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JOURNAL OF LIQUID CHROMATOGRAPHY, 1 l (21.309-325 (1988) 

ANALYSIS OF FLAVONOIDS BY HPLC: 
AN UPDATE 

D. J.  Daigle and E. J. Conkerton 
U. S. Department of Agriculture 

Southern Regional Research Center 
1 1  00 R .  E. Lee BouIevard 

New Orleans, Louisiana 701 79 

INTRODUCTION 

From 1973 t o  1982 there was a dramatic increase of interest  in the 

application of HPLC to the study of flavonoids. 

the use of HPLC i n  flavonoid analysis by Daigle and Conkerton was published in 

th i s  journal [l]. 

Several other review papers have been published since 1983 b u t  they are 

In 1983, a general review of 

T h i s  paper extends that  review from 1982 t o  the present. 

not general applications of HPLC to  flavonoid analysis. 

the applications o f  HPLC to analysis o f  flavonoids in wine and beer; Harborne 

[118, 1203 compared HPLC to other methods of separation and identification of 

flavonoids; Hostettmann and Marston C121, 1221 discussed a recently developed 

technique for preparative-scale separation of flavonoids and Strange [1231 

reviewed the application of HPLC to the analysis of phytoalexins. 

Nagel [1191 described 

In our original review, methoxylated flavone references were l i s ted  in a 

separate section; however, i n  this review, these compounds are included with 

the flavones. 

cross-references to  citations noted ear l ie r ,  which include flavones or 

flavonols, are indicated. 

In addition, a t  the end of the l a s t  b o  sections of  the table, 
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310 DAIGLE AND CONKERTON 

COLUEINS 

The i n i t i a l  choice of a column s t i l l  involves matching the  class o f  

f lavonoid t o  be separated t o  the  column capable o f  providing good r e t e n t i v i t y  

and s e l e c t i v i t y  charac ter is t i cs .  Although p a r t i c l e  s ize  should make a 

di f ference, s ize  popu lar i t y  remains: 10 > 5 ~ m  > 3 ~ m  [701. 

Degradation o f  t he  column occurs under condi t ions such as major changes i n  

solvent p o l a r i t y  and pH which are required t o  remove i n t e r f e r i n g  compounds t h a t  

are not eluted under the  ana ly t i ca l  chromatographic conditions. Although 

reverse phase c18 columns are used i n  most studies, some researchers [9, 12, 

13, 341 have used the rad ia l  compression separation system (RCSS) which i s  

considered more durable. Others [29, 1001 suggested the  use o f  a polystyrene- 

divinylbenzene column which i s  s tab le  over a pH range o f  1 t o  13. 

o f  chromatographers use guard columns t o  extend the  l i f e  o f  t he  ana ly t i ca l  

column, and an increasing number [e.g., 27, 47, 63, 64, 891 p u r i f y  the  p lan t  

ex t rac ts  by s o l i d  phase ex t rac t i on  techniques p r i o r  t o  i n j e c t i o n  f o r  HPLC 

analysis. 

A ma jo r i t y  

SOLVENT SYSTEMS 

Methanol :water fo l lowed c lose ly  by acetoni t r i1e:water continued t o  be the  

pre fer red  solvent systems. The add i t ion  o f  ace t ic  o r  formic acid improves the  

separation and prevents t a i l i n g ,  but  systems without acid were successful i n  a 

number o f  studies [e.g. 33, 34, 50, 60, 65, 671. 

Ion-pa i r ing  was he lp fu l  when a methano1:water system was used t o  separate 

the  neutral  glycosides from f lavono l  sulphates [961. This technique also 

proved essenti a1 i n  the  separation of f l  avonoi ds extracted from Scu te l l  a r i  ae 

radix.  

o f  t e t r a a l k y l  amnonium bromides was invest igated C1161. Two geometrical 

designs f o r  solvent op t im iza t ion  were demonstrated w i th  the separation o f  

f lavono id  standards [ l l O ,  1171 and appl ied t o  chemotaxonomic studies [108-91. 

An unusual ter t -butanol  :water (14:86) solvent system was used t o  separate the  

f lavono id  glycosides o f  Dryas octopetala [89]. 

