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Only God knows everything,
Man cannot know everything,
But he can learn to know many things.
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PREFACE

Current growth in global aquaculture is paralleled by an equally significant increase in
companies involved in aquafeed manufacture. Latest information has identified over 1,200
such companies, not including those organizations in production of a variety of other
materials, i.e., vitamins, minerals, and therapeutics, all used in varying degrees in proper
feed formulation. Aquaculture industries raising particular economically valued species,
i.e., penaeid shrimps and salmonids, are making major demands on feed ingredients,
while relatively new industries, such as tilapia farming, portent a significant acceleration
in demand for properly formulated aquafeeds by the end of the present decade and into
the next century.

As requirements for aquafeeds increases, shortages are anticipated in various
ingredients, especially widely used proteinaceous resources such as fish meal. A variety of
other proteinaceous commodities are being considered as partial or complete replacement
for fish meal, especially use of plant protein sources such as soybean meal. In the past
five years, vegetable protein meal production has increased 10% while fish meal
production has dropped over 50%, since 1989, largely attributed to overfishing and
serious decline in wild stock. Throughout fisheries processing industries, traditional
concepts as “waste” have given way to more prudent approaches, emphasizing total
by-product recovery. Feed costs are a major consideration in aquaculture where in
some groups, i.e., salmonids, high protein-containing feeds using quality fish meal, can
account for as much as 40 to 60% of production costs. About 67% of the actual feed cost
can be attributed to the fish meal protein fraction. Clearly, this is an untenable situation
as global aquaculture increases in size and diversity of commercial species. Considerations
such as cost and availability of commonly utilized aquafeed ingredients also must be
recognized as new formulation practices develop. In all likelihood, these will differ from
conventional procedures with movement in usage of non-traditional feed ingredients.
Currently, aquafeed least-cost formulations mainly are geared to those traditional
procedures used in livestock feeding and not designed especially to meet the needs of
rapidly growing aquaculture industry.

Innovative approaches must explore the wide variety of processing by-products
potentially available as nutritionally valuable ingredients in specific aquafeeds.
This must be correlated with the availability of such ingredients, especially plant and
animal proteins, in individual countries and the dictates of economic pressures.
Competing feedstock (ingredient) demand by major livestock industries is another factor
in proper allocation of feed ingredients. Regardless, the final processed aquafeed must
meet specific physical standards, such as water stability and palatability, as well as satisfy-
ing the nutritional needs of the aquatic species being cultivated. Ultimately, diet selection
and use of alternative proteins will relate to the intensity of the cultivation practice.
While high cost “nutrient dense” complete pelleted diets may be feasible in intensive



xlvi

operations, greater flexibility is possible in terms of ingredient substitution in less
extensive operations where natural feeding processes may occur.

As new non-traditional diets are formulated, many using the various ingredients enu-
merated in this book, studies will be needed to ascertain their digestibility and composite
nutritional value of the formulation to the particular targeted species. Ancillary attention
also must be given to palatability of the diet and its effectiveness in achieving an
economically sound conversion rate. Of paramount importance is the effect of individual
ingredients on the physical stability of the final pellet and its compostie texture, facilitating
optimal ingestion. For instance, shrimp feeds need both good water stability and rehydra-
tion properties which directly affect texture and optimal ingestion. Similarly, hard inflexible
small dietary particles for first-feeding stages of fish may be rejected. Finally, the effect
of a particular ingredient on final sensory properties of the aquatic species must be given
consideration to insure maximum consumer acceptability of the processed product.
For instance, excessive dietary levels of corn gluten meal and alfalfa meal impart an
undesirable yellowish color to catfish flesh due to concentrations of xanthophylls, espe-
cially high in corn gluten meals. Conversely, with shrimp, especially such commercial
species as Penaeus monodon and Penaeus japonicus, inclusion of ingredients (i.e., shrimp
meal) rich in carotenoids (especially astaxanthin), is needed to impart proper pigmentation
to the crustacean exoskeleton.

The efforts of the authors to make available a thorough compilation of feed ingredients,
together with relevant performance data where possible, is a worthwhile contribution to
global aquaculture. Paradoxically, major anticipated growth in aquaculture is projected to
occur in those countries where traditional feed ingredients are lacking or totally unavailable.
Thus the information contained here has truly practical value, and unquestionably will
be utilized by aquaculturists. Various of the ingredients listed, i.e., soybean meal, fish meal,
crab meal, shrimp meal, and other animal and plant by-products already have acceptance
in various degree in aquaculture feeds. What is needed are new formulations that reflect
reductions in feed costs and especially more prudent use of available commodities.
Nowhere else has such a compilation of relevant ingredient data been attempted, and
the authors are to be commended for their initial efforts. Certainly, the database will be
significantly expanded as experimental results indicate nutritional value and dietary
feasibility of the various ingredients presented. Others will be added as food processing
industries endeavor to recover by products that have real economic value, rather than
that of a waste product to be discarded.

Newly developed ingredients for aquafeeds are appearing in the international market-
place. One example is that of the carotenoid (astaxanthin) containing yeast Phaffia
rhodozyma, currently being used as an effective pigmenting agent in salmonid and other
aquatic diets. Technological developments are being explored to enhance usage of plant
and animal feedstuffs in aquafeeds. Examples include, among others, such approaches
as development of genetically engineered soybean with increased levels of the essential
amino acids methionine and lysine, as well as possible removal of bone from meat
and bone meal, thereby reducing calcium levels with a concurrent increase in the
protein content. Hydrolyzed protein products, including fish protein concentrates from
by-catch and processing water are being commercialized along with hydrolyzed proteins
from blood, egg, poultry and liver products.
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The stated objectives of this book, “to contribute to a better understanding of com-
monly used aquaculture feed ingredients and to find some useful information on some
potential feedstuffs for aquaculture diets”, clearly are valid ones in terms of needs of
present day aquaculture. Hopefully, this worthwhile endeavor will serve as a catalyst for
further compilation and ultimate critical analysis of basic and applied information on
a wide range of specific ingredients for use in commercial aquaculture.

Dr. Samuel P. Meyers

Professor

Departments of Food Science/
Oceanography & Coastal Science
Louisiana State University

Baton Rouge, LA 70803/USA
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1. PROLOGUE

Aquaculture has had a rapid, global development during the recent 30 years particularly,
fish and crustacean culture. Today about 30 species of shrimps and more than 300 finfish
species are commercially cultivated world-wide. However, aquaculture does not only
include fishes and crustaceans. Culture of aquatic organisms also includes not only the
commercial production of molluscs, seaweed, sea cucumber and sea urchin, but also
turtles, frogs and reptiles. On the other hand, aquaculture is not new. The Chinese are
known to have farmed ponds filled with carp more than 2000 years ago.

The profit oriented commercial farming of aquatic organisms in controlled water and
environment is known as aquaculture, and is a specific sector of agricultural production
with the objective of producing animal protein for human consumption. For instance,
the culture of Atlantic salmon (Salmo salar) in Norway, the world’s largest producer, has
its roots in basic research work with terrestrial farm animals. The late internationally
recognised geneticist in animal breeding, Harald Skervold, a professor emeritus of the
Norwegian Agricultural University, in the sixties, used the salmon for genetic research
because reproduction rate is tremendous for enhancing genetical progress compared to
the possibilities offered by terrestrial animals.

But commercial aquaculture is not always sunny. The industry is very young, and still
works on many presumptions with regard to reproduction, husbandry and specifically
nutrition. Some of the problems that cause difficulties in commercial aquaculture are
the diversity and enormous number of species with their specific requirements. A very
typical example for the diversity of aquatic animals is the zoological marine shrimp
family Penaeidae which is comprised of 81 different species in 13 genera (Table 1-01).
While only few species are used in terrestrial production of farm animals, culture of
aquatic organisms includes a wide variety of species, each of them having different
habits and various physiological and nutritional needs.

Lack of knowledge and understanding of the behaviour of aquatic animals, associated
with a too pronounced attitude for profit-making and short-sighted management that
does not consider environmental hazards are major reasons for failures in commercial
aquaculture. These attitudes have developed into a kind of “aquacultural nomadism”
which means that, when a certain area has been deserted by irresponsible commercial
aquaculture, the operation moves on to another, still virgin area, continuing the destructive
activities to the environment.

There are also other reasons for the uncertainty of the industry which results in instability.
Research work in aquaculture genetics is still at an early stage. Without adequate genet-
ical selection land farm animal production would not have attained today’s standards of
high performances. So far aquaculture research work has had little regard for hereditary
disposition and the environment (including feeding) both of which are necessary for
good yield. Unfortunately, feed utilisation cannot be greatly manipulated genetically
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because the hereditary coefficient for feed conversion is low as established in terrestrial
farm animals.

Table 1-01: The species of the zoological marine shrimp Penaeidae'

enu Genus Genus Genus
Penaeus Metapenaeus Parapenaeopsis Xiphopenaues
P. aztecus aztecus M. affinis P. arafurica X. kroyeri
P. aztecus subtilis M. benettae P. cornuta X. riveti
P. brasiliensis M. brevicornis P. hardwickii Genus
P. brevirostris M. burkenroadi P. hungerfordi Eusicyonia
P. caeruleus M. dalli P. sculptilis E. cristata
P. californiensis M. demani P. tenella E. lancifer japonica
P. canaliculatus M. eboracensis P. venusta
P. carinatus M. endeavouri Genus Genus
P. duorarum duoraum M. ensis Trac aeus Sicyonia
P. esculentus M. incisipes T. anchoralis S. brevirostris
P. fluviatilis M. insolitus T. byrdi S. dorsalis
P. indicus M. intermedius T. curvirostris Genus
P. japonicus M. joyneri T. faoea Protrachpene
P. latisulcatus M. macleayi T. fulvus P. precipua
P. longistylus M. mastersii T. gonospinifer Genus
P. macculochi M. monoceros T. granulosus Atypopenaeus
P. merguiensis Genus Genus A. formosus
P. monodon Metapenaeopsis Solenocera Genus
P. occidentalis M. barbatus S. alticarinata Parapenaeus
P. orientalis M. borradailei S. depressa P. australiensis
P. penicillatus M. crassissima S. subnuda
P. plebejus M. lamellata Genus
P. schmitti M. mogiensis Hymenopenaeus
P. semisulcatus M. novae-guineae H. mulleri
P. setiferus M. palmensis H. robustus
P. stylirostris M. rosea H. sibogae
P. vannamei M. sinuosa

! Source: Motoh, H. (1977): SEAFDEC, Techn. Report No 2.

Another misconception and cause for failure in commercial aquaculture is the use of
experimental results from one species to another. For example, the kuruma prawn
(Penaeus japonicus) has the lowest production volume because of its relatively slow
growth but the most substantial research work, such as on shrimp feeding experiments,
has been done in this species, and results are transferred to other cultivated shrimp species
regardless of their feeding behaviour and physiological differences. Similar observations
exist for fishes, like salmonids and to a lesser extent channel catfish. When compared with



PROLOGUE 3

terrestrial animal production this is tantamount to using experiences from pig production
for broiler raising.

There is a remarkable general knowledge of physiology, nutrition and feeding of
aquatic organisms, considering the relatively short period in which research work has been
carried out. However, with regard to the specific knowledge on nutrition and feeding
of most commercially cultivated aquatic species, the global map of aquaculture nutrition
and feeding has still many “white spots”.

This “Handbook on Ingredients for Aquaculture Feeds” aims to contribute to a better
understanding of the feed components that affect the nutrition and feeding of aquatic
animals, mainly fishes and crustaceans. Oftentimes, little consideration is given to the
chemical and physiological properties and the feeding value of the individual constituent
in formulating commercial aquaculture feed. The use of each feed component has its
“pros” and “cons”. Due to this concern the feeding value of a feedstuff might be over or
under assessed and necessary restrictions are neglected.

Furthermore, this book will not only contribute to a better understanding of commonly
used aquaculture feed ingredients but also give some useful information on some poten-
tial feedstuffs for aquaculture diets.

Various agricultural waste products have been included in the hope that they may be
found useful, economically feasible and will help in the production of “friendly” feeds
not only at the farm level but also in commercial feed manufacturing.

Some remarks have to be made in order to understand the set-up of the handbook.
At the start it was planned to sub-divide the contents into protein and energy feedstuffs
as well as into “traditional” and “non-conventional” feedstuffs. However, since there are
many overlaps, it was found inconvenient to sub-divide into protein and energy feedstuffs.
Furthermore, the border-line between traditional and non-conventional feedstuffs is very
fluid and the definition of a non-conventional feedstuff is rather complex and debatable.

Many feedstuffs used in aquaculture feeds are actually non-conventional. They are
often by- and waste products from the manufacture of foodstuffs for human consumption
but may have a superior feeding value for aquatic animals. Due to all these difficulties it
was decided to describe the feedstuffs in alphabetical order.

Data referring to terrestrial farm animals were used whenever there was a lack of
information from aquatic animals. The data should only serve as an indication that
the feedstuff, without any obligation to use them, may be useful for aquaculture feeds.

Last but not least, this presentation does not claim to be a complete review of all
possible feedstuffs which could be included into an aquaculture feed.

Hamburg/Germany and Iloilo/The Philippines
December 1999

Joachim W. Hertrampf
Felicitas Piedad-Pascual



2. NUTRITION OF AQUATIC ANIMALS AT A GLANCE

Farming of aquatic animals requires comprehensive knowledge and appreciation of nutri-
tion, feedstuffs, feeds and feeding practices. Compared with the nutrition of terrestrial
farm animals, nutrition of aquatic organisms is relatively new. Like terrestrial farm
animals the aquatic counterparts require protein, lipids, carbohydrates, vitamins, minerals
and other feed additives for meeting the physiological needs of growth and reproduction.
However, there are immense differences between terrestrial and aquatic farm animals.

Due to the abundant diversity of cultured aquatic animals their nutritional requirements
vary widely.

2.1 Diversity of Cultured Aquatic Animals

For successful farming of aquatic animals the environmental and biological characteristics
of the large number of species have to be fully understood.

Fishes
Temperature and salinity of the water are major environmental characteristics in fish culture.
Fishes are poikilothermal organisms which normally adapt their body temperature to
the environmental temperature(’3). Fishes are subdivided into “warmwater” and “cold-
water” fishes. Warmwater fishes have an optimum growing water temperature of 25°C
to 30°C(1%), and 20°C and below is the preferred temperatures of coldwater Fishes(/%".
Coldwater and warmwater species can be both, freshwater and marine fishes (Figure 2-01).
The migration habit from oceans to streams and vice versa of some species such as salmonids
and eels is successfully used in brackishwater fish culture by careful control of water salinity.

Phylum: Cordata

J

Class: Pisces

Warm water tishw Cold water fish

N

Marine Fresh-
fish water fish

Marine J Fresh-
fish {waler tish

Figure 2-01. Diagram of taxonomic classification of fish*.
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Water pollution is a serious problem in aquaculture. It is, therefore, suggested that
resistance to pollutants should be added to the environmental characteristics of fishes(").
Four attributes determine the biological characteristics of fish(//):

Fishes can be classified according to the type of food they prefer under natural con-

Reproductive habits,

Requirements of the eggs and larvae,

Adaptability to crowding,
Feeding habits.

ditions®. The four main categories are (Table 2-01):

Herbivores,
Detritus feeders,
Omnivores,
Carnivores.

Table 2-01: Feeding habits of selected fish species*®

1. Herbivores
Carp:
* Big head carp
® Grass carp
* Javanese carp
* Silver carp
Gourami
Milkfish
Perch
Rabbit fish
Tilapia
Siamese gourami

2. Detritus feeders
Mud carp

3. Omnivores
Channel catfish
Common carp
Grey mullet

4. Carnivores
Black carp
Catfish
Grouper
Marble goby
Salmon:
* Atlantic salmon
® Pacific salmon
Seabass
Trout:
® Brown trout
® Rainbow trout

Aristichtus nobilis
Ctenopharyngodon idellus
Puntius gonionotus
Hypothalmichtys molitrix
Osphyronemus gourami
Chanos chanos

Perca spp.

Siganus guttatus

Tilapia spp/Oreochromis spp.
Trichagaster pectoralis

Cirrhinus molitorella

Ictalurus punctatus
Cyprinus carpio
Mugil cephalus

Mylopharyngodon piceus
Clarias batrachus
Epinephelus spp.
Oxyelotris marmoratus

Salmo salar
Oncorhynchus spp.

Lates calcarifer

Salmo trutta

Salmo gairdneri/Oncorhynchus mykiss
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The feeding habit of fish is reflected in the digestive anatomy. The gut-length of fishes
is short and the ratio of body length and gut-length is narrow (Table 2-02). The chyme,
therefore, stays in the gut only for a short time®”). For this reason fish feed must have a
high digestibility. A typical carnivorous fish has a short gut with an extendible stomach
for large prey. In the longitudinal axis the stomach can be extended by 30 to 35% and
the diameter can increase by 75% (3,

Table 2-02: Length of intestines of some aquatic and terrestrial animals in
comparison to the animal’s body length®”

Species Length of the intestine is ... times longer than the body
Trout 1.0to 1.5

Carp 20t02.5

Dog / cat 5.0

Horse 12.0

Pig 15.0

Cattle 20.0

Sheep 30.0

Omnivores which tend to eat animal food still have a large stomach but a longer intestine
than carnivores. Omnivores such as the common carp (Cyprinus carpio), preferring a plant
diet, have pharyngeal teeth, no stomach and a long intestine. The gut of herbivorous fish,
particularly those which consume phytoplankton is the longest and the most complex type®”).

Detritus feeders are efficient. They feed mainly on dead organic matter at the bottom of
the pond and are “cleaners”. In the “transitional stage” the food habit may vary, not only
between species but also according to the age of the animals and environmental changes.

Crustaceans

Shrimps are decapod crustaceans of the suborder Natantia used mainly for farming.
The term “shrimp” and “prawn” are often used interchangeably. Commercially, shrimp
refers to the small species while prawn applies to the larger species. The name “shrimp”
is used also in connection with various species of the families Pandalidae, Peneidae and
Palaemonidae. It particularly refers to the family Crangonidae('!: 1%,

The environmental characteristics of shrimps are similar to those of fishes (Figure 2-02).
Most important for aquaculture are marine warmwater shrimps. Marine coldwater shrimps
are normally small in size. By nature all cultured shrimp species have in the wild
the habit of entering shallow coastal waters, when very young. There they settle to the
bottom where they grow rapidly for several weeks until they return to the sea(’,
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Shrimps spp

Carnivore Herbivore Omnivore

Warm water shnmps Cold water shrimps
Marine Fresh Marine Fresh
water shrimps water shrimps water shrnmps water shrimps

Figure 2-02. Diagram of classification of Shrimp spp.©7.

In shrimp culture water quality is essential. Optimal conditions are®?:
e Water temperature: 28 to 33°C

*  Salinity: 15 to 25 ppt
e pH: 8.0to0 8.5
*  Oxygen: 3.7 ppm (min.)

The maximum concentrations for pollutants is shown in Table 2-03.

Table 2-03: Maximum concentrations of pollutants for optimal growth of tiger prawn (Penaeus monodon)3%

1. Heavy metals: Mercury 0.0025 ppm
Copper 0.1 ppm
Cadmium 0.15 ppm
Zinc 0.25 ppm
2. Surfactants: Dunall OSE 0.1 ppm
BP 110 0.2 ppm
Seagreen 0.5 ppm
3. Pesticides: Malathion 0.0004  ppb
Parathion 0.001 ppb
Rotenone 0.008  ppb
Azodrin 0.01 ppb
Endosulfan 0.01 ppb
Paraquat 0.01 ppb
Butachlor 1.0 ppb
4. Others: H,S 0.033  ppm
NH, 0.1 ppm
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Shrimps are classified as carnivores, herbivores and omnivores. The penaeid gut is
straight with three main sections: Fore-gut, mid-gut and hind-gut (Figure 2-03)®%.
Digestion in penaeid species is a combination of mechanical and chemical processes(*#).
The hepatopancreas plays a central role in the metabolic processes. It has similar functions
to that of the liver in vertebrates. Its enzyme-secretion system is comparable to that of
the vertebrate pancreas(3?.

During the life cycle certain penaeid species change from being herbivorous to
carnivorous. However, this transition is only of interest with regard to the protein
content of the diet.

1. Oesophagus 3. Hepatopancreas S. Intestine
2. Stomach 4. Heart 6. Anus

Figure 2-03. The digestive system of shrimps.

Molluscs

Opysters, mussels, clams and scallops belong to the phylum Mollusca and are of the class
Lamellibranchiata or Bivalvia. The latter name derives from the two shells which
enclose the animal. There are over 7,000 species of bivalves that live in a wide variety
of habitats. Only a small portion of all these species are of aquacultural interest(’/#).

Brackishwater and seawater are the primary habitats of farmed molluscs. Bivalves
remain in general cemented in one location with the exception of the terrified scallops
and the gastropod abalone (Haliotis spp.)> *.

Molluscs species in the wild are primarily herbivores. Carnivorous bivalves are of no
direct interest for aquaculture!/?”), The digestive system of bivalves is the most complex
in the animal kingdom. Five basic stomach types have been described of which three are
found in cultured bivalves (Figure 2-04)"/7. Not less than 21 different digestive enzymes
have been found in the bivalve stomach(/?”. Some bivalves are completely gutless such
as Solemya reidi''*.

The natural diet of marine bivalves is “biphasic”, including both particulate and
dissolved components(’*?. The diet of abalone changes during the different phases of
their development“”). However, the feeding behaviour of bivalves differs from species
to species. But all of them have in common the tendency to eat only when certain
conditions are present, such as tidal flow, the vigorous movement of the surrounding
water and the presence of food®” 12/),
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1. Mouth 4. Digestive diverticula 7. Rectum
2. Oesophagus S. Digestie tabule 8. Anus
3. Dorsalhood 6. Midgut 9. Foot

Figure 2-04. The alimentary system of bivalves.

Bivalves have the ability to take up dissolved organic material from the water as
demonstrated by the uptake of free amino acids (FAA)?32). Bacteria associated with
bivalves are eaten as food and may contribute to the nutrition of these bivalves.
They provide soluble molecules for absorption by the gills or gut, or as contributors to
digestion(’?), At the same time marine bivalves compete effectively with bacteria
normally present in their habitat for available dissolved organic matter(/3).

The biosynthesis of mollusc shell is a specific mechanism. Shell formation is a complex
process which is not completely understood but it is heavily dependent on the chemical
composition of the water and influenced by the nutritional quality of the assimilated food/?%.

The slow development of formulated diets for farmed molluscs has been mainly due to
the fact that their nutritional requirements have not yet been established. Mollusc nutrition
is far behind that of other farmed aquatic animals(?".

2.2  Proteins

Proteins are a large class of nitrogenous substances of a complex union of amino acids
and containing carbon (50.0%), oxygen (22.0%), hydrogen (0.7%) and other elements
such as sulphur, phosphorus, iron and iodine(**"). Nitrogen (N) (16.0%) is the most
important element of protein. The crude protein content of a feed ingredient is generally
obtained by multiplying the nitrogen content with the factor 6.25.
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However, not all nitrogen of a feed ingredient refers to protein. Nitrogen can be a
component of proteins, proteides and non-protein nitrogen. Protein consists of only
polypeptides while proteides are composed of at least one protein and another compound
which is a non-protein, e.g. phospho-proteides = protein + phosphoric acid. Compounds
which contain nitrogen but not in the form of amines (-NH,) do not have any nutritional
value for aquatic animals®?,

The basic units of protein are amino acids. There are some twenty major amino acids.
The ten essential amino acids cannot be synthesised by the organism and have to be
provided for in the feed for aquatic animals. For complete utilisation of the dietary
protein the amino acids have to be balanced. Excess of dietary protein/amino acids is
not only costly but also requires energy for deamination. Amino acids are not only the
building blocks of protein but are also involved in growth, maintenance of body tissue
and energy for the well-being of the animal(# & 109,

Fishes

In the digestive tract of the fish the dietary protein is split into free amino acids and short
peptide chains by enzymes and absorbed by the gut-wall. In the blood, protein appears
in the form of amino acids®®. Utilisation of dietary protein depends on its digestibility
which is affected by a number of factors*/%. Certain parameters are used for determining
the protein utilisation by the fish (Table 2-04). They are at the same time an indicator for
the quality of the dietary protein(/30),

Table 2-04: Parameters for the judgement of dietary protein utilisation by fish

Abbr. Name of parameter Formula

Weight gain (g)

PER Protein efficiency ratio PER =
Protein ingestion (g)

Weight gain (g)
PPV Productive protein value PPV = x 100
Protein ingestion (g)

N-retention + endogene N + N-losses in the digestive tract
BV Biological value BV = x 100
Feed-N

(B-B,)- (B, -B)!

NPU Net protein utilisation NPU =
N-ingestion

EAA Essential amino acid index ~ EEA = Geometrical average of the 10 essential amino acids

"

Body-N after ingestion of feed protein
Body-N at start of trial
« = Body-N after protein-free nutrition

W W w
I
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The fish body contains 65 to 75% protein(’*®. Its protein requirement, therefore, is about
two to three times higher than that of mammals and converts protein much better than
crustaceans(/%%.

Fishes do not have an absolute protein requirement®®. It is influenced by the species,
age of the animals and the water temperature. Fishes cultured in tropical climate have
a lower protein requirement (25 to 30%) than those cultured in moderate climate
(30 to 40%)(40, 109, 162)_

Fish fry has the highest protein requirement which declines with growth (Table
2-05)(10- 52 A linear relationship between dietary protein requirement and specific
growth rate (SGR) exists(/*®). Warmwater fish have a faster SGR than temperate fish(/%%),

Table 2-05: Protein requirement of tilapia (Oreochromis sp) and salmonids is dependent on the age

of development

Tilapia/'? Salmonids®*?
Liveweight Protein-requirement Stage of development Protein-requirement
g % %o

until 1.0 35.0to 50.0 Fry 50.0

1.0t0 5.0 30.0 to 40.0 Fingerling 40.0

5.0 t025.0 25.0 to 30.0 Grow-out 35.0
more than 25.0 20.0 to 25.0
Crustaceans

The principles of providing crustaceans with dietary protein are similar to those for fishes.
In addition to species, food-habits, age and water temperature, the source of protein
and energy level of the diet as well as stocking rate affects the protein requirement of
crustaceans(”" %), For intensive shrimp culture commercial feed should contain not
more than 35% protein while that for semi-intensive shrimp culture ranges between
20 to 35%33). The protein requirement of commonly cultured crustaceans is in Table 2-06.

Usually protein from animal sources give better growth and survival than plant proteins.
Marine crustaceans require relatively high levels of animal protein, particularly of
marine origin. Freshwater prawns are better utilisers of plant proteins than marine shrimps.

A guideline for the amino acid requirement of crustaceans is the amino acid composition
of the whole shrimp (Table 2-07)(7!- 199 The utilisation of synthetic amino acids by
crustaceans is not yet fully established/??). Diets based exclusively on synthetic amino
acids were poorly utilised”9.
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Table 2-06: Protein requirement (%) of some crustaceans'®é. /%)

Penaeus aztecus Northern brown shrimp 25-45
Penaeus indicus Indian white prawn 36-63
Penaeus japonicus Kuruma prawn 35-60
Penaeus merguiensis Banana prawn 34 -50
Penaeus monodon Tiger prawn 40 - 50
Penaeus setiferus Northern white shrimp 28 -32
Penaeus stylirostris Blue shrimp 30-35
Penaeus vannamei White leg shrimp 30-35
Palaemon serratus Pink shrimp/common prawn 30
Macrobrachium rosenbergii Giant river prawn 25-45
Macrobrachium nobilis Fresh water prawn 30
Homarus americanus American lobster 11 - 60

Molluscs

Very little is known on protein requirement of molluscs. Most of the diets, if not all,
used in larval rearing are natural food such as micro-algae of varied species. The protein
efficiency is related to the presence of essential amino acids in the same proportion as
in the tissue. The nutrient content of artificial diets tested were based on the composition
of Isochrysis galbana and contained egg albumin, yeast, salmon sperm and crystalline
amino acids(/%%),

Table 2-07: Amino acid profile of prawns (g/16 g N)?”

Amino acid Tiger prawn Indian prawn Kuruma prawn
Penaeus monodon Penaeus indicus Penaeus japonicus
Arginine 9.16 9.94 8.16
Histidine 1.52 191 2.40
Isoleucine 3.86 4.01 4.58
Leucine 8.04 7.24 8.04
Lysine 6.83 6.62 8.46
Methionine 201 1.82 2.90
Phenylalanine 4.02 4.01 4.83
Tyrosine 3.05 2.93 4.20
Valine 3.70 3.09 4.44

The ten essential amino acids and in addition proline and tyrosine were found to be
essential for Mytilus californianus’*%. The utilisation of bacteria protein by molluscs is
still being deliberated. The ability of the usage most probably varies between species(/3 12,
Abalone feed should not contain less than 30% protein?.
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2.3  Carbohydrates

Carbohydrates or saccharides are generally composed of carbon, hydrogen and oxygen.
They are aliphatic mono-oxopolyhydroxy-compounds with the basic formula Cx(Hzo)y.
Saccharides are energy nutrients for all fauna and flora organisms. They are reservoirs
and fuel and are the frame for plants. Globally carbohydrates form the major volume of all
biological material/#9. Carbohydrates are classified as mono-, oligo- and polysaccharides
(Figure 2-05). Monosaccharides are the basic compound for forming oligosaccharides
and polysaccharides(’3",

The major carbohydrates of feed ingredients for aquatic animals are oligo- and
polysaccharides (starch, cellulose, pectin). Starch from plants is a macro-molecule and
composed of 2,000 to 8,000 B-glucose-units(/?%- %), The animal starch is glycogen. which
primarily is deposited in the liver®® 57,

In general, in the digestive tract polysaccharides are split into monosaccharides by
enzymatic hydrolysis for absorption. The enzyme for splitting cellulose - cellulases - is
only produced by micro-organisms(/3/- /46 The indigestible lignin is the fibrous material
of the cell-wall®) which obstructs the utilisation of the carbohydrates of the cell-wall
by the bacteria.

Table 2-08: Factors for estimating the digestible energy of feed ingredients for
aquatic animals(’%"

Nutrient Gross energy Digestible energy
kcal/kg kcal/kg

Carbohydrates (non-legumes) 4.1 30

Carbohydrates (legumes) 4.1 20

Proteins (animals) 5.5 4.25

Proteins (plants) 5.5 38

Fats 9.1 8.0

Remark: No calorific value has been attributed to fibre in this method of calculation

Carbohydrates are determined indirectly. They are the difference between the sum
of moisture, crude protein, crude fat, ash and crude fibre content and 100 and is named
the “nitrogen-free extract” (N-free extract). It does not encompass cellulose, lignin and
pentosanes which are included in the crude fibre content(#% 57 131),

Gross energy, digestible energy and metabolisable energy are instruments for the
determination of the energy value of feed ingredients. Metabolisable energy is difficult
to determine with aquatic animals and the digestible energy from experiments are not
readily available. However, the digestible energy can be calculated based on factors shown
in Table 2-08(%. Other techniques are also used for estimating the digestible energy.
To calculate the digestible energy, the factors have to be multiplied with the nutrients
(based on dry matter) of the individual feed ingredients. The sum of these is the
digestible energy.
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CARBOHYDRATES

l

Monosaccharides

-

Oligosaccharides

I

Polysaccharides

,__l_.

Hexoses

Glucose Arabinose
Galactose

Fructose

Figure 2-05. Classification of carbohydrates (saccharides)

Fishes

i i Tetra- Homo- Hetero-
Pentoses || Chafldes | | ohardes | | e || mimme| | mima
Lactose Raffinose Stachhose Cellulose Hemi -
Saccharose Starch cellulose
Maltose Pectin
Cellobiase Chitin
Glycogen

The digestion of carbohydrates by the fish is affected by their feeding habits, the secretion
of the stomach juice, the availability of carbohydrate enzymes and the anatomy of
the digestive tract. In general, carnivorous fish such as salmonids digest carbohydrates
less efficiently than omnivorous and herbivorous fish ¢* % 13) Rainbow trout cannot
digest purified cellulose and hemi-cellulose!’4. Water temperature has no effect on
carbohydrate digestibility(6?.

The carbohydrate digestibility by salmonids is affected by the size of the carbohydrate
molecule and its level in the diet (Table 2-09)“4 /3D, The poor ability to utilise carbo-
hydrates applies also to the carnivorous yellowtail (Seriola quinqueradiata) and striped
jack (Caranx delicatissimus)(1?5. 143. 144),

Table 2-09: Digestibility (%) of carbohydrates by salmonid fishes(3")

Carbohydrate Brook trout Rainbow trout
(Salvelinus fontinalis) (Salmo gairdneri)

Glucose 99 79 -90

Maltose 92

Saccharose 73

Lactose 60

Dextrin 77 - 80

Starch (cooked) 57 52-170

Starch (raw) 38 20-24

a-cellulose

10- 14
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Due to high enzyme activity certain carp species such as common carp (Cyprinus carpio)
and grass carp (Ctenopharyngodon idella) utilise carbohydrates well(/2¢- 128 while fry
of the bighead carp (Aristichthys nobilis) respond negatively/*®. Various catfish
species use carbohydrates even at levels of almost 50%(7- % %), The African tilapia
(Sarotherodon melanotheron) utilised dietary carbohydrates satisfactorily(®”.

The crude fibre utilisation by fish is uncertain3/. In carp it was found that with increas-
ing levels of crude fibre the digestibility of the organic matter declined (Figure 2-06)("%%.

100
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Crude fibre (%)

Figure 2-06. The digestibility of the organic matter of wheat and wheat by-products in carp (Cyprinus carpio)
is affected by the crude fibre content of these feed ingredients(’29).

Crustaceans

In crustaceans carbohydrates are important as an energy source for chitin synthesis and
synthesis of non-essential fatty acid’’?. In addition carbohydrates have a protein sparing
effect?”, However, there are differences in the utilisation of the various carbohydrate
sources. Monosaccharides such as glucose, galactose and fructose inhibit the growth of
the brown shrimp (Penaeus aztecus), pink shrimp (Penaeus duorarum) and kuruma prawn
(Penaeus japonicus)® % 19 On the other hand disaccharides like sucrose, maltose and
trehalose, and polysaccharides such as dextrin and starch have a high nutritive value as
carbohydrate sources(?- %, Crustaceans are incapable of digesting oligosaccharides from
seeds of legumes and pulses due to the absence of specific enzymes(?: 119,
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Chitin is a linear polysaccharide with the formula (C;H,,0,), and the major compo-
nent of the exoskeleton of crustaceans. Due to moulting this has to be steadily replaced.
It is synthesised from glucose via glucosamine, a precursor of chitin(6?,

Although dietary crude fibre may stimulate the microbial gut flora“®, its level in
commercial diets should be less than 5.0%"9),

Molluscs
Little information is available on the value of carbohydrates in mollusc culture. In abalone
farming carbohydrates are considered as an inexpensive energy source(*”),

In studies on gastropod nutrition carbohydrates were included in diets at rather
high levels?,

24  Lipids

Lipids are fatty acid esters of glycerol and are the primary means by which animals store
energy. Aquatic animals are able to metabolise lipids readily, particularly when deprived
of food. Dietary lipids have two major functions. They are sources of energy and fatty
acids. Dietary lipids also give palatability to the feed and serve as a vehicle for the
absorption of fat-soluble vitamins and sterols and in additon play a very important role
in the structure of biological membranes such as phospholipids and sterol esters(*? 43,

The protein-sparing property of dietary lipids has been demonstrated in rainbow trout
(Salmo gairdneri). With increasing fat content of the diet, the protein retention
increased(®* #4!), The requirement of fish ranges from 5.0 to 18.0% fat depending on the
fish species”?, but diets for the Atlantic salmon (Salmo salar) may contain fat levels
as high as 25.0%.

Lipids with high content of unsaturated fatty acids particularly polyunsaturated fatty
acids (PUFA) are very liable to oxidation. Metabolites of lipid oxidation may react with
other nutrients and reduce their availability. Malonaldehyde, a product of fat oxidation
can be toxic to fish(??),

Fishes

Fishes have to be provided with exogenous lipids. Triglycerides are the major energy
source for metabolism in fish muscle. The fatty acids of the lipids are oxidised in the cell
mitochondria®¥.

Chain-length and the saturation of the the fatty acids affects the digestibility of lipids.
The higher the content of long-chained, saturated fatty acids, the lower the digestibility.
The fat digestibility also is affected by water temperature and the melting point of dietary
lipids (Table 2-10 and 2-11)/?. Fishes can synthesise de novo fatty acids from acetate as
a precursor®??, with the exception of the three essential fatty acids “linolenic acid”
(18:3n-3); “linoleic acid” (18:2n-6) and “‘arachidonic acid” (20:4n-6). They have to be
provided in the feed.
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Table 2-10: Effect of the water temperature on the apparent digestibility (%) of soybean oil and selected fatty
acids by the rainbow trout (Salmo gairdneri)®

Water temperature

3°C 11°C
Soybean oil 87.9 89.2
Stearic acid C18:0 77.4 79.5
Oleic acid C18:1 87.2 87.8
Linoleic acid C18:2 96.6 97.3
Linolenic acid C18:3 100.0 100.0

Fish lipids contain high levels of unsaturated fatty acids. However, environmental
factors such as freshwater and seawater (Table 2-12); migration from the ocean to
streams and vice versa; salinity; water temperature, depth of the water (pressure) and
also the fatty acid composition of the dietary fat influence the fatty acid composition of
the fish (Table 2_13)(22, 55, 87, 107, 108, 134, 139)_

PUFA are the dominating fatty acids in the fish. The dietary requirement of
essential fatty acids is in the range of 0.5 to 1.5%0- 24 110. 140. 142. 152 161) Byt an over-
supply of Omega-3 HUFA (highly unsaturated fatty acids) in trout feed depresses
perfomances of the animals. The symptoms of an oversupply are similar to those of
fatty acid deficiencies(/3!).

Signs of deficiency symptoms of essential fatty acids are described by NRC(/%0),

Table 2-11: The effect of the melting point of the dietary fat on the digestibility (%) by the rainbow trout
(Salmo gairdneri)®

Fish oil (untreated and hydrogenated) Water temperature
3°C 11°C
Melting point 10°C 85.8 84.8
Melting point 21°C 74.6 75.2
Melting point 33°C 68.8 69.5

Melting point 41°C 46.4 49.0
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Table 2-12: Mean content of fatty acid groups in freshwater and marine fishes (% of total fatty acids)?

Fatty acid group Freshwater fishes Marine fishes
Saturated 233 25.7
Monoenoic 41.6 42.7

n-6 6.0 3.6

n-3 23.4 233
Ratio n-6:n-3 0.34 0.15

Table 2-13: The effect of dietary lipid on fatty acid composition of channel catfish (Ictalurus punctatus)’3%

Total fatty Fatty acid composition of diet! Carcass fatty acid composition' Liver fatty acid composition'
acids
Beef tallow Menhaden Beef tallow Menhaden Beef tallow Menhaden
meal meal meal
HUFA 38 41.9 10.5 42.1 17.6 48.4
n-6 - 33 43 5.4 5.1 43
n-3 3.8 384 5.0 34.6 5.04 3.8

! of total fatty acids

Crustaceans

Crustaceans have to be provided with exogenous lipids. The requirement is lower than
for fish. Recommendations are in the range of 4.0 to 10.0% for marine shrimps and
3.0 to 6.0% for freshwater shrimps”/?. In juvenile kuruma prawn (Penaeus japonicus)
the n-3-series of fatty acids is more effective than the n-6-series(”?.

The reproductive performances of shrimp broodstock is insufficient when there is lack of
essential fatty acids (EFA)®> %), In the presence of phospholipids larval Penaeus japonicus
required less PUFA than juveniles”. The requirement is estimated to be 1.0 to 1.6%(/9).

Crustaceans have a dietary requirement for sterols because they are incapable of
synthesising de novo sterols from acetate and mevalonic acid®. Dietary cholesterol is
the most effective. Very likely sterols other than cholesterol have to be converted to
cholesterol in the body(”® /4?). Diet supplementation with 0.25 to 1.0% cholesterol meets
the requirements of crustaceans (Table 2-14)(23 32 110. 111),

Molluscs
The nutritional value of lipids and fatty acids for bivalves has been established by
a number of experiments. Lipids are particularly important for larval growth and
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development of oysters(/*®. However, the quantitative deposition of lipids in the body
is unknown. It is assumed that triglycerides have a consistent fatty acid pattern through-
out the bivalve body®. Changes in the fatty acid composition have been observed
during the development of bivalves?®?.

Phytoplanktons are regarded as the principal food sources for bivalve larvae. However,
some algae appear to be more nutritious than others. Some algal food may be deficient
in 20:5n-3 and 22:6n-3 fatty acids as observed in a trial in the juvenile Pacific oyster
(Crassostrea gigas)*®). Supplementation of the algal diet with encapsulated 22:6n-3
fatty acids improved the growth of the Pacific oyster(3?),

Not more than 5.0% fat should be used in formulated feed for abalone (Haliotis spp.).
The added fat for coldwater abalone should have a low melting point*”. In formulated
diets for the blue print oyster (Crassostrea virginica) 12.0% oyster lipid extract was
successfully used® '

Table 2-14: The effect of cholesterol on the growth of Penaeus japonicus
(Test period: 30 days, temp.: 26 to 27°C) )

Cholesterol fortification Weight gain
% g %
0 0.74 100.0
0.7 1.10 148.6
1.4 1.20 162.2
2.1 1.45 195.9

2.5 Vitamins

Vitamins are organic nutrients, essential to man and animals. Insufficient dietary supply
results in deficiency symptoms. Scurvey is the oldest known vitamin deficiency, described
as early as 400 B.C. by Hippocrates. Rickets in children and the deadly beri-beri disease
are caused by vitamin deficiencies.

In this century most of the vitamins were discovered in feeding experiments with
rats and mice®. Although vitamins occur naturally all of them can be synthesised by
chemical or microbiological processes on an industrial scale®%.

True Vitamins

The characteristic of a true vitamin is the co-enzyme function®® 3% 190 There are 14
vitamins which are classified as fat-soluble and water soluble vitamins (Table 2-15).
Vitamins are involved in many biological functions of the organism. They are important
for good health and high performance. Some Vitamins have a precursor which is
converted in the body from a pro-vitamin into a true vitamin, e.g. B-carotene is
the precursor of Vitamin A.
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Table 2-15: Major natural sources of vitamins*”

CHAPTER 2

Vitamin Other name Source
for Vitamin
1. Fat-soluble Vitamins
Vitamin A Retinol Fish oils
Vitamin D, Calciferol Fish oils
Vitamin E Tocopherol Vegetable oils
Vitamin K, Menadion Leaf meals, alfalfa

2. Water-soluble Vitamins

Vitamin B, Thiamin Legumes, brans, yeast

Vitamin B, Riboflavin Yeast, liver, milk, soya beans

Vitamin B¢ Pyridoxine Yeast, cereals, liver

Vitamin B , Cyanocobalamin Fish meal, fish viscera,
slaughterhouse wastes

Vitamin C Ascorbic acid Fresh fish tissue, insects

Biotin Vitamin H Liver, yeast, milk products

Folic acid Pteroylglutamic acid Yeast, fish tissue, fish viscera,
leaf meal

Nicotinic acid Vitamin PP Yeast, legumes, forage

Pantothenic acid Vitamin B, Yeast, brans, animal offal,
fish tissue

Choline Vitamin B, Wheat germ, legumes

Apart from the traditional functions of true vitamins “additional effects” have been
described such as enhancing immunity of the organism by Vitamin A and the detoxifying
effect of Vitamin E when there is an over-supply of selenium®®.

