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Evaluation of a yeast b-glucan
blend in a pet food application to
determine its impact on stool
quality, apparent nutrient
digestibility, and intestinal health
when fed to dogs

Logan R. Kilburn-Kappeler and Charles G. Aldrich*

Department of Grain Science, Kansas State University, Manhattan, KS, United States
Oral supplementation of b-glucans may be able to improve the health of

companion animals. However, little is understood regarding the effects of yeast

b-glucan on diet processing and intestinal function. Therefore, the objectives of

this research were to determine the carry through of yeast b-glucan during

extruded diet production and its impact on diet utilization by dogs. Three diets

were formulated to contain increasing levels of a yeast b-glucan blend at 0, 0.012

and 0.023% inclusion. Processing inputs were held constant during extrusion to

allow for evaluation of output parameters and physical characteristics of kibble.

Yeast b-glucan concentration was analyzed in extruded diets using the glucan

enzymatic method, resulting in >100% recovery. Twenty-four Labrador Retrievers

were assigned to one of three dietary groups of 8 dogs each with an equal

distribution of sex and age. Dogs were fed dietary treatments for 24-d adaption

followed by 4-d total fecal collection. Feces were scored on a 1-5 scale, with 1

representing liquid diarrhea and 5 hard pellet-like with a fecal score of 3.5-4

considered ideal. Fresh fecal samples were collected for analysis of short chain

fatty acid concentrations. Apparent total tract digestibility was calculated by total

fecal collection (TFC) and titanium (TI) marker methods. Data were analyzed using

amixedmodel procedure in software (version 9.4, SAS Institute, Inc., Cary, NC). Dry

bulk density, kibble diameter, and kibble length did not differ among dietary

treatments. Intake was similar among dietary treatments (P > 0.05). Dogs

required about 26% more food than estimated [130*BWkg
0.75] to maintain body

weight among all treatments. Fecal score was not different (P > 0.05) among

dietary treatments but was lower than ideal at an average of 2.6. Nutrient

digestibility was not affected (P > 0.05) by inclusion of the yeast b-glucan. By
method, the TFC procedure resulted in higher (P< 0.05) digestibility values when

compared to the TI procedure. In addition, yeast b-glucan did not alter short or

branched chain fatty acid proportions. Overall, processing parameters, physical

characteristics of kibble, stool quality, nutrient digestibility, and intestinal health in

dogs were not affected by the yeast b-glucan blend.

KEYWORDS

canine, digestibility, extrusion, stool quality, yeast b-glucan
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fanim.2023.1125061/full
https://www.frontiersin.org/articles/10.3389/fanim.2023.1125061/full
https://www.frontiersin.org/articles/10.3389/fanim.2023.1125061/full
https://www.frontiersin.org/articles/10.3389/fanim.2023.1125061/full
https://www.frontiersin.org/articles/10.3389/fanim.2023.1125061/full
https://www.frontiersin.org/articles/10.3389/fanim.2023.1125061/full
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fanim.2023.1125061&domain=pdf&date_stamp=2023-01-16
mailto:aldrich4@ksu.edu
https://doi.org/10.3389/fanim.2023.1125061
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://doi.org/10.3389/fanim.2023.1125061
https://www.frontiersin.org/journals/animal-science


Kilburn-Kappeler and Aldrich 10.3389/fanim.2023.1125061
1 Introduction

Due the humanization of pets, owners are looking for additional

ways to improve the health and lifespan of their companions. Oral

supplementation of b-glucans may be able to support this desire. b-
glucans are major structural components of the cell walls of yeast,

fungi, and some bacteria. Cereals, such as barley and oat, also contain

b-glucans as part of their endosperm cell wall (Volman et al., 2008).

Various functional properties have been reported for b-glucans
depending on their source and structure (Brown and Gordon, 2005;

El Khoury et al., 2012). Cereal b-glucans are linear chains of glucose
molecules with b-1,3 and b-1,4 linkages. These b-glucans have been
reported to impact intestinal function by acting as a dietary fiber,

altering cholesterol metabolism (El Khoury et al., 2012). In contrast,

yeast b-glucans are composed of b-1,3 linkages and b-1,6 linked

branches which are known for their ability to modulate the immune

system (Novak and Vetvicka, 2008). Therefore, numerous studies

have investigated the effects of yeast b-glucans on immune response

(Stuyven et al., 2010; Haladova et al., 2011; Vetvicka and Oliveira,

2014; Vojtek et al., 2017) and cereal b-glucans on intestinal function

and diet digestibility in dogs (Ferreira et al., 2018). However, there is

limited information regarding the impact yeast b-glucans may have

on stool quality, diet digestibility, and intestinal health when fed

to dogs.

