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Feeding of raw meat–based diets to pets continues 
to increase in popularity.1 Raw meat–based diets, as 

with other diets, have potential benefits and adverse ef-
fects. Reasons for feeding this type of diet include the 
lack of preservatives and possible improvement of feces, 
skin, or coat quality1 as well as the high digestibility 
reported for domestic cats.2–4 Conversely, consumption 
of raw meat–based diets can increase pathogen expo-
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Objective—To determine the effects of raw meat–based diets with and without inulin or 
yeast cell-wall (YCW) extract on macronutrient digestibility, blood cell counts, serum me-
tabolite concentrations, and fecal fermentative end-product concentrations in healthy adult 
dogs.
Animals—6 healthy adult spayed female dogs (mean ± SD age, 5.5 ± 0.5 years; mean body 
weight, 8.5 ± 0.5 kg).
Procedures—Dogs were fed each of the following 6 diets for 21 days, the order of which 
was randomly assigned in a Latin square design: beef control, beef and 1.4% inulin, beef 
and 1.4% YCW extract, chicken control, chicken and 1.4% inulin, and chicken and 1.4% YCW 
extract. Each diet trial consisted of a phase for diet adaptation (days 0 to 14) and a phase 
for measurement of urine and fecal output and content (days 15 to 20). On day 21, food 
was withheld for blood sample collection. Afterward, the next diet trial began immediately.
Results—All dogs maintained desirable fecal quality characteristics and produced low fe-
cal volume. All diets were highly digestible (protein digestibility > 88%; fat digestibility > 
97%). Differences in fermentative end-product concentrations among all diets were minor, 
but a significant increase in fecal short-chain fatty acid concentrations was evident when 
dogs were fed beef-based diets with inulin and YCW extract. Fecal spermine concentrations 
were higher with diets containing inulin and YCW extract than with control diets. Blood cell 
counts and serum metabolite values were within reference limits after each trial. All diets 
resulted in maintenance of nitrogen balance.
Conclusions and Clinical Relevance—Results suggested the raw meat–based diets eval-
uated were highly digestible in dogs. The increase in fecal short-chain fatty acid concentra-
tions achieved when inulin and YCW extract were included may be beneficial to canine 
health. (Am J Vet Res 2012;73:1016–1023)

sure or cause nutritional imbalances in pets and feeding 
and storage can be inconvenient to pet owners.1,5–8 To 
reduce health hazards to pet owners and their compan-
ion animals, the US FDA Center for Veterinary Medi-
cine has recommended specific guidelines be followed 
by manufacturers and users of raw meat−based diets.9 
However, a lack of controlled trials to evaluate the ef-
fects of such diets in dogs persists.
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AbbreviAtions
BCFA  Branched-chain fatty acid
BW Body weight
CP  Crude protein
DM  Dry matter
DMB  Dry-matter basis
SCFA  Short-chain fatty acid
scFOS  Short-chain fructooligosaccharide
TDF  Total dietary fiber
YCW  Yeast cell wall
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Fructans are a group of fermentable carbohydrates 
classified as prebiotics. To qualify as a prebiotic, a com-
pound must be resistant to gastric acidity, enzymatic 
hydrolysis, and gastrointestinal absorption (nondigest-
ible); be fermented by cecal or colonic microflora; and 
selectively stimulate the growth or activity of bacteria 
that contribute to colonic and host health.10–12 Inulin 
is a long-chain fructan derived from chicory root ex-
tract. Mammalian enzymes are unable to break it down; 
therefore, inulin reaches the colon where it is ferment-
ed by intestinal microbes. Inulin has the properties of 
a prebiotic; however, nearly all research into the effects 
of inulin in dogs has involved use of an extruded kibble 
matrix and not a raw meat–based diet matrix.

Yeast cell-wall extracts are moderately fermentable 
substrates containing a mixture of carbohydrates and 
proteins that stimulate immune function and protect 
against infection with certain pathogens in healthy 
adult dogs.13,a Yeast cell walls are rich in mannans, 
which are believed to prevent adherence of bacteria ex-
pressing type 1 fimbriae to the intestinal wall.14,15 Ad-
ditionally, YCW extract may decrease the production of 
putrefactive compounds such as phenols and indoles 
when fed in combination with fructans.16 The effects 
of this extract when used in raw meat–based diets have 
yet to be evaluated in dogs.

