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MICROBIAL MODIFICATIONS OF CASSAVA:
TRADITIONAL AND EXPERIMENTAL PROCESSES ,
by
K.F. Gregoery
Department of Microbiology
University of Guelph
Guelph, Ontario, Canada

Cassava (Manihot esculenta Crantz) is a major root crop in the low-land

tropics. It is commonly called manioc in French-speaking countries, mandioca in
Brazil, yuca in Spanish-speaking regions of South America, tapioca in much of
Southeast Asia, and cassava in most English-speaking areas. Various species names
have been applied to diverse cultivars and the epithet M. utilissima Pohl is still
used by some authors to designate cultivars with high concentrations of HCN and
cyanogenic glucosides (usually the ‘bitter' cultivars). Since there is a continuous
gradient of cultivars with varying cyanide concentrat.ons, however, and there are
no morphological features which correlate with cyanogenic glucoside concentrations
(Rogers, 1965), most authorities prefer the use of the single species name, M.
esculenta. The plant is believed to have originated in Central America or nothern
South America (Renvoize, 1972). It was introduced to West Africa by Portuguese
traders in the 16th century, to India in the 17th century, and to East Africa in the
18th century (reviewed by Lancaster et al., 1982). Subsequently it spread
throughout the tropics.

Annual world production of cassava in 1982 was estimated at 129 million metric
tons (FAO, 1983) with the greatest production occurring in Brazil, Thailand,
Indonesia, Zaire and Nigeria. Most of the cassava grown in Thailand and Indonesia
is exported 2s an animal feed, while most of that grown in Africa is consumed
directly by humans. Cassava is an important dietary staple for 450 to 500 million

people in 26 tropical countries and an estimated 50 million people in Africa derive
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more than 500 kcal per day from this crop (Cock, 1982). About 65% of the total
cassava production from 1975 to 1977 was used for direct human consumption (FAO,
1980). Of this total, about one half was processed in various ways, including
microbiological fermentations. Many of the processing techniques used were
developed by the Amerindians of South America and subsequently modified in
various ways in various regions. Some of these techniques did not immediately
follow the geographical spread of cassava, however, and it was not until settlers
from Brazil came to West Africa, after 1800, that the preparation of gari became
common and contributed to the popularity of cassava in Africa (Lancaster et al.,
' 1982). The traditional techniques for processing cassava into foods for human
consumption have been comprehensively reviewed by Lancaster et al., (1982), and
Lancaster and Coursey (1984).

Cassava processing techniques are designed both to preserve cascava and to
detoxify it. Cassava begins to become stale and undergo discolouration within
about three days after harvesting, if it is not processed in some way (Oke, 1983).
The cause and nature of cassava toxicily are described in an excellent review by
Bourdoux et a!l. (1980). Both the leaves and the roots contain glucosides whicn
liberate hydrogen cyanide in two enzymatic steps. The principal cyanogenic
glucoside is linamarin (about 952 of the total), while the remainder is lotaustralin.
The tissues also contain the enzymes which catalyze these reactions. Linimarase,
which causes the initial hydrolysis, is presumed to be rate limiting, and any
process which ruptures the cell wall brings this enzyme in contact with its
substrate, thereby initiating the liberation of HCN. After ingestion, HCN is
detoxified by reactions with thiosulphate or L-cysteine which yield thiocyanate.
Hence a combination or high cyanide intake with a low protein intake (especially if
the proteins are low in the sulfur-containing amino acids) can lead to cyanide

toxicity, sometimes manifested as a syndrome called tropical ataxic neuropathy. The
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thiocyanate ion, resulting from the detoxification of cyanide, behaves similarly to
iodide and competes with iodide for uptake by the thyroid gland. At higher
concentrations it also inhibits the incorporation of iodine into thyroglobulin. For
these reasons, people on a high cassava, low iodide diet are prone to endemic
goitre unless the cassava has been adequately processed.

The HCN released from cassava, after the root has been shredded or grated,
probably exerts a selective effect on the microflora responsible for the various
fermentations of cassava. It was observed that cassava roots rapidly developed
toxicity, after grinding, for filamentous fungi being used for single-cell protein

. production, unless the pulp was heated immediately after grinding (Reade and
Gregory, 1975; Mikami et al., 1982). The heating was presumed to inactivate
linimarase and prevent the release of cyanide. Linimarase decomposes at 72 C |
(Joachim and Pandittesekere, 1944).

The cassava root is extremely low in protein. An average cassava variety
contains only 3.5% crude protein (total N x 6.25) (Grace, 1971) cf which only
40-60% is true protein (Pond and Maner, 1974). Many common cultivars contain
about 1% protein. Clearly, any diet based heavily upon cassava must contain
enough protein-rich foods or protein deficiency diseases could develop. Any
p >cess which would increase the protein content of cassava-based foods could be of

great importance.
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Traditiona! Fermented Foods from Cassava

The most commonly used cassava product in West Africa is a fermentation
product, of grated cassava, called gari. It is particularly popular in Nigeria but it
is also of considerable importance in Ghana, Cameroon, Sierre Leone, Guinea, Benin
and Togo (Lancaster et al., 1982). Methods for preparing gari vary considerably
from place to place. The following description is adapted from those given by
Lancaster et al. (1982) and 0Oke (1983).

To make gari, cassava roots are washed, peeled (with a loss of about 13-20%
of their substance), and shredded. The pulp is then placed in cioth bags or sacks
made from jute. It is then left to ferment for about 4 days (the time may vary
from 3 to 10 days). During the fermentation, pressure is applied to squeeze excess
liquid out of the fermenting pulp. This is commorly done by placing heavy stones
or logs on top of the sacks or by tying the necks of the sacks around strong
sticks and twisting the sticks so as to tighten the sacks. In another procedure.
the pulp is pressed between two boards. Ngaba and Lee (1979} described a
procedure used in Cameroon in which 3 or 4 poles are bound tightly in parallel
around the sack. The extruded juice, which contains much of the cyanogenic
glucoside, is discarded. The fermented pulp is removed from the sacks, sieved to
remove any fibrous material, dried, arnd heated or 'garified' in shallow iron pans, at
about 80-85 C to make white gari, while being stirrcd continuously until it becomes
light and crisp. Yellow gari is made by frying in a pan with palm oil. The
product is a free-flowing, granular meal with a fair.t sour odour. A finer gari is
produced by sieving the product to produce very fine particles. Good quality gari
should swell to over three times its own dry volume in hot water. ror safe
storage, gari must contain less than 12% moisture.

Contradictory reports have been published concerning the microorganisms
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involved in the gari fermentation. Collard and Levi (1959) concluded that the

fermentation proceeced in two stages. They isolated a Corynebacterium species,

from the first stage, that they named Corynebacterium manihot. It was able to

ferment starch with the production of organic acids. After the first two days the

bacterium was replaced by Geotrichum candidum which they believed produced a

variety of aldehydes and esters responsible for the characteristic taste and aroma of
the gari. They were able to shorten the fermentation period to 24 h by using a
starter culture of these two organisms. Akinrele (1964) noted a biphasic rise in
temperature during the fermentation of cassava pulp, which he attributed to the

. two-stage fermentation described by Collard and Levi (1958} but he did not culture
the microorganisms involved., Several later investigators were unable to isolate

Corynebacterium sp. in appreciable quantitites from fermenting cassava (Okafor,

1977; Abe and Lindsay, 1978; Ngaba and Lee, 1979; and Vinck, 1982). It is
interesting to note, however, that Whitby (7968) found an amylolytic

Corynebacterium sp. present in the initial stages of maize fermentations leading to

the production of banku, kenkey, and akpler in Africa. Okafor (1977) considered
Leuconostoc spp. to be important in the gari fermentation, while Abe and Lindsay

(1978) and Vinck (1982) concluded that Streptococcus spp., especially S. faecium,

played a dominant role. Ngaba and Lee (1973) studied the microflora in
. traditionally fermented cassava, as well as in cassava fermented in the laboratory,

and found that several isolates of Lactobacillus plantarum, L. buchneri, and cocci

resembling Leuconostoc spp., were able to produce the gari flavour. At the 48 h
time period of the laboratory fermentation, only Lactobacillus spp. and
Streptococcus spp. were found and the authors concluded that these species were
primarily responsible for the acid production and gari flavour development.
Although most of the above studies did not reveal the presence of large

number. of yeasts and molds in freshly prepared gari, Adenkule and Ayeni (1974),
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while studying the occurrence of mycotoxic flora in some Nigerian foods, found that
gari was among the most highly contaminated foods. Many of the isolated species,

in the genera Aspergillus, Cladosporium and Penicillium, were shown to have

toxigenic potential in Wistar rats. Lewis and Aderoji (1978) found that peppers and
cassava preparations in the form of 'eba’ and 'gari’ are potent factors in the
etiology of duodenal ulcers in ibadan, Nigeria. 't is not clear whether the cassava
itself, the fermentation process, or the presence of contaminating microorganisms is
responsible for this ¢ffect.

The conclusion to be drawn from the aocove reports appears to be that the
gari fermentation is quite variable. This is not surprising in view of the variations
occurring in the cassava roots and in the physical conditions of the fermentation
(temperature, moisture content, and degree of anaerobiosis). It seems likely that a
higher quality, safer and more uniform product could be produced more quickly if
carefully selected starter cultures were used as an inoculum and the fermentation
conditions and subsequent roasting conditions were accurately controlled. Meuser
and Smolnek (1980) developed a process for mechanizing the prodution of gari
under controlled conditions but the process utilized the indigenous microflora and
no microbiological studies were reported.