In addition, most of the studies which have evaluated yeast b-
glucan in dogs have delivered them via oral supplements (Stuyven

et al., 2010; Haladova et al., 2011; Vojtek et al., 2017; Lin et al., 2020).

There are a few studies which mention the incorporation of b-glucan
within the diet (Ferreira et al., 2018; Vetvicka and Oliveira, 2014), but

it is unclear if the b-glucan was processed as part of the diet matrix or

added topically during feeding. Previous studies have reported a

decrease in b-glucan content following extrusion processing (Huth

et al., 2000). Therefore, the first objective of this study was to

determine the retention of yeast b-glucan following extrusion

processing as well as effects of yeast b-glucan on processing

parameters and kibble characteristics. The second objective was to

evaluate potential effects of yeast b-glucan consumption within the

animal such as stool quality, diet digestibility, and intestinal

health markers.
2 Materials and methods

The experimental protocol was reviewed and approved by the

Institutional Animal Care and Use Committee (IACUC) at Four

Rivers Kennel (Walker, MO) under protocol #FRK-34.
2.1 Experimental diets

Three different diets with increasing levels of a yeast b-glucan
blend (Wellmune for Pet™, Kerry Incorporated, Beloit, WI) were

formulated to be iso-nutritional and meet the AAFCO nutritional

requirements for adult dogs. The b-glucan evaluated in this study was

derived from a strain of baker’s yeast, Saccharomyces cerevisiae. The

control diet contained 0% yeast b-glucan blend (0X) while the 0.5X
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and 1X treatments contained either 0.012% or 0.023% yeast b-glucan
blend, respectively. The target dose (1X) was intended to evaluate

about one-third of the predetermined dosage for adult humans (250

mg/day) based on previous studies (Feldman et al., 2009; Talbott and

Talbott, 2009; Talbott and Talbott, 2010; Fuller et al., 2012). This

inclusion level was then decreased (0.5X) in order to evaluate if half of

the target dose would elicit a response in dogs. The doses for this

study were determined based on Meng (2016) who evaluated similar

dosages in children, which resulted in reduced illness. Therefore,

formulated inclusion levels were intended to result in a daily dosage of

1.4 mg/BWkg and 2.8 mg/BWkg yeast b-glucan blend for the 0.5X and

1X treatment, respectively.

Titanium dioxide (0.40%) was added to serve as an indigestible

marker to estimate apparent total tract nutrient digestibility. The dry

raw materials, except for the yeast b-glucan blend, comprised the base

ration which was supplied by a commercial mill (Fairview Mills,

Seneca, KS; Table 1). For the 0.5X and 1X treatments, yeast b-glucan
was mixed into the base ration in a series of dilutions before

incorporation into a 123 kg batch in order to achieve a

uniform distribution.
2.2 Extrusion processing

Each diet was produced using a single screw extruder (model

E525, ExtruTech, Inc., Sabetha, KS, USA). The pre-conditioner

(model ADP 145, ExtruTech, Inc., Sabetha, KS, USA) was

configured with 12 45° back and 57 neutral beaters on each of the

two shafts. The extruder profile and barrel temperatures were based

on a typical commercial pet food configuration. At the end of the

extruder barrel there were two round die inserts with an interior

diameter of 9.5 mm. The target in-barrel moisture was approximately

25%. Fixed input parameters were kept constant during the

processing of all treatments, including pre-conditioner (PC)

cylinder speed (185 rpm), PC water (66.5 kg/hr), PC steam (56 kg/

hr), extruder (EX) water (0 kg/hr), EX steam (0 kg/hr), EX screw

speed (300 rpm), and EX knife speed (850 rpm; Table 2).

During processing, PC and EX parameters were collected from

sensor readouts every 10 minutes to evaluate potential effects of b-
glucan inclusion on the process. Output variables included PC

discharge temperature, EX motor load, and EX die temperature and

pressure. In addition, a digital caliper was used to measure kibble

diameter and length from five randomly selected pieces every 15 min

for each diet production off the extruder and off the dryer. Wet and

dry bulk density was also measured off the extruder and off the dryer

every 15 mins during the processing of each treatment. Bulk density

was measured using a 1 L cup in which kibble was leveled and

weighed on a digital scale with 0.1 g sensitivity.

