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. INTRODUCTION

As the world population continues to grow exponentially, the demand for food
proteins will inevitably increase substantially. It has been forecast that within
the next decade, in order to just maintain the present level of human nutrition,
the supply of vegetable proteins must be doubled together with a fourfold in-
crease in the production of animal-based proteins (1). Since such a dramatic
growth in meat production is hard to achieve, human diet will likely rely more
on vegetables and cereals as protein sources. In addition to continuing to sustain
of human life as they have done for thousands of years, plant-based proteins (or
vegetable proteins) offer great potential as functional food ingredients. In the
past decades, many processes have been developed to produce proteins to be
used as meat extenders in processed meat products or as protein-enriching
agents in beverages. In the processing of vegetable proteins, much attention is
paid to the preservation or improvement of their nutritional value as well as
organoleptic and functional properties.

Storage proteins in oilseeds, legumes, and cereals have been the focus of
process and product development for food and industrial protein products. Pro-
tein products can be produced by the preferential extraction of nonprotein seed
components, as is the case with soy protein concentrate, or by the dissolution,
purification, and recovery of proteins in the form of protein isolates.

For protein isolate production a number of aqueous and some nonaqueous
organic solvents have been investigated (1). The storage proteins include a num-
ber of albumins, globulins, prolamines, and glutelins with a variety of molecular
weights and a range of solubility characteristics. Albumins are typically soluble
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in water (pH 6-8), globulins in dilute salt solutions, prolamines in ethanol, and
glutelins in dilute acid or alkali. Most of these proteins are highly soluble in
strong alkali, although their functional properties may be altered by partial or
complete denaturation at these extreme conditions.

Soy proteins have been used as traditional foods in the orient. Accord-
ingly, they have been studied extensively, and there are numerous commercial
processes for the production of a wide range of commercial soy protein prod-
ucts. Many other protein sources were investigated in attempts to find alterna-
tives to soy proteins. This was driven by the functional, nutritional, and aller-
genic problems of soy proteins, as well as the desire to develop value-added
products from a number of underutilized plants or plant products, such as oilseed
meals after oil extraction. Significant research advances were made in the pro-
duction of wheat gluten, corn zein, and a number of oilseed proteins from pea-
nuts, cottonseed, canola, and others.

In cereal grains the main storage proteins are usually the alcohol soluble
prolamines, while the salt-soluble globulins are abundant in oilseeds and le-
gumes (2, 3). Regardless of their origins, these globulins all belong to two
classes of different molecular sizes, usually denoted in the literature by their
sedimentation coefficients as 7S and 11S (1).

Most protein extraction processes are based on aqueous extraction using
single- or multistage batch operation. The latest advances made in the methods
for protein extraction feature the combinations of solvents with optimized ex-
traction parameters and advanced separation technologies such as membrane
processing to increase both the yield and quality of the protein products.

In addition to their main use as functional ingredients in many food sys-
tems, proteins from vegetable sources are also used in some industrial processes
as size, adhesive, or dispersive agents.

Il. SOY PROTEINS

The processing of soybean proteins has evolved since ancient times. For nearly
15 centuries people in Asia have combined the use of rice and the products of
soybeans to produce an inexpensive diet that is reasonably well balanced in
terms of essential amino acids. They learned that the greatest nutritional value
from soybeans is obtained through a water extraction followed by coagulation
of the resulting milky liquid into a curd. Crude as this ancient method is, it has
provided the basis for the development of many modern processing methods.
Nutritional studies show that soy proteins are an excellent source of food
proteins. The amino acid composition of soy protein isolate nearly meets the
essential amino acid pattern set by FAO/WHO/UNU as shown in Table 1 (3,
4). In combination with rice, the low methionine level of soy and the low lysine
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Table 1 Comparison of Essential Amino Acid Content of Soy Protein Isolates
to WHO/FAO/UNU Requirements

