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Phytic Acid and Other Phosphorus Compounds of Beans (Phaseolus vulgaris L.)

George M. Lolas and Pericles Markakis*

Fifty cultivated varieties and lines of mature dry
beans (Phaseolus vulgaris L.) were analyzed for
phytic acid, total P, inorganic P, and other than
phytate organic P. The respective concentrations
on a dry weight basis were: 0.54-1.58, 0.259-
0.556, 0.021-0.044, and 0.050-0.135%. A correla-

tion coefficient of 0.9847 was found between total
P content and phytic acid content. A protein-
phytate complex was also isolated. The observa-
tion was made that 99.6% of the total phytic acid
was in a water-soluble form.

Beans, as other seeds, are rich sources of phosphorus
(P). According to Earle and Milner (1938), P compounds
found in seeds may be classified into four groups: phy-
tates, phosphatides, nucleic compounds, and inorganic P
compounds.

Phytins, the mixed Ca and Mg salts of myo-inositol
1,2,3,4,5,6-hexakis(dihydrogen phosphate), also known as
phytic acid, are widespread in nature. They are the prin-
cipal form of P in many seeds; 60-90% of all the P in
these seeds is present as phytic acid (Barré, 1956).

Several physiological roles have been suggested for phy-
tic acid in plants. It may be used as P store (Hall and
Hodges, 1966), as energy store (Biswas and Biswas, 1965),
or as an initiator of dormancy (Sobolev and Radionova,
1966). Recently, Williams (1970) presented evidence that
phytic acid serves only as a source of P and cations for the
germinating seed. Asada et al. (1968) found that phytate
contains over 80% of the total P of mature rice grain and
the turnover of phytate P is practically nil in the resting
grain. From that they concluded that phytate can be con-
sidered a final product of P metabolism in the ripening
process.

The animal nutritional importance of phytic acid lies in
its ability to chelate several mineral elements, especially
Ca, Mg, Fe, Zn, and Mo, and thereby reduce their avail-
ability in the intestinal tract (Rackis, 1974; Oberleas,
1973). Bruce and Callow (1934) found that phytic acid re-
duces the absorption of Ca and is responsible for the ra-
chitogenic properties of certain cereals. Roberts and Yud-
kin (1960) caused Mg deficiency in rats fed purified diets
containing sodium phytate. Evidence was furnished that
phytate decreased zinc availability in chicks (O’Dell and
Savage, 1960). Earlier, it had been demonstrated that
phytic acid interferes with iron absorption in boys (Sharpe
etal., 1950).

Phytic acid reacts with proteins to form complex prod-
ucts of varying composition and it has been shown to have
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an inhibitory effect on the peptic digestion of ovalbumin
and elastin (Barré, 1956). This effect is believed to be re-
lated to its property to form insoluble combinations with
proteins in an acid medium and in a range of pH which
corresponds precisely to the optimum for the action of
pepsin. It has also been found that elimination of phytic
acid from soybean meal extracts is an essential prelimi-
nary step to the study of the individual soybean proteins
(Smith and Rackis, 1957).

In this work, 50 varieties and lines of mature dry beans
(Phaseolus vulgaris L.) were analyzed for phytic acid, total
P, inorganic, P, and organic P, other than phytic acid.
Special attention was directed to a possible relation be-
tween total P and phytic acid, and a relation hetween
phytic acid and nitrogen content. A protein-phytate com-
plex in the Sanilac beans (Navy beans) was also isolated
and analyzed.

MATERIALS AND METHODS

All the beans analyzed were grown in Michigan and ob-
tained from the Crop and Soil Science Department of
Michigan State University.

Total P was determined colorimetrically after digestion
of the sample with perchloric acid according to Allen’s
(1940) method. The determination of inorganic P was
based on the colorimetric method of Pons and Guthrie
(1946). For the determination of phytic acid a combina-
tion of two methods was used. The extraction and precipi-
tation of phytic acid were performed according to the
method of Wheeler and Ferrel (1971), while the iron of the
precipitate was measured by Makower’s (1970) method. A
4:6 Fe/P atomic ratio was used to calculate phytic acid
content. Residual P representing nonphytic acid organic P
was calculated by subtracting inorganic P and phytic acid
P from total P. The protein-phytate complex was isolated
from bean flour according to the method of Rackis et al.
(1961), dried by lyophilization, and analyzed for nitrogen,
total P, and inorganic P. The AOAC (1970) Kjeldahl
method was followed for the determination of the nitrogen
content of beans.
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Table I. Content of Beans in Total P, Phytic Acid, Inorganic P, Organic P Other than Phytic P, and Nitrogen ¢

