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SUMMARY. 

A yeast, bacteria, alga and two fungi were evaluated in pelleted 

trout feeds. 

Pellets were produced by dry and wet pelleting processes. The 

latter was more convenient and applicable to the production of small 

quantities of water stable pellets. 

An inexpensive feeding system, applicable for use in small-scale 

tank systems, was developed. This was adapted for controlled, 

satiation and demand feeding techniques. Satiation feeding appeared 

to be the most applicable to the experimental design. 

The five products were well tolerated in compound feeds at a level 

of 20% and 40% fed successively for 12 and 10 weeks, during which time 

no apparent pathological disturbances developed. Dietary performance 

was related to the protein content. 

Both fungi had low digestible protein contents, thus limiting their 

usefulness as a protein supplement in trout diets. 

The alga, bacteriumand yeast had a higher digestible protein content 

and each was subsequently tested at four levels in semi-purified diets. 

The protein efficiency ratio varied in a manner similar to that shown 

for the rat, but maximum values were obtained at higher protein levels. 

The alga was palatable and the level of digestible protein was 

similar to that shown for several plant seed meals. It was efficiently 

utilized in one experiment and it could be used as a supplementary 

protein in trout feeds



Poor palatability of the bacterial protein was a consistent 

feature of the results and this may impose a limit to its usefulness 

in trout diets, despite the very high level of digestible protein 

found in this material. 

The yeast was extremely palatable and highly digestible. The 

material was efficiently utilized in the semi-purified diets, prod- 

ucing an acceptable growth and feed conversion efficiency and a 

relatively high protein efficiency ratio. This product could be 

used as a major component of balanced trout diets.
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GENERAL INTRODUCTION 

There is currently an upsurge of interest in fish farming through- 

out the world. The methods used are extremely diverse, being 

greatly influenced by local socio-economic conditions and needs. In 

the developed countries economic conditions generally dictate that 

production should be intensive and the emphasis at this time is nec- 

essarily on high priced species. In Western Europe, the production 

of rainbow trout, currently estimated at 60,000 tons per annum, 

predominates. The industry is still comparatively small, but an 

impressive and accelerating growth rate has occurred over the past 

decade. The rate of growth in the United Kingdom has been somewhat 

slower than in other parts of Europe, notably Denmark, France, Italy 

and more recently Spain, and production is currently estimated at 

only 2,500 tons per annum. There is, nevertheless, a growing 

interest in this new, emergent industry and it is attracting investment 

from both private individuals and large corporations. 

One of the major technical limitations to the growth of the industry 

is that of maintaining a food supply which is adequately nutritious and 

reasonably priced. The choice of a particular food type depends largely 

on the availability, cost and the ease with which it can be handled and 

fed to the fish. With the exception of parts of Scandinavia, where 

supplies of 'trash fish' are available in quantity, the demand in Europe 

is predominantly for dry compound feeds. In this respect at least, 

fish farming is similar to any other intensive livestock production 

enterprise. Furthermore, fish compound feeds contain essentially 

the same raw materials as those of other livestock such as pigs and 

poultry, although in different proportions. Increasing world demand 

for the limited supplies of feed ingredients, particularly of protein 

from conventional sources, will inevitably result in shortages in the 

future. Compound feeds for fish generally contain large quantities of 

protein and are therefore particularly sensitive to increases in the 

price of protein commodities caused by shortages in supply. If fish 

farming is to emerge as a significant industry, production costs, of



which 50% - 80% may be accounted for in feed, must be kept as low as 

possible to ensure adequate profitability of fish farming ventures. It 

is therefore very relevant, at this time, to assess the potential con- 

tribution of alternative protein sources such as industrially produced 

single-cell proteins. Such was the aim of this study.



SECTION 1. 

SINGLE-CELL PROTEIN IN PERSPECTIVE.



SALMONID DIETS 

Introduction 

Nutrients are required for the maintenance of body functions of all 

animals. Additional nutrients are required to support productive pro- 

cesses, of which growth is the major consideration in the context of 

fish culture. The ultimate objective of nutritional research is to 

provide feeds containing the minimum quantities of the nutrients ina 

balance required for optimum production. Obtaining a knowledge of 

the quantitative requirements of fish for these nutrients and of the value 

of food sources in supplying them is fundamental to this objective. 

Nutrient Requirements 

The publication recently of a number of reviews on fish nutrition 

has superceded the necessity for a detailed account in this thesis. A 

general review on fish nutrition has been published by Cowey and 

Sargent (1972). The reviews by Phillips (1970) and that of the Sub- 

committee on Fish Nutrition (U.S. National Research Council, 1973) 

have specific regard to the nutrient requirements of trout. Fish 

metabolism and bioenergetics have been the subject of reviews by 

Beamish and Dickie (1967) and Warren and Davis (1967) whilst regard 

for the energy requirement of fish and how this can be met using 

practical diets is the subject of the review by Phillips (1972). The 

relative merits of different energy sources have also been discussed 

by Halver (1970) and Cowey (1975). Protein and amino acid require- 

ments have been reviewed by Halver (1970) and Mertz (1969, 1972), 

fats and fatty acids by Lee and Sinnhuber (1972) and vitamins by Halver 

(1972). Little work has been undertaken to determine the precise 

mineral requirements. Phillips (1970) and Halver (1970) briefly discuss 

mineral requirements such as they are known.



Despite considerable progress since 1953 when Halver was able 

to define a purified diet which contained sufficient nutrients to main- 

tain the health and well-being and support the growth of salmonids for 

prolonged periods (Halver and Coates,1957), the nutritional require- 

ments of fish are not well understood by comparison with domesticated 

terrestrial animals. The large number of nutrient variables that exist 

in a feed and which frequently cannot be measured with certainty, let 

alone be controlled, and the numerous complex relationships and 

interactions between the nutrient components, make the study of the 

requirement of any one specific nutrient difficult. In addition, a 

number of environmental parameters may affect the growth potential 

and consequently the nutritional requirements. Important environ- 

mental parameters include temperature and chemical composition of 

the water, the degree of oxygen saturation and the free ammonia con- 

centration of the water, both of which will be dependent on fish loading 

(kg m7? min ), and the intensity and duration of illumination. Stocking 

density (kg many and space factors may be important, the situation 

being complicated by hierarchal effects. The effect of such environ- 

mental parameters have been considered in a number of reviews 

including those of Brown (1957), Warren and Davis (1967), Burrows 

(1972), Hastings (1969) and Hastings and Dickie (1972). In addition, the 

food type and level of feeding will also have a considerable bearing on 

the nutrient requirements and the growth performance of fish. (Paloheimo 

and Dickie, 1966b; Brett et al,1969). 

Clearly there are many variables and controlling them is frequently 

no simple matter. The nutrient requirements of fish thus far reported 

are specific for the species under study, for the methods used and for 

a particular set of environmental circumstances prevalent at the time 

of the study. 

Practical Feeds 

Since much of the work on the basic nutrient requirements of salmonids 

has been carried out only in comparatively recent years, during the



formative years in the development of fish husbandry techniques fish 

culturists did not have the benefit of knowing the protein and amino 

acid requirements, the fat and fatty acid requirements or the vitamin 

requirements of their fish. Choice of feeds was therefore more a 

question of finding out what was available in sufficient quantity and at a 

price which allowed economic fish production. The available foodstuffs 

were tested singly or in combination in 'feeding trials' in the hatcheries, 

a trial and error approach. 

Although complete compound feeds now form the basis of feeding 

programmes in most salmonid hatcheries and farms throughout the 

regions of the world where husbandry techniques are well-developed, 

there are instances where the prevailing economic conditions are such 

that older, more traditional methods have been retained. Salmonid 

diets can conveniently be divided into three categories. 

1. Fresh foods 

Natural feeding of trout generally starts with crustaceans, especially 

Cladocera, Copepoda, Malocostraceans, Isopoda, Amphipoda and water- 

insect larvae, followed by adult insects, worms, molluscs and other 

larger sized animals such as small fish, tadpoles and frogs (Ghittino, 

1972). 

Chemical analyses of natural food organisms have been reported by 

Phillips et al (1954), Hastings and Dickie (1972) and Ghittino (1972) and 

conversion efficiencies ranging from 2:3 to 7-1 have been reported by 

Phillips (1954). From such data it is clear that natural food organisms 

could provide a valuable source of nutrients for trout. However, 

natural feeding is of little consequence in most culture operations 

involving intensive rearing techniques. Natural feeding can be relevant 

in some extensive fish culture operations involving, for example, pond 

culture of cyprinids (Huet, 1970; Bardach, 1972) although, as with trout, 

high stocking densities cannot be supported without fertilization or



supplemental feeding (Szumiec, 1969; Gurzeda, 1969; Merla, 1969). 

Blood, inedible viscera, unhatched eggs, wastes from poultry 

dressing plants, meat packing houses and fish processing plants are a 

few materials which separately or in combination offer a protein quality 

and a balance of vitamins suitable for fish production (Hastings, 1969). 

Fresh liver was at one time a favourite for fry in the United States 

(Tunison, 1940). Whilst some fish culturists still prefer to feed fresh 

liver occasionally to fry, there are considerable problems with feeding 

offal, notably difficulties of processing, storage, wastage and pollution. 

Fresh fish was traditionally fed in Denmark (Rasmussen, 1967), the 

Federal Republic of Germany, in particular the northern regions 

(Tack, 1967) and also in Ireland (Piggins, 1967) and parts of Japan 

(Nomura and Fuji, 1969). However, refrigerated storage and transport 

facilities are expensive, processing is labour intensive, and as with 

feeding offal there can be considerable wastage and pollution. Despite 

these problems, there are regions where 'trash fish' supplies are 

available in abundance in close proximity to the fish farms and it is 

still apparently economical to use them. Denmark and Norway are 

notable examples. This form of feeding is not very relevant to the 

United Kingdom industry at this time since 'trash fish' is not landed in 

quantity and much of the rainbow trout is currently produced inland in 

fresh water farms where the economic advantage would be lost in view 

of the high cost of cold storage, transport and labour. Furthermore, it 

is unlikely that the additional pollutional load could be tolerated in a 

country in which fresh water is an obvious limiting factor. 

2. Meat-meal feed mixtures 

Concerned with the rising price of fresh ingredients, the Cortland 

researchers had been testing the addition of dry feed ingredients for 

some years before World War 2. After seven year's testing, Tunison 

(1940) described a satisfactory formula consisting of equal parts (24%)



of spray-dried skim milk powder, whitefish meal, cottonseed meal and 

wheat middlings. 4% salt was added as a binding material. Other 

ingredients were tried during and after the war because of a lack of 

dried skim milk powder and whitefish meal and the work has been 

summarised by Phillips (1970). Binding materials were necessary for 

this type of diet to produce the correct consistency for extrusion and to 

reduce leaching of nutrients and pollution. A number of binding agents 

have been assessed including tapioca, mucilose (psyllium seed), 

vegetable gums (Wolf, 1951), C.M.C., Irish Moss, Kelgin and Kelcoloid 

(Wood, Griffin and Snieszko, 1954). However, Combs and Burrows 

(1958) concluded that it would be difficult to justify the use of commercial 

binders except in diets which cannot be bound with salt. The use of 

binding agents, including gelatin, was therefore generally restricted to 

work with purified diets (Wolf, 1951 and Halver, 1957). 

Some typical meat-meal diets for trout and salmon are shown in 

Appendix 1. 

The preparation of meat-meal mixtures was carried out on site at 

the hatchery. It was a time consuming process. A logical extension 

in the use of this type of formulation therefore was the development of 

improved techniques for the food preparation. A very successful method 

was developed jointly by the Oregon State Game Commission and the 

Oregon Agricultural Experiment Station Seafoods Laboratory. The 

basic formula was 40% wet meat and fish products and 60% dry meal 

ingredients. A vitamin mix modified from the original McLaren test 

diet (McLaren, 1946, 1947a, 1947b) was included. Processing was 

carried out by adding the dry ingredients, which were blended with 

vitamins and anti-oxidants, to the wet ingredients. The mixture was 

passed through machines similar to those used in the spaghetti and 

macaroni manufacturing industry (Hastings, 1969). A single machine 

could mix a 40 : 60 mixture continuously and extrude solid or tubular 

pellets cut to any length. Pellets produced in this way were quick frozen 

and stored at low temperatures until required.



The diet, called the Oregon Moist Pellet, was developed and tested 

on Pacific salmon in laboratory and pilot-scale feeding trials, finally 

being evaluated in a series of feeding trials on a production scale 

(Reported in a series of the Oregon Fish Commission Research Briefs, 

1951-1955 and summarised by Houblou etal, 1959). 

This type of diet is still used extensively in fish culture, particularly 

on the West Coast of the United States. 

Detailed specifications of the processing of the Oregon Moist Pellet 

as provided by the Fish Commission of Oregon (1968), are summarised 

in Appendix 1. For the wet ingredients the emphasis is on the use of 

marine fishery products which are available on the West Coast and found 

suitable for Pacific salmon. The formulation is not rigid, however, and 

variations can be successfully used (Hastings, 1969). Further, the diet 

is suitable for other species of farmed fish including rainbow trout 

(Phillips, 1970). 

The use of moist pellets has definite advantages over the use of meat- 

meal mixtures. The pellets can be commercially produced thus taking 

the diet preparation out of the daily routine of the hatcheries. This, and 

the ease with which the pellets can be handled, result in labour saving 

and lowered costs. There is more complete food consumption which is 

reflected in higher conversion rates and significantly less pond fouling. 

3. Dry ingredient mixtures 

During the 1950's, use of meats as principal ingredients in salmonid 

diets became increasingly difficult because of their increasing scarcity 

and high cost. In addition, the methods of preparation of diets incor- 

porating such products were tedious and time consuming, and large 

quantities of refrigerated storage space were required. Furthermore, 

it became obvious that disease vectors could be transmitted through the 

use of such products, particularly of raw fish (Guenther, Watson and



Rucker , 1959; Ross, Earp and Wood, 1959). Whilst this factor was 

largely eliminated in the preparation of the Oregon Moist Pellet by 

pasteurising the wet ingredients (Houblou et al, 1959) it nevertheless 

added impetus to the growing effort to produce a complete feed from 

entirely dry ingredients. 

In the early 1950's several commercial dry pelleted foods came onto 

the market. These were composed of all dry ingredients containing 

30-40% fish meal and all known vitamins at that time. The formula 

varied from one company to another and was kept secret. The diets 

were processed on equipment used in the production of livestock feeds. 

They had been tested on a small production scale at the Cortland Hatchery 

and found satisfactory only if fed with an occasional meat supplement, 

and to fish 3'' in length or greater (Phillips, 1952). Early attempts to 

rear fish on dry pelleted feeds with occasional meat supplementation have 

also been described by Brockway (1953), Willoughby (1953) 

Encouraged by this, the Cortland workers attempted to pellet 

different variations of the dry portion of their meat-meal mixes, called 

the Cortland No. 6 dry feed, and test it as a complete feed for trout. 

Slight changes were made to the formula to allow ease of pelleting and 

the production of stable pellets (Phillips, 1953). A series of experiments 

were then tried with various vitamin supplements based on Wolf's 

vitamin experiments (1951) as described by Phillips (1957). Problems 

were experienced (Phillips, 1957, 1959 & 1960) until the early 1960's 

when Phillips (1961, 1962, 1963) successfully developed an open formula 

trout pellet which was tested over a two year period on brown trout in 

production raceways. The fish could be handled without loss and were, 

in general, of a satisfactory appearance. No abnormal blood conditions 

were reported, and haemoglobin and microhaematocrit levels were 

normal. Furthermore, the diets were the first such to produce satis- 

factory formation of reproductive products by the fish, and they were 

therefore considered nutritionally complete.
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During the years that followed these first attempts to produce 

complete dry feeds, development continued at the Cortland Hatchery and 

later at the McNenney National Fish Hatchery, South Dakota, which is 

now the Diet Testing Development Centre, dealing specifically with 

formulation and processing research of fish foods for cold water species. 

Changes in formulation with respect to the vitamin levels, quality of 

protein, choice of oil, etc. have taken place. McNenney formulations 

have been described by Orme (1970) but they are subject to change since 

this field is one of continuous development. 

Other successful attempts to produce diets from entirely dry in- 

gredients have also been described. At the Salmon-Cultural Laboratory, 

Washington, a programme of research involved the development of a 

dry diet for salmon along the same lines as that for trout at the Cortland 

Hatchery. Initially wet ingredients were evaluated for chinook salmon 

(Onchorynchus tshawytscha) and sockeye salmon (O. nerka) followed by 

the inclusion of dry-meal components, with raw meats and pasteurised 

fish products serving as supplements to the diet and finally evaluating 

the dry-meal fraction as a complete feed with vitamin supplementation. 

The work has been summarised and the formula, called the Abernathy 

pelleted diet, has been described by Fowler and Burrows (1971), although 

it is obviously flexible. It is generally simpler than the McNenney 

formula. The vitamin levels have been raised by inclusion of the McNenney 

Premix PR-25, (Fowler, 1973) to ensure a safety margin against possible 

stress conditions. Although originally developed for species of Pacific 

salmon, it has been tested with steelhead trout (Salmo gairdneri) and 

Atlantic salmon (Salmo _ salar). 

Fish culturists in Asia and Europe experienced the same rise in 

prices and diminished availability of liver and other livestock offal as in 

the United States and the use of dry compound feeds increased during the 

1960's. Feed production, however, is generally in the hands of 

commercial compounders and little information is published. The 

specifications are similar to those used in the U.S. but the use of protein,
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fat and carbohydrate sources are largely dictated by economic con- 

siderations peculiar to each KAD DG JPEN CUisheitte of formula feeds 

in Japan has been described by Nomura,(1969). The formulae tend to 

be simpler, being based on white fish meal as the main protein ingredient, 

wheat flour as the cereal component and fish oils as the lipid component. 

Some typical dry feed formulations, including the McNenney diet and 

Abernathy diet, are shown in Appendix 1. 

Processing of dry ingredients may take a variety of forms, 

particularly with respect to pelleting. The processing involves a number 

of steps including grinding, mixing, pelleting and cooling. The methods 

have been described by Carlson (1969) and Hastings (1969) and the 

industrial application by Stivers (1970) and Robinson (1970). Different 

pelleting processes have been used to produce fish feeds. Reference to 

conventional pelleting processes can be found in the above citations. 

The process involves the application of steam to the mix which is then 

compressed through a die block. Steam gelatinizes the starches and 

produces a harder pellet. Water stability can be improved by an expansion 

process (Hastings, 1969) involving the application of steam under high 

pressure, causing the material to expand as it is extruded through the 

die. Wet extrusion methods involving the addition of water may also be 

used where very water stable pellets are required (Szumiec, 1969). A 

more sophisticated process involving spraying a fine mist of water onto 

a meal mix as it falls onto a rotating disc causing the particles to 

agglomerate has been described by Decker and Pigott (1967). This 

method has been used for the production of pellets from the Abernathy 

formulation (Fowler, 1971). Although there are obvious advantages in 

increasing the water stability of feeds for fish, the expansion process, 

wet extrusion and agglomeration techniques are more expensive. 

The advantages of dry pellets have been described many times. A 

complete diet containing supplements can be made. The pellets can be 

stored easily without refrigeration or large areas of space. They are



12 

easily handled and can be fed using automatic dispensers, saving on 

labour requirements. There is little wastage, there being almost no 

loss of nutrients and consumption can be 100%. This not only improves 

the conversion efficiency but also results in less time being required 

for cleaning troughs, tanks or ponds and reduces pollution of the 

effluent. 

Present Status of Feed Formulation 

Since a feeding trial with the species in question is still the most 

useful method of obtaining results which have a direct application in 

feeding practice (Maynard and Loosli, 1969), it is not surprising that 

the procedures adopted 40 years ago are fundamentally unchanged today. 

There is now a greater variety of available foodstuffs, mainly dry, from 

which to choose, but a knowledge of their composition and cost, together 

with the experience gained over the years from the manipulation of the 

ingredients into formulae and their subsequent testing, remains the 

basis of feed compounding today. 

With the possible exception of the work on vitamin requirements, 

which obviously had a definite and direct application to practical 

formulation without which the development of diets from dry ingredients 

would never have occurred, it is difficult to determine the extent of the 

impact which the accumulating knowledge of the basic nutrient require- 

ments of fish had on feed formulation. Most of the pure nutritional 

research was carried out in parallel with diet development programmes 

and many conclusions, such as the level at which to include protein in 

a diet, have been reached by both methods independently. This is not to 

say, however, that a knowledge of the basic nutrient requirements is not 

useful to the formulator today. On the contrary, it provides a framework 

within which he can use his experience. Thus, although the approach is 

still one of formulating, compounding and subsequently testing diets in 

feeding trials, the use of numerical coefficients for the nutrient require- 

ments by informed scientists minimises the errors and allows more
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rapid progress in the development of formula feeds. 

The ultimate objective of the feed formulator is to provide a complete 

diet that meets all the nutritional requirements of the animal for the 

optimisation of the productive function with which he is concerned at 

the minimum cost. The number of variables involved make this problem 

extremely complex. It is not surprising therefore to find computers 

being used increasingly to solve the problem. 'Computer compounding' 

or 'Least Cost Formulation' is a means by which a compound feed 

formulation can be produced from available ingredients, subject to 

certain constraints, at the least possible cost and in mathematical terms, 

is a particular example of the linear programming problem. Although 

it is used successfully in the formulation of feeds for poultry and pigs, 

it must be mentioned that the constraints are very much more well de- 

fined in such areas of livestock production reflecting the very much 

greater volume of data on the nutrient requirements of these species. It 

has already been mentioned that the nutrient requirements of fish, as far 

as they are known apply only for each species studied and are then only 

one dimensional, being correct for the methods employed and the con- 

ditions prevalent at the time of the study. Use of such values as con- 

straints in computer formulation for fish should therefore be treated 

with extreme caution when formulating diets for the variable circum- 

stances found in practice. 

Conclusion 

Although the study of fish nutrition is as yet in its infancy, im- 

pressive achievements have already been made, enabling food con- 

version ratios (dry food fed, usually containing approximately 10% 

moisture, per unit wet weight gained) between 1-0 and 1°5 to be widely 

reported. This already compares most favourably with poultry where 

food conversion ratios of 2-2 may be expected. 

The use of dry ingredients will enable formulations to be adjusted to
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take advantage of each new development in fish nutritional research. 

This, coupled with improved husbandry methods, could lead to a truly 

remarkable performance in terms of animal production in the future. 

The advantages of feeding dry pellets have already been stated. They 

have been summarised by Phillips (1970): "For economy, ease of feeding 

and efficiency of food preparation, the pelleted fish feed represents the 

best feeding programme yet devised". Pelleted fish foods certainly offer 

the best opportunity for the development of an efficient,large-scale fish 

farming industry in most countries with highly developed economies, 

including Britain.
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WORLD DEMAND FOR FEED PROTEINS 

Introduction 

The successful formulation of dry pelleted feeds during the early 

1960's enabled the task of feed preparation to be taken out of the daily 

routine of the hatchery. Although a little more specialised, particularly 

with respect to the production of fry feeds, fish feed compounding was 

not too dissimilar to that for poultry or pigs and therefore large com- 

pound feed manufacturers were able to use existing equipment. It 

furthermore enabled manufacturers to use feedstuffs which they were 

already purchasing in quantity for their existing feed manufacturing 

business. The economic advantages of bulk purchase and large-scale 

manufacturing capacity are obvious. Since essentially the same ingred- 

ients are used in fish compound feeds as in those of other livestock, the 

prices are very much determined by the level of intensive livestock 

production throughout the world and hence the demand for feedstuffs and 

the level of supply of those feedstuffs. The availability and cost of raw 

materials for fish feed compounding must therefore be considered in this 

perspective. 

The Present Situation 

The major protein feedstuffs used in feed compounding, and therefore 

available for fish feeds, are meals derived from oil seeds and fish. The 

principal seed proteins include soya bean, cotton seed, ground nut, sun- 

flower seed and rapeseed and 92% of the fish which are reduced to meal 

are oily species such as anchoveta, herring, pilchard and menhaden. By 

comparison, white fish meal, such as that produced mainly from fish un- 

sold after being offered for human consumption and from fish offals, 

consisting largely of the heads, skeletons and trimmings left over after 

removal of the fillets (Abrams, 1971), contributes very little to the total 

world production.
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World production of oilcake increased from an average of nearly 

38M tonnes/annum in the period 1961-65 to 48M tonnes/annum in 1966- 

70 and in 1972 was estimated to have reached 56M tonnes, equivalent to 

nearly 24M tonnes of protein of which soya bean meal accounted for 

about 59% (Breslin, 1974). Approximately two thirds of the total soya 

bean meal and about 90% of that exported was produced in the United 

States of America (Arnott, 1974). 

Fish meal supplies have also increased during the last 20 years. In 

1958 the world production was 1, 396,000 tonnes; by 1962 it had risen to 

2, 885,000 tonnes, largely as a result of a dramatic increase in pro- 

duction from Peru which made her the largest fishing nation in the world 

in terms of total catch, almost the whole of which was reduced to fish 

meal, and by 1966 the total world production had risen to 4, 066,000 

tonnes (Borgstrom, 1970). Production reached a peak of 5, 323,000 

tonnes in 1970 (Bellido, 1974). 

The increases in the production of oil seed meals and fish meal 

during that time adequately matched the steadily increasing demand for 

protein for the feedstuffs industry and relative price stability was 

maintained. Thus, during the decade 1962-1972 the price of fish meal 

fluctuated between £50-60 per tonne and the value of soya bean meal 

showed a marginal downward trend from approximately £40 to £38 per 

tonne. (Tolan and Hearne, 1974). The prices were generally similar 

on a unit protein basis. 

Towards the end of 1972 there was, however, a dramatic change. A 

number of factors were feapanaibie for this. In the first instance, the 

Peruvian Fishing Industry, which by that time was supplying about 70% 

of the total world fish meal exports, collapsed completely. The industry 

is based on the vast supplies of anchoveta that rely on the cool coastal 

waters off the coast of Peru brought by the Humboldt current. For some 

time the industry had been threatened by a combination of overfishing 

and the warm current that drifts southward along the coast of Peru
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around about Christmas time, a phenomenon christened ''E1 Nino" by 

the Peruvian fisherman. During the last quarter of 1972, the Humboldt 

current was repulsed due to this ecological disturbance and only 47,000 

tonnes of fish meal were produced,compared to 760,000 tonnes during 

the same period of 1971 (Winsch, 1973). The collapse of the Peruvian 

Fishery wiped more than a million tonnes from the total supply of fish 

meal in 1972 compared with the previous year (3-9M tonnes in 1972 

compared with 5-1M tonnes in 1971). 

In addition to this, disastrous droughts in Russia, India, Australia 

and Africa greatly reduced cereal, sunflower and peanut crops, and 

Asia had poor rice crops. The devastation of the Russian sunflower 

seed crop in particular led to an unexpected situation in which the Soviet 

Union purchased 40 million bushels of soya beans from the United States. 

This purchase came at a time when the United States soya bean crops 

were already being overstretched due to poor harvesting in 1972. 

The situation was not much improved in 1973 when excessive rainfall 

in the U.S. delayed spring seeding and there was very little fishing 

activity by Peru. As a result the supply of feed proteins in 1973 fell 

considerably short of the demand and the market became highly volatile, 

a situation which was not helped by the worsening world currency prob- 

lems. At the height of the problem in August 1973 the difficulties were 

summarised in the market activities section of the Journal of Flour and 

Animal Feed Milling: ''With export restrictions, monetary problems, 

rumours, crop reports, Government statements, counter Government 

statements, the market remains crazy. What does remainacute, however, 

is the supply position. This in itself is a disaster. It does not matter 

what the article is, animal protein, vegetable protein, roughage, fillers, 

cereals and any other by-products, they are difficult to find and every- 

time there is a trade, one could almost say another world record is 

broken". The prices for fish meal and soya bean meal had increased by 

at least 300% over the 1972 base level, fig 1.
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Fishing off the coast of Peru remained sporadic throughout 1973 

and 1974 and there have been as yet no’signs of a complete recovery. 

Cereal production improved, however, in the autumn of 1973 and there 

was a fall off in prices of proteins generally. More recently, due to 

the world recession, there has been a substantial reduction in the world 

demand for feed proteins and this, coupled with the generally improved 

supply situation, has enabled seed proteins to cover the demand and 

deflated prices of most protein commodities are back to 1972 levels. 

The high feed prices of 1973 were disastrous for livestock producers 

throughout the world. In many instances, serious losses were incurred. 

By far the largest importers of proteins are West Europe and Japan. 

Compound feed production in the EEC in 1973 was 58-50M tonnes 

(European Federation of Feed Manufacturers) and in Japan around 15M 

tonnes. The requirement for protein is greatest from the pig and 

poultry sectors of the industry. In 1972 compound feed production for 

pigs and poultry in the EEC amounted to about 19-1 and 16-5M tonnes 

respectively, and in Japan 4-7 and 9-2M tonnes respectively (CAFMNA, 

1973). Clearly, it was these industries which were hardest hit during 

1973. 

Two important facts are revealed in such statistics. The first is 

the vulnerability of Japan and West Europe's current supplies of protein 

and therefore their livestock industries. The second is the enormous 

potential market for alternative protein sources which can be proved 

equally as effective in terms of nutritional quality and which are com- 

petitively priced. In recent years, these two facts have added substan- 

tially to the impetus of research into alternative protein sources. 

Medium Term Demands 

Although serious, the short term problems may be considered as 

transient. One cannot predict increases in supplies of fish meal in the 

future; indeed one cannot even be certain that production levels of con-
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ventional species will ever return to the 1972 levels. However, it 

seems likely that much of the increased demand for protein in the 

immediate future will be met by an increased supply of oilseed meals. 

The FAO has projected a demand for 71-4M tonnes of oileake as a pro- 

tein supplement in animal feeds in 1980 and against this they have pro- 

jected an increase in supply of 3-4% per year giving a total production 

of 75M tonnes, i.e. a slight surplus to demand (FAO, 1971). This is 

not to say, however, that such an increase will be achieved. According 

to Arnott (1974) a report was produced in the United States indicating a 

potential of 19M tonnes of soya bean oil meal. In addition to the United 

States therefore, one must look to increased production of oilseeds in 

the developing countries either for home extraction or for export to the 

developed countries where they could be subsequently extracted. A re- 

port published recently (Sturgess, 1975) suggests that the yield of soya 

beans is unlikely to move up very rapidly and that the price of oilseed 

meals by 1978/79 will have moved up to a suggested level of 120% over 

the 1971/72 price. It has been assumed that prices of protein feeds of 

animal origin will rise a little faster than this. Thus the livestock 

industry will be faced with a predictable, steady increase in the price of 

protein feed commodities, over the next five years. 

Beyond this time, one cannot be sure what the supply situation will 

be. In some of the developing countries to whom we look for a supply of 

oilseed proteins, e.g. Brazil, economic development has proceeded at a 

rate which has enabled them to create their own livestock industries. In 

addition, parts of the Middle East, with the benefit of their vast oil 

revenue, may also be expected to create their own livestock industries. 

As livestock production expands and intensifies in such countries, one 

may expect a progressive increase in demand for feed proteins and, in 

some instances, a progressive swing from export to home consumption. 

Such developments could, in the not too distant future, create supply 

problems which will be reflected in much higher costs for feedstuffs. 

Long Term Demands 

It is more difficult to consider the broader concepts involved in the
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world food supply situation and the effects changing circumstances might 

have on feed protein supply. There is now generally a greater aware- 

ness of the world food shortage, and particularly protein shortage, than 

ever before. The subject has become a daily talking point in both the 

popular and technical press. The problem is immense and extremely 

complex. An in depth study has been reported by the President's Science 

Advisory Committee (1967). The world demand for food protein is 

variously estimated at 80-90M tonnes, of which 25M tonnes should be 

derived from high quality protein having an essential amino acid balance 

similar to that of animal protein. Present production of animal protein 

is of that order of magnitude but more than two thirds of it is consumed 

by less than one third of the world population, which infers that there 

is a substantial gap between the supply to and demand of the remaining 

two thirds of the world population. 

The disparity between the developed and the developing countries is 

obvious and it will be extremely difficult to maintain the difference in 

standards even at the present level since the population of the develop- 

ing countries is increasing at twice the rate as it is in the developed 

countries. The problem has been made even more difficult in the past 

twelve months due to the large increases in the price of oil and its 

effect on the world economy. 

It is fully acknowledged that consumption of animal protein in the 

developed countries is greater than is needed and that animal production, 

particularly of monogastric species such as pigs and poultry, is extra- 

vagant in terms of efficiency of protein utilisation. On the other hand, 

whilst proteins used for animal production could be used directly by 

humans in the nutritional sense, they are not currently acceptable to 

any extent for direct consumption. The nutritional value of a protein 

is nil until it is readily accepted and consumed. Although the process of 

feeding animals is inefficient and expensive, it is nevertheless 

necessary in order to upgrade the protein. Processing techniques are 

now being developed which will enable feed commodities to be used
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directly in human foods, but they are as yet expensive and a great deal 

of creativity and ingenuity will be required to market these products 

successfully. One of the major problems facing the developing countries 

is that of raising their income to a level which would enable them to 

produce or purchase the protein that they require in a form which suits 

their demands. 

Whilst it is unlikely that the world food problems will be solved for 

a very long time to come, it is perhaps inevitable that eventually there 

will be a swing from indirect consumption of many of the conventional 

proteins which are currently used in animal feeds, to direct human con- 

sumption. The extent of such a swing or the effect on world animal 

feed supplies cannot be predicted at this time, but it is as well to be 

aware that a conflict in demand for proteins could conceivably occur in 

the future. 

Conclusion 

Since fish feed compounds will generally contain 40-50% protein in 

the finished dry feed, they are particularly sensitive to fluctuations in 

the price of proteins. During the crisis of 1973, therefore, the cost of 

fish compounds increased dramatically. Since food generally represents 

50-80% of the production costs of farmed fish, this had a substantial 

effect on profitability. It was unfortunate that the fish farming industry 

was faced with such a problem as it was beginning to gain momentum. If 

fish farming is to emerge as a significant industry in the future, protein 

supplies must be guaranteed. In view of the anticipated difficulties in 

maintaining a supply of conventional proteins, it is essential that an 

effort be made to evaluate the potential of new sources of protein as and 

when they become available.
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THE POTENTIAL OF SINGLE CELL PROTEIN 

Introduction 

The President's Advisory Committee (1967) suggested ten possible 

ways of meeting future world demand for protein, including the pro- 

duction of microbial protein and algae. This was by no means a new 

concept. Algal protein has been consumed for centuries in the Chad 

Republic of Africa and yeasts and moulds were produced as human 

food supplements in both world wars. Whilst large-scale production 

of such non-conventional protein sources for feeding directly to those 

people in greatest need might be the ideal and ultimate objective, the 

problems of acceptability are even more acute than for the plant-seed 

proteins and processing costs are again beyond that which can be 

afforded by most of the under-nourished nations. There is some current 

interest in the production of microbial protein for specialist human 

markets in the West, but generally the added cost of achieving the high 

standards of production and quality control necessary for food products 

destined for the human market make it less attractive at this time, 

than the animal feeds market which has attracted most interest. 

The concept of feeding micro-organisms to animals is not new 

either. Yeast (Saccharomyces spp) used extensively in the brewing 

industry has been sold as a by-product to the feed industry for several 

decades, as have fodder yeast (Candida spp) produced on a wide range 

of carbohydrate substrates. However, in view of the potential size of 

the market for new protein feeds and the current and projected 

difficulties of meeting the demand for protein from conventional sources, 

there has been a considerable increase of interest in the field of micro- 

bial fermentation and much innovation involving the production of 

several species of organisms on a much wider range of substrates in- 

cluding hydrocarbons. Aspects of the subject have been reviewed ex- 

tensively in those books called ''Single-Cell Proteins" edited by Mateles
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and Tannenbaum (1968) and Davis (1974). Other reviews include those 

by Stokes (1959), Rose (1961), Bunker (1963), Snyder (1970), 

Alagaratnam (1971) and Worgan (1974). 

Definition of Single-Cell Protein 

Tannenbaum (1971) has defined single-cell protein (SCP) as "a 

generic term for crude or refined sources of protein whose origin is 

either unicellular or simple multicellular organisms, that is bacteria, 

yeast, fungi, algae and perhaps protozoa’. According to Scrimshaw 

(1968), the name was coined in 1966 by researchers at the Massachu- 

setts Institute of Technology as one which ''would not have the unpleasant 

connotation relative to food invoked by the terms 'bacterial' or 'micro- 

bial'''. Shacklady (1972), amongst others, has. pointed out that the term 

is not an absolutely precise description since some are not truly mono- 

cellular. Nevertheless, it is a term which is sufficiently well under- 

stoad to be applied without much danger of ambiguity. It is a term 

which has now been universally accepted in both the popular and 

technical press and also by the Protein Advisory Group of the United 

Nations. 

The Potential of S.C.P. Production 

One of the factors which would seem to indicate a vast potential 

for S.C.P. production is the range of substrates which can be utilized 

to support the growth of micro-organisms. Most micro-organisms are 

capable of utilizing simple forms of nitrogen as a starting point for the 

synthesis of their own cell proteins. Carbon sources which can be 

utilized to provide the energy source include carbon dioxide, a whole 

range of carbohydrates such as molasses and other agricultural by- 

products or wastes, wastes from food processing and wood pulping in- 

dustries, organic wastes from human sewage treatment or from 

intensive animal production, petroleum, natural gas and by-products 

of the petro-chemical industry. It is convenient to discuss SCP pro- 

duction potential in terms of the categories of substrate utilized.
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Carbon dioxide 

Algae would at first sight seem very attractive for biomass pro- 

duction since they are autotrophic and are therefore able to grow in 

purely inorganic culture media using sunlight, carbon dioxide and 

ammonium ions as the only source of energy, carbon and nitrogen. 

Much of the early interest in industrial-scale algal culture was reviewed 

extensively in the book on this subject edited by Burlew (1953). The 

general review of Snyder (1970) also contains a useful section on algal 

production including some of the more recent developments. 

There has been much interest in the production of algae for the 

purpose of gas exchange during inter-planetary flight (Gafford and 

Fulton, 1962; McDowell and Leveille, 1964 and Le Chance, 1968). In 

this respect, the specific high temperature strain of Chlorella 

7-11-05 (Sorokin and Myers, 1953) has been extensively studied. The 

organism has a rapid doubling time of the order of 2-3 hours at 38°C 

and is a good oxygen evolver and therefore suitable for regenerating 

atmospheres contaminated with carbon dioxide. 

The possibility of growing algae in sewage oxidation ponds has also 

received a great deal of attention. In this respect water purification is 

of primary importance. In general the production of mixed algal 

cultures is reported although Scenedesmus appears to be the predom- 

inant species. The methods used are reported by Oswald and Golueke 

(1968). The use of sunlight as an energy source would seem to be the 

only practical means of mass culture of algae at present. The costs are 

prohibitive when growth is in artificial illumination. Lagoon-type 

culture on sewage is restricted to those areas of the world giving rise 

to large volumes of sewage where the supply of water is critical, where 

the intensity of sunlight over the whole year is adequate and where 

temperatures of 70°C - 80°C are obtained throughout the year (Gordon, 

1969). Industrial production possibilities will very probably be limited 

to the geographical area situated between 35° of latitude North and South
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of the equator. 

Growth may be limited by the carbon dioxide supply in addition to 

temperature and sunlight. In obtaining optimum growth an atmosphere 

of 2% carbon dioxide is required and this means use of covered tanks 

which adds to the expense (Senez, 1972). Other problems include 

contamination by other organisms and expensive harvesting since cell 

yields tend to be low (Worgan, 1974). In Czechoslovakia Scenedesmus 

quadricauda is apparently being studied mainly because of its larger, 

heavier cells which aid harvesting. Problems such as those described 

would seem to offset the use of a cheap substrate such as carbon dioxide. 

A more recent development is the production of the procaryotic 

blue-green algae, Spirulina maxima (Clément, Giddey and Menzi, 1967). 

This organism proliferates spontaneously in certain areas of Lake Chad 

in Africa and Lake Texcocco in Mexico (Senez, 1972) and has been 

consumed locally in the Chad area for centuries. The organism grows 

at high pH, 9-5 - 10-0, which has the advantage of increasing the 

absorption of carbon dioxide into the culture media and also reducing 

the possibility of contamination. The cells grow in a spiral form and 

are large , enabling the biomass to be harvested and dried by simple 

means. Pilot plants to assess the economics of production have been 

established in Mexico and the South of France by the Institute Francaise 

de Petrole and yields of 40 - 45 ton/hectacre/year have been reported. 

Shacklady (1972) has pointed out that algal culture does not seem to 

be either as universally applicable nor as amenable to industrialisation 

as the other forms of SCP production. There appears to be general 

agreement that the production of algal protein using present techniques 

could not be considered as a means of producing competitively priced 

proteins. The greatest hope would seem to be the production of the 

blue-green algae. 

A second group of micro-organisms, in this case bacteria known as
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Hydrogenomonas, have also been studied in connection with bio- 

regenerative life support systems in space travel (La Chance, 1968). 

These organisms are aerobic and autotrophic and capable of utilizing 

gaseous hydrogen as the energy source, carbon dioxide as the carbon 

source and ammonia as the nitrogen source, According to Senez 

(1972), cultivation of these bacteria has been envisaged and is the 

subject of laboratory-scale studies. 

Carbohydrates 

The most extensively studied carbon-energy source is carbohydrate 

of which there is theoretically an inexhaustible supply. Peppler (1968) 

has discussed the production of Saccharomyces cerevisiae, Candida 

utilis and Saccharomyces fragilis on molasses, spent sulphite liquor 

and whey respectively, along with the value of the three yeasts and 

debittered Brewer's Yeast (Saccharomyces cerevisiae) produced as a 

by-product of the brewing industry. By far the largest segment of the 

industry is concerned with the production of Saccharomyces cerevisiae 

on molasses but this protein source is the most expensive in view of 

the high cost of this substrate. Industrial wastes containing ferment- 

able carbohydrates, on the other hand, can have a negative value, since 

they often present a disposal problem. Such is the case with the pro- 

duction of yeasts on spent sulphite liquor from the pulping process. Re- 

viewing the production of SCP on waste, Forster (1973) suggests that 

for every 100 tons of pulp produced, about 20 tons of fermentable sugars 

are discharged as effluent having a B.O.D. of 25,000 - 50,000 ppm. The 

sugars are a mixture of hexoses and pentoses which are converted by 

Candida utilis into protein with a yield of 27% and a B.O.D. reduction of 

60%. In some countries the benefits to environmental pollution control 

could be of primary importance rather than the biomass production. 

Cellulose is an attractive substrate because of its abundance and 

ubiquity. However, it appears that no-one has yet developed a 

sufficiently economical method of breaking down the cellulose to fer- 

mentable sugars either chemically or biologically. The problems in-
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volved have been discussed by Alagaratnam (1971). Senez (1972) 

reports that yeasts (Candida utilis) have been produced on hydrolysed 

wood for many years in several Eastern European countries, particul- 

arly the U.S.S.R. Bunker (1968) reported that an output of 900,000 

tons of yeast was envisaged by the U.S.S.R. Whilst wood hydrolysates 

might not be the cheapest source of fermentable carbohydrate, there is 

sufficient evidence to suggest that in some places at least, it is con- 

sidered sufficiently economical to justify large-scale production of SCP. 

In addition to yeasts, mycelial fungi frequently grow on the media 

produced from wood hydrolysis and sulphite pulping industries. Several 

species of fungi including Oospora spp, Trichosporon spp, Dematium spp, 
  

Fusarium spp, Spicaria spp, Penicillium spp and Aspergillus spp have 

been reported to utilize the substrate,as discussed by Alagaratnam (1971). 

The growth of Oospora spp and Trichosporon spp was approximately the 

same as that of Candida yeast. Sherwood (1974) has referred to plans 

for commercial production of fungi on pulp wastes in Finland using 

Peacilomyces spp as the organism. 

Neither baker's, brewer's nor food yeast are capable of utilizing 

starch substrates (Worgan, 1974). The Symba process (Jarl, 1969) 

developed in Sweden to use starch wastes involves the growth of two 

yeasts, Endomycopsis fibuliger and Candida utilis, in association. The 
  

former produces an excess of amylase which hydrolyses the starch to 

sugar which is subsequently used by Candida utilis. The harvested pro- 

duct consists of Candida utilis and Endomycopsis fibuliger in the ratio 

O28. 

  

In contrast, fungi can utilize starches directly. In this respect the 

literature has been reviewed by Gray (1966, 1970), Alagaratnam (1971), 

Worgan (1974). There is currently a considerable interest in the 

utilization of agricultural and industrial wastes and surpluses by fungi 

(Litchfield, 1968; Spicer, 1973; Sherwood, 1974; Thorne, 1975; Imrie, 

1975). Worgan (1974) has stressed that it is essential that micro-
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organisms should be able to utilize cheap, readily available substrates 

if a process for producing SCP is to be economical. Agricultural and 

industrial wastes are frequently cheap or they may even have a negative 

value, but Litchfield (1968) has drawn attention to the fact that the cost 

of collecting, storing, transporting and pretreating complex wastes and 

the relative cost of their disposal by other techniques must be compared 

to the cost of using purified carbohydrates before a final decision can 

be made on the suitability of a waste material as a substrate for fungal 

growth. Senez (1972) has suggested that one of the problems of having 

an S.C.P. industry based on waste carbohydrates is that they are 

available in quantities which are too small or intermittent and seasonal 

to enable economically sized production facilities to be built. However, 

Thorne (1975) has pointed out that the cheaper the substrate the smaller 

the economic production limit becomes. 

The development of a small-scale industry based on agricultural 

wastes in the developing countries would appear to offer considerable 

promise. Imrie (1975) discusses such a project in South America in- 

volving the production of filamentous fungi on citrus wastes currently 

being dumped with consequent pollution of the environment. The fungi 

would be destined for use in animal feeds. Imrie has summarised the 

advantages of the project: ''Apart from the potential profitability of the 

microbial protein itself, this venture would save considerable foreign 

exchange, generate new industry, new jobs and additional wealth". 

A large number of fungi have been screened for potential mould 

protein production on carbohydrates. Species which appear to offer 

suitable potential are Fusarium spp (Spicer, 1973), Penicillium notatum 

(Coppock, 1970) and Aspergillus niger (Imrie and Phillips, 1971). 

Hydrocarbons 

It is some seventeen years since British Petroleum announced their 

interest in the production of micro-organisms and their success in
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growing a yeast, Candida lipolytica, on gas oils. Since that time, the 

interest in SCP production on hydrocarbon sources has grown con- 

siderably. Reviews on the subject can be found in the books edited by 

Mateles and Tannenbaum (1968), Davis (1974) and de Pontanel (1972). 

Reviews have also been written by Humphrey (1967, 1970) and Walker 

(1971). 

One of the major advantages of hydrocarbons as a substrate for 

SCP production is the vast quantity available. Walker (1971) reported 

that the annual production of n-paraffin substrates appeared to be about 

50 M tons in 1970 which could yield a potential protein production of 

20 M tons / annum and the potential production from methane appears to 

be many times greater. Furthermore, they are available as non- 

agricultural products, their production being independent of climatic 

conditions or seasonal fluctuations and they are available all over the 

world, in many instances in countries short of protein (Norris, 1968). 

The essential difference between carbohydrate and hydrocarbon 

substrates is that the former contribute carbon, hydrogen and oxygen 

to the system in a water soluble form, whereas the hydrocarbons are 

devoid of oxygen and almost insoluble in water (Shacklady, 1970). They 

take up more oxygen than carbohydrates during the fermentation process 

and the yields are consequently higher. Yeastsof the genus Candida 

utilize purified substances or crude oil with weight yields close to 100% 

(Senez, 1972). In addition to using more oxygen, however, heat pro- 

duction is double or triple that for the equivalent weight of carbohydrate- 

grown cells and the added expense of increasing oxygenation and cooling 

largely offset the advantage gained using cheap substrates (Norris, 1968). 

The range of organisms capable of utilizing hydrocarbons is a further 

advantage. According to Walker (1971), it has been postulated that for 

any representative microbial culture collection, about + of the organisms 

would be capable of utilizing hydrocarbons. Moreover, the hydrocarbon 

utilizing fraction would include bacteria and fungi,including yeasts. In
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general terms it can be said that for gaseous hydrocarbons and others 

of short chain length, it is necessary to use bacteria. For longer chain 

hydrocarbons either bacteria or yeasts are suitable(Shacklady, 1970). 

There is, however, at least one report of the successful production of 

fungi, Graphium spp, on natural gas (Zajic, Volesky and Wellman, 1969). 

Most of the initial interest was in the production of yeasts on n- 

paraffins or gas oils containing n-paraffins. The preferred species is 

Candida lipolytica, although Candida intermedia, Candida tropicalis and 
  

Candida rugosa have also been used. The most widely published pro- 

cesses are those of British Petroleum involving the utilization of n- 

paraffins and gas oils by Candida lipolytica, summarised by Shacklady 

(1970) and Walker (1971). In comparing the costs of the two processes, 

Shacklady states that on the one hand an expensive raw material, n- 

paraffin, but a relatively cheap and simple harvesting stage is used. On 

the other hand, gas oil is a cheap feedstock but the harvesting is more 

complex and expensive. It appears that there are situations in which 

either could be the preferred route. Senez (1972) has suggested that 

the process of cultivation on gas oil is better suited to medium-sized 

plants (3600 - 7000 tons/a) which could be installed in a large number of 

small refineries in Africa, Asia or South America. As against this, 

cultivation on purified paraffins appears preferable for major units pro- 

ducing 100, 000 tons/a or more. 

Whittenbury, Phillips and Wilkinson (1970) have isolated more than 

100 methane-utilizing strains of bacteria. Pseudomonas methanica 

appears to be the organism of choice. For longer chain hydrocarbons 

Nocardia, Mycobacterium or Micrococcus species could be used 
  

(Johnson, 1970). Mateles et al (1967) have also isolated a thermophilic 

Bacillus which utilizes n-alkanes at 70°C. 

