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Traditional distillers dried grains, co-products from the ethanol industry, can be
utilized as sustainable ingredients for pet food. However, negative consumer
perception prevents their widespread use. Corn fermented protein (CFP) is
produced using post-fermentation separation technology, resulting in a high
protein ingredient, which may increase consumer appeal compared to traditional
distillers dried grains. The study objective was to compare the effect of CFP with
that of traditional distillers dried grains on stool quality, nutrient digestibility, and
palatability when fed to dogs. The control diet (CON) contained 15% soybean
meal and the experimental diets contained 3.5% brewer’s dried yeast (BDY), 2.5%
brewer's dried yeast plus 17.5% distillers dried grains with solubles (BDY+DDGS),
or 17.5% corn fermented protein (CFP). Experimental diets were fed to adult dogs
(n =12) in a4 X 4 replicated Latin square design. Dogs were adapted to the diets
for 9 days; this was followed by 5 days of total fecal collection. Titanium dioxide
(0.4%) was added to all diets as an external marker to estimate digestibility. Data
were analyzed using a mixed model in SAS, with treatment as a fixed effect and
dog and period as random effects. Fecal output was greatest (p< 0.05) for dogs
fed BDY+DDGS. The feces of dogs consuming CFP were firmer (p< 0.05) than
those of dogs consuming CON and BDY+DDGS. Overall, nutrient digestibility
was greatest (p< 0.05) for CON and BDY and lowest for BDY+DDGS, with that for
CFP being intermediate. There were no differences (p > 0.05) in total short-chain
or branched-chain fatty acid concentrations in the fresh fecal samples of dogs
fed these dietary treatments. However, the percentage of propionate was higher
(p< 0.05) in the fecal samples of dogs fed CON than in those of dogs fed BDY
+DDGS, whereas the percentage of valerate was higher (p< 0.05) in the fecal
samples of dogs fed CON than in those of dogs fed CFP. In the palatability
evaluation, dogs had no preference when CON was compared with BDY or BDY
+DDGS. However, dogs appeared to prefer CON over CFP. Overall, CFP resulted
in improved stool quality and nutrient digestibility when compared with DDGS,
which could increase consumer appeal for inclusion into pet food. The impact of
CFP on palatability, however, warrants further investigation.
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1 Introduction

Ethanol is a renewable fuel made from various plant materials,
which are collectively known as biomass. In 2022, the Inflation
Reduction Act and EPA’s Renewable Fuel Standard promoted the
production and use of ethanol, increasing the US annual production
to more than 15.4 million gallons (Renewable Fuels Association,
2023). In the USA, 94% of ethanol is produced from the starch in
corn grain (EERE - Office of Energy Efficiency and Renewable
Energy, 2023), which can be produced through the dry or wet
milling process. Dry milling is most widely used and produces
distillers dried grains with solubles (DDGS) as a co-product,
whereas wet milling yields corn gluten meal (CGM), corn germ
meal, corn gluten feed, and corn fiber as co-products. In 2022, 36.4
million metric tons of distillers dried grains, gluten feed, and gluten
meal were generated from ethanol production (Renewable Fuels
Association, 2023).

In the pet food industry, CGM has been the most utilized
ethanol co-product and is frequently combined with soy products,
such as soybean meal (SBM), to complement the amino acid profile.
However, ethanol co-products have been traditionally used in
ruminant nutrition. In 2022, 78% of distillers dried grains was
consumed by cattle (Renewable Fuels Association, 2023). Although
previous studies have reported high levels of digestibility for both
DDGS and CGM when fed to dogs (Allen et al., 1981; Yamka et al.,
2004), the use of DDGS in monogastric nutrition is limited due to
the fiber content. Furthermore, the inclusion of DDGS in pet food is
decreasing due to consumer perception of them as low-
quality ingredients.

In an effort to capture additional value from ethanol
production, the ethanol industry has developed a new technology
to enhance the nutrient profile of co-products. One of these
enhanced co-products is corn fermented protein (CFP), which is
produced using post-fermentation separation technology. This
technology allows the protein and yeast to be separated from the
fiber prior to drying, resulting in a higher-protein, lower-fiber
ingredient compared with DDGS. This shift in nutrient
composition could improve nutrient digestibility and consumer
perception of distillers dried grains, allowing for their increased use
in pet food. Corn fermented protein has previously been compared
with SBM and CGM in both dogs and cats (Kilburn-Kappeler et al.,
2022; Kilburn-Kappeler and Aldrich, 2023; Smith and Aldrich,
2023). However, CFP has not been compared with traditional
distillers dried grains when fed to dogs or cats. Therefore, the
objective of this study was to compare the impacts of CFP and
DDGS on stool quality, nutrient digestibility, and palatability when
fed to dogs.

2 Materials and methods

The digestibility trial was conducted at the Kansas State
University Large Animal Research Center (LARC) under the
Institutional Animal Care and Use Committee (IACUC)’s
protocol #4097. The palatability trial was conducted at Summit
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Ridge Farms (Susquehanna, PA, USA) under the protocols
KSUPALC00420, KSUPALC00520, and KSUPALC00620.