WHO/FAO/UNU suggested

pattern (mg/g protein) Essential amino acid

content of isolated soy
Essential amino acid 2-5 years 10-12 years Adult protein (mg/g protein)
Histidine 19 19 16 26
Isoleucine 28 28 13 49
Leucine 66 44 19 82
Lysine 58 44 16 63
Methionine and cysteine 25 22 17 26
Phenylalanine and tyrosine 63 22 19 90
Threonine 34 28 9 38
Tryptophan 11 9 5 14
Valine 35 25 13 50

Source: From Ref. 3.

level of rice are both overcome. The high digestibility of soy proteins has been
demonstrated by extensive nutritional studies on both animals and humans. Cur-
rently, four major classes of soy protein products are in commercial production:
flour, protein concentrates, protein isolates, and textured products. Their total
production exceeds one million tonnes.

Soy flour can be made from either full-fat dehulled soybeans or dehulled
defatted flakes. Full-fat soy flour contains fat in excess of 18%, while the oil
content of defatted flour is usually less than 1%; thus, the protein content is
much higher than that of full-fat flour. To process full-fat flour, high-quality,
sound, clean, yellow soybeans are selected. Conventionally, these beans are first
conditioned to a desirable moisture level and then cracked in roll mills. The
cracked beans are dehulled by aspiration and screening. The meats are cooked
at temperatures above 93°C by steam in another conditioner to inactivate en-
zymes such as lipoxygenase. After being dried, they are ground in two steps
using a hammer mill to particle sizes small enough to pass through a 0.149-mm
screen (No. 100 U.S. Standard Screen) (5).

The production of defatted soy flour is directly linked to oil extraction
from soybeans, which involves solvent extraction and desolventizing. The defat-
ted and desolventized soy flakes with an appropriate moisture content are then
ground in a hammer mill until 97% passes through a 0.149-mm screen (No. 100
U.S. Standard Screen).

The term protein concentrate refers to products containing at least 70%
protein produced by alcoholic extraction of carbohydrates, leaving behind the
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insoluble proteins, whereas protein isolate is usually used to describe products
with more than 90% protein produced by the extraction, purification, and recov-
ery of soy proteins. Although both protein concentrates and isolates can be made
from full-fat soybeans, the products find limited use due to their appreciable fat
content. Therefore, manufacturing of these protein products usually start with
defatted soy flour after the grinding of the defatted flakes to facilitate subsequent
extraction. The dehulled flour has a protein content of about 50%.

Protein concentrates are produced by washing the meal to remove soluble
carbohydrates with dilute acid, aqueous ethanol, or hot water, as none of these
dissolves significant amounts of soy protein. With dilute acid, the pH of the
extraction solution is adjusted to 4.5, the observed isoelectric point of soy pro-
teins, where the solubility of soy proteins is minimal (6). The insoluble material
containing most protein is thus separated from the soluble impurities in a batch
operation that is repeated several times. The effect of ethanol is similar as most
proteins are insoluble in 60—80% aqueous ethanol; thus, soluble oligosaccha-
rides are extracted and separated (7). Aqueous alcoholic extraction also causes
denaturation of the trypsin inhibitors present in the seed and removes some of
the undesirable phenolic components, thus improving the quality of the product.
The ethanol is removed from the protein concentrate and recovered by flash
desolventizing. For hot water extraction, the starting material is first toasted to
denature the proteins and decrease their nitrogen solubility index (NSI), and
thus decrease protein solubility, while maximizing carbohydrate dissolution (8).
In the treatment, the soy flakes are extracted with hot water at 66—93°C in either
a batch or a continuous countercurrent manner, and pH is maintained in the
range of 5.3-7.5.

