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~ROBIAL MODIFICATIONS OF CASSAVA: 

TRADITIONAL AND EXPERIMENTAL PROCESSE:_j 

by 

K. F. Gregory 

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, ~· 

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 (FAQ, 1983) with the greatest production occurring in Brazil, Thailand, 

Indonesia, Zaire and Nigeria. Most of the cassava grown in Thailand and Indonesia 

is exported as 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 'arious r-egions. 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 prepar~tion of gari became 

common and contributed to the popularity of cassava in Africa (Lancaster et ~-, 

1982). The traditional techniques for processing cassava into foods for human 

consumption have been comprehensively reviewed by Lancaster et ~I., (1982), and 

Lancaster and Coursey (1984). 

Cassava processing techniques are designed both to preserve casc:eiva 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 toxici~y are described in an excellent review by 

Bourdoux et a!. (1980). Both the leaves and the roots contain glucosides which 

liberate hydrogen cyanide in two enzymatic steps. The principal cyanogenic 

glucoside is linamarin (about 95% 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 oi 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 dtaxic 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 inhibit5 the incor·poration of iodine into thyroglobulin. For 

these reasons, people on a 1-iigh 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 f:rngi 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 ~nd prevent the release of cyanide. Linimarase decomposes at 72 C 

(Joachim an,i Pandittesekere, 1944). 

The cassava root is extremely low in ?rotein. 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 cas~ava must contain 

enouyh protein-rich foods or protein deficiency disease5 could develop. Any 

p )Cess which would increase the protein content of cassava-based foods could be of 

great importance. 
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Traditional Fermented Foods from Cassava 

Gari 

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 ~·, 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 Oke (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 cloth bags or sacks 

made from jute. It is then le:ft 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 commor.ly done by placing heavy stones 

or logs on top of the sacks or by tying the r.ecks 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 poh~s are bound tightly in parallel 

arvund the sack. The extruded juice, which contains rnuch of the cyanogenic 

glucoside, is discarded. The ferme:ited pulp is removed from the sacks, sieved to 

remove any fibrous material, dried, ar.d heated o~ 'garified' in shallow iron pans, at 

about 80-85 C to make white gari, while being stirred continuously until it becomes 

light and crisp. Yellow gari is made by frying in a pan with palm oil. The 

product is a free-flowirig, granular meal with a fair.t sour odour. 

produced by sieving the product to produce very fine particles. 

should swell to over thre~ times its own dry volume in hot water. 

storage, gari must contain less than 12% moisture. 

A finer gari is 

Good quality gari 

t=or safe 

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

fermentation proceeaed 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 ( 1959) but he did not culture 

the microorganisms involved. Several later investigators were unable to isolate 

Corynebacterium sp. in appreciable quant!tites from fermenting cassava (Okafor, 

1977; Abe and Lindsay, 1978; Ngaba and Lee, 1979; and Vinck, 1982). It is 

interesting to note, however, that Whitby C968) found an amylolytic 

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

the production of ban ku, ken key, and akpler in Africa. Okafor ( 1977) considered 

Leuconostoc spp. to be important in the 9ari fermentation, while Abe and Lindsay 

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

played a dominant role. Ngaba and Lee (1979) studied the microflora in 

traditionally fermented cassava, as well as in cassava fermented in the laboratory, 

and found that several isolates of Lactobacillus plantarum, !:· buchneri, and cocci 

resembling Leuconostoc spp., were able to produce the gari flavou;. At the 48 h 

time period of the laboratory fermentation, only Lactobacillus spp. and 

Streptococcus spp. were found and the authors conduded that these species were 

primarily responsible for the acid production anci gari flavour development. 

Although most of the above stl!dies did not reveal the presP.n1.,,e 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 ?enicillium, 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 microorganisrflS is 

responsible for this t. Hect. 

The conclusion to be drawn from the a:::>ove reports appears to be that the 

gari fermentation is quite variable. This is not surprising in view of the variations 

occurring in the cassava r'>Ots 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 inocu!um 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. Cc..!1siderable cyanide may, nevertheless, remain in the gari. Ola rewajiJ 

and Boszormenyi (1975) determined the cyanide content of 12 commerical gari 

samples collected at the lfe 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; ii.~ 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 g~ri to its different roasting in palm oil. 
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It has often been assumed that the linamarin in cassava hydrolyzed 

spontaneously c.s gari became add during fermentation (Collard and Levi, 1959). 

lkediobi and Onyike (1982a), however, showed that the release oi HCN decreased as 

the (:'H dropped o.)elow 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 enz·;me in commercial quantities (I kediobi and Onyike !1982b). 

Ejiofor and Okafor (1984) identified several bacteria and yeasts capable of breakin9 

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 dt:ring the production of gari. These 

data indicate, as suggested previvusly 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 ot 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 tre remaining HCN 

• is driven off during i.he roasting process. 

Linamarin was found to be toxic when fed to rats but the effects appeared 1 J 

be due to cyanide released from the glucoside (Hill, i977). The site of hydrolysis 

has not been established but Fomunyam ~t 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 ![., 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 protejn deficiency resulting from 

diets containing large amounts of cassava, produced a food similar to gari but 

containing 11-12't, protein, by fermenting a mixture of cassava, acid whey powder, 

ar.d soybean concentrate. Several vitamins and minerals were also found to be 

present in lower concentrations i~ gari than in the raw peeled root (Favier et !! . , 

1971). The fermentation adds acids and flavouring components, however, which 

pre~erve the cassa·,,a and increase its palatability. Lactic acid was the principal 

acid found by 3everal authors in gari (Akinrele, 1964; Dougan et al., 1983) . 

Dougan et !!· (1983) found small amounts of oxalic acid (0.04%) in gari and detected 

alkylpyrazines which :)ad 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 by 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 0y 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 fer1nent for three cays. 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 i:oarse fibers, then cooked on a hot clay or 

stone griddle. 

Attieke, popular in the Ivory Coast, is a fermented paste prepared from 
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cassava (Lancaster et !!·, 1982). The process again resembles that used with gari 

but the pulp is more finely ground arid the fermentation is limited to two days. The 

fermented paste is crumbled by hand, steamed, and consumed with milk 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. Thec;e 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 autt.vr 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 i:t'1d 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·dble flavour . 

Other fermented starchy foods 

~aize products. 

Africa (Djien, 1982). 

unlike that of gari. 

At least 20 different fermented maize products are found in 

These are self-inoculated, mostly bacterial, fermentations not 

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 proviJed 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 rnd 

Neurospora are common 1n foods such as miso (Japan), sufu (China), tempeh 

(Indonesia) and .Jntjom (Indonesia), respectively. This is in marked contra:>t to 

O~cidental countries where Penicillu~ 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 Ferr.lented Foods and 

• 

Single-cell Protein from Cassava 

Many studies have been published on the growth of microorganisms on cass~va 

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 ordy 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 Cf'AG), now c . .11.;banded, 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 trials), 

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 

ce!l'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 po-;e a problem for most animals since they possess the enzyme 

uricase. This enzyme cc11verts uric acid in the blood plasma to the more soluble 

allantoin which is readily excreted by the kidneys (see revi~w by Kihlberg, 1972). 

Human beings, and some other primates, however, lack uricase so that the level of 

uric acid in the blood may ~ise until uric acid ar.d 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 s:iurces should not exceed 4 g 

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 <.I. (1970) for yeast. The technique has since 

been adapted to other microorganisms including the filamentous fungus Fusarium 

• g_raminearurn, which has been given U. K. Government clearance to be sold as a 

human food (Solon.ons, 1983). 

There have been c;everal excellent general reviews pubH .. hed on single-cell 

protein (Kihlberg, 1972; Litchfield, 1983; Solomons, 1983; Steinkraus et ~·, 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 clllture, 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~· (1971) (1.25% protein) was 2.5% on a dry weight basis. An 

increase in the level of microbial protein in fermented c.assava could only be 

possible if additional nitrogen were available, ~ither from a nitrogenou:. 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, 1977) 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%. 

Wi1en the ground cassava was spread in thin layers, inoculated with .R_. oligospo:-us 

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 ~·, 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, Muco~, Actinomucor or Monilia) were added with ammonium 

nitr .~, monopotassium phosphate, and water. The paste-lik~ mixture was extruded 
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into sp;_.ghetti-like strands, placed in shallow trays, and allowed to incubate for 

three days at 30 C. Rhizopus stolon if era appeared to give the best results. 

Increases in protein concentrations from as low as 0.2% to as high as 4% were 

rep:>rted. Although this represented a several fold increase in protein, the product 

"'~s 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 c;usceptible 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 remciin 

in the product, and that the distribution of inoculum and nitrogenous compounds to 

dispersed villages would be difficult. Vanneste (1982) recently rep' -1--ieving 

protein t;ontents from 12.8% to 17.5% frorn cassava ino:;ulated 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 the~e 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~-, 1980; Raimbault and Alazard, 1980; Raimbault, 

1981). The process developed at the Office de la Recherche Scientifique et 

Technique Outre-mer (ORS TOM), utilizes a fungus called Aspergil!us hennebergii 

(~. 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 tar.k. The pH, moisture 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 replacir1g 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 JRSTOM process has been studied in our laboratory with thel'motolerant 

funsi ( R. E. Smith, C. Eknamkul 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 fo•Jnd 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 ~. ~verulentum 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 le;w pH and the high osmotic pressure. A dewatering 

pi·ocedure 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 vf 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 fr0m the cells, after a heat-shock process, for 

example, would remain i11 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 cf 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 grcwth 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 

cassa·1a 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 described 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% reduc~ion in the nucleic acid level. 

