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INTRODUCTION

In zoological institutions, carnivores are typically 
fed raw meat diets manufactured with beef or horse-
meat as primary protein sources. Although research 
studies addressing health benefits of raw meat diets 
in felids are lacking, several studies have documented 
greater digestibility of macronutrients in felid species 

fed various raw meat diets including beef, horse, and 
poultry compared with kibble diets (Wynne, 1989; 
Crissey et al., 1997; Vester et al., 2008; Vester et al., 
2010a, 2010b; Kerr, 2012; Kerr et al., 2013). However, 
pork has not been evaluated for use in zoo carnivore 
diets and may provide a protein option for nutritional 
management of zoo carnivores. It is important to eval-
uate fecal scores, digestibility, and palatability of new 
dietary options to determine feasibility of incorporat-
ing them into animal management plans. Additionally, 
felids as a whole can develop aversions to foods com-
prising the majority of their diets for extended periods 
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ABSTRACT: Two experiments were conducted to 
evaluate digestibility and palatability of a new com-
mercial pork-based raw diet for zoo-managed felids. 
Currently 2 protein sources (beef or horse) comprise the 
majority of commercial raw meat diet formulations for 
exotic carnivores in zoological institutions. Pork-based 
diets have traditionally not been widely utilized and thus 
nutrient digestibility of pork has not been adequately 
evaluated in exotic carnivores. The objectives of this 
study were 1) to determine if a pork-based diet had 
similar apparent total tract macronutrient digestibility 
and fecal scores as standard zoo carnivore diets for-
mulated with either horse or beef, in large exotic felids 
and 2) evaluate palatability of pork for use in zoos. Ten 
exotic felids were used including cheetahs (Acinonyx 
jubatus; n = 3), jaguars (Panthera onca; n = 3), leop-
ards (Panthera pardus; n = 2), puma (Puma concolor; 
n = 1), and Bengal tiger (Panthera tigris tigris; n = 
1). Dietary treatments consisted of 4 raw meat diets: 
1 horse-based (Horse), 2 beef-based (B1, B2), and 1 
pork-based diet (Pork). Fecal scores also were evalu-
ated (1 = hard to 5 = watery/liquid). This randomized 
crossover design study consisted of 4 periods, each 10 

d for treatment adaptation followed by 4 d of sample 
collection. Dry matter and crude protein apparent digest-
ibility values were greater (P < 0.05) in felids fed Pork 
(88.0 and 95.7%) compared with felids fed Horse (83.6 
and 92.7%) and B2 (85.6 and 93.1%). Apparent organic 
matter digestibility was greater (P < 0.05) in felids fed 
Pork (90.8%) than felids fed Horse (88.5%). Apparent 
fat digestibility values were high across all treatments 
but were greater (P < 0.05) in felids fed Pork (98.5%) 
compared with felids fed B1 (95.5%) or B2 (96.5%). 
Gross energy digestibility values were greater in felids 
fed Pork (92.4%) compared with B1 (90.2%). Average 
fecal scores were 2.30, 2.94, 3.42, and 3.54 for Horse, 
Pork, B1 and B2, respectively; and were different (P < 
0.05) between treatments with exception of B1 and B2 
that did not differ. Felids approached the pork diet first 
in 65.6% of observations and tasted the pork diet first in 
71.9% of observations, compared with a beef-based raw 
diet. Based on results, the evaluated pork-based diet had 
similar apparent total tract macronutrient digestibility 
and palatability compared with standard zoo carnivore 
formulations. In conclusion, pork-based diets could be 
included among dietary options for large zoo felids.
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of time, known as the monotony effect. They may also 
develop an aversion to foods never consumed before, 
known as neophobia (Bradshaw, 2006). Therefore, ap-
propriate evaluation of new dietary options is critical 
for management decisions.

The objectives of this study were to determine the 
apparent total tract macronutrient digestibility, fecal 
scores, and palatability of a new pork-based diet com-
pared to standard zoological carnivore diets formulated 
with either beef or horse, in large exotic zoo-managed fe-
lids. This pork-based diet has never been evaluated and 
we hypothesized that the pork-based diet would have 
similar nutrient digestibility and palatability as typical 
beef or horse-based raw meat diets; therefore, could be 
included among dietary options utilized in zoos.

MATERIALS AND METHODS

All animal procedures were approved by Omaha’s 
Henry Doorly Zoo & Aquarium’s (HDZ) Animal Care 
and Use Committee (IACUC) before animal experi-
mentation.