The purpose of the study reported here was to evalu-
ate the effects of raw meat–based diets, including diets 
formulated with and without inulin and YCW extract, 
on healthy adult dogs. The inclusion of fermentable sub-
strates in high-protein, raw meat–based diets that are 
highly digestible may promote gastrointestinal health 
by providing fecal bulk or positive fermentative profiles, 
such as an increase in SCFA concentrations or decrease 
in protein putrefactive compound concentrations. Specific 
effects of interest were apparent macronutrient digestibil-
ity, fecal characteristics, fecal fermentative end products, 
blood cell counts, serum metabolite concentrations, and 
nitrogen balance. We hypothesized that all diets would be 
highly digestible (DM digestibility > 85%) and maintain 
nitrogen balance, with inclusion of inulin or YCW extract 
resulting in an increase in fecal SCFA concentrations and 
decrease in fecal phenol and indole concentrations.

Materials and Methods

Animals—Six healthy spayed female adult Beagles 
(mean ± SD age, 5.5 ± 0.5 years; mean BW, 8.5 ± 0.5 kg) 
were used in the study. All animal care and study pro-
cedures were approved by the University of Illinois 
Institutional Animal Care and Use Committee prior to 
animal experimentation.

Diet protocolA 3 X 2 factorial Latin square de-
sign was used, by which each of 6 diets was evaluated: 
beef control, beef and 1.4% inulinb (DMB), beef and 
1.4% YCW extractc (DMB), chicken control, chicken 
and 1.4% inulin (DMB), and chicken and 1.4% YCW 
extract (DMB). Diets were blended at a commercial 
facilityd and were comprised of meats and organs pro-
cured from animals that passed USDA inspection. They 
were formulated to contain approximately 25% to 30% 
CP and 45% to 50% fat on a DMB. Ad libitum access to 
fresh water was provided throughout the study.

Each 21-day feeding trial consisted of a diet adap-
tation phase (days 0 to 14) and total and fresh urine 
and fecal output collection phase (days 15 to 20), dur-
ing both of which dogs were fed the assigned diet. On 
day 21, food was withheld for blood sample collection. 
Afterward, the next trial began immediately, without a 
washout period.

During the first 12 days of each adaptation phase, 
dogs were housed individually in runs (1.0 X 2.1 X 1.8 m).  
Two days prior to and during collection days 15 to 20, 
dogs were housed individually in stainless steel cages 
(0.9 X 0.9 X 0.8 m). On the basis of the maintenance 
metabolic energy requirement for adult dogs (132 kcal 
X BW0.75), information from previous feeding records, 
and the estimated nutrient digestibility of the diets by 
the manufacturer, an amount of raw food to maintain 
BW was offered and intake was measured twice daily  
(8 am and 5 pm). Dogs were weighed and body condi-
tion was assessed (9-point scale) prior to the 8 am feed-
ing on every Monday (days 4 and 11) during adaptation 
and on the first and last day of the sample collection 
periods.

Sample collection and evaluation—Two days 
prior to and during each 5-day collection period, dogs 
received gel capsules containing chromic oxide (0.5 g, 
q 12 h), which served as a digestibility marker, immedi-
ately prior to consuming their food ration. During the 
5-day collection phase, all feces were collected, includ-
ing 1 sample of freshly eliminated (within 15 minutes 
after elimination) feces/dog/trial. Fresh fecal samples 
were prepared for analysis immediately to minimize 
loss of volatile components. All feces, including the 
fresh samples, were collected from the bottom of the 
cage, weighed, scored for consistency, and frozen at 
–20°C for further analysis.

Fresh fecal samples were weighed, and pH was 
determined with a pH metere equipped with an 
electrode.f Samples of fresh feces were used to deter-
mine DM content. An aliquot (2 g) of fresh feces was 
mixed with 5 mL of 2N HCl for measurement of am-
monia, SCFA, and BCFA concentrations and stored at 
–20°C until analyzed. Duplicate aliquots (1 g each) 
of fresh feces were collected for measurement of phe-
nol and indole concentrations and duplicate aliquots 
(2 g each) of fresh feces were collected for biogenic 
amine concentrations. All fecal samples were scored 
for consistency according to the following system: 1 
= hard, dry pellets in a small hard mass; 2 = hard, 
formed, dry feces that remain firm; 3 = soft, formed, 
moist feces that retain shape; 4 = soft, unformed fe-
ces that assume shape of container; and 5 = watery or 
liquid feces that can be poured.