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

some amylase ac!ivity 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 21.390 crude p;·otein (Azoulay et al., 1980b). Since 

the product is a yeast, the product has been rec0rnmP.nded 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' :tarch can be utilized. 

This implies that an extensive treatment of the cassava starch WJuld be required 

before a high yield of cells could be obtained. Azoulay et ~- (1980a) noted that 

about 2590 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 

proces:;es which have been described. 

Noparatnaraporn et ~- (1983) studied the production of SCP from cassava 

• starch by the photosynthetic bacterium Rhodopseudomonas ~latinosa. 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 lar9e proportion of the 

protein in the product, this approach does not seem to offer much promise. 

Therr.ildsen (1980) studied the symbiotic growthof a bacterium (_!3acillus 

subtilis NCI B 8646) and a yeast (~an_dida ~tilis A TCC 9256). The bacterium was an 
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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% p~otein, w:1ile the culture filtrate, which still contained an 

appreciable amount of glucose, wa~ 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 (~. utilis and Endomycopsis fibuligera) 

• 

with the growth of ~· 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 ver·1 

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°0 crude prot~in. 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, 198lb) 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 spe.::ies 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 <:tn aerated fermentor -- a particularly '.mportant 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% cr..ide 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<Jo but the true protein was 38%; because of the high content of 

nonprotein nitrogen (Mikami et ~-, 1982). The product harvested from cultures 

grown on whole cassave contained 41% crude protein and 31c:i, 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., 
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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 

f.. eichhornia~ 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 f.. eichhorniae 152 on cassava in compar~so.1 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. An2lytical tests for six common mycotoxins were all 

negative. No differences were found between rats fed f.. 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 observed 1n 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 histologic~I 

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 f.. eichhorniae 152 is obligately acidophilic 

and is unable to grow at the pH values found in the tissues where rare 

opporti..nistic infections have been reported by species of the same genus. (There 

have been no reports infections by f.. eichh_orniae). Inoculations by various 

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

.an infection. It was concluded that f. eichhorniae 152 did not pose a biohazard. 
of 

(In ea. 'ier studies an asporogenous mutant Aspergillus fumigatus 1-21 had been 

used as a protrJtype culture for the use of thermotolerant fungi for producing 

microbial protein from cassava (Reade and Gregory, 1975). Since it was not 

possible 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 prodL.ction of biomass from cas~ ava by 

• C. eichhorniae 152, Charonesiri and Gregory ( unput:.lished 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. Jtappears unlikely that any process 

can produce microbial biomass from cassava at a cost that could compete 

economically with soybean meal, at the present tinie, 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 revi;?W .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. \tenkataraman, Officer-in-Charge 

UNIDO Technology Programme, 25 January, 1985 

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

1. 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 :n 
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 which has been used for producing a yeast 
biomass, from cassava, with a low nuc!eic 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? 

3. 

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 imp;-oved animal fodder based on cassava be extended to food? 

Yes. Several processes for producing protein-rich n.;crobial 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 aeapted 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. I 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? 

5. 

6. 

7. 

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, an-J stored under conditions where 
mycotoxin-producing fungi could not grow on it. 

What is the cost of adding amino acids and vitamins to the gari after production 
rather than improving tham 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 nonformented, 
is mixed with a high protein food comp0nent 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. 

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 techniqu6 rather than using v. iatever techniques 
are required to solve a particular problem. 

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). I have no experience with programmes 
on public acceptability and I am unable to estimate costs. The extensive 
reviPW on protein-rich food plans by Orr (1e72) indicates the problems to be 

expected. 

8. Can the microorganisms be packaged for use and storage in tropical climates, 
and at what cost? 
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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 u::ed for individual 
family production of gari but protein enrichment processes would probably 
require some degree of centralization in an industry. 

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

10. 

I 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? 

I would prefer to defer making specific suggestions at the present time except 
to note that the scientists affiliated with the G1.1elph/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 
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• 

• 
PAO GUIDELINE (NO. 6) FOR PRECLINICAL TESTL'IG 

OF NOVEL sounCES OF PROTEIN• 

Althou;h prlor hl1tory o( 1Afe uu may be 
·taken Into account In the 1valu.Atton of a pro• 
t.aln 1ourc1 proposed for 1eneral conswnptl.,n, 

· thl1 alor.e ls lnau!!i.dent to prec:ludo adequate 
preclldcal tu:lnz by currontly-avallablo, 
mil :-o objecth·• anlmd focdln1 1tudlu. Ca rt• 

(~ Attention must be 1lvcn to th~ :lcvelopment 
o' n1w \0&1ietlo1 of conventional foods of hn· 

•Ori11inally luuod on 13 March 1970; revlud 
voulon l11ued 13 March 1972 • . 

proved protein qudlty developed throui:h "Pt>ll· 
catlon ot technoloa;ical proceuu. Sofo re 
they may bo u1cd •• human Cood 1ourc•1, no"' 
Cood1 muat be evaluated v.·i.th reapcct to tho 
c;u&llty of thtlr protcln content and thcl r oaf•l'( 
tor u10. Thl1 requirr.mi:.nt 1nAy apply tn now 
v~ rlctloa of conventional food~ whc rt the co:n. 
po1l~lon h"• been acnttic&lly changed, but lt 
a;iptiu Hpoci.dly to Mw food• develop'·~! by 
laolatiun from conventional 1ourcc1 by u1Huu:\l 
technlquu and CO youtt, bActert", mold• or 

. 
Cl 

• 
~ 
·~ 

.. 
) 

• 
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a\a_ae, l. e. the 10-called 1ln1\e cell proteln1. 
Proce1ses ln\·ohlng the u1e or 1olvent ex-
t uc tlon or unusud heatlna condltlon1 or tho 
utlllzAtlOn or food addillVCI ln a varloty Of 

comblnatlon1 n1ay ruult ln chan1e1 In dlaeat• 
lblllt}·. al>1orptlon and nutritive or toxlcol-
01\cal urety or the food In qucutlon. 

The devfllopment of a protncol for a 1pticHlc 
food mate rlal wll\ d~pend upon lh 1lmlla rlt;• 
to a conventional food, the kind ot proc:e11 
arplled ln lt• prl!paratlon ~nd the condltion1 
of lt1 Intended UH u prepared for con1ump· 

tlon. 

The 1uidellne !or precllnleal tutlng or novel 
1ource1 of protein whlch Coltow1 has been 
prepared ln general tenn1 to ducrlbe the 
categorle• o( information which must be de­
~-oped In 1ome ca1e1 but not neceuarily \n 
Jiii. lt la lnhnded that thl1 jluldellne serve 
a1 a 1teneral recommendation rather th~n at 
a aerle1 of mAnd.itory proceduru. The ex­
tent of animal tutln& con1ldered neceuary 
prior to undertaking trials In human 1ubjcct1 
will clepend on the protein product. ln the 
event thAt the observations and resulh o( a 
precllnlcal appra\ul oi a novel protein are 
to be 1ubmitted to a re11ulatory or ln1tltutional 
1roup a1 a ba1i1 for clinical triah, it had· 
vltable to review the propoaed protocol tn 
ad\'ance with 1uch an •&ency ln the lnterut 
or savlni time and effort. 

Products lntendf!d for uu ln animal fced1 
mar not require as extenelve testing a1 la 
1u111lostui here for human foods, but Cooch 
.rvlod from 1uch anlm.\l 1ourc:e1 (meat, 
rtillk or ci~t) mu1t b1> con1ldcred from the 
"l1:wpolnt of th11 pc.111\h\e prounce of re il­
...Sue 1 tran111ilttud Crom anlmal faed1. Con­
trolled tests in (arm anlmah may contribute 
u9efol Information concerning safety or nutrt­
tlonal value for man, 

With re!pect to sinRle cell proteins (SCP), 
pirtlc:uhr Attenllon must bf! dlrec:teJ to the 
comp4'1ltlon oC the meclla from tho viewpoint 
o( the po11lble prc,.ence or chcmic:d com· 

l· 

poncnll re1ardcd as h:t.:.udou5 to health, The 
1ource materlab which form thf! 1ub1trate1 
for the £rowth of potcntlally nut.rltlvc mlcro­
orgAnllnHi are a) food and agrlc•J\tHrll\ prod­
ucts 1uch a• mola11se1, whoy ~nd 1larch: 
b) lndu1trtal by·pr'oduch 1uch u c11ltulo1lc: 
wa1te1 and 1ulfito llq~'>r: c) hydrocarbon• 
1uch at petroleum fractlo"• anit n~tu1"al ga1: 
and d) alcoholl. The mlc roo r1anl •me I rowr\ 
on theae media Include varlou1 •train• of 
yeut, bacteria and funal. 

