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Extraction of oil and separation/concentration of proteins using aqueous, enzymatic and membrane separation
processes have been described in this article. Aqueous extraction of oilseeds has significance because of its energy effi-
ciency and the environmental safety of the process. Also, it has been observed that the various unit operations involved
in this process like grinding, solid-liquid separation, centrifugation, and drying played a vital role in the efficiency of
the oil yield. It has further been demonstrated that the low yield of oil in this aqueous extraction can be enhanced by
using enzymes and, in general, the enzyme mixture in combination gives better results than a single enzyme. The solu-
ble proteins from the aqueous phase were separated using ultrafiltration membranes, thereby avoiding the generation
of whey formation which otherwise is a matter of environmental concern. Even reverse osmosis membranes can be
employed to process the ultrafiltered permeate to recover the secondary products and render effluent water suitable
for reuse. These considerations suggest that by using these processing techniques good quality oil and protein products
with better yield can be obtained from the oilseeds along with a solution addressing the associated environmental

problems.
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The production of oils and fats has an important role to play in
the global economy. World production of oilseeds, which is
approximately 150 million metric tons (Bockish, 1998), of which
80% is accounted for by the major crops viz. soybean, cotton-
seed, sunflower and groundnuts (Salunke ez al., 1991). In addi-
tion to the importance of oils and fats for human nutrition there is
a substantial market for technical fats. The importance of these
oils and fats will increase considerably in the future, because they
represent a vast potential of naturally regenerating raw materials
in which the chemical and pharmaceutical industries have a spe-
cial interest. If the oilseeds are properly processed and utilised, it
would provide quite a large amount of proteins, which could be
used by human beings both qualitatively and quantitatively. Con-
ventionally, oilseeds are processed mainly to recover oil by
pressing and solvent extraction, which depends normally on the
oil content of the seed. A hexane based process has long been
used, but the major concern with this process has been the safety
implications in using hexane. Organic solvents such as hexane in
particular can contribute to the emission of volatile organic com-
pounds which is harmful as they can react in the atmosphere
with other pollutants to produce ozone and other photochemical
oxidants; these can be hazardous to human health, and some of
these gases are also carcinogenic and have toxic properties
(Rosenthal et al., 1996). This has caused concern and the need to
develop an alternative extraction technique has been recognized,;
from this recognition came the aqueous extraction technique we
discuss in the ensuing paragraph.
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Aqueous extraction process and its merits

The aqueous extraction of oilseeds to recover oil and other
value added products has significance because of its energy effi-
ciency and the fact that the extraction process does not require
any petroleum solvent. Oil can be obtained from oilseed materi-
als by the process of an aqueous extraction step followed by a
centrifugal separation which divides the aqueous extract into oil,
solid and an aqueous phase. The various unit operations involved
in this process are grinding, solid-liquid separation, centrifuga-
tion, demulsification and drying (Cater et al., 1974). The advan-
tages of the aqueous extraction process are the simultaneous
recovery of oil and protein, the fact that no energy is required for
organic solvent stripping, no high investment is required for a
volatile organic compound emission monitor and control, there is
less fire and explosion hazard and a high quality of oil can be
obtained without degumming requirements. Further, less dena-
tured protein is obtained with high biological value and the prod-
ucts obtained are usually without antinutritional factors. With the
increase in population and wide prevalence of protein malnutri-
tion, attempts are being made to utilise protein from several
unconventional sources (Sosulski, 1962). Increasing concern
about the environment and energy necessitates that technologies
be modified or replaced with those which are cleaner and less
energy intensive. Also, the oil cake obtained after the extraction
of oil is a rich source of protein. Due to the presence of some
antinutritional components, it is not always possible to use this
protein for edible purposes (Nichols & Cheryan, 1981). If pro-
cessed properly, the oil cake can be a major source of protein
supply to a nutrition deficient population of a country. Further,
the present technique of producing edible protein from oil cake



2

gives rise to a whey solution, the disposal of which is another
matter of environmental concern.

