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ABSTRACT

OYA PROTEIN ISOLATE PRODUCTION BY VARI METHOD

The concentrated protein fractions of soyabeans, known as soya protein isolate, was produced
by three different methods from the same raw material namely defatted soya flakes.
Extraction of the soluble fraction of the raw material is common to all three methods. A
study was therefore undertaken to optimise the extraction process conditions in terms of time,
temperature, pH, extraction time, extraction volume and raw material particle size, thereby

maximising yields of soluble material.

The three different methods, namely isoelectric precipitation, ultrafiltration and swollen gel
technology were then used to separate the soluble and non-soluble protein fractions. Both the
isoelectric and ultrafiltration methods gave good yields of finished product, with the
ultrafiltration process giving the better overall yield, but the swollen gel method gave

disappointing results and was not feasible in practice.

Functional properties of the products from the isoelectric and ultrafiltration methods were
compared and found to be broadly similar although different in certain respects from those

of commercial soya isolates.

Levels of the anti-nutritional factors trypsin inhibitor and phytate in products from the three

processes were determined and the substantial differences observed in trypsin inhibitor levels
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were further investigated. Determination of lysinoalanine levels was also attempted but the
results obtained were unsatisfactory.  Amino acid composition and polyacrylamide gel
electrophoresis were used to compare the chemical composition of products from the three
processes. The comparative economics of the isoelectric and ultrafiltration processes for large
scale production of soya protein isolates were evaluated, taking into account the comparative
efficiencies of the two processes as determined during the study. It was established that,
while the isoelectric process initially appears more economical, it may be possible to modify
the ultrafiltration process in such a manner as to make it more economical than the isoelectric
process. Overall figures however indicate that the manufacture of soya protein isolate in

South Africa is not currently a viable economic proposition, due to high raw material costs.
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INTRODUCTION

The value of vegetable protein and oil seed protein in particular is widely
acknowledged and has been extensively documented. (Altschul 1958; Gould 1966;
Smith & Circle 1977; Norton 1978; Hudson 1982). T};ey constitute the major source
of protein for a substantial majority of the world’s population and, when correctly
processed, possess highly acceptable nutritional properties. While consumption of
animal protein may be desirable from the point of view of variety of diet and in order
to provide certain other nutrients not found in sources of vegetable proteins, a correct
choice of vegetable proteins can more than adequately fill both human and animal

protein requirements.

A further advantage of vegetable protein is its comparatively low cost of production
and greater efficiency of resource usage in relation to animal protein - a vital factor
when considering the nutritional requirements of less affluent societies and satisfying

global food requirements.

Protein contents of the various sources of vegetable protein fall broadly into two
categories (Norton 1978). Cereals have approximate protein contents varying from
8% (rice) to 13% (oats), whereas approximate legume and oilseed protein contents

vary from 12% (sunflower seeds) to 38% (soya beans).
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Considerable effort has gone into the extraction and concentration of the protein
fractions of oilseeds and of soya beans in particular. This may be desirable for a

number of reasons:

1. A more concentrated protein source may be desirable for nutritional purposes.

2. The concentrated protein may possess enhanced functional properties in
relation to its original form, offering applications in foodstuffs other than

purely those of a protein source for nutritional purposes.

3. Concentration processes may in some cases simultaneously reduce the less
desirable properties of the protein source (e.g. unpleasant flavour

characteristics or anti-nutritional factors).
4. Concentration of the protein may result in added value products.

A major industry has developed around the processing of soya beans in order to
concentrate their protein component (Smith & Circle 1977, Ohren 1981, Johnson &
Kibuchi 1989). The most concentrated form of the protein, known as soya protein

isolate, typically contains more than 90% of protein.

The best established method of soya protein isolate production is the so-called
isoelectric precipitation process in which the soluble proteins of defatted soya beans

are extracted into slightly alkaline water. The pH of the extract is then lowered to the
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isoelectric point of the protein, at which it precipitates out, and is then separated
from the remaining soluble non protein components. This process is used for the vast
majority of commercially produced soya protein isolates and has been in use since the

1930°s (Smith & Circle 1977).

An alternative separation process using ultrafiltration was first reported more than
twenty years ago (Porter & Michaels 1970). A considerable amount of work in this
field has been reported (Lawhon et al 1977, Lawhon et al 1979, Lawhon et al 1981)

but it is not clear to what extent this technique is in commercial use.

A further potential process for soya protein extraction and concentration using so-
called swollen gel technology was first reported some five years ago (Trank et al
1989). The process involves a novel and ingenious technology and was indicated to

have a commercial potential.

Other methods of soya protein concentration such as grinding or air classification
(Pfeiffer et al 1960) and ultrasonic extraction (Moulton & Wang 1982) have been

reported but were found to be of only limited practical use.

It is clearly desirable for both scientific and commercial reasons to systematically
compare the various extraction and concentration processes. While some data is
available in literature for the comparison of experimentally produced ultrafiltration
process isolates with commercially produced (presumably isoelectric process) isolates

(Lawhon et al 1977, Lawhon et al 1979, Lawhon & Lusas 1984), no systematic study
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has been published comparing properties of isolates produced from identical raw

materials by the various processes available.

The objectives of this study were therefore:

1. To optimise the conditions under which the soluble proteins of defatted soya
flake solids are separated from the insoluble portion, producing a solubilised
soya extract which was then used as a standardised feed material for
subsequent processing.

2. To optimise the separation and concentration conditions of the soluble protein
fraction of the extract by means of:

1. the isoelectric process
ii. the ultrafiltration process
iii.  the swollen gel process.

3. To produce sufficient finished protein isolate by each of the processes for
subsequent physical and chemical analysis.