All urine was collected from days 15 to 20 in vessels 
containing 5 mL of 2N HCl for immediate acidification 
to prevent loss of nitrogen, and the volume was record-
ed. Portions of the acidified urine samples were placed 
into smaller polyethylene plastic bottles and stored at 
4°C until analysis. A fresh urine sample (nonacidified) 
was also collected and submitted to a diagnostic labora-
toryg for complete urinalysis, including determination 
of urine specific gravity with a refractometer.h

On the final day of each feeding trial (day 21), 6 mL 
of blood was collected via jugular venipuncture for 
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blood cell count and serum metabolite measurements. 
Two milliliters of blood was immediately transferred to 
an appropriate evacuated tube,i and the remaining 4 mL 
of blood was transferred to another evacuated tube.j 
Blood samples were transported to the laboratoryg for 
biochemical analysis.k

Also on day 21, 2 evaluators scored hair condition 
(1 = dull, coarse, and dry; 2 = poorly reflective and non-
soft; 3 = medium reflective and medium soft; 4 = highly 
reflective and very soft; 5 = greasy) and skin condition 
(1 = dry; 2 = slightly dry; 3 = normal; 4 = slightly greasy; 
5 = greasy)17 at the region between the scapulae and 
at the base of the tail. The evaluators were unaware of 
which diet the dogs had consumed.

Chemical analyses—Samples of each diet were 
freeze-driedl and ground through a 2-mm screen in a 
laboratory-scale machine for grinding materials.m Fe-
cal samples were dried at 55°C for 1 week and ground 
through a 2-mm screen in the grinding machine.m Diet 
and fecal samples were analyzed in accordance with the 
procedures advocated by the Association of Official An-
alytical Chemists for DM (105°C), organic matter, and 
ash.18 Diet, fecal, and urine CP content was calculated 
from total nitrogen values.18 Total lipid content (acid-
hydrolyzed fat) of the diets and feces was determined 
in accordance with the methods of the American Asso-
ciation of Cereal Chemists19 and Budde.20 Gross energy 
content of diet, fecal, and urine samples was measured 
by use of an oxygen bomb calorimeter.n Dietary fiber 
concentrations (TDF, soluble dietary fiber, and insol-
uble dietary fiber) were determined.21 Samples of all 
6 raw meat–based diets were sent to a laboratoryo for 
complete amino acid profile18 and mineral content anal-
ysis (calcium, phosphorus, zinc, iron, and magnesium) 

by use of inductively coupled plasma optical emission 
spectroscopy.22

To estimate total macronutrient digestibility, chro-
mium concentrations in fecal samples were analyzed 
as described elsewhere23 by use of atomic absorption 
spectrophotometry.p Fecal short-chain fatty acid and 
BCFA concentrations were determined via gas chroma-
tography24 by use of a gas chromatographq and a glass 
columnr (180 cm X 4 mm internal diameter). Phenol 
and indole concentrations were also determined via gas 
chromatography.25 Ammonia concentrations were de-
termined as described elsewhere.26 Biogenic amine con-

 Beef diet Chicken diet 

Variable Control Inulin YCW extract Pooled SEM Control Inulin YCW extract Pooled SEM

Food intake         
  DM (g/d) 98.9 95.6 103.5 4.91 77.6 83.3 74.3 4.99
  Organic matter (g/d) 92.7 90.3  96.8 4.59 71.0 77.1 68.1 4.62
  CP (g/d) 24.7 24.7  28.3 1.20 24.8 26.2 23.4 1.57
  Fat (g/d) 63.2 61.3 65.2 3.11 39.7 42.8 37.4 2.57
  Calories (kcal/d) 737.5 725.9 782.0 36.62 527.5 576.0 511.1 34.47
        
As-is fecal output (g/d) 28.2 24.7 37.6 3.83 38.0 40.0 37.5 3.29
DMB fecal output (g/d) 12.3A 11.1A 17.1B 1.46 16.0 15.5 14.6 1.88
As-is fecal output/DMB food intake 0.29A 0.25A 0.36B 0.02 0.53 0.48 0.51 0.03
        
Digestibility (%)         
  DM 87.36b 89.30c 86.26a 0.34 77.64 80.14 78.95 0.70
  Organic matter 93.28b 94.26c 91.74a 0.22 88.75 89.84 88.52 0.40
  CP 91.84b 92.25c  89.95a 0.29 88.59 88.38 88.10 0.46
  Acid hydrolyzed fat 97.48 97.81 97.34 0.13 96.68 97.63 97.04 0.29
  Energy 94.92b 95.66c 93.99a 0.19 91.78 92.73 91.83 0.37
        
Fecal consistency score 2.27a 2.34a 2.63b 0.21 1.81 1.76 1.83 0.16
Fecal DM (%) 43.48 43.23 37.30 2.31 43.68 38.61 40.65 2.09
Fecal pH 6.78 6.55 6.63 0.24 6.65b 6.20a 6.16a 0.11

a–cMeans within a protein source not sharing a common superscript lowercase letter differ significantly (P < 0.05) because of the fiber source. 
A,BMeans within a protein source not sharing a common superscript uppercase letter differ but not significantly (P > 0.05 but ≤ 0.10) because of 
the fiber source.

