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Summary

Nutrient deficiencies and excesses play a major role in many diseases of caged and aviary birds. Current
knowledgeof nutrient requirements, natural sourcesof thesenutrients, and malnutrition syndromes, along with
treatment protocols, ispresented. When formulating adiet, it isessential that the species of bird, aswell asits
age, weight and physiological stateare considered, so that specific nutrient requirementsarefulfilled. Although
the compl ete nutrient requirementsfor aviary and caged birdshave not yet been determined, itisunquestionable
that unsupplemented seed - only diets are unsuitable. Processed diets show promise for the future, and as
research reveals more information about avian nutrition, these diets should continue to improve.

Introduction

Nutrient deficiencies and excesses play amajor rolein many diseases of caged and aviary birds. Despitethis,
relatively little is known about their nutritional requirements. Extrapolations have been made from studies of
poultry, however dueto the great biodiversity among birds, thismethodislessthanideal. Withrespecttoaviary
and caged birds, the majority of research has focused on pittacine birds, which will be evident in thisessay. It
must be remembered, though, that although nutrient deficiencies may not necessarily produce specific clinical
signs, they may produce subclinical effects, particularly on growth and reproduction.

Energy Requirements

Birds eat primarily to satisfy their energy requirements, thus other dietary components should ideally be
considered in relation to the energy density of the diet. If the energy density istoo high, as may occur in seed -
based diets high in fat, intake is decreased in response, and nutrient deficiencies are more likely to occur.
Conversely, if theenergy density istoo low, intake isincreased and nutrient excesses may result. Furthermore,
gastrointestinal capacity may become a limiting factor, and the bird may not be able to meet its nutrient
regquirements, particularly for growth, recuperation from illness or reproduction.

Dietary energy may be supplied by fat, carbohydrate or protein (Table 1). Due to incomplete oxidation of
protein and excretion as uric acid, the available energy content of protein isdecreased, compared to mammals.

Table 1. Physiological fuel values of foods (Whittow, 1986)

Protein 4.29 kCal/g
Carbohydrate 4.09 kCal/g
Fat 9.29 kCal/g

A bird' senergy requirement may be numerically expressed in terms of the basal metabolicrate (BMR). This
is equivalent to the amount of heat that is produced by abird that isresting, awake, post - absorptive, andina
thermoneutral environment. Using allometric scaling, BMR may be determined with the following formula:

! Veterinary Science V student, University of Sydney, 1997
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BMR = K (W %),

where K = theoretical constant for kcal used during a 24 hour period
and K =129 for passerines

K= 78 for non-passerines

W = bodyweight in kg

(Bennett and Harvey, 1987, Sedgwick, 1988, cited in Quesenberry et al, 1989)

To be practically useful, BMR must be converted to maintenance energy, (M). This refers to the energy
expenditure of acaged bird that maintainsaconstant body mass over aperiod of dayswhenitisnot undergoing
reproduction, moulting, migratory unrest, growth or fat deposition. M varies between 1.3 and 7.2 times the
BMR in passerines, the variation due to seasona factors (Whittow, 1986). Adjustments for different
physiological states are detailed in Table 2

Table2. Adjustmentsto maintenance, expressed asmultiplesof maintenanceener gy (Donoghue, 1989).

Physical inactivity 0.7-0.9
Starvation 0.5-0.7
Hypometabolism 0.5-0.9
Elective surgery 10-1.2
Mild trauma 1.0-1.2
Severe trauma 1.1-2.0
Growth 1530
Sepsis 1.2-15
Burns 1.2-2.0
Head injuries 1.0-2.0

Theenergy requirementsdetail ed above must be met by theenergy content of thediet, however thegrossenergy
of adietisnottotally available. Inthebird, faecesand urine are voided together, hencefaecal and urinary energy
are combined and termed excretory energy. (Figure 1.)

Figure 1. Partition of food energy in the bird (Adapted from McDonald et al, 1992)
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Major Nutrient Requirements
Fat Requirement

The main functions of dietary fat are to provide essentia fatty acids (EFA), to serve as a concentrated energy
source, and to deliver fat - soluble vitamins. Fat also plays animportant rolein palatability, asillustrated by
the preferential selection of high fat seeds such as sunflower by many psittacinebirds. Table 2 illustratesthe
variation in crude fat content of various seeds.

Linoleic acid isconsidered to be the essential fatty acid in birdsbecauseit will eliminate all of the signsof EFA
deficiency in poultry. Itispostulated however, that alpha- linoleic acid (Watkins, 1991), and arachidonic acid
(Scott, 1996), may also beessential. Signsof EFA deficiency arerelated to the metabolic role of EFAsin cell
membranesand prostaglandin synthesis. Deficiency ischaracterised by retarded growthin chicks, rough, flaky
skin, poor feathering, increased thirst, and decreased resistance to disease (Watkins, 1991, Nott and Taylor,
1993). EFA deficiency isuncommon in adult birdsbecause of body reserves, however it isrecommended from
studies of poultry that linoleic acid should comprise approximately 1 %ow /w (NRC, 1994). Oil seedssuch as
linseed and sunflower are good sources of linoleic acid (Table 2).