The utilization of methane as a carbon substrate has been discussed 

by Hammer, Heden and Carnenberg (1967) and Wolnak et al (1967) and the 

advantages have been discussed by Ribbons (1968), Norris (1968) and
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Sherwood (1974). It is available in considerable quantities at low cost. 

It is often a waste product of oil production and being resistant to 

chemical attack it is difficult to utilize. It is also too expensive to 

liquefy and transport. An estimated 100 M tons / yr are therefore 

'flamed off' at oil production sites throughout the world. In addition, in 

the 1960's massive quantities appeared from the Southern North Sea 

province and it is therefore a most attractive substrate for European 

SCP production. It has a high state of purity and being volatile leaves 

no traces of toxic residues in the biomass produced. There are problems, 

however, as discussed by Senez (1972). The cost of aeration and agitation 

is considerably increased and the need to supply the fermenters with a 

combustible mixture of methane and air involves hazards which have to 

be guarded against and this will inevitably mean an increase in cost of 

production facilities. Additionally, the cultures have to be protected 

against contamination by other micro-organisms and bacteriophages 

which means having aseptic conditions which are difficult to achieve on 

a large scale. Shell, however, have made some progress in the 

utilization of methane by bacteria. They use a mixed bacterial culture 

and operate their process at high temperatures (Shell International 

Petroleum Co. Ltd., 1974). This reduces the chance of contamination 

and also reduces the cooling necessary resulting in a significant saving 

on production costs. 

Alcohols 

In view of the problems associated with the utilization of methane, 

there has been much interest in methanol as a substrate. The advant- 

ages of methanol have been described by Senez (1972) and Beatty (1974). 

It is easier to handle, being a low boiling point liquid with a very high 

degree of purity (over 99-9%). It is extremely soluble in water. The 

main feedstock is natural gas, although a process has been developed 

by ICI for the production of methanol from hydrocarbons making it 

available in larger quantities and more cheaply. The production of 

thermotolerant yeast and thermophilic bacteria from methanol has been
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discussed by Cooney et al (1975). ICI's industrial process for the pro- 

duction of bacterial protein Pseudomonas spp, has been briefly des- 

cribed by Beatty (1974). 

Ethanol, also synthesized from hydrocarbons, is available in smaller 

quantities. It is more expensive but it is apparently being utilized for 

bacterial production by Esso-Nestle (Senez, 1972) and by Amoco (Wayman, 

1973). In both instances, the protein appears to be destined for human 

market outlets. 

Organic wastes 

There has been some interest in the utilization of farm wastes for 

the production of bacterial protein. Wayman (1973) suggests that it is 

conceptually feasible to build small plants completely integrated with 

a feed lot or a pig or poultry unit and that such integration offers the 

prospect of significant reductions in capital costs of small-scale units. 

General Electric are researching into bacterial protein production on 

farm waste. 

A suggestion has been made that algae are more suitable for growing 

on farm wastes than any other micro-organism and mixed algae and 

bacterial cultures were very productive since high concentrations of 

glycochollate excreted by the algae feed the bacteria (Anon, 1975). 

Suitability of micro-organisms for protein production 
  

There is clearly a wide range of substrates capable of supporting 

the growth of micro-organisms from within the groups of algae, fungi, 

yeasts and bacteria. However, of the thousands of species and strains 

within these four groups, only a relatively small number will be useful 

for protein production. In the first instance organisms will be screened 

for qualities which satisfy the fermentation technologist, including from 

Enebo (1970)
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1) Rapid growth on simple media 

2) Efficient energy utilization 

3) Tolerance towards mechanical strains during the culture 

process and toxic compounds in the medium. 

4) Resistance to contamination 

5) Simple separation (harvesting) 

Consideration of the factors involved in fermentation technology and 

process engineering is beyond the scope of this discussion. Reference 

to various processes can be found in the general reviews listed pre- 

viously. 

Once potential organisms have been screened they will be assessed 

for their suitability as a feed or food. Organisms will be analysed for 

crude protein content, by nitrogen analysis, and protein quality deter- 

mined initially by a quantitative amino acid analysis. Short term ex- 

periments will then be used to detect potential toxicity. Having 

established preliminary suitability, the process can be scaled-up to 

assess production potential and provide material for a thorough 

nutritional evaluation using species for which the product is intended. 

A successful product will satisfy the following criteria: 

1) It will be acceptable and palatable 

2) It will be safe for the purpose for which it is intended 

3) It will have a suitable composition 

4) It will make a positive nutritional contribution to the 

ration in which it is used 

Acceptability and palatability 

Most animals are not so fastidious as humans with respect to their 

food tastes and single-cell proteins have generally been found to be well 

accepted in diets of laboratory animals and livestock. In the latter case 

they will be used predominantly as a protein supplement in a complete 

compound feed containing cereals and other protein sources. Yeasts and
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bacteria are generally bland and tasteless and fungi are frequently re- 

ported as having a good texture and a distinct meaty flavour. Algae 

are more suspect in view of their high content of pigment which can 

give rise to an unpleasant taste (Hint “1 966). There are, however, 

several reports in the literature indicating that several species of 

algae are well accepted by rats and livestock including poultry, pigs 

and ruminants. 

Safety 

Toxicity in single-cell proteins may be related to toxins produced 

by certain species or residual contamination from the substrates 

utilized in their production. There are species of micro-organisms 

which produce potent toxins. Worgan (1974) has pointed out that neither 

the genera nor the species can be used as an infallible guide to the 

selection of suitable micro-organisms. For example, Amanita phall- 

oides is one of the most toxic species of fungi whereas Amanita fulva 

is a popular edible species. Furthermore, only certain strains of the 

Aspergillus flavus produce aflatoxins. Among the algae there are also 

toxic species, notably Microcystis aeruginosa and Anabaena flosaquae 
  

(Gorham, 1964; ), and there are many pathogenic bacteria 

which would be quite unacceptable as a food or feed source. There has 

also been some concern about the damaging effects of feeding bacteria 

and yeasts containing large quantities of nucleic acids. This concern, 

however, is specifically related to their application as a human food 

since the primates are unable to excrete large quantities of metabolised 

nucleic acids in the form of uric acid. Insoluble uric acid can therefore 

accumulate causing kidney stones(Miller, 1968). This is not the case 

with farm livestock which can excrete quantities of uric 

acid. 

Little attention was paid to the toxicity of micro-organisms caused 

by residual contamination from the substrate until liquid hydrocarbons 

were considered for large-scale SCP production. The polycyclic
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aromatic compounds were then implicated as being potentially 

carcinogenic. However, Senez (1972) has stressed that the distillation 

ranges of the substrates employed are from 175°C to 300°C for the 

purified alkanes and 250°C to 400°C for gas oil, i.e. very much lower 

than the boiling point of carcinogenic, polycyclic hydrocarbons, which 

is around 500°C. Indeed, Shacklady (1972) reported levels of 3:4 

benzpyrene, benz-(ghi)perylene and dibenz-(a,h)anthracene-3, the re- 

puted carcinogens, in a number of yeasts as determined in a survey 

carried out by two German researchers. They found that the combined 

total levels of these polycyclic aromatic compounds was actually lower 

in the gas oil yeast than all but two of the dietetic yeasts of eleven 

samples analysed. Using F.D.A. approved methods, the actual levels 

in hydrocarbon grown yeasts were found to be below one part per billion 

which, according to Senez (1972), is the limit of sensitivity of the test. 

The most widely studied single-cell proteins from the toxicological 

viewpoint are those produced on hydrocarbon sources, and particularly 

the B.P. yeast proteins. When B.P. initiated their research programme, 

there was no precedent for the toxicological testing of new protein 

sources for animal feeds and a scheme was therefore worked out in 

collaboration with the Centraal Instituut Voor Voedingsonderzoek. 

The scheme has been described by Shacklady (1972). It consisted 

of a) acute toxicity tests with rats; duration six weeks, dietary level of 

40% yeast, contributing 25% to 28% of protein to the diet according to 

the source of the yeast; b) sub-chronic toxicity tests with rats; duration 

ninety days, dietary levels of 10%, 20% and 30% yeast; c) chronic 

toxicity with rats; duration two years, dietary levels of 10%, 20% and 

30% yeast in diets; d) carcinogenicity test with mice; duration two years, 

10%, 20% and 30% of yeast in the diet; e) carcinogenicity test with mice; 

duration 1} years, 10%, 20% and 30% yeast in the diet, and f) multiple 

generation tests with rats; duration approximately 14 years using 10%, 

20% and 30% dietary levels of yeast. 

The results from such studies have been reported in detail by
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de Groot, Til and Feron (1970a), b); 1971) and summarized by 

Shacklady (1972). Such investigations have shown that B.P. yeasts 

are totally without toxic, carcinogenic or teratogenic effects providing 

adequate evidence of their safety for use in animal feedstuffs. Ex- 

tensive toxicological tests have also been conducted on hydrocarbon 

grown yeasts in Japan (Hoshiai, 1972) and in Russia (Pokrovsky, 1968) 

and in both cases the conclusions reached were as for the B.P. proteins. 

By comparison, there have been few reports on toxicological tests 

carried out on bacterial proteins. However, I.C.I. are at present con- 

ducting a research programme on their own material Pseudomonas spp 

grown on methanol, including chronic feeding tests and multi-generation 

tests to study their effect on reproduction. No toxic effects have yet 

been noted during the course of their testing (Beatty, 1974). Ko and Yu 

(1968) also report the absence of toxic effects in mice, poultry and pigs 

produced from feeding Pseudomonas spp, designated 5401, grown on n- 

paraffins. However, there is one report of the occurrence of adverse 

effects on the health of rats fed bacterial SCP as the sole source of 

protein. Agren, et al (1974), working with an unspecified bacterial 

protein grown on a chemically pure hydrocarbon substrate, reported 

arrested growth, weight losses, bleedings at nose and eyelids and in- 

creased mortality in rats fed a synthetic diet containing bacteria as the 

sole source of dietary protein. Histological examination also revealed 

severe pyelonephritis, nephrocalcinosisand testicular atrophies and 

haematological investigation showed a changed neutrophil:lymphocyte 

ratio. 

There have been very few thorough investigations specifically on 

the toxic effects of feeding algae, although there have been several re- 

ports of feeding experiments in which a number of species have been fed 

to both laboratory and farm animals without causing any marked path- 

ological disturbances. Lubitz (1962), however, noted histological 

changes in the salivary gland and pancreas of some of the test animals 

in a feeding experiment in which rats were fed Chlorella 7-11-05 at a
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level of 92%. 

There have also been few investigations on fungi. Jennison, Richberg 

and Krikzens (1957) fed 17 wood rotting Basidio-mycetes, grown in 

submerged culture, to mice and guinea pigs and noted no acute toxicity. 

Again there are reports of feeding studies in which no toxic effects have 

been noted (Litchfield, 1968). Aspergillus niger produced by Tate & 

Lyle Ltd (Imrie and Phillips, 1971) and Fusarium spp produced by 

Rank Hovis McDougall (Spicer, 1973) are currently undergoing lengthy 

toxicological and nutritional investigations but as yet no results have 

been published. A recent report has been published in which a mould, 

Graphium spp, grown on gaseous hydrocarbon substrates, was fed at 

levels up to 100% of the diet in short term (1 week) toxicity experiments 

and in chronic toxicity tests at 20% and 40% levels for five months 

(Volesky, Zajic and Carroll, 1975). The rats appeared to be active and 

healthy at the end of five months. There was a slight change in the size 

of organs relative to the body weight but there were no gross histolog- 

ical changes. Rats were fed for a further five months on a stock diet 

and autopsied at the end of that period. No tumours were found in those 

rats previously fed the diet containing 40% mould. However, very few 

experimental animals were used in these trials. 

Clearly, there are a few examples of SCP's in which freedom from 

toxicity has undoubtably been proven and there will be many more. 

Nevertheless, each new species of micro-organism produced for use in 

animal feeds or ultimately in human food should be thoroughly tested by 

procedures similar to those outlined by Shacklady (1972) for B.P. yeasts. 

Indeed, in 1969 the Protein Advisory Group of the United Nations 

appointed an ad hoc working group on SCP to study and evaluate these 

products more intensively. The status of SCP was broadly reviewed by 

the group (PAG statement No. 4, 1970) and the importance of thorough 

toxicological testing was emphasised. Approved guidelines for the toxi- 

cological testing of SCP destined for the human food market have been 

published (PAG Guidelines No. 6 and No. 7, 1970, revised 1972). Guide-
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line Number 6, called ''Preclinical Testing of Novel Sources of Protein" 

was also adopted for testing SCP destined for animal feed use. The 

procedures outlined in the guidelines are similar to those proposed by 

B.P. Proteins for testing their own products. A more recent guideline 

has been reported (PAG Guideline No. 15, 1974) which deals specifically 

with nutritional and safety aspects of novel protein sources for animal 

feeding. Such guidelines now clearly provide the standards which should 

be met by new single-cell proteins. 

Composition 

In view of the number of organisms involved in SCP production and 

the wide variation in substrates utilized, it is difficult to make general- 

isations about their composition. Furthermore, it has been shown that 

the composition of micro-organisms can be changed by altering the 

culture conditions. Thus Spoehr and Milner (1949) showed considerable 

variation in the chemical composition of Chlorella spp as a result of 

variations in the environmental growing conditions. The oil content was 

found to vary from 1°5% to 20%, protein from 9% to 58% and lipid from 

4°5% to 85%. Forster (1949) has also shown than the protein content of 

moulds varies within extremely wide limits for any one organism grown 

in different culture conditions. More recently, Yamada et al (1968) have 

shown that the crude protein content of yeasts and bacteria cultures 

grown on hydrocarbons changes with pH. 

In addition to protein, micro-organisms offer other useful nutrients 

including fats and vitamins. In the final analysis all the nutrient com- 

ponents must be considered when utilizing SCP in formula feeds. However, 

since the main interest at present is in the potential supply of protein, 

the following discussion will be restricted to the protein component of 

micro-organisms. 

As can be seen from the values of crude protein shown in Table 1 

for selected organisms from each of the four groups, the bacteria
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generally have a higher crude protein content than yeasts which are 

higher in turn than algae and fungi. There is a very wide range in the 

latter groups and some species, notably Fusarium spp in the case of 

moulds and Chlorella spp and Spirulina spp in the case of the algae, can 

have crude protein levels as high as some of the yeasts. 

The crude protein values referred to are determined from the 

nitrogen content x 6-25 which assumes that all the nitrogen is in the 

form of protein nitrogen and that 16% of the protein is nitrogen. Such 

assumptions can lead to large errors on both counts. There have been 

several reports indicating that a considerable amount of the measured 

nitrogen in micro-organisms will be non-protein nitrogen. Forster 

(1949) showed that fungi contain non-protein cell constituents such as 

chitin, amino sugars, purine and pyrimidine bases, nitrogen containing 

lipids, co-enzymes and special synthetic products such as penicillin and 

gliotoxin. Recently, Christias (1975) has compared four methods of 

estimating the protein content of four fungi and concluded that the method 

involving nitrogen estimation and the use of the factor 6-25 over-estimates 

the true protein content by 30% - 40% in all fungi studied. Blumenthal 

and Roseman (1957) have found the chitin content of 25 fungi to vary from 

2-6% to 262%. Glucosamine may also represent up to 13% of fungi and 

Worgan (1972) has shown that the nucleic acid content of Fusarium 

semitectum was 5% grown at a mass doubling time of five hours. For 

algae, Leveille et al (1962) have reported that together the amide N + 

NH, and humin -N represent between 14% and 29% of the total nitrogen 

of five samples of algae. In addition, Enebo (1970) reports that Russian 

trials have shown that the nitrogen content of precipitated protein from 

the green algae Chlorella spp and Scenedesmus spp was only 12% against 

a theoretical 16%. This has also been shown for the extracted protein 

of fungi as discussed by Alagaratnam (1971). 

There has been much interest recently in the nucleic acid content 

of yeasts and bacteria in view of the fact that such nitrogenous compo- 

nents cannot be easily excreted by humans. Bressani (1968) has re-
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ported that the results of several studies have indicated that 8% - 13% 

of the total nitrogen of yeasts is due to purines, 4% to pyrimidines, 

0°5% to choline, 0-5% to glucosamine and smaller proportions to other 

non-protein constituents. Therefore, only about 80% of the total 

nitrogen of the yeast cell is in the form of protein. Enebo (1970) has 

reported the results of one study on yeast, Saccharomyces spp, in 

which the true protein apparently represented only 63-8% of the crude 

protein value, nucleic acids accounting for 26-1% and free amino acids 

and peptones 101%. On the other hand, Worgan (1974) suggests that 

only 10% of the nitrogen of baker's and food yeast grown on a large 

scale is nucleic acid. 

At least part of the reason for such differences of opinion may be 

due to the fact that nucleic acid content is actually variable being in- 

fluenced considerably by the growth rate. Thus Worgan (1974) reports 

values of 10-1% and 11-9% nucleic acids for Candida utilis grown at 

doubling times 4-7 and 1-7 respectively and values of 12:3%, 14:2% and 

18-9% for Aerobacter aerogenes at doubling times of 4-7, 1-7 and 0-8 

respectively. Higher values for bacteria are generally reported. Thus 

Humphrey (1970) suggests levels of 15% - 20% of the nitrogen as nucleic 

acid nitrogen in fast growing bacteria. This seems to be indicated by 

the results of Palmer and Smith (1971) and may account in part for the 

higher crude protein values of bacteria shown in Table 1. 

The usefulness of micro-organisms as a protein source in feeds will 

depend upon the quantity of specific essential amino acids. Amino acid 

profiles have been determined for many micro-organisms, a selection 

from each of the four groups being shown in Tables 2,3,4 and 5. For 

comparison, Table 6 includes amino acid profiles for some conventional 

feed proteins. Just as the protein content is dependent to some extent 

on environmental conditions and growth rate, so too are the amino acid 

profiles. Stokes and Gunness (1946) have pointed out that the amino acid 

composition of a micro-organism is a qualitatively and quantitatively 

stable characteristic of the cell under fixed growth conditions but that
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amino acid content varies slightly among different strains and under 

different environmental conditions. Worgan (1974) has drawn attention 

to the considerable variation in the amino acid composition of the pro- 

tein of micro-organisms reported in the literature and suggests that 

the differences may be due to analytical errors, the strain, the growth 

media or the environment. Comparing data from the literature he has 

shown the effect of substrate, strain and pH on two essential amino 

acids in a number of organisms: 

Amino acid content g/ 100g protein 
Micro-organism Substrate : 

—————— Lysine Tryptophan 

Candida tropicalis Glucose 4-4 O°7 

Xylose 10-0 0-5 

Candida utilis Waste sulphite 6e7 12 

liquor 

Molasses 10-7 0-5 

Escherichia coli B210 - v9 0-3 

Escherichia coli B766 - 327 0-2 

Aliceoctecanion: Substrate Amino, acid content, % of cell mass 

eee _ Lysine Tryptophan 

Pseudomonas Glucose 907 0-3 

sermeoces Xylose Ah 6-5 

Hexadecane 

pH 7 2-9 0-4 

pH 8 674 0-4 

Yamada et al (1968) have also shown considerable variation in amino 

acid content of yeasts and bacteria grown on hydrocarbons. The time of 

harvest is also important. Falina, Maslova and Andreeva (1966) 

examined the essential amino acids of Basidiomycetes. They found 

highest methionine and tryptophan in mycelial hydrolysates after 24-36 

hours of growth but highest lysine was found after 36-60 hours of growth. 

Despite such difficulties, examination of the amino acid profiles 

shown in the tables reveals some general trends. Yeasts are deficient 

in methionine compared to the whole egg protein or fish meals. They 

are comparable with soya bean meal,also deficient in methionine. This 

deficiency has been reported several times in the literature. Chiao and
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Peterson (1953) examined the content of S-amino acids, methionine 

and cystine, in twenty yeasts and found all deficient. Nelson et al 

(1960) studied the methionine content of 271 yeasts and found a range 

0-4 - 1*7 g methionine/ 100g crude protein. 

By comparison, bacteria generally have a higher methionine content 

as can be seen. Thus Mondolfo and Hounie (1951) reported that the 

methionine and cystine deficiency noted in yeasts does not occur in 

bacteria. Anderson et al (1958) report that although several bacterial 

species do not lack methionine, these same species are limiting in 

tryptophan. From data of Sheehan and Johnson (1971) for a mixed 

bacterial culture, methionine was again comparatively high but lysine 

very low. The lower lysine content of the protein of bacteria compared 

to that of yeasts is also shown by the data of Palmer and Smith (1971). 

According to Walker (1971), even lower values have been reported for 

two methane utilizing bacteria. There are exceptions to these general- 

isations, however. Thus, reference to Table 3 shows comparatively 

low methionine contents of the two Pseudomonas spp produced on hydro- 

carbons (Ko and Yu, 1968). Two bacterial samples examined by Palmer 

and Smith (1971) also had lower methionine values. The Shell bacteria 

grown on methane (Tol an, 1974) and the bacteria grown on methane 

reported by Norris (1968) have comparatively high tryptophan levels, 

and one of the bacteria grown on hydrocarbons (Ko and Yu, 1968) has a 

very high lysine content. 

Methionine and cystine deficiencies have also been reported in seven 

moulds by Skinner and Muller (1940). That fungi are generally deficient 

in the S-amino acids has also been shown by Rhodes et al (1961) and by 

examination of the data compiled by Litchfield (1968). According to 

reports by Spicer (1973) and Imrie and Phillips (1971), two fungi which 

are being considered for industrial production (Fusarium spp - Rank 

Hovis McDougall and Aspergillus niger - Tate & Lyle Ltd) seem to have 

a higher methionine content. However, Worgan (1974) reports that 

methionine is deficient in Fusarium semitectum, and most recently two
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further species Fusarium oxysporum and Fusarium moniliforme have 
  

also been shown to be deficient in methionine (Christias, 1975 - see 

Table 4). Christias has also shown low methionine contents for two 

strains of A. niger,confirming earlier reports of Stokes and Gunness 

(1946) for this species. Generally fungi have lower amino acid contents 

than yeasts and bacteria. 

The picture is somewhat more confusing for the algae. Gordon 

(1969) has suggested that from several reports it appears than the S- 

amino acids, particularly methionine, are lower in Chlorella and that 

this seems to be a common feature of green algae examined to date. 

However, the data of Lubitz (1962) shows a reasonably high methionine 

content and the data of Leveille et al (1962), for a mixture of algae con- 

taining Chlorella spp and Scenedesmus spp indicates a very high 

methionine content. Gordon (1969) further suggests that blue-green 

algae generally have a higher content of essential amino acids and much 

more favourable methionine levels. Spirulina maxima, however, does 

not appear to have an adequate methionine content (Clément et al, 1967). 

Generally, the balance of amino acids in algae is not as favourable as 

in the yeasts and bacteria. 

Protein Quality 

Although chemical analysis frequently gives an indication of the 

likely value of a feedstuff, more important than the total content of the 

various nutrients is their availability as determined in biological assays 

using laboratory animals and target livestock for which the feedstuffs 

may ultimately be produced. 

Many methods for estimating protein quality have been described and 

the subject has been thoroughly reviewed several times. Those of Block 

and Mitchell (1946), Albanese (1959), Rice and Beuk (1953), Carpenter 

(1963), Morrison (1964), Morrison and Rao (1966), Woodham (1960) 

and the Agricultural Research Council (1970) are pertinent. Unfortunate- 

ly, many experiments involving the evaluation of SCP have not involved
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use of standard procedures and comparison of the results is difficult. 

In addition, results are frequently reported in the literature without 

reference to the methods employed. However, an attempt is made to 

review reports on the nutritional value of yeasts, bacteria, algae and 

fungi, as determined using laboratory animals, under those headings. 

Yeasts 

Bressani (1968) has reviewed the work in which the nutritional 

value of food and fodder yeasts has been evaluated. Some of the values 

for Digestibility, Biological Value (B.V.) and Protein Efficiency Ratio 

(P.E.R.) have been summarised in Table 7. Baker's and Brewer's 

Yeast appear to have a higher protein quality than Candida utilis. The 

improvement of B.V. and P.E.R. after supplementation with methionine 

is clear evidence that this amino acid is limiting. Bressani comments 

that it is interesting to see that methionine supplementation improved 

digestibility, a phenomenon that usually does not occur upon addition of 

deficient amino acids to proteins. 

A digestibility value of only 64-6% has been reported by Mitsuda et al 

» (1967) for whole cells. The low digestibility was related to the cell wall 

component since extracted protein had a digestibility of 96%. The re- 

sults for B.V. and P,E.R. and Net Protein Utilization (N.P.U.) for 

whole yeast, extracted yeast and extracted yeast supplemented with 

methionine are shown in Table 8. The B.V., N.P.U. and P.E.R. were 

higher for the extracted protein and there was a further improvement 

with methionine supplementation, although the protein was still not equal 

in value to casein. 

Several yeasts grown on hydrocarbons have also been studied. 

Shacklady (1970) reports values for digestibility, B.V. and N.P.U. of 

the B.P. yeasts grown on n-paraffins and gas oil compared to soya 

protein isolate and dried whole egg (Table 9). The digestibility was 

very high compared to that reported for the food and fodder yeasts
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Tables 7 and 8. The B.V. and N.P.U. were also higher and better than 

soya protein isolate. Methionine again improves B.V. and N.P.U. 

values. The values after supplementation Were cee cerably higher 

than those for casein reported by Mitsuda et al and also higher than 

dried whole egg before it was supplemented with methionine. Walker 

(1971) has reported that the available lysine of B.P. yeast determined 

by the chemical method of Roach, Sanderson and Williams (1967) is in 

excess of 95%. Available methionine determined by microbiological 

methods has also been reported to be very high. 

Other hydrocarbon grown yeasts have not performed quite so well 

as those produced’by B.P. Pillai et al (1972) havereported the digest- 

ibility of a yeast grown on hydrocarbon substrates by the Regional 

Research Laboratory, Jorhat in India, at only 68% although this in- 

creased to 86% with methionine supplementation, a phenomenon already 

reported previously for yeasts (Bressani, 1968). Supplementation with 

0:4% methionine improved P.E.R. from 1-6 to 2-1 which was still 

below casein at 2.5. Similar results have also been reported for 

hydrocarbon grown yeast produced at the Indian Institute of Petroleum 

(Narayanaswamy et al 1971). P.E.R. increased from 1-03 to 2°25 on 

supplementation with 1-6g methionine/100g protein but the values were 

less than those for skim milk at 3.16. 

Palmer and Smith (1971), working in an independant research lab- 

oratory, have evaluatedfour yeasts grown on hydrocarbons. The re- 

sultS are shown in Table 10. Again the results for N.P.U. and B.V. 

are not so impressive as for the B.P. yeasts but, with the exception of 

Y5, the digestibility was very high. N.P.U. and B.V. increased again 

with supplementation. 

All of these results substantiate the suggestion made earlier, on 

the basis of chemically determined amino acid levels, that methionine 

is limiting and that when supplemented, yeast proteins have a high 

nutritional value.
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Bacteria 

There is comparatively little data on the nutritional value of 

bacteria. 

Tannenbaum (1968) has reported results for digestibility and B.V. 

of Bacillus Megaterium before and after extraction and N.P.U. values 

have been calculated from their data (Table 11). Clearly the relatively 

low digestibility of the bacterimis not due to any inherent characteristic 

of the protein but to the fact that nitrogen in various cell wall structures 

is not digestible. The biological value of phe where cells and the cell 

contents was not substantially different and,low compared to the supple- 

mented casein control diet. 

Results for the bacteria Hydrogenomes eutropha have been reported 

by La Chance (1968) and are shown in Table 12. The digestibility was 

in this ‘case very high and the biological value was similar to that for 

casein. Methionine has been indicated as limiting in this species. 

Palmer and Smith (1971) have reported results for two bacteria 

produced on hydrocarbons (Table 13). The digestibility values were 

again very high, comparable to the B.P. yeasts and the yeasts determined 

by Palmer and Smith shown in Table 10. Methionine supplementation 

increased the B,V. and N.P.U. values indicating again that methionine 

was limiting. The N.P.U. levels were generally lower than those 

determined for the yeasts indicating a poorer protein quality for these 

bacterial proteins. 

Algae 

There have been several studies on the nutritional value of algae. 

Lubitz (1962) reports a protein digestibility of 86% for Chlorella 7-11-05. 

P.E.R. was 2-19 compared to 3-30 for casein but there was an increase 

to 2-90 with 2% methionine supplementation. Geoghegan (1953) reported
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a value of 1-84 for P.E.R. of Chlorella and Erchul and Isenberg (1968) 

report values of 1-41 and 1-54 for the P.E.R. of laboratory grown 

Chlorella. Leveille et al (1962)found P.E.R. for Chlorella pyrenoidosa 

to be only 0-94. Such differences may be due to differences in the 

techniques used. Harvesting can have a marked effect as shown by 

Erchul and Isenberg (1968). The P.E.R. of Chlorella was found to de- 

crease from 1-54 to 0.78 when it was heated prior to drying. 

The high digestibility values reported for Chlorella 7-11-05 by 

Lubitz (1962) would appear to be the exception rather than the rule for 

green algae. Cook (1962) has reported values shown in Table 14 for 

digestibility, B.V. and N.P.U. for a mixture of Scenedesmus quadri- 

cauda and Chlorella spp in the ratio 10:1, grown in sewage oxidation 

ponds. The digestibility was low although it improved after 30 minutes 

boiling. Erchul and Isenberg (1968) have also reported values, shown 

in Table 15, for seven sewage-grown algae, the predominant species 

being Chlorella and Scenedesmus. The wide variations in P.E.R. are 

due mainly to differences in digestibility. 

The blue-green alga Spirulinus maxima has a relatively high digest- 

ibility and biological value as shown in Table 16 from Clément etal 

(1967). In contrast to the results of Cook (1962), the digestibility did 

not increase on cooking and the B.V. and N.P.U. decreased. The 

variable results for digestibility of algae may be related to differences 

in the chemical composition of the cell wall of different species. La 

Chance (1968) has discussed attempts to verify this. As reported 

earlier for the yeasts (Mitsuda et al, 1967) and bacteria (Tannenbaum, 

1968) extracted protein appears to be far more easily digested than 

whole cells, although it appears that the protein value is still low com- 

pared to casein due to a deficiency in methionine as for the yeasts and 

bacteria (La Chance, 1968). 

There have been fewer studies on amino acid supplementation of 

algal proteins. Leveille et al (1962) showed several algal species and
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mixtures of species to be deficient in methionine. Methionine supple- 

mentation increased P.E.R. The increase was dramatic for 

Spongiococcum excentricum supplemented with 05% methionine. The 

increase was from 0-34 to 1-22. 

Fungi 

There have been very few. investigations of the quality of fungal 

protein, although there have been several reports of feeding experine nts 

of one type or another (Litchfield, 1968). As mentioned earlier, the 

protein content is generally very low and there are several reports, 

summarized by Litchfield, in which fungal proteins have failed to support 

the growth of rats or mice. One study in which the digestibility and 

B.V. of fungal protein was determined has been described by Fink et al 

(1953). They found that the digestibility of Penicillium notatum was only 

58%. The B.V. was 59: 8% and the calculated N.P.U. was 34-7%. This 

is considerably lower than that for yeasts and bacteria. However, as 

reported earlier, there has been some recent interest in commercial 

production of Aspergillus spp and Fusarium spp and it is interesting to 

note that Worgan (1974) lists N.P.U. values for A. niger and F. semi- 

tectum as 54-4 and 60. It would seem, therefore, that the protein 

quality of these species of fungi is better than that of the yeasts pro- 

duced on conventional carbohydrate substrates and comparable with the 

yeasts and bacteria produced on hydrocarbons. 

The fungal proteins have been shown to be deficient in S-amino 

acids, like the yeasts, bacteria and algae. Thus Skinner and Muller 

(1940) showed improved growth with Aspergillus spp and Penicillium spp 

when supplemented with cystine or methionine. Fink and Schlie (1956) 

also showed improved growth of Psalliota bispora supplemented with 

methionine and cystine. 

Single-Cell Protein in Compound Feeds 

In the final analysis, single-cell proteins must be shown to provide
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some nutritional benefit when included in the rations of target animals. 

In this respect, they will be used as a protein supplement rather than 

as the sole protein component of the feed. The nutritional value of two 

mixed proteins is frequently better than either alone as has been shown 

frequently,including studies with algae reported by Cook et al (1963) 

and with yeasts reported by Bressani (1968). Maximum benefit will be 

obtained if the amino acids of the SCP complement those of the basal 

ration to which they are added. 

There are a number of reports in the literature showing the use- 

fulness of SCP in compound feeds for several classes of livestock but 

direct comparison of the results is impossible in view of the differen- 

ces in levels used and in the composition of the basal ration. Reports 

by Shacklady (1974), Hoshiai (1972), Ko and Yu (1968), ICI Proteins Ltd 

(Information booklet) and D'Mello and Whittemore (1973) contain in- 

formation on yeast and bacterial protein as feed components. Meffert 

(1961), Leveille et al (1962), Hintz (1966), Grau and Klein (1957), 

Beremski et al (1973), Okumura and Tasaki (1973) report trials on 

algae. There have been very few large scale trials with fungal protein. 

Trials are currently being carried out to assess the value of Fusarium 

spp and Aspergillus niger. Some results for A. niger have been re- 

ported (Imrie and Phillips, 1971). 

The usefulness of a few species from each group of micro-organisms 

has been shown. The emphasis of the studies has been on poultry and 

pigs in view of the potential size of the markets for compound feeds for 

these animals. The yeasts and bacteria would seem to offer the greatest 

potential in view of the higher digestibility and relatively high B.V. They 

have been reported to be comparable with soya bean meal and fish meal. 

Single-Cell Protein in Fish Feeds 

Only the yeasts have received any real attention as a potential in- 

gredient for fish feeds. Brewer's yeast has been included routinely in
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salmonid diets for many years. The yeast is included at levels up to 

5% as shown in the formulations listed in Appendix 1. Churchill 

(1952) evaluated torula yeast (Candida utilis) grown on sulphite liquor 

in the United States at 10% and 20% levels in brook trout diets otherwise 

composed of liver or carp and pork melts. When included in liver 

diets there was no advantage in terms of growth but when included in 

diets composed of carp and pork melts, better growth was obtained. 

Brewer's yeast at the same levels also increased the growth but torula 

yeast produced better growth than brewer's yeast at both levels. Since 

the diet containing carp and pork melts was lower in some of the B 

complex vitamins than the suggested requirements, the increase in 

growth of fish receiving diets supplemented with yeast could have been 

related to the higher content of B complex vitamins in the yeast. 

Yeasts produced on hydrocarbons have been evaluated in several 

species of fish in Japan (Hoshiai, 1972). 'Petro-protein yeast' has 

been used at the rate of 15% and 30% of a compound rainbow trout feed, 

in isonitrogenous replacement of white fish meal and corn starch. In 

two further diets it was included at the 30% level but it was supplemented 

with methionine at levels of 0: 2% and 0-4% in the diet. The weight gain 

in 105 days was greater,on diets containing 15% and 30% yeast and 30% 

yeast +0-4% methionine but slightly lower for 30% yeast and 0: 2% 

methionine. Feed efficiency was greater for all diets containing yeast 

protein. Supplementation with methionine did not appear to substantially 

increase growth or feed efficiency. In the case of supplementation at 

the 0-2% level, growth and feed efficiency was slightly reduced. Improved 

efficiency was also reported for carp fed diets containing up to 45% 

petro-yeast and similar results have apparently been achieved for eels, 

ayu, yellow tail, sea bream and prawns. 

B.P. yeast (Candida lipolytica) produced on n-paraffins has also 

been studied as a potential feed ingredient for rainbow trout by Andruetto, 

Vigliani and Ghittino (1973). The yeast was used at 10%, 20% and 30% 

levels in place of equal proportions of casein and gelatin of a control
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diet composed of 54% casein, 15% gelatin, 7% maize oil, 2% cod liver 

oil, 8% dextrin, 9% alpha-cellulose plus vitamin and mineral supple- 

ments. The diets were prepared as dry pellets and fed at a rate of 

2-3% live body weight per day for four months. During that time pala- 

tability of diets containing the various levels of yeast was considered 

normal compared with the controls. In one experiment, fish of an 

average size of 100g grew to an average of 210g in the course of four 

months at a constant temperature of 8-9°C. The conversion factor was 

1-8 on average. Histological examination of the livers was negative 

for regenerative or neoplastic processes although the hepatocytes were 

at times vacuolated and in some instances small accumulations of ceroid, 

representing a non-lethal form of Liver Lipoid Degeneration, was 

found. Such vacuol ation is commonly found in trout livers intensively 

fed and the ceroid deposits could have been related to complex factors 

already existing before the tests. Otherwise no differences were noticed 

on any of the diets containing 10%, 20% and 30% yeast protein. 

Cowey et al (1974) have fed B.P. yeast protein supplemented with 

methionine as the sole source of protein in the diets of plaice. The 

diet contained 83% by weight of yeast contributing 50g of protein per 

100g of diet. The yeast was supplemented with methionine prior to 

use at a rate of 10-0g L-methionine /kg. In addition to yeast, the diet 

contained alpha-cellulose, vitamin and mineral premixes, maize oil, 

cod liver oil and a binder. The growth rate of plaice fed this diet was 

less than that of fish fed a similar diet containing 50% protein derived 

from white fish meal, and considerably less than fish fed a diet con- 

taining 50% protein derived from freeze-dried cod muscle. The growth 

rate was, however, better than that of fish fed a diet containing 50% 

protein derived from Promine-D, an extracted soya protein, supple- 

mented with 19g L-methionine/kg. During the ten week period Protein 

Efficiency Ratios of 1-23, 1-78, 1-29 and 0°89 were obtained for diets 

containing 50% protein derived from B.P. yeast, freeze-dried cod, white 

fish meal and Promine-D respectively. Corresponding N.P.U. values 

were found to be somewhat similar. These were 0-38, 0°42, 0-35 and
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0-34 respectively for the four diets listed above indicating that there 

was little difference in their relative nutritional value at the dietary 

protein levels used. Digestibility of the yeast was high, 90%, as has 

been shown for poultry and pigs. It was comparable to freeze-dried 

cod, 91%, and white fish meal, 86%, used in this experiment. 

The yeast cell wall is composed mainly of glucan, mannan, protein and 

chitin and according to Hibino et al (1974) the enzymes contributing 

to the digestion of yeasts are proteinase, chitinase, p-1, 3-glucanase. 

The levels of these enzymes in a number of species of fish were 

determined by Hibino et al. Peptic activity and tryptic activity were 

very high in the eel and ayu respectively and present in rainbow trout. 

Chitinase activity was found in ayu, carp, rainbow trout and eel being 

very high especially in the eel and rainbow trout. B-1, 3-glucanase 

activity was very high in the ayu and carp and also present in trout. It 

was interesting to note that chitinase activity, in particular, increased 

in the eel and rainbow trout when the diets contained yeast. It seems 

likely that yeasts will be highly digested in several species of fresh- 

water fish in addition to plaice. The encouraging growth and food con- 

version results obtained with rainbow trout fed diets containing yeasts 

would seem to indicate a reasonable digestibility of yeast by this species. 

Two trials in the United States have recently been carried out to 

evaluate dried activated sludge recovered after the treatment of in- 

dustrial wastes. Orme and Lemm (1973) report feeding trials in which 

sludge from paper processing wastes has been incorporated into the 

diets of rainbow trout and Windell, Armstrong and Clinebell (1974) 

report trials in which sludge obtained from treatment of brewing wastes 

has been incorporated into diets of rainbow trout. 

The sludge from the paper processing industry is composed mainly 

of mixed bacterial species with a crude protein content of 42-3%. The 

dried sludge was incorporated into a standard compound feed (the 

McNenney formula - Appendix 1) at 25% and 50% levels replacing some
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of the conventional ingredients. The amount of other ingredients was 

adjusted to balance the protein level at 40% and the fat at 9%. The 

three diets containing 0%, 25% and 50% dried sludge contained 32%, 

20% and 15% herring meal respectively. The material could be pro- 

cessed easily into trout pellets. The sludge was considered to be 

palatable. No abnormalities or deficiences were noted during the 285 

days of feeding. There were no indications of any adverse effects as 

shown by examination of external characteristics as well as internal 

organs, and mortality was similar and low in all groups. Growth and 

feed efficiency was, however, reduced as herring meal was decreased 

and sludge increased in the feeds. Growth rates for the three diets 

were 18-2, 13-7 and 12-1% wet wt. gain/day and corresponding food 

conversion ratios were 1-45, 1-58 and 1-72. 

The material referred to by Windell et al as brewer's single-cell 

protein was not brewer's yeast but was the activated sludge produced 

during the treatment of brewery waste and subsequently spray-dried. 

It was very easily incorporated into compound feeds. The material 

containing 44.4% crude protein was substituted approximately iso- 

nitrogenously for some conventional feed ingredients in a standard 

trout compound feed, at levels of 10%, 15% and 50%. The material 

replaced 10% brewer's yeast in one diet, 10% fish solubles and 5% 

wheat germ in a second diet and several ingredients including 10% 

herring meal in the diet containing 50% of the material. The protein 

and oil content of the diets were similar. The diet containing 50% was 

supplemented with 0: 6%methionine and 0-5% arginine. In a 140 day 

feeding trial, no palatability differences were observed between the 

control diet and those containing 10% and 15% of the SCP but groups of 

fish fed the diet containing 50% displayed a slight decrease in appetite 

after several weeks. There was no significant difference in weight gain 

or feed conversion of fish fed the control diet and those containing 10% 

and 15% SCP, but the growth and feed conversion of fish fed the diet 

containing 50% SCP was significantly lower. As shown by external exam- 

ination, there were no signs of abnormalities or deficiencies in all 

groups except for some loss of dorsal fin in the group to which 50% SCP
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was fed. The protein digestibility was 76-2% compared to 99-5% and 

94-6% for two samples of herring meal and 86-4% for brewer's yeast. 

It was suggested that the lower digestibility may be due to processing. 

There are no similar detailed studies on the nutritional value of 

other micro-organisms for fish although Singh and Bhanot (1970) re- 

port tests on diets containing several species of algae (Zygnema, 

Sirogonium or Mougenia spp) added to diets containing potato starch, 

terramycin, yeast and salt and fed to carp (Cyprinus carpio). Mougenia 

Spp gave a growth rate comparable to the natural planktonic food of the 

carp and it was suggested that algae could provide a useful source of 

food. Chlorella ellipsoidea, however, has been reported to have a 

digestibility of only 57% when fed to goldfish in a diet containing 80% 

Chlorella and 20% potato starch (Nose, 1960). 

Conclusion 

Industrial-scale culture of micro-organisms for protein production 

offers considerable promise. A large number of micro-organisms are 

capable of efficient utilization of a wide range of substrates. Production 

in an industrial process offers an opportunity for a considerable degree 

of control over the environmental conditions and hence the growth rates 

and ultimate composition of the product. In optimum conditions, the 

growth rate of micro-organisms is impressive. Humphrey (1969) re- 

ports mass doubling times for bacteria and yeasts of the order of 20 - 

120 minutes, and for moulds and algae,2 - 6 hours. This compares 

with 1 - 2 weeks for grass and some plants, 2 - 4 weeks for chickens, 

4 - 6 weeks for hogs and 1 - 2 months for cattle. Industrial production 

has the further advantages of compactness, requiring very little space, 

and is independent of the normal vicissitudes of conventional agriculture. 

Production can be predictable and harvesting is routine. 

The composition of the biomass produced is very variable but several 

micro-organisms from the bacteria, yeasts, fungi and algae have been



55 

shown to provide a useful supply of high quality protein capable of being 

utilized in the feed of several classes of livestock, being palatable, 

nutritious and non-toxic. Such feedstuffs should therefore readily find 

their way into the animal feedstuff market if the price is competitive 

with conventional feedstuffs. 

A number of companies have announced their involvement in this 

field as shown in Table 17. Opinions and approaches may vary as will 

the economic conditions in different countries. The large oil and chem- 

ical companies are developing large-scale processes involving high 

capital investment and relying on a very sophisticated technology. A 

contrasting approach is that of Tate & Lyle Ltd involving low capital 

investment and simple technology principally directed to the developing 

countries. In some instances, for example the production of fungi on 

sulphite liquor in Finland, environmental considerations may be of 

primary importance, the process being developed in order to satisfy 

pollution control standards. 

Economic viability will depend on the price of the substrate, the 

capital cost of the plant, the efficiency of the operation including the 

production of the biomass, the harvesting and its preparation into a form 

suitable for use and the price of the conventional sources of protein. Only 

those companies involved in production can assess the economic viability 

of their own operations. Micro-organisms offer considerable potential 

as a feed source and the demand for protein is evident. It remains to be 

seen whether technologies can be developed whightenable production at a 

price which can compete with that of conventional proteins and at the 

same time produce the profitability required by the corporate investors.



SECTION 2. 

FISH-HOLDING FACILITIES AND THE ROUTINE 

MAINTENANCE OF STOCKS.
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STOCKING TANKS 

Circular stocking tanks were made by Cago Ltd from 3" thick 

polypropylene sheets to the following specifications: 3' diameter and 

15'' deep, with the base shelving slightly to a $"' bore P.V.C. pipe at 

the centre, welded flush with the inside of the base. The tanks were 

free standing. 

A 14" length of 3" diameter P.V.C. pipe was placed over the central 

drain hole to prevent it being blocked after a fish mortality. It was held 

in position by a 3" P.V.C. pipe inserted through the wall of the tank, 

positioned across the diameter and slotted into two grooves as shown in 

Plate 1. A number of slots were cut in the wall of the 3" pipe at the 

base to allow faecal material to be washed into the drain. 

The $" pipe consisted of two sections of equal length fitted into a 

socket in the centre. Four small holes were drilled in each section. 

When connected to the mains water supply, water 'jetted' from the 

holes. Each section of pipe could be swivelled in the socket so as to 

direct the water jets at any angle to the water surface in the tank. In- 

flow was directed to create a 'circular flow pattern', which, with the 

gradually shelving base and central drain, created a self-cleaning 

action. This type of inlet was believed to aid in oxygenation of the 

water and prevent the formation of 'dead spaces' where waste products 

could accumulate. The rate of water movement was determined by the 

flow and pressure of water entering the tank and the angle at which the 

jetted water entered the main body of water within the tank. Flow/ 

pressure and the angle of the jets were adjustable. 

A 1" diameter rubber tube was connected to the $"'P.V.C. pipe 

welded to the tank in the centre and was looped beneath the tank. The 

open end was clamped. The level of water in the tank was maintained by 

positioning the clamped open end of the tube at any required level. Water 

‘overflowed! from the open end.



The tanks were covered by 

  

diamond nylon mesh fastened to a flange 

around the circumference of the tank, 
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FISH SUPPLY AND TRANSPORT ARRANGEMENTS 

The fish were hatchery reared rainbow trout (Salmo gairdneri, 

Richardson) purchased from Vortex Limited, Donnington, Nr Stow on 

the Wold. As required, about 1000 fry or fingerling fish were obtained 

and transported to the laboratory in five plastic bins lined with heavy 

duty polythene bags filled with hatchery water. Each one was 'gased! 

with oxygen until a good pressure was present inside the bags when the 

air tube and bag were tied off tightly to maintain an oxygen saturated 

space above the water. An oxygen cylinder was transported with the 

fish and the bags were occasionally 'gased' during the 1} hr. journey 

from the hatchery to the laboratory. This method was quite satisfactory 

for transporting the fish in the hatchery water which originated from a 

spring supply and was generally in the temperature range 9-12°C. 

To avoid excessive mortalities due to the shock of a complete change 

in water temperature and chemical composition following transportation 

of new stocks from the hatchery, the fish were transferred to the 

stocking tanks in the hatchery water in which they had been transported. 

This was aerated by small air pumps and tap water was trickled into 

the tanks slowly so that the fish would have a chanee to acclimatise to 

the new environment. a 

The quality of Birmingham tap water is very suitable for rearing 

rainbow trout. Trout have been successfully grown from fry to three 

year old fish. Chlorine levels are low and have not been a problem at 

any time. 

Once a complete change of water had been made, the water flow was 

appropriately adjusted to the required level.
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ENVIRONMENTAL PARAMETERS 

The environmental requirements of rainbow trout and the relation- 

a fish loading (kg mr min), ships between stocking densities (kg m™ 

fish numbers and temperature have been the subject of a number of re- 

views, as mentioned previously (Section 1 pg4). 

The first and second limiting factors for the maintenance of fish at 

high densities in tanks are oxygen and ammonia respectively. The fish 

loading in the stocking tanks was such that oxygen never became limiting. 

The required quantity of oxygen to maintain a concentration 6-7 mg Wee 

was supplied entirely from the incoming fresh water which was 100% 

saturated. The oxygen content of the effluent was occasionally checked 

using an E.I.L. oxygen meter. Additional aeration by pumping was 

available for emergency situations. 

Since, under normal circumstances, oxygen never became a limiting 

factor, it is unlikely that ammonia would have been limiting. Total 

ammonia appears to be of no consequence unless it is dissociated. Free 

ammonia is the toxic moiety. The degree of dissociation is dependent 

on pH and temperature, increasing with decreasing fu") and increasing 

with temperature. Free ammonia has been considered safe (on the 

basis of physiological parameters) up to a concentration of 0-025 mg ise 

(Lloyd & Orr, 1%9)For most hatchery circumstances, it would appear that 

1-0 ppm total ammonia would not inhibit growth and that 0-5 ppm has 

been considered a safe level (Burrows, 1972). Total ammonia was 

measured occasionally in the stocking tanks. The levels of total 

ammonia have in no case been considered to be excessively high and 

the free ammonia is unlikely to have been limiting.
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FEEDING 

The stock fish were fed at all times on commercial feeds produced 

by Cooper Nutrition Products Ltd. The size of the feed used was that 

recommended by the manufacturers for each size category of fish. The 

specifications given by the manufacturers were as follows: 

Qil Protein Fibre Vitamins i.u./kg 
  

i i ee ke 
Salmon Starter 125) 2 6840 1°5 20000 2000 36 

Salmon Growers 6°5 46-0 3-5 18000 2000 30 

Trout Floating 4°5 40°0 4-5 18000 2000 30 

The fish were fed two or three times daily either to satiation or at 

a fixed rate suggested in tables supplied by the manufacturers. In the 

latter case, the rate of feeding was adjusted according to the size cate- 

gory of the fish and the water temperature.



