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A process for pea-protein isolate production, resulting in low content of phytate and oligosaccharides,
has been developed. Oligosaccharides were removed from the protein fraction through ultrafiltration.
Ultrafiltration of 50- and 100-kD molecular-weight cutoffs (MWCOs) were tested, and both effectively
separated the oligosaccharides from the protein. Phytate degradation was achieved by incubation
of the pea-protein solution by addition of exogenous phytase enzyme. An almost complete degradation
of inositol hexa-, penta-, tetra-, and triphosphates was reached using an incubation time of 1 h.
The reduced content of oligosaccharides and inositol phosphates is likely to result in reduced
flatulence and improved mineral bioavailability. These qualities of the pea-protein isolate make it
a suitable protein source for infant formula production.
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INTRODUCTION

Pea is an important grain legume, as both human food
and animal feed. A valuable part of the pea is the
protein fraction, which can be extracted and further
purified into a protein isolate. However, peas, as other
legumes, contain a variety of antinutritional and anti-
physiological factors which negatively influence the
quality of their proteins. It is therefore of great impor-
tance to develop a production process resulting in a
protein isolate devoid of the antinutritional and anti-
physiological factors. High-quality pea-protein isolates
with improved nutritional and physiological properties
can beneficially replace other protein sources, for ex-
ample soy protein, in several applications.

In this work the process was aimed at producing a
protein isolate suitable for use in infant formula.
Therefore, the attention was directed at reducing the
content of oligosaccharides and phytate in the protein
isolate. The oligosaccharides are considered to cause
flatulence in man and animals (1-3), which obviously
is a disadvantage when used as an ingredient in infant
formula. Phytate is a recognized inhibitor of iron and
zinc absorption in man (4-7), and phytate has also been
shown to decrease the protein availability in peas (8).
An infant formula with low content of oligosaccharides
and phytate is therefore likely to result in reduced
flatulence and improved mineral bioavailability.

Because phytate is associated with the protein in
legumes and many other seeds (9-11), a purified protein
isolate normally contains increased levels of phytate.
To dephytinise the protein isolate, the possibility of
enzymatic degradation of phytate was evaluated. Two
approaches were compared: degradation by the endog-

enous phytase present in the pea, and addition of a
commercial exogenous phytase to the protein solution.
Previously, processes for dephytinised protein isolate
have been developed for soy protein (12-14), where the
differences in solubility of phytate and soy protein at
specific pHs were used as the dephytinisation method.
The advantages of using an enzymatic dephytinisation
is that it works also for proteins with similar solubility-
versus-pH relationship as phytate, and that the pH can
be customized during the other process steps such as
ultrafiltration.

Another important aspect was to minimize the growth
of microorganisms during the pea-protein production
process. Control of the microbiological quality can be
obtained by minimizing the processing time, thereby
restricting the growth of microorganisms. Pasteuriza-
tion treatments were also included. Ultrafiltration of
pea-protein solution was evaluated for removal of the
oligosaccharides.

The content of pea proteinase inhibitors, lectins, and
saponins, and in vitro digestibility of the protein during
the processing, were evaluated in a parallel study (15).

MATERIALS AND METHODS

Materials. All reagents used were of analytical grade.
Exogenous phytase liquid solution, Phytase Novo L (5000 FYT/
g) was obtained from Novo Nordisk A/S, Bagsværd, Denmark.
(One FYT is the amount of enzyme that releases 1 µmol
inorganic orthophosphate from 5 mM sodium phytate in one
minute at pH 5.5 and 37 °C). In laboratory experiments pH
was adjusted with citrate buffer, and a water bath with
controlled incubation temperature was used. For industrial
and pilot plant runs the pH adjustments were done with HCl
and NaOH.

Methods. The enzymatic dephytinisation of pea-protein
isolate was first studied in laboratory scale using 10-80-mL
sample volume size, to estimate the necessary enzyme dosage
and incubation time for a complete dephytinisation. Laboratory
scale experiments were done at Chalmers University of
Technology. Provital Industrie SA supplied standard processed
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pea-protein isolates with high phytate content which were used
as starting materials for the enzyme incubations. Depending
on sample volume, 0.5-9.6 g of phytate-containing protein
isolate was dissolved in 10 or 80 mL of citrate buffer, pH 5.5.
The phytase enzyme was added and the samples were incu-
bated in a 55 °C water bath while being shaken. The exogenous
phytase incubations were performed at pH 5.5 and 55 °C as
recommended by the phytase manufacturer. Incubation solu-
tions with 5% to 12% dry matter (protein isolate) were studied,
in accordance with the standard pea-protein production pro-
cess. With consideration to mass transfer and growth of
bacteria, the incubation times were restricted to 0.5-2 h.
Laboratory experiment data are also presented later in Table
4. The laboratory incubations were accomplished by adding
HCl to a final concentration of 0.5 M. Thereby the phytase
was inactivated, and the inositol phosphates were simulta-
neously extracted for further analyses, as described below. The
results obtained from the laboratory experiments were then
used to include the phytase incubation in the standard pilot
and industrial processes for the production of dephytinised
protein isolate.