Excessivedietary fat may lead to abesity, particul arly inthose specieswith abreed predil ection such asbudgies,
cockatiels, cockatoos, amazonsand canaries(LaBonde, 1992). Furthermore, highfat dietsmay leadtolipomas,
diarrhoea, atherosclerosis, fatty liver syndrome and secondary mineral and vitamin deficiencies, particul arly of
calcium and vitamin E (Fowler, 1986, Harrison and Harrison, 1986, Murphy, 1992, Johnson et al, 1992).
Sudden death following exertion is the most common presenting sign of atherosclerosis in psittacine birds
(Johnsonetal, 1992), however itisoftenanincidental lesionat necropsy. Although theexact causeof psittacine
fatty liver syndrome has not yet been elucidated, malnutrition from a seed or other high fat diet, which is
inadequate in lipotropic factors, is suspected. Total elimination of dietary fat however, isintegral to treatment
(Murphy, 1992). Diets high in fat also carry the risk of rancidity, which increases requirements for the
antioxidants, vitamins C and E.

Table2. Major nutrient composition of seedsfed to psittacine birds (g/kg DM)
(Ullrey, Allen and Baer, 1991)

nutrient corn | proso | hulled peanuts | pump- saf- sun- wheat
millet | oats kin flower flower

dry matter 890 | 919 870 934 931 944 946 880
crude protein | 97 150 182 275 264 171 241 144
crude fat 43 40 70 527 492 407 524 18
crudefibre 26 185 30 52 24 26 28
Arg 5.6 3.8 10.2 37.0 58.2 18.5 25.4 6.7
Ilu 4.2 5.4 5.9 10.7 18.2 7.6 12.0 6.7
Lys 2.7 14 6.1 10.6 26.5 5.7 9.9 4.6
Met 2.2 1.0 2.4 2.8 7.9 2.7 5.2 2.2
Thr 4.4 3.8 5.1 8.0 13.0 5.5 9.8 4.3
Trp 1.0 2.1 2.2 3.3 6.2 17 3.7 2.1
linoleicacid | 249 [ 7.8 - 166.3 204.3 297.5 344.9 6.8

Carbohydrate Requirement

Carbohydrates arethe primary energy sourcefor granivores, nectivoresand frugivores (Raidal, 1989). Seeds
aregenerally high in starch, so although an excess of carbohydrate is possible, a deficiency in granivores such
as psittacine birdsis unlikely (Table 3).
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Table 3. Analysisof carbohydrate content of seed kernels commonly fed to budgerigars(g/ kg kernel,
fresh weight) (Adapted from Earle and Clarke, 1991)

seed kernel nitrogen free extract (carbohydrate)
white millet 712 +/- 25.0
red millet 699 +/- 10.0
canary 615 +/- 58.0
hulled oats 707 +/- 45.0

Protein Requirement

A bird's protein requirement comprises the obligate need for essential amino acids, and the requirement for
additional protein or non-protein nitrogen for synthesis of the non - essential amino acids. Furthermore, amino
acids should be correctly balanced, without individual excesses or deficiencies. Birdsrequire adietary supply
of ten essential amino acids ; growing birds have an additional essential requirement for glycine and proline
(Table 4).

Table 4. Avian amino acid requirements

Essential amino acids non - essential amino acids
lysine alanine
arginine aspartate
histidine proline-----glutamate*
leucine glycine ------ serine*
methionine------ cystine
threonine tyrosine
tryptophan glutamate
isoleucine serine
phenylalanine
valine
Note: ----indicates arequirement for either the amino acids referred to

* indicates that these amino acids are essentia for growth

Protein requirementsfor maintenance, growth and reproduction have been determined for various species, and
areillustratedin Table5; they vary markedly with breed and physiological state of thebird. Thsvariationwith
breed may betrue, or may be contributed to by differencesin approach by researchersto theterm requirement’,
and the difficulty of determining maintenance requirements.
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Table 5. Protein Requirementsfor Maintenance, Growth and Reproduction

Soecies Protein Requirement | Protein Requirement | Reference
for Maintenance for Growth /
(% DM) Reproduction
(% DM)
cockatiel 10- 15 20 Roudybush and Grau, 1991
budgerigar 17- 22 25 Earle and Clarke, 1991
Nott and Taylor, 1993
passerines 8-9 16.5- 22 Nott and Taylor, 1993,
Kamphues and Meyer, 1991
pigeon 13 18 Nott and Taylor, 1993