SECTION 3. 

EVALUATION OF SINGLE-CELL PROTEIN IN COMPOUND FEEDS 1. 

THE EFFECT OF SUBSTITUTING A YEAST AND TWO FUNGI 

FOR SOME CONVENTIONAL INGREDIENTS,
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INTRODUCTION 

A prerequisite for the successful nutritional evaluation of any novel 

feedstuff is that it should be palatable when incorporated into a feed 

formulation and that it should be non-toxic. The object of the initial 

experiment was to assess the feasibility of substituting three single-cell 

proteins for some conventional ingredients of a trout formulation and to 

develop techniques for future nutritional evaluation. 

EXPERIMENTAL DIETS 

Ingredient Availability 

Two moulds and a yeast were initially available. The moulds were 

freeze-dried Aspergillus niger(M1), grown on extracted sugars from the 

carob bean and supplied by Tate & Lyle Ltd, and Penicillium chrysogenum, 

a by-product of a penicillin production process, supplied by Glaxo 

Laboratories. The yeast was Candida lipolytica grown on n-paraffins 

and supplied, under the brand name 'Toprina', by B.P. Proteins Ltd. 

The trout formulation which was considered most applicable was the 

McNenney PR6-25 composed entirely of dry ingredients (Orme, 1970) as 

shown in Appendix 1. The ingredients used for the diet, however, were 

those that could be readily obtained. White fish meal was substituted 

for the herring meal and dehydrated grass meal was substituted for 

alfalfa meal. The remaining ingredients were similar to those listed in 

the McNenney formula and included wheat middlings, extracted soya 

bean meal, delactosed whey, distiller's solubles, corn gluten meal, 

brewer's yeast, soya bean oil and vitamin and mineral mixes. With the 

exception of the corn gluten meal (Globe Prairie) supplied by C.P.C. 

(United Kingdom) Ltd, all ingredients were supplied by Cooper Nutrition 

Products Ltd. 

All feedstuffs, including the single-cell proteins, were kept in plastic
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bags stored in a dry place. 

Ingredient Analysis 

A minimum of 1 kg of each feed ingredient was mixed in a Hobart 

mixer for five minutes and a 100g sample taken as representative of 

the homogeneous mix. This was passed through a small bench hammer 

mill and the sample then stored in screw-capped jars for subsequent 

analysis. 

All analyses were determined at least in duplicate with further 

replicate samples if consistent results were not obtained. The methods 

used were as follows: 

1) Moisture 

Weighed samples of each ingredient, approximately 2g, were dried 

in aluminium dishes placed in a drying oven, set at 100°C, for 12 hours. 

The dishes containing the samples were allowed to cool in a desiccator 

and reweighed. Moisture was reported as a percentage of the original 

sample. 

2) Ash 

Weighed samples, approximately 2g, were ashed in porcelain 

crucibles placed in a muffle furnace set at 600°C for 2 hours, cooled in 

a desiccator and reweighed (A.O.A.C. Methods of Analysis, 1970). The 

ash content was reported as a percentage of the original sample. 

3) Crude Protein 

Total nitrogen content was determined by the microkjeldahl pro- 

cedure. The material was digested by concentrated sulphuric acid in 

30 ml microkjeldahl flasks using a catalyst mixture of 32 parts potas- 

sium sulphate, 8 parts copper sulphate and 1 part powdered selenium. 

The distillation procedure was carried out in a Markham Distillation 

Apparatus. Ammonia released from the digested sample by the addition
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of 4 mls of 40% sodium hydroxide was carried over with the distillate, 

collected in 5ml saturated boric acid and titrated directly against 

0.01N HC1 using Tshiro's indicator (0-08% methyl red and 0-02% 

methylene blue dissolved in ethanol). The crude protein content was 

reported as the percentage nitrogen content multiplied by the factor 

6-25. 

4) Crude oil 

Crude oil was determined by extraction with petroleum ether (40- 

60°C B.P.) in a Soxlet Extraction Apparatus (Fertilizer and Feeding 

Stuffs Regulations, 1968). Oil was reported as a percentage of the 

original sample. 

The results of the analyses are shown in Table 18. 

Determination of the moisture, ash and oil content was relatively 

straight forward. N determinations, however, showed some variation 

between duplicates. The microkjeldahl determination is not very 

satisfactory for the determination of the N content of feedstuffs in view 

of the small size of the sample required and the heterogeneity of certain 

materials such as fish meal. Although the fine grinding helped to some 

extent, a number of replicate determinations were required. 

The crude protein content of the two moulds was low compared to 

the white fish meal and the yeast. 

Feed Formulation 

Each of the three single-cell proteins was substituted on a weight for 

weight basis for components of the control McNenney diet. No attempt 

was made to balance the nutrient components for this trial. 

Only a limited quantity of freeze-dried Aspergillus niger was avail- 

able. In view of the low protein content, it was substituted for the de-
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lactosed whey and distiller's solubles of the control diet at a level of 

18% in the feed. 

Penicillium chrysogenum, also low in protein, was substituted for 

those ingredients in one diet and for approximately 50% of the fish meal, 

also at a level of 18% of the finished feed, in another diet. 

A larger quantity of B.P. 'Toprina' was available and was sub- 

sequently substituted for the delactosed whey and distiller's solubles 

at a level of 18% in the finished feed of one diet and also for approximate- 

ly 50% and 100% of the fish meal, at a level of 18% and 35% of the weight 

of the finished feed respectively, in two further diets. 

The formulations of the experimental diets are shown in Table 19. 

The mineral and vitamin mixes are shown separately in Tables 20 and 

21 respectively. 

Ingredient Preparation 

Prior to preparing the compound feed mixtures, the coarser ingred- 

ients were ground in a Christie Norris laboratory hammer mill fitted 

with al mmscreen. These included the fish meal, wheat middlings, 

soya bean meal, corn gluten meal, dried grass meal and the freeze- 

dried Aspergillus niger-M1. The remaining ingredients were considered 

fine enough without grinding. 

1kg of the mineral mix was prepared from the component chemicals 

(Table 20), which were separately weighed on a microbalance. The 

sodium chloride was weighed first. The salts weighing less than 5g in 

the total mix were added to portions of the sodium chloride in a mortar 

and were finely ground and mixed. All the portions were then mixed with 

the remaining salts in a Hobart mixer. 

1-5kg of the vitamin premix was prepared according to the McNenney
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specifications (Table 21). Some of the vitamins supplied by C.N.P. 

Ltd did not have 100% activity and the quantities were adjusted to give 

the required potency specified in the table. With the exception of the 

choline chloride and ascorbic acid, individual vitamins were weighed 

on a microbalance and added to half of the complement of the wheat 

middling carrier in a bowl, rough mixing by hand after each new 

addition. The remainder of the wheat middling was then added and the 

whole mixed in the Hobart mixer for 15 minutes. The choline chloride 

and ascorbic acid were added at the time of mixing the major feed in- 

gredients. 

Ingredient Mixing 

5kg of each diet was prepared. The feed ingredients were weighed 

on a Metler top loading balance (accuracy 0-1g) starting with the small- 

est quantities first, adding each to the bowl of the Hobart mixer and 

mixing for a few minutes after each new addition. When all the in- 

gredients had been added, the whole was mixed for a further 15 minutes. 

The oil was then added slowly in a fine stream while the mixer was 

running. 

The 5 kg batches were each put in to plastic bags which were then 

placed in polyethylene bins for transport. 

Pelleting 

Pelleting was carried out using a California Laboratory Pellet Mill, 

at the Beecham Research Laboratories, Tadworth, Surrey. Steam was 

not available at the time. Pellets were prepared by compression through 

az'' die ring. The pellets were cut to approximately }'' length. The 

pellets were collected in large plastic bags within the polyethylene bins. 

The bags were left open long enough for the pellets to cool and were then 

tied off.
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Pellet Quality 

All diets were of a natural colour with no added pigments or dyes. 

They were therefore light brown with little variation in colour between 

the formulations. The pellets produced in the compression process 

were generally shiny on the outside with a soft, friable texture. Toa 

limited degree, the binding capacity of the diet mixture was reflected 

in the ease with which it pelleted. During the experiment, the dust was 

removed from the pellets by sieving. The dust was collected and the 

total taken as a crude measure of the binding capacity of the feed 

formula. The results are shown in Table 22. 

The results were in accordance with observations during the trial 

that pellets CO2 and CO5 were slightly harder and pellet CO8 slightly 

softer than the others. Whilst slight variations in the conditions during 

pelleting may have been possible to some extent, it was felt that the 

differences in the texture and composition of the ingredients was largely 

responsible. Thus, for example, high levels of the B.P. 'Toprina!' 

substituted for fish meal reduced the quality of the pellets. This has 

also been shown by Andruetto et al (1973). The very fine, dry, dusty 

texture of the B.P. 'Toprina' is responsible for the difference and special 

texturising of this material or special processing of the feed mix may 

be required for successful utilization of large quantities in compound 

feeds. The application of steam during the pelleting process would 

probably have resulted generally in an improved pellet quality. 

Water Stability 

Water stability is a most important factor to consider in any assess- 

ment of pellet quality related to fish feeds. The concept and its im- 

portance has been discussed by Hastings (1970) and methods of measur- 

ing pellet quality have been described by Hastings (1964) and Hepher 

(1969). 

A method for assessing pellet stability in water, which appeared to
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relate more closely to the conditions to which the pellets may be sub- 

jected to in the experimental tanks, was developed. This involved sub- 

jecting the pellets to gentle agitation in flowing water. For this purpose 

a small flow chamber was made as shown in Fig 2. This was supplied 

with water at a variable flow rate in an upward direction. The quantity 

of water required to be passed through the chamber was considerably 

less than the quantity pumped. It was drawn off the by-pass line by 

varying the diameter using the clip A shown in the diagram. Water 

leaving the by-pass line and the flow chamber was passed into a charcoal 

filter from where it was repumped back around the circuit. A constant 

temperature was maintained by the chiller-circulator. 

A small pellet holder was made for insertion into the flow chamber. 

This fit tightly so that the water had to pass through it. A very fine 

stainless steel mesh was fitted into the bottom of the holder and a 1mm 

mesh into the top. 5g quantities of pellets were placed inside the holder, 

which was then inserted into the flow chamber. Flow was adjusted by 

altering the aperture in the by-pass line as described. Water passed in 

an upward direction through the chamber. This created a gentle 

'joggling' movement of the pellets and carried away material (less than 

1mm) which broke away from the pellets as they disintegrated. The 

particles were prevented from being recycled by the charcoal filter. 

The assessment was carried out on duplicate samples at a flow rate 

of 200m1/min and a temperature of 11°C which corresponded with the 

ambient tap water temperature at the start of the feeding trial. The 

results are shown in Table 22. 

The water stability of the experimental feeds was similar with the 

exception of diet CO5. The poor stability of this feed was surprising 

in view of the fact that the pellets seemed to be harder than the others 

and there were less fines produced during the pelleting process and sub- 

sequent handling. None of the experimental feeds approached the 

quality of the Cooper Nutrition Products' expanded pellet which was very 

hard and very water stable.



Fig. 2. Water Stability Testing Apparatus, 
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Diet Composition 

The water content of the diets was determined using the method 

described for the feed ingredients. The composition of each diet was 

then determined from the analytical data on the ingredients and correc- 

ted for the change in water content. 

The results are shown in Table 23.
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GENERAL METHODS PHASE I 

Experimental Facilities 

Some thought was given to future research demands when the ex- 

perimental facility was designed for the initial feeding trial, since one 

of the objectives was to evaluate methodology and the design of experi- 

mental systems. 

It was envisaged that part of the evaluation programme would in- 

volve the estimation of the Biological Value of the test proteins. The 

problems associated with balance studies in fish have been discussed by 

Atherton and Aitken (1971) and a convenient method for collecting faecal 

material during the balance period was described. The design out- 

lined below was based on that work. 

At the time the experiments were considered, space and water were 

strictly limited. The site for the proposed experimental system was a 

small area between two offices in a research laboratory. The area was 

subjected to normal laboratory conditions of lighting and heating, and 

disturbance from staff and students gaining access to the staff offices. 

The laboratory was not designed as a wet laboratory and had minimal 

plumbing services. These factors were considered when the system 

was designed. 

The completed system (Plate 2) consisted of two 8! x 18" x 9" P.V.C. 

troughs, strengthened with metal strips along the length and fibreglassed 

externally (made to specification by Cago Ltd). The troughs were 

stacked one above the other on a 'Bartangle' framework and a Churchill 

'circotherm! (chiller-circulator) was positioned at a height midway be- 

tween them. Inlet and outlet pipes were positioned in the troughs in 

such a way that, when connected to the appropriate parts of the circo- 

therm, water could be drawn from the bottom trough, pumped to the 

top trough from where it could overflow back to the bottom trough (Fig 3).
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The circotherm could be set to the desired temperature, thus pro- 

viding a temperature controlled water jacket for the tank system. A 

precautionary overflow pipe was built into the lower trough and conn- 

ected to the drainage system. 

The tops of 4 gallon high density polyethylene bottles, 10-25" in 

diameter and cut 10" from the top, provided tanks with an approximate 

capacity of 10 litres. 8 'tanks' were fitted into each trough. The neck 

of each was inserted through holes cut in the bottom of the troughs to 

accommodate faecal traps beneath. A washer each side of the trough 

bottom provided a convenient seal when the bottle top was screwed up 

tightly. The traps were made to specification from glass tube, 23" 

diam x 5'' long drawn to a }"' outlet. To prevent the collection of faecal 

material in the 3" diameter bottle top, the continuity of the sloping walls 

was maintained using a plastic funnel and hose connector, the latter of 

which was inserted directly into the trap through a cork bung. The de- 

sign details are shown in Fig 4. 

The plumbing system was designed to allow for both open and closed 

circuit operation of each tank. On open flow the tanks were supplied 

with water continually from two lavatory cisterns connected to the 

domestic water mains. Each was set 5' above the tanks it served, en- 

suring the same constant head of water for each of the two rows of 8 

tanks. In each system, water passed to the tanks through a series of 

8 inter-connected 5' lengths of $"' glass tubing, immersed in the water 

baths, and then to a $"' ring main. The glass tubing was to serve as a 

heat exchanger, in an attempt to equilibriate the temperature of the 

inflowing water to that of the water bath set by the thermostatically con- 

trolled circotherm. Inlet to each tank was through a }"' tube from the 

ring main, connected to a glass bend which was inserted through the 

wall of the tank and positioned to give a circular flow pattern. 

The outlet from the tank was via the trap and $" glass bend, shown 

in Fig 4, which was connected to a water levelling device, shown in



Fig. 4. Nitrogen Balance Tank - Construction Details, 
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Plate 2 and represented diagramatically in Fig 5. The wooden strip 

to which the levelling T-piece was attached could be turned through 

360° thus raising or lowering the level of water in the tank to any de- 

sired volume. Waste water passed into a 4'' drainage system made 

from old vulcathene pipes, welded to provide a flow of waste water to 

a drain cup plumbed into the University system. 

For 24 hr. sampling of faeces and metabolites, a closed circuit 

circulation system, as used by Atherton and Aitken (1971), was in- 

corporated. Water was recirculated from the trap to the tank by means 

of an air-lift mechanism, connected to an arm of the T-piece inserted 

through the cork, shown diagramatically in Fig 5. Air was supplied to 

each tank from an aerostyle pump via a ring main. To switch from 

open flow to closed circuit, water flow was turned off and an airtap to 

each tank opened. 

Finally, a connection was made from the second arm of the T-piece 

direct to the main drain to enable the tank to be emptied completely 

without moving the position of the levelling device. This was normally 

clamped. 

The tanks were covered by a fine nylon mesh stretched tightly over 

the rim and held by a band of elastic tape (Plate 3). Access could be 

gained without removing the cover, by inserting a plastic netlon cylinder 

at one point, plate 4. Fish could be fed or netted through this access 

point. The covers were necessary to prevent fish from jumping out. The 

trough was covered by a plastic sheet to reduce evaporation from the 

water jacket, and to prevent fish and/or food being dropped into it. 

Each 8 tank system was completely enclosed by hardboard sheets, 

fixed to the 'Bartangle' frame (Plate 2). A distance of 1' was left be- 

tween the upper and lower levels, and 1' 6'' between the lower level 

and the floor. This accommodated the traps and in addition provided 

a working surface. Access to the tanks was provided by 4 hinged doors,



Fig. 5. Nitrogen Balance System - Outlet Plumbing, 
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each 12" x 18" set into the front face. The enclosure was built in an 

attempt to provide a more constant environment by keeping disturbance 

to a minimum. 

Lighting was supplied to each tank by a 6 watt bulb, set 1' above it. 

As a safety precaution bulbs were screwed into MES holders set into a 

hardboard enclosure. The wiring was completely protected by 

the enclosure which was bolted to the roof of the system. A further 

precaution was the use of a low voltage supply, transformed from the 

mains. A 12hr. lighting regime was maintained by a 24 hr Venner 

timer. 

The system was tested with flow for a number of weeks until all 

immediately apparent technical problems were solved. A feeding trial 

proposed to last 12 weeks was commenced in the system on open flow. 

During this time it was envisaged that the balance technique could be 

assessed. 

Experimental Animals 

448 rainbow trout of similar size (16-17g) were selected from the 

stocking tanks. The selected fish were then randomly sorted into 16 

groups of 28. Each group of fish was weighed in total using a wet method. 

This involved 'taring' a large beaker of water on a triple beam balance 

and then pouring a bucket of water containing the entire population of 

28 fish into afish net. The fish were retained in the net for a standard 

15 second drain time with gentle shaking of the net to allow water to 

drain off the fish before adding them to the 'tared solution balance'. The 

weight of the fish was read off to the nearest gram. 

The fish were weighed every two weeks in this manner. 

Environmental Parameters 

The flow rate was adjusted to approximately 250m1/minute and the
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"swing arm! outlet was set to give a volume of 10 litres in each tank. 

The compressor was switched on to ensure an adequate aeration within 

the tanks. The circotherm was set to run at 12°C. The temperature in 

each tank was recorded daily. 

The stocking density at the beginning of the trial varied from 45-5 - 

47-8kg mgs and the loading varied from 1820 - 1912 kg GAGs Gain: 

Feeding Methods 

Introduction 

For all types of feeding experiments it is desirable, and for most 

it is essential, to keep some record of food consumption. In designing 

comparative feeding trials it is necessary, therefore, to decide which 

feeding regime to use. 

The more commonly used methods in livestock feeding experiments 

have been discussed by Maynard and Loosli (1969). Generally it is 

necessary to decide between group feeding and individual feeding and 

between ad libitum feeding and some form of controlled feeding. 

Group versus individual feeding 

The relative merits of group and individual feeding in relation to 

the design of comparative feeding trials have been discussed by Crampton 

(1959). Individual feeding has the advantage of increasing the effective 

number of experimental observations with which the significance of 

observed differences between treatments, especially where these are 

small, can be determined. A further advantage is that it preserves 

the identity of individuals (Maynard and Loosli, 1969). This is useful 

in the event of the occurrence of mortalities when the data relating to 

dead individuals can be eliminated from the experimental results com- 

pletely. Unfortunately, in many instances, the limitation of the use of
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individual feeding is set by the availability of space and equipment 

and the operational costs, rather than by experimental design con- 

siderations. 

Ad libitum versus controlled feeding 

The second consideration is whether to feed the individuals or 

groups as much as they will readily consume, called ad libitum feeding, 

or whether to control the food intake to a predetermined level. 

Ad libitum feeding 'gives unbiased results for direct practical 

applications in terms of the food, species and function under study' 

(Maynard and Loosli, 1969), and is the most commonly used procedure 

in farm animal investigations. In some tests, however, the method is 

limited by the fact that differences in palatability rather than nutritional 

value may be responsible for observed differences in production. 

Controlled feeding has been proposed as a solution to this problem. 

Osborne and Mendel (1916 and 1917) pioneered the use of controlled 

feeding in their experimental design. In their experiments, the level 

at which to feed during the period of controlled feeding was predeter- 

mined in a preliminary experiment. However, in a form of controlled 

feeding referred to as 'paired feeding', described by Mitchell and 

Beadles (1930), experimental animals are selected in pairs, one of the 

pair being fed the control feed and the other the test feed, both in 

exactly the same quantities determined by the individual consuming the 

least. This technique has been criticised, however, on the grounds 

that the faster growing individuals in experiments in which controlled 

feeding is used would be penalised by virtue of their having a proportion- 

ately higher metabolic demand as their weight increased above that of 

the slower growing individuals. A refinement of the technique, which 

resolves this problem, involves the use of feeding scales based on the 

weight of the animal at any time (Carpenter and Porter, 1952; Sherwood 

and Weldon, 1953), but the method is much more tedious than the ad
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libitum technique. A further criticism of controlled feeding methods 

is that the level consumed by the group eating the least would not allow 

the full benefit of the better rations to be expressed. 

A more recent alternative approach to resolving the difficulty in 

interpreting results of experiments involving the use of the ad libitum 

technique was suggested by Carpenter (1953). He proposed the use of 

a mathematical expression to determine an 'appetite quotient’ which 

would enable the experimenter to decide whether observed differences 

in food consumption were the result of differences in palatability or 

whether they reflected differences in the demand for metabolizable 

energy. 

It is clear that there are problems inherent in the application of 

both ad libitum and controlled feeding methods in experimental feeding 

trials. The choice will ultimately depend on the objectives of the trial. 

It has been concluded, Maynard and Loosli (1969), that 'there are 

many problems concerning which the use in separate experiments of 

both ad libitum and controlled feeding will give much more information 

than either procedure alone. The effective investigator must select his 

method in accordance with his problem, frequently employing more than 

one method, and finally, he must interpret his results with full con- 

sideration of the advantages and limitations of the method used'. 

Feeding methods in comparative fish feeding trials 
  

The use of individual feeding in fish nutrition studies is generally 

limited to those involving nitrogen or energy balance, where fish are 

maintained in individual containers, as described, for example, by 

Atherton and Aitken (1970), Smith (1971), Smith (1974). The use of this 

technique is otherwise severely restricted by limited space, tank 

numbers or water availability. For most practical purposes involving 

diet testing, large numbers of fish will be kept in tanks where individual 

feeding is neither possible nor even desirable. In this instance food is
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administered to the whole group. The efficiency with which the food is 

utilized can only be determined for the group. If the statistical validity 

of observed differences is to be determined, then one must use as many 

replicates of the group as possible. Unfortunately, this itself is fre- 

quently limited by physical considerations such as space and water 

availability. 

The choice between ad libitum feeding and controlled feeding in 

fish studies is complicated by the fact that the animals are maintained 

in an aquatic environment. Whilst ad libitum feeding may be achieved 

conveniently and simply in the case of poultry or pigs for example, by 

filling troughs with a measured quantity of food and allowing the animals 

to feed from this at will, food consumption being the difference between 

the starting weight and that measured at the end of the day, this cannot 

be achieved in the aquatic environment. In fish feeding experiments, 

therefore, ‘ad libitum' feeding has referred to a technique in which the 

fish are fed to satiation a stated number of times per day. In this 

circumstance feeding must be carried out with the utmost care and fish 

must be observed closely during feeding to avoid food wastage. 

More recently, 'demand feeding systems' have been developed in 

which fish knock some form of trigger in the water and receive food in 

so doing. This method provides an opportunity for the fish to feed at 

all times and thus feeding may be considered to be truly ad libitum. Un- 

fortunately, however, unlike the situation in which pigs or poultry are 

feeding from troughs, food which is dispensed from the feeder and un- 

consumed will be wasted. If this occurs to any extent during a feeding 

trial, the immeasurable waste will cause erroneous results giving, for 

example, low food conversion efficiency data. 

By comparison, controlled feeding is simple and can be achieved by 

hand or automatically where dry foods are used. The actual quantity of 

food administered is generally based on some form of the feed tables 

developed for meat-meal mixtures by Deuel et al (1952), where the
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daily level of feeding is adjusted to a percentage of the body weight, 

calculated for a number of size categories of fish and a range of 

temperatures. 

Haskell (1959) modified Deuel's original equation and produced a 

method by which the feeding rate is determined from values for ex- 

pected conversion, as estimated from previous hatchery records, and 

the daily increase in length of the fish. Butterbough and Willoughby 

(1967) modified the Haskell equation for use under a variety of hatchery 

conditions and subsequently produced a feeding chart. This has been 

adapted to a feeding slide rule by Piper (1970). 

Conclusion 

Controlled feeding, using scaled levels as given in feeding tables, 

appeared to be the simplest and most appropriate for the initial feeding 

trial. Such methods were used extensively in feeding trials carried out 

at the Cortland Hatchery during a diet evaluation programme (Phillips 

et al, 1953-1963). The tables of Deuel et al (1952) designed for meat- 

meal mixtures were adjusted by Phillips et al (1961) for use with dry 

diets containing a proportionately higher caloric content. Feed tables 

published by compound feed producers have been similarly adjusted. 

Tables supplied by Cooper Nutrition Products Ltd were used in this 

instance. 

Each of the eight experimental feeds were allocated to two tanks, 

one to a tank on the bottom part of the system and the other to a tank 

on the top part. Feeding was carried out seven days a week. The daily 

feeding rate was adjusted to the percentage body weight recommended 

in the C.N.P. feeding tables and based on the temperature, the size of 

the fish and the total weight in each tank. Feed was accurately weighed 

into stoppered plastic bottles daily and feeding was carried out twice 

per day, allowing the fish approximately equal portions of the weighed 

food on each occasion. Feed was presented through the access point of
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each tank cover previously shown in Plate 4. Pellets were presented 

as slowly as possible in an attempt to ensure complete consumption. 

Unfortunately, on many occasions this was not achieved. 

The feeding rate was adjusted each time a new set of fish weights 

were obtained. 

RESULTS PHASE I 

General Observations 

By the end of 28 days it was apparent that the experimental system 

was not suitable for a long term feeding trial. The system failed ina 

number of the design features: 

1. The design of the faecal trapping mechanism made the system un- 

suitable for long term studies. The trap was too small, particularly 

with respect to the outlet from which collection was made. The clip 

frequently 'pinched' the rubber tubing tightly closed forming a seal 

which was difficult to break. Faecal material often adhered in the 

trap forming small clumps which could not pass through the 4" out- 

let. There was no way of isolating the trap from the 10 litre tank 

since the hose connector connected the tank directly to the trap. As 

the water was removed from the trap during emptying, it was re- 

placed simultaneously from the tank via the delivery tube. This 

caused upwelling within the trap making faecal collection extremely 

difficult. 

2. Corks, as opposed to rubber bungs, were chosen for the traps be- 

cause of their low cost. However, such a choice proved a false 

economy. A large proportion of the joints were found to leak, a 

problem that could not be solved by the use of wax or vaseline. The 

joints were white-sealed as a last resort. This was not 100% 

efficient, and caused further problems later in view of its permanancy!
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3. The air lift tubes were too small, so that the volume of air to that 

of water could not be adjusted to give a smooth flow of water during 

closed circuit circulation. Occasionally, unconsumed pellets en- 

tering the traps were drawn up the open end of the air-lift tube in 

the trap, causing blockages in the air-lift system. 

4. The temperature control system was inadequate. The circotherm 

was unable to maintain the set temperature and served only to 

create a slight temperature gradient between the inlet and outlet 

ends of the water bath. 

5. The enclosure, and particularly the doors, were far too small and 

not enough space was left between upper and lower systems pro- 

viding inadequate working space. 

As a result of the inadequacy of the faecal trap design, in particular, 

the emptying procedure was both tedious and time consuming to the ex- 

tent that the general maintenance of the system began to occupy a con- 

siderable proportion of the working day. On occasions, it was not 

possible to give adequate attention to such maintenance as was required. 

One of the consequences was the build up of faeces and waste food in 

the traps. This in turn created an environment which was suitable for 

the growth of filamentous fungi,enhanced by floculation of the solubil- 

ised protein and suspended particulate matter from the waste food. The 

resulting 'mat' then acted as a strainer thus adding further to the build- 

up of faecal material, filamentous fungi, algae, bacteria and even 

protozoa. The result is shown in plate 5. This made it impossible to 

empty the traps by the normal outlets. Emptying could only be achieved 

by backflushing, and then with difficulty. This obviously disturbed the 

fish as clumps of material were carried into the tanks. On occasions, 

the 4'' main drains were blocked as a result of emptying the traps when 

in this condition. This caused a considerable degree of flooding within 

the laboratory!
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Performance Data 

Despite these problems, however, the trial was continued in this 

system until the 60th day although no attempt was made to measure the 

fish weights between the 28th and 60th days. The fish were fed on the 

fixed feeding regime during this period. Unfortunately, it was apparent 

that consumption was frequently not complete as shown by the appear- 

ance of food in the faecal traps. 

The growth data for each diet treatment is shown in Table 24. The 

mean temperature is also shown. Conversion efficiency data is not 

reported in view of the fact that an inestimable quantity of food was not 

consumed during the trial period. 

Daily mortalities appeared to be caused by cannibalism. 'Fin 

nipping’, in some instances, was extremely severe. In some fish 

removed, the caudal fin was absent and on a few occasions the vertebral 

column was exposed. Fish were obviously stressed in this system. 

There did not appear to be any relationship between the mortalities and 

the diets. The excessive losses in tank 10 were inexplicable, but the 

heavy losses in tanks 4 and 14 were the result of 'systems problems' 

which resulted in oxygen deficiency within these tanks. 

The stocking and loading parameters at the end of 60 days are 

shown in Table 25. In an attempt to determine if the cause of the gen- 

eral stress was related to the environmental parameters, the oxygen 

content, pH and ammonia levels of the effluent from each tank was 

determined. Oxygen was measured using an E.I,L. oxygen meter, pH 

was measured using a Dynacap pH meter and total ammonia was deter- 

mined using an E.I.L. ammonia probe. The results are shown in 

Table 26. 

A high oxygen content was maintained in all tanks by the air lift and 

was not considered to be limiting in any tank, being greater than 70% in
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allcases. The degree of dissociation of the ammonia was determined 

from the relationship NH, = (ve,* ue NH, ] using a computer 

1-O+antilog,, (pka-pH) 

programme (Watson, inpre), knowing the pH, temperature and total 

ammonia. Although variable, as shown in Table 25, the free ammonia 

in all cases was very much lower than the 0-025mg/1 considered as a 

safe level for rainbow trout (Lloyd & Orsi%Jand was in no case considered 

to be limiting. 

It was not clear to what extent the apparent stress was caused by 

other factors such as tank size, the light intensity or the rate of 

feeding. It was obvious, however, that the trial could not be continued 

for any length of time in that system. A second 16 tank system was 

therefore installed out of doors, in a transparent plastic greenhouse, 

in an attempt to keep the trial running.
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GENERAL METHODS PHASE IL 

Experimental Facility 

In view of the limited time available for the installation of this 

system and the necessity therefore of using readily available materials, 

the design was kept as simple as possible. The bottom halves of the 

polythene bottles used in the balance system were used as tanks giving 

an approximate volume of 10 litres. Since the bottom of the tank was 

ridged, it was impractical to use a central drain system. The method 

used simply provided 'overflow' drainage from the bottom of the tank. 

Inlet was by way of a rubber tube connected to a 'ring main' at one end, 

and clipped to the side of the tank at the other end. Flow was controlled 

using a Hoffman clip. The ring main was served from a header tank 

into which water was jetted to ensure adequate oxygen saturation and 

drive off residual chlorine. No additional aeration was provided, the 

oxygen being supplied only from the fresh inflowing water. A plastic 

bag, slit at the bottom and held firmly around the top of the tank was 

suspended from two string lines, providing a very useful means of pre- 

venting fish jumping out, but at the same time, allowing easy observ- 

ation of the fish, particularly during feeding periods. The lighting was 

natural daylight. 

The trial was continued in this new system by transferring the fish 

on the 61st day after the start of the trial on the experimental diets. 

Experimental Animals 

Fish were retained, as far as possible, in the same groups, al- 

though the number was reduced to 20 per tank. Due to the heavy 

mortalities in tanks 4, 10 and 14, it was necessary to redistribute the 

fish. Thus the 28 fish from tank 13 which had been on the same diet as 

those in tank 4 were divided between these two tanks. The number of 

fish in tank 10 was made up from excess fish of tank 7 also on the same
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diet and the number of fish in tank 14 was made up from excess fish of 

tank 3 again on the same diet. In this way there was no change in diet 

allocation, all fish receiving exactly the same diets as during the first 

60 days. The number of fish in tanks 4, 13 and 14, however, was only 

14, compared to 20 in the remaining tanks. 

The weighing technique was changed from that previously described. 

Fish were weighed individually rather than in groups. The technique in- 

volved anaesthetising the fish with MS222 (Sandoz). A solution of 

50ppm of MS222 was found to be satisfactory. This concentration was 

sufficient to lightly anaesthetise the fish within a few minutes and was 

tolerated for periods up to 20 minutes without causing mortalities. 

Fish recovered quickly in fresh aerated water. Whilst under anaes- 

thesia, fish were individually removed from the water, rolled gently on 

a damp cotton wool pad to remove excess water and weighed on a top 

loading balance (accuracy 0-1g) 'tared' with a damp cotton wool pad on 

the pan. The weights were recorded directly onto an electrical adding 

machine fitted with a print-out roll. 

Environmental Parameters 

The flow rate was adjusted to approximately 250ml of water / min. 

The volume of water in the tank was fixed by the position of the overflow 

pipe. This was approximately positioned to give a tank volume of 10 

litres. Temperature was ambient mains water temperature which was 

recorded daily. 

The total weight of fish in each tank at the start of Phase II and the 

stocking and loading factors are shown in Table 27. 

Feeding 

Fish were fed a controlled quantity of food twice daily, seven days 

a week as previously described. The quantity was determined from the



84 

C.N.P. feeding tables based on temperature, total weight of fish in 

each tank and the size category. ‘The commercial control feed was 

from a new bag of Cooper Nutrition Products! 'Beta' Floating Trout 

Food, Size No. 4. 

RESULTS PHASE II 

General Observations 

Surprisingly, the tanks were self-cleaning. In this respect the 

combination of bottom drainage and the fish constantly stirring the 

water was adequate. The tanks, however, drained directly onto the 

floor thus causing a gradual build-up of the 'sewage-type' fungus : 

mentioned previously. In addition the outside of the tanks became 

progressively coated in algae. The system was therefore 

regularly hosed and the floor- periodically disinfected. 

| 

Problems with water flow were also experienced. Whilst the method 

of attaching the inlet-lines to the tanks was simple and therefore 

attractive, occasionally a fish would jump at the inflow tube and dis- 

place it from the clip. On one occasion this resulted in complete loss 

of fish in one tank. Since the fish depended almost ony on the in- 

coming water for oxygenation, they were stressed within 15 minutes of 

loss of water flow. Further, the water availability at this site was 

strictly limited and it was difficult to balance the flows to ensure an 

equal and adequate supply of running water to each tank, 

Performance Data 

The growth data for each diet is shown in Table 28 and conversion 

efficiency data is shown in Table 29.
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During this phase of the experiment diet CO1, i.e. Cooper Nutrition 

Products! Beta Trout Food, was not consumed very well and con- 

sequently growth and conversion efficiency was low. This was related 

to the use of a new bagipellets. After 28 days the fish were trans- 

ferred back to the older stock diet and there was a substantial im- 

provement in one tank and a partial recovery in the other. Therefore 

the data for the 'commercial control! has not been included in Tables 

28 and 29. 

In some tanks the growth rate and conversion efficiency clearly 

began to fall 30 days from the start of Phase II of the experiment. This 

was particularly marked in tanks 2, 10 and 12. Careful observation of 

the fish showed a diminished response to food. The fish in these cir- 

cumstances showed all the signs of oxygen stress which included a 

decreased appetite and consequently greater food wastage. Oxygen de- 

ficiency in some of the tanks was confirmed by measurement with an 

oxygen meter. The pH and total ammonia was also measured. The 

results are shown on Table 30 along with the approximate stocking 

densities and loading factors at this time. 

The stocking density and loading factor in many of the tanks was 

considered excessively high. The loading in some tanks was greater 

than 4kg per litre flow per minute. In tanks 2 and 10 oxygen was below 

50%. The performance has already been shown to have fallen off sub- 

stantially in these tanks. The oxygen content was below 60% in several 

other tanks and was therefore likely to have become limiting. Despite 

these observations, mortalities occurred only in tanks 1 and 5, with 2 

and 1 fish respectively. 

Total ammonia was low and in view of the low pH and temperature, 

the free ammonia was likely to have been well below the limiting levels. 

No attempt was made to compute the values in this case. 

DISCUSSION 

The environmental conditions during much of the experiment were
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obviously not very satisfactory. Nevertheless, some basic trends 

were apparent. The mean weights for each diet have been plotted for 

the two phases of the experiment, as shown in Fig 6. 

Differences in the growth of fish on the different diets was evident 

in both phases of the experiment. The mean percentage increase in 

live weight of fish on each diet in phase I is shown in Table 24. The 

values have been plotted against the protein content of the finished feed 

from Table 23. The % increase in weight generally increased with in- 

creasing protein content in the finished feed as shown in Fig 7. 

The growth rate increased substantially in phase II of the experiment. 

The most likely explanation of this is that the actual food consumption 

rate increased, there being very much less wastage of food in the flat 

bottomed tanks used in phase II. 

The quantitative laws governing the growth of fish have been the 

subject of a review by Weatherly (1972), among others. Specific 

growth rate can be derived from growth data using the expression 

YT =¥t. om) 

where YT is the final size (at time T) and Yt is the initial size (at time 

t); T and t are given in time units, T being later than t; e is the base of 

the natural logarithm; g is a growth rate known variously as specific, 

instantaneous, geometrical, multiplicative, etc. 

The constant g x 100% has been defined as the specific growth rate 

of the fish expressed as the instantaneous rate of gain in weight per 

unit weight (percent change in weight / time) and is more conveniently 

written by the equation 

tS log, YT - jog, Yt x 100 

T-t 

from Brown (1957) 

In the early stages of the life of fish under controlled laboratory
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conditions, growth follows an exponential curve and specific growth 

rate is constant. Specific growth rate therefore provides a convenient 

method of comparing the growth of fish in laboratory experiments 

carried out in controlled conditions over short periods of time. 

Log, values for the mean weight of fish on each diet have been 

determined and recorded as shown in Table 31. The values have been 

plotted in Fig 8. Despite a slight fall in temperature in Phase II of 

the experiment, specific growth appeared to be reasonably constant 

between the 61st and 92nd days of the experiments in all diets and in- 

deed up until the 110th day for 4 of the 7 test diets (omitting the C.N.P. 

results). The fall in specific growth rate between the 92 - 110th days 

for the remaining three diets is related to the worsening environmental 

conditions in some of the heavier stocked tanks. Specific growth rate 

for each diet has been determined for the short period, 61 - 92 days, in 

which it was constant (Table 31). The values have been plotted against 

the protein content of the finished feeds as shown in Fig 9. The results 

generally confirm those obtained in Phase I. Specifie growth rate in- 

creased with protein content of the feed. The correlation was improved, 

undoubtedly as a result of the improved experimental conditions. 

Delong et al (1958) found that the protein content for optimum 

growth in Chinook salmon (Onchorynchus tschawytscha) at 8°C was 

40% and more recently Satia (1974) has confirmed that the optimum 

protein content for rainbow trout is somewhat similar. The curve of 

growth rate against protein content does appear to begin to plateau 

above 40%. This was more marked during Phase I of the experiment. 

As one might expect this also applied to the conversion efficiency over 

this period (from Table 29) which was correlated with protein content 

as shown in Fig 10. 

The caloric content of the feeds was not measured. It is possible 

that differences in caloric content of the diets influenced the results 

obtained for growth and conversion efficiency. However, the most
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Fig. 9. Correlation of Mean Specific Growth Rate and % Protein Content. 
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likely source of differences in available caloric content of the diets 

was the variation in protein content and in view of the earlier findings 

of Delong st al (1958) and Satia (1974) it is unlikely that the 

general conclusion weuld be affected. 

CONCLUSION 

There was obvious scope for improvement in the experimental de- 

sign both with respect to the general facilities and to the methods used. 

Diet preparation methods could be improved to produce a more stable 

pellet. Different feeding methods also warranted attention. The short- 

comings of the experimental tank system are obvious. There was no 

opportunity to assess the balance techniques in the conditions prevalent 

during Phase I. There was improvement in conditions in Phase II 

initially but increased water flow and additional aeration was required 

for a longer term study. 

Despite the problems, there was an opportunity to evaluate the 3 

single-cell proteins. They seemed to be well tolerated in the diets of 

rainbow trout, there being no loss of growth and conversion efficiency 

provided that the protein content of the feed was not lowered. Generally, 

the performance of the fish in terms of growth and food conversion 

efficiency appeared to be related to the protein content of the finished 

feed,



SECTION 4. 

DESIGN OF IMPROVED FACILITIES AND METHODOLOGY 

FOR THE EVALUATION OF COMPOUND FEEDS.
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EXPERIMENTAL FACILITIES 

The experimental facility incorporating the 10 litre tanks used in 

Phase II of the experiment described in Section 3 was redesigned in 

an attempt to overcome the problems previously experienced. The 

number of tanks was extended to 28, installed in two rows of 14, one 

each side of a passageway between two buildings. The passageway 

was not in general use and the site therefore provided relative iso- 

lation protected by buildings on each side and at both ends. 

The simplicity of the system was maintained. Each row of 14 

tanks was raised from the ground on a 'Bartangle' framework. The 

principle of the drainage system was retained, i.e. the tanks 'over- 

flowed! from the bottom, but each outlet tube was moved to the side 

and connected to a T-piece, made from plastic tubing, inserted through 

the tank wall (fig11 ). Waste water, carrying faecal material, flowed 

from the tubes directly into 4'' open gutters sited behind each row of 

tanks. These conveniently drained directly to a grid on each side of 

the passage. 

Each row of 14 tanks was supplied with water independently by a 

'ring main' connected by a $" plastic hose line from a header tank in 

the laboratory. Each individual tank was supplied from the ring mains 

by a }"' tube connected to a bend inserted tightly through the tank wall to 

prevent their displacement. Flow was controlled by a Hoffman clip on 

each inlet line. 

In view of the problems caused by oxygen depletion in the initial 

trial, an additional design feature of the modified system was the in- 

corporation of a small air lift mechanism similar to that described for 

the nitrogen balance system. 

The plastic bags previously used were replaced by 4"' diamond net- 

lon cylinders, attached around the rim of each tank using nylon line,
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providing easy access and viewing during feeding,as before. 

Finally, each row of tanks was enclosed by plastic sheeting attached 

to the 'Bartangle' framework. This provided protection from the ele- 

ments and inquisitive animals (rats, cats and birds). Clear sheeting 

was used on the top so that the fish could be observed without folding it 

back. The complete system is shown in Plates 6. 4 

The problems previously experienced were largely overcome. The 

system was very much cleaner by virtue of the improved drainage 

facility, the replacement of the plastic bags with plastic mesh and 

because the tanks were raised off the ground. The system was very 

easy to maintain. The tanks were generally self cleaning except when 

very small fish were used. In this case the tanks were siphoned daily 

using a "'tank vacuum", designed as shown in Fig12, mounted ona 

trolley for easy manoevering between the rows of tanks. The 'overflow' 

tubes and airlift tubes were occasionally cleaned by direct insertion of 

a small test tube cleaning brush. 

A few problems remained, particularly with respect to water flow. 

It was very difficult to maintain an equal flow rate to all tanks. Im- 

balances occurred, the flow rate increasing to some tanks at the expense 

of others. Frequent daily adjustment was necessary. Further, block- 

ages occurred as a result of algae "sloughing" from the walls of the 

4" ring main. The additional facility provided by the air lift mechanism 

provided a safety factor in the event of either of such occurrences re- 

ducing flow to any of the tanks thereby causing a depleted oxygen supply. 

In view of the relative success of this simply designed system, a 

slightly larger version, consisting of six 20 litre tanks, was installed 

for longer term studies.
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DIET PREPARATION 

Introduction 

The dry pelleting method used to produce the experimental feeds 

for the initial trial was not considered satisfactory. The pellets were 

softer, breaking down quickly in water by comparison to the commer- 

cially available control feed. In addition, as a result of the friable 

texture of the pellets, attempts to produce crumbles for smaller fish 

resulted only in the production of dust. There was little opportunity to 

produce feeds for fish much below 15g. 

Whilst there was scope for improving the pellet hardness by the 

application of steam during the process, there was little opportunity to 

experiment with the operating conditions. Further, since 1-2 kilos of 

each feed would suffice for most of the planned experimental work, it 

was considered wasteful to produce 5 kilos of each mix in view of the 

limited availability of feed ingredients. 

To overcome these difficulties, a method of processing feed on site 

on a routine basis was required. It was essential to develop a standard- 

ised method which was suitable for producing a range of water stable 

pellets which could be satisfactorily crumbled when necessary. 

Ingredient Sto rage 

All ingredients were received into the laboratory in minimum 10 kilo 

lots. Feed ingredients were checked for spoilage from insects on 

arrival. One bag of white fish meal was badly contaminated with a 

beetle, Ptinus tectus (Howe and Burgess, 1953) and was consequently dis- 

carded. When checked, the feedstuffs were rebagged in large strong 

Plastic bags, tied off tightly to exclude air, and clearly labelled. These 

were then placed in a second bag, also tied off and labelled clearly. The
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bags were stored in a cool dry place. 

Mixing 

Mixing was as previously described pg65. The vitamin and salt 

mixes were prepared separately and the ingredients were added to the 

main mix, the smallest quantities first. 

A Kenwood Chef Major replaced the Hobart mixers. The mixing 

motion was identical, being planetary, and the stainless steel bowl was 

large enough to accommodate up to 1500¢g of feed. 

1250g of each formulation was generally mixed at atime. This was 

then put through a Christie Norris Hammer Mill fitted with a 1mm screen. 

As a result, a fine homogenous powder was produced. This was found 

to have better pelleting qualities than a coarser,unground mix. 

The quantity of the dry, ground mix required to produce 1 kilo of 

finished feed was weighed accurately back into the. mixing bowl. The oil 

component of the feed was then weighed and added to 200mls of water in 

the liquidiser attachment of the Kenwood Major. A homogenous emul- 

sion was obtained from the oil/water mixture. This was next trans- 

ferred in a fine stream to the dry mix whilst the paddle was in motion. 

The greater volume obtained by mixing the oil with the water provided a 

more even distribution of oil throughout the feed mix. A further quantity 

of water was added until the mix had a suitable consistency for ex- 

trusion. The quantity involved was different for each formulation and 

was judged subjectively. However, there were obviously tolerance 

limits. 

Pelleting 

The Kenwood Major was fitted with a mincer attachment. This had 

two die plates drilled with ;"' and ¢" holes. The paste was extruded
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through the ¢'' die plate at a low speed with the maximum compaction 

pressure that could be physically applied. In this way, a relatively 

dense pellet was produced. 

The extruded material was broken off at approximately 3-4" lengths 

and spread out onto plastic sheets. These were then transferred to a 

drying area for 24-36 hours. The material was dried at room temp- 

erature with the aid of an electric fan. Although this process was 

satisfactory, the room temperature and humidity fluctuated and the 

drying time and final moisture content of the pellets was slightly 

variable. The method would have been better standardised by using a 

thermostatically controlled drying oven fitted with an electrically op- 

erated fan. 

The Kenwood Major is shown in Plate 7 fitted with the three attach- 

ments as used for mixing the dry ingredients, emulsifying the oil with 

water and extruding the final paste. The drying process is shown in 

Plate 8. 

Crumbling 

The dried 'worms' were then disintegrated in the liquidiser attach- 

ment in approximately 200g quantities and a range of granules were 

subsequently separated out using standard sieves as follows: 

Granule Size Sieve Size: Opening 

+" pellet to pass over 3°18 mm 

Crumble 2 to pass through 3-18 mm 

to pass over 2411 microns 

Crumble 1 to pass through 2411 microns 

to pass over 1200 microns 

Dust fraction to pass through 1200 microns 

The %" pellets become more regular in size and length with success- 

ive crumbling periods. The two crumbs and the pellets were satisfact-
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ory for feeding trials on a range of fish sizes from 5g- 100g, and the 

dust was discarded. 

Diet C 02 of the initial experiment was prepared in this way for 

comparison with pellets produced on the California Laboratory Pellet 

Mill and those produced commercially by Cooper Nutrition Products Ltd. 

Pellet Quality 

The pellets produced previously on the California Laboratory Pellet 

Mill were quite soft and friable and there was a considerable degree of 

dusting on handling as previously discussed. The pellets produced by 

the wet extrusion method, however, were very hard by comparison and 

there did not appear to be excessive dusting associated with handling. 

An attempt was made to quantify this difference. 

The method simply involved clamping a Macartney bottle in one arm 

of an electrical shaker. The shaker could be set at various speeds which 

produced a range of vibratory movements from a gentle shaking action to 

an extremely vigorous vibration. Three arbitrary speeds, described as 

slow, medium and fast, were selected on the dial. At each speed 5g 

quantities of each of the three diets were tested in triplicate for five 

timed periods at minute intervals, removing the dust formed each time 

by gently shaking in a small sieve with a 1mm screen. The quantity of 

material retained was weighed. The mean results are tabulated in Table 

32and represented graphically in Fig 13 . 

Clearly the pellets produced by the wet extrusion method were con- 

siderably better than those produced using the California Laboratory 

Pellet Mill. There was in fact, little difference between the hardness of 

these pellets and the expanded pellets produced commercially. 