% org P
Inorg Org P other other than

Total P, PA,% PAPas% InorgP, Pas% thanPAP, PAP,as% N, %

Varieties %dry wt drywt oftotal P % dry wt of total P % dry wt of total P dry wt
1972
Black turtle soup 0.335 0.70 58.8 0.031 9.3 0.107 31.9 3.36
G.N., Nebraska #1 0.327 0.67 57.7 0.035 10,7 0. 103 31.6 3.55
G.N., Tara 0.363 0.83 64,4 0.033 9.1 0.096 26,5 3.43
G.N., U.I, #59 0.333 0.68 57.5 0.034 10,2 0.108 32.3 3.53
G.N., U.I, #61 0. 286 0.56 55.1 0.035 12,2 0.093 32,6 3.05
G.N., U.S. #1140 0.283 0.60 59,17 0.031 11,0 0,083 29.4 3.16
N.B., Gratiot 0.369 0.75 57.2 0,033 8.9 0.125 33.8 3.51
N.B., Michelite-62 0.365 0,78 60, 2 0.034 9.3 0.111 30.5 3.68
Pinto, #111 0.310 0.64 58.1 0.037 11,9 0.093 29,9 3.71
Pinto, U.I. #114 0.305 0.61 56.3 0.036 11,8 0.097 31,9 3,57
Red Kote 0.373 0.71 53.6 0.038 10.2 0.135 36,2 4,14
R. M., Big Bend 0.308 0.61 55,8 0.035 11,4 0.101 32,9 3.93
R.M., U.I, #34 0.313 0.64 57.6 0,031 9.9 0.102 32,5 3.91
R.M., U.I, #36 0.270 0,54 56.3 0.039 14,4 0.079 29.3 3,43
S.Ww., U.I, #1 0.259 0.55 59.8 0.031 12,0 0.073 28.2 3,29
S.W., #59 0. 340 0,75 62,1 0,021 6,2 0,108 31,7 3.66
1972
N.B., Sanilac® 0.497 1,32 74,8 0.040 8.1 0,085 17,2 4,12
N.B., Seafarer 0.362 0,74 57,6 0.039 10,8 0.115 31.7 3,63
N.B., Seaway 0.448 1,21 76.1 0.034 7.6 0,073 16.4 3.69
1973
Calif, R.K., #1104 0.497 1.20 68.0 0.041 8.3 0.118 23.8 3,93
G.N., U.L. #31 0.502 1.37 76.8 0.032 6.4 0.084 16.8 3.42
Jules 0.525 1.44 7.2 0.038 7.2 0.082 15.5 3.62
N.B., #20444 0.531 1.47 78.0 0.032 6.0 0.085 16.0 3.70
N.B., #20449 0.528 1.47 78.4 0.034 6.4 0.080 15.2 3,72
N.B., #20454 0.553 1.53 7.9 0.038 6.9 0,084 15,2 3.61
N.B,, #20455 0.520 1.33 72.0 0.039 7.5 0. 106 20.5 3.48
N.B., #20457 0.534 1,43 75.4 0.038 7.1 0.093 17,5 3.66
N. B., #20459 0, 542 1.50 77.9 0.039 7.2 0,081 14,9 3.76
N.B., #20460 0.549 1,58 81,0 0.041 7.5 0.063 11,5 3.91
N.B., #20462 0.507 1.36 75.5 0.035 6.9 0.088 17,6 3,62
N.B., #20463 0.539 1.38 72.1 0.036 6.7 0.114 21,2 3.57
N.B., #20464 0. 555 1,52 7.1 0.039 7.0 0.088 15.9 3,75
N.B., #20465 0.498 1.30 73,5 0.027 5.4 0, 105 21,1 3.79
N.B., #20466 0.546 1,48 76.3 0.034 6.2 0.095 17,5 3.8t
N.B., #20467 0.523 1.41 75.9 0.043 8.2 0,083 15,9 3.77
N.B., #20468 0.538 1.41 73.8 0.041 7.6 0.100 18,6 3.86
N.B., #20469 0. 539 1,36 71,1 0.041 7.6 0.115 21.3 3.75
N.B., #20470 0. 544 1.356 69.9 0.043 7.9 0.121 22,2 3.79
N.B., #20471 0.556 1,52 77.0 0.038 6.8 0.091 16,2 3,74
N.B., #20472 0.528 1,33 70.9 0.041 7.8 0.112 21,3 3.14
N.B., #20473 0.490 1,29 74,1 0.037 7.6 0.090 18,3 3.7
N.B., #20474 0,553 1,45 73.8 0.040 7.2 0. 106 18.9 3.96
N.B., #20475 0.533 1,46 7.1 0.042 7.9 0,080 15,0 3.89
N.B., #20476 0.523 1.33 71.6 0.036 6.9 0.113 21.5 3,82
N.B., #20477 0.532 1,42 75.2 0.039 7.3 0.093 17,5 3.60
N.B., #20478 0. 504 1,29 2.1 0.039 7.7 0,102 20,2 3.67
Oregon #58 0.476 1.36 80.5 0.038 8.0 0.0556 11,6 3.83
R. M., Big Bend 0,429 1.10 72.2 0.035 8.2 0,084 19.6 3.15
Royal R,K. 0. 509 1.30 71.9 0.044 8.6 0.099 19,5 3.656
Swedish Brown 0,483 1,40 81.6 0.039 8.1 0.050 10.3 3.217

