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ABSTRACT.--Theobjective of this work was to provide a basis for more informed evaluation of diet
options with respect to the nutritional needs of captive raptors. We compared nutritional content of
five domesticatedspeciesthat are most commonlyfed to captiveraptors;quail (C0turnixcoturnixjaponica), chickens( Gallusdomesticus),
rats (Rattusnorvegicus),
mice (Mus musculus)
and guinea pigs (Cavia
porcellus).We measured proximate composition (moisture, lipid, protein, ash), vitamin A, vitamin E,
copper,iron, zinc, magnesium,manganese,calcium and potassium.Significantspeciesdifferenceswere
found in lipid and in vitaminsA and E, and differencesapproached significancein iron and manganese
concentrations.Differences in nutrient content between speciesdid not correspond to differences in
nutrient levelsof diets consumedby prey. All speciescontained adequate amounts of protein, lipid,
vitamin A, calcium,magnesiumand zinc. However,whole domesticatedprey were potentiallyinadequate
sourcesof vitamin E, copper, iron and manganese.
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Contentosde nutrimento para cincoespeciesde animalesdomesticosfrecuentamentedadospara comer
ha rapacescaptivos
RESUMEN.--E1 objetivo de este trabajo fue para proporcionar un base para una evaluaci6n mas informada de opcionesde dieta con respetocon la necesidadde alimentaci0n de rapacescautivas.Nosotros
comparamosel contentode nutrimiento de cinco especiedomesticadasque esttn frecuentementedadas
de comer a rapacescautivos:codorniz (C0turnixcoturnixjaponica),
gallinas(Gallusdomesticus),
rata, (Rattusnorvigicus),
rat6n (Mus musculus)
y cobayo(Caviaporcellus).
Nosotrosmedimoscomposici6npr6ximo
(humedad, grasa,proteina, ceniza), vitamina A, vitamina E, cobre, fierro, zinc, magnesio,manganeso,
calcio y potasio.Diferencia significasde especiesfueron encontradasen grasayen vitamina A y E y
diferencias estab•msignificanteen concentracionesde fierro y manganeso.Diferencias en alimento
entre especieno correspondierona diferente nivelesde nutrimiento de dietasconsumidaspara la presa.
Todos contienen suficiente cantidad de protelna, grasa,vitamina A, calcio, magnesioy zinc. Sin embargo, presadomesticadafueron pontenciamenteinsuficientede vitamina E, cobre, fierro y manganeso.
[Traducci6n de Ra61 De La Garza,Jr.]

The diets of most wild raptors consistof a wide
variety of prey species(Palmer 1988). Of necessity,
raptors maintained in captivity are usually fed a
very limited array of domesticated species. The
diet of captive birds is therefore artificial in both
the type and variety of speciesconsumed.Few studies have been done regarding the nutritional status
of free-rangingbirds,but the data that do existsug-

gest that wild birds may differ significantlyfrom
captive animals of the same species(Dierenfeld et

1Present address:Environmental Science Program,
DePaul University, 1036 West Belden Ave., Chicago, IL

fects(Bedi 1987,Grantham-McGregor
1987,Lavig-

60614.
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al. 1989, Dierenfeld 1994). This is of concern to

zoos, private breeders and conservationorganizations that engage in captive propagation because
nutritional

status affects health (Gershwin et al.

1985, Sklan et al. 1995), growth (Lavigne et al.
1994a), reproduction (NRC 1984, Naber and
Squires 1993) and longevity (Good and Gajjar
1986). Undernutrition can also have long-term efneet al. 1994b), and can, therefore, potentiallyinfluence the viability of reintroduced populations.
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For most individuals and organizations,no feasiblealternativeexiststo feeding artificialdiets.For
financial and logisticalreasons,optionsare usually
restricted to prepared commercial diets or to one
or more domesticatedspecies.Relativelylittle information

is available

on the nutrient

content

of

whole vertebrate prey (see Dierenfeld et al. 1994
for review) to facilitate comparisonof dietary options. Furthermore, existing nutritional information focusesprimarily on macronutrients such as
lipid, protein, ash and fiber which are lesslikely to
be limiting in the diet of captive animals than vi-
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sampleswere taken at a later time for duplicate protein
analyses.One samplewas also taken from each type of
feed fed to each species.
Moisture content wasdetermined by drying samplesto
a constantweight in a vacuumoven at 60øC.Lipid content of dried sampleswas determined indirectly using
Soxhlet extraction (Ellis 1984). Fat-freedry sampleswere
ashed in a muffle furnace at 550øCfor three days (Ellis
1984) to determine