Water Stability 

The importance of the water stability of pelleted fish feeds has al-



W
e
i
g
h
t
 

60 

Da
ny
 

40 

of
 

20 

o
s
s
 

o
 

% 

20 

FAST 

  

  

  
MEDIUM 

  

aap 
2 3 4 5 

Time - Minutes.



95 

ready been discussed and a technique for quantifying this has been 

described. However, further use of the apparatus (fig2 ), for assessing 

the quality of the pellets produced by the wet extrusion method showed 

that the technique was not entirely satisfactory. As the pellets dis- 

integrated and lost weight, they began to rise in the tube and were 

eventually held against the top mesh by virtue of the direction of water 

flow. This prevented particles less than 1mm being carried out of the 

chamber. Attempts to carry out comparative assessment of pellet 

quality were abandoned using this technique. 

However, a simple method was developed using the shaker. The 

method was similar to that described by Hepher (1969). Small cylin- 

drical cages, approximately 4'' long and 1" diameter, were made from 

imm gauge, stainless steel mesh. The cages were clamped to the arm 

of the shaker, which was set to give a gentle shaking movement. 5g 

quantities of pellets were dropped into the cage which was then immersed 

in a 250ml glass beaker filled with water maintained at a constant 

temperature of 12°C by a Churchill 'Circotherm'. 

5g quantities of each of the three pelleted diets were tested in tri- 

plicate for 1, 2,3,5 and 10 minute periods. At the end of each period, 

the cage was removed, and the material remaining emptied onto a filter 

paper which was subsequently placed into a vacuum drying oven set at 

95°C and 100mms pressure. The material was dried overnight. 

The loss of material was reported as the % loss of dry weight. The 

results are shown in Table33 and illustrated graphically in Fig14. The 

results were very similar to those for testing the pellet hardness, once 

again showing the marked improvement in pellet quality when produced 

by the wet extrusion method compared to those produced on the California 

Laboratory Pellet Mill. The water stability approached that of the 

commercial expanded pellets. 

Conclusion 

A method had been developed for the production of small quantities
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of pelleted material for use in laboratory-scale comparative feeding 

trials. The method was not only convenient, but the product was of a 

high quality, comparable with commercially available compound feeds, 

being equally as hard and having similar water stability characteristics.
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FEEDING METHODS 

Introduction 

‘Ad libitum’ feeding was evaluated as an alternative method to the 

controlled feeding used in the initial experiment. 

As mentioned previously, ad libitum feeding cannot be achieved in 

the aquatic environment as conveniently as it can for terrestrial live- 

stock. Demand feeding is as close as one might expect to get to true 

ad libitum feeding, where food is available at all times. Unfortunately, 

demand feeding can be carried out on a small-scale only with a sophisti- 

cated feeding mechanism and it was therefore necessary to evaluate the 

alternative procedure which involves feeding fish to satiation a number 

of times per day. Although this is not strictly an ad libitum feeding 

technique, it is a compromise which has frequently been used by fish 

biologists to represent 'ad libitum! feeding. 

Method 

The technique was evaluated in the 10 litre tanks used in Phase II of 

the initial experiment and subsequentymodified as described. Up to 

twenty 50g rainbow trout could be maintained in these tanks on open 

flow provided that the oxygen supply was not limiting. The fish could 

be carefully observed during feeding. The technique was assessed using 

4" fish fed diet CO2 produced by the wet extrusion technique. 

The method used involved administering feed twice daily, seven days/ 

week and, at each feed, the fish were offered as much food as they would 

readily consume. The technique employed was relatively simple. Feed 

was held in individually weighed, capped, plastic containers which were 

placed each morning in loops of wire attached to the plastic sheeting 5 

adjacent to each tank. In the morning and late afternoon, each tank in



98 

turn received approximately lg lots of pellets from the appropriate con- 

tainer. By the time all tanks of fish had received their first portion, 

those fish fed first were ready to receive a second portion and so on. 

This procedure was repeated several times until there was evidence of 

some loss in feeding vigour. The fish were then fed until a few pellets 

remained unconsumed, showing the point of satiation. This was a small 

proportion of the total food offered and it was generally consumed within 

10-15 minutes of the fish receiving their final food lot. Food consumption/ 

day was calculated as the difference between the weight of the container 

and food at the beginning of the day and at the end of the day when the 

containers were removed. 

To avoid bias in the amount of feed offered to each tank, for example 

in favour of or against those first receiving food, the tank at which the 

sequence was commenced was changed regularly and the rotation was 

sometimes reversed, although strict numerical sequence was followed 

on all occasions to prevent confusion. 

Results 

For the most part, it was felt that feeding was achieved with a high 

degree of accuracy. Fig 15 shows the pattern of feeding values obtained 

with 3 similar populations of fish during a13 day period. Daily food 

consumption was reasonably constant. The recommended level of 

feeding for that size of fish at 11°C is 2-3% body weight/day. Clearly 

the feeding level achieved by this technique was similar. 

Occasionally, it was not possible to feed twice/day and consequently 

a low feeding level resulted. This is clearly shown in Fig16. On such 

occasions consumption was consistently reduced in all tanks. It is 

interesting to note, however, that on the following day a high feeding 

value generally resulted, the fish obviously making up for the deficit 

of the previous day. Frequently there was an over compensation as 

shown for day 9. The feeding value for day 10 was low despite the fact 

that two feeds were offered on that day.
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Occasionally food consumption was reduced in one tank alone. 

Generally this was related to a reduction in water flow due to a pipe 

blockage and consequent lowering of the oxygen content of the water, a 

condition which was quickly corrected. On the odd occasion, there was 

also a loss of appetite in a particular tank for no apparent reason. The 

important point about this feeding technique, however, is that such 

occasions are recognised and food is not 'blindly administered'. 

There was no substantial increase in consumption as a result of 

increasing the number of feeds / day to three and there seemed little 

advantage in doing so. However, this was based on a very limited 

observation period and no attempt was made to see if the food conversion 

ratio was affected. 

Discussion 

It is difficult to judge whether the feeding levels achieved using 

this technique truly reflect the appetite of the fish or whether they 

represent a restricted feed intake 

If the feeding levels do reflect the appetite of the fish, it is not 

clear to what extent the fluctuations in daily consumption reflect slight 

variations in daily appetite caused by environmental influences. It is 

possible that the fluctuations represent an 'artifact' due to the nature 

of the technique. It was difficult to judge the point of satiation even on 

this scale. However, it is interesting to note that a low feed intake was 

compensated the following day by an abnormally high feed intake. This 

would seem to substantiate the theory that the level of consumption ob- 

tained does reflect the appetite of the fish and the technique is reason- 

ably sound even in the event of the occurrence of anomalies in the daily 

pattern of consumption. 

Using this technique no fish or group of fish are penalized as a
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result of their having a proportionally higher metabolic demand since 

they have the opportunity to feed to satiation. 

The feeding tables used previously for controlled feeding are de- 

signed for good quality feeds. However, diets of varying quality and 

composition, such as may be used in experiments involving the eval- 

uation of different proteins, might not necessarily be consumed at the 

same rate. The 'ad libitum' technique takes account of such differences 

and could be used to determine appetite differences. 

In addition, the appetite of fish may be greatly affected by changes 

in the environmental conditions, notably temperature, percentage of 

oxygen saturation and water quality and by disturbance. Failure to re- 

cognise and correct for changes in appetite which may occur in such 

circumstances, or indeed for no readily apparent reason, as occasion- 

ally happens, will again result in food wastage and therefore apparently 

poor conversion ratios. Such was the case in the initial feeding trial 

(Section 3). Although complete consumption of the ration offered was 

frequently achieved, there were occasions, particularly towards the end 

of the experiment when environmental conditions were by no means 

ideal, when food was incompletely consumed, resulting in poorer con- 

version ratios than had been previously experienced. 'Ad libitum! 

feeding takes account of such changes in appetite. 

Conclusion 

The ‘ad libitum' technique would appear to be sound in principle. 

However, the absolute success of its application to feeding trials depends 

on the regularity of feeding and the degree of care exercised at each 

feeding. The method is tedious and requires a considerable degree of 

patience from the operator.



SECTION 5. 

EVALUATION OF SINGLE-CELL PROTEIN IN COMPOUND FEEDS 2. 

THE EFFECT OF REPLACING FISH MEAL WITH 

A YEAST, BACTERIA, ALGA AND TWO FUNGI.
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INTRODUCTION 

In the previous experiment on compound feeds, only small quant- 

ities of three single-cell proteins had been available. Larger quant- 

ities of Candida lipolytica and Penicillium chrysogenum were obtained 

from B.P. Proteins Ltd, and Glaxo Laboratories respectively. A 

larger quantity of Aspergillus niger was produced in the Tate & Lyle 

Pilot Fermentation Plant within the department and was subsequently 

ring dried providing 10kg of dried mycellium. In addition two more 

sources of single-cell protein had been obtained. These were a 

bacterium, Pseudomonas spp., supplied by I.C.1. Ltd and an alga, 

Spirulina maxima, supplied by Sosa Texcoco S.A. of Mexico. The 

opportunity arose, therefore, to evaluate at least one single-cell pro- 

tein from each of the main groups - yeasts, bacteria, algae and fila- 

mentous fungi. 

As a result of the collapse of the Peruvian Anchoveta Industry, 

fish meal had become a scarcecommodity as described in Section 1. 

It was therefore appropriate to evaluate the novel proteins as sub- 

stitutes for fish meal in a conventional trout compound feed and to 

determine the main limiting factors. For comparison, three con- 

ventional oil seed meals, soya bean, cotton seed and groundnut, were 

included in the evaluation programme. 

The experimental facilities had been modified to allow a longer 

term experiment to be carried out hopefully without the decline in en- 

vironmental conditions experienced previously and diet preparation 

methods had been improved. The development of a method for pro- 

ducing crumbs provided an opportunity to work on smaller fish. 

Previously, mortality, growth and conversion efficiency had been 

the only criteria on which the single-cell proteins had been assessed. 

On this occasion, however, a longer term trial was conducted in which 

the effects on appetite, digestibility, growth, conversion efficiency and
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general pathology could be assessed. To improve the sensitivity of 

the trial, it was. started at a time when temperatures were more 

favourable for rapid growth. 

EXPERIMENTAL FEEDS 

Ingredient Availability 

The nine test proteins, including herring meal as the control, are 

listed in Table 34, together with the suppliers. Listed also in Table 34 

are the conventional ingredients used to prepare the basal ration. 

Analysis 

The feed ingredients held in store were sub-sampled and prepared 

for analysis as described on pg62. All analyses were carried out at 

least in duplicate. 

1) Moisture 

The moisture content was determined by drying a weighed quantity 

of the sample, approximately 2g, in a vacuum oven set at 95 - 100°C 

and evacuated to 100mm pressure (A.O.A.C. Methods of Analysis, 

1970). The moisture content was reported as a percentage of the 

original sample. 

2) Ash 

Ashing was carried out on a weighed quantity of sample, approx- 

imately 2g, in nickel crucibles placed in a muffle furnace set at 550°C 

for 2 hours. Ash content was reported as a percentage of the original 

sample. 

3) Crude Oil 

Crude oil was determined by petroleum ether extraction (40-60 B.P.) 

in a soxlet extraction apparatus (Fertilizer and Feeding Stuffs Regul-
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ations, 1968). The extracted oil was dried, weighed and reported as 

a percentage of the original sample. 

4) Crude Protein 

Crude protein was calculated from the nitrogen content reported 

as a percentage of the original sample, multiplied by 6-25. Nitrogen 

was determined using a slightly modified version of the microkjeldahl 

technique referred to on pg62. In an attempt to overcome the problem 

of variability in the estimation, caused by the use of such a small 

sample size, the technique was scaled up by a factor of 4. Material 

containing approximately 4 mg of nitrogen was weighed accurately into 

100ml kjeldahl flasks. 600mg of a catalyst mixture containing 32 parts 

potassium sulphate, 8 parts copper sulphate and 1 part selenium powder 

was added, together with 4ml concentrated sulphuric acid. The mat- 

erial was digested for at least 2 hours on an electric heating mantle. 

The digested sample was cooled and transferred quantitatively to a 

100ml volumetric flask and diluted to 100ml. Distillation was carried 

out on duplicate 25m] aliquots of the diluted digest using a Markham 

distillation apparatus modified to accommodate large samples. The 

ammonia was removed by the addition of 4ml 40% sodium hydroxide 

and was subsequently collected with the distillate in 5ml saturated 

boric acid. The ammonia was determined by direct titration with 

0-01N HCl, using Tshiro's Indicator. 

5) Gross Caloric Content 

This was determined directly using a Bomb Calorimeter. 

Formulation 

It was proposed that a feeding trial lasting 12 weeks should be con- 

ducted on nine diets, including a control diet, being a slightly modified 

McNenney formulation containing 40% herring meal, and eight experi- 

mental diets containing the eight test proteins each substituted for 50% 

of the herring meal of the control diet. The formulations of the diets,
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CO9 to C17, are shown in Table 35. 

It was further proposed that the level of inclusion of the five single- 

cell proteins should be raised to 40% of the diet by weight and that 

these five diets and the control diet should be fed for a further 10 weeks. 

Since three of the single-cell proteins had been substituted for the 

delactosed whey and distillers' solubles of the control diet in the pre- 

vious experiment without causing any marked fall in growth rate or 

conversion efficiency, the further quantities of test proteins were sub- 

stituted for these same ingredients. The 2% binder was also removed 

to make up the 20% required for the substitution. The formulations of 

the diets, C18 - C22 are compared to the control formulation CO9, as 

shown in Table 36. 

Diet Preparation 

All diets were prepared by the wet-extrusion method described in 

Section 4. Three feed sizes were prepared using the sieves listed 

and the three fractions were stored separately in plastic bags tied off 

to exclude air and kept in labelled air tight polythene containers until 

required for feeding. 

Diet Analysis 

The pellet hardness and water stability was compared as described 

in Section 4. 

The water content of the pellets was determined as for the in- 

gredients. Diet proximate analyses were then calculated from values 

for the ingredients and corrected for the change in water content, as 

measured.
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GENERAL METHODS 

Trial Schedule 

During the first ten weeks, each of the nine experimental diets, 

CO9 - C17, were fed to three replicate groups of 20 rainbow trout. The 

diets were randomly allocated to the 27 tanks. 

Between the 10th and the 12th week, an inert indicator was included 

in the 9 experimental diets for the purpose of determining the protein 

digestibility. 

At the end of 12 weeks, 6 fish from every tank were removed for 

pathological examination as described below. 10 fish from each of 

the 3 tanks fed the control diet, CO9, and those diets containing the 

five single-cell proteins, C13 - C17, were then pooled for continued 

feeding of the control diet and the new formulations, C18 - C22, each 

containing 40% single-cell protein, for a further 10 weeks; i.e. 30 

individuals were fed each S.C.P. for a total of 22 weeks, 12 weeks at 

a level of 20% and 10 weeks at a level of 40%. At the end of this period, 

18 fish from each group were sacrificed for pathological examination. 

Experimental Animals 

560 rainbow trout, approximately 7cm in length, were selected 

from the stocks which had been transported from Vortex Lid and main- 

tained in the 200 litre stocking tanks, as described in Section 2. The 

fish were randomly sorted into the 27, 10 litre tanks modified as des- 

cribed in Section 4, in lots of 20 individuals and allowed to adapt to 

their new environment for 14 days prior to feeding on the experimental 

diets. During this adaptation period, the fish were fed a standard 

commercial crumble obtained from C.N.P. Ltd. 

Environmental Parameters 

The tanks used during the first 12 weeks were a fixed volume of
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10 litres and the flow rate was adjusted to approximately 250ml per 

minute. The range of stocking densities and loading factors at the 

start of the experiment were 11 - 13 g 17! and 440 - 520 g 17 min 

respectively. These had increased to 43 - 61 g ie and 1720 - 2500 

g ee respectively by the end of the 12th week. However, an 

adequate supply of oxygen was ensured throughout by supplying a 

stream of air to the air lift tubes. 

The tanks used from 12 - 22 weeks were a fixed volume of 30 

litres and the water flow was adjusted to approximately 500 ml per 

minute. The stocking densities and loading factors at the start of this 

period varied from 22 - 31 ¢ 17! and 1324 - 1854 g 17 ‘min respect- 
ively and at the end between 35 - 53 g i-t and 2108 - 3374 g feo aie 

respectively. The tanks were not aerated during this time, oxygen 

being entirely supplied from the incoming water. 

Throughout the experiment the temperature was ambient, being 

that of the mains water. The temperature of the water leaving the 

header tank and supplying all experimental systems was recorded 

daily and with the flow rates used, there was little variation between 

that temperature and the water temperature within the experimental 

tanks. The temperature has been tecorded with the growth data 

relevant to the two phases of the experiment, Table 50 and 56. 

Oxygen was measured at regular intervals during the experiment 

and was not considered to be limiting at any time when the flow rates 

were correctly adjusted. It was difficult to balance the flow rates and 

maintain them absolutely constant at all times, however, and on 

occasions flow to individual tanks was reduced or cut off due to block- 

ages within the delivery pipes, and the fish were kept alive by the air 

lift mechanism but at a much reduced oxygen concentration. This sit- 

uation was quickly corrected. 

Total ammonia of the effluent was measured only once in randomly
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selected tanks during the 10th week of the experiment. The levels 

were very low and were in no case considered to be limiting. 

Feeding 

Fish were initially fed on the smallest crumb but as they grew, the 

larger crumbs and finally the pellets were readily consumed. Feeding 

was by the 'ad libitum! technique discussed in Section 4. Feeding was 

generally carried out twice per day, on each occasion feeding to 

satiation. The food consumed by the fish in each tank was measured 

and recorded daily. 

Tank Cleaning 

The tanks were not entirely self-cleaning, particularly during the 

early stages when the fish were small. Faecal material which had 

not been carried away in the effluent was removed prior to the morning 

feed, using the tank 'vacuum cleaner' described in Section 4. This 

did not unduly disturb the fish and they fed voraciously shortly after- 

wards. 

Once every two weeks, when the fish were removed for weighing, 

the tanks were thoroughly cleaned to remove the algal coat which 

gradually built up, particularly in the summer months. 

Weighing 

All fish were weighed individually every two weeks. They were 

lightly anaesthetised in a solution containing 50ppm MS222 (Sandoz), 

rolled gently on a cotton wool pad to remove excess water and weighed 

to 0-01g on a top loading electronic balance. After weighing, the fish 

were returned to well aerated fresh water and, after recovery, were 

moved back to the cleaned experimental tanks.
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Individual results were recorded, the mean values computed and 

the growth rate and growth efficiencies determined. 

Dying or dead fish were removed from the tanks as and when they 

occurred and the weight was measured and recorded for the computa- 

tion of conversion ratios. 

PROTEIN DIGESTIBILITY DETERMINATION 
  

Methods of digestibility determination have been discussed by 

Maynard and Loosli (1969). The use of inert indicators, which pass 

undigested through the alimentary tract, have provided a convenient 

method of measuring digestibility in a number of animals without 

having to collect faecal material quantitatively. The method has been 

applied successfully to fish digestion studies using chromium III oxide 

as the indicator, as discussed by Nose (1967). 

For the purpose of determining the apparent crude protein digest- 

ibility of the nine experimental feeds, CO9 - C17, 0-5% of chromium 

III oxide was added to each of the diets during the mixing process. 

The diets were otherwise prepared as discussed in Section 4. 

The diets were green coloured but were well accepted by the fish. 

Each of the 27 lots of fish received the appropriate diet for 12 days 

during the 10th - 12th week of the experiment. The diets were fed in 

the normal way. On the 8th and 12th days, the fish were lightly 

anaesthetised and faecal material was collected by the gentle applica- 

tion of pressure to the abdomen in the region between the pelvic fins 

and the anus. The faecal material, collected in this way from each of 

60 individuals from each of the diet treatments, was pooled and dried 

in a vacuum oven. 

Analyses were carried out on the food and dried faeces. Nitrogen 

was estimated using the semi-microkjeldahl method previously des-
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cribed. Chromium III oxide was determined by the wet ashing method 

of Furukawa (1966). The method briefly involved digestion of the 

samples containing chromium III oxide in concentrated nitric acid, 

followed by the oxidation of the chromium ions by perchloric acid. 

The resultant solution was diluted volumetrically and the absorbance 

determined using a Unicam SP 600 Spectrophotometer. The quantity 

of chromium III oxide contained in the original sample was then 

determined from a calibration curve prepared from absorbance values 

obtained from a series of standards containing known quantities of 

chromium III oxide added to a compound feed mix. The method is 

described in detail in the paper by Furukawa (1966). 

Apparant digestibility of the protein was determined from the 

equation 

A % indicator in feed % N in faeces 
Digestibility % = 100 - (@—oaicator in faeces’ * % Nin feed * 1°°) 

TERMINAL PATHOLOGY 

At the end of the 12 weeks, 6 fish from each of the 27 tanks, 

making a total of 18 fish on each of the experimental diets C9 - C17, 

were randomly selected for examination. At the end of 22 weeks, a 

further 18 fish from each of the 6 lots of fish continued on diets C9 and 

C18-C22 were randomly selected for examination. 

Condition Factor 

The relationship between weight and length of fish may be expressed 

generally in the form W = aL” where W = weight, L = length, ais a 

constant and n is an exponent usually lying between 2-5 and 4-0 (Le 

Cren, 1951). For trout, the value of n has been taken as 3 and the 

factor a, called the condition factor (K) has been determined by the 

simplified equation 
K= 

(Brown, 1957)
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Brown (1957) has discussed the use of the value of K as an index of 

fatness or body shape. According to Lee and Putnam (1973) rapidly 

growing trout fed good diets normally have a larger condition factor 

than those fed marginal feeds. Therefore, in an attempt to compare 

the adequacy of the experimental feeds, the condition factor of the 18 

randomly selected fish for each diet treatment was determined. However, 

since the use of the simplified equation, in which n is assumed to be 3, 

has been criticised (Hastings and Dickie, 1972), the relationship be- 

tween length and weight for the sampled fish was determined for each 

diet using the general formula W = aL” which, taking logarithms, may 

be written 

log ,W = log, ey nlog,L 

The constant n will be given by the slope of the graph of log,W against 

jog, lL. The mean condition factor can be determined from the graph 

or alternatively, the condition factor of the individual trout can be 

determined from W using the value of n determined graphically. 
L 

External Appearance 

The external appearance of each fish was examined, noting the 

general colouring, the condition of the scales, the amount of mucus 

covering the body and the condition of the fins, eyes and gills. Any 

abnormal conditions such as opaqueness of the lens, increased 

vascularisation in the iris and cornea, the presence of fluid in the 

eye socket or the abdomen, or the presence of body sores, was part- 

icularly noted. 

Haematocrit 

The most convenient tool for the fish nutritionist to assess clinical 

status is haematology (Halver, 1972). Methods of fish haematology 

have been reviewed by Hesser (1960). Of the methods discussed, 

haematocrit is the most convenient for the examination of large numbers 

of fish. The haematocrit technique has been discussed more specific-
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ally by Snieszko (1960). He has shown that haematocrit values 

correlate with red cell count and haemoglobin values determined on 

the same fish. The microhaematocrit method is extremely reliable 

and can be easily and rapidly performed with fish blood. Commercial 

heparinized capillary tubes available for haematological studies are 

suitable, although, due to the rapid and unique way in which fish blood 

coagulates, values may be 7-18% higher than a true reading (Snieszko, 

1960). In view of this, a modified method was suggested (Larsen and 

Snieszko, 1961), although Snieszko (1961) suggests that the errors 

caused by the use of commercial capillaries can be considered of 

little significance when haematocrit values recorded using the same 

techniques are compared with each other. 

Methods of sampling trout blood have been considered by Steucke 

and Schoettger (1967). Methods involving caudal puncture and incision 

of the sinus venosus were found to produce higher haematocrit values 

than the method involving excision of the caudal fin used by Snieszko 

(1960). The differences were not significant, however. 

The methods used in this experiment were therefore essentially as 

described by Snieszko (1960). The fish were lightly anaesthetised in 

50ppm MS-~222 (Sandoz). They were then gently rolled on a damp 

cotton wool pad to absorb excess water and prevent dilution of the 

collected blood sample. The caudal fin was removed using a sharp 

scalpel and blood was collected directly from the dorsel blood vessel 

into duplicate commercial heparinized capillary tubes. One end of 

each tube was sealed using a micro-burner and the tubes were centri- 

fuged in a microhaematocrit centrifuge for five minutes. The packed 

cell volume was measured directly as a % of the total blood volume 

using a microhaematocrit reader. 

Internal Appearance 

The internal appearance was examined after making an incision
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along the mid-line of the ventral surface. Of particular interest was 

the colour and appearance of the organs, particularly the liver, and 

the quantity of visceral fat. 

The liver was quickly removed from each of the 18 fish examined 

on each diet treatment. Six livers from each group were cut into 

small pieces and fixed in 10% neutral buffered formalin. 

The ‘remaining 12 livers were dried at 95°C in a vacuum (100mm Hg) 

for 12 hours and weighed. 

Liver Histology 

After fixation, pieces of each of the livers were prepared for 

histological examination. Processing was carried out by the Depart- 

mental Histologist, Mrs M. Varley, for which due acknowledgement 

is given. The material was embedded in paraffin wax, sectioned at 6p, 

and stained with Haematoxylin and Eosin stains. The prepared slides 

were examined using both light and phase contrast microscopy.
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RESULTS AND DISCUSSION 

In view of the number of factors under consideration in the ex- 

periment, the results and discussions have been considered together 

for each separate heading. 

Experimental Feeds 

The results of the analysis of the ingredients used in the ex- 

perimental diets are shown in Tables37 and 38. 

The water content and the computed proximate analyses of diets 

C9-C17, used in the first 12 weeks, and diets C9 and C18-C22, used 

in the second 12 weeks, are shown in Tables 39 and 40 respectively. 

Differences in the composition of the experimental diets largely 

reflect differences in the composition of the 9 test proteins. Differ- 

ences in the water content of the finished feeds have a small additional 

effect. No attempt was made to balance any of the nutrient compon- 

ents in the diets as shown by the range of values reported for each 

nutrient parameter. 

The crude protein content varies between 32% for the fungi and 

78% for the bacteria. The fungi and algae are generally lower than 

the yeast and bacteria, as discussed in Section 1. The values for 

B.P. yeast and ICI bacteria are close to those published but the value 

for the alga Spirulina is somewhat lower than the 62% crude protein 

content reported by Clément et al (1967). As discussed in Section 1, 

single-cell protein may contain substantial amounts of non-protein 

nitrogen and the crude protein values reported may be considerably 

higher than the true protein content. However, no attempt was made 

to measure the non-protein nitrogen components. N x 6-25 remains 

the method generally reported in connection with feedstuffs. 

In addition, values reported as % ether extract will not be a rel-
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iable estimate of true lipid. 

Mixed solvent systems used for lipid extraction gener- 

ally yield higher values, particularly after acid hydrolysis. This 

method has been used to determine the lipid content of B.P. yeast 

(Shacklady, 1972) and the alga Spirulina (Hudson and Karis, 1974), in 

both cases giving higher values than reported here. 

The estimate of total energy by combustion of the materials in a 

bomb calorimeter is, however, a measure which is generally re- 

producible, as is the estimate of ash. 

All formulations pelleted successfully using the wet extrusion 

method. The pellets were, without exception, hard and dust free and 

there were no marked differences between the pellet quality as deter- 

mined using the shaker methods for testing hardness and water stab- 

ility. Pellet quality was comparable to the commercial expanded 

product of C.N.P. Ltd. 

Digestibility 

The calibration curve used for determining chromium III oxide 

values in food and faecal samples is shown in Fig17. The values for 

nitrogen and chromium III oxide content of the food and faecal samples 

are shown in Table 41 together with the calculated values for crude 

protein digestibility. 

The apparent crude protein digestibility of the diet containing the 

yeast protein was higher than that of the fish meal control diet and 

the diets containing the groundnut meal and bacterial protein were 

somewhat similar to it. Diets containing cotton and soya bean meal 

were lower. The algal and fungal proteins were comparatively poorly 

digested. Metabolic faecal nitrogen was not determined. From the 

data of Nose (1966), however, it is unlikely that the differences 

between apparent and true protein digestibility would have been
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very marked at the levels of crude protein used in the diets. Assuming 

that the basal component is equally well digested in all diets, the 

observed differences will reflect differences in the crude protein 

digestibility of the test proteins. On the basis of this assumption, 

crude protein digestibility has been calculated for each test protein 

relative to that of fish meal at 100%, as shown in Table 41. 

The protein of ground nut, yeast and cotton seed meal appears to. ( 

have been more digestible than that of the fish meal, bacterial protein 

equally as well, and soya protein somewhat lower. Protein of 

Aspergillus niger appeared to be better digested than that of Peni- 

cillium chrysogenum which was comparatively poorly digested. The 

algal protein was a little better digested,although still quite low. 

Di gestibility values for several feedstuffs have been reported in 

the literature. Some of the data has been reviewed by Nose (1966) 

and Hastings (1969). Windell (1974) reports two values for protein 

digestibility of herring meal at 99-5% and 94.6%, whilst Nose (1966) 

reports a value of 77% for this meal. Values for white fish meal have 

varied between 74% and 94% (Hastings, 1969). Windell (1974) reports 

the protein digestibility of soya bean meal as 63-5%, Kitamikado etal 

(1964) reports the value as 71%, whilst Nose (1966) reports values of 

81% and 87%. Hastings (1969) reports values of 72-7% and 84% for 

protein digestibility of two samples of cotton seed meal. Clearly, 

values for the conventional feed ingredients vary substantially. 

In view of the relatively high values reported for herring meal, 

the results for the yeast and the bacterial single-cell proteins are 

encouraging, whilst the values for the alga and fungi, although some- 

what lower, may be quite comparable with the digestibility of some of 

the plant seed proteins. 

Appetite 

Differences in food consumption rates were apparent as early as
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day two, and were clearly established by day four of the experiment, 

as shown in Fig18. Mean daily feed consumption for each two week 

period of the ten week trial are shown in Table42. Relatively low 

values for bacterial protein are clearly noticeable. 

Feed consumption rates are frequently reported in the literature 

as percentages of the body weight (Brown, 1946; Page and Andrews, 

1973; Smith, 1974). Since the weight of fish on each treatment is 

changing with time, the rate of consumption expressed in this form 

would be given by 

Q:F x 100 % 

Swat 
where Q is a quotient representing the level of feed intake and F is 

the total intake in g over the period T-T). where T is in days. Swat 

is the weight of fish (given in g) after time T. During short periods of 

measurement, W is considered to be proportional to T, and Q is given 

by 

Qe F x 100 % 
Pera 

<a] t 6 

The data for each two week period is shown in Table43 and Fig 19 . 

Clearly the trend in feed consumption established during the initial 

two week feeding period was similar throughout the trial, there being 

generally lower consumption rates relative to body weight of fish on 

the feeds containing a comparatively higher energy content, notably 

the control diet containing herring meal and that containing bacterial 

protein (see Table 39). 

That food consumption rate in fish is related to the energy content 

of the feed has been shown by the observations of Rozin and Mayer 

(1961). In their experiments, goldfish adjusted their rate of feeding 

to a nearly constant caloric intake per day despite a two fold intake in 

the bulk ingested. The results of Lee and Putnam (1973) and Page and
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Andrews (1973), working on the interactions of protein and energy 

ratios on feed consumption rates, among other things, of rainbow 

trout and channel catfish respectively, give further evidence that fish, 

like other animals, for example poultry (Hill and Dansky, 1954) and 

pigs (Cole, Duckworth and Holmes, 1967), eat to satisfy their energy 

requirement. A comparison of consumption data as a measure of 

appetite should therefore take into account differences in the energy 

content of the feeds. 

Further, a useful comparison of food consumption rates reported 

as a percentage of the body weight could be made only if the food con- 

sumption rate is proportional to body weight. This is not the case, 

however. That appetite reduces with size of fish is widely known and 

it is for this reason that the suggested feeding levels in tables de- 

signed for trout (Phillips, 1970) reduce with increasing size of fish. 

Page and Andrews (1973), working on catfish, also showed clearly 

that, in constant environmental conditions, feed intake was greatly in- 

fluenced by fish size. In this experiment, therefore, since the fish 

on each of the experimental diets were growing at different rates, 

such a comparison is useful only at the beginning of the trial when the 

fish weights were comparable, and only then might any observed 

differences in feed consumption reflect differences in the metaboli- 

sable energy content of the feeds. 

Carpenter (1953) discusses the concept of an ‘appetite quotient' 

for the interpretation of ad-libitum feeding experiments, which would 

take into account differences in both the metabolisable energy content 

of the feeds and differences in body weight. He suggests a terminology 

and a standard method of mathematical treatment to test whether or 

not rats in an ad libitum feeding trial have 'had the same level of 

food intake', a condition defined by Kleiber (1947) as being such that 

"the rate of intake of metabolisable energy is the same multiple of 

the standard metabolic rate’ and taken by Carpenter (1953) as being 

that "the rate of intake of metabolisable energy is the same proportion
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to (body weight)?" eos 

The factor 0-88 was used by Carpenter since Hegsted and 

Haffenreffer (1949) had found that the nutrient intake (measured as 

metabolisable energy) of growing rats varied as their mean body 

weight raised to the power 0-88, and the results of Brody (1945) had 

also indicated that the basal metabolic rate of comparable rats varies 

with their body weight raised to a power not significantly different 

from 0-88. 

Beamish and Dickie (1967),in a review of the relationship between 

body weight and metabolism in fish,state that 'it is generally agreed 

that the logarithm of oxygen consumed, T, is linearly related to the 

logarithm of body weight,W, i.e. 

T =ow’ 

log T = logs + VlogW 

and that the parameters & and Y of this general equation, termed the 

T line, take various values depending on conditions of both fish and 

its environment and on the level of activity at which measurements 

are made. At standard and low routine oxygen consumption Win berg 

(1956) and Paloheimo and Dickie (1966a) conclude that a value of the 

slope of about 0-8 provides an adequate general description of the 

relation among most species. 

Winberg (1956) further proposed writing the energy equation 

Energy input = energy expenditure + energy accumulation 

in the form 

pe, = fF + aw 

at 

where R is the ration size and p is a correction factor used to convert 

R to an assimilated ration, T is the total metabolic expenditure, and 

AW is the weight gain,all parameters being expressed in common 

Adrgy units, and demonstrated that an index of 'routine' metabolism 

derived from the data of food-growth experiments as 

T = pR - 4W 
At 

was essentially the same as had been well established in studies of
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oxygen consumption under rather similar experimental conditions. 

This was confirmed by Paloheimo and Dickie (1965, 1966a) in an 

analysis of food-growth data published by a number of authors. From 

these studies, it appears that under normal non-stress living conditions 

in nature, the value of the slope Y is about 0-8 and that this value 

may be used to describe the relationship between metabolism and 

body weight. 

Paloheimo and Dickie (1966a) further showed that where fish were 

fed a maintenance ration, so that in the long term they neither lost 

nor gained weight, the level of metabolism appeared to correspond 

with that characterising the "routine' metabolic level in oxygen con- 

sumption studies. When fish were fed ad libitum, however, the value 

of Y appeared to remain unaffected but the value of < was raised by 

a factor of 4-5 times to a level approaching that known in oxygen con- 

sumption studies as "'active'’ metabolic levels. Intermediate levels of 

feeding gave rise to intermediate levels of <. From such data they 

concluded that the level of food intake by fish is reflected in the total 

metabolism through its effect on metabolism ~. 

The criterion for ad libitum feeding was that there should always 

be a small amount of food in the tank in excess of the fish's consump- 

tion of food. A maintenance diet was one in which the feeding rate 

was adjusted by the experimenter in accordance with the response of 

the weight of the fish. Fish fed to satiation at a predetermined fre- 

quency, such as in the experiments of Kinne (1960, 1962) described by 

Paloheimo and Dickie (1966a), were considered to be on a restricted 

diet intake. While there was a different level of metabolism for the 

different feeding levels, these systems of adjusting feeding to fish 

demands resulted in a common relation of metabolism to body size, 

evident by an apparent parallelism of the slopes within a species for 

all feeding levels. Thus,according to Paloheimo and Dickie, givena 

constant availability of food of a particular type, it appeared that 

fish of different sizes feed at rates which result in the maintenance of
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a value of ¥ characteristic of the species and a level of e¢ character- 

istie of the level of food supply and the environmental conditions. 

Following Paloheimo and Dickie's terminology, the fish in this 

experiment would be considered as being on a restricted feed intake 

rather than an ad libitum feeding regime. However, feeding to 

satiation twice per day is likely to give a feed intake which approaches 

the maximum ad libitum feeding rate. In addition, environmental con- 

ditions were relatively constant only during the first four weeks of 

the experiment, after which time there was a decline in temperature. 

Food consumption rates for each two week period were calculated 

in gross energy units. The log e values were plotted against log e 

values of the mid-point body weight Wop EA Wing for each period (T-To) 

where (T-To) was i4 days. 2 

The consumption rates for diets 1, 6 and 9 during four two week 

periods illustrate the trends and are shown in Table 4-6, and plotted in 

Fig20. The data for period 5 (8 - 10 weeks) has been omitted. The 

ternperatures had fallen substantially by this time and, due to un- 

controllable circumstances, feeding was more restricted, fish being 

fed to satiation only once per day on five occasions during this period. 

Both a lowering of temperature and a lower feeding rate would reduce 

the level of metabolism, (Paloheimo and Dickie, 1966a). Ignoring the 

data for period three, there is a positive correlation between the 

points for periods 1, 2 and 4 for each diet which reveals three sep- 

arate lines with a similar slope value. In this case it is possible 

that a fall in temperature over the range 16-5 - 14°C during the eight 

week period had only a small effect on the level of metabolism, and 

the low values for pericd three were caused by inadvertently restrict- 

ing food intake. The methed of feeding is difficult, particularly in 

bad weather conditions and restriction conceivably could have happened.
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Whichever way the results of this experiment are interpreted, it 

is clear that the slope value is similar for the three diets. Strictly = 

speaking the log, of the metabolisable energy content of each feed 

should be plotted. The metabolisable energy content of each feed was 

not determined, however, and there is little point in assuming a value 

such as 0°8 considered by Winberg (1956) as being appropriate for the 

conversion of gross energy to assimilated energy values. It is likely 

that the value of the conversion factor is variable being dependent on 

digestibility of the major nutrient components-lipid, carbohydrate and 

protein, and the quality specifically of the protein component which is 

dependant on the amino acid profile. Such differences may account in 

part for differences in the intercept value of the three diets. 

Despite such differences, it is possible to obtain a mean value 

which adequately describes the relationship between food intake, as 

gross energy, and body weight by plotting the data for each of the 

three replicate tanks on each of the nine diets during the two periods 

in which environmental conditions were relatively constant. It is 

clear from Fig21 that there is a positive correlation between log, 

gross energy consumed and log, of the mid point body weight 3 

(p 0-001) and the slope value, equal to 0°73, is similar to the value 

of 0-8 determined from the relationship: log T = log*+ Ylog W. 

(Winberg, 1956; Paloheimo and Dickie, 1966). The scatter of results 

about the mean line may be explained by the differences in the met~ 

abolisable energy content and calorigenic action of the diets as 

mentioned above. 

Thus one has a situation analogous to that for the rat where Ifegsted 

and Hoffeareffer (1949) had found that the nutrient intake (measured 
   

    as metabolisable energy) of growing rats varied as their mean body, 

weight raised to the power 0-88, a factor not significantly different
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from that found for the relationship between basal metabolic rate and 

body weight described by Brody (1945). Thus it is possible to use 

Carpenter's concept of an appetite quotient (Carpenter, 1953). 

According to Carpenter, at any time in the experiment, theoreti- 

cally, the appetite quotient Q is defined by the equation 

ANE 

AL 

o.3s¢ 
x Cx => Qx * W 

Rate of food Metabolisable Appetite Body 

consumption calories per gram quotient Weight 

of food 

Since food consumption is irregular from day to day the calculation 

is most accurately made over the whole period of the experiment (T) 

measured in days. 

Total feed eaten i 

Fle = Qx f° WM dt 

ot ee 
Set 

Since in fish, rnetabolism and food consumption rate may be con- 

sidered lo be more nearly proportional to the body weight raised to 

the pow 

  

0.8, this value i   substituted for the 0-88 used by Carpenter
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for the rat. For convenience of calculation, again w : is considered 

to increase proportionately with time, an assumption which should not 

lead to gross errors if the measurements are made over short 

periods and repeated as was the case in this experiment. Thus we 

have 

Q, z ace 
78 -8 whe + wh 

° 
2 T-T 

o 

As mentioned previously, the metabolisable energy content of the 

feeds was not determined. One of the problems in estimating 

metabolisable energy content of feeds for fish is that of assigning a 

value to the available calories per g of protein consumed. Unlike the 

situation in mammals, fish excrete much of the nitrogen as gaseous 

ammonia, rather than urea. The caloric value of protein will depend 

on the relative quantities of ammonia and other metabolites excreted. 

Different workers have ascribed different values to dietary protein as 

discussed by Cowey and Sargent (1972). For example, Phillips (1970) 

suggests a value of 4-1 kcals/g, which assumes that a large pro- 

portion of the excreted nitrogen is in the form of urea, and Brett et al 

(1969) suggest a value of 5.7 kcals/g, which assumes that ammonia 

is the only excretory metabolite. 

The assimilation coefficients shown in Table 44 refer to digestible 

energy content rather than metabolisable energy content. The 

digestible energy content of fat was assumed to be 8-0 kcals/g and 

that of carbohydrate was assumed to be 1-6 kcals/g. The carbohydrate 

content of each diet was determined by difference and the value used 

therefore includes the fibre component. The low digestibility value 

assumes that the carbohydrate is composed mainly of starchy mater- 

ials with a digestibility of 40%. The digestible energy content of the 

protein was determined using the digestibility values reported earlier 

in Table 41 and assuming a caloric value of 5-65 kcals per g of 

digestible protein. In this respect, a further assumption made,
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however, was that all of the digested protein was true protein. This 

is unlikely since many of the non-protein nitrogen components will be 

digested. The caloric values of such components would not be 5-65 

keals/g. 

The assimilation coefficients have been used to determine the 

digestible energy consumed during each period. This value was 

used in place of F-Cx in the equation described above for the deter- 

mination of appetite quotients for the three replicate groups of fish 

on each diet for each 2 week period of the experiment. The results 

are shown in Table46. Analysis of variance showed a highly signifi- 

cant period effect (p<0°001) and a highly significant diet effect 

(p<0-001) as shown in Table 47. Interaction between diet and period 

was not significant at the 5% level. There was a significant variation 

between the replicates of each diet at the 5% level but not at the 1% 

level (p>0-01, <0-05). 

The main effect appeared to be the period effect. Since fish are 

poikilothermous, one would expect the level of metabolism to decrease 

with decreasing temperature. The effect of temperature on metabolism 

has been discussed by Paloheimo and Dickie (1966a) Warren and 

Davis (1967), Beamish and Dickie (1967) and Hastings and Dickie 

(1972). Since metabolism decreases with temperature and food in- 

take is related to metabolism, as discussed, one would expect a 

highly significant effect of temperature on the appetite quotients. In 

addition, however, as previously mentioned, the consumption was 

restricted to one feed only on 5 days during period 5 which may have 

reduced the appetite quotient. This could also have been so for 

period 3. 

The differences between the values obtained for the 9 experimental 

feeds have been analysed using a sequential t test. The results are 

shown in Table 47. The mean values are ranked in ascending order. 

Values not significantly different at the 5% and 1% levels are indicated.
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Reference to the apparently low consumption rate of bacterial 

protein was made earlier when differences were recognised as 

early as day 2 of the experiment. Much of this observed difference 

is probably related to the comparatively high energy content of the 

feed and is therefore lost when the data is calculated as appetite 

quotients. Nevertheless the appetite quotient for diet CO6 containing 

bacterial protein was the lowest. Appetite quotients for fish fed algal 

protein also appeared to be low. However, there was no significant 

difference at the 5% level between any of the diets containing S.C.P. 

or that containing ground nut. The soya bean meal was added to this 

list at the 1% level of significance. Diets containing fish meal and 

cotton seed meal appeared to give significantly higher appetite quotients 

than all other diets. 

The grouping is interesting in that all of the diets containing S.C.P. 

are together. A number of assumptions are made in arriving at the 

values for appetite quotients. One possible explanation for the ob- 

served differences could be that the metabolisable energy content of 

the single-cell protein feeds has been underestimated. The measured 

lipid values, for example, may be low, as previously discussed. If 

lipid which was not extractable with petroleum ether is available to 

the fish, then higher assimilation coefficients should be used giving 

rise to higher appetite quotients. 

Generally the observed differences in appetite quotients for the 9 

experimental diets are small and palatability problems seem unlikely. 

Growth and Food Conversion Efficiency 

The mean fish weights for each of the replicate groups on the nine 

experimental feeds are shown in Table48, as recorded at the end of 

each 14 day period during the first 10 weeks. The range of fish weights 

within each tank increased considerably during the trial. The mean 

results for each diet have been plotted in Figs 22 and23. Log values
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have been calculated (Table49) and curves of specific growth are 

shown in Figs24 and25. Mean specific growth rates for each period 

are shown in Table5O and the result of an analysis of variance is 

shown in Table 51. 

Food conversion efficiencies have been calculated for each diet, 

as shown in Table52. Analysis of variance has been computed 

(Table 53). 

By the end of 10 weeks the fish fed the control diet containing 

40% herring meal and those fed diet C10 containing 20% soya bean 

meal, in place of an equal quantity of herring meal, had the highest 

mean weights. There was little difference between the final weights 

of fish fed diets containing cotton seed meal, groundnut and BP yeast. 

The weight of fish fed ICI bacterial protein and algal protein were a 

little lower, and those fish fed the moulds had the lowest recorded 

weights (Table49 and Fig23). Small differences in specific growth 

were evident particularly during the initial 2 weeks of the experiment 

(Table50), the highest rate being recorded for the control diet and 

the lowest for the mould-containing diets, particularly for diet C17 

containing Penicillium chrysogenum. The rates for the control diet 

were generally high throughout the experiment whilst those for fish 

fed the Penicillium chrysogenum were generally low throughout. How- 

ever, taken over the whole 10 week period, there was no significant 

difference (p > 0-05) between the mean specific growth rates of the 

fish on any of the diets. Specific growth rate reduced with time for 

all treatment groups and the period effect was highly significant 

(p <0-001). 

The results for food conversion efficiency (Tables 52 and53) also 

show a highly significant period effect. There were also significant 

differences (p<0-001) between the diet treatments. In addition there 

was a significant interaction (p <0-05) between the values for con- 

version efficiency and the period, indicating that the magnitude of the
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period effect was different for the different treatment groups. Finally, 

there was a small but significant variation (p < 0-05) between the 

replicates within treatment groups. 

The relationship between the food energy, growth and growth 

efficiency have been discussed in detail in reviews by Winberg (1956), 

Paloheimo and Dickie (1965, 1966 a and b), Beamish and Dickie (1967), 

Warren and Davis (1967) and Hastings and Dickie (1972). 

According to Beamish and Dickie (1967), there are 2 major path- 

ways of energy use: 

1) invariably the larger, is the release and expenditure of 

energy through a series of chemical reactions collectively 

known as metabolism. 

2) is the conversion and deposition or storage of energy in 

the animal body in a series of processes which collectively 

may be called growth. 

Thus, the growth formula may be written as the basic energy 

equation of Winberg (1956) 

4wW = - 7? 
a Ps 

where W, the energy equivalent of growth during a period of time t, 

is the energy acquired in the assimilated ration, pR, minus the total 

energy expended in metabolism T. 

Gross growth efficiency is the percentage of the ingested energy 

stored as body fabric (Needham, 1964) given as K = AW. The re- 

lationship. between growth efficiency and ration size Has investigated 

by Paloheimo and Dickie (1966b). By examining values for food con- 

sumption and growth of fish, as published in the literature, they con- 

cluded that the gross efficiency decreases from a maximum value at 

low feeding levels and that the change was independent of the body 

weight of the animal. However, Warren and Davies (1967) suggest 

that this statement is not restrictive enough. They state that unless
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net efficiency (given as AW _ , where M is the maintenance ration) 

declines drastically Witferenses in ration from low levels, and 

this is not generally the case, gross efficiency will not decline with 

increasing ration except beyond some intermediate level of feeding. 

Brett (1969), working on the effect of ration size and temperature on 

growth and conversion efficiency, found that at all temperatures K 

reached an optimum as rations increased and suggested that the 

inference of Paloheimo and Dickie may have been based on cases in 

which the range of ration sizes considered lay above the optimum. 

The effect of temperature on feed consumption rate, growth and 

gross conversion efficiency warrants further discussion. Brown (1957) 

has expressed the view that temperature was not of direct importance 

to growth efficiency, except through its general influence on metabolic 

rates and corresponding appetite. This contention appears to have 

been supported by the analysis of Paloheimo and Dickie (1966b). 

In this experiment, temperature has already been shown to have 

affected 'appetite', food consumption rates generally reducing through- 

out the experiment as the temperature dropped. Clearly from Fig24,25 

specific growth rate was not constant in the experiment but began to 

fall off with time. The most likely cause for this reduction is the 

general decrease in food consumption throughout the experiment. Feed 

conversion efficiency generally improved during the experiment, the 

highest value being recorded when the temperature had fallen to 12- 5°C. 

There have been several attempts to determine the optimum temp- 

erature for the growth of salmonids. Brown (1946) reported two 

optimum temperature ranges, 7-9°C and 16-19°C, for brown trout 

(Salmo trutta). However, this work was criticised by Swift (1961) 

who suggested that Brown's two temperatures resulted from con- 

sidering an insufficient number of fish, and, using larger numbers of 

animals, he was able to show only one optimum temperature at 12°C. 

Baldwin (1956) suggested a temperature of 13°C as being the optimum
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for the growth of brook trout (Salvelinus fontinalis) fed on minnows. 

