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SUMMARY.

The Use of Bakery Wastes as a Nutritional Source for Fish.

Martin Richard Jaffa B.Sc.

A‘thesis submitted to the University of Aston in
Birmingham for the award of Doctor of Philosophy.

July 1983,

The growth responses and food utilisation of mirror carp
fod complete diets containing varying levels of waste
bread and meat pie production waste uere investigated
under controlled conditions. Diets containing high levels
of these wastes produced good growth with no deleterious
effects.

Diets containing high lipid levels with the fat supplied
by the bakery waste were shoun to spare protein., 17% fat
in the diet allowed for a reduction in the protein level
from 34% to 24% with similar growth responses.

Hard fat as used in bakery products uere found to require
supplements of o0ils to produce the best growth responses.
This was due to an apparent deficiency of some essential
fatty acids.

The growth responses of mirror carp grown in extensive
ponds fed a supplemental diet of only bakery wastes were
investigated. Protein sparing of natural protein from
zooplankton in the pond was seen to occur at all levels
of feeding., This was supported by a simulation of the
pond trial held under controlled conditions in the
laboratory.

Varying methods involved in the manufacture of a
production pellet were investigated.

Air drying of bread at room temperature was found to be
an effective method of reducing excess moisture with a
reduction of 40% by simple air drying and 60% by blowing
the air with a fan.

preservation of bakery waste pellets was found to be
practical with 5% salt or a mixture of 3% salt and 0°+5%
calcium propionate. Pellets could be held at room
temperature for a month without any adverse microbial
growth.

Binding of a bakery waste pellet was found to be effective
vithout the addition of a binding agent,

it was concluded that bakery wastes are a good nutritional
source foc fish, especially carp, with the most promising
use being as an energy feed in extensive pond culture.
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PREFACE.,

This project started as one of several ideas to improve
the utilisation of waste products from Warburtons Ltd, a
large Lancashire bakery group based in Bolton.

The original proposals of feeding scrap bread to rainbow
trout vere considered during 1974, however it soon became
apparent that this idea was not feasible since trout have
a much higher requirement for protein than could be
supplied by the waste.

The intial research into fish feeds showed that a
possible alternative to trout was the carp which being
omnivorous could be fed on a variety of waste products.
This is especially seen in traditional methods of carp
farming which uses several waste products as supplementary
feed,

Work was therefore started using this species of fish,
however two problems soon became evident. The first uwas
that carp being warmuater fish, require higher than
typical British water temperatures in which to grow and
feed. The second was the supply of carp fry was erratic
and unpredictable. It was therefore decided that before
any serious evaluation of the wastes could be undertaken,
it would be necessary to overcome these two issues. The
research team diverted jtst attention to these problems
leaving the feed question until the other difficulties

had been solved.



By 1978, the fish farming section at Warburtons had
shown enough progress in the development of a warmwater
recirculation system for the culture of carp and in the
production of carp larvae through induced spawning, that
it was felt that a renewed effort should be directed into
the consideration of the feed question.

It was thought that this problem was rather specialised
and therefore could be better tackled by someone from
outside the company and so an approach was made to the
Fish Culture Unit of the University of Aston in Birmingham.
The result of discussions held between the University and
the Company was that the problem warranted the attention
of a research student and therefore a post was advertiseaed
to this affect.

At the same time as talks were taking place with the
University of Aston, Warburtons were also holding
discussions with a commercial carp farm, Newhay Fisheries
Ltd of Selby, Yorkshire. Newhay had started in a different
way to the approach made by Warburtons, in fact derelict
ponds were developed as outdoor growing facilities using
the traditional carp farming methods.

fFingerlings werse intially imported from Dinkelsblhle
in Germany and were ongrown to table size. However in 1975,
the British government introduced legislation which
prohibited the import of all live fish other than fancy

aquarium fish. The fingerlings were consequently grown



to breeding size in the hope of using them for spawning
purposes and so the continuation of the farming operation.

Since 1980, during the second year of this project,
Newhay and Warburtons have combined to work togethser,
both gaining benefits from each others facilities and
knowledge. Fish are now spawned by induced methods in
the warmwater indoor system and then transfered for
ongrowing to the outside growing ponds,

Thus the nature of this ressarch changed with the
emphasis being placed on the use of bakery wastes in
extensive pond systems. This meant that the project
became even more applied than before necessitating a
complete change in attitude to the whole aspect of fish

culture.



INTRODUCTION,

In 1973, Peru banned the export of products from the
anchovy fishery which heralded a world shortage of fish
meal and precipitated a crisis in the fish farming
industry (Spinelli et al., 1979). This was because fish
meal is the basic ingredient in most fishfeeds designed
for use in intensive fish farming. The shortage of fish
meal together with a threefold increase in price spelled
catastrophe for the fish farmer.

The situation eased after 1975 which resulted in an
increase in aquaculture production to over 6 million
tonnes or over 10% of total fish production (Glude, 1977).

In Japan, during 1973, production of yellowtail
required 680,000 tonnes of food of which about 95% was
of fish origin (Furukawa, 1975) and in the United States,
trout requirement was about 35,000 (dry) tonnes (Spinelli
et al., 1979). Estimates for 1990 indicate that over 40,000
tonnes of fishmeal will be required for salmon alone.

Rumsey (1973) posed the question "Is agquaculture held
to fishmeal supply?" The answer to this is to look for
alternative cheaper protein sources especially as the goal
in fish farming is neither to produce nor use the ideal
diet but to gain the most advantageous growth and quality
at the lowest possible cost (Rasmussen, 1969) .

The use of expensive fishmeal protein is mainly

restricted to highly intensive aquacultures where protein



is a limiting factor in the rate of production. This is
not the case with extensive fish farms where protein is
obtained from natural feeds within the ponds. This usually
takes the form of zooplankton which are rich in protein
and are readily taken by the fish,

In order to maximise the utilisation of this natural
protein, it is necessary to introduce cheaper energy rich
feed sources such as cereals which contain high levels of
carbohydrates., Besides these obvious energy feed sources,
there are also many unconventional feedstuffs available
such as wastes from the food industry (Ben Gera & Kramer,
1869).

One such waste is that produced by the bakery industry.
This makes a potentially ideal food source since it is mads
from carbohydrate rich cereals. These wastes can be used
directly in an extensive system or can be incorporated
into complete diets for use in more intensive pond farming
where the methods used are still those of the extensive
system but on a more intensive scale. Such systems are
found today in Israel where yields of 7 tonnes hectare-1
are obtained (Brown, 1977).

In systems where protein is the limiting factor such
as in salmonid culture, the cost of the protein-rich feeds
will increase to the point where it will become uneconomic
to continue farming such species. This will be increasingly
possible if the recent trends observed in fishmeal supply

and price continue.



It is therefore probable that the culture of carnivorous
fish on which the West specialises will in the future enter
a period of decline and its place will be filled by a
return to more extensive farming with warmwater species.
The most likely candidate will be the carp as it is one of
the easiest fish to culture. Of all the fish species
utilised by man, the carp has the longest history of culture
in the world.

Mention of carp for food was first recorded by Fan Li
in 460 BC when he wrote his treatise 'Fish culture classic'
in China (Brown, 1977). Aristotle mentioned carp and it is
likely that both the Gresks and Romans fattened carp in
ponds., Further introductions into Europe may have taken
place around 1150. In Austria, carp were being farmed by
1227 and in Britain, carp were grown in ponds by 1600
(Taverner, 1600). By 1860, carp were common all over
Europe (Bardach et al., 1972) and even today carp retains
its popularity in most European countries.

In Britain, carp went out of favour due to the increase
in commercial marine fisheries at the turn of the century.
With the return to fish farming in the last tuenty years,
carp were dismissed as a potential species in favour of
‘up-market' salmonids. Whether this type of fish remain as
the mainstay of the British fish farming industry or whether
they disappear will depend mainly on the price of feeds and

in particular the price of fishmeal, however there is no




reason why extensive fish farming cannot develop alongsids
the existing industry. To some extent, this is already
happening with a number of small extensive units operating
~around the country. They are producing carp for the table
market with ethnic groups as the primary consumer. Due to
the potential size of this market, the possibilities for
expansion are great.

The aim of this thesis is to investigate the potential
of bakery wastes as a nutritional component in fish culture.
Intial consideration of the problems involved have identified
three main areas for possible research.

1. The first area to consider is the nutritional status of
bakery wastes and their subsequent incorporation into a
complete and balanced fish diet. As there is commercial
interest in the results, various levels of waste should be
used in order to ascertain the highest acceptable level
which takes advantage of the low cost of the waste but
will produce reasonable growth rates in the fish. Whilst
dealing with complete diets, other nutritional aspects can
be investigated including the use of carbohydrates and fats
in fish diets, as bakery wastes are rich in both these
dietary components.

2. The second area for consideration is the use of bakery
wastes as supplemental feed in extensive fish culture. Due
to the nature of the wastes they appear to fulfill the
requirements of supplementary feeds however trials must be

conducted to ascertain their acceptability.




3. The final area for research is that of pellet technology
and the need to be able to produce an acceptable medium for
presentation of the waste to the fish, This not only includes
the manufacture of a pellet but also consideration of the
storage potential of any food containing mixtures of bakery
wastes,.

Summarisinn these areas, the aim of this thesis is to
produce from raw bakery waste, an acceptable final product

which can be used in the commercial culture of carp.



GENERAL METHODS.