The isolation of soy proteins takes an approach opposite to protein con-
centration (5, 9-11), wherein the protein is dissolved while most of the impuri-
ties are left behind in the solids. A generic process is outlined in Fig. 1. The
extraction is carried out with dilute alkali, pH 8—10, usually at elevated tempera-
tures of 50—-55°C. Although more protein could be extracted in more alkaline
solutions, protein tends to deteriorate faster at high pH values. Extraction condi-
tions, including pH, temperature, liquid-to-solids ratio, and additional reagents,
vary among different manufacturers, and information about most of the detailed
operating conditions remains proprietary. After extraction, separation of the aque-
ous extract from the solids is achieved by screening, centrifugation or decanting,
and polish-filtration. Optionally, the extract may be further clarified by chemical
purification by adsorbents, depending on the process adopted by the manufac-
turer. A food grade acid is then used to acidify the extract containing the soluble
protein portion to pH 4-5. The most commonly used acids are acetic, hydrochlo-
ric, phosphoric, and sulfuric. Upon acidification a protein precipitate is formed,
collected by centrifugation or filtration, and washed. The precipitate is usually
neutralized with dilute food grade alkali to form sodium proteinates, which can
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Figure 1 Commercial production of soy protein isolates (42).

be modified by jet cooking at 141-160°C, followed by treatment with a proteo-
Iytic enzyme for 1-30 min to improve the wettability and dispersibility of the
product (10). Although spray drying is the preferred drying method, the product
may be dried by other means such as a forced draft oven or a range drier. In
the end, about one-third of the starting mass is recovered as a protein isolate
containing more than 90% protein on a moisture-free basis (N X 6.25), one-third
remaining as the insoluble residue, and one-third in the whey solution. After
drum drying, the insoluble residue is used as a feed ingredient. The whey solu-
tion contains several undesired flavor components and trypsin inhibitors that
must be heat inactivated before it can be used even for feed.

Despite the generally desirable nutritional properties of soy protein con-
centrates and isolates, these products are typically powdery and do not exhibit
the consistency required for palatable foods. In order to expand their use, novel
processes have been developed to obtain soy protein products with the more
desirable meat-like textures. Technologies involved in these processes include
extrusion and spinning. In the 1960s, an extrusion cooking process was devel-
oped for the production of a fully toasted, full-fat, and texturized soy flour (12).
The extrusion of soy protein is similar to other food extrusion processes. The
extruders for texturizing are designed to handle high-moisture materials. In the
process, the dehulled flakes are first cooked with steam at 93—100°C and pre-
conditioned to a moisture content of 18%. The cooked material is then passed
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through a high-speed mixer where more steam is mixed with the flakes before
entering a Wenger extruder, wherein the material is pushed along inside a barrel
by a rotating screw while being heated by friction or indirect steam. High tem-
peratures of 121-143°C are reached for 1-1.5 min within the barrel. At these
high temperatures some hydrogen bonds break, unfolding the structured pro-
teins, which are then elongated and aligned by shear forces. When the melt is
forced through the die at the end of the barrel, it is rapidly expanded by the
release of steam upon leaving the extruder, producing a porous matrix. As the
proteins cool, new hydrogen bonds form to give the product a fibrous, meat-
like texture. The cooled product is ground in a pin mill to desirable particle
sizes and used in foods such as “bacon bits.”

The spinning process was originally developed in the synthetic textile in-
dustry for the production of nylon fibers. It has been adapted to the commercial
production of soy protein fibers (10, 11). A typical process for soy protein
spinning is shown in Fig. 2. A soy protein isolate is first dissolved in strong
alkali to make a “dope,” which is a solution with a protein concentration of
about 20% at a pH of 12—13. After filtration, the dope is pumped through a
spinneret made of a platinum plate with thousands of small holes less than 1
mm in diameter into a coagulating bath. As the dope contacts the acid and salt
in the coagulating bath, the protein precipitates, forming protein fibers. Phos-
phoric acid and NaCl are usually used as the precipitating agents in the bath.
To continue the texture-forming process, the fibers are combined to make tows
about 0.5 cm in diameter to be stretched. The stretched tows are then washed
to remove the acid and salt, and heated to be hardened. Binders such as egg
albumin are added to improve the cohesiveness of the product, followed by the
addition of fat, flavor, color, and supplementary nutrients in order to obtain a
palatable food. Because the final product has a texture similar to that of pro-
cessed meat, it is used as a meat analogue.