Experiment 1

Animals and Diets. Ten exotic felids were used (7 
male, 3 female), ranging in age from 7 to 17 yr and 
weight from 36 to 100 kg, including cheetahs (Acinonyx 
jubatus; n = 3), jaguars (Panthera onca; n = 3), leop-
ards (Panthera pardus; n = 2), puma (Puma concolor; 
n = 1), and Bengal tiger (Panthera tigris tigris; n = 
1), all of which had been receiving the same raw beef-
based diet before the study for at least 6 mo. Felids 
were individually housed in indoor or outdoor enclo-
sures ranging from 49 to 151 m3 at HDZ (Omaha, NE) 
and cared for by zoo staff. Water was provided ad libi-
tum throughout the study. All dietary treatments were 
fed isocalorically daily to maintain individual animal 
body condition based on previous diet caloric intakes.

Four commercially prepared raw meat-based dietary 
treatments were analyzed for chemical composition and 
evaluation (Table 1). All diets were formulated to meet 
or exceed nutrient requirements of domestic felids (NRC, 
2006). Dietary treatments consisted of 1 horse-based 
(Nebraska Brand: Premium Feline Diet [Horse] Central 
Nebraska Packing Inc., North Platte, NE), 2 beef-based 
(Natural Balance: Zoo Carnivore Diet [B1], Natural 
Balance Pet Foods, Inc., Burbank, CA and Nebraska-
Brand: Special Beef Feline Diet [B2], Central Nebraska 
Packing Inc.), and one pork-based (Carnivore Essentials 
[Pork]. Sustainable Swine Resources, LLC., Sheboygan 
Falls, WI). Ingredients of dietary treatments are listed in 
Table 2. Each dietary treatment was subsampled, dried at 
55°C, ground through a 2-mm screen (Wiley mill 3379-

K35, Thomas Scientific, Swedesboro, NJ) and analyzed 
for chemical composition. All chemical analyses were 
conducted at Iowa State University unless otherwise not-
ed. Dietary treatments were analyzed for DM (Method 
934.01) and OM (Method 942.05 [AOAC, 2006]). Crude 
protein was determined using a Leco Nitrogen/Protein 
Determinator (Method 992.15; model TruMacN, Leco 
Corporation, St. Joseph, MI). Fat concentrations were de-
termined by hexane extraction (Method 960.39 [AOAC, 
2000]). Gross energy was determined by bomb calo-
rimetry (model 6200, Parr Instrument Co., Moline, IL). 
Crude fiber (CF) was analyzed at Midwest Laboratories 
(Omaha, NE; AOCS Ba6a-05, [Thiex, 2008)]). Total di-
etary fiber (TDF) was determined at HDZ (Prosky et al., 
1994) and assay methods were adjusted using triple the 
amount of protease and double the time for the water bath 
after addition of the protease for high protein samples.

Experimental Design. The experimental design was 
a randomized crossover design consisting of 4 dietary 
treatments each period, resulting in every felid receiving 
each diet for 1 period. Each of the 4 treatment periods 
consisted of 10 d for treatment adaptation followed by 4 
d of sample collection. During each day of collection, to-
tal food intake was recorded and total fecal outputs were 
collected, weighed, and recorded. Additionally, feces 
were scored for each individual. Feces were evaluated by 
the lead author using a scale designed for exotic felids 
consisting of 1 to 5 where: 1 = hard, dry pellets; 2 = dry, 
well-formed; 3 = soft, moist, formed; 4 = soft, unformed; 
5 = watery liquid (Felid Taxon Advisory Group, 2014).

Digestibility Procedures. Total fecal samples were 
collected, weighed, and scored daily for each felid then 
pooled for each collection period and subsampled to mea-
sure apparent total tract digestibility. Fecal samples were 
dried at 55°C and ground through a 2-mm screen (Wiley 
mill 3379-K35, Thomas Scientific). All fecal samples 
were analyzed for DM, OM, CP, GE, and fat concentra-
tions using methods previously described for diet analy-

Table 1. Chemical composition of raw meat diets fed 
to captive large exotic felids (DM basis)
Item1 Pork Horse B12 B23

DM, % 31.7 35.6 32.8 32.2
OM, % 94.6 92.3 92.0 93.1
CP, % 58.5 53.3 58.0 51.9
Fat, % 29.0 31.0 31.0 35.8
NFE, % 1.4 0.7 0.0 0.0
CF, % 2.4 3.1 3.5 2.3
TDF, % 5.6 7.3 7.9 5.5
GE, kcal/g 6.2 6.0 6.1 6.4

1NFE = nitrogen-free extract; CF = crude fiber; TDF = total dietary fiber.
2B1 = beef diet 1.
3B2 = beef diet 2.
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ses. Apparent total tract digestibility values were calcu-
lated using the equation as follows:

[(nutrient intake– fecal nutrient output)/(nutri-
ent intake)] 3 100.

