i v e l y  s t u d i e d  p l a n t  roiiL;iininr:  b e t a l a i n s  are t h e  p igmen t s  of t h e  

r e d  b e e t  (Be ta  - - - v u l g a r u s ) .  - - . . _ _  The gener , l l  s t r u c t u r e s  of t h e s e  b e t a c y a n i n s  

and b e t a x a n t h i n s  are g iven  in F i g u r e  7. The most abundant  b e t a c y a n i n  

and b e t a x a n t h i n  i n  b e e t s  a r e  b e t a n i i i  and v u l g a x a n t h i n  I ,  r e s p e c t i v e l y .  

Each a c c o u n t s  f o r  a p p r o x i m a t e l y  95% of' e i t h e r  t h c a  b e t a c y a n i n s  or b e t a -  

x a n t h i n s  i n  b e e t s  ( N i l s s o n .  1970) .  The a b s o r p t i o n  s p e c t r a  o f  t h e s e  

p igmen t s  a r e  a f f e c t e d  o n l y  s l i g h t l y  by pH v a l u e s  o f  t h e  s o l v e n t .  

1970,  von Elbe g &., 1974) .  

( N i l s s o n ,  

The molar a b s o r p t i v i t y  v a l u e s  of  b e t a n i n  

= 538 nm) and v u l g a x n n t h i n  (Amax = 475 nm) a r e  65 ,000  and 2 5 , 0 0 0 ,  (Amax 

r e s p e c t i v e l y  ( P i a t t e l l i  and Mina le ,  1964; P i a t t e l l i  g 1.. 1965) .  

BETANIN R = GLUCOSE 

BETANlDlNE R =  H 
R o ~ c o O -  HO I I  

B PREBETANINE 

R = GLUCOSE- 6 -SULFATE 

HOOC H a c o o "  I 
H 

HOOC COOH 

A 

VULGAXANTHIN I R =  NH2 

VULGAXANTHIN P R -  OH 

F i g u r e  7 .  S t r u c t u r e s  of b e t a l a i n s  i n  r e d  b e e t s .  
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66 SCHWARTZ AND VON ELBE 

ripLC: was f i r s t  a p p l i e d  t o  separate' and  q u a n t i f y  b e t a c y a n i n s  and 

b e t a x a n t h i n s  by Vincen t  and  S r h o l z  ( 1 9 7 8 ) .  These  a u t h o r s  s e p a r a t e d  t h e  

p igmen t s  o f  t hP  r e d  b e e t  employing a r e v e r s e - p h a s e  m i c r o p a r t i c u l a r  

column, i o n  p a i r i n g  (0.005 M t e t r a b r l t y l  ammonium phospha te .  pH 7 . 5  ) and 

a methanol : w a t e r  mob i l e  plmse (90:  10 v / v ) .  Q u a n t i f i c a t i o n  by HPLC of b e t a c y a n i n s  

was based  on the l i n e a r  r e s p o n s e  of  b e t a n i n  v e r s u s  c o n c e n t r a t i o n .  The 

a s sumpt ion  was made t h a t ,  because  of s i m i l a r i t y  i n  s t r u c t u r e  and tlie r e l a -  

t i v e  p r o p o r t i o n  of b e t a n i n  p r e s e n t  i n  b e e t s ,  t h e  s a m e  a b s o r p t i v i t y  v a l u e  

r a n  be assumed f o r  a l l  b e t x y a n i r i s .  D e t e c t i o n  of t h e  p igmen t s  employed 

a v a r i a b l e  wave leng th  d e t e c t o r  set  a t  476  nm for  h e t a x a n t h i n s  or 538 nm 

for  b e t a c y a n i n s .  Pigment c l a s s e s  were q u a n t i f i e d  a s  t h e y  c o - e l u t e d  from 

t h e  column. Q u a n t i f i c a t i o n  of i n d i v i d u a l  b e t a c y a n i n s  by HPLC found i n  

b e e t s  was r e p o r t e d  by S c l w l r t z  and von Klhe (1980) .  The a u t h o r s  

d e s c r i b e d  an  i s o c r a t i c  and g r a d i e n t  s v p n r ~ t i o n  of b e t a c y a n i n s .  A r e v e r s e -  

phase column w a s  u t i l i z e d .  The chromatograms were mon i to red  a t  535 nm. 

'The mob i l e  phase for  t h e  i s o c r a t i c  c o n d i t i o n  w a s  (:I1 O H / O . O 5  K H  PO 

(18 :82  v / v )  a d j u s t e d  t o  pll 2 . 7 5  w i t h  H3PU4 ( s o l v e n t  A ) .  

g r a d i e n t  e l ~ i t i ~ i i  s e p a r a t i o n  was i n i c i n l  I O O X  s o l v e n t  A .ind f i n a l  80:: 

s o l v e n t  A ,  202 s o l v e n t  B ((:I1 OH).  Separation time w a s  a p p r o x i m a t e l y  20 

min unde r  i s o c r a t i c  c o n d i t i o n s  and l e s s  t h a n  10 min unde r  g r a d i e n t  e l u t i o n .  

A g r a d i e n t  e l u t i o n  HPLC rhromatop,r;im is i l l u s t r a t e d  i n  F i x u r e  8 .  

Q u a n t i f i c a t i o n  w a s  a c h i e v e d  by employing i n d i v i d u a l  molar  a b s o r p t i v i t y  

vn l i i e s  ( b r t a n i d i n  I lyd ruch lo r ide  - 54.000 and b e t a n i n  h y d r o c h l o r i d e  - h 5 . 0 0 @ ) .  