4. To compare the functional properties of the products from each process.

5. To compare the levels of the various anti-nutritional factors present in soya in

the products from each process.

6. To compare the composition of the proteins present in the products from each
process.
7. To compare the economics of the three processes in terms of capital costs,

process costs and finished product yields.
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EXTRACTION OF SOLUBLE PROTEIN FRACTION FROM
DEFATTED SOYA FILAKES.

LITERATURE REVIEW

A number of studies have been carried out on determining optimum solubilisation conditions
for soya protein using defatted soya flakes as the starting material. The effect of pH and
added salts on an otherwise standard extraction condition was studied (Smith & Circle 1938)
and an alkaline pH was found to give best results. Lowest extraction rate was found at pH
4.2, however the addition of progressively increasing quantities of calcium chloride
progressively nullified the effect of pH on protein solubility. Further studies on the effect
of various salts on protein solubility (Smith et al 1938) indicated that the use of salts did not
improve protein extraction levels over those obtained by water alone. It was also found that

use of finely ground material slightly improved the extraction yield.

A detailed study of factors influencing solubility (Smith et al 1966) investigated the effect
of pretreatment of the defatted meal, particle size of meal and extraction volumes at pH’s
of 7.2 and 6.5. It also investigated the extractability of protein from different soya bean
strains. It was established that, providing well tempered and flaked soya beans were used
as the source of defatted material, grinding of the meal gave no improvement in extraction
yield and could even reduce the yield, due possibly to denaturation of the protein by heating
during grinding. Two stage extractions using 20:1 and 10:1 water/flakes extraction ratios

gave slightly improved yields over two stage extractions using 10:1 and 5:1 extraction ratios.
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Extraction yields were slightly higher at pH 7.2 than at pH 6.5.

2.2

The combined effects of extraction ratio, method of agitation during solubilisation,
extraction time and meal particle size on larger scale extraction efficiencies was studied by
Cogan et al (1967). A total extraction ratio of 10:1 was found to be acceptable with higher
ratios giving only a slight increase in yield. Vigorous agitation was also found to be
desirable. Rapid solubilisation of protein occurred almost immediately and maximum
solubilisation was reached a_fter 30 minutes agitation. Particle size of the meal had little

effect.

Other published studies using extraction of soluble protein to obtain a source of protein for
further investigations (Lawhon & Lusas 1984, Nichols & Cheryan 1981, Okubo et al 1975)
used arbitrarily chosen extraction conditions. All these extraction conditions fall broadly
within the optimum parameters defined by previous studies and, in particular, indicate that
two stage extraction procedures give improved results over those using a single extraction.
Comparison of results from different studies is difficult as widely varying source materials

were used.

EXPERIMENTAL PROCEDURE.

On the basis of previous studies in this field, it was decided to systematically study
extraction conditions by choosing a set of standard conditions and varying individual
parameters in turn while maintaining other parameters constant. Once the effect of the

individual parameters had been determined, the composite effect of varying more than one

parameter simultaneously could then be studied.
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Standard Extraction Procedure

1.

A quantity of 300g of defatted soya flakes was mixed with the required volume of
water of the required temperature. The pH of the mixture was adjusted to the
required value using 5N sodium hydroxide.’

The vessel containing the mixture was placed in a waterbath set to the required
temperature and stirred using a Heidolph laboratory stirrer at 1200 r.p.m. for the
required time. The vessel was kept covered in foil to prevent moisture loss by
splashing or evaporation.

The vessel was removed from the waterbath and the slurry was poured into a Martin
Christ basket centrifuge fitted with a filtercloth bag. The slurry was centrifuged for
10 minutes at 3000 r.p.m.

The liquid extract was retained and the solid residue was redispersed in a further
volume of water. The pH was readjusted to the required value using SN sodium
hydroxide.

The slurry was stirred for the required time as per (2) above

The slurry was re-centrifuged as per (3) above.

The second liquid extract was retained and pooled with the first extract.

The combined extracts were clarified using a De Laval 100 LPS laboratory separator.

Solids and protein contents for the combined clarified extracts were determined.
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2.2.2 Determination of Extraction- Yield

23

% Solids extracted

Total weight of 2 extracts x % solids of combined extracts
x 100%

Weight of flakes used x % solids of flakes.
% Protein extracted
Total weight of 2 extracts x % protein of combined extracts

= x 100%
Weight of flakes used x % protein of flakes

Each 2 stage extraction was carried out in duplicate and average extraction figures for

protein and solids were calculated.

DESCRIPTION QF VARIABLES.
A set of standard extraction conditions was chosen based on typical conditions used in earlier

published studies, namely:

Volume of water used (1st extraction) : 3000 ml.
Volume of water used (2nd extraction) : 1500 ml.
pH of slurry (both extractions) : 9.0
Extraction time (both extractions) : 30 minutes
Extraction temperature (both extractions) : 60°C

Particle size of flakes : 45-50% through T20 mesh (as received)
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Conditions of extraction were varied as follows:

Volume of water used (1st extraction) 3000 ml, 4500 ml, 6000 ml
pH of slurry (both extractions) 9.0, 8.0, 7.0
Extraction time (both extractions) 15 mins, 30 mins, 45 mins.

Extraction temperature (both extractions) SODC, 60°C, 70°C.

Particle size of flakes : as received (45 - 50% through T20 mesh)
ground to pass > 99% through T20 mesh
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Duplicate two stage extractions were carried out, altering each variable in turn while

maintaining all other variables as per the standard extraction procedure.

RAW MATERIAL USED.

Defatted soya flakes were obtained from National Protein, Potgietersrus.