The methods described here apply to the majority of the
experiments included in this thesis., In cases where different
methods have been used, reference to the changes are included

in the methods section of the individual experiment.
Experimental system.

The experiments were conducted in a water recycling
system consisting of eight 90 1 circular tanks supplied
with biologically filtered water maintained at 22°C. The
total volume of the whole system was 1300 1. The water
flow into each tank was kept at a constant 175 1 min-1.

A supply of freshwater was added to the system at a rate

of 0«36 1 min-1 in order to replace evaporative and leakage
losses and also to maintain nitrate levels below 20 ppm.
Ammonia was effectively removed by the filter with unionised
ammonia always lower than 0¢01 ppm. pH was maintained in
the range 6°8 - 7+2., Although the system contained a solids
trap of 80 1 complete with mesh baffles to aid deposition
of solids, an additional small trap was placed on top of
the filter unit. This took the form of a small circular
tray of 12 1 capacity which was filled with foam strips.
Water passed from the larger trap into this secondary trap

and any undeposited solids were retained on the foam pieces.

These were cleaned daily.



Diet preparation.

All experimental diets were prepared by mixing the dry
and semi-moist ingredients in a HOBART food mixer, model
no A120, followed by the oils and water to produce a
homogenous dough. This was extruded through the mincer
attachment of the food mixer. The resulting pellets were
frozen on an open tray, bagged and then stored in a

freezer.

Weighing proceedures.

All fish were weighed weekly. They were first starved
for 15 hours and then anaesthestised with ethyl-4-amino
benzoate (Benzocaine, BDH Chemicals Ltd.) at a dosage
of 1:15000 prior to weighing. Each fish was drained to
remove excess moisture before they were weighed on an
electronic top ban balance to the nearest 0+°01g. After
weighing, the fish uwere returned to freshwater to recover.
The fish on each experimental diet were moved to the
adjoining tank to eliminate any differences in grouwth

due to tank position, water supply, atc.

Proximate analyses.

Moisture by oven drying at 105°C to constant weight.

- 10 -



Protein by Kjeldahl method using the conversion factor
N x 6+25,.

Fat by Ether extraction.

Ash by incineration at 550°C for 24 hours.

Nitrogen Free Extract by difference.

(AOAC, 1975).

All proximate analyses were carried out as shown above

with the exception of the analyses of the fish carcasses

in which the method was slightly modified. Nitrogen free
Extract (NFE) was assumed to be no more than 0+5% of the
total analysis so that protein was determined by difference

(Caulton & Bursell, 1977).

Analyses of experimental data.

Specific growth rate.
In the early stages of life, the growth of a fish under
controlled conditions follows an exponential curve, the

equation of which is:-

- g(T-t)
U2 u,‘e -

Final weight at time T.

where W,
Wy - Intial weight at time t.
e - base natural log.
g - constant for a particular curve known as the

specific growth rate.



Rearrangement of the equation to obtain g and multiplication
by 100 gives the rate of change of weight of the fish

expressed as the percentage per day.
(logeu2 - log_w, / No of days) x 100, (Brown, 1957).

Food conversion ratio.
Feed intake / Weight gain.
In calculation, dry weight of food for feed intake was used

whereas wet weight was used for weight gain.

Protein efficiency ratio.

weight gain / Protein fed. (0sborne et_al., 1919).

Net protein utilisation.

Apparent NPU =(Nb - Na / Ni) x 100.

where Nb = body nitrogen at the end of the experiment.
Na = body nitrogen at the start of the experiment.
Ni = nitrogen injested during the experiment.

(8ender & Miller, 1953; Miller & Bender, 1955).

Statistical methods.

Statistical comparisions were made using the analyses of
variance. Mean differences were assessed using DBuncans
Multiple Range Test. Standard errors (+SE) were calculated

to identify the range of the means (Duncan, 1955).



SECTION 1.

The use of bakery wastes in complete diets.



The evaluation of bakery wastes in complete diets,

INTRODUCTION.

Bakery products are rich in carbohydrates whereas the
natural food of many fish species is often deficient in
this dietary component so before evaluating the potential
role of wastes from the bakery industry, the role of
carbohydrates in fish nutrition will be discussed.

Dietary carbohydrate serves largely as a source of
energy but it is often omitted from fish diets since
protein can also be utilised as an snergy source to
provide the necessary calories. Phillips & Brockway (1959)
intially calculated that trout could obtain 3+9 calories
from every gram of protein whereas from the same amount
of carbohydrate, only 1+*6 calories were available. It has
now been shoun that this figure is very low and that the
energy provided by these components is very similar with
4+5 calories from each gram of protein and 4 calories
from every gram of carbohydrate (Cowey & Sargent, 1972).

Many fish diets contain protein levels of over 50%
which is far in excess of the requirement of most fish,
so much is wasted in conversion to energy. The uss of
carbohydrates as an energy source is therefore highly
desirable (Pieper & Pfeffer, 1979), with the incorporation
in the diet of as much as the fish is able to utilise
without incurring deleterious effects (Cowey & Sargent,

1972).

- 14 =~



The use of carbohydrates or fats for ensrgy to save protein
for grouth is known as the sparing action (Phillips &
Brockway, 1956).

Since carbohydrates can be used to spare protein and are
relatively cheap constituents to obtain, there is a
temptation to feed them at high levels. This has been found
to be acceptable to some extent for both herbivorous and
omnivorous fish but is unacceptable for carnivorous species
(Shimeno et al., 1979) because they have very little
natural carbohydrate in the wild (Edwards et al., 1977).
For this reason most of the work on carbohydrate nutrition
has been carried out on these fish.

Some of the earliest work was carried out by MclLaren
et al. (1946; 1947). In the sarlier, they found that
the growth of trout fed diets containing 48% carbohydrate
was equal to that produced by the standard hatchery diet
but that the fish developed large yellow lobulated livers
and eventually died. They concluded that to avoid this, the
carbohydrate content of the diet should not exceed 20%.
Phillips et al. (1948) also found that feeding carbohydrate
to trout over long periods of time resulted in high glycogen
livers and mortality. This was because trout have no
mechanism for excreting excess carbohydrate. They suggested
that trout diets should not contain more than 9% digestible
carbohydrate or that the fish should not be fed more than

4+5 grams of digestible carbohydrate per kilogram of body



weight per day. Buhler & Halver (1961) fed a well
characterised semi-synthetic diet based on that of Halver
(1957) but containing varying amounts of carbohydrate.
They found that fingerlings of chinook salmon fed an
adequate diet could tolerate up to 48% carbohydrate for
long periods of time. Good fish growth resulted with no
increase in mortality or gross liver pathology. This is
in agreement with the work of McLaren et al. (1947) who
concluded that their earlier figure could be increased
to 45% provided that the diet contained natural products
such as vegetable meals instead of casein which they had
previously used.

Eduards et al. (1977) working with different strains
of trout found that the amount of carbohydrate utilised
depended on the strain of fish although in most cases a
level of 17 - 25% carbohydrate was acceptable. A 38%
replacement of protein by carbohydrate in a diet produced
a reduction in growth rate. The differences found by the
different workers as to an acceptable level of dietary
carbohydrate in salmonid fish may be due to variations
in the test diets or in the type of carbohydrate used.

Buhler & Halver (1961) monitored the effects of
different carbohydrates. They found that the fish were
capable of utilising glucose, maltose, sucrose, dextrose
and potato starch, although fish growth decreased with

increasing molecular weight of the carbohydrate. Pieper



& Pfeffer (1979) replaced about 30% of a standard diet with
either glucose, sucrose, lactose or gelatinised starch. They
found that lactose was totally unacceptable whilst the others
produced growth as good as the basic diet. Starch replaced
to higher levels of about 40% did not appear to produce
inferior growth to the protein replaced.

The utilisation of different carbohydrates depends on
the digestibility of each. This is reflected in the amount
actually fed to a fish. Phillips & Brockway (1959)
calculated the number of dietary calories available to
trout assuming a digestibility of 40%; this would result
in 1+6 calories available for every gram of carbohydrate.
This figure is now thought to be very low. In 1956, Phillips
& Brockway calculated the absorption of different
carbohydrates after 36 hours. Glucose produced the best
absorption with 99%, maltose 93%, sucrose 73%, lactose 60%,
cooked corn starch 47% and raw corn starch 38%. Singh &
Nose (1967) worked out the digestibilities of these
carbohydrates uwhen fed at different levels from 20% to 60%
of the diet., Digestibility was reduced with increasing
molecular weight as well as increasing carbohydrate in the
diet. The worst digestibility therefore resulted from
potato starch fed at 60% of the total diet. The complex
carbohydrates resulted in growth inferior to the other

sugars especially at high feeding levels.
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Inaba et al. (1963) measured digestibility using
practical diets. The digestibility of protein and %
starch varied with their content in the diet. These
were present in the form of white fishmeal and bread
crumb respectively., Protein digestibilty was high when
the protein level was high in the diet whereas the
digestibility of © starch was high when it was low in
the diet. Starch digestibility decreased with increasing
content. Raw starch uwas considerably lower in digestibility
than when it was cooked. Kitamikado et al. (1964) found
that the digestibility of protein decreased as the starch
content increased. This is supported by Rychly & Spannhof
(1979) who suggested that protein digestibility was
reduced due to the low digestibility of the non-protein
part.

