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ABSTRACT 
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YEAST ON GUT HEALTH AND NUTRIENT STATUS IN HEALTHY ADULT DOGS 

Lindsey Rummell 

University of Guelph, 2022

Advisor: 

Anna Kate Shoveller 

Yeast is a known immunomodulator utilized in animals to support gut health and 

improve digestibility, though its effects on the intestinal barrier and how it may impact 

nutrient absorption in dogs is not well understood. This thesis sought to evaluate the 

effects of concentrated brewer’s yeast on gut health and nutrient status of healthy adult 

dogs. After 10 weeks, yeast-supplemented dogs had lower gut permeability and 

inflammatory marker concentrations compared to baseline and in contrast to control 

dogs. Dogs receiving yeast had similar feed intake, bodyweight, fecal scores, and 

serum metabolite concentrations as control dogs. Fed and fasted serum amino acid 

concentrations did not differ between treatment and control. Interestingly, three dogs in 

the treatment group had elevated gut permeability that was ameliorated after 

supplementation. These results suggest that brewer’s yeast may improve the intestinal 

barrier and reduce inflammation without impacting nutrient absorption and other factors 

associated with good health. 
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1 Chapter 1: Literature Review 

1.1 Introduction  

Yeast and yeast products are commonly used as feed ingredients in both 

agricultural and companion animals to improve performance. Yeast is known to 

ameliorate gut health and modulate the immune response (Lin et al., 2020). Yeast can 

be supplemented in various forms, such as yeast cell wall (YCW) extracts (Beloshapka 

et al., 2013), live or heat-killed yeast (Generoso et al., 2010; Agazzi et al., 2011), 

Saccharomyces cerevisiae fermentation products (Lin et al., 2019), or in purer forms 

such as a concentrated brewer’s yeast products (Jin et al., 2018). In a variety of animal 

models, such as dogs (Swanson et al., 2002; Middelbos et al., 2007; Stercova et al., 

2016; Lin et al., 2019; Lin et al., 2020), cats (Santos et al., 2018), pigs (Shen et al., 

2009), chickens (Gao et al., 2008), and mice (Generoso et al., 2010), the use of yeast 

products have resulted in ameliorative effects on gut health. Most notably, yeast 

products elicit positive changes in gut microbial populations, modulate intestinal 

permeability in animals experiencing a challenge, and positively impact immune 

capacity to reduce inflammation. These beneficial effects are related to its structure. 

Yeast is a fermentable source of carbohydrates and protein with numerous 

components of interest that depend on its form and preparation (Beloshapka et al., 

2013). The YCW preparation is rich in mannans, which are believed to prevent 

pathogenic bacteria from binding to the intestinal wall and expressing type-1 fimbriae 

(Neeser et al., 1986). Type-1 fimbriae, also referred to as type-1 pili (Knight and 

Bouckaert, 2009), mediate adhesion of bacteria to mucosal surfaces through 
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recognition of cell surface carbohydrate structures on cell epithelium (Jones and 

Isaacson, 1982). There are two genetically and molecularly distinct types of type-1 

fimbriae – E. coli type-1 fimbriae and Salmonella type-1 fimbriae (Knight and Bouckaert, 

2009). Adherence of E. coli strains is specifically inhibited by D-mannose and methyl-a-

D-mannoside, and as such is referred to as mannose specific or sensitive (Neeser et 

al., 1986). Concentrated brewer’s yeast products contain high levels of B-vitamins, 

antioxidants, and the cell-membrane-derived mannan-oligosaccharides (MOS), fructo-

oligosaccharides (FOS) and ß-glucans (White et al., 2002; Takahashi et al., 2006; 

Martins et al., 2013). While all of the aforementioned components of yeast exert various 

effects in animal and human models, the cell wall ß-glucan fraction is a well-established 

immunomodulator and is of particular interest considering the beneficial effects it exerts 

on the gut (Martins et al., 2013). 

There are two main forms of yeast utilized in animal and human nutrition that exert 

positive effects: Saccharomyces cerevisiae, and Saccharomyces boulardii. Both are 

genetically similar, though they follow different metabolic paths (Fietto et al., 2004). 

Although initially classified as two genetically distinct strains of yeast (Cardinali and 

Martini, 1994), more recent research has suggested that S. boulardii is indeed a subtype 

of S. cerevisiae. Using molecular typing techniques, Mitterdorfer et al. (2002) classified 

S. boulardii within the S. cerevisiae species. Fietto et al. (2004) assessed the response 

of a S. cerevisiae strain and a S. boulardii strain to various stress conditions to determine 

biochemical and metabolic differences in the two yeast species and found that the rDNA 

sequence of S. boulardii and S. cerevisiae were identical, supporting the classification of 
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S. boulardii as a subtype S. cerevisiae (Fietto et al., 2004). However, there were notable 

differences detected between the two strains. S. boulardii grew faster at 37ºC, 

mammalian body temperature, and could withstand higher temperatures. Additionally, S. 

boulardii survived in a simulated gastric environment for longer than the S. cerevisiae 

strain (Fietto et al., 2004). Taken together, while S. boulardii is likely a subtype of S. 

cerevisiae, their differences in their capacity to withstand the high temperature and low 

pH should be considered when selecting a supplemental form of yeast. 

1.1.1 Structure 

The biologically active components of yeast can both individually and as a whole 

product favourably influence the gut and overall health of animals (White et al., 2002; 

Martins et al., 2013). While there is evidence supporting the immunomodulatory effects 

of ß-glucans (for a full review see Stier et al., 2014) as well as the effects of MOS on gut 

health (White et al., 2002), this review will focus on yeast products as a whole. 

However, it is important to summarize the structure of the major active compounds 

found in the yeast cell wall, specifically ß-glucans and MOS. 

Yeast ß-glucans are located in the yeast cell wall and made up of a linear 

backbone of ß-1,3-linked glycosyl units with ß-1,6-linked side chains (Manners et al., 

1973; Zeković et al., 2005; Stuyven et al., 2010). The source of the ß-glucan impacts its 

structure. For example, barley ß-glucans are unbranched with 1,3 and 1,4 ß-linked 

glycopyranosyl residues, and these differences in structure may contribute to the 

different effects exerted by different ß-glucans (Volman et al., 2008). Yeast ß-glucans 

are known to act as immunostimulants and directly enhance the innate antimicrobial 
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defence mechanisms (Sakurai et al., 1995; Lee et al., 2001; Stuyven et al., 2010), an 

effect exerted by binding to dectin-1 receptors on macrophages, neutrophils, 

monocytes, dendritic cells, and natural killer (NK) cells (Brown et al., 2003; Reid et al., 

2004). Dectin-1 acts collaboratively with Toll-like receptor 2 (TLR2) to induce cytokine 

and other inflammatory mediator activation (Brown et al., 2003; Gantner et al., 2003). 

Mannan-oligosaccharides are isolated from yeast cell walls and are not 

hydrolyzed by digestive enzymes in dogs (Middelbos et al., 2007). The biologically 

active form of MOS is arranged into a three-dimensional structure, providing additional 

sites for pathogen adhesion (Ofek et al., 1977). Two main locations for MOS have been 

identified in YCW – they are either attached to the cell wall proteins as part of -O and -N 

glycosyl groups (Lesage and Bussey, 2006; Spring et al., 2015) or as elements of larger 

𝛼-D-mannanose polysaccharides (Kath and Kulicke, 1999). These 𝛼-D-mannanose 

polysaccharides are made up of 𝛼-(1,2)- and 𝛼-(1,3)-D-mannose branches attached to 

𝛼-(1,6)-D-mannose chains (Vinogradov et al., 1998). This is accomplished via MOS-

protein conjugates combined with hydrophilic, but variable brush-like structures that are 

able to attach to many receptors in the GIT (Mansour and Levitz, 2003) as well as on 

the surfaces of bacterial membranes (Wellens et al., 2008). Because of these brush-like 

structures, MOS are able to bind to the thread-like fimbriae found on pathogenic 

bacteria (Firon et al., 1983). When bound to MOS, the pathogenic bacteria are unable to 

attach to the gut wall and cannot colonize to disease-causing levels (Spring et al., 

2015). The MOS component of YCW has been reported to have beneficial effects on 

growth performance, intestinal immunity and structure, and on gut microflora in broiler 
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chickens (Brümmer et al., 2010; Abudabos and Yehia, 2013; Wang et al., 2016). Also, 

MOS may increase fecal lactobacilli and bifidobacteria content in dogs, as they are 

fermented in the intestine rather than hydrolyzed, implying a potential prebiotic effect 

(Middelbos et al., 2007). It should be noted, however, that fecal metabolite data may not 

be entirely representative of the microbial population within the colon, and their use to 

identify metabolic diseases may lead to conflicting results (Cao et al., 2019; Mojsak et 

al., 2020). Further research into the exact mechanisms of action is necessary to fully 

understand the potential prebiotic effects of MOS, including establishing an ideal level of 

dietary inclusion.  

 The immunomodulatory effects of yeast have been well established, and several 

biologically active components contribute to these effects. The MOS and ß–glucan 

fractions located in the cell wall exert the majority of these effects, making YCW extracts 

an appealing supplemental form of yeast due to the enhanced bioavailability of ß-glucan 

and mannan (Nguyen et al., 1998; Beloshapka et al., 2013). Additionally, as the gut is a 

significant component of the immune response, and yeast is metabolized and its 

nutrients taken up into the body throughout the GIT, there is interest in the effects of 

yeast supplementation on gut health parameters. 

1.2 Gut Health 

The gastrointestinal tract (GIT) is an important metabolic organ that contains 

microbes such as bacteria, fungi, and protozoa (Furness et al., 1999). When 

appropriate levels of microbial populations are present, the GIT can directly affect host 

health by modulating the immune system, providing defence against pathogens, and 
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consistently supplying vitamins and nutrients to the host (Furness et al., 1999). 

Changes to the gut microbial population are reported in cases of GI disease (Janeczko 

et al., 2008; Blake et al., 2019), as well as in disorders of other systems, including 

chronic kidney disease (Summers et al., 2019), heart disease (Seo et al., 2020; Li et al., 

2021), neurological disorders (Jeffery et al., 2017), diabetes mellitus (Kieler et al., 

2019), and obesity (Bermudez Sanchez et al., 2020). In humans with inflammatory 

bowel disease (IBD), a disorder characterized by intestinal inflammation (Vich Vila 

Arnau et al., 2018), the integrity of the intestinal barrier can be impaired, which can 

result in pathogen penetration and reduced overall health. Studies have compared 

human and canine IBD with mixed results – some suggest high levels of similarity 

between the diseases in both species (Qin, 2008), while others suggest they may be 

more distinct (Cerquetella et al., 2010). However, the vast majority of research and 

treatment of canine IBD has been conducted under the assumption that symptoms and 

causes are similar to those reported in humans (Craven et al., 2004).   

Maintenance of gut health is essential to the preservation of systemic health, as, 

beyond its role in nutrient absorption and assimilation, the gut acts as a physical barrier 

against invading pathogens (McKay and Perdue, 1993). Yeast supplements stimulate 

the immune system, a critical component to preventing the translocation of bacteria and 

endotoxins from the gut into portal and systemic circulation (Generoso et al., 2011). 

Yeast supplements have protective effects against factors that negatively impact gut 

permeability, such as reducing absorption of pathogenic substances across the 

intestinal epithelium and modulating the acute phase response (Generoso et al., 2010). 
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These two functions, maintaining the integrity of the intestinal barrier and modulating the 

immune system, are critical to the maintenance of gut health (Generoso et al., 2010). 

1.2.1 Intestinal Barrier Function 

Intestinal barrier function describes the ability of the gut epithelium to separate 

harmful bacteria and endotoxins from the body, a mechanism that prevents 

translocation into the portal and systemic circulation (MacFie et al., 2005; Generoso et 

al., 2011). If the gut epithelium is damaged, disturbed, or injured by changes in diet, 

stressors, or medication (Soeters, 2008), this can increase levels of harmful substances 

entering the body (Generoso et al., 2011). This causes the immune system to activate, 

resulting in the production of various immune cells, possibly leading to systemic 

inflammation (Generoso et al., 2011). Maintaining intestinal barrier function is essential 

to ensuring the health of the host.  

Intestinal health can be evaluated noninvasively using markers. They have been 

used in dogs to diagnose intestinal disease, monitor mucosal improvement after 

therapy, and evaluate the effect of drugs (Frias et al., 2004; Frias et al., 2012). These 

tests are performed by administering orally specific probes and quantifying their 

recovery in urine or blood. Intestinal permeability has historically been evaluated in dogs 

and other species using 51Chromium-labeled ethylenediamine tetra-acetic acid (51Cr-

EDTA) and a combination of two sugars, most commonly lactulose and rhamnose 

(Klenner et al., 2009; Frias et al., 2012). 51Cr-EDTA was considered the gold standard 

due to being water soluble, relatively safe and non-toxic, and for its chemical stability. 

However, using a radiolabeled marker increases risks associated with their 
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administration, especially when in use in the field. Historically, a combination of a mono- 

and a di-saccharide are administered alongside 51Cr-EDTA. The most commonly used 

saccharide markers are lactulose and rhamnose (Frias et al., 2004). There are several 

drawbacks associated with their use – most notably, total urine collection is required 

following administration, necessitating the use of metabolic chambers. Additionally, the 

results obtained were often conflicting, which is likely a result of degradation of the 

sugars by intestinal bacteria. 

More recently iohexol, a water-soluble non-ionic contrast medium, has also been 

evaluated as a comparable marker of intestinal permeability to 51Cr-EDTA in dogs (Frias 

et al., 2012). Both iohexol and 51Cr-EDTA permeate the intestinal membrane via 

paracellular transport and have been used to detect early stages of intestinal diseases 

in humans and dogs (Klenner et al., 2009; Frias et al., 2012). Iohexol has many positive 

characteristics for a marker of intestinal permeability – it is water soluble, passively 

absorbed, easily quantified, and readily available for purchase. A non-radiolabeled form 

of Cr-EDTA has been successfully utilized in human (Ten Bruggencate et al., 2005) and 

calf (Amado et al., 2019) subjects to evaluate intestinal permeability, eliminating the 

complexities associated with the radioactive form. 

