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The aim of this study was to investigate to what extent the in-vitro evaluation of 
iron, zinc and protein dialysability from legumes is influenced by the method of 
globulins extraction (Gl, C2). According to classical methods, globulins were 
first extracted into salt solutions containing ascorbic acid. Because of the 
enhancing effect of ascorbic acid on iron availability, globulins extraction was 
also carried out in the absence of ascorbic acid. In the presence of ascorbic acid, 
a parallel reduction in total protein content and in iron and zinc content was 
detected, suggesting an interaction between minerals and protein components. 
Ascorbic acid markedly improved protein dialysability and G2 always showed a 
higher dialysability than Gl. In the absence of ascorbic acid, iron dialysability 
was 3.0% from Gl and 55% from G2, while ascorbic acid caused up to a three- 
fold increase in iron dialysability. Ascorbic acid did not influence zinc 
dialysability (20% for Gl and 24% for G2). For both globulins, the higher the 
iron/protein ratio the higher the iron dialysability, indicating that the extent of 
interaction between iron and protein, as well as influencing protein digestion. 
likely affects in-vitro iron availability. 

INTRODUCTION 

Several non-nutrients and nutrients in foods have been 
studied with regard to their effects on mineral availabil- 
ity. Among nutrients, food proteins have been proven 
to influence iron and zinc availability. Their effect has 
been found to depend on the source of protein: some 
proteins, such as those from animal tissue are effective 

in promoting absorption of both iron and zinc (Cook 

& Monsen, 1976; Solomons, 1982). 
On the other hand, the influence of vegetable pro- 

teins on mineral absorption is quite controversial. Veg- 
etable foods contain factors (phytic acid, dietary fibre, 
tannin), whose influence on mineral availability can 

hinder the understanding of the actual impact of the 
protein components (Cook et al., 1981; Hallberg et al., 

1987; Sandstrom & Lonnerdal, 1981). Thus, as far as 
vegetable proteins are concerned, studies performed on 
protein extracts are very useful for elucidating the 
potential specific interactions between food components. 

In evaluating the nutritional quality of food and diet, 
attention should be paid to the methodologies adopted 
in the extraction of the nutrients under study. When 
investigating the interactions between protein and 
mineral, the method utilized for protein extraction can 

greatly affect the subsequent results. Most vegetable 
proteins are usually fractionated on the basis of their 
different solubilities in water (albumin fraction) and 
salt solutions (globulin fractions). In the extraction of 
globulins from legume seeds, ascorbic acid has been 
suggested in place of HCl because of its antioxidant 
properties (Sun & Hall, 1975; Marquez & Lajolo, 1981). 
In studies on iron availability, however, the presence of 
ascorbic acid in protein extracts has to be considered, 
since it has been shown to selectively increase the in 
vitro dialysabilitykolubility and in-vivo availability of 
iron (Hallberg et al., 1986; Hazel1 & Johnson, 1987). 

The aim of this study was to investigate to what 
extent the presence of ascorbic acid in the method used 
for globulins extraction (Gl, G2) from Phaseolus vul- 

gar-is affects in-vitro iron and zinc dialysability. 

MATERIALS AND METHODS 

The study was carried out on globulins (Gl, G2) 
extracted from white bean (Phaseolus vulgaris L.). Total 
protein (N X 6.25) was determined by the method of 
the AOAC (1984). Total iron and zinc content was de- 
termined by Flame Atomic Absorption Spectrometry, 
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on a Varian SpectrAA 400. Certified standard BCR 
189, wholemeal flour (Community Bureau of Refer- 
ence, Brussels), was analysed as a check on the accu- 
racy of the analysis. Experimental values of iron (69.3 
f 2.3 &g) and zinc (56.2 f 1.5 cls/g) were not statisti- 
cally different from certified values (68.3 f 1.9 pg/g and 
56.5 f 1.7 &g, respectively). Deionized water was used 
throughout. 

Protein extraction 

Globulins (Gl, G2) extraction was carried ‘out in a 
NaCl (0.5 M) solution, as described by Marquez 8z 
Lajolo (1981). Two series of extractions were performed: 
in the presence of ascorbic acid (0.25 M, pH 2.2) (+Asc), 
as the outline of the method suggested, and in the 
absence of ascorbic acid (-Asc). In the latter case the pH 
was adjusted to 2.2 by the addition of HCl. Separation 
of Gl and G2 was achieved by lowering the ionic 
strength of NaCl to 0.08 M (Marquez & Lajolo, 1981). 
Protein fractions were freeze-dried before use in the 
subsequent analysis. 