One of the purposes of fermenting cassava, prior to its consumption, is to
detoxify it by eliminating hydrogen cyanide and the cyanogenic glucosides found in
the roots. Ccunsiderable cyanide may, nevertheless, remain in the gari. Olarewaju
and Boszormenyi (1975) determined the cyanide content of 12 commerical gari
samples collected at the Ife town market. Eleven of the 12 samples contained
cyanide. The white samples had HCN contents ranging from 19.7 to 27.9 mg/kg
dry weight; ihe yellow samples had from 0.00 to 1.98 mg/kg; while the slightly
coloured samples had intermediate values. The authors attributed the low cyanide

content of yellow gari to its different roasting in palm oil.
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it has often been assumed that the linamarin in cassava hydrolyzed

spontaneously as gari became acid during fermentation (Collard and Levi, 1959).
lkediobi and Onyike (1982a), however, showed that the release ofr HCN decreased as
the pH dropped velow 6.0 (the optimum for linimarase). The addition of exogenous
linimarase greatly accelerated the rate of detoxification and consistently yielded gari
with 'innocuous’ levels of cyanide. These authors identified two fungi capable of
producing the enzyme in commercial quantities (lkediobi and Onyike (1982b).
Ejiofor and Okafor (1984) identified several bacteria and yeasts capable of breaking
down linamarin and tested four of these as inocula in fresh cassava pulp. Over
twice as much HCN was released, within 72 h, from the inoculated pulp than from
the noninoculated pulp, leading the authors to suggest that these organisms could
be used in comercial detoxification of pulp during the production of gari. These
data indicate, as suggested previcusly by Olarewaju and Boszormenyi (1975), that
‘the fermentation step in the gari processing step is not so important from the point
of view of detoxification as it is generally supposed.’ It appears that in traditional
gari production, the plant's autogenous enzymes are responsible for most of the
conversion of cyanogenic glucosides to HCN, some of the HCN is lost by
volatilization during the fermentation (which is favoured by a pH low enough to
keep the cyanide present_in the volatile HCN form), and most of the remaining HCN
is driven off during ihe roasting process.

Linamarin was found to be toxic when fed to rats but the effects appeared t.
be due to cyanide released from the glucoside (Hill, 1977). The site of hydrolysis
has not been established but Fomunyam et al. (1384) showed that common intestinal
bacteria are able to hydrolyze linamarin.

The fermentation process used to produce gari does not appear to improve the
nutritional value of cassava. The protein content of cassava, already extremely

low, was found to be decreased by 36% (Favier et al., 1971) to 45% (Ezeala, 1984)
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during the productior of gari. The chemical nutritional score of the protein was
decreased by about 3% and the biological value by about 2% (Ezeala, 1984). Okezie
and Kosikowski (1981a), recognizing the potential protein deficiency resulting from
diets containing large amounts of cassava, produced a food similar to gari but
containing 11-12% protein, by fermenting a mixture of cassava, acid whey powder,
and soybean concentrate. Several vitamins and minerals were also found to be
present in lower concentrations iz gari than in the raw peeled root (Favier et al.,
1971). The fermentation adds acids and flavouring components, however, which
preserve the cassava and increase its palatability. Lactic acid was the principal
acid found by several authors in gari (Akinrele, 1964; Dougan et al., 1983).
Dougan et al. (1983) found small amounts of oxalic acid (0.04%) in gari and detected
alkylpyrazines which had aromas typical of gari.

Other fermented foods from cassava

There is a wide variety of other traditional foods produced from cassava by
fermentation. Many of these are produced by variations on the gari process but
have been less well studied. These will only be review:d briefly. Further details
are given oy Djien (1982), Grace (1971), Lancaster et al., (1982) and Lancaster
and Coursey (1984).

Farinha de mandioca (also called farinha de mesa, farinha seca, and farinha

suruhy) is produced in Brazil by a process similar to that used with gari except
that the fermentation time is shorter -- just overnight (Grace, 1971; Lancaster et
al., 1982). Alternatively, the pulp may be mixed with a small amount of pulp which
has been left to ferinent for three days. The pulp is sometimes squeezed with a
screw-press but traditionally this is done by a basket-work cylinder known as a
tipiti. The pulp is sieved to remove coarse fibers, then cooked on a hot clay or
stone griddle.

Attieke, popular in the lvory Coast, is a fermented paste prepared from
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cassava (Lancaster et al., 1982). The process again resembles that used with gari
but the pulp is more finely ground and the fermentation is limited to two days. The
fermented paste is crumbled by hand, steamed, and consumed with mitk or with
meat and vegetables.

in Zambia, cassava roots (soaked or unsoaked according t» taste) are
sometimes mixed with a fermentation starter called kapapa, consisting of partially
dried cassava slices that have developed a coating of mould. The mixture is
ground together, fermented 1-6 days, sun-dried, and pounded again into a flour.

The term fufu, also foofoo, fuifui, foutou and vou-vou, is used to refer to a
wide variety of pastes prepared from cassava and other starchy foods. These foods
may or may not have undegone a fermentation process. For example, one type of
fufu is prepared from gari.

Other variations on cassava fermentations occur in various localities. For
example, the author visited several small starch factories in Colombia in which some
of the starch, intended for human consumption, was fermented. Following
extraction from the rasped roots and purification by settling in large vats, the
starch was transferred to a smaller vat and allowed to ferment for a day or two
before being pulverized and air dried. The fermentation was said to impart a
desi-able flavour.

Otner fermented starchy foods

Maize products. At least 20 different fermented maize products are found in
Africa (Djien, 1982). These are self-inoculated, mostiy bacterial, fermentations not
unlike that of gari. A wide variety of fermented foods is produced in Oriental
countries where soybeans and filamentous fungi predominate (Wang and Hesseltine,
1979; Hesseltine and Wang, 1980). This starting material is not equivalent to the
high starch -- low protein substrate provided by cassava but these foods are

mentioned here since they illustrate the acceptability of many filamentous fungi for
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human nutrition. Species in the genera Aspergillus, Mucor, Rhizopus end

Neurospora are common n foods such as miso (Japan), sufu (China), tempeh
(Indonesia) and ontjom {Indonesia), respectively. This is in marked contrast to
Occidental countries where Penicillum species are the only filamentous fungi used to
modify foods (roquefort and camembert types of cheese). The moulds are used in
conjunction with yeasts and bacteria in some of these foods. In fact, yeasts are
widely used around the world in fermented foods and as a leavening agent in
bakery products. On a global basis, there is probably less consumer resistance to
yeasts in food than to any other type of microorganism.

Experimental Fermented Foods and

Single-cell Protein from Cassava

Many studies have been published on the growth of microorganisms on cassava
plus inorganic forms of nitrogen for the synthesis of protein. Most of these studies
were designed to produce a low cost, protein-enriched feed for domestic livestock
and orly a few were designec to produce human food. The reasons for this are the
much more extensive safety evaluations required fo a novel human food, the
problems resulting in human nutrition from the high nucleic acid levels found in
microbial cells, and the perceived problem in gaining public acceptance of novel
foods. Each of these reasons is discussed briefly below.

The Protein-Calorie Advisory Group (i’AG), now uisbanded, of the United
Nations system, issued guidelines for preclinical testing of novel sources of protein,
human testing of supplementary food mixtures, and the production of single-cell
protein for human consumption (Protein Advisory Group, 1976). No attempt will be
made to review these here. Since these guidelines involve quite extensive testing
procedures (for example, they suggest multigeneration animal feeding triais),
targeting a product for domestic animals, in the first instance, has been favoured.

The high nucleic acid levels in microbial cells are an inescapable consequence
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of the rapid protein-synthesizing ability of these organisms since ribosomes, the
cell's protein-synthesizing machinery, contain about 50-60% ribonucleic acid. During
the metabolism of nucleic acids in the body, the purines become converted to uric
acid. This does not pose a problem for most animals since they possess the enzyme
uricase. This enzyme ccnverts uric acid in the blood plasma to the more soluble
allantoin which is readily excreted by the kidneys (see review by Kihlberg, 1972).
Human beings, and some other primates, however, lack uricase so that the level of
uric acid in the blood may rise until uric acid ard its salts (chiefly calcium urate)
can form crystals in the kidney (kidney stones or renal calculi) or in the joints,
where they cause a painful inflammatory condition called gout. The Protein
Advisory Group (1976) proposed a maximum consumption of 2 g of nucleic acid per
day, in the form of single-cell protein, as a safe practical limit for most adult
populations. The total nucleic acid ingestion from all sources should not exceed 49
per day. Whereas this restriction severely limits the amount of untreated microbial
cells which can be incorporated into diets, several procedures have been devised
for reducing the levels of RNA (see review by Solomons, 1983). The cheapest,
most desirable procedure for lowering the RNA content of cells is a heat-shock
process first described by Maul et al. (1970) for yeast. The technique has since
been adapted tc other microorganisms including the filamentous fungus Fusarium
graminearum, which has been given U.K. Government clearance to be sold as a
human food (Solomons, 1983).

There have been several excellent general reviews publi.hed on single-cell
protein (Kihlberg, 1972; Litchfield, 1983; Solomons, 1983; Steinkraus et al., 1980;
Tannenbaun and Wang, 1975). Some studies which have specifically concerned
cassava will be considered here. The semi-solid processes will be considered first
since they most closely resemble the traditional fermentation processes. The low

moisture, so-called ‘solid-fermentation’ processes, will then be discussed and finally
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the various liquid culture, aerated fermentor systems will be considered. The
protein contents of the products are progressively higher as we move through this
sequence.

Semi-solid Fermentations

If the protein in gari is assumed to be totally microbial protein {which is
unlikely to be the case) and the cells are assumed to be 50% protein (probably an
underestimate for bacterial cells), the maximum mass of microbial cells in the gari
studies by Favier et al. (1971) (1.25% protein) was 2.5% on a dry weight basis. An
increase in the level of microbial protein in fermented cassava could only be
possible if additional nitrogen were available, sither from a nitrogenous compound or
by biological nitrogen fixation. The effect of adding supplemental nitrogenous
compounds to an anaerobic cassava fermentation was investigated by W. Sprung and
R_E. Smith (see Gregory, 1877) who found that the addition of mineral salts and
ammonium nitrate actually decreased the protein content of a ‘cassava silage’ to
0.76% from 1.08%. If the cassava pulp were first heat sterilized and inoculated with

a Rhizopus oligosporus culture, however, the protein content increased to 3.65%.

Wien the ground cassava was spread in thin layers, inoculated with R. oligosporus
and discontinuously perfused with recycled nutrient solution, the protein content
was raised to 6.44%. Under these conditions, however, a low pH, such as found in
gari, was not produced. It was concluded that the nearer the conditions
approached a liquid, aerated system, the higher the protein content.

A process modelled on the indonesian processes for tempeh and ontjom, was
developed at the Tropical Products Institute in London (Brook et al., 1969; Stanton
and Wallbridge, 1969 and 1972). In this process the roots were peeled, dried,
ground to a flour, and pasteurized for 18 h at 70 C. Spores of several fungal

species (Rhizopus, Mucor, Actinomucor or Monilia) were added with arnmonium

nitr- .2, monopotassium phosphate, and water. The paste-like mixture was extruded
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into spaghetti-like strands, placed in shallow trays, and allowed to incubate for

three days at 30 C. Rhizopus stolonifera appeared to give the best results.

Increases in protein concentrations from as low as 0.2% to as high as 4% were
reported. Although this represented a several fold increase in protein, the product
w .5 still a low protein food. No nutritional, tcxicological or palatability tests
appear to have been published.