I n  t h i s  comprehensive study, a water :ace ton i t r i le  system wi th  a va r ie t y  
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ANALYSIS OF FLAVONOIDS BY HPLC 31 I 

DETECTION 

Although the  a v a i l a b i l i t y  and 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  (UV) 

detectors make them the  choice o f  most researchers, there has been some 

experimentation w i th  other types o f  detection. Isoflavones i n  s i lage  were 

analyzed, q u a l i t a t i v e l y  and quan t i t a t i ve l y ,  by the  use o f  UV and fluorescence 

detectors i n  sequence. Confirmation o f  the  isof lavone i d e n t i t y  was possible by 

comparison o f  t he  UV and fluorescence responses of standards w i t h  samples [SO, 

64, 671. 

i n  isof lavone HPLC analyses than UV or f luoresence detect ion [68]. 

Ki tada &fi. showed t h a t  amperometric detect ion was more sens i t i ve  

Technology innovat ion i n  var iab le  wavelength detectors allowed a choice of 

wavelength f o r  quan t i t a t i on  o f  phenolic acids and f lavonoids [5, 10, 15-6, 63, 

70, 741, and type o f  f lavono id  t o  be analyzed [9]. Absorbance r a t i o s  obtained 

by two var iab le  wavelength detectors i n  ser ies  served as add i t iona l  evidence 

f o r  pos i t i ve  i d e n t i f i c a t i o n  o f  f lavonoids and phenolic acids [62, 801. Both 

the  stop-f low scanning technique [76] and absorbance r a t i o s  have been used f o r  

checking peak p u r i t y  as wel l  as f o r  peak i d e n t i f i c a t i o n  [35]. 

Das [351 advocated the  use o f  several absorbance r a t i o s  ra ther  than r e l y i n g  on 

a s ing le  r a t i o .  

However, Law and 

Several o ther  groups [17, 21, 35, 41, 44, 49, 81, 103, 1091 have taken 

advantage o f  t he  innovat ive techno1 ogy o f  photodi ode-array spectrophotoinet r i c  

detectors f o r  rapid,  on- l ine  peak i d e n t i f i c a t i o n .  Sophist icated HPLC systems 

now inc lude computers which cont ro l  por t ions  o f  the  chromatographic procedure 

and a lso  the storage o f  sample spectra f o r  l a t e r  analysis by comparison w i th  

reference compounds. This l a t e s t  technology was combined w i th  chemical 

charac ter iza t ion  by Hostettmann e t  a l .  [ 3 6 ,  431. In preference t o  c o l l e c t i n g  

selected eluent f rac t ions  f o r  reac t ion  w i th  c lass i ca l  s h i f t  reagents and 

determinat ion o f  modified spectra i n  a UV spectrophotometer, Hostettmann, g 
- a l .  [411 used a post column de r i va t i za t i on  system t o  react column eluents w i th  

s h i f t  reagents wh i le  continuously monitor ing spectral  changes. Another 

technological  innovat ion has been the  simultaneous d isp lay  o f  a contour l i n e  
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312 DAICLE AND CONKERTON 

map and three dimensional UV absorbance p r o f i l e  [841. 

used t o  detect  minor components, even i f  they are hidden behind l a rge r  peaks i n  

the  three-dimensional HPLC trace. Hunte's recent combination o f  a 

dual -e lectrode amperometric detector and a photodi ode-array detector c l a s s i f i e d  

a complex mixture o f  f lavonoids on the  basis o f  t h e i r  conjugat ion pa t te rn  and 

hydroxyl subs t i tu t ions  [7]. 

This technique can be 

Der i va t i za t i on  by benzoylat ion and the  use o f  a photodiode-array de tec tor  

gave a b e t t e r  est imat ion o f  the  number o f  sugar un i t s  bound t o  an aglycone. 

Also, i t  allowed the  q u a l i t a t i v e  and quan t i t a t i ve  determination o f  a l l  the 

glycosides as a r e s u l t  o f  p a r t i a l  and complete hydro lys is  [go]. 

Separation o f  Flavonoids and Related Compounds 

The f lavonoids and the  simple ac id ic  phenols extracted from plant  t i ssue  

were separated e f f e c t i v e l y  by reverse-phase HPLC. 

included: 

321, proanthocyanidins and f lavono ls  [28], and isof lavones [69]. 

and flavones o f  sagebrush were separated by e i t h e r  an ace t ic  acid:water: 

a c e t o n i t r i l e  o r  ace t ic  acid:water:methanol system C1021. The main phenol ic 

compounds of o l i ves  (oleuropein, verbascoside, ru t i n ,  luteol in-7-91 ucoside) 

were quant i tated [107]. 