The functional properties of these soy protein products play a critical role
in determining their use in food systems. These include solubility, hydration and
water absorption, viscosity, gelation, emulsification, foaming properties, and or-
ganoleptic properties such as color and flavor. Commercially available soy pro-
teins exhibit a wide range of solubilities at pH 7 from 25% to 95% (13), and
the solubility is dependent on pH and salt concentration. While higher pH results
in high solubility, the effect of elevated salt level is to reduce solubility. Com-
mercial soy proteins also have a wide range of water binding ability (14). Insolu-
ble protein granules bind much more water than soluble proteins. Slurries of
soy proteins have relatively low apparent viscosity and do not form strong gel
networks; however, heat or alkali treatments can increase viscosity and improve
gelation functionality (15). As with other functional properties, commercial soy
proteins display a range of emulsion and foam properties. Kolar et al. (10)
reported a range from 10 to 40 mL 0il/100 mg protein for oil binding. Unlike
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Figure 2 Spinning process for production of soy protein fibers (41).

other functional properties, color and flavor are primarily due to small nonpro-
tein compounds and their interactions with proteins. A number of phenolic com-
pounds and their oxidization products have been linked to the yellowish brown
color of soy protein products (16). The products of lipid oxidation catalyzed by
lipoxygenase are responsible for the undesirable beany flavor of most commercial
soy proteins (17). Once formed, these compounds bind to proteins and thus are
hard to remove. However, for commercial food applications these organoleptic
problems can be avoided through careful control of food processing conditions.

Presently a large variety of soy protein products are manufactured com-
mercially worldwide. These are used in processed meat products, imitation
cheese, whipped toppings, soy milk, nutritional beverages, and baked products.
There is also a significant market for the industrial use of soy proteins in paper
products, adhesives, and polymers.

Copyright © 2003 by Marcel Dekker, Inc. All Rights Reserved.



lll. GLUTEN

“Gluten” refers to the insoluble portion of proteins in cereal grains, first identi-
fied more than 200 years ago in dough from wheat flour, and isolated by simply
washing the dough with water. Much research has been done on gluten and the
flour proteins ever since.

The wet impure gluten carries 65—-70% water, has a creamy color, and
feels like rubber. When dried, the crude gluten contains 75-80% protein and
5-15% carbohydrates, the remaining being lipids. Gluten can be divided into
two fractions. One fraction is soluble in 60% aqueous alcohol, known as gliadin
or prolamine. The other fraction, although insoluble in neutral water, is soluble
in acidic or alkaline solutions, and is known as glutelin (18).

The nutritional and functional properties of gluten have been well docu-
mented. Gluten has acceptable levels of most essential amino acids but is low
in lysine. Its functional properties can be changed by reducing and oxidizing
agents, and heat treatment. Oxidizing agents make gluten lose its extensibility
and become brittle, whereas reducing agents increase its extensibility. Gluten
may lose some or all of its “vitality” when subjected to heat treatment.

In early industrial processes gluten was only a byproduct of wheat starch
processing. The Alsatian method (19) is among the first methods to recover
gluten, wherein whole wheat is steeped in water for 1-2 days. The softened
wheat grain is then placed in bags of mesh to permit dissolution of starch while
retaining the gluten. The bags are passed between a series of rolls with progres-
sively smaller gaps, thus squeezing out starch but leaving gluten in the bags.
The further separation of gluten from the hulls is long, and the yield of gluten
is usually low. The Martin process uses wheat flour to make both starch and
gluten (20). It starts with making a stiff dough containing about 40% water.
After hydration for 1 h, the dough is rolled between fluted rolls under a spray
of water to wash away the starch and leave the gluten in a single, coherent
mass. This method produces good-quality gluten with high yield. Another pro-
cess, called the batter process, involves making a batter, which is broken up
while water is added to wash away the starch from the gluten (21). The gluten
in this method is recovered as fine curds with more than 80% protein. Although
developed decades ago, both the Martin and the batter processes are still used
in separating starch and gluten from wheat flour. Figure 3 shows the major steps
involved in either method. The gluten is separated from starch milk by a series
of centrifuges. In the refining step, the lighter low-grade starch is separated from
the heavier prime starch. The gluten is either flash or spray dried. The mass
distribution among products is 59% prime starch, 8% tailing starch, and 15%
gluten with a protein content of 80%. Based on the batter process, a continuous
process has been developed (22). First a slack dough is made by mixing flour
with water at a ratio of 0.7: 1. Then the dough is heated to 48—-57°C, followed
by breaking up of the dough in the presence of additional water. The starch is
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Figure 3 Manufacture of wheat starch (41).

thus largely washed out. The gluten is recovered as curds and separated from
the starch by screening the slurry.