After extrusion, kibble was pneumatically conveyed through a

20 cm clean air hood system and deposited onto an oscillating belt

spreader. The kibble was dried on a 1.5 m wide single pass two zone

dryer (model AFI, ExtruTech, Sabetha, KS, USA) to achieve a less

than 10% moisture content. Kibble was dried at approximately 110°C

for 24 minutes. Dried kibble was coated with chicken fat protected

with natural antioxidants and a dry powdered flavor designed for

dogs using a ribbon mixer.
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2.3 b-Glucan analysis

b-glucan concentration in the 0.5X and 1X treatments was

analyzed to determine percent recovery after extrusion processing

using the Glucan Enzymatic Method (GEM™). Briefly, the diet

samples were first gelatinized in aqueous potassium hydroxide

(KOH.) The gelatinized samples were then diluted with buffer and

treated with lyticase and pustulanase endoglucanases that partially

break down and solubilize b-glucan. Exo-1,3-b-glucanase and b-
glucosidase (Megazyme International, Wicklow, Ireland) were then

added to completely digest the solubilized b-glucan fragments to
Frontiers in Animal Science 03
glucose. The glucose was then quantified using the glucose oxidase/

peroxidase (GOPOD) system.
2.4 Feeding trial

For this study, 24 healthy adult (5.1 ± 2.9 years) Labrador

Retrievers (12 intact males, 12 intact females) were enrolled. The

dogs had an average body weight of 29.1 ± 3.6 kg. Daily food amounts

to maintain body weight were determined by kennel staff (Four

Rivers, Nevada, MO). Body weight of each dog was measured prior
TABLE 2 Processing inputs for the pre-conditioner and extruder used to produce canine diets with increasing levels of yeast b-glucan blend are reported
as average ± standard deviation.

Treatment1

Parameter 0X 0.5X 1X

Preconditioner

Cylinder Speed, rpm 185.0 ± 0 185.0 ± 0 185.0 ± 0

Steam Flow, kg/hr 56.7 ± 0.77 55.4 ± 0.55 55.9 ± 0.16

Water Flow, kg/hr 66.9 ± 0.17 66.3 ± 0.16 66.4 ± 0.05

Extruder

Screw Speed, rpm 300.0 ± 0 300.0 ± 0 300.0 ± 0

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
TABLE 1 Ingredient composition of canine diets with increasing levels of yeast b-glucan blend.

Treatment1

Ingredient (%) 0X 0.5X 1X

Yeast b-Glucan Blend – 0.012 0.023

Chicken Meal 26.9 26.9 26.9

Brewers Rice 18.6 18.6 18.6

Corn 18.6 18.6 18.6

Wheat 18.6 18.6 18.6

Corn Protein Concentrate 2.5 2.5 2.5

Beet Pulp 2.5 2.5 2.5

Potassium Chloride 0.5 0.5 0.5

Titanium Dioxide 0.4 0.4 0.4

Salt 0.4 0.4 0.4

Fish Oil 0.25 0.25 0.25

Vitamin and Mineral Premix 0.25 0.25 0.25

Choline Chloride 0.2 0.2 0.2

L-Threonine 0.15 0.15 0.15

Calcium Carbonate 0.05 0.05 0.05

Dicalcium Phosphate 0.035 0.035 0.035

Chicken Fat 9.14 9.14 9.14

Flavor 1.0 1.0 1.0

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
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to start of the study and weekly throughout the trial. The digestibility

trial included a 24-day diet adaption phase followed by a 4-day total

fecal collection. Dogs were blocked by sex and age prior to random

allocation to diets.

The dogs were individually housed overnight and during feeding

in temperature-controlled kennels. Depending on weather, dogs were

housed in outside yards for 6-8 hours per day during the adaptation

period. All dogs were fed their assigned diet once daily in the morning

and had free access to automated waterers both inside and outside.

Any feed refusals were weighed and recorded daily for accurate

calculation of feed intake. During the 4-day collection period, dogs

remained kenneled to allow for total fecal collection. The fecal

samples were weighed and scored on a 1-5 scale 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. Feces were stored in a

labeled whirl-pak bag in a freezer until further processed. In addition,

the pH of a fresh sample (within 15 minutes of defecation) was

recorded in triplicate with a calibrated glass-electrode pH probe

(FC240B, Hanna Instruments, Smithfield, RI), and 2-g 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.
2.5 Digestibility calculations and
nutrient analysis

After the collection period, feces from each dog were composited

and dried at 55°C in a forced air oven until constant weight was

achieved (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 (TiO2)

concentration was measured in food and feces using a

spectrophotometer plate reader (Gen5TM, Biotek® Instruments,

Inc.Winooski, VT) at 410 nm (Myers et al., 2004). Apparent total

tract digestibility (ATTD) was estimated by total fecal collection

(TFC) and titanium (TI) using the following equations:

ATTDTFC =
%   nutrient in f ood   *   f ood intake   gð Þ½ � − %   nutrient in f eces   *   f ecal output   gð Þ½ �

%   nutrient in f ood   *   f ood intake   gð Þ

ATTDTI = 1 −
%  TiO2   in f ood   *   %   nutrient in f eces
%  TiO2   in f eces   *   %   nutrient in f ood

� �
*100  

Food and partially-dried fecal samples were analyzed in duplicate

for moisture (AOAC 930.15), ash (AOAC 942.05), fat by acid

hydrolysis (AH) 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).
2.6 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

0.25mm internal diameter; 0.25 μm film thickness; Aligent Technologies,
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Santa Clara, CA). The system was equipped using helium as a carrier gas

with a constant flow rate of 40 cm/s and utilizing a 25:1 split ratio injector

with injection size of 0.5 μL. A flame ionization detector was configured

with hydrogen as the makeup gas with a flow rate of 40mL/min to clarify

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). Concentrations of SCFA (acetate, propionate, and butyrate)

and BCFA (isobutyrate, valerate, and isovalerate) were quantified by

comparing the sample peak area to a known standard of 10 mM

concentration (Volatile Free Acid Mix, Sigma-Aldrich, St. Louis, MO)

and correcting for fecal dry matter content.
2.7 Statistics

Data was analyzed using a mixed procedure in SAS (version 9.4,

SAS Institute, Inc., Cary, NC). Tukey’s post hoc test was applied for

the least-squares means separation, with significance considered at P<

0.05. The feeding trial was conducted as a randomized complete block

design in which dogs were blocked by sex and age. Sex and age were

considered random effects in the model for analysis of data from the

feeding trial. Comparison of TFC and TI methods to calculate ATTD

was analyzed using a t-test.
3 Results

3.1 Extrusion processing

The PC discharge temperature was greatest for the 0.5X treatment

at 96.9°C and lowest for the 0X treatment at 92.9°C, with 1X

intermediate at 95°C (P < 0.0001; Table 3). The percent motor load

remained constant for all dietary treatments at 25%. The 0X treatment

had a higher die temperature at 117.4°C compared to the 0.5X and 1X

treatments at 112.1°C and 110.9°C, respectively (P = 0.0002). However,

the die pressure (300 psi) did not fluctuate during processing of dietary

treatments. The wet and dry bulk density was similar among treatments

with averages of 369.9 and 340 g/L, respectively (Table 3). Kibble

diameter off the extruder was consistent among dietary treatments at an

average of 16.8 mm. However, kibble length off the extruder was longest

for the 0X treatment at 8.5 mm and shortest for the 0.5X treatment at

7.9 mm, with 1X intermediate at 8.1 mm (P = 0.0164). Kibble diameter

and length off the dryer was similar among dietary treatments with

averages of 16.5 and 7.2 mm, respectively.
3.2 b-Glucan analysis

The calculated yeast b-glucan inclusion prior to extrusion was

14.8 g/136 kg for the 0.5X treatment and 28.4 g/136 kg for the 1X

treatment (Table 4). The yeast b-glucan concentration analyzed after

extrusion using the GEM™ method for the 0.5X and 1X treatments

was 16.2 and 35.0 g/136 kg, respectively. This resulted in a 109.5 and

123.2% recovery of the yeast b-glucan in the 0.5X and 1X

treatments, respectively.
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3.3 Dietary nutrient analysis

Moisture content of dietary treatments was <10%. On a dry

matter (DM) basis, the dietary treatments were approximately 91%

organic matter (OM), 31% crude protein (CP), 12% fat, 9% total

dietary fiber (TDF), and 4430 kcal/kg gross energy (GE) (Table 5).
3.4 Food intake and fecal characteristics

Food intake was provided in amount to maintain body weight and

did not differ (P > 0.05) among dietary treatments for an average of

553 g/d (Table 6). Wet fecal output by dogs was similar among dietary

treatments (P > 0.05) with an average of 295 g/d (Table 6). Fecal dry

matter percent and dry fecal output of dogs were also not different

among dietary treatments (P > 0.05) with averages of 30.5% and 89 g/

d, respectively. Defecation by dogs fed dietary treatments was similar

(P > 0.05) among treatments at an average of 1.8 times per day. Dogs

had an average fecal score of 2.6 among dietary treatments. In

addition, fecal pH of dogs fed dietary treatments was similar (P >

0.05) at an average of 6.14 (Table 6).
Frontiers in Animal Science 05
3.5 Apparent total tract digestibility

Overall, the TFC method resulted in significantly higher

digestibility values when compared to the TI method (Table 7).