Generally, fat-soluble vitamins and Vitamin C are less stable than water-soluble vitamins.
The stability of vitamins are affected by moisture, oxidation, reduction, trace minerals,
heat, light, pressure, pH and the storage time(3* ),

Information on the bio-availability of vitamins are scarce. In aquatic animals only
the bio-availability of synthetic Vitamin C has been studied®”. The bio-availability of
inherent vitamins of raw materials is rather variable(/>?,

Substances without Vitamin Status

The term vitamin has been applied to many chemical substances that do not meet the
criteria for vitamin status since they do not have a co-enzyme function. Without being
dietary essentials, they exhibit biological activity®®. Cultured aquatic animals are in
need of some of them, e.g. inositol.
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Fishes

For fish farmers the most obvious signs of vitamin deficiencies are growth retardation and
increased mortality. However, in most cases vitamin deficiency symptoms are due to
insufficient availability of more than one vitamin®%.

Fat-soluble vitamins, particularly Vitamin A, can be deposited in the liver while water
soluble vitamins are hardly deposited in the organism. Deficiencies of water-soluble
vitamins, therefore, occur much faster’?. The utilisation of Pro-vitamin A by fish depends
on the water temperature (should not be lower than 12° to 14°C)/!/). Only o.-tocopherol
can be used efficiently as Vitamin E by fish. The utilisation of all other tocopherols is
much lower(/>%,

In fish nutrition Vitamin B, deficiency is most common, particularly when raw fish is fed.
Raw fish contains the enzyme thiaminase which can destroy thiamin (Vitamin B ).
Tryptophan cannot be effectively utilised by salmonids without nicotinic acid which
serves as a precursor/’*. Choline, although classified as an essential vitamin, can be
synthesised by the body in the presence of a methyl-donor (e.g. methionine), folic acid and
Vitamin B %> 1% 163)_Choline may also be replaced by phospholipids (see chapter 41)(3).
The “fatty liver syndrome” (e.g. in carp (Cyprinus carpio) is the most severe choline
deficiency sign(/%%),

Crustaceans

Just like in fishes the primary sign of vitamin deficiency in crustaceans are poor growth
and high mortality rate. The need for providing kuruma prawn (Penaeus japonicus) with
choline and inositol has been demonstrated. Beyond 2,000 mg/kg diet no additional
growth was observed (Figure 2-07)°6 74,

Freshwater prawns most probably obtain a portion of their vitamin requirements from
the nutrients of the pond(® 6 17. 137),
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Figure 2-07. The effect of increasing added inositol levels on the growth of the kuruma prawn
(Penaeus japonicus)7").
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Molluscs

Molluscs need vitamins as any other animal, however, their needs are not yet quantita-
tively established. Since cultured molluscs are basically fed on natural food (algae), their
vitamin requirements may be met(#’- /- 156, Bacteria associated with molluscs such as in
bivalves, may also supply vitamins(/* /2), Formulated feed also contain high levels of
yeast which is a good source of the B-Vitamins?.

Vitamin Requirements

Vitamin requirements have been categorized and defined as the:
. Minimum vitamin requirement;
¢ Optimum vitamin requirement;
¢ Suboptimal scope.

The vitamin level between minimum and optimum requirements is the suboptimal scope.
Supplying suboptimal amount is more or less practiced in vitamin fortification of aqua-
culture feed®,

Many factors affect the quantitative requirement of vitamins by fish. Coldwater fish
have a higher vitamin requirement than warmwater fish®> /¢, Stress situations such as
high salinity or poor water quality require higher vitamin fortification. Since crustaceans
are slow eaters, their diet requires higher vitamin levels to counteract the loss of water-
soluble vitamins through leaching.

A guide for the fortification of aquaculture feed with vitamins are in Tables 2-16 and 2-17.

Table 2-16: Guidelines for the vitamin fortification per kg of formulated fish feed('3")

Vitamin Rainbow trout Common carp Channel catfish
Vitamim A U 5,000 -20,000 4,000 -20,000 -
Vitamin D, U 2,000 - 3,000 2,000 500 - 4,000
Vitamin E mg 100 - 500 100 - 500 -
Vitamin K, mg 10 - 20 3 -
Vitamin B, mg 10- 20 10 1
Vitamin B, mg 10- 20 5- 10 10
Vitamin B mg 10- 20 5- 10 2- 3
Vitamin B , mcg 20 - 50 - -
Vitamin C mg 200 - 400 50- 100 50- 200
Pantothenic acid mg 50- 100 30- 90 250!
Nicotinic acid mg 50- 100 20- 50 20
Biotin mg 1- 2 1 1
Folic acid mg 5- 10 - -
Cholin mg 500 - 1,000 1,000 - 2,000 -
Inositol mg 300- 500 400 - 500 -

! for fry
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Table 2-17: Guidelines for the vitamin fortification per kg of formulated feed for marine shrimps(# %% 136)

Vitamim A U 4,000 -100,000
Vitamin D, U 1,000 - 5,000
Vitamin E mg 100 - 300
Vitamin K, mg 5.0 - 100
Vitamin B, mg 30 - 120
Vitamin B, mg 20 - 70
Vitamin B¢ mg 50 - 120
Vitamin B,, mcg 20 - 100
Vitamin C mg 1,000 - 5,000
Pantothenic acid mg 75 - 220
Nicotinic acid mg 150 - 330
Biotin mg 0.5 - 1.5
Folic acid mg 5.0 - 15
Cholin mg 400 - 2,400
Inositol mg 300 - 4,000

Vitamin Toxicity
Too little as well as too high vitamin supply can be harmful to animals. Tolerance levels
are not the same for each vitamin and may range from two times to 1,000 times that of
the requirement(®”. The toxicity of vitamins is classified as follows:
* Vitamins with high toxic potential (Vitamin A - Vitamin D - Choline);
¢ Vitamins with moderate toxic potential (Vitamin B, - nicotinic acid - pantothenic acid);
* Vitamins with low toxic potential (Vitamin E - Vitamin K, - Vitamin C - Vitamin B,
- Vitamin B - Vitamin B,, - biotin - folic acid).
Signs of excess vitamin supply (hypervitaminosis) have been observed in fish(/%¢.
However, rainbow trout tolerated without adverse effect 900,000 IU Vitamin A/kg feed
and 1.4 million IU Vitamin D,/kg feed(").

2.6 Minerals

Minerals are essential nutrients for aquatic animals. For optimum performances they
must be provided in proper amounts and in biologically available form. In contrast to
terrestrial animals, aquatic animals can absorb part of the required minerals from the
water through their gills or even through their entire body surface®> %9

Minerals are not only required for the formation of bones, scales, teeth and exoskeletons,
but are also needed in many physiological processes and functions/’¥. The mineral
content of the whole body depends on the age of the animal and the mineral supply.
Both essential and almost all non-essential minerals are found in the animal body(“?) but
the general opinion that marine aquatic animals are highly contaminated with heavy
metals, has been proven to be incorrect(/%),
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Mineral absorption is affected by the aquatic species and certain environmental
factors such as mineral content of the water, water temperature and pH of the water(*.

There are 23 minerals, classified as macro and micro (trace) minerals, which are
essential to aquatic animals (Table 2-18)(/39. Minerals required at levels of more than
100 mg/kg diet (basis: dry matter) are macro elements. All others are micro (trace)
minerals3). An intensive interrelationship between the minerals exists in the organism
(Figure 2-08) and their functions are rather complex*?.

Table 2-18: Classification of minerals in feed for cultured aquatic animals**¢’

Macro minerals Trace minerals Trace minerals'
Calcium Ca Aluminium Al Arsenic As
Chloride Cl Cobalt Co Chromium Cr
Phosphorus P Copper Cu Nickel Ni
Potassium K Fluorine F Silicon Si
Magnesium Mg Iodine I Tin Sn
Sodium Na Iron Fe Vanadium v
Sulfur S Manganese Mn

Molybdenum MO

Selenium Se

Zinc Zn

! Biological function still uncertain

Figure 2-08. Interrelationship between macro and trace minerals in animal metabolism®®.
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Bio-availability of Minerals
The bio-availability of minerals, as affected by a number of factors, is comparable to
the digestibility of nutrients of organic origin®® 8. However, the determination of the
bio-availability of minerals is not yet standardised®®. The bio-availability of calcium
carbonate (CaCo,), tested in carp (Cyprinus carpio) is very low (27%)®® and that of
mono-sodium phosphate (Na,HPO,), tested in rainbow trout (Oncorhynchus mykiss) is
high (90 to 95%)('?4.

Most phytate-phosphorus of plant seeds is not only poorly available but also binds
calcium (Ca) as well as magnesium (Mg) and Zinc (Zn)(# 8.

Fishes

Calcium (Ca) and phosphorus (P) are the dominant inorganic components in the whole
fish, e.g. rainbow trouts contain 0.43% Ca and 0.41% P?. The Ca:P-ratio in the feed,
therefore should be 1.0:1.0 to 1.2. About 90% of Ca and 80% of P are found in the bones.
The remaining percentages are vital for metabolism®.

While the absorption of Ca from water is high and makes fish less dependent on
dietary Ca®®?, the P-uptake from water is low(!/?) since the P-content of the water is also
low (Table 2-19)(/%. However, the Ca absorption from water is related to the available P to
the fish®. Dietary magnesium (Mg) is essential because water has a low Mg content(/3!),
On the other hand, most probably the sodium (Na), potassium (K) and chloride (Cl)
requirement can be satisfied by the water®?,

Table 2-19: Concentration (mg/1) of elements in seawater and freshwater!’®

Element Freshwater Seawater
Calcium Ca 420 400
Chloride Cl 6.0 19,000
Copper Cu - 0.003 - 0.5
Iron Fe 0.005 0.01
Magnesium Mg 11.0 1,340
Manganese Mn - 0.02
Phosphorus P 0.005 0.02
Potassium K 2.0 380
Silicon Si - 3.0
Sodium Na 8.0 10,500
Zinc Zn 0.005 0.01

The knowledge on trace minerals for fish is scarce(’3!). They are needed for a number
of chemical processes in the metabolism (formation and synthesis of certain proteins,
enzymes, vitamins, hormones)”?. The biological functions of molybdenum (Mo),
chromium (Cr), arsenic (As), nickel (Ni), vanadium (V) and tin (Sn) are uncertain, e.g.
chromium still is considered as an undesirable substance(** /57). Table 2-20 provides
guidelines on the mineral requirement of fish.
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Crustaceans

The basics of mineral functions and requirements for crustaceans are similar to that for fish.
Like fish, marine crustaceans are able to absorb minerals from the aquatic environment(/3),
The more intensive the shrimp culture is, the less the physiological mineral requirement
can be met by the water®”). Freshwater shrimps drink little or no water.

Due to the frequent moulting of crustaceans large quantities of minerals are lost and
have to be replaced. Prior to ecdysis, minerals must be removed from the old exoskeleton
to soften it . Only a certain portion of the minerals can be stored in tissues(’* 87,

Oversupply of minerals might be just as harmful as deficiencies as indicated by
experiments under laboratory conditions(’®. Guidelines for the macro and trace mineral
requirement are in Table 2-20.

Molluscs

Mineral requirements for molluscs have not been defined and are difficult to define.
Molluscs drink water and utilise the inorganic and organic materials in their aquatic
environment. However, it seems that adding minerals to formulated feed improves
growth: 4 47),

Table 2-20: Macro and trace mineral requirements of fish® and shrimp(% 4 /13 136

Fish Shrimp

1. Macro minerals
Calcium % 0.5 05 - 125
Phosphorus % 0.7 1.0 - 20
Magnesium % 0.05 01 - 03
Sodium % 0.1 - 0.3 02 - 06
Potassium % 0.1 - 0.3 07 - 09
Sulfur % 03 - 0.5 -
Chlorine % 0.1 - 0.5 -

2. Trace minerals
Iron mg/kg 50 - 100 70 - 300
Copper  mg/kg 1,000 - 4,000 10 - 35
Manganese mg/kg 20 - 50 20 - 45
Cobalt mg/kg 5 - 10 5 - 10
Zinc mg/kg 30 - 100 90 - 110
Iodine mg/kg 100 - 300 30

Selenium mg/kg 01 - 02
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2.7  Other Feed Supplements
2.7.1 Chemo-attractants

Gustation and Olfaction

Food attraction and feeding stimulation are significant considerations in the formulation
and ultimate acceptance of aquatic feeds. An otherwise nutritionally balanced diet may
be ineffective or marginal in its performance due to the absence or presence of a minimal
concentration of ingredients that elicit a positive stimulatory response in a particular
aquatic species®). At the stage salmonids begin exogenous feeding, as much as 50% of
the population may die of starvation in the presence of commercial feed, due to the poor
acceptance of the feed(®9.

The pattern of food search behaviour is induced by the taste (gustation) and the smell
(olfaction). The sense of taste and the sense of smell are both chemical senses®.
The taste is the “sense at close range” while the smell is the “sense at a distance”.
Receptors of the taste are the taste buds which are chemo-receptors (Figure 2-09)).
The total number of taste buds varies from species to species (Table 2-21).

Taste pin

Figure 2-09. Tllustration of a taste bud (7e-designed from: 79, 160)
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Table 2-21: Taste buds and olfactory cells of man and selected species(”® /%. 160)

Species Taste buds Olfactory cells
Nos. Million
Chicken 25 10 - 20
Duck 200 10 - 20
Man 9,000 - 10,000 10 - 20
Sheep 10,000 125 - 225
Pig 5,000 - 15,000 125 - 225
Goat 15,000 125 - 225
Cattle 25,000 - 35,000 125 - 225

In aquatic animals the sense of taste is more important than the sense of smell. The latter
only plays a certain role in some few species. Taste buds not only can be found in the
mouth but also in the lips. They also may cover the head as well as the whole body
including the tail™. For the rainbow trout (Salmo gairdneri) sense of taste and sense of
smell are independent of each other(/3%. Fishes can have an olfactory ability 250 times
better than that of man(’®).

Table 2-22: Concentration of glycine betaine of various

invertebrates(®?

Species mg/100 g raw muscle

1. Crustaceans

Crab 357 - 711
Shrimp 251 - 961
Krill 106
2. Molluscs
Octopus 1,434
Squid 619 - 928
Clam 679 - 727
Oyster 805
Mussel 964

Phagostimulatory Substances

To make the search for food by cultured aquatic animals more efficient, formulated feed
is fortified with phagostimulatory substances, also named chemo-attractants. They provide
the proper “signals” that allow aquatic animals to recognise the pellet as a potential
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food source. To activate the feeding behaviour of aquatic animals is quite complex.
The search for food by fish consists of three phases(6®):

e Arousal to or awareness of food stimulus;

o Search to locate feed stimulus;

e Consummation to assess acceptability.

Certain synthetic amino acids have been shown to accelerate the search for food and
its ingestion/’*?. An important activator of feeding behaviour is glycine/®®. Mixtures of
amino acids have proven to be more effective than individual amino acids®. Essential
amino acids like lysine may have no or only limited chemo-attractant effect(®?

The lipid fraction of the feed also may have chemo-attractant properties.
Phospholipids and their derivatives were found to be attractive for yellowtail (Seriola
quinqueradiata) and abalone (Haliotis spp.)*” 5.

Besides synthetic amino acids natural materials such as waste and by-products from
processing of aquatic animals are also used as chemo-attractants. Post mortem deterioration
releases free amino acids and nucleotides(/?). Glycine betaine is found in relatively large
concentrations in various marine invertebrates (Table 2-22). The acceptance preference
for certain chemo-attractants differ between aquaculture species/?.

Effective attractants which stimulate the gustatory (taste) and olfactory (smell) senses
of aquatic animals are:

*  Fish solubles,

¢ Mussel flesh (meat),

e Mussel extractive (Mytilus edulis),
e Short-necked clam (Tapes spp.),

¢ Shrimp meal,

e Shrimp waste,

*  Squid meal,

e Tuna viscera powder.

For herbivorous molluscs, algae and seaweed are attractive. The chemo-attractability
is due to the content of free amino acids. The higher the content of free amino acids,
the more is the algae and seaweed species, respectively, preferred(’”.

272 Antibiotics

Performance Promotion

Antibiotics are bacteriostatic or bactericidal substances in the metabolism of a wide
range of micro-organisms. They are primarily effective against bacterial infections(/#%
but not for viral infections, as often claimed. Antibiotics were used for the first time in
1949 as an antibacterial performance promoter”” 129,

Antibiotics are somewhat selective in their antibacterial actions. They are, therefore,
divided into effectiveness against “gram!-negative bacteria” and “gram-positive bacte-
ria”. For instance, streptomycin is mainly effective against gram-negative bacteria while
penicillin is most effective against gram-positive organisms. Antibiotics such as chlortetra-
cycline and oxytetracycline have a wider range of activity and are effective against both
(Figure 2-10). While the latter are called “broad-spectrum” antibiotics, the former are
“narrow-spectrum” antibiotics(/%%,

""The Danish bacteriologist Hans Christoph Joachim Gram (1853-1938) developed the dye-process for
the differentiation of similar appearing bacteria.
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o Gram-positive microbes Grame-negative microbes
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Figure 2-10. The effectiveness of selected gram-positive and gram-negative antibiotics against
various microbes (' non-hemolytic; 2 hemolytic) .

After almost 50 years of application the mode of action of antibiotics as performance
promoters is not yet fully understood. A number of theories have been considered but
a definite answer has not been obtained.

The use of antibiotics as performance promoter is limited in many countries.
An antibiotic which should be approved by the EU as a performance promoter has
to meet the following essential criteria:

e The antibiotic is not to be used for human and veterinary medicine;
¢ After feeding of an antibiotic there are no residues in the animal that is produced;
¢ There should be no development of any kind of resistance against pathogenic germs.

Only few antibiotics meet these requirements. The number of feed antibiotics approved
by the EU is very short (Table 2-23)"*” and will be re-considered due to popular objections.

The performance promoting effect of antibiotics in mammals and poultry is well known.
Relevant trials in cultured fish were less successful. It is presumed that, contrary to
warm-blooded animals, fish do not have a permanent bacterial flora in the intestine
because the empty gut of the healthy fish is more or less sterile/” /29 In cultured aquatic
animals signs of resistance to pathogenic bacteria have been observed after feeding diets
containing antibiotics(/ 47,

Prevention and Cure

A wide range of antibiotics are important for the prevention and treatment of diseases
of aquatic animals. However, this is no longer a nutritional matter. The application,
therefore, has to be supervised by veterinarians or fish pathologists. After application
of the antibiotic, withdrawal periods have to be observed so that the consumable parts of
the aquatic animals are free of residues. Due to this concern some countries have
enforced strict regulations(6% /33,
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Table 2-23: Feed antibiotics approved by the EU/*”)

Antibiotic Chemical formula EU-No.
Avilamycin Cs7.60H52.00Cl1 505, 5, E 717
Avoparcin C;HO, NCl, E 715
Flavophospholipol C,oH 5,0,,NP E 712
Monensin-sodium C,¢H,0,Na E 714
Salinomycin-sodium C,H,0,,Na E 716
Spiramycin I.C,H,0,N,} E 710
IL. C,H,0,N, } Base
IIL C,(N,,O,,N, }
Tylosin-phosphate C,H,NO,, E 713
Virginiamycin L. C,4H,,O,N; E711
IL C43H49)10N7
Zinc Bacitracin C_H .O N _SZn E 700

661037167 17

Very recently, approval of some of the above have been withdrawn.

273 Antioxidants

Autoxidation and Chemical Reactions

Feed and feedstuffs readily undergo oxidation when exposed to air. The oxidation reaction
is irreversible and results in chemical changes causing losses in nutrients and a reduction
in the shelf-life of feed and feedstuffs. This oxidation reaction is referred to as “autoxi-
dation” or “rancidity”.

A wide range of feedstuffs and other organic substances used in animal feeds easily
undergo autoxidation. Predominantly, substances which have unsaturated carbon (C)
atoms (double bonds) in their molecular structure are very susceptible to autoxidation.
Ingredients commonly affected by autoxidation are fats, oils, vitamins and pigments.
Rancidity causes palatability problems in feed, loss in vitamin potency and colour
strength of pigments. Proteins and carbohydrates are not prone to autoxidation because
they do not contain the oxygen labile double bonds.

Autoxidation is a chain reaction and occur in three phases(”). It can be prevented by
chelation of metallic ions that are responsible for catalysing the initiation phase of
autoxidation and by scavenging of free radicals by antioxidants which serve as electron
donors(!#9). Substances that prevent autoxidation are classified as:

*  Natural antioxidants;

*  Synthetic antioxidants.

Some chelating agents are citric acid, tartaric acid, phosphoric acid and their salts.
The efficacy of antioxidative substances may be synergistic and also be affected by
the substrate itself/#9). Antioxidants do not last for ever. Due to their antioxidative
reactions they deplete themselves.



32 CHAPTER 2

Antioxidants used as feed additives have to be safe for man and animals. In many
countries the application of antioxidants has to be approved by the competent authorities
(Tables 2-24, 2-25).

Table 2-24: Antioxidants approved for feed by the EU/*)

Antioxidant Chemical formula EU-No.
L-Ascorbic acid CH,O, E 300
Butylated hydroxyanisole (BHA) C,H,0, E 320
Butylated hydroxytoluene (BHT) C,H,0 E 321
Ethoxyquin C, H,,ON E 324
Calcium-L-ascorbate C,H,0,Ca-2H,0 E302
5,6-Diacethyl-ascorbic acid C,oH,,04 E 303
Dodecyl gallate C,,H;,04 E 312
Sodium-L-ascorbate C¢H,0,Na E 301
Octyl gallate C,sH,,0;4 E 311
Propy! gallate C,H,0; E 310
Synthetic alphatocopherol C,H,,0, E 307
Synthetic deltatocopherol C,H,0, E 309
Synthetic gammatocopherol C,sH,50, E 308
Natural extract with high content of tocopherols - E 306

Table 2-25: Antioxidants approved for feed in the U.S.A.("

Antioxidant

Classification under food regulations

Ascorbic acid 582.3013
Ascorbyl palmitate 582.3149
Butylated hydroxyanisole (BHA) 582.3169
Butylated hydroxytoluene (BHT) 582.3173
Calcium ascorbate 582.3189
Dilauryl thiodipropionate 582.3280
Distearyl thiodipropionate 582.3280
Ethoxyquin 573.380

Propyl gallate 582.3660
Resin guaiac (same as guaiac gum) 582.3336
Thiodipropionic acid 582.3109
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Damaging Effects of Oxidation
Major physiological and pathological damaging effects of feeding oxidised fat and oils are:
¢ Dark colouration,
¢ Anemia,
o Lethargy,
e Brown-yellowish pigmented livers,
e Abnormal kidneys,
*  Gill clubbing.

The products of lipid oxidation may react with other nutrients, e.g. protein and vitamins,
and reduce the available dietary levels. Oxidation products may also be toxic/??, e.g.
malonaldehyde is toxic to rats®” 9. Higher levels of Vitamin E and selenium in the diet
may detoxify oxidised dietary fat(/%3 104,

Feeding oxidised fat to fish, particularly salmonids, resulted in depressed performances,
higher mortality rates and other physiological damages(/? 3¢ 4. 63 123 The so called
“Sekoke disease” of the common carp (Cyprinus carpio) is caused by oxidised fat># 133 153),

2.8 Physical Properties of Feed

Feed pellets have to be eaten and should not fall apart before they are ingested by the
aquatic animals. The water durability of aquaculture feed, therefore, is important.
Manufacturers of aquaculture feed have to consider the eating habit of the aquatic
animals when processing feed. The slower the animal eats, the more water-durable the
pellets should be.

Generally, carnivorous fishes are fast eaters, while crustaceans are slow eaters.
For aquatic animals that eat floating feeds, water durability of the feed is of less impor-
tance than for bottom feeders.

Most major raw materials used for aquaculture feed formulations have poor pelletising
ability and, therefore, feed made from them have an unsatisfactory water durability.
The pellet stability and water durability of the feed can be substantially improved by
extrusion, expansion and addition of a binding agent to the mash prior to pelletising.

The parameters that may be used for determining pellet quality of aquaculture feed are:

. Abrasion,
o Hardness,
e Water durability.

Testing of the water durability of pellets is not yet uniform. A practical parameter for
testing the effectiveness of a pellet binding agent is the weight loss of the pellets in water.
The higher the degree of disintegration of the pellet in a given time, the higher the weight
loss and, therefore, the lower the water durability (Table 2-26)*%.

Leaching of water soluble nutrients during the first minutes of immersion is important
for ease of finding the feed by the animals®¥. The “leaching rate” can be measured by
the visible light absorption after 10, 30 and 60 minutes/¥.

The range of materials that have a pellet binding capacity is very wide, and are clas-
sified as®*%:
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Natural minerals,

Wood-processing by-products,

Plant products with pellet binding properties,
Synthetic compounds.

Most materials belong to plant products with pellet binding properties (Table 2-27).

Table 2-26: Weight loss of pellets in water as an indicator for the water durability of aquaculture feed(’>

Pellet binding aid Inclusion Weight loss after drying (%)

rate

% 0.5 1.0 2.0 6.0
PMC? 0.5 59 8.1 10.1 11.0
Guar gum 1.0 5.5 9.7 10.7 12.7
Egg bananas 5.0 4.4 10.2 14.5 17.9
Nam-wa bananas 5.0 6.8 14.1 16.4 19.3
Broken mung beans 15.0 6.2 11.3 129 20.7
Mung bean bran 15.0 83 11.4 15.5 21.0
Yellow alfa starch 10.0 7.6 18.0 27.2 320
Cooked broken rice 25.0 21.7 41.4 448 45.7
Alfa starch 10.0 50.3 52.7 59.5 71.4

! Hours pellets stayed in water; 2 Polymethylolcarbamide

Table 2-27: Characteristics of selected pellet binding aids from plants®?

Source Plant/product Characteristics

Agriculture products and Wheat gluten, high gluten wheat  Stickiness of the binder depends

by-products flour, tapioca flour, rice gluten, on the feed processing equipment

maize starch, sago palm starch and operating techniques. Widely

used in aquaculture feeds

Glue from seaweeds Agar-agar, alginate carrageenan Very sticky, high price.
Used particularly for research and
experimental diets

Endosperm of beans Guar gum, locust bean gum Function has to be harmonised
with the pH. Used for specialty
feed

Plant secretions Arabic gum, tragacanth, Very sensitive to pH, therefore

karaya gum not widely used in feeds
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There are three parameters that are important for calculating the “Efficiency Index”
for selecting the most suitable pellet binding agent®®. These parameters are:
*  Water durability (tested by loss of weight after drying);
*  Inclusion rate of the binding agent (as parameter for pellet binder’s contribution
to the water pollution, since most of them are only slightly or non-digestible;
*  Cost of the pellet binding agent per unit of feed.
The formula for the index is:

Xx9)x(Yx2)xZ

Efficiency Index =

3xW
Whereby:
+ X= Water Durability,
e Y= Inclusion rate,
s Z= Cost of pellet binding agent per MT of feed,
e W= Any divisor for reducing the index (otherwise it may be very high),
* 5 and 2 = Factor expressing the importance of criteria,
e 3= Number of criteria.

The lower the Efficiency Index, the more cost and performance efficient is the pellet
binder. In general, low inclusion rates of the pellet binder are not only cost effective but also
highly performance efficient with regard to water durability and environmental pollution.
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3. ANIMAL FATS

3.1 Rationale

Fats of land animals are an efficient, low-cost and high energy source for feeding animals.
Fats are derived from the fat tissue of animals. A general classification follows®:
¢ Tallow, from cattle and sheep;
e Lard, from pigs, horses and bones;
¢ Animal fats normally a mixture of different fat sources, particularly poultry fat
and fat from fallen animals.

Fat is also classified according to the fat’s origin, colour, melting point, the amount of
polyunsaturated fatty acids (PUFA), highly unsaturated fatty acid (HUFA), free fatty
acids and impurities.

In the past animal fats have been primarily used as raw materials for margarine, making
soaps and detergents, candles and stearic acid“®. Annually approximately 1.25 million
MT of rendered fat is being recycled into animal fat in the U.S.A.?.

3.2  Manufacture and Processing

Rendering is the process of converting fat tissue into the various animal fats. The animal
by-products are heated to release the fat from the tissue and to remove the moisture?.
There are two principal methods of rendering?:

*  Animal tissue is placed in an enclosed pressure vessel (cooker) and super-heated
steam is injected to provide both heat and agitation. The mixture is cooked at
110° to 120°C for three to six hours and settles into three phases:
= A top flat layer which is drawn off;
= An intermediate water layer;

* A bottom layer, consisting primarily of proteinaceous material (grieves).
This method is no longer widely used and has been replaced by:

*  Modern rendering plants that feature a continuous rendering process, and a

sophisticated equipment for prevention of air and water pollution.

33 Tallow
3.3.1 Description

Tallow is animal fat that is solid above 40°C3?, It is white, greyish-white to yellowish
from carotenoids when animals graze. It usually comes from cattle or mutton. Rendered
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fat from beef fat is commonly known as beef tallow or sometimes “oleo stock” due to
its high content of oleic acid (43.5%)".

Tallow is classified as “edible” and “feed” tallow. The “American Fats and Oils
Association” subdivides tallow into 12 grades. The free fatty acids and the titre are most
important for grading/®®. In Europe, there are only three grades: fine tallow, edible tallow
and industrial tallow ),

3.3.2 Chemical and Physiological Properties

Chemical Properties

Beef tallow is an energy source. It contains high levels of saturated fatty acids (48.2%) and
unsaturated fatty acids (46.6%). Only 4.3% are polyunsaturated fatty acids (Table 3-01)“%.
The cholesterol content is 1,000 mg/kg*”. The mineral and vitamin contents of beef
tallow is insignificant.

Table 3-01: Fatty acid composition of tallow, lard, poultry fat and animal fat (%)@ % > 21 22.29. 31. 33, 34.43)

Fatty acid Tallow Lard Poultry fat Animal fat
Beef Mutton

1. Saturated Acids

Lauric 12:0 - - 0.5 - -
Myristic 14:0 32 5.2 1.5 1.1 2.1
Pentadecanoic 15:0 0.5 - - - -
Palmitic 16:0 26.4 23.6 25.7 24.2 20.9
Margaric 17:0 09 2.0 0.5 03 0.3
Stearic 18:0 19.8 24.5 13.0 6.3 47.6
Arachidic 20:0 0.1 - - - -
Total Saturated Fatty Acids: 49.5 51.9 404 322 70.0
2. Mono-unsaturated Fatty Acids
Myristicoleic 14:1 0.6 - - 0.2 0.3
Pentadecenoic 15:1 0.02 - - - 0.2
Palmiticoleic 16:1 34 2.5 3.7 6.2 2.6
Heptadecenoic 17:1 0.6 0.5 0.5 0.1 -
Oleic 18:1 41.0 333 45.0 39.7 13.7
Eicosenoic 20:1 04 - 1.0 0.1 -
Total Unsaturated Fatty Acids: 46.3 39.6 52.6 54.7 16.8
3. Polyunsaturated Fatty Acids
Linoleic 18:2 2.7 44 9.6 19.3 15.3
Linolenic 18:3 0.7 40 2.7 1.1 1.0
Arachidonic 20:4 0.4 04 - - -

Total Polyunsaturated Fatty Acids: 38 8.8 123 215 16.3
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Physiological properties
The digestible and metabolisable energy of beef tallow for land animals range between
8,100 to 8,700 kcal/kg and 7,100 to 7,500 kcal/kg, respectively® 2% 28). The digestibility of
tallow in land animals depends on the species and age of the animals. Digestibility of
tallow is particularly low in young animals due to the high level of saturated fatty acids
of tallow and the insufficient secretion of bile acid by young animals(?”). Similar conditions
may be assumed for aquatic animals.

Apparent digestibility of tallow increases in rainbow trout (Salmo gairdneri) and in
carp (Cyprinus carpio) as water temperature increases (Figure 3-01)¢7:
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Figure 3-01. Relationship between water temperature and apparent digestibility of beef tallow and pork
lard in diets for rainbow trout (Salmo gairdneri) and carp (Cyprinus carpio)(4aafom: 51)
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3.3.3 Feeding Value

Fishes

Beef tallow in general, is a good energy source for fish provided that the diet alone con-
tains omega fatty acids™“® %, Certain fish species or group of fish species may respond
differently on feeding diets containing beef tallow.

Salmonids fed only on beef tallow did not perform well. However, reducing the beef
tallow level in the diet by substituting marine oils with high content of PUFA gave
superior results by more than doubling weight gain and improving feed conversion
(Table 3-02)“% 55 Beef tallow in broodstock diets for rainbow trout has no negative
effect on reproduction parameters when compared to a commercial high protein brood-
stock feed*?).

Table 3-02: Response of rainbow trout (Salmo gairdneri) to beef tallow after 10 weeks of feeding(*®

Beef tallow % 10.0 - 6.0 4.0
Cuttlefish liver oil % - 10.0 4.0 6.0
Mean initial weight g 6.1 6.0 6.1 6.1
Final weight g 26.0 13.9 24.4 229
Weight gain % 326.2 300.0 275.4 -
Feed conversion 1: 1.16 0.78 1.14 1.08

However, the supplementation of a basic diet with fat from beef spleen caused physio-
logical disorders in chinook salmon (Oncorhynchus tschawytscha) fingerlings which
were not found in fishes fed with groundnut oil/*.

Beef tallow in combination with cuttlefish liver oil in diets for carp resulted in best
weight gain and feed conversion®. But in semi-purified diet for carp fingerlings, the
addition of beef tallow depressed growth in the range of 5.7 to 13.1 (Table 3-03)?.

Table 3-03: Weight gain and feed efficiency of carp (Cyprinus carpio) fingerlings at various levels of

beef tallow(??

Casein-gelatine % 26 26 26 34 34 34
Feed oil % 5 5 5 5 5 5
Beef tallow % 0 45 9.5 0 45 9.5
Weight gain % 314 296 273 508 451 448

Feed efficiency % 96.2 96.6 93.8 115.5 117.2 117.8
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It appears that channel catfish (Ictalurus punctatus) is not so finicky concerning beef
tallow. Compared to soybean oil and fish oil, fish showed matching performance®.
In hatchery diets, beef tallow levels of 20 to 49% was superior to 30% menhaden fish o0il*?).
But challenging the immune response of channel catfish (0.7 g weight) with a mixture of
beef tallow and zinc was without any success while other oils (maize, linseed, menhaden)
strengthened the immunity from the pathogen (Edwardsiella ictaluri)('> 13).

Fish perform better on diets containing beef tallow alone or in combination with other
fat sources compared to fat-free diets, if feeds are not isoenergetic as observed in a number
of experiments (Table 3-04). Beef tallow of up to 12% in diets for blue tilapia (Tilapia
aurea) promoted good performance but levels of more than 12 % depressed perfor-
mances“?,

Table 3-04: Beef tallow as an energy source in diets for red sea bream (Pagrus major) (trial period: 42 days)“”

White fish meal % 57.0 57.0 57.0 57.0
Beef tallow % - 5.0 10.0 5.0
Pollack liver oil % - 5.0 5.0 10.0
Crude protein % 50.8 53.8 54.1 53.7
Crude fat % 6.2 16.2 209 20.7
Digestible energy kcal/kg 3,150 3,960 4,300 4,250

Initial body weight g 75 7.5 7.5 7.5
Growth rate % 207 280 267 285

Feed efficiency % 73.1 93.3 88.6 97.4
PER 14 1.7 1.6 1.8

Body composition
Crude protein % 18.8 18.1 18.3 18.3
Crude fat % 8.4 14.1 14.0 14.6

The milkfish (Chanos chanos) performed best on a combination of beef tallow and
coconut oil (1:1) compared not only to fat-free diet but tallow and other oil sources
(Table 3-05)"). This appears to be unusual since both beef tallow and coconut oil are
high in saturated but low in polyunsaturated fatty acids. This is because the milkfish is
able to desaturate and elongate saturated fatty acids. However, fish oil was superior to
tallow in diets for Atlantic croaker (Micropogonias undulatus) and striped mullet
(Mugil cephalus)®).

Feeding of beef tallow affects the carcass composition. The fat content of the whole
fish is directly related to dietary fat as found in milkfish (Table 3-05)?), red seabream
(Pagrus major) (Table 3-04)#”) and yellowtail (Seriola quinqueradiata) in the latter with
extreme increase of liver lipids at highest fat content of the diet (Figure 3-02)“). Less body
fat was observed if dietary beef tallow was compared on an isonitrogenous and isoener-
getic basis to fish oil in the hybrid striped bass (Morone chrysops x Morone saxatilis)!).
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The fatty acid profile of the fish fat is a direct reflection of the dietary fatty acid
profile (Table 3-06)*> 42, This is particularly pronounced when added fat is high in
saturated fatty acids (e.g., beef tallow and coconut oil) (Table 3-05). The fatty acid
profile of tallow is also reflected in developing eggs of broodfish fed with tallow(’®).

Table 3-05: Growth indicators of milkfish (Chanos chanos) fingerlings fed beef tallow and various lipids'”

No fat % 0 - - - -
Beef tallow % - 5.0 5.0 5.0 5.0
Cod liver oil % - 5.0 - - -
Coconut oil % - - 5.0 - -
Soybean oil % - - - 5.0 -
Maize oil % - - - - 5.0
Growth rate % 213.7 385.3 450.5 306.3 3453
Weight gain g 2.0 3.7 43 29 33
Feed conversion 1: 3.5 24 1.9 3.0 2.5
Survival rate % 90.0 100.0 100.0 98.0 97.0

Body composition in dry matter:

- Moisture % 81.6 73.1 74.6 74.4 74.2
- Crude Protein % 20.9 66.8 66.5 67.9 67.3
- Crude fat % 3.6 19.9 19.6 17.6 27.6

Fatty acid composition:

- n-3 % 25 133 3.5 5.3 6.7

- n6 % 8.8 6.7 4.4 22.1 22.7

- Saturated % 36.4 29.5 48.0 27.4 24.0
Crustaceans

Beef tallow is a poor lipid source for the tiger prawn (Penaeus monodon). In a four week
feeding trial with tallow fed at increasing levels in semi-purified diets total lipid content
was similar at all levels of beef tallow. The fatty acid composition of the prawns reflected
that of the dietary lipids and HUFAs were incorporated more into the polar lipid fraction
(Table 3-07)7.
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Figure 3-02. Relationship between the level of total dietary fat and the total body and liver fat of the yellowtail
(Seriola quinqueradiata) after feeding increasing levels of beef tallow(@afom: 46)
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Table 3-06: The fatty acid profile of the diet for channel catfish (Ictalurus punctatus) is reflected in
the fatty acid profile of the whole fish/#?

Fatty acid
Formula Diet! Fish Carcass

Systematic name Common name % %
Tetradecanoic Myristic 14:0 29 2.1
Hexadecanoic Palmitic 16:0 18.8 17.1
Hexadecenoic Palmitoleic 16:1n-7 5.1 6.7
Octadecanoic Stearic 18:0 109 2.8
Octadecenoic Oleic 18:1n-9 57.5 59.5
Octadecadienoic Linoleic 18:2n-6 2.1 2.8
Octadecatrienoic Linolenic 18:3n-3 - 22
Eicosatetraenoic Arachidonic 20:4n-6 - 0.6
Eicosapentaenoic N/N? 20:5n-3 - 0.5
Docosatetraenoic Adrenic 22:4n-6 - traces
Docosapentaenoic Behenic 22:5n-3 - 0.7
Docosahexaenoic N/N 22:6n-3 - 14
Others 25 3.0

!Containing 10% beef tallow; ?No trivial name given

Table 3-07: Growth response of juvenile tiger prawns (Penaeus monodon) to various levels of beef tallow in
semi-purified diets”

Beef tallow % 0 4.0 8.0 12.0
Initial weight g 0.537 0.628 0.581 0.588
Mean weight gain % 27.7 10.1 18.3 17.3
Specific growth rate Yolday 0.86 0.27 0.76 0.56
Mean survival % 66.7 66.7 66.7 77.8
Total body lipid content % 0.88 1.03 1.06 0.98
34 Lard

3.4.1 Description

Lard from pork is white fat with a good taste and odour. The consistency of lard is affected
by the composition of the feed fed to pigs“®. For the quality of lard, the rendering process
is hardly influential.
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Lard also comes from horses and any type of bones. It has usually a melting point
between 20 to 40°C as compared to above 40°C for tallows®%.

3.4.2 Chemical and Physiological Properties

Chemical Properties

Most of the fatty acids present in pork fat are saturated fatty acids, although linoleic and

linolenic acids are also present. The most important fatty acids are palmitic acid, stearic

acid, oleic acid and linoleic acid (Table 3-01). Cholesterol content of lard is 860 mg/kg“.
The mineral and vitamin content of lard is insignificant with the exception of

Vitamin E (22 mg/kg)©?.

Physiological Properties
The digestible and metabolisable energy tested in land animals range from 8,100 to 9,100
and from 7,900 to 8,900 kcal/kg, respectively(® 26 28),

Like in beef tallow, digestibility of pork lard in young broiler and piglets are lower
than in older animals‘® %%, Apparent digestibility of lard in rainbow trout (Salmo gairdneri)
increases as temperature increases (Figure 3-01).

3.4.3 Feeding Value

Fishes
Using pork lard in diets for rainbow trout (Oncorhynchus mykiss) as the only fat source
in comparison to other animal fats and vegetable oils showed no differences in growth
and feed conversion’%. The combination of pork lard with vegetable oil or the partial
replacement of marine oil (e.g. herring oil) result in good performances by rainbow trout
fingerlings®% 4/ 59,

The combination of pork lard with coconut oil (1:1) in milkfish feeds is superior to
combinations with other fat sources.

The pork lard/coconut oil fed fish did not only perform better than the fat-free group
but also better than the rest of the fat combinations (Table 3-08)*).
The dietary fat level and the fatty acid profile is reflected in the carcass composition in
the same way it was reflected in fish fed beef tallow. The higher the level of unsaturated
fatty acids in the diet, the higher the levels of the same in the carcass (Table 3-08)(*.

Crustaceans
Among dietary lipids (pork lard, anchovy, linseed or maize oils), in diets for Chinese
prawn (Penaeus chinensis), the lowest fecundity and hatchability were obtained with
pork lard. Eggs of prawns fed pork lard contained the lowest n-3 highly unsaturated fatty
acid (HUFA) (12.8%), compared to the other sources. Prawns also fed maize and linseed
oils had increased egg production over those fed the pork lard diet but there was no sig-
nificant improvement in hatchability®%.

Pork lard is a poor energy source for tiger prawn juveniles compared to cod liver oil
at various lipid levels”. Mean weight gain and specific growth rate, was only better in
pork lard at 8.0% and 12% compared to the fat-free diet (Table 3-09).
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In the carcass composition of juvenile tiger prawns the fatty acid profile of the tissues
reflected that of the dietary lipids(”.

