The purpose of this symposium is to review the re-
cent advancesin synthetics and substitutes of interest
to the food industry. Synthetic substances are recog-
nized as those prepared by synthesis rather than
natural growth. A substitute is an artificial product
used to replace a natural substance. The scope of
the symposium will be limited primarily to the chem-
ical and physical properties of synthetics and substi-
tutes. It has not been possible to include ali research
areas, so the topics of this Symposium are some of
those with current résearch interest and activity.

A greater opportunity exists today for using syn-
thetics and substitutes in food product formulation.
The increasing demand for convenience and designed
consumer foods has created more food processing
operations and business opportunities. In addition,
the use of synthetics and substitutes is playing an
increasingly important position in obtaining and hold-
ing technologica!l advantages. Many times the use of
synthetics and substitutes gives better or equal qual-
ity in a food product at lower cost. Other reasons for
using synthetics and substitutes may be for purposes
of obtaining unique physical properties, elimination of
toxic substances, enhanced nutritional qualities, re-
placement of a disappearing natural product, or im-
proved product stability.

The consumer generally sees food as grocery store
items such as bread, bacon, eggs, milk, corn flakes,
potatoes, steaks, and TV dinners. Many grocery store
products have frequently undergone considerable
processing and manipulation of their character to give
better acceptance or consumer protection. Improved
acceptance involves flavor, texture, color, and utility,
while protection generally is based on nutrition, toxi-
cology, and microbiology.

A chemist sees food products as materials com-
posed of carbohydrates, fats, proteins, minerals, and
vitamins that are eaten by man to sustain growth, re-
pair, and to provide energy. ltis to be expected that
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many of the synthetics and substitutes considered by
chemists would be replacements for these food con-
stituents. In practice, some of the synthetics and
substitutes used by the food industry are such things
as plant proteins, starch derivatives, synthetic color-
ings, flavors, amino acids, and vitamins. Many of
these substances are obtaining increasingly larger
markets.

Some dietary and technological trends that give in-
creased usage to synthetics and substitutes are illus-
trated by the following use of these materials in foods.
Soybean protein products are finding increasingly
larger markets in the meatindustry. Such products as
soy flour, soy protein concentrate, and isolated soy
protein are used in various luncheon meats, frank-
furters, and canned meats. Artificial meats are being
constructed from various soy protein products to make
such things as beefiike, chickenlike, and baconlike
products. Synthetic and substitute flavorings are
finding increasing applications in new consumer
products. Increased uses of flavor enhancers, vita-
mins, colorings, and starch derivatives are apparent
by increasing yearly quantities of products being sold
to the food processing industries. The trend towards
dietetic foods and the lower cost per sweetness pound
are the principle reasons for greater uses of synthetic
sweeteners. These products are found in the diet
colas, candies, and the retail synthetic sweeteners for
home use.

These are only a few uses that synthetics and sub-
stitutes are finding in the food industry. Many more
will be covered in the symposium. It will be apparent
that these materials have made and are continuing to
make a considerable impact on our food processing
industries and consumer goods.
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Cottonseed Protein Products—Composition and Functionality
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recognized that cottonseed could be a multiple source

of edible products—both protein and oil (Richardson,
1917). However, the presence of the chemically reactive,
antinutritional factor—gossypol (Berardi and Goldblatt,
1969)—curtailed any rapid development of edible protein
products. Cottonseed processing became a triangular com-
promise between oil quality, gossypol inhibition, and protein
quality. The economically important oil and nutritionally

‘ [ ery early in the processing history of cottonseed, it was
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important gossypol were given major emphasis. As a result,
the full potential of the quality and functionality of the pro-
tein of the cottonseed was seldom evident in commercially
produced meals (Altschul ez al., 1958; Bailey, 1948). Two
developments—the elimination of gossypol through breeding
(McMichael, 1959; Miravalle, 1969) and the development of
the Liquid Cyclone method (Gastrock er al., 1969) for pro-
cessing glanded cottonseed—have recently provided renewed
interest in the potential of edible cottonseed protein products.

STRUCTURE

The seeds of cereals such as rice, wheat, and barley are
composed primarily of endosperm tissue with a very small
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Table II. Composition and Yield of Cottonseed Protein Concentrates Prepared by Various Procedures
Yield®
Composition 7¢ o of 1 o7 of
Crude Phos- Total Total Total
Procedure Variety Protein  Nitrogen Lipid Fiber Ash phorus Calcium Sugar Weight Nitrogen
Extraction Glandless
907 Ethanol Acala 71.9 11.50 0.1 2.7 8.7 2.3 .. 2.1 84 93
0.008M CaCl,-Water® Acala 75.9 12.15 2.6 3.7 8.5 3.0 0.6 0.3 60 77
Watson 69.5 11.12 2.2 4.1 11.4 3.5 0.5 0.4 67 81
Water-water Watson 70.4 11.27 1.5 4.7 10.5 2.9 0.2 0.8 61 73
Air Classification
Glandless
Acala 73.7 11.79 0.7 1.6 9.4 2.6 0.1 4.7 56 63
Gregg 69.3 11.08 0.7 2.3 7.9 2.4 60 65
Liquid Cyclone Glanded 69.0 11.05 0.7 2.6 8.6 2.1 0.1 60 65

e Dry weight basis, ? As is basis,

¢ Successive extractions,

Pertinent Characteristics of Air-Classified Glandless Cottonseed Flour
Composition (%) Dry Weight