Most of these studies have been carried out with regard
to salmonid or carnivorous species whereas much less work
has been aimed at the utilisation of carbohydrates by
warmwater fish such as carp. This is because they have always
been considered capable of dealing with large amounts of
carbohydrate due to their natural omnivorous diet. Chiou
& Ogino (1975); Shimeno et al. (1977) and Shimeno et al.
(1979) all found that the digestibility of carbohydrate
in carp remained constant at between 85% -90% regardless
of the level of the carbohydrate in the diet provided

that it did not amount to more than 50% of the total diset.



Growth trials investigating the effects of varying
carbohydrats levels in carp diets are inconclusive.

Ogino et al. (1976) replaced casein (60-0%) with

dextrin (0-60%), thus the effects of varying

carbohydrate was confounded by reduced protein levels

and the conclusions of these workers that carbohydrate
was effectively used by carp cannot be supported. Sen

et al. (1978) also conducted a similar experiment in

which dextrin (71-26%) was replaced by casein (0-45%).
They suggested that the optimum growth of carp occured
with a diet containing 45% protein and 26% carbohydrate.
This was the diet with the lowest carbohydrate and highest
protein level, which would be expected to produce the best
growth.

Most work on carbohydrate nutrition in carp has been
connected with biochemical studies which seem to indicate
that carp are capable of dealing with carbohydrate in their
diet due to high amylase activity (Cowey & Sargent, 1972).
It would appear that diets with a high carbohydrate
component are promising as feed for carp pravided that
the rest of the diet is nutritionally adequate. As carp
are warmwater fish with a temperature optimum for growth
of 28°C, the metabolic energy requirements are far greater
than those of salmonid species reared at 12-15°C,
consequently the sparing action of carbohydrate on

dietary protein becomes more significant.
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It can therefore be seen that carbohydrate can be very
important as a dietary component in fish nutrition
especially with regard to warmwater species. The use of
bakery wastes as an ingredient in fish diets can provide
this component very cheaply. One of the predominant wastes
from the bakery industry is bread.

In Britain, it has been estimated that the public buy
about 11 million loaves of bread every day (Agricapital
Group, 1978) and about 0+1% of this production goes to
waste in the form of unsold loaves (Roy, 1976). Much of
this waste is bought by farmers for feeding to pigs,
however bread has never been svaluated as a realistic
food source for animals in Britain. This is not the case
in the United States where there has been some work on
the evaluation of bakery waste as an animal feed.

Kirk & Peacock (1969) have described Blended Oried
Bakery Product (DBP) as a feed made from a combination
of bakery products and surplus baked goods. The ingredients
used to make DBP include bread, dough, cakes, flour, biscuits
and crackers which are all blended together to a consistant
analysis (Wallace, 1965). Arrington (1965) gave the proximate
analysis of DBP as:- moisture - 6%. crude protein - 9+1%,
Ether extract - 13%, ash - 3<4%, crude fibre - 1% and
Nitrogen Free Extract - 67+5%. In 1965, over 1000 tons of
DBP were produced from one production unit (Wallace, 1965).

It is still widely available in the United States and in
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January 1981 the price was about 3160/ton. The analysis

of this product is shown in table 1.1. (Enns, International
Bakerage Inc, Atlanta Georgia, Personal communication).
Since DBP is so widely available, it has been evaluated as
a feed for several farm animals.

Wallace (1965) found that in pig rations, DBP could be
substituted for yellow corn up to levels of 30% of the
total diet. Growth of the pigs was found to be as good as
those on the control diets., For younger pigs, he found
that dried skimmed milk could be replaced by DBP up to
levels of 20% in starter diets with no significant change
in grouth, Similar results were obtained by Meacham &
Thomas (1965) whereas Peo (1965) found that the level of
replacement could be increased to 30% of the diet. This
was confirmed by Sewell (1966) but in this case, the DBP
replaced corn and not skimmed milk. Kornegay (1974) showed
that for older pigs, inclusion of DBP at between 12 and 24%
of the diet improved daily weight gain and feed efficiency.

Damron et al. (1965) fed DBP to chickens at a level of
10% and growth was unaffected. Turkeys fed DBP at the sams
level of inclusion, increased feed efficiency by 2¢9% and
decreased feed consumption by 2°7% (Potter et al., 1971).

Dairy cattle have been fed DBP as a substitute for corn
and citrus pulp by Wing (1964; 1965) at a level of 30%. He
suggested that the cooked ingredients may be beneficial

for the rumen organisms, DBP has also been fed to steers
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Table 1,1. Proximate analysis of Blended Dried Bakery Product,

DBP, (as supplisd by International Bakerage Inc, Atlanta, Ge).

Crude Protein, 8+50%
Ether Extract (fat). 11+50%
Crude Fibre. 2+00%
Ash. 5¢40%
Moisture. 7+50%
Sugars., 9+20%
Metabolizable energy. 3969+00 Cal/Kg.
Productive energy. 2976+75 Cal/Kg.

Available amino acids expressed as a percentage of the

total ingredients.

Arginine. 0+32%
Methionine, 0+16%
Cystine. 0+18%
Meth. + Cystine, 0-34%
Lysine. 0-045%
Histidine. 0+10%
Isoleucine. 0+55%
Leucine. 0+80%
Phenylalinine. 0-40%
Phenyl. + Tyrosine. 0-90%
Threonine, 0+60%
Valine, 0+45%
Glycine. 0-90%

continued,
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Table 1.1. continued,

Minerals and Vitamins.

Calcium.

Available Phosphorus.
Salt. (maximum)
Sodium,
Manganese.
Iron.

Copper.

Cobalt.
Potassium.
Magnesium,

True vitamin A,
Carotene.
Vitamin E.
Thiamin.
Niacin.
Riboflavin.
Pantothenic acid.
Vitamin B12.
Choline,
Pyridoxine.
Xanthophyll,.
Folacin.

Ethoxyquin,

- 23 -

0+10%
0+19%
3+50%
1+38%
100-11
2911
507
1-01
0+80%
0+32%
674730
463
58+97
149
2591
220
463
0-0
1102-50
551
176
trace

trace

mg/Kg.
mg/Kge.
mg/Kgo

mg/Kg.

IU/Kge.
mg/Kg.
1U/Kg.
mg/Kg.
mcs/Kg.
mg/Kg.

mgs/Kg.

mgs/Kg.
mgs/Kg.
mgs/Kg.




as a fattening ration at levels of 9°¢4% (Baker, 1964) and
104 (Kirk & Peacock, 1969). At over 10%, the weight of the
steers increased by 11% over the control rations and at a
level of 20%, the weight increased by 10+3%.

All this work has confirmed that bakery wastes are an
excellent filler in all types of animal ration. The level
at which it can be incorporated is dependent on the desired
composition of the final diet. Because these workers look
on bakery waste as an energy feed, it has not been included
at very high levels, At the levels at which it has been used,
the provision of energy from a cooked product appears to
have increased the efficiency of the whole diet. This can
especially be seen in the experiments where the DBP has
replaced a raw carbohydrate source such as corn (Sewsll,
1966).

Bakery wastes are mainly thought of as being either bread
or dough type wastes which are relatively low in protein,
high in carbohydrate and devoid of fat such as in bread
waste, howsver there are wastes that originate from
associated baking industries which have a completely different
nutritional profile. One such waste is that from the producers
of meat pies and although a large proportion of this type of
waste consists of pastry, the remainder is made up from
protein and fat. Because of the higher levels of protein and
fat than bread wastes, pie waste therefore has the potential

for increasing the nutritional value of other low grade
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bakery wastes. There are however, one or two drawbacks to
its use in fish diets. The first is that the waste is made
up of two separate ingredients: the filling and the pastry
and their presence is variable as a result of the time
during the manufacturing process at which the waste is
geherated. It is possible that the waste could consist of
only low protein pastry or conversely it could contain
only the protein and fat rich filling. This makes the
formulation of diets difficult since the analysis of the
waste may not reflect the actual nutritional profile. This
could lead to nutritional deficiencies which in turn could
lead to unexpected changes in growth rates or in certain
cases even death. There is really no satisfactory answer
to this problem except to constantly carry out proximate
analyses or to hope that over a period of time the analyses
of the waste will even out to an average value. The second
associated problem is that the waste does not only contain
nutritional components but alseo includes some inedible
material, the bulk of which is aluminium foil in which

the pies are manufactured. The removal of this foil will be
dealt with in a later section.

The nutritional value of the different components in
the waste is very important since the incorporation of as
much as possible in a diet is very desirable because of
its relatively low cost. The use of this waste would

reduce the need for additional expensivse ingredients
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especially of those which are protein sources. This is
because many diets are formulated to least cost formulations
(Cowesy & Sargent, 1972) where the cheapest possible
ingredients are used to produce the required results. The
cost of diets can be further reduced through a reduction
in the protein level which can be achieved through sparing
the protein with either fats or carbohydrates. Protein
sparing by fat is more efficient than by carbohydrates
because of the higher energy level of fats. This is
9 Kcal 9-1 as compared with 4 Kcal 9-1 for carbohydrates.
Although the pie waste contains higher lsvels of protein
than other bakery wastes it is still below that required by
fish so the presence of the fat should aid in its
utilisation to the fullest through its sparing potential.

There appears to be no work published on the inclusion
of any type of bakery waste in complete fish rations
although their use as a supplementary feed was mentioned
by Schaperclaus (1933), That fish like certain bakery
products, there is no doubt for Hunt (1971) observed that
wild populations of barbel wers able to survive on brsad
that had been supplied by anglers who used it as ground-
bait. Analyses of stomach contents from these fish
showed that 47% consisted of anglers baits.