Table 3-08: Growth indicators of milkfish (Chanos chanos) fingerlings fed pork lard and various lipids(”

No fat % 0 - - -
Pork lard % - 5.0 5.0 5.0
Coconut oil % - 5.0 - -
Soybean oil % - - 5.0 -
Maize oil % - - - 5.0
Growth rate % 213.7 4579 297.0 3474
Weight gain g 2.0 44 2.8 33
Feed conversion 1: 35 19 2.6 23
Survival rate % 90.0 100.0 98.0 98.0

Body composition in dry matter:

- Moisture % 81.7 72.7 74.8 72.7
- Crude protein % 70.9 65.6 66.1 66.0
- Crude fat % 3.6 21.8 18.4 19.7
Fatty acid composition:

- n-3 % 25 6.4 8.2 9.8
- n-6 % 8.8 8.4 27.8 28.2
- Saturated % 36.4 47.1 28.1 24.6

Table 3-09: Growth response of juvenile tiger prawns (Penaeus monodon) to various levels of pork lard in
semi-purified diets”

Pork lard % - 4 - 8 - 12 -
Cod liver oil % - - 4 - 8 - 12
Initial weight g 0.5 0.6 0.4 0.6 0.7 0.6 0.6
Final weight g 0.6 0.7 0.8 0.9 1.2 0.83 1.21
Weight gain % 275 13.0 50.8 314 63.9 36.6 106.7
SGR %/day 0.9 0.4 1.5 1.0 1.7 1.1 2.6
Survival rate % 66.7 61.1 71.7 66.7 833 50.0 833

Lipid content of the body % 09 1.1 1.1 - 1.4 1.1 15
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3.5 Poultry Fat

Poultry fat comes mainly from discarded chicken fat and chicken viscera. About 2/3 are
unsaturated and polyunsaturated fatty acids (Table 3-01)“?,

Poultry fat in the diet (6.0%) for rainbow trout and fed for 20 weeks performed as well
as the same diet fortified with salmon oil (Table 3-10)/79).

Table 3-10:  Growth performance of rainbow trout (Oncorhynchus mykiss) fed
6.0% chicken fat for 20 weeks’'®

Poultry fat Salmon oil

Mean initial weight g 80.0 80.0
Mean final weight g 269.1 257.7
Feed efficiency! % 0.88 0.86
Body composition?:

Moisture % 74.39 74.06

Crude protein % 16.84 16.77

Crude fat % 6.69 6.98

Lipid extracted from fillet % 4.27 4.32

'Dry weight of diet/wet weight gain; 2wet basis

3.6 Animal Fat
3.6.1 Description and Properties

Animal fat or feed grade fat is usually a blend of different fats and may contain poultry
fat, lard, low grade tallow (yellow grease) and fat from fallen animals (destruction fat).
Animal fat can be highest of all discussed fats in the saturated fatty acids. Palmitic,
stearic acid and linoleic acid are rather high (Table 3-01).

3.6.2 Feeding Value

Yellow grease as sole fat source in diets for tilapia (Oreochromis niloticus) showed no
significant differences in growth rate, feed conversion or level of protein deposition
when compared to the diet without added fat (Table 3-11). However, the addition of
yellow grease to the diet significantly increased the levels of carcass and viscera fat.
It appears that the Nile tilapia is able to store significant quantities of lipids in the
carcass and the viscera, but are not able to utilise this energy source to improve growth
or feed utlisation(’”,
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Consumers reject tilapia fed predominantly with raw chicken viscera because its fat

gives tilapia flesh a broiler taste®®.

Table 3-11: Yellow grease as an energy source in diets for Nile tilapia

(Oreochromis nilotica)''”

Fish meal

Soybean meal (44%)
Yellow grease
Crude protein

Crude fat

Digestible energy kcal/kg

%
%

%

MlJ/kg

Final body weight
Weight gain

Feed conversion'!

Body composition:
- Crude protein
- Fat

- Viscera fat

16.6
4.5
10.8

6.6 6.3
34.7 334
3.8 72
329 31.1
9.1 12.4
2,725 2,820
114 11.8
1933 189.0
152.0 147.0
0.64 0.60
16.3 16.2
5.7 59
15.4 17.2

'Wet weight gain (g)/dry weight food offered (g)

3.7  Quality Criteria of Animal Fats

Animal fats used for feeding purposes should fulfill certain quality criteria with regard

t0(21, 33):

e Moisture content
¢ Impurities

e  Acid value

e Unsaponifiables

Saponification value
Fatty acid profile
Iodine value
Peroxide value

Moisture in fat reduces energy value of the fat and favours the growth of micro-
organisms. The moisture content should not exceed 1.0%.

The insoluble impurities are determined with petrol-ether. Such substances are:
N-compounds, carbohydrates, minerals, oxidised fatty acids. These substances cause
fast spoilage of the fat by autoxidation and micro-organisms. The maximum content is

limited to 1.0%.
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The acid value is the indicator for “free fatty acids” (FFA) and is an expression of
fat freshness. The maximum acid value is 50 but higher values does not mean that
the fat is not fit to be used as a feedstuff. A high level of free fatty acids does not seem
to affect the feeding value of the fat and did not result in negative performances in
salmonids®®, in calves®”, in pigs(*>- % 37) and in laying hens(??.

Unsaponifiables refer to any material of animal fat that will not saponify when mixed
with an alkali. High levels of unsaponifiable matter may have a depressing effect on
performance of the animal.

The saponification value is an estimate of the mean molecular weight of the fatty acids.
The higher the saponification value, the lower the mean chain length of the triglycerides.
It is measured in mg potassium-hydroxide required for the saponification of 1.0 g fat
(Table 3-12).

Table 3-12: Congealing points, melting points, iodine values and saponification values of

animal fats
Type of fat Congealing Melting Iodine Saponification
Point(?" point?:51) value®- 5% 34 value® 3
°C °C
Tallow (beef) 30-80 43-49 41-52 195-201
(goat) - - 34 199
(mutton) - 41 197
Lard 22-32 28-44 52-74 193-201
Poultry fat 21-27 30-32 80-85 -
Animal fat - - 59-79 -

The characteristics of the fatty acid profile are classified as follows:
*  High level of medium-chain, saturated fatty acids,
*  High level of long-chain, poly-unsaturated fatty acids,
*  High level of long-chain, single unsaturated fatty acids, (poultry fat)
*  High level of long-chain, saturated fatty acids (beef tallow, lard, bone fat).
Other parameters for obtaining information about the fatty acid profile of fats is the
congealing point and the melting point (Table 3-12). The melting point is affected by
the amount of unsaturated fatty acids and length of the saturated acid chain(?”).
The iodine value is a measure of the chemical saturation of the fat and results are
expressed as g iodine absorbed per 1,000 g of fat (Table 3-12).
The peroxide value expresses the freshness of fat. It determines the content of peroxide
oxygen in lipids. The peroxide value should not exceed 10.
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3.8 Recommended Inclusion Rate

Fat has a negative effect on pellet quality (stability, water durability). The desired pellet
quality, therefore, is the limiting factor for the use of animal fat. Recommended inclusion
rates of fat from land animals for aquaculture feeds are:

e  Tallow: 5.0 to 10.0%
* Lard: 5.0 to 10.0%
¢ Poultry fat: 5.0 to 10.0%
¢ Animal fat: 5.0 to 10.0%

3.9 Legal Aspects

The EU-Regulation 92/87/EEC of 26 October 1992 does not differentiate between
the species from which the fat is derived. Animal fat is listed as No. 9.08 and defined
by both the EU directive and the German feedstuff law as “A product from fat of warm-
blooded animals”. However, the German law differentiates between “refined animal fat”

and “animal fat”. In addition, certain minimum/maximum requirements have to be met
(Table 3-13)2,

Table 3-13:Requirements for animal fat by the German feedstuff law(*?

Refined fat Unrefined fat
Moisture max. % 0.1 0.1
Acid value max. - 50
Impurities max. % 0.1 1.0
Unsaponifiables max. % 3.0 3.0

A supplement to EU-Regulations (instruction 77/101/EEC) requires that feedstuffs
have to be free of any residues which may originate from their treatment and/or
processing. This applies particularly to nickel which is used as a catalyst in fat and oil
processing(?.

The American Food and Drug Administration (FDA) has designated the GRASS-
status for animal fats and oil because they are easily bio-degraded by bacteria. They are
also not harmful to the environment®¥. The maximum tolerance, set by FDA for
aflatoxin is 20 ppb and 7.0 ppm for lead. Furthermore, USA regulations call for zero
tolerance on salmonella in any kind of feed¥.
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4. BILE ACID PRODUCTS

4.1 Rationale

Bile is formed in the liver cells (hepatocytes) and secreted into the small intestine via the
bile duct. Due to its detergent properties bile emulsifies the fats in the small intestine.
Bile, therefore, is essential for lipid digestion and absorption. The constituents of bile are
bile acids, which are lipoides; bile pigments, which belong to the chromoproteides;
phospholipids (see chapter 41); cholesterol and inorganic matter (e.g. sodium and phos-
phorus compounds).

Commercial bile acids have a wide range of applications in the pharmaceutical and
chemical industries, such as laboratory chemicals like TCBS (thiosulphate-citrate-bile-
salts-sucrose-agar). A substance derived from shark bile has been reported to cure acne(”
and according to a Chinese belief, bile of the grass carp (Ctenopharyngodon idellus) may
improve visual acuity®.

4.2  Manufacture and Processing

Fluid bile is derived from fresh bile of cattle and pigs collected from abattoirs. The feed
grade quality of bile acid is manufactured from crude bile acid on a carrier.

For pharmaceutical and chemical application the fluid bile is filtered, concentrated
and spray-dried into a fine powder.

4.3  Chemical and Physiological Properties

Bile acids are also called bile salts, and other Latin names used are: Fel tauri, Bilis bovis,
Sales biliares.

Chemical Properties

Bile acid is a natural product. The composition varies not only from species to species
but also within the same species (Table 4-01). The very high content of phospholipids
in the bile of ruminants is the basis for the surfactant property of bile acids (Table 4-02).
In man about 15% of the bile lipids are phospholipids of which 96% is phosphatidyl-
choline®,
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Table 4-01: Composition (%) of gall-bladder bile of cattle, pig and dog(’?

Cattle Pig Dog
Moisture 89.40 81.10 - 88.50 77.60 - 88.60
Biliary bile acid 7.20 8.50 - 12.00 7.90 - 15.00
Lecithin 0.52 1.20 - 290 230 - 7.00
Cholesterol 0.04 0.13 - 0.18 0.08 - 0.10
Protein (mainly mucine) 0.42 0.28 - 041 0.19 - 0.52
Bilirubin - 0.03 - 0.03 0.09 - 0.17

Table 4-02: Lipids of the bile of sheep’”

Lipids g/l

Phospholipids 11.48
Lysophospholipids 1.17
Phosphatidylethnolamine 0.44
Cholesterole 0.86
Cholesterolester 0.31
Triglyceride 0.37
Unesterified fatty acids 0.40

Physiological Properties

Very little is known of the role of bile acids in aquatic animals/%. The two major bile acids
in salmonids are “taurocholic acid” (cholic acid conjugated with taurine) and “taurocheno-
desoxycholic acid” (Table 4-03)(4 /. 19.23.25),

Table 4-03: Composition of the bile of fishes (%)

TCA! TCDOCA? OBA3 Ref.
Rainbow trout (Salmo gairdneri) 85.0 14.0 1.0 “
Channel catfish (Ictalurus punctatus)  83.0 15.0 2.0* 15
Blue catfish (Ictalurus furcatus) 84.0 16.0 0 (15

! Taurocholic acid; ? Taurochenodesoxycholic acid; * other bile acids; * Taurodesoxycholic acid
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There are considerable variations in the yield of bile between marine and freshwater
fish as well as between the species of both groups. It ranges from 0.04 to 0.06% of
the total body weight of fish(/®). The bile of rainbow trout (Salmo gairdneri) does not
have any enzyme!”. The ingestion of the bile of grass carp (Ctenopharyngodon idellus)
may kill human (in severe cases) and experimental animals. The gastric intubation of
grass carp bile extract killed all the experimental rats in two to eight hours. Rats that
ingested pig bile showed no significant changes in the recorded parameters®.

44 Feeding Value

The principal function of bile salts in the body is to aid in the digestion of dietary lipids
and to enhance the absorption of fat-soluble vitamins. It plays also an integral role in
the homing of salmonid fishes® * /% 27), Other olfactory functions of bile salts such as
orienting and snapping have been demonstrated//? 2,

The feeding value of exogenous bile acids has been tested more extensively in
terrestrial animals than in aquatic organisms. Supplementing chicken diets with bile
salts at the inclusion rate of 0.1 to 0.5% cholic acid, 0.5% chenodesoxycholic acid and
0.4 to 4.0% ox bile, respectively, improved lipid digestibility and performances//4.
Piglets responded less positively to the addition of 0.15 to 0.60% bile salts to the diet(??).

The addition of 0.02% ursodesoxycholic acid, a bile acid, to a diet containing pollack
liver oil (20%) for yellowtail (Seriola quinqueradiata) improved the nutritional value of
the diet®.

Cod lipase from defatted pyloric caeca of the cod (Gadus morhua) showed an absolute
requirement for bile salts on olive oil hydrolysis. When tributyrine was used as substrate,
the bile salt dependence was less pronounced®. Results of another experiment on the
influence of dietary lipid classes on the fatty acid composition of juvenile cod suggested
that cod larvae and small juveniles may not fully digest neutral lipid classes due to lack
of suitable lipases, bile acids or both??.

Studies on the effect of bile salts on the growth of bacteria in the gut of fish showed
that bile salts do not inhibit growth of enteric luminous bacteria found in the gut of the
fish?. Intestinal vibrio species isolated from yellowtail (Seriola quinqueradiata) which
were commercially cultured, were able to grow well at 37°C, but were resistant to low
pH (4.5) and bile acid®.

Commercial bile products are commonly added to fortify aquaculture diets, particu-
larly those for crustaceans although there are no experimental results that clearly define
the rationale for adding bile salts.

4.5 Recommended Inclusion Rates
The role of exogenous bile acids has hardly been studied in aquaculture organisms.

The usefulness of bile acids as a feed additive, therefore, cannot clearly be established.
In commercial diets bile products are used at levels of 0.2 to 0.5%.
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Legal Aspects

Commercial bile products are non-toxic. Nevertheless, national legal regulations for
the application of bile acids to aquaculture feeds have to be observed.
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5. BLEACHING EARTH (USED)

5.1 Rationale

Bleaching earth is used in the refining of vegetable oils and animal fats for human con-
sumption. The absorbent capacity of the bleaching earth removes the impurities and
unwanted matter, such as colouring substances (carotenoids), soaps, proteins and others,
found in oils and fats. To recover the residual oil is technically possible but uneconomical.

Used Bleaching Earth (UBE) which is also called “Fat-containing Bleaching Earth”
is mostly deposited as waste world-wide. It is estimated that annually at least 100,000 MT
of fats/oils are ditched in the form of UBE. This not only is an environmental pollutant
but also risky to dispose of, because the oil-containing material has a tendency to
easily explode.

5.2  Processing

Bleaching earth is geologically a“montmorillonite” which is a group of clays with the
general formula A1,Si,0, (OH),. Montmorillonite is so called “swelling clay” because
it swells greatly in water. The absorption capacity is two to seven times its volume.
The disadvantage of the absorption capacity of swelling clay is the fact that dissolved
or dispersed additives (e.g. vitamins) are absorbed and unreleasable(®).

The chemical and physical properties of montmorillonite are not constant and vary,
depending on the nature of the saturating cation, the origin of the clay and the physical
and chemical treatments. Treatments include acid activation to produce H+montmoril-
lonite, soda ash treatment, and substitution of the exchangeable cation by long-chain
organic bases which allows the material to swell in oil rather than in water®. Bleaching
earth used in the vegetable oil and animal fat refining industry is an acid-activated mont-
morillonite.

For easy handling UBE has to be dried. To form a free flowing feedstuff of high
fat content, a process has been developed, where used bleaching earth is combined with
cellulosic fibres().

5.3  Chemical and Physiological Properties

The chemical and physical properties of the “unused” acid activated bleaching earth
varies (Table 5-01). The quantities of heavy metals found were below the tolerance levels
permitted by the EU (European Union) for compound feed (10 ppm for lead and 0.1 ppm
for mercury) (Table 5-02).
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Table 5-01: Chemical and physical properties of acid-activated bleaching earth

Malaysia” Europe!®
Moisture % 16.0 N/A!
pH (25% suspension) 25t03.0 N/A
Oil retention capacity % 20.0 N/A
SiO, % 68.3 70.0
ALO, % 16.4 12.0
Fe,0, % 3.9 4.0
TiO, % N/A 0.8
MgO % 1.3 20
CaO % 1.2 3.0
Na,0 % 0.4 0.4
K,0 % 0.5 0.8
Loss on ignition % 8.0 N/A
Organic matter % N/A 7.0

! not analysed

Table 5-02: Bleaching earth’s content of some heavy metals

(ppm)
Reference (©) @)
Mercury (Hg) 0.05 0.01
Cadmium (Cd) 0.28 <0.1
Lead (Pb) 5.75 1.5

The residual oil content of UBE depends on the type of oil which has been refined
(Table 5-03). The residual oil is prone to oxidation. The fatty acid composition of fat
from UBE and corresponding refined oil is not significantly different.

Table 5-03: Residual oil extracted from used bleaching earth

Type of oil Residual oil Reference
refined %o

Soybean oil 27.0 ()
Marine oil 23.0 2

Palm oil 20.0 to 30.0 7
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The gross energy content of UBE is related to the fat content of the material as found
by “adiabatic bomb calorimetry”:

e 3,140 kcal/kg (13.1 MJ/kg) (soybean oil)®
e 3,400 kcal/kg (14.2 MJ/kg) (marine oil)(?.

There is a discrepancy between the relatively high gross energy content and the analysed
crude fat which indicates that a certain portion of the fat is absorbed and unrelaesed by
the bleaching earth® ),

When UBE used as a feedstuff special attention has to be given because of the ash
content of around 85 to 88%.

5.4 Feeding Value

Used bleaching earth is an energy feedstuff. UBE tested at increasing levels in diets for
rainbow trout (Salmo gairdneri) gave an apparent improvement in growth which is most
probably due to the increase in the total fat content of the feed and a reduction in the
carbohydrate level (Table 5-04). The digestibility of the nutrients were not affected by
UBE although the ash content increased with increasing levels of UBE?.

The feeding value of used bleaching earth has not yet been tested in crustaceans.

Table 5-04: Used bleaching earth (UBE) in diets for rainbow trout (Salmo gairdneri)®

UBE % 0 10.01 20.0 30.0
Wheat flour % 319 224 12.9 34
Capelin oil % 11.0 9.5 8.0 6.5
Crude protein % 36.8 38.1 37.9 37.1
Crude fat % 16.2 17.5 20.0 20.8
Ash % 6.3 11.1 16.8 23.0
N-free extract % 29.7 23.1 15.6 10.2
Metabolisable  kcal/kg 3,206 3,256 3,328 3,274
energy! MIJ/kg 134 13.6 13.9 13.7
Digestibility:
Crude protein % 87.8 879 86.9 86.2
Crude fat % 88.6 85.8 88.0 85.5
Weight gain g 132.5 147.6 146.7 158.6
% 100.0 111.0 110.7 119.7
Length cm 28.7 29.0 28.7 294
% 100.0 101.0 100.0 102.4
Dressing-out % 87.0 87.1 86.9 86.8

! Calculated as follows: 1.0 g fat = 8.0 kcal ME; 1.0 g protein = 3.9 kcal ME; 1.0 carbohydrate
(raw starch) = 1.6 kcal
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5.5 Recommended Inclusion Rates

The use of UBE is limited by the high ash content. Recommendable inclusion rates for
fishes are as follows:

e Starter feed: none

e Grower feed: 3.0to 7.0%

e Finisher feed: 5.0 to 10.0%.

Used bleaching earth should not be used in feed for crustaceans.

5.6  Legal Aspects

Bleaching earth is a clay. Used Bleaching Earth is a clay plus residual vegetable oil
or/and animal fat. It has been given the GRAS status (Generally Recognised As Safe)
by the authorities in the U.S.A. Clay is also listed in Section L, Annex I, No. E 588 of
the Directive on Feed Additives of the competent EU authorities.

5.7 References
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6. BLOOD PRODUCTS

6.1 Rationale

Blood products are protein feedstuffs. Blood from slaughtering productive farm animals
is used for human consumption but large quantities are still discarded. It is estimated that
blood amounts to about 7.5% of the animals’ liveweight, ranging from 4.5% for pigs
and 8.0% for cows®. The longer the bleeding time, the more blood can be collected
(Figure 6-01).

In Norway an estimated 65 to 70% of the collected blood is used as animal feed, 5.0 to
10.0% is consumed as food and 15 to 25% is discarded. However worldwide, the percent-
age of discarded blood is much higher due to lack of processing facilities. In several
countries work has been done to find new ways of utilising blood(> 3 4 78 15.27. 29)

18.04
16.0
14.0 -
12.04
10.0 -
8.0
6.0 -
40
2.0+

Blood Quantity (1)

T 1 1 T T T
0 10 20 30 40 50 60 70 80 90 100

Bleeding Time (sec.)

Figure 6-01. The guantity of collected cattle blood in relation to the bleeding time/?.

6.2  Collection and Processing

Three methods are used for the collection of blood at slaughter facilities:
¢ Use of drain tubes,
*  Use of a gully or vat,
*  Ablood-drain on the floor.

The first method is very labour-intensive and only practiced in the collection of blood
for processing of high quality products, e.g for human consumption and pharmaceutical
preparations. The second and third methods are more commonly used in blood collection
but the latter is less hygienic(? 2%,
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Fresh blood coagulates quickly and deteriorates easily. Thus immediately after
collection, treatment by preservation or drying is necessary. Stirring fresh blood and/or
adding chemical anticoagulants, such as oxalic acid or trisodium citrate solution,
prevents coagulation(? 3,

Preserving fresh Blood

Fresh blood can be preserved by adding formic acid, salt (NaCl) and unslaked lime,
sulphuric acid (H,SO,), and potassium-metabisulphite (K,S,0;). Not all of these preser-
vatives have the same degree of efficacy. Acids kill and control growth of germs
aside from being a preservative*?. Deep-freezing is another practice of preserving
fresh blood®.

Drying of Blood

Drying is the most effective mode of preserving fresh blood. However, processes where
high temperature is applied for a long period are disadvantageous. The high temperature
damages the protein and reduces the digestibility of the blood meal(’* 2% 4)_ Spray-
drying gives a better blood meal quality than drum-drying. When spray-drying, the blood
is evaporated to 40 to 50% solids in a vacuum at low temperature (49°C) after which
the material is sprayed into a hot air stream of 316°C* %),

Coagulated blood is used in the ring drying process (also called flesh-drying).
The fluid is pressed-out from the coagulant and the solid matter enters an elliptical hot
air stream at 400°C where it stays for less than one minute. Drum-drying follows a
similar process(?.

Blood meal made from de-fibrinated blood is water soluble, while the meal from
coagulated blood is insoluble. The quality of blood meal depends very much on the
drying temperature. High quality blood meal is of reddish to dark-greyish colour.

6.3  Chemical, Physiological and other Properties
Chemical Properties
The nutrient content of blood meal varies widely (Table 6-01). The fat and carbohydrate

content is rather low.

Table 6-01: Chemical composition of fresh blood and blood meal (% in dry matter)(/. /4 25.30.43)

Fresh blood Blood meal
Mean Variation
Dry matter - 90.3 87.8 - 93.0
Crude protein 90.8 92.5 72.3 - 96.6
Crude fat 0.5 1.2 0 - 59
Crude fibre - 0.9 04 - 1.0
Crude ash 5.8 53 20 - 15.6
N-free extract 29 33 0 - 107

Organic matter 93.2 929 73.8 - 97.8
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Protein is the most important component of blood meal and is affected by means of
drying (Table 6-02). The variation of the essential amino acids of blood meal is generally
not wider than in other feedstuffs, however there is some disproportion®?#¥). Blood meal
is a rich source of leucine but a poor source of methionine and isoleucine/®”. Compared
to whole chicken egg protein blood meal is low in isoleucine, cystine and methionine.
The aromatic amino acids tyrosine and phenylalanine are sufficiently present and the
lysine content is high (Table 6-03)%.

Table 6-02: Effect of drying procedure of blood meal on the crude protein (%) and
amino acid (g/16 g N) content®

Drying procedure Crude protein Amino acids

Lysine  Methionine  Cystine Arginine

Freeze drying 93.5 9.6 13 1.5 -
Dried at 100°C/24 hours 94.3 9.2 1.2 1.5 -
Ring-drying 90.0 9.7 14 1.4 4.1
Open-air drying 873 7.8 1.0 0.7 -
Norwegian Standard’ 81.5 8.5 1.3 43

! Minimum requirement

Table 6-03: Essential amino acid content of the protein (g/16g N)

of blood meal? 0- 4. 29. 30. 43

Mean Variation
Arginine 4.01 3.28 - 4.60
Histidine 5.49 443 - 5.70
Isoleucine 1.08 0.71 - 1.40
Leucine 11.82 10.18 -13.40
Lysine 8.53 6.90 - 9.60
Methionine 1.19 0.87 - 1.50
Phenylalanine 6.44 5.66 - 7.30
Threonine 4.50 3.62 - 5.40
Tryptophan 1.21 1.04 - 130
Valine 8.10 6.76 - 9.60

The vitamin content of blood meal is quite insignificant. Except for the iron content,
provided by haemoglobin which is an organic compound of iron, the macro and trace
mineral content of blood meal is low for practical feeding (Table 6-04). The calcium:
phosphorus ratio is 1:1.36.
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Table 6-04: Macro and trace minerals and vitamin content of blood meal(/# 3. 37.43)

Minerals Vitamins (per 1,000 g)

Calcium % 0.30 Vitamin D LU. 600
Phosphorus % 0.22 Vitamin E mg 20.0
Sodium % 0.69 Vitamin B, mg 0.4
Potassoium % 0.35 Vitamin B, mg 2.5
Magnesium % 0.07 Vitamin B mg 2.0
Sulphur % 0.33 Vitamin B, mcg 14.8
Manganese mg/kg 11.2 Biotin mg 0.2
Iron mg/kg 2,273.0 Folic acid mg 0.2
Zinc mg/kg 82.8 Nicotinic acid  mg 27.2
Copper mg/kg 9.2 Pantothenic acid mg 2.8
Fluorine mg/kg 36.7 Choline mg 818

Physiological Properties

Energy content and digestibility of blood meal are highly affected by the method of
drying and the drying temperature (Table 6-05, 6-06). In rats the true digestibility
of blood meal protein is as high as 99.0%(!%). The apparent digestibility of blood meal
for salmonids (97.0%) and chinook salmon (Oncorhynchus tschwawytscha) (95.4%) is

high %8 but it is low for rainbow trout (Salmo gairdneri) (89.4%) 3% .

Table 6-05: Digestibility, and metabolisable and digestible energy of differently processed blood

meals (basis: dry matter) for rainbow trout (Salmo gairdneri) (RT) and chinook salmon
(Oncorhynchus tschawytscha) (CS)('8 30

Blood meal
drying process

Digestibility

Energy

Protein Energy Metabolisable Digestible
% %o kcal/kg kcal/kg
De-hydrated'# RT 324 448 2,441 2,514
Spray-dried* RT 65.2 65.8 3,440 3,406
Ring-de-hydrated3# RT 87.0 76.7 3,935 4,383
Ring de-hydrated'+* RT 89.4 89.0 4,483 5,086
Disc-dried (30%2) CS 29.4 31.9 - 1,864

1'50% of diet; 230% of diet; 3 25% of diet; * determined in the metabolism chamber
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The average availability of lysine ranges between 70 and 75%. Poorly processed
blood meals still have a lysine availability of 65 to 69%('4 4. After three months of
storage of blood meal, the lysine activity declined by 25% The content of available
amino acids is also affected by the analytical procedure used. The microbiological assay
provides the highest results (12.6 mg/16 g N), followed by biological tests (9.5 mg/16 g N)
and chemical analysis (7.7 mg/16 g N)43),

Table 6-06: Effect of the drying temperature in the cylindrical dryer
on the protein digestibility of blood meal in pigs*?

Drying temperature Protein digestibility
°C %
180 64 to 67
80 to 90 87 to 90
Hygienic Aspects

The bacterial count is a significant criteria for the quality of blood meal. It is greatly
influenced by the hygienic methods used in the collection of fresh blood and the storage
conditions of the processed product. Up to 100 to 100,000 germs per ml were found in
fresh blood and blood meal®?. Acid treated blood is less contaminated with germs than
untreated blood because the total bacterial count is related to the pH of the material®#.
Germ count increases rapidly and as much as 25-fold (Table 6-07), even if blood has
been collected under very hygienic conditions and is refrigerated®®).

Table 6-07: Refrigerated storage of blood and the effect on the bacterial count(?”)

At time Days of storage
of collection
1 2 3 6
Blood, collected by drain-tube 400 400 500 2,000 10,000
Blood, prior to centrifuging 500 1,000 400 70,000 7,900,000
Blood plasma 90 140 900 21,000 8,600,000

Blood corpuscle fraction 400 600 1,000 200,000 9,000,000
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6.4 Feeding Value

Carefully processed blood products are useful protein feedstuffs for aquatic animals.
In land animals blood meal has been tested widely, but it is not recommended for use as
the only protein source of the feed formulation(® # 26 43, Blood and blood meal in mink
diets contribute to the prevention of fish-induced anaemia after feeding raw fish of
certain fish species(®> %),

6.4.1 Blood meal

Fishes

In chinook salmon (Oncorhynchus tschawytscha) positive effects were observed
when up to 5.0% fish meal in starter diets were replaced by spray-dried blood meal.
At a level of 17.5% blood meal in exchange for fish meal, pathological effects in fish
were noted’®). Chinook salmon responded poorly to a diet containing 30% of a disc-dried
blood meal of inferior quality(/®.

Two different sources of blood meal replaced herring meal at levels of 13.6% and
27.2% in diets for rainbow trout (Salmo gairdneri) and Atlantic salmon (Salmo salar).
At the lower blood meal level fish yield was significantly better than the control. At the
higher inclusion rate there was no difference when compared to the control®.

There was little difference in weight gain of rainbow trout when 1/3 of the standard
protein (casein-gelatin protein [75:25]) was replaced by blood-feather meal (50:50), but
when 2/3 of the standard protein was replaced, weight was reduced. Pathological
changes of any organs were not noted. Blood-feather-poultry meal (1/2:1/3:1/3) as the
only protein source for rainbow trout is a better combination®? 34,

Inconclusive test results were seen when 10% blood meal replaced feather meal of
a diet for rainbow trout composed of feather meal and poultry offal meal as the only
animal protein sources®®. Replacing 75% of the fish meal in a diet for rainbow trouts by
a combination of blood meal and rendered carcass meal depressed weight gain and feed
conversion by 19% and 20%, respectively. But reducing the replacement level to 25%
gave almost similar results as with pure fish meal (Table 6-08)/7).

Table 6-08: Replacement of fish meal by a combination of blood meal and rendered carcass meal in diets for

rainbow trout (Salmo gairdneri)'”

Control Test Test

Protein provided by:
Fish meal % 100.0 25.0 25.0
Poultry offal meal % - - 50.0
Blood meal/rendered carcass meal % - 75.0 25.0
Weight gain g 133 108 130

rel. 100.0 81.2 97.7
Feed conversion 1: 1.33 1.59 1.34

rel. 100.0 119.5 100.8
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Blood meal trials with tilapia (Oreochromis spp.) gave inconsistent results. Best per-
formances of tilapia fingerlings were noted when 10% of the diet’s protein was blood
meal, but replacement levels of more than 50% of the dietary protein reduced growth
rate and feed conversion®”. However, in the supplemental diet for cage-cultured Nile
tilapia around 40 to 60% of the fish meal could be replaced by blood meal without
negative response(“’). Exchanging all fish meal with blood meal in the diet for juvenile
tilapia resulted in a progressive reduction in growth rate and feed utilisation (Table 6-09)/.

Table 6-09: Blood meal replaces fish meal in diets for juvenile tilapia

(Oreochromis mossambicus) (Feeding period: 7 weeks)?

Fish meal % 21.8 - -
Meat and bone meal % 10.0 320 18.7
Blood meal % - 5.0 10.0
Crude protein % 359 36.6 35.7
Fat % 12.6 12.5 12.5
Ash % 13.2 134 11.3
Initial weight g 1.13 1.05 1.07
Weight gain % 302 266 227
Specific growth rate % 2.84 2.65 2.42
Feed conversion 1: 2.24 2.47 2.70
PER 1.14 1.01 0.94
Carcass composition (in the dry matter)

- Crude protein % 58.5 60.0 62.2
- Lipid % 219 203 19.1

- Ash % 15.5 15.6 16.7

The combination of blood meal (52%) and algae meal (32%) as the major protein
sources in the diet for the carnivorous African catfish (Clarias lazera) performed better
than feeding blood meal or algae meal alone?. Blood meal in the diet for juvenile
Colossama macropomum was found to be inadequate as the only protein source(/?.

Crustaceans

The partial protein replacement of fish meal by blood meal at inclusion rates ranging
from 5.0 to 10.0% in diets for the yellow leg shrimp (Penaeus californiensis) showed
growth depression. Blood meal was also found to be inferior in diets for the Sao Paulo
shrimp (Penaeus paulensis) when it replaced fish meal, shrimp meal, clam, soybean
meal and even rice bran®®,

Marine, white leg shrimps (Penaeus vannamei) did not show significant differences
in weight gain, feed conversion and survival when fed diets containing 10% levels of
differently processed blood meals (Table 6-10). Blood meal, therefore, may replace
marine proteins in grow-out diets for medium sized shrimps*").
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Table 6-10: Differently processed blood meal as a protein source in diets for Penaeus vannamei
(42 days test)("

Blood meal:

- Ring-dried % - 10.0 - - -

- Acidulated! % - - 10.0 - -

- Acidulated? % - - - 10.0 -

- Acidulated® % - - - - 10.0
Methionine % - - - 0.90 -
Protein-mix* % 45.00 30.65 31.80 30.20 30.60
Crude protein % 55.40 55.38 55.40 55.39 56.37
Fat % 5.38 5.38 5.38 5.36 5.36
Mean weight gain g 4.52 4.50 4.15 4.00 3.69
Feed conversion 1: 1.63 1.91 1.76 2.00 1.99
Survival rate % 100.0 96.8 96.8 93.6 96.8

! Acidulated, sun-dried blood meal; > Acidulated, sun-dried blood meal with crystalline methionine
added; * Acidulated, sundried blood meal with covalently linked methionine; * Marine protein-
mix = 1/3 squid meal, 1/3 shrimp meal, 1/3 fish meal

6.4.2 Preserved Blood

Growth was poor, but the fish appeared to be healthy when fed blood preserved by acid
as the sole protein source for several weeks'”.

Acid preserved blood and blood preserved by freezing replaced half the amount of
raw fish or fish offal in moist diets for rainbow trout (Salmo gairdneri) and Atlantic
salmon (Salmo salar) without resulting in significant differences from the control in
weight gain and health (Table 6-11). This also does not significantly affect the fish
quality such as dressing percentage, chemical composition of fish fillets, pigmentation,
taste and texture and colour of the liver. Without any performance depressing effect, 17%
of the protein in a moist diet for salmonids can be replaced by preserved blood(.

6.5 Recommended Inclusion Rates

Blood meal is a useful protein source for aquatic animals. Its nutritional value highly
depends on the drying process of the blood. Blood meal of good quality may replace
25% of the diet’s protein content without significant depressing effects. For practical
conditions blood meal in aquaculture diets should not exceed 5.0% for young animals
and 10.0% for older animals.

Preserved blood is more suitable for older than for young fish. In most diets the appli-
cation rate is in the range of 15 to 20% of the total protein content.



6.6

BLOOD PRODUCTS 77

Table 6-11: Effect of blood silage in the moist diet for rainbow trout (Salmo gairdneri) and
Atlantic salmon (Salmo salar)”’

Control Test Change'

Fish, frozen %o 60.0 30.0
Blood silage % - 326
Crude protein? % 49.4 49.8
Metabolisable energy? kcal/lkg 3,560 3,560

Ml/kg 14.9 14.9
Protein from blood % 0 18.8
1. Rainbow trout:
Weight gain g 944 874 -14
Daily growth rate % 0.50 0.54 +8.0
Condition factor 1.59 1.58 -0.6
Dressing percentage % 79.1 79.0 -0.1
2. Atlantic salmon:
Weight gain g 681 742 +8.8
Daily growth rate % 0.67 0.71 +6.0
Condition factor 1.18 1.18 +0
Dressing percentage % 88.4 89.0 +0.7

! Control = 100%; 2 In the dry matter

Legal Aspects

AAFCO™ has listed two blood meal products:

Blood meal (No. 9.61) (Requirement: The drying process has to be labelled
[conventional cooker dried, steamed, hydrolysed]);

Blood meal, flash dried (No. 9.62) (Requirement: Min. 80% biological activity
of lysine).

According to the German feedstuff legislation blood meal is a permitted single feedstuff
and defined as “a product derived from blood of slaughtered animals, inclusively poultry
blood. It has to be free of impurities”(“? and has to meet the following requirements:

Moisture: max. 10.0%
Crude protein: min. 80.0%
Protein digestibility

(Pepsin digestibility): min. 90.0%
Ash: max. 4.5%.

There are no legal restrictions with regard to the use of blood meal provided it is not
contaminated with pathogenic organisms such as Escherichia coli and Salmonella.
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7. BREWERS’ GRAINS (DE-HYDRATED)

7.1 Rationale

Brewers’ grains is a by-product of beer brewing which has been practised by the ancient
Egyptians 5,000 years ago. Beer is an alcoholic, carbon dioxide-containing beverage.
It is produced by fermentation, predominantly from barley, yeast, hops and water.
Wheat, rice, maize, sugar cane and tapioca can also be used for beer making. Even in
Great Britain alone, about 900,000 MT fresh brewers’ grains, equivalent to 200,000 MT
dried brewers’ grains, are available annually//”),

7.2  Manufacture and Processing

After the initial stage of malting grains (barley), enzymes (amylases) are formed and
convert the starch into sugar. Enzymatic activity is stopped by drying the sprouted barley.
Malt hulls are removed and the pure malt is mashed together with other components.
The mash is pressed to separate the liquid (wort) from the solids (brewers’ grains)® 9.
Only the liquid wort is of interest for beer brewing (Figure 7-01). Fresh brewers’ grains
contain only 20 to 24% dry matter and cannot be stored because at high environmental
temperature fresh brewers’ grains decay rapidly.

De-hydration of brewers’ grains is costly®. Between 110 to 130 kg fresh brewers’
grains (20% dry matter) are obtained from 100 kg barley. Dried brewers’ grains may
contain 3.0% dried spent hops and 0.25 to 0.80% of the malt dry matter as dreg®.

7.3  Chemical, Physiological and other Properties

Chemical Properties

The raw materials used affect the chemical composition of dried brewers’ grains.
When dried spent hops and dreg are added to dried brewers’ grains, the chemical
composition is adulterated and no longer typical of the product®. The chemical compo-
sition of dried brewers’ grains is compiled in Table 7-01. Seriously limiting amino
acids are lysine and methionine + cystine//?. Lysine availability amounts to only
0.78 g/16 g N (total lysine: 0.88 g/16 g N) (Table 7-02)/7). The crude fat contains 3.0%
linoleic acid (18:2n-6). Of the total phosphorus content only 0.15% are available
phosphorus (Table 7-03)(7.
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BARLEY
(100 kg)
::;tnﬁff:“ts Barley Malt
(3.0 50 5.0 kg) (100 kg)
Wort Brewers' Grains
(further (fresh)
processing (110 t0 130 kg
to beer) - 20.0% DM)

Dried Brewers'
Grains

(25.5 to 29.0 kg
- 90% IM)

Figure 7-01. Diagram of the processing of dried brewers’ grains (4ar from: (4)),

Table 7-01: Chemical composition of dried brewers’ grains (as fed) ¢ 7 % 14

Mean Variation
Dry matter % 92.3 92.0 - 93.0
Crude protein % 259 234 - 272
Crude fat % 7.0 59 - 92
Ash % 4.3 36 - 52
Crude fibre % 144 120 - 185
N-free extract % 44.5

81
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Table 7-02: Essential amino acid profile of dried brewers’ grains (g/16 g N)

7 (15) Mean
Arginine 1.30 1.27 1.29
Histidine 0.60 0.52 0.56
Isoleucine 2.00 1.54 1.77
Leucine 3.20 2.49 2.81
Lysine 0.88 0.88 0.88
Methionine 0.45 0.46 0.46
Phenylalanine 1.80 1.44 1.62
Threonine 1.00 093 0.97
Tryptophan 0.37 0.37 0.37
Valine 1.20 1.61 141

Table 7-03: Mineral and vitamin contents of dried brewers’ grains

Minerals® 7. 13 1) Vitamins (per 1,000 g)7- ' 19
Calcium % 0.30 Vitamin E mg 26.60
Phosphorus % 0.54 Vitamin B, mg 0.63
Sodium % 0.23 Vitamin B, mg 1.40
Potassium % 0.08 Vitamin By mg 1.03
Magnesium % 0.15 Vitamin B , mcg 40.00
Chlorine % 0.15 Biotin mg 0.44
Sulphur % 0.30 Folic acid mg 0.38
Manganese  mg/kg 373 Nicotinic acid mg 43.70
Iron mg/kg 245.0 Pantothenic acid mg 8.33
Zinc mg/kg 27.5 Choline g 1.79
Copper mg/kg 21.2

Selenium mg/kg 0.7

Iodine mg/kg 0.06

Cobalt mg/kg 0.07

Physiological Properties

Dried brewers’ grains is merely a feedstuff for ruminants and the use for monogastric
land animals is limited® due to its high crude fibre content. Its protein fraction is
relatively insoluble in the rumen(®.

The metabolisable energy of dried brewers’ grains for cold water fish and for poultry
is not much different (Table 7-04). The digestibility of dried brewers’ grains in aquatic
animals has not yet been established but the digestibility of the organic matter for pigs
and ruminants is only 46% and 64%, respectively(®.
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Table 7-04: Metabolisable energy values of dried brewers’ grains (as fed)

Species kcal/kg MlJ/kg Reference

Cold water fish 2,392 10.01 (13)

Poultry 2,510 10.50 7
Other Properties

Dried brewers’ grains has a bulk density of 0.22 to 0.25 MT/m>. It is an ingredient
antagonistic to water durability of aquaculture feed pellets, particularly if used at high
levels(’?. The pelletising ability is low and the molasses-absorption capacity amounts
to only 9.0%19.