Dialysability 

The in-vitro method of Miller et al. (1981) was adapted 
to assess iron and zinc dialysability from globulins (Gl, 
G2). Aliquots of the samples containing about 1 g of 
protein were blended in 0.1 M HCl, the pH was adjusted 
to 2.0 + 0.05 and 3 ml of a pepsin solution (16 g pepsin 
in 100 ml HCl) was added. The final volume of the 
homogenates was brought to 70 g by adding deionized 
water and the samples were incubated at 37°C for 2 h 
in a shaking water bath. Aliquots (20 g) of the pepsin 
digest were transferred into 100 ml beakers. Segments 
of dialysis sac previously treated with EDTA (MW cut- 
off 6-8000, Spectrapor 1, Spectrum Medical Industries 
Inc., Los Angeles, CA, USA) containing 0.5 M NaHCO, 
(in an amount previously determined in order to titrate 
a similar sample aliquot to pH 7.5 with 0.5 M KOH) 
and deionized water to obtain a volume of 20 ml, were 
placed in each beaker and incubated for 30 min. When 
the pH reached 5.0, 5 ml of a pancreatin-bile solution 
(0.8 g pancreatin, 5 g bile in 200 ml 0.1 M NaHCO,) 
were added and the incubation continued for a further 
2 h. The dialysates were weighed and the amount of 
iron was determined by bathophenanthroline (Miller 
et al., 1981) while zinc was determined by Atomic 
Absorption Spectrometry. Mineral content of the dialysis 
bag was calculated as a percentage of the total. The 

dialysates were analysed also for protein content 
(Lowry et al., 1951). 

Data were statistically analysed by analysis of vari- 
ance (ANOVA) and the differences between means 
were determined by the Duncan’s multiple range test 
(Duncan, 1955). 

RESULTS AND DISCUSSION 

Protein and mineral extraction 

Table 1 shows the total protein content and yield of 
globulin fractions (Gl, G2) extracted in the presence 
and absence of ascorbic acid. When ascorbic acid was 
included in the fractionation method, a marked reduc- 
tion in the total protein content of the extract was 
observed in both globulins. The reduction was higher 
in G2 than in Gl. On the other hand, yield in protein 
extraction was impaired by ascorbic acid in the G2 
fraction only, thus indicating that the decrease in total 
protein content of Gl was the result of the coextraction 
of non-protein material. In both the presence and 
absence of ascorbic acid, the percentage of extracted 
globulins (Gl+G2) was close to about 30% of total pro- 
tein. This value is lower than those previously reported 
(Marquez & Lajolo, 1981) possibly because of differ- 
ences in the solubility properties of globulins among 
bean varieties. SDS-PAGE analysis (Lombardi-Boccia 
et al., 1994), however, showed that the present Gl and 
G2 fractions were quite homogeneous when compared 
with the same fractions obtained from other varieties of 
Phaseolus vulgaris (Deshpande & Nielsen, 1987). On 
the basis of the apparent MW obtained from SDS-PAGE 
(Lombardi-Boccia et al., 1994) the main protein com- 
ponents of Gl and G2 have been found to correspond 
to phaseolin and lectin, respectively (Chang & Satter- 
lee, 1981; Sgarbieri & Whitaker, 1982). 

Table 1. Total protein content and yield of globulins extracted 
with aad without ascorbic acid“ 

Protein Yield 
(%)b (% total protein) 

Gl (+Asc) 22.1 f 5.7 24.0 
Gl (-Ax) 45.7 f 6.4 20.7 
G2 (+Asc) 13.0 f 5.0 6.9 
G2 (-AX) 42.1 + 5.0 12.4 

‘Each value represents the mean f SD of three determinations. 
bReferred to extract, dry basis. 

Table 2. Mineral’s content, yield and mineral/protein ratio in globulins extracted with ?nd without ascorbic acid 

(mgK0 g) 
Yield Fe/Protein 

(% tot Fe) (k&g) 

Gl (+Asc) 3.30 f 1.0 12.5 146 
Gl (-Asc) 4.68 f 0.3 8.3 103 
G2 (+Asc) 2.76 f 0.1 4.9 212 
G2 (-Asc) 6.78 + 0.2 6.2 161 

“Each value represents the mean i SD of three determinations. 