2.1 Diet formulation and production

Dietary treatments consisted of a control diet (CON) containing
15% soybean meal and experimental diets containing 3.5% brewer’s
dried yeast (BDY), 2.5% brewer’s dried yeast plus 17.5% distillers
dried grains with solubles (BDY+DDGS), or 17.5% corn fermented
protein (CFP). Diets with ethanol co-products and/or yeast were
formulated to have a similar nutrient profile. In addition, it was
assumed that CFP had 20% yeast and DDGS had 5.7% yeast (POET
Bioproducts, Sioux Falls, SD); therefore, all treatments, except
CON, were formulated to contain 3.5% yeast. The formulated
diets met the AAFCO nutritional requirements for healthy adult
dogs. Titanium dioxide (0.40%) was added to serve as an
indigestible marker to estimate apparent total tract nutrient
digestibility. Two base rations were purchased from a commercial
mill (Fairview Mills, Seneca, KS). The amount of corn, chicken
meal, and chicken fat were adjusted between base rations to
maintain nutrient composition among dietary treatments and
result in a complete formula (100%). The first base ration was
used for CON and CFP treatments and included all dry ingredients
except for the soybean meal (Fairview Mills, Seneca, KS), CFP
(POET Bioproducts, Sioux Falls, SD), corn starch (Fairview Mills,
Seneca, KS), corn gluten meal (Fairview Mills, Seneca, KS), and
titanium dioxide (Fairview Mills, Seneca, KS). The second base
ration was used for the BDY and BDY+DDGS treatments and
contained all dry ingredients except for the soybean meal, DDGS
(Fairview Mills, Seneca, KS), corn starch, corn gluten meal, BDY
(Fairview Mills, Seneca, KS), and titanium dioxide. Soybean meal,
corn gluten meal, and/or corn starch were added to CON, BDY, and
CEFP to create similar nutrient profiles among all dietary treatments
and to balance a 20% inclusion of experimental ingredients
compared with BDY+DDGS (Table 1).

Each diet was mixed and produced using a single-screw
extruder (model E525, Extru-Tech, Manhattan, KS). The cool and
dry products were packaged in laminated bags and transferred to
the laboratory at Kansas State University to be coated. Kibble was
coated with chicken fat protected with natural antioxidants
(Nutrios, Springfield, MO) and a dry powdered flavor designed
for dogs (AFB International, St. Charles, MO). The coated products
were stored in poly-lined Kraft paper bags until feeding.

2.2 Feeding trial

For this study, 12 healthy adult (6.3 years + 0.45 years) beagle
dogs (eight castrated males and four spayed females) were enrolled
in a triplicated 4 x 4 Latin square design. The dogs had an average
body weight of 11.4 kg + 1.2 kg. The daily metabolizable energy
requirement was calculated for laboratory kennel dogs
[130*BWkg0'75; NRC - National Research Council, 2006].
However, it was adjusted to IOS*BWkg0'75 to maintain the body
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TABLE 1 Ingredient composition of canine diets containing yeast and ethanol co-products on an as-is basis.

Treatment'

Ingredient, % BDY+DDGS

Corn 34.6 30.0 30.0 34.6
Chicken meal 30.0 35.0 35.0 30.0
Soybean meal 15.0 8.0 - -
Distillers dried grains with solubles - - 17.5 -
Corn fermented protein - - - 17.5
Brewer’s dried yeast - 35 2.5 -
Corn starch - 6.5 - 2.5
Corn gluten meal 5.0 2.0 - -
Chicken fat 6.0 5.6 5.6 6.0
Beet pulp 4.0 4.0 4.0 4.0
Fish meal 3.0 3.0 3.0 3.0
Flavor 1.0 1.0 1.0 1.0
Titanium dioxide 0.40 0.40 0.40 0.40
Salt 0.25 0.25 0.25 0.25
Potassium chloride 0.25 0.25 0.25 0.25
Choline chloride 0.20 0.20 0.20 0.20
Vitamin premix® 0.15 0.15 0.15 0.15
Trace mineral premix’ 0.10 0.10 0.10 0.10
Natural antioxidant 0.05 0.05 0.05 0.05

'CON, control; BDY, brewer’s dried yeast; BDY+DDGS, brewer’s dried yeast and distillers dried grains with solubles; CEP, corn fermented protein.

ZSupplied the following minimum supplements per kilogram: vitamin E (79,887 IU), niacin (64,736 mg), calcium pantothenate (12,186 mg), vitamin A (17,162,998 IU), thiamin mononitrate
(14,252 mg), pyridoxine hydrochloride (5,537 mg), riboflavin (4,719 mg), vitamin D3 (920,000 IU), biotin (70 mg), vitamin B12 (22 mg), and folic acid (720 mg).

*Supplied the following minimum supplements per kilogram: zinc sulfate (88,000 mg), ferrous sulfate (38,910 mg), copper sulfate (11,234 mg), manganous oxide (5,842 mg), sodium selenite

(310 mg), and calcium iodate (1,584 mg).

weight of dogs, which was measured at the beginning, middle, and
end of each period. The experiment consisted of four periods, and
each one was composed of 9 days of adaptation followed by 5 days
of collection. In this model, each animal served as its own control,
and each treatment had 12 total observations.

The dogs were individually housed in pens (1.83 m x 1.20 m)
equipped with an acrylic-coated mesh floor to allow for the separate
collection of urine and feces. Two rooms, with six animals each, were
maintained in a temperature-controlled (23°C) modular building with
a 12 h light cycle. The dogs received two feedings per day, at 0800 h and
1700 h, with water provided ad libitum. During the collection period,
all feces were collected periodically throughout the day to prevent
contamination and disturbance. The fecal samples were weighed and
scored on a scale of 1-5 with 0.5 increments [1—liquid diarrhea to 5—
dry hard pellets; Carciofi et al., 2008]. A score of 3.5-4.0 was considered
ideal. All feces were scored by the same person for consistency. Feces
were stored in labeled Whirl-pak bags in a freezer until further
processing. In addition, the pH of a fresh sample (within 15 min of
defecation) was recorded in triplicate with a calibrated glass-electrode
pH probe (FC240B, Hanna Instruments, Smithfield, RI), and 2-g
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aliquots were transferred into three plastic microcentrifuge tubes
using a spatula and stored at —80°C for short-chain fatty acid
(SCFA) and branched-chain fatty acid (BCFA) analysis.