Although, asstated earlier, birdseat primarily to satisfy their energy requirements, thisismodified by theenergy
: proteinratio of thediet. Insufficient (or unbal anced) dietary proteinwith respect to energy, resultsinincreased
food intake to compensate, which may lead to obesity (Underwood et al, 1991). In the majority of psittacine
diets, lysineisthe limiting amino acid, which may also lead to poor feathering (Scott, 1996). Excess dietary
protein with respect to energy isenergetical ly wasteful in terms of protein metabolism and excretion, dry matter
digestibility and fat utilisation. Furthermore, excess dietary protein has resulted in weight loss and death
(Underwood et al, 1991), depression of growth and behavioural abnormalities(Roudybush and Grau, 1991) and
may contribute to the development of gout in susceptible birds.

Water Requirement

Water requirement variesgreatly with environmental temperature, diet composition, species, sizeand age of the
bird. Caged and aviary birds should be supplied with fresh water daily. Thisiscritical for thoseonadry seed
based diet, and for canariesin particular. If water intakeisinadequate, droppings becomeinfrequent and small,
and appear dark green in colour due to proportionally increased faeces (Nott and Taylor, 1993).

Requirement for Vitamins and Major and Trace Elements

Despite obvious limitations, most of the nutritional requirements of aviary and caged birds have been
extrapolated from known requirements of poultry. Thus, they have involved assumptions that the
maintenance regquirements for major and trace elements, and the utilisation rates for these dietary
components are the same as for poultry (Kamphues and Meyer, 1991). For numerical requirements of major
and trace elements for poultry, please refer to the NRC (1994). The natural sources, function, signs of
deficiency and excess of the major and trace elements required by birds are summarised in Table 6. They are
predominantly derived from studies of poultry.
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Table 6. Major and trace elementsrequired by birds: natural sources, function, signs of
deficiency and excess (McDonald et al, 1992, Murphy, 1992, Nott and Taylor, 1993,
Doneley, 1996, Scott, 1996)
Element Natural Source Function Sgns of Deficiency Sgns of Excess
calcium cuttlefish, lucerne, nuts, | bone, nerve nutritional secondary nutritional
dairy products impulses, muscle hyper-parathyroidism | secondary hyper-
contraction, blood parathyroidism
coagulation
phosphorus brewer’' s yeast, peanuts, | component of cell nutritional secondary nutritional
egg membranes, bone, hyper-parathyroidism | secondary hyper-
energy metabolism parathyroidism
potassium lucerne, soy bean, maintenance of depressed growth, excess rare
brewer's yeast, dried osmolality of fluids, | death
fruit, vegetables acid - base balance
sodium sdlt, eggs, dairy as above as above excess rare
products, lucerne
chlorine sdlt, dairy products, as above as above excess rare
carrots, greens
sulfur proteins containing asfor these proteins; | asfor deficiency of as for excess of
methionine, cystine, feather growth, these proteins; poor these proteins;
cysteine protein metabolism feathering excess rare
magnesium sunflower seeds, nuts, bone structure, deficiency rare excess rare
lucerne, brewer'syeast | enzyme activator
zinc soy bean, wheat, nuts, enzyme activator retarded growth, bone | poor growth,
cereal grains and feather anaemia, death,
abnormalities, induced copper
reproductive failure, deficiency
scaly feet and skin
manganese soy beans, seeds other enzyme activator perosis, depressed excess rare
than corn, level higher growth, ataxia, repro.
in acidic soils failure
iodine egg, cheese, water component of goitre goitre
(variable) thyroid hormones
copper brewer’s yeast, enzyme systems, feather hypo- gastroenteritis,
sunflower seeds, nuts, component of blood | pigmentation, anaemia | rena and hepatic
peas, lucerne proteins degeneration
cobalt present in most foods microbial vitamin signs of vitamin B12 excess rare
B12 synthesis deficiency
iron green leaves, brewer’s incorporation into anaemia, feather hypo- | possibly related to
yeast, most cereal grains | haemoglobin for pigmentation haemosiderosis,
oxygen transport haemochromatosis
selenium brewer’'syeast, lucerne, | component of reproductive failure, excess rare
rice, cheese, egg glutathione myopathies
peroxidase
molybdenum, widely distributed in metabolic roles deficiency rare excess rare
nickel, silicon, | feeds
vanadium