Fecal samples were scored for consistency as follows: 1 = hard, dry pellets in a small hard mass; 2 = hard, formed, dry feces that remain firm; 
3 = soft, formed, moist feces that retain shape; 4 = soft, unformed feces that assume shape of container; and 5 = watery or liquid feces that can 
be poured.

Table 1—Mean and pooled SEM food intake, fecal characteristics, and total tract apparent macronutrient digestibility of 6 adult Beagles 
fed raw beef− and raw chicken−based diets with or without (control) the inclusion of inulin or YCW extract.

Ingredient Control Inulin YCW extract

Chicken diet   
  Chicken (with bone) 49.81 49.81 49.81
  Chicken fat 5.64 5.64 5.64
  Chicken meat 13.16 13.16 13.16
  Chicken heart 10.34 10.34 10.34
  Chicken liver 10.34 10.34 10.34
  Premix 10.71 10.15 10.15
   
Beef diet   
  Beef 47.46 47.46 47.46
  Beef liver 10.34 10.34 10.34
  Ground beef bone 6.86 6.86 6.86
  Beef heart 11.28 11.28 11.28
  Water 11.94 11.94 11.94
  Dicalcium phosphate 1.41 1.41 1.41
  Premix 10.71 10.15 10.15

Premix included apple (15.2%), carrot (15.2%), butternut squash 
(15.2%), egg (11.4%), salmon oil (10.9%), broccoli (8.7%), spinach 
(8.7%), dried kelp (6.5%), alfalfa sprout (2.2%), taurine (2.2%), apple 
cider vinegar (1.1%), parsley (1.1%), blueberry (1.1%), and various 
tocopherols (0.5%).

Table 2—Percentage (as is) of various ingredients in raw chicken− 
and raw beef−based diets with and without (control diets) the 
inclusion of inulin (0.56%) or YCW extract (0.56%).
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centrations were measured via high-performance liquid 
chromatography.25

Calculations—Percentage of DM recovery was calcu-
lated by dividing chromium intake by chromium concen-
trations in fecal samples. Total macronutrient digestibility 
values were calculated as nutrient intake minus fecal out-
put and then divided by nutrient intake multiplied by 100.

The amount of digestible energy was estimated by 
subtracting the gross energy content of the feces from the 
gross energy content of the food consumed. The amount 
of metabolizable energy was determined by subtracting 
the gross energy content of the feces and urine from the 
gross energy content of the food consumed.

Statistical analysisAlthough the original plan 
was to assess differences in effects among the 6 di-
ets, differences in food intake between the 2 protein 

sources (ie, greater intake in dogs fed beef-based diets) 
rendered it inappropriate to compare results for beef-
based with those of chicken-based diets. Therefore, all 
statistical analyses were limited to the effects of inu-
lin or YCW extract within a given protein source. A 
repeated-measures analysis for a crossover study design 
was conducted for each protein source by use of statisti-
cal software.s A procedure for fitting generalized linear 
mixed modelst was used to compare fecal scores and 
skin and coat condition scores among diets. The experi-
mental unit was considered the dogs. Values of P < 0.05 
were considered significant.

Results

AnimalsFood intake (during 5-day sample col-
lection phase) did not differ within each protein source 

  Beef diet   Chicken diet 

Nutrient Control Inulin YCW extract Control Inulin YCW extract

DM (%) 41.43 41.78 42.15 32.61 33.03 32.73
Organic matter (%) 93.70 94.52 93.52 91.41 92.60 91.64
CP (%) 24.99 25.83 24.43 32.00 31.47 31.49
Acid hydrolyzed fat (%) 63.86 64.13 62.97 51.10 51.35 50.30
      
TDF (%)  3.45  1.01  3.14  4.55  3.53  4.53
Insoluble fiber (%)  3.13  0.98  2.17  3.33  1.64  2.41
Soluble fiber (%)  0.31  0.03  0.97  1.22  1.89  2.12
      
Gross energy (kcal/g)  7.46  7.60  7.56  6.79  6.92  6.88
MEAAFCO (kcal/g)  6.35  6.48  6.31  5.60  5.68  5.56
MEC (kcal/g)  6.79  6.96  6.85  5.88  6.03  5.96
      
Essential amino acids (%)       
  Arginine  1.65  1.54  1.46  2.02  1.94  1.98
  Histidine  0.64  0.63  0.60  0.81  0.76  0.77
  Isoleucine  1.06  1.04  1.00  1.38  1.30  1.32
  Leucine  2.00  1.94  1.87  2.40  2.27  2.30
  Lysine  1.94  1.90  1.81  2.40  2.32  2.33
      