2.3 Digestibility calculations

After each collection period, feces from each dog were
composited and dried at 55°C in a forced-air oven until constant
weight (24-48 h). Dried samples were ground to pass through a
1 mm screen in a laboratory fixed blade impact mill (ZM 200,
Retsch, Verder Scientific, Haan, Germany). Titanium dioxide
(TiO;,) concentration was measured in food and feces using a
spectrophotometric plate reader (Gen5TM, Biotek® Instruments
Inc., Winooski, VT) at 410 nm (Myers et al., 2004). Apparent total
tract digestibility (ATTD) was estimated by titanium dioxide using
the following equation:

% TiO, in food * % nutrient in feces, +100

ATTD = |1
[ % TiO, in feces * % nutrient in food'
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Digestibility was calculated using both the total collection and
titanium dioxide methods, which resulted in similar digestibility
values and trends. However, the titanium dioxide method resulted
in a lower standard error of the mean. Therefore, digestibility values
from the titanium dioxide method were selected to be reported in
this manuscript.

2.4 Nutrient analysis

Experimental ingredients, diets, and partially dried fecal
samples were analyzed in duplicate for moisture (AOAC 930.15),
ash (AOAC 942.05), fat by acid hydrolysis and hexane extraction
(AOAC 960.39), gross energy (Parr 6200 Calorimeter, Parr
Instrument Company, Moline, IL), and total dietary fiber (AOAC
991.43). Crude protein was determined by Dumas combustion
(AOAC 990.03) using a nitrogen analyzer (FP928, LECO
Corporation, Saint Joseph, MI).

The amino acid composition of experimental ingredients was
analyzed at the University of Missouri Agricultural Experiment
Station Chemical Laboratories (Columbia, MO; AOAC 982.30 and
988.15). All amino acids, except methionine, cysteine, and
tryptophan, were digested with 6 N HCI for 24 h at 110°C. The
amino acids were then separated by ion-exchange chromatography,
and the concentration was determined with a Beckman 6300 amino
acid analyzer (Beckman, Palo Alto, CA). Methionine and cysteine
were first oxidized by performic acid to methionine sulfone and
cysteic acid, respectively, prior to acid hydrolysis. Tryptophan was
hydrolyzed in 3 M mercaptoethanesulfonic acid before analysis.
Available lysine was determined (AOAC 975.44) and lysine
availability (%) was calculated as the ratio of available lysine to
total lysine.

2.5 Fecal chemical analysis

Fecal SCFA and BCFA concentrations were determined by gas—
liquid chromatography (Erwin et al., 1961) using a capillary column
(30 m x 0.25 mm internal diameter; 0.25 um film thickness; Aligent
Technologies, Santa Clara, CA). The system was equipped using
helium as a carrier gas, with a constant flow rate of 40 cm/s, and
utilized a 25:1 split ratio injector, with an injection size of 0.5 pL. A
flame-ionization detector was configured with hydrogen as the
makeup gas, with a flow rate of 40 mL/min, to clarify the peak
resolution. The detector and injector temperatures were set at
250°C, and the initial oven temperature was set to 80°C, with a
ramp rate of 10°C/min to 200°C. The peak area of chromatograms
was analyzed using integrative software (GC solution version
2.42.00, Shimadzu, Kyoto, Japan). The concentrations of SCFAs
(acetate, propionate, and butyrate) and BCFAs (isobutyrate,
valerate, and isovalerate) were quantified by comparing the
sample peak area with a known standard of 10 mM concentration
(Volatile Free Acid Mix, Sigma-Aldrich, St. Louis, MO) and
correcting for fecal dry-matter content.
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2.6 Palatability trial

The experimental treatments (BDY, BDY+DDGS, and CFP)
were evaluated for palatability in comparison with the control diet
by examining dog panels at a commercial kennel (Summit Ridge
Farms, Susquehanna, PA, USA). Each experiment was conducted as
a split-plate test in which two stainless steel bowls containing 400 g
of food were presented to dogs for a total of 30 min. Each
comparison trial was repeated for 2 days, with the bowl position
switched daily. Twenty dogs were fed daily, providing 40
observations for each paired comparison test. Preference was
determined based on dogs’ first choice and total food
consumption. A detailed description of the palatability method
can be found in the review by Aldrich and Koppel (2015). Data
from consumption were represented as the following ratio:

consumption of Diet A

Intake Ratio = - - -
total consumption of Diet A + Diet B

2.7 Statistics

The digestibility experiment was conducted as a 4 x 4 replicated
Latin square design. Each of the 12 experimental units (dogs) were
assigned to a treatment using the spreadsheet by Kim and Stein (2009).
Data were analyzed using a GLIMMIX procedure in SAS (version 9.4,
SAS Institute, Inc., Cary, NC), with treatment as a fixed effect and dog
and period as random eftects. Tukey’s post-hoc test was applied for the
least-squares means separation, with significance considered at p< 0.05.

In the palatability experiment, the consumption ratios were
determined using a t-test in a two-way ANOVA and the first-choice
preferences were determined using a chi-squared test. The 20 dogs
were considered the experimental units for analysis.

3 Results
3.1 Nutrient analysis

Among experimental ingredients, the protein content of
distillers dried grains with solubles (DDGS) was lowest at 32%
while corn gluten meal (CGM) was highest at 70% on a dry-matter
basis (Table 2). Soybean meal (SBM) and corn fermented protein
(CFP) both contained 53% protein, whereas brewer’s dried yeast
(BDY) contained 47% protein. Fat content was highest in DDGS, at
12%, and lowest for SBM and BDY, at 3%. Fat levels in CGM and
CFP were intermediate, at 7% and 6%, respectively. Total dietary
fiber (TDF) was highest for DDGS, at 45%, and lowest for CGM, at
3%. All ingredients, except BDY, had a higher proportion of
insoluble dietary fiber (IDF) than soluble dietary fiber (SDF).

The amino acid composition of experimental ingredients varied
(Table 3). Corn gluten meal and DDGS had the lowest
concentrations of taurine, at 0.12% and 0.11%, respectively,
whereas BDY had the highest taurine concentration at 0.22%, and
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TABLE 2 Nutrient composition of experimental ingredients on a dry-matter basis.