More recently Brett (1969) has determined the temperatures at 

which optimum growth and efficiency occurred in sockeye salmon 

(Onchoryncus nerka) fed a range of ration sizes. When fed an excess 

ration, optimum growth occurred at 14- 5°C whilst maximum con- 

version efficiency occurred at 11- 5°C. That optimum growth and 

optimum conversion efficiency occur at different temperatures has 

also been shown for the coho salmon (Onchoryncus kisuch) (Doudoroff, 

1969) and catfish (Ictalurus punctatus) (Allen and Strawn, 1967). 

Whilst there may be species differences in the salmonid group, it 

is possible that differences in the methods used, particularly with 

respect to food type and feeding levels, both of which have a marked 

effect on growth, could explain observed differences reported in the 

literature. Brett (1969) fed sockeye salmon high energy compound 

feeds at a number of different levels up to excess. The optimum 

temperatures for growth and food conversion varied with the level of 

feeding. Repeating Brett's work on rainbow trout, brown trout and 

brook trout may reveal optimum temperatures for growth and food 

conversion efficiency similar to those observed for sockeye salmon. 

Apart from the general decrease in consumption rate due to the 

fall in temperature, food conversion may have been more restricted 

during periods 3 and 5, as previously discussed. This would tend to 

increase feed conversion efficiency since the feeding rate was likely 

to have been greater than the optimum. 

Other factors may also have influenced food conversion. For 

example, food particle size may be of importance as discussed by 

Paloheimo and Dickie (1966). Hastings and Dickie (1972) point out 

that particle size has been recognised as one of practical importance 

in fish culture for many years but there appear to be no reports of 

experiments which have been deliberately designed to measure the
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effect and provide an explanation of the role which food particle size 

plays in either fish culture or in nature. They concluded that 'at 

this junction in the state of the art of fish feeding, we can only con- 

clude that characteristics of physical distribution and availability for 

grazing may have an influence on food value for growth, which are 

as important as substantial changes in the chemical or bulk character- 

istics'. In this experiment, the particle size was increased from 

crumb 1 to the §" pellet during the course of the experiment and this 

may also have contributed to the increased conversion efficiency by 

increasing 'grazing efficiency’. 

Analysis of variance showed a highly significant effect of diet 

treatment on food conversion efficiency and the results were therefore 

further analysed using the sequential t test as shown in Table53. The 

means are ranked in ascending order and values not significantly 

different are indicated . 

Food conversion efficiency was correlated with the digestible pro- 

tein content and the digestible caloric content. The regression 

equations are: 

" Digestible Protein % y 1-57x+16°68 F= 0°89 

Digestible Cals. % We aeel oSu 007 14) econ 
However, differences in caloric content were largely due to differ- 

ences in the content of digestible protein. Conversion efficiency 

generally improved as the % digestible protein calories increased 

(Fig26). 

The importance of large quantities of protein in salmonid diets 

has already been mentioned. The optimum protein content for chinook 

salmon and rainbow trout has been shown to be approximately 40% 

using semi-purified diets. Practical diets containing protein of 

lower quality are generally formulated to contain 40 - 45% protein, 

contributing some 55 - 60% of the total calories. The McNenney 

formulation, on which the control diet CO9 was based, is formulated
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for optimum performance and in this instance contained 45-5% 

protein on analysis, contributing 59- 8% of the total calories and 68°6% 

of the digestible calories. As the protein content reduced, one would 

therefore expect a fall-off in performance. The scatter of points 

about the mean regression line will be partly the result of experi- 

mental errors, particularly in the assumption that all the measured 

nitrogen was protein nitrogen, as previously discussed, and partly 

due to differences in the quality of the test proteins. The value of 

each protein used will be dependent on its amino acid profile and, in 

this instance, on its ability to compliment the amino acid profile of 

the basal ration. Protein quality is discussed further in Section 6. 

The data for the second phase of the experiment is shown in 

Tables 54,55,5¢and57. Food consumption values (Table 54) have 

been reported as: 

Food consumed 

0-8 0-8 
eh - a(Wi 5 Wig )eES To 

where food consumption is given as gross energy (Kcals) and weight 

Wis given in gs. The values differ from the appetite quotients re- 

ported earlier in that they have not been corrected using assimilation 

coefficients. Values for diet C19, containing the ICI bacterial pro- 

tein, and diet C22, containing Penicillium chrysogenum, were com- 

paratively low. It is unlikely that the differences are entirely due to 

differences in assimilation coefficients and appetite could be adversely 

affected for these single-cell proteins at this level of inclusion. 

Appetite does not appear to be affected by the yeast, alga or the 

mould, Aspergillus niger. 

Growth data is shown in Table 55 and specific growth plots are 

shown in Fig27. The specific growth rates and food conversion 

efficiency for each two week period have also been determined and 

are reported in Tables 56 and 57 respectively. 

Conversion efficiency values for the control diet were very high
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despite the low temperatures recorded during this phase of the 

experiment. Warren and Davis (1967) reported that unpublished data 

of Brocksen suggest that cutthroat trout (Salmo clarki) may utilize 

food for growth under some conditions in late winter with higher gross 

efficiencies than in spring, at least over the narrow range of rations 

the fish will consume in the winter. According to Warren and Davis, 

the higher gross efficiencies in winter were primarily due to the 

lower maintenance costs, probably resulting from lower temperatures, 

and the data suggests that there are seasons and temperatures at 

which maintenance costs may be low but at which fish are still 

metabolically able to utilize food effectively for growth. Under 

these circumstances the gross efficiencies will be high. This 

appeared to be the case in this experiment. 

There was little difference in food conversion efficiencies (F.C.E.) 

for the groups fed the control diet (C09) and that containing the yeast 

protein (C18). The specific growth rate of the latter was marginally 

better, probably reflecting the slightly increased appetite (Table 54). 

The F.C.E. of diet C19, containing the bacterial protein, was also 

very high, although the specific growth rate was lower than the con- 

trol as a result of a generally reduced feed intake. Both diets (C18 

and C19) had a higher protein and caloric content than the control 

diet and both single-cell proteins have already been shown to be well 

assimilated. It is likely that the optimum protein content has been 

exceeded in these diets, resulting in no further improvement in 

F.C.E. over the control diet. 

The growth rate of fish fed the algal containing diet (C20) was 

also comparatively high although F.C.E. was generally somewhat 

lower than the control. This diet had a similar protein content and 

more calories than the control but the algal protein has a lower 

digestibility as indicated earlier. This probably accounts for the 

poorer F.C.E,
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The growth rate of fish on the diet C21, containing Aspergillus 

niger, varied between periods, being higher than the control during 

two periods. The F,C.E,. was, however, somewhat poorer. F.C.E. 

of fish fed diet C22, containing Penicillium chrysogenum, was also 

comparatively low and specific growth rate was poor as a result of 

this and a generally depressed 'appetite' as indicated previously. 

Both C21 and C22 had a lower protein content than the control. The 

protein digestibility of these components has also been shown to be 

lower, as indicated previously. 

Terminal Pathology 

Condition 

The general relationship between log, weight and log, length is 

shown for diet CO9 in Fig28. There was a significant positive 

correlation between log, weight and log, length. However, the re- 

lationship appeared to break down for the smallest fish. The weight 

range of fish within each group was shown to increase substantially 

during the trial. However, within each group there was a small 

number of fish that grew very little during the trial. These fish were 

probably the lowest members of the hierarchy, generally stressed 

and therefore in poor condition having a comparatively low weight for 

their length. Omission of the data for such fish increased the 

correlation coefficient and decreased the slope value. 

n was considered close enough to 3 to permit its use generally 

in determining the condition factor of the 18 fish from each diet at the 

end of each phase of the experiment. The mean results are shown in 

Table 58. The results have been computed for analysis of variance 

and the significance of differences between diets have been tested 

using sequential t tests. (ta BLE 59) 

There was no significant difference in the mean condition factor
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for each treatment group at the end of Phase I. However, a positive 

correlation (p<0-02) was obtained between condition factor and the 

digestible caloric content of the diet (Fig29), condition factor 

generally increasing with increasing digestible calories in the diet. 

During Phase II, there was an increase in the condition factor in 

all groups except those on the diet containing bacterial protein. How- 

ever, the increase was not significant in some cases as shown in 

Table 58. The condition factor significantly increased in the group 

fed the control diet. This could be related to the temperature change. 

It is possible that there was a greater tendency for fat storage in the 

colder months when metabolic energy demand was at a low level. This 

may equally apply to the other groups, although the energy content of 

the diets generally increased during Phase II which may have accounted 

in part for the observed increase in condition factor. 

Differences between the groups were noted at the end of Phase IT 

as shown by analysis of variance (Table59). This may reflect 

differences in fat storage but since body composition was not deter- 

mined this could not be verified. The fish on the control diet CO9 and 

those on diet C18 containing BP yeast had significantly higher con- 

dition factors and these diets had the highest energy content. They 

had also generally performed better than other diets during the second 

phase of the experiment. 

External appearance 

There were no substantial differences in the external appearance 

of fish from any of the groups. At the end of Phase I, the smaller 

fish in each group were in poorer condition, having slightly increased 

fin erosion as a result of fin "nipping". This was not so apparent at 

the end of Phase II after 10 weeks in the colder environmental con- 

ditions. 

Fish fed algal protein had slightly improved colouration probably
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resulting from the higher quantities of caratenoid pigments found in 

algae. 

Haematocrit 

The mean results for the haematocrit tests are shown in Table 60, 61. 

There were significant differences between the diet groups (p<0-001). 

The means have been compared using the sequential t test. Values 

indietated are not significantly different. The fish fed the control 

diet had a significantly higher haematocrit than the other diets at the 

5% level of significance, although this was not significantly different 

from diets containing algal protein, groundnut, yeast or bacteria at 

the 1% level of significance. Fish fed diets containing mould protein 

had significantly lower haematocrit values than all others. 

Haematocrit values for the 6 groups at the end of Phase II are 

shown in Table 60, There was a significant difference between 

haematocrit values for Phase I and Phase II only for those fish fed 

diets containing Penicillium chrysogenum, as shown in Table 60. 

Haematocrit increased substantially in this case. Small increases 

were also shown for diets containing yeast protein, algal protein and 

the mould, Aspergillus niger, but the differences were not significant 

(p>0-05). There were small decreases in the groups fed the control 

diet and the diet containing bacterial protein. The protein content of 

all test diets increased and thus may have accounted for the small 

improvements in most cases. The marked improvement for the diet 

containing Penicillium chrysogenum, however, could not be explained. 

At the end of Phase II only the diet containing the mould Aspergillus 

niger had a significantly lower haematocrit value at the 1% level of 

significance.( TABLE 62). 

The first general sign of abnormal haematology is impaired 

haemopoiesis which is characterised mainly by depressed values for
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erythrocytes and haemoglobin. There are two basic causes: 1) the 

lack of elements permitting fish to produce blood and 2) nutritional 

diseases which affect haematopoetic organs (Snieszko, 1972). Snieszko 

suggests that some of the essential vitamins, minerals, and possibly 

also amino acids, belong to the first group, and fatty degeneration of 

the liver, visceral granuloma, hepatoma in terminal stages, and 

possibly others, belong to the second group. In addition to the many 

nutritional diseases in which anaemia is listed as a symptom (Snieszko, 

1972; Ashley, 1972) most communicable diseases in their acute form 

may also result in anaemia. 

There is a wide range of 'normal' haematocrit values for rainbow 

trout. Snieszko (1961) reports 44-7% as the mean result of 84 rainbow 

trout aged between 3 - 10 months. Ina further analysis he showed a 

seasonal variation, values varying from 43-8% in May to 53-0% in 

January. Values for groups of fish on the mould proteins were just 

outside this range at the end of Phase I. However, diet composition 

will have an effect on haematocrit. Thus, there was a positive 

correlation between haematocrit and protein content as shown in Fig 30. 

There was a marked resemblance between the plots of haematocrit 

against protein content and that of F.C.E. against protein content. 

Values for the bacterial protein were somewhat lower than might be 

expected in both cases. 

The lower mean values for groups of fish fed diets containing the 

mould proteins are probably related to diet composition rather than 

to pathological disturbances listed in group 2) above. Protein content, 

or perhaps amino acid balance specifically, appear to have the same 

effect on haematocrit as it has on growth and food conversion. 

Internal appearance 

Internal examination revealed no obvious differences between the 

groups after 12 or 22 weeks. The amount of visceral fat was variable
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and some livers were pale and in a few cases hada 'blotchy' appear- 

ance, but there did not appear to be any dietary related differences. 

With the exception of diets C12 and C15, there were no significant 

differences in mean liver weight at the end of Phase I (‘Table 63). 

Values for C12 were significantly lower, and C15 significantly higher 

than the remaining diets at the 5% level of significance. There were 

no significant differences at the end of Phase Il. There was a 

significant difference between Phase I and Phase II results only for 

fish in the groups fed the mould, Aspergillus niger. There were no 

obvious correlations between these results and any of the measured 

diet parameters. 

The variation between observations witha treatment group were 

significantly different i.e. non-homogeneity of variances was shown 

by Bartlett's chi-square test. The varianceswere high in, the case of 

the group on the diets containing algal protein and low in the group 

containing groundnut at the end of Phase I and these are the groups 

in which significant differences were noted. This finding could not 

be explained. The interpretation of the results must be treated with 

some caution. 

None of the groups were considered to have abnormally large 

livers and there was no evidence of tumours. This was confirmed 

by histological examination. All livers were generally highly 

vacuolated but there were no obvious differences between treatment 

groups . Livers of this appearance are typical for 

hatchery trout reared on artificial compound feeds. Such vacuoles 

are generally considered to result from storage of lipid. The degree 

of vacuolation was variable but in no case was there a complete 

breakdown of liver tissue organisation indicating liver lipoid de- 

generation.
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CONCLUSIONS 

The performance data has been summarised in Tables 65and 66. 

Differences in growth and conversion were largely related to 

differences in composition, particularly of the protein content. 

All five single-cell proteins were well tolerated at a 20% inclusion 

rate, but at the 40% level there was some reduction in feed intake of 

the groups of fish fed diets containing Pseudomonas and Penicillium 

chrysogenum. Since there were many variables it is difficult to 

ascertain the cause of this. Amino acid imbalance is one possibility. 

Pathological examination revealed no abnormalities in any of the 

fish fed single-cell protein for 22 weeks and mortalities were very 

low throughout the experiment. In this respect the results were most 

encouraging.



SECTION 6. 

DESIGN OF EXPERIMENTAL FACILITIES FOR THE 

EVALUATION OF PROTEIN QUALITY 

AND FURTHER ASSESSEMENT OF FEEDING TECHNIQUES.
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DESIGN OF EXPERIMENTAL FACILITIES 
  

Introduction 

The initial trials carried out in the systems outlined previously, 

showed certain inadequacies in the design of the experimental facilities, 

as discussed. It was clear that more space and water were required 

for a satisfactory feed evaluation programme and that it was necessary 

to improve the design of the experimental facilities. 

The Fish Laboratory 

For further work, increased space and water was made available 

for the development of a laboratory specifically for fish studies. The 

laboratory was a small two-storey building. The upper floor provided 

general office and laboratory facilities and the ground floor, the floor 

of which was concrete and sloped to a 6'' drainage grid, was fitted with 

the tank systems. In addition, there was a small room adjacent to the 

general laboratory on the upper level. This also had a concrete floor 

and provided an excellent site for placing a 250 gallon header tank. This 

was served by a 1" inlet from the mains, and fitted with a ball cock 

control valve. The laboratory facilities were to be shared and it was 

necessary to design systems for the evaluation studies within the con- 

fines of the limited space and with the water available. It was also con- 

sidered desirable to further develop the design criteria for the nitrogen 

balance system previously built and evaluated and to use as many 

materials as possible from that system. 

At the time the facilities were designed, it was proposed to evaluate 

the test proteins by a number of methods, including tests for protein 

efficiency ratio, net protein utilization and biological value. In order 

to make it possible to compare such values directly and to establish 

possible correlations, it was considered that a desirable feature of the
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facilities was the pairing of two systems where control of environmental 

parameters in each could be achieved in an attempt to maintain similar- 

ity of such factors as light and water temperature. The facilities there- 

fore included a redesigned 16-tank nitrogen balance system for the 

determination of Biological Value (B.V.) and an additional 16 circular 

tanks for the determination of nutritional parameters other than B.V. 

A large 'Bartangle' framework was built to accommodate both tank 

systems as shown in Plate9 . 

Experimental Tank System 1 

The nitrogen balance system, previously described, was modified 

in an attempt to overcome the problems encountered in the initial ex- 

periments. The same two 8 tank units were retained, but were built 

adjacent on the same level, as opposed to one above the other (Plate? ). 

The enclosures were rebuilt completely to give a larger working space 

9' x 3! x 2'. The front face was made of a considerably more sturdy 

timber frame which was bolted to the 'Bartangle'; 2' x 2' framed doors 

provided easier access. The light fittings described previously 

were retained. The whole of the inside of the enclosure was lined with 

polystyrene tiles providing a completely light-proof box with reduced 

noise disturbance and, it was hoped, a generally more stable environ- 

ment (Plate {0). 

The circotherm was dispensed with on the basis that it was inad- 

equate to cope with the volume of water required to be cooled/heated and 

it was considered better to record the ambient water temperatures 

rather than create unwanted temperature gradients. On the basis that 

two 16 tank systems were to be run together (experimental tank systems 

1 and 2), providing a similar environment for correlation studies, the 

plumbing system was arranged as shown in Fig}. 

The balance systems were supplied independently from the header
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tank, each individual tank being served from a ring main as before. On 

open flow, the same temperature was maintained in all 32 tanks within 

the laboratory, since they were supplied from a common header and it 

had been found that fluctuating air temperatures had no observable 

effect on the tank water temperature with the flow rates generally used. 

However, so that the same temperature was maintained throughout a 

N-balance collection period (24 hrs.), when the balance tanks were not 

supplied with incoming water, the two water lines to the medium tank 

system were diverted through the 40' heat exchangers immersed as 

before in the troughs. Once equilibriated, the water temperature within 

the balance system should be maintained equal to that in the medium 

tank system (i.e. ambient mains water temperature). 

Considerable modifications, as shown in Fig32and Plate9 , were 

made to the outlet and drainage system to overcome the problem of 

faecal/fungal build up in the traps. 

The small traps were replaced by 12 fl oz disposable glass bottles 

from which the bottom had been cut. 53mm rubber bungs were used 

instead of corks, providing an adequate seal without additional use of 

sealing compounds. The trap could therefore be stripped down for 

cleaning purposes. It was not positioned directly beneath the tanks but 

moved to the front of the system, being more accessible in that position. 

A simple valve was made from 5 ml disposable plastic syringes and 

incorporated in each outlet line (Fig32). Thus the trap could be closed 

off during feeding, when uneaten food could be removed by the side arm, 

and during faecal collection to prevent the water in the tank rushing in 

to the trap causing upwelling as described previously. The outlet from 

the trap was via a swing arm providing the water levelling device 

previously described. The waste discharge, however, was to an open 4" 

gutter which could not block and which could be cleaned. Rubber 

connectors were inserted in the outlet lines before and after the trap, so 

that the trap could be bypassed completely by a simple disconnection and 

reconnection of the tubing, as shown in Fig32.
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The neck of the trap had a 4" open end from which faecal material 

could be drained very much more easily. A simple valve was again 

made from 5ml disposable plastic syringes (Fig32) and inserted into 

each bottle neck. The valve could be opened easily using one hand and 

very little force, leaving the other hand free to hold a collection vessel. 

The traps drained into a filter funnel for direct collection of faeces if 

desired. In this case water from the trap was discharged directly to 

the lower drainage system of experimental tank system 2 by connecting 

a hose to the filter funnel. The tank could be completely emptied to the 

drains in this way when desired. 

Finally the air lift system was changed slightly. 6 mm. tubing 

replaced the }"' previously used and air tube was passed into this via a 

T-piece, as shown in fig32. The water flow into the tank from the air- 

lift was very much smoother because of the larger bore. 

The nylon covers were replaced by }'' diamond netlon clipped around 

the circumference of the tank as shown in Plate10. 

The whole system was very much improved providing greater ease 

of operation and increased working efficiency. 

Experimental Tank System 2 

The second system installed in the laboratory was of a very much 

simpler design, incorporating 18'' diameter circular tanks with a 

capacity of 18 litres. The saucer-shaped tanks were positioned on the 

'Bartangle' framework below the balance system, as shown in plate 11. 

The tanks were modified hatchery trays made of fibreglass, with a 

smooth inside, shelving to a 6'' diameter, shallow 'sump! with a 1" 

central drain hole into which a length of P.V.C. pipe was fitted and 

sealed. A netlon 'plug' was inserted into the hole to prevent fish es- 

caping via the outlet. 

The drainage mechanism was a simple 'overflow swing-arm'. This
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consisted of a rubber hose looped from the tank's central drain to a 

P.V.C. T-piece which was bolted to one end of a length of metal strip. 

The other end of the strip was attached to the main framework of the 

system with a bolt and wingnut. The whole assembly thus acted as a 

swinging arm, enabling the water level in the tank to be set at any 

desired volume (plate12). Water drained from the T-piece to 4"' open 

gutters positioned beneath the tank system. 

The inlet system was via the heat-exchangers immersed in the 

troughs as described earlier (fig31). The individual tanks were supplied 

from a 'ring main! via {"' inlet tubes terminated by a bend positioned in 

the tank so as to give a circular flow pattern, in an attempt to encourage 

an even distribution of fish within the tank and also to provide a self- 

cleaning system. The flow rate to each tank could be adjusted. 

Light was provided to each tank from individual 24 volt, 12 watt 

bulbs supplied from a transformer as for the balance system. As a 

safety precaution, the bulb holders were mounted on timber enclosures 

as shown in fig33. Each enclosure was mounted directly over the central 

drain hole of a tank, fastened to the hardboard 'shelf! between experiment- 

al tank systems 1 and 2. The bulb holders were assembled as shown in 

fig33. The insertion of a rubber washer effectively sealed in the 

electrical contacts preventing damp 'shorting' the circuit. 

At the light fitting, P.V.C. discs were used for the attachment of 

the tank covers which were cut in the shape of a cone from 4" diamond 

netlon and attached to the tanks around the circumference using nylon 

line. An overlap was allowed at the front to allow easy access to the 

tank. 

The system was relatively easily maintained. The tanks were self- 

cleaning. The rubber overflow tubes were squeezed daily to loosen 

accumulating faecal/fungal clumps and the swing arms lowered to carry 

the solids to the open gutters.



Fig. 33. Assembly of Light Fitting. 

Hardboard Enclosure to Protect 
Electrical Contacts, 

  

  

    la 
—= Le Electric Cable 

Bs Rubber Washer 

    

     

Plastic Bulb Holder 

    »V.C. Dise-to which the 
nejtlon cone was 
attached,



 
 

12. PLAT



144 

DEVELOPMENT OF MECHANISED FEEDING SYSTEMS 

Introduction 

Feeding techniques commonly used in feed evaluation trials were 

discussed in Section 3 and both controlled feeding and 'ad libitum! 

techniques have subsequently been used in separate trials as described 

in Sections 3 and 5 respectively. One problem common to both techniques 

used was that they were time consuming if food wastage was to be avoided 

and they required personal presence at least twice per day, seven days 

per week. The incorporation of a mechanised feeding system, complete 

with an automatic facility, into the fish laboratory was therefore con- 

sidered to be desirable. 

A number of criteria considered to be necessary for a feeding system 

designed for use in small-scale experimental feed trials were defined. 

It should - 

(1) be capable of dispensing a range of food sizes up to ¢"' pellets with- 

out jamming. 

(2) be capable of dispensing variable amounts of pellets, the smaller 

the number at the lower limit the better. 

(3) be capable of dispensing pellets without causing excessive dusting. 

(4) have a self-filling mechanism from a hopper holding sufficient 

quantity of feed for a minimum of two days at the maximum feeding 

rate envisaged. 

(5) be capable of dispensing pellets automatically at any chosen interval 

up to six hours. 

(6) have a manual overide to facilitate 'ad libitum' feeding. 

(7) be easy to make with the minimum skill, using readily available, 

inexpensive materials. 

Design of System 

An air-powered feeding system, consisting of feed dispenser units
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and control mechanisms, was developed. 

Feed dispenser 

The design of the dispenser unit was devloped from an idea 

in whieh pellets were simply pushed out of a tube by an advancing 

plunger. When it retracted, pellets flowed from a hopper by gravity 

feed replacing those dispensed. The details of the design are shown in 

Fig 34 and a complete unit is shown in Plate13. The unit was modified 

slightly for use outside as shown in Fig35 and Plate 14. The method of 

construction is described in detail in Appendix 2. 

Bottled compressed air, at approximately 25p.s.i., acting on the 

rubber seal of the power piston (Fig54) supplied sufficient force to 

overcome the frictional resistance offered by the seal, the elastic force 

of the spring and the small weight of pellets in the body of the dispenser 

tube. The piston was consequently pushed outwards moving the plunger 

with it, thus dispensing the pellets from the open end. When the power 

was released the potential energy stored in the extension spring was 

sufficient to return the piston against the frictional resistance of the 

seal. As the plunger retracted, pellets flowed by gravity from the 

hopper into the main body of the dispenser tube. The quantity of feed 

dispensed during each operation was adjusted by altering the traverse 

of the plunger. 

Automatic, controlled feeding 

For automatic operation, the air supply was connected to the feeder 

units via solenoid operated valves, designed as shown in Fig36. Con- 

struction and operation details are described in Appendix 2. 

The important feature of the design is that when a valve is open, the 

air passes into a closed system, where one can fully utilize the power 

(25 p.s.i.) with very little loss of air volume from the bottle, and that
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in its closed position, the valve allows the system to exhaust, when 

the extended spring on the dispenser could retract, allowing the feeder 

tube to refill with pellets. 

Four valves were installed in a control box sited between the two 

parts of the balance system as shown in Plate 9 . The exterior and 

interior of the control box is shown in Plates 15 and 16 respectively. 

In the latter, the four solenoid valves can be clearly seen. Any number 

of feed dispensers could be connected into an air ring main supplied 

from each valve. All dispensers connected into a common ring main 

would discharge food simultaneously. Four valves were installed in 

order to give a versatile system with optional timed sequences. 

Fixed timing sequences were obtained from a cam-timer rotating 

once per hour, whilst variable timing was achieved by means of an 

electromechanical timer. These two timers operated only during day- 

light hours, being controlled by a 24 hour Venner timer which supplied 

power to both the feeding and lighting systems for 12 hours only. A 

detailed account of the timing mechanisms complete with circuit dia- 

grams is given in Appendix 2. All electrical components were wired in 

to the control box which was isolated as far as possible from water. 

Tank System 2 in the laboratory was fitted with 16 dispensers, one 

for each tank. The dispensers were light enough to be clipped to a 

piece of metal strip bolted to the main 'Bartangle' frame of the system. 

The strip could be swivelled in a horizontal plane whilst the clip could 

be turned so that the feeder could be rotated vertically about the axis of 

the clip. In this way the position of the feeder unit could be adjusted 

with respect to the tank it served. The open end of the dispenser was 

normally pushed through a hole cut from the netlon cone some 9-12 

inches from the water surface as shown in Plate17. All of the 16 feeders 

could be connected into a single air ring main served from any one of 

the four solenoid operated valves. Alternatively, the feeders could be 

split into four groups, each group being connected to a different valve
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operated independently, providing different feeding regimes. The 

system was therefore well equipped for controlled, automatic feeding. 

Since there were no electrical parts on the dispenser units, they 

could be positioned on tanks situated outside the laboratory. Further- 

more, they could be positioned some distance from the laboratory as 

long as it was practicable to run an air line from the control box in the 

laboratory to the feed dispenser units. Thus the stock tanks situated in 

the open, some 20 yards from the laboratory, were fitted with automatic 

feeders, as shown in Plate 18. The feed dispensers used in this case 

were those modified to protect the mechanism and the feed from rain and 

dirt, etc. 

Mechanised 'ad libitum! feeding 

Whilst the feeding system installed in the laboratory was ideal for 

experiments in which feeding was controlled, or indeed during the pre- 

experimental period when fish were being adapted to the experimental 

environment, there was no facility for operating each feeder independ- 

ently as was required for the 'ad libitum' feeding technique. This was 

rectified, however, by incorporating a hand-operated valve into the air 

supply line between the ring main supply and each feed dispenser. When 

air pressure was allowed into the ring main, any feeder could be operated 

manually, simply by opening the appropriate valve. Each valve was 

located by the tank it served, so that the fish could be observed whilst 

feed was being dispensed from the feeder. One such valve is shown in 

Plate 19 and Fig 37% The beads prevented the plungers from being 

blown out of the valves when the air pressure was on. 

In order to allow air into the ring main, it was necessary to operate 

the appropriate solenoid valve, using, for example, the manual overide 

switches. However, to protect the solenoids from excessive use during 

‘ad libitum!' feeding, a set of three manually operated master control 

valves were incorporated into the design and positioned on the front of
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the control box as shown in Plate15. The valves allowed the solenoid 

valves to be by-passed. The detailed function of the three valves is 

described in Appendix 2 along with the sequence of operation. The ad- 

vantage of using the system for 'ad libitum' feeding compared with hand 

feeding using the techniques described previously, was that the time 

taken to feed a number of tanks could be substantially reduced. Generally 

fish in all tanks take some food. Thus with all the feeder valves open, 

food could be dispensed to all tanks at one time using the manual overide 

on the box. This could be repeated several times. When necessary, 

the air supply to the feeder supplying any particular tank, e.g. when 

fish were reaching the point of satiation, could be shut-off by closing 

the appropriate feeder valve. Fish in all tanks would progressively 

reach this point. Thus, with all individual feeder valves closed, the 

control valves were changed over, air therefore by-passing the solenoid- 

operated valves and passing directly into the ring main. Each feeder 

valve was then operated in turn as many times as was required to com- 

plete the feeding. 

Demand feeding 

gto. 
Demand feeding has been described by Adron,(1973). He had used 

the principle to examine various aspects of the feeding behaviour of 

rainbow trout. He had shown that rainbow trout could learn to make 

contact with a switch positioned in the water, in order to obtain food. 

The air-powered feeding system was modified to incorporate the 

demand feeding principle. The feed dispenser unit was retained. Each 

feeder required an independent solenoid-operated valve for demand 

feeding but the valve design was unchanged. A simple switch was de- 

signed as shown in Fig 38 The details of construction are given in 

Appendix 2. The electrical contacts were isolated in a sealed tube 

allowing the switch to be used safely outside the laboratory. When con- 

tact was made, a relay was actuated. This operated a counter in 

addition to the solenoid valve which was connected to the feed dispenser
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unit in the normal way. A monostable multi-vibrator circuit was in- 

corporated into the circuit design in order to open the air valve for a 

1 second time interval to ensure operation of the feed dispenser. Details 

of the electrical circuit are described in Appendix 2. The circuitry was 

developed in this instance for two demand feeders. The electrical com- 

ponents, including the solenoid operated valves, were incorporated into 

a control box. An air operated pen recording system was also incor- 

porated into the design. Details are described in Appendix 2. The 

chart recording system and control box are shown in Plate20. 

The demand feeding system was operated successfully in the three 

foot diameter stocking tanks using Cooper Nutrition Products 'Beta' 

Floating Trout Pellets (Size No. 4) during the summer of 1973 when the 

water temperatures were relatively high 14°C-17-5°C. During this 

period, the feeding rates were comparatively high and fish fed vora- 

ciously. Seventy rainbow trout (15+cm) were given an opportunity to 

adapt to the feeding regime. The behaviour and learning pattern of the 

fish confronted with such a system has been fully described by Adron etal. 

(1973). 

The approach of the fish to the red trigger tip changed with time from 

a vigorous 'attack' to a gentle push. A trained fish about to operate the 

trigger is shown in Plate 21. 

The 'ad libitum! feeding technique used previously could be carried 

out more conveniently using the mechanised feeding system, but the 

method was still time consuming and required personal presence. 

Furthermore, one could not be sure that feed intake was as much as it 

would have been if fish had been allowed to feed at all times. Demand 

feeding, however, allowed fish to feed continuously and may be con- 

sidered to represent true ad libitum feeding. The feeder design had 

been successfully modified for use as a demand feeding system and it 

was therefore appropriate to evaluate the technique and to determine 

the feasibility of using it routinely in small-scale feeding trials.
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Observations With Demand Feeding 

1) Effect of light periodicity on feeding rhythm 

Introduction 

etal 
Adron (1973) had shown that trained populations of rainbow trout 

maintained in tanks supplied with artificial light between the hours 

08.00 and 20.00 fed rapidly during the first hour after the presentation 

of the demand trigger at 09.00hrs. Feeding rate then declined until 

the late afternoon when there was a small but consistent increase in 

feeding rate prior to removing the demand feeder at 16.00hrs. When 

the fish were subsequently allowed to demand feed in continuous light, 

a fairly regular pattern of feed activity was established after about ten 

days, when peaks of feeding activity occurred at about 8 hour intervals. 

Adron suggested that the self-feeding rhythm, with bursts of activity 

at approximately 8 hour intervals, may be related to the overall rate of 

gastric evacuation. He therefore suggested that the choice of a 7 hour 

feeding period in the controlled 12 hour lighting experiment was not 

ideal. Although there was a consistent increase in feeding activity to- 

wards the end of the period, this may have been more marked if the 

fish were allowed a longer feeding period. 

It seemed appropriate to repeat Adron's experiment using a longer 

feeding period in the controlled artificial lighting conditions of the 

laboratory and to compare any established rhythm in this circumstance 

with that established for a similar population of fish maintained in 

similar conditions outside the laboratory in normal daylight. 

Method 

70 'trained' fish were divided into two populations of approximately 

equal weight. One population of 35 fish was placed in a 3' diameter 

tank within the laboratory. The tank was supplied with light from an
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individual 12 watt light bulb situated approximately 2'6'' above the 

water surface, Extraneous light was kept from the tank by a black 

plastic curtain surrounding it. The lighting was of 12 hours duration: 

08.00 to 20.00hrs. The laboratory was in complete darkness during 

the hours 20.00 to 08.00hrs. 

The second population of 35 fish was placed in an identical tank 

outside in natural daylight. During the experimental period, dusk was 

approximately 22.00hrs. and dawn approximately 03.30hrs. 

Both tanks were supplied with tap water at the rate of approximately 

4litre/minute. The tanks were fitted with a demand feeder and the 

trigger in each tank was placed in the same position relative to the 

water inlet position. The trigger was placed 6" in front of the feeder 

relative to the fish which lined up against the direction of flow. The 

feeders were filled daily with Cooper Nutrition Products! 'Beta" 

Floating Trout Pellets, size no. 4. 

At the end of a preliminary period of seven days in which the fish 

became adapted to the environmental conditions, both populations were 

weighed. The temperature was recorded and the feeding rhythms were 

recorded during the following 12 days using the air-powered recording 

system. 

Results 

Weight of fish in laboratory (lighting - 12 hrs. on/off) = 2580g 

Weight of fish outside (lighting - natural daylight) = 2590¢g 

Temperature Srieec 

Typical feeding rhythms for the two lighting conditions are shown 

in Fig 39. The frequency of contacts during a 12 hour period, 08.00hrs. 

to 20.00hrs., recording at two hour intervals, is shown in Fig 40 along 

with the total number of contacts for the remaining 12 hours.
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In the natural daylight conditions, feeding was continuous through- 

out the daylight hours although the heaviest feeding appeared to occur 

at dusk and dawn. The dawn peak was most noticeable. 

In the laboratory, feeding was also continuous during the hours of 

light but two very noticeable peaks occurred between the hours 08.00 - 

10.00hrs. and between the hours of 18.00 and 20.00hrs., that is during 

the first and last two hours of light. 

The number of contacts and the weight of food dispensed was similar 

for the two populations in the different lighting regimes. The rate of 

food consumption was about 2°4% body weight/day. There was no ob- 

servable food wastage. The fish appeared to consume the food immed- 

iately after it was dispensed. 

Discussion 

It was interesting to note that in intensive conditions where food is 

not limiting, feeding activity increased at dawn and dusk in natural 

daylight. This is in agreement with observations on wild populations 

of trout in Scottish Lochs where the activity of trout has been shown to 

increase substantially during the twilight periods, possibly indicating 

increased movement associated with searching for natural food organ- 

isms. (Holliday, personal communication). Even more interesting 

was the fact that this same pattern developed in the artificial laboratory 

light conditions, where dawn and dusk were not artificially simulated, 

the light coming on to full intensity at 08.00hrs. and switching off to 

complete darkness at 20.00hrs. 

In the natural light conditions the dusk and dawn peaks occurred at 

approximately 7-8 hour intervals which, at first sight, would appear to 

confirm Adron's belief that feeding activity is associated with gastric 

evacuation time. However, although there was a general increase in 

the number of contacts between 10.00hrs, and 04.00hrs., there was no
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clear evidence of a marked peak of activity about midday equal in 

magnitude to that of the dawn and dusk peaks. The feeding activity may 

be related to an inherent biological rhythm controlled by light and dark 

phases of the day, feeding activity being maximal during the first and 

last hours of light. If this is so, the 7-8 hour interval between the 

dawn and dusk peaks in the natural light conditions could be coincident- 

al. 

The results in the controlled light conditions clearly confirm 

Adron's observations that very active feeding occurs in the first two 

hours after presenting fish with feeding opportunity. In this instance, 

the feeders were not removed but remained in position the whole 24 

hours. It was, however, unlikely that the fish could see the triggers 

during the hours of darkness and, although there were occasional dis- 

charges during this time, these would be the result of accidental con- 

tact. Feeding became possible as soon as the lights came on. It is 

unlikely that this increased activity is associated with external in- 

fluences. 

The second peak in feeding activity did not occur 8 hours after the 

commencement of the first as Adron had predicted based on gastric 

evacuation time, but in this case occurred some 10 hours after the 

first peak. Whilst sufficient time had elapsed for gastric evacuation, 

this observation possibly confirms the existence of an inherent biological 

rhythm, in which feeding activity is maximal during the first and last 

two hours of light, and that the fish in the controlled lighting conditions 

have adapted their feeding habits accordingly. 

It was further interesting to note that the fish population in the 

laboratory appeared to consume as much food in the 12 hours light as 

the paired population outside were able to in the 19 hours natural light. 

The intensity of feeding in the first and last hours of light was such that 

they seemed to make up for any deficit.
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Such observations are not only of academic interest but, if re- 

producible, could be of tremendous practical importance to the fish 

farming situation where optimum feeding regimes and rhythms are not 

well established. The experiments were not continued for long enough 

and quantitative measurements of feed consumption were made on too 

few occasions to place any significance on the results. It would be 

interesting to determine the effect on consumption of reducing the 

lighting period progressively from the 20hrs. to 4hrs., or indeed of 

having split light/dark periods. 

2) Demand Feeding as a Measure of Appetite 

Introduction 

A major disadvantage of controlled feeding was that it took no 

account of differences in palatability between diets of varying compo- 

sition. Adron(1973) had shown that rainbow trout showed a highly sel- 

ective preference for a particular taste or odour of their diets. Only 

small differences in appetite were detected in the experiment in which 

9 compound feeds were evaluated, as described in Section 5, and these 

may not have been due to difference in palatability. Nevertheless, since 

the demand feeding system had been used by rainbow trout without any 

evidence of food wastage, it seemed possible to use the system to 

measure palatability and to detect if changes in diet composition affected 

appetite. 

Method 

Two populations each of 40 individual rainbow trout, mean weight 

47-8g and 47-9g respectively were trained in separate 100 litre circular 

polypropylene tanks each fitted with a demand feeder placed in a similar 

position and diametrically opposite to the inlet pipe. In each case the 

trigger was placed 6"' in front of the feed dispenser relative to the fish, 

assuming that they line up against the direction of flow. The flow rate
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in each case was adjusted to 3litre/min. The tanks were situated out- 

side in natural light conditions. Being December, the daylight period 

was short, approximately 8 hours, and the ambient water temperature 

was 7°C. 

The feeder triggers were lowered into the tanks at 09.30hours and 

lifted at 16.30hours daily, feeding opportunity being restricted there- 

fore to daylight hours only. The food was Cooper Nutrition Products' 

'Beta!' floating trout pellets. 

After 14 days feeding on the floating pellets, the fish were weighed. 

No access to food was permitted on the weigh day, being the 15th day of 

the experiment. On the 16th day, the food hoppers were filled with 

pellets of formula C09 (pgi03) prepared by the wet method described in 

Section 4. This was a sinking food, the pellets being approximately }" 

diameter and approximately }'' long. The experiment was continued 

for § days on this feed, after which time it was hoped that diets of 

varying composition could be tested. 

Results 

The feeding response was immediate and there was no indication of 

a progressive increase in the frequency of trigger contact. It was not 

clear at what stage the fish 'learned' to correlate pressing the trigger 

with the food reward, if indeed they did. Excessive food was present in 

the tanks on most occasions as little as one hour after lowering the 

trigger into the water. Unconsumed food generally floated on the sur- 

face for some time. The results for each population of fish are ex- 

pressed in Table 67. The frequency of trigger contact and food dis- 

pensed during the 7 hour daylight period is shown for each of the first 

2 weeks, together with the mean quantity dispensed for each trigger 

contact. 

The quantity of food dispensed daily was reasonably consistent and
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there was little difference between the results for the two populations 

of fish. The mean quantity of food dispensed daily for the two populations 

of fish represented 2-28% and 2-51% of the body weight at the beginning 

of the experiment and the food conversion ratios for the two populations 

for the first 14 days were 5-06 and 5-86 respectively. The frequency 

of trigger contact and the quantity of food dispensed daily increased 

when the food type was changed from Cooper Nutrition Products' 'Beta! 

floating type to a sinking pellet produced in the laboratory. This 

probably reflected the difference in the density of the two feeds. Again 

there was a considerable excess of food which remained unconsumed. 

The capacity of the tanks used in this experiment were only half 

that of those used the previous summer during the experiment on light 

periodicity and feeding rhythm. However, it was unlikely that this 

was responsible for the excess of food dispensed since the food wastage 

continued when the fish were moved into the 200 litre tanks fitted with 

demand feeders, as used previously. 

Discussion 

In these conditions, in which the quantity of food dispensed was 

obviously excessive to that consumed, it was not possible to continue 

the experiment to determine if the demand feeding principle could be 

used to show differences in the palatability of diets of varying composi- 

tion. 

It was interesting to note the feed quantity dispensed bore no relation 

to that consumed, a situation which differed from that in the summer 

months, where food consumption was complete. According to the feed 

tables, the consumption of fish at 7°C would be expected to be approx- 

imately 1-2% body weight/day which is considerably less than that re- 

quired during the warm summer period. However, feed was dispensed 

at approximately twice that level. This would account for the excess 

quantities of food which remained unconsumed and the poor food con-
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version ratios obtained during the first 14 day period. 

The smaller 100 litre tanks used in this experiment and the com- 

paratively higher stocking densitites could not be implicated as the 

cause for the food wastage since, at the end of the experiment, the 

fish were transferred to 200 litre tanks where food wastage was also 

apparent. 

General Conclusions 

A feeding system which met all the design criteria listed on page 

had been developed. 

The feed dispensers were easily constructed from readily available, 

cheap materials. They were light but relatively sturdy. The basic 

design was simple enough to allow modification of dimensions to suit 

individual requirements. In this case the units were successfully used 

for all granule sizes of feed and for }" pellets. Larger units can be 

made to hold larger quantities of food or to dispense larger pellet sizes. 

The quantity of food dispensed could be finely adjusted, allowing very 

small quantities of granular feeds, or small numbers of pellets, to be 

dispensed at the lower limit and up to several grams of feed at the upper 

limit. Furthermore, there was no evidence of excessive dusting of 

pellets during its operation. 

Any number of feeders could be operated automatically from one 

simple electrical circuit, requiring only one solenoid, therefore keeping 

costs toa minimum. Further, the feeders could be operated remotely 

from the control box allowing for the complete isolation of the electrical 

components. The system was therefore safe to use in damp conditions. 

An automatic system of this design was used successfully in the lab- 

oratory for 18 months with minimal maintenance. 

In addition to the automatic feeding facility, the use of air provided
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an opportunity for mechanisation of feeding in times of power failure 

or when using an 'ad libitum! technique, in which fish were being fed 

to satiation several times a day. 

Conversion of the automatic feeding system to a demand feeding 

system had also been shown to be feasible. Unfortunately, however, 

each demand feeder required an independant solenoid incorporated into 

a monostable multivibrator circuit. One of the main advantages of an 

air operated feeding system was that one solenoid and electrical circuit 

could operate any number of feeder units. This advantage was lost 

with the demand feeders and consequently the cost to fit any one of the 

16 tank experimental systems would be considerably increased. 

Although populations of rainbow trout could clearly obtain food 

using the system, the quantity of food dispensed during the colder 

periods was excessive to that actually consumed. In such conditions 

the system could not be used for comparative feeding trials. Temp- 

erature records for the previous two years had shown that the temp- 

erature of the mains water remained below 12°C for 8 months of the 

year. If the food wastage was related to temperature, demand feeding 

would be useful only for limited periods of the year unless temperature 

control was possible. 

Furthermore, a high percentage of food wastage was also observed 

in small tanks, 10-20 litres, stocked with 20 individual rainbow trout, 

and fitted with the demand feeding system, even in optimum tempera- 

ture conditions. It would not be practical, therefore, to use this system 

on any of the tank systems designed for comparative feeding trials. 

The most appropriate feeding method for the conditions within the 

laboratory and for the type of nutritional work conducted, appeared to 

be the mechanised 'ad libitum! technique. The automatic feeding 

facility was convenient for feeding stock fish and fish adapting to the 

experimental tank systems prior to experiments.



SECTION 7. 

METHODS OF EVALUATING PROTEIN QUALITY.
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INTRODUCTION 

The nutritive value of a protein is determined by its ability to 

supply the amino acids essential for the metabolism and growth of 

the animal under study. Several biological methods are used to deter- 

mine protein quality but most are tedious and time consuming, and 

chemical methods are therefore frequently used for routine estima- 

tions. Chemical and biological procedures in common use, and their 

relative merits, have been discussed fully in reviews by Block and 

Mitchell (1946), Albanese (1959), Rice and Beuk (1953), Carpenter 

(1963), Morrison (1964), Hegsted and Chang (1965), Morrison and 

Rao (1966), Woodham (1968), McLaughlan and Campbell (1969), and 

the Agricultural Research Council (1970), among others. 

CHEMICAL METHODS 

The concept of a chemical score based on the quantity of essential 

amino acids present in a protein was introduced by Block and Mitchell 

(1946). The method involves the quantitative determination of the 

essential amino acids present in the protein under study, the value 

being expressed in g per 16g N. The quantity of each amino acid is 

then compared with that present in whole egg protein which is known 

to be very efficiently utilized by several animals. The amino acid in 

greatest deficit is taken as the first limiting amino acid and 100 - % 

deficit of that amino acid is the chemical score. 

An alternative method of estimating protein quality from the 

chemically determined amino acid values was proposed by Oser 

(1959). The method is based on the contribution of all the essential 

amino acids rather than the one in greatest deficit. The value, called 

'the essential amino acid index', is defined as the geometric mean of 

the ratios of the essential amino acids in a protein relative to their 

respective amounts in whole egg protein.



160 

Hastings (1969) lists values for chemical score and essential 

amino acid index of several feedstuffs used in fish diets and in some 

commercially available fish feeds. The range of values varied sub- 

stantially, but tryptophan was reported as first limiting amino acid 

in most cases. 

Typical amino acid values for the nine proteins used in the feeding 

trial described in Section 5 were similarly analysed. The values re- 

ported in Table 68 are the percentage deviations of each amino acid 

from the corresponding value in whole egg protein. The sulphur amino 

acids, methionine and cystine, were first limiting in all proteins 

except herring meal in which isoleucine was first limiting. Hastings (1969) 

reported tryptophan as first limiting for herring meal and cotton seed 

meal. This clearly was not the case for the values used in this com- 

parison. 

Quantitative amino acid requirements have been reported in 

detail for only one species of fish, namely the chinook salmon. The 

requirements are discussed by Mertz (1972). Amino acid values 

reported for the nine proteins have been compared to the requirements 

reported for the chinook salmon as shown in Table 69. 

The actual methionine requirement is 1-25 - 1-5 g/16g N in the 

presence of 2-5g cystine (Halver et al, 1959). The methionine re- 

quirement would therefore be met by the herring meal, cotton seed 

meal, BP yeast, ICI bacteria and Penicillium chrysogenum, if 

sufficient cystine was present. This would not appear to be the case, 

however, for any of these proteins and therefore the methionine re- 

quirement has been assumed to be higher. Assuming that cystine 

spares an equivalent quantity of methionine, the methionine require- 

ment would be 4-0 g/16g N in the absence of cystine. The combined 

quantities of methionine and cystine would not appear to satisfy the 

requirement in any diet and these amino acids are likely therefore to 

be limiting. They are first limiting in all proteins except herring
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meal, where there is a slightly greater deficit of arginine. Arginine 

is second limiting amino acid in yeast, bacterial and one of the mould 

proteins. Lysine is second limiting amino acid in groundnut and the 

algal protein. 

Another important consideration is the relative quantities of 

leucine and isoleucine. Excess leucine can have an antagonistic 

effect on the isoleucine requirements by inhibiting growth. Similarly, 

high isoleucine can have a detrimental effect on growth when leucine 

levels are comparatively low. However, the ratio of the two amino 

acids does not appear to be too unfavourable in any of the proteins 

listed. High levels of valine, over 3-0% of the ration equivalent to 

7-5% of the protein, also results in lower dietary efficiency. High 

levels of valine in Penicillium chrysogenum resulted in the highest 

EAA index value recorded, yet this quantity may be detrimental to 

performance. 

The accuracy of comparisons based on amino acid values depend 

on the reliability of the chemical methods used for breaking down the 

protein into its constituent amino acids and their subsequent quantit- 

ative determination. The problems involved in this respect have 

been discussed by Block and Mitchell (1946) and Carpenter and 

Bjarnason (1970). 