The minera content of many seeds and other plant products is dependent on both the species of plant, and
environmental factors such as mineral concentration in the soil and soil acidity. The availability of these
minerals to the bird is further affected by the presence of other minerals or chelating agents such as phytate
which interact to impede absorption. For details of major and trace element and vitamin levelsin seeds
commonly fed to psittacine birds, please refer to Table 7. Vitamins may be divided into the fat - soluble
vitamins, namely A,D,E, and K, and the water - soluble vitamins, B - complex and C. The water - soluble
vitaminsin general are not stored in the body in appreciable quantities, and thus aregular dietary supply is
required (Table 11).
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Table 7. Vitamin and mineral composition of seeds commonly fed to psittacine birds (mg/ kg DM).
Adapted from Ullrey, Allen and Baer (1991)

nutrient corn proso hulled peanuts pump- saf- sun- wheat
millet oats kin flower flower
calcium 200 100 800 600 500 800 1200 600
total P 3100 4000 4800 4100 12600 6800 7500 4300
Mg 1300 1800 1300 1900 5700 1700 3700 2000
K 3400 4800 3900 7700 8700 4600 7300 5200
Na 300 28 575 17.1 22 40 32 460
Mn 6 14 32 12 31 34 21 37
Zn 15 22 - 35 88 65 53 36
Fe 30 82 84 35 54 89 72 57
Cu 4 12 7 11 19 19 19 1
Se 0.04 0.08 - 0.34 0.14 0.84 0.77 0.23
[3-carotene 14 - 0 0 2.3 0 0.3 0
alpha-|9 - 17 98 - - - 15
tocopherol
riboflavin 11 4.2 14 14.0 34 4.4 2.6 1.6
pantothen-ic | 4.5 12.1 15.7 30.0 - - - 114
acid
niacin 27.0 25.3 115 151.5 18.7 24.2 47.7 55.2
B12 0 0 0 0 0 0 0 0
chaline 697 484 1300 - - - - 1253
biotin 0.07 - - - - - - 0.13
folacin 0.45 - 0.57 1.08 - - - 0.46
thiamin 3.9 8.0 7.5 7.1 2.3 12.3 24.3 5.2
pyridoxine 7.9 - 1.1 3.2 - - - 3.9

Syndromes of Nutrient Deficiency and Excess
in Caged and Aviary Birds

i) Metabolic Bone Disease

Asdiscussed by Nott and Taylor (1993), aviary and caged birds have high calcium and phosphorus
requirements, aswell asahigh Ca: Pratio (2 : 1) compared to the requirements of most mammals. Thisis
due in part to the rapid growth rate of many birds, aswell asto the drain placed on the hen for egg shell
formation. The plasmacalcium level is very tightly regulated by parathyroid hormone, calcitonin and vitamin
D (1,25-dihydroxycholecalciferol). Bird seed iscommonly low in calcium, has a poorly balanced Ca: P
ratio, or in the case of oil seeds, and may form insoluble calcium soapsin the intestine. 1n legumes, the Ca:
P ratio is markedly imbalanced ranging from 6:1 to 10:1 (Hays and Swenson, 1993). The calcium content of
seed kernels commonly fed to psittacine birds ranges from 0.01 % (0.1 g /kg DM) t0 0.12 % (Table 8.).
These values are well below the minimum dietary requirements reported in the literature (Table 9.).
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Table 8. Calcium and Phosphor us Concentration of Seed Kernels Commonly Fed to
Budgerigars (g/ kg kernel fresh weight) (Earle and Clarke, 1991)
Ca Total P | Phytate Available P Ca: Avail P
white millet 0.15 2.6 2.6 0.1 15
red millet 0.13 2.5 2.1 0.4 0.33
canary 0.41 4.1 3.0 1.1 0.37
hulled oats 0.44 34 2.3 1.1 0.4
Table 9. Minimum Dietary Calcium Requirementsfor Psittacine birds
Calcium Physiological State Species Reference
Level
1% reproduction large psittacine birds | Ullrey et al (1991)
0.35 % reproduction cockatiels Roudybush and Grau, (1991)
0.04 % reproduction (depressed) | cockatiels Roudybush and Grau, (1991)
0.8 % reproduction / growth budgerigars Nott and Taylor (1993)

Although cereal grains contain high levels of phosphorus, much of it isin the form of phytate, and is thus
unavailable. Table 8 shows the concentration of available phosphorus in the kernels of seeds commonly fed
to budgies. Cellular membranes and energy metabolism have priority over bone when available phosphorus
islow. (Nott and Taylor, 1993).

Vitamin D plays avital role in calcium and phosphorus homeostasis, by stimulating absorption of calcium
and phosphorus from the intestinal lumen, rena tubules, and bone. Birds require a supply of
cholecalciferol (vitamin D3), which may be derived from a dietary source, or may be synthesised in the skin
and uropygial gland, and then either absorbed or ingested while preening. Synthesis of cholecalciferol is
stimulated by the effect of ultraviolet light on the precursor molecule, 7-dehydrocholesterol.