ash content. Protein content of

thawed wet tissueswas assayedby the Biuret method
(Horwitz 1975);sampleswerecorrectedfor anymoisture
lossduring freezing by redrying a secondset of samples.
Tissue extraction and analysesof retinol and alpha- and
gamma-tocopherolwere modifications of the general
methodsof Taylor et al. (1976) as describedin Douglas
tamins or minerals.
et al. (1994), usinghigh performanceliquid chromatogThis study comparesnutritional content of five raphy.Extractionof feed wasperformed accordingto the
domesticatedspecies that are among the most method describedby Combsand Combs (1985). Vitamin
commonly fed to captive raptors: quail (Coturnix A activitywascalculatedas 0.3 g all-transretinol -- 1 IU
(Olson 1984). Vitamin E wascalculatedby summingalcoturnixjaponica),chickens (Gallusdomesticus),
rats pha- and gamma-tocopherols,
where 1 mg alpha-tocoph(Rattusnorvegicus),
mice (Mus musculus)
and guin- erol = 1.1 IU and 1 mg gamma-tocopherol= 0.1 IU
ea pigs (Cavia porcellus).We measured proximate (Machlin 1984). Ashed sampleswere prepared for mincomposition (moisture, lipid, protein, ash), vita- eral analysisaccordingto the method of Parker (1963).
min A, vitamin E, copper (Cu), iron (Fe), zinc Ca, Cu, Fe, Zn, Mg and Mn levelswere measuredon a
Perkin-Elmer atomic absorbancespectrometer.
(Zn), magnesium(Mg), manganese(Mn), calcium
StatisticalAnalyses.Speciesdifferencesin nutrient con(Ca) and potassium(K). These resultsprovide the tent were analyzedusing a one-wayANOVA in SYSTAT
basisfor a more informed evaluation of diet op- (Wilkinson 1990). Sex differences and comparisonsbetions with respectto the nutritional needsof cap- tween pairs of specieswere analyzed using the MannWhitney U-statisticor the Student's t-test.Comparisons
tive raptors.
among more than two specieswere analyzedwith a Kruskal-Wallacetest.Where the sametestwasperformed on
METHODS
multiple dependent variables, critical P-valueswere corExperimental Design. We analyzedfive speciesof do- rected for multiple comparisonsusing a sequentialBonmesticatedanimals.Both male and female quail were an- ferroni method (Rice 1989). Significancewasassignedat
alyzed,but only malesof other specieswere usedbecause the level of (corrected) P _< 0.05.
femalesare typicallyretained for breeding stockat our
facility. Birds (N = 50, each species)were raised from
RESULTS
hatch to 6 wk of age in brooders. Mammals were raised
in litters until weaning. Three individuals from each
Femalequailwere 17% heavierthan male quail
mammalian species (from different litters) were then
at 6 wk of age (masSmale
s = 121.6 g, SE -- 12.6,
randomly selectedand placed together in new cages.
Mice were raised to 12 wk, rats were raised to 11 wk and

mass•vma•s
= 146.5 g, SE = 8.9, t = 5.91, P--

0.00001). No sex differenceswere found in proximate composition, vitamin A and vitamin E content, or mineral levels(Table 1), althoughfemales
had consistentlyhigher levels of all vitamins and
minerals (Sign test, z• = 2.5, P = 0.008). Valuesfor
male and female quail were therefore combinedin
Louis, MO U.S.A.).
Laboratory Analyses.Three individualsof each species subsequentanalyses.
(and each sexfor quail) were ground separately.Feathers
Significantspeciesdifferenceswere found in lipwere removed from birds, as most raptors pluck their id (Table 2), vitamin A and vitamin E (Table 3)
prey and the majority of feathers consumedare regurand differencesapproachingsignificance(adjusted
gitated in pellets; for this studywe assumethat nutrient
intake from feather digestionis negligible. Guinea pigs P < 0.06) in Fe and Mn concentrations (Table 3).
guinea pigs were raised to 10 wk in standard laboratory
mammal cages. The following complete commercial
productswere fed, exclusivelyand ad libitum:quail, Purina Turkey Starter; chickens, Purina Meatbuilder; rats
and mice, Purina Formulab Chow; guinea pigs, Purina
Guinea Pig Chow (all manufactured by Purina Mills, St.