  Methionine  0.54  0.52  0.48  0.69  0.67  0.67
  Phenylalanine  1.09  1.09  1.03  1.30  1.17  1.19
  Threonine  0.99  0.89  0.90  1.24  1.20  1.23
  Tryptophan  0.27  0.27  0.27  0.32  0.32  0.32
  Valine  1.33  1.30  1.27  1.60  1.50  1.56
      
Nonessential amino acids (%)       
  Alanine  1.63  1.54  1.45  1.84  1.77  1.84
  Aspartic acid  2.13  2.04  1.93  2.67  2.56  2.59
  Cysteine  0.33  0.29  0.27  0.36  0.37  0.36
  Glutamic acid  3.08  3.06  2.75  3.85  3.63  3.66
  Glycine  2.11  1.89  1.74  2.05  2.01  2.15
  Hydroxylysine  0.14  0.09  0.12  0.14  0.10  0.11
      
  Hydroxyproline  0.62  0.47  0.45  0.51  0.53  0.59
  Ornithine  0.04  0.05  0.05  0.03  0.03  0.03
  Proline  1.43  1.33  1.27  1.49  1.41  1.52
  Serine  0.93  0.76  0.78  1.07  1.05  1.08
  Taurine  0.13  0.13  0.12  0.21  0.21  0.21
  Tyrosine  0.76  0.72  0.76  1.04  0.97  0.96
      
Minerals       
  Calcium  1.12  1.07  1.00  2.05  1.68  2.10
  Phosphorus  0.87  0.88  0.86  1.11  0.92  1.18
  Iron  0.08  0.06  0.07  0.06  0.05  0.06
  Magnesium  0.07  0.05  0.07  0.11  0.10  0.12
  Zinc  0.007  0.007  0.007  0.005  0.005  0.005

MEAAFCO = Metabolizable energy determined by use of the Association of American Feed Control Officials 
method (8.5 kcal of metabolizable energy/g of fat + 3.5 kcal of metabolizable energy/g of CP + 3.5 kcal of metabo-
lizable energy/g of nitrogen-free extract). MEC = Metabolizable energy determined by use of the following equa-
tion: (gross energy intake [kcal/d] – fecal gross energy [kcal/d] – urinary gross energy [kcal/d])/DM intake (g/d).

Table 3—Nutrient content (DMB) of raw chicken− and raw beef−based diets with or without (control 
diet) the inclusion of inulin or YCW extract.

11-02-0066r.indd   1019 6/20/2012   2:57:35 PM



1020   AJVR, Vol 73, No. 7, July 2012

(beef or chicken), but the 6 Beagles consumed signifi-
cantly (P < 0.05) more of the raw beef–based diets than 
they ate of the raw chicken–based diets (Table 1).

DietsIngredient and nutrient compositions of 
the 6 raw meat−based diets were summarized (Tables 2 
and 3). The composition of the chicken-based diets was 
similar to the targeted composition, containing a mean 
of 31.65% CP and 50.92% fat. However, the beef-based 
diets contained a mean of 25.08% CP and a higher fat 
content (63.65%) than anticipated. The discrepancy 
was attributed to the variable composition of the un-
processed raw beef rather than to the processed ingre-
dients. Total dietary fiber content also differed among 
diets, with the inulin-containing diets containing the 
lowest amount of TDF. Zinc was present at concentra-
tions slightly lower than what is recommended by the 
National Research Council27 and the Association of 
American Feed Control Officials.28

Diet effectsDifferences were detected among 
diets in fecal output, fecal consistency scores, digest-
ibility, and fecal pH. Fecal output (g/d) on a DMB (P 
= 0.07) and fecal output (as is)/food intake (DMB; P = 
0.06) were greater, albeit not significantly, when dogs 
were fed the beef and YCW extract diet versus when 
they were fed the beef control or beef and inulin di-
ets. Compared with the beef control diet, the beef and 
inulin diet was associated with significantly (P < 0.05) 
higher DM, organic matter, CP, and energy digestibili-
ties but the beef and YCW diet had significantly lower 
digestibilities. Fecal scores were significantly lower (ie, 
the feces produced was harder) when dogs were fed the 
beef control or beef and inulin diets, compared with 
when fed the beef and YCW diet.

Although fecal output and nutrient digestibility 
did not differ when dogs were fed chicken-based di-
ets containing inulin or YCW extract, both ingredients 
contributed to a significantly decreased fecal pH rela-
tive to the pH when fed the chicken control diet. The 
beef-based diets appeared to be more digestible than 
chicken-based diets, but this difference was not statisti-
cally evaluated. 