Trevelyan (1974) also studied the use of Rhizopus oryzae in a tempeh-like

system for producing protein-enriched cassava. He achieved a maximum protein
content of 4.3% but found the process susceptible to contamination by fungi and
bacteria, and he criticized the potential of the process for use in a village-level
technology, on several grounds. These included the fact that the protein level
remained low, that nonassimilated ammonium salts, etc. could not be left to remain
in the product, and that the distribution of inoculum and nitrogenous compounds to
dispersed villages would be difficult. Vanneste (1982) recently rep- ~Fieving
protein contents from 12.8% to 17.5% from cassava inoculated with ...~ es cf
fungi and grown in fifty-liter rotating vessels.

Low-moisture fermentations

A major factor limiting the growth of fungi, in the semi-solid processes
described above, is that the penetration of oxygen into the substrate is insufficient
to support maximum growth of these aerobic organisms. This problem was partly
overcome by the development of 'solid fermentations' in which the moisture content
of the cassava substrate is kept so low that air can readily permeate through the
granulated substrate (Senez et al., 1980; Raimbault and Alazard, 1980; Raimbault,
1981). The process developed at the Office de la Recherche Scientifique et

Technique Outre-mer (ORSTOM), utilizes a fungus called Aspergillus hennebergii

(A. niger group). The procedure requires a very heavy inoculation of spores,

homcgeneously distributed with mineral salts, throughout the starchy substrate
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which has been prepared in a porous, granulated form. Briefly the coarsely
ground raw material, containing 30-35% moisture, is heated to 70-80 C to gelatinize
the starch. After cooling, the preparation is mixed with an aqueous spore
suspension and the nitrogenous and phosphate salts, then brought . a moisture
content of 55%. Mechanical stirring results in uniform granules. The mixture can
be prepared and incubated (at 35-40 C, pH 3.5-4.5, about 30 h) in a modified
commercial bread-making blender. Air is introduced through perforations at the
bottom of the tarnk. The pH, moistlure and temperature are automatically controlled
by probes that activate a spray with water or mineral solutions. The fungus
invades the cassava granules, hydrolyzing the starch and largely replacing the
starch granules with fungal biomass granules. The mixture is then dried to yield a
final product which contains 18-20% true protein (Lowry method) and 25-30% residual
carbohydrate.

The DRSTOM process has been studied in our laboratory with thermotolerant

funci (R.E. Smith, C. £knamkul and P. Bicho, unpublished data). Cephalosporium

eichhorniae 152, a fungus found to give good results in SCP production from
cassava in liquid cultures, was unable to grow at the high salt concentrations
required for this process. Another thermotolerant fungus, Sporotrichum

pulverulentum 141, was found to grow well and produce a product containing up to

36.7% protein after incubation at 45 C for 50 h. The protein was found to contain
3.3% methionine, which is unusually high since most sources of SCP are deficient in
this amino acid. The process with §. pulverulentum 141 has not been scaled up to
a pilot plant scale nor have nutritional and toxicological evaluations been performed.
The fungus was not observed to cause any harmful effects when inoculated
intranasally into immune-impaired (gamma-irradiated) rats and mice.

The ORSTOM type of process has several noteworthy advantages over other

procedures for producing protein-enriched cassava. The fermentation is not readily
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contaminated because of the lew pH and the high osmotic pressure. A dewatering
procedure is not required prior to final drying. Finally, there is no effluent from
the process, such as encountered with liquid culture systems, which represents
both a waste of nutrients and a source of environmental pollution. A major
disadvantage of this procedure for the production of human food, however, is that
there is no obvious way by which the nucleic acid content of the product could be
reduced. Any nucleotides released frem the cells, after a heat-shock process, for
example, would remain in the final product.

Liquid Culture Systems

Yeasts have been more widely used for the production of single-cell protein in
aerated fermentors than any other type of microorganism, so it is not surprising
that several processes have been described for their production from cassava. Most
yeasts are not able to hydrolyze starch, however, so that yeast-based processes
usually include a procedure for hydrolyzing the starch prior to grcewth of the
yeast. The hydrolvsis can be effected by acid, added enzymes, or enzymes
produced by a second microorganism. Strasser et al. (1970) used both acid and
enzymatic hydrolysis to hydrolyze cassava starch before the growth of three species

of yeast. The best culture, Candida utilis, yielded a product with 35% crude

protein. They described a process in which soluble and insoluble portions of
cassava were separated; the soluble portion hydrolyzed and used for yeast
production, while the insoluble portion was allowed to ferment to form gari.
Subsequently the two product streams were combined and dried. The enzymatic

hydrolysis of starch followed by the growth of Candida utilis was the subject of a

patent by Scott and Houghton (1976) and a process descrived by Musenge et al.
(1980), which yielded biomass with 62.25% protein. Okezie and Kosikowski (1981b)
carried these processes further by partially purifying the protein from mechanically

and chemically disrupted cells of Candida tropicalis and Candida utilis grown on
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hydrolyzed cassava. Their products contained 68-71% protein, and the purification
process achieved a 75-80% reduction in the nucleic acid level.

The Adour Speichim process utilizes a strain of Candida tropicalis which has

some amylase activity so that protein enrichment of cassava can be achieved without
a separate hydrolysis step (Azoulay et al., 1980a; Revuz and Voisin, 1980). The
commercial names Yucaprina (for Spanish and Portuguese speaking countries) and
Yucapreen (English and French speaking countries) have been assigned to the
product which contains about 21.3% crude protein (Azoulay et al., 1980b). Since
the product is a yeast, the product has been recommended for human nutrition.
Although the process has been claimed to be a 'revolution for the third world’
(Azoulay et al., 1980b), there appear to be some problems associated with it. The
amylase in the yeast is intracellular so that only 'soluble’ ctarch can be utilized.
This implies that an extensive treatment of the cassava starch would be required
before a high yield of cells could be obtained. Azoulay et al. (1980a) noted that
about 25% of the initial substrate remained unutilized and the yield was only 36 to
46% of the dry weight of the substrate. These values for substrate utilization,
yield and protein content are all markedly inferior to those for many other
processes which have been described.

Noparatnaraporn et al. (1983) studied the production of SCP from cassava

starch by the photosynthetic bacterium Rhodopseudomonas gelatinosa. The

bacterium was amylolytic. The author’s recommended medium contained 2 g starch
+ 2 g soybean meal per liter. Since the proposed substrate concentration is an
order of magnitude lower ‘han that used in most SCP processes and the input of
protein, as soybean meal, was equivalent in amount to a large proportion of the
protein in the product, this approach does not seem to offer much promise.
Therkildsen (1980) studied the symbiotic growthofa bacterium (Bacillus

subtilis NCIB 8646) and a yeast {Candida utilis ATCC 9256). The bacterium was an




-17 -

active producer of alpha amylase and hydrolyzed cassava starch into glucose which
was utilized by the yeast. The product consisted of 2-5% B. subtilis and contained
52% prot in.

A two-stage SCP process from cassava was studied by Opoku and Adoga

(1980). A filamentous fungus, Trichoderma reesei, was grown on whole cassava

medium to give 0.74 g dry cells/g cassava. The solid biomass was separated to
yield a product with 42% protein, while the culture filtrate, which still contained an
appreciable amount of glucose, was inoculated with a yeast and growth of the mixed
culture permitted. The fermentation took ca. 48 h for completion but ultimately
gave a very high yield (0.85 g/g cassava) and up to 51% protein.

A comparison of mixed culture growth (C. utilis and Endomycopsis fibuligera)

with the growth of C. utilis following starch hydrolysis with commercial
amyloglucosidase was carried out by Sawada et al. (1982). Their results indicated
that the later process was economically more advantageous.

The use of filamentous fungi (moulds) for producing microbial protein from
cassava has the advantages that: (1) these organisms are usually amylolytic; (2)
they will grow at a low pH which inhibits most bacteria; (3) they can be cheaply
harvested by filtration, and (4) they confer a texture to the product not found
with unicellular organisms. They tend to have lower protein contents than yeast
and bacteria, however, so that strains must be carefully selected for high protein
content. Some moulds produce mycotoxins so that safety evaluations must be very
carefully performed. Gray and Abou-El-Seoud (1966) first reported the aerated,
liquid cultivation of filamentous fungi on cassava but their products only contained
13-14% crude protein. De Lamo and De Menezes (1979) found that Gliocladium
deliquescens could reduce the organic matter poilution in the waste water from

cassava processing plants by 80%, while producing a protein-rich product. Muindi

and Hanssen (1981a, 1981b) produced microbial biomass from cassava with
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Trichoderma harzianum. The product (grown on 4% cassava root meal * inor3anic

nitrogen at 23 C, pH 4.0-4.2 for 60 h) contained 38% crude protein on a dry weight
basis.

Thermotolerant fungi have also been studied for the production of SCP from
cassava (reviewed by Gregory, 1982). In addition to the advantages already listed
for filamentous fungi, thermotolerant species have the additional advantages that:
(1) they tend tc grow faster than mesophilic species; (2) their high growth
temperature reduces the cooling costs involved when & large mass of cells is grown
in an aerated fermentor -- a particularly important consideration in tropical
countries, and (3) the high growth temperature, in combination with the low pH,
presents conditions which strongly resist the growth of contaminants. There are
the additional disadvantages, however, that (1) the solubility of oxygen is less at
high temperatures so that the rate of oxygen transfer to the growing cells tends to
be rate limiting, and (2) some fungi capable of growing at body temperature
(37 C), which includes most th. motolerant species, are capable of being
'opportunistic pathogens', so that cultures must be selected with this is mind.

Gregory et al. (1977b) screened 147 cultures of thermotolerant fungi for
cultures which would grow well at pH 3.5 at temperatures of 45 C or higher, were
amylolytic, and had over 44% crude protein in their mycelium. Rat-feeding trials
were used to select those cultures which gave the highest protein efficiency ratios.
The culture which scored highest, according to these criteria, was designated

Cephalosporium eichhorniae 152 (ATCC 32722). The crude protein content of the

mycelium was49% but the true protein was 38%; because of the high content of
nonprotein nitrogen (Mikami et al., 1082). The product harvested from cultures
grown on whole cassave contained 41% crude protein and 31% true protein.