1.2.2 The Acute Phase Response 

Following trauma, infection, or injury of a tissue, a complex series of reactions 

are executed by the host in an attempt to protect from ongoing tissue damage and to 

isolate/destroy the infective organism, as well as to activate the repair processes that 

are essential for the host to return to health (Baumann and Gauldie, 1994). This 
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describes inflammation, and the initial response is known as the acute phase response 

(APR). An inflammatory stimuli triggers the APR, a nonspecific reaction that occurs after 

damage, disruption, or injury with the goal of returning the animal to homeostasis 

(Whicher and Westacott, 1992; Ebersole and Cappelli, 2000). This response is 

considered part of the innate host defence system, which is responsible for host survival 

during the early stages of injury or any other changes resulting in deviations from 

homeostasis (Cerón, et al., 2005). Various systemic effects occur from this complex 

reaction, such as changes in concentrations of the acute phase proteins (APP) 

(Kushner and Mackiewicz, 1993; Eckersall, 1995). Acute-phase proteins refer to several 

specific plasma proteins that play an integral role in returning the host to homeostasis 

(Ebersole and Cappelli, 2000). The production of APPs is modulated by cytokines that 

are released at the site of pathogen invasion, which activate the vascular system and 

inflammatory cells, resulting in production of more cytokines as well as other mediators 

that diffuse into the extracellular fluid and circulate throughout the host (Gruys et al., 

2005). The cytokines activate receptors on different immune cells and cause systemic 

reactions that activate the hypothalamic-pituitary-adrenal axis, reduce the production of 

growth hormone, and can cause a variety of physical changes associated with 

inflammation such as fever (Gruys et al., 2005). There are both negative and positive 

APP; negative APP include albumin and transferrin, which decrease in concentration 

following immune stimulus (Eckersall, 1995; Cerón, et al., 2005). Positive APP, such as 

C-reactive protein (CRP), serum amyloid A (SAA), haptoglobin (Hp), alpha-1-acid 

glycoprotein (AGP), ceruloplasmin (Cp), and fibrinogen, are glycoproteins synthesized 
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predominantly in hepatocytes following stimulation by proinflammatory cytokines whose 

concentrations increase following immune stimulus (Eckersall, 1995; Cerón, et al., 

2005). The APPs were thought to be produced only by hepatocytes; however more 

recent literature has proven this to be false. For instance, SAA has been produced in 

the intestines, kidney, bone marrow, adipocytes, and mammary glands of various 

species (Eckersall et al., 2001; Lin et al., 2001). Moreover, the lungs, adipose tissue, 

spleen, and kidney can produce Hp (Dobryszycka, 1997; Ebersole and Cappelli, 2000). 

The primary proinflammatory cytokines, produced by macrophages (Idriss and 

Naismith, 2000),  are interleukin (IL)-6, IL-1, and tumor necrosis factor (TNF)-𝛼.  

The importance of the APR is well-established, as it plays an integral role in 

managing inflammatory status. Based on the known immunomodulatory effects of 

yeast, establishing if and how supplementation may modulate APPs would help 

determine at what point in the immune response yeast has the greatest effect. 

1.2.3 Effects of yeast on gut health and immune status in dogs 

Yeast products in various forms have been studied as additives to canine diets 

due to their immune-stimulating effects. Numerous studies have evaluated the impact of 

supplemental yeast products on immune status and nutrient digestibility in dogs and 

other species.  

Swanson et al. (2002) supplemented eight beagles with 2 g FOS and 1 g MOS or 

a placebo sucrose capsule for 14 days, and reported that dogs receiving the FOS and 

MOS supplementation had improved gut microbial populations, seen in an increase in 
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fecal bifidobacteria and lactobacilli concentrations, and suggested an effect on the 

systemic immune system.  

An autolyzed YCW extract at either 0.05, 0.25, 0.45, or 0.65% of dogs’ daily food 

allowance for 14 days improved apparent ileal nutrient digestibility of dry matter, organic 

matter, crude protein, acid hydrolyzed fat, and gross energy, decreased total white 

blood cell (WBC) and eosinophil counts, reduced serum immunoglobulin A (IgA) 

concentrations, increased ileal IgA concentrations, and decreased fecal Escherichia coli 

concentrations compared to control dogs (Middelbos et al., 2007). Increasing ileal 

digestibility suggests that bacterial fermentation in the large intestine is limited, as there 

is less fermentable substrate available. The results of this study suggest that YCW 

supplementation has a favourable effect on ileal and total tract nutrient digestibility, 

when included in the diet at less than 1% of daily intake (Middelbos et al., 2007). 

Improvements to ileal and total tract nutrient digestibility are compelling – if this result 

can be replicated in a challenged group, it would further support the role of 

supplemental yeast in reducing inflammation and improving nutrient absorption. As 

other studies have reported that inclusion of yeast in the diet above 5% results in lower 

total tract digestibilites (Zentek et al., 2002), the results reported here suggest that yeast 

should be supplemented at less than 5%, and can exert positive effects on the animal 

when included at less than 1% of the diet. In order to fully represent the effects of yeast 

supplementation on the gut, an immune challenge should be considered, while 

concurrently determining the ideal supplemental dose.  
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 Stercova et al. (2016) evaluated the effects of live yeast supplementation on 

nutrient digestibility and fecal microflora in beagles. Yeast was supplemented at 1 g/kg 

live weight with a Saccharomyces cerevisiae content of 2.9 x 108 cfu/g (Stercova et al., 

2016) to young growing Beagles and for a 41 day supplemental period. Dogs receiving 

the yeast supplement experienced greater weight gain during the study when compared 

to control dogs, and feed intake was not depressed in the treatment dogs (Stercova et 

al., 2016). There was no effect on standard hemotological indices of health, fecal pH, or 

fecal lactic acid and ammonia concentrations (Stercova et al., 2016). Dogs receiving the 

treatment had significantly lower fecal E. coli and enterococci counts than control dogs, 

and there was no effect on lactic acid bacteria, Clostridium perfringens, or total 

coliforms (Stercova et al., 2016). The apparent digestibility of neutral detergent fibre 

was significantly higher in the treatment group, with no difference in the digestibility of 

dry matter, ash, crude fiber, crude protein, or fat (Stercova et al., 2016). This study was 

conducted on dogs in the growth phase, an inflammatory state experienced by all 

animals. The results indicate that the yeast supplement had an effect on growing dogs 

at the level of inclusion and is likely due to improvements in digestibility and decreased 

demands on the peripheral immune system. Future studies in dogs experiencing 

different inflammatory states, such as obesity, cancer, IBD, or any other cause of 

inflammation is warranted to determine how yeast affects inflammation in various 

conditions.  

 Lin et al. (2019) found that a supplemental Saccharomyces cerevisiae 

fermentation product (SCFP) at either 125, 250, or 500 mg/day had no effect on total 
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tract apparent macronutrient and energy digestibilities, or fecal characteristics. As the 

SCFP level increased, fecal phenol and total phenol + indole concentrations decreased, 

potentially attributed to the increased carbohydrates provided by the SCFP, although 

the authors postulate that the increase is so minimal as to not be the cause (Lin et al., 

2019). Relative abundance of Bifidobacterium was greater, and Fusobacterium was 

lower in dogs receiving the SCFP (Lin et al., 2019). Agreeing with Middelbos et al. 

(2007) and contradicting Stercova et al. (2016), this study also found significantly lower 

WBC counts in treatment vs control dogs (Lin et al., 2019). Inflammatory status was 

also reduced in these dogs, evaluated by reduced TNF-𝛼 concentrations in immune 

cells derived from dogs receiving the SCFP (Lin et al., 2019). This effect could be 

caused in part by the increased concentrations of Bifidobacterium, which decreases the 

expression of Toll-Like Receptors, Nuclear factor kappa B, and cytokines (Riedel et al., 

2006; O’Mahony et al., 2008; Heuvelin et al., 2009; Okada et al., 2009). The results of 

this study indicate that supplementing dogs with a SCFP may result in positive changes 

to the gut microbiota and enhancements to immune capacity that result in reduced 

inflammation, overall exerting beneficial effects to these dogs (Lin et al., 2019). 

 In another study, Lin et al. (2020) investigated the effects of supplemental YCW 

on intestinal health in dogs experiencing an abrupt diet transition. Dogs received either 

a cellulose placebo or YCW at 0.2% of their diet for 14 days, and on day 15 were kept 

on their placebo or yeast and rapidly transitioned to either a canned or high-fiber diet 

(Lin et al., 2020). Dogs receiving the treatment tended to have higher fecal C. 

perfringens counts than control (Lin et al., 2020). Following the diet transition, YCW-
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supplemented dogs tended to have higher fecal IgA concentrations than control dogs, 

suggesting an enhanced mucosal immunity (Lin et al., 2020). Lin et al. (2020) 

hypothesized that the increased fecal IgA concentrations in dogs receiving yeast could 

be explained by two components of the yeast cell wall: MOS, the main component of 

the YCW, or ß-glucans. The ß-glucan content induces a cascade of immune responses 

by binding to dectin-1 receptors expressed on immune cells (Brown et al., 2003), while 

MOS binds to mannose receptors expressed on antigen-presenting cells to exert effects 

(Sheng et al., 2006). The results of this study suggest that intestinal health may be 

moderately improved by yeast supplementation following an abrupt dietary transition 

(Lin et al., 2020). 

 Overall, there is evidence of favourable effects of supplemental yeast in dogs’ 

diets. Dogs receiving supplemental yeast had improved immune health (Swanson et al., 

2002; Middelbos et al., 2007; Lin et al., 2019; Lin et al., 2020), improved apparent total 

tract nutrient digestibility (Middelbos et al., 2007; Stercova et al., 2016), and remained in 

good health. Level of inclusion in the diet must be considered, though, as inclusion at or 

above 5% of diet offered has been reported to have adverse results on gut health 

(Zentek et al., 2002) while inclusion at as little as 0.2% of diet resulted in favourable 

effects on immune status (Lin et al., 2020). Additional research investigating how the 

level of inclusion and form of the yeast product may affect dogs experiencing a 

challenge (i.e. immune or exercise) is warranted to better understand the role of yeast in 

the diet. As yeast is a known immune-modulator (Novak and Vetvicka, 2009), and the 

GIT is one of the major immune organs (Furness et al., 1999), understanding the 
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interaction between yeast and the gut requires evaluation of challenged animals. This 

avenue has been well-researched in other animal models. 

1.2.4 Effects of yeast on gut health and immune status of other species 

Yeast products in varying forms have been used to modulate intestinal 

permeability and overall gut health in piglets (Che et al., 2017), mice (Generoso et al., 

2011; Han et al., 2017), and chickens (Brümmer et al., 2010). Piglets and mice exposed 

to a gastrointestinal challenge who were supplemented with live yeast maintained 

intestinal permeability comparable to that of control animals (Che et al., 2017; Generoso 

et al., 2011). Gut permeability was assessed in piglets using the urinary ratio of 

lactulose to mannitol (Che et al., 2017) and in mice based on serum concentrations of 

diethylenetriamine pentaacetic acid labeled with 99mTc measured 4, 8, and 18 hrs after 

gastrointestinal challenge was induced (Generoso et al., 2011). Moreover, day-old 

chicks fed a yeast supplement had improved gastrointestinal health, seen in greater 

production of mucus secreting goblet cells, compared to un-supplemented control 

chicks (Brümmer et al., 2010). These studies, when taken together with studies of yeast 

supplements in dogs, suggest that more pronounced effects of yeast supplementation 

are observed when animals are concurrently experiencing a challenge and consuming 

yeast. Prior to this, however, evaluation in a healthy population of dogs is warranted to 

determine if any effects are observed in un-challenged dogs, as well as to determine 

what dietary inclusion level is acceptable to clinically normal dogs. 
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1.3 Amino Acids 

Dietary amino acids (AA) are a core component of the diet to maintain good 

health in dogs. Amino acids are defined as organic substances that contain amino and 

acid groups (Wu, 1998; Wu, 2009) that act as signaling molecules and regulators of 

gene expression and the protein phosphorylation cascade (Wu, 2009). They also play a 

major role in hormone and nitrogenous substance synthesis. Recently, it has been 

established that the small intestine (SI) is the site of the majority of AA catabolism (Wu, 

2009), where AAs are absorbed into enterocytes either as peptides or individually 

through the small intestinal epithelium after the digestion of protein (Stipanuk, 2004). 

This allows for modulation of entry of dietary AAs into portal circulation, controlling 

circulating concentrations of AA (Wu, 1998; Wu, 2009). Several AA have been 

characterized as demonstrating ameliorative effects in the GIT, mainly by improving 

intestinal growth and participating in the maintenance of the intestinal barrier function 

(Y. Liu et al., 2017; Benvenuti et al., 2020). Specifically, arginine (Arg), glutamine (Gln), 

glycine (Gly), cysteine (Cys), and proline (Pro) function in the GIT to mitigate damage to 

the gut, support the integrity and function of the intestinal barrier, reduce oxidative 

stress, and restore mucosal immune homeostasis by attenuating the secretion of 

inflammatory cytokines, such as IL-6, and increasing concentrations of immune-

regulating cytokines such as IL-10 (Ruth and Field, 2013; Li et al., 2016; Y. Liu et al., 

2017; G. Liu et al., 2017; He et al., 2018; Kathrani et al., 2018). Though the roles of AA 

in the gut have been well-established, there is a dearth of research evaluating changes 
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in AA concentrations following a meal and no research into changes in AA 

concentrations in dogs supplemented with yeast.  

Banton et al. (2021) evaluated the effects of supplementing dog food with either 

methionine (Met), Taurine (Tau), or methyl donors (choline) and methyl receivers 

(creatine and carnitine) on postprandial AA concentrations used as a metric of amino 

acid bioavailability. Most AAs remained significantly elevated in serum at 6 h post-meal 

compared with the fasted sample across all treatments and postprandial concentrations 

were affected by nutrient supplementation (Banton et al., 2021). Another study in which 

a partial AA profile was evaluated in dogs after a meal was conducted by Söder et al. 

(2019). A significant time effect was observed for all measured AAs [Ala, Arg, Gln, Gly, 

Ile, Leu, Lys, Ornithine (Orn), Pro, and Val] (Söder et al., 2019). Excluding plasma Ala, 

Arg, and Lys, all measured AAs had plasma concentrations above fasted 4 hrs post-

meal, and plasma Lys was greater than fasted 1 hr post-meal but returned to and 

remained at fasted levels 2, 3, and 4 hrs post-meal (Söder et al., 2019). Both Ala and 

Arg returned to fasted concentrations at 4 hrs post-meal (Söder et al., 2019). No 

differences in response were observed between the lean and overweight dogs (Söder et 

al., 2019). The results suggest a postprandial amino acid response with no time-

dependent metabolic variations in obese animals. A major limitation of this study is that 

dogs were not all consuming the same diet – this could impact postprandial AA 

concentrations, and future studies should be conducted on dogs consuming the same 

diet and at similar intakes as the post prandial AA response will not only be affected by 

diet composition but also by total feed intake.  
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 While few studies have evaluated the postprandial AA response, others have 

quantified fasting AA concentration in dogs experiencing chronic inflammation. 

Benvenuti et al. (2020) evaluated the serum AA profiles of dogs with 

immunosuppressant-responsive enteropathy (IRE) compared to healthy control dogs. 