Digestible energy values were calculated using the 
following equation: (kcal/g gross energy in diet × energy 
digestibility coefficient of diet). Metabolizable energy of 
diets were estimated using modified Atwater values (8.5 
kcal/g fat, 3.5 kcal/g protein, 3.5 kcal/g carbohydrate) 
multiplied by fat, protein, and digestible carbohydrate 
content of each diet. Digestible carbohydrate concentra-
tions were calculated using nitrogen free extract (NFE) as 
an estimate with the following equation: [100 − (% ash + 
% CP + % fat + % TDF)]. Due to assay error (likely with 
the estimate of TDF) and expected low carbohydrate and 
high protein and fat concentrations of the diets, calculat-
ed NFE of some treatments produced negative numbers, 
in which case a value of 0 was used. ME also was calcu-
lated using the NRC equation published for felids: [ME = 
DE − (0.77 × g protein in diet)] (NRC, 2006).

Statistical Methods. All data were analyzed using 
the Mixed Models procedure of SAS (SAS Inst. Inc. 
Cary, NC). Data from all felids were averaged within diet 
because of low numbers for individual species. The fixed 
effects of diet and period were tested and felid was con-
sidered a random effect. Differences were determined 
using least squared means. A probability of P < 0.05 was 
considered statistically significant. Reported standard er-
ror of the means (SEM) were determined according to 
the Mixed Models procedure of SAS.

Experiment 2

A separate experiment was conducted to evaluate 
palatability using 6 exotic felids (3 male, 3 female) rang-
ing in age from 7 to 20 yr and weight from 40 to 152 
kg, including a cheetah (Acinonyx jubatus; n = 1), jag-
uars (Panthera onca; n = 2), puma (Puma concolor; n = 
1), African lion (Panthera leo; n = 1) and Bengal tiger 
(Panthera tigris tigris; n = 1). None of the animals used 
in this study had previous exposure to raw pork products. 
A 2-bowl preference test (Griffin, 2003) was utilized 
with the zoo’s normal carnivore diet (Nebraska-Brand: 
Special Beef Feline Diet) and the pork diet (Sustainable 
Swine Resources: Carnivore Essentials). Felids were of-
fered 70% (by weight) of pork and beef diets for a total 
of 140% of baseline diet to ensure adequate intake if they 
only consumed 1 diet type offered. The study was con-
ducted over 7 d, with the offering position (left or right) 
of each diet alternating daily. It is common practice in 
zoos to implement a “fasting day”, during which the ani-
mals are not fed. This is believed to more closely mimic 
natural feeding patterns and aid in management practices 
(Altman et al., 2005). Fasting days were in place at this 
institution and were not removed for this experiment. The 
diet first-approached and first-tasted was recorded daily 
for each individual animal. Descriptive statistics only are 
presented for Exp. 2 because of small sample size.

RESULTS

Experiment 1
Diet Composition. Crude protein and fat concen-

trations ranged from 51.9 to 58.5% and 29.0 to 35.8%, 

Table 2. Ingredient composition of a raw meat diets fed to captive large exotic felids
Diet Ingredient composition
Pork: Carnivore Essentials
(Sustainable Swine 
Resources, LLC.,  
Sheboygan Falls, WI)

Pork, pork by-products, vitamins (beet pulp, cellulose, calcium carbonate, rice hulls, sodium chloride, mineral oil, 
vitamin E supplement, d-α-tocopheryl acetate (source of natural vitamin E), biotin, niacin supplement, thiamine 
mononitrate, vitamin B12 supplement, vitamin A acetate, vitamin D3 supplement, pyridoxine hydrochloride, ri-
boflavin supplement, d-calcium pantothenate, folic acid), minerals (beet pulp, cellulose, calcium carbonate, rice 
hulls, mineral oil, choline chloride, calcium phosphate, magnesium oxide, potassium chloride, ferrous sulfate, 
zinc sulfate, copper sulfate, manganese sulfate, zinc oxide, sodium selenite, cobalt carbonate, calcium iodate)