Crude
Lipid Ash . Phosphorus Fiber Sugar Total
0.88 7.84 2.16 2.2 7.33
0.48 9.03 2.67 1.5 4.09
0.37 8.46 2.33 1.9 4.42
0.54 7.41 2.02 2.7 8.84
0.75 6.75 1.78 3.1 9.48
1.84 5.35 1.24 3.5 13.14

Table 111,
MMD¢ Yield

Sample u % Nitrogen
Flour 15 100 10.73
Fraction

1 8 31.9 12.10

2 11 19.2 11.38

3 16 26.7 10.22

4 19 10.2 9.56

5 56 12.0 7.50

2 Mass median diameter, the diameter at which 50%; of the weight of the sample is undersize.

molecular weight and amino acid composition of the final
product. In this water extraction process, the protein body
proteins are retained in their original structures and concen-
trated at the expense of the low molecular weight cytoplasmic
proteins of the cell.

Wet operations suffer from two major difficulties: the
processing of the extract, the byproduct, in an economically
feasible manner, and the drying of the major product. The
first difficulty involves low-yield product recovery, solvent
recovery, and pollution problems. The second difficulty
involves denaturation of the major product during drying.
This difficulty is usually more severe when alcohol is part of
the extracting solvent system.

The dry procedure of air classification has neither of these
difficulties (Martinez, 1969a; Martinez et al., 1967). A
cottonseed meal with a high nitrogen solubility can be ground
in a pin mill and air classified to give two products, one for
food and one for feed without further processing. In this pro-
cedure of separation of particles, clusters of unruptured cells,
cell wall fragments with adhering residual cytoplasm, and
residual spherosome membranes are separated from free,
intact protein bodies. This mechanical separation results
in an increase in nitrogen at the expense of the lipid, sugar,
and crude fiber contents of the resulting concentrate. The
parallel increase of ash content with nitrogen content
evident in most of these concentrates is consistent with
the particulate nature of the intracellular constituents.
The major constituents of the seed which analyze as ash
are the salts of phytic acid—the hexaphosphate of inositol.
Since the phytin of the cottonseed is stored in the globoids,
which in turn are embedded in the protein matrix of the
protein bodies (Lui and Altschul, 1967), any concentration of
the intact protein bodies will result in a corresponding increase
in the ash content.

The yield and composition of the fractions obtained from a
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four-cut air classification profile are given in Table III. The
parent flour was made from a hexane-extracted, laboratory-
prepared, glandless cottonseed meal which was totally free of
hull particles. The air-dried meal was ground in a pin mill
and air classified in a fine cut classifier. A four-cut analytical
profile is produced by removing the smallest flour particles
at the finest cut point of the classifier and successively re-
classifying the residue at increasingly coarse cutpoints. The
nitrogen, ash, and phosphorus contents are highest in the
finest fractions. As the size of the “‘average particle” (MMD)
increases, the lipid, crude fiber, and sugar contents increase,
and the nitrogen, phosphorus, and ash contents decrease.
Such a fractionation can only be accomplished with selective
grinding. Grinding to a narrow range or single particle size
would make nitrogen concentration by air separation possible.

In commercial production, only a single cut is made at the
point which provides the most advantageous balance between
yield and nitrogen content. The results given for the Gregg
flour in Table II were obtained by such a single-cut procedure
with commercial pilot plant equipment. The protein content
increased from 64 to 69%; in the concentrate and decreased
to 499 in the residue. This residue would, therefore, meet
the nitrogen requirements of a feed ingredient. It would also
provide a cottonseed protein product with maximum nutri-
tive quality.

Since the major shift in nitrogen in the air classification
process is brought about principally by the removal of non-
protein constituents, the protein characteristics of the con-
centrate do not differ appreciably from those of the proteins of
the parent flour.

The nonaqueous, liquid classification procedure called the
Liquid Cyclone Procedure was developed primarily for re-
moval of pigment glands (Gastrock e al., 1969). Since this
procedure removes hull particles and cell-wall fragments as
well as pigment glands, the final product is very similar in
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