Immunosuppressant-responsive enteropathy refers to intestinal idiopathic inflammation 

in dogs (Benvenuti et al., 2020). They found the IRE dogs had lower serum Tyr, Phe 

and Trp concentrations, and higher serum Ser, Glu, Arg, Thr, Pro, Cys, Val, Lys, and Ile 

concentrations than control dogs. In similar studies in dogs experiencing protein-losing 

enteropathy (PLE), serum Trp concentrations were lower compared to healthy control 

dogs (Kathrani et al., 2018). In another study, dogs with IRE had significantly decreased 

Met, Ser, Trp, and Pro concentrations compared to healthy dogs (Tamura et al., 2019). 

This study was the first in dogs to report a decrease in Phe and Tyr, as is seen in 

human studies of IRE, a result that could be due to intestinal losses of AAs from 

reduced capacity for absorption (He et al., 2018). In human studies, the integrity of the 

intestinal epithelial barrier may become reduced, which can result in increased 

pathogen penetration and other symptoms of AA deprivation (Benvenuti et al., 2020). 

The anti-inflammatory effects of His have been reported in human research, causing 

reductions in concentrations of IL-6, IL-8, and TNF-𝛼 (He et al., 2018), and is 

considered an early indicator of intestinal inflammation in humans. It is unclear if this 

remains the case in canine models, and future research would confirm or deny  this 

role. As IRE is another example of an inflammatory condition that may impact dogs, and 

with the considerable differences in AA concentrations from healthy individuals reported 
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by Benvenuti et al. (2020), investigations into AA concentrations in IRE dogs 

supplemented with yeast would help to further determine what role yeast plays in 

modulating the immune response through inflammatory stimulus. 

In summary, both serum and plasma AA concentrations are impacted by 

intestinal disease in dogs (Tamura et al., 2019; Benvenuti et al., 2020). While the roles 

of certain AA, such as Arg, Gln, Gly, Cys, and Pro in the maintenance of gut health 

have been well-established (Ruth and Field, 2013; Li et al., 2016; Y. Liu et al., 2017; G. 

Liu et al., 2017; He et al., 2018; Kathrani et al., 2018), there is a lack of research into 

the effects of yeast, a known immunomodulator, on concentrations of circulating AA. A 

small amount of data published in the literature on postprandial AA response in healthy 

adult dogs shows that almost all AAs are increased following a meal. Further evaluation 

into the effects of yeast supplementation on postprandial amino acid appearance, 

particularly in immune or otherwise challenged animals, is necessary to fully understand 

how supplemental yeast can impact nutrient absorption through modulation of the 

immune system and maintenance of the GI barrier. 

1.3.1 Effects of yeast supplementation on postprandial amino acid 
concentrations 

 While the effects of yeast supplementation on AA status in dogs has yet to be 

studied, research has been conducted in other animal models, particularly pigs.  

Mateo and Stein (2007) evaluated the ileal digestibility of AA in pigs fed either a 

casein-based control diet, the control diet with spray-dried plasma protein (SDPP), the 

control diet with 20.3% yeast, and a nitrogen-free diet. Cys and Ser concentrations were 
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lower in the yeast-supplemented pigs when compared to the SDPP-supplemented 

piglets, and no other AA differed (Mateo and Stein, 2007). The results of this study 

support inclusion of yeast products in the diets of pigs as the apparent and ileal 

digestibilities were similar to other common protein sources, suggesting general 

acceptability of the supplement to these animals and efficacy as a large portion of their 

diet. Future research evaluating the effects of smaller doses, as in the canine studies 

highlighted above, would provide meaningful data to fully understand what role yeast 

has in maintaining gut health. 

Xiong et al. (2015) assessed AA concentrations in weaned piglets receiving a 

yeast supplement at 1.2 g/kg of diet for 14 days compared to un-supplemented controls. 

Serum concentrations of Ile, Leu, Met, Phe, and Pro were significantly greater in the 

yeast-supplemented piglets when compared to control (Xiong et al., 2015). Additionally, 

jejunal concentrations of Cys were increased and Gly and Gln were decreased in yeast-

supplemented piglets compared to control (Xiong et al., 2015). Finally, ileal 

concentrations of Arg, His, Leu, Lys, Trp, Val, Ser, Glu, Gln, and Pro were increased in 

yeast-supplemented piglets when compared to control (Xiong et al., 2015). Yeast 

supplementation improves intestinal function and nutrient concentrations in weaned 

piglets.  

In a study by Wu et al. (2018), 6 barrows were utilized for a 3 x 3 Latin square 

design in which three diets were consumed – a nitrogen-free diet, a diet containing 200 

g/kg of SDPP, and a diet containing 250 g/kg yeast. The apparent ileal digestibility of 

Met and Glu tended to be greater in yeast supplemented pigs compared to SDPP 
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supplemented pigs, Cys tended to be lower in the yeast group compared to the SDPP 

group, and no other AAs apparent ileal digestibility differed among the diets (Wu et al., 

2018). Additionally, the standardized ileal digestibility of Met and Glu were higher in 

yeast supplemented pigs compared to SDPP supplemented pigs, and tended to be 

higher for Phe in the yeast group compared to the SDPP group. Yeast extract could act 

as a substitute for SDPP, a high-quality protein source, in pig diets (Wu et al., 2018). 

While the focus of this review is changes to inflammatory status and postprandial AA 

appearance, these results are still meaningful to report as they indicate acceptability of 

the yeast product at such high levels of inclusion without negatively impacting other 

outcomes such as fecal quality, and provide additional avenues for inclusion of yeast in 

animal diets.  

Finally, a similar study to that done by Wu et al. (2018) was conducted by Park et 

al. (2021). Twenty-one barrows were divided into three groups and fed one of three 

diets – a Nitrogen-free diet, a diet supplemented with yeast, and a diet supplemented 

with soybean meal (SBM). The apparent ileal digestibility of all AA except for Ala and 

Pro were lower in the yeast group compared to the SBM group. The apparent ileal 

digestibility of Gly tended to be lower in the yeast group when compared to the SBM 

group. The standardized ileal digestibilities of AAs was similar to the apparent ileal 

digestibility – all AA except for Pro had lower standardized ileal digestibility in the yeast 

group when compared to the SBM group. The standardized ileal digestibility of Gly 

tended to be lower in the yeast group when compared to the SBM group. The authors 

suggested that the decreased digestibility reported for most AA could be a result of the 
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polysaccharides in the yeast product, which can inhibit enzymatic digestion of protein as 

well as absorption of AAs (Park et al., 2021). They also suggested that heat from 

processing could have reduced AA digestibility, especially of Lys (Kim et al., 2012; Park 

et al., 2021). Finally, decreased SID of Thr could be due to increased mucin production 

as a result of the YCW ß-glucan component (Luo et al., 2019), as Thr is the major 

indispensable AA utilized in mucin production. 

In summary, several studies have evaluated the effects of supplemental yeast in 

various forms on AA concentrations in pigs. Though none of these studies have 

determined postprandial AA concentrations, they offer insight into the variable though 

overall positive effects of a yeast supplement in diets of pigs. Future research should 

consider lower levels of inclusion of yeast in the diets of these animals. Additional 

research would be warranted to fully establish the role yeast supplements may play in 

the diet. 

1.4 Thesis objectives and hypotheses 

The objectives of the first half of this work were to assess the effects of feeding a 

concentrated yeast product on serum markers of gut inflammation (SAA, Hp), gut 

permeability as measured with Cr-EDTA and iohexol, fecal products of fermentation 

(short-chain fatty acids, branched-chain fatty acids), and antioxidant status measured 

via serum malondialdehyde (MDA) concentrations in adult dogs. We hypothesized that 

dogs receiving the concentrated brewer’s yeast would have lower concentrations of 

circulating inflammatory markers, lower gut permeability, and lower serum 

concentrations of MDA than dogs receiving the control diet only. Additionally, we 
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hypothesized that fecal score would be improved in the dogs receiving the concentrated 

brewer’s yeast compared to dogs receiving only the control diet. 

Secondly, concentrations of AA are impacted when the gut is challenged. As 

such, the objective of the second half of this work was to evaluate the effects of a 

concentrated brewer’s yeast product on serum postprandial AA concentrations and 

fasted serum IL-10 and IL-6 concentrations in healthy adult dogs. We hypothesized that 

dogs receiving the concentrated brewer’s yeast would have increased postprandial 

amino acid appearance compared to control dogs. 
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2 Chapter 2: The effects of supplemental concentrated 
brewer’s yeast on markers of gut permeability, 
inflammation, and fecal metabolites in healthy adult dogs1 

1Submitted and formatted for publication in Journal of Animal Science 

2.1 Abstract 

Yeast-derived ß-glucans impact immunity, though their effects on gut permeability 

and inflammation are less understood. Most research has investigated other 

components of the yeast cell wall, such as the prebiotic mannan- and fructo-

oligosaccharides. The objective of this study was to assess the effects of feeding a 

concentrated yeast product on markers of inflammation [serum amyloid A (SAA) and 

haptoglobin (Hp)] and oxidative status [malondialdehyde (MDA)], fecal products of 

fermentation, and gut permeability. Nineteen privately-owned domestic Siberian 

huskies, and one Alaskan husky (9 females: 5 intact, 4 spayed; 11 males: 3 intact, 8 

neutered), with an average age of 4.8 ± 2.6 years and body weight (BW) of 25.6 ± 4.1 

kg, were used in this study. Dogs were blocked and randomly allocated to one of two 

diet groups. Ten dogs received a dry extruded control diet (Ctl) and ten the Ctl diet top-

dressed with yeast to receive a daily ß–glucan dose of 7 mg/kg BW (treatment, Trt) for 

10 weeks. Fecal collection, for evaluation of fecal metabolites, and scoring occurred 

weekly. Gut permeability was assessed using the Cr-EDTA and iohexol markers prior to 

the initiation of dietary treatment and after 10 weeks of treatment. Blood samples were 

collected pre-marker administration and 0.5, 1, 2, 3, 4, 5, and 6 hours post-

administration. Fasting concentrations of SAA, Hp, and MDA were measured on weeks 

-1, 2, 4, and 8. Incremental area under the curve (I-AUC) was calculated for serum 
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iohexol and Cr-EDTA concentrations. All data were analyzed using PROC GLIMMIX of 

SAS with dog as random effect, and week as fixed effect and repeated measure. Dogs 

receiving treatment tended to have decreased I-AUC of Iohexol (P = 0.10) and Cr-EDTA 

(P = 0.06) between baseline and cessation of treatment compared to the change over 

time in I-AUC for Ctl dogs. Treatment dogs had lower Hp concentrations (P ≤ 0.05) than 

Ctl. There were no differences between treatments for SAA and MDA concentrations (P 

> 0.05). Fecal arabinose concentrations were greater in Trt dogs (P ≤ 0.05) compared to 

Ctl, though no other fecal metabolites were affected by treatment. There was no 

difference in the relative frequency of defecations scored at any fecal score between Trt 

and Ctl dogs, and mean score did not differ between groups (P > 0.10). These data 

suggest that concentrated brewer’s yeast may have the potential to reduce gut 

permeability without impacting inflammatory status and markers of health in adult dogs. 

2.2 Introduction 

The use of yeast components as functional ingredients in canine diets has 

garnered interest due to potential immune-modulatory and gut health enhancing effects 

(Pillemer and Ecker, 1941; Novak and Vetvicka, 2009). Yeast is a fermentable source of 

carbohydrates and protein that, when supplemented in the diet, may increase nutrient 

digestibility in dogs (Beloshapka et al., 2013). Beyond its role in digestion, the gut acts as 

a physical barrier against invading pathogens, helping to maintain host health (McKay 

and Perdue, 1993). Supplemental yeast has a protective effect against factors negatively 

impacting gut permeability, such as maintaining the integrity of the intestinal barrier and 

stimulating the immune system, both critical to the prevention of luminal bacteria and 
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endotoxins from translocating into portal and systemic circulation (Generoso et al., 2011). 

These outcomes are believed to be the result of B-vitamins, antioxidants, and the cell-

membrane-derived mannan-oligosaccharides, fructooligosaccharides, and ß-glucans 

found in yeast products, the last of which has been reported to reduce gut inflammation, 

while improving gut and overall health in animal and human models (Martins et al., 2013).  

ß-glucans are naturally occurring polysaccharides found in the cell walls of yeast 

as well as other fungi, cereal grains, algae, lichens, and some bacteria (Novak and 

Vetvicka, 2009). Yeast-derived ß-glucans have been reported to directly augment innate 

antimicrobial defense mechanisms and act as immunostimulants in mice and dogs (Lee 

et al., 2001; Stuyven et al., 2010), stimulating the release of nitric oxide, arachidonic acid 

metabolites, and cytokines (Jung et al., 2003; Suram et al., 2006; Chen and Seviour, 

2007). Yeast-derived ß-glucans function by binding to specific receptors on 

macrophages, neutrophils, monocytes, dendritic cells, and natural killer cells to exert their 

immune-modulatory effects (Stuyven et al., 2010). Further, yeast ß-glucans have 

protective effects against immune challenges caused by bacteria, viruses and parasites 

in humans (Willment et al., 2001; Gantner et al., 2003; Brown and Gordon, 2005) and 

mice (Brown et al., 2003; Generoso et al., 2011). Dectin-1 has been identified as the 

major ß-glucan receptor, and is found in large quantities on macrophages and neutrophils 

(Brown and Gordon, 2001).  

Serum amyloid A (SAA) and haptoglobin (Hp) are positive acute phase proteins 

(APPs) produced following activation of the innate immune system that act as non-

specific markers of inflammation in dogs (Cerón, et al., 2005). Dectin-1 acts 
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collaboratively with toll-like receptor 2 (TLR2) to produce the major proinflammatory 

cytokines, triggering the production of APPs  (Gantner et al., 2003; Cerón, et al., 2005). 

Dogs supplemented with a yeast-derived ß-glucan had reduced serum concentrations of 

pro-inflammatory interleukin (IL)-6, and increased concentrations of anti-inflammatory IL-

10, further substantiating the immune-modulatory effects of ß–glucan in dogs (Rychlik et 

al., 2013). While yeast and ß-glucans have a well-established role in supporting immune 

function, their effects on the gut in dogs are largely unknown.  

Intestinal barrier function refers to the ability of the gut epithelium to separate 

harmful bacteria and endotoxins from the body (MacFie et al., 2005; Generoso et al., 

2011). When the gut is injured or suffers a barrier failure, caused by changes in the diet, 

stressors, or medications (Soeters, 2008), this facilitates the transport of harmful 

substances from the lumen into portal and systemic circulation (Generoso et al., 2011). 