It h lmpo runt, there Fore, to reCOttnlr.e the 
poulblllty of the pruence of contamlnant1 
derived Crom the 11ouree riaterlah (e. •·, 
polycycllc aromatic hydrocarbon• from 
petroleum, mercury from 1ulflte Uquot"), 
from the medla In which mlcroorgllnl1m1 are 
arowlng and from extraction or refining, •• 
well a1 reaction products resulting Crom heat 
pro ... ,11alng, Sub1tance1 U5ed a1 luhrlcanh 
or blndeu (e.1., In tP.xturlzatlon) 11hould aho 
be con1ldt? red ln thh ccnnec lion. 

The physical and 'ehf'mkal ldentity of the ln­
du1trla\ product should be uhbli1hed to be 
essentially the 1me a1 that o( the materlAl 
teated experlme~dly. To br tnlly 1linUlcant, 
1tucliu 1hould be conducted on thf' SCP prod· 
uct a1 made on a· commercial scale rather than 
on laboratory batchu. Minor varlattt>n1 tn 
proceulng condition• need not neceultate 
repetition of the entl re aeriu of preclinical 
or clinical 11tudlea. 

I. Introduction 

; 

1, 1 Catc1torlo ~f lnformatlon nerrled 

1. 1. l Tox,coto;:leal tnff'tt 1u prerllcte<l Ca-c11n 

lnformaUon conC
1

&•rntn~ me1thorl1 "' prod1ictlon, 
chemical and phy1lcAl prop~rtles, content of 
microorganism• and their mct.abolitea, toxl­
cnlop:lcal effects· on laboratory animah and 
the responses or normal human t 11bjccts to 
limited reeding studlu. 

1.1.Z Nutrlllona't vnh\e u prf'dktnd lir.t 
from c:hemlc.11 compn,.lUon w1th r" rtfr.11tar 
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emphaah OR amino •cld content and avall­
abllity, then by mHne of ahort-tenn rat 
(•eedintt atudlea dcalitned to utimatc the ef­
Clclrncy of abaorptlon and utilhation of nltro• 
aen content, 

1.1. l ~nltatlon with reapect to the aource 
of the raw matorlal and the condltlona under 
whlch lt la proceued aa well aa potential 
pathoaeniclty ahould be taken lntc account. 

1. I, 4 Accept.lblllty from the atandpolnt of 
taate and other oraanoleptlc propertlo•. ln­
cludlng ita tendency to Induce "taate fat11ue 11

• 

Eathetlc conlldentiona, cultural and relt• 
aioua pattern• o~ food acceptance ahould aho 
be conaldered in thl• connection. 

1. 1. 5 .!.!.£!!nological propertlea Crom the 
polnt of .vlew of incorporation of the product 
luto currently acceptable fooda and fabrica­
tlon lnto new food ltema. 

I. Z Te1t1 and proceduru to be uaed 

1.Z. l Chemical analyses for proximate com­
poaition of the baalc product, for the amino 
acid compoaltion of it• protein component, 
for its content of nonprotein nitroaenoua com· 
ponenta, for the preaeftce cf contamlnanta, 
reaiduea of peatlcldea or 1olvenh (dependlna 
upon the source o( the raw material), for 
naturAlly-occurring or adventltloua toxin• 
anti for food additive• aubject tn tolerance 
llmitl. 

I. z. z Mic Mhioloolc.\l cxamlnAtionA for 
vlAl>h mlc roo rgani sma, both pa.thogenlc and 
nonpathogenlc, ;uroblc and anaerobic, ve1e­
tallve and 1;:>ore·formin1: In the caae of 
protein• of microbi11l oriain, consideration 
ahould be giver. to the compoaltion of the 
mcdlum or 1ub1trate on whlch the organhm 
111 arown, 

I 

1, z. 3 ~:-lCety t'\":\luations 'baud on !ceding 
atucli ea In rode rill a nit olher expe rimcnto.l 
mammals, The lnltial short-term atudiea 
1hould be followed by lon••term (at lcaat 

' 

Z-year) tcata In rate: 

1.Z. 4 Protein quality st11rllr.1t ln young rah 
anrl other l.iboratory m:lmmah to lnJk,\te 
the v&lue or the protein product for prumotln11 
arowth and nltro1en rotention when fed •• tho 
aole aource o( protein and & • a aupplement to 
other fooda. 

1, z. S Sturllra ~cccpt.1bllltx ln in·ollmlnary 
feedlna atudiu of the protein in "" rmd hum~n 
adulh and children, The extent to whlch theH 
teah ahould be carried out will depend upon 
the novelty of the protein product a1 well u on 
the re1ulta o( the preceding atud\ea. 

I. z. 6 Extensivcneas oC tho precllnicd teatinlJ 
proaram ehould !>e decided for each new pro­
<ein propo•ed for human food use ba1ed on & 

conalderation of ita 1ource, compoaitlon and 
nature of the p roceaa employed in lh p roduc -
lion. Aa examplea, the 1pecle• of tiah uaed 
for the production of fhh proteln concentrate, 
the microorganhm1 uaed aa single cell pro­
teins and the extr~ction 1ystem1 employed in 

proceulna may determine how much pre­
clinical evalu.t~on h required. 

" 
.. 

1.Z. 7 Choice or proced•trea should be exer­
cised wit~ judgment b.ued on experience. A 
product intended for uae by Infants will <lemAnd 
more exhuastlve precllnic:al ev•b~tion th•n 
product. lntendea for use by chHdr..,n al.x\ve Lhe 

•ae or one Yf'3r, No advAnt•1ra t. to"" .:.·.ln"d 
in employing a multlpllclty oC l'redlnlcal eval· 
uatlon1 directed town rd tile 1amo f!nrl In tc rm1 
or the Information fuml11hr.cl. 

1,Z,8 Limitation nf the teats and procc<l11rr.!' 
1hould be kept in mind, Whereas animal tcat­
inll procedure!' ar.: C4'pa~lc of est.ibli11hir~ 
u fety with rc.uonable cc rtainty, no muthoda 
are av.11lable by which !'1.\fety c.ln ht! ·'UUr\ld 
In .;an ab1ulut1! 11ense, Furtl1c: rmnrc:, chemical 
or other nonbinloi;lcal methorli. for prcdlctin~ 
nutritive value have certain limitations de•· 
plte the high drgrcc 'o( correlation bctwl'lon the 

ruult• of 1uch teat• and thou baaed on a.nl· 
M:\l {(:cdlng etudice, 
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2. ~alUAtlon proceduru 

Z, I Chflrnlcal 

A novel eource of protelr. for human food 
tho"ld be l\lbjected te> the ro11owln1 analytet: 

2.1. l Proximate compC1tltlo~ l.e., rnol•· 
ture, tot:\l tolld•, total nllrogen, rat (ether 
extrl\Ctl, a•h, crude flber and available 

cal'bohydote thy d\ffonnce). 

Z. 1. Z ?rotei_!!. a) The nitro((enout com· 
poner\lt 1hC1uld be hyd rolyud and the amino 
acld 1p.-ctrum determined by chromatog-sphy. 
Tho eurntial amlno acid compasltlon thould 
be expreued on a N x 6. ZS (N s 16 per cent) 

batl11 llnd the ratlo o( the total euentlal 
t'no add• to N x 6,ZS tthould also be cal• 
culate<t. b) The available ly11lne content 
1hould be determined by the method of 
Carpenter !!_al. (l-3). Since lyslne lt the 
principal, though not the only, essential 
amino acid Ukely to become bound and thut 
unAva\lable as a result of heat proce!lsinJ, 
the tlightly modlried Ca rpentcr method it 
e•pecially useful as a quallty control proce· 
dur•. c) The presence and amo1mt o! non· 

protcln nltroilenout componenll such at 
1lucoumlne•, amide• and amlnr.• ehould be 
dete rmln•d, pa rtlcula rly ln the cau of prod• 
ur.tt de !'lved from an\mal snurcf't, d) The 
content or nucleic ac: ld thould be dell! rmlned 

ln 1\ngle cell prote?ln•. 

ll. l. 3 fat. The 1cilvent extr;.ct thoull'f be 
lln~ly1.cdror the pr,.,,cnce and content of 
trlttl ycerl<!u, 1te rol'l • and phosphollpld11. 
lC the ~thc-r e'<trac:t is ~realer than a Cract\on 
c( a per ctont, the r~tty acid profl\e 1hould be 

determined by ga • c:hromator:raphy, with 
tpedal ruferenc• to fatty Acld11 of unu!'l•.ial 
1tructure. IC Cat is presrnt \n ca\or\cally 
11;,;n\C\cant ~mounU, the ratio of polyun· 
uturaterl to s:ilur:\t'!ti fatty adds should 
:\l,.n bf' c:slc\1\c\tctl Crom the dct~rmli1Atinn of 
uch 1ro1.&p. SLnal• co\1 protuln• der\vod 
from petroleum hydrocarbon• 1hould be 
:..n'lY"C'l ,,.,,. total ;.1,,J polycyclic ~rotn:\tic 

hydrocarbon• by a eultable quant\tatlve 

method. 

l. l. 4 ~· Ash !thonl•l be An:\lyxt-d fnr lt111 

content of calciWlt, phollphoru!'I, l ron, lodinc, 
alkali and alkaline e;i rth eh•ments :.nd he:wy 
metals. Product• of ma rin,. a..,d 1•1lrtte liquor 
orlsln 1hou\d alto b"! analy1.ed for m"rcury, 
auenle and nuorlne. ln the Ught or current 
concern ovf!T mercurial contam\na\lon nr fhh 
from lake•, stream• and marlnn wator1, 
attention 1hould be dlrected to th• poulh\• 
pretence or lnorllanlc and pa rUcul" r\y alkyl 
mercury \n protein concentrate• derhe-1 

from fi1h or alRae. 