Horse: Nebraska Brand: 
Premium Feline  
(Central Nebraska Packing Inc.,  
North Platte, NE)

Horsemeat, powdered cellulose, dicalcium phosphate, calcium carbonate, vitamin premix (roughage products, vi-
tamin E supplement, mineral oil, niacin supplement, biotin, menadione sodium bisulfite complex [source of 
vitamin K activity], vitamin A supplement, riboflavin, pyridoxine hydrochloride, folic acid, calcium pantothe-
nate, thiamine mononitrate, vitamin D3 supplement) trace mineral premix (copper sulfate, manganese sulfate, 
ethylenediamine dihydriodide, sodium selenite), choline chloride, taurine, salt

B1: Natural Balance Zoo 
Carnivore Diet, Natural 
Balance Pet Foods, Inc. 
Burbank, CA

Beef, beef hearts, beet pulp, tricalcium phosphate, ground whole flaxseed, sodium chloride, choline chloride, taurine, 
vitamin E supplement, l-ascorbyl-2-polyphosphate (source of vitamin C), niacin, biotin, copper sulfate, vitamin 
A acetate, vitamin D3 supplement, menadione dimethyl-pyrimidinol bisulfate, riboflavin, pyridoxine hydrochlo-
ride, thiamin mononitrate, manganese sulfate, d-calcium pantothenate, folic acid, ethylenediamine dihydriodide, 
calcium iodate, sodium selenite

B2: Nebraska-Brand:  
Special Beef Feline
(Central Nebraska Packing Inc., 
North Platte, NE)

Beef, meat by-products, fish meal, soy bean meal, dried beet pulp, calcium carbonate, dicalcium phosphate, dried egg, 
brewers dried yeast, salt, vitamin premix (choline chloride, vitamin E supplement, niacin, vitamin B12 riboflavin, 
folic acid, vitamin A acetate, thiamine mononitrate, d-calcium pantothenate, mineral oil, biotin, pyridoxine hy-
drochloride, vitamin D3 supplement), taurine, trace mineral premix (zinc oxide, manganous oxide, copper oxide, 
mineral oil, sodium selenite, calcium iodate)
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respectively. Total dietary fiber concentrations ranged 
from 5.5 to 7.9% and NFE concentrations ranged from 
0 to 1.4%. Crude fiber concentrations were at least 56% 
less than TDF concentrations. The dietary treatments 
varied in ingredient composition but each diet evalu-
ated contained raw meat as the first ingredient and pre-
dominately consisted of raw meats, by-products, fiber 
sources (beet pulp or cellulose) plus vitamin and min-
erals with the exception of B2 that also contained fish 
meal and soybean meal as additional sources of protein.

Energy and Macronutrient Digestibility. 
Treatment intakes, fecal outputs, and nutrient digest-
ibility data are presented in Table 3. Dry matter and 
GE intakes were not different. Dry fecal output was 
30% lower (P < 0.05) for Pork compared with Horse 
whereas wet fecal output was 32% lower (P < 0.05) for 
Horse compared with B2. Dry matter and CP digest-
ibility values were greater (P < 0.05) for Pork com-
pared with Horse and B2. Organic matter digestibility 
was 3.0% greater (P < 0.05) for Pork compared with 
Horse and fat digestibility was greater (P < 0.05) for 
Pork compared to either Beef treatment.

Calculated DE values for Pork, Horse, B1, and B2 
diets were 5.8, 5.5, 5.5, and 5.8 kcal/g (dry matter ba-
sis [DMB]), respectively. Calculations using modified 
Atwater factors yielded ME predictions of 4.6, 4.5, 4.7, 
and 4.9 kcal/g (DMB), respectively, while the NRC 
equation predicted greater ME concentrations of 5.3, 
5.0, 5.0, and 5.4 kcal/g for Pork, Horse, B1, and B2 
diets, respectively (Table 3).

Experiment 2

Observations of diet first-approached and first-
tasted are presented in Table 4. Data were missing for 
the tiger on d 5 of the study due to keeper recording 
error. Of 32 total observations for first-approached, 
pork was selected by felids in 21 (65.6%) observa-
tions. Pork was selected by felids in 23 of 32 (71.9%) 
total observations for first-tasted.