The aqueous extraction step is carried out by dispersing the
ground seeds in water and then agitating the dispersion to
enhance the extraction of seed constituents. For better extraction
efficiency, factors like the solid to water ratio, pH of dispersion,
extraction time and temperature are important. When the per-
centage of solids in the dispersion is high, it is important to
remove undissolved solids, making it possible to efficiently
recover oil by centrifugation. The main solids are fibrous materi-
als, undissolved carbohydrates and proteins depending upon the
pH employed in the extraction step. Centrifugation is also one of
the key steps in the aqueous process in which the liquid contain-
ing both dissolved and undissolved matter is separated into oil,
solid and aqueous phases. Depending on the material and the
conditions selected, the oil can be recovered as free oil or as an
oil-in-water emulsion. If an emulsion has been formed, it can be
broken using the phase inversion technique or some other meth-
od. Oil extraction using the aqueous extraction process is based
more on the insolubility of oil in water than the dissolution of oil
(Johnson & Lusas, 1983). The process involves mixing ground
and dehulled oilseeds in vats of hot water and skimming off the
oil which rises to the surface (Lusas & Gividan, 1987); this pro-
cess also uses the same principle as hot water flotation (South-
well & Harris, 1991). Nowadays in the aqueous extraction
process centrifuges have been incorporated instead of gravity
separation which results in highest oil and protein recovery as
well less damage to the nutritional value of food proteins
(Hagenmaier et al., 1972, Embong & Jelen, 1977). The unit
operations involved in this process depend on the various types
of oilseeds (Lusas ef al., 1982). The oil recovered after breaking
the emulsion and separating the phases is usually of a high qua-
lity. This process requires no degumming treatment of the oil
before it is subjected to refining (Dominguez et al., 1995).

The grinding operation determines the oilseed particle size.
Sufficient grinding which breaks down the walls of the cells con-
taining the oil is essential. The type of grinding (wet or dry)
depends on the oilseed and is dependent based on several factors:
initial moisture content, chemical composition and the structure
of the oilseed. For coconut, wet grinding is more appropriate as
this avoids the drying step prior to the grinding, whereas for
materials with low initial moisture content like peanuts, rapeseed
and soybean, dry grinding is considered more suitable. Excessive
grinding induces cell ruptures and increases the efficiency of oil
and protein extraction, however, it also produces smaller oil glob-
ules, which makes demulsification more difficult. With respect to
power consumption level, simple stirring is sometimes sufficient
to obtain high yields in the cases of peanuts and sunflower
(Hagenmaier, 1974). High shear stirring also achieves further
disintegration of the cells and thereby releases the oil. Increasing
the blending time in general improves the yield of oil extracted,
but there is also a chance that this will result in the formation of a
stable emulsion, which will adversely affect the total yield
(Embong & Jelen, 1977). pH plays a vital role in the extraction
step and varies with the oil bearing materials. The temperature
also seems to have a considerable effect on oil yield; in some oil-
seeds the extraction temperature was not critical for protein
recovery but was critical to oil extraction yield (Lusas et al.,
1982). Also, to obtain a less stable emulsion, the solid:water ratio
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should be high and to obtain the highest extraction rates and
yields, it is usually necessary to use a large quantity of water. The
solid : water ratio reported in the literature for peanut oil extrac-
tion is 1 : 5-12 (Subramanian er al., 1959; Rhee et al., 1972;
Bhatia et al., 1996), for sunflower 1:10 (Hagenmaier, 1974), for
soybeans 1 : 12 (Lusas et al., 1982) and for rapeseed 1 : 2.5-3.5
(Embong & Jelen, 1977).

Application of aqueous extraction process to various oilseeds

It is also believed that the application of aqueous processing to
soybean might remove sugars and flavor which cause problems
of "off-flavor” in this major plant protein source (Cater er al.,
1974). It has been reported that 62% oil has been extracted using
aqueous extraction in soybean seeds and a period of 40 min was
sufficient to extract both the oil and protein (Yoon et al., 1991).
Separation and recovery of protein and oil include a demulsifica-
tion step followed by separation of the aqueous and oil phase by
centrifugation. Two oilseeds that might be partially potential can-
didates for aqueous processing are sunflower and rapeseed. Sun-
flower seed contains chlorogenic acids which cause it to turn
dark green or brown when wetted. It has been reported that these
phenolic acids can be removed by aqueous extraction (Sosulski
& McCleary, 1972). Rapeseed contains toxic sulfur compounds
which must be removed before the protein can be considered edi-
ble, and this can be achieved by aqueous extraction (Sosulski et
al., 1972). Simultaneous recovery of oil and separation of toxic
sulfur compounds from protein suggested that aqueous process-
ing might be applied advantageously to rapeseed. Peanut is the
world’s third important oilseed crop in terms of production after
soybean and cottonseed (F.A.O., 1988). Besides being rich in
edible oil, peanut is also a good source of dietary proteins, vita-
mins and minerals. In the developing countries of Asia and Afri-
ca, peanuts are used mainly for their edible oil. Only a small
proportion of peanuts produced is processed for direct consump-
tion of salted peanuts, sweetened products and in a number of
indigenous products such as peanut butter, candies, salads,
cheese and yogurt-like products, protein concentrates and iso-
lates and protein rich peanut meals (Woodroof, 1983; Kadam &
Chavan 1988). It has been reported that by employing the aque-
ous extraction and membrane separation processes both good
quality oil and protein can be obtained from peanut (Lawhon et
al., 1981).