Experimental ingredients’

Nutrient, % BDY

Dry matter 88.03 93.31 92.72 90.14 94.87
Organic matter 91.86 98.71 92.76 94.79 97.16
Ash 8.14 1.29 7.24 521 2.84
Crude protein 53.44 70.00 47.00 31.87 52.62
Fat 2.71 6.80 321 11.75 5.60
Total dietary fiber 19.88 2.57 25.67 44.71 34.89
Insoluble dietary fiber 16.36 2.46 3.34 41.60 31.41
Soluble dietary fiber 3.52 0.11 22.32 3.11 3.58

ISBM, soybean meal; CGM, corn gluten meal; BDY, brewer’s dried yeast; DDGS, distillers dried grains with solubles; CFP, corn fermented protein.

TABLE 3 Amino acid composition of experimental ingredients on a dry-matter basis.

Experimental ingredients’

Amino acid, % BDY

Taurine 0.19 0.12 0.22 0.11 0.16
Hydroxyproline 0.08 0.00 0.00 0.00 0.00
Aspartic acid 6.04 4.15 4.26 1.86 3.68
Threonine 2.04 2.22 2.02 1.19 2.01
Serine 2.22 2.84 1.88 1.26 2.18
Glutamic acid 9.60 14.51 5.25 3.51 8.35
Proline 2.76 6.56 2.04 2.22 4.11
Lanthionine 0.03 0.05 0.03 0.27 0.09
Glycine 2.19 1.78 2.05 1.07 1.99
Alanine 2.25 5.85 3.01 1.97 3.65
Cysteine 0.80 1.15 0.49 0.54 1.01
Valine 2.59 3.15 243 1.56 2.81
Methionine 0.73 1.47 0.70 0.55 1.18
Isoleucine 2.64 2.98 2.12 1.25 2.32
Leucine 4.17 11.46 3.02 3.51 6.17
Tyrosine 2.07 3.58 1.53 1.20 2.29
Phenylalanine 2.82 4.49 1.95 1.78 2.77
Hydroxylysine 0.00 0.00 0.00 0.00 0.00
Ornithine 0.03 0.06 0.25 0.03 0.02
Lysine 3.40 1.16 3.22 0.99 1.73
Histidine 1.40 1.38 0.98 0.81 1.38
Arginine 3.74 2.08 222 1.23 223
Tryptophan 0.65 0.41 0.58 0.21 0.45
Available lysine 331 1.11 3.14 0.93 1.55
Lysine availability 97.35 95.69 97.52 93.94 89.60

ISBM, soybean meal; CGM, corn gluten meal; BDY, brewer’s dried yeast; DDGS, distillers dried grains with solubles; CFP, corn fermented protein.
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SBM and CFP had intermediate concentrations, at 0.19% and
0.16%, respectively. For cysteine, CGM and CFP had the highest
concentrations, at 1.15% and 1.01%, respectively, whereas BDY and
DDGS had the lowest concentrations, at 0.49% and 0.54%,
respectively. Soybean meal had an intermediate cysteine
concentration, at 0.80%. The concentration of methionine was
highest for CGM and CFP, at 1.47% and 1.18%, respectively.
Distillers dried grains with solubles had the lowest concentration
of methionine, at 0.54%, whereas SBM and BDY had intermediate
concentrations, at 0.73% and 0.70%, respectively. Soybean meal and
BDY had the highest concentrations of lysine, at 3.40% and 3.22%,
respectively. Lysine concentration was lowest for DDGS, at 0.99%,
and intermediate for CGM and CFP, at 1.16% and 1.73%,
respectively. The same trend was seen in available lysine. Lysine
availability was greatest for SBM and BDY, at an average of 97%,
lowest for CFP, at 90%, and intermediate for CGM and DDGS, at
96% and 94%, respectively.

When comparing the nutrient composition of dietary
treatments, dry matter content was similar in all treatments, at an
average of 95% (Table 4). The CFP treatment contained 92%
organic matter, whereas the remaining treatments contained an
average of 91% organic matter. Protein content was highest for the
CON and BDY treatments, at 41%, whereas the BDY+DDGS and
CFP treatments contained 38% protein on a dry-matter basis. Fat
content was highest for the BDY+DDGS treatment, at 15%,
compared with the remaining treatments, in which it was an
average of 13%. The BDY+DDGS treatment contained the
greatest amount of TDF, at 18%, whereas the CON and BDY
treatments contained the lowest, at an average of 13%. The TDF
content of the CFP treatment was intermediate at 15%. The same
pattern among dietary treatments was observed in IDF levels.
However, the lowest SDF content was observed in the CFP
treatment. All diets had a higher proportion of IDF than SDF.
The gross energy content of dietary treatments was similar, around
5,000 kcal/kg.

10.3389/fanim.2023.1210144

3.2 Food intake and fecal characteristics

The food intake of dogs was maintained (p> 0.05) (Table 5),
whereas all stool quality parameters were significantly different
among dietary treatments (Table 5). Wet fecal output was greater
(p< 0.05) for dogs fed BDY+DDGS, at 125 g/d, than for dogs fed the
remaining treatments at an average of 105 g/d. Feces were wetter
(p< 0.05) for dogs fed CON, at 34% dry matter, than for dogs fed the
remaining treatments, at 36% dry matter. Dry fecal output was
highest for dogs fed the BDY+DDGS treatment, at 45 g/d, and
lowest for dogs fed the CON treatment, at 35 g/d (p< 0.05). Dry
fecal output of dogs fed BDY and CFP was intermediate, at 36 g/d
and 39 g/d, respectively. Dogs that were fed BDY+DDGS defecated
more often (p< 0.05) than dogs fed CON and BDY, with the
defecation frequency for dogs fed CFP being intermediate. The
feces of dogs fed CFP were firmer (p< 0.05) than those of dogs fed
CON and BDY+DDGS, with the feces firmness of dogs fed BDY
being intermediate.The feces of dogs fed CFP were firmer (p< 0.05)
than those of dogs fed CON and BDY+DDGS, with the feces
firmness of those fed BDY being intermediate. The fecal pH for
dogs fed BDY was higher (p< 0.05), at 5.8, than that for dogs fed
BDY+DDGS, which was 5.6, and intermediate for CON and CFP,
at 5.7.