There were no differences (P > 0.05) in nutrient digestibility among

dietary treatments with either calculation method (Table 8). For the

TI method, dietary treatments resulted in an average of 80.1%, 87.0%,

79.5%, 95.2%, 40.3%, and 86.5% for DM, OM, crude protein, AH fat,

TDF, and GE digestibility, respectively (Table 8).
3.6 Fecal chemical analysis

Total SCFA (range 619 – 669mmol/gDM) and total BCFA (range 35 –

52 mmol/g DM) concentrations in fresh fecal samples were not different (P

> 0.05) among dietary treatments (Table 9). In addition, the inclusion of

the yeast b-glucan blend did not impact (P > 0.05) the relative proportions

of acetate (average; 62.7%), propionate (average; 28.0%), or butyrate

(average; 9.3%). The relative proportions of isovalerate, isobutyrate, and

valerate (average; 46.6%, 29.8%, and 23.5%, respectively) were also not

different (P > 0.05) among treatments (Table 9).
TABLE 4 Estimated inclusion of yeast b-glucan from blend in diets before extrusion and analyzed inclusion of b-glucan after extrusion processing.

Treatment1

0.5X 1X

Inclusion Before Extrusion, g/136kg 14.8 28.4

Inclusion After Extrusion, g/136kg 16.2 35.0

Percent Recovered, % 109.5 123.2

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
TABLE 3 Processing outputs and physical characteristics of canine diets with increasing levels of yeast b-glucan blend.

Treatment1

Parameter 0X 0.5X 1X SEM P-value

Preconditioner

Discharge Temperature, °C 92.87c 96.85a 95.00b 0.332 <0.0001

Extruder

Motor Load, % 25.00 25.00 25.00 0.000 1.0000

Die Temperature, °C 117.41a 112.13b 110.93b 1.243 0.0002

Die Pressure, psi 300.00 300.00 300.00 0.000 1.0000

Bulk Density, g/L 374.25 368.00 367.33 2.915 0.0778

Kibble Diameter, mm 16.89 16.64 16.89 0.278 0.6244

Kibble Length, mm 8.47a 7.85b 8.09a,b 0.163 0.0164

Dryer

Bulk Density, g/L 334.00 343.33 342.67 6.577 0.3509

Kibble Diameter, mm 16.25 16.66 16.60 0.229 0.2362

Kibble Length, mm 7.17 7.29 7.24 0.215 0.8580

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
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4 Discussion

4.1 General

The primary purpose of this study was to evaluate the impact of

this specific yeast b-glucan on the immune response in dogs

challenged with vaccine (Fries-Craft et al., 2023). The current work

was intended to explore the potential side effects from yeast b-glucan
on extrusion processing, stool quality, diet digestibility, or intestinal
Frontiers in Animal Science 06
health in dogs. This information should provide valuable insight to

complement previous studies evaluating yeast b-glucan that primarily

focused on immune outcomes.

In addition, previous studies which have evaluated yeast b-glucan
in dogs have done so with greater doses, ranging from 4 mg/BWkg to

25 mg/BWkg, than those used in the current study. This could be seen

as a limitation in the current study resulting in the non-significant

results. However, this study could help to determine the level at which

yeast b-glucan begins to elicit a response in the dog.
TABLE 6 Food intake and stool quality parameters of dogs fed diets with increasing levels of yeast b-glucan blend.

Treatment1

Parameter 0X 0.5X 1X SEM P-value

Food Intake, g/d 553.07 539.14 568.03 41.836 0.7924

Wet Fecal Output, g/d 295.51 291.63 299.99 29.430 0.9606

Fecal Dry Matter, % 30.87 30.24 30.30 1.646 0.9137

Dry Fecal Output, g/d 90.31 87.57 89.61 7.253 0.9262

Defecations per Day 1.88 1.97 1.66 0.314 0.6038

Fecal Score 2.80 2.45 2.65 0.289 0.5077

Fecal pH 6.10 6.16 6.15 0.095 0.8155

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
TABLE 7 Comparison of total fecal collection (TFC) and titanium (TI) methods to calculate apparent total tract digestibility.

