
J. Agric. Food Chem. 1990, 38, 95-98 95 

The suggested method makes it possible to  effectively 
isolate homogeneous preparations of 7s and 11s globu- 
lins from broad beans and pea seeds. It is characterized 
by high yield and makes these proteins available for exten- 
sive research on concentrated protein systems. 
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Extraction of the hulls of faba beans with 70% aqueous acetone containing 2.8 mmol/L ascorbic acid 
proved to be a very efficient solvent system for the extraction of phenols. Treatment of the concen- 
trated extract with ethyl acetate and liquefied phenol and batch adsorption on Sephadex LH-20 freed 
the isolated crude proanthocyanidins (PA) from small molecular weight UV-absorbing and protein 
contaminants. Gel filtration of the purified extract on Sephadex LH-20 yielded pure PA and showed 
homogeneous band during the elution at 275.2 nm (maximum). The overall yield was 12%; the prep- 
aration contained six flavan-3-01 units/molecules. 

The hulls of faba beans are rich in proanthocyanidins 
(condensed tannins) (Martin-Tanguy e t  al., 1977; Cans- 
field et al., 1980; Griffiths and Moseley, 1980; Hewitt and 
Ford, 1982; Cabrera and Martin, 19861, yielding antho- 
cyanidins af ter  hydrolysis with strong mineral  acid 
(Freudenberg and Weinges, 1958). These phenolic com- 
pounds, PA, were found to inhibit many enzymes in vitro, 
including digestible enzymes such as trypsin and  a- 
amylase (Griffiths and Moseley, 1980). 

In  humans, the  consumption of diets based on faba 
beans rich in PA was found to  reduce the  digestibility of 
protein (Hussein and Abbas, 1985a) and sulfur-contain- 
ing amino acids (Hussein and Mottawei, 198513). 

Only few reports dealt, however, with the  extraction, 
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purification, isolation, and characterization of the PA. 
The  present work deals with the purification and char- 

acterization of the PA isolated from the hulls of faba beans. 

EXPERIMENTAL PROCEDURES 

Materials. All chemicals were reagent grade. The origins 
to all the listed chemicals were Pharmacia (Uppsala, Sweden) 
and E. Merck (Darmstadt, West Germany). 

The seeds Giza 3 were from the Department of Legumes of 
the Egyptian Ministry of Agriculture. 

Extractions. The hulls (seed coats) were removed from the 
beans with a pair of scissors, ground in an electric mill, and 
extracted in one of the following solvents to which was added 
2.8 mmol/L ascorbic acid as an antioxidant: (1) water; (2) 10% 
acetic acid; (3) 1% HCl in MeOH; (4) 10% tartaric acid in meth- 
anol; (5) 70% aqueous acetone, at a ratio of 1:20 (w/v). After 
filtration, the residue was reblended four more times with 150 
mL of the same solvent system, and the combined filtrates were 
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concentrated in vaccuo and analyzed for total phenol content. 
Caution: Extractions with 75% acetone in a high-speed blender 
can be inflammable. 

Isolation of PA. The procedure followed those described 
by Hagerman and Butler (1980). Beans were extracted with 
70% aqueous acetone. The concentrated aqueous solution was 
extracted twice with ethyl acetate to remove small molecular 
weight contaminants. The water layer containing the crude PA 
was mixed with Sephadex LH-20 slurry (2 g/10 mL of EtOH) 
for 30 min, followed by successive washing with EtOH to remove 
UV-absorbing contaminants. The PA was then eluted by suc- 
cessive washings with 50% aqueous acetone. After removal of 
acetone in vacuo, the aqueous concentrate was extracted three 
times with liquefied phenol to dissociate the protein-PA com- 
plex, followed by extraction with diethyl ether to remove resid- 
ual phenol. 

The aqueous phase containing the partially purified PA was 
evaporated and redissolved in ethanol (120 mg/mL). A 5-mL 
aliquot was applied to the top of a Sephadex LH-20 column 
(2.5 X 36 cm) packed and equilibrated with ethanol. When a 
stable base line was reached, the mobile phase was changed to 
50% aqueous acetone at a flow rate of 72 mL/h. Five-milli- 
liter fractions were collected, and the eluates were monitored 
at 400 and 540 nm. Each fraction was lyophilized, weighed, 
and kept in an air-tight container in the dark in a cold place 
for subsequent analysis. 

Preparation of Derivatives of PA. Acetylation. The reac- 
tion was carried out at -30 "C for 48 h by mixing 1 mg of PA 
with 6 mL of pyridine-acetic anhydride (5:1, v/v). The reac- 
tion was terminated by dilution with excess water, followed by 
lyophilization, subsequent washing, and freeze-drying (Thomp- 
son et al., 1972). 

Methylation. The PA (1 mg) was mixed with freshly pre- 
pared cold diazomethane in ethyl ether under standard exper- 
imental conditions (Furns et al., 1978). The reaction was allowed 
to proceed for 2 h at 0 "C and for a further 38 h at -30 "C, fol- 
lowed by subsequent washing and lyophilization. 

Analytical Methods. Total phenols were determined by the 
Folin-Denis method using tannic acid as a standard (AOAC, 
1984). 