3.3 Apparent total tract digestibility

Dry matter digestibility was higher (p< 0.05) for CON and BDY,
at an average of 81%, than for BDY+DDGS and CFP, at an average
of 77% (Table 6). Organic matter digestibility was highest (p< 0.05)
for CON and BDY, at 87%, and lowest for BDY+DDGS, at 82%. The
organic matter digestibility of CFP was intermediate, at 83%.
Protein digestibility was highest (p< 0.05) for CON, at 88%,
lowest for BDY+DDGS and CFP, at an average of 85%, and
intermediate for BDY, at 87%. Fat digestibility was lower

TABLE 4 Analyzed chemical composition of canine diets containing yeast and ethanol co-products on a dry-matter basis.

Treatment'

Nutrient BDY+DDGS

Dry matter, % 95.61 95.92 94.78 95.38
Organic matter, % 90.54 90.44 90.62 91.78
Ash, % 9.46 9.56 9.38 8.22
Crude protein, % 41.13 40.82 38.18 37.55
Fat, % 13.15 13.07 14.82 13.70
Total dietary fiber, % 13.58 13.16 18.39 15.07
Insoluble dietary fiber, % 10.03 10.02 14.28 12.41
Soluble dietary fiber, % 3.65 3.14 4.10 2.64
Gross energy, kcal/kg 5,008.71 4,988.17 5,073.11 5,054.00

'CON, control; BDY, brewer’s dried yeast; BDY+DDGS, brewer’s dried yeast and distillers dried grains with solubles; CFP, corn fermented protein.
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TABLE 5 Food-intake and stool-quality parameters of dogs fed diets containing yeast and ethanol co-products®.

Treatment?

Parameter BDY+DDGS

Food intake, g/d 186.32 189.02 185.52 18591 2755 0.5806
Wet fecal output, g/d 103.44° 101.38" 124.75° 111.54° 3.787 <0.0001
Fecal dry matter, % 33.67° 35.70° 35.65° 3577 0.423 <0.0001
Dry fecal output, g/d 34.67° 36.10°° 44.47" 39.17° 1.269 <0.0001
Defecations per day 223" 2.18° 2.60° 2.39*P 0.112 0.0003
Fecal score 3.85" 3.97*" 3.86° 4.04* 0.049 0.0007
Fecal pH 5,73 5.83° 5.56" 5.67*° 0.083 0.0215

'A total of 12 dogs were enrolled in a 4 x 4 replicated Latin square design, resulting in 12 observations per treatment for each parameter.
2CON, control; BDY, brewer’s dried yeast; BDY+DDGS, brewer’s dried yeast and distillers dried grains with solubles; CFP, corn fermented protein.

““Means within a row lacking a common superscript letter are different (p< 0.05).

(p< 0.05) for BDY+DDGS, at 96%, than for the remaining
treatments, at 98%. The digestibility of total dietary fiber was
highest (p< 0.05) for CON and BDY and lowest for CFP. Gross
energy digestibility was highest (p< 0.05) for CON and BDY, at
88%, lowest for BDY+DDGS, at 83%, and intermediate for CFP,
at 84%.

3.4 Fecal chemical analysis

The total short-chain fatty acid concentration in fecal samples
of dogs fed dietary treatments ranged from 351 to 421 umol/g DM
feces, but no significant differences were observed (Table 7). There
were also no significant differences among dietary treatments in the
percentage of acetate or butyrate, with averages of 65% and 10%,
respectively. However, the percentage of propionate was higher
(p< 0.05) in the fecal samples of dogs fed CON at 28% than in those
of dogs fed BDY+DDGS at 24%, and BDY and CFP were
intermediate at 25%. No significant differences among dietary

treatments were observed in terms of the total branched-chain
fatty acid concentration, which ranged from 14 to 16 pmol/g DM
feces. The percentages of isovalerate and iosobutyrate in fecal
samples were maintained (p> 0.05) among dietary treatments,
with averages of 56% and 37%, respectively. However, the
percentage of valerate was higher (p< 0.05) in the fecal samples of
dogs fed CON at 9.3% than in those of dogs fed CFP at 4.4%, and
intermediate in those of dogs fed BDY and BDY+DDGS, at 6.2%
and 8.3%, respectively.

3.5 Palatability

When comparing CON with BDY or BDY+DDGS, dogs had no
preference; this was indicated by the non-significant first choices
and intake ratios (Table 8). However, dogs appeared to prefer CON
over CFP, which was indicated by the significant first choices and
intake ratios. Dogs chose CFP first in only 13 out of 40 observations
and consumed less CFP than CON (p< 0.05).

TABLE 6 Apparent total tract digestibility of dogs fed diets containing yeast and ethanol co-products estimated by titanium dioxide as a dietary
marker on a dry-matter basis’.

Treatment?

Nutrient, % BDY+DDGS

Dry matter 81.56" 81.14° 77.13" 77.80° 0275 <0.0001
Organic matter 86.78" 86.82% 81.69° 82.52° 0.236 <0.0001
Crude protein 88.34" 86.97° 85.63° 84.99° 0243 <0.0001
Fat 97.92* 98.04° 96.12° 97.55" 0.191 <0.0001
Total dietary fiber 56.02° 57.72° 49.55° 42.73° 1.105 <0.0001
Gross energy 87.63" 87.52° 83.30° 83.94" 0.185 <0.0001

'A total of 12 dogs were enrolled in a 4 x 4 replicated Latin square design, resulting in 12 observations per treatment for each parameter.
2CON, control; BDY, brewer’s dried yeast; BDY+DDGS, brewer’s dried yeast and distillers dried grains with solubles; CFP, corn fermented protein.