DISCUSSION

Our objective was to determine if a pork-based 
diet was palatable and would support similar apparent 
total tract macronutrient digestibility and fecal scores, 
compared with standard zoological raw carnivore di-
ets, formulated with either horse or beef, in large exotic 
felids. A variety of ages and species were used in this 
study, and though differences in digestibility may be 
present in animals of varying ages (Taylor et al., 1995; 
Teshima et al., 2010), separating effects of age and spe-
cies was not an intention of this study. With regard to 
species, few differences in nutrient digestibility have 

been demonstrated between felid species (Vester et al., 
2010a) and significant digestive differences between 
sexes have not been observed (Wynne, 1989; Vester et 
al., 2008). Although studies have evaluated various raw 
meat diets in large exotic felids, pork-based raw meat 
diets have not been investigated in these species.

Adding an additional dietary option to the zoo-
logical market is desirable for animal management. 
In domestic cats and dogs, novel protein sources may 
mitigate food allergies and sensitivities (Carlotti et al., 
1990; Guilford et al., 2001) as well as colitis and irrita-
ble bowel syndrome (IBS; Simpson, 1998; Verlinden 
et al., 2006). There is merit in evaluating the effects 
of novel protein sources for health improvements in 
exotic felids and this warrants further research efforts.

Additionally, novel protein sources provide dietary 
variety. Authors are not aware of published research test-
ing effects of providing dietary variety to captive exotic 
felids on health improvements; however, documented 
natural history of these species indicates they are exposed 
to vast prey variety in the wild. Large exotic felid species, 
such as tigers, lions, leopards, and cheetahs, may opportu-
nistically feed on up to 30 different prey types in the wild 
(Lindburg, 1988). Therefore, providing dietary variety 
more closely mimics natural dietary habits and serves as a 
source of enrichment for captive managed animals.

Table 3. Intake, fecal output, fecal characteristics, and 
apparent total tract macronutrient digestibility in cap-
tive large exotic felids (n = 10) fed raw meat diets

 
Item

Diet  
SEMPork Horse B11 B22

Intake
Food intake, g DM/d 570.0 612.3 546.5 596.0 128.4
GE intake, kcal/d 3,556.5 3,674.6 3,292.6 3,804.6 798.1

Fecal output
Fecal output, g/d (as is) 264.9b,c 232.1b 301.3a,c 343.1a 76.8
Fecal output, g DM/d 69.0a 98.6b 79.1a,b 87.3a,b 20.3
Fecal scores 2.9b 2.3c 3.4a 3.5a 0.2

Apparent digestibility
DM, % 88.0a 83.6b 86.1a,c 85.6b,c 1.1
OM, % 90.8a 88.5b 89.2a,b 89.2a,b 0.9
CP, % 95.7a 92.7b 95.2a 93.1b 1.0
Fat, % 98.5a 99.0a 95.4b 96. 5b 0.9
GE,3 % 92.4a 91.3a,b 90.2b 90.9a,b 0.8
DE, kcal/g 5.8 5.5 5.5 5.8 —
ME, kcal/d,4 kcal/g 4.6 4.5 4.7 4.9 —
ME, kcal/d,5 kcal/g 5.3 5.0 5.0 5.4 —

a–cMeans within a row lacking a common superscript letter are different 
(P < 0.05).

1B1 = beef diet 1.
2B2 = beef diet 2.
3GE = gross energy.
4ME = 8.5 kcal ME/g fat + 3.5 kcal ME/g CP + 3.5 kcal ME/g N-free extract.
5ME = DE– (0.77 × g protein of diet).
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Diet Composition

As expected, CP and fat concentrations were similar 
to CP and fat concentrations of raw meat diets reported 
in previous studies (44.9 to 64.5% and 22.2 to 36.9%, 
respectively; Crissey et al., 1997; Vester et al., 2008; 
Vester et al., 2010a; Kerr et al., 2013). In those that re-
ported it (Vester et al., 2008; Kerr et al., 2013), TDF 
in previous studies (4.8 to 8.4%) was similar to those 
determined in the current study. Compared with TDF, 
CF concentrations were approximately 56% lower (2.3 
to 3.5%), indicating poor recovery of relevant dietary 
fibers within the CF assay. While TDF may not recover 
some animal fiber components, it may be the more opti-
mal assay to date for consideration of fiber in raw meat 
and whole prey diets for zoo managed animals. All diet 
macronutrient compositions fell within ranges reported 
for domestic felid requirements (NRC, 2006).