Application of aqueous processing to cottonseed is also inter-
esting. Since glanded cottonseed contains glands which rupture
in aqueous media and react with the proteins, the application of
the aqueous process seems impractical. However, new varieties
of the glandless type which are free of gossypol might be pro-
cessed successfully by this method. Very recently a process has
been developed for recovering oil and protein from canola seed
without the use of organic solvent. The process consists of pre-
pressing to remove most of the oil, followed by extraction with
aqueous alkali. The resulting emulsion is separated into an oil
and aqueous phase (Diosady, 1999). The time required to reach a
desired extraction level depends on the oilseed as well the pro-
cess variables. Coconut cake contains a substantial amount of
nutritionally balanced protein. However, due to its high fiber con-
tent its potential use in the food industry is limited (Chakraborty,
1985). Coconut would be a valuable source of high grade protein
if a suitable method of oil extraction could be devised. The tradi-
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tional method is to dry the kemel of the coconut to give copra,
which is then pressed in an expeller at high temperature. The res-
idue containing the protein is not fit for human consumption and
the oil is of poor quality. Coconut protein represents a substantial
source of potentially available food protein in a number of tropi-
cal countries, but the protein is currently not usable as food be-
cause of the unsanitary manner of copra processing. Consequent-
ly, efforts have been made to process fresh coconuts in a way that
food grade protein can be recovered. Another major problem is
the handling of large amounts of fibrous material and low protein
content. The coconut meat must be thoroughly ground to achieve
efficient oil extraction from the fiber. Further, the meat initially
contains a high amount of moisture so that in the grinding pro-
cess a rather stable emulsion is formed, and this is broken by
inversion or agitation. Recovery of proteins from coconut for use
as human food is possible by aqueous processing. The high tem-
peratures inside the copra expeller normally lower the nutritional
value of coconut protein, and consequently this protein is gener-
ally not highly regarded for its nutritional value. However, if the
coconut oil is removed without exposing the coconut to exces-
sive heat, the protein retains its nutritive value. Because the nutri-
tion value of this protein is considered important, aqueous pro-
cessing has as one of its primary goals the preparation of coconut
protein food products (Hagenmaier, 1997). More income can be
realized if the available proteins can be recovered for human con-
sumption.

Disadvantages

Although it is accepted that wet processing is by far the supe-
rior process, it has its own drawbacks. Wet processing generates
a substantial quantity of water that has a high BOD value. The
aqueous extraction process, however, is somewhat less efficient
in oil extraction and demulsification is necessary to recover clear
oil when an emulsion is formed; some oil is also invariably lost
in the aqueous emulsion phase. Further, increased care is neces-
sary to prevent microbial contamination.