Industrial and pilot plant processing were made at Provital
SA’s production plant in Warcoing, Belgium. As the details of
the industrial and pilot processes are proprietary, only a
general description of the continuously linked process steps
can be given as summarized in Figure 1. The method is
basically a standard wet process, widely used for grain legume
protein isolation. The pea protein was first extracted in water
from pea flour, thus obtaining a protein juice. The protein juice
was made from 11 to 13% pea flour dissolved in water,
resulting in totally 10-12% dry matter and 2-3% protein in
the start solution. The nonsoluble carbohydrates and fibers
were then removed by continuous centrifuge decantation (Alfa-
Laval, Sweden). To also remove the soluble fiber and residual
starch, a clarification treatment followed by a continuous

centrifuge clarifier (Alfa-Laval, Sweden) was used. After
decantation and clarification of the protein juice, its volume
was decreased by 20% and the dry matter content was
decreased to 4%. The protein juice was further purified by
ultrafiltration (UF), using 50- or 100-kD molecular-weight-
cutoff (Romicon, Koch Membrane Systems Inc. Wilmington,
MA). During UF the solubilized protein juice is fed, under
pump pressure, through a membrane filter that separates the
components on the basis of their molecular size. Molecules
smaller than the membrane filter, such as oligosaccharides,
are removed. Protein juice volume decreased by an additional
2/3 (UF concentration factor ) 3), resulting in approximately
6% protein content and 7% dry matter content. The protein-
enriched retentate was then continuously diafiltered with
three parts water per one part protein juice (diafiltration factor
) 3). After diafiltration the solution was dried to produce
protein isolate flour, obtaining about 65% protein yield in the
final product.

The process treatments were performed at room tempera-
ture except where other temperatures are stated (Figure 1).
To understand the influence of the process on the quality of
the protein isolate, representative samples were collected from
the processes after the different process stages, 1-5 in Figure
1. The samples were analyzed, and the chemical composition
during processing and in the final protein isolates was
recorded.

Sample preparations and analyses of inositol triphosphate-
inositol hexaphosphate (IP3-IP6) were done according to
Sandberg and Ahderinne (16) with some minor modifications
(17). Analyses and sample preparations for quantification of
oligosaccharides were done according to Carlsson et al. (18).
Protein content determinations were supplied by Provital SA,
using the Kjeldahl method for analyses. The microbiological
quality controls were supplied by VTT Biotechnology and Food
Research in Finland. Species-specific and total microbial

Figure 1. Flowchart of industrial and pilot standard processes for production of pea-protein isolates. For production of the
dephytinised protein isolates the processes were modified between steps 4 and 5. The ultrafiltrated protein retentate was adjusted
to pH 5.2 with HCl and the temperature was set to 55 °C. The phytase was added and the mixture was incubated while being
stirred during 1 or 2 h. The dephytinised protein was then processed to the end product as described in step 5.
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analyses were done. Plate count was used as the microbiologi-
cal analysis method, giving the number of colony-forming
units/g sample after incubation on Petri plates. Duplicate
samples were analyzedexcept as otherwise indicated. All
results correspond to the dry weight of the sample.

