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ANALYSIS OF FLAVONOIDS BY HPLC 

D. J .  Daigle and E .  J .  Conkerton 

U. S. Department o f  Ag r i cu l tu re  
Southern Regional Research Center 

1100 R. E .  Lee Blvd. 
New Orleans, LA 70179 

INTRODUCTION 

During the past ten years there  has been a dramatic increase o f  i n t e r e s t  

i n  the  f i e l d  o f  f lavono id  chemistry. 

HPLC t o  the study o f  f lavonoids. These compounds, natural  p lan t  cons t i tuents  

with a s t ruc tu re  based on the  aromatic heterocycle, 3-phenylbenzopyrone, are 

i d e a l l y  sui ted f o r  analysis by HPLC. 

by the  number and pos i t i on  o f  hydroxyl subst i tuents and other der iva t ives  

(sugars, methyl). 

react  t o  solvents and columns comonly  used i n  HPLC al lowing separat ion and 

i d e n t i f i c a t i o n .  

This was mainly due t o  the  app l i ca t i on  o f  

The basic complex s t ruc tu re  can be var ied  

These var ia t ions  cause changes i n  the  way the compounds 

Since 1979 some per t inent  and exce l len t  reviews have been reported: 

Kingston [88], t he  app l ica t ion  o f  HPLC t o  secondary metabol i tes;  Adam and 

Nakanishi [89], selected examples o f  HPLC separation o f  na tura l  products; Van 

Sumere e t  a1 [go], use o f  HPLC i n  the  separation o f  p lan t  phenolics; Roston and 

Kissinger [91], HPLC determinat ion o f  phenolic acids o f  vegetable o r i g in ;  
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l o b  DAIGLE AND CONKERTON 

Schwartz and von E l b e  [921, HPLC o f  p l a n t  pigments; Rouseff and T ing [93], 

a n a l y s i s  o f  po lymethoxyelated f l avones  i n  c i t r u s ;  Hrazdina [94], analyses o f  

anthocyanins i n  f r u i t s  and beverages; and K. and M. Hostettmann [951, t h e  

a p p l i c a t i o n  o f  HPLC techniques t o  f l a v o n o i d s  ana lys i s .  

SILICA GEL COLUMNS 

Var ious types and brands o f  columns have been used f o r  f l a v o n o i d  a n a l y s i s  

us ing  i s o c r a t i c  o r  g rad ien t  so l ven t  systems. E a r l y  work was done on s i l i c a  g e l  

columns wi th and w i t h o u t  d e r i v a t i z a t i o n  p r i o r  t o  ana lys i s .  

advantage o f  HPLC i s  t h e  l a c k  o f  d e r i v a t i z a t i o n  p r i o r  t o  ana lys i s ,  Hermann and 

co-Norkers c i t e d  severa l  advantages t o  HPLC a n a l y s i s  o f  a c e t y l a t e d  f l avono ids .  

Among these were: 

t a t i o n ,  and i s o c r a t i c  separa t i on  o f  t h e  f l avono ids .  The i s o c r a t i c  run  does no t  

r e q u i r e  so l ven t  r e - e q u i l i b r a t i o n  f o r  each sample and t h i s  i nc reases  t h e  r a t e  of  

ana lys i s .  

A l though  a major  

d u r a b i l i t y  o f  t h e  column, d e f i n i t e  i d e n t i f i c a t i o n  and q u a n t i -  

A l though s i l i c a  gel columns have not been used o f t e n ,  t h e y  a r e  we l l  s u i t e d  

f o r  t h e  separa t i on  o f  non-polar o r  weakly p o l a r  f l a v o n o i d  aglycones such as: 

po l  ymethoxy lated f l  avones [ 86,873, i s o f  1 avones [ 38,48,49,52 1, and b i  f 1 avonoi d s  

[381. The normal phase l i q u i d  chromatography on L i c h r o s o r b  S i  60 o f  t h e  

ace ta tes  o f  numerous f l a v o n o i d s  p e r m i t t e d  t h e  a p p l i c a t i o n  o f  f l a v o n o i d  a n a l y s i s  

t o  c e l e r y  [77-791, orange j u i c e  [81,82], tomatoes [79], plums [801, and 

c h e r r i e s  [83]. 