Extraction using enzymes

It has been reported that the lower yield of oil obtained using
aqueous extraction can be increased by using enzymes as well
better quality meal can be obtained (Rosenthal er al., 1996). Fur-
ther, the enzyme complexes fit the processing requirements
because of the mild conditions that avoid drastic operating condi-
tions. Enzymes have been used in oils and fats in several areas
like oil extraction, mono- and diglyceride production, steroid and
fatty acid transformation (Caragay, 1983; Poroske, 1984; Rat-
ledge, 1984; Hollo, 1987; Graille ez al., 1990). Table 1 gives the
different types of enzymes used and the yield of oil obtained
from some oilseeds. Because of the enzymatic action, the cell
wall of the oilseed is ruptured, thereby releasing the oil from the
seed. This has already been practised for the extraction of olive
oil and has also been tried for other oilseeds (Christensen, 1989).
The different types of enzymes used in the oil extraction process
are amylase, glucanase, protease, pectinase, cellulolytic and
hemicellulolytic enzymes. Because of the mild conditions em-
ployed during extractions good quality valuable components are
obtained (Olsen, 1988). It has further been reported that an
enzyme mixture in combination gives better results in general
than a single enzyme. Mixtures of enzymes yield more oil due to
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their combined effect on colloidal and lipoproteic structures
(Dominguez et al., 1994). Proteolytic enzymes enhance the yield
of oil and protein by hydrolysing the structural fibrous proteins in
which fat globules are bound (McGlone et al., 1986). Thus it has
been reported that using proteolytic enzymes in soybean oil
extraction resulted in 86% yield compared to 62% without en-
zymes, while protein increased from 62 to 89% (Dominguez et
al., 1993). Most of the enzyme extraction studies employ differ-
ent extraction conditions: different pH, particle size and tempera-
ture to improve the efficiency of oil extraction.

Using the aqueous enzymatic extraction employing protease,
cellulase and o-1,4 galacturonide glycano hydrolase either sepa-
rately or in combination 74-78% of peanut oil has been extracted
(Lanzani ef al., 1975), and employing a combination of cellulase
and pectinase for sunflower seed approximately 30% more oil
yield was obtained (Dominguez et al., 1995). For coconut oil
extraction using enzymes McGlone et al. (1986) reported obtain-
ing an oil yield of 80% with a combination of polygalacturonase,
o-amylase and protease. In this process enzymes were used to
hydrolyse the cellular material and oil was recovered by centrifu-
gation. This technique for recovering oil from fresh coconut meat
with enzymes was a significant improvement in both oil yield
and quality over the conventional processes (Che Man et al.,
1996). Also, in shea fat extraction an increase of 20% was possi-
ble when a mixture of enzymes (protease and an enzyme with
both cellulase and hemicellulase) was used while extracting the
fat from the shea kernel (Debrah & Ohta, 1994). In corn germ
pre-treatments were made to the germ to inactivate the native
enzyme present and thereby the structure was loosened. It was
then ground and treated with enzymes, the oil was separated by
centrifugation and 84% of the oil was recovered (Bocevska &
Karlovic, 1993).

Oil accumulates in seeds in the intracellular vacuoles from
which its extraction could be enhanced by the hydrolytic action

Table 1. Aqueous enzymatic extraction for some oil bearing materials in
comparison to control.

Concen-  Oil

Oilseed Enzyme tration  yield Reference
(%) (%)
Coconut  Control (without enzyme) 19.3
Cellulase+a-amlase+ 0.1 41.6
Polygalacturonase+protease Che Man et
Cellulase+a-amylase+ 0.5 497 411996
Polygalacturonase+protease ’
Cellulase+o-amylase+ 1.0 73.8
Polygalacturonase
Shea Control (without enzyme) 40.0 Debrah &
Protease-+cellulase&hemi- 05 741 Ohta 1995
Cellulase+glucanase
Avocado  Control (without enzyme) 2.0
a-amylase 1.0 70.0  Buenrostro
a-amylase+protease 1.0 670 & Lopez-

. Munguia,
a-amylase+cellulase 1.0 67.0 036
o-amylase+protease+cellulase 1.0 620

Peanut Control (without enzyme) 72.0 Lanzani et
Protease+cellulose+0-1,4 ga- 10 780 @l 1975
lacturonide glucano hydrolase
Corngerm  Control (without enzyme) 20.0 Bocevska
: " : & Karlovic,
Pectinex (ultra SP-1.) 2.0 80.0 1993
Soybean  Control (without enzyme) 62.08 Dominguez
Cellulase+pectinase 0.1 6.0 etal., 1993
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of carbohydrates, which act on the glucans of the cell wall and
thereby release the oil. The main parameters affecting the hydro-
lytic process are particle size, moisture and enzyme concentra-
tion. The nature of the enzymatic formulation and the enzyme/
seed ratio determines the optimum hydrolysis time. Apart from
the concentration of enzymes and the type, there are other factors
which play a role in the oil yield like degree of grinding, pH,
temperature, time and centrifugation conditions. Another factor
to be considered is the difference in the roles of enzymes. Carbo-
hydrases act only on the cell wall which allows the release of oil
whereas proteolytic enzymes act not only on the membrane sur-
rounding the lipid bodies and the cytoplasmic protein, but also
have a better emulsifying capacity. Thus, in comparison with the
hydrolytic enzymes used in extraction, proteolytic enzymes can
potentially have a better effect depending on the degree of
hydrolysis of a protein.