An intensive nutritional evaluation of C. eichhorniae 152, in comparison to the

two next best cultures, confirmed that it was nutritionally best (Alexander et al.,




-19 -

1979). Although the methionine content (at 1.9%) was higher than that of the other
cultures examined, it was suboptimal for nutritional purposes. When methionine
supplementation was used with all diets, however, the feeding tests showed that the
weight gain, feed efficiency, and protein efficiency ratio were at least as good with
C. eichhorniae 152 mycelium as the values obtained with a control diet based on
casein. Muindi et al. (1981) conducted detailed nutritional evaluations of the
biomass produced by C. eichhorniae 152 on cassava in comparison with cotton-seed
cake and soybean meal. The results were not as good as those reported for the
pure mycelium but methionine supplementation was not used. Biological Value and
Net Protein Utilization estimates for the SCP-enriched cassava meal were similar to
those obtained with cotton-seed cake but were lcwer than those obtained with
soybean meal.

Kuo et al. (1979) did sub-chronic toxicity tests of C. eichhorniae 152 and
another thermotolerant fungus. Analytical tests for six common mycotoxins were all
negative. No differences were found between rats fed C. eichhorniae mycelium (at
levels up to 40% of the diet) from rats fed a standard soybean-based diet except for
slightly higher kidney weights and serum alkaline phosphatase levels in rats fed the
microbial diets. Since these changes have previously been ohserved in rats fed
high levels of protein in the form of yeast, bacterial or fungal cells, and negative
findings were obtained in the other clinical, hematological and histological
examinations, it was concluded that this fungus was not toxic to the rats in the 90
day feeding trials.

Mikami et al. (1982) showed that C. eichhorniae 152 is obligately acidophilic
and is unable to grow at the pH values found in the tissues where rare
opportunistic infections have been reported by species of the same genus. (There
have been no reports infections by C. eichhorniae). Inoculations by various

routes, of resting and germinated spores of this fungus into immune-impaired aduilt
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mice (gamma-irradiated), new-born mice and one-week old chickens, failed to incite

an infection. It was concluded that C. eichhorniae 152 did not pose a biohazard.
of
{in ea.'ier studies an asporogenous mutant Aspergillus fumigatus 1-21 had been

used as a prototype culture for the use of thermotolerant fungi for producing
microbial protein from cassava (Reade and Gregory, 1975). Since it was not
pcssible to prove that this culture could not serve as an opportunistic pathogen, it
was recommended (Gregory, 1971) that that culture not be used for practical
biomass conversion processes.)
Using a least-cost formulation for the production of biomass from cas:ava by

C. eichhorniae 152, Charonesiri and Gregory (unputlished data), found the cost of
supplements per kg product to be approximately $US 0.05/kg. Considering the
present market value of sobyean meal (about $US 0.21/kg), and bearing in mind
that it takes about 2 kg of cassava meal to produce 1 kg of microbial biomass, it
follows that the cost of cassava would have to be less than $U.S. 0.08/kg, even if
all production costs were zero, in order to

produce biomass cheaper than soybean meal, Itappears unlikely that any process
can produce microbial biomass from cassava at a cost that could compete
economically with soybean meal, at the present time, as a protein-rich animal feed.
Microbially-enriched cassava products could, however. rank among the cheapest
forms of protein so that if the products were shown to be safe and attractive for
human consumption, such products could be valuable human food sources. The
necessity for an attractive taste cannot be overemphasized. A large number of
protein-rich foods have been tested for the relief of malnutrition in developing
countries (a comprehensive review .was prepared by Orr, 1972). It is evident that

the success of a food is at least partly dependent upon its being highly palatable.
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Appendix A

Answers to Questions Posed by
K. Venkataraman, Officer-in-Charge
UNIDO Technology Programme, 25 January, 1985

(Note: These responses are the personal opinions of the author)

What is the present state of the art?

Up to the present time only processes in which yeast cells are grown on
hydrolyzed cassava starch appear to be immediately available for use in
producing human food. (The Adour Speichim process uses a yeast which will
hydrolyze starch by itself but, as described, it appears to be an inefficient
process.) The only process whick has been usad for producing a yeast
biomass, from cassava, with a low nucleic acid cortent is expensive. Without
this step, only a small amount of the biomass could be safely consumed.
Processes which utilize filamentous fungi would yield lower cost products.
These products have not, thus far, been adapted for human consumption.

. 2. What technical possibilities are available for improving cassava fermentation?

Most convention>! fermentors are stirred by impellor blades. Air lift
fermentors might produce less shearing action on filamentous fungi and could
produce higher yieids than those processes studied to date.

Can the work on improved animal fodder based on cassava be extended to food?

Yes. Several processes for producing protein-rich n.icrcbial products from
cassava have been described. The products are not able to compete in cost
with some other low cost protein-rich supplements. In order to provide
variety to human diets, however, some of these products could be valuable and
sufficiently cheap. More extensive, longer term, multi-generation animal
feeding trials would first need to be undertaken, however, and low-cost
methods for the elimination of nucleic acids would have to be acapted to these
products. An approach which appeals to me is the one proposed by Strasser
et al. (1970) in which part of the cassava is fermented to produce gari, and
part of it used to produce a protein-rich microbial biomass. | believe the
microorganism used should be a filamentous fungus (possibly a thermotolerant
species). Special attention should be given to selecting a fungus with a
desirable taste. Some fungi, for examle, have a mushroom flavour and could
produce a very tasty product. The combination of such an SCP product with
gari (a high quality gari produced with selected starter cultures) could
produce a food which would be very attractive as well as being highly
nutritious.
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4. Have the microorganisms found in traditional fermented foods been clearly
identified? How can they be modified to improve their efficiency?

There are marked differences in reports on the microorganisms involved in
the gari fermentation. The traditional gari fermentation could probably be
improved if a detailed microbiological study were performed on many gari
samples produced in various places. A variety of starter cultures could be
tested until a formulation was developed that reproducibly gave a high quality
gari in a short period of time. The fermentation and roasting processes should
be carefully studied and accurately controlled so that the gari produced is free
of both cyanide and cyanogenic glucosides, and stored under conditions where
mycotoxin-producing fungi could not grow on it. :

5. What is the cost of adding amino acids and vitamins to the gari after production
rather than improving them during production?

The addition of amino acids would be very impractical. Sometimes the addition

of an amino acid to a protein, which is deficient in that amino acid, could be
: valuable. The protein content of gari is so low, however, that there is little
' point in trying to balance its amino acid content.

The formulation of foods in which cassava, either fermented or nonfermented,
is mixed with a high protein food component such as proposed by Okezie and
Kasikowski (1981a), could be useful. In general, any leguminous plant, such
as soybeans or peanuts (groundnuts), would markedly raise the protein level.
Formulations of this nature could also raise the vitamin content.

6. What type of technology, equipments and skills are required for producing the
improved microorganisms and the other elements of gari production?

Microbiologists, nutritionists, pathologists and engineers would all be required
for an integrated, co-ordinated attack on this problem. The equipment
required would include fermentors, with associated instrumentation, and
grinding devices. It is tempting to suggest that the new techniques in
biotechnology, such as genetic engineering, be applied to the problem. it is
not immediately obvious, however, how these could be profitably employed.
Genetic engineering should be looked upon as one of many techniques available

' to solve a particular problem. if a problem arises where it can provide the
best solution, it should be applied. It would be a mistake to design a problem
so as to utilize a particular technique rather than using waatever techniques
are required to solve a particular problem.

7. What programmes need to be developed to test for safety and public
acceptability, and what are their costs?

Specific recommendations have been prepared by the Protein/Calorie Advisory
Group of the U.N. (see Appendix B). | have no experience with programmes
on public acceptability and | am unable to estimate costs. The extensive
review on protein-rich food plans by Orr (1272) indicates the problems to be
expected.

8. Can the microorganisms be packaged for use and storage in tropical climates,
and at what cost?




9.

10.
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Any microorganism, which would likely to involved, could be packaged for
storage. The cost would vary so greatly according to the local conditions and
the longevity of different organisms that no cost estimate at this time would be
meaningful. An improved gari inoculum possibly could be used for individual
family production of gari but protein enrichment processes would probably
require some degree of centralization in an industrv.

What are the appropriate marketing, dissemination and extension techniques,
and the role of voluntary agencies?

| don't know. It may be premature to consider this subject.

Which are the institutions which could carry out the different aspects of the
program?

| would prefer to defer making specific suggestions at the present time except
to note that the scientists affiliated with the Guelph/Waterloo Biotechnology
Institute, which was recently created jointly by the University of Guelph and
the University of Waterloo, have considerable expertise in many of the aspects
involved. African universities and research institutes should be involved as

much as possible.
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APPENDIX B

PAG GUIDELINE (NO, 6) FOR PRECLINICAL TESTING

Although prior history of safe use may be
“taken into account {n the evaluation of & pro-
tain source proposed for general consumption,
-this alor.e Is insufficient to preclude adequate
preclirical testing by currontly-available,
mnre objective animal feeding studies, Care-
ful attention must be given to the dcvelopment
o ne'w varietios of conventional foods of im-

#Orijinally issued on 13 March 1970; revised
vorsion {ssued 13 March 19?2.

OF NOVEL SOURCES OF PROTEIN®

proved protein quality developed through appll.
catlon of technological processas, Hafore
they may be uscd as human (0ood sourcaes, now
foods must be evaluated with respect to the
guality of their protein content and thelr oafety
for use, This requiremaont may apply to now
varictios of conventional foods where the com-
position has been genetically changed, but it
applies espacially to new foods dcveloper! by
isolatiun from conventional sourcce by unusual
techniquos and to yoasts, bacteria, molds or
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algae, l.e. the so-called single ccll proteins,
Processes involving the use of solvent ex-
traction or unusual heating conditions or the
utillzation of food additives {n a varioty of
combinations may result in changes in digest.
ibility, absorption and nutritive or toxicol-
oglcal safety of the food In question,

The development of 8 protocol for a specific
food materlal will depend upon its simlilarity
to a conventional food, the kind of process
applled in {te preparation and the conditions
of its intended use as prepared for consump-

tion,

The guideline for preclinical testing of novel
sources of protein which follows has been
prepared in general terms to describe the
categories of information which must be de-
valoped {n some cases but not necessarily in
l 1t s intended that this guideline serve
as & general recommendation rather than as
a serles of mandatory procedures., The ex-
tent of animal testing considered necessary
prior to undertaking trlals in human subjects
will depend on the protein product, In the
event that the observations and results of a
preclinical appraisal of a novel protein are
to be submitted to a regulatory or institutional
group as a basis for clinlcal trials, itis ad.
visable to review the proposed protocol in
advance with such an agency In the interest
of saving time and effort,

Products Intended for use {n animal feeds
may not require as extensive testing as is
suggosted here for human foods, but foods

rvied from such animal sources (maeat,
nillk or czxs) must be consldered from the
viewpoint of ths possible prosence of rest-
dues transinitted from animsl feeds, Con-
trolled tests in farm animals may contribute
useful information concerning safety or nutrf-
tional value for man,

With respect to single cell proteins (SCP),
particular attention must be directed to the
composition of the mecdia from the viewpoint
of the possible prosence of chemical com-

N
poncnts regarded as hazardous 1o health, The
source materials which form the substrates
for the growth of potentlally nutritive micro-
organismis are a) food and agricultural prod-
ucts such as molarses, whey and etarch:
b) industrial by-products such as callulosic
wastes and sulfite liquor; ¢) hydrocarbone
such as petroleum fractions and natural gas;
and d) aleohols, The microorganisme grown
on these media include various strains of
yeast, bacterla and fungl.