According to Raidal (1989), the uropygia gland and feathers contain low quantities of 7-dehydrocholesterol
compared to the skin of the head and neck. The metabolic pathway for production of hormonally active
vitamin D (1,25-dihydroxycholecalciferol,) is detailed in Figure 2.
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Figure 2. Metabolic Pathway for Production of the Hormonally Active Form of Vitamin D (from
McDonald et al, 1992)
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Most seeds, particularly those which are sun-ripened, contain high levels of vitamin D (type unspecified ,)
according to Nott and Taylor, (1993), however thisis disputed by Fowler (1986), who states that most seeds
arelowinvitamin D3. Signsof deficiency however, are most likely to occur when young birdsfed adiet that
islow invitamin D3 are given limited exposure to ultraviolet light.

Not surprisingly, deficienciesin calcium, vitamin D3 and phosphorus, or animproper calcium : phosphorusratio
are common in pet psittacine birds, and can lead to nutritional secondary hyperparathyroidism, rickets or
osteomalacia. Ricketsand osteomalaciarefer to caseswhen the cal cium - phosphorus abnormalities are caused
by a vitamin D3 deficiency in young and older birds respectively. The term nutritional secondary
hyperparathyroidism is used when there is a primary abnormality of calcium and / or phosphorus levels.

Metabolic bone disease is most commonly diagnosed in nestlings and juvenile parrots of the larger species.
Insufficient deposition of calcium and phosphorusin the beak and bones results in a soft beak weak, curved
bones, and multiple pathological fractures, particularly of the wing bones. In the adult bird, demineralisation
of bones occurs. Reported clinical signsin psittacine birds include appetite loss, weakness, lethargy, feather
chewing with abnormal blackening of feathers, eggs with thin shells, decreased hatching, embryos with
malformed or partially formed beaks (Nott and Taylor, 1993), aswell asrapid bone thinning, curved bonesand
fractures (Roudybush, 1993). Abnormalities of calcium - phosphorus homeostasis are aso related to the
multifactorial problemsof egg-bindinginlaying hens, and hypoca caemic syndromein African Grey and Timneh
Grey Parrots (McDonald, 1988, Scott, 1996).

Recommended treatment : (Doneley, 1996)

Supplement diet with calcium syrup to restorethe 2 : 1 (Ca: P) ratio (Calcium Sandoz syrup).
Ensure adequate exposure to sunlight or provide a vitamin D3 supplement (Calcivet - Vetafarm).
Avoid high fat seeds such as sunflower, which may interfere with calcium absorption.

Recommended prophylaxis:

Provideawell - balanced diet, with adequate Vitamin D and sunshine (Doneley, 1996). Calcium supplements
in the form of dry cuttlefish, limestone or oyster shell grit, however these are inaccurate methods of
supplementation, particularly sincemany of thelarger psittacinebirdswill not eat cuttlefish. Furthermore, high
concentrationsof cal cium carbonatesor phosphatesinthediet may makeit unpalatable (Nott and Taylor, 1993).
Cod liver il isavaluable source of vitamins A and D as well asiodine, however oversupplementation may
result in vitamin A toxicity (Nott and Taylor, 1993), induced vitamin E deficiency due to excessive
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polyunsaturated fatty acids (McDonald et al, 1992), or vitamin D toxicity. Susceptibility to the latter varies
between species ; macaws appear to be particularly susceptible (Scott, 1996).

ii) Goitre (Iodine Deficiency)

lodine plays a vital role in the metabolism of birds as with mammals, by its incorporation into the thyroid
hormones, triiodothyronine and tetrai odothyronine (thyroxine). Goitre may result from:

a) ingestion of insufficient iodine in the diet,

b) ingestion of excessive goitrogens such as found in ground nuts, soya beans and members of the
Brassica family such as rape and cabbage, or

C) ingestion of other elements such as calcium, whichinteract with the dietary iodine, thereby interfering

with its absorption.

| odine deficiency has been documented in budgerigars, passerines (Blackmore and Cooper, 1982), cockatiels
(Fowler, 1986) and pigeons (Hollander and Riddle, 1946). It results in decreased production of the
aforementioned thyroid hormones, which leadsto an increasein the secretion of thyroid stimulating hormone
(TSH). Thisin turn stimulates enlargement of the thyroid gland, resulting in what is commonly referred to as
goitre. Clinical signs most commonly observed in birds are respiratory difficulties and regurgitation due to
pressure by the enlarged thyroid on the trachea and oesophagus respectively. Recommended treatment :

0.3 % Lugol’'siodine, 1 drop/ 20 mL water, daily for one week, three times weekly for the second week, then
once weekly (Doneley, 1996)

Recommended prophylaxis:

1drop of dilute Lugol’siodinein 30 mL water once aweek, or 1% cod liver oil (Blackmore and Cooper,
1982). Alternatively, a supplemented commercia diet may be fed, such as Trill ®.

iii) lron Storage Disease

Iron storage diseaseis apoorly understood and most likely multifactorial disease that affects caged and aviary
birds. It ischaracterised by accumulation of excessiron, and is classified as either haemosiderosis (with no
functional or morphological alterations to the tissues involved), or as haemochromatosis (where there is a
functional or morphological alteration). It may occur asaprimary or secondary condition. Currently, opinion
variesasto theimportance of nutritioninthe aetiol ogy of thisdisease. Fowler (1986) considersaninappropriate
diet asthe causative factor (with respect to birds of paradise, Parasidae spp.), while Roudybush (1993) is of
the opinion that nutrition is only of minor importance.

Recommended treatment: (Doneley, 1996)

Weekly phlebotomy to remove ablood volume equal to 1 % of the bird’ sbodyweight, combined withalowiron
diet (< 150 mg/ kg). Recommended prophylaxis: (Doneley, 1996) Feed alow iron diet

iv) Selenium - Vitamin E Deficiency

Vitamin E and selenium play avita rolein preventing damage to cellular membranesby peroxideradicals. In
addition to its role as a non - specific antioxidant, vitamin E acts within the cellular membranes to prevent
formation of peroxide radicals. Selenium, acomponent of the enzyme glutathione peroxidase, acts within the
cellular cytoplasmto hydrolyseradicalsthat have already formed. Hence, by the nature of their complementary
roles, itisnot surprising that vitamin E and selenium share many signsof deficiency incommon, andtoacertain
extent, a deficiency of one can be overcome by supplementation with the other.

Thelevel of seleniumin cropsishighly variable, and is dependent on the soil conditionsin theregion. Ullrey,
Allen and Baer (1991) support this, noting that three samples of safflower seed (with hulls) were recorded to
have selenium concentrations ranging from 0.11 to 1.76 mg / kg DM, and that selenium concentrationsin corn
alone ranged from 0.01 to 2.03 mg / kg DM. Cereal grains contain reasonable levels of vitamin E, however
reguirements are increased by diets high in unsaturated fatty acids, such as those high in peanuts, safflower,
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sunflower and pumpkin seeds, particularly whenthesearestored for too long, and thefatsturnrancid (Griffiths,
1961). Furthermore, vitamin E activity declines with storage. Thus, deficiency is common, particularly in
cockatiels (Scott, 1996) . Vitamin E (alpha - tocopherol) and selenium levels of a selection of seeds are
indicated in Table 7.

Vitamin E and sel enium deficiencies haveresultedin myopathi esaffecting skeletal, cardiac or thesmooth muscle
of the gizzard in cockatiels, waterfowl and birds of prey (Nott and Taylor, 1993, Fowler, 1986).

Recommended treatment : (Doneley, 1996)

Vitamin E (ADEC - Vetafarm)

Recommended prophylaxis: (Doneley, 1996)

Avoid rancid fats, and ensure reliable sources of vitamin E are present in diet
v) Hypovitaminosis A

Vitamin A playstwo major rolesinthe body. Firstly itisinvolved inthe differentiation of epithelial cells, and
hence in the formation and maintenance of mucous membranes and other epithelia tissues. Itssecondroleis
as a component of rhodopsin, the photo - receptor enabling vision at low light intensity.

In plants, vitamin A exists as precursor compounds hamed carotenoids, which are converted into vitamin A
intheintestinal wall and liver. Asillustrated in Table 7, most seeds are deficient in carotenes. Consequently,
hypovitaminosis A is commonly seen in pet psittacine birds fed all seed diets, particularly in African Grey,
Amazonaand Eclectusparrots, Gang - Gang cockatoos, and Budgerigars(Earleand Clarke, 1991, Raidal, 1989,
Nott and Taylor, 1993), aswell asin Columbiformebirds(Tudor, 1982). Clinical signsof vitamin A deficiency
arenumerous, dueto thewidedistribution of epithelial cellsin the body, degree of deficiency, aswell asspecies
variations in susceptibility to deficiency. Reported manifestations of hypovitaminosis A include :

S pustular lesionsin the larynx and soft palate of pigeons, and in the mucous glands and their ducts of
the nasal passages, mouth, oesophagus and crop of chickens (Tudor, 1982)

S illthrift in young birds (Fowler, 1986)

S sinus infections (Roudybush, 1993)

- fading of pigmentation of skin and feathers (Ingram, 1978)

- night -blindness, retarded growth, weakness, ruffled feathers, staggering gait, decreased egg production
and hatchability, as well as mortalities in chickens (McDonald, 1992)