Membrane process

Membrane separation technology, although still remaining
unconventional, has attained a level of maturity as a common
chemical engineering unit operation. It has several advantages
over conventional separation techniques:
« Flexibility in equipment design and operation, as the systems
are modular in nature
« Brings separation without any phase change (except pervapo-
ration) and hence a number of other conventional and more
costly separation technologies like distillation, cryogenic separa-
tion and chromatographic separation.
* Minimum space requirement in relation to throughput
* Membrane process is gentle and mild and hence the chemical
identity of the feed component remains intact
* Wide range of molecular weight components in the process
stream can be taken care of
* Offers lower costs and less maintenance
 Improves final product quality
* Performs difficult separations not possible by other separation
technologies
« Effective in processing dilute solutions
* Eco-friendly process

Ultrafiltration (UF) was considered a concentration and purifi-
cation technique in laboratory preparations in the last century.
The breakthrough came from the development of asymmetric
membranes, which were composed of an ultra-thin microporous
layer supported by a microporous structure. In comparison to
symmetrically structured membranes, asymmetric ones exhibited
a much higher permeability owing to a reduced effective pore
length and the avoidance of deep bed filtration. The asymmetric
UF membranes are now standard and are manufactured in
numerous geometric configurations and modules, so as to
achieve high surface arcas per unit volume (packing density).
The modules range from flat membranes to plate and frame sys-
tems, sandwich modules, tubular system, capillary devices and
hollow fibre cartridges (Koseoglu & Engelgau, 1990). Commer-
cial UF membranes are now available which offer good selectiv-
ity, a high permeability and considerable chemical stability. In-
organic membranes have recently been developed which are
capable of withstanding high temperatures and pressures (Kawa-
katsu & Nakajima, 1995).

Extensive reviews on different membrane processes, mem-
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brane materials, membrane preparation, transport mechanisms
and models, potential applications etc. have been reported in the
literature giving a vivid picture of this separation technology
(Meares, 1976; Lancey & Loes, 1979; Belfort, 1984; Kesting,
1985; Sourirajan & Matsuara, 1985; Drioli & Nakagaki, 1986;
Parekh, 1988; Sidhoum et al., 1988; Cecille & Toussaint, 1989;
Rautenbach & Albrecht, 1989; Porter, 1979). With the advent of
the pressure-driven membrane processes like reverse osmosis
(RO) and UF and also the high degree of technical maturity of
these separation techniques, it is now possible to handle the
aqueous effluents both for by-product recovery and pollution
abatement. UF is increasingly being used as a concentration and
separation technique in a variety of industries, mainly due to its
low energy requirements, non-thermal nature and simplicity. The
membrane separation technique, which has already been applied
to oilseed protein processing, enables the removal of antinutri-
tional factors and other indigestible components such as sugar
and ash by the addition of water soluble chemicals. Transition
from conventional iso-electric precipitation to UF in the prepara-
tion of protein isolates resulted mainly from the advantage of UF
in terms of yield (due to recovery of whey protein), energy effi-
ciency and the enhanced functional properties of the isolates
owing to mild processing conditions. In addition to pollution
abatement, the membrane isolation process offers products with
enhanced nitrogen solubility, greatly reduced process water
requirements and products with more desirable functional prop-
erties.