Protein-precipitable phenols were measured by the method 
of Hagerman and Butler (1978). The proanthocyanidins were 
analyzed by colorimetry after hydrolysis to anthocyanidins (antho- 
cyanidin formation assay) in BuOH-HC1 (Gupta and Haslam, 
1979). 

The absorption spectrum of the formed anthocyanidins was 
scanned between 400 and 600 nm. 

The tannin specific activity of PA was determined by divid- 
ing the protein-precipitating capacity to the total content of 
phenolic groups in the sample (Butler, 1982). In the present 
work, the total phenolic groups were assayed by the Folin-Denis 
method according to the AOAC method (1984). 

The degree of polymerization was estimated as described by 
Butler et al. (1982). The vanillin reaction was performed in 
glacial acetic acid, and the degree of polymerization was deter- 
mined by dividing the E% 510 nm of catechin by the E% 510 
of PA. 

Spectrophotometry. Absorption spectra of pure untreated, 
acylated, and methylated PA were obtained. Solutions contain- 
ing 1 mg/100 mL of methanol were scanned on a Shimadzu UV 
240 scanning spectrophotometer. The spectra were scanned 
between 260 and 400 nm against methanol reference. PA solu- 
tions treated with sodium methoxide, aluminum chloride, and 
boric acid (Mabry et al., 1970) were analyzed similarly. 

Paper and Thin-Layer Chromatography. The chromato- 
graphically pure PA fractions were separated on precoated sil- 
ica gel plates (0.25-mm thickness) with fluorescent indicator 
and the solvent systems butanol-acetic acid-water (41:5) (BAW) 
for the first dimension and butanol-ethyl methyl ketone-ace- 
tic acid-water (2:5:1:2) (BEAW) for the second (Cansfield e t  
al., 1980). 

The anthocyanidin pigments were separated on Whatman 
3MM filter paper with use of toluene-acetone-formic acid (6:6:1) 
(Lea, 1978). The mixtures of acetylated PA were separated on 
a silica gel plate and developed with toluene-acetone (82). For 
methylated PA the same plates were used with chloroform- 
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Figure 1. Efficiency of five solvents in extracting total phe- 
nols from faba beans. 
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Figure 2. Elution profile from Sephadex LH-20 column. 

methanol (99.5:0.5) (Thompson et al., 1972). The TLC spots 
were observed in UV light or sprayed with ferric chloride and 
potassium ferricyanide reagent (Kirby and White, 1954). 

The protein content of the lyophilized products was mea- 
sured by micro-Kjeldahl analysis (Markham, 1942). 

RESULTS AND DISCUSSION 
Extractions. The concentration of total phenols was 

highest when the hulls were extracted five times with 
70% aqueous acetone in the presence of 2.8 mmol/L ascor- 
bic acid at a hull to solvent ratio of 1:30 (w/v) compared 
to  respective values obtained with other solvents (Figure 
1). 

Figure 2 illustrates the elution pattern of PA from a 
Sephadex LH-20 column, which was eluted as one homo- 
geneous peak at an  elution volume of 320 mL. T h e  tan- 
nin specific activity of PA collected between 300 and 330 
mL was unity. 

Table I presents typical purification steps and per- 
cent recovery of PA. Percentage recoveries of 56,45,19, 
and 12% PA relative t o  the original total phenol content 



Tannin Characterization 

Table I. Purification of Tannin (PA) from the Hulls 
(100 g) of Faba Beans 
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protein-precipitating phenols protein, 
purification step d100  g % g/100 g 

crude extract 6.24 
acetate extraction 3.50 
Sephadex LH-20 batch 2.82 

liquefied phenol 1.17 

gel filtration on 0.75 

absorption 

extraction 

Sephadex LH-20 
column 
4 ND = not determined. 

100.0 7.38 
56.1 1.05 
45.2 0.22 

18.8 ND" 

12.0 0.03 

I 
L O O  500 600 

(nm)  

Figure 3. Spectra of anthocyanidins formed by acid hydroly- 
sis of PA in 1-butanol. 
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Figure 4. UV spectra: (a) PA, methyl-PA, and acetyl-PA; (b) 
PA. NaOMe-treated PA. 

of the hulls were obtained after the extraction with ethyl 
acetate, batch adsorption using Sephadex LH-20, extrac- 
tion with liquefied phenol, and chromatographic separa- 
tion, respectively. 

The protein content changed from 7.38% in the crude 
PA solution to 0.03% after extraction with liquefied phe- 
nol. 

The maximum of absorption of the anthocyanidin pro- 
duction assay was 545 nm for PA eluted between 300 
and 330 mL (Figure 3). In the less purified fractions 
obtained a t  the right-hand side of the curve (elution vol- 
umes more than 350 mL), absorption maxima in BuOH- 
HCl reaction varied between 540 and 550 nm. This is 
due to the relative amounts of anthocyanidins (delpheni- 
din to cyanidin ratio) formed during the acid hydrolysis. 

