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Removal of Phytic Acid from Soybean and Cottonseed Meals

Y. W. Han

Soybean and cottonseed meals were subjected to various treatments with enzymes, heat, and chemicals,
and their effects on hydrolysis and removal of phytic acid were studied. Soybean meal and cottonseed
meal contain about 2.2 and 4.4% (w/w) phytate, of which 60 and 50%, respectively, were in water-soluble
forms. The water-insoluble portion of the phytate was further hydrolyzed and removed by extraction
with acid, application of enzymes, precipitation by divalent cations, and autolysis by endogenous phytase.
Washing with 1 N HCl removed about 87% of phytate in soybean meal, while treatment with cationic
agents had little effect on removing phytate from the plant seed. Coapplication of phytase with cellulose
showed a synergistic effect in the hydrolysis of phytate. Incubating cottonseed meal in the presence
of water in the temperature range 30-60 °C significantly reduced phytate content in the seed meals.

Plant seeds contain certain antinutrient substances that
have an adverse effect on the nutritive properties of the
seed protein. Phytic acid in soybean and cottonseed meal
is an example. Phytic acid and its derivatives are known
to bind essential dietary minerals, thus making them un-
available or only partially available for absorption by an-
imals. Soybean and cottonseed meals are the major protein
supplement in poultry feeds and also are a source of
phosphorus. However, two-thirds of soybean meal phos-
phorus is bound as phytate and is unavailable for poultry
(Whitaker and Brunnert, 1977). Although phytase activity
has been shown to be present in the small intestine of
various animals, its activity is not sufficient to utilize di-
etary phytic acid. Hydrolysis and/or removal of phytic
acid prior to animal consumption would increase the
availability of inorganic phosphorus and other minerals
in the animal diet. Thus, efforts have been made to re-
move or reduce phytic acid level in seed protein by ap-
plication of microbial enzymes (Han, 1988; Whitaker and
Brunnert, 1977; Liener, 1977; Nelson et al., 1968; Rojas and
Scott, 1969), cationic metal salts (Brooks and Morr, 1984),
and autolysis (hydrolysis of phytate by endogenous phy-
tase) (Chang and Schwimmer, 1977). Although beneficial
effects of the enzyme treatment were evident, the high cost
of enzyme production and lack of a practical method for
enzyme application were cited as limiting factors in using
the enzyme in animal diets (Han, 1988). The objective of
this study was to investigate the effect of various treat-
ments (washing, autolysis, enzyme and cation applications)
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in reducing phytate content in soybean and cottonseed
meals.

MATERIALS AND METHODS

Materials. Soybean meal and cottonseed meals were
obtained from a local feed store and stored at 18 °C and
50% relative humidity until used. The moisture content
of the meals was about 11%, and the total phytate contents
of the soybean meal and cottonseed meal were 2.27 and
4.40%, respectively. Phytase, cellulase, hemicellulase, and
proteinase (bromelain) were obtained from Sigma Chem-
ical Co., St. Louis, MO.

Treatment. Two-gram portions of soybean and cot-
tonseed meals were mixed with 30 mL of a solution con-
taining 1 unit each of various enzymes, a combination of
such enzymes, or various concentrations of cationic salts.
The substrate mixed with the same amount of water was
used as a control. The enzyme solutions were adjusted to
pH 5.4 with acetate buffer, whereas the pH of the mineral
solutions was not adjusted. The mixtures were then in-
cubated at room temperature (about 25 °C) for a prede-
termined time period. For study of autolysis, 2 g of sub-
strate was mixed with 2 or 30 mL of water and the re-
sultant mixture incubated at various temperatures for the
preset time period. Sodium hypochlorite (0.2%) was added
to soybean meal to prevent microbial growth during the
incubation period. At the end of incubation, phytate
content in water-soluble and water-insoluble portions was
determined. The phytate loss (%) was calculated on the
basis of the total amount of phytate lost by the treatment
compared to that of untreated control. All the treatments
were replicated (two to five times), and the values reported
are the average of the replicated samples.
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Table I. Extraction of Phytic Acid in Soybean Meal by
Different Acids®