The evidence from the work on DBP fed to farm animals
together with that from anglers reports indicate that in

nutritional terms, bakery waste constitutes a good dietary
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source. Although it contains a limited amount of protein,
its real value is for the provision of enerqy and the
component that supplies the major part of this is the
carbohydrate.

The aim of the following experiments is to evaluate
two different types of bakery waste when incorporated into
complete fish diets. These experimental diets contain all
the components required for good fish growth, This is
essential as the experiments all take place in controlled
conditions where the only nutrient source is from the diets.
Although these experiments take place in recycling systems
which require a total nutritional input and in economic
terms are expensive to run, there are a few examples of
carp culture taking place in intensive sysytems which
require the same nutritional input in the form of a
complete diet., Evaluation of bakery waste in complete
diets can therefore have some relevance to a commercial
system,

The bakery wastes to be considered in this section are
bread wastes which take the form of whole loaves of bread
and pie production wastes which consist of a mixture of
pastry and filling in various quantities. The experiments
carried out in this section, evaluate bread alone and then
a mixture of the two. A third experiment compares the best

diet from each group.
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The evaluation of waste bread for use in complete diets.

MATERIALS & METHODS.

Diets.

Bread was obtained from Warburtons Ltd of Bolton as a
mixture of brown and white, sliced and unsliced loaves.
Each loaf was crumbed using the liquidiser attéchmant

of a KENWOOD chef food mixer (model A707A). The crumb

was seived through a 2 mm sieve, larger pieces were
recrumbed and seived again. A mixture of 50% brown and
50% white crumb was used in the diets. Proximate analyses
vere carried out on both white and broun samples (Table
1.2.).

A control diet was formulated using herring meal and
wheat middlings as the main ingredients. Six experimental
diets were derived from the control diet by the
substitution of bread for the wheat middlings (Table
1¢3.). The level aof the ingredients were adjusted so as
to balance the protein level at 33%, which was considered
to be sufficient to meet the protein requirement of carp,
and the fat levels at 9% (Table 1.4.). A commercial trout
diet (Edward Baker Ltd, Omega no 4) was repelleted as a
moist diet and then frozen. The moisture content of all
eight diets was measured and a proximate analysis was

carried out on each (Table 1.4.).
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Tables 1.2, Proximate analyses of white and brown bread.

White bread. Brown bread.

(%) (%)
Moisture, 3970 3950
Protein, 783 8+36
Fat. 017 042
Crude fibre., 015 4+36
Ash. 1.93 236
Nitrogen Free Extract. S0+16 45-09
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Experimsntal system.

R single water recirculation system of eight tanks was
maintained at 22°C. Each tank was stocked with 12 fish

of average weight of 49qg.

All fish used were mirror strain of common carp, Cyprinus
carpio L. and were obtained from Warburtons fish hatchery.
This strain of carp (now called the Newhay carp) originated
from German stock called Dinkelsblihle named after an area
of Germany near Nurnberg. This German stock can be traced

back to the original Franconian race of domesticated carp.

Feeding.

Diets were fed at a rate of 2% of body weight day-1 of
dry feed. This was calculated on a weekly basis. The
amount of diet fed was adjusted to allow for differences
in the moisture content. Feeding was by hand and took

place thrice a day. The experiment ran for 35 days.

Carcass analysses.
At the end of the experiment, six fish were removed from
each treatment for carcass analyses. This involved

carrying out a proximate analysis on each fish,
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Teble 1.3. Constituents of the test dists (% by weight).

Diest, A. B. C. D. E. Fe Ge He
Ingredisnt,
Trout pellatz 66 - - - - - - -
Herring meal?2 - 22 25 28 23 30 32 35
Wheat middlingse. - 39 25 17 13 8 4 -
Skimmed milk. - 2 - - - - - -
Bread, - - 14 22 26 30 35 41
Dils? - 3 4 4 4 4 4 4
IUY? - 2 2 2 2 2 2 2
Binder? - 1 1 1 1 1 1 1
WaterS 34 32 31 27 26 25 22 A7

1, Edward Baker Ltd. Omega no 4 trout food.

2. Edward Baker Ltd. Norseamink.

3, Mixture 50% corn oil, 50% cod liver oil.

4, Edward Baker Ltd, IVY mineral & vitamin mix.
5. Alginate Industries, London. Alginate bindsr,

6. Additional water required to make the diet semi-moist.
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Table 1.4. Proximate analyses of the test diets.

(£ by dry weight),

Di@to Aa Be Co D. E; Fo Go HO

Component.

Protein. 4559 3338 3305 3386 34°34 33°75 34°09 34°87

Fate 619 726 904 941 Be66 1001 982 1027

Asho 1297 1081 1096 1164 1253 1247 1234 1269
4 ,

NeFoEo 35925 48°55 46°95 4509 4447 4377 4375 4217

Overall

4200 4036 4541 44°34 4480 4426 4372 4217
moistureg

1. Nitrogen free extract.

2., Figures given in the proximate analyses refer to the
dry weight of each component and these in total maks
100%. The figures given for overall moisture refer to
the finished semi-moist product. The dry components

account for the remaining 55-60%.
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RESULTS.

In all the treatments, the fish soon became accustomed
to the experimental diets and consumed all the food that
was given., All the fish grew rapidly and the averags weight
gains are shown in table 1.5. Statistical analysis showed
that the growth of the fish fed the three dists containing
the highest levels of bread were not significantly different
(py005) from the contral diet., The largest increase
occurred with the diet containing bread at a level of 30%.
This is also shown by the specific growth rates (Figure 1.)
and the food conversion ratios (Table 1.5.). For the 30%
bread diet, non of these indices were significantly
different (p?0°05) from the control. Average growth rates
increased with increasing levels of bread up to 30%
inclusion and then they were seen Fo show a slight declins.

The results of the proximate analyses of the fish
carcasses are shown in table 1.6. There is very little
difference between the different components for each
treatment, although the differences are in some cases,
significant (p<0°05). With increasing levels of bread in
the diet there is a slight reduction in the moisturse
content of the whole body. There is a definite trend
which follows the pattern of the specific growth rates.
Feeding diet F (30% bread) resulted in the lowsst carcass
moisture level whereas the commercial diet produced the

highest. Protein, fat and ash levels of the fish follow
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no obvious pattern and although there are significant
differences (p<0°05) in some of these components, they
appear to be random. Diets with the higher measured fat

levels resulted in highser body fat levels.
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The evaluation of a mixture of waste bread and pis

production waste for use in complete dists.

MATERIALS & METHODS.

Diets.

Production waste from pie manufacture was obtained from
Warburtons Ltd of Bolton as a mixture of uncoocked pastry,
meat filling and aluminium foil trays. The trays were
removed manually and the remaining mixture was minced
through the mincer attachment of a HOBART food mixer,.
Froximate analysis was carried out on the resultant
mixture (Table 1.7.).

Bread was treated as in the previous experiment.

Seven experimental diets were formulated, based on a
constant amount of fishmeal. Varying amounts of bread

and pie waste were included so that as one increased,

the other decreased (Table 1.8.). The level of sach
ingredient was adjusted so as to balance the protein
level at 24% and the fat at 17% (Table 1.9.). Very little
extra water was required due to the moist nature of the
pie waste., Proximate analyses were carried ogut on all

the dists (Table 1.9.). A commercial trout dist was

repelleted as a moist diet and used as a control.
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Experimental systams,
A single water recirculation unit of eight tanks was
maintained at 22°C. Each tank was stocked with 10 fish

of average weight, 106g.

Feaeding.

Diets were fed at a rate of 1% body weight day°1 of dry
feed. This was calculated on a weekly basis. The amount
of diet fed was adjusted to allow for differences in
the moisture content. Feeding was by hand and took

place twice a day. The experiment ran for 35 days.

Carcass analysis,
At the end of the experiment, six fish were removed
from each treatment for carcass analysis. This involved

carrying out a proximate analysis on sach fishe



Table 1.7. Proximate analysis of the pis wasts,

a) complete wasts,

Component., %o

Moisture. 35+9
Protein, 67
Fat. 185
Ash. Se7
Nitrogen free sesxtract. 330

b) separate portions.

Component. Filling (%). Pastry (%).

Moisture. 7465 2879

Proteine. 975 7-07

Fat. 930 15-06 |
Ash. 1437 1416 i
Nitrogen free axtréct. 493 47292
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Table 1.8. Constituents of the test diets (% by weight).

Diet. A. I. J. Ke Le M. N. 0.
Ingredient.
Trout pelletj 66 - - - - - - -
Herring maalg - 19 i9 19 19 19 19 19
Bread. - 20 25 30 35 40 45 50
Pie waste. - 56 49 43 37  29¢5 235 17
Dils? - - 1 2 3 45 55 7
IUY? - 2 2 2 2 2 2 2
Binders - A T T T R B
vater® 34 2 3 3 3 4 4 4

1, Edward Baker Ltd. Omega no 4 trout food.

2. Edward Baker Ltd. Norseamink.

3, Mixture 50% corn o0il/ 50% codliver oil.

4. Eduard Baker Ltd. IVY mineral & vitamin mix.
5. Alginate Industries, London. Alginate bindsr.

6. Additional water required to makse the diet semi-moist.




Table 1.9,

Proximates analyses of the test diets

(% by weight).