Macronutrient and Energy Digestibility

Macronutrient digestibility values ranged from 
83.6 to 99.0% indicating nutrient availability from the 
raw meat diets. Previous studies reported similar ranges 
of DM (80.9 to 89.1%), OM (86.7 to 96.4%), CP (91.0 
to 96.9%), and GE (88.9 to 95.2%) digestibility in large 
exotic felids fed beef or horse-based raw meat diets. 
Fat digestibility values reported in the previous studies 
(90.5 to 96.2%) were slightly lower than those in the 
current study (95.4 to 99.0%; Vester et al., 2008; Vester 
et al., 2010a; Kerr et al., 2013); however, those studies 
used acid hydrolysis for fat analysis whereas Soxhlet 
methodology was utilized in the present study and 
likely explains the documented differences. Typically, 
acid hydrolysis yields greater fat recovery in meats with 

more pronounced differences at lower fat concentra-
tions or with cooked meats (Habeck et al., 2013). Due 
to high fat concentrations of the raw meat diets in the 
present study, conducting a digestibility experiment di-
rectly comparing the 2 analytical methodologies for fat 
within these types of diets, may be warranted.

Wild exotic felids obtain up to 60% of their total 
energy from dietary fat (Scott, 1968). Although all diets 
in the present study had high fat digestibility values, the 
statistically greater digestibility of fat detected when 
felids consumed Pork or Horse compared to beef diets 
may have resulted from variations in fatty acid profiles 
of the different sources. According to He et al. (2005), 
horsemeat may contain 76% more PUFA, 12% less 
MUFA, and nearly 20% less saturated fatty acids com-
pared to beef or pork. Additionally, horse lipids also 
contain 2 and 5 times more linoleic acid (C18:2) and 8 
and 18 times more linolenic acid (C18:3), respectively 
compared to beef and pork. In general, beef is greater in 
medium chain fatty acids (C8 to C13) and pork is lower 
in long chain fatty acids (Irina, 2011). Although 1 study, 
conducted by Kane et al. (1981) did not demonstrate 
differences in digestibility values of individual fatty 
acids fed to domestic felids, this area warrants further 
investigation as the specifics of fat digestion for various 
types of fats (saturated, unsaturated, etc.) in felids are 
not well understood and could provide explanation of 
variations in fat digestibility and possibly dietary pref-
erences.

All tested diets had high protein digestibility val-
ues (92.7 to 95.7%). Ingredients likely contributed to 
protein digestibility differences. In addition to beef and 
meat by-products, the B2 diet also contained fish meal 
and soybean meal as protein sources. The other dietary 
treatments contained no rendered meals or plant pro-
tein feedstuffs and only consisted of muscle meats and 
raw meat by-products as protein sources. Plant protein 
sources such as soybean meal are less digestible than ani-
mal protein sources for carnivores, likely due to higher 
concentrations of carbohydrates (McDonald, 2002). 
Soybean meal contains 22 to 25% neutral detergent fiber 
(Karr-Lilienthal et al., 2004) that will not efficiently be 
digested by felids. These factors may have contributed 
to reduced protein digestibility observed with the beef 
diet containing soybean meal and fish meal. Statistically 
lower protein digestibility in felids fed Horse and B2 also 
was likely a result of reduced protein concentrations of 
those particular diets (Badiani et al., 1997).

Using composition and energy digestibility coef-
ficients, the DE concentrations were 5.8, 5.5, 5.5, and 
5.8 kcal/g, respectively for Pork, Horse, B1, and B2. 
Common methods of predicting metabolizable ener-
gy (ME) values for domestic felid diets include cal-
culations using modified Atwater factors (8.5 kcal/g 

Table 4. Number of large exotic felids (Panthera tigris 
tigris [n = 1], Puma concolor [n = 1], Panthera leo [n = 
1], Acinonyx jubatus [n = 1], Panthera onca [n = 2]) 
that first approached and first tasted a beef- and pork-
based raw meat diet when diets were simultaneously 
presented in a two-bowl preference test for 7 d

First approached First tasted
Beef Pork Fasting1 Missing2 Beef Pork Fasting1 Missing2