Other processes include the alkali process (23), in which the wheat protein
is dissolved in 0.03 N NaOH solution by mixing 1 part of flour with 18 parts
of the alkaline solution, and after centrifugation to separate starch, the superna-
tant is acidified with H,SO, to produce a precipitate containing 70-90% protein,
which has no vitality. This method was modified with NH,OH to replace NaOH
(24). As a result, the gluten is recovered with vitality.

The vital gluten is used extensively as an ingredient in yeast-raised baked
goods, particularly bread. Besides increasing the final protein content in the
bread, it also results in a greater volume of better crumb texture and a longer
shelf life of the bread. Canada has been a major producer and exporter of wheat
gluten and contributed significantly to the commercial development of gluten
extraction processes.

IV. RAPESEED AND CANOLA PROTEIN PREPARATION

Although its oil has been consumed as food by humans for thousands of years,
the idea of using rapeseed protein in food is relatively recent. One obvious
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reason for the delay is directly related to the organoleptic characteristics of
rapeseed meal after oil removal. It has an unappealing dark green color and an
unpleasant taste that may be characterized by both bitterness and astringency.
According to modern studies, both problems are caused by phenolic compounds
in rapeseed (16). Nevertheless, due to increasing demand for vegetable oils, the
production of rapeseed has grown drastically in the last three decades. It is now
ranked second in world production, exceeded only by soybeans (24a). The meal
is used in animal feed but commands a significantly lower price than soy meal.
Nutritional studies have shown that rapeseed proteins have well-balanced amino
acid composition (25, 26), and are particularly high in lysine (27), which is a
limiting amino acid in most cereal and oilseed proteins. Due to its abundance
and high-quality proteins, rapeseed should play an important role in meeting the
need of the world’s fast increasing population for food proteins. Consequently,
there has been continued research interest in extracting rapeseed proteins for
food.

Rapeseed meal has a protein content of up to 40% after oil extraction;
however, its direct use as a food protein source is prevented by its undesirable
components. In addition to phenolic compounds, it contains high levels of glu-
cosinolates (more than 100 umol/g defatted meal), which upon hydrolysis re-
lease toxic compounds such as isothiocyanates and oxazolidinethiones (27a).
Although the genetically improved “canola” varieties have much lower amounts
of glucosinolates (20-30 umol/g defatted meal), their meals are still unaccept-
able for incorporation into any food formulations. Canola meal also has a much
higher phytate content of 3—5% than many other cereals and oilseeds (28, 29).
Phytates are undesirable in foods as they tend to strongly bind minerals such as
Fe and Zn, and make them unavailable for metabolism (30, 31). It is obvious
that before rapeseed or canola protein can be used for food, much or all of these
compounds must be removed.

Although much process research has been directed to treating the meal, a
variety of methods have been developed to isolate high-quality canola proteins.
Most of the published methods were based on soy protein extraction technology:
aqueous extraction followed by protein precipitation. Unlike soybeans, canola
contains a wide range of proteins, with a broad band of isoelectric points and a
wide range of molecular weights.

For rapeseed protein extraction, alkaline aqueous solutions have been sug-
gested as solvent. While over 80% extractabilities with dilute NaOH solutions
have been reported by several researchers (32—34), these values cannot be at-
tained using commercial meal as starting meal. To improve extraction, research-
ers used consecutive extractions at differing pH values. Blaicher et al. (35) ex-
tracted rapeseed protein at pH 9.5 and 12.0 in two consecutive stages, respectively,
and achieved a 92% extractability. Although higher pH results in increased pro-
tein extractability, it could cause chemical modification of the proteins such as
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the formation of harmful lysinoalanine (36) under extremely alkaline conditions
(pH > 12). Since rapeseed proteins are predominantly globulins (37), dilute so-
dium chloride solution has been explored as a protein solvent. NaCl concentra-
tions from 0.2 N to 2 N have been reported (25, 38—40). Extractabilities ob-
tained with NaCl solutions were typically lower than those obtained with NaOH
media. The recovery of salt-extracted protein is complicated by the need to
remove the salt by dialysis.