Digestibility Method

Nutrient (%) TFC TI SEM P-value

Dry Matter 82.10 80.22 0.600 0.0030

Organic Matter 88.36 87.09 0.339 0.0005

Protein 81.49 79.50 0.709 0.0072

Fat 95.64 95.18 0.271 0.0983

Total Dietary Fiber 46.24 40.60 1.790 0.0028

Gross Energy 87.92 86.61 0.353 0.0006
TABLE 5 Analyzed chemical composition of canine diets with increasing levels of yeast b-glucan blend.

Treatment1

Nutrient 0X 0.5X 1X

Dry Matter, % 91.35 91.02 90.56

Moisture, % 8.65 8.98 9.44

Organic Matter, % 91.57 91.53 91.33

Ash, % 8.43 8.47 8.67

Protein, % 30.30 31.35 31.57

Fat, % 12.60 11.90 12.64

Total Dietary Fiber, % 9.20 9.56 9.72

Gross Energy, kcal/kg 4428.24 4424.53 4447.09

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
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4.2 Extrusion processing

The intent of this study was to hold input processing parameters

constant in order to determine if the yeast b-glucan blend would affect
output processing parameters or physical characteristics of the kibble.

Since the PC cylinder speed, PC steam, PC water, and EX screw speed

were maintained constant during production of all dietary treatments,

the only input difference was the b-glucan addition into the diet

matrix. This permits conclusions regarding any differences in output

variables among treatments with the b-glucan inclusion and not the

adjustment of processing inputs.
Frontiers in Animal Science 07
As a fiber source, yeast b-glucan may have significant impact on

extrusion parameters and final product quality. Fibers are dispersed

phase fillers and are known to have poor functionality in extrusion,

meaning they result in less expansion of the final product (Guy, 2001).

In addition, fibrous ingredients have hydration properties and tend to

increase the bulk density of the products. Therefore, the addition of

fiber often requires different extruder configurations and processing

conditions to achieve the target product (Rokey, 2006). However, in this

study, the only difference in processing parameters was the PC

discharge temperature and EX die temperature. The increased PC

discharge temperature with the inclusion of yeast b-glucan was not
TABLE 8 Apparent total tract digestibility of dogs fed diets with increasing levels of yeast b-glucan blend estimated by total fecal collection and titanium
as a dietary marker.

Treatment1

Nutrient (%) 0X 0.5X 1X SEM P-value

Total Fecal Collection

Dry Matter 81.93 82.04 82.33 1.410 0.9593

Organic Matter 88.15 88.20 88.71 0.775 0.7298

Protein 80.67 81.29 82.51 1.305 0.3800

Fat 95.79 95.23 95.91 0.474 0.3404

Total Dietary Fiber 43.94 45.88 48.91 4.098 0.4889

Gross Energy 87.69 87.68 88.38 0.809 0.6164

Titanium

Dry Matter 80.59 80.26 79.47 0.502 0.0974

Organic Matter 87.24 87.02 86.83 0.296 0.3878

Protein 79.37 79.43 79.70 0.894 0.9270

Fat 95.48 94.79 95.28 0.450 0.3221

Total Dietary Fiber 39.68 40.63 40.53 1.654 0.8195

Gross Energy 86.78 86.45 86.44 0.302 0.4572

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
TABLE 9 Fecal chemical analysis of dogs fed diets with increasing levels of yeast b-glucan blend.

Treatment1

Parameter 0X 0.5X 1X SEM P-value

Total SCFA2, mmol/g DM feces 652.76 668.57 619.09 98.417 0.8774

Acetate, % 62.06 63.52 62.54 2.324 0.8161

Propionate, % 28.87 27.56 27.59 1.867 0.7305

Butyrate, % 9.07 8.92 9.87 0.733 0.3999

Total BCFA3, mmol/g DM feces 38.76 34.55 51.52 14.257 0.4803

Isovalerate, % 48.75 44.55 46.62 5.708 0.7662

Isobutyrate, % 30.64 30.05 28.82 4.179 0.9066

Valerate, % 20.61 25.41 24.56 9.727 0.8715

10X, 0% yeast b-glucan blend; 0.5X, 0.012% yeast b-glucan blend; 1X, 0.023% yeast b-glucan blend.
2Total SCFA (acetate + propionate + butyrate); individual SCFA is expressed as a percent of total SCFA.
3Total BCFA (isovalerate + isobutyrate + valerate); individual BCFA is expressed as a percent of total BCFA.
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considered to be of practical importance due to the maintenance of PC

conditions. In addition, the decrease in EX die temperature does not

seem to be of practical importance as a decrease in die temperature

would correlate to less kibble expansion, which was not observed in the

current study. The physiological properties of b-glucan are attributed to
its effect on increasing viscosity (Mejia et al., 2020), which may impact

processing. However, the maintenance of the EX motor load among

dietary treatments indicated that the yeast b-glucan did not affect the

viscosity of the diet matrix during processing (De Pilli et al., 2011).