Increasing concern about the environment and energy necessi-
tates technologies to be modified or replaced with cleaner and
less energy intensive ones. Also, the oil cake obtained after oil
extraction is a rich source of protein. Because of the presence of
some antinutritional components, it is not always possible to use
this protein for edible purposes. If processed properly, however,
this can be a major source of protein supply to a nutrition defi-
cient population. The present technique of producing edible pro-
tein from an oil cake results in a whey solution, disposal of
which is a matter of environmental concern. Considering this
rapid growth of membrane technology in the pharmaceutical
field and those of food processing, medical and biotechnology as
a separation technique, its potential application in the area of oil-
seed processing and utilisation deserves considerable merit. Cur-
rent membrane separation research has been applied to miscella
distillation, vapour recovery, condensate return, wastewater treat-
ment, degumming, refining and bleaching, hydrogenation cata-
lyst recovery, oilseed protein processing and nitrogen production
(Koseoglu & Engelgau, 1990; Snape & Nakajima, 1996). In the
membrane isolation process, UF membranes were used to recov-
er protein directly from oilseed flour extracts, thereby avoiding
the generation of whey, which resulted from the acid precipita-
tion procedure. RO membranes were employed to process the
UF permeate to recover a secondary product and to render the
effluent water suitable for reuse. These considerations motivated
investigators to merge two significant processing techniques i.e.,
the aqueous extraction process and the membrane isolation pro-
cess into a single procedure having the significant advantages of
each method. The new technique was applied to the production
of oil and protein food products from the oil-bearing materials.

A great deal of information about vegetable oilseed proteins,
their chemistry and processing using UF as a separation process



Processing of Oilseeds to Recover Oil and Protein

has been published in review papers and books. Many authors
(Okubo et al., 1975; Lawhon et al., 1978; Hensley & Lawhon,
1979; Manak et al., 1980; Culioli & Maubois, 1975; Knuckles et
al., 1980; Eakin er al., 1978; Olsen, 1978; Goldberg & Chevrier,
1979; Tsai et al., 1977; Payne et al., 1973; Melling, 1974) have
summarised the literature related to work on vegetable proteins
by UE. With increasing stress on the quality of meal and protein
for human food uses, several innovations in oil milling technolo-
gy such as selection of raw materials, pre-treatments, use of spe-
cial solvent systems and a selective extraction procedure have
contributed in a large measure to the production of oilseed meals
of superior quality. But to meet the standards specified by nation-
al and international agencies for edible meals, the post harvest
technologies need to be developed to obtain a cake/meal low in
pigments and fibre by suitably modifying the conventional prac-
tices. These include primarily the removal of phenolics, bitter-
tasting materials and other toxic compounds from the meal to
convert it into light-colored edible grade product (Vix & Deco-
sas, 1969). By leaching out the soluble constituents and course
fibrous components, it is possible to obtain protein concentrates
containing approximately 70% protein on a moisture-free basis.
The protein concentrates are claimed to have improved flavor
characteristics and superior functional properties when incorpo-
rated in processed foods (Bondi, 1959). The preparation of pro-
tein isolates containing not less than 90% protein provides
another important avenue for the better utilisation of oilseed pro-
teins in processed foods. Elimination of the insoluble and partly
indigestible carbohydrate fractions as well as removal of odorif-
erous, toxic and anti-nutritional factors, serve to improve the
quality of protein.

Vegetable protein processing

Table 2 gives the summary of work done on vegetable pro-
teins. Vegetable protein products have been consumed for centu-
ries in Asia and Middle Eastern countries with a growing interest
in health and fitness. There are signs that vegetable proteins will
constitute a much higher proportion of the human diet in the
future. Soybeans are by far the most important source of these
proteins. The desirable components of soybeans are protein and
fat, but there are also some undesirable components that must be
removed or reduced to increase the usefulness and functionality
of soybean products. Lipid-lipoxygenase interactions must be
avoided to prevent painty off-flavors from developing. Phytic
acid forms insoluble chelates with minerals and can form com-
plexes with proteins that reduce bioavailability of the minerals
and proteins. Trypsin inhibitors are proteinaceous compounds
that affect the efficiency of protein concentrates and isolates and
partially overcome these problems. These methods involve ex-
traction, heat treatment and centrifugation to separate the protein
and fat from other components. These conventional methods are
time consuming, sometimes result in products with less than
desirable functional properties and generate a whey-like waste
stream which constitutes a water pollution threat.

UF has been investigated as a replacement for the convention-
al isolation methods (Frazeur & Huston, 1971; lacobucci et al.,
1973). Since the undesirable oligosaccharides, phytic acid and
some of the trypsin inhibitors are smaller in molecular size than
proteins, it should be possible by careful selection of the mem-
brane and operating parameters to selectively remove these unde-

Table 2. Summary of work on vegetable proteins.