7.4  Feeding Value

Comparable experiments with dried brewers’ grains in aquatic animals have not been
carried-out. Under extensive systems of fish production dried brewers’ grains have been
used for fishes which are not too finicky with regard to their diet (Table 7-05). The feed-
ing value of dried brewers’ grains for aquaculture diets is low just like experiences with
terrestrial farm animals, except of ruminants & 9. Nevertheless, it can be a source of
protein and energy for aquaculture diets(/?/

Table 7-05: Dried brewers’ grains in practical fish diets

Fish species Inclusion Type of feed/ Country Reference
rate weight of animal

African catfish

Clarias gariepinus 10.0 grower CAR! (18)
Tilapia
Tilapia discolor 12.0-19.0 3.0-100 g Ghana (16)

! Central African Republic

7.5 Recommended Inclusion Rates

Dried brewers’ grains is a feedstuff for undemanding aquatic animals that are produced
under extensive conditions. The inclusion rate of the completed feed ranges between 10
and 15%.
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7.6  Legal Aspects and Precautions

Legal Aspects

Brewers’ dried grains is a permitted single feedstuff in the U.S.A. and EU. In U.S.A.
brewer’s dried grains (No. 15.01) may contain not more than 3.0% pulverised dried
spent hops”). The EU regulation does not have any specific requirements for brewers’
grains, de-hydrated (No. 1.41). The German feedstuff legislation rules that brewers’ grains,
de-hydrated, has to meet the following specification(/?:

¢ Moisture: max. 13.0%

¢ Crude fibre: max. 17.0%

¢ Crude ash: max. 4.5%.
Precautions

Dried brewers’ grains should not be used if infected with the pathogenic Bacillus cereus
which is the cause of food and feed poisoning and also of bovine mastitis’). According to
U.S.A.-estimates in 1989 about 84,000 cases of Bacillus cereus infections were recorded(”)
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8. CASEIN (DE-HYDRATED)

8.1 Rationale

Casein is the protein of milk and the basic component of cheese. The term “casein” is
derived from the Latin word “caseus” for cheese. World production of casein is growing
steadily with New Zealand as the main producer. In Norway about 80% of casein
production is extracted from cow’s milk and the remaining 20% from goat’s milk(”.

Casein is used in diets for human and animal (land and aquatic) consumption.
Dehydrated casein has a wide field of application and is primarily used for industrial
purposes, as in the paper, paint, cosmetics, pharmaceutical and food industries, leather
processing, plastics and industrial glues. A new product is garment buttons from
casein(?,

8.2 Manufacture and Processing

Skimmed milk, derived from the separation of the butterfat from whole milk, is the basis
for casein production. It is pasteurisised prior to adding coagulants. By addition of acid
or rennet the precipitation of casein as casein curd in the watery media is achieved.
The curd is extensively washed, dried and ground. A dehydrated casein with a brownish
colour may be obtained due to lactose that has not been removed before drying. Sodium
caseinate and calcium caseinate are salts of casein.

8.3  Chemical, Physiological and other Properties

Chemical Properties

Casein is a protein feedstuff with a mean crude protein content of 87.9% (Table 8-01).
Not less than 78% of the milk’s total nitrogen content is casein-nitrogen (Figure 8-01).
The protein is available in the form of phosphoprotein.

Table 8-01: Chemical composition (%) of casein (dehydrated) (as fed) /- 12 14.31.49)

Mean Variation
Dry matter 91.2 88.4 - 940
Crude protein 87.9 84.0 - 925
Crude fat 0.7 02 - 1.1
Ash 33 1.8 - 55
Crude fibre 1.1 02 - 20
N-free extract 59

Lactose <0.1
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MILK TOTAL N
100.0%
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[
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Figure 8-01. Composition of the nitrogen fraction of milkdarafrom: (14),

Casein contains adequate amounts of all the essential amino acids but with a wide
variation within the individual amino acid (Table 8-02). This variation is influenced by

seasonal changes (Figure 8-02)/?), location of the dairy farms, species and breeds(> % %
40, 41, 48, 54)

Table 8-02: Essential amino acid profile of dehydrated casein (g/16 g N)(# 7 /1. 12.31.43.49)

Mean Variation
Arginine 3.69 332 - 4.00
Histidine 2.54 2.59 - 3.40
Isoleucine 5.26 4.10 - 7.70
Leucine 9.41 8.70 - 11.00
Lysine 7.89 7.14 - 840
Methionine 291 2.19 - 340
Phenylalanine 522 4.67 - 5.60
Threonine 4.16 371 - 4.60
Tryptophan 1.20 092 - 1.50

Valine 6.37 540 - 7.50
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Figure 8-02. Seasonal variation of casein’s amino acidsdefom: (19),
Fat-soluble vitamins are associated with butterfat, hence casein contains only traces
of them. The water-soluble vitamins are available in nutritionally significant amounts

(Table 8-03). The content of macro and trace minerals of casein are in Table 8-03.

Table 8-03: Mineral and vitamin contents of de-hydrated casein

Minerals(> /237 Vitamins (per 1,000 g)* /%37
Calcium % 0.32 Vitamin A LU. 69
Phosphorus % 0.58 Vitamin E mg 0.5
Phosphorus, Vitamin B, mg 0.40
available % 0.41 Vitamin B, mg 1.50
Sodium % 0.01 Vitamin B mg 0.63
Potassium % 0.01 Vitamin B , mcg 14.00
Magnesium % 0.01 Biotin mg 0.03
Manganese mg/kg 4.2 Folic acid mg 0.37
Iron mg/kg 14.0 Nicotinic acid  mg 1.43
Zinc % 27.0 Pantothenic acid mg 2.60

Copper mg/kg 4.0 Choline g 208.50
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Physiological Properties

The protein digestibility of casein depends on the species (Table 8-04), the period
of feeding, size of the animal and the starch content of the diet. The higher the dietary starch
content, the lower the protein digestibility of the casein®’. The apparent digestibility in
juvenile rainbow trouts (Salmo gairdneri) is lower than that of larger fish®”,

Table 8-04: Protein digestibility (%) of casein

Species Digestibility Reference

1. Apparent digestibility

Salmonids (Salmo spp.) 92.0! (17.20.22.3744)
Common carp (Cyprinus carpio) 92.4? 17
Channel catfish (Ictalurus punctatus) 92.6° (17
European eel (Anguilla anguilla) 99.0 (42)
Tiger prawn (Penaeus monodon) 97.9 &

2. True digestibility
Rainbow trout (Salmo gairdneri) 99.0 62)

Common carp (Cyprinus carpio) 99.0 (20)

! average of 24 analysis; % average of 18 analysis; > average of 8 analysis

The Protein Efficiency Ratio (PER), Net Protein Utilisation (NPU) and the Biological
Value (BV) of casein protein, range between 2.0 and 3.9, 38 and 63, and 38 and 80,
respectively(® 28 30, 33.34)

The gross energy of casein-silage (33.3% dry matter) for rainbow trout is 7.27 MJ/kg
(1,737 kcal/kg) and the metabolisable energy is 5.04 MJ/kg (1,205 kcal/kg)”). The digestible
energy of de-hydrated casein for rainbow trout is 21.80 MJ/kg (5,210 kcal/kg)?”).

The energy digestibility of casein for the European eel (Anguilla anguilla) is 98.0%%?).
Salinity does not affect the apparent digestibility of dry matter and protein by the tiger
prawn (Penaeus monodon) (Table 8-05). The amino acid digestibility was lowest for
phenylalanine (71.0%) and best for lysine (94.5%)%.

The phosphorus availability of casein is 90% for rainbow trout, 97% for common carp
(Cyprinus carpio) and 90% for channel catfish (Ictalurus punctatus)> 3.

Table 8-05: Apparent digestibility of casein by penaeid shrimps

Species Salinity Digestibility (%) Reference
ppt

Dry matter Protein

Penaeus vannamei - 91.4 91.1 2
Penaeus monodon 16 84.3 93.3 (45)
32 83.5 93.0 (43)
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Other Properties

Since casein is used in technical glues it has a good pellet binding capacity and improves
the water durability of aquaculture feed pellets®”. Dietary amino acids coated with
casein are better utilised by the common carp than blends of amino acids and casein(29.
Finally, casein is non-toxic(3¢,

84  Feeding Value

Semi-purified and Purified Diets
Semi-purified and purified research diets are made from refined ingredients with
defined analysis. Casein has been found to be a good protein source for test diets and
can be made vitamin-free for requirement studies. For test diets casein can be combined
with gelatine in the ratio of 5:1.

Diets with casein as the major protein source could nourish test animals without
showing symptoms of deficiencies or abnormal mortality rates(’> /¢ 43, On the contrary
some research workers have reported lower feed intake, poorer growth rates and fatty
livers when casein was the only or the major protein source of a purified test diet®” ),

Fishes

About 1,000 g trout protein was produced from 2,000 g feed protein from casein as the
only protein source in a rainbow trout diet¥s 47, Lower performances were obtained
when moist diets containing casein silage were fed to rainbow trout and Atlantic salmon
(Salmo salar) (Table 8-06)7). The common carp (Cyprinus carpio) responded better on
untreated casein than on casein hydrolysate(®.

Table 8-06: Effect of preserved crude casein in moist pellets on performances of

rainbow trout (Salmo gairdneri) and Atlantic salmon (Salmo salar)”)

Casein % - 18.6 18.6
Raw fish % 60.0 33.6 33.6
Crude protein % 49.4 49.6 49.6

1. Rainbow trout

Weight gain g 944 900 811

Dressing percentage %o 79.1 78.5 79.0

Colour of liver score 0.6 0.5 0.5
2. Atlantic salmon

Weight gain g 681 704 671

Dressing percentage % 88.4 88.6 88.3

Colour of liver score 1.5 1.6 14
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The total replacement of protein from fish meal or krill meal by casein in diets fed to
rainbow trouts resulted in poor feed conversion and insufficient growth rates. The poor
effect could have been due to the low availability of some amino acids of casein and
inadequate supply of non-lipid nutrients’®® 3%, Insufficient growth rates were also
obtained when part of the animal protein (fish meal, feather meal, poultry offal-meal)
were replaced by casein(?* 49,

Feeding casein to rainbow trouts at varying levels also caused changes in the liver and
fatty livers (Table 8-07)(23 3. 38),

Table 8-07: Casein as the protein source in diets fed for 100 days to rainbow trout
(Salmo gairdneri)®

Casein % 20.0 40.0 40.0
Krill meal % 30.0 - 30.0
Crude protein % 36.3 36.4 55.4
Slaughter weight g 114 81 159
Feed conversion 1: 1.14 1.63 0.92
Hepato-somatic index! 2.74 2.26 1.70

liver weight (g) x 100

Body weight (g)

Crustaceans

Partial replacement of short-necked clam (Venerupis philippinarum) by casein in purified
basal diets for the kuruma prawn (Penaeus japonicus) did not give results comparable to
the nutritional value of the protein from short-necked clam. Furthermore, supplementation
of the diet with apparently deficient amino acids as well as the treatment of casein
hydrolysate with various types of protease did not improve performances/?. However,
by reducing the casein level in the diet to only 17.9%, prawns performed equally well as
compared to those fed the clam-protein diet. But by increasing the casein inclusion rate
to 36.4%, the performances of the prawns were inferior in growth and feed efficiency
(Table 8-08)/1),

Molluscs

Casein is considered as the most suitable protein source for maximising growth and
survival of cultured abalone (Haliotis spp.) and is even better than diets containing fish
meal(?? %% 31), Feeding the terrestrial snail Arion ater until maturity with casein containing
diets gave adequate growth and survival while reproduction performance was poor*”.
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Table 8-08: Replacement of clam protein by casein and other animal

protein sources in diets for Penaeus japonicus''!

Casein % - 17.9 36.4
Clam protein % 75.3 - -
Other animal protein % - 41.6 244
Crude protein % 59.3 56.5 56.7
Body weight g 1.92 2.05 1.72
Daily feed intake % 53 9.6 153
Weight gain % 200.0 210.6 164.6
Feed efficiency! % 67.4 38.0 21.1

1
Body weight (g) x 100

Feed intake (g)

8.5 Recommended Inclusion Rates

Casein may not be used as the only protein source, but can partly replace other protein
sources. The following inclusion rates are recommended:

e Fish feed: 10 to 15% casein (de-hydrated)
e Prawn feed: 10 to 15% casein (de-hydrated)
*  Mollusc feed: 20 to 30% casein (de-hydrated).

8.6  Legal Aspects

Casein is approved as a single feedstuff (No. 8.06) by the EU (EU-Directive 92/87 EEC
of 26 October, 1992). The feedstuff legislation of the Federal Republic of Germany
rules, that de-hydrated casein should contain not more than 12% moisture and at least
75% crude protein®?, Two different casein products are approved in the U.S.A.(0;
*  Casein, acid precipitated and de-hydrated (min. 80% crude protein) (No. 54.16);
*  Casein, hydrolysed and de-hydrated (min. 74% crude protein) (No. 54.21).
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9. CHEESE SCRAP

9.1 Rationale

Cheese is a food made from the curds of soured milk or fresh milk coagulated by rennet.
The major portion of cow’s milk is processed in dairy factories into butter and cheese.
Denmark produces not less than 40 different types of cheese amounting to 280,000 MT
a year®, and the Netherlands export around 500,000 MT of a total production of
580,000 MT™. The entire Europe produces more than 1.7 million MT of all kinds
of cheese®.

A by-product of processing, trimming and packing of cheese is cheese scrap.
The available quantity of cheese scrap is unknown because it is used for making cheese
spread and cheese powder for human consumption. Dairy factories also extract the
protein and fat from the scrap or throw into the dairy’s waste-water treatment(® % /3 19),

9.2  Processing

There are various methods used to dry cheese scrap. But it is also fed as is or mixed with
a carrier.

9.3  Chemical and Physiological Properties

Chemical Properties

Cheese scrap is both a protein and energy source. The percentage of the latter depends
merely on the fat content of the cheese used as food. Analytical data are shown in
Tables 9-01, 9-02 and 9-03.

Physiological Properties

Cheese protein is highly digestible. In dogs digestibility was found to be 88.7%.

The digestible energy varies with the fat content. The digestible energy of cheese in dogs

is 4,183 kcal/kg (17.5 MJ/kg)'9. Cheese is also considered as a good source of biotin(?).
Cheese scrap contains nitrosamines which are known to be a powerful chemical

carcinogen!/?). The estimated exposure to nitroso compounds of cheese in the U.S.A

amounts to 0.03 mcg per person per day(!)
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Table 9-01: Chemical composition of cheese and cheese scrap (in dry matter)

Cheese! Cheese scrap

(10) @ @
Dry matter % 35.0 62.0 91.0
Crude protein % 41.5 238 373
Crude fat % 46.2 30.7 22.0
Ash % 6.2 3.8 6.6
Crude fibre % - - 1.1
N-free extract % 6.1 41.7 33.0

Carbohydrates % - 38 -

Protein digestibility % 88.7 - -
Digestible energy kcal/kg 4,183° 4,3554
Ml/kg 17.5 - 18.2

! Swiss Emmental; 2 Manufacturer’s data; 3 in dogs, * calculated

Table 9-02: Profile of essential amino acids of cheese and cheese scrap (g/16 g N)

Cheese("? Cheese scrap!
Arginine 091 1.31
Histidine 0.73 0.94
Isoleucine 1.43 1.54
Leucine 2.26 4.17
Lysine 1.73 3.00
Methionine 0.60 0.96
Phenylalanine 1.70 1.75
Threonine 0.91 1.51
Tryptophan 0.28 0.39
Valine 1.48 1.74

! Manufacturer’s data

Table 9-03: Macro and trace mineral and vitamin contents of cheese (in dry matter)/?)

Minerals Vitamins (per 1,000 g)

Calcium % 1.01 Vitamin A U 9,191
Phosphorus % 1.08 Vitamin B, mg 0.7
Sodium % 0.53 Vitamin B, mg 4.8
Potassium % 0.45 Vitamin B mg 2.65
Magnesium % 0.01 Vitamin B,, mcg 23.1
Iron mg/kg 16.5 Biotin mcg 23.1
Copper mg/kg 1.8 Nicotinic acid mg 1.45

Iodine mcg/kg 50.0 Pantothenic acid  mg 3.85
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94  Feeding Value

Cheese and cheese scrap are a high quality protein source in feed formulations for poultry
and dogs® 19,

Cheese scrap was tested in diets for the rainbow trout (Oncorhynchus mykiss). Fishes
of two sizes (23.0 to 25.4 cm and 5.0 to 7.5 cm) were used for the experiment. The test
diets contained unprocessed cheese scrap (38% moisture) and were supplemented with
some amino acids. Weight gain of the small fish responded best on the cheese scrap diet
but feed efficiency was low. This indicates that the small fish may have difficulty utilising
the high fat content of the test diet (22.0%) compared to the control group (5.0% fat).
For the larger trout the cheese scrap diets were significantly (P <0.05) superior to the
control diet in both weight gain and feed efficiency. However, cheese scrap group had
a larger amount of abdominal fat than the control”.

9.5 Recommended Inclusion Rates

Cheese scrap appears to be a satisfactory ingredient in the diets of fish/”). Manufacturers
of cheese scrap recommend inclusion rates of 3.0 to 6.0%.

9.6 Legal Aspects and Precautions

Legal Aspects

AAFCO™ has listed cheese scrap under No. 54.17 as “cheese rind” which is obtained by
cooking cheese trimmings devoid of fat other than milk fat. No other requirements have
to be met.

Precautions

When not carefully handled and stored cheese scrap might be contaminated with
mycotoxins which are toxic to aquatic organisms. Aflatoxin can penetrate as deep as
4.0 cm from the surface of a whole cheese loaf'/"). Adulteration with other by-products
from cheese making might cause a high salt content of the cheese scrap’.
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10. COCOA-POD HUSK MEAL

10.1 Rationale

Cocoa (Theobroma cacao) of the family Sterculiaceae, is the ever-green tree of 6.0 to
8.0 m height of the tropical rainforest. The cocoa bean is an old Mexican stimulant and
foodstuff. From Mexico, it spread to all over the world. Africa is the major producer of
cocoa beans (53% of the total world production) followed by Latin America (31.3%) and
Asia (8.8%). The five most important cocoa producing countries supply almost 75% of
the total production (Ivory Coast, 26.0%; Brazil, 22.9%; Ghana, 12%; Malaysia, 6.5%;
Nigeria, 6.2%).

In Nigeria, more than 1.5 million MT of cocoa-pod husk are wasted annually’’” and in
Malaysia, an estimated 217,600 pods and 9,500 MT of bean shells are available®?.
In Nigeria, cocoa-pod husk is used as organic fertilizer'’” in soap manufacture(/” and animal
feeds® 9, Cocoa-pod husk has been utilised in poultry feed”), pigs® and in ruminants® 4 %,

The use of cocoa-pod husk meal (CPHM) has been found to be a potential feedstuff
in semi-intensive fish culture® % 0. 12),

10.2 Manufacture and Processing

Cocoa berries which contain about 20 to 50 cocoa beans are fermented for the removal of
the pulp. After drying, either under the sun or in a drier, the beans are screened and crushed
and separated into broken cocoa beans, husks and slacks (Figure 10-01)?.

Husks can be also sliced from fresh ripe cocoa-pods into flakes, oven-dried at 80°C to
moisture content of 10 to 12%. The dry husks are then milled®.

Theobromine as well as fat, are also extracted for pharmaceutical use from the pod husks?.

10.3 Chemical, Physiological and Other Properties

Chemical Properties
CPHM is low in protein and high in crude fibre and N-free extract and the lipid content
is quite low (Table 10-01) and majority of the glycerides are available in the form of
triglycerides.

The most important fatty acids of cocoa fat are:?%

e Palmitic acid 16:0 22.0 to 30.0%
e Stearic acid 18:0 32.0to 37.0%
e Oleic acid 18:1n-9 30.0 to 37.0%

e  Linoleic acid 18:2n-6 2.0to 4.0%
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Figure 10-01. Flow diagram in the processing of cocoa beans (0@ /fronm: 20)

Table 10-01: Chemical composition (%) of heat-processed cocoa-pod husk meal (CPHM),
cocoa pods, cocoa shells and cocoa beans, (/% 20)

CPHM Cocoa pods Cocoa shells Cocoa beans

Dry matter 87.7 90.4 91.8 94.0-95.0
Crude protein 9.0 6.3 8.0 17.0
Crude fat 25 0.5 1.7 50.0-60.0
Crude fibre 23.4 24.0 30.6 -
Carbohydrates - - - 9.0
Ash 7.4 7.8 8.3 -
N-free extract 57.7 61.4 514 14.0
Calcium - 0.41 0.41 -
Phosphorus - 0.39 041 -
Theobromine - - - 0.15

Caffeine - - - 0.2
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Physiological Properties

Cocoa-pod husk meal has a high gross energy content but the digestible and metabolisable
energy is low. The following energy values were found in the African catfish (Clarias
isheriensis)!!)

¢ Gross energy: 4,293 kcal/kg (18.0 MJ/kg)

¢  Digestible energy: 2,146 kcal kg ( 9.0 MJ/kg)

¢ Metabolisable energy 1,690 kcal/kg ( 7.1 MJ/kg)

One drawback on the use of CPHM is its theobromine content but there is no adverse
effect at certain levels in the fish diet. Apparent digestibility decreases with increase in
levels of CPHM (Table 10-02)®. In vitro dry matter digestibility and organic matter
digestibility of dried, chemically treated or ensiled cocoa-pods is lower than that of fresh
or frozen cocoa-pods(?).

Table 10-02: Apparent digestibility (%) of CPHM in diets for African catfish

(Clarias isheriensis)('!)

CPHM 0 15 30 45

Dry matter 83.0 759 73.5 69.7

Protein 85.0 76.9 72.6 69.0

Fat 86.2 78.3 76.0 75.7

Crude fibre 71.3 65.3 63.1 61.4

N-free extract 82.1 77.8 77.6 77.7
Other Properties

Theobromine (C,H;O,N,) a 3, 7-dimethylxanthine is a bitter, crystalline and toxic alkaloid.
It has diuretic and corona-widening properties®”. A high theobromine content is due to
fermentation of the shells before drying. Combined heat and chemical treatment can
reduce theobromine markedly/%/®). Cocoa-pod husk meal contains much lower theo-
bromine than other cocoa by-products. Depressed digestibility may be caused also by
tannins and related phenols”. Theobromine has deleterious effects on animals which
may restrict the use of cocoa by-products’”. However, an intake of 24 mg theobromine
per kg liveweight did not harm sheep or cattle®?.

10.4 Feeding Value

CPHM has been studied as an alternative energy source in low cost diets for the African
catfish where up to 45% maize was replaced’?. With increasing levels of CPHM in
the diet, the performances declined due to the increasing content of crude fibre and
theobromine (Table 10-03)°. A protein:energy ratio of 120 mg protein:1.0 kcal
digestible energy is required for optimum growth and maximum body protein deposition
in African catfish(/?).
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Cocoa-pod husk has been also found to be useful in supplemental diets in semi-
intensive culture of Nile tilapia (Oreochromis niloticus) and common carp (Cyprinus
carpio)® 13,

Table 10-03: Performances by African catfish (Clarias isheriensis) fed increasing levels of
CPHM for 180 days”

CPHM % 0 15 30 45

Mean initial weight g 60.42 60.42 60.42 60.42
Mean final weight g 225.24 220.52 213.97 210.86
Mean weight gain g 164.82 160.10 158.55 150.44
SGR/day % 0.73 0.72 0.72 0.69
PER 1.46 1.39 1.30 1.28
Feed conversion 1: 1.85 1.94 2.07 2.11

10.5 Recommended Inclusion Rates

Cocoa-pod husk meal may serve as an energy feedstuff for less demanding fish species
in extensive fish culture. The crude fibre content is the limiting factor. Levels between
15 and 25% in diets for these species of fish are recommended.

10.6 Legal Aspects

Trading of cocoa-pod husk meal is not allowed in certain countries?”. In Germany, only
the meal of solvent extracted cocoa beans is a permitted feedstuff?”’, which must meet
the following requirements:

¢ Moisture: max. 13.0%
¢ Crude protein: min.  23.0%
¢ Crude fat: max. 4.0%

According to German feedstuff legislation theobromine is an undesirable substance,
and not more than 300 ppm are permitted in a single feedstuff??).
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11. COFFEE PULP (DE-HYDRATED)

11.1 Rationale

Coffee is a drink brewed from coffee beans that comes from the tropical shrub of the
genus Coffea, botanical family Rubiaceae. Coffee beans are the shrub’s seeds embedded
in red berries. The botanical variety and the area where the coffee is grown are factors
that determine the quality of the coffee.

World-wide, about 5.5 to 6.0 million MT green coffee beans are produced a year, of
which more than 50% are grown in Central and South America. The coffee seed amounts
to about 20 to 25% of the weight of the red coffee berry. This means that a total of about
18 to 20 million MT of fresh coffee pulp is annually available. Only a small amount
is used as fertiliser for coffee plantations and as feed for cattle. The major portion of
the available coffee pulp is a pollutant to the environment.

Coffee hulls and spent coffee, the residues of instant coffee production, are not
suitable as a feedstuff for aquaculture(> 9.

11.2 Processing

The coffee bean is obtained by either removing the fruit-flesh (wet process) by fermen-
tation or by removing the flesh mechanically from the seed. After that the beans are dried
under the sun(/?. Fresh coffee pulp which deteriorates quickly, if not preserved by
drying, consists of the exocarp (outer fruit skin), the fruit-flesh and the seed skin
(endocarp)” 19,

11.3 Chemical, Physiological and other Properties

The chemical composition of the individual components of coffee pulp (exocarp, fruit-
flesh, endocarp) is considerably different (Table 11-01). Dried coffee pulp has a crude
protein content similar to that of maize. The amino acid composition is given in Table
11-02. Crude fibre, ash content and also N-free extract are high. Coffee pulp, therefore,
is merely an energy feedstuff (Table 11-02).

The fat of coffee pulp contains:

e Palmitic acid (C16:0) 28%
e Stearic acid (C18:0) 13%
¢ Oleic acid (C18:1) 17%

* Linoleic acid (C18:2) 36%.
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The unsaponifiable matter is around 28% and contains among others y-sitosterine and
di-terpenoids’?.

Coffee pulp also contains alkaloids and hydrocarbons such as caffeine (2.0%), tannic
acid (5.0%), polyphenols (3.0%) and chlorogenic acid”. In seed skin 0.25% caffeine
were found but in hulls only 0.07 to 0.12%!/?. High mortalities and weight losses were
observed in chicks and rats when diets contained 30 to 50% coffee pulp. Fermentation
of the pulp not only reduces and eliminates the toxic effects” but also lowers the
palatability of the dry pulp when fed to steers®.

Table 11-01: Chemical composition of the components of coffee pulp and spent coffee('?

Exocarp Fruitflesh Endocarp  Spent coffee

(dried) (dried)
Dry matter %o 855 96.4 89.6 91.3
Crude protein %o 8.6 6.6 29 13.2
Crude fat % 1.6 2.4 0.5 6.9
Ash %o 6.8 7.8 1.4 5.1
Crude fibre % 31.0 - 63.7 339
N-free extract o - - 24.5 31.2

Table 11-02: Essential amino acid content of dried coffee pulp/”

Arginine %o 0.55
Isoleucine %o 0.47
Leucine % 0.86
Lysine % 0.76
Methionine %o 0.15
Phenylalanine % 0.55
Threonine %o 0.52
Valine % 0.83

114 Feeding Value

Coffee pulp has been used as cattle feed at various inclusion rates. With increasing
levels of coffee pulp in the ration, the weight gain and feed conversion decreased.
However, coffee pulp inclusion of 10% gave a favourable economic conversion”: 2,

In tilapia (Tilapia aurea) a supplementary feed containing 30% coffee pulp was
evaluated against a feed without coffee pulp as a positive control. Compared with the
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control group there were no significant differences in mean weight gain and feed
conversion (Table 11-03). Coffee pulp was efficiently and economically converted into
fish flesh(?).

Table 11-03: Effect of dried coffee pulp in the diet for male tilapia
(Tilapia aurea) fingerlings (trial period: 70 days)(”/

Trial Control

Positive ~ Negative'

Coffee pulp % 30 - -
Wheat bran % 10 25 -
Groundnut seeds % 24 24 -
Cottonseed meal % 15 9 -
Fishes Nos. 100 100 100
Initial liveweight g 50 51 56
Final liveweight g 92 94 79
Daily weight gain g 1.21 1.24 1.06
Feed conversion 1: 1.95 1.96 N/R?

! Chicken manure as the only feed; 2 Not recorded

Coffee pulp at a level of 30% in the diet of common carp (Cyprinus carpio) and catfish
(Clarias mossambicus) did result in decreased growth rates compared to the control
group. Daily weight gain of common carp was reduced by 79.3%. Catfish which were
tested in earthern pond, floating cages and concrete tanks showed, for all treatments, daily
growth rates which were 45% lower than in the control group. Hence it was concluded
that the low cost coffee pulp is not an economical feed ingredient for common carp and
cat fish@,

11.5 Recommended Inclusion Rates

Coffee pulp may be a feed component for fish species that are not very demanding as to
the feed quality. The inclusion rate of dried coffee pulp in fish diets should not exceed
10 to 12%.

11.6 Legal Aspects and Precautions

German legislation prohibits trading of coffee pulp because it does not meet the require-
ment of a feedstuff(??. Otherwise no legal restrictions are known. However, due to the
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relatively high content of substances with toxic properties, the use of coffee pulp in feed
for aquatic animals should be carefully considered. Caffeine received a category III
GRAS-rating. This indicates that the use of caffeine is not a hazard but uncertainties exists.
Polyphenols, tannic acid and chlorogenic acids are naturally occurring toxicants®.
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12. CRAB MEAL

12.1 Rationale

Crabs are crustaceans and belong to the zoological order of Decapoda and the huge class
of gill-breathing Articulata and are important for human nutrition. They are found in
cold and warm waters, and live in freshwater and seawater(2%).

World-wide about 1,720,800 MT of crabs were landed in 1993(%. Crab meal is a
by-product from the processing of crabs for canning and deep-freezing. Depending on
the mode of processing and the species, about 60 to 80% of a crab is offal??, composed
of shells, viscera and unextracted meat. Waste as well as whole animals from various
species are used for producing crab meal® & 2% 23),

12.2 Manufacture and Processing

Crab meal is produced by drying the waste from crab processing and/or whole crabs.
Screening the crab waste prior to drying to remove the larger portion of shells, improves
the nutrient content of the crab meal. Sun-drying, produces poor quality crab meal,
due to the fast deterioration of the material. The use of drying equipment gives better
quality meal. After drying, the product is ground and screened(?”).

Crab protein concentrate is obtained from deboned crabs and purifying the meat with
isopropanol (Figure 12-01).

Rock Crab
(Cancer irroratus)

'

Cooking
Deboning

Maintained
at 40°C

~¢——— Extraction with 99% isopropanol

Purified crab protein
concentrate

Figure 12-01. Flow diagram for processing of crab protein concentrate®.
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12.3 Chemical, Physiological and other Properties

Chemical Properties

The chemical composition of crab meal is rather heterogeneous due to the variability
of the raw material. The average crude protein is about 32.2% with a wide variation
(Table 12-01)®. Pure crab meal contains 89% protein®”, Crab protein concentrate on
the other hand has a crude protein content almost double that of crab meal (Table 12-01).
The highest protein content is in the shoulder of the snow crab (Chinoecetes opilio)
(24.0%) and the lowest is in the legs (15.7%). While the lysine content is relatively high,
the methionine content is low (Table 12-02), the lysine:methionine ratio for crab meal
and crab protein concentrate is 2.6 and 2.9, respectively’.

Table 12-01: Chemical composition of crab meal, crab protein concentrate and pure

crab meal
Crab meal (as fed) Crab protein
(7.11.12,19, 21) concentrate
(as fed)’?
Mean Variation

Dry matter 92.7 92.0 -93.5 90.0
Crude protein 32.2 31.0 -37.6 60.5
Crude fat 2.8 20 - 5.0 0.4
Ash 39.4 36.1 -41.2 6.1
Crude fibre (chitin) 10.6 10.5 - 10.7 -
Carbohydrate (glucose) 21.6 -
N-free extract 7.7 -

Table 12-02: Essential amino acid profile of crab meal and crab protein concentrate (g/16 g N)

Crab meal Crab protein concentrate
(12,15, 17.21) (12,15,17.22)
Mean Variation Mean Variation
Arginine 1.94 1.6-25 6.48 55-7.6
Histidine 0.93 05-1.8 2.76 23-36
Isoleucine 1.62 12-25 3.36 2.7-37
Leucine 2.24 1.5-36 5.56 5.1-6.0
Lysine 2.26 14-4.0 4.19 25-6.7
Methionine 0.86 05-12 1.43 0.8-2.1
Phenylalanine 1.38 1.2-18 5.44 5.1-6.0
Threonine 1.03 1.0-1.1 4.00 3.5-4.7
Tryptophan 0.67 03-13 1.18 0.8-1.6

Valine 1.82 1.5-25 6.39 50-79
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The mean fat content of crab meal is low (Table 12-01). However, crab meal is rich
in poly-unsaturated fatty acids (38.6%) which are essential for penaeid shrimps(.
Furanoid fatty acids also referred to as “F-acids” have been found in tissues of crayfish
(Procambarus clarkii), particularly in the hepato-pancreas. They are components of
cholesteryl esters and triglycerides'®.

The crude fibre content of about 10% is moderately high due to the presence of chitin
which has a molecular structure similar to that of cellulose (Table 12-01)/#). The chitin
content of snow crab averages to 16%¥. The highest chitin content was found in
softshell crab backs (32.3%) and legs (32.3%) and lowest in hardshell crab backs
(18.7%)13).

The high ash content of crab meal (Table 12-01) is due to the exoskeleton of crabs
which is particularly high in calcium (Table 12-03) with levels between 9.0 and 21%(”.
There is little information on the vitamin content of crab meal but the contents of
Vitamin B,, and choline are relatively high (Table 12-03). Crabs are rich in carotenoids
whose distribution in the different parts of the crab vary widely. The back parts of
the exoskeleton have the highest pigment content (14.0%)*%.

Table 12-03: Mineral and vitamin contents of crab meal and crab protein concentrate

Minerals Vitamins (per 1,000g)

Crab Meal  Crab protein Crab Meal/'?

(12,30 concentrate(/2)

Calcium % 16.03 0.10 Vitamin B, mg 0.5
Phosphorus % 1.72 0.66 Vitamin B, mg 6.7
Sodium % 0.99 Vitamin B mg 7.2
Potassium % 0.51 Vitamin B, mcg 475.0
Magnesium % 0.99 Biotin mg 0.07
Chlorine % 1.64 Folic acid mg 0.1
Sulphur % 031 Nicotinic acid mg 49.0
Manganese mg/kg 145 Pantothenic acid  mg 7.0
Iron mg/kg 4,724 Choline g 2.18
Copper mg/kg 353

Iodine mg/kg 2.6

Physiological Properties

Limited information on energy values of crab meal are available. They are in Table 12-04.
The digestibility of whole crab (dehydrated) in rainbow trout (Salmo gairdneri) is 71.9%
for protein and 85.1% for energy/’”). The relatively low protein digestibility may be due
to the high ash content of crab meal and the practically indigestible, tough and horny
polysaccharide chitin(’% 20,
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Table 12-04: Energy values of crab meal per kg

Gross energy Metabolisible Digestible Reference
energy energy
kcal MJ kcal MJ kcal MJ
3,983 16.7 - - - - (20)
Rainbow trout - - 3214 134 3878 16.2 (16)
Fish! - - 2957 124 - - (n
Pigs - - - - 1,380 5.8 n

! species not stated

Other Properties
Crab meal is a good source of cholesterol and an excellent chemo-attractant(’¥). In addition,
it supplies phospholipids.

124 Feeding Value

Crab meal and crab protein concentrate are preferably used in crustacean diets rather
than in fish diets as a protein source and chemo-attractant.

Crab Meal

In diets for post-larvae and juvenile brown shrimp (Penaeus californiensis) red crab
meal replaced shrimp meal. The post-larvae shrimps responded better on crab meal than
the juveniles (Table 12-05)(?> 2%,

Table 12-05: Response of the brown shrimp (Penaeus californiensis) post-larvae and juveniles fed
diets containing crab meal instead of shrimp meal® (Basal crude protein:38%)

Crab meal % 0 10
Fish meal % 25 25
Shrimp meal %o 10 0
Soy bean meal % 27 27

Post-larvae:

Daily weight gain g 0.350 0.044

Survival % 85.0 85.0

Feed conversion 1: 5.0 4.1
Juveniles:

Daily weight gain g 0.040 0.037

Survival % 66.7 70.0

Feed conversion 1: 4.1 4.4




CRAB MEAL 113

Feeding crab meal as supplemental food for hard clam juveniles (Mercenaria
mercenaria) for 30 days showed that growth from final and dry weight were 2.5 times
significantly greater in the crab meal-fed clams than those of the non-fed control which
were kept only in flowing seawater().

Crab Protein Concentrate

Crab protein concentrate is a suitable protein source for purified diets for crustacean
nutrition research(®. Crab protein concentrate, and other animal and vegetable proteins
were used in determining the effect of protein on energy utilisation of kuruma prawn
(Penaeus japonicus). The better growth of prawns fed crab protein concentrate was due
to the efficient energy utilisation and the better digestibility of the crab protein compared
to fish meal with its lower digestibility®.

12.5 Recommended Inclusion Rates

Recommended inclusion rates for crustacean feed:

¢ Crab meal 5.0 to 10.0%

¢ Crab protein concentrate 5.0to 15.0%

These inclusion rates provide sufficient chemo-attractant power. Pelletising will be more
difficult if higher levels are used and crab meal will provide too much calcium to the diet.

12.6 Legal Aspects and Precautions

Legal Aspect
By-products of the processing of crustaceans are permitted as feedstuff by German
feedstuff legislation. It should contain not more than 4.0% ash and 12.0% moisture.
Crude protein, crude ash, and CaCO, content have to be declared on the label?¥).

Crab meal (AAFCO No. 51.4) in the United States has to contain not less than 25%
crude protein. A salt (NaCl) content of more than 3.0% has to be declared. In no case
must the salt content of crab meal exceed 7.0%(".

Precaution

The use of a good quality crab meal is important because a nearly all shell crab meal has
very little feeding value’?. Crab meal is prone to contamination with salmonella.
Requirements of the USA Feed and Drug Administration, therefore, have to be observed.
Not properly heated and processed crab meal also may be contaminated with other
microbe-producing toxins(?.
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13. DISTILLERY BY-PRODUCTS

13.1 Rationale

Fermentation and distillation of alcohol from grains has been known for at least 10,000
years™. The earliest recorded reference to distilling whisky in Scotland dates back to
149413, The recovery of materials from grains which has undergone fermentation (dis-
tillers’ feed) was developed by the beverage distilling industry®.

Originally distillers’ feeds were by-products from malted barley only. Nowadays, all
kind of grains are used for transforming starch into spirit?. There are four different prod-
ucts of distillers’ feed®:

* Distillers’ dried grains (DDG)

¢ Distillers’ dried solubles (DDS)

¢ Distillers’ dried grains with solubles (DDGS)
. Condensed distillers’ solubles (CDS).

Current annual production of distillers” dried grains in USA exceeds one million
tonnes. Twenty kg distillers’ dried grains (90% dry matter) and 12.6 kg distillers’ dried
solubles (90% dry matter) are recovered after de-alcoholisation from 100 kg maize”.

13.2 Manufacture and Processing

Distillers’ grains are simply spoken “grains minus the starch”. They are obtained from
the de-alcoholised fermentation residues which remain after grains have been fermented
by the yeast species Saccharomyces cerevisiae. All the important starchless nutrients are
recovered as distillers’ grains by condensing the remaining nutrients after starch removal®.
Because of the high moisture content fresh distillers’ grains cannot be stored, particularly
under hot weather conditions. To make them an easy to handle feedstuff, they have to be
drum-dried and preferably pelletised.

“Light” distillers’ dried grains (DDG) are obtained when the whole stillage is screened
for the removal of the coarser particles, pressing out the excess water and drying. “Dark”
distillers’ dried grains (DDG) are derived from processing the whole stillage. The latter
is more common* &,

The “thin stillage” is very watery, but contains large quantities of water soluble material
(e.g. protein, vitamins). The dry matter content amounts to 4.0% only. Thin stillage is
also named “pot ale”, if it comes from a malt distillery and “spent wash”, if the source
is from a grain distillery®®.

Condensed distillers’ solubles (distillers’ syrup) (CDS) are derived from condensing
the material to a dry matter content of 40 to 50%. Distillers’ dried solubles (DDS) is then
the spray or drum dried “pot ale syrup” and “evaporated spent wash”, respectively
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(Figure 13-01)®. Condensed distillers’ solubles are not used in the feed milling industry
as a feedstuff.

Distillers’ dried solubles (DDS) is a superior feedstuff. Since its processing is costly,
the distilling industry adds back the condensed distillers’ solubles to the press cake prior
to drying”)., “Distillers’ dried grains with solubles” (DDGS) is now the prevailing
distillery by-product. It represents over 95% of the distillers’ feeds used in animal feed
such as in pig formulations®#,

DISTILLATION

| 1

Thin Stillage
Alcohol (Pot ale) Press Cake
(Ethanol) 4.0% DM
Distillers’ Centrifuge
Syrup
40.0% DM Cake

L

L l

Distillers' Distillers' Distillers’
Dried Dried Grains Dried
Solubles with Solubles Grains

Figure 13-01. Diagram of the processing of distillers’ dried feeds.

13.3 Chemical, Physiological and other Properties

Chemical Properties
The chemical composition of distillers’ feeds is influenced by the raw materials used as
well as by the processing procedure and the type of equipment used in distillation®.

In general, distillers’ dried products are medium high protein feedstuffs (Table 13-01).
Wheat DDG have the highest crude protein content while rye DDG have the lowest
(Figure 13-02). However, the quality of the protein is not satisfactory due to an imbal-
ance of several amino acids (Table 13-02)(2%),

The fat content of maize DDG is considerably higher than those of other grains used
for distilling. The fat of maize DDG is rich in linoleic acid (18:2n-6) (3.0%) and
linolenic acid (18:3n-3) (0.4%). DDG and DDS also contain lactic acid at levels of about
4.0 and 8.0%, respectively(®.
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Table 13-01: Chemical composition of distillers’ dried products (% dry matter)
DDG from: DDGS from: DDS
Maize Wheat Rye Malt Milo Maize Maize
(23623.2426) (23,13 (13) 3) 8 (6,8.17,24) (3,17.24)
Dry matter 923 89.5 - 90.0 - 90.8 90.6
Crude Protein 28.5 31.8 21.2 275 27.0 27.8 295
Crude fat 10.2 6.6 6.9 35 7.0 10.0 11.3
Ash 4.6 49 44 6.0 5.0 4.7 9.0
Crude fibre 11.3 8.0 11.2 12.1 8.0 10.9 5.4
N-free extract 46.9 54.6 56.3 - - - -
%
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Figure 13-02. Variation of the crude protein content of distillers’ dried products.