Bulk density is a common and reliable quality control measurement

used during the production of dry expanded pet food, which provides a

quick and tangible measure of how well the product is cooked or

expanded (Rokey, 2006). The dry bulk density of dietary treatments

(average; 340 g/L) resembled that of typical commercial kibble which

have densities between 280 and 400 g/L (Rokey, 2006). Therefore, with

similar bulk density among dietary treatments the yeast b-glucan blend

did not affect kibble cook or expansion. In addition, the lack of size

change for diameter and length of dry kibble among dietary treatments

also indicates that the yeast b-glucan did not affect kibble expansion.

The significant decrease in kibble length off the extruder in the 0.5X

treatment compared to the 0X treatment was resolved following kibble

drying, indicating no practical difference. The physical characteristic

consistency among dietary treatments may be due to the low inclusion

level of the yeast b-glucan. Future studies should evaluate higher

inclusion levels as they may impact results.
4.3 b-Glucan analysis

Some previous studies have reported a decrease in b-glucan
content following extrusion processing. Huth et al. (2000) reported

that increasing the feed moisture from 15% to 22.5% at a constant

extrusion temperature of 150°C resulted in an 8% reduction of b-
glucan. In addition, the increase in extrusion temperature to 170°C

with 22.5% feed moisture reduced the b-glucan content by 10% (Huth

et al., 2000). These results indicate that multiple processing conditions

during extrusion may affect b-glucan retention. However, Fadel et al.

(1988) reported a numerical increase in b-glucan following extrusion.

The b-glucan concentration of the diets in the current study

seemed to increase after extrusion. However, this may be due to the

method used to determine b-glucan concentration in the diet matrix

before extrusion. The estimation of b-glucan in the diets before

processing was calculated solely on the b-glucan concentration

supplied from the experimental product. Therefore, this may have

been an underestimation as other ingredients could have contributed

to the b-glucan concentration in the diets. For example, rice and

wheat are reported to contain low levels of b-glucan (Demirbas,

2005), which were included in dietary treatments. Of note, the

previous studies evaluated b-glucan derived from different sources

and in different diet matrices than the current study, which may lead

to varying results. Nevertheless, these results indicated that this b-
glucan can successfully be incorporated into extruded pet food.
4.4 Dietary nutrient analysis

The <10%moisture content in dietary treatments was by design as

the drying process was controlled during production. The similar
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nutrient composition among dietary treatments was also expected

since the only difference in ingredient composition between diets was

the yeast b-glucan blend, which was included at very low levels. If the

yeast b-glucan blend was included at higher levels, it may be predicted

to increase the dietary fiber content as b-glucans are a known source

of soluble fiber (El Khoury et al., 2012). However, in this study there

was only a slight increase (< 0.6%) in total dietary fiber with the

inclusion of the yeast b-glucan blend.
4.5 Food intake and fecal characteristics

Similar intake among dietary treatments was expected as food

intake was controlled to maintain body weight. In addition, there

were no feed refusals among dietary treatments and dogs consumed

the diets readily. Rummell et al. (2022) also reported no difference in

feed intake for dogs fed a diet supplemented with a concentrated yeast

b-glucan compared to a non-supplemented diet. However, the

average amount of food required to maintain body weight was

about 26% more than anticipated among all treatments based on

the equation for normal active dogs [130*BWkg
0.75; (NRC, 2006)].

This was likely due to the high activity and stress level of the dogs.

Because of this, dogs consumed 1.9 mg/BWkg and 3.8 mg/BWkg per

day of the yeast b-glucan blend for the 0.5X and 1X treatments,

respectively. This was greater than the targeted doses of 1.4 mg/BWkg

and 2.8 mg/BWkg.