““Means within a row lacking a common superscript letter are different (p< 0.05).
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TABLE 7 Fecal chemical analysis of dogs fed diets containing yeast and ethanol co-products®.

Treatment?

Parameter BDY+DDGS

Total SCFA?, tmol/g DM feces 421.03 350.93 384.64 346.57 33.441 0.1154
Acetate, % 61.73 65.54 66.08 64.91 1.954 0.1301
Propionate, % 28.40° 25.13%° 24.21° 24.72%° 1.467 0.0323
Butyrate, % 9.87 9.33 9.71 10.37 0.701 0.5288

Total BCFA?, umol/g DM feces 15.04 13.68 16.45 15.14 1.844 0.5289
Isovalerate, % 54.92 58.00 54.53 58.29 2.580 0.3309
Isobutyrate, % 3578 35.81 37.17 37.30 2.107 0.8149
Valerate, % 9.30° 6.19*" 8.30*° 4.41° 1.735 0.0370

'A total of 12 dogs were enrolled in a 4 x 4 replicated Latin square design, resulting in 12 observations per treatment for each parameter.

2CON, control; BDY, brewer’s dried yeast; BDY+DDGS, brewer’s dried yeast and distillers dried grains with solubles; CFP, corn fermented protein.
*Total SCFA (acetate + propionate + butyrate); individual SCFA is expressed as a percentage of total SCFA.

“Total BCFA (isovalerate + isobutyrate + valerate); individual BCFA is expressed as a percentage of total BCFA.

*PMeans within a row lacking a common superscript letter are different (p< 0.05).

4 Discussion
4.1 Nutrient analysis

As new ingredients for pet food are emerging, it is important to
evaluate their amino acid composition to ensure complement
ingredients are utilized within a dietary matrix to meet nutrient
requirements. Dogs and cats require 10 essential amino acids,
namely arginine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine. In addition, cats
have an additional dietary requirement for taurine. Taurine,
cysteine, methionine, and lysine are often the amino acids of
most concern due to their low concentration in ingredients
utilized in pet food, their roles within the body, and/or their
degradation during processing.

Taurine, a sulfur-containing amino acid, is mainly found in
cardiac and skeletal muscle. However, low concentrations of taurine
are also commonly found in some plant ingredients (Spitze et al,
2003; Donadelli et al., 2019). This free amino acid is known to have
arole in the conjugation of bile acids, maintenance of normal retinal
and myocardial function, and the osmoregulation and modulation
of calcium flux within cells (Fuxtable, 1992; Sanderson, 2006).

TABLE 8 First choice (FC) and intake ratio (IR) of dogs fed diets
containing yeast and ethanol co-products®.

Diet comparison (A vs. B)?

BDY vs. CON ‘ 17 0.359
BDY+DDGS vs. CON ‘ 24 0.389
CFP vs. CON ‘ 13* 0.245*

'A total of 20 dogs were fed each diet. Comparisons were carried out over 2 days, resulting in
40 observations per comparison.

*CON, control; BDY, brewer’s dried yeast; BDY+DDGS, brewer’s dried yeast and distillers
dried grains with solubles; CFP, corn fermented protein.

*Number of first visits to bowl A out of 40 observations.

“IR = intake (g) of diet A/total intake (g) of diets A+B.

*Comparison differs (p< 0.05).
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Retinal degeneration and cardiomyopathy have been linked to low
blood or plasma taurine concentrations in strict carnivores (Hayes
et al., 1975; Pion et al., 1987; Morris et al., 1990). Therefore, it is
considered an essential amino acid for cats. However, previous
studies have also linked low blood and plasma taurine
concentrations to the development of dilated cardiomyopathy
(DCM) in dogs (Kittleson et al., 1997; Fascetti et al., 2003). These
studies, in addition to the 2018 FDA warning about a possible
relationship between DCM in dogs and the consumption of grain-
free diets, have highlighted the importance of adequate methionine,
cysteine, and taurine levels in pet food.

During the processing of most commercial pet food, a thermal
treatment, such as extrusion, is used to improve the safety and
nutritive value of the product. However, the thermal process can
negatively impact protein quality. Specifically, the Maillard reaction,
which contributes to the desired flavor and color of the product,
decreases the bioavailability of essential amino acids. During the
Maillard reaction, a reducing sugar binds to a free reactive amino
group of an amino acid. Due to the reactive €-amino group, lysine is
often the amino acid involved in the Maillard reaction. Previous
research has indicated that up to 62% of the lysine in pet food
contains a bound €-amino group, likely due to the Maillard reaction
(Williams et al., 2006; Rutherfurd et al., 2007). This complex, also
referred to as the early Maillard reaction product (MRP), may be
absorbed from the gastrointestinal tract, but it cannot be utilized by
the animal (Hurrell and Carpenter, 1981; Moughan, 2003; Finot,
2005). As lysine is the first or second limiting essential amino acid in
commercial pet food (NRC - National Research Council, 2006), this
reduced utilization decreases the nutritive value of the food.

Due to the removal of starch during processing, the
concentration of most amino acids in DDGS is three to four
times higher than that of corn (Stein et al., 2006; Han and Liu,
2010). However, heat treatments during processing have been
reported to decrease the availability of amino acids in DDGS,
specifically lysine (Cromwell et al, 1993). In addition, due to
differences in crop sourcing and processing methods, the amino
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acid composition of DDGS varies (Cromwell et al., 1993; Spiehs
etal., 2002; Stein et al., 2006). However, the amino acid composition
of the DDGS used in the current study is comparable to that used in
previous reports (NRC - National Research Council, 1998; Spiehs
et al., 2002; Fastinger and Mahan, 2006; Stein et al., 2006).