Reverse Phase Versus Normal Phase. By u s i n g  t h e  above d iscussed pack ing 

m a t e r i a l s ,  (columns) t h e  s t a t i o n a r y  phase i s  l e s s  p o l a r  t han  t h e  mob i l e  phase 

and t h e  procedure i s  c a l l e d  reve rse  phase chromatography (RPLC). Thus h i g h l y  

p o l a r  so lu tes  possess s h o r t e r  r e t e n t i o n  t imes  t h a n  l e s s  p o l a r  so lutes.  

r e t e n t i o n  t i m e  o f  t h e  same polymethoxy lated f l avones  shows t h i s  d i f f e r e n c e  

between RPLC [84,851 and normal phase HPLC (NPLC) [861. 

t ypes  o f  columns, e x c e l l e n t  separa t i on  was ob ta ined  i n  l e s s  than  30 minutes. 

The 

However, w i t h  b o t h  
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ANALYSIS OF FLAVONOIDS 107 

The use o f  RPLC [46] f o r  the  reso lu t i on  o f  isof lavones was c r i t i c i z e d  [481 f o r  

the  observed band spreading which would make the  separation o f  multicomponent 

mixtures v i r t u a l l y  impossible. A number o f  recent repor ts  [53-561, however, 

have establ ished a RPLC procedure f o r  the separat ion and quan t i t a t i on  o f  the 

n a t u r a l l y  occurr ing soybean i s o f l  avone glycosides and aglycones. 

REVERSE PHASE COLUMNS 

I n  reverse phase columns, the  s ta t ionary  phases are prepared by bonding 

var ious organosilane molecules t o  the  hydroxy l i c  groups o f  a s i l i c a  type 

surface. The m s t  common o f  the organosilanes are octadecyltrichlorosilane, 

oc ty l  t r i ch lo ros i l ane ,  and phenyl t r i ch lo ros i l ane .  

prepar ing oc tadecy l s i l y l  bonded s ta t ionary  phases have been described [96,97] 

and may be employed, f o r  example, f o r  the preparat ion o f  p repara t ive  scale 

col  umns. 

possessing a high degree o f  r e p r o d u c i b i l i t y  as r e f l e c t e d  i n  the  table.  

The simple procedures f o r  

Cur ren t ly  there are a number o f  commerci a1 l y  ava i l ab le  columns 

Although the  c18 o r  more s p e c i f i c a l l y  the VBondapak C18 column has been 

the  dominant choice f o r  RPLC o f  f lavonoids,  another type o f  column may be 

b e t t e r  dependent upon the class o f  f lavonoid.  

RP-18 and RP-8, Strack and Krause C411 obtained b e t t e r  reso lu t i on  of g lycosy l -  

f lavone aglycones and glycosides on the RP-8 w i t h  a gradient methanol : acet ic  

ac id  : water solvent system. Becker e t  a1 [39] i n  the  on ly  reported use of a 

Lichrosorb NH2 column, achieved an exce l len t  separat ion o f  isomeric 0- 

glycosides o f  C-glycosylflavones. 

separation o f  monosaccarides and f o r  t h i s  reason chosen as the  idea l  phase f o r  

separation o f  C-glycosylflavones. There seemed t o  be no apparent d i f fe rences  

i n  e f f i c i e n c y  o f  separation o f  the  f lavonoids o f  Silybum marianum between the  

Lichrosorb RP-18 1331 and RP-8 [34,35] columns. 

systems were used and an ob jec t ive  comparison cannot be made. 

I n  a comparison o f  L ichrosorb 

This type o f  column had been used f o r  t h e  

However, two d i f f e r e n t  solvent 
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108 DAIGLE AND CONKERTON 

A pBondapak c18 with a acetonitrile : water solvent system failed t o  

adequately separate methoxylated flavones bu t  a Zorbax c8 column with a te t ra-  

hydrofuran : water system did [all]. 