Diete A. Io Jo Ko Lg m. No U@
Component.
Protaein, 45059 24962 23°75 24¢18 2578 24°67 2613 26°97
Fate 6219 17229 1716 1724 1639 1616 1592 1537
Ash, 1297 960 980 10¢16 977 933 931 9°56
NQFOE,1 3525 4B8°49 49229 4B°42 4806 4984 48°64 48-10
Naisturez 32043 3227 32065 3265 3264 32°95 3252 3250

4. Nitrogen free sxtract.

2. Ovsrall moisture of the finished pellet.
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Table 1.10. Percentage make up of the fat content of the

test diets. (% of total fat).

Diet' Io Jo K. L. Mo No DO
Fate
Hard fat. 1000 902 798 696 548 442 310
Corn o0il. - 429 101 15¢2 226 279 345
Cod liver oil. - 409 101 152 22+6 279 34¢5
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RESULTS.,

In all the treatments, the fish scon became accustomed
to the experimental diets and consumed all that was given.
All the fish grew rapidly and ths average weekly weight
gains are shown in table 1.11. The best growth was shouwn
by diet K (30% bread/43% pie waste). Statistical analysis
showed that this diet was not significantly different (p»0°05)
from the control. Diets J (25% bread/49% pie waste) and L
(35% bread/37% pie waste) also gave good growth. These results
are reflected in the specific growth rates (Figure 2) which
was not significantly different (p70°05) from the control.
Diets with high bread lsvels showed the worst growth rates
(Table 1.11.)»

Table 1.12. shous the proximate analyses of the whole
fish carcasses. The moisture contents of the fish fed the
experimental diets werse significantly lower (p<0+05) than
the fish fed the control. The analyses for the protein
content showed a significant (p(0~05) decrease with
decreasing levsls of pie waste in the diet. The actual
lavel decreased from 16% for diet I to 12% for diet N. Diet
0 showed a slight increase up to 14%. The fat levsls
demonstrated a reverse in the trend to that of the protein
so that a decrease in ths pie wuwaste resulted in increased
body fat. The changes wers significant (p<0¢08) over the
whole range with an increase from 6% for diet I to 13%

for diet N. A slight decrease was shown by diet Q0.
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Comparison of different bakery waste dists.

MATERIALS & METHODS.

Diets.

Diets were formulatesd as in the two previous expsriments,
diet F containing 30% bread and dist K, 30% bread and
43% pis waste and with 30% and 19% fishmeal respectively.
Diet Q was also formulated consisting totally of bakery
waste (table 1.13.). A commercial trout diet (Edward
Baker Ltd) was repslleted as a semi-moist diet and used
as a control - diet A. The moisture content of all the
diets was measured and a proximate analysis carried out

on each (table 1.14).

Experimental system.

A single water recirculation unit of eight tanks was
maintained at 22°C. Due to the large variation in the
size of the available fish, they were split into two
groups and each divided amongst four tanks with sach
tank containing 12 fish. One group had an imtial mean

weight of 8°75g and the other, 13°20g.



Feeding.

Diets were fed at a rate of 2% of body weight per day of
dry feed. This was calculated on a weekly basis. The
amount of diet fed was adjusted to allow for differences
in moisture content. Each diet was fed in replicate, one
to each group of fish. Feeding took place thrice daily.

The experiment ran for 35 days.

Carcass analyses,

At the end of the experiment, six fish were removsd
from each diet, three from esach size range, for carcass
analysss. The results for each diet were combined to

give mean values.



Table 1.13. Constituents of the test diets (% by weight).

Diet. A. Fo Ke Q.
Ingredient.
Trout pelletj 660 - - -
Harring msalg - 30-0 190 -
Bread. - 30-0 30-0 485
Pie waste. - - 430 485
Wheat middlings, - 80 ‘ - -
Dils? - 4.0 20 -
IVY? - 2°0 2-0 20
Binder? - 10 10 10
Uateré 34-0 25-0 30 -

1. Edward Baker Ltd. Omega no 4 trout food.

2. Edward Baker Ltd. Norseamink.

3, Mixture 50% corn oil/ 50% codliver oil.

4, Edward Baker Ltd. IVY mineral & vitamin mix.
5. Alginate Industries London. Alginate binder,

6., Additional water required to make diet semi-moist.




Table 1.14. Proximate analyses of the test diets.

(% by dry weight).

Diet. A, Fo Ke Q.

Component.

Protein. 4559 3438 2418 1549
Fate. 619 963 1686 14245
Ashe. 1297 9.95 921 720
N.,F,,Eo1 3525 4377 4B° 42 62-86
Overall moisture? 4200 4426 3264 3652
Total energy? 402 4217 4°54 4251

4

PE/DE. 51 37 24 16

1. Nitrogen free extract.

2. Overall moisture of the finished pellet.

3, Kcal/100qg.

4, Protein energy:Digestible energy ratioc.
Calculated from the following values:-
Protein - 4°<5kcal/g.

Fat - 9¢0kcal/g.
Carbohydrate - 4°0Okcal/g.

(Cowey & Sargent, 1979).




RESULTS.

In all the tanks the fish quickly became accustomed to
the experimental diests and consumed all the food that was
given., In both seriss of four diets, the fish grsw fastest\
on the higher protein diets with the specific growth rates
decresasing with decreasing protein content of the diet.
Although the trends in both series are similar, differences
betwsen the two are apparent and it is therefore necessary
to consider both series separatelye.

With fish of intial mean weight of B8¢75g (table 1615),

the specific growth rate (figure 3) was significantly
different (p<0°05) for all the treatments and the same
applies to the food conversion ratios. Average weight gains
are also shown in table 1.15. and these can be seen to
decrease with decreasing dietary protein. The fish of
larger imtial mean weight showed the samse trends as the
other series with the exception of specific growth rate
(figure 4). Diets F and K were not significantly differsnt
(p70+05) from each other (table 1¢160)

Differences between the two series for each of the
experimental diets have not been found to be significantly
different (p70°05) for specific growth rates and food
conversion ratios. With the exception of diet F, the fish

of smaller initial mean weight have grown at a slower rate

than the larger fish. In the case of dist F, both specific

growth rates and food conversion ratio are better for the

smaller fishe
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Table 1,15, Performancse of the fish of isitial mean weight

of B8¢75g fed the experimental diets for 5 weeks at 22°C.

(n = 12 for each treatment).

DietSo Ao F. Ko Qo _tSEo

Intial Wt. (g) 8-41% gep2® ge752 gega? 0+ 485

Final Wt. (g) 16632  14.16°  12.74°% 41.08° 0737
Av. Wt. Inc? (g) 1-64%  1.033®  g.so®  gess®  0e223
S.G.R.> 10932 1.20°  1.07°  ge6s?  0-192
F.C.R.Y 1.00%  1.64°  1.97° 4629 0881
PER.> 1083 1468 198 1082

NPUL© 2954  24¢93 29017 1307

1. SE = Standard error from residual mean squars in the

analysis of variance.

2. Average weekly weight gain.

3., Specific growth rate.

4, Food conversion ratio.

5, Protein efficiency ratio.

6. Net protein utilisation.

abed = Mean values for components with the same superscripts

are not significantly different (Duncans multiple range test

p70-05).
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Figure 3. Specific growth rate produced by the experimental

dists when fed to carp (imtial weight group - 8¢75g).

(n = 12 for each treatment).
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Table 1.,16. Performance of the fish of initial mean weight

of 13°20g fed the expsrimental diets for 5 weeks at 22°C.
(n = 12 for each treatment).
Diets,. A. Fo Ke Q. +SE2

Intial Wt. (g). 13°73%  12¢54%  13.24% 13.26° 0736

Final Wt. (g). 27¢53%  19:17°  19.77®  17.35 10245
Ave Wt. Inc? (g) 2¢76°  1-33%  1.31P  0eg2P  ge3ss
S.G.R." 10992 .21  1.14®  0e77®  gei93
F.C.R.? 0-98%  1.68°  1.86° 4079  0e839
PER., > 201 1456 1429 1419

npu, © 32454  17¢95 1900 855

1, SE = Standard error calculated from residual mean sguares
in the analysis of variancs.

6o

Average weekly weight increasse.
Specific growth rate.

Food conversion ratio.

Protein efficiency ratio.

Nte protein utilisation.

abed = Mean values for components with the same superscripts

are not significantly diffsrent (Duncans multiplse range test

p’20¢05)
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Figure 4. Specific growth rates producsd by the experimental
diets when fed to carp (imtial weight group = 13¢20g)

(n = 12 for each treatment.)
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When specific growth rate is correlated with the protein
content of the diet, there was a significant (p<0-05)
correlation for both series of fish, For the smaller fish,
the correlation cosfficient was 0°989 whilst for the
larger fish it was 0°965,

Table 1.17. shows the results of the proximate analyses
on the fish carcasses from this experiment. The figurs
given for each diet represents the average valus for each
component for fish taken from both series for each
treatment. The analyses show that body fat increases with
decreasing dietary protein lsvel. Body protein content
decreases with corresponding amounts as the fat level
increases. There is a significant difference (p<0<05)
in fat levels betwesn diets A and F and bestween K and Q
but the difference between dists F and K is not significant
(p?0+05), For protein levels, the only significant (p40-05)
difference 1is between diet Q and all the other diets.
There are differences in moisture levels bstween diset A

and the rest which are also significant (p£0<05).
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DISCUSSION,

The results of the first experiment in which diets
containing varying levels of waste bread showed that
increasing the level of the waste improved the grouth
rates of the fish until a maximum was rsached with a
level of inclusion of bread of 30% of the total dist.
Further increases caused a slight rsduction in the
rate of growth., The most likely explanation for ths
differences shown was the difference in the digestibility
of the carbohydrate sources used.