2.1.~ Vl.~ml.~. A.nalyee• should be con· 
ducted (or all or the major vita.m\n• exct'pt 
thote for which a low lipld cont.-nt or ln1t.a­
b\l\ty under proceulnit cond\ll'lnt lnrllcate 
Uttle l\keUhood oC thelr prrtt!nCf' In 1l1tnlfi· 

cant amount•. 

2.1. 6 • .[2od additlvu. Analyee1 should be 
c.;,nducted for tho•e !ootl add\tlvcs pt"rmitted 
ln the product under \nve•th;ation for whlc'r• 
tolerance limltatlotu h:ive b~en f!stablishe,i. 

Z.1. 7 Proc:euint; d:lm•i!_· Useful lnforma· 
t\on concerning the eCfcct of heat on thr. prod­
uct may be obtalned not only by ctrtermlnatl.on• 
Of available lya\n4!, a• ment\onefi llhOVI', but 
also hy 1pectrophotornf'tric C')C:tmlnl\til'ln for 
productl of the Mltlll" rd rci3ct1on, r>r, \n the 
cate of leMumlnolU protrln"• fur thr. l1r•t· 
lahlll" antltryptlc factor or the conconlitant 
enr.ymo \troate. U1c!ul lnformatlon conc:on~­
ln1t the rHect of l\U:.All treatmt-nt of tho procl· 
uct may be nbtalned by the clett1rmlnat\on or 

lysinodanl.,e (4). 

l, 1, 8 Phy_!lic:\l pr~orrtics. 1 h:.>•1i:.h not 
relevant to the preclinlcal cvab:ltlCln ur th .. • 
nutritional quality or eafoty or no..-cl protrln1, 
lt would be r><.,CC!tecl th:\t 11turl\ct of their 
phy~ic:il prnpcrtC'"~• c. ~. solubll.ity, welt:\• 
bll\ty, \ l11r.o•itf,~-etc., wnu\cl he concl\\Ctl'ld 
to utablhh theU' technoloalca1 u&111ty •• rood• 
or foo<l supplenl~~tt. 
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Z. l.9 Mi•t'·,;n.tn~o11•. DepenrllnK upon the 
nature of the raw material and tho conditione 
employed in lta production, apeclal analyn1 
of the protein product 1hould be conducted 
for1 

a) Solvent realduH, 1uch &3 polycyclic or 
chlorlnaled hydrocarbon•: 

b) Putlclde rulduea; 
c) Naturally·occ:urrlng toxic eubetancee, 

•·I· 1ouypol, hemaaglutinln• and 
marine toxin•. It ehould be noted that 
there are no eatlalactory nonbioloalcal 
t .. t. for the latter cateaory of •ub1tance1. 

2. Z Blochemlcal 

Al an lndlcation of the di1e1tiblllty of the 
protein product, .!!l .!!!!2 en~yme 1tudlu may 
be conducted to determine the rate and de1ree 
of hydrolyal1 by peplln and pepaln plu1 
trypeln under condltione eimulatin& tho1e ln 
the human 1a•ttolnteetlnal tract (5·7). A• 
dl1cuued below, calculation• bau•d on the 
euential amino acid content of enzymatlc 
hydrolyute• have been adapted for e1tlmatln1 
the bloloalca·. value (utilhatlon) of protelna. 

2, l Mlc robioloaical 

While thi1 h di1c1.111ed more fully eluwhere, 
mention may be made of tho need tor micro• 
blolo1i1lcat examination of new 101.1rce1 of 
protoln to determine the m1mber or typ•• ol 
T!"lcroorganlem• indlc.dlve of unaanltary con• 
dlt!ona or production or proceaaing and to 
est&bllah their f.reedom Crom toxlaenlc 
or1anlam1. In the ca1e of 1tn1le cell pro· 
teln1, taxonomic and to'xicologic atudlea 
1hould be conducted on the or;anhm• Crom 
which Lhoy .are derived to define their identity 
a1 non-pathoaenlc 1pecle•) The end product• 
1hould also be examined tc rule out the 
preHnCe Of viable oraanhm•. 

l, 4 Protein quality 

2. 4. 1 Prerllctlve teat•, Thou"h the above· 
mentloned chomlca\ examination• yield valu· 

ahlt1 lnformatlon for pr"r~:cunll •a(rly and 
nutritional value, thny cannot he conalJered 
substitutes for b:olottical Appral:illl• of pro­
tein quOlllty ln tho lnt;&ct anhn•l. F"nr ex.unp 
amino acld profUe• a• determined either 
mlcrobioloaicaUy or chromatuanphlcally ori 
protein hydrolyzatee fail to differentiate 
between free, bound .and nonbouncl forme, 
or between dlffercncee ln rate arid dcgr11e of 

dl1e•tlblUt1. Moreover, lnlt1rpreU.tlon1 of 
amlno acld profile• are baPod on comparllo 
with aome more or le•• arbltra rlly·choHn 
"ideal" proleln, 1uch •• that of whole •11& o 
human milk, or on comparhon with the FAC 

reference pattern or the amino acld require 
menta a1 obHrved ln yo1.1n1 adult male•, 

The utility a1 well as Umltalic.ne of ntimat 

the biological value of proteln1 Crom thel r c 

aentlal amino acld content (8·11) h di acu11 
ln eeveral mono1raph1 (12, l J,. Their ma 
u1e h for 1creenlni product• prior to anln 
te 1tln1. 

The "chemical 1core" of Mitchell and Bloc 
(8, 9) ii based on the ratloJ of the euentlal 
amino acld ln &reateat deficit compared wi 
lt• content ln a reference protein, e.g. wh 

e11. The "•••entlal amino acid index" (E1 

h predicated on the hypothesis t~t the blc 
loalcal value of a protein l1 a function oft: 
levels of all of theao amt"o acid1 ln r•lAtl• 
to their content ln the reference protein 
(10, 11), Experle~ce ha• shown th&t the 

chemical ecore, based ae lt ltt c;n ' 1inl(lf! 
limiting amir10 .aclrl, tend1 to~.<l-l.!Jtlina 
the biolo&ical VI\ lue, where a a the modlfi cc 

f.AA index 1ive1 valuoe .. -hlch correlate rr 
closely whh hblogh:al vAluu, However, 
these chemical rating• A re ba1ud on andy 
of complete hyd\·oly:r.atc• o( protein•, the 
fall to take into account dHferpnc"s ln dl~ 
lbillty or the proteins or availability o( ln 
vidual amino adds, 

I, 

l. 4, l l\ioiu!lay pt'0Ced\ltett, Ideally, th 
nutritional ev01luation of vrotcin foorl •ho• 
be made ln rolatlon to thel r pot.,ntlal rot 
the dld o( the populat\011 Cot ..-.hom they " 
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lnt .. •ndod. Wheru• thi• would preclude ae­
•l•.,lni: a 11lnRle nunlerkd rating to a ttlven 
pr•>trln which ls appllc:\blc unrl<'r all con• 
dl tlcn. 0 r U 8C I \t \VO\lld a void the ra ll&C y or 
auumin1 thd euch a rating, based on a 
atn1\• level of foedina •• the aole ao\\rce of 
nltrocen lor th• tut animal, provtdH a true 
mcaeuro of lt• nutritional value •• a 1up· 
phment to the diet or to 1peclftc food• for 

man, 

Experience over the yeare ha• ehown that the 
most useful prclimlna ry te1U for the appraha\ 
ol the nutritional vdur or protein• are ba1ed 
on the ahort-term arowth rf'11pon1e1 of rate 
to the lngutton of suboptirn:l\ leveh of the 
teat protein. Varlatlon1 of thh bask proce­
dure have been de1crlbed ln whlch tho re1ponre1 

li" expreued ln term• of weight aaln 
1f!r unit wel1ht of prcteln (N Jt 6. 25) or nltro• 
cen lnaeatod. Thau method• do not dtatlngi..ihh 
batwl!on the utlU utlon of proteln lo r mainte-

nance and for arowth. 