It may be expected that the yeast b-glucan would increase

moisture content of stool as soluble fiber has increased water

holding capacity (McRorie and McKeown, 2017). However, total

fecal output, fecal dry matter percent, and fecal score were

consistent among dietary treatments. The maintenance of stool

quality between the control and yeast b-glucan treatments is

consistent with the work of Lin et al. (2020) who reported no

difference in fecal DM, fecal score, or fecal pH of dogs orally

supplemented with yeast b-glucan compared to non-supplemented

dogs. Rummell et al. (2022) also reported consistent fecal scores in

dogs fed yeast b-glucan compared to a control. The average fecal score

among dogs was lower than ideal at 2.6, indicating loose stools. The

loose stools were likely due to the increased stress resulting from

confinement during the fecal collection period (Sokolow et al., 2005).
4.6 Apparent total tract digestibility

The variation in digestibility among the TFC and TI methods is

likely because the TFC method requires collection of all fecal

excrement for accurate calculation. However, dogs may step in

feces or perform coprophagy making the collection of all fecal

material difficult (Alvarenga et al., 2019). In the case of the

current study, the loose fecal samples were often stepped in by the

dogs resulting in the inability to collect the entire sample. Therefore,

the TFC method likely overestimated digestibility due to an

underrepresentation of total fecal output. Acuff and Aldrich

(2021) also reported numerically higher digestibility values when

comparing the TFC to the TI method in dogs. Due to these

concerns, the TI method likely resulted in more accurate

digestibility estimates in the current study.
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The similar digestibility values among treatments indicates that the

yeast b-glucan evaluated in this study did not affect nutrient digestibility.

This is an important finding since most studies in dogs have only evaluated

the effect of yeast b-glucan on the immune system and not potential effects

on diet digestibility (Stuyven et al., 2010; Haladova et al., 2011; Vetvicka

and Oliveira, 2014; Vojtek et al., 2017). The effect of cereal b-glucans on
diet digestibility in dogs has been previously studied (Ferreira et al., 2018);

however, the results do not provide accurate comparisons for the current

study. That is because the structure of b-glucans derived from cereals differ

from those of yeast, resulting in unique functional properties (Brown and

Gordon, 2005; El Khoury et al., 2012).
4.7 Fecal chemical analysis

b-glucans are recognized as prebiotics, which are known to promote

the growth of beneficial microbiota in the gastrointestinal tract. When

consumed, b-glucans escape digestion in the stomach resulting in

fermentation by colon microbiota into butyrate, acetate, and propionate

(Bobade et al., 2022). Therefore, it was anticipated that the inclusion of b-
glucan in the diets would increase production of SCFA. However, the

maintenance of SCFA and BCFA concentrations among dietary treatments

indicates that the yeast b-glucan did not affect intestinal fermentation.

Rummell at al. (2022) also reported no difference in SCFA or BCFA in fecal

samples from dogs fed a diet supplemented with 7 mg/BWkg yeast b-
glucan compared to a control diet.

A canine in vitro study evaluated the effect of a Saccharomyces

cerevisiae-based product containing b-glucan and mannan-

oligosaccharides (MOS) on SCFA and BCFA production at

increasing inclusion levels (Van den Abbeele et al., 2020). The

product contained 27.5% b-glucan resulting in b-glucan inclusion

levels of 0.014, 0.028, and 0.055%. These authors reported an

increase in acetate and butyrate production with the 0.028 and

0.055% b-glucan supplementation compared to a control. However,

there was no difference in acetate or butyrate production among the

control and the 0.014% supplementation. Propionate production

increased with all levels of supplementation in samples representing

the proximal colon while the only significant difference in samples from

the distal colon were found with the 0.055% supplementation. In

addition, a significant increase in BCFA levels were observed in the

distal colon with the 0.028 and 0.055% supplementation. Their results

suggest that the inclusion level of b-glucan required to elicit differences

in fermentation patterns may be higher than what was included in the

current study. In addition, the changes in fermentation patterns from

the previous study may be due to the MOS and not the b-glucan. The
diet matrix of the current study could also have led to the varying

results. Of note, SCFA and BCFA concentrations in the current study

were analyzed in fecal samples which may not provide a direct

comparison to the previous study. It appears from Van den Abbeele

et al. (2020), that increased yeast b-glucan supplementation may be

required to see a significant effect further along the digestive tract.
5 Conclusion

From this study, it can be concluded that this specific yeast b-
glucan blend can be successfully incorporated into an extruded pet
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food without effect on process or on carry through of the active

compound. In addition, this study demonstrated that the inclusion of

yeast b-glucan at low dosages does not impact stool quality or

negatively affect diet digestibility when fed to dogs. However, if the

goal of inclusion is to improve intestinal health, greater inclusion

levels may be required when fed to dogs. Of note, the mean body

weight of children evaluated in the Meng (2016) study was about

15 kg less than the mean body weight of dogs evaluated in the current

study, which may have impacted the effectiveness of the dose. For the

next study in dogs, it would be recommended to evaluate the

predetermined dose for adult humans at 250 mg/day, which would

be about 3x greater than the target dose evaluated in this study.
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