It {s Important, therefore, to recognize the
possibility of the presence of contaminants
derived {rom the source materials (e.g.,
polycyclic aromatic hydrocarbons from
petroleum, mercury from sulfite ligquor),
from the media in which microorganisms are
growing and from extraction or refining, as
well as reaction products resulting from heat
pro..ssing, Substances used as lubricants
or binders (o.g,, {n texturlzation) should also
be conelidered {n this connection,

The physical and chemlical tdentity of the in-
dustrial product should be established to be
essentially the sdme as that of the material
tested experimenmally. To be truly significant,
studies should be conducted on the SCP prod-
uct as made on a’comnmercial scale rather than
on laboratory batches, Minor variations in
processing conditions need not necessitate
repetition of the entire series of prectinical

or clinical atudies,

1. Introduction
1.1 Categorles é! information neerded

1.1.1 Toxicoloalcal snfety as preclicted from
{information concf‘vtn!ng mothods of production,
chemical and physical properties, content of
microorganisms and thelr mectabolites, toxi-
cological effects on laboratory animals and
the responses of normal human tubjects to
limited feeding studies,

1.1,2 Nutr{uom‘l valie as predicted first
from chemical compasition with particular




emphasis on amino acid content and avail-
ability, then by mieans of short-term rat
{eeding studies designed to estimate the of -
ficlency of absorption and utilization of nitro-
gen content,

1.1.3 Sanitation with x;elpect to the source
of the raw material and the conditions under
which it {s proceased as well as potential
pathogenicity should be taken intc account,

1.1.4 Acceptabllity from the standpoint of
taste and other organoleptic properties, in-
cluding its tendency to induce '"taste fatigue',
Esthetic considerations, cultural and rell-
glous patterns of food acceptance should also
be considered in this connection,

1.1.5 Technological properties from the
point of view of incorporation of the product
into currently acceptable foods and fabrica-
tion into new food items,

1.2 Tests and procedures to be used

1.2,1 Chemical analyses for proximate com-
position of the basic product, for the amino
acld composition of its protein component,

for its content of nonprotein nitrogenous com-
ponents, for the presence cf contaminants,
residues of pesticides or solvents (depending
upon the source of the raw material), for
naturally-occurring or adventitious toxine
and for {ood additives subject tn tolerance
limite,

1.2.2 Micrnhiolagical cxaminations for
viable microorganisms, both pathogenic and
nonpathogenic, aerobic and anaerobic, vege-
tative and spore-forming, In the case of
proteins of microbial origin, consideration
should be given to the composition of the
medium or substrate on which the organism
In grown, '

1,2.3 Safety ovaluations based on feeding
studies in rodents and other experimental
mammals, The initial short-term studies
should be followed by long-term (at least

2-year) tests in rats|

1.2.4 Protein quality studiesa in young rats
and other laboratory mammals to indicate
the value of the protein product for promoting
growth and nitrogen rotention when fed as the
sole source of protein and as 8 supplement to
other foods,

1,2,5 Studies of acceptability in prollminary
feeding studles of the protein {n normal human
adults and children, The extent to which thess
tests should be carried out will depend upon
the novelty of the protein product as well as on
the results of the preceding studies.

1,2,6 Extensiveness of the preclinical testing
program should be decided for each new pro-
tein proposed for human food use based on a
consideration of its source, composition and
nature of the process employed in its produc-
tion, As examples, the species of fish used
for the production of fish protein concentrate,
the microorganisms used as single cell pro-
teins and the extraction systems employed in
processing may determine how much pre-
clinical evaluxtion is required,

1.2,7 Choicc of procedures should be exer-
cised with judgment based on experience, A
product intended for use by infants will demand
more exhuastive preclinical evaiuation than
products {ntended for use by childran abave the
age of one year, No advantage ts to be gslned
in employing a multiplicity of preclinlcal eval-
uations directed toward thie samo eand In torms
of the Information furniashed,

1.2,8 Limitation of the tcsts and procedures
should be kept in mind, Whercas animal test-
ing procedures arc capable of establishirg
safety with rcasonable certainty, no muthods
are avallable by which safety can he assured
in an absulute sense, Furthermore, chemical
or other nonbinlogical methods for predicting
nutritive value have certain limitations des-
pite the high degree 'of corrclation betwaen the
results of such teots and those based on ani-
mal {ceding studics,




2. Evaluation procedures

2.1 Chemlical

A novel source of protein for human food
should be subjected te the following analyses:

2.1.1 Proximate composition, {.e., mols-
ture, total solida, total nitrogem, fat (ether
exteact), ash, crudo fiber and available
carbohydrate (by difference).

2.1.2 _Proteig_. a) The nitrogenous com=
ponents should be hyd rolyzed and the amino
acid spectrum dcte rmined by chromatog~aphy.
The essential amino acid composition should
be expressed on 3 N x 6.25 (N = 16 per cent)
basis and the ratio of the total essentlal

ino aclds to N x 6, 26 should also be cal-
culated, b) The available lysine content
should be determined by the method of
Carpenter etal. {1-3). Since lysine is the
principal, though not the only, essential
amino acid likely to become bound and thus
unavailable as 8 result of heat processing,
the slightly modified Carpenter method is
especially uscful as a quality control proce-
dure, c) The presence and amount of non-
protein nitrogenous components such as
glucosamines, amides and amines should be
determined, particularly in the case of prod-
ucts derived from animal sources, d) The
content of nuclelc aclid should be determined
in single cell protelns,

i. 1.3 Fat, The solvent extract should be
analyzcd for the presence and content of
triglycerides, steroids and phosphollpida.
1f the cther extract is greater thans fraction
cf a per cent, the fatty acid profile should be
determined by gas chromatography, with
speclal reference to fatty acids of unusual
structure, 1f fatis prescnt in calorically
sizntficant amounts, the ratio of polyun-
saturated to saturated fatty acids should
alen be calculated from the determination of
sach group, Single coll protuins derived
{rom petroleum hydrocarbons should be
anrlysed for total and polycyclic aromatic

hydrocarbons by a suitable quantitative
method.

2.1.4 Ash,
content of calcium, phosphorus, {ron, lodine,
alkali and alkaline ea rth elements and heavy
metals, Products o{ ma rine and salfite liquor
origin should also be analyred for marcury,
arsenic and fluorine, In the light of current
concern over mercurial contamination of {ish
{rom lakos, streams and marine wators,
attention should be directed to the ponsible
presence of inorganic snd p3 rticularly alkyl
mercury in protein concentrates derived

from fish or algae,

Ash should be analyzed for ita

2.1,5 Vitamins, Analyses should be con-

ducted for all of the major vitamins except

those for which a low lipid content or Insta-
bility under proceulng conditinns indlcate

little likelihood of thelr presence in signifi-
cant amounts,

2.1.6, _F_‘god additives, Analyses should be
conducted for those food additives permitted
in the product under investigation for which

tolerance limitations have been established,

2.1,7 Processing damage. Uscful informa-
tion concerning the effect of hcat on the prod-
uct may be obtalned not only by detcrminations
of available lysiné, as mentioned ahove, but

also by npoctrophotometr&c examinatinn {or
products of the Mrillard reactinn, or, in the
case of leguminous proteins, for the Leat-
labile antitryptic factor or the concomitant
enzyme uroase, Uscful information concorr-
tng the effect of alkali treatment of the prod-
uct may be obtalned by the detormination of
lysinoalanine (4).

2.1.8 _Fj_\ysic:\l properties, 1hongh not

relcvant to the preclintcal ecvalnatlon of the
nutritional quality or safety of nowvel proteins,
it would be expected that studics of their
physical propcrtfrs. ¢, g. solubility, wetta-
billty, viscosity, etc., would be conductnd

to establish thel? technologlcal utility as foods
or food suppleménts,
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2.1.9 Miucellancous, Depending upon the
nature of the raw material and the conditione
employed in its production, special analyses
of the protein product should be conducted
for:

a) Solvent residues, such as polycyclic or
chlorinated hydrocarbons;

b) Pesticide residues;

¢) Naturally-occurring toxic substances,
e.g. gossypol, hemagglutinins and
marine toxins, It should be noted that
there are no satisfactory nonbiological
tests for the latter category of substances,

2.2 Bfochemical

As an indication of the digestibility of the
proteln product, in vitro enzyme studies may
be conducted to determine the rate and degree
of hydrolysis by pepsin and pepsin plus
trypsin under conditions simulating those in
the human gastrointestinal tract (S-7), As
discussed below, calculations based on the
essential amino acid content of enzymatic
hydrolyzates have been adapted for estimating
the blologica’ value (utilization) of proteins.

2.3 Microbiological

While this {s discussed more fully elsewhers,
mention may be made of the need {or micro-
biological examination of new sources of
protein to determine the number or typss of
microorganisms {ndicative of unsanitary con-
ditions of production or processing and to
establish thelr freedom from toxigenic
organisms, In the casse of single cell pro-
teins, taxonomic and toxicologic studies
should bs conducted on the organisms from
which they are derlved to define thelr {dentity
as non-pathogenic species) The end products
should also be examined té rule out the
presence of viable organisms,

2.4 Protein quality

2.4,1 Predictive tests, Though the above-

mentioned choermnical examinations yleld valu-

able informatlon for prodiciing safely and
nutritional value, they cannot be considered
substitutcs for blological appraisals of pro-
tein quality in the intact antinal,
amino acld profiles as determined either
microbiologically or chromatugraphically o
protein hydrolyzates fail to differentiate
between free, bound and nonbound forme,

or between differences in rate and degree of
digestibility, Moreover, intarpretations of
amino acid profiles are bared on compariso
with some more or lcss arbitrarily-chosen
"{deal" protein, such as that of whole egy o
human milk, or on comparison with the FA(
reference pattern or the amino acid require
ments as observed in young adult malges,

For examp

The utility as well as limitations of estimat
the biological value of proteins from thelir «
sential amino acid content (8-11) {s discuss
in several monographs (12, 13), Their ma
use is for screening products prior to anin
testing,

The "chemical score” of Mitchell and Bloc
{8, 9) is based on the ratic of the essential
amino acid in greatest deficit compared wi
its content in a reference protein, e,.g. wh
egg. The "essentlial amino acid index' (E:
is predicated on the hypothesis that the bic
logical value of a protein is a function of ¢!
levels of all of these amino acids in retati
to their content in the reference protein
(10, 11), Expe rier&ce has shown that the
chemical score, based as It is cn 4 single
limiting amirno acld, tends to undecregtima
the biological value, whereas the modlificec
EAA index gives values which correlate or
closely with blological values. However,
these chemical ratings arc basud on analy
of complete hydvolyzates of proteins, the
fail to take into account differencos in diy
ibility of the proteins or availability of in
vidual amino acld[s.