A single

consignment of defatted soya flakes was used for the entire investigation to ensure

consistency. Constant values for protein and moisture content were maintained by storing

the flakes in tightly sealed woven polypropylene sacks with polythene liners at -15°C.

Analysis of the defatted soya flakes gave the following results:
Solids content = 92.9%

Protein content = 46.2% (as is basis)
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2.5.1

2.5.2

RESULTS

The effect of varying the extraction condition is shown below.

Effect of Varying Extraction Volume for 1st Extraction.

This is shown in Table 1.

Table 1. Effect of Extraction Volume on Extraction Yield.
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% Solids extracted

66.7

66.3

% Protein extracted

69.3

69.4

71.0

Effect of Varying pH of Slurry (both extractions)

This is shown in Table 2.



Table 2. Effect of pH on Extraction Yield.
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_____ SlurrypH
% Solids extracted 64.0 63.2 61.3
% Protein extracted 69.3 68.2 66.3
2.5.3 Effect of ing Extraction Tim th extractions

This is shown in Table 3.

Table 3. Effect of Extraction Time on Extraction Yield.

2.5.4

% Solids extracted 65.5 64.0 63.9
% Protein extracted 71.0 69.3 70.2
Effect of Varving Ex ion Temperature (both ex ion

This is shown in Table 4.
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Table 4. Effect of Extraction Temperature on Extraction Yield.

- temperature
% Solids extracted 65.1 64.0 61.1
% Protein extracted 70.1 _ 69.3 64.9

2.5.5 Effect of Varying Particle Size of Flakes.

This is shown in Table 5.

Table 5. Effect of Particle Size on Extraction Yield.

% Solids extracted 64.0 64.1
% Protein 69.3 69.9
extracted

2.5.6 Comments on Extraction Results
The results obtained correlated well with those obtained in published studies and confirmed

that only small changes in yield could be obtained by varying the different extraction

parameters. Effects of the various parameters were as follows:



2.5.6.1.

2.5.6.2.

2.5.63

2.5.6.4.

2.5.6.5.
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Extraction volume
A slight increase in protein yields was noted with increased extraction volume.
Solids yield increased slightly when the extraction volume increased to 4500ml but then

decreased slightly at 6000ml extraction volume.

pH:

Best extraction results were obtained at pH 9. As ekpécted, a reduction in yields was
noted as the pH of the slurry was reduced. It might be expected that yield would increase
further at higher pH’s, but this was not pursued due to the potential risk of lysinoalanine

formation.

Extraction time:
Increased extraction time reduced yields of both protein and solids. It appears that rapid

solubilisation occurs.

raction rature.
Yields were reduced with increasing temperature, however the improvement in yield
observed at 50°C was not considered sufficient to compensate for the increased

microbiological problems which could be expected at this temperature.

Flak iC

Only a very slight increase in yield was observed with the finer sized product.
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EFFECT OF COMBINED VARIABLES

It was decided that only the combined effect of varying extraction time and first extraction
volume required further investigation in view of the results obtained for pH, extraction
temperature and particle size. A further series of extractions was therefore carried out as

follows:

Standard conditions:  Slurry pH : 9.0
Extraction temperature (both extractions): 60°C
Particle size of flakes: as received

Extraction volume (2nd extraction): 1500 ml.

The effect of the combined variables on extraction yields is shown in Table 6.

Table 6. Combined Effect of Extraction Volume and Extraction Time on Extraction Yield.

Volume |
~ (Ist extraction)

4500 ml 15 mins.

4500 ml 45 mins. 67.0 72.2
6000 ml 15 mins. , 67.5 70.1
6000 ml 45 mins. 68.3 72.3

c.f. standard extraction procedure. 64.0 69.3
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Increases in yield were observed over the standard procedure. However, the use of larger
extraction volumes and longer extraction times would significantly increase the capacity
requirements for large scale processing. It is unlikely that these could be justified by the

relatively small increases in yield that can be achieved.

EFFECT OF REVERSED EXTRACTION STAGES.

A final duplicate two stage extraction was carried out in which extraction volumes for the

first and second extraction stages were reversed, namely with the following extraction

conditions:

Volume of water used (1st extraction): 1500 ml
Volume of water used (2nd extraction): 3000 ml
pH of slurry (both extractions): 9.0
Extraction time (both extractions): 30 minutes

Extraction temperature (both extractions): 60°C

Particle size of flakes : as received

Results are shown in Table 7.
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Table 7. Effect of Reversed Extraction Stages on Extraction Yield.

% Solids 63.4 64.0
extracted '

% Protein 69.1 69.3
extracted

Theoretically, by using the reversed extraction volumes, a counter-current effect would be
obtained by which a greater volume of water would be available to extract the more tightly
bound soluble protein during the second stage of the extraction procedure. However, no

improvement in yields over the standard procedure was observed.

CONCLUSION

It can be concluded that the only desirable variation from the original standard procedure
would be a reduction in extraction times for both extractions from 30 minutes to 15
minutes on grounds of increased process efficiency rather than yield.

In view of the above, a set of revised standard extraction conditions was selected, taking
into account process efficiency and yield considerations. These are listed in table 8 along

with the original standard extraction conditions.



Table 8. Summary of Original and Revised Extraction Conditions.
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Volume of water used (1st extraction)(ml) 3000 3000
Volume of water used (2nd extraction)(ml) 1500 1500
pH of slurry (both extractions) 9.0 9.0
Extraction time (both extractions)(mins) 30 15
Extraction temperature (both extractions) 60 60
(O

Particle size of flakes As received As received

A trial bulk extraction using the above conditions was carried out, using 5.5 kg. of defatted soya

flakes, 55 litres of water for the first extraction and 27.5 litres of water for the second extraction.