Table 13-02: Essential amino acid profile of distillers’ dried
products (g/16 g N)(5 2426

DDG DDS DDGS
Arginine 1.10 0.97 1.34
Histidine 0.60 0.67 0.67
Isoleucine 1.00 1.32 1.30
Leucine 3.00 2.34 291
Lysine 0.60 091 0.76
Methionine 0.50 0.56 0.52
Phenylalanine 1.20 1.48 1.49
Threonine 0.90 1.01 0.93
Tryptophan 0.20 0.55 0.35
Valine 1.30 1.54 1.42
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The variation of the mineral content of distillers’ dried products is wide. They are
a good source of phosphorus, but the calcium content is low. Compared with maize
(0.07 mg/kg) the selenium content appears to be high (Table 13-03).

Distillers’ dried products are good sources of vitamins. They contain at least three-fold
as much Vitamin B,, nicotinic acid, pantothenic acid, folic acid and choline than the raw
grain (Table 13-04)®,

Table 13-03: Macro and trace mineral contents of distillers’ dried products

(as fed)(l 8, 24, 25, 26)

DDG DDS DDGS
Calcium % 0.14 0.35 0.15
Phosphorus % 0.70 1.24 0.70
Sodium %o 0.15 0.14 0.43
Potassium % 0.71 1.40 0.55
Magnesium % 0.20 0.66 0.21
Chlorine % 0.08 0.26 0.17
Sulphur % 0.42 0.36 0.31
Manganese mg/kg 25.00 63.00 23.67
Iron mg/kg 214.00 555.00 269.00
Zinc mg/kg 42.75 131.50 77.33
Copper mg/kg 41.72 124.50 47.45
Selenium mg/kg 0.27 0.36 0.39
Cobalt mg/kg 0.14 - 0.12

Table 13-04: The vitamins of distillers’ dried products (1,000 g, as fed)

(8, 24. 25, 26)

DDG DDS DDGS
Vitamin A L.U. 1,104 - 1,363
Vitamin D, L.U. - - 600
Vitamin E mg - 50.5 40.7
Vitamin B, mg 1.83 6.6 59
Vitamin B, mg 4.25 17.0 8.39
Vitamin B¢ mg 5.59 109 4.60
Vitamin B,, mcg 0.30 7.00 1.50
Biotin mg 0.34 1.60 1.04
Nicotinic acid mg 39.40 122.0 88.50
Folic acid mg 0.98 1.30 0.73
Pantothenic acid mg 9.05 229 13.83

Choline mg 1,080 4,687 2,548
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Physiological Properties
Distillers’ feeds are both protein and energy sources. However, only few information is
available on the energy value for aquatic animals (Table 13-05). The digestibility of
maize distillers’ dried solubles in rainbow trouts (Salmo gairdneri) is 71.9% for protein
and 58.6% for carbohydrates®”. In channel catfish (Ictalurus punctatus) the apparent
protein digestibility is 67.0%".

DDG and DDGS are relatively high in crude fibre which may limit their use as an
energy source, especially for salmonids(?”). The fortification of the compound feed with
lysine may be necessary when the source of distillers’ feeds is maize,

Table 13-05:  Energy values of distillers’ dried products

Type of energy Product Species kcal/kg Ml/kg Ref.
Metabolisable DDS Trout 2,283 9.55 (30)
Digestible DDS Trout 2,436 10.19
Digestible DDGS Pig 3,640 15.23 24
Digestible DDS Pig 3,346 14.00 o
Digestible DDGS Pig 2,271 9.50

Other Properties

Although distillers’ feeds are reported to have a positive effect on the pellet quality of
pelletised feed®, according to CPM-tests the pelletising ability and abrasiveness of these
products ranges only between low and medium(¥,

Distillers’ feeds are also a source of unidentified growth factors (UGF) (see chap-
ter 44)(8 %22,

The toxicity to salmonid fishes of certain distillers’ feeds due to the relatively high
copper content is questionable(?”,

13.4 Feeding Value

Fishes

In feeds for salmonids maize distillers’ dried solubles at levels of up to 10.0% have not
shown any negative response(’® 2%, DDS when replaced by DDG in diets for the chinook
salmon (Oncorhynus tschawytscha) significantly reduced growth due to poor acceptance
of the diet(*% - 12),

In the lake trout (Salvelinus namaycush) no substantial differences were found when
maize DDS and maize DDGS levels of 8.0% were compared. Weight and protein
efficiency ratio were not significantly different. Feed efficiency was significantly greater
in fish fed DDS but carcass protein of fish fed DDGS was significantly higher than fish
fed DDS(/7- 18),
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Distillers’ feeds are more useful in feeding of channel catfish (Ictalurus punctatus).
With DDS at levels of 5.0 to 14.0% good results were obtained. A suitable ingredient
for channel catfish diets is DDGS which has been used at inclusion rates of up to 40%.
Juvenile channel catfish fed diets wherein fish meal was partially or totally replaced with
DDGS and soybean meal showed no significant differences in weight gain, feed conver-
sion and survival rate to that of the control (Table 13-06)?% 28.31.34.39) However, at a level
of 70% DDGS the diet was lysine-deficient since the addition of chrystalline lysine sig-
nificantly improved growth®>.

Table 13-06: Replacement of fish meal by a fixed level of distillers’ dried grains with solubles (DDGS) and
soy-bean meal in diets for juvenile channel catfish (Ictalurus punctatus) (trial period: 12 weeks)*®

DDGS % 0 35.0 35.0 35.0 35.0
Menhaden meal (67%) % 12.0 8.0 4.0 0 0
Soybean meal (44%) % 48.0 35.0 42.0 39.0 48.5
Lysine (added) % 0 0 0 0 0.4
Methionine (added) % 0 0 0 0 0.1
Crude protein % 35.8 36.1 353 36.0 355
Fat % 6.2 10.0 8.4 8.7 8.4
Digestible energy kcal’kg 2,880 2,930 2,920 2,900 2,900
Lysine (total) % 1.80 1.70 1.79 172 1.81
Methionine (total) % 0.64 0.63 0.63 0.60 0.63
Weight gain g 41.6 42.5 36.7 38.0 420
% 362 354 299 337 406
Feed conversion 1: 2.16 2.09 2.29 2.36 2.05
Survival rate % 100.0 100.0 100.0 975 100.0

Feeding of DDGS does not significantly affect dressing percentage and carcass
composition of channel catfish (Table 13-07)(34.

Under extensive conditions in Puerto Rico, Tilapia (Tilapia aurea) were fed with raw,
viscous distillers’ soluble from rum distillation which were dumped into the ponds at
2,010 to 4,000 I/ha. The distillers’ soluble-treated ponds yielded 100% more than the
ponds without any feeding but 50% less than fish meal-fed ponds(®?.

Crustaceans

Information on the use of distillers’ feeds in crustaceans diets is scarce. Inconclusive
results were obtained when DDGS were fed to marine shrimps(/?. More promising results
were observed in the pond culture of the freshwater prawn Macrobrachium rosenbergii.
Results of increasing levels of DDGS up to 40% demonstrated its suitability as a feedstuff
for the freshwater prawn (Table 13-08)32 3%,
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Table 13-07: Effect of increasing levels of distillers’ dried grains with solubles (DDGS) on dress-

ing percentage and body composition of channel catfish (Ictalurus punctatus)¥

DDGS % 0 10 20 30
Final body weight g 217.6 207.8 224.4 226.4
Dressing percentage 53.4 522 54.0 54.4
Carcass composition:

- Protein % 59.2 59.9 55.3 54.8
- Fat % 36.1 36.7 40.6 394
- Ash % 59 5.6 59 6.5

Table 13-08: Effect of distillers’ dried grains with solubles (DDGS) as an ingredient in diets

for the freshwater prawn Macrobrachium rosenbergiit’?"!

DDGS % 0 20.0 40.0
Fish meal % 15.0 15.0 15.0
Crude protein % 29.4 28.7 29.3
Fat % 5.2 5.5 6.9
Body weight at harvest g 59.0 60.7 50.9
Feed conversion 1: 3.1 3.1 3.2
Survival rate % 68.6 75.5 81.3
Tail composition:

- Protein % 20.3 20.5 20.0
- Fat % <0.1 <0.1 <0.1

! There were no significant differences (P >0.05) for any variables among treatments

13.5 Recommended Inclusion Rates

Distillers’ dried grains with solubles (DDGS) and distillers’ dried solubles (DDS) are
suitable feedstuffs for aquaculture feed. DDGS may replace animal and vegetable
protein feedstuffs. Distillers’ dried grains (DDG) are less useful for aquatic animals.
Practical application rates are as follows:

« DDS: Fishes: 3.0 to 10.0%
Crustaceans: 40 to 6.0%

e DDGS: Fishes: 10.0 to 35.0%
Crustaceans (marine): nil

Crustaceans (freshwater):10.0 to 40.0%
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13.6 Legal Aspects

AAFCO™ has listed the following five different distillers’ feeds:

*  Distillers’ dried soluble (No. 27.4),

*  Distillers’ dried grains (No. 27.5),

*  Distillers’ dried grains with solubles (No. 27.6),

. Condensed distillers’ solubles (No. 27.7),
*  Distillers’ wet grains (No. 27.8).

The products may be obtained from the distilling of barley, maize, rye, sorghum,
wheat and mixtures thereof. The predominant grain of distillers’ feed must be declared
and used as the first word in the labels of commercially available products in the U.S.A.
as e.g. “Maize distillers’ dried grains with solubles™®.

The EU-Directive accordingly lists distillery by-products as:

. Distillers’ grains, dried,
e Distillers’ grains, dried and dark.

The approved products by the German feedstuff legislation and their specification are
in (Table 13-09).

Table 13-09: Specification for distillers’ feeds by the German feedstuff legislation®”

Moisture  Crude protein  Crude fibre Ash
max.% min % max. % max. %
Distillers’ grains (wet) - - - -
Distillers’ grains, dried 13.0 20.0 17.0 55
Insoluble matters of distillers’ grains, dried 13.0 220 12.0 5.0
Soluble matters of distillers’ grains, dried 13.0 25.0 - 10.0
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14. EGG POWDER

14.1 Rationale

Processed eggs are widely used in the food industry, for pet foods and aquaculture feed.
Culture media, vaccine production, cosmetics, and shampoos are the areas for the non-
food application of processed eggs.

The chicken (Gallus domesticus) egg consists of the embryo, yolk or vitellus, white
or albumin, two membranes and the shell (Table 10-01)(9.

Table 14-01: Constituents of eggs of some fowl species®’

Egg weight Egg white Egg yolk Shell
g % % %

Ostrich 1,400 534 325 14.1
Goose 250 52.5 35.1 12.4
Duck 80 52.6 354 12.0
Turkey 85 55.9 323 11.8
Chicken 58 55.8 319 12.3
Pigeon 17 74.0 17.9 8.1

14.2 Manufacture and Processing

Egg powder as a feedstuff is generally processed from eggs cracked and/or not fit for
human consumption. Increasing quantities of fresh eggs are also processed into egg
powder and used for human as well as animal food.

The whole eggs are washed, broken and the liquid is pasteurised, and in a vacuum
concentrated to 30 to 40% solids prior to spray-drying the material (Figure 14-01)(%.
The drying process can significantly affect the nutritional value of the product.
Drying at high temperature damages the nutrients. Antioxidants and anti-caking agents
are commonly added to commercial egg powder for avoiding autoxidation of the high
fat content of the egg and lumping of the hygroscopic product.
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Figure 14-01. Diagram of processing whole egg powder.

143 Chemical and Physiological Properties

Chemical Properties
The whole egg has an ideal combination of all nutrients which the embryo needs for its
development. The crude protein content of whole egg powder is about 47.0% but that
of egg albumin is as high as 77.4% (Table 14-02). Egg white protein is a conglomerate
of at least 50 different proteins. The principal egg white proteins are in Table 14-03(/2),
The amino acid composition of whole egg powder is balanced (Table 14-04). The fat
content of 41.8% consists of/¥:

*  Saturated fatty acids: 32.1%

*  Mono-unsaturated fatty acids: 55.4%

*  Poly-unsaturated fatty acids: 12.5%
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Table 14-02:Chemical composition of spray-dried egg products (% as fed)® >

Whole egg Egg white
Dry matter 95.3 91.0
Crude protein 47.2 77.4
Fat 40.5 -
Ash 44 43
Crude fibre 0.1 -
N-free extract 3.0 -

Table 14-03: Principal egg white protein (%) in the domestic fowl’?

Protein type Egg white Protein type Egg white
Ovalbumin 54.0 Ovoglycoprotein 1.5
Ovotransferrin 12.0 Faloprotein 0.8
Ovomucoid 11.0 Ovomacroglobulin 0.5
Lysozyme 34 Avidin 0.05
Ovomucin 29 G,-Globulin 1.0
Ovoinhibitor 1.5

Table 14-04: Essential amino acid content of whole egg powder (g/16 g N)

(248913
Mean Range
Arginine 436 2.83 - 6.40
Histidine 1.79 1.04 - 3.20
Isoleucine 4.47 2.59 -17.70
Leucine 6.05 3.90-9.20
Lysine 4.63 3.10 - 7.00
Methionine 2.38 1.48 - 4.00
Phenylalanine 391 2.50 - 6.30
Threonine 3.31 2.26 - 5.20
Tryptophan 1.03 0.71 - 1.50

Valine 4.93 3.16 - 7.30
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The vitamin and mineral contents of egg powder are in Table 14-05. The phosphorus
content is 2.7 times higher than the calcium content. A high calcium content indicates
a high portion of egg shells in the egg powder.

Table 14-05: Mineral and vitamin contents of whole egg powder?% 39

Minerals Vitamins (per 1,000 g)
Calcium % 0.29 Vitamin A U 40,000
Phosphorus % 0.78 Vitamin E mg 57
Potassium % 0.53 Vitamin K mcg 76
Chlorine % 0.68 Vitamin B, mg 3.6
Magnesium % 0.05 Vitamin B, mg 11.5
Sodium % 0.55 Vitamin B mg 6.0
Iron mg/kg 39.5 Vitamin B,, mcg 394
Zinc mg/kg 55.0 Biotin mcg 2.4
Iodine mg/kg 0.04 Folic acid mg 0.8
Nicotinic acid mg 33
Pantothenic acid mg 75.8
Choline g 20.1

Fresh whole eggs without shells have a cholesterol content of 3.2% in the dry
matter®. The total sterol content of whole egg powder ranges between 1.2 to 1.5% with
the following breakdown(?:

¢ Cholesterol: 92.2%
¢ Cholesterol ester: 5.0%
e  Brassicasterol: 1.2%
*  Campesterol: 1.2%
e Stigmasterol: 0.2%
e [-sitosterol: 0.2%

Egg powder is also a source of phospholipids. The dry matter of whole egg powder
without shells contains 12.3% phospholipids(* (see chapter 41).

Physiological Properties

The crude protein digestibility is 87% in vitro and has been found to be 100% soluble.
The digestible energy is estimated to be 5,140 kcal/kg (21.5 MJ/kg) and the metabolisable
energy is computed to be 4,950 kcal/kg (20.7 MJ/kg).

Eggs might also be toxic. Rats fed raw egg white showed signs of toxicity similar
to those fed raw soybeans. These so called toxic factors were subsequently shown to
be enzyme inhibitors”. Such proteinase inhibitors are ovomucoid and ovoinhibitor
(Table 14-03)("2),

The whole egg protein is often used to compare the protein value of other feedstuffs
by computating the “Egg Protein Ratio” (EPR) and the “Essential Amino Acid Index”
(EAA-Index)"! (see Table 2-04).
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144 Feeding Value

Whole egg powder when carefully processed has a high feeding value for aquaculture feeds.
It provides protein, fat, cholesterol and phospholipids. Whole egg powder is a feedstuff
particularly for very young aquatic organisms and is widely used in commercial aqua-
culture feed. There is still a lack of scientific studies showing the feeding value in
aquaculture diets.

The feeding value of chicken egg lecithin as a source of phospholipids is discussed
in Chapter 41.

14.5 Recommended Inclusion Rates

Whole egg powder is widely used in fish and shrimp feed, particularly in larvae feed.
An inclusion rate of 1.0 to 3.0% is commonly practised.

14.6 Legal Aspects

The use of whole egg powder in feed is unrestricted. However, according to the “Egg
Products Inspection Act of 1970” egg processing plants in the U.S.A. have to undergo
continuous inspections(”). In the U.S.A. all egg powder used for feeding purposes has to
be denaturated with addition of green or brown dye in order to make sure that feed grade
quality is not used for human consumption. From the safety standpoint, the product
should be free of any pathogenic organisms, particularly salmonella.

AAFCO' specifies egg powder as “egg product” (No. T9.74). It should be free of
shells or other non-egg materials except in such amounts which might occur unavoidably
in good processing practices. The maximum ash content should not exceed 6.0% on
a dry matter basis
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15. FEATHER MEAL (HYDROLYSED)

15.1 Rationale

Feathers are the very complex derivatives of the integuments to be found in any vertebrate.
They can be divided into three categories:

*  Contour feathers, inclusively the remiges of the wings and the rectrices of the tail;

¢ Down feathers;

*  Filoplume.
They can be further subdivided into the barbules and barbicels®!). Feathers consist of
several morphological different parts, the horny central shaft (quill), partly hollow, from
which soft and narrow barbs extend. The composition depends on the type of feather
(Figure 15-1). The remiges of the wings are composed of the(*®;

e Quill 55.0%
thereof: Rachis 19.0%
Shaft 36.0%

e Barb 32.0%
*  Down traces
*  Quill marrow 13.0%

Quill

i

S i
\_"
éRachis \,,\ Barb down i Shaft {Barb

| S—
| S—

Figure 15-01. The parts of the poultry feather.

The chemical composition and the amino acid profile of the individual parts of the
feather are different (Table 15-01).

Feather meal is a by-product of poultry meat processing. Annually large quantities
of feathers are available. World-wide more than 25,000 million broilers are slaughtered
per year. A 2.0 kg live chicken produces 180 g of feathers? which gives a potential
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of 4,500 million MT of fresh feathers. In the USA only more than one million MT of
feather meal are produced a year?%,

Fresh feathers contain about 90% crude protein®’). Due to the high level of keratin,
which is a tough, fibrous, insoluble protein, and the strong disulphide bonding, the
digestibility of fresh feathers is less than 5.0%. However, with proper processing, raw
feathers can be converted into a valuable protein feedstuff'’ 2/, This kind of recycling
of feathers is environmental friendly.

Table 15-01:  Chemical composition and the profile of essential amino acid of the individual
parts of the feather (% or g/16 g N)%¢

Rachis Shaft Barb Feather marrow
Nitrogen 16.62 16.40 16.28 16.36
Ash 0.87 0.80 0.86 0.77
Sulphur 247 2.32 2.85 2.40
Arginine 6.45 6.46 6.69 6.78
Histidine 0.36 0.31 0.26 0.27
Isoleucine 4.04 3.67 5.02 4.11
Leucine 10.52 8.71 7.94 9.44
Lysine 091 0.76 1.04 0.95
Methionine 0.12 0.19 0.22 0.27
Phenylalanine 4.96 5.27 4.89 5.45
Threonine 4.78 4.11 5.21 3.36
Tryptophan 1.48 1.58 0.45 1.53
Valine 8.86 7.88 8.26 9.01

15.2 Manufacture and Processing

Hydrolysing Process
Hydrolysed feather meal is derived by pressure cooking the clean, undecomposed feathers
from slaughtered poultry. This process actually is not a hydrolysis but a denaturation
process whereby some compounds are split, while the properties of protein remain®%).
The quality of the final product depends on the hydrolysing process. Processing methods
are(!1. 26):

. Low pressure (< 207 kPa) at 130°C for 150 minutes;

*  High pressure (> 207 kPa) at 145°C for 30 minutes.

Feather meal is produced in batch cookers and in high-volume continuous hydrolysers,
respectively.

Autoclaving of the feathers breaks down the keratin by destroying the linkage of the
high level of cystine. As a result, the value of the product improves(: 2/). After cooking
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the material is dried at 60°C and ground. The physical appearance of feather meal varies
according to the feathers used. Feathers of a light colour result in a light golden, brown
meal while feathers of dark colour give a dark , brown-black meal®/). Feather meal has
a fresh odour. It can be stored without fear of rotting(/?).

The quality of feather meal is affected by the degree of hydrolysation. Too high auto-
claving (pepsin digestibility = 90%) will produce overcooked meal with a lower protein
quality. Also, undercooked meal (pepsin digestibility below 65%) results in a lower
protein quality®’. Steaming for a long time decreases the true availability of many
amino acids?.

Other Processes

Feathers could be denaturated also into a feedstuff by treatment with sodium hydroxide
(0.25% NaOH)®%. The process significantly increases dry matter and protein digestibility
of feather meal in vitro. However, the difficulty in handling, disposal or neutralisation of
NaOH may limit this type of treatment on a commercial scale.

Another technology for making feather meal is bacterial fermentation, whereby the
feathers are autoclaved and inoculated with a bacterial culture of Bacillus licheniformis.
Processing time is as much as five days and is uneconomical®?.

Dry extrusion technology has been tried for converting feather meal into a feedstuff.
The product from this process has similar feeding value as feather meal from the hydrolysing
process®, but the process is uneconomical®®.

15.3 Chemical, Physiological and other Properties

Chemical Properties
The crude protein content of feather meal in the dry matter averages 86.9% with a variation
of more than 20% (Table 15-02).

Table 15-02: Chemical composition of feather meal
(in dry matter)(2 3 /1. 13. 14.18.20.23.36)

Mean Variation
Dry matter %o 933 90.0 - 925
Crude protein % 86.9 71.7 - 927
Crude fat % 3.6 18 - 5.0
Ash % 31 19 - 46
Crude fibre % 0.8 04 - 20
N-free extract % 0.6 05 - 09

The level of the essential amino acids histidine, lysine, methionine and tryptophan
is deficient®. In general, the amino acid content of feather meal is lower than of
untreated feathers (Table 15-03). Pressure used in the processing may affect the amino
acid content to a certain extent(/®. Cystine is particularly affected by pressure. It is partly
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destroyed and converted into the amino acid lanthionine and loses half the sulphur in
the process((/% 2 39),

Table 15-03: Essential amino acid profile of hydrolysed feather meal and
untreated feathers (g/16 g N)(// 1% 23.36)

Hydrolysed feather meal Untreated feathers

Mean Variation
Arginine 6.11 499 - 7.58 5.61
Histidine 0.80 099 - 1.06 0.42
Isoleucine 4.29 392 - 463 4.28
Leucine 6.96 6.37 - 7.73 8.65
Lysine 2.28 1.72 - 2.98 1.03
Methionine 0.65 0.59 - 0.72 0.30
Phenylalanine 4.01 328 - 457 5.22
Threonine 0.58 0.51 - 0.67 4.68
Tryptophan 3.75 3.16 - 4.27 1.25
Valine 5.73 427 - 7.62 8.37

The fat content varies significantly from 1.8 to 4.6% with a mean value of 3.6%
(Table 15-02). A high level of fat indicates feather contamination with skin tissue.
High quality feather meal should have a fat content not exceeding 5.0%?").

The crude fibre content of feather meal is most probably an insoluble nitrogen-
containing substance which is already included in the protein content(*%).

The ash content depends on the cleanliness of the feathers. The mineral and vitamin
contents of feather meal are compiled in Table 15-04.

Table 15-04: Mineral and vitamin contents of hydrolysed feather meal

Minerals( /1 20. 22, 36) Vitamins (per 1,000 g)(''- 2223 3)
Calcium % 0.45 Vitamin B, mg 0.1
Phosphorus % 0.55 Vitamin B, mg 22
Sodium % 0.54 Vitamin By mg 3.2
Potassium % 0.25 Vitamin B,, mcg 84.9
Magnesium % 0.15 Biotin mcg 80.0
Chlorine % 0.22 Folic acid mcg 170.0
Sulphur %o 1.60 Nicotinic acid mg 214
Manganese mg/kg 279 Pantothenic acid  mg 9.3
Iron mg/kg 116.0 Choline mg 493.0
Zinc mg/kg 101.4

Copper mg/kg 15.6

Selenium mg/kg 0.9
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Physiological Properties
Few data are available on the energy content of hydrolysed feather meal (Table 15-05).

Feather meal has a high crude protein content but its digestibility, ranging between
52% and 74%, is unsatisfactory (Table 15-06). With increasing processing pressure,
the pepsin digestibility increases (Figure 15-02). Recent studies have demonstrated that
when the concentration of pepsin is 0.002% rather than the normal 0.2%, the pepsin
digestibility value is more closely related to in vivo performances®/.

The amino acid digestibility of feather meal manufactured by using different process-
ing pressures declines as the pressure increases(/¢).

The lipid digestibility of feather meal is better than that of protein but this is of less
importance because it has low fat content (Table 15-06).

Table 15-05: Energy values of hydrolysed feather meal (in dry matter)

Type of energy Species kcal/kg Ml/kg Reference
Digestible Rainbow trout 3,753 15.7 ©
Digestible Fish! 3,689 15.5 (2023)
Digestible Poultry 2,730 11.4 mn
Metabolisable Carp 2,904 12.2 (33)
Metabolisable Fish! 3,096 13.0 @n
Metabolisable Poultry 3,220 13.5 oan
Metabolisable Pigs 2,360 9.9 (36)

! species not specified

Table 15-06: Digestibility of hydrolysed feather meal (%)

Species Digestibility
Reference
Dry matter Crude protein Fat Gross energy
Salmonids - 62.3 68.0 73.7 (16)
Rainbow trout 75.0 55.2 68.0 70.0 (5.6.29)
Channel catfish - 65.8 83.0 66.6 (10.16)
Other Properties

Feather meal most probably contains unidentified growth factors (UGF) as observed in
broilers and hatchability rate of chicks®®® (see chapter 44). Feather meal may be con-
taminated with salmonella, if improperly processed.
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Figure 15-02. The effect of increasing processing pressure on the pepsin digestibility of continuously and
batch processed hydrolysed feather meal(darafrom: 18).

154 Feeding Value

Feather meal is used to partly replace the costly fish meal in aquaculture diets. However,
only few trials have been carried out where the effect of feather meal on the animal’s
performances could be objectively determined. In most feeding trials, mixtures of animal
protein, containing feather meal, blood meal, meat and bone meal and poultry by-product
meal, replaced fish meal in the diets for aquatic animals. These mixtures of various
animal proteins are also called “fish meal analog”. Hence the effectiveness of pure
feather meal could not be established.

Fishes

A combination of feather meal and poultry by-product meal (low and high fat content)
replaced partially herring meal in the diet for coho salmon (Oncorhynchus kisutch).
Replacing 35% to 75% of herring meal protein by protein from a mixture of feather meal
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and poultry by-product meal did not show any substantial difference in the performance
to the herring meal control group. Supplemental methionine may be required at high
level replacement of herring meal protein(/?).

In diets for the rainbow trout (Salmo gairdneri) combinations of feather meal and
poultry by-product meal (Table 15-07)%) or feather meal and blood meal (1:1)?” or
feather meal, poultry by-product meal and blood meal (1/3 : 1/3 : 1/3)?® could fully meet
the protein requirement of the fish provided the substitutes only may replace half of

the available protein in the diet. In addition the diet has to be supplemented with amino
acids(’5 27.28.32),

Table 15-07: Replacement of fish meal by feather meal and poultry by-product meal in diets for rainbow trout
(Salmo gairdneri) (trial period: 88 days)/’)

Fish meal % 70.0 52.5 35.0 - -
Feather meal % - 7.5 15.0 30.0 30.0
Poultry meal % - 10.0 20.0 40.0 40.0
Amino acid supplement - - - - +!
Crude protein % 46.1 47.2 50.2 48.1 489
Fat % 122 133 11.5 12.3 12.8
Weight gain g 133 142 127 117 126
Feed conversion 1: 1.33 1.24 141 1.52 1.37

' 1.7% lysine, 0.48% methionine, 0.144% tryptophan

A “fish meal analog” made from equal parts of feather meal, poultry by-product
meal, blood meal and meat and bone meal has been used to replace 25%, 50%, 75% or
100% of the fish meal in the diet for rainbow trout fingerlings. Up to 75% of the fish
meal could be replaced by fish meal analog without any negative effect on performances.
However, full replacement of fish meal resulted in a significant decrease in weight gain
of the fish”.

Total replacement of fish meal by feather meal in diets for tilapia (7ilapia mossambicus)
resulted in a reduction in performance (Table 15-08). In this trial with juvenile tilapia,
feather meal proved unfeasible, alone or in combination with blood meal (50:50), and as
either a partial or total substitute for fish meal(®.

Channel catfish (Ictalarus punctatus) fingerlings were fed isonitrogenous diets
containing either maize gluten meal (60% crude protein) alone or in combination with
feather meal. While weight gain was not significantly reduced in fish fed feather meal,
feed conversion was higher for the feather meal diet. Total sulphur amino acid (TSAA)
content was the same for both diets but the TSAA availability tended to be lower for
feather meal compared to maize gluten meal (Table 15-09)/.



138 CHAPTER 15

Table 15-08: Feather meal and feather meal/blood meal as a substitute for fish meal in
diets for tilapia (Tilapia mossambicus) (trial period: 49 days)®

Fish meal (Chile) % 472 10.8 - -
Feather meal %o - 8.8 20.6 8.3
Blood meal % - - - 83
Meat and bone meal % - 10.0 10.0 10.0
Crude protein % 38.8 37.3 39.2 37.1
Fat % 135 13.0 13.0 13.1
Initial weight g 0.80 0.80 0.82 0.81
Specific growth rate % 3.71 3.46 2.83 2.90
Daily weight gain mg 84.0 72.4 50.1 52.0
Feed conversion 1: 2.16 2.32 2.93 291
PER 1.20 1.16 0.87 0.93

Table 15-09: Feather meal replaces maize gluten meal in diets for
catfish (Ictalurus punctatus) (trial period: 42 days)”

Maize gluten (60%) % 20.0 10.0
Feather meal % - 10.0
TSAA! g/16g N 1.02 1.02
Weight gain g 426 40.7
Feed conversion 1: 2.09 2.26
TSAA!/weight gain 0.021 0.023

! Total sulphur amino acids

Crustaceans

In a semi-purified diet for juvenile Penaeus vannamei (white shrimp) 2.5%, 5.0% and
10.0% of the diet’s protein were replaced by feather meal. There was no difference in the
survival rate between the control group and the protein replacement by feather meal.
Shrimp growth for the fish meal control diet was better than for the partial fish meal
replacement by feather meal. Feather meal at levels of 5.0 to 10.0% of the protein are
suitable for shrimp diets as long as the shrimps’ requirement for essential amino acids
and minerals are met(/?).
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Molluscs

Feather meal may be an alternative protein source for abalone of the genus Haliotis!'?).
However, it does not contain phagostimulatory components such as free glutamic acid
and aspartic acid®. Feather meal as a protein source may also negatively affect water
quality and may cause bloat in the abalone (/2.

15.5 Recommended Inclusion Rates

Feather meal has a high crude protein content but the digestibility of the nutrients is
rather low (Table 15-06). It can partly replace fish meal in aquaculture diets but may not
perform as well as diets with fish meal as the only protein source. The use of feather meal
may require an extra fortification of the diet with amino acids. In commercial aquaculture
diets, feather meal may be used at levels of 5.0 to 10.0%.

15.6 Legal Aspects

Feather meal is defined by the “American Feed Control Officials” (AFCO) as:
“The product resulting from treatment under pressure of clean, undecomposed feathers
from slaughtered poultry, free of additives and/or accelerators. Not less than 75% of
the crude protein must be digestible as determined by the Association of Official
Analytical Chemists’ pepsin digestibility method 7.048(%¢),

EU-Directive 92/87 EEC of 26 October, 1992, has listed feather meal as No. 9.06
and is described as a “Product produced from hydrolysed, dried and ground poultry
feathers”. The same definition is given by the German feedstuff law (Table 15-10)%.

Table 15-10: Nutritional standards of feather meal required by German feedstuff law(** and NRA?"

German feed stuff law NRA-Standard
Moisture max. 11.0 max. 10.0
Crude protein min. 80.0 min.  80.0
Pepsin digestibility min. 70.0 min.  75.0
Fat - max. 6.0
Crude fibre - max. 4.0
Ash max. 3.4 max. 4.0

Phosphorus - min.  75.0
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16. FEED CAROTENOIDS

16.1 Rationale

Carotenoids are widely distributed in nature occurring in plants and animals. They are
produced by all photosynthetic active microorganisms and plants. In green plants
they are covered by chlorophyll and are the cause for the colourful nature in autumn(?,
About 600 different natural carotenoids have been identified and thereof possibly 10%
are precursors of Vitamin A®?). Total annual production is estimated at over 100 million
MT?). Some examples of tissues whose pigmentation are due to carotenoids are:

*  Corpus luteum

* Eggyolk

*  Pink flesh of salmonids

¢ Red exoskeleton of boiled crustaceans

*  Pink plumage of flamingos

For certain farm animals, feeds are fortified with specific carotenoids in order to
obtain the natural colour of animal products*®. The carotenoid content of some plant
materials may vary in a wide range and the astaxanthin content of animal origin depends
on treatment and processing of the material (Table 16-01).

16.2 Biochemical, Biological and Other Properties

Biochemical Properties
Carotenoids are lipochromes. They are fat soluble, yellow to red polyen-pigments of
plant origin, and are classified into(’);
*  Carotenes = oxygen-free hydrocarbons:
*  (-carotene
= B-carotene
*  y-carotene
*  Lycopine
¢ Xanthophylls - oxygen-containing hydrocarbons:
=  Astaxanthin
*  Canthaxanthin
=  Cryptoxanthin
®  Zeaxanthin
There are many pigmenting carotenoids but only few of them, astaxanthin and canthaxan-
thin, are of significant importance for aquaculture feed. Synthetic carotenoids and xantophylls
such as B-apo-8’-carotinal, 3-apo-8’-carotene acid-ethylester, capxanthin, citranaxanthin,
cryptoxanthin, lutein and zeaxanthin are used as pigmenters in poultry feeds(?%.
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Table 16-01: Xanthophyll content of plant materials®> and astaxanthin content of animal products used in

aquatic feed*?

Materials mg/kg
1. Plant Materials
Alfalfa meal 260 - 330
Alfalfa juice protein 800
Algae meal 2,000 - 4,000
Maize, yellow 17
Maize gluten meal 175 - 290
Marigold petal meal 7,000
Capsicum, Spanish 275
Seaweed 340 - 920
Yeast (Phaffia rhodozyma) 30 - 800
2. Animal Products

Capelin oil Mallotus villosus 6- 94
Copepod Calanus finmarchicus 39 - 84
Copepod oil Calanus finmarchicus - 520
Crab, red Pleuroncodes planipes 100 - 160
Crab, red, oil extract Pleuroncodes planipes 1,500
Crab, vacuum dried Chinochetes opilio 5
Crab, freeze dried Geryon quinquedens 76
Crayfish, oil extract Procambrus clarkii 750
Crayfish, meal Procambrus clarkii 137
Kirill Euphausia pacifica 100 - 130
Kfrill, co-dried with oil Euphausia pacifica 200
Krill, oil Euphausia pacifica 7217
Kirill Megannyctiphanes norvegica 46 - 93
Mackerel Scomber scomburs 6 - 11
Shrimp Pandalus borealis 20 - 128
Shrimp, vacuum dried’ Pandalus borealis 100
Shrimp, steam dried? Pandalus borealis 192
Shrimp, oil Pandalus borealis 1,095

!Stabilized with antioxidant; *Freeze-dried caroteno protein

Biological Properties

Aquatic animals cannot bio-synthesise carotenoids de novo. They depend entirely on
feed for their supply of carotenoids™ /¢ ¢ 57), During metabolism, carotenoids are either
converted into other carotenoids or are esterified, saponified, or bound to proteins or
glycerides. Utilisation and metabolic transformation of carotenoids are species specific.
Lower classes of animals are able to convert carotenoids to a far greater extent than e.g.
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birds and mammals(/%. The predominant carotenoids in wild salmonids are astaxanthin
and canthaxanthin which originate from the food they live on®>“, and are mainly from
zooplankton. The carotenoids in crustaceans are mainly from algae, where the original
carotenoid mainly occurs®®?. Carotenoid levels in flesh of wild fish varies according
to prey, fish size, stage of maturity and specific pigment metabolism as e.g. for some
selected species®?:

*  Sockeye salmon (Oncorhynchus nerka) 26-39 mg/kg flesh
¢ Chinook salmon (Oncorhynchus tschwytscha) 8-9 mg/kg flesh
*  Rainbow trout  (Oncorhynchus mykiss) 73 mg/kg flesh

Astaxanthin is absorbed from the digestive tract of fish*. In salmonids, absorption of
astaxanthin and canthaxanthin is 10 to 20 times better than that of lutein and zeaxanthin(*%).
Apparent digestibility of carotenoids in salmonids is between 39 and 49%(%. Free asta-
xanthin is better absorbed than astaxanthin dipalmitate.

Apparent digestibility of canthaxanthin may be affected by antibiotic supplementation
of the feed and levels of dietary fat(®.

The metabolic pathways of astaxanthin and canthaxanthin are rather complex.
Invertebrates such as crustaceans, that feed on plant materials can convert some carotenoids
to astaxanthin and canthaxanthin®?. Aside from kuruma prawn (Penaeus japonicus)
they are capable to directly deposit astaxanthin in their tissues and can transform
f-carotene and zeaxanthin to astaxanthin®”).

The present knowledge does not indicate that carotenoids are toxic when over-supplied.
The acute toxicity in the form of LDy, is not uniform and differ between species and
form of administration (Table 16-02)(%),

Table 16-02: Acute toxicity of carotenoids’”

Species Form of administration LD, (mg/kg liveweight)
1. B-Carotene
Rat im. more than 1,000
Dog oral more than 8,000
2. Canthaxanthin
Mouse oral 10,000
Dog oral more than 500

To meet consumers’ demand for pigmented flesh and exoskeleton, aquaculture diets
are fortified with carotenoids?%).

Additional functions of carotenoids are: Enhancement of the immune system; ultraviolet
protection; Vitamin A precursor; increasing tolerance to environmental stress, necessary
in fecundity of broodstock and for better growth and survival®:3!52),

The efficacy of carotenoids may be affected by certain factors such as:

*  Pigment source, form and concentration
¢ Diet composition
e Dietary fat content and quality
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*  Fish size and physiological state
e State of sexual maturation
*  Genetic background

Carotenoid Stability in Cultured Fish and Crustacean

Carotenoids are labile to light, heat and oxygen. They may fade in flesh of aquatic
animals during storage and processing. The stability of carotenoids in salmonid flesh
under various processes such as cooking, canning, smoke-curing and storage conditions
is important in final product acceptability’% 37 49, Fading of astaxanthin and canthaxanthin
in vacuum-packed rainbow trout (Salmo gairdneri) fillets during cold storage cannot be
excluded(” 36 41),

Other Properties
Astaxanthin, zeaxanthin and canthaxanthin are Vitamin A precursors in aquatic animals.
The conversion rate into Vitamin A increases with the age and size of fish/% 43,

Astaxanthin is also a powerful antioxidant®¥. It protects biological membranes from
oxidative injury, e.g. Nile tilapia (Oreochromis nilotica)®?.

The antioxidant nature of o-carotene differs from the antioxidative property of
Vitamin E because a-carotene is most effective at low oxygen pressures and a very
efficient single oxygen precursor(”,

In addition, salmonids having a higher content of astaxanthin are more resistant to
bacterial and fungal diseases/’’) and carotenoids are direct precursors to convert fatty
acids to a salmon aroma®’- 5%,

The “blue disease” in farmed tiger prawns is attributed to the lack of astaxanthin(/7 /%),
Wild shrimps had 26.3 ppm of total carotenoid in the exoskeleton compared to 4.3 to
1.7 ppm in the “blue diseased” prawns. Low oxygen levels could deplete carotenoid
through enhanced fecal release(’”).

16.3 Carotenoid Products

Major pigmenting substances used in feeds for cultured aquatic animals are:

e Synthetic astaxanthin,

o Synthetic canthaxanthin,

. Yeast astaxanthin,

e Algal astaxanthin.

e  Astaxanthin from crustacean wastes

For pigmenting properties of other feedstuffs such as krill meal and shrimp meal refer
to the respective chapters.

16.3.1 Synthetic Astaxanthin and Canthaxanthin
Description

Synthetic astaxanthin and canthaxanthin for feeding purposes are produced on an
industrial scale. The basic raw material for the synthesis is crude mineral oil of which
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intermediates such as acetone, acetylene and aldehyde are produced. In most cases the
starting material for the synthesis is B-ionone/?),

Properties

Synthetic astaxanthin and canthaxanthin are chemically identical to the naturally occurring
compounds in aquatic animals. Pigmentation strength of canthaxanthin is only half of that
of astaxanthin. Specifications for synthetic carotenoids, astaxanthin and canthaxanthin
are in Table 16-03.

Table 16-03:  Specification of synthetic carotenoids'

Astaxanthin Canthaxanthin
Carotenoid content min. % 8.0 10.0
Loss of drying max. % 8.0 8.0
Appearance violet-brown to violet-red, red-violet, free
free flowing powder flowing powder
Fineness?  No. 20 % 100 100
No.40 min. % 90 90
No. 10 max. % 15 15
Shelf-life? months 12 36

'Data from the manufacturers; 2U.S. standard sieves; 3In the unopened container

Feeding Value

Fishes: Pigmentation of salmonids changes throughout life. Generally, fingerlings have
limited capacity for carotenoid deposition in the flesh, while significant amounts are
deposited in the skin/#®. The carotenoid concentration in the skin of e.g. immature rainbow
trout increased until week 49 and decreased thereafter/®.

Redness is normally higher for astaxanthin-pigmented flesh than for canthaxanthin-
pigmented flesh®®. The effect of water salinity on carotenoid concentration in rainbow
trout depends most probably on the pigment concentration in the feed. At higher levels
of astaxanthin (50 mg/kg) and canthaxanthin (100 mg/kg), respectively, the water salinity
had no effect on the carotenoid retention®® while at lower levels of both synthetic
pigmenters 25 mg/kg and 50 mg/kg, respectively, the carotenoid concentration was
higher in freshwater than in seawater*?.

In salmonids, water temperature did not signifcantly affect total retention of astaxanthin.
However, the skin accumulated more carotenoids at 5°C than 15°C water temperature(*%.

The effect of carotenoids in reproduction showed that sexually mature rainbow trout
females retained about four times more total carotenoids than males after feeding of
astaxanthin and canthaxanthin at levels of 100 mg/kg each for 140 days. Females deposit
carotenoids predominantly in the gonads while males show lipid levels in the skin/¥.
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Aside from the efficacy of synthetic astaxanthin and cantaxanthin on their deposition
in the flesh and skin and the effect on reproduction, the carotenoids also promote growth
and good feed conversion of salmonids® /2 49,

The positive effect of carotenoids on the reproduction of salmonids is particularly
pronounced in eggs exposed to sunlight and kept at elevated water temperature or at low
oxygen content of water(/%. The number of total eggs doubled when 40 mg/kg canthax-
anthin were fed to rainbow trouts and the portion of non-fertile eggs was only 0.1% com-
pared to 4.1% in the control/?. There is a positive relation between egg mortality and
egg astaxanthin content in rainbow trout before hatching®?. With increasing astaxanthin
content in the egg, the survival before hatching increases (Table 16-04)3),

Table 16-04: Relation between egg mortality and egg astaxanthin content in rainbow
trout (Salmo gairdneri)?®

Astaxanthin Mortality of eggs
content of eggs before hatching
Egg colour mg/kg %
Bright 1.7 132
Less bright 13 16.3
Pale traces 244
Very pale 0 36.4

Crustaceans
Pigmentation of crustaceans is very complex and influenced by many factors (Figure 16-01).
The main inherent carotenoids in tiger prawn (Penaeus monodon) exoskeletons are
astaxanthin, astaxanthin esters and B-carotene!’”. They are deposited mainly in the head
and shells with the exception of farmed tiger prawns where 1/3 of astaxanthin is deposited
in the flesh (Table 16-05).