RESULTS AND DISCUSSION

Removal of Oligosaccharides. Table 1 shows the
mean content of oligosaccharides during two runs of the
industrial standard process, which is described in Figure
1. The oligosaccharides are water soluble and thus
concentrated with the protein during the water extrac-
tion. Consequently, the content of oligosaccharides in
the pea seeds influences the content of oligosaccharides
in the protein juice. The decantation and clarification
treatments separate the less soluble compounds, such
as fibers and starch, from the protein solution and do
not influence the oligosaccharides. The ultrafiltration
(50-kD MWCO) dramatically reduces the content of
oligosaccharides in the protein juice. In the pilot plant,
ultrafiltration of 100-kD MWCO was tested for com-
parison with the industrial 50-kD filter. The two ultra-
filtrations are reported in Table 2. The results indicate
that 100-kD MWCO ultrafiltration removes the oli-
gosaccharides more effectively than 50 kD, without
significantly reducing the protein yield or the protein
content in the isolate. However, ultrafiltration with the
50-kD MWCO filter should be sufficient for the separa-
tion of the oligosaccharides from the protein, because
the oligosaccharides are smaller than 50 kD. The
improvement in removal of oligosaccharides with the
pilot 100-kD UF compared to that of the industrial 50-
kD UF is therefore suggested to be due to the differences
in washing time and water quantity during pilot and
industrial UF processing. The two systems also differ
in their UF mechanisms, as the 50-kD industrial UF is
a plate frame system and the 100-kD pilot UF is a
hollow fiber system. Furthermore, different pea varieties
were used in the pilot and industrial processes but the
contents of protein and oligosaccharides in these pea
varieties are similar. Finally, the content of oligosac-

charides in both the pilot and industrially processed
isolates are acceptable for use in infant formula produc-
tion.

Phytate Content during Standard Process. Table
3 shows the mean content of inositol phosphates during
two runs of the industrial standard process. It is well-
known that the phytate is complexed to protein in the
pea (9, 11), which explains why the phytate content
increases as the protein content increases. As a conse-
quence, the phytate content in the final protein isolate
is influenced by the phytate content in the pea seeds
used for starting material. As seen in Table 3, the
phytate content does not increase to the same extent
as the protein content during the ultrafiltration at
neutral pH, indicating a partial separation of inositol
phosphates and protein. Table 3 also shows that the
relative reductions of IP4 and IP5 are higher than the
relative reduction of IP6 after ultrafiltration. This UF
effect may be explained by the fact that some of the
inositol phosphates are not complexed to the protein at
neutral pH, as described by Rham and Jost (14), and
Reddy et al. (11). The noncomplexed inositol phosphates
are thus separated from the protein juice during ultra-
filtration because the molecular size of the inositol
phosphates is smaller than the 50-kD UF membrane.
The complexing between protein and inositol phosphates
is dependent on the phosphate groups on the inositol
ring (11). The complex strength between protein and
inositol phosphates is proportional to the number of
phosphate groups, and IP6 binds more strongly to the
protein than do the lower inositol phosphates (IP3-IP5).

Degradation of Phytate by Endogenous Phytase.
It has previously been shown that the phytate in pea
flour can be dramatically reduced in approximately 10
h by incubation at 45 °C and pH 7.5 (19). However,
large-scale incubation of pea flour during this length of
time is impossible because of the growth of microorgan-
isms. Considering that growth of microorganisms is
slower in whole pea seeds than in pea flour, soaking of
whole dehulled pea seeds at 45 °C was tested. However,
up to 20 h of soaking of pea seeds did not result in any
significant phytate degradation. The degradation of
phytate by phytase is a water-mediated reaction. Ac-
cording to an internal study by Provital Industrie SA
the water migration into the seeds requires approxi-
mately 3 h. However, it is suggested that the main
reason for the slow phytate degradation in whole pea
seeds is the limited accessibility between the phytase
and the phytate, or by possible inhibitors. It was
concluded that the endogenous pea phytase is not
sufficiently effective for degrading phytate at the condi-
tions considered possible for an industrial process.

Degradation of Phytate by Exogenous Phytase.
Incubation of the protein juice with added commercial

Table 1. Content of Oligosaccharides (OS) during Standard Industrial Pea-Protein Processing

process sample designationa
saccharose

(mg/g)
raffinose

(mg/g)
stachyose

(mg/g)
verbascose

(mg/g)
ajugose
(mg/g)

Σ OS
(mg/g)

protein
(%)

1 pea seeds: starting material 24.0 ( 1.3b 8.0 ( 0.1 20.5 ( 0.1 24.5 ( 1.0 0.3 ( 0.3 77.3 ( 3.7 25 ( 1
2 extracted protein juice 57.4 ( 2.4 19.2 ( 0.1 47.2 ( 2.0 51.7 ( 2.9 0.9 ( 0.1 176 ( 8 63 ( 2
3 decanted, clarified, and
pasteurized protein juice

63.3 ( 2.2 20.5 ( 0.3 47.3 ( 0.2 50.5 ( 0.3 0.8 ( 0.1 182 ( 3.5 64 ( 2

4 protein retentate after
ultrafiltration (50 kD MWCO)

3.5 ( 0.4 1.5 ( 0.1 3.1 ( 0.2 3.9 ( 0.1 0.1 ( 0.1 12.1 ( 0.9 90 ( 1

5 end product after second
pasteurization and drying

2.8 ( 1.2 1.5 ( 0.1 3.0 ( 0.2 3.9 ( 0.1 0.5 ( 0.3 11.7 ( 1.9 92 ( 2

a The samples are numbered according to the process steps shown in Figure 1. b All results represent mean values ( SD from two
process runs.