This increase in pathogenic bacteria in systemic circulation activates the immune system, 

triggering the production of various immune cells and can lead to systemic inflammation 

(Generoso et al., 2011). While yeast contains many active components, ß-glucans are 

thought to exert numerous beneficial effects on intestinal permeability (Generoso et al., 

2011; Che et al., 2017; Han et al., 2017). Intestinal permeability has historically been 

evaluated in dogs and other species using 51Chromium-labeled ethylenediamine tetra-

acetic acid (51Cr-EDTA) and a combination of two sugars (Klenner et al., 2009; Frias et 

al., 2012). Iohexol, a water-soluble non-ionic contrast medium, has also been evaluated 

as a comparable marker of intestinal permeability to 51Cr-EDTA in dogs (Frias et al., 

2012). Both iohexol and 51Cr-EDTA permeate the intestinal membrane via paracellular 
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transport and have been used to detect early stages of intestinal diseases in humans and 

dogs (Klenner et al., 2009; Frias et al., 2012). When iohexol and 51Cr-EDTA were 

administered concurrently to dogs, the percent recovery of both markers in serum were 

linearly associated, though the lower molecular weight of 51Cr-EDTA resulted in greater 

recovery (Frias et al., 2012). The use of a radiolabeled marker increases health risks and 

requires additional training and caution to work with, particularly when using these 

radioactive compounds in the field. A non-radiolabeled form of Cr-EDTA has been 

successfully utilized in human (Ten Bruggencate et al., 2006) and calf (Amado et al., 

2019) subjects to evaluate intestinal permeability, eliminating the complexities associated 

with the radioactive form. To the authors’ knowledge, Cr-EDTA has not been utilized in 

dogs.  

Though SAA and Hp are well established markers of inflammatory status, no 

studies to the authors knowledge have evaluated the effects of a concentrated yeast 

product on SAA and Hp concentration as markers of inflammatory status in dogs. 

Additionally, there is a dearth of research investigating the role played by yeast products 

on gut permeability in dogs. As such, the objectives of this study were to assess the 

effects of feeding a concentrated yeast product on serum markers of gut inflammation 

(SAA, Hp), gut permeability as measured with Cr-EDTA and iohexol, fecal products of 

fermentation (short-chain fatty acids, branched-chain fatty acids), and antioxidant status 

measured via serum malondialdehyde (MDA) concentrations in adult dogs. We 

hypothesized that dogs receiving the concentrated brewer’s yeast would have lower 

concentrations of circulating inflammatory markers, lower gut permeability, and lower 
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serum concentrations of MDA than dogs receiving the control diet only. Additionally, we 

hypothesized that fecal score would be improved in the dogs receiving the concentrated 

brewer’s yeast compared to dogs receiving only the control diet. 

2.3 Materials and Methods 

2.3.1 Animals and housing 

This study was approved by the University of Guelph’s Animal Care Committee 

(Animal Use Protocol #4412). Nineteen privately-owned domestic Siberian huskies, and 

one Alaskan husky (9 females: 5 intact, 4 spayed; 11 males: 3 intact, 8 neutered), with a 

mean (± SD) age of 4.8 ± 2.6 years and body weight (BW; ± SD) of 25.6 ± 4.1 kg, were 

used in this study from August 2020 to November 2020. Dogs were housed at an off-site 

facility (Rajenn Siberian Huskies, Ayr, ON) that was previously visited and approved by 

the University of Guelph’s Animal Care Services. Throughout the study, dogs were 

housed in free-range, outdoor kennels ranging in size from 3.5 to 80 square meters. Each 

kennel contained between 2 and 9 dogs. Dogs had ad libitum access to fresh water, 

constant access to shelter, received daily socialization, and the same amount of weekly 

exercise.  

2.3.2 Diet and study design 

Dogs were blocked by age, sex, and BW prior to being randomly allocated to one 

of two diet groups: control (Ctl) (n=10; 5 males, 4 neutered, 1 intact; 5 females, 3 spayed, 

2 intact; average age (± SD) = 4.80 ± 2.82 years, average BW = 25.43 ± 3.65 kg) or 

treatment (Trt) (n=10; 6 males, 4 neutered, 2 intact; 4 females, 1 spayed, 3 intact; average 

age = 4.80 ± 2.62 years, average BW = 25.40 ± 4.47 kg).  
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All dogs were acclimated to a Ctl diet (Acana Adult Large Breed, Champion 

Petfoods LT, Morinville, AB; Table 1) for 4 weeks prior to the study start. The Ctl diet met 

or exceeded all National Research Council (NRC, 2006) and Association of American 

Feed Control Officials (AAFCO, 2021) nutrient recommendations for adult dogs. 

Following the 4-week diet acclimation period, Ctl dogs continued to receive the Ctl diet 

for the remainder of the study, while dogs on Trt were fed the Ctl diet top-dressed with a 

concentrated yeast product (F.L. Emmert Company, Cincinnati, OH, USA; Table 2). The 

yeast product was supplemented to provide a ß-glucan dose of 7 mg/kg BW per day 

(Rychlik et al., 2013). Throughout both the acclimation and study period, dogs were fed 

once daily at 1700 h. All dogs were fed individually, which allowed for monitoring of food 

consumption and proper allocation of dietary treatments. Any orts (offered, refused, 

treatment) were weighed and recorded daily. Dogs had access to ad libitum fresh water 

throughout the entire study period, except for 12 h prior to each gut permeability 

assessment to encourage voluntary consumption of the markers. Feed intake was initially 

determined based on historical feeding records and reassessed throughout the study to 

ensure all dogs maintained their initial BW throughout the study. 

2.3.3 Blood sample collection and analysis 

Fasting blood samples were collected on weeks -3, 0, 5, and 7 to assess whole 

blood hematology (complete blood count; CBC; 1 mL) and on weeks -3 and 7 to assess 

serum biochemistry parameters as markers of health and nutritional status (4 mL). Blood 

samples were collected via cephalic venipuncture with a Vacutainer system (Becton, 

Dickinson and Company, Franklin Lakes, NJ, USA) after an overnight, 12 hr fast. Whole 
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blood samples were kept on ice prior to being submitted to Animal Health Laboratories 

(University of Guelph, Guelph, ON, Canada) for hematology analysis using an Advia 2120 

hematology analyzer (Siemens Global, Munich, Germany). Blood samples were 

centrifuged at 2,000 × g for 20 min at 4 °C using a Beckman J6-MI centrifuge (Beckman 

Coulter, Indianapolis, IN), and serum was aliquoted and submitted to Animal Health 

Laboratories (University of Guelph, Guelph, ON, Canada) for serum biochemistry analysis 

using a Cobas 6000 c501 Analyzer (Roche Diagnostics International AG, Rotkreuz, 

Switzerland). Hematological samples were analyzed for blood leukocyte count (WBC), 

erythrocyte count (RBC), hemoglobin (Hb), hematocrit (Hct) (RBC × MCV), mean cell 

volume (MCV), mean cell hemoglobin (MCH) (Hb/RBC), mean corpuscular hemoglobin 

concentration (MCHC) (Hb/Hct), red cell distribution width (RDW), platelet count, mean 

platelet volume (MPV), plateletecrit, and total solid (T.S.) protein as well as segmented 

neutrophil, lymphocyte, monocyte, and eosinophil counts. Serum samples were analyzed 

for calcium, phosphorus, magnesium, sodium, potassium, chloride, carbon dioxide, anion 

gap, sodium:potassium (Na:K) ratio, total protein, albumin, globulin, albumin:globulin 

(A:G) ratio, urea, creatine, glucose, cholesterol, total bilirubin, conjugated bilirubin, free 

bilirubin, alkaline phosphatase (ALP), steroid-induced ALP, gamma-glutamyl transferase 

(GGT), alanine aminotransferase (ALT), creatine kinase (CK), amylase, lipase, and 

calculated osmolarity using a cobas 6000 c501 analyzer (Roche Diagnostics International 

AG, Rotkreuz, Switzerland). 

Concentrations of SAA, Hp, and MDA were evaluated on weeks -1, 2, 4, and 8. A 

5 mL fasted blood sample was collected via cephalic venipuncture from each dog into a 
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serum Vacutainer (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) using a 

winged infusion set (Terumo™ Surflo™ Winged Infusion Set, 21 G x .75, Terumo Medical 

Corporation, Vaughn, ON). Samples were centrifuged and serum aliquoted as described 

above. Serum amyloid A was analyzed using a multispecies sandwich enzyme-linked 

immunosorbent assay (ELISA) (Phase SAA, Tridelta Development Ltd., Maynooth, 

County Kildare, Ireland), Hp with a Phase Haptoglobin colorimetric Assay (Tridelta 

Development Ltd., Maynooth, County Kildare, Ireland), and MDA via a Canine MDA 

ELISA (MyBioSource Inc., San Diego, CA). All kits were used following the 

manufacturer’s instructions, and had previously been validated for use in dogs (Eckersall 

et al., 1999, Hp; Martinez-Subiela et al., 2003, SAA; Phungviwatnikul et al., 2020, MDA). 

Gut permeability was assessed on weeks -2 and 9 using Cr-EDTA and Iohexol 

markers. The Cr-EDTA solution was prepared similarly to the methods of Binnerts et al. 

(1968). Briefly, the solution was prepared by dissolving 95.4 g of chromium chloride in 

600 mL of double-distilled water (DDH2O). Next, 133.4 g of disodium ethylenediamine 

tetra-acetate (EDTA) was dissolved in 1000 mL of DDH2O. The two solutions were 

combined and boiled at 60ºC for 1 hr. Following boiling, 3.874 g of calcium chloride was 

added to neutralize excess EDTA, pH was adjusted to 6.0, and the volume was adjusted 

to 2 L. Iohexol was dosed at 2.0mL iohexol/kg BW (Omnipaque-240, Bayer Schering 

Pharma, Berlin, Germany; Klenner et al., 2009) and Cr-EDTA at 0.1g Cr/kg BW (Amado 

et al., 2019). 

Prior to assessing intestinal permeability, water was withheld for 12 hrs overnight 

to encourage voluntary consumption of the Cr-EDTA and iohexol markers. Dogs were 
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catheterized for the sampling period. Briefly, dogs’ forearms were shaved and a topical 

anesthetic (EMLA cream [2.5% lidocaine and 2.5% prilocaine], Astra Pharmaceuticals, 

L.P. Wayne, PA) was applied. 20 minutes were allocated to allow activation of the 

anesthetic, at which point the front legs were cleaned with 4% chlorhexidine, 70% alcohol, 

and 0.5% chlorhexidine in that order. A 20 G cephalic catheter (Insyte-W 20 G x 1.1, 

Becton Dickinson Canada Inc., Mississauga, ON) was placed and a 5 mL blood sample 

was taken immediately after placement. A three-way stopcock (Cardinal Health Canada, 

Vaughan, ON) was affixed to each catheter and flushed with 0.5 mL of 125 United States 

Pharmacopeia (USP) heparinized saline and locked with 0.5 mL of 495 USP heparinized 

saline (Sandoz Canada Inc., Boucherville, QC). Following placement of the cephalic 

catheters, the Cr-EDTA and Iohexol markers were administered. Dogs were provided the 

opportunity to consume the markers independently, and any remaining marker was 

administered orally via syringe. Samples were collected 30 min, 1, 2, 3, 4, 5, and 6 hrs 

post-marker administration. For all samples, 5 mL of blood was collected into a 10 mL 

serum Vacutainer (Becton, Dickinson and Company). After every sample collection, 

catheters were flushed with 0.5 mL of 125 USP heparinized saline and locked with 0.5 

mL of 495 USP heparinized saline (Sandoz Canada Inc., Boucherville, QC, Canada). 

Heparin was administered and blood was drawn through separate ports of the three-way 

stopcock (Cardinal Health Canada, Vaughan, ON). Sampling ports were kept consistent 

for each stopcock to prevent heparin contamination. Samples were kept on ice until they 

were centrifuged, and serum was aliquoted as described above. Serum iohexol 

concentrations were analyzed using a multi-species FIT-GFR ELISA (BioPAL Inc., 
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Worcester, MA), previously validated for use in dogs (Ortín-Piqueras et al., 2018) 

following the manufacturer’s instructions. Serum samples were diluted 10-fold with a 

diluent consisting of 4% (w/v) 1-butanol, 0.01% (w/v) EDTA, 0.01% (w/v) Triton X-100, 

and 1% (w/v) tetramethylammonium hydroxide, before analysis of Cr-EDTA 

concentration via Inductively Coupled Plasma Mass Spectrometry (Trent University 

Water Quality Centre, Peterborough, ON).  

2.3.4 Fecal sample collection and analysis 

Fecal collection and scoring were conducted over 2 days weekly. Fecal scores 

were assessed using a 5-point visual scoring system where 1 = hard/dry and 5 = 

watery/diarrhea (Moxham, 2001); a score of 2.5 was considered ideal. Defecations were 

identified, scored, photographed, and collected within 15 min of being voided. For fecal 

scoring, a secondary evaluator re-scored all defecations using photographs. The average 

of the two scores was used for all analyses. The primary (on-site) and secondary 

evaluators remained consistent throughout the study.  

For all fecal samples, whole samples were collected, and all visible contaminants 

were removed. Samples were then transferred to a Whirl-pak bag (Thermo Fisher 

Scientific, Waltham, MA) to be manually homogenized. Following homogenization, 

samples were stored in sterile 50mL centrifuge tubes (Thermo Fisher Scientific, Waltham, 

MA) and kept on ice prior to being stored at -20ºC until further analysis. Samples were 

analyzed for fecal metabolites, including short-chain fatty acids (SCFA; acetic acid, 

propionic acid, and butyric acid), branched-chain fatty acids (BCFA; isobutyric acid and 

isovaleric acid), lactic acid, lactose, glucose, xylose, and arabinose using an Agilent 
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HP1000 series high-performance liquid chromatography system (HPLC; Agilent 

Technologies, Santa Clara, CA). Samples were prepared and analyzed using the 

methods described in Templeman et al. (2020).  

2.3.5 Statistical analysis 

Data were analyzed using statistical software SAS (v. 9.4; SAS Institute Inc., Cary, 

NC). Complete blood count and biochemistry data, as well as mean daily feed intake, 

mean BW, SAA, Hp, MDA, and fecal metabolite data were analyzed using a mixed model 

via PROC GLIMMIX of SAS where dog was treated as a random effect, and week as a 

fixed effect and repeated measure. A Tukey’s HSD test was used to separate means. 

Incremental area under the curve (I-AUC) was first calculated from serum iohexol and Cr-

EDTA concentrations in Microsoft excel (Excel 2018, Microsoft Corp., Redmond, WA) and 

the resulting values for each week, as well as the difference between the weeks, were 

analyzed using a mixed model via PROC GLIMMIX of SAS, where dog was treated as a 

random effect, and week as a fixed effect and repeated measure. Assumptions of 

residuals for all parameters were assessed using the Shapiro–Wilk to test normality. A 

Tukey’s HSD test was used to separate means. Interobserver reliability on fecal scoring 

was conducted by calculating Kappa statistics using the PROC FREQ procedure in SAS. 