2. 4. 2. I Protein ECficlcncy lbtlo1 

The moat Cl):Tlmonly Ull'<l or the•e procedure• 
Involve• tho dde rJT1in'ltion of the Protein Ef­
!lci•ncy R:\tio (PER) In which the average net 
aain ln body weigM per unit wel&ht or protein 
IN x 6.ZSl h compued '111.ith that observed for 

the r'!fererice proteln, caseln. Becau1e or 
ctlHo.!rcnce• In response to the ume atandard 
c:a aeln, ln th" nme or dlffrrent laboratorle1, 
J•F;R value" a re cu!ltonia rlly adjuttcd to an 

auumt'd \•3\ue oC 2. 5 for c~eein • • ·rMr procedure ha• bean rertried I 1-1, 15) to 
i...tanco lh,. fot, l, f!. r..,\l)ric den1lty, 11nd 
niln••rd contc.\t or the ta!'t anct rcforl'nce pro· 
tf';n rl:C'tl at for :\I pof~ible. The c!i.:ts 3re 
Ced ~ lib\tum to !P'Ollpt of ten wunlln~ mde 
rats (welithing ~1.).50;; at ZO-Z3 d~y•) for a 
p"!riorl or 28 day1. In the case of \C'I•. ·prC\tein 
ll)U .:-ces, e.g. rice, cas ta\·:>. f'tc., it Ill not 
p...,!l!liblc to achicvf" the ~uual q or 10 per cent 
leveh or clict.:&ry protein ~pccificd fc r the 
l'r:n tfl1t. Hence, thf! te1t1 *"e run ln com· 
:• • danr wHh •t:\nrbr<) i:a11eln at corr<'5p.,nriinal·; 

lower lcvf'h. Conveatlonal PER drte rmln.i. 
tlons are derlclent :u bloa111ny1 In that they 
are performt'd at rilngte prokln levf'h, thu• 
li!norln~ differences ln 11lo(lt' or tht' do~e­
respon1e curve at the aubopti.m:il \e\•el. I.Jn· 
proved dulgn or the PER tut may be •chieved 
by elther a multilevel auay tn whlch the 1rl'wth 
re1pon1u at two or three leve\I of the tHt pro· 
!eln are compared wtt'h two or three !mboptlmal 
leveh or th'J rofennc• prot•ln (16), or by 
maana or a atore-rat~O &11ay Mnployinll mul• 
tlple \ev~la ln whlch the elope of reeponu to 
the test protein h compared wt.th that of the 
reCcrence protein (17). In the conventlonal 
PER tut, the obaerved value of gums 1aln 
tn body wel1ht p..r ICO gram• proteln cnn· 
1umed it adj111ted to an auume<l value or 2. § 

for caeein to compet.ute !or lntorlahorat.,ry 
varlatlons iiue to aae, 1traln and prcta1t 
dleta ry hlltory of the rat and dlCferenc•• In 

the actual casein uud. 

Because of its relat\v" 1implklty and low 
coat, the PER method la the mollt wldely· 
ravored method lor the evA\uatlon or prcotttln 
quality. However, It ha• certain llmlt-'t\on11, 
For example, like any procerlurf' ba :\Cr\ •nhlr 
on gain in hody wei&ht, lt t~ke11 nt' acco11nt of 
compoeltion of the weight Increment. A m'.:>rCJ 
1i&rilflcant crit\ci11n, howe\·cr, rc,.ldu ln the 
fact that it h a me&l\\re of the combined ef­
!ects or dlgutlbllitly or the dif'tary component• 
and their utlUutlon for tiuuc ~yr.thu1ls. 
More lnlormatlve procecl11rt11 pPrmlt dlf!r.nn­
ll11tton b"!tween th!! proportlc>n of ulf't.ary nltro• 
gen ah10:-bcd, which ha CunctlC\n of the a•\I• 
ceptlbl\lt~· of the prol,.ln tl')11rce to tho, iactlon 
or the autrolntutlhftl p1·otct>lytlc en;i:ym<'", 
1nrJ the proportion 'ret.alned ln the bo.iy, whlc:f, 
la a Cunctlon not only of the l'Uenttal amino 
add co1'r.p.,1ltlo~ ,."rid cont~nt, h•.tt o( th'· torll.l 
protein cont~nt ana t11e r.alorlc: denr:lty r.f lh(lt 

dlet. 

2.-\.l.Z Net Protl!.ln n:\tio anti Net Proteln 

t:tili za ti on 

Leu frequently ernpl..,yerl arc the m<:thod:s 
b:uttd on "!'tlmaticn of N"t t"rfltcln ";'t{o (l'~f•P.), 
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in which the wei~ht lou of a comparable 
aroup rc:ccivin& a protein-free diet la adJed 
to the wei(tht 1tain of the protein-fed aroup, 
or thr. Net Protl'in Utilization (NPUl, In 

whlch the total body ~!••vi~" of both the 
protein-fed and proteln-frn groups an de­
tennlned. The .. tu1t1 are aener&lly per· 
lo rmf'd on llroup• of lour to alx za. or 30-day· 
old uta !ed the teat or control dleu for a 
ten-day period. The difierencu ln term• of 
wel£ht aaln (NPR) or nltroacn retention (NPU) 
a re expreued ln relation to the welaht of 
protein or nitrogen conaumed. 

The NPU procedure is more laborloua than 
those based aimply on growth responae since 
lt Involve• tedioua and time-consuming anal­
y1e1 o{ carcasses. In theory at least, lt h 
the product o! the coefficients of diiutibility 
of the nltrogenoua component of the diet and 
lta rrtentton or bloloalcal value. When con• 
ductt'd under 1t&ndarclized condition• with 
r••poct to the •if', Initial wel1ht, etc., of 
the teat anlmall, the NPU method 1ivu 
vdues which correlate quite clouly with 
biological vduoa, alnce within claue1 of 
fooda dlgutlblllty will vary only within small 
UmUa. However, NPU ls 1ubjec:t to the 1&me 
crltlciam• mentionl'!d previoualy for PER, It 
mu"t he recollnlzed that nutrition&\ a1uy1 
emplc..ying 1uboptim"1 leveb of dleta ry pro­
tein reflect not only the qualitative adequacy 
of the ea sential amino add content but the 
proportion o( the total euential amlno acid 
content In the protein. Thu1 a proteln con­
t.,lnlnic even a ''balanced" e11entl&l amino 
acl1I comblnatton may yhld a poor ruponH 
If the ratio of euontlala to nonouentlah h 
too low, 

2, -I,:?,'.\ Nitror,'!n balance procedures 

For .:i morf! definitive and cietailed appr.il1nl 
O( ~h,• nLltritiV~ V'11UC Of a protl!in 10UrC~ 1 
r.itro!?cn billance procr.du'res must be used, 
The Jc w~ re appliccl orii(in;illy to studiu ln 
m;'j:~ 11 ~l. but in tlic laboutnry doi,:s ( ic., ZOl 
and .up.-clally r;ita (Z l, 2~) havo been wiclely 
ueed. ny thh tachnlque, one can dlf!er11ntlllte 

between the dearee of--6\11ca;tibiHty or the 
nitrogen 11ource .&nd the proportlon oC nltroaen 
retained for atoroage or an1boll1m. Dll(l'Hll· 

lhillty la rnci;u111red ln tern11 of th\! utlo of 
the abeo rbod N (l. •· the dUfc rt!nCe b"twcen 
the lnae•tcd And lnteatlndly cxcretod nltro­
aen, the latter corrected for "metabolic N") 
to the total N intake. 1'iitro11en rl'tenti-~" 
calculilted from the ratio of the -ret.ollned N 
(i.e. the differunce between abaorbed N ond 
thilt eliminated ln the urine, correct.-d for 
ao-called endoaeno1.11 N) to tho abeorbed N. 
These val~9are ~"ed nn ilndylPll or food, 
fecal and ur\nary N over the l- to 5-day col· 
lection period, which follows a almllar ad­
justment period, Several prot~ins, lncludin& 
the re!e rence protcln, may be tested ln auc. 
cesaive week•, the metabolic and endogenoua 
N corrections bein& derived Crom & baaal 
collcctlon perlod during which a proteln-free 
diet h (ed. If the rat• ar,, ln an activtoly-
1rowin1 •taae over a eerlea or teata, lt h a 
further refinement to repeat the baul porlod 
at the beginning and end of the 1erlt11 10 aa to 
lnterpol•te corrr,ctlon values for met;1bollc 
and endogonou1 lou appropriate ro r oach 
week, The errors involved in the \nterpola­
tlone arc di1cuucd ln a critical review by 
Njaa (Z3), 

In teetlng a aeries of protein• sequentially, 
any relldu&l effect of the previous week' 1 

teat diet not Cully offset by· the adjuatment 
pe rlod c;in be balanced by aul1&ni"I the rah 
to to1t and re!e ronc·e proteln11 Acco rttln11 to D 

Latin aquare deel1n • 

In 11dclltlon to ylrldln1& mrHt' tL · llnd Info r• 
mAtlon than 9rowth methc1rh, ti.fl nhr~llt'n 

balance proceduro h not •l11nlflcAnlly a(. 