(mgTlr& g) 

0.88 f 0.2 
2.06 f 0.4 
1.83 f 0.2 
2.53 f 0.6 

Yield Zn/Protein 
(% tot Zn) (k&g) 

6.0 38.9 
6.7 45.2 
5.2 141 
4.2 60.2 
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Ascorbic acid was also found to affect the iron and 
zinc content of the Gl and G2 extracts (Table 2). The 
highest values were obtained when extractions were 
carried out in the absence of ascorbic acid. The similar 
trend shown by the values of protein and iron/zinc con- 
tent might reflect an interaction between minerals and 
protein components. In all extractions, yield values for 
both iron and zinc indicated that it was possible to 
extract only a low percentage of these minerals from 
the bean flour. Such difficulty in extracting iron and zinc 
may be partly due to the native form (chemical state, 
complexation with.endogenous seed compounds) of the 
minerals in the seed. Although the interactions between 
minerals and legume seed components have been only 
partially clarified, complexation with proteins has been 
proposed (Yoshida, 1988; Ikeda, 1990). 

Ascorbic acid improved the yield of iron extraction 
from the Gl fraction. Even in the presence of ascorbic 
acid, however, not more than 12.5% of total iron was 
recovered (Table 2). It has been shown that ascorbic 
acid was very effective in mobilizing iron from bean 
flour. Indeed, some studies (Kojima et al., 1981; Morr 
& Seo, 1986) reported that ascorbic acid could remove 
over 50% of the endogenous iron from legumes. There- 
fore, a higher amount of endogenous iron than that 
measured at the end of globulins fractionation was 
probably extracted by the ascorbic acid. The applied 
method of protein extraction (Marquez & Lajolo, 1981) 
may have caused a partial loss of the soluble iron com- 
plexes. Since the values of both yield and content of 
protein and iron showed a similar trend, most of the 
iron recovered in Gl and G2 was probably associated 
with protein components. 

The presence of ascorbic acid resulted in an increase 
in the iron/protein ratio for both fractions, whereas the 
zinc/protein ratio was found to have increased in the 
G2 fraction only. 

In-vitro protein and mineral dialysability 

Ascorbic acid affected protein dialysability from globu- 
lins (Table 3). In the presence of ascorbic acid a 
two-fold increase in the Gl fraction (PC 0.01) and a 
three-fold increase in the G2 fraction (PC 0.025) were 
observed. In both the presence and absence of ascorbic 
acid, G2 showed a significantly higher protein 
dialysability than Gl (PC 0.01 and P< 0.005, respec- 
tively). This result is consistent with current findings 
showing the Gl fraction to be less digestible than the 

Table 3. Protein and mineral dialysability from globulins 
extracted with and without ascorbic acid” 

Protein 
(“h) (Z) $ 

Cl (+Asc) 40.4 + 6.0 644 f 1.2 20.2 f 0.8 
Gl (-Asc) 20.4 f 0.4 3.02 + 0.7 20.3 k 1.0 
G2 (+Asc) 93.3 f 6.1 16.7 f 1.2 23.2 + 1.0 
G2 (-As@ 31.0 * 0.4 5.53 + 0.9 23.9 + 0.9 

“Each value represents the mean +_ SD of three determinations. 

G2 fraction. The Gl fraction has been proven to be 
mainly constituted of phaseolin (Lombardi-Boccia et 
al., 1994), a protein whose low digestibility is likely due 
to its compact structure (Ahn et al., 1991). 

Also, iron dialysability from globulin fractions was 
strictly dependent on the extraction method and 
showed the same trend as that reported for protein 
dialysability: samples containing ascorbic acid showed 
the highest values of iron dialysability (PcO.01 for Gl 
and P < 0.005 for G2). This result was expected because 
the ability of ascorbic acid to enhance non-heme iron 
availability has long been recognized (Cook & Monsen, 
1977; Hallberg et al., 1986). In this study it was found 
that the presence of ascorbic acid greatly changed the 
iron and protein contents of the extract, finally result- 
ing in an increase in the iron/protein ratio. Not only 
did protein and iron dialysability show a similar trend, 
but the same trend was also followed by the iron/pro- 
tein ratio of the extracts (Table 2). Indeed, the higher 
the iron/protein ratio, the higher was the dialysability 
of both iron and protein. These findings suggest that 
the extent of the interaction between iron and the pro- 
tein components influences iron dialysability from glob- 
ulin fractions. In a previous study (Lombardi-Boccia et 
al., 1994) it was found that iron solubility from Gl and 
G2 fractions was less than 50% of the respective total 
iron content. Furthermore, the solubility of both iron 
and protein similarly increased during in-vitro diges- 
tion, suggesting that most of the iron was strictly asso- 
ciated with protein. However, iron dialysability was 
higher in the G2 than in the Gl fraction, irrespective of 
the presence of ascorbic acid (P-c 0.005 in both frac- 
tions). Thus, differences in the digestibility properties 
between Gl and G2 likely affect iron dialysability, too. 

