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ABSTRACT 

A rapid and sensitive method for the separation and identification of flavan-3-01s and their phloroglucinol adducts using reversed- 
phase high-performance liquid chromatography is reported. The application of the method is demonstrated for the analysis of the 
degradation products of sainfoin leaf proanthocyanidins. The results showed that the extension and terminal units in this sample are 
catechin, epicatechin, gallocatechin and epigallocatechin. 

INTRODUCTION 

Proanthocyanidins (condensed tannins) are a 
group of phenolic polymers which are widely dis- 
tributed in the plant kingdom particularly in plants 
with a woody growth habit [l-4]. These compounds 
consist of flavan-3-01 (Fig. 1) units, linked together 
through C-4-C-6 or C-4-C-8 bonds 151. Structural 
variation of proanthocyanidins ranges from dimers 
and trimers to more complex oligomers and poly- 
mers depending on the nature of the interflavanoid 
linkage, hydroxylation pattern and stereochemistry 
at the three chiral centers (carbons 2,3 and 4) of the 
C-ring [4,6,7]. These polymers are found in numer- 
ous gymnosperms and angiosperms in large 
amounts [8] and have an important defensive func- 
tion in many plants against micro organisms and 
predators [9]. In fruits and seed coats, considerable 

( quantities of these compounds make an important 
contribution to the quality, colour and taste of the 
fruit and products derived from them [2,10,1 l] and 
play a major role in the preservation of beers [12]. 

Proanthocyanidins have been shown to have an 
important role in non-bloating forage crops be- 
cause they bind with excess protein in the rumen 

and prevent the development of a gas trapping sta- 
ble foam [13-l 51. In the course of investigations 
aimed at the identification of proanthocyanidins in 
sainfoin leaves, we have examined the application 
of reversed-phase high-performance liquid chroma- 
tography (RP-HPLC) for the separation and identi- 
fication of flavan-3-01 units in the proanthocyani- 
dins of this species. 

Degradation of proanthocyanidins is essential 
for the determination of their structural units [16]. 
Several methods have been used to analyze the deg- 
radation products of these compounds of which the 
most common are column chromatography [17], 
thin-layer chromatography (TLC), two-dimension- 
al (2D) TLC [16,18,19] and spectroscopic methods 
[20-221. However, these methods are time consum- 
ing, limited in separation power or require purified 
samples. 

In this paper we report a rapid and sensitive 
method for the separation and identification of fla- 
van-3-01s and their phloroglucinol adducts in 
proanthocyanidins by RP-HPLC. The application 
of the method is demonstrated for the analysis of 
degradation products of sainfoin proanthocyani- 
dins. 
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from the time course studies of sainfoin proantho- 
cyanidin hydrolysis in present work indicated that a 
total of 2 h time was sufficient for the completion of 
hydrolysis. 

The flavan-3-01s and their phloroglucinol ad- 
ducts discussed below were identified by the com- 
parison of their retention times and in some cases 
UV spectra with those of authentic standards. 
Analysis of the degradation products of sainfoin 
leaf proanthocyanidins by RP-HPLC, showed that 
( + )-catechin (I), ( -t )-gallocatechin (II), (- )-epi- 
catechin (III), ( - )-epigallocatechin (IV) and ( + )- 
catechin-, ( + )-gallocatechin- and (- )-epigallocate- 
chin-4-phloroglucinol adducts (compounds V, VI 
and VIII, respectively) are present in sainfoin sam- 
ple (Fig. 3). The extension and terminal units in 
sainfoin proanthocyanidins, therefore, are catechin, 
gallocatechin, and epigallocatechin, while epicate- 
chin appears to be terminal unit only. 

The ethyl acetate-soluble fraction of sainfoin 
leaves (see Experimental) was also tested for the de- 
tection of any low molecular weight proanthocyani- 
dins (dimers and trimers) and/or flavan-3-01s if pre- 
sent. This sample was applied to a LH-20 column 
and eluted with ethanol and ethanol-acetone (19:1, 
v/v) which yielded six fractions. All the fractions 
were monitored by 2D-TLC [3,16] of which frac- 
tions 5 and 6 showed four and two purple spots, 
respectively indicating the presence of flavan-3-01s 
or low-molecular-weight proanthocyanidins. Ap- 
plication of the HPLC method proposed in this pa- 
per, showed that the major component in fraction 5 
was (-)-epicatechin (III) while traces of (+)-cate- 
chin (I), (+ )-gallocatechin (II) and ( - )-epigalloca- 
techin (IV) were also detected. Two purple spots in 
the 2D-TLC of fraction 6 were tentatively identified 
as (-)-epigallocatechin (IV) and a dimer by com- 
parison with data from literature [3,16]. Isolation 
and purification of these two compounds by prepar- 
ative HPLC and further analysis, confirmed the re- 
sult obtained from 2D-TLC that one of the com- 
pounds is (-)-epigallocatechin (IV). Degradation 
of the dimer followed by HPLC analysis showed 
only two peaks in the chromatogram. Comparison 
of the retention times of these peaks with those of 
standards (Table I) showed that they are (-)-ep- 
icatechin (III) and its phloroglucinol adduct (VII). 
These results indicate that the dimer could be (-)- 
epicatechin-(4@-8)-epicatechin (IX) as the extension 
and terminal units are both epicatechin. 

OH 

RP-HPLC analysis of the degradation products 
of proanthocyanidins offers an attractive method 
for the rapid and sensitive separation and identifica- 
tion of structural units in these compounds. The 
adoption of this technique provides greater resolu- 
tion, better sensitivity than other chromatographic 
methods and requires only a small amount of the 
proanthocyanidins. This method is currently being 
used for the structural and biosynthetic studies of 
sainfoin leaf proanthocyanidins in our laboratory. 
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