Han

Table II. Enzymatic Hydrolysis of Phytic Acid in Soybean
Meal

phytate extracted,

acid (concn, N) pH % of total solid
control, H,0 5.0 1.48
HCI (0.01) 2.33 141
HCI (0.1) 1.35 0.30
HCI (1.0) 0.49 1.92
H,S0, (0.01) 2.20 1.47
H,S0, (0.1) 1.38 0.33
H,S0, (1.0) 0.62 1.52
H,PO, (0.01) 2.50 141
H,PO, (0.1) 1.95 0.76
H,PO, (1.0) 1.36 0.43
HCOOH (0.01) 3.30 1.48
HCOOH (0.1) 3.12 0.75
HCOOH (1.0) 2.42 0.24

¢ A 2-g portion of substrate was mixed with 30 mL of acid solu-
tion and shaken for 1 h at rom temperature. Solubilized phytic
acid was collected by centrifugation and analyzed by the method
described in Materials and Methods.

Determination of Phytic Acid. Phytic acid in soybean
and cottonseed meals was extracted and determined ac-
cording to the modified method of Latta and Eskin (1980)
as follows: A 2-g portion of substrate was mixed with 30
mL of water, shaken constantly for 1 h at 25 °C, and
centrifuged to remove water-soluble phytate (supernatant
1). To the precipitate was added 30 mL of 0.65 N HCI,
and the mixture was placed on a shaker for 1 h at 25 °C
and centrifuged to remove the acid-soluble phytate (su-
pernatant 2). The two supernatants were then eluted
through an anion—exchange resin (Dowex 1X-8, 200-400
mesh, chloride form; Biorad Laboratory, Richmond, CA),
first with 0.1 M NaCl (to remove inorganic phosphorus and
other interfering compounds) and then with 0.7 M NaCl
(to collect phytic acid). The phytate content was measured
by using the modified Wade reagent (0.03% FeCl;:6H,0
and 0.3% sulfosalicylic acid in distilled water). The degree
of color change in the Wade reagent by the sample was
measured by reading optical density at 500 nm and cor-
related to the concentration of phytic acid. Sodium phy-
tate (Sigma) was used as a standard for estimating phytic
acid. Acetate buffer was used throughout the experiment
because the citrate and phosphate buffer interfered with
the color development in the Wade reagent.

RESULTS AND DISCUSSION

Extraction of Phytic Acid. The effectiveness of dif-
ferent acids in removing phytic acid from soybean meal
was investigated. The results (Table I) show that 1 N HCI
extracted the highest amount (about 87%) of phytic acid
from soybean meal, while 0.01 N concentrations of HCI,
H;PO,, HCOOH, and H,SO, removed about 67% of phytic
acid from soybean meal, which is almost the same level as
that obtained by water. There was no clear relationship
between acid concentration and phytate extracted. For
example, in the case of strong acids (HCl, H,SO,), more
phytic acid was extracted with 1 and 0.01 N acids than
with 0.1 N concentration, whereas for weak acids (H;PO,,
HCOOH) higher levels of phytic acid were extracted as the
concentration of acid decreased. Acidity (acetate buffer,
pH 3.7-5.6) and temperature (25-50 °C) of the extracting
medium, time (1-24 h), and particle size (diminution by
a Waring blender) of the substrate had little effect on the
amount of phytate extracted.