Following the example of soy technology, rapeseed proteins are usually
recovered by isoelectric precipitation. The precipitate, which is usually washed
and dried, constitutes the protein isolate. A wide range of isoelectric points from
pH 2.6 to 10.0 are observed with rapeseed proteins (32, 34, 41, 42), due to their
complex compositions as well as varietal difference among rapeseed strains.
Consequently, protein recovery of single-step isoelectric precipitation is low,
and the highest ever reported is 65.7% of the amount of protein extracted at pH
11, achieved at pH 3.6 by El Nockrashy et al. (43). Multistage precipitation at
different pH values does not significantly increase the yield of protein precipi-
tate (34, 44).

Despite extensive studies in the past, no process has been commercialized
due to low protein recovery, poor product quality, and high cost of the process-
ing methods. To reduce the product losses and improve product quality, a mem-
brane-based process was developed for rapeseed and canola protein isolation
starting with defatted meals (45, 46). It consists of five main steps: alkaline
extraction, isoelectric precipitation, ultrafiltration followed by diafiltration, and
drying (Fig. 4). Two protein isolates are produced: soluble and precipitated,
with a combined protein recovery of more than 70% of the protein in the meal.
Both products are high in protein (>90%), low in phytates (<1%), essentially
free of glucosinolates (<2 pmol/g), and have desirable functional properties
comparable to those of soy protein. This process is simple, economical, and
seems commercially viable. Recently, it has been modified with additional
membrane processing to remove phenolic compounds (47). As a result, both
color and taste of the products have been significantly improved, thus making
the process more attractive. The high quality of both canola protein isolates
generated much commercial interest, but commercial production has not yet
been initiated.

V. OTHER EDIBLE PROTEIN SOURCES AND PROCESSES
A. Cottonseed

Cottonseed kernels contain up to 50% protein. The presence of toxic gossypol
in the pigment glands of cottonseeds makes the protein unacceptable for food
use. Hence, all of the processes for production of cottonseed protein for human
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Figure 4 Membrane-based canola protein isolation process (66).

consumption involve removal of the pigment glands. A mixed solvent extraction
process was developed for the simultaneous removal of the oil and pigment
(48). In this process, cottonseeds are dehulled and flaked to a thickness of 0.07—
0.24 mm in the conventional manner. The moisture content is adjusted to 7—
15% by drying of the flakes at 60°C. The pigment glands in the meats remain
intact under these conditions, so the gossypol generally does not mix with the
protein of the meats. The flakes are then extracted and washed with a solvent
mixture made of 53% acetone, 44% hexane or petroleum ether, and 3% water
(v/v) at ambient temperature. Both oil and pigments are dissolved in the solvent
mixture, and the extracted meats could have a protein content up to 90% or
higher, and are essentially free of gossypol.
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High protein concentrates for human consumption are also produced by a
liquid cyclone process (49). Preparation of the seeds entails drying, flaking,
disintegrating, and separating by screen and gravity. The cottonseed flakes are
mixed with hexane to form a slurry fed to a liquid cyclone for classification and
separation. The underflow from the cyclone contains essentially all of the intact
pigment glands whereas the overflow carries the fine solids with the desirable
protein. After filtration and drying, a protein concentrate with a protein content
of 73% 1is obtained. There has been limited commercial development of this
process.