were also decapitatedas even the largesteaglesheld at
our facility failed to consume the craniums of this species. Four sampleswere immediately taken from each ind•vidual; two for duplicate vitamin analysesand two for
duplicate moisture, lipid, ash and mineral analyses.The
remainder of the ground sample was frozen, and two

Lipid levelswere lowestin mice and highest in
guinea pigsand chickens.Mice were 10 timeshigher in vitamin A than rats (Mann-Whitney, U = 18.0,
P = 0.02), the speciescontainingthe next highest
vitamin A values.Rats, quail and chickensdid not

SEPTEMBER1997

NUTRIENT CONTENT OF WHOLE PREY

269

Table 1. Mean nutritional content of whole male and fkmale JapaneseQuail.a
MALE

FEMALE

Moisture (%)
Protein (%DM)
Lipid (%DM)
Ash (%DM)
Retinol (IU/kg)

65.1
64.9
33.2
9.6
32 989

(3.1)
(14.6)
(6.3)
(1.3)
(10 951)

Alpha-tocopherol(IU/kg)
Calcium (mg/kg)
Copper (mg/kg)
Iron (mg/kg)
Magnesium(mg/kg)
Manganese (mg/kg)
Zinc (mg/kg)

41.6 (13.3)
32 685 (4178)
2.66 (0.61)
85.07 (7.93)
578.6 (255.2)
6.61 (2.11)
55.01 (9.13)

65.6 (1.8)
71.6 (6.8)
26.3 (3.2)
12.0 (1.7)
66 444
(30 525)
79.3 (0.4)
43 615 (6561)
3.02 (0.77)
112.40 (33.94)
752.7 (209.3)
8.45 (4.31)
54.30 (26.66)

0.827
0.524
0.050
0.127
0.127
0.050
0.127
0.827
0.275
0.513
0.513
0.827

All data except moisture content presented on a dry matter basis.Values are means and one standard deviation. N = 3, each sex

UnadjustedP-values,Student'st-test.No comparisons
significantfollowingcorrectionfor multiplecomparisons.

differ in vitamin A content (Kruskal-Wallace, H =

ilar levels of Mn (Mann-Whitney, U = 5.0, P =

0.641, P = 0.73). Guinea pigs were 50% lower in
vitamin A than chickens (Mann-Whitney, U = 9.0,
P = 0.05), the specieswith the next lowestvalues.
Guinea pigs alsohad vitamin E levelsthat were at
least 50% lower than quail (Mann-Whitney,U =
18.0, P = 0.02); quail, mice and chickenswere not
significantlydifferent in vitamin E content (Krus-

0.275) and were both higher in this nutrient than
rats (Mann-Whitney, U = 16.0, P = 0.05). Differences

Chicken and quail were not significantlydifferent in Fe content (Mann-Whitney, U = 10.0, P =
0.80) or Mn content (Mann-Whitney,U = 15.0, P
= 0.12), but the avian specieswere significantly
higher than the mammalian speciesin both Fe
(Mann-Whitney, U= 64, P = 0.04) and Mn (MannWhitney, U = 68, P = 0.02). Within the mammals,
mice contained more Fe than guinea pigs (MannWhitney, U = 9.0, P = 0.05) or rats (Mann-Whitney, U = 9.0, P = 0.05), but rats and guinea pigs
did not differ from each other (Mann-Whitney, U
= 4.0, P = 0.827). Guinea pigs and mice had sim-

levels

of feeds

did

not

corre-

DISCUSSION

The

times higher in vitamin E than mice (Mann-Whitney, U = 9.0, P = 0.05).

nutrient

spond to nutrient differences between speciesin
any case (Table 4).

kal-Wallace, H = 1.55, P = 0.46). Rats were three

Table 2.

in

differences

between

6-wk male

and

female

quail were not significantin this study;however,it
is worth noting that femaleshad consistentlyhigher levels of most nutrients, as well as lower lipid
levels, than males. We have also found

that at 16

wk of age nutrient levels in male quail are unchanged relative to 6-wk old birds, but levels in female quail (mobilizing resourcesfor egg production) have almost doubled (unpubl. data). These
data suggestthat sex differences in nutrient content may be detectablewith larger samplessizesor
at different ages.
With the exception of lipid content, litde difference was observed in proximate composition
among species.Our resultsare similar to published