Extractions were carried out in an 80 litre stainless steel vessel using a Lightning mixer. Separation

was carried out using continuous centrifugation in a Martin Christ centrifuge and the final

clarification of the extract was carried out using a Westphalia SA 1-01-175 separator. Yield figures

are shown in Table 9.
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Table 9. Comparison of Yields from Standard Extraction Procedure and Bulk Extraction.

% Solids 58.0 ' 64.0
extracted
% Protein 62.2 69.3
extracted

The loss in extraction efficiency relative to the standard extraction procedure can be attributed to
the practical difficulties associated with handling larger quantities of material and, in particular, the
centrifugation of larger quantities of slurry. Due to the wide variety of conditions used in existing
published studies, comparison of results with those from existing published studies is difficult.
However Lawhbn & Lusas (1984) reported a 55.0% yield of extracted solids for a single stage
extraction using a 1:15 solids/water extraction ratio, a pH of 8.0, a temperature of 65°C and an

extraction time of 40 minutes.
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ISOELECTRIC PRECIPITATION OF SOYA PROTEIN.

LITERATURE REVIEW

The solubility characteristics of soya protein at varying pH values are well known (Smith &
Circle 1938). A subsequent study (Smith & Circle 1939) systematically studied the effect of
different pH’s and pH adjusting agents on the proportions of protein precipitated out. The
results obtained in both studies indicated an isoelectric point of around pH 4.2. Both original
extraction conditions for the protein and type of acid used had little effect on the degree of

solubilisation.

A more recent study on extraction conditions ( Cogan et al 1967) confirmed that type of acid
used for isoelectric precipitation had little effect. The same study also found that additions of
calcium chloride to boiling extracts gave yields of precipitated protein comparable to those

obtained by isoelectric precipitation.

Detailed studies have been carried out on solubility characteristics of different soya bean
protein fractions produced isoelectrically (Lilford & Wright 1981, van Megen 1974) but these
are of only limited value for industrial purposes, where maximisation of yield is of primary

importance.

EXPERIMENTAL
It was decided to carry out a simple study to confirm previous results namely to optimise pH
conditions for maximum isoelectric precipitation and to evaluate hydrochloric, sulphuric and

phosphoric acids as pH adjusters.
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3.2.1_Experimental Procedure.

1.

A standard soya protein extract was prepared by the revised standard procedure discussed

earlier. Solids and protein contents of the extract were determined.

100 ml aliquots of extract were adjusted to varying pH’s using 2N hydrochloric acid, 2N
sulphuric acid and 1M phosphoric acid respectively. In each case the samples were stirred
vigorously during addition of the acid and the sample was allowed to stand for 2 minutes
after which the pH was readjusted to the required value if necessary. The volume of acid

required for pH adjustment was noted.

The samples were then poured into 250 ml centrifuge tubes and centrifuged for 10 minutes

at 2000 rpm.

A portion of the supernatant from each sample was drawn off, filtered through a 42

Whatman filter paper and analyzed for protein content.

The percentage of the total protein in solution at each pH was determined in relation to
the protein content of the original extract and adjusted to compensate for the varying

sample volumes caused by the varying amounts of acid added.

Two determinations were carried out at each pH for each acid and the average percentage

of solubilised protein reported.
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3.3 RESULTS

Results for the three acids are summarised in Tables 10, 11 and 12.

Table 10. Percentage Protein Solubilised at Varying pH’s Using 2N Hydrochloric Acid.

% Protein 99.0* 78.9* 17.8 12.1 11.7 12.1 12.1 21.1
in
solution

Table 11. Percentage Protein Solubilised at Varying pH’s Using 2N Sulphuric Acid.

| 55 | 50 45 35 | 3.0
% 99 2% 33.2% 17.4 13.4 12.6 11.7 12.1 14.6
Protein
in
solution

Table 12. Percentage Protein Solubilised at Varying pH’s Using 1M Phosphoric Acid.

% 99.6%* 34.6* 17.1 13.8 11.4 11.4 11.0 16.7
Protein in
solution
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*At pH’s 5.5 and 5.0 the insoluble material was so fine that a clear supernatant could not
be achieved, even after filtration. Results obtained at these pH’s are therefore estimates,
however this occurred at pH’s well above the isoelectric point and results obtained over the

critical pH range of 4.5 - 3.5 were not affected in this way.

LUSIONS
While the results obtained are broadly in agreement with the results of Smith & Circle
(1939) and Cogan et al (1967), slight differences in degree of solubility between samples
using the different acids are observed. In particular, Table 3 shows that phosphoric acid at
pH’s 4.25, 4.0 and 3.5 gives lower proportions of protein in solution than those obtained
with hydrochloric and sulphuric acids. The low protein solubilities for all three acids also

persist over a slightly wider range of pH than that observed in other studies.

However, the differences observed are so small that it can be concluded that, providing a pH
in the range 4.25 - 3.5 is achieved, choice of acid for precipitation is governed by cost of
the acid itself rather than any other parameters. Current c.osts for industrial quantities of the
three acids are:

Sulphuric acid: R1800/ton.

Hydrochloric acid: R 955/ton.

Phosphoric acid:  R3200/ton.

Hydrochloric acid was therefore adopted for subsequent work on the isoelectric process.
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OF OYA PROTEI ISOLATE BY ISOELECTRI

Following the investigations into optimum conditions for protein solubilisation and isoelectric

precipitation, samples of soya protein isolate were prepared on a pilot plant scale. The procedure

used was as follows:

4.1 PROTEIN SOLUBILISATION.

Although a two stage extraction process gives a better yield than a single stage process, it is

unwieldy and impractical for pilot scale processing. A single stage extraction was therefore used

with the following conditions:

472

Weight of flakes: 4.2 kg ) This extraction ratio was chosen
) as a compromise between the
) original single and double
Volume of water: 56¢ ) extraction volumes.

pH adjusted to 9.0 with 5N sodium hydroxide

Temperature: 55 C - this was adopted as large volumes of tap water
of this temperature were readily available.