Table 2. Content of Oligosaccharides (OS) and Protein
in Pea-Protein Isolates from Pilot and Industrial
Processes, with Two Different Ultrafiltrations

UF membrane
cutoff size

ΣOS
in pea
seeds
(mg/g)

ΣOS
in isolate

(mg/g)

protein
in pea
seeds
(%)

protein
in isolate

(%)

industrial
50 kD MWCOa

77 ( 2 11.7 ( 1.9 25 ( 1 92 ( 2

pilot
100 kD MWCOb

75 ( 2 4.4 ( 1.3 25 ( 1 89 ( 2

a Mean values (SD from two process runs, using the same pea
variety. b Mean values (SD from five process runs, using five
different pea varieties.
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phytase was evaluated in order to reach a rapid
degradation of the inositol phosphates. The experiments
with laboratory-scale incubations, 10- or 80-mL sample
volume, are presented in Table 4. When using the
protein isolate with highest phytate content (control 2)
it appears that 30-min incubation with 5 FYT enzyme/g
isolate is sufficient for a substantial IP6-IP3 degrada-
tion. It is evident that the IP6 is degraded rapidly by
the added phytase, and the following IP5-IP3 degrada-
tion requires more time. Because of the mass transfer
in the forthcoming large-scale incubations, 30 min was
estimated as the minimal incubation time. The results
in Table 4 also show that the phytase works well at 5,
10, or 12% dry matter content, which consisted of 85-
94% protein.

The total content of IP3-IP6 is of nutritional interest
since a recent study by Sandberg et al. (7) showed that
in breads containing IP3-IP6, also IP3-IP4 in the
presence of IP6, contributed a negative effect to the
absorption of iron in humans. Therefore, it is of impor-

tance to determine the total content of IP3-IP6 during
phytate degradation.

The enzymatic approach was then applied to larger
scale production by introducing the phytase incubation
step at the protein production process. To make a
suitable amount of dephytinised protein isolate, the
industrial and pilot processes were combined. Protein
juice from the industrial process was tapped just after
the ultrafiltration, then lead into the pilot process.
Temperature and pH were adjusted, the phytase was
added, and the protein juice was incubated for 1 or 2 h.
The dephytinised pea protein treatment was completed
according to pilot process step 5 in Figure 1. As seen in
Table 5, the phytase-processed protein isolates were
almost completely devoid of inositol phosphates, in
contrast to the standard protein isolates. To maximize
the yield of the pea protein, all but one of the process
runs were done with 12% dry matter. Compared with
the study by Rham and Jost (14), the present enzymatic
approach facilitates more complete phytate removal

Table 3. Content of Inositol Phosphates during Standard Industrial Pea-Protein Processing

process sample designationa IP6 (µmol/g) IP5 (µmol/g) IP4 (µmol/g)
IP3

(µmol/g)
ΣIP3-IP6
(µmol/g)

protein
(%)

1 pea seeds: starting material 12.6 ( 1.0 1.7 ( 0.5 0.3 ( 0.2 0 14.6 ( 1.7 25 ( 1
2 extracted protein juice 23.4 ( 0.6 7.0 ( 0.5 2.1 ( 0.6 0 32.5 ( 1.7 63 ( 2
3 decanted, clarified, and
pasteurized protein juice

25.8 ( 1.3 5.0 ( 0.2 1.0 ( 0.1 0 31.8 ( 1.6 64 ( 2

4 protein retentate
after ultrafiltration
(50 kD MWCO)

24.3 ( 1.4 3.0 ( 0.1 0.6 ( 0.1 0 27.9 ( 1.6 90 ( 1

5 end product after
second pasteurization
and drying.

27.2 ( 5.5 2.9 ( 0.6 0.5 ( 0.1 0 30.6 ( 6.2 92 ( 2

a Samples are numbered according to the process steps shown in Figure 1. b Mean values (SD from two process run.