Proximate compositionof whole domestic species.
a
QUAIL

Moisture (%)
Protein (%DM)
Lipid (%DM)
Ash (%DM)

65.4
67.6
29.7
10.8

(2.3)
(11.4)
(5.9)
(1.9)

CHICKEN

67.7
64.0
47.2
10.4

(1.3)
(15.1)
(5.3)
(2.0)

RAT

64.3
63.4
34.9
7.5

(2.4)
(14.3)
(5.2)
(2.1)

MOUSE

66.9
64.4
23.7
9.2

(2.6)
(20.8)
(8.8)
(1.6)

GUINEAPIG

69.3
58.9
45.4
8.9

(1.8)
(14.9)
(11.0)
(0.6)

P

0.075
0.955
0.005b
0.155

All data except moisture content presentedon a dry matter basis.Valuesare meansand one standarddeviation. N = 3, each species

P-valuesignificantafter correctionfor multiple comparisons.
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Table 3. Vitamin and mineral content of whole domesticatedspecies.
a
QUAIL

CHICKEN

RAT

MOUSE

GUINEAPIG

P

19989 (3000)

<0.00001b

Ret•nol

(IU/kg)
49716 (27504)
Alpha-tocopherol
(IU/kg)
60.4 (29.8)

35588

(15309)

68244

61.4 (5.6)

(23220) 657344 (196887)

210.5 (68.7)

74.4 (18.2)

29.8 (0.9)

0.00013b

Calcium

(mg/kg)

38 150 (7748)

Copper
(mg/kg)

24546 (2864)

22 856 (4636)

32 076 (6185)

29458 (4458)

0.01841

2.8 (0.7)

2.7 (0.1)

1.3 (0.4)

3.8 (0.2)

6.0 (4.2)

0.04781

98.7 (31.6)

97.6 (10.2)

43.0 (3.9)

76.4 (0.4)

51.9 (6.8)

0.00675

665.6 (229.5)

535.9 (71.3)

247.3 (134.9)

431.9 (54.2)

637.3 (39.6)

0.02099

7.5 (3.2)

11.0 (1.2)

2.9 (0.9)

5.3 (1.7)

6.6 (0.5)

0.00688

54.7 (17.8)

74.1 (21.1)

35.0 (10.0)

44.0 (5.7)

64.4 (23.7)

0.09748

Iron

(mg/kg)
Magnesium

(mg/kg)
Manganese

(mg/kg)
Z•nc

(mg/kg)

All data except moisturecontentpresentedon a dry matter basis.Valuesare meansand one standarddeviation.N = 3, eachspecies
P-valuessignificantafter correctionfor multiple comparisons.

valuesfor these species,which range between 55-

68% for water content, 43-66% (DM) for protein
content and 7-10% (DM) for ashcontent (Medway
1958, Lepore and Marks 1971, Brisbin and Tally
1973, Bird and Ho 1976, Thonney et al. 1984, Lavigne et al. 1994a). Lipid content appearsto be the
most variable component of proximate composition rangingbetween19-49% (Lepore and Marks
1971, Brisbin and Tally 1973, Bird and Ho 1976,
Perrigo and Bronson 1983, Thonney et al. 1984,

pattern of lipid content with respect to species,as
might be expected with a labile body component.
Vitamin and mineral content in this studywere
much more variable than proximate composition.
Although few comparativedata are available,species differences

in vitamin

A and vitamin

E content

have alsobeen found by Douglaset al. (1994), and
speciesdifferencesin mineral content appear to be
presentin the resultsof Bird and Ho (1976) and
Lavigne et al. (1994a), although no statisticalanalLavigne et al. 1994a), but there is no consistent ysis of these data was presented. The pattern of

Table 4. Compositionof commercialdiets and relation betweendiet and bodycomposition
a.