Workers such as Chiou & Ogino (1975) have shown that
the digestibility of X starch (cooked starch) remained
constant regardless of the level of its inclusien in a
diet whilst that of /4 starch (uncooked starch) decreased
as its level of inclusion increased. They also showed
that the digestibility of /5 starch was lower than that
of OK starch. This is supported by Inaba st al. (1963)
who used rainbow trout as the test fish and breadcrumb
as the o« starch source. This is in agreement with part
of the first experiment which showed that as the bread
level (oX starch) increased and the wheat middling level
{/3 starch) decreased, growth rates increased. The peak
was reached with 30% bread in the dist. This increase
in growth rate may be due either to the positive effect
of the « starch or the negative effect caused by the

reduced digestibility of the 22 starch. Of ths two, the
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former is most likely since when /3 starch was removed
from the diet as in the highest bread inclusion, the
growth rates did not continus to increase. The possible
explanation for this is that the optimum snergy to
protein ratio may have been rsached. This would mean
that diets with high levels of accesible esnergy would
have excess for the amount of protein available.
Conversion of this excess ensrqgy to body fat would
then occur. However, the results of the proximate
analyses are not clsesar enough to show that the fish
fed the highest levels of bread, do have the higher
body fat levels (table 1.6.).

Whilst varying digestibilities of carbohydrate
sources may be the major factor causing changes in
growth rates, it is possible that variations through
balancing the distary components had some effect. This
especially applies to protein becauss differences in
protein can markedly affect growth rates and interfere
with the responses from the test material. In cases
vhere the test material is not a pure source as in
this experiment, it is difficult to know whether to
balance the overall protein level of the diet or the
protein source. The problem arises because not all

proteins have the same dietary valuse.




Proteins are made from different combinations of
about twenty amino acids of which eleven are sssential
for fish growth and are required in the diet. Not all
proteins contain all the sssential amino acids so if
fish are fed only these proteins, then the grouwth rates
can be drastically reduced. The best protein sources
are those with a similar amino acid profile to the
consuming animal and for fish, these are the fishmeal
protein sources. Protein sources from other animals
are nearly as good whilst those from vegetable sources
often lack one or two of the esssntial amino acids
and fseding with these therefore results in poor fish
growth, Diets containing varying amounts of diffsrent
protein sources but with the same overall protein
level can therefore be seen to produce differing
rates of growth.

In this experiment, it was decided to balance the
overall protein level and not the protein source.
Since the diets contain large amounts of fishmeal then
none of the essential amino acids should be deficient
even where the additional protein is supplied by
vegetable sources.

Although there was a definite trend of increasing
growth rates with increasing fishmeal protein levels,
it is doubtful that this was due to the leavel of fish-

meal because the increments were only in the range of




one or two percent.

To eliminate this problem in future work, it was
decided that in the sscond experiment both the protein
source and the overall protein level would be kept
constant in sach test diet. This was achisved with a
fishmeal level of 19% and an overall protein lsvel of
25%.

The results of this sscond sxperiment show that
although the nutritional componsnts of the diets
were balanced so that cach diet had a protein level
of 25% and a fat level of 17%, there were significant
differsnces (p<0°05) in the resultant grouwth rates.
Growth was seen to increase as the level of pie waste
decreased from 56% (diet I) to a level of 43% of the
diet (diet K). Further decreases in the level of pie
waste to 23% (diet N) resulted in a decline in the
growth rates excluding the lowest level of 17% (diet
0) which showed a very slight increase. Since the
components were all balanced, the differences must
be dus to the source of these components. As the
only ingredient to vary throughout the rangs of the
test diets other than the experimsntal ingredients,
wers the oils then it is possible that the differences
inigrouth rates produced by the dists, may be due to

these.




There are one or two possible explanations for thess
differences, the first being that in the diets with the
low levels of pie waste, the additional fat content was
made up to the required level by the inclusion of a
relatively high percentags of mixed oils. The oils may
not have been as well incorporated into the diet during
preparation as the fat in the pie waste and some may
have been lost. This is supported by two observations.
The first is that the proximate analyses (table 1.9.)
show that the low pies waste diets havs reduced fat levels.
The other observation is that during the feeding of these
diets, small slicks of o0il were seen on the surface of
the water in the experimental fish tanks, indicating
loss of some of the oil., This suggests that the oil was
not as well bound in the diet as was the fat in the pie
waste. The loss of fat may explain the decrease in
growth rates for the low pie waste diets due to a loss
in ensergy and therefore in sparing potential.

The second possible explanation for the growth rate
differences is that the three fats that made up the
total fat content for each diet could produce differsnt
growth performances bescause of their varying physio-
chemical composition. The fat used in the bakery
products was a hard fat and mainly of vegetable origin
but could contain some animal fat. The oils used in
the diets with the lower levels of pie waste as the

additional fat source were liquid and were of vegetable
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and fish origin. Table 1.10. shows the percentage make up
of these three sources for each dist. As can be seen the
amount of hard fat decreases whilst the corn/cod liver oil
mix increases with decreasing amounts of pie waste in the
diet. The origin of the hard fat is in some doubt being
geithar of vegetable or animal or as a mixture of the two
due to commsrcial least cost formulation so comparison with
other hard fats is difficult. Most nutritional investigations
into differing fat sources have compared hard animal fats
with fish oils and vegetable oils. In this work, mixtures
of oils were used however comparisons are still possible.
Consideration of different fat sources involves two
main factors. The first is the requirement by fish of
essential fatty acids (EFA) which if deficient can cause
a reduction in the rate of growth. Fish are knouwn to have
a requirsment for the linolenic series of fatty acids and
fish oils are a good source of these (Castell, 1979). They
alsc have a requirement for the linoleic series although
to a lesser extent. These fatty acids are found in many
vegetable oils. It is possible that the hard fat is
deficient in either or both of these fatty acids which
may be restored by the addition of a small amount of the
0il mixture. Takeuchi et_al. (1978a) found that both
hydrogenated fish oil and beef tallow when used as the
only fat source resulted in deficiencies of EFA and also

in reduced growth rate. These were restored by




supplementation with a small amount of fish oil. Similar
supplemsntations of cod liver oil to the diets in this
experiment would account for the improvement in the
grouth ratss and would explain why the growth rate of
diet J is superior to that of diet I and that of dist K
is superior to that of diet J. Further increases would
not result in any additional improvement as the require-
ment for the EFA would have been mst.

The use of animal fats as a dietary energy sourcse
has been shown by many workers. Stickney & Andrews (1971)
found that feeding a hard animal fat (beef tallow), a
fish oil (mehaden o0il) and a vegstable oil (safflower oil)
to catfish resulted in equally good growth from ths beef
tallow and the fish oil but reduced growth from the
vegetable o0il. Similar results were reported by Yingst
& Stickney (1980) although here soybsan oil was used as
the vegsetable source. This was supported by Reinitz (1980)
who fed similar diets to trout. Yu gt al. (1977) fed
increasing amounts of animal fats in diets with herring
0il as the other fat source and found that all the dists
produced equally good growth. Howsver this was not
unexpected since no dist contained the hard fat alone.
These studies have shown that animal fats are a good fat
source for use in fish diets although some supplementation

with essential fatty acids is required.
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Whilst there have been several studies into the
potential of using hard animal fats in fish diets,
not as much consideration has besn given as to the
use of solidified vegetable oils. One investigation
was carried out by Dupree (1969) when he compared
liquid corn oil, hydrogenated corn oil and bsef
tallow. He found that diets containing hard corn
0il gave the best grouwth followed by the liquid
corn oil and then the beef tallow, when fed to
catfish, Phillips et al. (1965) reported equally
good utilisation of solid and liquid cottonssed
0il by brown trout. These results suggaesst that
solid vegetable fats result in as good as, if not
better growth than the liquid form of the sams
source. It would therefore appear that the reduced
growth of the low pie waste dists was not due to the
presence of the hard fat in the pie waste unless
the source of fat was inferior to that of the
liquid oils used. As least cost formulations are
used in the manufacture of the hard fat, there is
no way in which the identity of the fat source
can be determined.

Another possible explanation for the observed
reduction in growth rates is the presence of large
amounts of liquid corn oil required to balancs the

quantities of hard fat from the pie waste. Although
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corn oil was shown to produce good growth when used
as a dietary fat source by Dupree (1969), therse are
reports that it can result in the dspression of the
rate of growth. This is because corn o0il is rich in
fatty acids of the linoleic seriss (Castell, 1979)
and there is some evidence that these fatty acids
supress growth rates. This has been shown to occur
in catfish (Sticknsy & Andrews, 1971), howsver thse
situation is less clear for carp and further
investigation is necessary.