Feeding tiger prawns with increasing levels of astaxanthin and cantaxanthin for two
months, improved their pigmentation. Astaxanthin was more effective than canthaxanthin
or other carotenoids in pigmenting the prawns (Table 16-07)%%.

Table 16-05: Distribution of astaxanthin in shrimp (%)

Flesh Shell Head
Tiger prawn (wild) 13.2 47.2 39.6
Tiger prawn (farmed) 324 43.7 239
Kuruma prawn 12.2 25.0 62.8

Southern velvet shrimp 13.6 28.8 57.0
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Figure 16-01. Factors that influence pigmentation in crustaceans(@afom: 25),

Contrary to observations in salmonids, in shrimps (Palaemon serratus) the variation
of the water temperature affects the efficacy of carotenoids*?.

Similar to fish, females of crustaceans like the sand crab (Emerita analoga) contain
higher levels of carotenoids than males’¥. The reproductive performance of tiger prawn
broodstock fed carotenoids alone (astaxanthin) or in combination with natural carotenoid
in the form of the green mussel (Perna viridis) will improve. Not only significantly more
eggs are produced but also hatched and the metamorphosis into the postlarval stage
is greater(30 #2),

In kuruma prawns, it was demonstrated that survival rate is not only improved when
carotenoids are in the diet but the survival rate is also positively correlated with pigment
concentration in the diet. Levels with more than 100 mg carotenoid may have a negative
effect on growth rates (Table 16-06)®. In tiger prawns, growth rates improved at the
higher levels of carotenoids and feed conversion gets better as the carotenoid content
of the diet increases (Table 16-07)%.

Table 16-06: Survival and weight gain of kuruma prawns (Penaeus japonicus) fed diets containing various
pigment sources at different levels (mg/kg)®

Astaxanthin 50 100 200 - - - - -
B-carotene - - - 50 100 200 - -
Algal meal - - - - - - 100 -
Control - - - - - - - 0.9
Survival % 87 77 63 57 40 53 40 50

Weight gain g 3.6 4.0 3.7 37 5.7 5.0 8.2 0.9
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Table 16-07: Pigmentation efficacy of astaxanthin in tiger prawns (Penaues monodon)
(Feeding period: 2 months)/3¥

Carotenoid level in... Visual Feed
scoring! conversion
Diet Whole prawn
mg/kg mg/kg 1:
Control 0 3.17 4.0 4.83
Astaxanthin 25 8.02 3.0 3.72
50 8.75 2.5 3.25
75 10.80 2.0 2.89
100 15.18 1.0 2.33

'Visual scoring of boiled prawns (1=greyish brown; 2=dark violet; 3=light violet; 4=blue)

16.3.2 Yeast Astaxanthin

Description

The yeast Phaffia rhodozyma is of commercial interest as a natural supplier of astaxanthin.
Phaffia rhodozyma was isolated from trees in Japan, Alaska and the former Soviet Union
and astaxanthin was identified as the major carotenoid pigment in the yeast(??).

Properties

Cultured wild strains of Phaffia rhodozyma were found to contain 30 to 800 mcg unes-
terified astaxanthin per g yeast-dry matter. The wide range of the astaxanthin content
depends on the method of culture. The chemical composition of Phaffia rhodozyma is
listed in Table 16-08. Yeast has a well balanced essential amino acid profile®?. Its protein
quality improves when supplemented with methionine. The high fat content may promote
absorption of carotenoid pigments.

Mutant strains of Phaffia rhodozyma that produce up to ten-times as much astaxanthin
as wild strains have been isolated”. In industrial fermentations, yields of 2,000 to 3,000 mg
astaxanthin per kg yeast are produced in four to seven days(?” 3. The commercial yeast
astaxanthin can be used at a rather low level. Often an antioxidant is added to prevent
oxidation of astaxanthin during processing and storage(3?.

Table 16-08: Chemical composition (%) of Phaffia rhodozyma compared to that
of brewer’s yeast(?!)

Phaffia rhodozyma Brewer’s yeast
Crude protein 30.1 544
Carbohydrates 40.3 334
Lipids 17.0 4.0
Ash 5.6 6.5

Astaxanthin 0.06 0
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Feeding Value
Pigmentation trials were carried out in rainbow trout with Phaffia rhodozyma prepared
by various treatments showed that the entire enzymatic removal of yeast cell wall is
superior to all other forms of treatment. The pigmentation was stable for several months.
There were no differences between yeast astaxanthin and synthetic astaxanthin but the
consistency of the pigmentation of fish fed yeast astaxanthin was more uniform than that
achieved with the synthethic astaxanthin(??,

Yeast astaxanthin is particularly deposited in the carapaces of the lobster (Homarus
americanus) when fed a preparation of Phaffia rhodozyma®?.

16.3.3 Algal Astaxanthin

Description

Most algae are sources of carotenoids. The green algae, Haematococcus, can be found
in inland waters(!®. The microalgae accumulates significant quantities of astaxanthin,
particularly in the spore stage of its life cycle and is primarily present as esters of
various fatty acids®). As an effective pigment source in poultry diets, meals from the
sewage-grown algae Chlorella and Micaractinum are used®”),

Properties

The biomass of Haematococcus pluvialis is a spray-dried free-flowing powder. Spores
have to be disrupted to increase the bioavailability of astaxanthin. At least 60% of
the cells should be completely disrupted to obtain good pigmentation results(*?.

Feeding Value

Feeding of astaxanthin from micro-algae (Haematococcus pluvialis) to rainbow trout for
100 days resulted in significant deposition of total carotenoids and astaxanthin as well as
the visual enhancement of flesh colouration in rainbow trouts (Table 16-09).

Table 16-09: Deposition of pigmenters in rainbow trout (Oncorhynchus mykiss) flesh fed
for 100 days with algal astaxanthin/*>

Algal astaxanthin:

- intact spores % - - - 2.7

- distrupted spores % - - 2.7 -
Synthetic astaxanthin % - 5.0 - -
Astaxanthin in the feed  mg/kg 0 40 40 40

Pigmentation of flesh:

- Astaxanthin mcg/g 0.01 3.65 2.13 0.82

- Carotenoids meg/g 0.17 3.46 2.05 0.84

- Colour score' 1.0 49 3.6 22
Pigment levels in the skin?> mcg/g 0.81 11.24 9.53 4.56

! 1 = no visual pigment; 8 = maximum red; 2total carotenoid (spectro-photometric)
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There were no significant differences in the growth of the fish. Best flesh colouration was
obtained with the synthetic astaxanthin (positive control) followed by disrupted spores
and intact spores. Since intact spores are poorly digested, only algal astaxanthin from
disrupted spores is a suitable pigmenter*”,

Algal astaxanthin from Dunaliella salina is not as pigmentation-effective as synthetic
astaxanthin and B-carotene carotenoids (Table 16-06)(%).

16.3.4 Astaxanthin from Crustacean Wastes

Description

Discards from crustacean processing contain useful polymers, carotenoid pigments
such as astaxanthin which is the most common and other components that are biologi-
cally active®.

Shrimp heads, shrimp meals, red crab (Pleuroncodes planipes), crawfish (Procambarus
clarkii) and lobster wastes are sources of astaxanthin which are used as pigmenter in
aquaculture feeds(’* 4750,

Various oils such as soybean and fish oils are used in the astaxanthin extraction from
freshly ground crustacean waste resulting in a significant concentration in the oil.
Astaxanthin levels in the oil phase vary in different crustacean meals (Figure 16-02) and
is highest in crawfish waste.
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Figure 16-02. Astaxanthin levels in the oil phase from various crustacean meals ™" #™32),
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Properties

Carotenoids from crustacean wastes are unstable. Valuable active components may be
derived from crustacean wastes only if they were carefully handled and stored prior to
processing. Degradation occurs during the first 15 minutes of extraction (Figure 16-01)“),
The addition of an antioxidant reduces carotenoid losses during processing substantially.
Carotenoid extracts properly stored are stable for at least six months®%.

Feeding Value

Feeding coho salmon oil extract of red crab (Pleuroncodes planipes) showed that the
amount of carotenoid deposited in the flesh of the fish was related to the carotenoid
of the diet and to the weight of the fish. Salmon fed with 9.0 mg carotenoid/100 g diet
from red crab astaxanthin contained significantly more carotenoids than those fed 3.0 mg
carotenoid/100 g diet (Figure 16-03)“%).
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Figure 16-03. Percentage of fish with good to excellent colour after 120 days of feeding 3.0, 6.0 and 9.0 mg
carotenoids per 100 grams feed(d2w from: 46),
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164 Recommended Inclusion Rates

A certain quantity of carotenoids is required in the feed to produce the desired flesh
and/or exoskeleton colour of aquatic animals. This quantity is comprised of the inherent
carotenoid content of the ingredients of the completed feed (Table 16-01) and the added
carotenoids such as synthetic astaxanthin and cantaxanthin. The higher the level of
inherent carotenoids, less supplemental carotenoids is needed.

The deposition of carotenoids in the organism is cumulative. Fortifying feeds with
carotenoids for the entire production period requires lower inclusion rates, but higher
inclusion levels are needed when they are supplemented only to the finisher feed.
A guideline for supplementation of carotenoids in aquaculture feeds is in Table 16-10.

Table 16-10: Guideline for the application of carotenoids to aquaculture feeds

Wanted astaxanthin Inclusion rate

Content in the feed

mg/kg

Synthetic astaxanthin 50 to 100 mg/kg
Synthetic cantaxanthin 50 to 100 mg/kg
Yeast astaxanthin’ 30 1.0%

50 1.7%

70 2.3%

100 3.3%
Algal astaxanthin from 40 2.7%
disrupted spores 60 4.1%

80 5.4%

100 6.8%
Astaxanthin from red crab 60 1,020 mg/kg
crustacean waste 90 1,550 mg/kg

lassumes that the yeast contains 53,000 mg astaxanthin/kg

16.5 Legal Aspects and Precautions

Legal Aspects
The use of pigmenting substances in animal nutrition is controlled in the European Union
by EU-Directive 70/524 (Table 16-11). In the USA canthaxanthin is considered as a nature-
identical synthetic carotenoid and is exempted from certification. While not carcinogenic, it
may cause changes in the liver and retina thus, the “Acceptable Daily Intake” (ADI) was
not extended by JECFA (Joint Expert Committee on Food Additives) in 1990.

The permission to use carotenoid products in feeds for aquatic animals may differ
from country to country and local regulations have to be observed.
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Table 16-11: Pigmenters approved by EU-Authorities for the use in feeds for aquatic animals®®

EWG No. Name of substance Approved for.. ppm'  Remarks
El6lg Canthaxanthin Salmons 80 Not to be used before the age of six
C,H,0, Trouts 80 months. Mixing of canthaxanthin

and astaxanthin is permitted as long
as 100 ppm in the completed feed are

not exceeded
Ornamental fish 80
E161j Astaxanthin Salmons 100 Not to be used before the age of six
C,H,,0, Trouts 100 months. Mixing of canthaxanthin

and astaxanthin is permitted as long
as 100 ppm in completed feed are
not exceeded

Ornamental fish 100

'max. inclusion rate in diets

Precautions

Excess of carotenoids in the diet may cause an undesirable colour in the fish, e.g. a
concentration of 0.6 g carotenoid/g flesh can cause yellow colour of the flesh of channel
catfish which is undesirable?%),
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17.  FEED YEAST

17.1 Rationale

The term “yeast” is derived from the old English word “gist” and the German word
“gischt” which refers to fermentation. The ancient Egyptians used yeast for making
bread, beer and wine(#7).

Yeast is the name for any of the various single celled Ascomycetes fungi in which
little or no mycelium develops and ordinarily reproduces by budding. Yeast live on sugar
solutions, and ferment sugar to form alcohol and carbon-dioxide. It is used in various
fermenting industries as well as food and medicine for man.

There are a total of 39 genera of yeast, representing 363 different species, of which
178 species are classified as “true yeast” and 185 species as “false yeast”®. One of
the most prominent yeast genera is the genus Saccharomyces of which the species
Saccharomyces cerevisiae has the widest applicability. More than 50 strains of this
species have been developed and are used as brewer’s yeast, baker’s yeast, wine yeast
and others (Figure 17-01).

Figure 17-01. Microscopic photos of spray-dried brewer’s yeast (left) and molasses yeast (right).



158 CHAPTER 17

The “Association of American Feed Control Officials, Inc.” (AAFCO) classifies yeast
for feeding purposes as:

¢ Inactive or dead yeast

* Primary yeast

= Brewer’s yeast

= Lactic yeast

= QGrain distillers’ yeast

= Molasses yeast

= Torula yeast

= Alkane (petroleum) yeast
¢ Active or live yeast

= Baker’s yeast

= Yeast culture.

17.2 Inactive Yeast
17.2.1 Definition and Manufacture

Any type of fresh yeast cannot be stored. The wet material has to be spray-dried or
drum-dried. In the dried form inactive yeast is a noble feedstuff for aquaculture feed.

Brewer's Yeast
Brewer’s yeast is one of the by-products of beer brewing. About 1.5 kg dried brewer’s
yeast is obtained from 100 kg barley brewed into beer.

Yeast of the type Saccharomyces cerevisiae or Saccharomyces calsbergensis is added
to the wort to activate fermentation. After the fermentation is completed, the yeast dies
off and settles to the bottom of the brewing vat. The yeast is separated from the crude
beer by centrifugation, washed free of beer, pasteurised, plasmolysed by heat and dried
at a relatively high temperature®®. Drum-dried yeast has to be ground. The cell content
is made available by plasmolysis. One gram of yeast contains billions of cells.

A certain degree of bitterness of brewer’s yeast is caused by hops and may affect
its palatability (Table 17-01)?%. The bitter tasting hop resins and tannins absorbed on
the surface of the yeast cells can be removed by washing with an alkaline solution(>”).
The resulting product is named “debittered brewer’s yeast”.

Table 17-01: Properties of inactive yeasts

Property Brewer’s yeast Molasses yeast Lactic yeast Torula yeast

Colour pale brown gray to dark brown creamy to light brown light yellow

Taste typical yeast (bitter) soft like cheese soft, after taste
not bitter

Odour typical for cheese pleasant like cheese typical for cheese
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Molasses Yeast

Molasses yeast is a strain of the species Saccharomyces cerevisiae, and is a by-product
of industrial alcohol manufacture from sugar-beet or sugar-cane molasses fermentation.
Molasses yeast can also be a condensate of baker’s yeast cells propagated on molasses®.
The yeast is separated from its culture medium by centrifugation, filtered and spray- or
drum-dried. Drum-dried yeast has to be ground?”).

Lactic yeast

Lactic yeast, Kluyveromyces lactis and Kluyveromyces fracilis, species of the genus
Saccharomyces, is grown on whey and liquid wastes of milk processing. After fermenta-
tion is completed the yeast is separated from the fermentation medium by centrifugation.
The crude yeast is washed to remove all fermentation impurities. To burst the cell walls,
the yeast is plasmolysed, pasteurised and spray-dried’®.

Torula Yeast
Torula yeast, also called fodder yeast, belongs to the genus Candida which is grown
specifically for animal feed. Torulopsis utilis is a yeast-like fungi that reproduces by
budding and grows rapidly. Torula yeast is cultivated predominantly on wood saccharides,
a waste liquor from the production of pulp for paper manufacture. It can be grown also
on citrus pulp, molasses and other organic wastes. Torula yeast cultured on cellulose
waste waters may contain up to 10% ligninsulphonates(*¢ 67)

Candida ingens, a yeast high in protein and ashes has been developed in Australia for
the treatment of animal wastes(??).,

Alkane Yeast

Alkanes are saturated hydrocarbons of the methane series. They are components of most
mineral crude oils. Strains of yeast, like Candida lipolytica have been selected because
they can be cultivated on mineral crude oil. Colloquially, alkane yeasts are named
“single cell protein”. This is incorrect because alkane yeast contains not only protein but
also other nutrients. Petro-protein and petroleum yeast are other names for this type
of yeast(?,

17.2.2 Chemical, Physiological and other Properties

Chemical Properties

Yeast is both a protein and an energy source. Nucleic acid nitrogen, mostly in the form of
ribonucleic acid, constitutes about 20% of the protein in the yeast®?. Glutathione, a peptide
of yeast cells is also found in yeast. Crude fibre content is low but ash content appears
to be high (Table 17-02).

The methionine content is low (Table 17-03). When compared to chicken egg protein,
which is considered an excellent protein source for animals, the methionine and cystine
content of torula yeast has an index (based on chicken egg protein) of only 48 (max. 100)
which is seriously limiting®?. Torula yeast has also 0.5% linoleic acid (18:2n-6)?".
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Table 17-02: Mean chemical composition of different types of inactive, dry yeasts (as fed)

Brewer’s Torula Molasses Lactic Alkane
yeast yeast yeast yeast yeast®
(16,2022, (2053, (+) (+) (8,72.74,4)
24,50.53,4) +)
Dry matter % 92.2 92.3 94.8 91.8 94.0
Crude protein % 46.3 459 425 48.1 66.0
Crude fat % 1.7 4.2 2.8 44 0.9
Ash % 6.8 8.1 8.8 8.3 7.3
Crude fibre % 24 22 0.5 1.0 0.1
N-free extract % 35.0 319 40.2 30.0 19.7

+) inclusive of manufacturers data

Table 17-03: Essential amino acid profile of different types of inactive dry yeasts (g/16 g N)

Brewer’s Torula Molasses Lactic Alkane

yeast! yeast! yeast! yeast! yeast!
Arginine 222 3.59 2.27 2.40 5.18
Histidine 1.38 1.57 1.11 0.95 1.64
Isoleucine 2.50 3.11 2.70 2.28 3.17
Leucine 3.61 4.98 3.89 3.40 3.30
Lysine 3.61 4.99 3.76 3.60 6.15
Methionine 0.70 091 0.84 0.80 0.77
Phenylalanine 2.07 3.17 2.46 1.75 2.02
Threonine 2.56 3.38 2.82 2.33 3.09
Tryptophan 0.70 0.82 0.59 0.55 0.96
Valine 2.83 3.75 2.97 2.35 3.45

! for references see Table 17-02

The minerals are embedded in the yeast cell and are available in an assimilable form
(Table 17-04). The sodium content is low but does no need to be supplemented in diets
for sea and brackish water cultured animals(/?,

Yeast is a major natural source particularly of B-vitamins %) which are stable and
readily available™. Brewer’s yeast is very rich in Vitamin B, (Table 17-05). The vitamins
are in conjugated form as they occur in nature, hence are less likely to leach into the water>?).
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Table 17-04: Macro and trace mineral contents of different types of inactive dry yeasts
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Brewer’s Torula Molasses Lactic Alkane
yeast! yeast! yeast! yeast! yeast!
Calcium % 0.25 0.45 0.45 0.35 0.46
Phosphorus % 1.26 1.42 0.65 1.45 -
Sodium % 0.15 0.02 1.58 0.75 -
Potassium % 1.66 1.60 2.75 2.05 -
Magnesium % 0.20 0.16 0.20 0.15 -
Chlorine % 0.07 0.02 0.10 - -
Sulphur % 0.42 0.55 0.25 - -
Manganese mg/kg 18.18 10.4 7.0 0.5 -
Iron mg/kg 14340 134.10 92.50 60.0 -
Zinc mg/kg 48.20 96.10 370.10 45.00 -
Copper mg/kg 22.40 13.20 37.00 25.00 -
Selenium mg/kg 0.46 1.00 - - -

! for references see Table 17-02

Table 17-05: Vitamin contents of different types of inactive, dry yeasts (1,000 g, as fed)

Brewer’s Torula Molasses Lactic
yeast! yeast! yeast! yeast!

Vitamin E mg 3.80 58.90 - 45.00
Vitamin B, mg 122.30 5.13 5.25 15.50
Vitamin B, mg 33.50 39.20 40.00 47.59
Vitamin B¢ mg 33.30 17.27 24.90 9.75
Vitamin B , mcg 71.40 3.90 10.00 -
Vitamin C mg - - - 700.00
Biotin mcg 743.20 660.00 680.00 -
Folic acid mg 9.81 9.82 25.75 -
Nicotinic acid mg 377.40 515.47 675.00 115.0
Panthotenic acid mg 81.70 54.30 49.00 95.00
Choline g 3.14 2.96 8.30 -
Inositol g 2.08 - 3.00 -

! for references see Table 17-02



162

CHAPTER 17

The viability of the cells of active fresh and dry baker’s yeast is high at after 10 hours
but much lower after 42 hours, particularly for dry yeast (Table 17-06).

Table 17-06: Properties of baker’s yeast*?

Fresh yeast Dry yeast

Dry matter P 29.0 90.0
Cell diameter pm 5.0t0 7.0 5.0t0 7.0
Cells per g nos. 1.10x 10 3.08 x 10'°
Vitality % 99.0 85.0
Cell viability:

- after 10 hours % 92.6 90.1
- after 42 hours % 62.9 37.4

Physiological Properties

The mean metabolisable and digestible energy differs insignificantly between Saccharo-
myces yeasts and torula yeast as found in rainbow trout (Salmo gairdneri) (Table 17-07).

Table 17-07: Energy values of different inactive, dry yeasts in rainbow trout (Salmo gairdneri)

Type of yeast Mean Range Reference
1. Metabolisable energy
Saccharomyces sp. kcal/kg 3,110 2,465 - 3,950 (15.53.62.
yeasts MJ/kg 13.0 103 - 165 7071)
Torula yeast kcal/kg 3,326 3,090 - 3,362 (33.71)
MJ/kg 13.5 129 - 141
2. Digestible energy
Saccharomyces sp. kcal/kg 3,436 2,723 - 4,116 (16.62.70)
yeasts MIJ/kg 14.4 1.4 - 172 70
Torula yeast kcal/kg 3,367 - n
MIJ/K1 4.1 -

The apparent protein digestibility of yeast is generally high (Table 17-08). However,
the kind of treatment of yeast affects the digestibility. Disruption or homogenisation of
the yeast cell wall markedly increased the apparent digestibility of the yeast protein in
rainbow trout but energy digestibility was only slightly increase, indicating that salmonid
fishes have limited amounts of enzymes capable of digesting cell walls (Table 17-09)©%.
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Table 17-08: Apparent digestibility (%) of inactive, dry yeasts by various fish species
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Species Dry matter Crude protein Energy Reference
Mean Range Mean Range
1. Brewer’s yeast
Salmonids 76.0 78.8 60.4 - 91.0 729 60.6 -84.2  (15.16346670.71)
2. Torula yeast
Salmonids - 823 - (70)
3. Alkane yeast
Salmonids - 91.6 - (34)
Common carp - 90.9 - (34)

Table 17-09: Effect of Saccharomyces sp. treatment on the apparent

digestibility by rainbow trouts (Salmo gairdneri)%?

Yeast treatment Apparent digestibility (%)
Crude protein Energy
Intact cells 63.2 62.6
Disrupted cells 84.7 68.6
Disrupted yeast without cell walls 80.5 77.0
Yeast nucleo-protein complex 83.4 69.5
Yeast protein isolate 87.3 70.5

The phosphorus of alkane yeast has an availability of 99% for the common carp

(Cyprinus carpio) and 91% for the rainbow trout(”%.

Brewer’s dried yeast promotes the rate of phagacytosis in fish. Oral application of
brewer’s dried yeast to rhesus monkeys significantly improved the resistance to seasonal
respiratory and enteritis infections, and in mice to chronic infections®.

Contrary to many mammals and avians, salmonids can use the nucleic acid (RNA)
nitrogen of yeast almost as efficiently as they use protein/amino acid nitrogen(®? because

of the presence of the hepatic enzyme “uricase’“?),

Brewer’s yeast is particularly rich in glutathione. It is a common component of all cells.
The sulphurous tripetide glutathione, which is found in yeast, is an exogenous transporter
and contributes to most of the body’s enzymatic reactions*®.

Other Properties

Brewer’s dried yeast is also considered to be a source of UGF® (see chapter 44).
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17.2.3 Feeding Value
17.2.3.1 Fishes

Saccharomyces Yeasts
Rainbow trout responded negatively to feed containing 5.0 to 15.0 brewer’s yeast as
compared to the control fed solely with fresh herring (Clupea harengus)®® or when
brewer’s yeast was the primary source of protein (more than 25%). Meager growth was
associated with poor feed conversion®> 473, Yeast should be used in feeds for spawners
and as a source of B-vitamins for fingerlings(*/- *¥. Red sea bream (Chrysophrys major)
larvae were fed successfully with rotifers packed with yeast(“%,

On the other hand, baker’s yeast protein can replace up to 50% of the total protein in
the diet for the lake trout (Salvelinus namaycush) without performance depressing effects,
if the yeast cell wall is disrupted to release the intracellular protein (Table 17-10)(¢.

Table 17-10: Differently treated dry baker’s yeast (Saccharomyces cerevisiae) in the diet for the lake

trout (Savelinus namaycush)(3

Intact yeast % - 324 - - - - -
Intact yeast! % - - 324 - - - -
Intact yeast? % - - - 324 - - -
Disrupted yeast % - - - - 324 - -
Disrupted yeast' % - - - - - 324 -
Disrupted yeast? % - - - - - - 324
Final weight g 12.9 12.0 11.2 11.1 12.6 12.1 12.8
Weight gain g 10.7 9.7 9.0 89 104 99 106
Feed conversion 1: 0.94 1.01 1.07 1.08 0.97 1.00 0.96

! yeast washed with saline (0.9% NaCl in distilled H,0); 2 unwashed yeast

Alkane Yeast

Alkane grown yeast as a sole protein source in rainbow trout diets depressed growth.
But adding cystine and arginine enhanced fish growth while addition of methionine had
no effect(’!: 12515277 A discolouration of the livers in the yeast-fed fish was also
observed(! 12.77),

However, positive effects have been observed when 30 g rainbow trouts were fed with
alkane yeast as a sole protein source. Results were comparable to a fish meal diet as
the control (Table 17-11)?. The combination of alkane yeast with other protein sources
in diets for rainbow trouts had no adverse effect on growth rate(3 /2 20: 68.69)

Increasing the levels of alkane yeast (25, 50, 75, 100%) as replacment for fish meal
in the diet for coho salmon (Oncorhynchus kisutch) (liveweight 30 g) caused a decline
in relative feed conversion from 95 to 90, 85 and 76%, respectively. Nevertheless, yeast
may replace 25% of fish meal without negatively affecting growth and feed conversion.



FEED YEAST 165

Adding I-methionine to the yeast diets did not significantly improve performances
(Figure 17-02)72.

Alkane yeast, Candida lipolytica, as a first sole nutrient for the coldwater vendace
(Coregonus albula) fry is a suitable first food. Survival rate was 22% better than that of
the control on natural food®.

Table 17-11: Performances of rainbow trout (Salmo gairdneri) (initial liveweight: 30 g)
on diets with alkane yeast and fish meal as the sole protein source(®

Fish meal Alkane yeast
Specific growth rate 1.36 1.30
PER (protein efficiency ratio) 191 2.01
NPU (net protein utilisation) 0.38 0.42
BV (biological value) 0.41 0.46
With added
@ Methionine
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Figure 17-02. Replacement of fish meal by alkane yeast with and without I-methionine in diets for coho
salmon (Oncorhyncus kisutch)’.

Other Yeasts
Feeding lactic yeast (Kluyveromyces fragilis) at a level of 1.0% notably improved
the growth of the yellowtail (Seriola quinqueradiata) (Figure 17-03). Also eel fry
(Anguilla japonica) responded favourably on lactic yeast®?.

Inconsistent results were obtained when the yeasts Candida utilis and Endomycopsis
fibuliger grown on starch as replacement for animal protein, were fed at levels of 50%
and 67% to Atlantic salmon (Salmo salar)’3).
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Figure 17-03. Development of the body weight of yellowtail (Seriola quinqueradiata) after feeding lactic
yeast (data from(30))_

17.2.3.2 Crustaceans

Saccharomyces Yeasts

Larvae of the kuruma prawn (Penaeus japonicus) and tiger prawn (Penaeus monodon)

were fed the marine yeast (Saccharomyces cerevisiae) to obtain high survival rates,

particularly at the zoea stage(’% 2%). But the combination of yeast and several algae species

in varying proportions gave better survival rate than feeding yeast or algae alone//?.
Replacing algae with active dry baker’s yeast as feed for blue shrimp (Penaeus

stylirostris) larvae gave quite successful results“®,

Lactic yeast

Replacing fish meal by lactic yeast (Kluyveromyces fragilis) at a level of 13% in diets
for tiger prawns improved performances (Table 17-12)%. Under field conditions in
Japan squid meal was replaced successfully by 10 to 15% lactic yeast in diets for
kuruma prawns(’®,
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Table 17-12: The effect of lactic yeast (Kluyveromyces fragilis) on

performances of tiger prawn (Penaeus monodon)?

Lactic yeast % - 13.0
Fish meal % 62.0 54.0
Daily weight gain g 0.5 1.2
Feed conversion 1: 4.80 1.96
Feed efficiency 0.21 0.51

17.2.3.3 Molluscs

Growth was severely retarded when more than 50% torula yeast was used in the diet for
bivalve molluscs in combination with the cultured algae Thalassiosira pseudonana or
Isochrysis galbana (Table 17-13)? %78 Brewer’s yeast at levels of 2.0 to 5.0% in diets

for juvenile abalone of the genus Haliotis performed well but not as good as natural
food(42, 54, 65).

Table 17-13: Response of bivalves on algae and torula yeast and combinations thereof (parameter: final dry
weight of soft tissues [mg]; test period: 28 days)/’?

Algae % 100 75 50 25 0
Torula yeast % 0 25 50 75 100
Argopecten bay scallop (Argapectan irradiants) mg ~ 228.9 193.9 259.5 162.2 69.1
American oyster (Crassostrea virginica) mg 494 439 35.8 279 21.2
Hard clam (Mercenaria mercenaria) mg 23.2 21.8 21.4 17.5 11.0
Blue mussel (Mytilus edulis) mg 168.1 146.1 144.9 87.3 55.3

The decline in growth with increasing levels of yeast is most probably due to the fact
that bivalves are less able to digest the yeast, particularly its cell wall® /). This finding
also corroborates the “assimilation efficiency” used as a parameter for determining
the diet’s effectiveness (Table 17-14)? 29, Minor processing is needed to disrupt the yeast
cell wall to make the nutrients better available for utilisation by molluscs(?/.

17.2.3.4 Zooplankton

In rotifer (Brachionus plicatilis) mass culture baker’s yeast (Saccharomyces cerevisiae)
is used as a mono-diet to replace algae, the organism’s natural food. Unexpected decrease
of production or suppressed growth of rotifers may be caused by nutrient deficiency of
the yeast and pollution of the water by the yeast itselft 3. The reproductive rate also
declines, if rotifers are fed on yeast only* .
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The response of rotifers to fresh baker’s yeast is slightly better than to dry baker’s
yeast. The former has higher vitality of the yeast cells and reduced sedimentation.
In general, the combination of baker’s yeast with other components does not show
additional effects (Table 17-15)4%.

The essential fatty acid composition of rotifers grown on fresh baker’s yeast and algae
does not seem to meet the requirements of marine fish larvae, may be because the yeast
is an inadequate essential fatty acid source(’” 2> %), However, when baker’s yeast is
grown on a medium supplemented with fish oil or cuttle fish liver oil, both of which are
rich in PUFA of the n-3-series, the PUFA content of rotifers is altered®”).

One million rotifers are produced with a mean in-put of 1.13 g dry baker’s yeast
(variation: 0.73 to 2.55 g)*.

Table 17-14: Assimilation efficiency! (%) of the algae Isochrysis galbana and
torula yeast for the American oyster (Crassostrea virginica) and

the hard clam (Mercenaria mercenaria)’?

American oyster Hard clam
Algae Yeast Algae Yeast
Organic matter 76.4 67.6 78.3 80.1
Carbohydrates 744 63.7 85.6 75.8
Crude protein 78.5 70.5 90.3 78.4

! “Assimilation Efficiency” is a parameter to determine the effectiveness of a diet.
It is the difference between the ingested and egested quantity of the diet and is
similar to digestibility.

Table 17-15: Different preparations of baker’s yeast on performances of the rotifer
Brachionus plicatilis*3)

Type of preparation GR! PR?
Dry baker’s yeast (control) 0.321 41.6
Fresh baker’s yeast 0.331 43.6
Dry baker’s yeast (activated)® 0.315 39.5
Dry baker’s yeast + Vitamin B , 0.325 424
Dry baker’s yeast + extract® 0.330 43.6

! GR = population growth rate of rotifer; 2 PR = production of rotifers per ml;
3 macro-algal extract with unspecified composition; * microencapsulated commercial
product; 3 with sugar
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17.3 Active Yeast
17.3.1 Definition and Production

Definition
The “Association of American Feed Control Officials, Inc.” (AAFCO) have defined live
(active) yeast as follows:

“Yeast culture is the product composed of yeast and the media on which it was grown,
dried in such a manner as to preserve the fermenting activity of the yeast. The media
must be stated on the label.”?),

The major difference of yeast culture to inactive yeast and baker’s yeast (an active
yeast, too) is its bio-regulating properties on the intestinal flora and possibly an
antagonistic effect towards pathogenic germs®% 3.

Yeast culture has a wide range of names as shown below:(3% 0,

o Yeast feed,

*  Live yeast feed,

e Cereal yeast,

*  Live cell yeast culture,

*  Special yeast culture,

. Active yeast culture,

*  Dried feed microbials.

Production

In the manufacture of yeast culture selected strains of Saccharomyces cerevisiae alone
or in combination with Kluyveromyces fragilis are used®. Yeast cells used for yeast
culture have to be modified by “substrate induction” which changes the yeast cells from
sugar fermenters into cereal grains digesters®. AAFCO recognises 43 different micro-
organisms for producing yeast culture(* 9,

The manufacturing process of yeast culture, the ingredients used and their effectiveness
vary greatly. Cereals are the major substrate but other materials are also used. Three differ-
ent production methods are known®?):

*  Dry mixes of cereal grains and active dry yeast without culturing;

*  Culture of yeast and cereals which has varying degrees of fermentation and are
frequently dried at high temperatures killing the fermenting activities;

*  Yeast and cereals carefully cultured together and dried in a manner to retain
the activity and the metabolites of the fermentation.

17.3.2 Chemical and other Properties

Chemical Properties

The chemical composition of yeast culture is not as impressive as inactive yeast.
Yeast culture is much lower in protein than inactive yeast. The mean nutrient content
of yeast culture (as fed) is as follows®® and the essential amino acids, minerals and
vitamin contents are in Tables 17-16 and 17-17.
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Dry matter:

Crude protein:

Crude fat:
Crude fibre:
Ash:

N-free extract:

CHAPTER 17

88.5%
14.0%
2.5%
8.0%
4.0%
60.0%

Table 17-16: Essential amino acid profile of yeast culture (g/16 g N)*®

Mean Variation
Arginine 6.35 4.00 - 9.00
Histidine 3.33 2.00 - 4.80
Isoleucine 4.70 3.00 - 5.00
Leucine 11.25 7.00 -15.00
Lysine 7.15 5.00 - 11.00
Methionine 2.28 1.00 - 3.00
Phenylalanine 5.00 4.00 - 6.00
Threonine 4.93 4.00 - 6.00
Tryptophan 1.25 0.70 - 1.80
Valine 5.03 4.00 - 6.00
(36.+)

Table 17-17: Mineral and vitamin contents of yeast culture

Minerals Vitamins (per 1,000 g)

Calcium % 0.26 Vitamin A IU 6,600
Phosphorus % 0.65 Vitamin E mg 39.70
Potassium % 1.50 Vitamin B, mg 4.50
Magnesium % 0.39 Vitamin B, mg 4.38
Sulphur % 0.15 Vitamin B mg 6.60
Manganese mg/kg 34.95 Vitamin B , mg 0.01
Iron mg/kg 75.00 Biotin mg 0.40
Zinc mg/kg 48.50 Folic acid mg 0.60
Copper mg/kg 6.47 Nicotinic acid mg 49.33
Selenium mg/kg 0.04 Pantothenic acid mg 49.30
Cobalt mg/kg 0.11 Choline g 1.40

!inclusive of manufacturers data
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Other Properties
Digestibility values for yeast culture have been determined in terrestrial animals only
and are as follows:

*  Metabolisable energy: 3,252 kcal/kg (13.6 MJ/kg) (pigs)

*  Metabolisable energy: 3,098 kcal/kg (13.0 MJ/kg) (poultry)

*  Digestible energy: 3,175 kcal/kg (13.3 MJ/kg) (horses).

The count of live cells ranges from 1.5x10% to 6.5x10° cells per gram dry yeast
culture(® 8 and is used for the identification and analysis of yeast culture. However,
measuring the viability of live cells is not yet precise(®?.

The thermostability of yeast culture is insufficient. The temperature of pelletising,
extrusion and expansion of feed together with moisture and pressure affects the viability
of the live cells and losses can amount to 95%. But there are claims that although
the live cells may die by heating, the metabolic activity of the yeast culture remains.
Only temperatures greater than 70°C and exposure to such temperature for longer
than five minutes can reduce the metabolic activity of yeast culture(3?.

Mode of Action
It is still impossible to precisely define the metabolic consequences of using yeast culture
in animal feeding(® % 8% However, three models may explain the mode of action of
yeast culture(?%);
* Live yeast cells may actively eliminate Escherichia coli by preventing its
fixation onto the cells of the intestinal epithelium;
*  Live yeast cells eliminate the coli enterotoxin when fixed onto the cell wall;

*  Live yeast cells produce a lethal toxin which kills Escherichia coli.

It is also presumed that yeast cells contain numerous enzymes which are released into
the intestine and supplement the endogenous enzymes of the animals, thus supporting
dry matter digestion®®. For instance yeast culture in poultry upgraded the utilisation of
phytate phosphorus”™ 79 and in post-weaning piglets the feed conversion of high fibre
diets was improved(”). It is also possible that yeast culture contains UGF that could cause
its effectiveness as a feedstuffl® 49,

17.3.3 Feeding Value

The feeding value of yeast culture has been studied extensively in terrestrial animals.
Ruminants responded positively to the yeast culture®@3 3/ 33, the effects achieved in pigs
were variable(/¥ and results from trials in poultry were not very promising“% &0,

Studies on yeast culture in aquatic animals are rare. Yeast culture at levels of 0.125,
0.25 and 0.50% in diets of channel catfish (Ictalurus punctatus) fingerlings fed for
12 weeks did not significantly (P >0.05) improve growth, feed conversion and survival®’).
Unless the thermostability of yeast culture is improved it cannot be successfully used
in pelletised feed for aquatic animals®©?).
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Inactive Yeast

High protein content and high digestibility are the characteristics of yeasts as a feedstuff.
However, trials have proven that yeast cannot replace animal protein completely.
Supplementation with amino acids may be needed. Recommended inclusion rates of
yeast for aquaculture feed are:

¢  Fishes: 5.0 t010.0%
¢ Shrimps: 20to 5.0%
e Lobsters: 8.0t012.0%.

Active Yeast
Manufacturers recommend 0.1 to 1.0% yeast culture for aquaculture feeds*®.

17.5 Legal Aspects

Saccharomyces cerevisiae yeast is considered as Generally Recognised As Safe (GRAS)
by the U.S.A authorities®®. Lacto yeast, distiller’s yeast and alkane (petroleum) yeast
are not approved by the U.S.A authorities. The only petroleum derived yeast approved
is Pichia pastoris yeast. Also yeast culture is not an approved feedstuff*?).

In Germany, the following yeast products are approved as a single feedstuff:

¢ Brewer’s yeast

o Yeast, extracted

e Yeast, liquid

. Yeast, dried.

They have to be produced from the yeast families Saccharomycetaceae,
Endomycetaceae and Cryptococaceae. All yeast cells of the product have to be dead
(inactive). Yeast produced from species of the genus Candida and cultured on n-alkane
are not approved as a feedstuff'5?),
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18. FISH MEAL

18.1. Rationale

Historical Background

Fish by-products have been used for feeding animals for many centuries ago. As early
as 800 AD, herring was utilised as a raw material in Norway. The oil was pressed with
wooden boards and stones for human consumption and the remains were used as feed.
In the travels of Marco Polo as written in the 14% century, a primitive form of fish meal
was already described and fed to animals®. In the past, in Great Britain and Japan, fish
meal and fish solubles were used as fertiliser and first of all as animal feed because of
its high nutritional value®®. Fish meal of high grade quality is used also for human con-
sumption in countries where there is a lack of protein in malnourished children’s diets.
Fish meal manufacture is now the largest operation in the world. Around 12% of the world
production of fish meal is used in aquaculture feeds¥. In addition, production of fish
meal and fish silage (Chapter 20) is a good way of managing waste from fish processing,
thus, protecting the environment.

Sources

Most commercial fish meals are produced from a mixture of various fish species such as
fish meal from small oily fishes of the herring family, anchovy which is fished off Peru
and Chile, menhaden, which is obtained in large amounts off the East coast of the U.S.A.
and the Gulf of Mexico and sardines caught in waters off Nordic countries, Japan and
Russia. Generally a meal produced from a defined fish species can be declared as pure
if more than 50% of the raw material is from only one species®®. Occasionally meal
from the following species may also be available:

*  Anchovy (false) (Stolephorus commersonii)

*  Anchovy (true) (Engraulidae spp.)

¢ Bream/Redfish (Sebastes spp.)

e Cod (Gadus morhua)

*  Conger (Conger conger)

*  Capelin (Mallotus villosus)

+ Carp (Cyprinus carpio)

¢ Chilean hake (Merluccius geyi)

*  Croaker (Sciaenidae spp.)

*  Haddock (Melanogrammus aeglefinus)
*  Halibut (Hippoglossus hippoglossus)
*  Herring (Clupea harengus)

*  Horse mackerel (Trachurus spp.)

e Mackerel (Scomber scombrus)
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Menhaden (Brevoortia spp.)
Pilchard (Sardina pilchardus)
Pollack (Pollachius pollachius)
Sand eel (Ammodytidae spp.)
Shark (order Squaliformes)
Tuna (Thunnus spp.)

Commercially produced fish meal are labelled according to:

Country of origin (Alaskan, Canadian, Danish, Peruvian, Thailand fish meal)
Procedure of manufacture (steam dried, sun-dried, low temperature dried, flame
dried, freeze dried)

Fish species (e.g. Herring, Menhaden, Pollack, Anchovy)

Colour (white or brown fish meal)

The raw material used in Danish fish meals normally consists of small fish not for
human consumption such as sand eels (Amnodytes), Norway Pout (Trisopterus esmarki)
and sprat (Spratus spratus)?. Peruvian fish meal comes mostly from anchovy.