Zinc dialysability was unaffected by the presence of 
ascorbic acid. Quite high zinc dialysability values were 
found in both Gl and G2, only slightly lower than 
those reported for the whole seed (27%) (Lombardi- 
Boccia et al., 1994). In spite of a higher Zn/protein 
ratio in the G2 fraction, in neither the presence or 
absence of ascorbic acid were significant differences in 
zinc dialysability evident between the two fractions. 

Sandstrom et al. (1989) found a relatively high 
absorption of zinc (24.5%) from white bean. It is gener- 
ally believed that both type and source of proteins 
strongly affect zinc absorption (Solomons, 1982). 
Indeed, zinc absorption from meal based on vegetable 
protein has been reported to be lower than that from 
meal based on animal protein. It was suggested that 
not only the type of protein but also the presence of 
some vegetable components, such as phytate, can 
adversely affect zinc absorption (Sandstrom & Lonnerdal, 
1989). The isolated bean protein fractions, however, 
appear to be devoid of those bean constituents interfering 
with zinc dialysability (Lombardi-Boccia et al., 1994). 
Unlike iron, high zinc dialysability seems also to be 
independent of both zinc content and protein availabil- 
ity of the fractions. While even a minor impairment in 
protein digestion can significantly change iron 
values, the behaviour of zinc seems not to be affected. 



252 M. Carbonaro, G. Lombardi-Boccia, E. Carnovale 

Actually, no difference was found in zinc dialysability 
between Gl and G2; yet they are known to contain 
proteins with different digestibilities (Marquez & Lajolo, 
1991). Thus, the main determinant of zinc dialysability 
was probably the amino acid composition of these 
fractions. Cysteine and histidine have been shown to 
improve zinc absorption (Snedeker & Greger, 1983; 
Scholmerich et al., 1987). The histidine residues of 
glycinine have been found to bind zinc, especially when 
glycinine is in the denatured state (Appu Rao & 
Narasinga Rao, 1976; Nosworthy & Caldwell, 1988). 
This might suggest that zinc interacts more specifically 
than iron with the protein component. 

In conclusion, the methods adopted to investigate 
the relationship between protein and mineral have been 
proven to be of importance. The present findings indi- 
cate how the evaluation of iron dialysability can be 
affected by current methods of protein extraction. 
However, a comparison of the mineral and protein 
dialysability values obtained when different extraction 
methods are used might help to understand the role 
played by specific factors in the interaction between 
minerals and protein components. 

ACKNOWLEDGEMENTS 

The authors are grateful to Mr G. Di Lull0 for his 
technical assistance. The study was supported by the 
National Research Council of Italy, Special Project 
RAISA, Subproject 4, N. 1763. 

REFERENCES 

Ahn, J. K., Sen, L. C. & Whitaker, J. R. (1991). Stability of 
tertiary structure of phaseolin of red Kidney bean (Phase&s 
vulgaris) as limiting factor in proteolysis. J. Food Biochem., 
15, 263-78. 

AOAC (1984). Oficiul Methods of Analysis (14th edn). Asso- 
ciation of Official Analytical Chemists, Arlington, VA, 
USA. 

Appu Rao, A. G. & Narasinga Rao, M. S. (1976). Binding of 
Zn(I1) by the 11s fraction of soybean proteins. J. Agric. 
Food Chem., 24,487-90. 

Chang, K. C. & Satterlee, L. D. (1981). lsolation and charac- 
terization of the major protein from Great Northern beans 
(Phaseolus vulgaris). J. Food Sci., 46, 1368-73. 

Cook, J. D. & Monsen, E. R. (1976). Food iron absorption 
in human subject III. Comparison of the effect of animal 
proteins on nonheme iron absorption. Amer. J. C&z. NW., 
29, 859-67. 

Cook, J. D. & Monsen, E. (1977). Vitamin C, the common 
cold, and iron absorption. Amer. J. Clin. Nutr., 30, 235-41. 

Cook, J. D., Merck, T. A. & Lynch, S. R. (1981). The in- 
hibitory effect of soy products on nonheme iron absorption 
in man. Am. J. Clin. Nutr., 34, 2622-9. 