Day 1 3 3 0 0 3 3 0 0
Day 2 0 6 0 0 0 6 0 0
Day 3 1 1 4 0 0 2 4 0
Day 4 3 3 0 0 2 4 0 0
Day 5 3 2 0 1 3 2 0 1
Day 6 1 5 0 0 1 5 0 0
Day 7 0 1 5 0 0 1 5 0
Total 11 21 9 1 9 23 9 1

1Fasting days were days when felids were not offered raw meat diets.
2One day of data collection for 1 animal was missing due to keeper 

recording error.
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fat, 3.5 kcal/g protein, 3.5 kcal/g NFE) or the NRC 
equation [ME = DE – (0.77 × g protein)] (NRC, 2006). 
Calculations for ME using modified Atwater factors 
and the NRC equation predicted 4.6, 4.5, 4.7, and 4.9 
and 5.3, 5.0, 5.0, and 5.4 kcal/g ME for Pork, Horse, 
B1, and B2, respectively. Atwater factors are derived 
from energy content of nutrients as well as digestibil-
ity of a standard diet. Specifically, modified Atwater 
factors reflect digestibility values of standard kibble 
diets of 85.0, 95.0, and 80.0% for carbohydrate, fat, 
and protein, respectively (Kienzle, 2002). Results 
from the current study indicate fat digestibility up to 
99.0% and protein digestibility up to 95.7%. Greater 
digestibility of raw meat diets shown in this study, and 
supported by those previously discussed, leads to an 
underestimation of ME when modified Atwater fac-
tors are applied. This is due to differences in digest-
ibility of processed petfoods such as extruded kibbles 
compared with raw diets (Björck et al., 1983; Björck 
et al., 1984, Camire et al., 1990; Crissey et al., 1997; 
Vester et al., 2010b; Kerr et al., 2012); therefore, modi-
fied Atwater factors are likely not appropriate for esti-
mating ME of raw meat diets. Differences between the 
DE and ME of the diets used in the current study were 
as high as 20.8% using modified Atwater factors and 
8.2% using the NRC equation. Urine energy losses in 
domestic felids were 6.5% of energy intake when fed 
a high protein (61.5%) canned diet (mixed with beef 
heart) and 4.6% in felids fed a high fat diet (49.1% fat, 
39.9% protein; Riond et al., 2003). Urine energy losses 
have not been evaluated in felids fed high protein, high 
fat raw meat diets but it would be hypothesized the 
losses would be within the range previously reported 
by Riond et al. (2003). Gaseous energy losses in felids 
fed raw meat diets would be negligible because of lim-
ited fermentation in the large bowel and very low fiber 
concentrations in diets; therefore, differences between 
DE and ME are likely lower for raw meat diets than 
current prediction methods project. Until further data 
can determine if there are substantial differences in 
urine energy losses, the predictive equation from the 
NRC is likely more appropriate than modified Atwater 
factors for predicting ME of raw meat diets.

Fecal scores

Fiber sources included cellulose in Horse, beet pulp 
in B1 and B2 diets, and both beet pulp and cellulose in 
the Pork diet. Smaller felid species, such as cheetahs, 
were reported to tolerate beet pulp as a source of fiber 
while larger species, such as tigers, required cellulose 
to limit fermentation and maintain optimal fecal scores 
(Kerr, 2012). Cellulose, a non-fermentable fiber, pro-
vides the bowel with tactile stimulation, inducing co-

lonic motility (Bueno et al., 2000b), while fermentable 
fibers, such as beet pulp, induce production of short 
chain fatty acids (SCFA), that can be absorbed for en-
ergy (Bueno et al., 2000a). Too much fermentable fi-
ber in the diet may result in excess production of SCFA, 
increasing passive transport absorption and possibly 
resulting in wetter stool (higher fecal score) compared 
to that of an animal receiving a less fermentable fiber 
source. This is reflected in the current study where fecal 
scores from felids fed B1 and B2 diets, containing beet 
pulp as a fiber source, were higher (looser; P < 0.05) 
than scores from felids fed Horse or Pork. Additionally, 
fecal scores from felids fed Horse, that contained only 
cellulose as the fiber source, had the lowest values 
(harder; P < 0.05). It has been suggested that a complete 
raw diet should include a combination of 2% beet pulp 
and 2% cellulose (maximum) to achieve optimal intesti-
nal health (Kerr, 2012) and this hypothesis is supported 
in the current study because the Pork diet, which con-
tained both beet pulp and cellulose in equal proportions, 
had fecal scores closest to ideal (3.0). However, differ-
ences among carnivore species are not well documented 
and further research determining optimal fermentable to 
non-fermentable dietary fiber ratios is warranted.