The methods now commonly used for amino acid determinations 

generally involve hydrolysis of the protein with strong acids or 

alkalis followed by colorimetric estimation of the amino acids 

following separation by column chromatography. Automated pro- 

cedures for the colorimetric estimations are now routinely used. 

Although such procedures are more convenient and less time con- 

suming, the basic problems remain. For example, during acid 

hydrolysis of whole foods, methionine and particularly cystine are 

liable to destruction and oxidation to various degrees. This would 

account for the absence of cystine values in many reports of amino
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acid profiles and perhaps accounts for low values in others. The 

comparison and conclusions made above are therefore based on 

values which may not be accurate. Furthermore, variation in amino 

acid values determined by different laboratories on sub-samples of 

the same material are reported. Add to this the variation that can 

exist between different batches of feedstuffs and it is not difficult to 

see how different conclusions as to which amino acid is actually 

limiting in a feedstuff can arise. These points emphasize the caution 

that must be exercised when using such techniques to estimate protein 

quality. 

Comparisons based on the salmonid requirements must also be 

treated with caution for the same reasons, but in addition it should be 

emphasized that the amino acid requirements reported thus far are 

specific for the set of conditions prevalent during the experiments in 

which the quantitative requirements were determined. A purified 

diet was used containing casein and gelatin supplemented with amino 

acids to give an overall amino acid profile similar to that for whole 

egg protein and the quantities of each amino acid determined are thus 

specific for the situation in which the remaining amino acids are 

balanced in that way. The balance of amino acids in the protein of 

practical feedstuffs may be such as to change the requirement for 

any one specific amino acid. 

A further problem is that the method does not take into account 

differences in availability of the amino acids. The true value of a 

protein will be determined by the quantity of the amino acids available 

to the animal, which will be somewhat less than that determined after 

chemical hydrolysis. Nevertheless, Block and Mitchell (1946) showed 

a good correlation between chemical score values and protein quality 

determined by several biological assay techniques. They found a 

strong correlation between chemical score and both protein efficiency 

ratios and biological values of 23 feedstuffs as determined in the rat 

(r = 0-889 and 0-861 respectively). There have been no such thorough
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investigations in fish although Nose (1963) reported a positive 

correlation (r = 0-69) between essential amino acid index and bio- 

logical values for a series of proteins including casein, gluten and 

zein in rainbow trout. 

BIOLOGICAL METHODS 

Biological methods for estimating protein quality generally fall 

into 2 groups: 

1) Those in which growth is measured as an index of protein 

quality e.g. the protein efficiency ratio (P.E.R.) method, 

originally proposed by Osborne and co-workers (1919), in 

which protein quality is determined by the ratio of the gain 

in weight to protein consumed, and the slope ratio assay 

method based on the regression of gain in weight on nitro- 

gen intake (Hegsted and Chang, 1965). 

2) Those in which nitrogen retention is measured as the in- 

dex of protein quality e.g. the determination of the bio- 

logical value (B.V.) using nitrogen balance techniques 

commonly described as the Thomas-Mitchell method 

(Thomas, 1909 and Mitchell, 1924) and the determination 

of net protein utilization (N.P.U.) by direct measurement 

of nitrogen retention by carcass analysis (Bender and 

Miller, 1953). 

The P.E.R. technique is relatively simple, convenient and has 

been widely used. However, P.E.R. is affected by the level of pro- 

tein inclusion in the diet, age, sex and strain of the experimental 

animals, length of assay, level and source of dietary calories and the 

method of feeding, as discussed by Morrison (1964). The method has 

been further criticised on the basis that the gain in body weight may 

not be of constant composition and that the method assumes all of the
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protein consumed is used for growth. The most serious criticisms 

appear to be the latter two since standardisation of the assay con- 

ditions would reduce the variation caused by other factors. The 

technique commonly used involves a 4 week test in which rats are fed 

ad libitum with diets containing protein at a single level of 10%. The 

short duration minimizes the effect of changing body composition and 

the 10% protein level has been found to yield the most sensitive and 

valid results. 

Methods involving measurement of nitrogen retention take into 

account changes in composition and the requirement of nitrogen for 

processes other than growth. The determination of the biological 

value of a protein may be determined from the equation: 

Bavier N, - ((N, - MFN) + (Ny - ENE)) 

N, - (N, - MFN) 

where N; = nitrogen intake 

Ne = faecal nitrogen 

MFN = metabolic faecal nitrogen (obligatory loss ona 

nitrogen-free diet) 

N_ = excreted nitrogen 

ENE endogenous nitrogen excreted (obligatory loss on 

a nitrogen-free diet) 

The procedures must be carried out under closely controlled con- 

ditions since values are influenced by the same factors as for the 

P.E.R. determinations. In view of this and the more tedious and 

time consuming nature of the procedures involved, the method is not 

generally applicable to the routine evaluation of foods. 

An alternative method for determining protein quality by nitrogen 

retention was the N.P.U. method described by Bender and Miller 

(1953) and Miller and Bender (1955). The method involved the direct 

determination of nitrogen retention by carcass analysis and is some- 

what simpler. N.P.U. is given as:
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where N, = body nitrogen content of animal fed test protein 

No = body nitrogen content of animals fed non-protein nitrogen 

diet 

N, = nitrogen intake 

Bender and Doell (1957) reported that,under their experimental con- 

ditions, N.P.U. values were much more precise than P.E.R. values 

but this finding has not been confirmed by a number of other workers, 

as discussed by Morrison (1964). 

APPLICATION OF BIOLOGICAL METHODS TO FISH STUDIES 

There have been very few attempts to apply standardised methods 

to the determination of protein quality in fish. Nitrogen balance 

studies are complicated because of the necessity of collecting faeces 

in an aqueous environment. One problem is that soluble nitrogen 

leaches from the faeces in the collection vessel and contaminates the 

excreted nitrogen. Several methods have been described for est- 

imating values for faecal nitrogen and excreted nitrogen (Tunison et 

al, 1942; repent 1973; Smith, 1974). Methods for the estimation of 

metabolic faecal nitrogen and endogenous nitrogen excretion have been 
& Chen 

described by Gerking (1955), Nose (1961), Ogino,(1973). 

N.P.U. of a number of proteins has been determined in fish by 

carcass analysis by Nose (1961) and Cowey et al (1974). The method 

has fewer imponderables but is not without problems e.g. some 

species of fish do not readily consume a protein-free diet. Cowey et 

al (1974) used a low protein diet rather than a protein-free diet for 

the determination of N.P.U. values in plaice. N.P.U. was given by: 

N.P.U. =B- (B, fa 1)/1 where B and B,_ are the total body nitro- 
k 

gen and I and I, the nitrogen intakes of the fish on the test and low- 
k 

protein diets respectively.
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The relationship between N.P.U. and protein level has been 

described by Cowey and Sargent (1972). In plaice fed varying levels 

of freeze-dried cod, and carp fed varying levels of casein, N.P.U. is 

highest at dietary protein levels near the maintenance requirement and 

falls with increase in dietary protein. Cowey (1975) has further 

discussed results for B.V. and N.P.U. of a number of feedstuffs as 

determined in carp and plaice respectively. In these species of fish, 

differences in B.V. and N.P.U. between feeds of varying quality 

appear to exist even at high dietary protein levels. This result is in 

contrast with that found in mammals and Cowey suggests that it may 

be an expression of the high essential amino acid requirement of the 

fish. 

Growth methods have been used to estimate protein quality in 

fish. Hastings (1969) has reported P.E.R. values obtained for a 

number of feedstuffs as determined by Shanks in chinook salmon. 

P.E.R. values for liver was the highest, followed by fish meal, casein, 

cotton seed meal and brewer's yeast. The values were 3-04, 2-65, 

2-38, 0-91 and 0-85 respectively. He further reported values for 

casein at four different protein levels and three different levels of 

dextrin. P.E.R. varied with both protein content and energy level 

as shown for the rat. Optimum values for casein occurred at pro- 

gressively lower protein levels as the energy content increased. 

Dextrin was likely to have 'spared' protein for growth, therefore 

accounting for the higher optimum P.E.R. value obtained for casein 

in the diets containing dextrin at the highest level. 

Cowey and Sargent (1972) have also discussed the effect of pro- 

tein level on P.E.R. Working with plaice, Cowey and co-workers 

found that P.E.R. varied with protein content in a manner not dis- 

similar to that obtained with mammals, although the optimum values 

were obtained at a much higher protein level. They have also dis- 

cussed the results reported by Ogino and Saito (1970) for carp fed 

casein. In this case the pattern was different, P.E,R, decreasing
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linearly as the protein level increased. Cowey and Sargent suggest 

that this may indicate a very low maintenance requirement for pro- 

tein in carp, possibly due to the activity of micro-organisms in the 

alimentary tract. 

CONCLUSION 

There is a considerable need for confirmation that the amino acids 

indicated as limiting on the basis of chemical methods, are actually 

limiting in practical fish feeds. Determination of the protein quality 

of feeds using bioassay techniques on fish is necessary. Values ob- 

tained could then be correlated with chemically determined amino 

acids in an attempt to identify the limiting amino acids. A pre- 

requisite to such comparative trials, however, is the establishment 

of clearly defined methods for routine estimations on a laboratory 

scale. 

The facilities discussed in Section 5 were designed to evaluate 

protein quality using both nitrogen balance techniques and growth 

techniques simultaneously. However, standardization of the nitrogen 

balance technique proved difficult. Although the system could be 

worked much more efficiently than previously, in some of the tanks 

fish did not adapt too well to the system. There appeared to be an 

excessive amount of 'fin nipping’ causing high mortalities and general 

stress. In some cases there was a diminished response to feeding 

resulting in loss of weight. Furthermore, fish did not readily consume 

a protein-free diet. In view of the difficulties and the fact that the 

methods were extremely time consuming, growth methods, involving 

measurement of feed intake and weight gain only, were considered to 

be more convenient, at least for initial sereening experiments.



SECTION 8. 

EVALUATION OF BACTERIA, ALGAE AND YEAST 

IN SEMI-PURIFIED DIETS,
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INTRODUCTION 

There has yet been little attempt to establish a standardised 

method for the determination of protein efficiency ratio in fish. 

The 28 day experiment on diets containing 10% dietary protein rout- 

inely used to estimate protein quality in rats is ualikely to be applic- 

able to fish in view of their higher dietary protein requirement. 

The effect of protein content on PER was therefore determinedfor 

bacterial, algal and yeast proteins in separate experiments conducted 

on rainbow trout. The apparent crude protein digestibility of these 

protein sources was further determined and finally a comparative 

assessement of the growth, gross conversion efficiency and protein 

conversion efficiency was attempted on trout fed diets containing 

fish meal , soybean meal , bacteria, algae and yeast. 

(1.) EFFECT OF PROTEIN CONTENT ON GROWTH, GROSS 

CONVERSION EFFICIENCY AND PROTEIN CONVERSION 

EFFICIENCY. 

  

Bacteria, yeast and algae were included in diet formulations 

as the sole protein component. Basal ingredients common to all diets 
Cuse eva), & vitamin mix. 

were a salt mix (Halver, 1969) and a lignosulphate binder (Trade-name 

Durabond). The single-cell proteins had been analysed previously, 

Table 37. The weight of each required to give approximately 20%, 

25%, 30%, and 35% crude protein in the diet was added to the basal 

ingredients. Glucose and starch were then added to 100% in the 

proportions shown in Tables 70, 71, and 72. 

In each series of diets the SCP replaced the glucose on a weight 

for weight basis. The diets were considered to be approximately 

isocaloric, assuming assuming assimilation coefficients of 0°8 

for the SCP and 1-0 for the glucose.
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Diet Preparation. 

Each series of four diets was prepared at one time during the 

week preceeding the commencement of each separate feeding trial. 

The wet extrusion method was used as described in Section 4 of 

this thesis. The quantity of water added in each case was that which 

gave a suitable consistency for extrusion. The diets containing 

ICI and BP proteins were extremely pale and to facilitate ease 

of feeding during the experiments a red dye, permecol red, was 

added to the diet at a rate of 0'1%. This was added to the water 

prior tomixing with the dietingredients. The dye was not necessary 

with the diets containing algal protein, but it was included. All 

diets were air dried at room temperature. 

Diet Analysis. 

The moisture and nitrogen content of each diet were determined 

using the analytical procedures described in Section 5 (pg102). 

Gross calorie content of each feed was estimated from the values 

for the ingredients as determined by bomb calorimetry and 

reported at the foot of each table. 

GENERAL METHODS. 

A separate feeding trial was carried out on each set of 

diets. 

Experimental Facilities. 

The sixteen 18 litre tanks installed in the fish laboratory were 

used for all 3 trials. The system has been fully described in Section 6. 

Experimental Animals. 

For each trial 320 rainbow trout fingerlings, in the range 4-5",
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were selected from the stocking tanks. All fish had been maintained 

on the standard commercial feed. Fish were selected as near as 

possible for uniformity of size and were randomly distributed into the 

tanks in lots of 20. The fish were allowed to acclimatize to the 

experimental facility for 14 days prior to feeding on the experimental 

diets. 

3 tanks were allocated to each of the four experimental diet treat- 

ments and the remaining 4 allocated to the standard commercial pellet 

(CNP No. 4 Beta Floating Trout Pellets). The diet allocations were 

selected randomly. During the 3 days immediately preceeding the 

commencement of the experiment, the 12 tanks which had been allocated 

the experimental diets were fed on diet C09 (Table 35) to accustom them 

to a sinking pellet. They changed readily to this diet and they were 

easily able to take food from the bottom of the tank. 

Environmental Parameters. 

The water was supplied directly from the header tank. The flow 

rates were fixed as near as possible to 500ml/min. The water leaving 

the header tank was 100% saturated with oxygen and no additional 

aeration was needed. Oxygen was not considered to be limiting at any 

time during the 3 experiments. 

The water temperature was ambient and recorded daily in the 

laboratory. The mean weekly temperatures for each experiment 

were as follows: 

EXPT. WEEK. 1 2 3 4 
PER 01) Bacteria experiment 12-0 13°0 1455 150 

PER 02) Algae experiment 1565 16°5 195 16°5 

PER 03) Yeast experiment 155 1465 14°0 13°0
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For each experiment the stocking and loading parameters at the 

beginning and end of the experiment were in the following range: 

Stocking Density gl’ Loading gi’min. 
Experiment Start End Start End 

PER 01) Bacteria 15*1-16°3  17°2-25+3 542-588 618- 910 

PER 02) Algae 19°7-22°6 13*7-43+3 708-816 494-1560 
PER 03) Yeast 15*0-16*4 19+5-28+3, 540-592 702-1018 

At no time was ammonia likely to have been limiting. The effect 

of tank size and stocking density on growth could not be assessed. 

Weighing. 

Each lot of 20 fish was weighed in total on a 10kg Sauter electronic 

balance using a wet weighing method. A bucket containing approximately 

5kg of water was 'tared'. Fish were netted from the experimental 

tanks, drained for a standard 12 second period and added to the 'tared! 

bucket of water. The weight was read off directly from the scale to 

the nearest gram. 

Feeding. 

Fish were fed to satiation twice daily, using the feeding system 

described in Section 6. A record of food consumption was kept. All 

diets had good water stability properties and in all cases the diet 

offered was consumed completely. 

RESULTS. 

The formulations and the relevant analytical data is shown in 

Tables 70, 71 and 72 as previously indicated. 

The performance data for the trial in which the bacterial protein
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was tested has been tabulated in Table 74. There were no mortalities 

during the 28 day trial. 

The food consumption rate was low throughout the trial when 

compared to the commercial feed (Fig 41). The appetite has been 

quantified as the Metabolizable Energy Intake (kcals) 

4 [(weight,,) + ( Weight,)] - 28 
The values for the 28 day period were 0-157, 0°17, 0-159 and 0-165 

for the 4 diets containing 20, 25, 30, and 35% bacterial protein. 

respectively, compared to 0°225 for the commercial diet. 

The mean values for % weight gain, food conversion efficiency 

(FCE %) and protein efficiency ratio ( PER) at each protein level 

shown in Table 74,are graphically represented in Fig. 42, and the 

results have been further analysed for statistical significance as 

shown in Table 75. 

Under the conditions of the experiment, the maximum growth 

and FCE occurred at the 25% level of protein inclusion ( Fig. 42 ). 

An increase in protein content from 20% to 25% significantly 

increased the growth rate and FCE ( p<0-001 ), but further increases 

in protein content caused a slight, but not significant, depression 

of the growth rate and FCE. ( Table 75). The best of the diets 

containing bacterial protein had a significantly lower FCE than the 

commercial feed ( p<0-001 ), amounting to 71% of it, and a signif- 

icantly lower growth rate ( p<0°001 ) amounting to only 50%. 

The maximum PER was also achieved at the 25% level of 

protein inclusion. The lowest PER recorded was for the 35% 

protein diet. The variation between the replicate groups was 

quite marked and the dietary effect was not as significant ( Table 75 ). 

Although the highest PER value, achieved at 25% protein inclusion, 

was significantly higher than the lowest at 35% protein inclusion 

( p<0:05 ), there was no significant difference between either of



 
 

  
 
 

  
 
 

  
 
 

  
 
 

Szz-0 
S9I-0 

6SI-0 
OLI+0 

LSI-0 
queTzonb 
aytzeddy 

vv-90L 
8I-89b 

09-¢S7 
6S°06¢ 

82-22h 
Soy 

S
W
 

€-2S2 
¥-€LT 

0-891 
L-Ier 

¥-961 
‘3+ peumsuoo 

euaey 
poos 

Tezoy, 

(AND) 
yor 

AGE 
Yor 

Se 
Loz 

TeaeT 
uteyoag 

Vi 
clone 

Se 
cee 

A
V
C
 

RCM 
i) 

yale 
Mey, 

a
e
 

Zia 
WOM +O 

| 
| 

es 

bai 

| 
for 

La Log OL 

08 

“Uyejyoag 
[Byaepoeg 

= 
Byeq 

UoTJduMBUO) 
poog 

“Ip 
“Sta 

  
 
 

  
 
 

  
  

 
 

  
 
 

 
 

  
 
 

  
 
 

°3  NOTLAWASNOO



Hg 

 
 

30 | 

in 
S 

nN 
a 

upen 
3uaTem 

15 

g 
g 

a 
9 

KouepoTsjq 
uoTsreauog 

peog 

2 m 

2°0 

1°84 

  
‘0 

Oa 
x 

orgeq 
Aouetots3q uTezorg 

25 30 35 
% Protein Content 

20



T 73. 

these values and those at 20% and 30% protein inclusion or indeed the 

commercial feed. 

The performance data for the trial in which algal protein was tested 

has been tabulated in Table 76. On this occasion there were mortalities 

as shown. The mortalities did not appear to be dietary related. During 

the pre-experimental adaptation period, heavy losses were incurred on 

the standard commercial feed. These fish were replaced prior to the 

commencement of the trial. Some fish were apparently stressed in 

the small tanks at the higher temperature experienced during this 

experiment, although oxygen was not limiting. The fish were generally 

more aggressive and 'fin nipping' was severe in some cases. The 

experiment was abandoned in one group of fish fed diet P06 following 

high mortalities in the first week and a generally diminished feeding 

response. Heavy mortalities also occurred in one of the groups fed 

on diet P08, but the feeding response remained satisfactory throughout 

the trial period. Dead or dying fish were removed and their weights 

were recorded for the computation of the results. 

The food consumption data for each 7 day period is shown in Fig 43. 

Food consumption was slightly lower during week 3 when the temperatures 

exceeded 17°C. Food consumption by groups of fish fed diets contain- 

ing 20% and 25% algal protein was low. The appetite data, quantified 

as previously, was 0-134, 0-166, 0°247 and 0-285 for the diets contain 

ing 20, 25, 30 and 35% algal protein respectively compared to 0 280 

for the commercial diet. Only the groups of fish on the 35% 

test diets had an appetite comparable with those on the commercial 

feed, although the appetite of fish on the 30% diet was acceptably high. 

Intake was low on the lower proteintest diets. 

The mean values for weight gain %, FCE and PER shown in Table 76 

are graphically represented in Fig 44 and the results have been further 

analysed for statistical significance as shown in Table 72. Growth rate
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and FCE increased with each 5% increase in protein content. There 

was no significant difference between the values for the 20 and 25% 

test diets or the 30 and 35% test diets (p»0-05). The increased 

efficiency from 25 to 30% protein inclusion was however highly 

significant (p<0-001). The highest growth rate and FCE, achieved 

on the 35% test diet, was only 38% and 48% of that achieved on the 

commercial diet. 

PER increased with each 5% protein increment to 30% but there 

was no further increase with a further 5% increase to 35% protein 

inclusion. The differences between the test diets containing 20 

and 25% protein and 30 and 35% protein were again not significant 

(p)0-05). The increased efficiency from 25% to 30% protein inclusion 

was highly significant, however, as was the difference between the 

35% test protein diet and the commercial feed (pd0-001). 

The performance data for the final trial of this series, on diets 

containing yeast protein, has been tabulated in Table 78. There were 

no mortalities during the 28 day trial, and food consumption was high, 

being comparable with the commercial feed on all test diets, as shown 

in Fig 45. The appetite data, quatified as previously, was 0-229, 0-245, 

0-249, 0-246 for the test diets containing 20, 25, 30 and 35% yeast 

protein repsectively compared to 0°218 for the commercial control. 

The mean values for % weight gain, FCE and PER shown in 

Table 78 are represented graphically in Fig 4¢ and the results have 

been further analysed for statistical significance as shown in Table 79. 

Weight gain and FCE increased with each 5% increment in yeast 

protein. The increase from 20 to 25% was significant (p<0+05) but the 

further increases achieved at 30 and 35% w ere not significant. The 

FCE for the 35% yeast diet was slightly lower than that for the 

commercial feed, although the difference was not significant. The
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growth rate on the 35% yeast diet, however, was higher than the 

commercial diet by virtue of the increased feed intake. The difference 

was again not significant. 

PER appeared to be optimum at 25% protein, although the 

variation within treatment groups was high and analysis of variance 

failed to show any significant differences at the 5% level of significance 

between any of the groups including those fish on the commercial 

feed. 

DISCUSSION. 

In each series of diets the glucose was replaced on a weight for 

weight basis with the test material in an attempt to maintain the level 

of metabolisable energy, assuming that 80% of the gross energy of 

the test material and 100% of the gross energy of the glucose, is 

assimilated. The latter assumption is based on the experimental 

evidence of ose (1967) showing that more than 99% of glucose was 

digested by rainbow trout at all levels of inclusion between 20 and 

60%. The use of an energy assimilation coefficient of 0-8 for the 

test material, however, is not based on experimental evidence, 

although it is likely that the values for the dry feedstuffs will have 

been of that order. More precise values could not be used in the 

absence of accurate values for the true protein, lipid and carbo- 

hydrate and their corresponding digestibility coefficients. 

In Section 5, the interpretation of food consumption data using 

Carpenter's Appetite Quotient (Carpenter, 1953) was discussed 

in some detail. It appeared likely that trout, like birds and mammals 

consume food in proportion to their demand for metabolisable energy. 

On this basis, if the diets in any one series contained the same 

quantity of metabolisable energy, as indicated, one would expect 

that the consumption of energy in each case would be in the same
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proportion to the metabolic demand, i.e. fish weight? ®, Clearly 

in the case of the yeast, this appeared to be so. There was little 

difference in the calculated appetite quotients for each of the 4 

test diets. The difference between the commercial feed and the 

test diets could be the result of either an overestimate of the 

metabolisable energy of the test protein or an underestimate of 

the metabolisable energy of the commercial feed. However, the 

result indicates an equal or better appetite of diets containing up 

to 58% by weight of yeast supplying the entire protein content of 

the diet at a level of up to 35%, when compared to a commercial 

feed. 

Appetite quotients for the diets containing bacterial protein 

were also of the same order of magnitude but in this case were 

considerably lower than that for the commercial diet. It is unlikely 

that errors in the estimationof metabolisable energy would account 

for this difference. It will be recalled that the bacterial protein 

appeared to cause a lowering of the consumption rate in compound 

diets containing bacterial protein at 20% and particularly at the 40% 

level. Clearly, the same effect has been observed in this experiment. 

The response was noticeable on the first day of feeding with a reduced 

intakeconsistently lower than the commercial feed by 40-50%, indicating 

a pal atability difference. However,feed intake did not appear to 

réuce as the level of bacteria increased to the maximum of 45%. 

In view of the results for the proximate analyses and apparent 

digestibility of the crude protein of the alga, reported earlier, it 

is possible that the estimated assimilation coefficient of 0-8 for this 

material is in error, in view of it having a higher carbohydrate 

content and lower protein digestibility than the yeast and bacteria. 

On this basis, it is likely that the metabolisable energy content of 

the diets containing algal protein actually decreased as the quantity 

of the test material increased in replacement of glucose. This will



177 

have contributed in part for the observed differences in the calculated 

appetite quotients. However, the large differences in appetite 

quotients for the 20 and 25% protein diets and the 30 and 35% protein 

diets will almost certainly be the result of other factors including 

an inadequate supply of essential amino acids from this protein at 

such low levels of inclusion. Additionally, the lower protein diets 

containing algal protein had the highest glucose levels in any 

series. Phillips et al(1948) have shown that glucose absorbed into 

the bloodstream of brook trout is not rapidly taken up by the tissues 

or excreted and consequently causes a pronounced and prolonged 

hyperglycaemia. He further reported that when diets containing 

large quantities of digestible carbohydrate were fed to trout, the 

fish accumulated large quantities of glycogen in their livers which 

led to growth retardation and increased mortality. On the basis 

of this evidence, it was suggested that the maximum limit of digest- 

ible carbohydrate should be 9% of the diet on a wet weight basis, 

equivalent to 33% on a dry weight basis. Buhler and Halver ( 1961 ) 

were unable to show deleterious effects of feeding dextrin up to 

48% in the diet of chinook salmon. They further showed that 20% 

glucose promoted the highest growth rate and best protein efficiency 

ratio in a series of diets containing several carbohydrates at a 

level of 20%, showing that carbohydrate was effectively used as an 

energy source by chinook salmon. They further suggested that the 

observed effects in the experiments reported by Phillips (1948) were 

the result of using inadequately balanced diets. Howe ver, assuming 

a digestibility of 50% for the dextrin at this level of inclusion (Singh & 

Nose, 1967), the digestible carbohydrate of their diet would be 24% 

which is within the maximum limit suggested by Phillips (1948). 

Furthermore, there may be species differences. Thus, Palmer 

and Ryman (1972) have also reported pronounced and prolonged 

hyperglycaemia and increased liver glycogen in rainbow trout following 

oral administration of glucose. In view of this,it is possible that 

the level of digestible carbohydrate in this experiment caused some
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problems including a diminished feed intake. 

Of the three test materials, the yeast protein was the best 

utilized for growth and gave generally higher FCE values when 

compared to the commercial diet. The optimum protein content for 

growth and FCE was not exceeded in this case and is therefore likely 

to be in the range found by Satia (1974) for trout fed diets containing 

fish meal and generally accepted as the optimum for this species 

i.e. 40-50%. 

The growth rate and FCE reached an optimum at a level of 25% 

protein, however, for diets containing bacterial protein possibly 

indicating nutritional imbalance. The growth rate was considerably 

poorer than that of fish on the commercial diet in view of the poorer 

conversion and reduced feed intake. 

The diets containing algal protein produced the poorest growth 

rates and FCE. Diets containing 20% and 25% algal protein did not 

appear to be adequate to promote growth, possibly indicating limiting 

essential amino acidsat that level of protein intake or possibly dietary 

disturbance caused by excessive carbohydrate as discussed. The 

optimum protein content for growth and FCE was not exceeded. 

The maximum protein efficiency ratio occurred at the 25% level 

of inclusion in diets containing yeast and bacteria and 30% in the case 

of the algae. The optimum PER in the rat occurs for most proteins 

at alower level of protein inclusion as shown, for example, by Hegsted 

and Chang (1965) but the shape of the plot of PER against the protein 

content is generally as for the rat. 

Hastings (1969) reports data of Shanks in which casein was 

tested in the diets of chinook salmon at 4 levels of protein - 27%, 

325%, 40% and 47-5% each in three diets containing 10%, 22% and 

34% dextrin. The highest PER was achieved in the diet containing
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32-5% protein and 34% dextrin. Luquet (1970) reported PER data 

for diets containing 30, 40, 50 and 60% protein derived from herring 

meal and fed to rainbow trout. The best PER was at 30%. Cowey and 

dangent ever! data for plaice fed freeze-dried cod and casein in 

which the maximum PER was achieved at even higher protein contents, 

40% and 50% respectively. That optimum PER is achieved in the 

carnivorous fish species at a higher protein content than mammals 

and birds is a reflection of their higher protein requirement. PER 

in carp, however, an omnivorous species of fish, was reported to 

decrease linearly as protein increased from very low levels of inclusion 

(Ogino and Saito, 1970). 

The maximum PER achieved for the bacteria, algae and yeast was 

1°88, 1-17 and 2-12 respectively. The values expressed as a % of the 

values for the commercial diet in each case were 113-3%, 55°2% and 

119-1% respectively. However, until such time as a suitable 

standardised method is established,some caution must be exercised 

in comparing values produced from different experiments, particularly 

when such factors as temperature is variable. Furthermore, although 

an attempt was made to produce diets in each series with apparently 

similar metabolisable energy contents, no attempt was made to use 

the same proportions of the carbohydrates, starch and glucose, in 

all three experiments. Examination of the data of Buhler and Halver 

(1961) and that of Shanks, reported by Hastings (1969) shows that PER 

varies with the level and source of energy as for the rat and comparative 

trials should therefore be conducted on diets containing carefully 

controlled proportions of the energy yielding components. 

(2.) DIGESTIBILITY OF DIETS CONTAINING BACTERIA, ALGAE 

AND YEAST AS SOLE PROTEIN COMPONENTSIN SEMI-PURIFIED 

DIETS. 

METHODS. 

Diets P03 and P04 containing bacteria (Table 70), P07 and P08
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containing algae (Table 71) and P11 and P12 containing yeast, with 

1-0% CrIII oxide in replacement of starch in each case, were prepared 

by the wet extrusion method as previously described. It was 

originally proposed that nitrogen balance techniques should be used 

to assess the biological value of the proteins but difficulties were 

experienced with adapting the fish to the nitrogen balance system 

as described in the previous section. The diets were therefore fed 

to duplicate populations of 20 fish in the 18 litre tanks described 

in Section 6,for a period of 12 days, during which time the water 

temperature was in the range 15-16°C. Faeces were collected 

directly from anaesthetised fish on the 9th and 12th day as described 

in Section 5 pg108. The faecal samples from the duplicate populations 

of fish were pooled and dried. The apparent crude protein digestibility 

was determined using the methods of Furukawa (1966) as described 

in Section 5 pg !08. Estimations were carried outon duplicate samples 

of the diets and dried faecal material. Unfortunately, insufficient 

faecal material remained for bomb calorimetry and the estimation 

of the digestible energy. 

RESULTS. 

The relevant analytical data and the computed crude protein 

digestibility is shown in Table 80. The mean digestibility of the 

crude protein of the three single-cell proteins was 86:0%, 71:0% 

and 87-7% for the bacteria, alga and yeast respectively. 

DISCUSSION. 

The results for the crude protein digestibility of bacteria, alga 

and yeast in semi-purified diets in which the SCP supplied the sole 

protein component,were in accordance with the results shown 

previously in Section 5. Both the bacterial and yeast protein was 

highly digestible, giving values similar to those reported for fish 

meals, whilst the algal protein was less well digested, but nevertheless 

comparable with many of the plant seed proteins.
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(3.) COMPARATIVE ASSESSMENT OF PROTEIN QUALITY IN 

DIETS CONTAINING FISH MEAL, SOYABEAN MEAL, YEAST, 

BACTERIA AND ALGAE, 

EXPERIMENTAL DIETS. 

Diets containing the 5 test feeds were formulated to contain 27-5g 

of crude protein per 100g dry matter. The feeds were samples from 

the same batches evaluated in the compound feeds, Section 5. The 

relevant analytical data was reported in Table 37. Each protein 

source was added to a basal diet containing 5-0g of vitamin mix 

(Table 73), 4:0g of 'Durabond' binder and 3-0g of cod liver oil. 

Since the Soxlet oil extraction procedure, using petroleum 

ether (pg/o2), was not considered suitable for the complete extraction 

of all the lipid in the dry samples, as discussed previously, a method 

of lipid extraction, mixed solvents, following acid hydrolysis, was used 

to estimate total lipid content of the 5 test materials. The materials 

were hydrolysed with 3N HCl and the lipids extracted with industrial 

methylated spirits and a mixture of diethyl ether and petroleum 

ether (40-60 BP) as described in A.O.A.C. (1965). The following 

values were obtained: herring meal, 8+7%; soyabean meal, 12%; 

BP yeast, 9-4%; ICI bacteria, 6:8% and the alga, Spirulina maxima, 

7-3%. Thelipid contribution from each of the test materials was 

calculated and the total lipid in each diet was then made up to 

10:0g/100g dry matter by adding an appropriate quantity of soyabean 

oil. 

The total caloric content of the test materials and starch has 

been reported previously and the value for the added oil was taken 

as 9-4kcals/g. The energy contribution to each diet from the test 

material and oils was then calculated and sufficient potato starch was 

added to raise the gross energy content to 400kcals/100g dry matter.
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The ash content of the mixture was then calculated and a 

sufficient quantity of the dry mineral mix was then added to bring 

the total estimated ash content to 10g/100g dry matter. 

Cellulose (Solka Floc) was finally added to bring the dry matter 

content to 100g. 

The composition of the balanced diets and the theoretical spec- 

ifications are shown in Table 81. 

The % moisture and% nitrogen were determined by the techniques 

described in Section 5, pg!02. The % moisture for the 5 experimental 

diets was 8-9, 9:2, 9-1, 10-0 and 11-2, for diets P13, 14, 15, 16 

and 17 respectively. The corresponding % crude protein for each 

diet was 25:6, 25°4, 25-2, 25-0 and 24:8 respectively. 

The digestible energy was estimated from the calculated prox- 

imate analyses, assuming the following calorific equivalents: 

8,0 keals/g for lipids, 1:6 kcals/g for the carbohydrate, calculated 

by difference and 5-65 kcals/g for the digestible protein. Values used 

for the digestible protein content were those from Table 80 for 

yeast, bacteria and the alga. Values for herring meal and soyabean 

meal were calculated from the values reported in Table 41 corrected 

by multiplying each value by the ratio of the yeast values reported 

in Table 80 and Table 41. 

It was apparent that the diet containing fish meal was very 

poorly bound when dried. A large percentage of the diet was reduced 

to dust in the crumbling process and the remaining pellets had a very 

poor water stability, disintegrating rapidly in water. In view of 

this, the diet containing fish meal was omitted from the trial. The 

remaining diets were well bound and had an acceptable water stability. 

The coarse texture of the fish meal was responsible for the poor 

binding capacity.
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GENERAL METHODS. 

The methods were essentially as used previously for 

experiments PER 01, 02 and 03. However, in view of the fact that 

the fish meal diet was omitted from the trial, 4 tanks were randomly 

allocated to each of the four remaining test diets. Each diet was 

therefore assessed on 4 replicate groups of 20 individual rainbow 

trout in the size range 5-6". 

The mean temperature for each week was: 

WEEK 1 2 3 4 

TEMP. °C 15 7-5 6°5 7-5 

The stocking densities and loading factors at the beginning and 

end of the trial were in the following ranges: 

  
  

DIET. Stocking Density gi’ Loading Factor gi min. 

P14 36-8 - 33-5 1324 - 1204 

P15 36:8 - 47-0 1324 - 1692 

P16 36-9 - 38-5 1323 - 1386 

P17 36:9 - 44:2 1329 - 1591 

Oxygen was not considered to be limiting at any time during the 

28 day trial. 

Feeding and weighing was as reported previously. 

RESULTS. 

The results have been tabulated in Table 82. There were no 

mortalities during the trial. The results for % weight gain, FCE 

and PER have been further analysed for statistical significance in 

Table 83. 

The first striking feature is the apparently low consumption of
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diet P14 containing soyabean meal. This diet was not consumed at 

all at any time during the trial, the quantity shown representing 

only the small amount of feed offered daily. Fish frequently showed 

interest in the feed offered and would pick up pellets but they would 

not swallow them. The three diets containing SCP were consumed, 

although at different rates, as shown. The corresponding appetite 

quotients for the yeast, bacteria and algae were 0-145, 0:065,0-110 

respectively. 

As a result of the low consumption rates, the % weight gain 

was also generally low. Fish on diet P14 containing soyabean meal 

lost weight through starvation. There was considerable variation 

in the group fed bacterial protein, one group actually losing weight. 

The mean % weight gain for the bacterial protein diet was only 44%. 

This was significantly lower than the mean weight gain of 19-7% for 

groups on the algal protein diet (p@-001). The highest mean growth 

rate, equal to 27-9%, was achieved on the yeast protein diet, although 

this result was not found to be significantly different from that for 

the algal protein diet. 

The FCE for the diets containing bacteria, algae and yeast were 

19°7%, 520% and 57-7%. Again the difference between the result 

for the diet containing the bacteria and algae was significant (p¢0-001) 

but the difference between the result for the diets containing algae 

and yeast was not significant. 

PER results followed the same pattern, the lowest result being 

0-79 for the diet containing the bacterial protein, which was significantly 

lower than the 2:09 obtained for the diet containing algal protein. The 

highest value, 2°29, obtained for the diet containing yeast protein, 

was not significantly different from the result obtained for the diet 

containing algal protein.
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DISCUSSION, 

The relatively low consumption rates found in this experiment 

were related to the low temperatures throughout. There was, 

however, obviously a definite pal atability problem with the feed 

containing soyabean meal. The result for the bacterial protein 

also indicated a palatability problem as found in previous experiments. 

The low food consumption rate in the case of 2 of the groups 

on the bacterial protein diet possibly prevented the fish from 

obtaining sufficient protein for growth. The other 2 groups of fish, 

however, consumed a little more and some growth occurred. The 

results were generally poorer than those obtained previously for 

this material at 25% protein inclusion. The results on this occasion 

for % weight gain, FCE and PER were 4°4, 19-7 and 0:79 compared 

to 30-6, 47-3 and 1°88 reported previously. 

The results for the algal protein were a marked improvement 

on those obtained previously for this material at 25% inclusion. The 

results for % weight gain, FCE and PER were 19-7, 52-0 and 2-09 

on this occasion, compared to 6:0, 14:9 and 0-59 respectively, 

as reported previously. The improved result is probably a reflection 

of the lower demand for energy at this temperature, allowing more 

effective use of the protein. However, a more favourably balanced 

diet may have contributed to the improvement. Two dietary factors 

were changed from the previous experiment; notably the glucose 

was omitted and the corn oil was substituted by a mixture of cod liver 

oil and soyabean oil. The possible harmful effects of high levels of 

digestible carbohydrate have already been indicated. In this experiment 

a greater proportion of the metabolisable energy was supplied by 

oil. Furthermore,the use of cod liver oil and soyabean oil may have 

been of additional benefit supplying linolenic acid, which has been 

reported as being essential for the growth of rainbow trout (Lee et al, 1967).
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The results for the yeast were 27-9, 5%7 and 2-29 for % weight 

gain, FCE and PER repsectively compared to 47:5, 53-5 and 2-12 

reported previously. The lower growth rate was the result of a 

reduced feed intake which was related to the lower temperature 

as mentioned previously. The results for FCE and PER were 

comparable. 

CONCLUSIONS. 

The results shown in this series of experiments emphasised 

the importance of determining a standardised PER method for 

evaluating protein quality in fish diets. One factor which affects 

PER in trout is the level of dietary protein. The protein content 

yielding the highest PER appeared to be 25-30% in the conditions of 

these experiments. However, the level and source of dietary calories 

will exert an additional effect. Further experiments are required on 

several feedstuffs of varying protein quality used in diets with varying 

caloric sources and levels. An added complication in fish research 

is the effect of environmental conditions, particularly temperature. 

Since the level of metabolism, hence the energy requirement, and the 

dietary protein requirement are temperature dependant functions, 

they will clearly have an effect on PER in experiments carried out 

at the variable temperatures. This probably accounted in part for 

the observed differences. Further experimental work is required to 

determine the extent of such effects. The method of feeding will also 

have an effect. In these experiments satiation feeding was carried 

out. Palatability effects were observed in at least two feeds tested, 

and therefore the level of intake of dietary calories and protein was 

dissimilar. Experimentation is required to evaluate the effect of 

controlled feeding, as opposed to ad-libitum feeding, in an attempt 

to determine the extent of the effect of feed intake on PER. Finally, 

experimentation is required to determine the effects of the length of 

assay on PER values in fish.
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Clearly it will be some time before a standardised method 

applicable to fish studies can be proposed. 

The results for the yeast protein were most encouraging. The 

feed intake was higher than that achieved on a commercial feed, 

indicating that the yeast would be very acceptable as a major protein 

source. Furthermore it was highly digestible and the growth rate, 

FCE and PER values were consisitently high. 

The second experiment in which algal protein was evaluated 

also produced most encouraging results, particularly in view of 

the lower protein digestibility of this material. It is acceptable 

to trout and could conceivably be used as an important component in 

well balanced diets. The bacterial protein has a high digestibility 

and the results of the first trial indicated that the protein could be 

reasonably efficiently utilized for growth. However, the appetite 

restriction,which has been shown repeatedly for this material, 

could be a serious limiting factor in its use. 

It is unfortunate that the diets containing the two conventional 

feedstuffs, fish meal and soyabean meal, could not be evaluated for 

comparison.



188 

GENERAL CONCLUSIONS. 

The urgent necessity of evaluating novel proteins as potential 

ingredients in trout diets was stressed in Section 1. 

Two large U.K. companies have developed processes for the 

industrial production of SCP. B.P. have developed a process for 

the production of yeast on n-paraffins, whilst I.C .I. have developed 

a process for the production of bacteria on methanol. Both companies 

are at a fairly advanced stage in evaluating their products for all 

classes of livestock. It was therefore appropriate to evaluate these 

materials in trout diets. 

Tate & Lyle have developed fermentation processes for the 

production of filamentous fungi on carbohydrate wastes. Although 

their concern appears to be the development of processes applicable 

to the developing countries, similar processes are at present being 

applied to the treatment of industrial wastes containing low levels 

of carbohydrate which can be utilized by fungi and such materials 

could conceivably become available in small quantities in the future. 

Industrial production of penicillin produces large quantities of waste 

mycelia which could also find application in feedstuffs. It was 

therefore appropriate to evaluate the Tate & Lyle and Glaxo products. 

Although the environmental conditions in the U.K, are unsuitable 

for industrial production of algal protein, a product produced in 

Mexico was evaluated to complete the range of single-cell proteins 

tested. 

Facilities for conducting feeding trials under controlled laboratory 

conditions were designed. A major constraint, however, was the 

limited space and water availability. Improvements were made 

as the work progressed and factors such as oxygen and ammonia
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were shown not to be limiting during the experiments. However, 

the effect of tank size could not be assessed and there were occas ions, 

particularly when the water temperatures were at the highest, when the 

more aggressive individuals in a population caused a considerable 

degree of damage by fin nipping. This was most noticeable during an 

experiment on algal protein at a time when the water temperature 

peaked at 17°C. Mortalities were high during this period. Some of 

the fish removed had severe damage to their fins and tails, as shown 

in Plate 22. In a few cases the fish at the top of the hierarchy 

occupied most of the tank space, the other members of the population 

being 'herded! into the centre or into a tight pack at the edge of the 

tank, as shown in Plates23 and 24. Fish in this situation were 

obviously stressed. 

Where possible, for sound nutritional work on this species of 

fish, more extensive facilities allowing the use of larger tanks and 

a greater number of fish in each replicate group, would be beneficial. 

Further more, constant environmental conditions would be a great 

advantage. 

There is considerable scope for further evaluation of methodology 

of protein evaluation and the establishment of a convenient technique 

for the routine assessement of protein quality in practical feedstuffs. 

In the meantime, further evidence of the basic nutritional require- 

ments of this species of fish should be sought so that constraints 

in feed formulation can be used with more confidence. 

Despite the problems encountered in conducting nutritional 

research in such limited facilities, some interesting results were 

obtained with the five single-cell proteins. All of the materials were 

incorporated into compound feeds for rainbow trout at a level 

of 20% without any marked effect on feed intake and there was no 

sign of deleterious effects after 12 weeks feeding. Feeding for a 

turter period of 10 weeks at a level of 40% in the diets did not produce
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any noticeable pathological disturbance but feed intake of fish fed 

the diets containing the bacteria and the mould, Penicillium chrysogenum Is 

was low,indicating a palatability problem of these feeds at that level. 

The performance of the diets appeared to be largely related 

to the protein content of the feed and in this respect the two moulds 

have a limited value as a major ingredient of trout diets since their 

protein content ( 30 - 32 % ) is below the optimum for this species. 

Their effectiveness as a protein supplement would be further limited 

in view of the lower crude protein digestibility observed for these 

materials. They may find wider application in the diets of such 

species as carp, the major cultured species in many developing 

countries where the production of moulds on agricultural wastes 

appears to offer some promise. Certainly research on this species 

would be valuable. 

The algal protein had a higher protein content ( 49% ) and a 

crude protein digestibility comparable to many of the plantseed meals. 

It could find some use, therefore, as a supplementary protein source 

in diets of rainbow trout, in the same way as soyabean meal or 

cottonseed meal. One experiment conducted on a diet containing 

25% protein solely from algae, produced a very acceptable food 

conversion efficiency ( 52% ) and a relatively high protein efficiency 

ratio ( 2:1). Algal proteins may not be widely available, however, 

being restricted to countries with a suitable climate and they may 

be used more effectively in compound feeds for herbivorous or 

omnivorous species of fish in the country of production. 

Of the single-cell proteins tested, the yeast and bacteria would 

seem to have the widest application in trout compound feeds. They 

will be produced industrially in large quantities in several European 

countries, including Britain, and they could be used by the highly 

organised feed industry. They have a high protein content, of the
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order of 50 - 80 %, and appear to have a favourable balance of 

amino acids, with the possible exception of low S-amino acids. 

They could therefore be used as a major protein component of 

compound trout feeds. The apparently poor palatability of the 

bacterial protein, however, may impose an upper limit on the 

levels used. Further research may be required to identify the 

cause of this problem, if indeed it is a consistent feature of the 

material and not merely contamination of the particular batch 

evaluated here. 

The best results have been obtained with B.P. yeast. The 

material has been successfully utilized by several classes of 

livestock and claims of a very high biological value have been 

made, as discussed in Sectionl. Certainly the material was 

very acceptable to rainbow trout in compound feeds and as the 

sole source of dietary protein in semi-purified diets. In the 

latter case, relatively high growth rates have been obtained and 

feed conversion efficiency of 58% and a protein efficiency ratio 

of 2+3 was achieved on diets cmtaining only 25% protein. These 

results were most encouraging and indicated a considerable 

potential for this material. It may be used to replace all or part 

of the fish meal in compound trout diets carefully formulated 

to contain an optimum balance of nutrients. Amino acid supplementation 

is an area which warrants consideration. Other factors which 

will be important in the production of balanced feeds containing 

yeast protein will be the lipid levels and particularly the supply 

of «3 fatty acids, the vitamin levels and the mineral balance. 

Further work on such aspects could lead to the successful use of 

this material routinely in compound trout feeds. Unfortunately, 

however, it is unlikely to significantly reduce the cost of trout 

feeds since it will find a place in the feed commodity market at 

a price applicable to its performance as measured against such 

conventional proteins as fish meal and soyabean meal.



TABLE 1. 
  

PROTEIN CONTENT OF SOME MICRO-ORGANISMS. 

CRUDE PRO- ORGANISM TEIN 2. 

Bacteria 

Pseudomonas spp (I.C.I. ) 83.0 

Pseudomonas spp. (C.P,C.) 78.5 

Unidentified (Esso-Nestle) 62,73 

Escherichia coli 82.0 

Alealigenes viscosus 84.0 

Lactobacillus fermentans 87.0 

Bacillus subtilis 63.1 

Yeasts 

Saccharomyces cerevisiae 5544 

Candida utilis 58.5 

Candida fragilis 58.1 

Saccharomyces cerevisiae 47.9 

Candida spp (B.P, ) 60-62 

Candida spp (B.P.) 68-70 

Endomycopsis lipolytica 59.1 
(RRL) 

Candida spp (Kyowa Hakko 61.8 
Kogyo) ey 

Candida spp (Kanegafuchi a 
Chem, Ind), 59.2 

Notes, 

1. Reported on dry weight basis 

NOTES, 
BELOW 
  

w
w
w
 

w
i
n
 

2. Reported for dried material as received 

De Moisture not stated 

( y Information in pare 

  

REFERENCE 

I.¢,I, Information Booklet 

Ko and Yu. (1968) 

Pillai et al (1972), 

Bunker (1968) 

” 1" 

Miller (1968) 

Peppler (1968) 

  

et al (41972) 

Hoshai (1972) 

ndustry involved - See Table



TABIS 1 (Gont). 