B. Sunflower Seed

Defatted sunflower meal can also be a valuable source of protein for incorpora-
tion into food products such as breakfast cereals, processed meat products, and
snack foods, as both a protein supplement and a functional ingredient. Processes
for the isolation of sunflower protein have also been based on the soy protein
isolation process, involving alkaline extraction of the meal to extract protein at
pH 9-11, followed by acidic precipitation of protein from the extract at pH
3.5-6 (50). The recovered precipitates contain more than 90% protein. How-
ever, the products thus obtained readily turn to an undesirable green color. This
is caused by chlorogenic acid, a phenolic compound in sunflower meal. Once it
appears, the green color cannot be removed from the product by any conven-
tional technique. It is, therefore, necessary to remove the color-causing com-
pound prior to protein isolation. This can be achieved by multistage acid wash-
ing of the meal with water adjusted to acidic pH close to that for precipitation
(51). Another method is ultrafiltration of the alkaline extract of sunflower meal
to remove chlorogenic acid before acid precipitation of protein (52). Both treat-
ments lead to a much lighter colored protein isolate, but the complexity and ex-
pense of these processes have thus far prevented commercialization of sunflower
protein isolates.

C. Sesame Seed

Sesame seed is an excellent ancient food source. Its oil content is greater than
50%. After oil removal the meal contains about 60% protein, and its dehulled
flour is even richer in protein. In commercial processing, sesame oil is extracted
by expelling and/or solvent extraction before the recovery of the protein materi-
als. However, in a patented aqueous process both sesame oil and protein were
recovered simultaneously (53). The dehulled cracked seed was extracted with
calcium hydroxide solution. The mixture of oil and protein was then either (a)
sent to a precipitation tank where the pH was brought down to 4-5, and the
resulting precipitate was separated by centrifuge and spray dried; or (b) passed
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to an oil separator where the oil was removed by centrifuge, and the dissolved
protein was then recovered as calcium proteinate by spray drying.

D. Peanuts

In peanut processing, it is essential to use the dehulled kernels in good condition
in order to avoid aflatoxin contamination. Skins may also be removed by blanch-
ing followed by air aspiration to produce clean cotyledons. Prepress solvent
extraction is commercially used for oil removal (54). Peanut kernels are ground
in a hammer mill, and conditioned to desirable moisture content in a stack
cooker. The cooked meats are expelled to prepress the oil. The prepressed meal
is ground again and reconditioned before being extracted with hexane. The de-
fatted flakes are desolventized in steam-jacketed tubes at temperatures increas-
ing from 65°C to 107°C during the process. The desolventized flakes are cooled
and ground to a flour that contains about 60% protein.

Processes for making full-fat and partially defatted flakes from peanut
kernels involve first grinding the low-moisture kernels to a flour consistency and
mixing the flour with water to form an emulsion-suspension, which is heated to
high temperatures between 93°C and 116°C to inactivate lipoxygenase. The
solids are drum dried as flakes. Full-fat flakes contain 50% oil and 30% protein,
whereas partially defatted flakes have 30% oil and 40% protein (55-57).

E. Lupin

Lupin is a legume with a high protein content ranging from 25% to 44%, de-
pending on the variety. In the past its use has been limited to the feed for
ruminant animals due to the presence of toxic alkaloids. The emergence of ge-
netically improved “sweet” varieties low in alkaloids are now making it possible
to use lupin as a protein source in food. Lupin is attractive particularly in areas
where soybeans do not grow well whereas lupin is abundant, such as in northern
Europe. Like soy and rapeseed proteins, lupin protein can also be isolated by a
process based on alkaline extraction followed by acidic precipitation (58, 59).
The protein in defatted lupin flour is approximately 70% soluble under slightly
alkaline conditions such as pH 8.6. Lowering the pH to 4-5 permits precipita-
tion of about 80% of the soluble protein. The obtained precipitates contain more
than 90% protein. Although studies show that the protein efficiency of lupin
protein alone is low, it is significantly improved when used in combination with
additional proteins or amino acids (58). Due to their high solubility, lupin pro-
tein isolates can be used in protein-enriched drink formulations. In Chile, lupin
protein products have been incorporated into milk-based formulas for school
breakfast and lunch programs since the mid-1980s (58). Extensive development
work is proceeding in Denmark and Germany. However, there are several hur-
dles due to the high toxicity of the untreated seed.
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