Type of fish meals produced by some exporting countries are listed in Table 18-01.

Table 18-01: Types of fish meals produced by some fish meal exporting countries®
Country Types of meal Drying process
Canada Herring Steam

Chile Anchovy and horse mackerel Flame/steam
Iceland Herring and Capelin All low temperature
Japan Sardine -

Norway Herring and Capelin All low temperature
Peru Anchovy -

South Africa Pilchard -

US.A. Menhaden (mostly in the South) Flame/steam

In Great Britain, “white fish meal” is defined as containing not more than 6.0% oil
and 4.0% salt. In Norway distinction is made between herring meal and fish meal.
The former is only from herring while the latter is from cod and fish offal and is of lower
quality®. Fish meal containing 65 to 70% crude protein is generally called “herring
meal” in Denmark while “fish meal” has a lower protein content.

18.2

Manufacture and Processing

The principle in fish meal processing is the separation of the solids from water and oils.
The quality of fish meal depends on several factors which are:

Temperature at the time the fish are caught;
Temperature at which the fish is stored prior to processing;
Length of storage prior to processing;
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¢ Type or composition of fish catch;

*  Method of catching the fish.

Fish meal has to be processed as soon as the fish is caught in the ship offshore or
at shore. A by-product of fish meal manufacture is fish 0il®? (Chapter 29).
There are two principal ways of producing fish meal: Direct drying which is an old pro-
cess and cooking before drying(®. With the latter, a higher quality fish meal is obtained*?.

Wet Reduction Process

Fish is cooked in a long steam jacketed cylinder or steam is injected into the cooking
material. Undercooking and overcooking has to be avoided (Figure 18-01). The pressing
stage removes the major portion of the oil and water followed by drying.

Whole fish

Water — Unload<— Water

Raw storage
Cooker

Press —»Press liquor

Dryer Stage | «— Steom
|

Solubles —» Dryer Stage 24— Steam

Antioxidant — Fish meal

|

Warehouse

Grinding—» Bagging

|

Shipping — Storage

Figure 18-01. Flow diagram in the processing of fish meal*?.

In the direct drying process, very hot air of up to 500°C is passed over the material
as it is tumbled rapidly in a drum. Direct drying is a quick method but the nutrients of
the finished product can be easily heat damaged.

There is less damage to the nutrients if the fish meal is processed by indirect steam
drying which is also termed “indirect fired” “steam dried” or “low temperature” fish
meal process. Hereby a steam jacket or steam heated discs are used®”. Compared to
steam-drying, air-drying reduces the protein content by 10.5% and the fat level by 0.6%?.

Returning the fish solubles (see Chapter 21) to the press cake prior to drying gives fish
meal known as “whole meal”.
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Heat Transfer Process

The heat transfer method (HTM) was developed in the USA. Oil is added to a slurry of
the raw material which acts as a heat transfer medium. In another process, the oil is removed
by solvent extraction rather than by pressing and centrifuging the liquid material(3?).

Artisanal Process

In developing countries fish meal is produced by artisanal methods such as cooking,
draining, sun-drying and mechanically grinding the fish. The quality of “cooked” fish
meal is higher than that of “raw-salted” fish meal®¥. Small-scale processing under local
conditions does not produce a quality compared to industrial fish meals'V.

18.3 Chemical, Physiological and Other Properties

Chemical Properties

Fish meal is a high quality protein feedstuff. The chemical composition, particularly
the protein content varies widely and depends on fish species used for fish meal manu-
facture (Tables 18-02), season, and the latitude where the fish are caught. Fish meal is
also an excellent source of essential amino acids (Table 18-03).

Table 18-02: Chemical composition of fish meal (% in dry matter)

Meal from...! Dry Crude Crude Ash Crude N-free
Matter protein fat fibre extract

1. Fish meal from defined species’/- %%

Anchovy (true) 92.0 70.7 53 16.9 - 7.1
Anchovy (false) 93.0 78.0 9.0 12.5 - 0.5
Bream 93.0 63.2 10.3 25.2 - 1.3
Capelin 91.1 72.6 9.3 10.6 4.7 2.8
Chilean hake 81.6 833 24 14.3 - -

Cod 89.7 68.6 3.8 26.0 - 1.6
Crokaer 94.0 63.1 109 20.2 0.9 49
Haddock 93.4 65.9 4.7 26.5 - 29
Halibut - 53.2 13.1 32.8 - 0.9
Herring 90.0 74.4 9.0 15.0 - 1.6
Horse Mackerel 95.4 709 13.7 - - -

Mackerel 92.0 66.4 10.3 21.1 - 2.2
Menhaden 92.6 66.6 11.1 20.9 - 14
Pilchard 91.8 66.5 7.6 20.4 - 5.5
Pollack 94.8 65.5 17.7 14.1 - 2.7
Sandeel 91.0 72.6 83 10.6 - 85
Sardine 93.0 65.2 5.0 19.8 1.0 9.0
Shark 92.0 72.3 17.9 - - -

Tuna - 64.0 10.1 23.6 - 23

2. Fish meal from unspecified fish(® /% 20- 23. 35 37. 40, 41. 51. 56)

White fish meal 91.5 65.8 85 19.5 1,4 4.8
Brown fish meal 91.3 69.0 6.0 14.8 - 10.2
Fish waste meal 90.0 49.2 9.0 34.4 - 7.4

'For scientific names of fish species see Chapter 18.1
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The fat content of fish meal is species specific (Table 18-02). Normally, fish meal is
de-oiled. Nevertheless, fish meal from oily fish species may contain up to 9.0% oil*.
The residual oil in fish meal is rich in PUFA, predominantly of the n-3 family (Table 18-04).

Fish meal has a high ash content and is particularly high when made mainly from
fish frames (Tables 18-02). Generally, the higher the ash content, the higher the calcium,
phosphorus and magnesium content which are predominantly from the fish bones
(Table 18-05). Fish meal is a source of selenium which is of good availability’.

Fish meal is rich in water soluble vitamins but the content of fat soluble vitamins is
insignificant (Table 18-06).

Table 18-04: Important fatty acids in lipids of fish meal (%)/'¥

Fatty acid White fish South American Herring-type
meal fish meal fish meal
Tetradecanoic 14:0 32 6.3 49
Hexadecanoic 16:0 11.0 19.9 14.8
Octadecanoic 18:0 1.7 4.8 2.1
Hexadecenoic 16:1 6.8 7.3 5.8
Octadecenoic 18:1 16.9 11.4 144
Eicodecenoic 20:1 9.7 3.0 10.9
Docosacenoic 22:1 9.1 1.8 11.9
Eicosapentaenoic 20:5n-3 12.0 14.6 10.1
Docosahexaenoic 22:6n-3 19.2 17.4 15.4
Total n-6-PUFA 34 4.1 35
Total n-3-PUFA 35.5 34.3 27.1

Table 18-05: Macro and micro mineral contents of some typical fish meals ¥

Mineral White fish South American Herring type
meal fish meal fish meal
Calcium % 8.00 4.00 20
Phosporus (total) % 4.80 2.60 1.90
Phosphorus (available) % 4.80 2.60 1.90
Potassium % 0.90 0.70 1.20
Chlorine % 2.00 1.82 1.03
Magnesium % 0.15 0.25 0.11
Sodium % 1.30 0.87 0.70
Iron mg/kg 300 246 150
Copper mg/kg 7.0 11.0 5.0
Manganese mg/kg 10.0 2.0 10.0
Zinc mg/kg 100 111 120

Selenium mg/kg 1.50 1.40 220
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Table 18-06: Vitamin content of some typical fish meals (per 1,000 g)/'>

Vitamin White fish South American Herring-type
meal fish meal fish meal

Vitamin A U - 3.9 8.9
Vitamin E mg 9.8 34 4.0
Vitamin K, mg - - 24
Vitamin B, mg 1.8 1.9 0.7
Vitamin B, mg 6.5 6.60 73
Vitamin B mg 33 35 3.7
Vitamin B, mcg 70 180 250
Biotin mcg 80 260 420
Folic acid mcg 500 160 500
Nicotinic acid mg 50 95 126
Pantothenic acid mg 15.0 9.3 30.6
Choline mg 4,400 4,400 4,400

Physiological Properties

The energy content of fish meal depends on the protein and oil content. The data on
the digestible energy found in aquatic and terrestrial animals do not differ much from
each other when quality of the fish meal is considered (Table 18-07).

Table 18-07: Metabolisable and digestible energy content of fish meals in aquatic and terrestrial animals

Metabolisable energy Digestible energy Reference

kcal/kg Ml/kg kcal/kg Ml/kg
Chinook salmon
- Herring meal - - 4,876 20.4 24
- Herring/Capelin meal - - 4,661 19.5 @4
- Anchovy meal - - 4,827 20.2 24
- Menhaden meal - - 4,063 17.0 (24)
Channel catfish
- Fish meal? - - 3,906 16.3 (36)
Pigs
- Herring-type meal - - 4,804 20.1 (13
Poultry
- Fish meal? 3,460 14.5 3,650 15.3 (16)

lorganic matter; *from unspecified matter
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The protein digestibility of fish meal is highest for grass carp (Ctenopharyngodon idellus)
and chinook salmon (Oncorhynchus tschawytscha) and lowest for milkfish (Chanos
chanos) and yellowtail (Seriola quinqueradiata) (Table 18-08). Other digestibility data
are rare.

Table 18-08: Apparent digestibility (%) of fish meals in various aquatic species(” /% 1% 21. 24. 26, 31. 38, 49)

Protein Fat Fibre Dry matter Energy
Salmonids (general) 81.8 89.2 - 88.2 91.7
Atlantic salmon
(Salmo salar) 88.5 - - - -
Chinook salmon
(Oncorhynchus tschawyscha)  89.9 - - 86.7 89.2
Rainbow trout
(Salmo gairdneri) 86.0 - - - -
(Common carp)
(Cyprinus carpio) 86.4 - - - -
Grass carp
(Ctenopharyngodon idella) 90.8 90.0 100.0 68.1 83.4
Channel catfish
(Ictalurus punctatus) 85.5 - - - 84.5
Tilapia
(Oreochromis spp.) 87.5 - - - -
Milkfish
(Chanos chanos) 61.5 - - - -
Sea bass
(Dicentrachus labrax) 88.3 - - - -
Yellowtail
(Seriola quinqueradiata) 62.0 - - - -
Tiger prawn
(Penaeus monodon) 66.4 - - - -

The bioavailability of minerals in fish meal varies among species. Phosphorus bioavail-
ability appears to be correlated with the presence of gastric juice in the stomach and is
low in stomachless fish like the common carp (Cyprinus carpio) and high in fish with
stomach such as rainbow trout (Salmo gairdneri)%.

Zinc and manganese availability is related to the fish meal’s content of calcium-
phosphate as found in rainbow trout(* 49,

The bioavailability of magnesium in white fish meal is very low. Utilisation of
magnesium might be distorted by an undefined substance in white fish meal.
Supplementation of the diet, therefore, has to be considered“?). Selenium in fish meal
has low availability (47.5%).
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Other Favourable Properties
High quality fish meals are a good source of phospholipids. Unspecified fish meals may
contain 2.47% phospholipids®®®. Tuna meal has a phospholipid content of only 0.5¢%.
Fish meal has chemo-attractant properties most probably due to its high content of
glutamic acid. Glutamic acid, although a non-essential amino acid is abundant in fish
meal ranging from 11.8 to 14.9 g/16 g N and may be one of the reasons why fish meal
can serve as a chemo-attractant.

The pelletising ability of fish meal according to CPM is rated “medium” for both
pelletising ability and abrasiveness(?”).

Unfavourable Properties

Fish meal produced from improperly handled raw fish may contain histamine (B-imi-
dazolylethylamine) (C;HyN,) which is a N-containing heterocyclic biogen amine,
produced by microbial decarboxylation of the amino acid histidine. The toxin can be
produced in just three to four hours when fish is kept at a room temperature of 18° to
22°C. The normal histamine level of fish is less than 1.0 mg% but histamine levels as
high as 430 mg% were found in yellowtail®?. The toxin can cause allergic reactions,
lowers the blood pressure by dilating the blood vessels and stimulates gastric secretion
(enteritis). Histamine is heat stable but the enzyme histaminase, found in the digestive
system, is capable of inactivating histamine(3% 5% 58,

18.4 Feeding Value

In feeding cultured aquatic animals two types of fish meal are used: White fish meal and
brown fish meal. White fish meal is of higher nutritional value than brown fish meal.
About 2/3 of protein in aquatic diets come from fish meal®? and its fish feeding value has
caused its extensive use in aquaculture diets. Of the total fish meal used in aquaculture
feeds, 93.2% was consumed by carnivorous species®”. Fish meal is also used as the sole
source of protein in the determination of protein requirements of various aquatic species.

Fishes

Fish meal is the major protein source of fish diets. Its replacement by less expensive
components were the target of many experiments. The differences in the feeding value
of meal of defined fish species were also tested (see Chapter 18.1).

For salmonids such as chinook salmon and rainbow trout insignificant differences
were found when various meals of defined fish species were tested (Table 18-09)@ /2. 22),
Insignificant differences in performances also were found when different meals of
defined fish species were fed to turbot (Scopthalmus maximus)'¥, red sea bream (Pagrus
major) and the Japanese eel (Aguilla japonica)*?.

Intensive culture of channel catfish (Ictalurus punctatus) requires diets with a high
level of fish meal (Menhaden). Replacement of all fish meal by soybean meal on
isonitrogenous basis resulted in poor fish development for juvenile blue catfish
(Ictalurus furcatus). A minimum of 13.0% fish meal in a diet containing 34.0% crude
protein has been established(?.
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Table 18-09: Response of rainbow trout (Salmo gairdneri) fingerlings on feeding diets
with tilapia or herring meal (feeding period: 12 weeks??)

Herring meal %o 26.7 -
Tilapia meal %o - 30.6
Crude protein % 42.1 40.1
Crude fat % 7.4 9.6
Gross energy kcal/kg 4,680 4,560
MJ/kg 19.6 19.1
Initial weight g 23.0 23.0
Mean weight gain g 36.0 39.0
Daily weight gain g 0.429 0.464
Carcass composition (in dry matter):
- Dry matter % 22.6 21.5
- Protein % 67.1 69.0
- Lipid % 19.5 17.9
- Ash % 10.7 11.5
- Energy kcal/kg 5,460 5,440
MJ/kg 22.8 228

The rather frugal tilapia (Oreochromis spp.) responded better to a diet containing fish
meal than blood meal®”. Replacing all fish meal by soybean meal in a diet (24% crude
protein) for male tilapia significantly reduced performances. Adding of methionine to
the soybean diet was ineffective.

Mudfish (Clarias anguillaris) fingerlings performed best when fish meal was the only
protein source instead of a mixture of fish meal, blood meal and ground nut cake!!”),
White fish meal is a better protein source than herring meal in diets for the European eel
(Anguilla anguilla)®. The growth of milkfish fry is improved substantially, when 30%
of dietary protein from maize gluten meal is replaced with white fish meal(Table 18-10)“7).

Table 18-10: Growth response of milkfish (Chanos chanos) fry fed white fish meal and/or maize
gluten meal”

Maize gluten meal % 52.3 454 38.1

White fish meal % - 8.3 17.0

Weight gain % 312 862 1,275

Survival % 14.2 56.0 63.0

Feed conversion 1: 49 1.8 1.5
Crustaceans

Shrimp need fish meal in their diets. In post-larvae (2.0 to 3.0 g) tiger prawn (Penaeus
monodon) the highest survival rate was attained with fish meal as the sole protein source,
but the best growth rate was obtained with the combination of fish meal and shrimp head
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meal (1:1)“*. Brown fish meal based diets can sustain good growth and high survival of
the larval kuruma prawn (Penaeus japonicus) and is comparable to live food*?.

Molluscs
The phagostimulatory properties of dietary white fish meal has been tested in gastropod
molluscs. White fish meal can be the major protein source in artificial diets for abalone
(Haliotis spp.)®.

It seems that it is the most desirable protein source for abalone’®). The amino acid
profile and the lipids of fish meal are easily digestible at abalone’s body temperature.
The high concentration of PUFAs are also of value to abalone(/®,

18.5 Recommended Inclusion Rate
The cost of fish meal limits its application level in diets for cultured aquatic animals.

The mean and optimal inclusion rates of fish meal are as follows(*" 52);
Carnivores 50.0%

Omnivores/herbivores 25.0%
Penaeid shrimps 25.0%
Other crustaceans 20.0%

18.6 Legal Aspects

According to EU-Regulation 92/87 of 26 October 1992, fish meal has the No. 10.01 and
is defined as “a product processed from fishes or parts of them of which the oil has been
partly extracted and the fish solubles may be added to the product”. Products with more
than 75% crude protein may be declared as “high protein fish meal”. Quality requirements
of fish meals according to German feedstuff legislation are in Table 18-11.

In the U.S.A. fish meal (AAFCO No. 51.14) is defined as “the clean, dried ground
tissue of undecomposed whole fish or fish cuttings, either or both with or without
extraction of part of the oil”. It must contain not more than 10.0% moisture. If it contains
more than 3.0% salt (NaC1), the amount of salt must be labelled. In no case must the salt
content exceed 7.0%(". The requirement for fish residue meal (AAFCO No. 51.24),
which is the residue from the manufacture of glue from non-oily fish, is the same as for
fish meal(®).

Undesirable substances may reduce the value of a fish meal. The German feedstuff

law permits undesired substances in fish meal only at the following levels®”:
¢ Aflatoxin B, max. 0.05 mg/kg
*  Arsenic max.  10.00 mg/kg
*  Cadmium max. 2.00 mg/kg
*  Fluorine max. 500.00 mg/kg

e Mercury max. 0.50 mg/kg
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Table 18-11: Quality requirements (%) of fish meals according to German feedstuff legislation®®”)

Fish meal standard type

55 60 64

Moisture max. 12.0 12.0 12.0

Crude protein min. 55.0 60.0 64.0

Digestible protein! min. 88.0 88.0 88.0

Crude fat max. 12.0 12.0 12.0

Ash max. 2.2 2.2 22

Sodium-chloride max. 5.0 4.0 4.0

Calcium-chloride max. 2.7 2.5 2.0
1. Compulsory declaration on labels

Crude protein + + +

Crude fat

Sodium-chloride + + +
2. Voluntary declaration on labels

Moisture

Calcium-carbonate
Phosphorus

'Pepsin-hydrochloric test
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19. FISH PROTEIN CONCENTRATE (HYDROLYSED)

19.1. Rationale

Hydrolysed fish protein concentrate (HFPC) is produced from by-products of the fishery
industry. It is a feed ingredient of the new generation of feedstuffs, characterised by its
extraordinarily high protein content and the conversion of insoluble fish protein into
polypeptides and amino acids by enzymatic hydrolysis. The soluble fish protein forms
chelates with minerals.

The manufacture of HFPC utilises the experiences from the food processing industry,
which since the 1960’s utilises the advantages of the enzymatic hydrolysis to get a better
protein solubility®,

19.2. Manufacture and Processing
Raw materials for HFPC are fish and fish frames from filleting plants. The location of

the processing plant determines the fish species used as raw materials. In Europe prevailing
fish species for the manufacture of HFPC are:

¢ Cod (Gadus morhua)

*  Haddock (Melanogrammus aeglefinus)
e Mackerel (Scomber spp.)

*  Pout (Trisopterus luscus)

¢ Whiting (Merlangus merlangus)

The fresh raw material is minced in order to obtain a large surface area for a better
and faster enzymatic hydrolysis. In the hydrolysation process, temperature, time and pH
have to be strictly controlled for producing the wanted short-chain polypeptides.

After completion of hydrolysation the insoluble matter such as bones, scales and other
undigestible solids is removed. The liquid product is de-fatted, concentrated, pasteurised
and spray-dried (Figure 19-01). To control any oxidation during transport and storage
an antioxidant may be added!”).

19.3. Chemical, Physiological and other Properties

Chemical Properties

Hydrolysed fish protein concentrate (HFPC) is characterised by its high crude protein
content (Table 19-01). The dry matter content is 95 to 97%. Fat and crude fibre content
is negligible. However, the small amount of fat has a high level of unsaturated fatty acids
as shown below:
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e Saturated fatty acids: 22.29% (of total fat)
*  Mono-unsaturated fatty acids: 42.95%
¢ Poly-unsaturated fatty acids: 21.83%

Fish catches
(Raw material)

1

|

Processed fish Raw material
for human for HFCP

consumption

Mincing

Enzymatic
hydrolisa-
tion

Concentra-
tion at low
temperature

Insoluble HFPC
Proteinm, fat
and water

Dried
HFPC

Figure 19-01. Diagram of the production of Hydrolysed Fish Protein Concentrate (HFPC).

Table 19-01: Chemical composition (%) of hydrolysed fish protein concentrate (HFPC)
in comparison to soybean meal (from de-hulled beans) and herring meal‘®

HFPC Soybean-meal Herring meal
Crude protein 80.0 48.0 70.0
Crude fat 0.3 0.5 10.0
Crude fibre 1.0 3.0 1.0
Calcium 3.5 0.2 2.0
Methionine + Cystine 4.7 1.5 29

HFPC is rich in sulphur-containing amino acids (Table 19-02). The taurine content
is remarkably high. It is ten times higher than fish meal made from anchovies (7,900 ppm
and 790 ppm, respectively)?. Information on calcium content vary widely (Tables 19-01,
19-03) and depends on whether the raw material processed is whole fish or fish frames.
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Table 19-02: Essential amino acid profile of hydrolysed fish protein
concentrate (HFPC) (g/16 g N)”

Arginine 64 - 1.1
Histidine 1.8 - 21
Isoleucine 37 - 43
Leucine 60 - 7.1
Lysine 69 - 75
Methionine 26 - 29
Phenylalanine 27 - 37
Threonine 35 - 39
Tryptophan 08 - 10
Valine 42 - 49

Table 19-03: Mineral and vitamin contents of hydrolysed fish protein concentrate (HFPC)”

Minerals Vitamins (in 1,000 g)

Calcium % 0.33 Vitamin A LU. 1,400
Phosphorus % 0.60 Vitamin E mg 700
Potassium % 1.30 Vitamin B, mg 13.0
Magnesium % 0.01 Vitamin B, mg 10.0
Sodium % 1.00 Vitamin B , mcg 140
Manganese mg/kg 5.0 Biotin mg 0.2
Iron mg/kg 85.0 Folic acid mg 0.2
Copper mg/kg 4.0 Pantothenic acid mg 30.0
Zinc mg/kg 15.0 Choline mg 3,000
Selenium mg/kg 1.0

Physiological Properties

The energy content of HFPC has been determined for salmonids (Table 19-04). Enzymatic
hydrolyses is a kind of “pre-digestion”. The apparent digestibility, therefore, is high.
In rainbow trout (Salmo gairdneri) the digestestibility of crude protein, dry matter
and energy of HFPC is 95.1%, 77.9% and 79.0%, respectively® 9.

Table 19-04: Energy content of hydrolysed fish protein concentrate
(HFPC) determined in salmonids'> ¢

kcal/kg Ml/kg
Gross energy 6,090 255
Metabolisable energy 4,490 18.8

Digestible energy 4,110 17.2
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Other Properties
Hydrolysed fish protein concentrate has also chemo-attractant properties as found in
crustacean feeding® ).

19.4 Feeding Value

Fishes

HFPC is a high-class protein source for aquaculture feed. First feeding Atlantic salmon
fry (Salmo salar) performed better on a LT-fish meal diet than on a HFPC diet, while
mortality rate was almost the same. However, HFPC-fed fishes performed better than
fish fed other fish meal sources (Table 19-05)/®.

Table 19-05: The effect of starter feed containing various marine protein sources on
the development of first feeding Atlantic salmon (Salmo salar)®

HFPC % 90.8 - - -
LTF-meal % - 90.8 - -
Menhaden fish meal % - - 90.8 -
Herring meal % - - - 51.2
Shrimp meal % - - - 5.0
Crude protein % 65.9 64.8 57.9 56.6
Crude fat % 13.9 15.7 14.7 14.6
Final weight g 0.97 1.06 0.81 0.77
Weight gain g 0.78 0.87 0.62 0.58
Losses % 1.6 1.3 8.5 28.9

Juvenile Atlantic salmon as well as juvenile chinook salmon (Oncorhynchus
tschawytscha) responded significantly better on HFPC diets than on LT-fish meal
containing feed. More than 5.0% HFPC in the diet, however, did not improve the
performance of the fish (Table 19-06).

Rainbow trouts (Salmo gairdneri) of an initial weight of 8.0 g grew about 15.0%
better on HFPC diet than on a LT-fish meal diet as the control.

Table 19-06: Effect of hydrolysed fish protein concentrate (HFPC) in juvenile chinook
salmon (Oncorhynchus tschawytscha) (trial period: 9 weeks)™

HFPC % - 5.0 8.0 11.0
Fish meal % 45.0 40.0 37.0 34.0
Crude protein % 49.8 49.9 50.0 49.8
Crude fat % 19.8 19.9 19.9 19.9
Digestible energy kcal’kg 4,828 4,852 4,852 4,852
Ml/kg 20.2 20.3 20.3 20.3
Weight gain/ g 305 377 332 373
100 g fish rel. 100.0 123.6 108.9 122.3
Feed conversion 1: 0.85 0.75 0.82 0.75

rel. 100.0 88.2 96.5 88.2
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Crustaceans

Increasing levels of HFPC as partial replacement for fish meal in diets for tiger prawn
(Penaeus monodon) juveniles showed no significant differences between the different
inclusion rates. More than 3.0% HFPC did not further improve performances
(Table 19-07, Figure 19-02)> 4.

Table 19-07: Feeding tiger prawn (Penaeus monodon) juveniles with hydrolysed
fish proteion concentrate (HFPC) for 60 days® ¥

HFPC % - 3.0 5.0 8.0
Fish meal % 31.8 27.8 25.5 22.0
Crude protein % 434 45.6 449 44.6
Crude fat % 9.6 8.6 9.4 9.4
Mean initial weight g 0.92 0.94 0.94 0.84
Mean final weight g 3.01 4.37 4.20 3.87
Relative growth % 227.5 365.4 348.1 360.7
Feed conversion rate  1: 430 3.05 3.05 2.90
Survival rate % 75.0 76.7 81.7 75.0
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Figure 19-02. Relative growth rate of tiger prawn (Penaeus monodon) juveniles fed with increasing
levels of HFPCtdeafrom: 3)
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19.5 Recommended Inclusion Rates

HFPC is a valuable high protein source for aquaculture feed. It has to be used at restricted
levels because beyond a certain inclusion rate there is no further improvement in
performance. Recommended inclusion rates for HFPC are 2.0 to 5.0% for fishes and
2.0 to 4.0% for crustaceans.

19.6 Legal Aspects

HFPC is a natural as well as safe product. The EU-Directive 92/87/EEC does not list
the feedstuff. According to AAFCO'" the product is named “dried fish protein digest”
and in Germany the term is “fish meal, partly hydrolysed”. The legal requirements for
hydrolysed fish protein concentrate are in Table 19-08.

Table 19-08: Legal requirements (%) for hydrolysed fish protein concentrate (HFPC)

Germany" U.S.A™
Listed as No. - 15.12
Moisture max. 7.5 10.0
Crude protein min. 85.0 80.0
Water solubility of crude protein min. 75.0 -
Crude fat min. 25 -
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20. FISH AND OTHER MARINE SILAGES

20.1 Rationale

Fish and other silages are liquid feeds, manufactured from trash fish and by-products and
wastes of fish, crustacean and amphibia (frogs) processing. This is a suitable method to
preserve marine materials for months of storage/* 3%,

Silage making is suitable for utilising marine products when quantities of by-products
and wastes are too small for a viable operation of a fish meal plant®¥. It is a useful animal
feed in areas close to the point of manufacture® and convenient for tropical conditions
because the added acids completely arrests putrefaction even at high environmental
temperature. The technology of silage making is relatively simple and does not require
substantial investments (Figure 20-01)79.
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Figure 20-01. Diagram of batch production of acid fish silage.
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20.2 Manufacture and Processing

The fresher the raw materials used for silage making, the better the quality of the end-
product/””. Fish and fish material with low fat content is more suitable for silage preparation
than material with a high fat content*. The material has to be minced and the preservative
agent is added. The whole has to be mixed thoroughly®® %%, Preservative agents for ensiling
are acids, alkali and fermentable sugars.

20.2.1 Acid Silage

Fish Silage

Formic and propionic acids are most commonly used organic acids. Inorganic acids
such as sulphuric acid and hydrochloric acid are also utilised because they are less
expensive® %3, To quickly reach a pH of 3.8 to 4.0 about 2.5 % (by weight) of acid is
required. Single acids or combinations of two or more acids can be used*’.

Fish material gradually liquefies as the tissue structures are broken down by enzymes
present in the raw material. Fish guts and whole pelagic fish will liquefy very fast, while
processing waste without the guts will hardly autolyse(® * 3% 3%, The rate and degree of
autolysis depends on the activity of the digestive enzymes, the pH and the temperature®%.

When autolysis is completed, the oil of the raw material floats to the top of the silage
and bones and the undissolved portion settles at the bottom as a sludge®?. The liquid
silage can be concentrated to bring the moisture content from about 80% to 50%".
Acid fish silage can be stored for months. A mould inhibitor should be added to prevent
mould development and an antioxidant could be useful to avoid oxidation of the fat/oil "% #.

Crustacean Silage

Usable wastes (head and carapace [exoskeleton]) from shrimp processing amounts to
70% of the whole shrimp®®. The rapid decomposition of the fresh material and its valuable
nutrients can be preserved by acid treatment.

The method used is similar to that of making fish silage. However, due to the high ash
content (CaCO,) of shrimp shells more acid is needed for stabilising the silage. The acid
treatment rapidly solubilises the calcium salt structure of the shells®. The use of an
antioxidant is helpful®" 42,

The liquefaction process is completed after two to three days. The liquid is separated
from the solid sediment by centrifugation. About 60 to 70% of the wet weight are liquid
which contains half the protein. Over 85% of the chitin remains in the sediment.
By removing the insoluble chitin the silage can be processed to a pure end-product’”).
The acid silage should be neutralised prior to feeding.

20.2.2  Alkaline Silage

Alkali hydroxides have been used as preservatives in fish silage. The advantages of this
silage treatment are good gelling, water binding property and low degree of autolysis.
But there are also risks such as the formation of lysino-alanine, racemisation of amino
acids and lower storage stability. Actually, alkaline silage making is not practised®?.
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22.2.3 Fermented Silage

Fish Silage

Fermented silage is also called “biological fish silage”. It is prepared by adding a fer-
mentable sugar, such as molasses (10 to 12%), and a starter culture of e.g. 200 million
lactic acid bacteria per m?® silage, which rapidly converts the sugars to lactic acid.
The initial temperature is 21° to 25°C and the pH 6.0 to 6.2 which should decline to
4.5 within 48 hours. Fermented silage autolyses and liquefies in the same way as acid
silage(3. 33.44),

Crustacean Silage

Lactic acid fermentation of shrimp material is the basis for many fermented pastes and
sauces found in South-East Asia such as “belachan” (Malaysia), “trassi-udang” (Indonesia)
and “pla-ra” (Thailand).

The principles are the same as for fermented fish silage. Instead of molasses starchy
products such as fermented rice, cooked rice and tapioca (cassava) can be also used.
However, the starch must be broken down into single sugars for its use by lactic acid
bacteria’*”).

20.3 Chemical, Physiological and other Properties
20.3.1 Chemical Properties

Fish Silage

Silage of marine materials is a protein source but the crude protein content in the dry
matter varies widely. The nitrogen fraction comprises short peptides, amino acids,
ammoniac, non-protein nitrogen (NPN) as well as urea (about 20 to 30% of the total
N content) (Table 20-01)© 2/- 22 The latter is neither beneficial nor detrimental to the
metabolism of salmonid fishes. But urea nitrogen must be subtracted when comparing
protein values of silage and fresh marine wastes. Total volatile nitrogen (TVN) of about
1.0% is the sum of trimethylamine (TMA), ammoniac and biogenic amines (histamine,
putrescine, cadaverine, tyramine) and their levels are an indicator for the freshness of
the raw material at the time of ensiling//® 3%,

Table 20-01: Chemical composition of fish silage (in dry matter)
(10, 26, 30, 44, 45, 46)

Mean Variation
Dry matter % 249 20.0 - 47.6
Crude protein % 58.3 282 - 744
Crude fat % 16.0 2.1 - 50.6
Ash % 14.7 9.6 - 19.5
Crude fibre % 3.6 1.0 - 6.1
N-free extract % 289 7.7 - 50.0

NPN g/100 g N 72.9 64.0 - 80.5
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The amino acid profile of fish silage is not significantly different from that of dried
fish (Table 20-02). Due to the degradation of protein, the level of free amino acids in fish
silage is high. In general, they are stable but tryptophan, methionine and histidine are
most sensitive for decomposition by storage®®).

Table 20-02: Essential amino acid profile of fish silage (g/16 g N)(//- 26 25.44.45)

Fish silage
Mean Variation Fish meal
Arginine 49 1.7 - 62 5.3
Histidine 1.8 1.2 - 30 2.7
Isoleucine 32 24 - 39 39
Leucine 5.7 42 - 75 6.6
Lysine 6.6 48 - 9.2 7.7
Methionine 25 1.4 - 44 29
Phenylalanine 29 1.6 - 40 3.1
Threonine 3.1 20 - 48 3.8
Tryptophan 1.1 0.1 - 20 N/D!
Valine 43 33 - 48 4.1

! Not determined

The fat content of fish silage depends on the fat content of the raw material used.
Fish silage from lean fish had a fat content of 14.9 % while fat fish silage had 50.6%.
The catching season also affects the fat content of the fish and consequently that of the
silage®. The fat of whiting (Merlangus merlangus) is rich in unsaturated fatty acids®:

e Saturated fatty acids: 38.05% (of total fat)

¢ Mono-unsaturated fatty acids: 39.77%

e Poly-unsaturated fatty acids: 20.33%

The content of water soluble vitamins of fish silage per 1,000 g dry matter is docu-
mented as follows®?:

*  Vitamin B: 4.0 mg
¢ Vitamin B 1.0 mg
*  Vitamin B : 15.0 mcg
*  Nicotinic acid: 20.0 mg
*  Pantothenic acid: 20mg

Fish silage made from fish waste has a higher ash content than those prepared from
whole fish. It contains(? 3%;

¢ Calcium: 3.1% (0.7 to 4.8%)

e Phosphorus: 1.9% (1.55 to 2.6%).

Storage does not affect the nutrient content of fish silage. The dry matter content and
TVN may increase with storage time(/% - 37),
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Other Marine Silages

The crude protein content of shrimp head silage and squid viscera silage is lower than in
the fresh material. On the contrary the dry matter content of the silages is higher than
in the raw material (Table 20-03)®. The chemical composition of shrimp wastes and
squid viscera vary significantly, reflecting the nature of the shrimp or viscera wastes?®.
In general, the content of most essential amino acids is higher in shrimp head silage
than in shrimp head meal (Table 20-04). Acid silage from shrimp waste is also a source
of carotenoids(?.

Table 20-03: Chemical composition of shrimp head and squid viscera silage compared to
the fresh material (in dry matter)®

Squid viscera Shrimp head

Silage Fresh Silage Fresh
Dry matter % 19.9 17.8 21.0 194
Crude protein % 60.8 753 45.6 54.8
Crude fat % 73 74 4.8 2.7
Ash % 9.5 6.8 243 274
Calcium % 0.4 0.1 6.0 8.1
Phosphorus % 1.0 1.1 1.6 2.0
Free fatty acids % 43 1.9 1.2 50.3

Table 20-04:  Essental amino acid profiles of shrimp head
silage and shrimp head meal (g/16 g N)®

Shrimp head silage  Shrimp head meal

Arginine 6.2 5.4
Histidine 34 14
Isoleucine 39 3.0
Leucine 5.8 50
Lysine 6.0 52
Methionine 1.9 1.9
Phenylalanine 3.2 35
Threonine 29 3.0
Tryptophan 34 2.6

Valine 4.4 38
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20.3.2 Physiological Properties

The energy values of fish silage for fishes are 5,432 kcal/kg (22.7 MJ/kg) for gross
energy, 2,871 kcal/kg (12.0 MJ/kg) for digestible energy and 3,394 kcal/kg (14.2 MJ/kg)
for metabolisable energy: 3. %),

The apparent digestibility of fish silage ranges from 31.9% to 84.4%. The utilisation
of fish silage by the eel is low and declines when the percentage in the diet increases
(Table 20-05). The protein efficiency ratio (PER) varies from 0.34 for the European eel
(Anguilla anguilla) to 1.30 for the Atlantic salmon (Salmo salar). Silage made from
waste of frog processing showed a protein digestibility of 72.0%*?).

Table 20-05: Apparent digestibility (%) of fish silage

Species Silage in diet Apparent digestibility Reference
All Dry Crude Crude
% matter protein fat
Rainbow trout (Salmo gairdneri) 55.0 - 84.4! - - &
Atlantic salmon (Salmon salar) 45.0% 78.6 - - - (10)
45.0° 79.4 - - -
Nile tilapia (Oreochromis niloticus)  N/S* - 81.1 84.6 74.4 12)
European eel (Anguilla anguilla) 10.0 38.8 - - - (10)
15.0 419 - - -
20.0 31.9 - - -
Rats 100.0? - 82.0 - - )
100.0° - 82.3! - -
Pigs N/S* - 83.0 95.0 89.0 (44)

! Nitrogen digestibility; ? Silage stored for five months; 3 Silage stored for two months; ¢ Not stated

The mean apparent digestibility of amino acids of fish silage from dogfish (Squalus
acanthias) tested in rainbow trout (Salmo gairdneri) is 89.1%. Storage of fish silage for
more than 30 days slightly reduces but insignificantly the amino acid digestibility as
found in rats (Table 20-06).
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Table 20-06: Apparent digestibility (80%) of essential amino acids of fish silage

Rainbow trout®® Rats/""

Silage stored for ...

30 days 180 days
Arginine 93.6 91.3 91.4
Histidine 86.3 93.4 90.9
Isoleucine 87.4 85.7 83.7
Leucine 88.8 87.6 86.1
Lysine 93.0 90.8 87.4
Methionine 89.2 89.4 87.8
Phenylalanine 87.5 86.5 84.1
Threonine 88.9 82.4 79.6
Valine 87.4 86.7 83.7

20.3.3  Other Properties

Positive Properties
Silage from marine material has chemo-attractant properties due to free amino acids.
In particular shrimp silage has shown to exhibit feeding stimulatory properties to
a variety of fish species®”. Fish silage may also contain unidentified growth factors¥
(see chapter 44).

The carotenoid, astaxanthin, in shrimp head silage is quite stable at pH 4.0. Rainbow
trouts (Salmo gairdneri) well absorbed astaxanthin of silage made from the processing
waste of the deepwater prawn Pandalus borealis and accumulated it in the fish muscle?.

Negative Properties
Fish silage may contain high levels of mercury (Batterham et al. [1983]) which is accu-
mulated in the body tissues and could produce fish carcasses that are not fit for human
consumption”. Fish silage containing more than 0.5 mg/kg mercury is unfit as feed 4.
The relatively high content of fluoride found in silage made from dogfish (Squalus
acanthias) does not seem to limit its use in diets for salmonids/> .
Oxidised oils of fish silage may also cause the destruction of fat soluble vitamins
which in extreme cases could result in a vitamin deficiency/®®. Thiamine (Vitamin B ) may
be destroyed by the enzyme thiaminase which is present in fish silage at high levels”.
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20.4 Feeding Value

Fishes
Commonly moist silage feeds are made by mixing the liquid silage with a dry binder
meal in about equal proportions by weight%,

Fresh fish silage of various fish species and fish processing waste prepared with
formic acid (2.2% to 2.5%) has successfully replaced fresh and frozen fish, respectively,
in diets for Atlantic salmon (Salmo salar) and rainbow trout (Salmo gairdneri). No nega-
tive effects were observed in weight gain, health and the quality of the fish meat (Table
20-07)3.45.15.20.23,24.59)_Silage in the diet at a level of 47% is equal to 30% of the diet’s
total nitrogen®. But it has been found that growth rates of the Atlantic salmon are
significantly reduced, if more than 15% of the total protein came from fish silage. At a
level of 20% of the total protein from the silage a slightly off-flavour was observed'?.

Table 20-07: Dogfish (Squalus acanthias) offal silage as feed for Atlantic salmon
(Salmo salar) (feeding period: 92 days)”

Industrial frozen fish % 50.0 -
Dogfish silage % - 47.0
Dry matter % 58.9 59.1
Crude protein % 46.3 479
Non-urea protein % 46.3 449
Initial weight g 702 702
Weight gain g 490 483
Daily growth rate % 0.58 0.58
Dressing percentage 88.1 87.6
Pigmentation of flesh Points 1.8 1.8
Taste Points 39 4.0

When fresh saithe (Pollachius virens) and silage made from offal of the same fish
species were fed to Atlantic salmon no differences in performances were observed when
the silage was stored for two months. But a storage time of five months has negatively
affected fish performances (Table 20-08) although the silage was fortified not only with
formic acid (2.2%), potassium sorbate (0.2%) and an antioxidant (200 ppm)/’?. Rainbow
trout grew slower, compared to a fish meal diet, when the fish silage was stored for only
one month’® 3% Tt is concluded that the quality of acid fish silage significantly declines
when stored for more than 90 days//% %/,

Mirror carp (Cyprinus carpio) fingerlings responded negatively on acid fish silage,
stored for six months, compared to LT-fish meal. Both silage and fish meal were prepared
from whole whiting (Merlangus merlangus). Poor diet palatability and loss of nitrogen by
leaching most probably are the limiting factors to the growth of carp fed fish silage diets.

Feeding lactic acid fish silage to juvenile Nile tilapia (Oreochromis niloticus) and cat
fish (Clarias gariepinus) at increasing levels of silage as replacement for herring meal
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showed no significant differences to the control for all parameters and at all levels (Table
20-09). There were also no differences in the carcass composition and no morphological
defects were observed?.

In diets for the European eel (Anguilla anguilla) acid fish silage gradually replaced
meat and fish meal. There was a statistically significant improvement in weight gain and
feed conversion as compared to the control at all silage levels (Table 20-10)/9.

Table 20-08: The influence of storage time of saithe (Pollachius virens) offal silage

on performance of Atlantic salmon (Salmo salar)'?