Cect~d by diHerencu ln m'llnteno1nc~ requlro· 
menh eincr. tho te11t cnllto1ctlon perlorla "r«1 
vcrr short, 

In comparativi: te&te of binlogkd vJl•u: b'/ 
this proce:<Jure, crc;i.tcr precltion c.in be 
achievcrl by st;ind;,rdl t.lnJl the loon con1H1111p­

tion at "' conawnt luvol, c. ~. 8·1011 "" r da,y, 
bocauee the dfti:ree of nltroi1en ntentlon u 

"t; 
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lnnucnced more by (oo•l lntalte than by the 
pMteh'I levo\ or the dlt't IZ 3). It ls recom­
n1cnJrd th3t ln11tcad of a prntcln-frcc di.et, 
onr :ontalnln~ :i low level of prntt'in, e.1., 
3 to -I per cent bctalbumln or whole e¥11 
protoln, be fad durln1 th• baual perlod to 
&\·old confullna catabo\ic wlth malntcn'ance 
louu. The dld• ue Ced ~ l\bltl.IJ!!, which 
Introduce• a 11ourc:e of error lna1much as th• 
ratlo oC wcl~ht galn to food C\)nsumption may 
be lntluenct'd by the latter, whlch ln turn h 
lnnuenced by Cactnu or palatabillty and to:itlc-

lty of the protein rource. 

2, 4. Z. 4 Llmitatlon1 of bloauay results 

It 1hou\c\ be pointed out that none o( tho anl· 
mill 21aay1 for protcln qoallty can b4 a11umed 
to prov\cte an ab11olutie measure of nutritive 

9vatu.ii f,or man. Allde from po11lble specle1 
dlHt•rirnces, the11• procedure• have certaln 
Umltatlon• wtth rupect to ll dHfercnt\atlon 
bf'twecn malntenance and growth require· 
n·h!nl•, U) the 311mmptlon11 In c1timatlng 
m,.tabnllc And •n<loa,~nou• lo11e•, lll) the 
eUectl or!,!! li.~ \'I, controlled Cood \n• 
td:e And Iv) dietary levels of protcln1, 
calorie• and other nutrlenh not completely 
'>A\anccd betwe•n te!'t and control diet•, 
f"urthrrmore, any tr•t of proteln eHiclency 
baud on reedln1 • 1ln1le 1ource mu1t be ln­
terpretr.d w\th re1ervatlon llnce, except ror 
mllk or ml\k 1ubetltute1, proteln1 a re con· 
1umed a• cetmpooent1 of, or a• 1·..ipp\ement1 
to, ml:oc•!d dlct•. Nevorthelos1. rca1on.it.bly 

• 
11oo<l corrc\atlon l1 ob!IC rved bptween the 
gro\\'th ancl nltro~en retention procedure!I and 
the relativt- ranklnJ of in<lividl<&l protuln 
•u•11·('.,.; i1 c11.lil" ,.;,,,lt:\r \ri c.:icla of the m•thod1 
desc ll'ibcd, £1pedally In chemlcally-trrated 
pr.,trln!'I the! determlnl'tlon of the \imitlnJ 
aml110 :\clrl t,y rnt auay may give .. ·ababh 
ln!ormatlun ln rr.l"tion to the chemical\y· 
d•tPrm\n~d COtnposition or the protein. 
Spt'cti\l re!erf1nCe h m01dc to the re"h:w en· 
titled "EvalH:ition o{ Protein Quality" of the 
Comn\lttu on Protein M3lnutrltion or the 
food and Nutrition Doard (\ZI and that of 
Nju (Zl), Irwin and Heg1ted (Z4l have dl1-

cussed the llm\t'ltlon• not only oC thf' widely­
u1ed 1hort tc1ta for ratln" protc.-ln1, e.(I. ?ER 
anr) NPU, but of the more lnformatlvft flltroaen 
balance procedure•. The f!rrore lnvolvnd ln 
utlmatlng corrections for endo1cnou1 A.id 

metabolic nitro1en excntlon are relAtlvely 
1maU compued to th• baalc error lmp\lclt 
ln the evaluatlon of an lndlvldual protoln u 
the 1e>\e 1ou re• of thh n1.1trlent ln tho dlet. 

2, 5 Safety (25) 

z. 5. 1 Related factors. 

2. 5.1. 1 Nutrltiona\ adequacy of tut dlet 

Cro••th df!preulon or any other adveue 
eCCect ethnrvf!d ln the course of ahort-tenn 
nutritional auay1 ehoulrl be vlewf!cl ln the 
llght of poulble toxicity or the protein 1ource. 
Ith n•c:uury to dlfferentlat• between low 
wel1ht 1lln due to nutrltlonnl lnac.lequar:y and 
toxldty of elth~r the protein .2.!!.!. ~or any 
adventitlou• contaminant•. In order to avoid 
conCu11ln~ nutritional lnttur!lclency wlth to'<\clfy 
ln fafety 19valuat\on 1tudlce, the hASAl rllet to 
which the tut proteln ls added a1 a 1upplP.mort 
1hould lt1ell be nutritionally adequate for no!'· 
mal arowth and development of thll' 1.nlma\ / 
1peclu employed, The protein content of the 
bual dlet rather than that of tt.• tut ntaterlal 
1hould be relled upon to 1athCy the amino acid 

requl rem en ti. 

2,5, l,Z Id•ntlty or tut m"tC!rlah 

ln applyln&: the refol•s or safety ev3luatlon 
1tudlu to product• macle, or to be made, com· 

mo rclal\y, theQdO'T\tlt~anr1 &'":11·odudbl\lt~oC 
the tut material with that produced ln pr:ictlce 
mutt be f'lt.1bli1hed t,y chemlcAl and .:-ther 

rfllC\'l\nt yu-oc.:dure11. 

2. S, 1. 3 Natural to~lcant~ 

Nlltur:•lly-oc:Cltrrlng toxlc 1uh1ta11ccs found 
ln plants lnclurlt! Ci\rc:inv~enfl (e.g. C":y<':vi nuts, 
oll .,f 1111ufra1}, .:oltero&:en• (Dr3'1fi.:., 
1pecle1), hemaulutlnln• (e.111. rlcln, ph~1eo• 
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lotoxln ln lc1umca), lathyrogen• (e.1. vetch, 
1w.:-:l pt!~I), cyanogenic glyco1lde1 fc4'rt&in 
bcana and nutal t1nd estrog~n1 !ln aeeda and 
le.a()· \"caet.ble•) (Zf,). Marine aourcea or 
protrln, auch •• fish or ahelUhh found ln 
troplcal watera and the alaae or pl:lnkton on 
"hlch they Ceed, may contain hl&hly toxic 
1ub1tancea. Naturally-occurrln1 toxlc 
•1ent1 may be avoided either by care ln the 
u•l•ctlon of the raw materlalt or by appro· 
prlate method• of 1toraae, heat proeu1ln1 
or extraction. 

2. 5, 1. 4 Mlcrobioloaical toxlna 

Raw tta:ertah 1ubject to mlcroblal contaml· 
nation and apollage muat be examined Cor .the 
presence of pathogenic organhm1, e.g. 
53 lmonellae, Shlgella, Sta;>hylococcl and 
Cloittrld\3, and for the endotoxlc and exotoxlc 
1ubct.ancu they produce. Raw materials 
expoaed to warm, hwnld condition• which 
Induce fungal 1rowtb muat be examined for 
the poulble preaence of mycotoxlnt tuch •• 
the afiatoxina.· 

z.. 5, 1. 5 £xtractlon rea'lduea 

Protein concentrate• whlch have been holated 
or refined by mean• of 1olvent extractlon 
ahould be analyzed for the poulble pruence 
of 1olvent retlduu and any product. whlch 
may be formed, partlcularly by the uae of 
reactive chlorinated hydrocarbon•. In the 
event that any 1uch rulduH are preaent, 
toxlcoloalcal data 1hou\d b• avallable to 

e1tabli1h ufe llmlt•. 

Slnal~ cell protein• produced hy 1rowlnf1 
mlc roo ra•\nhm" on 1w(lte Uqu.>r, ca rbohy• 
dnt.?1 (c.1. moluau) or hydrocarbon 
mcJ!" must be evaluate!i to utabllah the non· 
pathol{cnlclty of thl' mlc:rooricanhm1 and &o 

rule out thclr mc:taholltcst or poulble muta• 
jlenlc:ity lnto toxlgenlc lorm1, Dcpendin& 
upon the nature or the raw m:iteriab, the 
medl .. and the C(Jnditlona o! proc~uing, 
analy1e1 for the pouli>le pttunce of lmpuri­
tle1 or contamlnant• 1uch at 1olvent re1ldue1, 

heavy met.ah, nuorlde, etc •• 1hou\d precede 
ilny tox\cologicAl feeding 11tudlee. 

2. S. 1. 6 Multilevel fccdln~ o( te•t prot.:in 

When arader.l l.eveh or the trst protein llrr fed 
•• 1upplemenh to a natural-type f\let. lt h 
not poulble to maintain l1onltrogenlclty. 
From the toxlcolo1lca\ 1tandpoint, ~owt1ver, 

It le prefer.ible to lnaun a 1ufflclent lnel of 
complete proteln In the haul dl•t rather than 
to adjuat for difCerencc1 ln nltro1r.n content. 
Thie c:om,>llc:ating f.acto r can be avolded by 
uain& a 1cmisynthetlc type of dlet ln >A·hlch 
c:aacln con1tltutea the elngle baeal proteln, 
provlded lt i1 pruent ln all dleta at nutrl· 
tlonall y-adtquate lcveh. 