The results of the two previous experiments in
which different bakery wastes were svaluated for
use in fish diets, have shown that these wastes
have a role to play in fish nutrition. It was
thought that because of the nature of thess two
experiments, a number of questions such as the
role of the ratio of protein to ensrgy in fish
diets, had not been answered and it would be
therefors worthwhile extending the experimentation
to compare the best diets from gach group as well
as looking at the potential of a total waste diat.
The results of this last experiment have raised a
number of further issues which will alsc be

considered.
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Sin (1973a) observed the effect of differing distary
protein levels on the growth of young carp. He found
that weight increased with increasing distary protein
up to a level of 38¢4% of the dist. Further incresasss
resulted in a decreased growth rate. Similar observations
were made by Ogino & Saito (1970) in which the specific
growth rate increased up to levels of 55% dietary
protein, however conversion of dietary protein to body
protein did not increase past a protein lsvel of 38%
of the diet. In this experiment, as protein levels
increased, specific growth rates also increased up
to the maximum level of 45¢59% of dietary protein,
however body proetin also increased so that the highest
level of dietary protein produced the maximum body
protein level. Dietary protein levels correlated
very well with specific growth rates giving correlation
coefficients of above 095 in both seriss of fish, ie
the two different intial weights, showing that at
higher protein levels, the growth rates are similar
whereas, as the protein level was reduced, the fish
of lower intail weight did not utilise the diets as
welle.

In order to aid comparision of the different
dietary protein levels used in this experiment, it
is necessary to use additional parameters such as

Protein Efficiency Ratio (PER) and Net Protsein

.
’
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Utilisation (NPU). These give a msasurs of the efficisncy
with which fish are able to utilises different levels of
dietary protein. The PER values for the larger fish show
that as the dietary protein level decreasss there is also
a reduction in the sfficiency from 201 to 119, The
smaller fish have sfficiencies of about 182 for the
higher and lower protein diets (A & Q) and sefficiencies
of 168 and 1°98 for diets F and K. For both sizes of
fish, diet F had a similar level of about 1°60 whereas
all the other diets show different efficiencies for both
fish size groups. The most efficient diet is therefore
diet K for the smaller fish and diet A for the larger.
The smaller fish seem to have utilised the lower protein
diets more efficiently than the larger ones. For the
higher dietary protein levels, protein utilisation is
similar for both sizes of fish.

Although PER values give a somewhat better indication
of the nutritional status of the fish with respect to
dietary protein, than food conversion ratios, they do
not take into account the proportion of ingested protein
used for maintanance and they are based on the assumption
that growth of the fish consists of tissues with identical
composition in all groups. It is also possible that PER
is affected by the feeding rate smployed so that comparison
betueen different experiments can be difficult (Cowey &

Sargent, 1972). A method of improving the assessment of
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the nutritional status of the fish is to use the apparent
efficiency of deposition of distary protein as body tissus
ie Net Protein Utilisation (NPU). NPU is generally
determined by the carcass analysis method of Bender &

Miller (1953) and Miller & Bender (1955). Since no
estimation was made of endogenous nitrogen losses, apparent
NPU was used in this experiment. The NPU valuss for the
larger fish were found to generally decrease with decreasing
protein level with the exception of diet K which was superior
to diet F. For the smaller fish a similar pattern was seen,
except that the NPU value for diet K was as high as that of
diet A. This indicates that the utilisation and deposition
of protein was equally good at the lower dietary protein
level and was probably due to differences in the energy
level. Protein to energy ratios will be considsred later.
Similar results with PER values were obtained by Cowey gt al.
(1972) with plaice and by Zeitoun et al. (1974) with rainbou
trout. In contrast, Ogino & Saito (1970) found that PER
values for carp decreased with increasing dietary protein
level, Couwey & Sargent (1972) suggest that this is due to
carp having a lower maintenance requirement possibly due

to the presence of micro-organisms in the gut. The pressnt
results have shown that carp can have similar PER patterns
as other species. Steffens (1981) suggests that results

will vary with different dietary protein sources. for

example, Ogino & Saito (1970) used casein as the main
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source of dietary protein whilst in this study, a variety
of sources were used with the major contribution being
made by fishmeal. Another difference that can affect all
the measured parameters is that of the size of fish used.
Fish of different sizes have been shown to have
differing protein requirements. Page & Andreuws (1973)
showed that catfish of body size 14 - 100g required 35%
protein in the diet whilst fish of over 100g required
only 25%. In both cases, this was only true if the
gnergy requirement had been met. Dupres (1976) looked
at many published and unpublished reports and concluded
that fish of similar size have similar requirements as
lang as they are held in similar conditions. He
suggested that fry have a requirement of 50% dietary
protein, small fingsrlings - 40%, large fingerlings -
35%, and large fish - 30%. Gerking (1952) suggestad
that the change in requirement was due to differences
in protein utilisation. For blue gill sunfish, he found
that 10g fish converted 33% of their dietary protein
intake whereas 105g fish utilised only 5%. This was
confirmed by Kitamikado et al. (1964) who suggested
that this may be due to lower enzyme activity in
juvenile fish. Another possibilty is that smaller
fish have a higher metabolic rate than larger ones.
For brook trout, fish of 19 gain approximately 100%

per month whilst at 20g this is reduced to 36%
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(Phillips, 1972). The energy requirement of carp of 129
is 24°4BKcal Kgm‘i daynq whereas for larger fish of 600gq,
this is reduced to 7°97Kcal. This may be due to the body
surfacs area which is reduced in larger fish so decrsasing
heat loss (Schaperclaus, 1933).

In this sxperiment, the differences in the size of
each group is so small that it may be impossible to
explain the differsences in the results by size alone.

In the calculation of corrslation coefficient of
dietary protein and specific growth rate, the larger
fish were found to have a lower coefficient than the
smaller fish, This was dus to an increase in the growth
rate of the larger fish at a dietary protein levsl of
24% through the presence of increased fat levels ovear
the higher protein diets. This reultsd in protein
sparing by the fat and is evident from the NPU valuses
as for both sizes of fish, the values for diet K
exceeded those of diet F. Jauncey (1979) found that
he could reduce the protein content of the dist from
45 to 29% by increasing the fat content to 18% with no
effect on weight gain. Similar observations were made
by Sin (1973b). Increasing dietary lipid was intially
found to depress growth (Dupree, 1969) howsever this
has not been confirmed by other workers who have

increased fat levels up to 30% (Kitamikado et al.,

1964). In this experiment, the presence of fat levels
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of up to 17% of the diet have increased the grouwth by
sparing the protein. This however, is only apparsnt
in the larger fish. It is possible that the snzymes
usad for fat breakdoun are not developed in the fish
of smaller sizes, This has been suggested for fry
(Bryant, personal communication) howevar there is no
evidence to support this,

The relationship between enesrgy content and protein
content has been sxamined for several species of fish,
This relationship is important because protein as well
as providing the building blocks for nsw tissues, can
also be utilised as an enarqgy source. Under conditions
where energy intake is limited, the dietary protesin will
be used as the source of energy. Conversely, an sxcessive
energy intake at moderate protein lesvels will lead to
deposition of fat and therefore changes in the carcass
composition. Although several workers have tried to
define the optimum ratio betwsen energy and protein,
close comparision is very difficult, not only bscause
of differences in species but also because the actual
calculation used is different. For example, Garling &
Wilsoen (1976) used protein to energy ratios and Takeuchli
et al. (1979) used energy to pratein. Cowey & Sargent
(1979) suggest that it is much better to calculate the
ratio as protein energy to total energy. This is because

the protein will always add to the total energy contsent




of the diet and so increasing the protein level will also
result in an increase in the total enaergy content of the
diet. To draw any conclusions from this work, it is
necessary to compare these results with those from other
studies. As no standard method has been ussed it has been
necessary to recalculate the rssults of the other studies
to bring them inteo line with this work. This has been
achieved using the ratio PE/DE as recommended by Couey

& Sargent (1972). In all cases, the figures supplied

by the original author have been given and these are
followed by the recalculated valuss.

Lee & Putnam (1973) reported that maximum growth for
trout was obtained with 160mg protein/Kcal at 3<0Kcal/g
and 130mg protein/Kcal at 3¢7Kcal/g whilst at a higher
level of 4<4Kcal/g, only 91mg protein/Kcal were required.
Recalculated these values are 67, 55 and 39 respectively
for protein energy as a percentage of the total snergye.
Watanabe et al.(1979) thought their value for optimum
DE/P was high for trout and in excess of all other
studies but in fact when reworked, their value was 34 for
an energy value of 4¢5Kcal/g which is well within the
levels found by Lee & Putnam (1973).

For rilapia, Winfree & Stickney (1981) found that 34%
protein at 3¢2Kcal/g gave optimum growth with a ratio
value of 108. Recalculated, their valus is squivalent to

48, Jauncey (1982) produced results of a similar level
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116 with 3¢6 Kecal/g energy. The recalculated value is

52 however this higher valus may be dus to differences

in the species of tilapia used in the separate studies.

Several studies have been reported on the protein

to energy ratio for channel catfish., Tiemeiser et al.

(1965) found that 133¢7mg protein/Kcal gave the optimum

level for the ratio which is squivalent to a reworked

value of 60, whilst Page & Andrews (1973) found that

the optimum ratio was 75 or 133¢1mg protein/Kcal. This

gives a new value of 54, Garling & Wilson (1976) found

the value to be much lower with a ratio of 88 at a

dietary protein level of 24% and an energy lesvel of

2¢7Kcal/g. Recalculated the value is only 39.

For carp, the

only reference to protein ensrgy ratios

is made by Takeuchi et al. (1979) who found that the

optimum level aof
ratio of protein
This gives a nsw

with the results

dietary protein was 31% and the optimum
to energy was in the region of 97-116.
value of about 30 which is in keeping

of this experiment. Their value falls

in the range given by diets F and K.