Fecal score data were analyzed using PROC FREQ of SAS with a Chi-square test to 

compare fecal scores and groups. Significance was declared when P ≤ 0.05 and a trend 

when 0.05 < P ≤ 0.10. 
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2.4 Results 

2.4.1 Mean daily feed intake and bodyweight 

Mean daily feed intake (FI) and BW data are reported in Table 3. Mean daily FI 

did not differ between Trt and Ctl (P > 0.10) but differed by week (P ≤ 0.05). Feed intake 

at week 6 was greater than weeks 0 and 1 (P ≤ 0.05) for the pooled data. Mean weekly 

BW did not differ between Trt or Ctl (P > 0.10) but differed by week with a group by week 

interaction effect (P ≤ 0.05). Body weight at week 1 was greater than at weeks 2 to 6, at 

week 0 was greater than weeks 4 to 6, and at week 7 was greater than week 6 (P ≤ 0.05). 

The mean weekly BW of Ctl dogs was significantly lower at weeks 4, 5, and 6 when 

compared to week 0 (P ≤ 0.05). No differences were observed in the Trt group (P > 0.10).  

2.4.2 CBC and biochemistry 

Data related to the standard serum veterinary diagnostic measurements and 

markers of nutritional and health status are presented in Tables 9 and 10. All dogs 

remained healthy throughout the study period, and all mean CBC and serum biochemistry 

values were within the standard reference range (Animal Health Laboratory, University of 

Guelph, Guelph, ON) aside from eosinophil counts which were above reference values, 

and Na:K ratio and cholesterol, which were below reference values. When compared to 

Ctl, Trt dogs had lower mean blood cell volume (P ≤ 0.05, Table 9) and phosphorus levels 

(P ≤ 0.05) and tended to have lower cholesterol and lipase (P ≤ 0.10, Table 10).  

2.4.3 Intestinal permeability 

At week -2, I-AUC was greater in Trt dogs for Iohexol (P ≤ 0.05) and tended to be 

greater for Cr-EDTA (P ≤ 0.10) when compared to Ctl dogs (Table 4). There were no 
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differences in I-AUC between Trt and Ctl dogs for either Iohexol or Cr-EDTA markers at 

week 9 (P > 0.10, Table 4). Treatment dogs tended to have reduced I-AUC in both Iohexol 

and Cr-EDTA between weeks -2 and 9 when compared to the change in I-AUC for the Ctl 

dogs (P ≤ 0.10, Table 4).  

2.4.4 Fecal scores and fecal metabolites 

There was no difference in the relative frequency of defecations scored at any fecal 

score (1-5) between Trt and Ctl dogs (χ2= 6.04, P > 0.10; Table 5). When pooled across 

all dogs, the mean fecal scores at weeks 0 and 3 were greater than week 7 (P ≤ 0.05; 

Table 6), but no other weeks differed from each other. The mean fecal score over the 

entire study period for Trt (2.8 ± 0.10) and Ctl (2.7 ± 0.10) were not different (P > 0.10; 

Table 6) and there was no group by week interaction effect (P > 0.10; Table 6). 

 Fecal metabolite data is reported in Table 7. No differences were observed 

between Trt and Ctl dogs for any fecal SCFA (acetic acid, propionic acid, butyric acid), 

BCFA (isobutyric acid and isovaleric acid), or for lactose, glucose, and xylose (P > 0.10). 

Treatment dogs had greater arabinose concentrations than Ctl dogs (P ≤ 0.05). There 

were no group by week interaction effects (P > 0.10). When data for the two diet groups 

was pooled, week had no effect on propionic or lactic acids (P > 0.10); however, all other 

metabolites differed by week (P ≤ 0.05). Fecal lactose concentrations were greater at 

week 0 than week 7, but no other weeks differed from each other (P ≤ 0.05). Fecal glucose 

concentration at weeks 0, 1, 3, and 4 were greater than week 8 (P ≤ 0.05). Fecal xylose 

concentration at week 4 was greater than week 8 (P ≤ 0.05). Fecal arabinose 

concentration at week 3 was greater than weeks 6, 7, and 8.  Fecal acetic acid 



 

 

48 

 

concentration at weeks 0 to 5 were greater than week 8 (P ≤ 0.05). Fecal propionic acid 

concentration did not differ between week (P > 0.05). Fecal butyric acid concentration 

was greater at week 1 than weeks 0, 7, and 8 (P ≤ 0.05). Fecal isobutyric acid 

concentration was greater at weeks 0 and 1 than week 8 (P ≤ 0.05). Fecal isovaleric acid 

concentration was greater at week 1 than week 8 (P ≤ 0.05). Total SCFA concentrations 

were lower at week 8 than weeks 1 to 4 (P ≤ 0.05). There were no differences in total 

BCFA concentrations over time (P > 0.10). 

2.4.5 Inflammatory markers and markers of antioxidant status 

The results for the inflammatory markers SAA and Hp, as well as MDA, the marker 

of antioxidant status, are reported in Table 8. Serum Hp concentrations were greater for 

Trt than Ctl over the duration of the study (P < 0.05). Serum Hp concentrations were lower 

in Trt at week 8 compared to week -1 and week 2 (P < 0.05) but did not differ from week 

4. There were no differences in Hp concentrations in the Ctl group over the duration of 

the study (P > 0.05).  

 Concentrations of SAA were not detectable in any dog, regardless of diet group at 

week -1. There were no differences within diet group or between Trt and Ctl at any week 

(P > 0.05). 

 Serum MDA concentration increased in both Trt and Ctl groups over the course of 

the study. Concentrations of MDA in the Trt group tended to be greater at week 2 than 

week 4 (P < 0.10, Table 8). There were no significant differences in serum MDA 
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concentrations in the Ctl group. When data were pooled for both diet groups at each 

week, MDA concentrations at week 4 were greater than week 2 (P < 0.05, Table 8).  

2.5 Discussion 

The concentrated yeast product utilized in this study tended to reduce gut 

permeability, marginally affected fecal metabolites, had no effect on SAA and MDA status, 

and resulted in decreased concentrations of serum Hp over the course of the study period. 

Additionally, the concentrated yeast product had no effect on mean daily FI or weekly 

BW. Average daily feed intake was significantly different between week, though these 

changes can be attributed to seasonal variations impacting daily caloric requirements of 

dogs housed outdoors. While there was a significant diet group by week interaction effect, 

there were no differences between Trt and Ctl BW at any week. This suggests a general 

acceptability of the supplement at the given dose of 7 mg ß-glucan/kg BW and a potential 

to reduce intestinal permeability. 

The results of the present study generally agree with those reported in literature. 

Both live yeast products, as well as isolated yeast components, have been used to reduce 

intestinal permeability and improve overall gut health in pigs (Che et al., 2017), mice 

(Generoso et al., 2011; Han et al., 2017), and chickens (Brümmer et al., 2010). Piglets 

and mice exposed to a gastrointestinal challenge who were supplemented with live yeast 

maintained intestinal permeability comparable to that of unchallenged control animals 

(Che et al., 2017; Generoso et al., 2011). Moreover, day-old chicks who were fed a yeast 

supplement had improved gastrointestinal health, seen in greater production of mucus 

secreting goblet cells, when compared to un-supplemented control chicks (Brümmer et 
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al., 2010). The data presented herein suggest that 10 weeks of concentrated yeast 

supplementation improved gut permeability; therefore, yeast supplementation may 

improve the gastrointestinal health of healthy, adult dogs. As this study utilized only 

healthy dogs, future studies evaluating the effects of concentrated yeast at the given dose 

in dogs exercising, growing, or experiencing chronic inflammation would further solidify 

the positive effects of yeast on gut health. A further limitation of the current study is that 

dogs were not blocked by gut permeability, largely due to the difficulty in rapidly analyzing 

gut permeability markers. Future studies should block groups based on gut permeability 

measures.  

Intestinal permeability has historically been evaluated in dogs and other species 

using 51Chromium-labeled ethylenediamine tetra-acetic acid (51Cr-EDTA) and a 

combination of two sugars, namely lactulose and rhamnose, though there are 

considerable disadvantages to both methods (Klenner et al., 2009; Frias et al., 2012). 

The use of a radiolabeled marker restricts accessibility, and the quantification of sugar 

molecules in blood samples is difficult, particularly due to the degradation caused by 

intestinal bacteria (Frias et al., 2004; Allenspach et al., 2006). While the soluble Cr 

indicator has been used in intestinal permeability studies in other species, such as rats 

(Ten Bruggencate et al., 2005), to the knowledge of the authors, this was the first study 

assessing the use of Cr-EDTA in dogs. Since the use of iohexol is well-validated in dogs 

(Frias et al., 2012), it was administered concurrently to evaluate the validity of Cr-EDTA 

as an intestinal marker. Previous evaluation of iohexol and 51Cr-EDTA as markers of 

intestinal permeability reported that both were equally sensitive to changes in intestinal 
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permeability in dogs, agreeing with the results of this study (Frias et al., 2012). As both 

iohexol and Cr-EDTA were able to quantify a difference in gut permeability between the 

Trt and Ctl groups at week -2, and a tendency for a difference at week 9, they can be 

considered comparable markers of intestinal permeability and either could be considered 

for future permeability studies, though more than one marker should be utilized to ensure 

accuracy.  

Dogs in the Trt group had significantly greater fecal arabinose concentrations 

compared to Ctl; however, no differences were observed between diet groups for any 

other fecal metabolite, or for relative frequency of fecal score. The increased production 

of arabinose in the present study suggests an increase in saccharolytic fermentation. 

Saccharolytic metabolism is the breakdown of sugars to produce energy, and is preferred 

to proteolytic metabolism, the breakdown of proteins in the colon which results in the 

production of BCFAs and putrefactive compounds (Jackson and Jewell, 2019; Jewell et 

al., 2020). However, as only arabinose was increased, further study is warranted, such 

as evaluation of colonic microbiota, to determine if there were indeed any positive effects 

on the colonic microbiome. Fecal score was not affected by yeast supplementation, as all 

dogs, regardless of treatment, maintained an ideal fecal score throughout the study 

period. Strompfová et al. (2021) found no changes in fecal score in dogs treated with 

hydrolyzed brewer’s yeast. It is important to note that as there are a variety of forms of 

yeast supplements, including isolated yeast cell wall extracts, live and heat-killed yeast, 

as well as several different preparations, there may be different components in these 

supplements that elicit beneficial outcomes. The lack of differences seen in all other fecal 
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metabolites, as well as in fecal score and frequency, suggest no detrimental effect of the 

yeast supplement on overall dog health. A lack of unfavourable effects on a healthy 

population of adult dogs, especially when supplemented at a greater level than previously 

reported, is an encouraging result to continue investigating canine populations that could 

benefit from yeast inclusion, such as dogs experiencing chronic inflammatory conditions 

like irritable bowel syndrome, cancer, or obesity to determine if yeast would have a 

notable impact on inflammation in a chronically inflamed population. 

In the present study, serum Hp concentrations in the Trt dogs decreased 

throughout the study period, suggesting that dogs receiving the concentrated yeast 

experienced a decreased acute phase response, which could be due to reduced systemic 

inflammation. Haptoglobin concentrations in dogs in other studies range from 0-3 g/L 

(Eckersall et al., 1999; Martínez-Subiela et al., 2004), which agrees with the findings of 

the present study. However, the Hp data were not supported by the other inflammatory 

marker, SAA. Concentrations of SAA were nondetectable in any dog, regardless of diet 

group, at week -1, and no differences were observed between Trt and Ctl dogs at any 

week following. Inflammatory stimuli trigger the acute phase response, a nonspecific 

reaction that occurs shortly after tissue injury with the goal of returning the animal to 

homeostasis (Ebersole and Cappelli, 2000). It is a complex reaction that results in a 

variety of systemic effects, including affecting the concentrations of APPs (Kushner and 

Mackiewicz, 1993; Eckersall, 1995). Both SAA and Hp are positive APPs, proteins that 

increase in response to inflammation, that are produced by the proinflammatory cytokine 

IL-6, with SAA additionally requiring IL-1 (Kushner and Mackiewicz, 1993). During the 
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acute phase response, concentrations of SAA and Hp increase (Cerón, et al., 2005). 

Other studies in dogs have reported SAA concentrations ranging from nondetectable to 

69.6 mg/L (Yamamoto et al., 1994; Martínez-Subiela et al., 2004), which is in alignment 

with the concentrations in the present study. While serum Hp concentrations were 

decreased in the Trt group, indicating reduced inflammatory status in these dogs at the 

end of study, SAA concentrations were only detected in 20% of the samples evaluated. 

It is unclear why SAA concentrations were not reliably detected in these dogs as previous 

studies have validated its efficacy as a consistent and sensitive marker of inflammation 

in both healthy and diseased dogs (Martínez-Subiela et al., 2004; Christensen et al., 

2014; Jitpean et al., 2014). Jitpean et al. (2014) evaluated SAA concentrations in healthy 

dogs, using the same assay kit as in the present study, and found that healthy dogs SAA 

concentrations were <10 mg/L, which agrees with the results of the present study. The 

increased concentrations in some dogs after week 2 could be attributed to exercise 

seasonal impacts concentrations (Ducharme et al., 2009), though does not explain why 

most dogs had concentrations below the detectable limit of the ELISA. No studies have 

evaluated if seasonal changes impact APP concentrations, a variable which could have 

had an impact on SAA concentrations in these dogs. Owing to the lack of agreement 

between these two inflammatory markers, further evaluation of inflammatory status in 

dogs supplemented with concentrated brewer’s yeast is required. Analysis of additional 

markers of inflammation, such as TNF-𝛼, IL-1, IL-6, or IL-10, would further elucidate the 

effects of the concentrated yeast on inflammatory status in dogs. 
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Serum MDA concentrations, as a marker of lipid peroxidation, increased in both 

Trt and Ctl groups over the course of the study, and overall were greater in all dogs at 

week 4 than week 2, regardless of treatment. Oxidative stress is caused by an excess of 

reactive oxygen species (ROS), and can be due to overproduction of ROS, a reduction in 

antioxidants responsible for the degradation of ROS, or a combination of both factors 

(McMichael, 2007; Macotpet et al., 2013). This overproduction of ROS results in lipid 

peroxidation, which causes potentially fatal damage to cells and tissues by changing the 

structure of proteins, lipids, and DNA (Khanna et al., 2012). Serum MDA concentrations 

are commonly used as a marker of oxidative stress in humans (Moore and Roberts, 

1998), pigs (Nilzén et al., 2001), cats (McMichael, 2007) and dogs (McMichael, 2007; 