S sguamous metaplasiaof epitheliuminthelacrimal and salivary glandsaswell as of therespiratory and
urogenital tracts, the latter resulting in renal or systemic gout (Fowler, 1986)

Recommended treatment : (Doneley, 1996)

Parenteral vitamin A (ADEC - Vetafarm) followed by dietary changes to ensure adequate vitamin A or
precursors

Recommended prophylaxis: (Doneley, 1996)

Balanced diet, with adequate vitamin A or presursors

Foodstuffscontaining high level sof vitamin A or precursorsaredetailedin Table 10. Vitamin A toxicity occurs
commonly dueto over - supplementation with foodstuffsrichinvitamin A, such ascod liver oil, and may prove
lethal in severe cases (Nott and Taylor, 1993, Earle and Clarke, 1991). Hypervitaminosis A will not occur in
birdsfed adiet highin carotenes, however, because the maximal rate of conversionto vitamin A isinsufficient
(Olson, 1989).

Table 10. Foodstuffs Containing High L evels of Vitamin A or Precursors (Nott and Taylor, 1993)
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Foodstuff Vitamin A (IU/
100g as fed)
beet greens 6000
carrot 11000
dandelion greens 14000
spinach 8000
sweet potato 9000
turnip greens 7500
dried red pepper 77000
beef liver 45000
egg yolk 3000

vi) Vitamin C Requirement

Themajority of birdsdo not haveadietary requirement for vitamin C, however it hasbeen suggested that during
timesof physiological stress, such as reproduction, moulting, growth or climatic stress, supplementary vitamin
C may be beneficial (Nott and Taylor, 1993, McDonald et al, 1992).

vii) Vitamin K Requirement

Intestinal microbial synthesisalso occurs, however whether absorption occursdirectly (Nott and Taylor, 1993,
Fowler, 1986), or requirescoprophagy (McDonaldetal, 1992) isdebated. Althoughrare, vitaminK deficiency
may occur following disruption to intestinal flora by prolonged antibiotic therapy (Nott and Taylor, 1993,
Fowler, 1986).

viii) Manganese Deficiency

Signsof deficiency asreportedin poultry have not been reported in psittacine or passerine birds. It ispostul ated
by Nott and Taylor (1993) that thisisdueto the shorter limbsand lighter bodyweight of psittacineand passerine
birds compared with ground-living species, rather than due to a lower requirement by the former.

iX) B-Complex Vitamins

The requirements for B-complex vitamins by caged and aviary birds are derived from poultry research.

Deficiency syndromesarecommonly characterised by poor growth and feather abnormalities. Inadditiontothis,
single deficiencies may produce classic clinical signs. (Table 11.)
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Table11. Natural Sources of B - Complex Vitamins and Signs of Deficiency in Birds (Scott, 1996,
Nott and Taylor, 1993, McDonald et al, 1992, Mur phy, 1992)

Vitamin Natural Source Clinical Signs of Deficiency

Thiamin, B1 cereal grains, green leaves, egg yolk | anorexia, weakness, seizures,
polyneuritis

Riboflavin, B2 green, leafy plants curled toe paralysis, embryonic
mortality mid - incubation

Pyridoxine, B6 cereal grains perosis, reproductive failure

Biatin grains, vegetables dermatitis of foot pads, fatty liver and
kidney syndrome

Vitamin B12 intestinal bacterial synthesis anaemia, gizzard erosion

Nicotinamide groundnuts, sunflower inflammation of tongue and
oropharynx, bone disorders

Pantothenic Acid groundnuts, cereal grains dermatitis, ataxia

Choline ceredls, green leaves, synthesisfrom | leg abnormalities, fatty liver, perosis

methionine
Folic Acid grains, oil seeds, green leaves anaemia, nervousness, beak deformity

Diet Formulation and Feeding

Asdiscussed above, seedswhichformthe basisof the diet fed to most caged and aviary birds, are deficient in
many of the major nutrients, and contain excessive fat.

Furthermore, birds often become fixated on one particular dietary component, commonly sunflower seeds.
Contrary to popular belief, birds, with the exception of the domestic fowl, are not able to balance their own
intake if offered a mixture of seeds. Thus it is highly important to offer a diet that is balanced to the
requirements of the specific bird, according to its species, size, age and physiological state. This may be
achieved by providing either a processed diet for examplein pellet form, or by combining varied feedstuffsand
supplements as a prepared diet.