2.4,2 Bioassay procedures, [deally, th
nutritional evaluation of protein foord sho
be made in rclation to thelr potantial rol
the diet of the population for whom they a
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Intended. Whereas this would preclude as-
signing a single numerical rating to a glven
protein which is applicable under all con-
diticns of usc, it would avolid the fallacy of
assuming that sucha rating, basedona
single level of feeding as the sole source of
nitrogen for the test animal, provides a true
mcasure of its nutritional value as & sup-
plement to the diet or to specific foods for
man,

Fxperlence over the years has shown that the

most useful preliminary tests for the appraisal

of the nutritional value of proteins are based

on the short-term growth responses of rats

to the ingestion of suboptimal levels of the

test protein, Variations of this basic proce-

dure have been described inwhich the responres
¢ expresved in terms of weight gain

!r unit weight of prctein (N x 6.25) or nitro-

gen ingested, Those methods do not distingulsh

botwoon the utilization of protein for mainte-

nance and for growth,

2.4.2.1 Proteln Efficlency Ratlos

The most commonly used of theee procedures
involves tho dctermination of the Protein E{-
ficiency Ratio (PER) in which the average net
gain in body weight per unit welight of protein
(N x 6.25) Is compared with that obse rved for
the raference protein, casein, Because of
difforences in response to the same standard
caseln, in the same or differcent laboratories,
FER values are customarlly adjusted to an
assumed vatlue of 2.5 for casein,

‘Thir procedure has been refined 114, 15) to
Iatanceo the fat, 1, e. raloric density, and
mineral contcat of the tast and reference pro-
tein dicts as far as porsible. The cicts are
fed ad libitum to groups of ten weanling male
rats (welghing $0-503 at 20-23 days) for a
pariod of 28 days, Inthe case of lav -protein
sources, e.g. rice, cassava, etc., it is not
pnsaeible to achicuve the usual 9 or 10 per cent
levels of dictary protein specified fcr the
'R test. Hence, the tests are run incom-
oo rigar with standard casein at correspondingly

lower levels, Conventional PER determina-
tions are deficient as bloasanys In that they

are performed at ningle protcin levels, thus
{gnoring differences in slopo of the dose-
response curve at the suboptimal level, lm-
proved design of the PER test may be achieved
by either a multilevel asoay in which the growth
responses at two or three levels of the test pro-
teln are compared with two or three suboptimal
levels of tha ralerence protein (16), or by
means of & slope-ratio assay smploying mul-
tiple levels in which the slope of response to
the test protein is compared with that of the
refcrence protein (17). In the conventlional
PER test, the observed value of grams gain

{n body weight psr 100 grams protein con-
sumed is adjusted to an assumed value of 2.5
for casein to compet.sate for interlahoratory
variations due to age, straln and pretast
dietary history of the rat and dilferences in

the actual casein used,

Because of its relative simplicity and low
cost, the PER method is the most widely-
favored method for the cvaluation of protein
quality, However, it has certain limitations,
For example, like any procedure based rolely '
on gain in body weight, {t takes no account of
composition of the weight increment. A morae
significant criticism, however, rcaides in the
fact that it is a measure of the combincd ef-
fects of digestibility of the dietary components
and their utilization for tissuc synthosis,
More informative procedures permit diffeven-
tiation batween the proportion of dietary nitro-
gen ahsorbed, whichisa function of the sns-
ceptibitity of the proteln snirce to tha uction
of the gastrointestihal proteolytic enzymes,
and the proportion retained in thu hody, which
s a function not only of the essential amino
scid compnsition aAnd content, hut ol the toral
protein content and the caloric denrity of the
diet, !

2.4.2.2 Net Protein Ratio and Net Frotein
Utillzation -

Less frequently employed arc the methods
based on ~stimaticn of Net Protein Ratio (NPP),
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in which the weight loss of a comparable
group receiving a protein-free diet is added
to the weight gain of the protein-fed group,

or the Net Protein Utilization (NPU), in
which the total body nliicgsn of both the
protein-fed and protein-fres groups are de-
termined. These tusts are ganerally per-
formed on groups of four to six 28- or 30-day-
old rats {ed the test or control diets for a
ten-day period, The differences {n terms of
weight gain (NPR) or nitrogen retention (NPU)
arve expressed In relation to the weight of
protecln or nitrogen consumed,

The NPU procedure is more labortous than
those bascd simply on growth response since
{t involves tedious and time-consuming anal-
yses of carcasses, In theory atlcast, {tis
the product of the coefficients of digestibility
of the nitrogenous component of the diet and
ite retention or blological value, When con-
ducted under standardized conditions with
respoct to the age, initial weight, etec., of
the test animals, the NPU method gives
values which correlate quite closely with
blological valuos, since within classes of
foods digestibility will vary only within small
limits, However, NFU 13 subject to the samae
criticisms mentioned previously for PER, It
must he recognized that nutritional assays
employing suboptimal levels of dietary pro-
tein reflect not only the qualitative adequacy
of the essential amino acld content but the
proportion of the total essential amino acid
contont {n the protein, Thus a proteln con-
taining cven a "balanced' essential amine
acid combination may yleld a poor response
{f the ratio of esaontials to nonosasentials ls
too low,

2.4.2,3 Nitrogen balance procedures

For a more deflinitive and detailed appralsal
of \he nutritive value of a protein source,
ritrogen balance procedures must be used,
Thesc were applied originally to studies in
man (18), but in the laboratory dogs (14, 20)
and ospeclally rats (21, 22) have been widely
usad, Dy this technique, one can diffarantiate

between the degree of-Hpestibility of the
nitrogen source and the proportion of nitrogea
retained for storage or anabaliam, Digest-
ihility {a measnred in terma of the ratln of
the absorbed N (1, 8, the differance between
the ingestcd and inteatinally excretod nitro-
gen, the latter corrected for "metabolic N")
to the total N intake. Nitrogen retention la
calculated from the ratio of the retained N
{i.e, the difference betwcen absorbed N and
that eliminated in the urine, corrected for
so-called endogenous N) to the absorbed N,
These values are based nn analyeea of {ood,
fecal and urinary N over the 3- to S-day col-
lection period, which follows a similar ad-
justment period., Several proteins, including
the reference protein, may be tested in suc-
cessive weeks, the metabolic and endogenous
N corrections being derived from a basal
collection perlod during which a protein-free
diet is fed, If the rats aro ln an actively-
growing stage over a series of tests, itis a
further refinement to rapeat the basal period
at the beginning and end of the series 80 as to
interpolate correction values for metabolic
and endogenous lose appropriate for nach
week, The errors involved in the {nterpola-
tions arc discusscd in a critical review by
Njaa (23),

In testing a series of proteins sequentfally,
any residual effect of the previous weck's
test diet not fully offsct by the adjustment
period can be balancod by assigning the rats
to test and referonce proteins according to a
Latin square design,

In addition to ylelding more d. -{lad Infor.
mation than growth methode, the nitrogen
bslance proceduro Is not significantly af-
fected by differences in malntenance reaquire-
ments since tho teat collaction periods ara
very short,

In comparative tests of biological value by
this procedure, greater precision can be
achieverd by standurdizing the food consump-
tion at a constant lovel, o, g, 8-104 por duy,
bocause the degree of nitrogen retention 1s
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influcnced more by food intake than by the
protein level of the dict (23), [t is recom-
mended that inatcad of a protcin-frce diet,
one =ontalning a low level of protein, e.g.,

3 to 4 per cent lactalbumin or whole egg
protoin, be fod durling the basal period to
avold confusing catabolic with maintenmance
losnes. The diets are fed ad libitum, which
{ntroduces a source of error inasmuch s the
ratio of welght gain to food consumption may
be {influenced by the latter, which {n turn is
influenced by factnrs of palatability and toxlc-
ity of the protein rource,

2.4,2.4 Limitations of bloassay results

1t should be pointed out that none of tho anl-
mal assaye for proteln quality can ba assumed
to provide an absolute measure of nutritive
alue for man. Aside from possible species
differences, these procedures have certain
lhinitations with respect to {) di(ferentiation
betwecn maintenance and growth require-
ments, 11) the as sumptions in cotimating
metabolic and endogenous losses, i11) the
effects of ad libitum ve, controlled food in-
take and iv) dictary levels of proteins,
calories and other nutrients not completely
halanccd between test and control diets,
Furthermore, any test of protein efficlency
bascd on feeding a single source must be in-
terpreted with reservation since, except for
milk or milk substitutes, proteins are con-
sumed as components of, or as supplements
to, mixad dicts, Nevertheloss, reasonably
good corrclation (e obse rved between the
growth and nitrogen retentlon procedures and
the relative ranking of individual protein
sunrcws is quits simnflar tn cach of the methods
described, Especlally in chemically-treated
proteins the determination of the limiting
amino acid by rat assay may glve valaable
{nformation in relation to the chemically-
determined composition of the protein,
Special reference {s made to the review en-
titled "Evaluation of Protein Quality’ of the
Committee on Protein Malnutrition of the
Food and Nutrition Board (12) and that of
Nfaa {23), Irwvin and Hegsted (24) have dis-

cussed the limitations not only of the widely-
used short tosts for rating protcins, e.g. PER
and NPU, but of thc more informativa nitrogen
balance procedures, The arrors involved in
estimating corrections for endogenous and
metabolic nitrogen excretion are rolatively
small compared to the basic error implicit

{n the evaluation of an {ndividusl protein as
the sole source of this nutrient in tho dlet,