Raw minced fish % 45.0 - -
Silage/2 months stored % - 45.0 -
Silage/5 months stored % - - 45.0
Dry matter %o 55.6 58.6 62.6
Crude protein' % 44.8 44.8 46.2
Final live weight g 478 484 444
Weight gain g 153 154 122

% 100.0 100.7 793
Feed conversion 1: 1.7 1.7 2.4

% 100.0 100.0 1412
Protein efficiency % 1.36 1.30 0.94
! In dry matter

Table 20-09: Increasing levels of lactic acid tilapia silage in diets for juvenile Nile
tilapia (Oreochromis niloticus) in replacement for herring meal

(feeding period: 70 days)"*

Fish silage' % - 134 26.8 40.1
Herring meal % 40.0 30.0 20.0 10.0
Crude protein % 31.0 313 31.2 313
Crude fat % 35 3.6 3.6 3.6
Initial weight g 8.2 8.2 8.2 8.2
Final weight g 52.7 523 52.2 522
Daily weight gain g 0.63 0.63 0.63 0.63
PER 2.02 2.00 2.01 2.01
Feed conversion 1: 1.59 1.60 1.60 1.59

! A mixture of fish silage and soybean meal (50:50)
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Table 20-10: Increasing levels of fish silage from a blend of sardine (Sardina pilchardus)
and whiting (Merlangius merlangius) on the development of European eel
(Anguilla anguilla) fingerlings (feeding period: 4 months)®

Fish silage % - 9.0 12.8 17.0
Meat meal P 21.0 12.6 11.7 10.5
Fish meal % 39.5 37.8 345 315
Crude protein %o 49.8 49.7 49.9 494
Lipids %o 9.1 9.5 9.4 9.8
Weight gain g 2.15 2.42 2.56 2.57
SGR/day %o 0.17 0.28 0.29 0.29
Feed conversion 8.87 6.00 6.26 6.10
PER %o 0.24 0.34 0.34 0.34
Crustaceans

Information on silage of marine material as a protein source in feed for crustaceans are
scarce. In studies with the common prawn (Palaemon serratus) up to 40% of a silage
made from Macroramphosus scolopax has been used®. Freshwater fish silage was
successfully fed to the giant freshwater prawn Macrobrachium rosenbergii®?. Lack of
comprehensive research does not mean that fish silage is not used as an ingredient
for shrimp feed.

20.5 Recommended Inclusion Rates

High levels of acid fish silage in diets may have an adverse effect. The use of acid fish
silage, therefore, should be restricted to not more than 20% of the protein content of the
diet. The use of low levels of fish silage seems to be necessary to avoid a disagreeable
taste and odour of cultured fish. However, if the autolytic process is arrested at an early
stage by heating before ensiling or just thereafter, there seems to be no nutritional limits®?.

It is advisable to add vitamins at a level which is higher than normal because of
the negative effect of rancid oil in the silage and the enzyme thiaminase on vitamins.

There are no quality requirements for fish silage. Based on the requirements for raw
materials for fish meal, it is suggested that the content of total volatile nitrogen (TVN)
should be below 40 mg N/100 g of the raw material for making silage’*.

20.6 Legal Aspects and Precautions

Legal Aspects

Regulations restricting the use of fish silage for feeding aquatic animals are unknown.
Existing legislation and regulations with regard to the application of acids to feed have
to be duly considered.
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In U.S.A. all common organic and inorganic acids have the GRAS-status when used
in accordance with food manufacture or feeding practices’#. In the EU all common acids
used for preservation of feeds and feedstuffs may by used without any restriction at
permitted levels™?. Thailand has limited the use of acids in finished aquaculture feeds to
not more than 0.1%4?.

Precautions

Fish silage may contain mercury and fluorine which can accumulate in the fish body.
In single feedstuffs (min. 88% dry matter) from the processing of aquatic animals, in
Germany mercury and fluorine is restricted to not more than 0.5 mg and 500 mg/kg,
respectively®. The 0.5 mg/kg mercury limit applies also to fish or fish produce for
human consumption®?. The “provisional tolerate weekly intake” (PTWI), set by WHO/
FAO is limited to 0.3 mg mercury per person or 0.005 mg per kg body weight and
the safe and adequate fluorine level for man amounts to 2.0 to 10.0 mg®.
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21. FISH SOLUBLES (DE-HYDRATED)

21.1 Rationale

Fish solubles is a by-product of fish meal manufacture. Industrial fish processed into fish
meal comprises 22.0% solids, 6.0% fish oil and 72.0% water. The water phase is rich in
soluble protein, soluble minerals and vitamins of the B-group. But fresh material decays
easily and cannot be stored and handling is difficult due to the content of gluey substances.
Most of the solubles, therefore, are condensed and added back to the fish cake prior to
drying, resulting in “full fish meal”®. By de-hydration fish solubles can be converted
into a first class feedstuff.

21.2 Manufacture and Processing

Cooked fish produces two products “press-cake” (fish meal) and “press liquor”. The press-
liquor or press-water passes a vibrating screen for the removal of remaining solids,
followed by centrifuge to separate the fish oil from the press-liquor (Figure 21-01)®.
Vacuum evaporation concentrates the press-water to a content of 50% solids.
This material is de-hydrated, today mostly by spray-drying. The latest spray-drying
technology does not alter the chemical composition of the final product®. The fine
yellow-brownish powder is hygroscopic and has to be handled with care.

21.3 Chemical, Physiological and other Properties

Chemical Properties

De-hydrated fish solubles have a high crude protein content (Table 21-01). The variation
of the protein content is caused by the fishing season and the fish species processed.
Fish solubles are also a useful source of essential amino acids (Table 21-02).

The fat level of fish solubles is affected by the intensity of the separation of the fat
from the press-liquor. The total fat content is composed of around 77.0% unsaturated
fatty acids of which 21.4% are polyunsaturated fatty acids (PUFA)?.

A high ash content is an indicator that the press-liquor comes from processing of
fish waste having a high content of bones. The solubility of macro and micro minerals
of fish solubles is high (Table 21-03). Fish solubles is probably the richest source of
natural selenium”, It is also a good source of water soluble vitamins (Table 21-03).



212

CHAPTER 21

COOKED FISH

Press liquor
with oil

- —-—-
T

f

i

! Press cake Press liquor
. (Fish meal)

]

]

| l

[}

" L |
a

'

: Sludge

'

1

t

L}

|

]

Fish oil

Press liquor

Condensed
fish solubles
(50% moisture)

De-hydrated
fish
solubles

Figure 21-01. Flow diagram of the processing of de-hydrated fish solubles.

Table 21-01: Chemical composition (%) of de-hydrated fish solubles and
condensed fish solubles (as fed)® %5 % /213

Fish solubles, de-hydrated Condensed
fish solubles
Mean Variation
Dry matter 94.0 89.0 - 96.0 50.0
Crude protein 71.0 62.0 - 80.0 327
Crude fat 4.0 30 - 82 5.6
Ash 13.5 120 - 160 -
Crude fibre 0.9 03 - 14 0.5
Salt 5.0 35 - 6.0 -
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Table 21-02: Essential amino acid profile of de-hydrated fish solubles
(g/16 g Ny 3.8.13)

Mean Variation
Arginine 2.74 244 - 305
Histidine 1.21 075 - 2.10
Isoleucine 1.74 1.52 - 2.05
Leucine 3.27 297 - 3.50
Lysine 3.27 224 - 3.87
Methionine 1.04 0.75 - 1.18
Phenylalanine 1.47 141 - 153
Threonine 1.25 0.09 - 1.81
Tryptophan 0.38 0.16 - 0.59
Valine 2.16 2.10 - 2.20

Table 21-03: Macro and trace minerals and vitamin contents of de-hydrated fish solubles

Minerals® % 19 Vitamins (per 1,000 g)® /19
Calcium % 0.36 Vitamin E mg 48
Phosphorus % 1.22 Vitamin B, mg 4.7
Sodium % 1.27 Vitamin B, mg 13.4
Potassium % 1.78 Vitamin B mg 17.1
Magnesium % 0.21 Vitamin B , mcg 530
Manganese  mg/kg 19.1 Biotin mg 0.48
Iron mg/kg 3373 Folic acid mg 0.93
Zinc mg/kg 46.7 Nicotinic acid mg 266
Copper mg/kg 242 Pantothenic acid mg 395
Selenium mg/kg 35 Choline g 4.70
Inositol mg 352

Physiological Properties
De-hydrated fish solubles have a high crude protein content but much of it is non-
protein nitrogen””). The protein digestibility in rainbow trout (Salmo gairdneri) is only
60%!"¥. A similar low digestibility rate is reported for pigs (70.8%). The organic matter
digestibility for poultry is 81.0%®.

The metabolisable and the digestible energy of fish solubles has been determined for
rainbow trouts and is 3,345 kcal’/kg (14.0 MJ/kg) and 3,684 kcal/kg (15.4 MJ/kg),
respectively?,

Other Properties

De-hydrated fish solubles is an efficient chemo-attractant due to its high solubility of
about 90%® ) which also means faster leaching of chemo-attractant components
and loss of nutrients. It was found that after one hour of seawater immersion 21% of
the protein was lost®.
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Fish solubles is also a source of unidentified growth factors (UGF)”- - ¥ (see chapter 44).
The binding capacity of de-hydrated fish solubles is medium according to pelletising
tests by CPM(19,

214 Feeding Value

De-hydrated fish solubles is a protein source, an attractant, a supplier of UGF and can
serve as a pellet binder. However, it appears that the significant improvement of the diet’s
palatability is the most important contribution of fish solubles to aquaculture feeds®.

Reports on comparative trials are missing. In finisher diets for the tiger prawn
(Penaeus monodon) 4.0% and 5.0% fish solubles were used’®. However, the diets were
not isonitrogenous and the composition is not comparable (Table 21-04).

Table 21-04: Fish solubles in diets for tiger prawn (Penaeus monodon) '

Fish solubles % - 5.0 4.0
Squid meal % 35.0
Shrimp head meal % 15.0 - -
Small shrimp meal % - 40.0 10.0
Fish meal % - 15.0 20.0
Crude protein % 37.2 35.1 30.2
Initial weight mg 1.52 1.52 1.52
Final weight mg 34.21 32.14 31.14
% 100.0 93.9 91.0
Survival rate % 57.0 55.3 54.3

21.5 Recommended Inclusion Rates

The value of de-hydrated fish solubles is established as an ideal combination of essential
amino acids that are nutritionally known as feeding stimulants for aquatic organisms.
For all species and types of feed, de-hydrated fish solubles as an attractant should be
used at levels of 2.0% to 5.0%17).

21.6 Legal Aspects

De-hydrated fish solubles should be free of any kind of pathogens. AAFCO™ rules that
fish solubles, de-hydrated, (No. 51.7) should contain not less than 60% crude protein and
condensed fish solubles (No. 51.6) not less than 30%. In the EU-Directive 92/87/EEC
only condensed fish solubles (No. 10.02) is listed. The German feedstuff legislation is
more specific (Table 21-05).
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Table 21-05: Legal requirements for fish solubles in the Federal
Republic of Germany!'®

Fish solubles,  Fish solubles,
de-hydrated condensed

% %
Moisture max. 8.0 -
Crude protein ~ min. 60.0 320
Pepsin solubility min. 90.0 -
Salt (NaCl) max. 10.0 5.0
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22. IMMUNOSTIMULATORY SUBSTANCES

22.1 Rationale

Immunity is the power of the organism to resist infections or actions of certain poisons.
The immunity can be either inherited, acquired naturally or acquired artificially!!”.
Strengthening the immunity of cultured aquatic animals is an important task since bacterial
and viral diseases are a major threat to aquaculture. While fish have both “non-specific”
and “specific” immunity?, shrimps lack a specific immune system and are apparently
entirely dependent on non-specific immune mechanism to resist infections//.

Contrary to vaccination immunostimulants or “immuno-modulatory substances™*
influence the immune system of cultured aquatic animals through feeding via feed®.
This is particularly of interest in shrimp farming since vaccination of shrimps is unrealistic
and impractical. On the contrary big fish can be vaccinated or orally intubated, such as
salmons (Salmo salar, Oncorhynchus spp.) and turbots (Psetta maxima).

22.2 Substances with Immunostimulatory Effect

There are compounds which have the ability to activate cells in the immune system.
Presently, the chemical nature or biological origin of immunostimulatory preparations may
not be defined clearly. Nevertheless, immunostimulants have been classified as follows(?:

. Bacterial products,

*  Products from mycelial fungi,

o Yeast glucans,

. Yeast nucleotides,

*  Soluble and particle bond B-1,3-glucans,

*  Immunostimulatory glycans,

*  Peptides from animal extracts,

. Synthetic compounds,

e Cytokines.

Influencing the immune systems of cultured aquatic animals is a relatively new way
to combat diseases. The cited product groups have immunostimulatory properties but
reports on the immunostimulatory effect in aquatic animals are rare.

22.3 Glucans

Glucans appear to be the most promising substances for enhancing the physiological
defence mechanism of cultured aquatic animals.
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Occurrence

Beta (f3)-glucans are polysaccharides and are extracted from grains and yeast, particularly
baker’s yeast (Saccharomyces cerevisiae). They are present in the inner cell wall and are
important for the structural strength of the cells * 4. The B-glucan content of grains
varies with the variety, location and climate (Table 22-01)@.

Table 22-01: B-glucan content of grains (% in dry matter)®

Species Whole grain Endosperm only
Barley 42 4.1
Oats 39 1.8
Rye 2.5 1.7
Wheat 0.6 03

Production

The composition of a yeast glucan preparation varies with the extraction procedure and
the treatment of the crude extract. The extraction and preparation technique will also affect
the chain length of the branches and the relative proportion of -1,3- and $-1,6-linked
side chains (Figure 22-01)2.

B-1, 6-linked side chain

B-1, 3-linked side chains [ }

B-1, 3-linked backbone

Figure 22-01. Structural formula of $-1,3-1,6-glucan (simplified).

Mode of Action
B-glucans activate phagocytic leukocytes of aquatic animals by binding them to specific

receptors. The ability to activate phagocytic cells depends on the molecular structure of
the B-glucan®® 12,
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22.4 Application Response

Immersion Treatment

Glucan preparation from barley administered by immersion to juvenile rainbow
trout (Oncorhynchus mykiss) increased non-specific disease resistance mechanism”.
Immersed yeast B-1,3-1,6-glucan improved growth and reduced mortality of tiger
prawns (Penaeus monodon)'9.

Oral Administration

Yeast f-glucans dispensed in the feed at stress situations or outbreak of diseases
reduced markedly mortality of Atlantic salmon (Salmo salar) smolt and yellowtail
(Seriola quinqueradiata)’® ** ¥, Coho salmon (Oncorhynchus kisutch) and chinnok
salmon (Oncorhynchus tschawytscha) became disease resistant after being fed with
yeast 3-glucans®. A more efficient antibody production was observed in channel catfish
(Ictalurus punctatus) when a diet containing yeast glucans was fed(”.

22.5 Doses of Administration and Legal Aspects

Due to a number of uncertainties related to the dosage, time and duration of administration
and formulation in the feed”?, a general recommendation cannot be given.

The approval of immunostimulants in the feed for cultured aquatic animals is to be
considered by the competent authorities of respective countries.
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23. KRILL MEAL

23.1 Rationale

Krill meal is a protein rich feedstuff from aquatic organisms. The word krill is derived
from the Norwegian “krill” which stands for young fish fry and zooplankton. In the
colloquial languages it means a small, shrimp-like, phosphorescent crustacea, especially
of the genus Euphausia (order: Euphausiacea). Major species are(!6 17. 28);

*  Euphausia superba,

*  Euphausia pacifica.

The so called “Antarctic Krill” is composed of 85 species of which about 30 belong
to the family Euphausiidae. Most prominent among the latter is Euphausia superba
(Figure 23-01) which is a stenotherme coldwater species and can be found in vast quanti-
ties in the Antarctic, particularly south of the 50™ degree of latitude between the southern
tip of South America and Africa’* 28,

Figure 23-01. Atlantic krill (Euphausia superba).

The length of Euphausia superba varies from 1.5 to 6.0 cm, and mature animals have
a liveweight of around 1.0 to 1.5 g. Their living space is in a water depth of approxi-
mately 50 m. Krill is the food of particular mammals like baleen whales and seals.
Baleen whales ingest daily between 800 and 1,500 kg of krill®. It is estimated that
world-wide roughly the same quantity of krill meal could be produced as fish meal without
endangering krill species (9.

23.2 Manufacture and Processing

Krill autolysis very rapidly. The fresh krill, therefore, has to be processed on board.
Fresh catch can be stored on deck for a maximum of four hours at a temperature of 2°C
to 4°C. Krill meal is generally steam-dried on board'?. Prior to deep-freezing, fresh krill
is short-term heated at 100°C?%. But krill is also hydrolysed and spray-dried into a red,
hygroscopic powder?.
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23.3 Chemical, Physiological and other Properties

Chemical Properties

The chemical composition of krill meal (Table 23-01) is affected by the season, availabil-
ity of food, the area where krill is caught, the age and sex of the animals. The nitrogen
content of the chitin cannot be utilised by aquatic animals, thus has to be deducted from
the total nitrogen content as crude protein?”’, The amino acid profile of the krill protein
(Table 23-02) is similar to that of fish meal. The essential amino acids of the krill
Meganyctiphanes norvegica is well balanced and e.g. meets well the requirements of

the coalfish (Pollachius virgens)®.

CHAPTER 23

Table 23-01: Chemical composition of krill meal (as fed)?* 2 20

Mean Variation
Dry matter %o 92.0 90.8 - 94.0
Crude protein' % 58.8 522 - 67.3
Crude fat %o 9.2 42 - 159
Crude ash % 13.6 9.7 - 15.9
N-free extract %o 3.7 05 - 9.8
Chitin (crude fibre) % 6.4 53 - 8.4
Carotenoids? mg/kg 225 130 - 330
Fluoride (F) mg/kg 2,247 2,000 - 2,700

! N-content of chitin deducted
2 Mainly astaxanthin

Table 23-02: Essential amino acid profile of krill meal

(g/16 g Ny
Mean Variation
Arginine 59 49 - 70
Histidine 2.1 1.3 - 26
Isoleucine 4.8 45 - 54
Leucine 7.5 65 - 85
Lysine 7.1 59 - 84
Methionine 3.0 22 - 34
Phenylalanine 4.3 38 - 50
Threonine 4.3 36 - 4.7
Tryptophan 0.9 05 - 12
Valine 4.8 45 - 56
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The krill fat content varies widely (Table 23-01). The fat has a high level of unsaturated
fatty acids, particularly the omega-3 fatty acids:

*  Saturated fatty acids: 35.2t049.5%
*  Mono-unsaturated fatty acids: 20.2 to 41.9%
e Poly-unsaturated fatty acids: 18.4 to 38.6%.

The phospholipid content of krill fat amounts to 16.1 to 29.2% and the triglyceride
content varies between 26.0 and 51.6%!% 2! 25),

Fat and water soluble vitamins occur at relatively high levels”. Carotenoids are present
in the form of cryptoxanthin and astaxanthin(®* 25 31),

Physiological Properties

Due to the high fat content, krill meal is also an energy source. The digestible energy is
highly affected by the fat content and is estimated to be 3,647 kcal/kg (15.2 MJ/kg) but
may vary widely.

Krill meal is a good pigmenting agent. The strength of pigmentation is influenced by
the feeding period and the level of krill meal in the diet, and the age of the fed animals.
The higher the feeding level or the feeding period of krill meal the more carotenoids,
mainly in the form of astaxanthin, are accumulated and deposited in the muscle® - %),
The astaxanthin and phospholipid fractions of krill meal improve the egg quality as
demonstrated in the red seabream (Pagrus major)®".

Other Properties
Krill meal may contain high levels of fluoride (compound of fluorine and one or more
elements or radicals) because of its deposition in the exoskeleton, a chitinous shell.
After krill is caught the fluoride moves from the shell into the meat(> 2% %), Feeding krill
meal to fish insignificantly increases the fluoride content of fish muscle because fluoride
is deposited in the skin and the skeleton while the fillet is actually free of the compound
(Table 23-03)62%), Since most of the fluoride content is deposited in the skeleton of fish,
there is no harm to the consumer, who eats fish fed with krill meal* % 22 29

Pesticide residues and some heavy metals have also been found in krill meal”?, they are:

e Chromium Cr 0.44 ppm
*  Cadmium Cd 0.82 ppm
*  Mercury Hg <0.005 ppm
* Lead Pb 0.32 ppm
*  Arsenic As 0.70 ppm

Table 23-03: Fluoride content of feed containing krill meal and fluoride content of rainbow trout (Salmo
gairdneri) fed with that feed (mg F/kg)?*

Without krill meal With krill meal Difference %
Feed - 1,590
Fingerlings! 6.4 62.5 +923.3
Market size fish 6.7 85 +26.9
Fillet of market size fish 2.2 24 +9.1

! Without head and offal; 2 Control = 100%
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234 Feeding Value

Fishes

Rainbow trout (Salmo gairdneri) grew faster by improved feed conversion when 50% of
the animal protein of the diet was replaced by krill meal (Table 23-04)?%. No adverse
effect was observed when all fish meal (35%) was replaced by the same amount of krill
meal in diets for rainbow trout®. Even the total replacement of animal protein by krill
meal had no negative effect in the development of the fish (Table 23-05 and 23-06) 59,
Significantly improved feed intake and less feed waste were observed when the chemo-
attractant capacity of krill hydrolysate and acid-preserved krill were tested in rainbow
trout(!®,

Table 23-04: Replacing 50% of animal protein by krill meal in the diet for
rainbow trout (Salmo gairdneri) (trial period: 101 days)®

Krill meal % - 26.0
Crude protein % 483 383
Crude fat % 53 53
Digestible energy kcal/kg 2,703 2,697
MJ/kg 11.31 11.28
Initial fish weight g 2.0 2.0
Weight gain g 18.1 20.8
% 100.0 114.5
Feed conversion 1: 1.16 1.01
% 100.0 87.1
Losses % 0.38 0.38

Table 23-05: Total replacement of animal protein by krill meal in diets
for rainbow trout (Salmo gairdneri) (140 feeding days;
initial liveweight 39 g)¥

Krill meal % - 79.7
Fish meal % 345 -
Feather meal % 13.5 -
Poultry offal meal % 17.9 -
Crude protein % 43.7 443
Crude fat % 12.6 11.8
Weight gain g 104.5 103.4
% 100.0 98.9
Feed conversion 1: 1.195 1.185
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Table 23-06: Replacement of 50% and 100% of animal protein by krill
meal in the diet for rainbow trout (Salmo gairdneri)®

Krill meal % - 29.5 59.0
Crude protein % 49.0 48.0 46.9
Crude fat % 6.6 6.1 5.5

Experiment 1:

Trial period days 173 173 173
Initial fish weight g 1.8 1.8 1.8
Weight gain g 39.0 39.8 39.7
Feed conversion 1: 1.48 1.45 1.41
Experiment 2:

Trial period days 112 112 112
Initial fish weight g =2.0 =2.0 =2.0
Weight gain g 232 25.2 25.0
Feed conversion 1: 1.31 1.18 1.19

Juvenile chinook salmons ((Oncorhynchus tschawytscha) accepted 25% air-dried krill
meal well. They grew fast and the survival rate was high(".

In diets for juvenile (initial weight: 0.65 g) and older (180 g) carp (Cyprinus carpio)
fish meal could be easily replaced by krill meal (Table 23-07)//227), but substitution of all
animal protein also can be less successful(/?.

Table 23-07: Replacement of all animal protein by krill meal in the diet
for carp (Cyprinus carpio) (trial period: 28 days)?”

Krill meal % - 59.0
Crude protein % 46.7 46.9
Crude fat % 5.0 55
Initial fish weight g 185 181
Weight gain g 13.3 15.5
Feed conversion 1: 1.34 1.15
Results of blood test (n = 5)

Hematocrit % 37.7 37.6
Hemaglobin g/100 m 19.4 11.0
Erythrocyte mill./mm? 1.66 1.34

Depressed performances were observed in juvenile channel catfish (Ictalurus punctatus)
when fish meal was totally replaced by krill meal (Table 23-08)®. Weight gain, PER and
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productive protein value also decreased with increasing dietary krill (Meganyctiphanes
norvegica) level in the coalfish (Pollachius virens) (®.

The chemical composition of carcasses of salmonids and carp fed diet with and without
krill meal were not significantly different”® 2> %6 27 However, there is a tendency for
developing fatty liver syndrome, if krill meal diets contain high fat levels” %,

Table 23-08: Krill meal as the only protein source in replacement for
fish meal in diets for channel catfish (Ictalurus punctatus)
(trial period 4 months)’”

Fish meal Krill meal
Crude protein %o 42.8 41.8
Crude fat % 11.8 13.0
Ash % 16.2 11.3
Metabolisable Energy  kcal/kg 3,390 3,480
Ml/kg 14.2 14.6
Mean weight gain g 87.3 61.4
% 100.0 70.3
Feed conversion 1: 1.87 2.33
% 100.0 124.6
PER 1.26 1.03

Crustaceans

Not much is known on krill meal feeding to crustaceans. In practical diets for the juvenile
tiger prawn (Penaeus monodon) 1/3 of the diet’s shrimp meal has been replaced by
krill meal. The results are not significant but they indicate that krill meal may partially
substitute shrimp meal (Table 23-09)/9.

Table 23-09: The effect of partial replacement of shrimp meal by krill
meal in diets for juvenile tiger prawn (Penaeus monodon)
(trial period: 8 weeks)/'¥

Krill meal % - 10.0
Shrimp meal %o 15.0 10.0
Crude protein % 36.4 35.6
Crude fat % 12.5 12.9
Ash % 11.5 11.6
Initial weight g 0.62 0.63
Weight gain %o 127 131
Feed conversion 12.0 7.8

Survival % 50.0 50.0
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23.5 Recommended Inclusion Rates

Experiments have demonstrated that krill meal may replace all animal protein in diets
for fish. For practical diets it is advisable to use krill meal at the following rates:

*  Fishes 40 to 60% of diet’s animal protein,

*  Crustaceans: 10 to 20% of diet’s animal protein.

23.6 Legal Aspects

In the legal sense krill meal has to be considered as shrimp meal (see chapter 38).
However, there might be limitations concerning the fluoride content of krill meal.
According to German feedstuff legislation the fluorine content may not exceed the
following levels(#2.

e Single feedstuff of animal origin: 500 ppm

*  Compound feed: 150 ppm

The toxic levels of fluorine for man are as follows#:
*  Toxic level: 10.0 to 20.0 mg/day
*  Fatal level: >20.0 mg/day.
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24. LEATHER MEAL (HYDROLYSED)

24.1 Rationale

Leather meal is a by-product of tanning animal hides into leather. Tanning yields two
different by-products:

*  Leather scrap (fleshings),

*  Leather waste (trimmings).

Leather scrap results from the preparation of the hides prior to tanning. It is comprised
of connective tissues of the hypodermis as well as of meat and fat scraped off from
the hides. Leather waste are the trimmings of the tanned hides. In the tanning of leather
various chemicals such as tannic acid, alum, sodium chloride and chromium salts are used.

24.2 Manufacture and Processing

Leather scraps and leather wastes are commonly hydrolysed with steam for not less
than 33 minutes and at a pressure of not less than 9.0 kg per cm*?. During hydrolysis
the protein molecules absorb one or more water molecules and this assists in breaking
down the complex protein molecules to their degradation products such as polypeptides
and in some cases amino acids”. After completion, the hydrolysate is dried, ground
and screened®.

Leather waste meal from chromium tanning contains high levels of chromium (Cr).
Its removal is technically possible but not economical® /%. Due to the tanning the leather
collagen changes its properties and cannot be utilised by animals. Hydrolysation of
leather waste improves the digestibility.

24.3 Properties

Leather meal is a rather heterogeneous product (Table 24-01). The protein is fibrous
collagen and can be hardly utilised by animals. The amino acid profile is in Table 24-02.
The fat content ranges between 0.7 and 55.8% /%, due to the fat reservoir of the hypo-
dermis(?.

The chromium content of leather meal from chromium tanned material may be as
high as 4.0%. At this level leather meal is toxic. Chromium containing feed may also
negatively affect flavour and taste of animal produce although there is general acceptance
that chromium is an essential trace element for man and animals”. However, the added
level to the feed is just 200 ppb and in most feedstuffs chromium is present at levels of
less than 1.0 ppm®@.
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Table 24-01: Chemical composition (% in dry matter) of leather scrap

meal and leather waste meal

Leather scrap meal® ' Leather waste meal’”

Moisture 7.1 - 155 -

Crude protein 369 - 82.0 720 - 86.0
Crude fat 0.7 - 56.7 13 - 40
Ash 22 - 254 135 - 16.5
N-free extract - 1.5 - 80

Table 24-02:  Essential amino acid profile of leather meal (g/16 g N)/'”

Collagen Leather scrap meal
Arginine 8.9 7.6 8.2
Histidine 0.8 1.2 1.0
Isoleucine 1.8 }5.1 1.5
Leucine 3.7 } 3.1
Lysine 4.2 4.1 3.7
Methionine 0.9 1.0 0.6
Phenylalanine 24 23 1.7
Threonine 23 2.0 1.6
Tryptophan - 0.2 -
Valine 2.7 25 1.9
EAA-Index 30.0 38.0 29.8

24.4 Feeding Value

Digestibility of leather scrap meal in land animals can be high but also poor. This is due
to the heterogeneous material used for making leather meal. Similar results were
obtained with hydrolysed leather waste meal. A maximum of 10% leather scrap meal
and leather waste meal, respectively, of the total protein content of the ration might be
suitable for terrestrial farm animals//?

Leather meal has to be considered as a hardly suitable feedstuff in diets for aquatic
animals. There are no reports of feeding trials. Its high protein content and its use in
small quantities make it a potential addition in aquatic feed for less demanding species.
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24.5 Legal Aspects

FDA® allows the use of hydrolysed leather meal as a source of protein but only in finished
pig feed at a maximum level of 1.0% and if the following quality criteria are met:

*  Moisture: max. 10.0%
e Crude protein: min.  60.0%
¢ Crude fat: min. 5.0%
¢ Crude fibre: max. 6.0%
¢ Chromium: max. 2.75%.

According to German feedstuff legislation hides, leather and leather by-products are

prohibited feedstuffs®.
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25. LEUCAENA LEAF MEAL

25.1 Rationale

The genus Leucaena is a fast growing tropical legume and a member of the family
Leguminosae and of the sub-family Mimosoideae. Leucaena is native to Central America.
Spaniards took them from Mexico to the Philippines. From there it spread to entire
Southeast Asia, Papua New Guinea, and later to Hawaii, Australia, India and even
to Africa”?.

The genus Leucaena is comprised of 51 species and more than 100 varieties. It has
a wide range of application: soil preservation, hardwood timber, charcoal production and
the leaves for feedstuff’> 7). Leucaena leucocephala is most commonly used and is named
for short “Leucaena”. In the Philippines it is called “Ipil-Ipil”, in Indonesia “Lamtoro”.
in Malaysia “Accacia” and in Hawaii “Koa-haole”!”),

Leucaena leucocephala is broadly classified into three varieties”:

*  Hawaiian, a local bushy variety up to five meters high;

. Salvador or Hawaiian Giant, a branchless trunk up to 20 m;

*  Peruvian, 15 m tall with extensive branching

25.2 Manufacture and Processing

Processing of leucaena as feedstuff has two objectives: To remove the moisture from
the fresh leaves and to eliminate the toxic glycoside “mimosine”. This can be done at
backyard level or as a commercial operation.

The mimosine content of leaves can be reduced and removed, respectively by soaking
in water('* 2 %) sun-drying(’” and heat treatment (70°C)?? (Table 25-01).

Table 25-01: Mimosine content of leucaena leaf meals processed by various methods(? 35 3/

Mean mimosine content Range
% %
Unsoaked 4.47 0.63-3.33
Soaked, 24 hrs 3.34 2.49-435
Sun-dried, 2 days 3.00

Commercial leaf meal 1.80
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Supplemenating leucaena with metal ions such as ferrous sulphate (FeSO,+7H,0) and
aluminum sulphate (A1,(SO,),), which chelate with mimosine and prevent its absorption
in the gastrointestinal tract is another means to eliminate toxicity®”.

Detoxifying bacteria from the rumen, cultured in vitro and infused into animals,
degrades mimosine into its less toxic metabolite dihydroxypyridone (DHP)? /%),

25.3 Chemical, Physiological and Other Properties

Chemical Properties

The chemical composition of leucaena leaf meal vary widely, depending on the variety,
the area/country where it grows, the age at the time of harvesting the leaves and the amount
of branches and twigs.

Good leucaena leaf meal may have a crude protein content of about 29% while
the mean crude protein content is 24.5% (Table 25-02). The essential amino acid profile
is in Table 25-03. The amino acid index when compared to that of tiger prawn (Penaeus
monodon) is quite low (0.54)%.

Table 25-02: Chemical composition of Leucaena leaf meal (% in dry matter)(® > 6% /2. 16.20.2.22.24.29. 31. 32)

Mean Range
Dry matter 90.5 92.7 - 88.5
Crude protein 24.5 126 - 31.1
Crude fat 54 1.6 - 10.1
Ash 8.4 22 - 135
Crude fibre 10.6 7.5 - 19.6
N-free extract 51.1 395 - 782

Table 25-03: Essential amino acid profile of Leucaena leaves (g/16 g N)% 2%

Mean Range
Arginine 2.20 1.02 - 5.25
Histidine 0.72 0.40 - 1.44
Isoleucine 2.44 1.24 - 6.65
Leucine 3.02 1.60 - 6.65
Lysine 2.37 1.28 - 6.07
Methionine 0.58 023 - 119
Phenylalanine 1.89 1.07 - 3.92
Threonine 1.94 0.87 - 5.07
Tryptophan 0.31 024 - 0.38

Valine 2.31 1.01 - 6.29
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The calcium and phosphorus ratio is 1:5 and is rather wide. Iron is quite high and
the sodium content is remarkably low (Table 25-04).
Leucaena leaf meal also contains -carotene, a precursor of Vitamin A and other carotenoids.

Table 25-04: Macro and micro mineral content of Leucaena leaves® 6 7 /6:22.2%. 31)

Mean Range
Calcium % 1.76 037 - 252
Phospohorus % 0.35 007 - 147
Sodium %o 0.02 0.00 - 0.04
Potassium % 1.80 080 - 199
Magnesium % 0.49 042 - 056
Manganese mg/kg 9.3 70 - 106
Iron mg/kg 255.0 181.0 - 407.0
Zinc mg/kg 22.6 210 - 299
Copper mg/kg 49.3 421 - 60.0

Physiological Properties
Digestibility of leucaena leaf meal is not very high. The protein digestibility for unsoaked
leaf meal is lower (62.7%)'* 7% than for soaked ones (64.3%)'* 1% %) Rabbits, e.g. digest
protein at 75.9%. The fat digestibility of soaked leaf meal is 69.2%!%.

With increasing levels of leucaena leaf meal in the diet, both soaked and unsoaked,
digestibility of protein and fat declines in Indian major carps (Catla catla Labeo rohita)
and Nile tilapia (Oreochromis niloticus)!'*2039,

Other Properties

Leucaena leaf meal is a source of pigments. As much as 762.4 mg total xanthophylls
and 227 mg B-carotenoid were found in 1.0 kg fresh and dried leaves, respectively!” ).
Field samples of leucaena showed a wide variation in the xanthophyll and B-carotene
content (Table 25-05)"7,

Table 25-05: Pigment content of leucaena meal from various countries (in dry matter)’”

Country Crude Xanthophylls {-carotene Lutein Zeaxanthin
of sample’s Protein

origin % ppm ppm ppm ppm
Indonesia 20.7 252 87 214 27

P.R. China 19.8 183 36 - -
Philippines 26.2 313 96 - -

Thailand 12.3 141 33 - -
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There are two reasons for the variation of xanthophylls in leucaena leaf meal,
xanthophylls are unstable and deteriorate rather fast when stored under tropical and
subtropical conditions and adulteration of the leaf meal with a high percentage of stems
and twigs. After three months of storage, the mean xanthophyll and B-carotenoid content
can decline by 11.1 and 13.6%, respectively!”.

Indications of an adulterated leucaena leaf meal is a low crude protein and high crude
fibre content’?),

Undesirable substances of leucaena leaf meal is the toxic glycoside “mimosine” which
is a heterocyclic amino acid (a-amino-B(N-(3-hydroxy-4-pyridon)(-propionic acid)*.
Mature leaves contain less mimosine than immature leaves®* 2 and the mimosine content
may vary according to species.

Mimosine poisoning in land animals are hair loss, low weight gain, loss of appetite
and reproductive failure/® 5 /%, In the rumen and by plant enzymes, mimosine is converted
to a less toxic metabolite, dihydroxypyridone (DHP)? 2.

Cataracts were observed in Nile tilapia after four weeks of feeding with 50% sun-dried
leucaena in the diet®. Likewise, R-cells of the hepatopancreas of tiger prawns were
reported to be damaged after 20 days of feeding a diet containing 20% unsoaked
leucaena leaves®™. An intake of 0.20g mimosine/kg fish per day was harmful for carp®®.

Other undesirable substances in leucaena leaf meal which reduce the animal’s
performances, if not removed, are’?: Tannins, saponins, procyanidins, protease inhibitors,
glactomannan gums.

254 Feeding Value

Fishes

Feeding increasing levels of leucaena leaf meal (soaked and unsoaked) to Nile tilapia in
replacement, e.g. for fish meal depressed performances of the fish as the leaf meal level
in the diet increased. Fish responded significantly better on soaked than on unsoaked or
sun-dried leucaena leaf meal (Table 25-06)’% %9, The use of leucaena leaf meal as the sole
source of protein is completely inadequate®”.

However, leucaena leaf meal was performance enhancing when it replaced rice bran
in tilapia diets because with the exchange of rice bran the protein content increased®?.

Nile tilapia broodstock performed best (fry production, weight gain) when the diet
contained not more than 20% leucaena leaf meal. With increasing levels of leaf meal
the performance decreased significantly and at an inclusion rate of 80% the female fish
even lost weight(?®),

Also in diets for fry and fingerlings of the Indian rohu carp at levels of 20 to 60%
leucaena leaf meal protein (of the total) fish responded negatively compared to the iso-
nitrogenous control (Figure 25-01)7% 9 Soaking the leaves did not significantly
improve the performances of the fry”® while fingerlings yielded better on soaked leaf
meal#. Histopathological lesions such as congestion of blood vessels and fatty changes
in the hepatocytes were found after feeding of unsoaked leaf meal. Lesions were milder
or not evident at all when soaked leaf meal was fed’*.
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Table 25-06: Growth responses and feed utilisation efficiencies of Nile tilapia (Oreochromis niloticus) finger-
lings fed various levels of Leucaena leaf meal for 70 days®®

Soaked Unsoaked!
Leucaena protein
of total protein % 0 25 50 100 25 50 100
Mimosine content % 0 0 0 0 0.71 1.34 1.61
Weight gain % 737 563 367 62 305 115 46
SGR %/day 3.0 2.7 2.2 0.7 20 1.1 0.5
FCR 1: 1.3 1.5 1.9 6.3 2.1 4.1 8.1
PER 25 23 1.8 0.7 1.6 0.8 0.6
ANPU % 40.7 36.6 26.6 11.3 229 8.6 59
Total
Digestibility % 50.6 51.1 46.4 443 50.5 45.8 43.0

"Mimosine content is 0.71 to 1.61% in commercial leaf meal

Specific growth rate {BQR}

5.0 %

Cantral Bnessked
4.0

Feed conversion
3.04

Leucaena protein (%}

Figures 25-01. The effect on growth and feed conversion of increasing levels of leucaena protein in feeds
for the Indian rohu, carp (Labeo rohita)!'?.
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Leucaena leaf meal fed at reasonable levels to milkfish (Chanos chanos) is equivalent
to fish meal/soybean meal diets (Table 25-07). Of the total protein content of 40%, 15%
was replaced by soaked leucaena leaf meal®.

Table 25-07: Responses of milkfish (Chanos chanos) fed Leucaena leaves®

Leucaena leaf %o - 20.0
Fish meal % 53.1 43.8
Soybean meal Yo 14.6 14.6
Crude protein % 41.2 41.1
Fat % 10.2 10.5
Weight gain % 751.5 764.4
SGR %l/day 3.06 3.07
Survival rate % 67 77
Feed conversion 1: 1.6 1.6
PER %o 1.58 1.60
Crustaceans

Juvenile tiger prawns responded negatively when fish meal was replaced by leucaena
leaf meal at a 10% level®. However, the protein content of the two diets were not isoni-
trogenous (Table 25-08). The rating of the leaf meal effect, therefore, is uncertain.
Significant differences were observed in mass weight and survival between Peruvian and
Hawaiian varieties of leucaena leaves, soaked or unsoaked, when used as one third of
the protein source, aside from fish and shrimp head meals, in tiger prawn diets fed for
eight weeks under laboratory conditions®.

Table 25-08: Leucaena leaf meal as a protein source in diets' for tiger prawns

(Penaeus monodon)*

Fish meal % 30.0 20.0
Soybean meal %o 15.0 15.0
Leucaena leaf meal - 10.0
Crude protein % 48.2 43.0
Fat % 13.0 134
Initial weight g 0.37 0.38
Final weight g 1.28 1.07
SGR %/day 2.2 1.9
Feed conversion 1: 2.6 32
Survival % 71 58

'Mimosine content of the diet = 0.6%
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Soaked leucaena leaves in diets fed to tiger prawns post-larvae are better than
unsoaked leaves®”. Histological changes were observed in the hepatopancreas even at
a mimosine level of 0.25% in the feed.

25.5 Recommended Inclusion Rate

Leucaena leaf meal is a protein feedstuff. Due to the relatively high crude fibre content,
it is merely for herbivorous and omnivorous aquatic animals. In fish and shrimp diets
5.0 to 10.0% leucaena leaf meal are advisable??.

25.6 Legal Aspects

No specific regulations exists for leucaena leaf meal. In general users of leucaena leaf
meal, particularly commercial feedmills, should consider the principle of the Thai feedstuff
law of 1982, which states that “Feed ingredients liable to have high levels of certain
anti-nutrients need to be tested prior to use™?. Leucaena leaf meal falls under this
quality control requirement.
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26. L1VE FOODS

26.1 Rationale

Live food is the essential link between endogenous nutrition and exogenous feeding
of aquatic animals commercially cultured. It is necessary for rearing of larval fish
and crustaceans as well as molluscs or until the animals can ingest formulated feed.
Filter feeding organisms such as bivalve molluscs may be fed in the post-larval stage
also with live food.

Live food has to be of microscopical size. For instance, abalone (Haliotis sp.) spat
require food particles that are smaller than 0.01 mm and probably as small as 0.001 mm'.

Live food is preferred by the larviculture industry although progress has been achieved
in formulated larval food. However, the physiology and the culture of feed organisms
producing live food have received less attention than they deserve!/”. Live food has an
advantage over artificial feed in that when not completely consumed by the fish, the tank
water is not polluted®?. Furthermore, live food meets the habits of larvae for catching its
prey. The physical movement of this habit is subdivided in several phases (Figure 26-01)/".

26.2 Feed Organisms

Feed organisms used for larval rearing are of low floral and faunal order and are classi-
fied into:

*  Phytoplanktons

*  Zooplanktons

*  Micro-crustaceans

e Other feed organisms

26.2.1 Phytoplanktons

Micro-algae are the most important phytoplankton used as live larval food. They are
single-celled or form small colonies of similar cells””. The smallest micro-algae have
a size of less than 0.002 mm, not much bigger than some bacteria and the largest can be
a thousand times as large (2.0 mm)®©.

Micro-algae have been selected on the basis of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>