Carp would therefore appear to do well on relatively

low protein, high energy diets as thsy are capable of

utilising fat and carbohydrate as snergy, so releasing

the protein for growth. From the results of ths other

workers, it would seem that carp are the species of

fish most capable of dealing with high energy diets




and this is very important in their commercial culture
since the relative cost of ensrgy is much less than
protein. This work also questions whsther the optimum
levels of dietary protein found by some worksers are
correct since it can be seen that the level of energy
also has an important role to play in fish nutrition.
The final aspect of this work to consider is ths
effect of bakery waste on fish body composition.
Increasing levels of bread in the diet of carp appears
to result in little change in the composition of the
whole body carcass. All dietary inputs were kept
constant with the exception of the carbohydrate which
decreased with increasing levels of bread in the diet.
There are conflicting reports on the effects of
dietary carbohydrate on fish body composition.
Undoubtedly some of the variations are due to
differences of species, levels of feeding, typs of
carbohydrate and overall diet quality (Buckley &
Groves, 1979). Ths most deleterious effects occur
with trout because under natural conditions, very
little carbohydrate is found in their diet (Edwards
et al., 1977). Phillips gt al. (1948) reported that
pathological glycogsen resulted when trout werse fed
in excass of 12% carbochydrate. This was supported
by McLaren et al. (1946) but in subsequent studies,

McLaren st al. (1947) found that as long as the diet




was balanced, trout could accept up to 45% carbohydrate
and suffer no deleterious effects.

In more recent work, Refstie & Austreng (1981) fed
trout with increasing carbohydrate up to levels of 49%
of the diet. They found that liver tissus was discoloured
and the fish had higher liver weights. This is in keeping
with sarlier findings however they alsoc found that high
carbohydrate levels resulted in increased body moisture
content. There is no evidence at all that warmwater fish
suffer pathological liver conditions as experienced by
trout at high dietary carbohydrate levels.

This work has shown that the dry matter content of
the carcass was rsduced and this is in keeping with the
findings of Refstie & Austreng (1981) but in this case
the reduction was not as great, however these workers
also found a reduction in the body fat which was not
the case here., This difference is prabably dus to
differences in the species of fish used because thers
is some evidence which shows that body fat increases
with increasing dietary carbohydrate levels (Ogino st al.
1976). In this study, a slight increase in body fat is
apparent although no clear picture emerges from the
resultse.

No other trends were visible from the results of
the carcass analyses of the first experiment and this

was probably due to the balanced nature of the test
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diets. The only component that did vary was carbohydrate
and the probable reason for the lack of clear results
was that the amount of digestible carbohydrate remainad
constant although the amount of total carbohydrate did
vary through the range of the test dists.

The body composition of fish fed diets containing
pie production waste as in the second experiment is
different to that of fish fed bread waste diets alone.
The most noticeable feature is the increase in the body
fat content with increasing levels of pis waste in the
diet. This can also be correlated with increasing
additional mixed oils. There is plenty of evidencs
that increasing dietary lipid results in increased
deposition of body fat in catfish (Garling & Wilson,
19763 Murray et al., 1977 and Page & Andreus, 1973),
carp (Sin, 1973a;3;b), chinock salmon (Buhler & Halver,
1961) and trout (Austreng et al.,1977; Lee & Putnam,
1873; Reinitz et al., 1978; Takeuchi gt al., 1978b) .

In this experimant the dietary fat levels were however
similar in all the diets but there may have been some
preferential use of the distary fat, the hard fat from
the bakery waste being used for growth and the oils
being converted directly into body fat. There is no
real evidence to support this as there have been

very few substitution type expsriments of this kinde.

One that was reported was by Yu et al. (1977) who
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substituted lard into diets containing herring oil and
fed them to trout. The body fat levels decreased from
10°5% to 9% with a 50% substitution of lard. Similar
replacements of animal fat into trout diets containing
soybean oil resulted in a decrease in the body fat from
1085% to 9¢74% in work conducted by Reinitz (1980).
As well as the increase in body fat levels, there
was an accompanying decrease in body protein content.
This was unexpected as Buckley & Groves (1979) report
that changes in body protein level are rare as the
majority of variations in body composition relate to
the fat content. This is usually associated with
comparable changes in body moisture. There sesms to
be no adequats explanation for thess protein changes
although it may be argued that they are the result of
discrepancies in the method used in the determination
of the body composition. This depended on the
measurement of all the components with the exception
of protein which was then calculated by difference.
This is similar to the technique used in the
determination of nitrogen free extract which has
been used by many workers for diet analysis. This
method of determination by difference was used in
the analysis of body composition by Brett st al.
(1969) for the measurement of ash and by Caulton

& Bursell (1977) who used it for protein. By




difference measurement is acceptable in the determination
of fish body composition because the carbohydrate content
of the body never exceeds more than 0¢5% (Black, 1958).
It is possible that any discrepancy in the measurement

of other body components will be magnified and this

would affect the protein level in the final calculation,
It is unlikely that this is ths casse here because all the
samples were determined at a similar time.

Although Buckley & Groves (1979) reported that changes
in body protein were rare, there is one. situation in
which changes have besn found to occur. Wood gt_al.(1957)
found that wild fish of several species had consistently
higher body protein contents than hatchery raised fish.
This is due to differences in the amount of food obtained.
Similarily, Brett et al. (1969) and Huisman et al. (1979)
both found that body protein levels varied with the level
of feeding. How changes in feeding level can be applied
in this case is open to question.

The results of the analyses of the body composition
of the fish carcasses from the final experiment showed
that body fat increased with decreasing dietary protein.
Body protein was also seen to change with a reduction
with decreasing dietary protein. Similar observations
were made by Huisman (1976) who found that protein
decreased with increasing dietary energy when expresssd

as a percentage of lean body fat. Lee & Putnam (1973)
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also found a correlation betwsen P/DE and body protein
in trout but in that case the changes in body protsin
level were very small,

It may be possible that these changes in the carcass
composition with regard to protein were the rasult of
an inadequate diet as Meske & Pfeffer (1979) reported
that changes in protein content of the diet above a
level of 20% do not affect the body protein level. This
infers that dietary protein levels below 20% do affect
the body composition.

Cowey & Sargent (1972) reviewsed many studies in which
body lipid increased with dietary energy or PE/DE ratios.
For carp, Takeuchi et al. (1979) showed that body lipid
increased with increasing dietary energy level. The body
lipid increassd from 5¢8% to 9+7% with dietary energy
levels of 3¢0 to 45 Kcal/g. In this experiment, all
the dietary energy levels were over 4 Kcal/g and there-
fore this may account for the much higher levels of fat
in the carcasses.

These experiments have shown that bakery wastes appear
to be a useful ingredient in fish diets. Both bread and
pie waste, either in combination or separately are
acceptable to the fish. They both perform as would be
expected from their respective constituents. In order

to achieve fast growth, it is necessary to increass the




protein level of the diet above the level that can be
provided by the bakery waste alons however where this

is necessary bakery waste is an excellent filler for

the rest of the diet. On its own, bakary waste can bs
usaed for fish growth but it is best for use with largsr
fish, Ideally bakery waste would appear at its best when
used as a supplementary food in extensive pond culture.
It is suited for this as it is a low protein, high
energy food which would complement the high protein

found in the natural food from the pond.




Effects of hard dietary fat on fish growth at two

environmental temperatures.

INTRODUCTION,

There are two principal requirements for dietary lipids,
firstly as a major energy source as outlined searlier in
this section and secondly as a source of essential fatty
acidse.

Certain fatty acids are sssential components of cells
in that they are necessary for the maintenance and functional
integrity of membranes. Biomembranes contain large amounts
of polar lipid and these are characterised by a high content
of polyunsaturated fatty acids that confer fluidity to the
membranes. This fluidity permits movement within the membrane
of enzymic protein molecules, on which many of the functions
of the membrane are dependent.

Membrane fluidity depends in large measure on the degres
of unsaturation of the fatty acids esterified to the polar
lipids, Fish live in a low temperature environment and at low
temperatures, the constraints imposed in maintaining membrane
fluidity are greater than at higher temperatures and can be
best met by an increasing degree of unsaturation of the fatty
acids. This need would be most adequately supplied by highly
unsaturated w3 (for an explanation of lipid terminology, see
the addendum at the end of this section) fatty acids and

quantitatively the main representatives are eicosapentaenoic




(20:5uw3) and docosahexaenoic (22:6w3) acids (Cowey & Sargent,
1977) .

By contrast, the major polyunsaturated acids of most
terrestrial animals belong to the w6 series with arachidonic
acid (20:4wb6) being the principal repressntative. The capacity
of fish to incorporate highly unsaturated fatty acids into
polar lipids depends either on a dietary supply of thsse
materials or on the ability of the fish to desaturate and
elongate shorter chain acids (ultimately of dietary origin)
of the appropriate configuration. In the absence of essential
fatty acids from the diet, deficiency diseases will occur.

There have been sesveral reviews about the lipid require-
ments of fish (Castell, 1979; Cowey & Sargent, 1972; 19793
Halver, 1975; Lee & Sinnhuber, 1972 and Sinnhuber, 1969) .

The main emphasis has been placed on the EFA requirements
of the salmonids, in particular the rainbouw trout.

Early research on homeothermic land dwelling animals
showed that the w6 s