Moisture (%)
L•pid (%)
Protein (%)
Ash (%)

V•taminA (IU/kg)
V•tamin E (IU/kg)
Calcium (mg/kg)
Copper (mg/kg)
Magnesium(mg/kg)
Iron (mg/kg)
Manganese(mg/kg)
Z•nc (mg/kg)

TURKEY

MEAT-

FORMULAB

STARTER

BUILDER

CHOW

9.3
1.1
20.4
7.0

3500
11.8
17 079
18.7
1285.1
161.9
76.4
127.3

7.7
4.2
18.3
5.8
4500
4.2
12584
14.5

1218.5
154.6
78.2
124.4

8.9
2.0
15.2
7.6

6133
14.8
13 762
13.4
1068.0
239.6
16.3
99.8

All data except moisture content presentedon a dry matter basis.N = 1, all diets.
UnadjustedP-valuesfor regressionof diet compositionon body composition.

GUINEA

PIG

CHOW

9.4
2.4
16.1
8.4

29 733
15.9
15 124
14.1
1757.4
290.4
54.7
90.4

pb

0.900
0.192
0.274
0.270

0.282
0.730
0.085
0.872
0.202
0.855
0.520
0.058
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speciesdiflkrencesin thesestudies,however,is not
consistentwith the pattern that we observed.For
example,we observedrats to be generallylow in
mineral content, while Bird and Ho (1976) did

not. Also, our valuesfor vitaminE were up to 50%
greater, and our valuesfor vitamin A were up to
two times greater than those of Douglas et al.
(1994). Variation in nutritional content can result

from differencesin diet (Thonney and Ross1987,
Dierenfeld et al. 1989, Clum et al. 1996), genetics

(Lepore and Marks 1971), age (Brisbinand Tally
1973, Bird and Ho 1976, Thonney and Ross1987,
Douglaset al. 1994) or sex,all of which have been
demonstratedto causesignificantchangesin proximate compositionand/or vitamin and mineral
content. Diet formulation in particular has almost
certainlychangedover the two decadesthat these
studiesencompass,and may,therefore, be a significant source of variation. Manner and length of
storagecan also affect nutrient levels,particularly
of vitamins, which are more labile than minerals

or proximate composition. Storage may have
caused

the observed

differences

in vitamin

levels

between our study and that of Douglas et al.
(1994), as their animals were purchased frozen
from breederswhereasours were freshly killed.
Our studysuggests
that speciesdifferencesin nutritional content are not readily predictable.Comparative work on digestiveefficiency of birds of
prey has shownthat the Common Buzzard (Buteo
buteo),a generalistspecies,has high efficiencyon
a wider variety of prey than the Peregrine Falcon
(Falcoperegrinus),a specialistspecies(Barton and
Houston 1993). Such variation in the ability to extract nutrientsmay partiallyexplain the food preferencesof birds in captivity.However,the prey that
has the closestphysicalresemblanceto wild prey
doesnot necessarily
bear the closestnutritional resemblance

for the reasons mentioned

above. If dif-
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lower energy demandsand more regular accessto
food. A greater potential problem in captivityis
egg and chick viability,which is not limited by lipid
and protein reserves,but can be severelyaffected
by vitamin and mineral content of food (NRC
1984, Naber and Squires 1993).
All prey analyzed in this study met known requirementsof domesticmammalian carnivoresfor
vitamin A, Ca, Mg and Zn (vitamin A, 2440-10 000
IU/kg; Ca, 0.4-1.2%; Mg, 0.04-0.1%; Zn, 30-50
mg/kg; NRC 1985, 1986, Robbins 1983). Copper
levelswere inadequate in all speciesexcept guinea
pigs,Fe wasbelowrecommendedlevelsin ratsand
guinea pigs and Mn was lower than suggestedin
rats (Cu, 5.0-7.3 mg/kg; Fe, 60-100 mg/kg; Mn,
5-10 mg/kg; NRC 1982, 1985, 1986). Manganese
deficiency has recendy been documented in captive raptor chicksfed exclusivelyrats (C. Sandfort,
pers. comm.). Although all speciesexcept guinea
pigs met recommended levels of vitamin E for
mammalian carnivores (20-80 IU/kg, NRC 1982,
1985, 1986), it hasbeen suggestedthat raptorsmay
require up to 10 times more vitamin E to protect
against deficiencies (Calle et al. 1989, Dierenfeld
et al. 1989). Other differences between nutrient

requirementsfor domesticmammalian carnivores
and nondomesticavian carnivoresmay exist.
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