2, S. 1. 7 Comparablllty of teat and ba nl dleh 

To the extent that the teat protein 9ourc:e 
contributu high leveh of llpid, aah or tndl· 
1e1tlble cellulo•k material,· adju1tm11nt• m&y 

be required to balance out theae factou ln the 
teat and control dleta. 

Z, S. 1- 8. Hi1hut feaalble feeclln& level o( teat 
protein 

In contra at to uCety evalu'ltion 1tuclle 1 of food 
addltlvea acne rally, lt h not fe:i1ible to include 
11.rae multiples of lcveh of protcln01ceou1 

I 
food• ln experimental dlet1 crnplnyod ln toxl· 
cologlcal evaluatlon1. Nevuthnle .. , a• hlah 
a level •• poulble ehould be included, keep· 
ln11 In mlnd the ract thAt cxc u llve amount• ol 
even hlgh-quallty protein•, 1uch ~• CUl!ln, 
may depreu growth And fontf clllclency. 

Z, S. l. Tntln.; protncola, Th" necrl for '"'ti 
e:i.:porlment,.1 d~•lttn of,, 11art·ty cv .. tn.;Uun 
"1t•Jdy ln animalt dcpl"nti u1Y•n the novdty of 

I 
th• p rotcln ;u a fond for 111 '"• in rt: ,,,,.cl to 
both ita •ource and method of prurlu.:tlon, The 
following dlsc:\ltsion auumr.s that the test 
material 11 sufficiently dlrlf'rent Croan convcn· 
tion.il Co1·m• of dict.lq' protein to rcq11lrc 
rather thorough toxicological appralul before 
cond111.:tlna fecclinl 1tu1llc1 on h111n.'\n ••.1l>Ject1. 

' c .. 
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F'u.-lh,.rmore, lt l• aa!'lumf'd th;it any nutrl­
:lonal cvalu<ltlon11 whlch may have boen con­
ducted aug~eat that the teat mAterlal h suC­
Clclent\y 1111afe to ~;.:irrant more e~tcnded 
.. t n<ll ("• • 

The protocol for a 1afety evaluatlon pro11ram 

require• dechlon• with rupect to: 

2. 'i, Z. I Cholce of anlma\ 1pecl .. 

Hat• are by far tho bo•t 11lnr,le apecle1. 
Mice are aho u1cd hut le11 h known of thelr 
nutrltlonal requirements and their the pre• 
cludf'I otJtalnlng au{fic\ent blood Or urine for 
exarnln-ttlon. Among the nonrodent 1pecle1, 
beaale do11

1 
rhe1u1 monkeys and mlnlature 

f\111 h•ve been llted for short-term but not 

r,.,r chronic mre-cycle) 1tudiu. 

2. t. 2. 2 Compo1ltlon of bual dlet 

A I • ba1Al dlet ror 11hor~·t•rm, •·II· )-month 
h••t•, either a 1ynthrtlc-type (ca1eln-1tarchl 
or a cornmercl&l n11tural-type ratlon l1 
1ult"''le. f"CJr long-term, e.g. 2-year, 
11tudle1 thf! l:tttcr ls preferred. In either 
cau the bual ratlnn mu1t l!Atl.ry all nutr\· 
ilont 1 requl rement1 for the 1pecle 1 ln que 1 -

tlon. 

z. 5. z.) Dietary \t"V<'l or tut protcln 

Thf' teflt protein 1hould be fed at two or three 
_1racled \evcl1, the hliihe!'lt be!nK det"rmlnl'd 
_by lt" nutrlt\nMl Adrqutcy "' •- 10\f<! •on rce: 
'~r t><"np\e, SO pcH cent I')( the total protf'ln 

-'• tf'•t dl~t, provldied It do4!1 n6t lower the 
ove rl' ll bloloalcal value. If the tut protein 
h:u 11.-en 11h•lWn tn be nutrltlonal\y coinpletl!, 
lt .,, .. y b111 h·" ;i• a rC'f'lacPment for casein ln 
" •\'l'llht'!tlc:-type diet, at \eut In a 1hort­

term toxlclty te1t. 

.?. 5, !. '· Eq111Hbration Clf tC'tt o\nd control 

dlct11 

1C the te1t protci" product ha• o\ hlsh ash con­
tent, e. ~. certain fish protein concentr:\le!!I, 
,,r i~ nthi>rwise 1Jnhil:tn<'("'I with r<!"lf>"'Ct tn 
··n· .• ,,-.<'.ifl1· 11•1\ri•·••tl!I\, :t ,,,,.,y hr "I , .• _ 

t·. - · , l•• ,._,,,,1; ,,. ch·· I··· .. J ,,f tl11 • r .-

P"nent In .he te•l and control dleta to (ac\llt•to 
proper lntcrprct01tlon of the reDpon1c5. 

2. 5. 2, S Aire, wri~ht, ac.< and methC1d or 

aut~nlnf' anlmah to aroup• 

Rodent• are uaual\y 1tarted on hut" l\t or 
ahortly .Cler wcanlnt and "re •• 1\li(ncd to 
1roup1 of equal 1lr.e, .bdllnced with re•p~ct 

. to Utter dl1trlbut\on, aex And averAKC wel1ht, 
For 1hort·t•rm te1t1, 1roup1 conaht of lO to 
15 anlml\ll or uch '""• but for lonii-tn rm 
tc1t1 at le1ul twlce thh numher h recom· 
mended. ln the CAie or the l~ r(le r mammals, 
the aroups ahou\d lnc\Udt ) 1tnd 6 of tACh UX 

for 1hort- and lona-t,~rm 1tudle11, rupectlvely. 

The Ute o( neonatal animals as toxlcdogkal 
tut subject• hu been 1u[lge1ted for the 
evaluation of protein which might be included 
ln the die ti or lnrant•. It hat bun demon-
1trated that newborn anlmah have n'>t the 
cap.tb\llty or the adult. for enzyme lnductlon 
and h11nce \4ck the ab~lHy to rn•t•ho\\u or 
detoxify forel[ln •ub1t;ince1, 

Z, 5, z. 6 Indh·l<lual or llroup hoo1lnct 

Animal!' 1hould be ho:ued lncllvl•lu.aH~· during 
the initial pe tiod of ~apid ~rowth 10 as to 
permit reliable meaa\lrement of food con1tump• 
tion. Caglnl': in pal rs or b.q.~er gro11p1 may 
be re1orted to at later 1tage11, Mct3bolltm 
cagu 1houtd be uud durlnc porl\Hh wh•n 

urint or (ecet a re collectl"d, 

2, S, Z. 7 Ma lntenance. and 11.1 nl ll\ ry c"nt roh 

The animal qua rtftu shoolrl be malnlalnecl In ' 
1anlta ry conrlltlnn and cont roil~d wltf, rr 1pec t 
to tempr.r:\ture art1 humldlty. Theo ~n<.lrrrn 
ment 1hould be kept ln•~ct-Crcie with.:,,nl tlir 
UH of pestlcldal aero101s. C&jlC' 11h.,ul<l bf' 
v:a1hNI prerera."ly !(weekly lnten·.,b:; . 

2, S,Z.,8 N~turc 3nd frequency of oh!!<':"\·~Uon~ 

The fl rots \n1,11pection11, cllnlcal laboutory te1t1 
11r1f'! p'\tholo~lcO\\ obtC" rv~_tion1, and th~i r fr~. 
l'J"'""':y In .,nth t1hort- """ \l"ln\!·to:- rrn t•)··i r1t -
'"'":';r,i1 ,_t11,i;, ... , , ,.~di•:~· 1 .t. ·I \11 tlu t IL· 

"· 1 1•1l 1lif.11 
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TABLE I. 

TYPICAL CRITERIA USED IN TOXICOLOGICAL EVALUATIONS 

Ob1ervation1 Frequency 

Phyalcal appearance 

Beha\·lor 
Body welaht 
Food consumption 

Hematolo&Y 
Hemoslobln 
HematocrU 
Leukocyte•, 

total and dlf{e nntlal 

Flateletl 
Reticulocyte• 

Blood chemhtry 
Gluco•• 
Ure• nltro&en 
Proteln, total 
Alburr.ln/alobuUn ratlo 

1' rl11lycerlde• 
Cho le •te rol 
SCOT, SGPT 
Alkallne pho1phat.aH 

Urlc acld 
Allantoln 

Urine 
--Vol\\me, pH, •P• 1r. 
Gluco•• 
Proteln 
Kt'tone bodle • 

Olle 

I 

Occult blood 
Sediment 

Autop•Y (dead or ucrtficed anlm&ls) 
G ro:;. pAthological examlnatlon 

Or~an weights 
Li::er, kidney, heart, brain, 
spleen, gonad•, pltulta ry, 
a•Jrenah, thy~~ld 

Hl1topatholo1v 
?O+or!lan• and tiuuo• 

Short-term Long-term 

dally 
dally 

weekly 
weekly 

o. 4, 8, 12 
week• 

••above 

a• above 

dally 
d&lly 

weekly 
wee kl;-

l, l, 6, 9, 
12, 18, Z4 month• 

aa above 

••above 

tennin~l 

"• 
"' 