Prepared diets

Doneley (1996) has suggested a prepared parrot diet comprising :

seed and grain products (60 % w / w of diet) : seed mix (20 % sunflower, 30 % millets, 30 % canary seed, 20
% hulled oats), toast, biscuits, rice, pasta, vegetables (10 % w/ w of diet) : broccoli, cabbage, dandelion, carrot,
corn on the cob, fruit (5 % w / w of diet) : apple, pear, orange, banana, protein (25 % w / w of diet) : meal
worms, dog/ cat biscuits, peas, soy beanscal cium supplementation : cuttlefish, oyster shell grit or cal cium syrup

If adiet containing seeds is fed, allowing the seeds to sprout or germinate prior to feeding may increase
digestibility and vitamin (particularly vitamin C) concentration. If the water used for these processes is not
changed regularly however, bacterial growth may be encouraged (Scott, 1996). Storage conditions for seeds
should be such that their moisture content does not exceed 14 %, to ensure that they do not provide a substrate
for fungal growth with the subsequent production of mycotoxins.

Considering the great variation in nutrient content of seeds and other foodstuffs, prepared diets commonly
reguire addition of supplementsin order to make them complete. Supplementsmay be delivered tothebirdin
either itsfeed or water, however both methods have their shortcomings. Powdered supplements are prone to
separate from the food that is eaten, and hence are not consumed in the desired quantity ; coating seeds with
suspensions or solutionsisineffective, because the supplement is lost when the bird removesthe hull to ingest
thekernel ; andwhen added towater, vitamin and mineral supplementsare subject tointeractionswith dissolved
minerals and the irregular nature of drinking of many birds.

One must bear in mind that even if a seed mixture were provided, which when completely consumed meets all
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of the nutritional needs of a particular species of bird, preferential selection of more favoured components of
the diet by the bird may yet result in an unbalanced diet. Hence, processed diets have been devel oped.

Processed Diets

Processed pelleted diets are becoming more popular. Arguments for and against the use of such diets are
presented below.

Advantages of Processed Diets Disadvantages of Processed Diets

* convenience * expensive

* apparently balanced for various physiological states * often not balanced

* nutritionally consistent * poor acceptance by some birds

* increased digestibility of starches by depolymerisation * should be fed as sole energy intake

* wholly edible (little waste) * do not stimulate the bird's
inquisitive nature

* destruction of pathogenic micro-organisms during production * perception that birds do not
perform as well as when on a
‘natural diet’

Conversion to a Processed Pelleted Diet

Offering a combination of pellets and seeds is an ineffective way of meeting nutrient demands (Ullrey et al,
1991). Thus, complete conversion to apelleted diet isrecommended, either gradually or abruptly. With either
method it isadvisableto provide the new feed in the same feed bowls, in the same position asthe previous diet
; to consider meal feeding ; and most importantly, to weigh the bird daily, at aregular time, noting any weight
loss. Conversion to pelletsis most likely to be successful in a colony situation, where birds are able to mimic
the eating habits of others (Underwood et al, 1991).

Handrearing Altricial Birds

Energy and nutrient requirements for growth vary with the rate of bodyweight gain and with its composition.
Kamphues and Meyer (1991) found that the differential nature of growth of components such asfeathersand
the skeleton, markedly influenced the composition of bodyweight gain and hence nutrient requirements of
growing canaries. Furthermore, the energy density requirement of the diet varieswith speciesand age. For the
first three days after hatch, handfed cockatielsrequirelessthan 10 % solidsin their diet (Roudybush and Grau,
1991), whereasthisisinsufficient for Blue and Gold macaw chicks (McFadden, 1993). In contrast, from three
days of age until weaning, 70 % solidsaredesirablefor cockatiel s (Roudybush and Grau, 1991). Onemust note
however, that feeding a diet that is excessively energy dense, particularly if high in fat, can lead to rapid
adipocyte hyperplasia in the young bird, and may predispose to obesity later in life (LaBonde, 1992).
Furthermore, weak hatchlings should not befed ahigh fat diet, asthismay resultin slowing of gastrointestinal
function.

Handfeeding diets must be made freshly for each meal, using cooled, boiled water to minimiserisk of bacterial
and fungal contamination. Meals should be spread out evenly during the day, and the crop filled at each meal.
Asageneral rule, each meal should consist of avolumeequal to 10- 15 % of the chick’ sbodyweight (V etafarm
pamphlet, 1994). Chicks should be weighed daily, at aregular time, and should gain weight every day until
weaning.

Conclusion

When considering the nutrition and practical feeding of aviary and caged birds, it is essential to consider in
concert the energy density, nutrient content, digestibility, and palatability of the diet. Furthermore, these
variables should be related to the species of bird, as well asits age, weight and physiological state. Although
the complete nutrient requirements for aviary and caged birds have not yet been determined, it is
unquestionable that seed - only diets are unsuitable, and may lead to numerous syndromes of deficiency and
excess. Processed diets show promise for the future, and as research reveals more information about avian
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nutrition, these diets should continue to improve.
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