Bengalgram [58] were q u a l i t a t i v e l y  analyzed and the  iso f lavono id  phytoalexins 

o f  soybeans [55, 701 cowpeas 1721, and french bean [531 were q u a n t i t a t i v e l y  

analyzed. 

column. Although t h i s  technique was t ime consuming, the  phenol ic compounds 

were recovered i n  greater amounts and the reso lu t i on  o f  the  ind iv idua l  

components was improved dur ing  HPLC [63]. 

The type o f  f lavonoids 

dihydrof lavonols and proanthocyanidins 1261, proanthocyanidins [30, 

The coumarins 

The iso f lavono id  phytoalexins and isof lavones o f  

Seo and Morr separated phenolic acids from iso f lavono ids  w i th  a mini  

Other studies reported the  re ten t i on  times o f  a wide va r ie t y  o f  f lavonoids 

and re la ted  compound (standards). 

polyphenols i n  commodities such as soybeans C29, 801 and eggplant 1753. 

This in fo rmat ion  was used t o  study the  
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ANALYSIS OF FLAVONOIDS BY HPLC 313 

E f f e c t  o f  S t ruc ture  on Retent ion 

Caste l le  & a. 1731 used reverse phase chromatography t o  make s t ruc ture /  

re ten t i on  time evaluations o f  141 f lavono id  standards i n  a s ing le  system. 

subsequently extended t h i s  study t o  include anthocyanidins, anthocyanins and 

proanthocyanidins 141. 

o f  the  2- and 6-methyl group, t he  6- and 7-methoxyl, and the  7-hydroxyl group 

on e l u t i o n  t ime [61]. I n  a special ized study o f  quercetin, kaempferol, and 

myr i ce t i n  glucosides, the e f f e c t  o f  g lycosy la t ion  and pos i t i on  o f  g lycosyl  

groups was discussed [961. More than t h i r t y  5-hydroxyflavones, most o f  them 

bear ing a tri- o r  te t rasubs t i t u ted  A r ing,  were used t o  study how d i f f e r e n t  

pos i t ions  o f  hydroxy o r  methoxy groups on the  flavone nucleus a f fec ted  HPLC 

behaviour [112]. Flavanones, f lavones, C-glycosylflavones, and f lavonols,  a 

ma jo r i t y  o f  them aglycones, were l i s t e d  by s t ruc tu re  and re ten t i on  t ime C761. 

They 

Synthet ic isof lavones were us-d t o  determine the  e f f e c t  

QUANTITATIVE ANALYSIS 

The a v a i l a b i l i t y  o f  comnercial standards and the use o f  semi-preparative 

columns as a means of i s o l a t i n g  pure f lavonoids from p lan t  mater ia l  [e.g. 15-6, 

31, 69, 891 had a pos i t i ve  impact on quan t i t a t i on  o f  f lavonoids. While peak 

heights o r  areas were used f o r  percentages o f  t o t a l  f lavonoids c3 ,  38, 871, 

i n te rna l  C56, 651 and/or external  standards [21, 57, 94-5, 99, 1041 more 

c lose ly  defined the  concentrat ion o f  each f lavono id  i n  the various commodities. 

Most chromatographers, however, used c a l i b r a t i o n  curves [27, 31 ,  42, 52, 1063, 

some o f  which were establ ished with an i n te rna l  [33, 41, 761 o r  external [8, 

10, 17, 22, 1031 standard. I n  medicinal p lants,  the  concentrations o f  

0-glycoside f lavonoids were s i m i l a r  when determined by HPLC or  TLC. However, 

data from HPLC determinations o f  C-glycosides ind ica ted  higher concentrations 

o f  these compounds than TLC [39]. 

SUMMARY 

The innovat ive technological  developments i n  HPLC use i n  recent years has 

provided the researcher w i th  extremely rap id  procedures f o r  t he  q u a l i t a t i v e  and 
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quan t i t a t i ve  analysis o f  f lavonoids. The current s e n s i t i v i t y  o f  t h i s  technique 

allows f o r  the  use o f  extremely small amounts of material-nanogram o r  picogram 

quan t i t i es  can eas i l y  be used. The i n i t i a l  cost  o f  HPLC instrumentat ion i s  

s t i l l  high, but small-scale, solid-phase ex t rac t i on  clean-up techniques coupled 

w i t h  inexpensive guard columns have extended the  l i f e  o f  expensive ana ly t i ca l  

columns. As i t  becomes p rac t i ca l  t o  resolve the  more complex phenolic mixtures 

i n  p lan ts  by various combinations o f  these rapid, sens i t i ve  methods, HPLC may 

become the  technique o f  choice f o r  f lavonoid analysis. 
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