•I 

Electron mlcro1copy of 
l\vel and kldney1 -----·--------------------- --------------- -
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S. !. 9 FunctlonAl or meto.bollc 1h1rtir1 

apccid ca1et, tcsh Cor hep.:1.tlc, g:utro­
.te1llnal or rC"n~l (u"c:tlon, met:iihollc 
.ll~nce 1t11Jlr•, nr ncuroloi:lcalorbcha\'lOr\l 
~•tt ma)" be l\lllKUted. Periodic ophthc:.1-
;-:iloalc ucamh,Atlone should alto be conducted, 

'ln1;le cell protein• a re kno~.-n to contaln a 
1l~l- le\·cl of nucle1>protein, ln aomt c:au1 
u much•• 1Z to 15 per cent, The cCCc:ctof 
1l11h levele of Intake on urlcogcneah In man 
ther•(ore muet be> conlldered, Slnce the 
1,·allable evidence lndlcAt~• thitt all animal 
1pecle1 e::occept man and the anthropoid •pf'I 
melaholi1e purine• p;\1t the uric add 1ta1e 
to a!lantoln, thl• phenomenon can be1t be 
1tud\ed onlr ln man {Oalmetlan do11 etci:rete 
uric acid not because oC the lack ot the 
urlc-:,lytlc en:r.ynle but becauee ot a low renal 
th J.hold), AUantotn lcveh ln blood and 
u rlne ehould be Included ln toxlcoloaical 
1tudl~• of ••~al• cell protein. 

z. !>.2.10 Reproduction And lactation: 
multlaiene ration •tudie • 

The clf'i ree or novelty ot a potentially lmpor· 
t.ant food Hem, both•• to •ource and method 
or production, thould determine the need ror 
rrprod•1ctlcn ancl l"ctatlon etu..Jie1 In Anlmah, 
While th~y may not be Indicated ln the cue 
of a ri1h or ceual proteh' concentrate, such 
tcetl 1hould h4' lnclud"c1 in a protor.ol for 
tefety evl\l\\Mlon o( a 1ln;lC! .:ell protein, 
Tho111h que1tlon1 have been rahed concern­
ing the application of rat reproduction data 
.tho hu.rnan 1peclu, thlt problem l1 not 
~cult~ r to reproduction phenomena. Chronic 
toxicological a "Humente may be de1l1ned 
to kcludf' multlaeneratlon atudlH aecordina 
to 1"lfu.re r. 

Thl' horliontal llne11 rf'pretent the generation• 
,,, rat1 throullh their 1ucce11!1l'·c mating• and 
th~ dotted vertlo! Hnu Indicate littt!u: ~er­
mlnatlon ot a litter or i l'f'neration it shown 
b)· tht letter T and tht Cigurca lndic~te the 
number of w••k• elap1ed at ••ch 1tage, be· 

llnnln.: with the n rat mati111 In F'o. 

The oh1crv11tlon1 recorde"f ln rr.prl"l<lo.1ctlon 
atutlle11 lnclmlc thf' proportion,,, ttu<::cutfol 
m-'tl"ll", lh~ 11umht" r anc.l w~l~ht o( young 
born and lhelr aulllly to survive anrl ~row 
durlne the normd lllctatinn p~rlod, Cnt.\ln 
or these parllmetf!fl are ~xpreued ln term• 
of lndexu for !erlillty (the prO?f>ttlon o( 

matlng1 ruultln1 ln pre1nanclu), 1ut&tlon 
(the p roportlon oC p r~gnancl•• rHultln1 ln 
Uve llttera), vlabllltf (the proportion of pup• 
born which are allve at 4 day• or •Je) and lac:• 
t.atlon (the proporttoi\ of pup• &\Ive at 4 day1 
which tur<Vlve to weanln1) CZ7). 

2. 5. z. 11 Ouratlon of teat period 

Short-term toxlcolotlcal tuh 1eneratly run 
Crom 3 to 6 month•; \on1-term tuta from l to 
2 yeare, tr potential carclnogenlcity l• 1u1-
pected, 1tudlea 1hould be dellaned tn Include 
b.r1er than u1ual 1roupa of rata or "1lce '"d 
the teet perlod1 ahould run at leut 2 or 1. S 
yea re, re1pectlvely. 

Z, 5. 2. 12 Teratogenic or mutace-ntc etudiu 

Recent empha1ls on terato~""ic and mutagenlc 
ln\'eetigationa le ln P"rt, at leas~. a re•ponae 
to publlc and pnlltlc:al prcu•u11, 110·.n~vu, 

without bellttlln' the al1n! :\c.anc" of s~netlc 
aberrat!ona at an ~•pect o( toxl.dty, further 
rese:irch la needed to eet<'Mish the validity 
o!pr,.seat proeedure11 (o• htlllolo{:iC and 
mutaaenlc t1?11t1 for auc'..11111 Hfety 1\!\cler 
Ute condition• In man. Current method• au 
betn1 appll er.I la raely lo r the purpou of ac. 
cuinulatlng data to e1t.&bll11h thel r Yf'll'.,·11nee 
to human aa<cty e •"&lua tlon. 

If the source or nature ol th~ protci11 prod\le;t 
i• to unu1ual al to demand more e"tensive 
study, or H ;ibnormal ret1pon1e• a re e~•" In 
reproduction 1tudicf (?. 5, ?, 10), the p"ll"­

llbllity or tento:lenlc or muugen\c eHect1 
may be eonsidc rNI, 

j-- , 

' I 
I 

': '. 
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FIGURE 1. 

CHRONOLOGICAL SCHEME OF REPRODUCTION AND LACTATION 
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rabblta with p&rtlcubr attentlon to the time 
and duutlon of teet doeage before or durln& 
1e1tatlon, Lltteu are dellvored by ceaare&n 
uctlon and reapon1e1 are obterved In tennt 
of Implantation 1lt11, retorptton, 1urvival of 
th• pupt and uarnlnatlon of the eoft tluuu 
and of 1keletal 1tructure after cla rlficatlon 
and 1talnln1. 

Cytolo1lc tut1 In tl11ue culture lor evidence 
of chromoeomal aborratlor11 ln animalt have 
recently been •mphatli.ed !or the lnvutlaa· 
tlon of potenllally mut.i1enlc dru11 and putl· 
cldea, However, tho .tanlClcance of 1uch te1t1 
11 appUod to the Intact mammallan apeclea 
hu yet to be utablhhed. So far 11 la known, 
no protein" lncludetl In tho hwnan dlet ha\·e 
been lnvutlaAted for poulble rr.utasonlclty. 

T 

2, S, Z. 13 Statl1tlcal analyHa and Interpret&•" 
tlon of Cindlnge · 

In the Interpretation of the reeponeea to toxl· 
coloalcal tuts, tho •tathUcal elaoiflcance of 

dHferencee ln ruponu a between test and 

I 
I 
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I 
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31 
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control groupt playa an hnportant role. 
Hence the ebe of experimental group• at 
well aa the quantitatlve rating of huth nbjr<: -
tlve and •ubjectlve ob11ervatlona a rt' pa rllcu· 
larly ulevant. However, whatever etathtlcal 
probablllty la adopted ae the bast• for d.eflnlng 
elgnlficance, the chanCft that a ting\e 1ro11p 
may devfate from the norm without utudly 
lndlcatin1 a bloloalcal Abcrntlon cannot bo 
l1nored. Judae1nent founded on experience 
of the lnveetigator and p••t perform.nee or 
the particular ttraln and colony or anlmah 
must be alven duo weisht, lnterprt"t<lllon o: 
experimental flndln11 ehould take In~ .iccount 
the quantitative relAtionthlp of the tut \'I, UICI 

conditions of th" produ.:t 110dcr invutl&Atlon, 
int11r1peclea varlatirin1t, thn llmHorl numhf>r 
and \'3 rlety ol ohaervatlona lncorpol'at..:d Into 
the ufeLy evaluation proaram And the rel&tl"e 
ehe ol the tut and huni.:in populations. 

For a diacuaalon of the ba ale p roe edu ret in­
volved In ul.:ty evaluation of (o~d componunt1, 
refuence le made to the re\•lews ol th..i United 
Statee Food and Dru1 Arlmlnl1trat\on (Z8), the 



.. 

F~od Protection Commltt-:e o( the National 
Ac~tirr."ly of ~dt'nce11/N"tlon1tl P.ucarch 
Council fZ91 and the reports or the Jolnt 
Expc rt Commlttcr on Fnod Addi ti vcs Cl( 

F"AO/w1-ro. 

- 49 • 

Report• of lnve!ttlgation1 '!lubmitted for revlew 
and ev.duatlon by the PAC must lncl~de full 
details and datA for control•• well a1 tut 
"ro11p1 and appropriate atAthtical analy1l1 
ol the flndlnl"• Rrlel ducrlptlona of the 
ob1ervatlon1 and concfo1lon1 will not be 
acceptable. 

3. c.,nctualon• 

1'he objective or the precllnkal atudy h 
achieved when lt ha1 been detennlned that 
the lcvch :ind condlUon1 of feeding of the 
nuvf'l dleta ry component a re aufficlently •·It to warrant" cautlou1 proaram of atudy 
In human aubjecta. 
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