Deshpande, S. S. & Nielsen, S. S. (1987). Nitrogenous con- 
stituents of selected grain legumes. J. Food Sci., 52, 1321-L 

Duncan, D. B. (1955). Multiple range and multiple F test. 
Biometrics, 11, l-5. 

Hallberg, L., Brune, M. & Rossander, L. (1986). Effect of 
ascorbic acid on iron absorption from different types of 
meals. Human Nutr. Appl. Nutr., 40A, 97-l 13. 

Hallberg, L., Rossander, L. & Skanberg, A. B. (1987). Phy- 
tates and the inhibitory effect of bran on iron absorption in 
man. Amer. J. Clin. Nutr., 45, 988-96. 

Hazell, T. & Johnson, I. T. (1987). In vitro estimation of iron 
availability from a range of plant foods: influence of phy- 
tate, ascorbate and citrate. Br. J. Nutr., 57, 223-33. 

Kojima, N., Wallace, D. & Bates, G. W. (1981). The effect of 
chemical agents, beverages, and spinach on the in vitro sol- 
ubilization of iron from cooked pinto beans. Amer. J. Clin. 
Nutr., 34, 1392-1401. 

Ikeda, S. (1990). Dietary zinc and the zinc components in 
various foods subjected to in-vitro enzymic digestion. J. 
Sci. Food Agric., 53, 229-34. 

Lombardi-Boccia, G., Carbonaro, M., Di Lullo, G. & 
Carnovale, E. (1994). Influence of protein components (Gl, 
G2 and albumin) on Fe and Zn dialysability from bean 
(Phaseolus vulgaris L.). Znt. J. Food Sci. Nutr., 45, 183-90. 

Lowry, 0. H., Rosebrough, N. J., Farr, A. L. & Randall, R. 
J. (1951). Protein measurement with the folin phenol 
reagent. J. Biol. Chem., 193, 265-75. 

Marquez, U. M. & Lajolo, F. M. (1981). Composition and 
digestibility of albumin, globulins, and glutelins from 
Phaseolus vulgaris. J. Agric. Food Chem., 29, 1068-74. 

Marquez, U. M. & Lajolo. F. M. (1991). In vivo digestibility 
of bean (Phaseolus vulgaris) proteins: the role of endoge- 
neous protein. 1. Agric. Food Chem., 39, 121 l-l 5. 

Miller, D. D., Schricker, B. R., Rasmussen, R. R. & Van 
Campen, D. (1981). An in vitro method for estimation of 
iron availability from meals. Amer. J. Clin. Nutr., 34, 
2248856. 

Morr, C. V., & Seo, A. (1986). Comparison of methods to re- 
move endogenous iron from soy protein isolates. J. Food 
Sci., 51, 994-6. 

Nosworthy N. & Caldwell R. A. (1988). The interaction of 
zinc (IT) and phytic acid with soya bean glycinin. j. Sci 
Food Agric., 44, 143-50. 

Sandstrom, B. & Lonnerdal, B. (1989). Promoters and antag- 
onists of zinc absorption. In Zinc in Human Biology. 
(Human Nutrition Review), ed. C. F. Mills. Springer, London. 

Sandstrom, B., Almgren, A., Kivisto, B. & Cederblad, A. 
(1989). Effect of protein level and protein source on zinc 
absorption in humans. J. Nutr., 119, 48-53. 

Scholmerich, J., Freudemann, A., Kottgen, E., Wietholtz, H., 
Steiert, B., Lohle, E., Haussinger, D. & Gerok, W. (1987). 
Bioavailability of zinc from zinc-histidine complexes. I. 
Comparison with zinc sulfate in healthy men. Amer. J. 
Clin. Nutr., 45, 148&6. 

Sgarbieri, V. C. & Whitaker, J. R. (1982). Physical chemical 
and nutritional properties of common bean (Phaseolus vul- 
gar&) proteins. Adv. Food Res., 28, 93-165. 

Snedeker, S. & Greger J. L. (1983). Metabolism of zinc, cop- 
per and iron as affected by dietary protein, cysteine and 
histidine. J. Nutr., 113, 644-52. 

Solomons, N. W. (1982). Biological availability of zinc in 
humans. Am. J. Clin. Nutr., 35, 1048-75. 

Sun, S. M. & Hall, T. C. (1975). Solubility characteristics of 
globulins from Phuseolus seeds in regard to their isolation 
and characterization. J. Agric. Food Chem., 23, 184-9. 

Yoshida, S. (1988). Distribution of the molecular weight and 
chemical form of intrinsic iron compounds in soybeans. 
Agric. Biol. Chem., 53, 1071-5. 