Extraction time: 15 minutes

REMQVAL OF INSOLUBLE PORTION

Due to the large volumes of material involve(i and limited centrifugation capacity,
centrifugation of the slurry was excessively time. consuming and an attempt at separation
using a hydrocyclone was also found to be impractical. It was then established that straining
of the slurry through a 150 micron screen gave a reasonably quick separation of the Solub]e

and insoluble fractions and this method was adopted for subsequent work.
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ISOELECTRIC PRECIPITATION.
The pH of the soluble fraction was adjusted to 4.2 with concentrated hydrochloric acid. The

resulting slurry was allowed to stand overnight and the supernatant liquid was then decanted

off.

WASHING OF PRECIPITATED MATERIAL

A volume of water equivalent to approximately 1.5 x the volume of supernatant decanted
at the previous stage was then added to the protein sludge. The slurry was stirred

vigorously to disperse the remaining insoluble components.

SEPARATION OF PRECIPITATED MATERIAL,

Initially separation was carried out using a Westphalia S.A. 1-01-175 separator in clarifier
mode. However considerable difficulties were experienced due to the erratic mechanical
performance of the separator and the loss of product through clogging of the separation
bowl. Use of the Westphalia unit was therefore abandoned and separation was carried out
by:
1. Allowing the washed slurry to stand and settle out.
ii. Decanting off the supernant.
iil. Straining the resulting sludge through a 150 micron screen - this removed
most of the solid material.
iv. Straining the liquid fraction from stage iii through a 74 micron screen to
remove fine material.
RE-SOLUBILISATION OF PROTEIN

The pH of the resulting sludge was adjusted to 8.0 using 5N sodium hydroxide. The
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resulting mixture was stirred vigorously until full re-solubilisation had occurred.

SPRAYDRYING OF PROTEIN ISOLATE FROM ISOELECTRIC PROCESS,
The protein solution was heated to 55 C and filtered through 833 micron mesh to remove
residual insoluble material. This solution was spraydried on a Nebulosa pilot plant spry

dryer fitted with a nozzle atomiser. Conditions were as follows:

Atomising pressure: 200 KPa

Inlet air Temperature: 143 - 160°C

Outlet air temperature: 70 - 85°C

Throughput: 30 - 50 ml solution per minute.

Estimated evaporation
capacity: 1.6 - 2.7 kg/hr.

Considerable difficulty was experienced at the spraydrying stage due to the very high
viscosity of the protein solution which necessitated spraydrying at a feed solids content of
8.5 -9.0%. Even at this solids level, blockages of the feed nozzle and buildup of solid
material in the drying chamber and connecting pipework caused considerable problems and
it was impossible to spraydry for more than 4 hours at a time, after which cleaning of the
dryer became necessary. This resulted in very low yields of dried product which cannot be

considered in any way representative of true manufacturing conditions.

Three complete runs based on the above process were carried out.



4.8 RESULT

4.8.1 Analysis of Finished Product.
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Chemical analyses of the isoelectric process slurries prior to re-solubilisation and the finished

spraydried products are shown in Table 13 and Table 14.

Table 13. Analysis of Isoelectric Process Slurries.

7.30 10.29 9.75
8.67 11.48 11.15
84.2 89.6 87.4
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Table 14. Analysis of Sprydried Product ex Isoelectric Process

Batch |  Batch | B::ltchP
% Protein 76.60 77.86 77.69
% Solids 90.86 89.56 92.97
%Protein | 84.3 86.9 83.6
(dry basis)

4.8.2 Calculation of Yields
As explained above, the unrepresentative nature of the spraydrying process necessitated the

calculation of yields in a number of different ways:

Dry solids yield Wt of slurry before resolubilising x % solids of slurry

(Isoelectric = x 100%
process only) Wt of extract used x % solids of extract

Protein yield Wt of slurry before resolubilising x % protein of slurry

(Isoelectric = -- x 100%
process only) Wt of extract used x % protein of extract

Dry solids yield Wt of slurry before resolubilising x % solids of slurry :
(extraction/ = x 100%

isoelectric) Wt of flakes in original extraction x % solids of flakes



Protein yield
(extraction/
1soelectric)

Dry solids yield
(spraydrying)

Protein yield
(spraydrying)
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Wt of slurry before resolubilising x % protein of slurry

x 100%
Wt of flakes in original extraction x % protein of flakes

Wt of dried product x % solids of dried product

x 100%
Wt of spraydryer feed x % solids of feed

Wt of dried product x % protein of dried product

x 100%
Wt of spraydryer feed x % protein of feed
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4.8.3 Yields

The percentage yields obtained using the above methods are summarised in Table 15.

Table 15. Yields for Isoelectric Process Samples.

Isoelectric 50.4 54.3 54.1
process only 78.0 83.4 83.6
249 274 27.4
| 42.1 49.3 48.2
36.7 40.4 58.7
36.7 39.2 56.1

49 DI SION
In spite of the fairly crude methods used for separation, yields for the extraction / isoelectric
process were fairly consistent with batches 2 and 3 in particular giving good replication. It
is likely that yields for this stage could be improved by:
i adopting a two stage extraction process
il. use of more sophisticated centrifugal separation processes to increase the yiéld of

liquid obtained from the extraction process.
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use of more sophisticated centrifugal separation processes to minimise loss of the

insoluble protein fraction.