Through grooming, felids may ingest large amounts 
of fur, which is then excreted and is visible in feces. 
Hair in fecal material would be analyzed primarily as 
protein because it is composed of up to 95% protein, 
primarily keratin, with the rest being water and lipid 
(Robbins, 2012). Because ingestion of hair cannot be 
controlled or accurately quantified in feces in zoo-based 
research, protein digestibility values may be inaccurate. 
Undigested protein analyzed in feces (excreted) would 
reduce the apparent protein digestibility, meaning pro-
tein digestibility may have actually been greater than 
reported. Recently, the concept of animal fiber has re-
ceived more attention. Ingested hair and fur that is undi-
gested acts essentially as a type of fiber that can be cat-
egorized as animal fiber. Typical fiber assays (crude and 
total dietary fiber) capture plant-based fibers and were 
not developed to account for animal-based components 
that act as dietary fiber. Whole prey consumption re-
duced fecal phenol and indole production by 65.5 and 
61.4%, respectively, in cheetahs fed whole rabbits ver-
sus a ground raw meat diet (Depauw et al., 2013). This 
reduction was attributed in part to animal fiber. Lower 
concentrations of phenols and indoles may improve gut 
health because presence of those compounds reduces 
the viability of beneficial intestinal bacteria (Nowak 
and Libudzisz, 2006). An assay specific for animal fiber 
might more accurately reflect the fiber present in raw 
carnivore diets and should be researched further.

Our objective was to determine the utilization of 
a new pork-based commercial diet for zoo-managed 
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felids in comparison to 3 other commonly fed diets. 
Diets evaluated in this study were not standardized for 
ingredients, and represent actual diets commonly fed 
to zoo carnivores. As expected, dietary treatments var-
ied in ingredients and composition; therefore, differ-
ences in observed macronutrient digestibility cannot 
be attributed strictly to any single protein or ingredient 
source. However, based on digestibility results and fe-
cal scores, a raw 100% pork-based diet can be utilized 
effectively by exotic felids managed in zoos.

A period effect was detected during statistical eval-
uation regarding, DM (P = 0.0012), OM (P = 0.0064), 
and GE (P = 0.0075) digestibility values. The reason 
for this is not clear, but temperature and rainfall were 
ruled out because of similarity between periods. Visitor 
presence was higher during late May to early June and 
could have affected digestibility in that period. It is pos-
sible that felids were affected by increased zoo atten-
dance; therefore research in this area is warranted.

Palatability

Large exotic felids offered pork selected it more 
than 50% of the time. This information is valuable be-
cause many felids refuse to eat certain diets, for various 
reasons. The objective of this experiment was not to de-
termine a preference between beef and pork, but rather 
to determine if felids would consume the pork diet (i.e.,- 
if it was palatable). Dietary variety without palatability 
is counterproductive and may lead to diet refusals and 
possibly nutritional inadequacies. From this perspec-
tive, palatability is equally as important as nutritional 
adequacy and digestibility. Likewise, it is essential to 
recognize that felids having little exposure to varied 
diets may not necessarily consume a new option. This 
should be considered during initial palatability evalua-
tion or attempts for diet introduction because a single 
offering is not likely representative of felid acceptance 
long-term. The felids in the present study were routine-
ly offered a variety of meats and whole prey before the 
start of the study; therefore, they may have accepted 
the pork diet more readily than counterparts managed at 
institutions providing little to no dietary variety.

Conclusions

Although some macronutrient and energy digest-
ibility values, as well as fecal scores, differed statistical-
ly, all diets were well digested by study subjects. Raw 
pork-based diets have not been evaluated for digest-
ibility in exotic felids before this study. Numerically, 
Pork was the most digestible for every macronutrient 
analyzed, with exception of fat. Additionally, on aver-
age, felids consuming the Pork diet had fecal scores that 

were closest to ideal (considered 3.0). Further research 
is needed to elucidate specific nutrient concentrations 
and ingredients that may be considered ideal for vari-
ous managed exotic felid species and perhaps further 
application of pork for other carnivores including birds 
of prey, canids, and bears. In conclusion, our data sug-
gest that exotic managed felids consume and utilize raw 
pork and pork by-products as a dietary option.
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