The difference in columns with the same generic name and a lack of con- 

s is tent  specifications make the choice of reverse phase columns d i f f icu l t .  The 

i n i t i a l  choice of a column for  a particular reverse phase separation would 

involve matching the type of substance (class of flavonoid) t o  be separated t o  

the column capable of providing good retentivity and select ivi ty  characteris- 

t i c s  toward the particular sample. 

information on columns and th i s  f ie ld  i s  relatively new, the researchers should 

be aware o f  any available commercial l i t e ra ture  [98]. 

Because few papers contain negative 

Aromatic Acids and Flavonoid Separation. Extraction of phenolics from 

plant t issue usually means t h a t  both single ring phenolics and the flavonoids 

(cs-C3-c6 carbon skeleton) are isolated in the same mixture. 

172,741 advised carrying ou t  prior separation of these groups f o r  HPLC. 

a WBondapak alkylphenyl column was used, some of the aromatic acids and phenols 

interfered with separation of the flavonoids [72]. 

pBondapak c18 column proved to  be effective in the separation of both the plant 

phenols and flavonols of tobacco C651. 

be most effective and necessary for the separation of the aromatic acids, 

phenols, and flavonoids in the same mixtures 1631. 

communications that have dealt with the separation of aromatic acids, phenols, 

and a few flavonoid compounds [66,67]. 

Two reports 

Where 

However, RPLC on a 

A gradient elution system was found t o  

There are also two other 

Solvent Systems. Methanol : water containing small amounts o f  acetic acid 

is  one o f  the more commonly used solvent systems for  RPLC of flavonoids. 

addition of acetic or any acid improves the separation, b u t  the amount of acid 

or pH of the eluting system i s  dependent upon the column's s tab i l i ty  as a 

Chrompack Nucleosiel c18 column ruptured probably due t o  a low pH 1311. 

lieu of acetic acid other compounds which have been used are: phosphoric acid 

The 

In 
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ANALYSIS OF n A V O N O I D S  109 

[34,35,50,64,71], perch lo r ic  acid [16,21,24], potassium dihydrogen phosphate 

[5,22,61,65], ammonium dihydrogen phosphate [361, and formic ac id  [4,7]. The 

absence of acid i n  the  methanol : water system i s  ra re  [42] but such a solvent 

system appears t o  be very successful i n  the separation o f  isof lavones 

[51,53-561. 

The a c e t o n i t r i t e  : water system was successful i n  the quan t i t a t i ve  

determination o f  nar ing in  and hesper id in i n  c i t r u s  j u i c e  C58-60,623 and i n  the  

separation o f  both isomeric C-glycosylflavones [39] and isomeric isof lavones 

[46]. 

f o r  the  separation o f  f lavonoids o f  f lowers [44,70]. 

The a c e t o n i t r i t e  : acet ic  ac id  : water solvent system was most popular 

Other solvent systems use i n  RPLC are: tetrahydrofuran (THF) : acetoni- 

t r i l e  : water [86]; THF : water [45]; acetone : acet ic  ac id  : water [8,9,11]; 

methanol : dimethylfomamide : acet ic  ac id  : water [29]; and ethanol : acet ic  

ac id  : water [72]. 

E f f e c t  o f  S t ruc ture  on Retention. The e f f e c t  o f  s t ruc tu re  o f  f lavonoids on 

These data t h e i r  e l u t i o n  behaviour was f i r s t  d isclosed by Wulf and Nagel [57]. 

were confirmed and extended by Daigle and Conkerton [37]. I n  both cases a 

WBondapak CI8 and a methanol: ace t ic  acid : water solvent system was used. The 

in f luence o f  isomerizat ion and the g lycosy la t ion  pa t te rn  o f  some C-glycosyl- 

f lavones on re ten t i on  time was studied [40] and some o f  these f i nd ings  were 

confirmed i n  a l a t e r  repor t  [43]. 

proanthocyanidins was inves t iga ted  using several packing mater ia ls  (columns) 

[21,241. 

separation o f  proanthocyanidi ns. 