Yields for the spraydrying stage show greater variation, indicating the practical
difficulties of spraydrying the protein solution using the available equipment.

It should also be noted that, for the purposes of this study, comparison of yields from
the extraction/isoelectric proéess is of greater relevance than those from the
spraydrying stage, as the spraydrying stage is common to all the three protein

separation methods used.
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PRODUCTION OF SOYA PROTEIN ISOLATE USING ULTRAFILTRATION

LITERATURE REVIEW

Th¢ potential of membrane processing for extraction of protein from soyabeans was
first reported over twenty years ago (Porter' & Michaels 1970), when it became
apparent that the sizeable differential in molecular‘ weights between the protein
fractions (molecular weights mainly greater than 20000) and non-protein fractions
(molecular weights less than 1000) of the soluble components of soya beans would
enable the two fractions to be separated by means of a semi—permezible membrane.

Investigations as to the commercial viability of the process soon followed (Frazeur &

Huston 1973, Goodknight et al 1976),

Very extensive work in this field has been carried out at the Texas A & M University

Food Protein Research and Development Centre and at the University of Illinois.

Areas studied have included comparison of different membrane configurations

(Lawhon et al 1978), ultrafiltration sYstems from different manufacturers (Lawhon et
al 1977) and the effects of parameters such as pH (Omosaiye et al 1978), temperature
(Hensley et al 1977), feed concentration (Lawhon et al 1978) and pressure (Hensley

et al 1977) on the performance of the systems. Most of the experimental work has

been carried out using a batch diafiltration process in which the volume of the solution

being processed is maintained constant by addition of water to compensate for the loss

of the liquid containing the low molecular weight solutes, thus causing a progressive
increase in the protein content on a dry solids basis in the remaining solution. The

benefits of this approach have been discussed (Lawhon & Lusas 1984). Very

extensive volumes of data are available and it is concluded (Lawhon et al 1979,
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Lawhon & Lusas 1984) that the use of ultrafiltration systems provides a technically
feasible alternative to the established isoelectric precipitation method of soya isolate
production.' An economic evaluation of the ultrafiltration process relative to the
isoelectric process (Hensley & Lawhon 1979) indicates that the ultrafiltration process
is commercially viable. It is believed that certain manufacturers have subsequently
implemented the ultrafiltration process for soya isolate but, due to considerations of

commercial confidentiality, further details are not available.

EXPERIMENTAL

Experimental work was carried out using an Osmonics Osmo-17T-UF-PES pilot scale
ultrafiltration unit with a spirally wound membrane configuration. To enable a direct
comparison to be made with the isoelectric process, the feed solution used was
identical to that used for isoelectric processing, using defatted soya flakes from the

same consignment and an identical extraction procedure.

Two batches of product were extracted for each ultrafiltration run, giving typical
ultrafiltration batch sizes of 90 - 95 litres. A schematic diagram of the apparatus used

is shown in Fig.1.

Due to the size of the apparatus, all experimental work was carried out using a
combined ultrafiltration/diafiltration procedure as single stage ultrafiltration would not

have achieved the required separation.
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The object of the experimental work was to obtain a set of optimum conditions for

production of a soya isolate solution for subsequent spraydrying. These were to be

assessed in terms of:

i efficiency of separation of protein and non protein components (measured in
terms of protein on a dry solids basis in the finished product)

i. speed of operation (the shortest possible processing time to produce a desirable

product is clearly desirable).
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PRODUCT FEED

I
FEED TANK WITH RETENTATE
COOLING COIL _ RECYCLING
L | - T
25 MICRON RETENTATE ROTAMETER
CARTRIDGE FILTER DISCHARGE
T
HIGH PRESSURE OUTLET PRESSURE
PUMP CONTROL VALVE
7 T
INLET PRESSURE TEMPERATURE
CONTROL VALVE GAUGE
Z 7
PRESSURE MEMBRANE PRESSURE
GAUGE - MODULE GAUGE
]
PERMEATE
DISCHARGE

Fig. 1. Ultrafiltration Unit.

CHOICE OF PARAMETERS TO BE STUDIED.

Certain parameters remained unchanged throughout the test runs:

1. Initial solution pH was maintained at 8.5 - 9.0 as lower values would reduce
protein solubility while higher values could cause formation of lysinoalanine
ii.  Temperature was maintained between 55°C and 60°C as lower temperatures
were likely to result in microbiological spoilage problems whereas higher

temperatures could cause protein denaturation and lysinoalanine formation.
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The following parametefs were selected for further study:

1. Choice of membrane pore size. Membranes with molecular weight cutoffs

(MWCO’S) of 80000 - 120000 and 40000 - 60000 respectively were evaluated.

it. Pressure drop across the membrane module.
ii. Various combinations of preconcentration/diafiltration/final concentration
times.

TEST PROCEDURE

The procedure used involves the repéated cycling of the test solution through the
apparatus and collection of retentate samples for analysis at regular intervals. Pressure
drop and flow rates were controlled by use of the two regulatory valves. Temperature
of the system was maintained at 55 - 60°C by periodic cooling of the feed tank by
means of a cooling coil. Solution volume was maintained constant during diafiltration
by addition of water to the feed tank. Product yield when required was obtained by
determining the weight of solution remaining in the feed tank to which the weight of

solution (approximately 7kg) retained in the apparatus was added.

Tests to Determine Choice of Membrane.