Effect of Enzyme Treatment. The ability of phytic
acid to bind metal ions is lost when the phosphate groups
are hydrolyzed through the action of phytase enzyme
(Nelson et al., 1968). Since plant phytate exists in close
association with other cellular components, coapplication

phytate, % of total solid hygi‘gf;;:d,d
enzyme sup 1° sup 2b total® %
control (no enzyme) 1.64 0.60 2.24 £ 0.03 0
phytase 1.02  0.39 1.41%0.02 37.0
hemicellulase 1.67 0.68 2.34+0.01 0
cellulase 1.48 0.65 2.31+0.03 4.9
proteinase 1.71 0.59 2.30 £ 0.04 0
phytase + 092 037 1.29+0.12 42.4
hemicellulase
phytase + cellulase 0.90 035 1.25+0.05 44.2
phytase + proteinase 1.06 0.38 1.44 + 0.06 35.7
phytase + 090 035 1.25=%0.06 44.2
hemicellulase

+ cellulase

phytase + cellulase 1.01 039 1.39. % 0.07 37.9
+ proteinase

phytase + 092 041 1.33+0.03 40.6
hemicellulase
+ cellulase +
proteinase

%QOne unit each of enzyme in 30 mL of acetate buffer (0.01 M,
pH 5.4) was added to 1 g of substrate and incubated for 3 h at 37
°C. ®Sup 1 designates the water-soluble fraction, and sup 2 rep-
resents the water-insoluble phytate. ¢Means and standard devia-
tions of three assays. ¢Percent hydrolyzed was calculated based on
the amount of phytate that disappeared after the enzyme treat-
ment compared to the control.

of phytase with other enzymes was believed to have some
effect on the phytate hydrolysis. For example, phytase
treatment resulted in a substantial increase in metabo-
lizable energy of cottonseed meal for chicks (Rojas and
Scott, 1969). This was due to the hydrolysis of phytate
and its release from the protein, thereby making the latter
more readily digestible.

Soybean and cottonseed meals were treated with phytase
alone or in combination with other enzymes, such as cel-
lulase, hemicellulase, and proteinase, and the effect of these
treatments on phytate hydrolysis was studied. With the
application of phytase, 37% of phytate in soybean meal
was hydrolyzed during 3-h incubation at 37 °C (Table II).
The extent of phytate hydrolysis was further increased by
coapplication of cellulase with phytase. Treatment with
other enzymes, however, had little effect on the ability of
phytate to be hydrolyzed in soybean meal. The highest
level (44.2%) of phytate hydrolysis was obtained in the
sample treated with a combination of phytase and cellu-
lase. Little or no hydrolysis of phytate occurred in the
samples treated with cellulase, hemicellulase, or proteinase
alone.

Effect of Cationic Agents. The ability of cationic
metals to complex with and precipitate phytate ions was
investigated as a possible way to produce phytate-reduced
soybean meal. In general, hydrogenated and monovalent
salts of phytic acid are water soluble, whereas its divalent
and trivalent metal salts are quite insoluble. Treatment
of soybean and cottonseed meals with cationic agents was
thought to change the solubility of phytate, thus making
it more accessible to subsequent enzymatic hydrolysis or
other treatments to remove phytate from the seed meals.

Treatment of soybean meals with divalent and trivalent
cationic agents at concentrations of more than 0.1% pro-
duced little or no water-soluble phytate or increased the
levels of water-insoluble phytate (Table III). The che-
lating effect was diminished as the concentration of the
metal ions decreased below 0.1%. Trivalent ion appeared
to have more chelating effect than the divalent ion of the
same metal. Treatment with monovalent cationic agents
produced almost the same level of water-soluble phytate
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Table III. Effect of Cations in Phytate Removal from
Soybean Mean
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Table IV. Effect of Temperature and Time on Autolysis of
Phytate in Cottonseed Meal

phytate, % of total solid

treatment:® phytate, % of total solid

cation® (%) water-sol  water-insol  total % loss? temp, °C sup 1 sup 2 total % loss
control, H,0 1.50 0.77 2.27 0 control 2.20 2.20 4.40 0
FeCl; (1.0) 0 0 0 100 X