Crnogaj et al., 2010). Crnogaj et al., (2010) reported that dogs experiencing infection had 

a mean MDA concentration of 36.90 ± 13.95 μmol/L, while healthy dogs had a mean 

concentration of 8.13 ±1.78 μmol/L. These elevated concentrations of MDA are in line 

with those in the present study at all weeks, suggesting that the dogs in the present study 

were likely experiencing higher levels of oxidative stress than would be considered normal 

for clinically healthy dogs. This could be attributed to their outdoor housing, as pigs who 

were reared outdoors had greater serum concentrations of MDA compared to those 

raised indoors (Nilzén et al., 2001), though additional research is needed to substantiate 

this effect. The increase in serum MDA concentration at week 4 could be attributed to 

changes in seasonal temperature and coincided with a moderate increase in FI, 

suggesting that this increase was a result of increasing oxidative processes associated 

with increased production of heat from metabolism (LeBlanc and Diamond, 1986).  
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In conclusion, supplementation of a concentrated brewer's yeast product to 

achieve a ß-glucan dose of 7 mg/kg BW was well accepted by the dogs, and had no effect 

on daily FI, weekly BW, or relative frequency and mean fecal score. Although SAA and 

MDA concentrations were not affected by treatment, Hp decreased in the Trt group 

throughout the study period, suggesting that inflammatory status may be moderately 

reduced in this healthy population of dogs. In agreement, Trt dogs tended to have reduced 

gut permeability. The use of both markers in the present study allowed for the evaluation 

of non-radiolabeled Cr-EDTA in contrast to the validated marker iohexol, and the results 

presented herein suggest that both performed in a similar manner, although iohexol may 

be more accurate. As gut permeability tended to be lower in Trt dogs’ post-

supplementation, future research in dogs experiencing either an acute or chronic 

inflammatory condition where the intestinal barrier may be compromised would further 

elucidate the effects of brewer's yeast on gut health in dogs. 
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Table 2.1 Diet nutrient content on an as-fed basis and ingredient compisition1 of the control diet 

 

Nutrient Contents 
Analyzed 
Content  

Metabolizable energy, kcal/kg (calculated)2 3651.85 

Moisture, %  9.02 

Crude protein, % 33.37 

Crude fat, % 14.44 

Carbohydrates, % 35.90 

Ash, % 7.29 

1Ingredient composition: Fresh chicken meat, chicken meal, turkey meal, red lentils, whole green peas, field beans, 
fresh chicken giblets (liver, heart, kidney), herring meal, fresh cage-free eggs, fresh whole flounder, herring oil, 
chicken fat, sun-cured alfalfa, green lentils, whole yellow peas, pea fibre, fresh chicken cartilage, dried brown kelp, 
fresh whole pumpkin, fresh whole butternut squash, fresh whole parsnips, fresh kale, fresh spinach, fresh mustard 
greens, fresh turnip greens, fresh whole carrots, fresh apples, fresh pears, freeze-dried chicken liver, freeze-dried 
turkey liver, fresh whole cranberries, fresh whole blueberries, chicory root, turmeric, milk thistle, burdock root, 
lavender, marshmallow root, rosehips.  

2 Calculated metabolizable energy based on modified Atwater values and presented on an as-fed basis. 
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Table 2.2 Nutrient content on an as-fed basis of the yeast supplement 

Nutrient Contents 
Analyzed 
Content  

Metabolizable energy, kcal/kg 
(calculated)1 

2820.00 

Moisture, %  7.00 

Crude protein, % 45.00 

Crude fat, % 0.75 

Crude fiber, % 6.00 

Ash, % 7.50 

Carbohydrates, % 33.75 

NDF 9.40 

Beta glucans, % 3.20 

Mannan oligosaccharides, % ≥1.00 

1Calculated metabolizable energy based on modified Atwater values and presented on an as-fed basis. 
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Table 2.3 Mean daily feed intake, and body weight data for all dogs (n = 20) from weeks 0 to 8 

 Week P-value 

Parameter 0 1 2 3 4 5 6 7 8 SEM1 Trt2 Week TrtxWeek3 

FI, g/kg 
BW 

12.28b 12.43b 13.88ab 13.38ab 14.20ab 15.28ab 16.11a 14.85ab 15.22ab 1.09 0.79 0.02 0.62 

BW, kg 25.56ab 25.61a 25.11bc 24.96bc 24.56cd 24.60cd 24.53c 25.04abd 24.73abc 0.22 0.22 ≤0.01 0.03 

1BW, body weight; FI, feed intake. 

2Trt, Treatment or Control 

3Interaction effect between treatment and control and week 

a-dValues in a row with different superscript are significantly different (P ≤ 0.05).  
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Table 2.4 Treatment least square means for Iohexol and Chromium-EDTA I-AUC at week -2 and week 9 for control and yeast-supplemented 
treatment dogs. 

Measurement Treatment1 P-value2 

 Trt Ctl SEM Treatment 

Week -2     

I-AUC3     

Iohexol, µg/mL*hr 32.82a 12.17b 7.29 0.05 

Cr-EDTA, ppb/hr 45.84 23.83 9.40 0.10 

Week 9     

I-AUC     

Iohexol, µg /mL*hr 16.23 16.33 2.47 0.98 

Cr-EDTA, ppb/hr 18.60 22.94 2.10 0.15 

Difference week -2 and 94     

Iohexol, µg /mL*hr -14.55 1.48 6.92 0.10 

Cr-EDTA, ppb/hr -23.68 -0.55 8.60 0.06 
1Trt, treatment dogs; Ctl, control dogs; SEM n=10 for treatment and n=8 for control 
2Significantly different when P ≤ 0.05 and a tendency declared when 0.05 < P ≤ 0.10. 
3I-AUC = incremental area under the curve. 
4Difference = Week 9 – Week -2  
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Table 2.5 Relative frequency (%) of fecal scores for defecations from control dogs and yeast-supplemented treatment dogs from week 0 to 8 

  Fecal Score1     

  1 2 2.5 3 3.5 4 4.5 5 
P-

value 
Chi-square 

Treatment 0 11 41 24 20 3 0 0 

0.26 6.04 

Control 0 19 51 15 14 1 0 0 

1Fecal score ranged from 1 (hard/dry) to 5 (watery diarrhea).  
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Table 2.6 Mean fecal score for defecations from all dogs from week 0 to 8 

Week Trt vs Ctl1 P-value 

0 1 2 3 4 5 6 7 8 SEM Trt Ctl SEM Week Treatment Trt x Week 

3.0a 2.8ab 2.7ab 3.0a 2.6ab 2.7ab 2.6ab 2.5b 2.8ab 0.12 2.8 2.7 0.10 ≤0.01 0.26 0.40 

1Trt vs Ctl, treatment or control 

a,bValues in a row (within week) with different superscript are different (P ≤ 0.05). 
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Table 2.7 Mean fecal lactic acid, short chain fatty acids, and branch chain fatty acids data for weeks 0 to 8 for control and yeast-supplemented 
dogs 

 Week Trt vs Ctl1 P-value 

Parameter3 0 1 2 3 4 5 6 7 8 SEM Trt Ctl SEM Treatment Week 
Trt x 
Wk2 

Lactose 3.07a 2.96ab 3.02ab 2.80ab 2.91ab 2.71ab 2.63ab 2.47b 2.50ab 0.14 2.79 2.78 0.08 0.90 ≤0.01 0.90 

Glucose 1.28ab 1.38a 0.73bc 1.10abc 1.13abc 0.92abc 0.73bc 0.82abc 0.60c 0.15 1.01 0.93 0.07 0.40 ≤0.01 0.63 

Xylose 1.13ab 1.25ab 1.17ab 1.20ab 1.34a 1.17ab 1.05ab 1.04ab 1.02b 0.07 1.18 1.13 0.03 0.27 0.02 0.67 

Arabinose 2.19ab 2.12ab 1.67ab 2.97a 1.51b 1.42b 1.05b 0.95b 0.89b 0.34 1.99* 1.29 0.15 ≤0.01 ≤0.01 0.16 

Lactic Acid 5.98 4.62 5.38 4.10 5.16 2.74 4.84 2.84 5.41 1.06 4.36 4.77 0.64 0.66 0.24 0.84 

Acetic Acid 27.11a 28.70a 29.63a 28.12a 26.64a 26.35a 25.26ab 24.30ab 20.73b 1.32 26.56 26.07 0.60 0.57 ≤0.01 0.79 

Propionic Acid 14.95 14.85 16.83 15.57 16.17 15.16 15.58 14.22 12.94 0.99 15.20 15.09 0.64 0.90 0.15 0.74 

Butyric Acid 5.31bc 6.72a 6.24abc 5.59abc 6.46ab 5.68abc 5.83abc 5.24bc 4.97c 0.33 5.85 5.72 0.16 0.57 ≤0.01 0.43 

Isobutyric Acid 4.19a 4.14a 3.80ab 4.00ab 3.87ab 3.78ab 3.83ab 3.80ab 3.49b 0.15 3.85 3.90 0.08 0.63 0.05 0.21 

Isovaleric Acid 1.18ab 1.31a 1.30a 1.23a 1.11ab 1.25a 1.04ab 1.04ab 0.88b 0.29 1.16 1.14 0.05 0.66 ≤0.01 0.73 

Total SCFA4 47.37ab 50.27a 52.69a 49.35a 49.27a 47.18ab 46.67ab 43.76ab 38.65b 2.14 47.62 46.87 1.06 0.62 ≤0.01 0.77 

Total BCFA5 4.26 5.06 4.76 4.93 4.70 4.70 4.51 4.74 4.20 0.21 4.61 4.69 0.10 0.61 0.04 0.22 
1Trt or Ctl.  
2Interaction effect between treatment and control and week.  
3All data presented in nanomoles per gram (nmol/g)  
4Total SCFA; acetic acid, propionic acid, butyric acid 
5Total BCFA; isobutyric acid and isovaleric acid 
a-dValues in a row (within week) with different superscript are different (P ≤ 0.05). 
†Indicates that the treatment group mean significantly differed (P ≤0.05) from the equivalent control group mean. 
*Indicates that the treatment group mean tended to differ (P ≤0.10) when compared with the equivalent control group mean.  
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Table 2.8 Serum Haptoglobin (Hp; mg/mL), Serum Amyloid A (SAA; ng/mL), and serum malondialdehyde (MDA; nmol/mL) concentrations in 

control and treatment dogs across week. 

  Treatment*Week Week Trt vs Ctl2 P-value 

Parameter -1 2 4 8 SEM1 -1 2 4 8 SEM1 Trt Ctl SEM TrtxWk3 Wk Treatment 

Hp, mg/mL                     

Trt 1.42 1.49 0.87 0.76 0.18 
1.26a 1.12ab 0.78b 0.78b 0.12 1.13† 0.84 0.09 0.14  

< 
0.01 

0.01 
Ctl 1.11 0.75 0.7 0.8 0.16 

SAA, ng/mL                     

Trt ND 10.04 43.97 45.77 41.24 
ND 10.45 52.95 30.89 29.16 33.26 29.6 18.71 0.63 0.41 0.89 

Ctl ND 10.86 61.94 16.01 41.24 

MDA, nmol/mL                     

Trt 27.95 27.67 34.78 31.22 2.47 
27.19ab 25.53b 32.64a 31.40ab 1.73 30.41 27.98 1.41 0.78 

< 
0.01 

0.22 
Ctl 26.44 23.39 30.49 31.58 2.64 

1n= 18, 16, 17, and 15 for week -1, 2, 4, and 8, respectively. 
2Trt or Ctl.  
3Interaction effect between treatment and week. 
a-bValues in a row (within group) with different superscript are significantly different (P ≤ 0.05).  
†Pooled treatment values in a row with different symbols are significantly different (P ≤ 0.05) 
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Table 2.9 Mean hematology values of control dogs and treatment dogs receiving supplemental yeast over an 11-week period. 

                    P-value 

Parameter1 Ref. 
Range1 Week -32 Week 02 Week 

42 

Week 
72 

Week 
SEM1 CON1,2 TRT1,2 Treatment 

SEM2 Treatment Week Trt x Wk 

WBC, x10^9/L 4.9-15.4      11.85 12.87 1.03 0.39 0.02 0.98 

Trt  12.26 14.26 12.06 12.91 0.89       
Ctl  11.22 13.00 11.22 11.94 1.18       

RBC, x10^12/L 5.8-8.5      7.00 7.25 0.12 0.08 0.03 0.54 

Trt  7.00 7.27 7.29 7.45 0.12       
Ctl  6.90 6.90 7.05 7.16 0.15       

Hb, g/L 133-197      166.67 172.05 2.77 0.11 0.01 0.98 

Trt  165.07 171.09 173.13 178.91 3.34       
Ctl  158.63 165.13 169.38 173.56 4.43       

HCT, L/L 0.39-0.56      0.52 0.53 0.01 0.32 0.62 0.72 

Trt  0.52 0.53 0.53 0.53 0.01       
Ctl  0.51 0.51 0.52 0.52 0.01       

MCV, fL 66-75      74.05† 72.94 0.41 0.04 <0.01 0.49 

Trt  73.98 73.49 72.73 71.57 0.41       
Ctl  74.72 74.33 73.94 73.23 0.54       

MCH, pg 21-25      24.01 23.87 0.12 0.33 0.25 0.91 

Trt  23.76 23.78 23.97 23.98 0.16       
Ctl  23.78 23.91 24.16 24.21 0.21       

RDW, % 11.0-14.0      11.60 12.11 0.28 0.13 0.10 0.36 

Trt  11.45 11.45 13.03 12.51 0.41       
Ctl  11.36 11.27 11.57 12.19 0.54       

Platelets, x10^9/L 117-418      240.80 215.63 19.42 0.27 <0.01 0.25 

Trt  204.64 246.96 195.46 215.45 16.86       
Ctl  240.57 253.96 209.90 258.78 22.34       

MPV, fL 7.0-14.0      10.50 10.58 0.53 0.90 <0.01 0.33 

Trt  10.19 10.60 11.28 10.23 0.43       
Ctl  9.77 10.89 11.30 10.04 0.57       

Plateletcrit, % 0.14-0.47      0.25 0.23 0.02 0.32 <0.01 0.44 

Trt  0.21 0.26 0.22 0.22 0.02       
Ctl  0.24 0.28 0.23 0.26 0.02       
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T.S. Protein, g/L 55-75      69.33 69.15 1.10 0.89 0.19 0.57 

Trt  69.02 68.63 69.22 69.71 1.02       
Ctl  69.28 67.64 70.24 70.15 1.35       

Seg Neutrophil Count, x10^9/L 2.9-10.6      5.57 6.74 0.61 0.12 <0.01 0.48 

Trt  5.82 8.62 6.34 6.18 0.59       
Ctl  5.41 6.78 5.00 5.08 0.79       

Lymphocyte Count, x10^9/L 0.8-5.1      3.94 3.66 0.36 0.52 0.05 0.72 

Trt  3.87 3.34 3.66 3.79 3.87       
Ctl  4.10 3.38 4.17 4.09 0.42       

Monocyte Count, x10^9/L 0-1.1      0.53 0.52 0.06 0.78 0.34 0.42 

Trt  0.53 0.53 0.43 0.57 0.57       
Ctl  0.39 0.59 0.50 0.66 0.12       

Eosinophil Count, x10^9/L 0.8-1.33      1.82 1.91 0.33 0.81 0.05 0.08 

Trt  1.98 1.73 1.58 2.33 0.31 
      

Ctl   1.33 2.27 1.50 2.15 0.41             

1Abbreviations: SEM, standard error of means; Ref. Range, reference range; Wk, week; Trt, Treatment; Ctl, Control; RBC, 
erythrocyte count; WBC, white blood cell count; Hb, hemoglobin; Hct, hematocrit; MCV, mean cell volume; MCH, mean 
cell hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; MPV, mean 
platelet volume; T.S. protein, total solids protein; Seg. Neut. Count, segmented neutrophil count.  
2 Values are reported as mean estimates. 
Bolded values are outside the standard reference range (Animal Health Laboratory, University of Guelph, Guelph, ON). 
†Mean values for control dogs significantly differ from treatment dogs (P < 0.05). 
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Table 2.10 Mean serum biochemistry values of control dogs and dogs receiving supplemental yeast over an 11-week period. 