When dogs were fed the beef-based diets, fecal to-
tal SCFA and acetate concentrations were significantly 
greater with the inclusion of inulin or YCW extract (Ta-
ble 4). Fecal propionate concentrations were numeri-
cally but not significantly greater (P = 0.11) with the 
addition of inulin to the beef-based diet. When dogs 
were fed the chicken-based diets, fecal indole concen-
tration was significantly lower that of the control diet 
when inulin or YCW extract was included, whereas 
fecal total indole and phenol concentrations were sig-
nificantly lower only with the inclusion of inulin. Fecal 
spermine concentration was significantly greater with 
the inclusion of inulin or YCW extract when dogs were 
fed either protein source. All other fecal fermentative 
end products were not affected by inulin or YCW ex-
tract inclusion.

Mean blood cell counts and serum metabolite con-
centrations and activities were within reference limits 
for healthy adult dogs29 throughout the experiment 
(data not shown), with the exception of serum alanine 
aminotransferase activity in 1 dog for 1 trial period. Re-
sults of urinalysis were unremarkable during all feeding 
trials. Urine specific gravity did not differ among feed-
ing trials; mean ± SD urine specific gravity when dogs 
consumed the beef-based and chicken-based diets was 
1.050 ± 0.004 and 1.050 ± 0.003, respectively. Nitrogen 

 Beef diet Chicken diet 

   YCW Pooled   YCW Pooled
Variable Control Inulin extract SEM Control Inulin extract SEM

SCFAs        
  Acetate 142.6a 205.3b 189.1b 13.32 150.2 220.3 220.2 21.29
  Propionate 45.0 83.0 69.2 10.12 54.1 94.9 79.3 14.92
  Butyrate 37.6 42.9 53.8 5.64 32.8 39.3 69.7 12.19
  Total SCFAs 225.2a 331.1b 312.1b 23.88 237.1 354.5 369.2 42.34
        
BCFAs        
  Valerate 1.25 1.01 1.19 0.18 0.92 0.72 1.09 0.20
  Isovalerate 9.85 10.25 9.21 1.97 7.67 7.50 9.33 1.23
  Isobutyrate 6.50 6.47 6.01 1.28 5.06 4.49 5.57 0.73
  Total BCFAs 17.60 17.73 16.42 3.20 13.65 12.71 15.99 2.13
        
Ammonia 125.90 131.10 128.20 12.63 105.14 140.16 108.97 21.94
Phenol 0.43 0.29 0.17 0.20 0.34 0.11 0.15 0.10
Indole 1.56 1.04 0.89 0.21 0.97b 0.37a 0.59a 0.09
        
Biogenic amines        
  Tryptamine 0.32 0.32 0.31 0.03 0.28 0.21 0.36 0.09
  Putrescine 2.84 1.79 2.52 0.61 2.2 1.5 1.5 0.33
  Cadaverine 0.58 0.33 0.84 0.15 0.45 0.46 0.33 0.21
  Tyramine 1.00 0.26 0.93 0.50 0.57 0.25 0.45 0.15
  Spermidine 0.89 0.99 1.17 0.11 1.25 1.28 1.53 0.20
  Spermine 0.97a 2.70c 1.73b 0.17 1.24a 2.21b 1.82b 0.14
  Total biogenic amines 6.62 6.40 7.49 1.13 5.96 5.90 5.95 1.02

Total SCFAs was calculated as acetate + propionate + butyrate. Total BFCAs was calculated as valerate 
+ isovalerate + isobutyrate.

See Table 1 for remainder of key.

Table 4—Mean and pooled SEM fecal content values (mmol/g) for 6 adult dogs fed raw chicken− and 
raw beef−based diets with or without (control) the inclusion of inulin or YCW extract.
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balance (retained nitrogen) did not differ among feed-
ing trials (1.06 ± 0.19 g/dL for the beef-based diets and 
0.81 ± 0.15 g/dL for the chicken-based diets).

When dogs were fed beef-based diets, the skin con-
dition score in the tail region was significantly lower 
when inulin was included (2.8) than when nothing 
(3.1) or YCW extract (2.9) was added (pooled SEM, 
0.12). All other skin and coat scores were not affected 
by diet (data not shown).

Discussion

A considerable dearth of scientific information ex-
ists regarding the effects of raw meat–based diet con-
sumption on dogs. Some safety issues pertaining to raw 
meat–based diets have been investigated; however, the 
metabolic and physiologic effects on healthy dogs have 
not been investigated in a controlled environment with 
controlled dietary formulations.