The chromatographic behavior o f  

Lea concluded tha t  RPLC o f fe red  the greatest  po ten t i a l  f o r  the 

GENERAL 

Detection. The high s e n s i t i v i t y  o f  u l t r a v i o l e t - v i s i b l e  detectors make 

ana lys is  o f  sub-microgram samples possible. 

w i th  the solvent system and, o f  course, su i tab le  f o r  the compound t o  be 

The wavelength must be compatible 
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de tec ted  a t  maximum s e n s i t i v i t y .  Fo r  t h e  f l a v o n o l s ,  f lavanones,  f l avones ,  and 

i so f l avones  and t h e i r  r e s p e c t i v e  g l ycos ides ,  t h e  range o f  wavelength between 

254 nm and 280 nm was t h e  most popular .  

340 nm t o  360 nm range [8,26]. 

de tec ted  e i t h e r  i n  t h e  range between 520 nm and 546 nm o r  a t  280 nm. 

ace ta te  d e r i v a t i v e s  o f  anthocyanid ins were de tec ted  a t  254 nm [ 3 l  and t h e i r  

chalcones a t  340 nm [16]. The ace ta tes  o f  f l a v o n o l s ,  and f l avones  and 

f lavanones,  however, were detected a t  300 nm (77-83). 

employed a dual  UV-f luorescence d e t e c t o r  t o  determine t h e  presence of 

i n t e r f e r i n g  substances. The wavelength, 313 nm, was f o r  a l l  f i v e  

po lymethoxy lated f l avones  s ince  t h e  i m p u r i t y  absorbed weakly a t  t h i s  

wavelength. 

wavelengths: 254 nm [39,401; 270 L421; 312 [411; 330 [45]; 335 [22]; and 365 

A few researchers  have a l s o  chosen t h e  

The anthocyanins and p roan thycyan id ins  were 

The 

Rouseff and T ing  [10,93] 

The C-g lycosy l f lonones have been de tec ted  a t  a v a r i e t y  of 

C431- 

Q u a l i t a t i v e  Ana lys i s  of F lavonoids.  I n  t h e  HPLC analyses o f  complex 

m ix tu res  researchers have used more than  r e t e n t i o n  t i m e  data t o  i d e n t i f y ,  

p o s i t i v e l y  o r  nega t i ve l y ,  t h e  compound o f  i n t e r e s t .  However, o f f  l i n e  

techniques a re  r e l a t i v e l y  t i m e  consuming. 

HPLC-UV/Vis and HPLC/MS spect roscopy have been found, i n  some cases, t o  he 

s u f f i c i e n t  t o  o b t a i n  p o s t i v e  i d e n t i f i c a t i o n  o f  compounds w i t h  an o v e r a l l  

r e d u c t i o n  i n  analyses t ime  [50]. 

Recen t l y  on l i n e  techniques such as 

The i d e n t i f i c a t i o n  o f  t h e  chalcones o f  m a l v i d i n  3 -g lucos ide  and m a l v i d i n  

3,5-d ig lucos ide was c a r r i e d  ou t  by u s i n g  d e t e c t o r s  m o n i t o r i n g  s imu l taneous ly  

f i r s t  a t  280 nrn and 525 nm, then  280 nm and 340 nm. 

chalcones cou ld  be c o l l e c t e d  i n  s u f f i c i e n t  amounts t o  measure t h e i r  U V - v i s i b l e  

abso rp t i on  spect ra d i r e c t l y  and t o  f o l l o w  t h e i r  convers ion t o  t h e i r  correspond- 

i n g  f l a v y l i u m  c a t i o n s  [16]. 

As a r e s u l t ,  these 

SUMMARY 

I n  t h e  f l a v o n o i d  f i e l d ,  HPLC has been used f o r  t h e  q u a n t i t a t i v e  de te tm i -  

n a t i o n  o f  p l a n t  c o n s t i t u e n t s ,  p u r i t y  v e r i f i c a t i o n  o f  i s o l a t e d  compounds, and 
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chemotaxonomical comparisons. The p r a c t i c a l  a p p l i c a t i o n s  i n  t h e  beer, wine, 

and c i t r u s  i n d u s t r i e s  a l so  a t t e s t  t o  i t s  p o t e n t i a l  as an a n a l y t i c a l  t o o l .  
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