Table 4. Laboratory Scale Incubations of Protein Isolates with Phytase Additions, at pH 5.5 and 55 °C

incubation time and phytase dosage
(FYT phytase/g protein isolate)

sample
size (ml)

dry matter
(%)

IP6
(µmol/g)

ΣIP3-IP6
(µmol/g)

control 1a 29.6 ( 0.4 33.3 ( 0.5
1h, 1.2 FYT/g control 1 10 5 0.24 ( 0.05 9.8 ( 0.8
1h, 2.4 FYT/g control 1 10 5 0.12 ( 0.07 1.4 ( 0.4
2h, 1.2 FYT/g control 1 10 5 0 0.65 ( 0.04
2 h, 2.5 FYT/g control 1 10 5 0 0.73 ( 0.2
2 h, 5 FYT/g control 1 10 5 0 0.37 ( 0.05

control 2a 36.9 ( 1.6 40.8 ( 1.8
0.5 h, 2.5 FYT/g control 2 10 10 0 5.4 ( 0.2
1 h, 2.5 FYT/g control 2 10 10 0 1.0 ( 0
0.5 h, 5 FYT/g control 2 10 10 0 0.74 ( 0.09

control 3a 22.1 ( 2.0 25.8 ( 2.9
2 h, 2.5 FYT/g control 3 10 12 0 0.95 ( 0.44
2 h, 5 FYT/g control 3 10 12 0 0.42 ( 0.05

control 4a 18.3 ( 0.7 21.8 ( 0.9
1h, 10 FYT/g control 4 80 12 0 0.4 ( 0.1
2h, 10 FYT/g control 4 80 12 0 0

a The pea-protein isolates show varying IP6-content, depending on the different pea varieties used as starting material. From a production
of twelve different standard isolates, four isolates were chosen as phytase incubation substrates. The isolate with highest content of
IP3-IP6 was included (control 2).

Table 5. Pea-Protein Isolates with Standard Processing, or with Added Phytase Processing

process (standard, or
amount of phytase addition

and incubation time)
protein in pea seeds

(%)
ΣIP3-IP6 In pea seeds

(µmol/g)
protein in isolate

(%)
IP6 in isolate

(µmol/g)
ΣIP3-IP6 in isolate

(µmol/g)

standard pilota 25.3 ( 1.3 13.6 ( 1.7 89.0 ( 2.1 32.1 ( 3.4 36.8 ( 3.6
standard industrial 26.5 ( 1 14.9 ( 0.3 88 19.6 ( 0.2 22.4 ( 0.3
phytase 10 FYTb/g, 2h 26.5 ( 1 14.9 ( 0.3 86 0 1.2 ( 0.3
phytase 10 FYT/g, 2h 26.5 ( 1 14.9 ( 0.3 85 0.08 ( 0.03 0.08 ( 0.03
phytase 10 FYT/g, 1h 26.5 ( 1 14.9 ( 0.3 87 0.17 ( 0.02 0.17 ( 0.02

a Average from six runs. b 5% dry matter used during processing instead of the normal 12% dry matter.
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with comparable protein yield. From the dephytinisation
point of view, the phytase incubation can be done using
either pilot or industrial process, depending on the
desired quantity of dephytinised protein isolate to be
produced.

Microbiological Quality. The microorganisms quan-
tified in the final pea-protein isolates were enterobac-
teria; yeasts and molds; Bacillus cereus; aerobic spore-
formers; clostridia; mesophilic lactic acid bacteria (LAB);
and thermophilic LAB. The amount of each species was
less than 50 cfu/g isolate.

CONCLUSIONS

Dephytinised pea-protein isolates with low content of
oligosaccharides were produced. The dephytinisation
was accomplished by introducing a phytase incubation
step to a standard protein production process. Control
of the microbiological quality was obtained by minimiz-
ing the processing time, thereby restricting the growth
of microorganisms. The reduced content of oligosaccha-
rides and inositol phosphates is likely to result in
reduced flatulence and improved mineral bioavailability.
The pea-protein isolates were used for test production
of infant formulas. The availability of minerals from the
pea-protein formulas will be compared with that of
commercial infant formula based on soy protein.

ABBREVIATIONS USED

cfu, Colony forming unit; HPLC, high-performance
liquid chromatography; IP3, inositol triphosphate; IP4,
inositol tetraphosphate; IP5, inositol pentaphosphate;
IP6, inositol hexaphosphate; ΣIP3-IP6, total amount IP3
+ IP4 + IP5 + IP6; kD, 1000 atomic weights; LAB, lactic
acid bacteria; MWCO, molecular-weight cutoff; OS,
oligosaccharides.
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