@ Abbreviations used are: P, phosphorus; PA, phytic acid; G.N., Great Northern; N.B., Navy Bean; R.M., Red Mexican; S.W., Small
White; R.K., Red Kidney. ? Twelve analyses in this variety for phytic acid gave a mean and standard deviation of 1.32 £ 0.04.

RESULTS AND DISCUSSION

The results of the analyses (duplicate or triplicate sam-
ples), expressed on a dry weight basis, are shown in Table
I. The ranges are: for phytic acid, 0.54-1.58%; for total P,
0.259-0.556%; for inorganic P, 0.021-0.044%; and for other
than phytic acid organic P, 0.050-0.135%. The phytic acid
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P represents 53.6-81.6% of the total P, with an average of
69.3%.

The total P content and the phytic acid content of
beans were found to be related by the linear regression
equation

Y = 0.141 + 0.273X
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Figure 1. Relationship between total P and phytic acid contents
(dry basis) of beans.

where Y is the percentage content in total P and X the
percentage content in phytic acid. The correlation coeffi-
cient was 0.9847 and the standard error of estimate
0.017%. A graphic presentation of that relationship is
shown in Figure 1.

On the basis of these data, it appears that one can esti-
mate the phytic acid content of mature dry beans by de-
termining total P. That is an advantage, especially when
a great number of samples are to be analyzed. Phytic acid
analysis is time consuming and tedious, whereas total P
determination by the colorimetric method is much faster
and easier.

The initial bean flour sample yielded 0.47% (dry weight
basis) of protein-phytate complex, analysis of which
showed that it is composed of 14.2% water, 2.7% nitrogen
(or 0.3% of total nitrogen of flour), 12.9% total P (or 12.1%
of total P of flour), and 0.024% inorganic phosphorus.

Because of the formation of a protein-phytate complex,
it was thought that a relation might exist between protein
and phytic acid. A correlation coefficient of 0.3655 was
obtained between protein and phytic acid contents indi-
cating no close relation between these constituents of
beans.

The following experiment indicates that the phytic acid
of beans is present in a soluble form rather than as insolu-
ble phytin. Bean flour was extracted with water first at

PHOSPHORUS COMPOUNDS OF BEANS

the 10:1 water/flour ratio for 1 hr under shaking, the slur-
ry was centrifuged, and the sediment was extracted simi-
larly a second time with a water/flour ratio of 5:1. After a
second centrifugation, a residue was obtained which upon
extraction with 3% trichloroacetic acid (the phytin solvent
used in the Wheeler and Ferrel (1961) method) was found
to contain approximately 0.4% of the total phytic acid.
This agrees with Sandegren’s (1948) contention that phy-
tic acid exists principally as the water-soluble sodium-
potassium salt in barley.
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