Two test runs were carried out using spiral-wound membranes of 80000 - 120000 and
40000 - 60000 MWCO’S. Membranes were supplied by Messrs. Qsmonics Inc.
The tests comprised 5 hours diafiltration with a pressure drop of 1.3 bar followed by
concentration to a point where the temperature could no longer be kept below 60°C.
Concentration times were 2 hours for the 80000 - 120000 MWCO membrane test and

1 hour 20 minutes for the 40000 - 60000 MWCO membrane test.
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Results, expressed in terms of analysis figures for retentate samples taken at half

hourly intervals, are shown in Table 16.

Table 16. Effect of Membrane MWCO on Changes in Retentate Composition.

Initial 2.72 4.60 59.1 2.33 4.21 55.3
30 2.52 3.95 63.8 2.34 3.60 65.0
60 2.51 3.55 70.7 2.33 3.26 71.5
90 2.4 3.43 71.1 2.28 3.06 74.5
120 2.30 2.95 78.0 2.37 3.02 78.5
150 2.40 3.07 78.0 2.37 2.92 81.2
180 2.47 3.01 82.1 2.66 3.26 81.6
210 2.47 2.98 82.9 2.65 3.17 83.6
240 2.36 2.88 81.9 2.69 3.20 84.1
270 2.32 2.91 79.7 2.60 3.09 84.1
300 2.43 2.79 87.1 2.72 3.18 85.5
300
330 2.95 3.41 86.5 4.50 5.24 85.9
360 3.62 4.29 84.4 7.89 8.93 88.4
390 5.10 5.82 87.6 11.11 12.50 88.9
420 7.51 8.44 89.0
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The results are shown graphically in Fig.2. It can be seen that, while performance during

the diafiltration stage is broadly similar for both membranes, the 40000 - 60000 MWCO

membrane gives a much better performance during the concentration stage in terms of speed

of concentration and final solids achieved (which clearly must be as high as possible in order

to minimise the drying load during the subsequent spraydrying). This can be explained in

terms of the molecular weights of the material present’in solution after diafiltration - very

little protein of MW 40000 - 60000 is likely to be present whereas an appreciable amount of

protein with MW of 80000 - 120000 will be present and this will tend to clog the pores of

the higher MWCO membrane but simply pass over the pores of the lower MWCO membrane.

% PROTEIN (DRY BASIS)

90

85+
80+

70
65+

604

55

50 100 150 200 250 300 350 400 450
TIME (MINS)

—=— 80000-120000 MWCO —— 40000-60000 MWCO

Fig. 2. Ultrafiltration. Effect of Membrane MWCO.
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It was consequently decided to use the 40000 - 60000 MWCO membrane for all
subsequent test work. It can also be seen from the graph that protein percentage on
a dry basis showed virtually no increase between 180 minutes and 300 minutes,
indicating very limited separation of protein from non-protein components during the
latter stages of diafiltration. For subsequent tests, the diafiltration time was therefore

reduced from 300 minutes to 180 minutes.

Test to Determine Optimum Pressure Drop.

In theory, increased pressure drop across the membrane module should increase
separation efficiency but in practice this advantage needs to be offset against the
increased wear on the membrane resulting from higher pressures. Three test runs
were undertaken using the 40000 - 60000 MWCO membrane with pressure drops of
1.8, 1.3 and 1.0 bar respectively. In each case a diafiltration stage of 3 hours was
followed by a concentration stage.

Results, expressed in terms of analysis figures for retentate samples taken at half

hourly intervals, are shown in Table 17.
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Table 17. Effect of Pressure Drop on Changes in Retentate Composition.

(% protein, % solids, % protein dry basis.)

 Time
‘(mins)

Initial 2.71 4.43 61.1 2.52 4.40 57.3 2.67 4.54 58.8
60 2.69 3.51 76.6 2.54 3.52 72.2 2.63 3.63 72.5
120 2.53 3.00 84.3 2.47 3.13 78.9 2.55 3.19 79.9
180 2.47 2.83 87.3 2.42 2.91 83.2 2.52 3.04 82.9
180
260 13.67 15.42 88.7
280 11.19 12.57 89.0
285 12.70 14.24 89.2

The results are shown graphically in fig.3. As expected the higher pressure drop gave

improved separation efficiency during diafiltration however, by using a slightly longer

concentration time at lower pressure, an equally acceptable final separation was achieved.

In view of the membrane wear consideration mentioned above, it was decided to use a 1.0

bar pressure drop during subsequent tests.
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Fig. 3. Ultrafiltration. Effect of Pressure Drop.

5.4.3 Test to Determine Optimum Concentration/Diafiltration Sequence.
Up to this.stage diafiltration had been carried out by maintaining the initial volume
of material throughout the diafiltration stage. It was decided to carry out a
preconcentration stage prior to diafiltration so that the efficiency of the diafiltration
stage could be enhanced due to the lower volume of material processed and consequent

greater number of process cycles for the same time.

A test was therefore carried out using a 40000 - 60000 MWCO membrane with 1.0
bar pressure drop in which the initial volume of liquid was reduced by half by a
preconcentration step. This took 50 minutes and was followed by standard

diafiltration for a further 2 hours 10 minutes. A further final concentration stage then

followed.
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Results for this test, compared to those for the previous test at 1.0 bar pressure drop,
expressed in terms of analysis figures for retentate samples taken at regular intervals

are shown in Table 18.
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Table 18. Effect of Preconcentration on Changes in Retentate Composition.

Initial 2.67 4.54 58.8 2.54 4.34 58.5
50 - - - 5.23 7.30 71.6
50
60 2.63 3.63 72.5 - - -
120 2.55 3.19 79.9 5.01 5. 85.3
180 2.52 3.04 82.9 5.39 6.11 88.2
180 End Dlaﬁltmtmn— Bengo
235 - - - 11.66 12.96 90.0
285 12.70 14.24 89.2 - - -
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Results are summarised in Fig.4.