CFP contains higher levels of taurine, cysteine, methionine, and
lysine than the DDGS evaluated in the current study. A previous
study reported higher concentrations of lysine in yeast than in
DDGS (Han and Liu, 2010). In addition, the lysine and taurine
concentrations of the CFP evaluated in the current study were
higher than that of a corn protein concentrate (Donadelli et al.,
2019). Corn fermented protein also contained a higher taurine
concentration than the CGM evaluated in this study and in that by
Donadelli et al. (2019). Since all ingredients originate from corn
protein, the main differentiator between the ingredients is the yeast
component. Therefore, these results indicate that the substantial
yeast component in CFP may contribute to its amino acid profile,
specifically lysine and taurine, when compared with DDGS, CGM,
or a corn protein concentrate. As a result, CFP inclusion in pet food
could be beneficial in helping to meet pets’ amino acid
requirements, such as that of taurine for cats.

The maintenance of dry matter content among dietary
treatments was expected, as the drying temperature and time
were controlled during the processing of all treatments. In
addition, the ash content of CFP was lower than that of the SBM,
BDY, and DDGS ingredients, resulting in the CFP treatment having
increased organic matter compared with the remaining treatments.
The lower ash content of CFP compared to DDGS is likely because
CFP does not contain solubles due to its unique processing method,
reducing its phosphorus content (Loy and Lundy, 2019). However,
the ash content of CGM was the lowest among the experimental
ingredients, indicating that CFP may have a greater mineral content
than CGM. The mineral composition of CFP warrants further
investigation. The decreased protein content in the BDY+DDGS
treatment was expected, as DDGS contained the lowest amount of
protein among the experimental ingredients. However, the
decreased protein content of the CFP treatment was unexpected,
as CFP contains more protein than BDY and a similar protein
content to SBM. A possible explanation could be the high protein
content of CGM, which likely increased the protein content of CON
and BDY treatments even at the low inclusion levels. The increased
fat content of BDY+DDGS compared with the other treatments was
expected, as DDGS contained the highest amount of fat among the
experimental ingredients. In addition, the fiber content of the
dietary treatments was of no surprise due to the fiber content of
the experimental ingredients. The greatest difference in nutrient
composition among dietary treatments was the fiber content, which
is likely to have the greatest impact on diet utilization by dogs.

4.2 Food intake and fecal characteristics

Comparable food intake by dogs among dietary treatments was
expected, as the food offered per day was intentionally given in
amounts that would maintain the body weight of dogs. In addition,
all dogs consumed the entire portion offered each day.
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The increase in fecal output with the BDY+DDGS treatment is
likely due to the increased fiber content of the diet. These findings
were similar to those of Yamka et al. (2003), who reported that an
increase in dietary fiber resulted in decreased digestion and greater
fecal mass due to an increased rate of passage through the digestive
system and decreased absorption. Previous studies have also
reported increased fecal output in dogs consuming CFP
compared with those consuming SBM, due to an increase in
dietary fiber (Kilburn-Kappeler and Aldrich, 2023; Smith and
Aldrich, 2023). However, in the current study, the fecal output of
dogs fed CFP was comparable to that of those dogs fed CON and/or
BDY, whereas a higher fecal output was observed for those dogs fed
the BDY+DDGS treatment. This indicates that the higher fiber level
in DDGS than CFP had a greater effect on fecal mass when both
treatments were fed to dogs.

The increased fecal dry matter percent of dogs fed BDY+DDGS
and CFP was likely due to the decrease in nutrient digestibility as a
result of the increased dietary fiber content. Allen et al. (1981)
reported an increase in fecal dry matter percent for dogs fed a diet
containing 15.7% DDGS relative to dogs fed a diet containing 0%
DDGS. A previous study also reported increased fecal dry matter in
dogs fed CFP compared with that observed for dogs consuming a
control diet containing SBM (Kilburn-Kappeler and Aldrich, 2023).
Therefore, the fiber levels in both DDGS and CFP appear to impact
the dry matter percent of feces when fed to dogs.

The increased number of defecations per day for dogs fed BDY
+DDGS compared with dogs fed CON and BDY was likely due to
the increased fiber content in the BDY+DDGS treatment. In
agreement with the current study, Smith and Aldrich (2023)
reported no difference in fecal defecation among dogs consuming
diets containing CFP or SBM, which contained 18% and 15% total
dietary fiber, respectively. These results indicate that when
compared with DDGS, CFP had less of an effect on the number
of defecations per day when fed to dogs.

The similar fecal scores of dogs fed BDY+DDGS and CON is
consistent with previous studies (Silva et al., 2016; Risolia et al.,
2019). In agreement with the current study, Kilburn-Kappeler and
Aldrich (2023) reported increased fecal scores for dogs fed diets
containing 5%, 10%, and 15% CFP compared with those fed a SBM-
containing control diet. In contrast, no difference in fecal scores
were noted for dogs consuming a diet containing 25% CFP
compared to a diet containing SBM (Smith and Aldrich, 2023).
Even with statistical differences in fecal score among dietary
treatments, all scores remained within ideal ranges.