Material Description of work Reference
Soybean Dissociation of phytate from Okubo et al., 1975
protein, followed by removal of
dissolved phytate by UF
UF aqueous extracts of whole Omosaiye & Cheryan,
soybeans 1979
Process optimisation Lawhon et al., 1978
Glandless Stable products from glandless Lawhon et al., 1979

cottonseed cottonseed using membranes

Processing of cottonseed
protein extracts using UF

Combination of UF and
isoelectric precipitation

Hensley et al., 1977

Lawhon er al., 1980

Sunflower Alkaline extraction, UF and Culioli & Maubois,
texturisation of the product 1975
Alkaline extraction, UF, Culioli et al., 1975
diafiltration and spray drying

Alfalfa leaf  Processing of pasture herbage Ostrowski, 1979

protein using membranes

UF pilot scale studies of Knuckles et al., 1980
clarified alfalfa juice
Fractionation of alfalfa protein Eakin et al., 1978
by UF

Beans Pilot plant production of bean Oslen, 1978
protein by UF

Potato Use of tubular UF system to Eriksson & Sivik, 1976
concentrate protein in potato
processing waste. Effects of pro
cessing variables on the
permeate rate

Jojoba Optimal separation of Jojoba Nabetani et al., 1995

protein using membrane process

sirable components and produce a purified protein isolate or lipid
protein concentrate (depending on the starting material) with
superior functional properties. The manufacture of soy products
by UF usually results in higher yields because of the inclusion of
whey proteins that are normally lost in conventional manufactur-
ing methods. These whey proteins also contribute to the superior
functional properties of the UF soy products, in addition to the
benefits of the non-thermal and chemical nature of the UF pro-
cess. The application of UF in several other vegetable protein
systems has been studied, among them alfalfa, cottonseed, fava
beans, lupinus atbus, sunflower seeds, rapeseed, pasture herbage
and leaf protein (Lah & Cheryan, 1980; Lah ez al., 1980; Knuck-
les et al., 1975; Lawhon et al., 1977; Diosady et al., 1984;
Ostrowski, 1979; Tragardh, 1974; Lawhon et al., 1981; Cheryan,
1986; Krishna Kumar & Bhowmick, 1995a; b; Nabetani et al.,
1995). Figure 1 shows a conceptual flow diagram for the recov-
ery of oil and proteins from coconut using aqueous, enzymatic
and membrane separation processes. As shown, by using aque-
ous enzymatic extraction and membrane separation process,
some value added products like oligosaccharides, fibres are ob-
tained in additon to the oil and protein. Further, the process water
obtained after the UF permeate will be treated with RO mem-
brane and can be reused, thereby avoiding the generation of
whey which otherwise is an environmental concern.

Research and development needed for the future

Aqueous enzymatic extraction of oilseeds to recover oil offers
better advantages than the normal solvent extraction process.
However, development of a suitable enzymé for a particular oil-
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seed processing has to be explored; for the process to be eco-
nomically viable, reuse of the enzyme must be considered along
with water. Although the membrane separation process may
overcome this aspect, it is so far restricted to lab scale studies,
barring a few industrial applications like in the case of soybeans
where oligosaccharides are purified by UF and B-amylase pro-
duction from defatted soybean using UF membrane (Nakajima et
al., 1996). Protein processing by UF is attractive, because it
recovers all the soluble proteins through proper membrane selec-
tion, removal of low molecular weight solutes by diafiltration
and recycling of UF permeate by RO. However, a pre-requisite
for the successful application of UF in oilseed protein processing
appears to be the conditions and characteristics of the starting
materials.

Consequently, it is realized that there is still much to be
learned about the UF process in general and about applications in
particular. Except for the dairy industry, work on the factors
influencing membrane performance is limited, especially to oil-
seed proteins. The main aspects which need attention for suc-
cessful operation in the UF processing of a given protein solution
are the proper selection of the membrane which gives a balance
of selectivity and permeation rate, methods of feed pre-treatment
for UF to reduce fouling and enhancement of the membrane per-
formance. Studies on aqueous extraction of oilseed proteins have
not given any useful information regarding the system design,
process development etc. for the maximum recovery of oil and
protein. Further process development and economic viability
studies are necessary before the scale of the entire system can be
raised.

A conceptual flow diagram for the recovery of oil and protein from fresh coconut using aqueous enzymatic extraction and membrane separation pro-
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