  

ORGANISM GRUDE PRO- NOTES REFERSNCE 

Fungi 

Fusarium semitectum 65.0 3 Worgan (1974) 

Fusarium moniliforme 5h.9-58.2 4 Christias (1975) 

Fusarium oxysporum 59-5565 1 ‘ s 

Fusarium lini © 37.0 4 litehfield (1968) 

Rhizopus oligosporius the dS 5) Worgan (1974) 

Rhizopus stolonifer 34.8 3 2 es 

Rhizopus nigricans 36.0 4 itchfiela (1968) 

Aspergillus niger 39-E6-41 06 4 Christias (1975) 

Aspergillus oryzae 38.0 4 Litchfield (1968) 

Penicillium notatum 38.4 4 * ” 

Alger (Green) 

Chlorella 7-11-05 59.7 2 Iubitz (1961) 

Chlorella pyrenoidosa 61.9 4 Leveille et al (1962) 

Spongiococcum eccentricum 31.6 a " 

Uronemagigas 50,0 3 Gordon (1969) 

Stigeoclonium spp 48,0 3 e « 

Hormidium spp 46.0 3 % " 

Ulothrix spp 42,0 S e * 

Scenedesmis quadricauda 
+ Chlorella spp 43.8 2 Cook (1962) 

Scenedesmus dimorphus 
+ Chlorella spp 43,0 2 Brehul & Isenberg 1968) 

Algae (Blue-green) 

Spirulina Maxima 61,8 4 Glement et el (1967) 

Plectonema boryanum 34.40 3 Gordon (1969) 

Mestigocladus laminosus 34,0 5 : S 

Gleeocapsa alpicola 36,0 a % # 

Fremyella diplosiphon 38,0 5 a a 

Notes 

Tis Reported on dry weight basis 

2. Reported for dried material as received 

3. Moisture not stated.
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TIONAL VAIDE OF SOME YEASTS. 

TABLE . ( from Bressani, 1968 ) 

  

Sample Digestibility BLY. 
  

Bakers' Yeast 
(Saccharomyces 
coneuigt aay 

Brewers' Yeast 

81 

(Saccharomyces cerevisiae) 80-90 

Torula Yeast 
(Candida utilis) 

Torula Yeast + 0.59% DL. 
Methionine, 

85-88 

90     

59 

58-69 

32748 | 0.9 - 1.4, 

88 

1.7 

2,0 =2.5       

TABLE 8. (From Mitsuda et al, 1967). 

  

Sample Digestibility BV. 

  

PER 
  

Torula Yeast (Candida 
utilis) 

Extracted protein 
of Torula Yeast 

Extracted protein 
+ methionine 

Casein 

96 as) 

95 61 

98 68         
2.2 

2.3    



NUTRITIONAL VAIUE OF SOME YEASTS 

  

  

          
  

  

AB LR OU, (from Shacklady, 1970). 

Sample Digestibility BV. NP.U. 

| 
BBP. yeast (n-para) 96 64 59 

"+ 0.3% DI-Met, 96 4 88 

B.P. yeast (gas-oi1) 9h. 5h 50 

» + 0.3% DL-Met) 95 96 1 

Soya protein isolate 100. 42 42 

" + 0.3% DL-Net 99 65 6h. 

Dried whole egg 100 90 90 

" + 0.3% DL-Met 1400 7 97 

TABLE 10, (from Palmer & Smith, 1971). 

Sample No, 2 3 4 5 

Digestibility 9h. 93 wn 79 

N.P.U. 56 58 50 he 

NP.U.+ 0,37% I-Met 58 62 69 50 

N.P.U.+ 0.6% L-Met | 68 69 73 5h. 

NPLU. + 0.9% IeMet | 7h 78 75 €0 

BV. | 60 62 5h 56 

BV.+ 0.9% L-Met | 79 8h. 82 7     

   



NUTRITIONAL VALUE OF SOME BACTERTA. 

(from Tannenbaum, 1968), 

  

  

            

  

  

          

  

  

TAB eV, 

Sample Digestibility BY. NP.U. 

Bo-illus Megaterium 
Wnole cells 76 60 46 

Extr cell contents Sh 65 a 

Whole cells 55.6 62.3 545 

roken cells 67.3 70.0 4761 

Casein + 2,5% Methionine 88.4. 88.7 78.3 
~ay 

TABLE 12, (froma Chance, 1968). 

Sample Digestibility BY. NP.U. 

Hydrogenomonas eutro- 
phe (boiled) 93.0 Tet 72,0 

Hydrogenomonss eutro- 
pha (sonified) 93.6 76.0 71.0 

Casein 98.9 77-3 76.0 

TABLE 13, (from Palmer & Smith, 1971). 

Digestibility BV. N.P.U. 

Sample 6 90 42 38 

" + 0.3% L-Met 2 x 19 

"+ 0,66 L-Met - - 5h. 

"+ 0.96 L-Met - 70 - 6B 
Sample 7 1 54 1k 

"+ 0.64 L-Met = = Dy 
" + 0.9% L-Met - 75 68         

  

 



TABLE 14. 

NUTRITIONAL VAL 

  

© OF AIGA 

(from Cook, 1962) 

  

  

          

  

  

Sample Diges tibility BY. N.P.U. 

Dried algae 65.4 54.3 55.5 

Autoclaved algae 65.5 54.5 35.6 

Algae cooked for 30 minute 73.0 56.0 40.9 

Algae cooked for 2 hours 69.8 48.7 421.0 

TABLE 15 ., (from Erchul and Isenberg, 1968). 

Semple PER Digesti-~ BV. ; NPL. 
bility | 

fi | 
1, 3064+ 30 Be 

25% C + 10% D - 67 Wo 
| 

2. 7950 + 186 B qe 65 By hue 

3. 959% D 0.92 5A a on 
| | 

4, 95% B 0.72 e fi RS ret ee 
| I 

5. 95% B 1.45 - eel Se 

6. 756 B+ 206 P+ | 
1% G. 1.98 5 Cl lig ST. 

7. 506 B+ 30% F 4.46 Os ene aes 

Casein control 0) 2.63 (3) 97 (3)77 (3)75 

Q) 2.73 | (4) 98 (4)81 (4) 79 
|             

Species A. 
dD 

Notes 1. 
2. 

Closterium, 
S. quadricauda, 

B, Chiorelle, Cc. 
E. S. intermedius 

Control for semples 1 - 6, 
Control for sample 7 

Scenedesims dimorphus 
FP, Segnedesmis | 

unspecified), 

3 and 4, Control values detérmined approximately 6 months apart,



TOATR LE 16 4 (from Clément et al, 1967). 

  

Sample Digestibility BV. NP.U. 

  

Raw Spirulina 

Stewed Spirulina 

1505 = 7607 

Tied   
60 - 65 

4B = 5h   
45.6 - 49.8 

36.0 - 40,0 

   



  

TABLE 17. 

POTENTIAL WORLD-WIDE FR   DUCTION AND PILOT 

  

  

  

  

  

FACILITIES FOR S.C.P. BY 1980. (WELIS, 1975). 

Organism Substrate Estimated 1975- 
80 capacity 

(t/a) 

CZECHOSLOVAKIA 

Slovnaft Kojetin Yeast Ethanol 60,000 
Slovnaft Kojetin Yeast n-Paraffins 100,000 

FINIAND 
United Paper Mills Fungi Sulphite liquor 19,000 

FRANCE 

British Petroleum, 
Lavera Yeast Gas Oil 100, 000, 

Group Francais des 
Proteines Yeast n-Paraffins 40,000 

GERMANY 

Biological Carbon 
Research Algae Carbon dioxide Pilot 

ITALY 

Italproteine, Sar- 
dinia Yeast n-Paraffins 100,000 

Liquichimica, 
Calabria Yeast n-Paraffins 200,000 

MEXICO 2 
Sosa Texcoco Algae Carbon dioxide Pilot 

ROMANIA 
Realprot Yeast n-Paraffins £0,000 

REPUBLIC OF CHINA Yeast n-Paraffins 4,000 

SWITZERLAND 
Nestle Bacteria Ethanol 1,000 

TAIWAN 
Chinese Petroleum Yeast n-Paraffins 100,000 

UNITED KINGDOM 
British Petroleum Yeast n-Paraffins 100,000 
I.C.I. Bacteria Methanol 400,000 
Shell. Chemical Bacteria Methane? 41,000 
R.H.M. Foods Pungi Carbohydrates 410,000 
Tate and Lyle Fungi Carbohydrates 4,000 

U.S,S.R. Yeast n-Paraffins 200,000 
UNITED STATES 

Amoco Foods Co, Yeast Ethanol 5,000 
ISU/Bechtol Bacteria Cellulose 410,000 
US Arny Bacteria Cellulose 19,000 

JAPAN 

Mit: hi. Gas Methanol 109,900 
Sumimote 190,000 

Kyowa Hakko | 100,000 

  
       



TABLE 18, 
  

COMPOSITION OF FEE REDIENTS (1) 

  

  

  

  

Ingredient Water Crude Fro- Pet.Ether Ash 
| Content tein % Extr. % % 

| . & 

White fish meal | 9.0 64.7 4.8 15.2 

Wheat middlings | 13.2 15.0 3.6 3.9 

Soyabean meal 9.0 45.5 4.1 S 

Delactosed whey 44 26.0 a7 23.5 

Distillers' solubles 5.8 25.9 0.3 24.9 

Corn gluten meal 6.1 61.3 2.0 251 

Brewers' yeast 8,1 L5el 0.9 - 13.0 

Dehydrated grass meal 8.8 13.2 2.0 12,0 

Candida lipolytica Bet 58.9 2.8 10.6 

Penicillium chrysogenum| 6.5 3235 0.5 12.9 

Aspergillus niger 3.6 30.1 2.1 73     
        

(1) Proximate analyses - all analyses reported as % of the 

original sample 'as received'.



TABLE 
  

19 

FORMUIATIONS OF EXPERIMENTAL DIETS, 

  

  

  

                  

Ingredient @ in diet 
co 2 CO 3 COL. co 5 coé co 7 co 8 

White fish meal 35 35 35 35 17 17 s 
Delactosed whey 10 ~ - - 10 10 10 

Distillers' solubles 8 - - - 8 8 8 
Penicillium 

chrys ogemm - 18 - - 18 - - 
Candida lipolytica - - 18 - - 18 35 

Aspergillus niger - - - 18 ~ - - 

Wheat middlings 13 13 13 13 15 43 os 

Soya bean meal 10 10 10 10 10 10 410 

Corn gluten meal 6 6 6 6 6 6 6 
Brewers' yeast 5 5 > D 5 5 5 
Dehydrated grass meal 3 3 3 5 3 3 3 
Trace mineral salts (1) 4 4 h 2 Ne a 4 
[Witemin mix, (2 4 4 n a iy es Dy 
Soya bean oil A 4 & 4 4 A 4 

(4) Trace Mineral salts shown in Table 20, 

(2) Vitamin mix shown in Table 21, 

 



  

TABLE 20 

MIX (U.S.P, XVIII). 

  

Ingredient 
  

NeCl 

KI 

oer 

Mg SO, 

Calo, 

FeSO, 7H,0 
2 

MnSO, H,0 
4 

ZnSO, 7H,0 

CuSO Hg 

C0G1,6H,0   

Quantity (g) 

139.3 

0.79 

389.0 

381.4. 

27.0 

4,01 

0.548 

0.477 

0,023   

  

 



TABLE 

VITAMIN PREMIX A 

  

  

Vitamin 

D-Ca Pantothenate 

Pyridoxine 

Riboflavin 

Niacin 

Folic acid 

Thiamin 

Biotin 

Bi2 

Menadione sodium bisulphete 

BH. T. 

Vitmin E 

Ditamin D; 

Vitamin A 

Chlosne chloride (3) 

Ascorbic Acid (3) 

  

(2) mg vitamins/tb premix 
  

600 

5 

600 

6,250 

100 

500 

0,25 

125 

250 

2,000 I.U. x 

45,000 I,U, * 

75,000 I.U. * 

4,000 

5,000 

  

(1) Vitemin premix used in McNenney diet (Orme, 1970), 

(2) me/1b of premix being made up of pure vitamins premixed 
in wheat middlings, except * given in international units. 

(3) ‘Vita 
main ingredients 

  

ins added to the diet at the time of mixing the 

 



  

TABLE 22 
  

  

  

  

Diet Number % diet remaining as Water stability 
‘ pellets after sieving, #® loss in 5 mimtes, 

co Not included 3.2 

co2 77.2 28.9 

co3 67.2 5935 

COL. 67.6 36.3 

co5 81.2 97.7 

C06 67.6 28.9 
cO7 66.8 28.8 

cos 60,6 Bhd        



TABLE (23, 

Composition of Experimental Diets. 

  

  

  
  

        

Diet ES a ere asn'?) 
Number Content * Protein Extr, he 

| 

co 4 8.8 Heyes TS, 12.2 1) 

co 2 9.6 40,1 6.8 13.8 

co 3 8.5 LO: eas 6.7 12.0 
| 

coh 8.0 46.8 | 74 11.6 

co 5 94 40.9 | 7.0 10.9 
| 

cO 6 | 10.9 35.8 6.0 13.2 

co 7 10.3 38.5 Ek AZ.9 

co 8 9.9 37.5 6.4 12.4 

(1) As measured. 

(2) As caleulated from ingredient analyses and corrected to 
measured moisture content, 

 



TABLE 2h, 

GROWTH DATA - PHASE I, 

  

  

      

  

  

No, of days oe 
of trial 4.70 qh 28 64 % increase in 

| mean weight 

| O - 61 days, 
Mean tempera- 
ture (4 a 10 2 9 

Feeding 
rate (2) 2.5 2.4 4.9 41.8 

rest Mean weight of fish - g (3) 

co 4 17.0 20.4 22.9 30.6 80,0 

co 2 16.6 19.5 22.5 30.3 82.5 

CO 3 16.6 | 20.0 | 22.4 29.7 78.9 

cok * 416.9 20.1 23.8 31,0 83.4 

co 5 a0 20.3 22,9 50.3 78.2 

co 6 16.7 19.5 21.5 26.5 58.7 

co 7 1668.4) 49.2 | 225911 a9,2 73.8 

co 8 16.6 19.2 21.6 26.6 60,2               

(1) Ambient mains water temperature to nearest degree, 

2 Feeding rate suggested in tables given as % body weight/day., SS eS 

(3) Mean weight of fish from duplicate groups on each diet 
treatment. 

 



TAB eh ons 

CUMULATIVE MORTALITY, STOCKING AND LOADING DENSITIES. 

(End of Phase I), 

  

Stocking | Tending |? 

  

  

Tank Diet Cumulative Total 

Number | lumber | Mortality Weight] Density | g1™ min, 
g gl 

4 co 4 O° 873 87.3 3492 
2 co 2 4 n2 71.2 281.8 

5 CO 3 Mies. 742 Ted 2968 

4 co 4 28 (2) - - - 

5 co 5 0 847 8h..7 3388 

6 co 6 2 671 67.1 2681. 

7 co 7 1 783 78.3 3132 

8 co 8 2 718 71.8 2872 

9 co 8 0 71k Ade 2856 

40 co 7 44 499 49.9 1996 
4 co 6 1 7A 3.4 2924, 

12 co 5 5 706 70.6 282), 

13 co 0 871 87.1 31,2). 

4b co 3 49 (0) 186 18.6 Th. 

45 co 2 3 77h Tloke 3096 

16 co 4 4 810° 81,0 3210             

(1) Approximate values only, assuming a constant flow rate of 
250 m/min 

() Numbers in parentheses show the mortality prior to the 
systems problems described in the text, 

 



  

  

  

      

TABLE 26. 

ENVIRONMENTAL CONDITIONS _(€0 DAYS). _ 

Tank Temp, Ammonia Unionised Ammonia 
Number x pH P.pPem per" 

4 9.0 6,22 0.6 0.1716 

2 9.0 6.08 0.9 0.186), 

3 9.0 6.14 1.0 0.2220 

4 9.0 - - = 

5 9.0 6,06 0,96 09,1899 

6 9.0 6.07 0.56 0.1134 

ie 9.0 €,09 1.15 0.2415 

8 951 6,05 0.98 0,1910 

9 9.3 6.19 0.85 0.2523 

10 9h. 6.10 0,80 0.1791 

i} 9.5 6.15 0.80 0, 2025 

412 9.5 6.08 1,98 C.1267 

43 Bs5 6.17 1.25 O,551k 

1h 965 6.19 0.48 0.1508 

15 9.5 6,12 4.25 0,295h. 

16 9.5 6.44 diet) 0.2655        



TABLE 27 

STOCKING DENSITY AND LOADING FACTOR (START OF 
  

  

  

    

Tank Diet Total Stocking Loading 
Namber Number Weight Density Factor 

g g 17 2 1' nin, 

1 co 4 632 63.2 2528 

2 co 2 6h) Eh 2576 

2 co 3 613 6153 24,52 

4 co 4,09 40.9 1636 

5 co 5 617 61.7 ‘2468 

6 CO 6 536 53.6 21d, 

7 co7 602 60.2 21,08 

8 co 8 586 58.6 235k 

2 co 8 57h 574 2296 

10 co 7 61h. 61.4 24,56 

14 co 6 550 55.0 2200 

12 co 5 634 63.4 2524. 

13 coh 162 46.2 1848 

44 co 3 360 36.0 44,0 

15 co 2 627 62.7 2508 

16 co 1 666 66.6 266),        



  

MEAN FISH WEIGHTS - PHASE IT 

  

  

      

  

            

Number of 
days of 61 78 
trial oe 7) 

Mean Tem~ | 

perature 8 os od) 9 te z 

Feeding 1.8-1, 
(in vance) T 1.7-1.6 Weis ABs 

Diet (3) Mean Weight of Fish ~ g.¢ 3.u6%) 
Number 

co 2 (2) | 32,28 1.33 | 39.5 1.6 W6.624.97 | 53.1% 2.42 
(45) | 31.05 4.38 | 38.3 = 41.71 he8 = 4.73 56.1> 2,28 

CO (3) | 30.62 1.34 | 37.6 21.72 | 44.0% 2,09 | 55.76 2.67 
(14) | 25,7= 2,05 34.2 = 2,62 36,8 = 2.97 46.0= 3.77 

Cow (4) | 29,221.14 | 35,751.65 | 42.854,98 | 55.15 2.60 
(43) |33.0= 1.92 | 42,0 = 2,37 51.1 = 2,93 63.€= 3.40 

| 

005 (5) |30.82 1.22 | 37.85 4.47 | 44.9 21.75 | 55.76 2.14 
(42) | 31,6- 1556 | 39.2 = 1.93 45k = 2.15 5869 2.76 

CO 6 (6) | 28.62 0,89 | 50.4 20.8% | 34.2 £1.28 | 10.64 4.58 
(41) 27.5= 1451 31.5 = 146 36,2 = 4,85 40.5= 2.15 

Go 7 (7) |30.1% 143 | 36.24.79 | 42.2% 2,05 | s2,2¢ 2.12 
(410) | 29,3= 142k | 35.1 = 4.45 WAT = 4.65 48,4= 2,03 

co 8 (8) | 29.34 0.90 | 35.021.07 | 40.824,26 | 29.2% 1.62 
(9) | 28:7 0.59 | 33.64 412 | 38.34 1:36 | ubye 1.68 

(1) Mean ambient mains water temperature, 

(2) Feeding rate % Body Weight/Day. 

(3) Diet mmber with tank mumber in parentheses, 

(4) Values are means for each of the duplicate populations on 
each diet, 

 



CONVERSION EFFICIENCY DATA ~- PHASE II. 

TABLE 29 

(4) 
  

  

  

          

Penta 
ays 61 - 78 19 - 92 93 =~ 110 61 - 92 

Diet Mean 

Number (2) result. 

co 2 (2) 88.5 80.0 18,8 82.7 

(15) 87.0 75.2 87.7 

co 3 (3) 89.3 79 oh 76.9 83.0 
(44) 83.3 80.0 87.0 

co & (4) 87.0 88,5 100.0 93.2 

(43) 100.4, 97.4 85.5 

co 5 (5) 87.7 80,0 ah. 83.0 
(12) 93.5 70.9 62.1 

co 6 (6) 52.k 56.5 6he5 58.4 
(41) 56.8 €6.7 54.9 

co 7 (7) 78.1 15.2 82.0 79-7 
(10) 81.3 84.0 5569 

CO 8 (8) 76.3 ThA Tak: 70,0 

(9) 67.4 62.5 73.0 
Temp(Range) °C 9-8 8-7 7 
  

(41) % Conversion efficiency 
t gain-g¢ 

food consumed-g    

(2) Tank mmber in parentheses. 

x 400(ror dupli- 
cate groups 

of fish on 
each diet.) 

 



  

  

  

  

  

              
  

Tank Diet |Oxygen sat- pH Total Stocking | Loading (1) 
No, uvation % Density g 17! min, 

git 

4 co 4 7 6.5 0.25 7322 2927 

2 co 2 36 6.3 O34 106.3 1.218 

3 CO 3 51 6.5 0.4). 107.5 14296 

4 co, 47 6.4 0.65 T62 3087 

5 co 5 45 6.5 0.52 105,9 14236 

6 co 6 54 628 O45 81.3 3251 

7 co 7 59 6.4 0.31 104.3 4172 

6 co 8 55 6.4 0,26 98.4 5936 

9 co 8 65 6.5 0.24 92.9 37th. 

10 co 7 AS 6k 0.34 101.6 406) 

a1 (21 cog 83 - - - - 
412 CO 5 6h 6.5 O43 107.0 4278 

15 co} 5h. 6.5 |, 0.30 £941 556k 

qh CO 3 62 6.5 0.34. 64.4 2575 

15 co 2 62 6.4 0.28 112.3 11,92 

46) co 4 61 6.5 0.33 108.9 1356 

Temperature in all tanks = 7.0 eo) 

(1) Loading - approximate values only, 

(2) 5 fish only. 

 



MEAN WE: 

  

IGH! 0} 
  

  

  

FISH (LOGE VALUES) AND 

IC GROWTH RATE. 

  

  

  

  

NUMBER 
F DAYS 64 78 92 440 61 ~ 92 

DIET 
NUMBER Log, rean wie i ehit——— Mean Sv. Cr. 4 

co 2 3.46 3.66 3.82 4,00 AG 

CO 3 3.34 3. 5h. 3.70 3.91 1.16 

co 4 Bhd. 5.66 3,85 4,08 1.32 

co 5 Sa lh 3.65 3.81 4,400 1.19 

co 6 3.50 3.43 3.56 3.72 0.8) 

co 7 3.59 3.57 507k. 5.90 1.42 

co 8 3.37 54 5h. 3.68 3.87 1,00              



  

  

  

  

                

AB) tr esos 

PSLIET HARDNESS. 

Diet Speed (2) loss of weight in time (mins), 

® 1 2 3 b 5 

C.N.P, Slow 0 0 0.2 0.2 0.2 
(expanded) | yoaium ASB |e 2sh |e eG a|lepeda- al 1520 

Fast 5.2 6h 7.6 8.9 8.4. 

| 
co 2 Slow 4.0 6.2 8.2 9.8 4104. 

(Bry Method} je aium 50.8 | Sie | dhe? | WB. | 61c8 
Fast 29.4 | 45. 51.0 51k 56.6 

co 2 Slow 0 0.2 Oo. Ok 0.6 
a) Medium £6 ol Ee |) 300i s.u | 36 

Fast Beat 8.261 10,2 1.10.6 14320 

(1) Arbitrary selection on dial of shaker, 

(2) Values represent mean of 3 samples. 

 



TAUB LR «gs, 
  

WATER STABILITY OF PELLETS 

  

Pellet Type % loss in dry weight in time (mins) 

  

  

4 2 3 5 10 

c.N.P, 4.40 7.0 9.5 44.5 22.5 
(expanded) . 

co 2 23.0 35.0 dbo 57.9 80.5 
(ary pelleting) 

co 2 5.0 8.0 ate S 17.0 25.0 
(wet pelleting)          



FOOD INGREDIENTS 

‘TEST PROTEIN 

Herring meal 

Soyabean oi] Meal 

Cotton seed meal 

roundmt meal 

Yeast Protein 

Bacterial Protein 

Algal Protein 

Mould Protein 

Mould Protein 

BASAL INGREDIENTS 

Corn gluten meal 

(Globe Prairie ) 

Delactosed whey 

Distillers! solubles 

Brewers' yeast 

Wheat feed 

Durabond 

Pure Vitamins 

Salt Mixture ¢ 

SLR UE! She 

USED IN THE COMPOUND FEEDS. 

SUPPLIER 

Herring By-Products Ltd, 

Rowett Research Institute 

BP. Proteins Ltd, 

I.C,I, Ltd, 

Sosa Texcoco, S.A, Mexico, 

Glaxo Laboratories 

Tate & Lyle Ltd. 

C,P.C. Ltd, 

Cooper Nutrition Products Ltd, 

Spillers Ltd, 

Reeson Bubsby & Co, Ltd. 

Cooper Nutrition Products Ltd. 

    

abora tory Chemicals)



TABLE 

FORNUIATION OF EXPERIMENTAL DIETS - 

35. 
  

PHASE I. 
  

Q) 
Basal Ration & 

Herring meal 20 

Corn gluten meal 10 

Brewers' yeast 5 

Delactosed whey 10 

Distillers' solubdles 8 

Wheat feed 15 

Vitamin sremaa?) A 

Mineral mix (1) 2: 

Durabond birder 2 

Soyabean oil 4 

fest Protein (2) 20 

(1) 

(2) 

  

Git 

G12 
© 43 

c 4h 
G45 
C16 

C17 

Vitemin mix as 

  

All diets contain basal ingredients, 

Test Protein 

Herring meal 

Soyabean oil meal 

Cotton seed meal 

Grounduut meal 

Yeast Protein (B,P, ) 

Bacterial protein (1.C1.) 

Algal protein (Sosa Texcoco) 

Mould protein (Sate & Lyle) 

Mould protein (Glaxo Laborat- 
ories, 

wn in Table 21, 

Mineral mix as shown in Table 20,



(4) 

(2) 

@) 

(4.) 

TABLE 36. 

FORMULATION Of EXPERIMENTAL DI ETS - PHASE IT, 

i 
Basal Ration _% 

Herring meal 

Corn gluten meal 

Brewers' Yeast - 

Wheat feed 

Vitamin mix(?) 

Mineral mix) 

Soya bean oil 

(2) Test Protein 

All diets contain tbasal ingredients, 

Diet Number 

c 18 

C419 

¢ 20 

C2 

GC 22 

Vitamin mix as shown in Table 21. 

Mineral mix as shown in Table 20, 

Test Protein 

Yeast Protein (B.P, ) 

Bacterial protein (1.0.1. ) 

Algal Protein (Sosa Texeoco) 

Mould protein (Tate & Lyle) 

Mould protein (Glaxo Labora~ 
tories).



TABLE 

    

COMPOSITION OF 

(Proximate Analysis), 

  

  

  

  

Ingredient Vater Con-| Crude Propet Ether} Ash. Total 
tent % tein % Extr, % Energy 

% Keals/10 g 

Herring Meal 9.5, (2.5 eo 1222 46.14 

Soybean Oi] Meal. 7.8 45.9 th. 6.1 42,50 

Cottonseed Meal tO) 4,6 1.8 6.9 42,22 

Groundnut Meal 8.4 49,0 255 5k 42,64, 

Yeast Protein 5.3 58,2 269 +3505 48,57 
(B.P. Lta) 

Bacterial Protein | 3.4 71.7 1.6 | 16.5 || 49,70 
(1.6.1. Ltd) | 

Algal Protein 165 49.8 2.3 | 10.5 || 47.20 
(Sosa Texcoco SA) | 

Fungal Protein 8.5 32.7 2% 3,0 | 43.72 
(Tate & Lyle Lia) | 

Fungal Protein tie Gay 32,7 0.5 114.0 |] 49.33 
(Glaxo Laboratories ) 

|              



  

TABLE 
  

38 
  

  

  

  

Water oa Crude Pet Ether Ash 
Ingredient tent Protein | Extr, % 

Corn Gluten meal 8.0 60.0 2.5 3.8 

Delactosed whey 54 27.9 Tf, 21.6 

Distillers solubles| 5.6 25.5 10.5 135.9 

Brewers' yeast 71 45.0 1.0 5.6 

Wheat feed 13.2 15.5 5oh. 349 

Durabond 9.6 Nil 4,0 141.0            



   COMPOSITION OF TEST I 

(Proximate Analysis) 

  

  

  

  

TEST DIET Water Crude Peb.Ether Ash Vande Energy 
% Protein] extr % | Keals/100 g, 

# So 

C09 Herring 8.3 45.51 | 7.50 | 14.05 429.93 
Meal 

610 Soybean Oil | 8.7 39,82 6.61 12.542 148,82 
Meal 

C11 Cottonscsa | 9.2 39.28 | 6.64 | 12.79 115,25 
Meal 

C12 Grounamt . 8.9 40,38 6.78 | 12,56 - ABA: 
Meal. 

C13 Yeast Proteint1.0 44,00 6.70 | 13.74 447.81 
(3.P. Ltd, ) 

Ci, Bacterial 410.3 1).495 6.47 | 14037 4.24.56 
Protein 
(T.0.2s1ta) 

C15 Algal Pro- 10,2 FAS 6.67 | 13.33 420.90 
tein (Sosa 
Texeoco SA) 

Ci6 Fungal Pro- | 10.1 36.67 6.65 | 16.93 415.43 
tein 
(fate & Lyle) 

C17 ~=FAungal Pro- 8.7 56,97 6.41 | 13.67 441.48 
tein (Glaxo 
Laboratories 

    

             



TABLE 40 

COMPOSITION OF TEST DIETS 

(Proximate Analysis) 

  

  

          

TEST DIET Water Crude | ft Ether Ash Gross "nergy 
% Protein| Exte | Keals/100 g. 

io % 

CO9 Herring 7.0 46.4 AGT. 14,3 436,0 
meal 

C18 Yeast 7.6 49.1 7.3 13.4. 458.1 
Protein 

C19 Bacterial 8.4 56.0 6.6 14.3 b5h9 
Protein * 

C20 Algal 8.5 45.8 7.0 1258 452.5 
Protein 

C21 Fungal 8.0 B95 7.0 9.3 112.9 
Protein 
(Tate & 
Lyle) 

C22 Fungal. 7.1 59.2 644 12.6 4,26,1 
Protein 
'Glaxo)      



TABLE 1, 

pressmerary) 

  

  

  

   
  

    

Diet| % Cr.I1 Oxide % Nitrogen % oa Oe chin 
No, | Feed Faeces Feed | Faeces i | tability of Test 

Protein (2) 

Cop} 0.475 | 1.066 | 7.47 | 3.57 Bho 100.0 

C10 10.493 1.332 6.56 | 3.29 81.4 95.9 

Cit |0,487 4.256 6.53 | 2.88 82.9 102.7 

C12 |0.495 4.426 6.78 | 3.09 $4.2 106.3 

C13 10.484 4411 6.88 | 2.95 85.3 106.9 

Ci |0.465 41D. Wee 58) 81.6 | 99.4 

C15 10.475 4,103 6.78 | 4,02 2.9) 88.6 

C16 10.473 4.210 6.14. | 3.44 80.0 93.7 

C17 |0.459 | 1,095 6.14 | 3.12 78.7 86,1 

|             
  

() Calculated fron: 

    

   

   

Digestibility % = 

(2) Digestibi1s. 
meal at 1( 
digested e 

 



MEAN DAILY FOOD CONSUMPTION - 

TABLE 42 
  

  

  

  

  

  

  

  

  

  

              

J 

TIME 
WEEKS 0 2 20 = ah ~ 6 6 - 8 8 ~ 10 

DIET g + SE g + SE g +SE/ g + SE g +58 

cog 5011 0.37 6.22 0,26 7035 0657, 9019 0.79 10.00 1,44. 
HERRING 5-15 0,42 6.87 0,22 7.26 9.70) 9.55 0,89 410,15 41,24 
MEAL 5.26 0,40 6.37 0.28 7.00 0.6410,09 1.04 10.12 1,20 

SOYABEAN 5.69 0.39 7.10 0,33 8.54 0.62) 11.3€ 0.98 11.28 1.43 OIL MEAL 5.4 0,39 6.38 0,26 7.50 0.57) 9.88 0.81] 10.72 1.44 
5.57 9.38 7-00 0,30 7.09 0.59) 9.68 0.74 10.00 1,18 

cn 5e7 = 0645 7233 0.37 6.62 0.56 10.11 0,83) 11.23 1.55 COPrTONSHED 5.49 0.46 7.66 0,32 7.65 0.73)10.25 0.91] 10.42 1.24 
MEAL 5.0) O41 6.17 0,22 6.45 0,60} 8.76 0.84 9.18 1,28 

C12 5.03 0,35 6.80 0,23 6.73 0.50 7.96 0.63) 8.75 1.01 
GROUNDNUT MEAL | 5,31 0.42 6.24 0,36 6.94 0.56) 9.30 0.91] 9.53 1.33 

5.36 O45 6,80 0.26 6.89 0.73] 8.82 0.75 9.49 1.13 

013 72 . O40 6.72 0.29 7.16 0.64] 9.27 0.78 9.24 1.08 
YEAST 5.52 0.35 Dege 0,54 6.08 0,53] 8.56 0.72] 8.44 ot} PROTEIN 5.44 nb, 6.67 0.39 6.90 0.74) 9.36 0.87] 9.38 1.13 

Cth, 458 OV 3h. 5.84 0,12 6.05 0.57] 8.90 0.80! 8.91 1.05 
BACTERIAL 4,80 0.37 5.98) 0.20 6.59 0.541 9.27 0.751 8.85 1.03 PROTEIN 4.673 0.35 5.94 0019 6.60 0.53} 8.17 0.85] 8.14% 0,99 

C15 5.14 0.40 6.69 0,27 6.44 0,60] 8.72 0,8] 9.14 1,07 
AIGAL 5.26 O44 6,22 0,27 7.23 0.57) 9.30 0.74] 9.72 1.20 
PROTEIN Dol O45 6.72 0.33 7e12 0.70) 8.75 0.75) 8.87 1.03 

C16 FUNGAL PRO-|5.38 0.37 6.90 0,2 (etd ~0,62|' 8555 0,583) 9512) “1.47 
TEIN 5.39 0,40 6.25 0.25 6.54 0.66] 8.73 0.72) 9.18 1.16 (Tate & lyle) 55k | (OUT 6.76 0.30 7.82 0.66) 9.58 0.84) 9,90 41,17 

C17 YUNAL 5.58 0.38 6.78 0.19 7.52 0,56/10.13 0.84(10.46 1.46 
FROTEIN 5.06 0.4.0 6.19 0.17 6.81 0.63) 9.55 0.79] 9.26 1.12 (GLAXO) 5.10 0.43 6.28 0.32 6,89 0,66]-9,06 0.84] 9.31 1.49 

Se Ee ous ie Ao b 
  

 



TABLE 43, 

IMMARY OF FOOD CONSUMPTION DATA, (9 /1009 fish) 

  

  

(Mean result for each diet expressed as % Midpoint Body Weight per 
Day for each period), 

  

  

  

    
  

TIME 
WEEKS 

TEST 0-2 2-k 4-6 6-8 8-10 

DIET 

Cco9 =FISH MEAL 3.48 3,20 2.63 2.66 2049 

C10 SOYBEANMEAL| 3,63 3,10 2.87 2.86 2.30 

C11 COPTONSEED 3.85 5.69 2.76 2.9 2.43 
MEAL 

C12 GROUNDNUT 3,66 3.45 2.69 | 2.64, 2.20 
MEAL 

C13 Y¥@AST PROTEIN 3.77 3.29 2.61 2.7k 2.16 

Ct). BACTERIAL 3.32 3.13 2.55 2.67 2.10 
PROTE 

C15 ATGAL 3.65 3,40 2.77 2.78 2127, 
PROVEIN 

C16 FUNGAL 3.85 3.60 3.05 2.95 2.48 
PROTEIN 
( & L) 

C17 FUNGAL 3,83 5.6). 3.09 5.22 2.58 
PROTEIN 
(GIAXO) 

{ TEMPERATURE 16.5 A675 16,0 14.5 1255 2 
Cc              
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TABLE 45. 

  

ASSIMITATION COEFFICIENTS, 

Diet Assimilation Goetticient(!) 

co 9 0.7 

C10 0,69 

C14 0.69 

C12 0.71 

C13 0.71 

Ch, 0.72 

C15 : 0.67 

C16 9.66 

C17 0,66 

(1) Assumes following digestible energy values:- 

Fat = 8.0 Keals/g intake 
Carbohydrate = 46 Keals/g intake 
Protein = 5.65 Keals/g digested, 

 



PRB Bs | h6s 

  

  

  

  

          

(4) 

PERIOD 
WEEKS 0-2 2=k k= 6 6-8 8-10 Diet 

DIET | Mean 

cog 9.509 0.299 0.277 0.27h. 0,242 
0.292 0,302 0,248 0,260 0.229} 0,273 
0.303 0, 284. 0.21.8 0,291 0,243 

c10 0,289 0,281 0, 263, 0.272 0,218 
0.275 0.276 0.257 0.269 0.238 | 0,263 
0,293 0,293 0.239 0,26), 0, 22h. 

cr 0.321 0.312 0.229 0,282 0,254 
0,288 0.314 0,245 0. 26h, 0,219 | 0.268 
0.281 0.283 0,242 0.266 0,228 

G12 0.298 0.3519 0,214.8 0,24). 0.223 
0.286 0,268 0.24 0,258 0.214] 0,259 
0.295 0.293 0.237 0.249 0.218 

13 0.319 0.290 0, 2h4. 0,256 0,214, 
0,296 0,266 0,226 0.268 0.219 | 0.258 
0,293 0,286 0.236 0,25), 0,210 

Cik. 0,275 0.278 0.230 0.27h. 0,228 
0.276 0.271 0.235 0.26) 0,210 | 0,249" 
0,263 0.26). 0.235 0,238 0,200 

C15 0.277 0,287 0.22). O.2h9 0.217 
0.279 0,265 0,248 0.257 0,218} 0,250 
0.279 0.272 0.236 0,2)4 0,204, 

C16 0.288 0,292 0,260 0,237 0,222 
0, 283 0,273 0,232 0.268 0,232] 0,258 
0.280 0.275 0.258 0.255 0.215 

C17 0, 282. 0,249 0.258 2,281 0,242 
9,286 0.282 | 0,251 0.284, 0,227 0,259 
0.263 0,265 0,238 0,255 0,218 

PERIOD 0,288 0, 283 0. 242; 0,262 0,223 
MEAN |         

    
(1) Caleulated for each of the three replicate groups on each diet 

for each two-week period, 
  

  

 



    

   

  

  

TABLE 47 

ANALYSIS OF APPETITE DATA, 

ANALYSIS OF VARLA 

Source Degrees of Sum of Mean F.Ratio | Probability 
Freedom Squares Squares 

Period (P) 4 0,07887 0.01972 | 164.33 < 0,001 

Diet (D) 8 0.00710 0.00089 The < 0,001 

25-0: 32 0.00563 0,00018 1,50 > 0,05 (N.S! 

Replicates 
inD 18 0,00),01 0,00022 1.83 0,01 - 0,05 

Residual 72 0,00870 0,00012 

TOTAL 134. 0.10432         
  

FURTHER ANALYSIS OF DIET 
based on the Tables of 

  

CT (using sequential form of the Q method 

  

  

  

        
Diet Mean 49 tever 2) 

C1) Bact 0,249), a a 

C15 Alg 0,2502 ab 

Cié A.nig. 0.2580 abe a b 

C13 Yeast 0,2585 a d0 a b 

C 17 P.Chr, 0, 2589 a bo a b 

c12 GN. 0,259. a be a b 

G10 Soya 0,263). bec abe 

Cii Cot. 0,2681 od boa 

cog HLM. 0.2734 a 8 

  

(1) Diet means with same letter are not sig 

(2) Diet means with same letter are not sic. 

   

  

ificantly different. 

icantly different. 
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TABLE 49 

MEAN GROWTH DATA - PHASE I. 

  

  

  

  

  

  

TIME 
Bie =) weeas 0 2 b 6 8 

CO9| Weight g 6.27 8.62 411.64 15.78 20.72 
Log, wt 1,836 2.15k 2.454 2.759 3.03% 

C10] Weight ¢ 6.37 8.67 14 hd 15.45 20.59 
Log, wt 41.852 2.160 2.437 2.738) 3.025 

C11] Weight g 6.08 8.10 41,00 4h,05 48.71 
Log, wt 1.805 2,092 2.398 | 2,6) 2.93 

C12) Weight g 6.17 6.47 41,06 1L.37 418.47 
Log, wt 4,820 2.100 2.403 | 2.665] 2.916 

C13| Weight g 6.19 8.36 Wisad 18,53 19.06 
Log, wt 4,823 2.123 2.445 2.676 2.948) 

    

cik| Weight g| 6.11 
Log, wt 4.810 

8.07 10.88 44.0 18.94 
2,088 2.387 2.67 2.910} 

  

  

    
C16| Weight g | 6,06 8.05 10/89 1.19.92, 1 47L9 

Log, wt 4,802 2.086 | 2.388 2.€37| 2,862 

015 | Weight ¢ 6,20 8.26 10.98 13.97 18.11 
Log, wt 1,825 2.411 2,396 2.637] 2,896 

C17 | Weight g 5.93 7.44 10.35 12,85 17.07 
Log, wt 1.78 2.029 | 2.337 2.550] 2.837                  



  

  

  

  
  

  

  

  

  

  

  

  

  

        

PERIOD 
WEEKS o-2 2-4 hw 6 6-8 8 - 10 Diet 

DIET Mean 

2.26 1.86 2d 22), 18h. | 
cog 2.16 2.36 2.18 1.86 1.59 2.04. 

2.40 2.19 4.75 1,56 

| 2.40 2.09 335 2.20 1.67 
C10 1.97 1,95 2.13 2,02 1.70 1.99 

2.00 1,89 1.95 1.94 1,62 

2.42 2.2h. 1.57, 2.20 1.76 
ct 2.13 2.42 1.91 1.94 1.71 1.94 

4.59 1.87 1.74 2,00 1.59 ; 

1,85 2.27 2.06 4.35 1,84 
c12 2,22 1.87 1.95 2,03 1.76 1.92 

1,92 2.36 4.75 1.81 1,80 S 

1 2,40 2,22 2.02 2ot4 1,45 
C13 2,04, 1.85 4.50 1.62 1.67 1.90 

2,00 2.17 1493 21h 1.36 

2.16 2.01 2,02 BAG 1,50 
O14, 1.93 2.27 1,98 2,07 4.34 1.89 

1.89 2.10 1,87 SU 1.27 

| 2,09 2,03 1.68 4.87 4.49 
C16 1.89 1,99 1.93 1.9). Ad 1.8) 

2.16 2,07 1.56 1.76 toad 

2.05 2.47 2.07 41.40 4.39 
c15 4.81 1.76 1,83 1,67 1,83 1.85 

2.08 4.8) 1.941 1.94. 1.68 

4.90 4.9 1.82 2.00 1.6), 
C17 1.81 2.04 4,80 2,01 1.49 1,80 

1,63 1.9 1.72 1.89 4,15 

PERTOD 
MEAN 2,04. 2.08 4.91 1.94 4.60 

rEMP °C 16.5 16.75 16,0 41h.5 12.5              



TRSLDE - sty 

_AUALYSTS OF SFECINTO GROWTH RATH DATA 

ANALYSIS OF VARIANCE 

  

  

  

            
  

Source Degrees of Sun of Mean F Ratio Proba- 
Freedom Squares Squares bility 

Pericd (P) 4. 3. 82496 0.9562). 49.64 <0, 004 

Diet (4) g | 0.66504 0.08315 | 1.74 Y0,05 
(ns.) 

PxD 52 1, WO653 0.04395 | 0,90 70,05 
(n.s.) 

ReplicationmD 18 0, 96926 att 70,05 
(ns. 

Residual G2" 3.50567 0,0L668 

Total 13h 9.5 71L3 

LL oa is Lae af a   
  

 



TABLE % 

ROOD CON STON 

  

  

    

  

  

  

  

  

  

  

  

  

                

DIES a 0-2 ule i= Gal G78 || 8 Diet 
Mean 

6744 €0.6 89.3 82.0 87.7 
cog 68.9 Ties 93.5 80,0 82.0 775 73.5 76.3 82.6 66.7 | 7het 

70.4 67.4 85.5 82.6 | 85.3 
c10 59.9 62.5 11.5 Tho | Th.6 72.2 

63.7 57.5 76.3 T.9 | 8 

68.5 62.9 63.3 76.3 72.5 oi C14 61,3 67.6 The B.0 82.0 67.5 
46.5 5704 65.4 n.9 69.9 

52.6 63.7 79 0k Mh 86.2 
12 6761 6h.4 78.7 80.6 89.3 736d 

56.2 Bo 71.9 The 88.5 

64.4 69.9 80.6 78.7 72.5 
C13 59.2 63.3 63.3 59.9 790k 70.3 

58.8 69.4. 19.4 | 86.2 69.9 

€7.6 66.2 85.5 Teo 70.9 
Ghd. 61.3 77.5 82.6 82.0 70.4. TB ok 

63,3 The 78.7 5 69.0 

60.9 61,0 68.0 Tied 68.5 
C15 55.2 64.5 70.9 72.5 80,6 €7.0 

63.7 66.2 60.6 70.4. 70.9 

55.9 6.9 70.4. 526 63.35 
O16 50.3: 52.9 61,0 56.2 7h.6 62.2 

59.2 56.2 65h 70.9 1609 

52.1 56.8 6.0 6h 56.8 C17 48.5 57.8 61.3 63.7 62.1 59.4 
48.5 59.2 62.5 67. 63.3 

PERIOD MEAN 60.2 64.08 73.7 72.6 Theb 

TeEyP °% 16.5 16.75 16,0 1h. 5 12.5 
   



TABLE 53 

ANALYSIS OF CONVERSION _EFPICIENCY 

  

  

DATA, 

ANALYSIS OF VARIANCE 

Source Degrees of Sum of Mean Probab- 
Freedom Squares Squares | F,Ratio ility. 

Period (P) 4 4361.97674 | 1090,49%19| 40.64 < 0,001 
Diet (D) 8 4095.65037 514.95630| 49.06 < 0,001 

Px 32 4498. 55926 46,82998 4.74 0.01 = 0,05 

Replicates i 
inD 18 97736666 54.29815 2,02 0.01 = 0,05 

Error 72 1933. 58000 26, 85528 

TOPAL 13h, 2867133504.             

FURTHER ANALYSIS OF DIET EFFECT (using sequential 
“based on the tables of the Studentized Range). 

form of the Q method 

  

  

  
DIET | eax 56 raver!) aj tavan (2) 

C17 P.chr. 59.07 a a 

C1é A.nig. 62.18 ab a 

015 Alg. 67,02 ba ab 

G11 Gotton 67.48 be a b 

C13 Yeast 70.51 od 50 

G10 Soya. qacel ead be 

C16 Bact. B38 o 4 bo 

Gi, GN. 73.40 od be 

CO9 HM. T7045 a e       

(4) Diet means with seme letter are not significant ly different. 

(2) Diet means with same letter are not significant ly different. 

  

 



PAB DEE 5), 

Foon constmerton\) pase tr (42-22 weeks) 

  

  

    

PERIOD 2 
12 - 1h 1h = 16 16 - 18 48 - 2062) 20 = 22 

DIET F 

cog 0,190 0,200 0,191 0.4: 0,17: 
Cua) (166) (180) (443 (188 

C18 0,212 0, 22h 0.216 0.156 0,187 
(441) (467) (179) (442) (185) 

C19 0,160 0.192 0.168 0,103 0,139 
(1:00) (132) (426) (83) (119) 

¢c20 0,226 0,242 0,220 0,156 0,195 
(440) (466) (167) (430) (177) 

C2i 0,217 0,2k1 0,228 0,150 0,200 

(134) (464) (172) (122) (474) 

C22 0.180 0,19) 0,189 0.165 0,169 
(102) (419) (126) (119) (131) 

Tenperature 
2% 9.5 8.5 7.5 75 10             

(1) Food consumption as Gross Energy Consumed (Keals) 

0.8 0.8 
W > + Wt-° 

‘ u -% (there Ti-To = I days) 

2 

Walues in parentheses ere the actual quantities consumed 
in each period in g, 

(2) Feeding automatic during this pericd, and feed intake therefore 

controlled and restricted,



TABLE 55. 

GROWTH DATA - FHASE II. 

  

  

  

THe 

WEEKS A2. 4h 16 18 20 22 
DIET 

co9 Tot. Wt.g. $27 1060 1207 1362 150), 1687 

Log, Wt. 6,832 6,966 7.096 Te2tt 7.316 7.431 

C18 Tot. Wtg. 852 979 4132 1288 41421 1597 

Log, Wt. 6.748 | 6.887 | 7.032 | 7.161] 7.259] 7.376 

C19 Tot. Wt.g. 802 892 1006 4121 4195 1297 
Log, Wt. 6,687 6.793 6.914 | 7,022 7.086 7.168 

C20 Tot. Wt.g. 770 877 4006 1437 4262 1405 
Log, wt. 6.646 | 6.777 | 6.918 | 7.036] 7.140] 7.248 

021 Tot. Wt.g. 762 81,2 965 4090 41163 4290 
Log, wt. 6.636 | 6.736 | 6.872 | 6.99%] 7.059 | 7.163 

C22 Totl. Whe. | 662 77 793 891 972 | 1054 
Log, wt. 6.495 6.575 6.676 6.793 6.880 6.960                



TABLE 56 
  

MEAN _SFSCIFIC GROWTH RATES, 

  

  

    

PERI@D 
j 42 = 1h ih = 16 16 - 18 18 ~ 20 20 = 22, 

DIET 

cog 0.957 0.2928 0,863 0.707 0,821 

ci8 0,993 1,038 0.921 0,702 0,834. 

cig 0.758 0.860 0.773 0.457 0.586 

G20 0.931 0.980 0.875 0,743 | 0.768 

| 
24 0.7% 0.97h. 0.870 0.46). | 0.740 

: | 
C22 0.571 0.720 0,832 0,622 | 0.577 

| 

—— 

TEP, °C 9.5 8.5 7.5 7.5 7.0             
 



TABLE Sis 

  

FOOD CONVERSION EFFICIENCY (%) - PHASE II. 