Pure  p igmen t s  were o b t a i n e d  i n  c r y s t a l l i n e  form by employing p r e p a r a t i v e  

HPLC. The major advan tage  o v e r  t h e  p r e v i o u s l y  d e s c r i b e d  method i s  t h e  

q u a n t i t a t i v e  e s t i m a t i o n  of e a c h  component r a t h c r  t h a n  measu r ing  a l l  

p igmen t s  c o - e l u t i n g  from an  HPLC column i n  i i  s i n g l e  p e a k .  Schwar t z  g 31. 

(1981) compared s p e e t r o p h o m e t r i r  and HPLC methods t o  q u a n t i f y  b e t a c y a n i n s .  

The a u t h o r s  conc lude  t h a t  o f  t h e  two methods,  HP1.C is p r e f e r r e d  p a r t i c u l a r l y  

for  t h e  l a b i l e  b e t a c y a n i n  pigments  wh i rh  may form i n t e r f e r i n g  s u b s t a n c e s .  

3 2 4  

The s o l v e n t  f o r  
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E 

Ln 
rc) 
Ln 

C 

a 

0 2  A U F S  
A 

3 

2 - 

B 

I , j , j -  
0 ~ I M E  (MINI 10 I S  

F i g u r e  8. HPLC chromatogram oE b e t a c y a n i n  p igmen t s .  A = b e t a n i n .  B = 
i s o b e t a n i n ,  C = b e t a n i d i n ,  D = i s o b e t a n i d i n .  

A p p l i c a t i o n  o f  t h e  IIPLC metl iod t o  b e e t  pigmelit l o s s e s  arid changes  d u r i n g  

p r o c e s s i n g  have been  p u b l i s h e d  by von Elbe 1. (1981) .  I n  a s t u d y  by 

S i n g e r  and von E lbe  (1980) rel .1i ivc-  amounts  of v u l g a x a n t h i n s  i n  b e e t  s amples  

were e s t i m a t e d  by HPLC employing a column c o n t a i n i n g  a s t r o n g  i o n  exchange 

r e s i n .  The major  advan tage  of this column was t h e  l o n g e r  r e t e n t i o n  

fac tor  o h t a i n e d  f o r  vr i lgnxat l i in  comp.irrd t o  t h e  r e t r n t  ion t ime  n n  a 

r e v e r s e - p h a s e  column. 

Summary 

Q u a l i t a t i v e  and q u a n t i t a t i v e  l i l ’ l , ( .  methods have found wide  a p p l i c a t i o n  

<or  t h e  s e p a r a t i o n  a n d  i d c n t i r i i . . i t i o n  o f  n v a r i e t y  of p l a n t  p i p e n t s .  

Compared t o  o t h e r  ch romatoxrnph ic  t c.cliniques t h e  methods a r e  p r e c i s e ,  

s e n s i t i v e  and l e s s  t i m e  c ~ ~ n s i i m i i i p .  The h i g h  r e s o l u t i o n  c a p a b i l i t y  of 

HPLC h a s  made t h e  s e p a r a t i o n  oi c l o s e l y  r e l a t e d  p igmen t s  p o s s i b l e .  V i s i b l e -  

u l t r a v i o l e t  and f l u o r o m e t r i r  d r t e c t o r s  cmployed are  p a r t i c u l a r l y  u s e f u l  

because  of t h e  s e n s i t i v e  i n t e r a c t i o n  of t h e s e  p igmen t s  t o  l i g h t  e n e r g y .  

Sample p r e p a r a t i o n  p r i o r  t o  cliromatograpliy is g e n e r a l l y  minimal  and o f t e n  
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a s i m p l e  e x t r a c t i o n  s tep  is s ~ i f f i c i r n t .  R e t e n t i o n  times and  s p e c t r a l  d a t a  

o f  i n d i v i d i i a l  p i p e n 1  s r ihtaincd d u r i n g  HI'1.C det t , rnl inat  i<,iis h,ive hecome 

v a l u a b l e  a i d s  Tor i d e n t i f i u t  i n n  pk1rposc.s. E a r l y  methods deve loped  f o r  t lw  

s e p a r a t i o n  of  c.aroLt.noids by III'1.C u t i l i z c d  adsorpLioi1 r l i romntography w i t h  

nnn-polar  mobile  p h a s e s .  Rcver-sr-phase, i . o l u m n s  have  r e c e n t l y  found 

a p p l i c a t i o n  i n t o  t h e  s t u d y  of t h e s e  p igmen t s .  S e p a r a t i r m  of c h l o r o p h y l l s  

a n d  t h e i r  d e r i v a t i v e s  have u t i l i z e d  l a r g e l y  r e v v r s e - p h a s r  s t a t i o n a r y  

s u p p o r t s .  Many o f  t h e  t e c h n i q u e s  deve loped  for t h e  s e p a r a t i o n  of c a r o t e n o i d s  

and c h l o r o p h y l l s  are a p p l i c a b l e  f o r  t h e  s i m u l t a n e o u s  a n a l y s i s  of t h e s e  

pigments .  The f l a v o n o i d  and b e t a l a i n  p igmen t s ,  b e c a u s e  u f  t h e i r  w a t e r  

s o l u b i l i t y  and i o n i c  c h a r a c t e r ,  have been s u c c e s s f u l l y  s e p a r a t e d  w i t h  

r eve r se -phase  columns and p o l a r  mob i l e  phases. The many a d v a n t a g e s  of HPLC 

h a s  made i t  a v a l u a b l e  tool  f o r  t h e  s t u d y  of p l a n t  p igmen t s .  
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