                P-value 

Parameter1 Ref. Range1 Week -32 Week 72 Week 
SEM 

CON1,2  TRT1,2 Treatment 
SEM 

Treatment Week Trt x Wk 

Calcium, mmol/L 2.5-3    2.53 2.52 0.04 0.98 0.57 0.91 

Trt  2.53 2.52 0.03       
Ctl  2.53 2.52 0.04       

Phosphorous, mmol/L 0.9-1.85    1.53† 1.40 0.03 0.01 0.09 0.77 

Trt  1.46 1.35 0.04       
Ctl  1.58 1.49 0.05       

Magnesium, mmol/L 0.7-1    0.85 0.84 0.02 0.72 0.02 0.00 

Trt  0.80 0.88 0.02       
Ctl  0.85 0.84 0.03       

Sodium, mmol/L 140-154    148.47 148.38 0.51 0.87 <0.01 0.98 

Trt  146.63 150.13 0.49       
Ctl  146.71 150.24 0.64       

Chloride, mmol/L 104-119    113.32 113.36 0.60 0.95 0.01 0.76 

Trt  112.64 114.08 0.53       
Ctl  112.47 114.17 0.71       

Carbon Dioxide, mmol/L 15-25    17.17 17.26 0.69 0.91 0.03 0.82 

Trt  16.39 18.12 0.68       
Ctl  16.15 18.19 0.90       

Anion Gap, mmol/L 13-24    23.16 23.01 0.49 0.79 0.49 0.55 

Trt  22.60 23.42 0.52       
Ctl  23.09 23.23 0.69       

Na:K ratio 29-37    29.19 29.24 0.49 0.92 0.09 0.35 

Trt  29.51 28.97 0.46       
Ctl  29.87 28.50 0.62       

Total Protein, g/L 55-74    59.32 59.68 1.19 0.80 0.89 0.54 

Trt  59.96 59.39 1.02       
Ctl  59.16 59.49 1.35       

Albumin, g/L 29-43    37.46 37.37 0.53 0.88 0.56 0.67 

Trt  37.29 37.45 0.56       
Ctl  37.12 37.80 0.75       

Globulin, g/L 21-42    21.87 22.31 0.47 0.70 0.47 0.76 

Trt  22.67 21.94 0.84       
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Ctl  22.04 21.69 1.11       
A:G Ratio 0.7-1.8    1.73 1.70 0.06 0.64 0.43 0.99 

Trt  1.67 1.72 0.06       
Ctl  1.71 1.76 0.08       

Urea, mmol/L 3.5-9    8.14 7.81 0.58 0.63 0.06 0.75 

Trt  7.33 8.30 0.53       
Ctl  7.50 8.77 0.70       

Creatinine, umol/L 20-150    75.89 75.07 3.64 0.85 0.15 0.70 

Trt  73.66 76.48 2.87       
Ctl  74.96 76.81 3.80       

Glucose, mmol/L 3.3-7.3    5.49 5.59 0.10 0.40 0.45 0.33 

Trt  5.59 5.58 0.10       
Ctl  5.40 5.58 0.13       

Chloesterol, mmol/L 3.6-10.2    4.10 3.48 0.30 0.09 0.23 0.80 

Trt  3.59 3.37 0.25       
Ctl  4.26 3.94 0.34       

Total Bilirubin, umol/L 0-4    0.92 0.83 0.17 0.64 0.99 0.17 

Trt  0.75 0.90 0.15       
Ctl  0.99 0.85 0.20       

Free Bilirubin, umol/L 0-3    0.69 0.72 0.18 0.88 0.74 0.49 

Trt  0.71 0.74 0.16       
Ctl  0.76 0.63 0.21       

Alkaline Phosphatase, U/L 22-143    26.28 31.29 3.26 0.20 0.07 0.62 

Trt  27.79 34.79 2.93       
Ctl  23.98 28.57 3.89       

Steroid Induced ALP, U/L 0-84    7.13 13.40 4.12 0.20 <.0.01 0.36 

Trt  8.27 18.53 3.26       
Ctl  3.40 10.85 4.32       

GGT, U/L 0-7    1.08 1.17 0.25 0.74 <0.01 0.74 

Trt  0.14 2.21 0.27       
Ctl  0.14 2.02 0.36       

ALT, U/L 19-107    35.51 36.21 2.98 0.84 0.01 0.24 

Trt  40.94 31.49 2.57       
Ctl  37.96 33.06 3.40       

CK, U/L 40-255    90.56 78.01 7.39 0.16 0.61 0.80 

Trt  75.40 80.62 6.79       
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Ctl  89.49 91.63 9.00       
Amylase, U/L 299-947    424.02 419.64 63.55 0.95 0.01 0.94 

Trt  443.95 395.32 48.86       
Ctl  449.45 398.59 64.75       

Lipase, U/L 25-353    111.20 83.36 13.48 0.09 <.0.01 0.07 

Trt  70.52 96.21 10.50       
Ctl  90.65 131.75 13.92       

Calculated Osmo, mmol/L N/A    299.02 298.87 1.12 0.91 <.0.01 0.73 

Trt  295.00 302.73 1.09       
Ctl   294.78 303.26 1.44             

 
1Abbreviations: SEM, standard error of means; Ref. Range, reference range; Wk, week; Trt, Treatment; Ctl, Control; Na:K 
Ratio, sodium;potassium ratio; A:G Ratio, albumin:globulin ration; Conj. Bilirubin, conjugated bilirubin; ALP; alkaline 
phosphatase; Steroid-Ind. ALP, steroid-induced alkaline phosphatase; GGT, gamma-glutamyl transferase; ALT, alanine 
aminotrasnferase; CK, creatine kinase; Calc. Osmo., calculated osmolarity; N/A, not available. A–C Values in a row 
and/or category with different superscripts are significantly different (P < 0.05). 
2 Values are reported as mean estimates. 
Bolded values are outside the standard reference range (Animal Health Laboratory, University of Guelph, Guelph, ON). 
†Values in a row are significantly different (P < 0.05).  
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3 Chapter 3: The effects of supplemental concentrated 
brewer’s yeast on postprandial amino acid appearance in 
healthy adult dogs 

3.1 Abstract 

Yeast and its components have been used in animal systems to modulate the 

immune response and support gut health. Certain amino acids (AA) have been reported 

to also exert positive effects on the gut, such as supporting the intestinal barrier and 

restoring mucosal immune homeostasis. The objective of this study was to evaluate the 

effects of supplemental concentrated brewer’s yeast on postprandial AA appearance in 

dogs. Nineteen privately-owned domestic Siberian huskies, and one Alaskan husky (9 

females: 5 intact, 4 spayed; 11 males: 3 intact, 8 neutered), with an average age of 4.8 

± 2.6 years and body weight (BW) of 25.6 ± 4.1 kg, were enrolled in this study. Ten 

dogs received a dry extruded control diet (Ctl) and ten the Ctl diet top-dressed with 

yeast to receive a daily ß–glucan dose of 7 mg/kg BW (treatment, Trt) for 10 weeks. At 

weeks -1, 2, 4, and 8, postprandial AA concentrations were quantified. A fasted blood 

sample was collected; the dogs then received a meal consisting of 75% of their daily 

ration followed by further blood sampling 1, 2, and 4 hrs post-meal. Serum IL-10 

concentrations were analyzed from the fasted sample to evaluate changes in the 

inflammatory response. All data was analyzed using PROC GLIMMIX of SAS for the 

AAs, with dog as a random effect while week, diet group, and sampling time point as 

fixed effects, and IL-10 with dog as random effect, and week as fixed effect and 

repeated measure. There was no effect of treatment on any AA, however a significant 

treatment by week by timepoint interaction effect was observed for histidine (His) and 
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tryptophan (Trp; P ≤ 0.05). An increase over the time of the study was observed in 

many amino acids for all dogs – serum concentrations of lysine, methionine, threonine, 

tryptophan, alanine, arginine, glutamine, glycine, proline, serine, taurine, and tyrosine 

(Tyr) were greatest at week 8 in all dogs when compared to concentrations at week -1 

(P ≤ 0.05). Serum IL-10 concentrations did not differ by week or between Trt or Ctl (P > 

0.05). In three dogs that demonstrated greater gut permeability than all other dogs, 

serum isoleucine, threonine, and valine concentrations were greater at week 8 

compared to week -1 (P ≤ 0.05) and serum leucine concentrations were greater 1 and 2 

hours postprandial at week 8 compared to the same time points at week -1 (P ≤ 0.05).  

The results of this study suggest that supplemental yeast can have a beneficial effect on 

amino acid absorption without impacting inflammatory status in dogs. 

3.2 Introduction 

Yeast is a fermentable source of dietary carbohydrates and protein, and has 

been reported to increase nutrient digestibility in dogs (Beloshapka et al., 2013). It has 

protective effects in the gastrointestinal tract (GIT), including maintenance of intestinal 

barrier integrity in mice (Generoso et al., 2011). Maintenance of gut health is essential 

for maintenance of systemic health, as beyond its role in digestion, the gut acts as a 

barrier against invading pathogens (McKay and Perdue, 1993). Additionally, yeast 

supplements in murine models have been documented to stimulate the immune system, 

another critical component to preventing the translocation of bacteria and endotoxins 

from the gut into portal and systemic circulation (Generoso et al., 2011). While yeast is 

made up of a variety of biologically active compounds, such as B-vitamins, antioxidants, 
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the cell-membrane-derived polysaccharides mannooligosaccharides, 

fructooligosaccharides, and ß-glucans, the ß-glucan fraction has been reported to act as 

an immune modulator and to exert protective effects in the canine gut (Martins et al., 

2013).  

 ß-glucans are found in the cell walls of yeast, cereal grains, algae, lichen, and 

some bacteria, though their structure and function differ depending on source (Novak 

and Vetvicka, 2009). Yeast-derived ß-glucans directly augment the innate immune 

system, acting as immunostimulants in mice and dogs (Lee et al., 2001; Stuyven et al., 

2010). They trigger the release of nitric oxide, arachidonic acid metabolites, and 

cytokines (Jung et al., 2003; Suram et al., 2006; Chen and Seviour, 2007) by binding to 

specific receptors on immune cells such as macrophages, neutrophils, monocytes, 

dendritic cells, and natural killer cells (Stuyven et al., 2010). Dectin-1 has been identified 

as the major ß-glucan receptor and is found on macrophages and neutrophils (Brown 

and Gordon, 2001). Yeast ß-glucans have protective effects against immune challenges 

caused by bacteria, viruses, and parasites in humans (Willment et al., 2001; Gantner et 

al., 2003; Brown and Gordon, 2005) and mice (Brown et al., 2003; Generoso et al., 

2011). While the potential benefits of yeast in the gut are numerous, it is not the only 

compound that has been reported to exert positive effects on the GIT. 

Dietary amino acids (AAs) are essential for the maintenance of health in dogs. A 

number of AAs have ameliorative effects on intestinal growth and support the 

maintenance of the intestinal barrier function in dogs and other species (Y. Liu et al., 

2017; Benvenuti et al., 2020). Arginine (Arg), glutamine (Gln), glycine (Gly), cysteine 
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(Cys), and proline (Pro) function in the GIT of dogs and other species to mitigate 

damage to the gut, support the integrity and function of the intestinal barrier, reduce 

oxidative stress, maintain mucosal immune homeostasis, and enhance the GIT by 

attenuating the secretion of inflammatory cytokines, such as interleukin (IL)-6, and 

increasing concentrations of immune-regulating cytokines such as IL-10 (Ruth and 

Field, 2013; Li et al., 2016; Y. Liu et al., 2017; G. Liu et al., 2017; He et al., 2018; 

Kathrani et al., 2018). Concentrations of circulating AAs have been evaluated in yeast-

supplemented pigs. These studies reported increased concentrations of various AAs in 

serum (Xiong et al., 2015) and increased apparent ileal digestibility (AID; Wu et al., 

2018; Park et al., 2021) in pigs receiving supplemental yeast compared to control pigs. 

 In human models with inflammatory bowel disease (IBD), a disorder 

characterized by intestinal inflammation (Vich Vila Arnau et al., 2018), the integrity of 

the intestinal barrier can be impaired, which can result in pathogen penetration and 

symptoms of malnutrition (Li et al., 2007; Landy et al., 2016; Bao et al., 2017; He et al., 

2018). Amino acids function as foundational components of macromolecule synthesis 

for the intestinal mucosa and have an important role in intracellular protein turnover 

(Vidal-Lletjós et al., 2017). While there is considerable research into the roles of AAs in 

human models of intestinal inflammation, little research has investigated these 

metabolic mechanisms in dogs. One study in dogs with IBD demonstrated that dogs 

who were supplemented with a ß-1,3/1,6-D-glucan for 42 days had increased 

concentrations of IL-10, an anti-inflammatory cytokine marker that facilitates IgA 
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secretion, and decreased concentrations of IL-6, a pro-inflammatory cytokine marker 

that initiates production of haptoglobin by the liver (Rychlik et al., 2013).  

 Though the immunomodulatory effects of yeast have been well-documented in 

both animal and human models (Lee et al., 2001; Stuyven et al., 2010; Vich Vila Arnau 

et al., 2018), there is a dearth of research on how yeast supplementation effects AA 

concentrations. To the authors knowledge, only one study has reported postprandial 

changes in AA concentrations in healthy dogs. Additionally, though the roles of AAs in 

human models of intestinal inflammation have been well-documented (Li et al., 2007; 

Landy et al., 2016; Bao et al., 2017; He et al., 2018; Vich Vila Arnau et al., 2018), there 

is limited data for these mechanisms in dogs. As such, the objective of this study was to 

evaluate the effects of a concentrated brewer’s yeast product on serum postprandial AA 

concentrations and fasted serum IL-10 concentrations in healthy adult dogs. We 

hypothesized that dogs supplemented with concentrated brewer’s yeast would have 

increased postprandial amino acid appearance and increased concentrations of the 

anti-inflammatory cytokine IL-10 compared to control dogs. 