100 150 200 250 300
TIME (MINS)
—&— DIAF/CONC —+— PRECONC/DIAF/CONG

Fig. 4. Ultrafiltration. Effect of Pre-Concentration.

The improved and faster separation produced by diafiltration at higher concentrations

is immediately apparent.

iluti Diafi ion and Ef

1 {F Drop Durine Final Concentrat

A subsequent test was undertaken to establish the effect of several bulk re-dilutions
during the processing of pre-concentrated -material in order -to compare this to
diafiltration at constant volume. It was also suggested that an increase in pressure

drop during the final concentration stage only would increase process efficiency and,
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as the higher pressure would only be used for a limited time, membrane wear would

be minimised.
The following test sequence was therefore used:

Concentrate to half original volume then redilute to original volume (0 - 50 mins)

Re-concentrate to half volume then redilute to original volume . . (50 - 100 mins)
Re-concentrate to half volume ... ... ................ (100-150 mins)
Increase pressure drop to 1.8 bar and concentrate further . . . . .. (150-200 mins)

Results for this test (designated “"concentration/bulk dilution/concentration” test)
relative to those for the previous preconcentration/diafiltration/concentration test,
expressed in terms of analysis figures for retentate samples taken at regular intervals,

are shown in Table 19.



Table 19. Effect of Bulk Dilution on Changes in Retentate Composition.
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| Solids

Initial 2.54 4.34 58.5 2.57 4.33 59.4
50 5.23 7.30 71.6 2.58 3.62 71.3
100 - - - 2.54 3.24 78.4
120 5.01 5.87 85.3 - - -
150 - - - 5.04 5.87 85.9
150 centr,
180 5.39 6.11 88.2
180 Bcgm Final Concentration
200 12.93 14.58 88.7
235 11.66 12.96 90.0 ‘
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Results are summarised graphically in Fig. 5.
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Fig. 5. Ultrafiltration. Effect of Bulk Dilution.

It can be seen that efficiency of separation is not as good for the concentration/
dilution/concentration procedure as for the preconcentration/diafiltration/concentration
procedure. However, use of the higher pressure drop during the final \_s@age of the
concentration/dilution/concentration procedure improves the rate of increase of percentage

solids (i.e. final concentration is more rapid using the higher pressure drop).
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5.5 CHOICE OF STANDARD PROCESS CONDITIONS.

The following set of standard process conditions were therefore chosen:

Batch size 90 kg.

Temperature 55" -60°C

Initial pH 8.5-9.0

Pressure drop (preconcentration/diafiltration stages) 1.0 bar
Pressure drop (final concentration stage) 1.8 bar
Pre-concentrate to 50% of original volume (50 mins)
Diafiltration (2 hours 10 mins)

Final concentration until temperature rises excessively.

PROCESSING USING OPTIMISED CONDITIONS.
Three test runs were conducted using the standard process conditions. Results,

expressed in terms of analysis figures for retentate samples taken at regular intervals

are shown in Table 20.
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Table 20. Analysis Figures for Samples Produced in Repeat Runs Under Optimised Conditions.

(% protein, % solids, % protein dry basis.)

—

Initial 2.62 4.29 61.1 2.59 4.30 60.2 2.55 4.26 59.9
50 5.10 7.05 72.3 5.22 7.15 73.0 5.27 7.19 73.3
50
120 | 4.51 5.45 82.8 4.80 5.68 84.5 4.66 5.49 84.9
180 4.37 5.06 86.4 5.10 5.68 89.8 5.20 5.85 88.9
180
225 12.84 | 13.99 91.8 13.20 14.40 91.7 12.83 14.05 91.3
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Results, summarised in Fig.6, are highly consistent and show the effect of the higher pressure
drop during the final concentration stage which further improves separation efficiency relative

to previous runs.

g5
90+
85+
80
75

70
65 pd

GOK ...................................................................................
. 55 ] T T

50 100 150 200 250
TIME (MINS)

% PROTEIN (DRY BASIS)

—&— RUN1 —+— RUN2 —«— RUN3

Fig. 6. Ultrafiltration. Processing Using Optimised Conditions.
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SPRAYDRYING OF PROTEIN ISOLATE FROM ULTRAFIL. TRATION PROCESS.
The protein solutions were pre-heated to 55°C and mixed using a Silverson mixer to
ensure a uniform mixture. They were then spraydried in a Nebulosa pilot plant spray

dryer fitted with a nozzle atomiser. Conditions were as follows

Atomising pressure: 200 KPa

Inlet air temperature: 143 - 160°C

Outlet air temperature: 70 -95°C

Throughput: Approximately 30 ml/min.

Estimated evaporation
capacity: 1.5kg/ hr

Viscosity of the feed was considerably lower than that of the isoelectric process
product and it was possible to spraydry the solutions as is (i.e. at approximately 14%
solids). However, as in the case of the isoelectric process product, progressive
buildup of solid material occurred in the drying chamber, limiting the length of run

possible and adversely affecting product yield.

RESULTS
Analysis of Finished Product.
Chemical analysis results for the concentrated products from the UF unit and the

finished spraydried products are summarised in Table 21.
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Table 21. Analysis of Product Produced in Repeat Runs Under Optimised Conditions.

JE | % Protein 12.84 13.20 12.83

| % Solids 13.99 14.40 14.05
| % Protein (dry 91.8 91.7 91.3
- | basis)

| % Protein 81.89 8430 85.09
| % Solids 95.42 95.42 96.93

1 % Protein (dry 85.8 88.4 87.8
| basis)
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5.8.2. Calcula