Compared with those dogs fed the BDY treatment, dogs fed the
BDY+DDGS treatment had a lower fecal pH. A previous study also
reported a reduced fecal pH in dogs fed DDGS, indicating a possible
prebiotic effect (Risolia et al., 2019). Silva et al. (2016) also observed
a decreased fecal pH due to DDGS consumption in dogs, which was
attributed to an increase in SCFA production (Kawauchi et al,
2011). In agreement with the current study, Kilburn-Kappeler and
Aldrich (2023) reported no difference in fecal pH when dogs were
fed increasing amounts of CFP, resulting in diets containing up to
16% total dietary fiber. Therefore, the increased fiber content in
DDGS compared with CFP may have had a greater effect on
fecal pH.
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4.3 Apparent total tract digestibility

The decreased digestibility for BDY+DDGS and CFP compared
with CON and BDY is likely due to the fiber content of dietary
treatments. Previous studies evaluating DDGS have attributed a
decrease in nutrient digestibility to increased dietary fiber in dogs
(Allen et al., 1981; Corbin et al., 1984; Silva et al., 2016; Risolia et al.,
2019). Silva et al. (2016) and Risolia et al. (2019) reported reduced
nutrient digestibility in dry matter, organic matter, fat, and gross
energy when dogs were fed DDGS. Allen et al. (1981) and Corbin
etal. (1984) reported decreased dry matter digestibility in dogs with
the dietary addition of DDGS. Silva et al. (2016) also reported
decreased protein digestibility when DDGS were fed to dogs.
However, some studies have reported no difference in protein
digestibility with DDGS inclusion in dogs (Allen et al., 1981;
Corbin et al., 1984; Risolia et al., 2019), whereas the current study
observed decreased digestibility for all nutrients associated with the
BDY+DDGS treatment.

Previous studies have reported a decreased digestibility in dogs
fed diets containing CFP compared with those dogs fed SBM
(Kilburn-Kappeler and Aldrich, 2023; Smith and Aldrich, 2023).
For example, Smith and Aldrich (2023) reported that a diet
containing CFP resulted in lower (p< 0.05) dry matter
digestibility at 78% when compared to a diet containing SBM at
81% when fed to dogs. In addition, Kilburn-Kappeler and Aldrich
(2023) reported a linear decrease (p< 0.05) in organic matter
digestibility, with increased inclusion levels of CFP in exchange
for SBM when fed to dogs. However, in the current study the BDY
+DDGS treatment resulted in a greater decrease in digestibility
compared to the CFP treatment. Therefore, the inclusion of CFP in
pet food could be beneficial compared to traditional distillers dried
grains due to the improved nutrient digestibility.

4.4 Fecal chemical analysis

Short and branched-chain fatty acids are microbial
fermentation products which are influenced by undigested
material in the large intestine. For example, carbohydrate
fermentation yields SCFAs including acetate, propionate, and
butyrate, which can reduce the pH of the lumen (Wong et al,
2006). In contrast, protein fermentation leads to the production of
BCFA and ammonia (Herrin, 1940; Nery et al., 2012). Ammonia
accumulation in the intestine has been shown to shorten the life of
colonocytes (Lin and Visek, 1991) and has cytotoxic properties
(Fung et al,, 2013). Thus, an increase in SCFA and a decrease in pH,
BCFA, and ammonia could be interpreted as having a positive effect
on intestinal health (Verbeke et al., 2015).

Due to the increased dietary fiber content in BDY+DDGS and
CFP it would be expected that SCFA production would have
increased. However, total SCFA concentrations were comparable
among all dietary treatments. More surprisingly, the proportion of
propionate decreased in BDY+DDGS compared with CON. In
contrast to the current study, Risolia et al. (2019) reported that
DDGS led to increased total SCFA production and proportions of
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acetate and propionate when fed to dogs. The decreased valerate in
CFP appeared to be due to the yeast component, as a numerical
decrease was also observed in BDY and BDY+DDGS compared
with CON. Even with the shifts in propionate and valerate, total
SCFA and BCFA levels were unaltered, indicating that overall
fermentation was not impacted by dietary treatment.

4.5 Palatability

Previous studies have evaluated the palatability of DDGS in
dogs. Corbin et al. (1984) and Silva et al. (2016) reported improved
palatability when dogs were fed a diet containing DDGS, whereas
Risolia et al. (2019) reported palatability results similar to the
current study, finding no preference based on first choice or
intake ratio in dogs when comparing a control diet with a diet
containing DDGS.

Previous studies have also compared the palatability of CFP
with SBM in dogs, with varying results. Smith and Aldrich (2023)
reported no preference between a diet containing 25% CFP to a diet
containing SBM or CFP when fed to dogs. Kilburn-Kappeler and
Aldrich (2023) reported no preference when a 5% inclusion of CFP
was compared with a control diet containing SBM. However,
increased CFP inclusion levels at 10% and 15% appeared to
decrease palatability when fed to dogs (Kilburn-Kappeler and
Aldrich, 2023). In the current study, a 17.5% inclusion of CFP
appeared to decrease palatability when compared with a control diet
containing SBM. When including CFP in pet food, additional
palatant could easily be added to prevent the possibility of
decreased palatability. However, the palatability results are
interesting, as the highest CFP inclusion level (25%) did not
appear to affect palatability, whereas palatability decreased with
lower inclusion levels. This may indicate that the entire diet matrix
or individual dogs impact palatability results. Regardless, dogs
willingly consumed all treatments, and no refusals were observed.

5 Conclusion

Overall, the inclusion of CFP compared with DDGS resulted in
improved stool quality and nutrient digestibility when fed to dogs.
Compared with DDGS, the inclusion of CFP in pet food could be
beneficial due to its enhanced nutrient composition, which is likely
due to its substantial yeast component. The improved amino acid
profile and decreased fiber content of CFP compared with DDGS
allows CFP to be better equipped to meet nutrient requirements and
results in higher nutrient digestibility. However, the inclusion of
CFP may be limited regarding palatability. In conclusion, CFP may
be utilized as a protein source for pet food which could increase the
consumer appeal of co-products from the ethanol industry,
resulting in more sustainable products.

This study provided valuable insight regarding the comparison of
traditional distillers dried grains to CFP, a novel ingredient containing
both yeast and distillers dried grains, when fed to dogs. However, it
would be beneficial to conduct a future study utilizing CGM as the
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control ingredient instead of SBM, allowing for an evaluation of corn
protein. In addition, the experimental ingredients should be exchanged
equally, without the addition of SBM, CGM, or corn starch. Finally, the
major contributor impacting the results was likely the varying fiber
content of the dietary treatments. Therefore, the future study should
also maintain fiber content among dietary treatments to exclusively
evaluate the effect of experimental ingredients.
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