Many compositional differences have been identi-
fied among animal-based protein sources commonly 
fed to dogs and cats.30–32 For instance, in a study30 of 
the chemical composition and nutrient digestibility of 
various animal-based ingredients used to manufacture 
dog food, the CP content ranged from 30.4% to 67.6% 
and the fat content ranged from 11.6% to 50.7% among 
protein sources. Given these compositional inconsis-
tencies in raw ingredients, homemade and commercial 
diets must be carefully formulated and checked regu-
larly to verify that nutrient requirements are being met. 

Variability in raw meat−based diets originates from 
the source and quality of the animal ingredients used 
(eg, skeletal muscle, organ meats, and by-products). 
The diets used in the present study were composition-
ally different between protein sources, with the largest 
differences observed in CP, fat, and TDF content, but 
were similar within a protein source. All diets were for-
mulated to contain approximately 45% to 50% fat and 
25% to 30% CP. It appeared the beef products used to 
manufacture the study diets differed in composition 
from the beef products listed in our diet formulation 
program. This difference might have been attributable 
to differences in beef vendors, animal age, or season. 
The chicken products were not as variable in  those fac-
tors, and thus the chicken-based diets were closer to the 
intended composition than were the beef-based diets.

Metabolizable energy values were similar within a 
protein source but differed between the 2 protein sourc-
es. This was expected given that the raw beef−based di-
ets contained a much higher fat percentage than did 
raw chicken−based diets. Steatorrhea was not noticed; 
however, given the high fat content of the diets fed, 
the diets may not be suitable for all dogs. For example, 
dogs with pancreatitis or obesity may have difficulty 
digesting this amount of fat or the amount of fat may 
exacerbate the disease process.

Dietary fiber content is often low in raw meat–
based diets.3,u Although large amounts of fiber are not 
necessary, its inclusion is important to minimize consti-
pation associated with such diets. In the present study, 
TDF values were lowest for the diets containing inulin 
regardless of protein source. Errors in the TDF assay or 
in diet formulation or mixing may have contributed to 
these differences. Inulin is a water-soluble fiber and is 

consequently not quantified by the TDF assay. Portions 
of YCW extract may also be unaccounted for with this 
assay. Overall, the chicken-based diets contained higher 
TDF values than did the beef-based diets, and these dif-
ferences may have been due to errors in diet mixing.

Macrominerals and microminerals are often diffi-
cult to balance in raw meat–based diets, with calcium 
and phosphorus content requiring particular attention. 
A calcium-to-phosphorus ratio of 1:1 to 2:1 is recom-
mended for diets fed to adult dogs.28 However, most 
skeletal muscle meats contain phosphorus concentra-
tions that are 20 to 30 times as high as calcium concen-
trations. Because of this, ground bone was included in 
the beef-based diets and a chicken source containing 
bone was used in the chicken-based diets.

For the 6 diets evaluated in the present study, 
calcium-to-phosphorus ratios were within recommen-
dations for adult dogs, but there were some differ-
ences among diets. Raw beef−based diets had a lower 
calcium-to-phosphorus ratio (1.1:1 to 1.3:1) than did 
the chicken-based diets (1.8:1 to 1.9:1). This differ-
ence was primarily attributed to the fact that chicken 
carcasses containing both bone and muscle meat were 
used to manufacture the chicken diets, whereas for the 
beef diets, a predetermined concentration of ground 
bone blended with beef meat was used. Dietary zinc 
concentrations were also low in the diets evaluated in 
the present study. Although no adverse effects were ob-
served in these study dogs, careful diet formulation and 
mixing remains important.

Variability in diet composition can lead to differ-
ences in the amount of food a dog needs to meet its 
dietary energy requirement. In the present study, food 
intake data were limited to the 5-day sample collection 
phase. Because all dogs were fed to maintain their BW 
throughout the study, differences in food intake were 
not due to dog preference for 1 particular diet. Food 
intake, diet composition, and digestibility interact to 
affect fecal output characteristics such as consistency 
score, volume, and fermentative end-product concen-
trations. Given our previous experience feeding raw 
meat–based diets to domestic cats,2,3 we were not sur-
prised to find that fecal output (as is) in the present 
study was about half of that reported for dogs fed a 
kibble diet.25,33,34 Those studies also involved Beagles, 
which had mean ± SD BW of 12.0 ± 1.3 kg,25 11.3 to 
13.4 kg,33 and 14.4 ± 0.6 kg.34 When a nonfermentable 
fiber source was included in a raw diet for cats, low fecal 
consistency scores were observed (2.1/5; hard feces).2 
When a more fermentable fiber source was included in 
those diets, ideal fecal scores were observed (3/5; typi-
cal feces), suggesting a fermentable fiber source should 
be included in raw meat–based diets, particularly for 
cats prone to constipation. High dietary ash content of 
such diets may also contribute to hard, dry feces. In 
the present study, however, results were unexpected. 
All feeding trials, regardless of whether inulin or YCW 
extract was included, resulted in desirable fecal scores 
throughout the duration of the study.