2.8 Safety (25)

2.5.1 Related factors,

2.5.1.1 Nutritional adequacy of test diet

Growth depression or any other adverse

offect obgerved in the course of ahort-term
nutritional assays should be viewed in the
1tght of possible toxicity of the protein source,
It is necessary to differentiate between low
welght gain due to nutritional Inadequacy and
toxicity of either the protein par se or any
adventitious contaminante, in order to avold
confusing nutritional Insufficiency with todcl\'y
in safety avaluation studice, the basal dlet to
which the test protein is added as a supplemeonrt
should itsell be nutritionally adequate for nov-
mal growth and development of the animal
specles employed, The protein content of the
basal dlet rather than that of the test material
should he relied upon to satisfy the amino acld
requirements,

2.5.1.2 1dentity of test muterials

In applying the resul*s of safety evaluation
studles to products made, or to be made, com-
morclally, the(dentitpand Feproducibilityof
the test material with that produced in practice
must be estaiblished by chemnical and other
relevant procedures,

2.5.1,3 Natural toxicants

Naturally-occurring toxic suhstances found

in plants include carcinuzens (e, g. cycad nuts,
oil of sussafras), goiterogens (Bransica
species), hemagglutinine (e. g, riein, phaseo-




lotoxin in legumes), lathyrogens (e, g. vetch,
sweet peas), cyanogenic glycosldes (certain
bcans and nuts) and estrogens !in seeds and
leafy vegetables) {26), Marine sources of
protein, such as fish or shellfish found in
tropical waters and the algae or plankton on
which they (eed, may contain highly toxic
substances, Naturally-occurring toxic
agents may be avoided either by care in the
salection of the raw materials or by sppro-
priate methods of storage, hest processing
or extraction,

2.5.1.4 Mlicrobiological toxins

Raw mazerials subject to microblal contami-
nation and spoilage must be examined for the
presence of pathogenic organisms, e.g. .
Salmonellae, Shigella, Stanhylococel and
Clostridia, and for the endotoxic and exotoxic
subctances they produce, Raw materials
exposed to warm, humid conditlons which
fnduce fungal growth must be examined for
the possible presence of mycotoxins such as
the aflatoxins,

2.5.1,5 Extraction residues

Protein concentrates which have been {solated
or refined by means of solvent extraction
should be analyzed for the possible presence
of solvent residues and any products which
may be formed, particularly by the use of
reactive chlorinated hydrocarbons. In the
event that any such residues are present,
toxlcologlcal data should be available to
establish safe limits,

Single cell proteins produced by growing
microorganisma on sulfite liquor, carbohy-
drates (e, g, molasses) or hydrocarbon
media must be evaluated to establish the non-
pathogenlicity of the microorganisms and to
rule out their metaholitss or possible muta-
genicity into toxigenic forms, Depending
upon the nature of the raw materials, the
media and the conditions of processing,
analyses for the possible presence of impuri-
ties or contaminants such as solvent residues,

© may depress growth and food efficiency,

heavy metals, fluoride, etc., should precede
any toxicological fecding atudles.

2.5.1.6 Multilevel feeding of test protuin

When graded levels of the test protein are fod
as supplements to a natural-type diet, it s
not possible to maintain {sonitrogenicity,
From the toxicologlical standpoint, howaver,
{t1s preferable to Insure » sulficlent level of
complete proteln in the basal diet rather than
to adjust for differences in nitrogen content,
This complicating factor can be avolded by
using a scmisynthetic type of diet in which
cascin constitutes the single basal protein,
provided it is present in all diets at nutri-
tionally-adequate levels,

2,5,1.7 Comparability of test and basal diets

To the extent that the test protein source
contributes high levels of lipid, ash or indl-
gestible cellulosic material, adjustments may
be required to balance out these factors in the
test and control diets,

2.5.1.8. Highest feasible feeding level of test
protein

In contrast to safety evaluation studies of food
additives generally, it is not feasible to includs
large multiples ol'leveln of protcinaceous
foods in experimental dlets ernployed in toxl-
cological evaluations, Neverthaless, as high

a level as possible ehould be included, keep-
Ing In mind the {act that excessive amounts ol
even high-quality protclnn, such as caseln,

2.5.2 Testing protocata, The need for and
exporiimental deeslgn of 0 aafety evaluation
study in animals depend upon the novelty of
the protein as a fond for m wn, in resprct to
both its source and mcthod of production, The
following discussion assumes that the test

Fusiherine

matcrial is sufficiently different from conven-
tional forms of dietary proteln to require

rather thorough toxicological appraisal before
conducting fecding studics on human subjects.

-
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Furthermore, itis assumed that any nutrl-
.lonal evaluations which may have been con-
ducted suggest that the test material is sul-
fictently safe to warrant more extended
studics,

The protocol fora safety evaluation program
requires decisions with respect to:

2.5.2.1 Choice of animal species

Iiate are by far the bost alnsle apecles,
Mice are also uscd but less is known of thelr
nutritional requirements and their size pre-
cludes ohtaining sufficient blood or urine for
examination. Among the nonrodent species,
beagle dogs, rhesus monkeys and minfature
pigs have been used for short-term but not
{nr chronic (life-cycle) studies.

2.'.2. 2 Composition of basal diet
As a basal dlet for short-term, e.f. 3-month
tents, olither s synthetlc -type (casein-starch)
or a cornmercial natural-type ration is
suitavle. For long-term, e.¢. 2-year,
studics the latter is preferred, In either
cane the basal ration must aatiefly all nutri-
tionsl requirements for the species In ques-
tion,

2.5.2.3 Dietary level of test protein

The test protein should be fed at two or three
graded levels, the highest being detarmined
by lta nutritional adeguscy as & sole source;
s~r example, SO par cent of the total protein
_Ja teot diet, provided it does ndt lower the
overnil blologlcal value, If the test protein
has heen shown to be nutritionally coimplete,
it may be fed ae s replaicement for casein in
A synthetic-type dlet, at least in a short-
term toxicity test,

2,5.2,4 Egnuilibration of test and control
dicta

Ifthe test protcii product has A high ash con-
tent, e,g. certain fish protein concentrates,
nr is otherwise unhilancer with reapect tn

el e

e cmecifle nerientis), ftmay he

teoe e ter eanalize the Lo o oot thie o ooes

B

ponent {n he test and control diets to facllitate
proper interprctation of the responscs.

2.5.2.5 Age, weight, scx and method of
assigning animals to groups

Rodents are usually started on tests ator
shortly after wcaning and are assligned to
groups of cqual size, _balanced with respect

 to litter distribution, sex and average weight,

For short-term tests, groups consint of 19 to
18 anlmals of each sex, but for long-term
tests at least twice this numher {s recom-
mended. In the case of the larger mammals,
the groups should include 3 and 6 of each sex
for short- and long-term studies, respectively,

The use of neonatal animals as toxicclogical
test subjects has been suggested for the
evaluation of protein which might be included
in the diets of infantg, It has been demon-
strated that newborn animals have not the
capability of the adult for enzyme {nduction
and hance lack the ability to inetabolize o
dotoxify forelgn substances,

2.5,2.6 Individual or group housing

Animale should be haised Individually during
the initial petiod of gapid growth so as to
permit rellable measurement of food consump-
tion, Caging in palrs or larger groups may

be resorted to at later stages, Mctabollem
cages should be used during perivds when
urine or feces are collected,

2.5%5.2.7 Maintcnance and sanitary cnntrols

The animal quartars thould be maintained in 1
sanitary conritinn and controiled with respect
to temperature and humidity, The environ.
ment should be kept insect-[rae without the
use of pesticidal aerosols. Cages should be
washed preferably it weekly intervals,

2.5.2.8 Nature and frequency of obse rvations

The gross inspections, clinlical laboratory tests
and pathological obse rvations, and their fre-
qency in hoth short- and lang-term to-i nl-
ot b the ol

neieat atrelies e LIS

bl Lion,




TABLE I,
TYPICAL CRITERIA USED IN TOXICOLOGICAL EVALUATIONS

Observations Frequency

Short-term Long-term

wam——

FPhysical appearance daily daily
Behavior daily daily

Body welght weekly weekly
Food consumption weekly weekly
Hematology
Hemoglobin —1
Hematocrit
Leukocytes,
total and differential weoks
Flatelets
Reticulocytes _J
Blood chemlistry
Glucoss ‘ —1
Urea nitrogen
Protein, total
Albwmin/globulin ratio s above . us above
Triglycerides .
Cholesterol
sGOT, SGPT
Alkaline phosphatase
Uric acid
Allantoin
Urine
“Aolume, pH, sp. §T. -—1
Glucose !
Proteln
Ketone bodies as above
Dile
Occult blood
Sediment —
Autopsy (dead or sacrificed animals)
Gross pathological eximination——l
Orzan weights
Liver, kidney, heartt, brain,
spleen, gonads, pituitary,
adirenals, thyrold
Histopathology
204 organs and tissuos
Zlectron microscopy of
ilves and kidneys

0, 4, 8, 12 1,36, 9
12, 18, 24 months

L

as above

terminal

e —————————
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§.2,9 Functional or metabolic studies

special cases, tests {or hepatic, gastro-
itestinal or renal function, metabolic
alance studies, or neurologicalorbehavioral
+sts may be sugyested., Periodic ophthzal-
ologic examinations should also be conducted,

‘Ingle cell proteins are known to contain a
igh Jevel of nuclenprotein, in some cases
ts much ae 12 to 15 per cent, The elfcct of
agh levels of intake on uricogenesis In man
therelore must be consldered, Since the
svallable evidence Indicates that all animal
specles except man and the anthropoid apes
metaholize purines past the urlc acid stage
to a'lantoln, this phenomenon can best be
studied only in man (Dalmatian dogs ex~:rete
uric acld not because of the lack of the
uricaslytic enzyme but because of a low renal
th @holid)., Allantoin levels in blood and
urine should be Included in toxicological
studice of single coll proteln,

2,5.2,10 Reproduction and lactation:
multigeneration studies

The degree of novelty of a potentlially impor-
tant food ttem, both as to source and method
of production, should determine the need for
reproduction snd lactation studies {n anlmals,
While they may not be Indicated in the case
of a fish or cereal protein concentrate, such
toats should ba lncluded in a protocol for
safety evaluation of a single cell protein,
Though questions have been raleed concern-
ing the spplication of rat reproduction data
P’the human specics, this problem is not

eculisr to reproduction phenomena, Chronic
toxlcological assessrments may be designed
to lrciude multigeneration studies according
to ‘Flgu.ro I,

The horlzontal lines represent the generations
nf rats through their successive matings and
the dotted vertical ilnes indicate litters; ter-
mination of a litter or a generation is shown
by the letter T and the figures Indicate the
anumber of weeks elapsed at sach stage, be-

ginning with the first mating In Fq.