FeCl; (0.1) 0 0.33 0.33 85.0 A. 4-h Incubation

FeCl, (0.01) 1.08 0.74 1.82 17.2 30 L7 211 3.88 11.8
FeCl, (1.0) 0 0 0 100 40 1.74 2.05 3.79 13.8
FeCl, (0.1) 0.42 0.30 0.72 67.3 50 1.66 1.96 3.62 17.7
FeCl, (0.01) 1.50 0.711 2.21 0 60 1.69 1.96 3.65 17.0
BaCl, (1.0) 0.20 1.50 1.70 22.7 B. 16-h Incubation

MgClz (1.0) 0.50 1.20 1.70 22.7 30 1.46 0.96 2.42 45.0
KCl1 (1.0) 1.28 0.56 1.84 18.9

¢A 2-g portion of substrate was mixed with 30 mL of mineral
salts solution, and the mixtue was shaken 3 h at room temperature.
bPercent loss was calculated on the basis of the amount of total
phytate recovered after the treatment compared to that of control.

as that obtained by water. The levels of phytate in the
treated samples were less than that of untreated sample
(control). Treatment of soybean meal with 1.0% level of
FeCl, and FeClg completely blocked the phytate, and no
residual phytate was detected in either the water-soluble
or water-insoluble portion of the material. This is believed
to be due to the formation of metal-phytate complex,
which is not detected by the analytical method we used,
rather than the destruction of phytate per se.

Autolysis. Plant seeds contain endogenous phytase
that, upon activation, hydrolyze their own phytate (Chang
and °chwimmer, 1977). If proper environmental conditions
were provided, the phytate content of plant seed would
be reduced by the action of endogenous phytase. To in-
vestigate the optimum temperature and time for activation
of endogenous phytase, cottonseed meal was mixed with
water and incubated at various temperatures (30-60 °C)
and the level of phytate in the treated materials was de-
termined. Incubation of cottonseed meal at temperatures
between 30 and 60 °C decreased the level of phytate by
11.8-17.7% in 4-h incubation and by 45-54.5% in 16-h
incubation (Table IV). When water at 1:1 (substrate to
water) ratio was added to soybean and cottonseed meals,
the reduction in phytate content was same as when water
was added at 1:15 (substrate to water) ratio of water. A
certain amount of phytate was diffused out of the seed
meal upon prolonged (16-h) incubation and was found in
the incubating medium. This was evident because the level
of water-soluble phytate (supernatant 1) increased and the
water-insoluble phytate (supernatant 2) decreased in the
samples incubated at 40 and 50 °C. This leaching effect
was not apparent in the samples incubated for 4 h.

CONCLUSION

A majority (more than 50%) of phytic acid in soybean
and cottonseed meals was easily removed by washing with
water or 1 N HCL. Temperature (25-50 °C) and pH
(3.7-5.6) of the extracting media, extraction time (1~24 h),
and particle size of the seed meals had little effect on the
amount of phytate extracted. Application of exogenous
phytase or activation of endogenous phytase further hy-

@A 2-g portion of substrate was mixed with 30 mL of water and
incubated 4 and 16 h at different temperatures. The control was
untreated cottonseed meal.

drolyzed water-insoluble phytate in the seed meals.
Coapplication of phytase with cellulase produced a syn-
ergistic effect in hydrolyzing phytate in soybean meal.
Almost half of the cottonseed phytate was hydrolyzed by
the endogenous phytase upon incubating 16 h at 60 °C.
Since most of the cationic agents tested did not signifi-
cantly increase the amount of water-soluble phytate or
reduce water-insoluble phytate, treatment of soybean
meals with metal solution did not appear practical.

Registry No. FeCl;, 7705-08-0; FeCl,, 7758-94-3; BaCl,,
10361-37-2; MgCl,, 7786-30-3; CaCl,, 10043-52-4; ZnCl,, 7646-85-7;
NaCl, 7647-14-5; KCl, 7447-40-7; phytic acid, 83-86-3; phytase,
9001-89-2; cellulase, 3012-54-8; hemicellulase, 9025-56-3; bromelain,
37189-34-7.
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