  

  

  
  

        

PERTOD 
(EEKS 12 =1h 1h = 16 16 - 18 18 ~ 20 20 = 22 

DIET 

cog Wed 89.3 86.2 99.0 97.1 

018 90.4 91.7 87.0 ed 95.2 

C19 89.3 87.0 90.9 89.3 85,5 

620 76.3 T5 78.4 96.2 80.6 

C24 59.5 1302 73.0 59.9 73.0 

022 53.8 63.7 78.4 68,0 62,9 

| 
z 

Temp % 9.5 8.5 | 7.5 7.5 7.0   
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TABLE 59 
  

ANALYSIS OF CONDITION FACTOR DATA, 

ANALYSIS OF VARIANCE ~ PHASE I DATA, 

  

  

                

  

  

  

SOURCE DEGREES OF SUM OF MEAN PF PROBABIL~ 
FREEDOM SQUARES SQUARES | RATIO TTY. 

Between 
Groups (1) 8 0.14421 0.01765 | 1.92 |> 0.05 (n,s.) 

Within + 
Groups 153 4.40485 0,00918 

TOTAL 164 4.54606 

(1) Diet effect not significant, 

ANALYSIS OF VARIANCE - PHASES II DATA, 

SOURCE. DEGREES OF SUM OF MEAN F 
FREEDOM SQUARES SQUARES RATIO Probabil~ 

x ity, 

Between 

Groups (1) 5. 0.19444 0,03883 6.53 <0,001 

Within 
Groups 402 0,60700 0,00595 

TORAL 107 0.80114,               

(1) Diet effect highly significant. 

FURTHER ANALYSIS OF DIET EFFECT PHASE II ~ (using sequential form of the 
  

Q method based on the tables of the Studentized Range), 

  

  

  

DIET MAN 9 raver") 46 vaven.(2) 
oF 

GOD HLM. 444556 a a 
18 YRAST 1.4439 a b ab 
C21 A.Nig. 4.3806 be a bd 

Cig BACT. 4.3514 bo b 
C22 P.CHR, 41,3506 bo » 
20 ALG. 4.3528 ° b         

(1) Diet means with same letter are not signifi 

  

  
antly different at 9% level, 

(2} Diet means with same letter are not significantly different at 4% level,
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TABLE 61. 

  

ANALYSIS OF HAEMATOCRIT DATA - PHASE T 

ANALYSIS OF VARIANCE 

  

  

SOURCE DEGREES OF |SUM OF SQUARES | MEAN SQUARES| F PROBA- 
FREEDOM RATIO] BILITY 

a GROUPS 8 2648, 34087 331.0264 12.61 | € 0.001 
i 

WITHIN GROUES 147 3858, 58220 26. 24.886 

TOTAL 155 6506, 92308       
  

(4) Diet effect highly significant. 

FURTHER ANALYSIS OF DIET EFFECT (using sequential form of the Q method 

based on the tables of the Studentized Range). 

  

  

    

DIET | wean 56 wever(*) 4% tever\?) 
HAEM % 

Cog HERRING 53.64 a 

C15 AIGA 50.17 a a b 

Ci2 GROUNDNUT 4.8.67 a ab 

C13 YEAST 1.8.64 a ab 

C1, BACTERIA 148,33 a a b 

C11 COPTONSEED 47.67 a bo 

G10 . SOYABEAN 469k a be 

CA7 UCUID (R chr. )| 42.77 ca 

016 NCUID (A. nig. ) 38.39 a       

  

(4) Diet means with same letter are not significantly different 

at 3 level. 

(2) Diet means with same letter are not significantly different 

- at 1% level. 

  

 



TABLE 62, 

  

ANALYSIS OF HAEMATOCRIT DATA ~ PHASE IT. 

ANALYSTS OF VARTANCE, 
  

SOURCE DEGREES OF SUM OF 
FREEDOM SQUARES 

MEAN . PROBAB~ 
SQUARES | RATIO ILITY, 

  

  
Between Groups 

        
(4) ee 1747.4907)| 349.49815| 10.38 | < 0,001 
Within Groups 402 : 3433.05556| 3365741 
TOTAL 107 | 51 80, 54630 

  

(1) Diet effect highly significant, 

FURTHER ANALYSIS OF DIET EFFECT (using sequential form of the Q method 
based on the tables of the Studentized Range), 

  

  

  

DIET wean Harm 6} 97 ueven“)! 4 tavern (2) 

C20 ALGAE 52,83 a a 

Cog HERRING 51.33 a bd a 

C18 YEAST 50,00 a b a 

@22 MOUID (P, chr) 49.78 ab a 

C19 BACTERIA 46.94, vb a 

G21 MOUID (A. nig) 40.50       

  

(1) Diet means with same letter are not significantly different 
at 9% level, 

(2) Diet means with same letter are not significantly different 
at 1% level, 
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TABLE 

  

6h. 

ANALYSIS OF LIVER WEIGHTS 

ANALYSIS OF VARIANCE ~ PHASE I DATA, 

  

  

  

        

SOURCE | DEGREES OF SUM OF MEAN F PROBABILITY 
FREEDOM SQUARES SQUARES RATIO 

Between 8 0.33376 0,041 72 7066 <0,001 
Groups(1) | 

Within Groups 98 0.535456 0, 00545 
TOTAL | 106 0.86834       

(1) Diet effect highly significant. 

FURTHER ANALYSIS OF DIET EFFECT (using sequential form of the Q method 
based on the tedles of the Studentized Range). : 

  

  

            

DIET MEAN we raven) | 4% seven,(2) 
WEIGHT i 

& 

Ci2 GROUNDNUT 0,295 a 

Ci1 COPfONSEED 0,368 a a b 

C10 =SOYABEAN 0,387 a ab 

CO9 HERRING 0,408 a b 

Ci3 YEAST 04420 ab bo 

C17 MOULD(P. chr. )] 0,438 ad be 

C16 MOJID (A.nig.) 0.446 ad Rewind 

C14. BACTEREA 0.454 ad i 2b 6o 
Ci5 AIGAR 0,501 b ce 

(4) Diet means with same letter are not significantly different at 
9% level. 

(2) Diet means with same letter are not significantly different at 
41% level, 

  

  

F PROBABILITY 

    
  

  

SOURCE DEGREES sum or | us 
OF FREEDQL | SQUARES RATIO 

pervsen GRoprs!) 5 0.02936 | 0,00587 | 1.17 > 0,05 (ns, 
WITHIN GROUPS 66 0.33167 | 0.00503 
TORAL n 0.36103           

(1) Diet effect not sigr 
  

  |



  

°(3) 
p
o
u
n
s
u
o
s
 
u
t
o
z
o
r
d
*
 

g
y
 

"Fh 
= 

UOTIBVZTTIIA 
UTegorg 

Jo 
AouetoTIIg 

(Z) 
*
(
4
u
8
T
e
m
 

gom 
°S) 

USTE 
JO 

UTES 
°an 

a
y
 

p
o
u
n
s
u
a
s
 

poor 
oy 

= 
O
F
Z
e
y
 
U
O
T
S
x
e
A
U
O
D
 

poog 
({) 

     

 
 

 
 

£6599 
6559 

0319 
0oLS 

9596 
6565S 

z009 
|
 

1996 
66%S 

ustz 
N
L
 

{ 
e
o
n
p
e
r
d
 

04 
s
T
u
o
y
 

9909 | 
LoL 

4s09| 
9995 

6L6S 
49s 

| 
*Le9 | 

£699 
z9"9 

| 
sTeOy 

pownstieo 
AB.rotry 

WZELTEN 
Uupozoad 

zgrt 
Chel 

wer 
sorb 

LS 
98° 

|
 

OLet 
Sert 

zley 

 
 

(z)°° 
S
o
t
a
t
o
t
s
i
g
 

B°sS| 
0°66S | 

Ernes] 
L409 

2°98 
S°996 

6*zo9 
| 

£969 
onng9 

@ 
pome 

~uoo 
U
T
S
I
0
I
g
 

Z9*t 
eS*b 

Lut 
SEerL 

ont 
eery 

Gu*L 
|
 

9Ett 
eet 

(+) 
oT3eq 

B
O
F
S
t
e
a
u
o
d
 

p
o
o
s
 

62%, 
| 

olee 
|
 

6ere | 
‘ree 

Lett 
out 

| 
S&St 

| 
9664 

£054 
“2 

powns 
i 

~U02 
poor 

Tej0z, 

998 
166 

086 
166 

tor 
9SOL 

z90k 
| 

Odth 
GLtL 

| 
3 

- 
ured 

Teq0y 
96°02 

6
0
°
2
2
 

NG °2z 
66°24 

S
U
 <e 

L
L
°
S
%
 

ol*se 
| 

64°9% 
GL°9e 

“3~syoon 
: 

| 
Ob 

"4m 
uRay 

£6°S 
90°9 

02°9 
bL9 

64°9 
Lig 

go°9 
| ZE*9 

Le*9 
‘B-Supqaeqs 

"Va 
U
s
o
 

L 
€ 

0 
t 

t 
° 

° 
0 

L 
Agr Teqaoy 

09 
09 

09 
09 

09 
09 

09 
09 

09   

 
 

(pra) 
|( Buy) 

e
I
N
O
W
 

G
I
N
O
N
 

| 
S
V
O
T
V
 

|
 
V
I
u
a
L
o
v
a
 
|
 
L
S
v
a
n
 

OANGN 
MOWS 

|
 
N
O
L
I
O
O
 

XOS 
z
i
 

91D 
Sto 

t
o
 

ero 
oto 

LLO 
010 

6
0
9
 

  

 
 

  
      

  
  

 
 

  
  

  
 
 

 
 

“I 
S
S
V
E
 

= 
VIVO 

G
O
N
V
M
O
d
i
s
a
 

JO 
A
W
O
N
S
 

 



  

TABLE 66 

  

SUMMARY OF PERFORMANCE DATA ~ PHASE IT. 

  

  

          

DIET NO, cog c18 C19 c20 c2i C22 

DESCRIPTION HERRING YEAST BACTERIA ALGAE} MOUID MQUID 
(A. nig.) (P. che.) 

No, fish at 30 30 30 30 30 30 
start 

Mortality 0 0 0 0 0 0 

Mean body wt. 
starting 30.9 28,4 26.7 25.7 25.4 22,1: 

Mean weight 

10 wks - g| 56.2 53.2 43.2 46.8 43,0 5561 

Total gain g 760 1S 495 635 528 392 

Total food ~ 
cotsumed = g 818 81). 560 780 766 597 

oe Cony.Rat; 1,08 1,09 1.13 1.23 1.45 1,52 
~ho 

Protein con- 

sumed = ¢ 37701 399.7 313.6 357.2 | 301.0 234.0 

Efficiency of] 
Protein utili 

~zation 2,02 1,86 1.58 1.78 1.75 1,66 

Energy consur 

~ed kcals. 3567 3729 2547 3530 3395 254) 

Keals to prod 
fish. 4 Kg. of |. 46935 5005 SAAS 5559 6426 64.90 

ish.   
  

  

 



TABLE 

Week 1. C.N.P, Floating Pellets. 

67 

  

  

  

      
  

  

  

  

  

y 
| Mean Results No,of contacts Weight dispensed Weight dispensed] 
{| for 7 days per day + S.E. per day. g + 5S.E, per contact - 
i 3 g + S.E. 
| 

| FEEDER A 4790) A723 52.14 * 2.74 (1) | 0.240 * 0,014 

| FEEDER B 226.3 42.0 48.87 * 2,26(1) 0.214 * 0 

(4) Difference not significant (p > 0,05) 

Week 2. C.N.P, Floating Pellets 

Mean Results No, of contacts Weight dispersed Weight dispensed] 
for 7 days per day ~ SE. per day g - S.E, per contact 

$ g-5S.E. 

FEEDER A 195.6 * 12,8 45,00 * 3.94 (1 0.232 * 0,01 
2 . 

FEEDER B 243.9 * 24.0 47.00 * 3.44 {3} OsSene ae 
3 

(14) Difference not significant (p. > 0.05). 

Week 3. Diet CO9 Sinking Pellets 

  

Mean Results No. of Contacts Weight dispersed Weight dispensed} 

    
          
  

for 7 days per day ~ S.E. per day g - S.E, per, contact 
g. - S.E, 

FEEDER A 336.5 * 37.9 55.1h * 5.35 ( 0.165 * 0 

FEEDER B 326.9 * 30.0 52,38 * e33{1} 0161 * 0 
2 

(1) Difference not significant (p > 0.05) 

(2) 
(3) : " on 

Increase in week 3 not significant (p> 0.05) 
0 "
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TABLE 70 
  

EXPERIMENT PER 01 - COMPOSITION OF DIETS CONTAINING 
  

  

  

        
  

              

BACTERIA, 

COMPOSITION 

Ingredient POd4 PO? PO 3 PO, 

4% 
, 

Corn oil 6 6 6 6 

Durabona 5 5 5 i 

Salt Mix (1) 4 4 4 4 

Vitamin Mix (2) 5 5 5 5 ; 

Bacteria 26 32 39 45 

Glucose 419 13 6 0 

Potato Starch 35 35 35 2D 

TOTAL 100 100 400 100 

Water (3) 50 60 70 80 

ANALYSIS 

Moisture % 41.4 9.8 9.3 | 8.7 

Protein % 20.3 25.2 30.9 35.0 

Gross Energy (4) 
Keals/100g. 372 384 388 59h, 

(1) Salt Mix shown in Table 20 

(2) Vitamin mix shown in Table 73 

(3) Water = g added to produce suitable consistency + 0.1g, perimecol red. 

(4) Gross energy estimated from following values: - 
Corn oii 9.40 Keals/g 
Starch 3.47 Keals/g (As measured by bomb 
Bacteria 4,86 Keals/g. calorimetry) 
Glucose 4,00 Keals/g. 

Assimilated energy approximately 270 Keals/100g diet,



TABLE 71. 
  

EXPERIMENT PER 02 - COMPOSITION OF DIETS CONTAINING 

  

  

          
  

  

          

ALGAE 

COMPOSITION 

Ingredient % P05 PO6 PO7 PO8 

Corn oil 6 é 6 6 

Durabond 5 5 5 5 
Salt Mix (1) 4 4 4 4 

Vitamin Mix (2) 5 5 5 5 
Algae 38 48 58 68 

Glucose 30 20 10 Oo 

Potato Starch 12 12 412 qe 

TOTAL 100 400 100 100 

Water (3) 3h 39 50 Saye) 

ANALYSIS 

Moisture 44.43 10.5 10,4 9.5 
Protein 19.8 25.2 29.9 35.1 

Gross Energy (4) 

Keals/g. 386 393 4,00 44 

(1) Salt Mix shown in Table 20 

(2) Vitamin mix shown in Table 73 

(3) Water-g added to produce suitable consistency + 0.1g permecol red 

(4) Gross Energy estimated from following values:- 
Gorn oil 9,40 Keals/g, 
Staroh 3.47 Keals/g. 
Algae 4. 72 Koals/g. 
Glucose 4,00 Keals/g, 

Assimilated energy approximately 315 Keals/100g. diet,



TABLE 72. 

EXPERINEND PER 03 ~ COMPOSITION OF DIETS CONTAINING YEAST, 

  

  

            
  

  

    

COMPOSITION 

Ingredient % PO9 P10 Pi P12 

Corn O42 6 6 6 6 

Duvabond 5 5 5 5 

Sait Mix (1) 4 A 4 4 
Vitamin Mix (2) 5 5 5 5 

Yeast 3h 42 50 58 

Glucose 24 16 8 0 

Potato Starch 22 22 22 22 

TORAL 100 400 100 100 

Water (3) 50 60 70 80 

ANALYSIS 

Moisture % 44ei 40.4. 90h 8.5 

Crude Protein % 19.9 25.5 30.4. 34.8 

Gross Energy (2) 
Keals/100 g. 380 388 398 1,07 

(1) Salt Mix shown in Table 20 

(2) Vitamin Mix shown in Table 73 

(3) Water - g added to produce suitable consistency + 0.1g 
per mecol red 

(4) Gross energy estimated from following values:~ 
Corn oil 9.40 Keals/g 
Starch 3, 47 Keals/g (As measured by bomb 
Yeast 4.86 Ke e calorimetry) 

  

   Glucose 4,00 Kea 
Assimilated energy approximately 596 Keals/100g diet, 

 



TABLE 3 
  

VITAMIN MIX. 

  

  

Vitamin (pure) er 5g premix (4 

Thiamin 5 

Riboflavin 20 

Pyridoxine 5 

Nicotinic acid 75 

Ca-pantothenate 50 

Inositol 200 

Biotin 0.5 

Folic acid 1.5 

Bt2 0,01 

Menadione 4 
& tocopherol acetate 40 

Choline chhoride 500 (2) 
Ascorbic acid 100 (2)     

(4) 5g vitemin premix added per 100g diet giving the vitamin 
levels suggested by Halver (1969). Vitamins werepre~ 

mixed in cellulose, In addition to the vitamins suggested, 

4.6mg A and D (containing 500 I.U./mg. of vitamin A an@ 100 

I.U./mg of ¥itamin D3) and 2,75 mg. B.H.T. were added. 

(2) Added to the diet at the time the main ingredients were 
mixed,
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TABLE 
  

EXPERIMENT PER 01 - 

& Weight Gain (1) 

  

ANALYSIS OF 

75. 

DATA, 

  

  

              

  

    

              

  

  

                  

SOURCE Df Sum of Squares Mean Squares | F Ratio| Probab- 
ility 

Diet 4 3670.80 917.70 33,00 | < 0,001 
Residual 1 505.01 27.81 
Total 415 3976.71 

Comparison of Diet Means (2) 

Diet Po POL. POS P02 C.N.P, 
Mean 18,00 27.67 27.80 30,00 59.80 

Food Conversion Efficiency % (1) 

SOURCE Dr Sum of Squares Mean Sguares| F Ratio; Probab- 
ility 

Diet 4 2336.66 58h.17 23.38 | < 0,001 
Residual vi 274.79 21.698 

Total 15 2611 46 

Comparison of Diet Means (2) 

Diet Foi FOR POS P02 CNP. 

Mean 30.40 4.5420 16,67 1.7.50 66,58 
Protein Efficienoy Ratio (1) 

SOURCE pe Sum of Squares Mean Squares F,Ratio| Probab~ 
ility. 

Diet 3 0.554 0.438 3.4h 20. 01K0-05 
Residual. “4 0,48) 0, Oh. 

Total. 45 1,038 

Comparison of Diet Means (2) 

Diet Po, FO3 Pot C.N.P, PO2 

Mean 1.293 1,513 1.550 1.663 1.877 
  

  

  

(1) Analysis of variance. 

  

  

  

    (2) Comparison of Means using sequential form of the Q method based 
on the tables of the Studentized Range, Values underlined are 
not significantly different (p>0,05) 
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TABLE 7 
  

EXPERIMENT PER 02 ~ ANALYSIS OF DATA. 

% Weight Gain, (1) 

  

  

            
  

  

  

            
  

  

  

  

          
  

SOURCE: Df Sum of Squares| Mean Squares F,Ratio| Probability 

Diet 4 1743.8 4361.0 180.9 < 0,001 

Residual 2 217.0 2h.1 

Total 43 17660.8 

Comparison of Diet Means. (2) 

Diet FOS FOG FO7 FO8 C.N.P, 

Mean 1,00 6.05 26.23 33.37 93.55 

Food Conversion Efficiency %, (1) 

SOURCE Df Sum of Squares | Mean Squares} F.Ratio | Probability 

Diet 4 11816.7 2954.2 84.5 | < 6,001 

Residual. 9 314.5 35.0 

Total 13 12131.2 

Comparison of Diet Means (2) 
Diet POS POG PO7 P08 C.N.P, 
Mean 2.67 1h..85 5h.» 70. 14.07, 84.75 

Protein Efficiency Ratio () 

SOURGE br Sum of Squares | Mean Squares | F.Ratio | Probability 

Diet 4 6.164 4.510 | 47.5 |20,001 
Residual. 3 0.292 0,032 

Total 15 6.453 

Comparison of Diet Means (2) 

Diet FO5 POG PO7 POs c.N.P 

Mean 0.433 0,585 4.170 4.167 25423 

(4) Analysis of variance 

(2) 

        

s of the Studentized Range. 
cantly different, (p>0.05). 

tial form of the Q method based 
Values underlined are 
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RABE 7 

EXPERIMENT PER 03 - ANALYSIS OF DATA 

& Weight Gain G) 

  

  

              

  

  

  

            

  

  

SOURCE bf Sum of Squares Mean Squares F, Ratio Probability 

Diet 4 2138.48 609,62 419 > 0.01<0, 05} 
Residual 4 1600, 26 115.48 
Total 45; 1,038.74. < 

Comarison of Diet Means (2 

Diet Fo9 Pit C.N.P, P12 
Mean 26,07 7.88___ 61.60 

Food Conversion Efficiengy (1) 

SOURCE Df Sum of Squares Mean Squares| F,Ratio Probability, 

Diet & 2661.86 665.47 8.51 < 0.00 
Residual 44 880.37 80,03 

Total 15 3542.24, 

Comarison of Diet Means (2) 

Diet Foo P,10 ei Pi2 C.N.P. 
Mean 33.8 53.53 58.63 614,90 71.3 

Protein Efficiency Ratio (1) 

SOURCE Df Sum of Squares Mean Squares| F.Ratio Probability 

Diet 0,318 0.080 0.94 > 0,05 (ns) 
Residual 44 0.962 0, 087 

Total 15 1,280               

(1) Analysis of variance 

(2) Comparison of means using sequential form of the Q method based on 
the tables of the Studentized Range, 
significantly different (p>0,05) 

Values underlined are not



TABLE 80 

  

APPARENT NITROGEN DIGESTIBILITY (43 

  

  

  

Test Diet # Cr III oxide (2)| % Nttrogen(2) | Apparent N 
Protein No; Feed Faeces| Feed Faeces | Digestibil- 

ity ”. 

BACTERIA | FO3 0.92 2.25 4.85 1.50 87.4 

FOL, 0.85 1.64 5.63 1,68 84.65 

ALGAE *07 1.13 2.8 4.79 3..69 69.0 

PO8 0.82 2.36 5.66 4.40 73.0 

YEAST Pi 0.93 2ett 4.96 1.23 89,1 

P12 0.88 15a, 5.55 me 059, 86.2             

(4) Calculated from: 

Digestibility % = 100 ~ (% 

  

   
ndicator in feed 
ndicator in faeces 

  

(2) Values are the means of duplicate estimations, 

‘e 
ia ee @ Nin feed 

x 
yf N in faeces 

100 ) 
)



TABLE St. 

EXPERIMENT PER O04 = COMPOSITION OF EXPERIMENTAL DIETS, 

  

  

DIET 

ae M3 Ph PI5 6 PI7 
-TENT 

Herring Meal 37.9 

Soybean Meal 59.9 

Yeast 47.3 

Bacteria 550k 

Algae 55.2 

Vitamin Mix (1) 5.0 5.0 5.0 5.0 5.0 

Binder (2) 4,0 4,0 4.0 4,0 4,0 . 

God liver oil 3.0 3.0 a) 3.0 3.0 
Soybean oil 3.5 6.0 3.0 4S 3.0 

Mineral Mix (3)| 5.0 6.1 3.3 3.9 3.9 
Potato starch 47.2 AT S54 hed 2h2 

Cellulose (4) 5.0 6.5 9.5 | 7.9 10.4. 
  

Theoretical Specifications % Dry Matter 
  

              
Dry matter . 100 100 100 4100 100 

Crude Frotein 27.5 27.5 27.5 elem 27.5 

Ash 10,0 10,0 10,0 10.0 10,0 

oil 40,0 1% 10,0 10.0 10,0 410.0 

Total Energy (5} 
keals/100g.D. M.| 4.00.0 400.0 400.0 4,00,0 14,00,0 

Digestible 
Energy (6) 
Keals/100g.D.M. | 282.9 268.5 280.0 284.8 269.7 
  

(1) Vitamin Mix - Table 73 (2) Mineral Mix - Table 20 (3) Durabond 
(4) Solka Floo. 
(5) Total energy calculated from values for the test proteins and starch 

determined by bomb calorimetry and assuming a value of 9.4 Keals/g 
for the edded oil. The energy content of Durabond and Solka Floo 
is not include? in the estimate. 

(6) Digestible energy calculated, assuming values of 8,0 Keals/g of oll, 
41.6 Keals/g of carbohydrate and 5,65 Keals/g of 4 tible protein, 

digestible protein content was taken es: H.M. = 82,0, 
8.B. = 78.7, Y= 87.7, Be 8.0, A= 71,0 
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TABLE 33. 

  

EXPEREVENT PER 0) - ANALYSIS OF DATA. 

& Weight Gain (4) 

  

  

SOURCE br Sum of Squares | Mean Squares F. Ratio Probability 

Diet 2 835.7 447.9 23.3 < 0.001 
Residual| 8 143.2 17.9 

Total 10 978.9 
} 
| 

            

Comparison of Diet Means (2) 

  

  

  

            

  

  

  

              

  

Diet PI6 7 PI5 
Mean Ade 1967 27.9 

Food Conversion Efficiency 2 ) 

f 
SQURCE Bf Sum of Squares | Mean Squares PF, Ratio Probability 

Diet 2 1851.8 925.9 13.75. | €0,01 
Residual | 8 538.7 67.3 

| Total 10 2390.5 & ie 

Comparison of Die& Means (2) 

Dict P16 PI7 AS 

Mean 19.7 52.0 Stet 
2rotein Efficiency Ratio (1) 

SOURCE Df Dum of Squares | Mean Squares FP, Ratio Probability 

Diet 2 2.932 1.466 13.75 < 0,01 
Residual | 8 0,853 0,107 
Total 10 3.785 

Comparison of Diet M 

Diet ri7 M5 

Mean 2.09 2.29 

  

  

(1) Analysis of varia 
(2) Camarisen of 

    
ential form of the Q method based on 

zed Range, Velues underlined are not 
(p>0.05), 

  

  

 



APPENDIX 1. 

Meat-meal mixtures that have been successfully used as trout diets 

( from Phillips, 1970) 

  

Percent in mixture number 

  

  

Gueseron, $ 5Ok : 63 3 6k 21-66 +: 1-67 

Dried skim milk 12 -- -- -- = = -~ 

Whitefish meal 12 12 12 -- -- -- -- 

Cottonseed meal 12 ~- = =a) ae is ao 

Wheat flour middlings 12 12 -- me -- 13 13 

Distiller's solubles - 12 12 12 a2 13 5 

Dehulled soy bean meal -- 12 we) 12 12 - _ 

Corn gluten meal = = le ae oat io 8 

Red dog flour 1 - -- 12 - 12 - -- 

Menhaden fish meal -~ -- -- 12 12. 19 19 

A.D feeding oil ~ -- -- 2 3 3 3 

Dried brewer's yeast -- -- -- 5 -- -- -- 

Mineralized salt 2 2 ie 2 2 2 2 

Pork spleen 30 a <= a aed SS ees 

Beef spleen -- 30 30 42 27 25. 25 

Beef liver 20 20 20 -- 20 25 25 

  

eh Any good grade of fish meal may be substituted for this product such as redfish 

meal, or Peruvian fish meal.



ii@ 

Composition and Ingredient Specifications, Orcgon Peilet, 
June 1972 ( from Fish Commission of Oregon, 1972) 
  

  

Ingredient % of Diet eae Specifications 

MEAL MIX 

Herring meal . 28.0 Canadian or domestic; minimun 70% 

  

protein; "full meal’ (containing the 
solubles); maximum 3% NaCl. 

Cottonseed meal 15.0 Minimum 50% protein; maximum 0.04% free 
gossypol; prime quality. 

Dried whey product : 5.0 Partially delactosed; minimum 15% pro- 
tein, 

Wheat germ meal 4.0 Minimum 25% protein and 7% fat. 

Shrimp or crab meal 4.0 Maximum 3% NaCl, minimum 25% protein 
for crab meal. 

Corn distiller's dried 
solubles 4.0 

VITAMIN PREMIX 10 See following page. 

WET MIX 

Wet fish. 30.0 Tuna viscera, herring, turbot, salimon 
viscera, dogfish, or hake; two cr 
more, provided none shall exceed 15% 
of the diet and 1/32~ and 3/64-inch 

pellets shall contain at least 7.5% 
tuna viscera; herring, salmon viscera, 
and hake must be pasteurized (see 
Page 9); nonvisceral products must be 
whole fish; livers included but no 
heads or gills in tuna or salmon 
viscera; note changes in oil level 
with use of hake or dogfish. 

Kelp meal ; 2.0 Norwegian. | 

Herring or soy oil 6.0 Stabilized with 0.3% BHA-BHT (1:1); soy 

3 oil to be fully refined; herring oil to 

contain less than 5 ppm DOT or its 
analogs, less than 2% free fatty acids, 
and not to be alkaline reprocessed; 
add 0.5 parts oil for every 10 parts 
hake and delete’ 0.3 parts oil for 
every 10 parts. dogfish in total diet. 

Choline chloride 0.5 Liquid, 70% product. 
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Oregon Specifications - cont, 

Oregon Vitamin Premix, Guaranteed Minimum Analysis and 
Vitamin Source Limitations, June 1972 

  

Vitamin 

Ascorbic acid 

Biotin 

Be 

E 

Folic acid 

Inositol 

Menadione 

Niacin 

d-Pantothenic acid 

Pyridoxine 

Riboflavin 

Thiamine 

Guaranteed ‘linimum Anal- 
ysis per Pound of Premix 

27.0 

18.0 

1.8 

15,200.0 

215.0 

17.0 

180.0 

S.7 

3.2 

535.0 

1.6 

715.0 

grans 

milligrems 

milligrams 

International 
Units 

milligrams 

grams 

milligrams 1/ 

grams 

grams 

milligrams 

grams 

milligrams 

Source Limitation 

Water dispersible, 
alpha tocopheryl 
acetate 

Not zinc folate 

Not phytate 

Menadione sodium 
bisulfite complex 
or menadione di- 
methyi-pyrimidinol 
bisulfite 

Calcium panto- 
thenate or choline 
pantothenate 

  

1/ The biological activity of 180 mgs of menadione is required.



i. 

3+ 

he 

5. 

7s 

8. 

9. 

10. 

Ma. 

12. 

* 
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McNenney Dry Diet - Specifications ( from Orme, 1970) 

FORMULATION SPECIFICATIONS PR6-25 (73) 
{For No. 3 and No. h Granules and all pellet sizes) 

  

Fish food mixture shall be composed of the following items in the 
proportionate quantities per hundred pounds. Final product to carr 
the following guaranteed analysis: 

Crude Protein, not less than 40% 
Fish Meal Protein, not less than 24.5% : 
Crude Fat, not less than 7% or greater than 8% 
Crude Fiber, not more than 5% 
Moisture, not more than 10.5% at sack-off 

  

Canadian or Alaskan Herr: Meal, minimum protein 70%, maximun 
fat 10.5%, maximum salt (NaCl) 24, maxim moisture 10%, stored 
at manufacturer's plant no longer than 6 months as indicated 
by Bill of lading. Pepsin digestibility not less than 92.5%. 
(Stabilized meal preferred). 

  

   

Wheat Standard Middlings, minimum protein 15%, maximum fiber 9.5% 

Soybean Oil Meal, solvent extracted and dehulled, minimum protein 
48.5%, maximum fiber 3%. : 

Delactosed Whey, mini: 
Partially Delactosed 

protein 16%, maximum lactose 50% F An lef, * 
y, Milk Nutrients Concentrated or equal, 

      

Extractives, minimum protein 25%, minimum fat Corn Fermentation © +: 

& Clinton CFS concentrate or equal.. v 2h, maxinum fiber    

Corn Gluten Meal, minimum protein 60%, minimum fat 1¢, maximum 
fiber 3%. 

Brewer's Dried Yeast, minimum protein 50%, minimum fat 0.74, 
maximum fiber 3%. 

aees 
Dehydrated Alfalfa Meal, reground pellets, minimum protein 17%, 
maximum fiber 27%. 

Trace Mineralized Salt, to contain FE, Cu, Co, I, maximum 
Zn .005%, maximum Mn .2%. ’ 

Vitamin Premix No. 25 (See following page.) 

  

Soybean Oi1, Fully Refin , (National Soybean Processors Association) 
with 0.01% BHA or BHT a 

  

  Fish Meal may be varied bet 
but must pro é 
Quantity of added oil may 
not contain less than 7% or 
are to be adjusted to comp 

een 33-35% depending on protein content 
   

at 
sate for the above variations. 

    

   

33 35% 

15-13 * 

10 

10
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McNenney Specifications - cont, 

SPECIFICATIONS FOR VITAMIN PREMIX NO. 25   

VITAMIN GUARANTEED POTENCY PER POUND OF PPEMIX (mz) 
  

D Calcium Pantothenate 

_ Pyridoxine 

Riboflavin 

Niacin 

Folic Acid 

Thiamine 

Biotin 

B-12 

Menadione Sodium Bisulfite 

B.H.T. 

Vitamin E, from d or dl alpha tocopherol acetate 

Vitamin D3 Activity 

Vitamin A Activity (Vitamin A palmitate) 

Choline Chloride * 

Ascorbic Acid * 

600.0 

500.0 

600.0 

6,250.0 

100.0 

500.0 

5.0 

0.25 

125.0 

250.0 

2,000.0 i.u. 

15,000.0 iu. 

75 ,000.0 USP 

4,000.0 

5,000.0 
  

* Choline Chloride and Ascorbic Acid will not be part of the packaged vitamin 
premix but shall be blended into the final mixture separate from each 
other and the vitamin premix. Choline Chloride, Ascorbic Acid, and Vi 

  

premix No. 25 are to be stored separately and never preblended before adding 
to the feed. - 

Certified vitamin premix to be supplied by recognized manufacturer and 
show date of preparation. The vitamin premix to be used is not to be 

must 
neld 

   

in storage longer than 4 months after date of preparation.
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Formula for the Abernathy Dry Diet ( from Fowler, 1971 ) 

Ingredient Percent Type 

Fish Carcass Meal1) 44*5 Salmon, dogfish, hake, herring or turbot. 

Dried Whey Product 170 Not less than 15% protein, 

Wheat Germ Meal 16°5 Not less than 25% protein and 8% lipid, 

Cottonseed Meal 15*0 Not less than 50% protein. 

Soybean Oil 6°0 Fully refined with 0°01% BHA and 0°01 
BHT added, 

Vitamin Supplement 190 As for MoNenney Diet - see previous page. 

1) To have protein content of more than 70%, lipid less than 12%, water 

less than 7% and a T.B.A. value of less than 40,



APPENDIX 2 

FEEDING SYSTEMS - DESIGN DETAILS 
  

Feed Dispenser 

The feed dispenser was shown in Fig 34 and Plate 13 in the main 

text. The unit was constructed as far as possible from components 

and with tools which are readily available in most laboratories. The 

hopper was a disposable plastic cup. The type used in this instance 

was shaped with steeply sloping walls to a 1" diameter base. This was 

considered an ideal size and shape, although the top part of some 

plastic bottles have been found adequate. The bottom of the cup was 

eut to a shape such that it could sit directly on the tubular portion of 

the unit, at an appropriate angle. The tube was a 20ml. disposable 

plastic syringe, from which the 'closed' end had been cut. A hole was 

burned in the syringe near the cut end using a $'' heated cork borer. It 

was trimmed to a suitable size using a knife and file. The cup was then 

sellotaped in position over the hole. Final trimming inside was carried 

out with a heated scalpel to ensure that there was no break in the con- 

tinuity between the cup and tubular portion of the dispenser. This is 

particularly important to avoid pellet blockages. The cup can be 

permanently fixed in position by brushing over the sellotape with a 

suitable hardener e.g. fibre glass resin. This keeps the feeder in 

tact in the dampest conditions. 

The plunger was the normal syringe plunger cut to an appropriate 

length, 23"' in this instance. A plastic disc, marginally smaller in 

diameter than the tube, was fixed onto the end of the plunger to prevent 

pellets escaping. Movement of the plunger was powered by a second 

syringe fixed rigidly to the first by two 6BA threaded brass rods in- 

serted into holes drilled into the 'lugs' of each syringe tube and held 

by brass nuts fixed on each side. The syringe plunger of the 'power 

unit', hereafter called the piston, was left in tact with the rubber seal



vi 

providing a closed air pressure system essential for the operation of 

the feeder. The dispenser plunger and piston were glued to a shaped 

piece of }"' perspex, which accommodated one end of a 2", 2lb ex- 

tension spring. 

Brass nuts were threaded onto the brass rods connecting the two 

syringe tubes and passing through the shaped piece of perspex joining 

the plunger to the piston. Nuts inserted on the piston side allowed for 

slight alteration of tension in the extension spring whilst nuts inserted 

on the plunger side acted as stops and could be adjusted to give a 

variable traverse of the plunger/piston unit. 

Some problems with the dispensers had been experienced where 

the feeders were located outside and subjected to wind, rain and dirt. 

To overcome such problems the dispensers were slightly modified. 

The hopper was set back from the end of the dispenser tube allowing a 

small delivery tube to be placed on the end to prevent feed at the open 

end of the dispenser unit from becoming wet and consequently blocking 

the exit. To fully accommodate the delivery tube, the cup of the 

hopper was raised a little by the insertion of a short length of plastic 

tubing of approximately the same dimensions as the dispenser syringe 

tube. The whole hopper section was then fibreglassed. Clip-on lids 

were made from disposable petri-dishes, with two small protrusions 

fixed to the inside providing a snap-on facility, over the lip of the 

plastic cup. Finally, the power syringe and adjustment mechanism 

was enclosed in a plastic case made from a sodium hydroxide container 

(securitainer). The complete feeder is shown in Fig 34 and Plate 13 in 

the main text. 

Solenoid Operated Valve 

A valve was designed which was easy to make again with relatively 

inexpensive materials. The valve, shown in Fig36 in the main text, 

was made from a Iml and a 10ml syringe. A small hole was drilled in
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the 1ml syringe about 7'' from the end. A hole, large enough to 

accommodate the nipple of the 1ml syringe, was then drilled in the 

flat end of the 10ml syringe. A hole was also burned in the solid 

rubber seal of the plunger of the 10ml syringe. The 1ml syringe was 

then inserted through the rubber seal and placed inside the 10ml 

syringe, with the nipple inserted into the drilled hole at the end. The 

rubber seal was forced into the 10ml syringe, forming a very tight 

seal and holding the 1ml syringe in place. The latter was glued to the 

10m1 syringe at the point where the nipple protruded from the drilled 

hole. Finally the plunger from the 1ml syringe was pushed to a 

position where its rubber seal was below the small hole drilled in its 

side. 

An air tube, supplying air at 25p.s.i. from a compressed air 

bottle, was connected to the nipple of the 1ml syringe. A second air 

tube was then connected between the nipple of the 10ml syringe and 

that of the power syringe on the feed dispenser unit. The operation 

was simple, Fig47 (a and b). Air could not go any further than the 

1ml syringe whilst its piston was positioned such that the rubber seal 

was below the hole. When retracted, however, air passed through the 

hole into the 10ml syringe and out to the feeder unit. Whilst the piston 

was in this position, the system was a closed pressure system. The 

pressure acting on the feeder piston therefore caused it to advance and 

feed to be dispensed. When the valve piston was returned to its position 

below the hole, Fig47b, however, the pressure in the closed system 

was equalised to the atmosphere, the air exhausting through the 1ml 

syringe. 

The valve piston was connected to the armature of an A.C. solenoid 

with a 3lb pull and a maximum:1" travel. These can frequently be 

purchased very cheaply from suppliers of surplus G.P.O. equipment 

ete. Extension springs were connected to the valve piston at one end 

and the body of the 10ml syringe at the other, and the position of the 

solenoid was adjusted so that the solenoid armature travelled $" - 3",



Fig. 47. Operation of Solenoid Valve. 

Extended Spring To Dispenser 

— ® § a, az 
ee! 25 p.sei. Uj 

Le 
oe _ =e |W. 

  

  
  

      
      From Bottle 

a) Valve Open 

Spring at Rest 

From Dispenser Tiron, 
iF 

7 Ape A ere ZZ) 
‘F ost 

“I ZZZz4 “SN 
Exhausting 

| 

  
    

b) Valve Closed.



viii 

and in so doing, pulled the valve piston from its closed to its open 

position (either side of the hole). It was required that the extension 

springs be powerful enough to return the valve piston to its closed 

position against the frictional resistance of the seal and the force 

acting upon it by virtue of the 25p.s.i. air supply. It was consequently 

necessary to use a powerful enough solenoid to overcome the elastic 

force of the extension spring. The force required was, of course, less 

when the air was supplied than when it was turned off! 

Automatic Control Fac ility 

A versatile control system was installed in the laboratory to supply 

an automatic feeding facility for both experimental and stocking tanks. 

The lighting control system was also incorporated in the control box 

which. was shown in Plates 15 and 16 in the main text. 

The feeding duration was restricted to the hours of light by using a 

24hr Venner timer to supply both the lighting and feeding systems 

(Fig48). The Venner motor was generally left running continuously, 

although a toggle switch was connected in series with it, on the input 

side, so that it could be switched off if necessary. Two on/off periods 

could be set on the dial of the timer, although for the purpose of the 

experiments conducted within the laboratory, a single timed period, 

12hrs on/12hrs off, was selected. Further, the Venner was provided 

with an overide-switch on the output side, so that the output could be 

switched on or off during the timed periods, without disturbing the in- 

put, i.e. the motor could be left running. Two transformers and two 

further timers were connected to the output from the Venner. Each 

could be switched on or off independently. The transformers provided 

a low voltage source output for each of the lighting systems described 

previously, and the two timers provided a versatile timing system for 

the automation of the feeders. 

The first of these was an ex-washing machine programmer which
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was reprogrammed to provide a one minute 'on-period' on each of 

three cams in succession at one minute intervals. The cams of the 

timer engaged microswitches. The three microswitches, (a, b and 

c in Fig48), were connected in series with a relay (A, B and C Fig49 ) 

having three on/off contacts (X, Y and Z). Each of these was connected 

in series with a solenoid operated valve, Fig50. A toggle switch (T1, 

T2 and T3) was also connected in series with each relay contact, Fig50 . 

The result was that each of three solenoids could be independently 

operated, up to three times per hour at one minute intervals, by running 

the cam timer and switching as many of the toggle switches to the 'on' 

position as was required. A fourth solenoid valve was connected in 

parallel to one of the other three, as shown in Fig50. This could not 

be operated independently, except on manual overide (see below). 

For the purpose of providing an electrical impulse at variable in- 

tervals, one requires a timing mechanism with an automatic reset. 

Electronic timers with such a function are normally expensive. The 

same function, however, was achieved for less than half the cost by 

using an electromechanical delay timer (e.g. as supplied by Elremco 

Ltd) combined with a very simple air operated toggle switch. 

The delay timer, with a range of 0-6 hours at 12 minute intervals, 

was connected to the output from the Venner timer. On the expiry of 

the timed interval set on the dial, a relay was energised in the timer, 

operating a set of changeover contacts, din Fig48. This was connected 

in series with the fourth relay, D, as shown in Fig49. When energised, 

this operated three changeover contacts each connected separately to 

one of the solenoid systems. When the appropriate toggle switches 

(TV, Fig50) were in the 'on' position, the solenoids operating the air 

valves were energised, supplying power to the feeding systems as pre- 

viously described. An air supply was also taken to an air-operated 

toggle switch made from a 20ml syringe, the plunger of which was 

connected to a standard toggle switch Fig51. Air entering the syringe 

advanced the plunger and consequently 'switched off' the supply to the
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Fig. 51. Air Switch



motor of the delay timer. This in turn disengaged the clutch which 

reset the timer and consequently turned off the supply to the solenoid. 

An extension spring inserted between the syringe body and plunger re- 

turned the plunger to its original position when the air was exhausted, 

the toggle switch thus being turned back on for a further timed period. 

A clip on the air line supplying the 'air-powered switch' could be ad- 

justed to alter the speed at which the switch was turned on. The greater 

the resistance on the air line, the longer it took for the air pressure 

to build up sufficiently to operate the plunger against the elastic force 

of the spring. By suitably adjusting the clip, the period for which the 

solenoid valve was open could be set such that one ensured that all 

feeders, no matter how remote from the control box, had operated. 

The use of both the ex-washing machine programmer and the 

electronic delay timer with air powered toggle switch, provided 

versatile timing mechanisms for a number of independently operated 

feeding systems, at a comparatively low cost. Further, the design 

was relatively simple incorporating the use of 'macro'-electric com- 

ponents familiar to a layman, rather than more complicated 'micro'- 

electronic components. 

Each of the solenoid valves could be operated automatically three 

times an hour from the cam timer or at preset variable intervals from 

the electronic timer. However, another toggle switch was connected 

into each solenoid circuit to by-pass the timing mechanisms and pro- 

vide a manually operated overide, as shown in the circuit diagram. 

(Mo in Fig50 ). 

Manual Control Valves for 'Ad Libitum'Feeding 
  

Manual control valves were incorporated into the feeding system 

to enable 'ad libitum' feeding to be carried out as described in Section 

4. Three master control valves were incorporated to by-pass the 

solenoid valves and supply air directly to the ring mains, thus avoiding



excessive use of the solenoids. The function of the three valves was 

as follows: valve 1 allowed air into the ring main via the solenoid op- 

erated valve; valve 2 allowed air to enter the ring main direct from 

the main air supply, thus by-passing the solenoid valves; valve 3 pre- 

vented the backflow of air through the solenoid valve exhaust when 

valve 2 was open. An air flow diagram for the feeding system is shown 

in Fig52. It was necessary to have valve 1 and all the individual 

feeder valves open during automatic operation, whilst during manual 

operation of individual feeders, valves 2 and 3 should be open and the 

feeder valves should be closed. The sequence of switching from auto- 

matic to manual was 

1) Close feeder valves. 

2) Close control valve 1. 

3) Open control valve 3. 

4) Open control valve 2. 

The order was reversed for switching from manual to automatic. 

Demand Feeding 

A demand feeding system was designed incorporating the feed 

dispenser unit and solenoid actuated valve previously described. Ad- 

ditional components of the system included a contact switch, an elec- 

tronic circuit including a monostable multivibrator circuit, and two 

recording devices, one being a simple electromechanical counter, the 

other an air operated pen-recording system. 

Contact switch 

The switch was shown in Fig38. It was made from two 10ml 

syringes. The plunger was removed from one of the syringes and the 

bottom was cut off the outer case. The solid rubber seal from the end 

of the plunger was then removed. A small hole was burned in the seal 

and a 6" length of insulated rigid wire was pushed through the hole. The 

wire was held tightly in the rubber. When the wire was pushed laterally
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Fig. 52. Manual - operated Valve System for Satiation Feeding. 

 



at one end, there was an equal and opposite movement at the other end. 

When released the wire returned to a central position by virtue of the 

elasticity of the rubber seal. The rubber seal was then pushed into the 

bottom of the syringe case, where it fit tightly, sealing the bottom end. 

A rubber seal was removed from a second syringe. A hole, large 

enough to accommodate a 1" length of }'' plastic rod, was burned in it. 

The end of a short length of plastic rod was filed enabling a very short 

length of 4'' copper tube to be forced onto it. An insulated copper wire 

was then pushed through a second small hole burned in the rubber seal, 

adjacent to the first. The wire was soldered to the outside of the 

copper ring. A second insulated copper wire was pushed through a 

third hole in the rubber seal and soldered $" from the top end of the 

6" length of rigid wire. The rubber seal was then forced into the top 

of the 10ml syringe case. The position of the long rigid wire was ad- 

justed so that it was just inside the copper ring and a small movement 

in any direction was sufficient to make an electrical contact. 

Electrical circuit 

The switch was connected in series with a relay operated from a 

12V D.C. supply as shown in the circuit diagram, Fig53. A solenoid 

operated valve was connected through one of the contacts of the relay 

to a 240V A.C. supply. A mechanical counter was connected through 

the other contact to the 12V D.C. supply. When contact was made at 

the switch, the relay contacts changed over thus completing the in- 

dependent solenoid and counter circuits, both of which therefore op- 

erated. The operation of the solenoid valve allowed air to enter a feed 

dispenser unit as previously described. 

The system worked reasonably well, provided that the length of 

air tube between the valve and feed dispenser was relatively short and 

large fish were used. In this application of the air operated feeding 

system, air power was a disadvantage in that a finite time was required
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for the air pressure to build up in the system and operate the dis- 

penser plunger. Larger fish were able to operate the switch with 

sufficient force and maintain contact for a sufficient length of time to 

allow the operation of the dispenser plunger. Small fish, however, 

made only momentary contact as shown by a comparatively large 

number of counts per unit feed dispensed. 

A number of methods to get round this problem were considered. 

Monostable multivibrator circuits are frequently used for this purpose 

in electronics (standard electronics textbook) and Simms (1974, un- 

published project), with the guidance and advice of an electrical en- 

gineer,was able to modify the electrical control system and incorporate 

such a delay circuit. Fig 54 shows the complete circuitry for the op- 

eration of two demand feeders. In this form the variable resistor can 

be adjusted to give a fixed delay period when the solenoid will be ac- 

tivated, irrespective of the time of contact at the switch. Even an in- 

stantaneous contact was therefore sufficient to open the valve for a 

preset interval, during which time feed was dispensed. The delay was 

set at about 1 sec. In this circumstance, if fish made contact more 

than once during this interval, feed would be dispensed only once. 

Pen recording system 

In addition to recording the number of contacts/unit time, it was 

considered desirable to record the distribution of contacts during a 

24hr period. Some form of recording system was therefore required. 

Whilst it is relatively simple to incorporate a potentiometric recording 

device into the electrical circuit, they are generally expensive. A 

simple 'air-powered' recording device, however, was installed very 

cheaply. This involved using a 24hr motor, such as that in a humidity 

recorder, to turn a circular chart, in this case made from plastic- 

coated paper. A 20ml syringe mounted over the chart was used to 

power a very fine felt tip pen as shown in Fig 55 and in Plate2O in the 

main text. The principle of operation is identical to that used in the
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feed dispenser. The air tube supplying the recorder was connected 

into the same supply line as the dispenser. Thus, when contact was 

made at the switch, the food dispenser and recorder operated simult- 

aneously. In this way a series of short black lines were recorded 

around the chart each time food was dispensed. Two recorders could 

be mounted over the chart recording from two feeders at one time.
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