The ohservations recorded In repradaction
studliea include the proportion of successful
matings, the number and weight of young
born and their ability to survive and grow
during the normal lactation perlod, Certain
of these parameters are expressed in torms
of indexes for fertility (the proportion of
matings resulting in pregnancies), gestation
{the proportion of pregnancies resulting In
live litters), viadbility (the proportion of pups
born which are alive at 4 days of age) and lac-
tation (the proportioh of pups allve at 4 days
which survive to weaning) (27),

2.5.2.11 Duration of test period

Short-term toxicological teats generatlly run
from 3 to 6 monthe; iong-term tests from 1 to
2 years, If potentfal carclnogenicity is sus-
pected, studies should be designed to include
lIarger than usual groups of rats or mice and
the test periods should run at least2 or 1.8
years, respectively,

2,5,2,12 Teratogenic or mutagenic studies

Recent emphasis on teratogenic and mutagenlc
investigations is in part, at leas’, a response
to public and political pressura, Hownver,
without belittling the signl/icanco of genetle
aberrations as an aspeci of toxlcity, further
research is nceded to establish the validity
of present proceduren for teratologic and
mutagenic teats for assessing safety under
use conditions In man, Current methods are
being applied larguly for the purpose of ac-
cumulating data to establish thelr velevance
to human safcty e:aluation,

If the source or nature of the protcin product
{s s0 unusual as to demand more extensive
study, or il abnormal responses are seen in
reproduction studice (2,5,2, 10), the pns-
sibllity of teratogenic or mutagenic elfects
may be considered,

Tarstologle atudies sare conclucted In rate and

——— -
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FIGURE 1. _
CHRONOLOGICAL SCHEME OF REPRODUCTION AND LACTATION
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rabbits with particular attention to the time
and duration of test dosage before or during
gestation, Litters are delivered by cesarean
section and responses are observed in terms
of {mplantation eltes, resorption, survival of
the pups and examination of the solt tissues
and of skeletal structure after clarification
and staining.

Cytologic taets In tissue culture for evidence
of chromosomal aberrations in animals have
recently been emphasized for the investiga-
tion of potentially mutagenic drugs and pesti-
cides, However, the significance of such tests
as applied to the Intact mammallan species
has yet to be established, So far as s known,
no proteina Included {n the human diet have
been investigated for posaible mutagonicity,

2,5.2.13 Statistical analyses and interpreta- A
tion of findings

In the interpretation of the responses to toxi-
cological tests, the statistical significance of
differences In responses between test and

control groups plays an linportant role,

Hence the size of experimental groups as

well as the quantitative rating of huth abjec-
tive and subjective observations are particu.
larly relevant, However, whatever statintical
probability is adopted as the basls for deflning
significance, the chance that a single group
may deviate from the norm without actually
indicating a blological aberration cannot be
{gnored, Judgeinent founded on experience

of the investigator and past performance of
the particular strain and colony of anlmals
must be given due weight, Interpretation o!f
experimental findinge should take into account
the quantitative relationship of the tent vas, uso
conditions of tha product under investigation,
intarspecles varfations, the limitoed nunber
and variety of olservationg {ncorporated Into
the safety evaluation programn and the relative
sfze of the test and human populations,

For a discussion of the basic procedures in-

volved in safety evaluation of foad componants,
refsrence is made to the reviews of the United
States Food and Drug Administration (28), the

Fr.,



Fqod Protection Committee of the National
Acadermy of Sciences/National Pesearch
Council (29) and the reports of the Joint
Expert Committce on Food Additives of
FAQ/WHO,

Reports of investigations submitted for review
and evaluation by the PAG must include full
detalls and data for control as well as test
groups and sppropriate statistical analysis
of the findinga, Brief descriptions of the
observations and concluslons will not be
acceptable,

3. Canclusions

The objective of the preclinical study {s
achieved when it has been determined that
the levels and conditions of feeding of the
novel dietary component are sulficlently

.. to warrant A cautious program of study
in human subjects,

4. Raferences

1, Carpenter, K, J, 1960, Estimation of
available lysine in animal-protein foods,
Blochem, J, 77:604-610,

2, Boyne, A, W,, K,J, Carpenter and
A.A, Woodham, 1961, Assessment of
laboratory procedures suggesated as indica-
tors of protein quality in feeds. J, Sci,
Food Agr, 12:832.848,

). Carpenter, K, J,, and B,E, March, 1951,
Tho availability of lysine in peanut blacuits

ur in the treatmaent of kwashlorkor, Brie,
J. Wutr, 15:403-409,
4. DeGroot, A.P,, and P, Slump, 1949,

Fifocts of scverc alkall treatment of proteins
on amino acld composition and nutritive value,
J. Nutr, 98:45-%6,

5. Sheffner, G,A., G,A, Eckfeldt and

H, Spector. 19%6, The pepsin-digest-residuc
(P.D.R,) amlno acld index of net protein utili-
zation, J, Nutr, 60:105-120,

6. Sheffnor, G,A. 1967, [n vitro protcin
evaluation. In Newer methods of nucritional
blochemistry (A, A. Alhancae, ed,), Vol, III,
Hcademic Press, New York, N, Y,, U,S A,

7. Mauron, J, 1970, Nutritional evaluation
of proteins by enzymatic methods. In
Evaluation of novel protein products

(A.E, Bender et al,, ods,), Proceedings of
s symposium held in Stockholm, Sweden,
1968, Pergamon Fress, New York, N.Y,,
U.S.A,

8. Mitchell, H.H,, and R, J, Block. 1946,
Some relationships between amino acid con.
tents of protein and their nutritive value for
the rat, J, Blol, Chem. 163:599.620,

9. Block, R.J,, and H,H, Mitchell, 1946,
Correlation cf the amino aclid composition of
proteins with thelr nutritive value, Nutr,
Abztr, Rev, 16:249.278,

10, OQser, B,L, 1951, Method for integrating
essential amino acid content in the nutritional
avaluation of protein, J. Am, Dletat, Assoc,
27:396-402,

11, Oser, B,L, 1959, An integrated es-
sential amino acid index for predicting the
biological value of proteins. In Newer
maethods cf nutritional biochemistry

(A A, Albanese, ed.), Vol, I. Academlic
Press, New York, N,Y,, U.S.A,

12, NAS/NRC, 1963, Evaluation of protein
quality, Publication 1100, Natlonal Academy
of Scionces/National Research Council,
Washington, D,.C,, U,S.A,

13, FAO/WHO. 1973, Energy and protein
requirements. Repnrt of 2 Joint Eupnort
Comumittee, FAO Nutrition Meetings Report
Series No, 52; WHO Technical Report Serics
No, 522, Fond and Agriculture Orgni~ation,
Rome, Italy, and World Health Organization,
Geneva, Switzerland,
14, Campbell, J. A,

1961, Methodology of




.80 -

protein evaluation. PAG Document R. 10/
Add, 37. Protein Advisory Group of the
United Nations System, United Natlons, N.Y,

10017, U.S.A.
15. AOAC. 1965, Official methods of
analysis, Tenth ed. Association of Official

Agricultural Chemists, Washington, D.C,,
U.S.A,

16, Bliss, C.I, 1952, The statlistics of
bloassay, In Vitamin methods, Vol, I,
Academic Press, New York, N. Y., U,S,A,
17. Hegsted, D.M., and Y, Chang, 1965,
Proteln utilization in growing rats, 1.
Relative growth index as a bioassay pro-
cedure, J. Nutr, 85:159-168,

18, Thomas, K. 1909, Biological value of
nitrogenous substances in different foods,
Arch. Anat, Physlol., pp. 219-302,

9. Alllson, X.B,, J.A. Anderson and
R.D, Seeley. 1946, Determination of the
nitrogen balance index in normal and hypo-
proteinemic dogs. Ann, N, V. Acad, Sei,
47:245-271, .

20. Allison, J.B, 1959, The efficiency of
utilization of dietary proteins, In Protein
and amino acid nutrition (A. A, Albanese,
ed.). Academic Press, New York, N.Y,,
U,S.A,

2). Mitchell, H,H, 1924, A method of
dotermining the biological value of protein,
J. Biol, Chem. 581873-903,

22, Mitchell, H,H,, T.S., Hamilton,
J.R. Beadlus and F, Simpson, 1945, The

. e Ta.we WM W L iSmmen

importance of commercial processing for
the protcin value of food products, I,
Soybean, coconut, and sunflower seed, J.
Nutr, 29:13-25,

23, Njaa, L.R, 1963, A study on the
Mitchell method for detoermination of the
blological value of protein. John Griegs
Boktrykkeri, Bergen, Norway,

24, lrwin, M,1., and D,M, Hegsated, 1971,
A conspectus of research on amino acid re-
quirements of man, J, Nutr, 101:339-566,

25, Oser, B.L. 1970, The safety evaluation
of new sources of protein for man. In
Evaluation of novel protein products

(A.E, Bender, etal,, eds,). Pergamon Press,
New York, N,Y., U.S5.A,

26. NAS/NRC, 1966, Toxicants occurring
naturally ia foods, Publlcation 1354,
National Academy of Sclences/National
Research Coun<il, Washington, D.C,, U,S.A,

27. Cser, B,L., and M, Oser., 1956,
Nutrition studies on rats on dieis containing
high levels of partial ester emulsifiers, LU,

Reproduction and lactation, J. Nutr,
$0:489-505,
28, United States Food and Drug Adminis-

tration, 1959, Appraisal of the safety of
chemicals in {ood, drugs and cosmetics,
Assoc, Food Drug Officials United States,
Austin, Texas.

29, NAS/NRC. 1970, Evaluating the safety
of food chemicals, National Academy of
Sciences/National Resnarch Council,
Washington, D.C,, U.,S.A,






	0024A01
	0024A02
	0024A03
	0024A04
	0024A05
	0024A06
	0024A07
	0024A08
	0024A09
	0024A10
	0024A11
	0024A12
	0024A13
	0024A14
	0024B01
	0024B02
	0024B03
	0024B04
	0024B05
	0024B06
	0024B07
	0024B08
	0024B09
	0024B10
	0024B11
	0024B12
	0024B13
	0024B14
	0024C01
	0024C02
	0024C03
	0024C04
	0024C05
	0024C06
	0024C07
	0024C08
	0024C09
	0024C10
	0024C11
	0024C12
	0024C13
	0024C14
	0024D01
	0024D02
	0024D03
	0024D05