Ultraviolet Spectrum. The methanol spectra of the 
chromatographically pure lyophilized PA exhibited one 
major band a t  275.2 nm and a second negligible band a t  
375.2 nm. The UV spectra of the methylated freeze- 
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e 

Figure 5. PC chromatogram of anthocyanidins formed by acid 
hydrolysis of PA. Conditions: Whatman No. 3 paper; solvent 
system, toluene-acetone-formic acid (6:6:1); visualized with fer- 
ric chloride-potassium ferricyanide. 

dried proanthocyanidins showed a maximum a t  254 nm 
with a hypochromic shift of 21 nm. The acetylated com- 
pound behaved similarly (Figure 4A). 

The addition of sodium methylate in methanol pro- 
duced a bathochromic shift of 13 nm (275-288 nm) (Fig- 
ure 4B) and an increase in the UV absorbancy. The addi- 
tion of AlC1, in the absence and in the presence of HCl 
to methanolic PA did not change the UV spectrum. 

Treating the PA with boric acid led to  minor shift of 
2 nm. Furthermore, the intensity of the absorption was 
reduced by 51.3% of the corresponding absorbancy 
obtained with methanol spectrum. 

Estimation of the degree of polymerization gave a value 
of six flavan-3-01 units per oligomeric tannin molecule. 
Paper chromatographic separation of the cyanidins 
revealed the presence of six distinct spots, presenting fur- 
ther evidence for the presence of monomeric and oligo- 
meric flavan-ols up to six units. 

The results also reveal the absence of flavan-4-01 from 
the purified PA. Pure faba bean PA gave six distinct 
spots after separation on TLC, when the solvent system 
of Lea (1978) was used (toluene-acetone-formic acid, 
6060:lO). Similarly, paper chromatography of the antho- 
cyanidin pigments gave six distinct spots; the slowest did 
not move from the origin (Figure 5) .  

The acetylation of PA was almost instant, since 1 h 
after starting the reaction, the acetylated PA derivative 
migrated fast with R, 0.9 in toluene-acetone (8:2). How- 
ever, a residual UV spot remained a t  the start, suggest- 
ing that  the acetylation was not 100%. 

The methylated derivative migrated similarly fast with 
R, 0.79 in chloroform-methanol (99.5:0.5), and no resid- 
ual UV spots remained at  the start, indicating 100% meth- 
ylation. 

Cold distilled water (Cansfield et  al., 1980) and meth- 
anol containing ascorbic acid (10 mmol/L) (Hagerman 
and Butler, 1980) were used as solvent systems in the 
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extraction of PA from faba and common beans, respec- 
tively. In the present work, 70% aqueous acetone con- 
taining 2.8 mmol/L ascorbic acid was found to be supe- 
rior to the other two solvent systems. In this regard, it 
had been reported that acetone-based solvents give higher 
yields with highly polymerized flavanoid from fruits and 
cereal grains (Foo and Porter, 1981; Brandan and Foo, 
1982). 

Treatment of the crude extract with liquefied phenol 
successfully ruptured the PA-protein complex, resulting 
in PA preparation with negligible protein content (0.03%), 
which is much lower than the figure of 2% reported for 
sorghum tannin subjected to the same treatments (Hager- 
man and Butler, 1980). The overall yield of purified P A  
obtained in the present work is 1270, which is higher than 
the figure of 7% reported for common bean tannins 
extracted with methanol and purified by similar meth- 
ods (Hagerman and Butler, 1980). Other purification tech- 
niques of PA extracted from the hulls of faba beans gave 
two fractions after Sephadex LH-20 with four main com- 
ponents (Cansfield et  al., 1980). In the present work six 
flavan-3-01 units were found in the chain length of oligo- 
meric material per molecule of pure faba bean PA. Sim- 
ilar values of six to seven flavan-3-01 units per molecule 
had been reported for the chain length in the PA puri- 
fied from sorghum (Gupta and Haslam, 19791, and val- 
ues of 4.8 to 5.1 were also reported for other sorghum 
varieties (Asquith et  al., 1983). 

The ultraviolet absorption maximum (275.2 nm) for 
methanolic faba beans PA corresponds to band I1 of the 
benzoyl ring of flavanone. Isoflavones had their major 
band I1 between 245 and 270 nm, whereby all flavones 
and flavanols possessed a prominent absorption maxi- 
mum for band I close to 370 nm. Both methylation and 
acetylation of the faba bean tannins led to hypochromic 
shift of 21 nm (275-254 nm). This hypochromic shift 
after methylation of PA reflects the presence of a 3-, 5-, 
or 4‘-hydroxyl group on the flavone nucleus (Mabry et  
al., 1970). The bathochromic shift (275-288 nm) observed 
in the UV spectrum of sodium methoxide treated faba 
bean PA indicates the presence of a free OH group on 
position 3 or 4’, since the strong basicity of sodium meth- 
oxide ionizes all the hydroxyl groups on the flavonoid 
nucleus (Mabry et  al., 1970). 

The material with R, 0 that appeared on the chromato- 
grams of the cyanidins (Figure 5) is believed to be phlo- 
baphenes, previously described as a product of the side 
reaction occurring during the acid hydrolysis of PA (Gupta 
and Haslam, 1979). 
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