Total tract apparent CP and fat digestibilities of the 
dogs in the present study were similar to findings of 
previous raw meat studies2–4,35 in cats (CP digestibility, 
92.9 to 93.9; fat digestibility, 93.9 to 95.5) performed 
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in the same laboratory. The digestibility of raw meat is 
much greater than that typical of kibble. Crude protein 
digestibility is most commonly affected by the variabil-
ity and sources of protein used in such diets. Total tract 
CP digestibility can also be affected and misleading be-
cause of microbial metabolism of CP in the hindgut. Of 
the macronutrient digestibilities in the present study, 
CP digestibility was the most variable and was greater 
when dogs consumed beef-based diets versus chicken-
based diets. Crude protein digestibility has also been 
reported to differ between diets fed to exotic felids.3 Be-
cause the fiber sources and amounts used in the present 
study were tightly controlled, differences in total tract 
apparent macronutrient digestibility were likely not due 
to fiber but to the higher concentration of animal fiber 
(ie, collagen) in the chicken-based versus beef-based 
diets, which was also considered in another study.36

Fecal fermentative end-product concentrations 
can be used to infer the degree of protein and carbo-
hydrate fermentation in the large bowel. Carbohydrate 
fermentation by colonic microbes primarily produces 
SCFAs in the large intestine, providing an important 
energy source for colonocytes. In contrast, an increase 
in putrefactants, which are largely responsible for fecal 
odor and negative outcomes on gastrointestinal health 
such as phenol, indole, and BCFA production, is an in-
dication of protein fermentation occurring in the large 
intestine. In the present study, fecal acetate and total 
SCFA concentrations were greater when inulin or YCW 
extract were included in the raw beef−based diets, 
compared with when those components were not in-
cluded, which is in agreement with findings in other in 
vitro13 and in vivo canine25 studies. Similarly, apparent 
but nonsignificant changes were detected when dogs 
were fed raw chicken−based diets. Given that there 
was no fermentable fiber source added to the control 
diets, lower SCFA concentrations were expected, as was 
found in another study3 involving exotic cats. Further-
more, in the present study, fecal pH was lower when 
inulin or YCW extract was added versus when the con-
trol diet was consumed, providing additional evidence 
of the fermentable nature of these ingredients.

In the present study, fecal phenol and indole con-
centrations were lower when dogs were fed raw chick-
en–based diets containing inulin, compared with when 
dogs were fed the control or YCW-extract diets. Similar 
changes occurred when dogs were fed raw beef−based 
diets containing YCW extract; however, the differenc-
es were not significant. The diets containing inulin or 
YCW extract likely had more carbohydrates available 
for microbial fermentation, allowing those substrates 
to be fermented by colonic microbes instead of only 
protein. With the inclusion of fermentable substrates 
such as inulin in diets, the amount of harmful protein-
derived end products can be reduced. Findings in oth-
er studies support this conclusion. In a study37 of the 
effects of feeding scFOS and Lactobacillus acidophilus 
separately or in combination to healthy adult dogs, 
dogs fed scFOS had lower fecal total phenol concentra-
tions than control dogs fed a sucrose placebo. In an-
other study,16 the effect of feeding scFOS, mannanoligo-
saccharides, or both to adult dogs was evaluated. Fecal 
indole concentrations were 2.44 mmol/g of fecal DM in 

dogs fed the control diet and 1.23 mmol/g of fecal DM 
in dogs fed scFOS, and fecal total phenol and indole 
concentrations were 3.03 mmol/g of fecal DM and 1.50 
mmol/g of fecal DM, respectively.

Improvements in skin and coat condition in dogs 
are commonly attributed to feeding of raw meat. How-
ever, these claims in the past were primarily based on 
anecdote. In the present study, 2 blinded evaluators 
scored the dogs’ skin and coat condition after each 
feeding trial but did not detect differences in these 
characteristics among the diets. It is possible that feed-
ing for a longer duration may be needed to detect any 
improvement in coat quality.

Results from the present study suggested that raw 
meat−based diets have high nutrient digestibility in 
dogs. Fat and protein digestibilities in particular were 
quite high. Feeding a raw meat–based diet also resulted 
in acceptable fecal consistency scores and clinically 
unremarkable blood metabolite concentrations and 
activities. More research is needed to confirm the data 
reported here and to evaluate long-term feeding of raw 
meat−based diets.
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