3.3 Materials and Methods 

3.3.1 Animals and housing 

This study was approved by the University of Guelph’s Animal Care Committee 

(Animal Use Protocol # 4412). Nineteen privately-owned domestic Siberian huskies, and 

one Alaskan husky (9 females: 5 intact, 4 spayed; 11 males: 3 intact, 8 neutered), with 

an average age of 4.8 ± 2.6 years and body weight (BW) of 25.6 ± 4.1 kg (mean ± SD), 

were used in this study. The study took place between August and November 2020. Dogs 
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were housed at an off-site facility (Rajenn Siberian Huskies, Ayr, ON) that was previously 

visited and approved by the University of Guelph’s Animal Care Services. Throughout the 

study, dogs were housed in free-range, outdoor kennels ranging in size from 3.5 to 80 

square meters. Each kennel contained between 2 and 9 dogs. Dogs had ad libitum access 

to fresh water, constant access to shelter, received daily socialization, and the same 

amount of weekly exercise. All dogs remained healthy throughout the study period. 

Complete blood count and serum biochemistry values are reported in Rummell et al. 

(2022).  

3.3.2 Diet and study design 

For complete diet and study design, refer to Rummell et al. (2022). Briefly, dogs 

were blocked by age, sex, and BW prior to being randomly allocated to one of two diet 

groups: control (Ctl; n=10; 5 males, 4 neutered, 1 intact; 5 females, 3 spayed, 2 intact; 

4.80 ± 2.82 years average age, 25.43 ± 3.65 kg average BW ) or treatment (Trt; n=10; 6 

males, 4 neutered, 2 intact; 4 females, 1 spayed, 3 intact; 4.80 ± 2.62 years average age, 

25.40 ± 4.47 kg average BW).  

All dogs were acclimated to a Ctl diet (Acana Adult Large Breed, Champion 

Petfoods LT, Morinville, AB) for 4 weeks prior to the study start. The Ctl diet met or 

exceeded all National Research Council (NRC, 2006) and Association of American Feed 

Control Officials (AAFCO, 2021) nutrient recommendations for adult dogs. For additional 

details regarding the nutrient composition of the Ctl diet, refer to Rummell et al. (2022). 

Following the diet acclimation period, Ctl dogs continued to receive the Ctl diet for 10 

weeks, while dogs on Trt were fed the Ctl diet top-dressed with a concentrated brewer’s 



 

 

81 

 

yeast product (F.L. Emmert Company, Cincinnati, OH, USA). Yeast was supplemented to 

provide a ß-glucan dose of 7 mg/kg BW per day (Rychlik et al., 2013). All dogs were fed 

once daily individually to allow for the monitoring of food consumption and proper 

allocation of dietary treatments. Any orts (offered, refused, treatment) were weighed and 

recorded daily. Feed intake was initially determined based on historical feeding records 

and adjusted weekly to ensure all dogs maintained their initial BW throughout the study. 

Data for mean daily feed intake and BW are reported in Rummell et al. (2022).  

3.3.3 Blood sample collection and analysis 

Postprandial serum AA concentrations were evaluated on weeks -1, 2, 4, and 8. 

Dogs were fasted overnight for 12 hrs and a 5 mL fasted blood sample was collected via 

cephalic venipuncture with a serum Vacutainer (Becton, Dickinson and Company, 

Franklin Lakes, NJ, USA) using a winged infusion set (Terumo™ Surflo™ Winged 

Infusion Set, 21 G x .75, Terumo Medical Corporation, Vaughn, ON). Immediately 

following the fasted sample, dogs received a meal consisting of 75% of their daily ration 

followed by postprandial blood collections at 1, 2, and 4 h postprandial, as described 

above. All samples were centrifuged at 2,000 x g for 20 min at 4ºC using a Beckman J6-

MI centrifuge (Beckman Coulter, Indianapolis, IN), then serum aliquots were collected, 

frozen, and kept at −80 °C prior to analysis. Serum samples were analyzed for AA using 

an ultra-performance liquid chromatography system (UPLC; Waters Corporation, Milford, 

MA) using the method described by Templeman et al. (2020). Total serum Cys, 

homocysteine (Hcys), and glutathione (GSH) were analyzed using UPLC using the 

methods described by Banton et al. (2021). Additionally, serum IL-10 concentrations were 
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evaluated from the fasted sample using a solid-phase Canine Quantikine enzyme-linked 

immunosorbent assay (ELISA) (R&D Systems, Minneapolis, Minnesota, USA) following 

the manufacturer’s instructions.  

3.3.4 Case study 

Data previously published from this study suggested that concentrated brewer’s 

yeast supplemented to dogs restored intestinal permeability, as evaluated using the 

intestinal permeability markers iohexol and chromium-ethylenediamine tetra-acetic acid 

(Cr-EDTA; Rummell et al. 2022). Within the Trt group, three dogs (n = 3, 3 females, 

average BW 22.3 ± 3.2 kg) with no physical indications (i.e., weight loss, loose stools) or 

known allergies had higher gut permeability prior to study onset, which was ameliorated 

following 10 weeks of brewer’s yeast supplementation. Postprandial AA appearance for 

these three dogs was compared at weeks -1 and 8. 

3.3.5 Statistical analysis 

Data were analyzed using SAS statistical software (v. 9.4; SAS Institute Inc., Cary, 

NC). Amino Acid data were analyzed using PROC GLIMMIX of SAS, where dog was 

treated as a random effect, while week, diet group, and sampling time point were treated 

as fixed effects. Serum IL-10 data were analyzed using PROC GLIMMIX of SAS, where 

dog was treated as a random effect and week as a fixed effect and repeated measure. 

For the case study, postprandial serum AA data were analyzed using PROC GLIMMIX of 

SAS, where dog was treated as a random effect while week and sampling time point were 

treated as fixed effects. For each of the aforementioned procedures, when the main effect 
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was significant means were separated using a Tukey’s HSD test. Significance was 

declared when P ≤ 0.05. 

3.4 Results 

3.4.1 Indispensable amino acids postprandial response 

Mean serum indispensable AA (IAA) concentrations of Trt and Ctl at each week 

for all timepoints are reported in Table 1. There was no treatment or treatment by week 

interaction effect for any IAA (P > 0.05); however, a significant week by treatment by 

timepoint interaction effect was observed for histidine (His) and tryptophan (Trp) (P ≤ 

0.05). Neither His nor Trp concentrations differed from fasted at any timepoint in week -

1 in either group (P > 0.05). At week 2, serum concentrations of His and Trp in the Ctl 

group were not different from fasted at any timepoint (P > 0.05); however, serum 

concentrations of His in the Trt group were greater 4 hrs postprandial, and serum Trp 

concentrations in the Trt group were greater 2 and 4 hrs postprandial when compared to 

fasted (P ≤ 0.05). At week 4, serum Trp concentrations in the Trt and Ctl group were 

greater 1, 2, and 4 hrs postprandial when compared to fasted (P ≤ 0.05). Serum His 

concentrations at week 4 in the Ctl group were greater than fasted 2 and 4 hrs 

postprandial, and in the Trt group were greater than fasted 1, 2, and 4 hrs postprandial 

(P ≤ 0.05). Finally, at week 8, serum Trp concentrations were greater than fasted 1, 2, 

and 4 hrs postprandial in the Trt group, and in the Ctl group were greater than fasted 4 

hrs postprandial (P ≤ 0.05). Serum His concentrations at week 8 in the Trt group were 

greater than fasted 2 and 4 hrs postprandial, and in the Ctl group were greater than 
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fasted 4 hrs postprandial (P ≤ 0.05). No week by treatment by timepoint interaction 

effect was observed for any other IAA (P > 0.05).  

Differences were observed in serum Trp and His concentrations when compared 

to the same timepoint at week -1 within group. When compared to the same timepoint at 

week -1, no differences were observed at week 2 or week 8 for His or Trp at any 

timepoint (P > 0.05). When compared to the same timepoint at week -1, serum Trp 

concentrations were lower at week 4 fasted for both Trt and Ctl groups (P ≤ 0.05). 

Serum His concentrations did not differ from week -1 at any timepoint in week 4 (P > 

0.05). 

3.4.2 Dispensable amino acids postprandial response 

Mean serum dispensable AA (DAA) concentrations of Trt and Ctl at each week 

for all timepoints are reported in Table 4. No DAA exhibited an effect of treatment, yet a 

week by treatment interaction effect was observed for asparagine (Asn) and GSH 

(Table 5). Serum Asn concentrations at week 8 were lower than week -1 in the Trt 

group (P ≤ 0.05) but not in the Ctl group (P > 0.05), and serum concentrations at week 2 

were lower in the Trt group when compared to the Ctl group in the same week (P ≤ 

0.05). Finally, serum GSH concentrations were lower than week -1 in the Trt group at 

week 2 and 4 (P ≤ 0.05), a difference not reflected in the Ctl group (P > 0.05). No week 

by treatment by timepoint interaction effect was observed for any DAA (P > 0.05).  
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3.4.3 Interleukin 

Data for serum IL-10 concentrations are shown in Table 7. There was no treatment 

or treatment by week interaction effect (P > 0.05). 

3.4.4 Case study 

For the three dogs identified from the Trt group as having increased intestinal 

permeability, there was an effect of week for all IAA apart from phenylalanine (Phe) and 

for alanine (Ala), Asn, Gln, Gly, serine (Ser), and taurine (Tau), and a significant week 

by timepoint interaction effect for Trp and Ser.  

 Data for the week effect for the IAA are shown in Table 4. When pooled across 

all timepoints within week, serum concentrations of the IAA isoleucine (Ile), leucine 

(Leu), lysine (Lys), methionine (Met), threonine (Thr), Trp, and valine (Val) were greater 

at week 8 when compared to week -1 (P ≤ 0.05). Serum His concentrations were 

greater at week -1 than week 8 (P > 0.05). 

 Data for postprandial AA response at week -1 and 8 for IAA are shown in Figure 

1 and for DAA in Table 6. A significant week by timepoint interaction effect was 

observed for Trp (Figure 1A) and Ser (Figure 1B) (P ≤ 0.05). No week by timepoint 

interaction effect was observed for any other IAA or DAA (P > 0.05). At week 8, serum 

concentrations of Trp were greater 1, 2, and 4 hrs postprandial when compared to the 

same timepoints at week -1 (P ≤ 0.05). Serum Ser concentrations were lower at week 8 

fasted when compared to the same timepoint at week -1 (P ≤ 0.05).  
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3.5 Discussion 

This study sought to evaluate the extent to which the postprandial AA response 

in serum of yeast-supplemented healthy adult dogs fed a commercially available diet 

may differ from that of dogs fed the same diet without supplementation. We 

hypothesized that postprandial AA concentrations would be increased in the yeast-

supplemented dogs. Serum Trp concentrations in the Trt group were significantly 

greater than fasted at most timepoints in weeks 2, 4, and 8, and in the Ctl group were 

also greater than fasted, though at fewer timepoints. Additionally, serum His 

concentrations in the Trt group were significantly greater than fasted at most timepoints 

in weeks 2, 4, and 8, however the Ctl group more similarly reflected these increases, 

suggesting that the changes in His concentrations were related to other factors. 

Contradicting our hypothesis, serum IL-10 concentrations were not different between Trt 

and Ctl at any week. 

In human studies, His and Phe have been reported to have anti-inflammatory 

effects. Reductions in IL-6, IL-8, and TNF-𝛼 concentrations have been reported in 

humans supplemented with His or Phe, and serum concentrations of both His and Phe 

are reduced in humans with IBD (He et al., 2018). It is possible that reduced serum His 

concentrations could act as an early marker of intestinal inflammation in human IBD 

(Dawiskiba et al., 2014), however no studies have investigated this in dogs. Circulating 

His acts as a physiologic antioxidant, scavenging hydroxy radicals and singlet oxygen 

(Zs.-Nagy and Floyd, 1984; Foote and Clennan, 1995). In the current study, fasted 

serum His concentrations decreased over the course of the study period in Trt and Ctl 
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dogs, which may suggest increased use of His as an antioxidant to scavenge hydroxy 

radicals and reduce oxidative stress. As the differences between the Trt and Ctl group 

in serum His concentrations were minimal, it is unlikely that changes in His were due to 

yeast supplementation, and further analysis would be necessary to determine if, and to 

what extent, yeast impacts His concentrations and subsequently oxidative stress.  

Postprandial serum and plasma AA concentrations have been reported in dogs in 

relation to inflammatory conditions in the literature. Benvenuti et al. (2020) evaluated the 

serum AA concentrations of dogs with protein-losing enteropathy (PLE), a condition 

accompanied by inflammation, and found that dogs with PLE had reduced serum 

concentrations of Trp, Phe and Tyr when compared to healthy dogs. Several other 

studies have reported a decrease in Trp concentrations in canine IBD and PLE cases 

(Kathrani et al., 2018; Tamura et al., 2019) and supplemental Trp has been utilized in 

human studies to ameliorate symptoms of IBD, including reducing intestinal permeability 

(Ooi et al., 2011; Hisamatsu et al., 2012; Y. Liu et al., 2017; He et al., 2018).  

In the present study, no measured AA were affected by treatment. Other studies 

in the literature that evaluated AA concentrations, either postprandially or fasted, include 

a challenge – be it immune, exercise, or otherwise. As such, further research in dogs in 

a challenged state, such as after vaccination or exercise, and receiving supplemental 

yeast, would be warranted to fully understand the role of yeast to maintain homeostasis.  

 To the authors knowledge, no other studies have reported postprandial AA 

responses in dogs supplemented with concentrated brewer’s yeast, but numerous 
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studies that measure digestibility, which underpins postprandial AA appearance, exist 

for other species. Studies have been conducted in yeast supplemented pigs (Mateo and 

Stein, 2007; Moehn et al., 2010; Xiong et al., 2015; Wu et al., 2018; Park et al., 2021) 

though results are inconclusive. In one study, apparent and standardized ileal 

digestibility (AID, SID) of Cys and Ser were lower in yeast-supplemented pigs compared 

to pigs receiving a typical diet (Mateo and Stein, 2007). Xiong et al. (2015) found that 

serum concentrations of Ile, Leu, Met, Phe, and Pro and ileal concentrations of Arg, His, 

Leu, Lys, Trp, Val, Ser, glutamate (Glu), Gln and Pro were greater in yeast-

supplemented pigs compared to control pigs. Wu et al. (2018) and Park et al. (2021) 

completed similar studies in which pigs were supplemented with yeast and compared to 

either a spray-dried plasma protein or soybean meal (SBM) group. Wu et al. (2018) 

reported that AID of Met and Glu tended to be greater and Cys tended to be lower in the 

yeast-supplemented group and that the SID of Met and Glu were greater. Additionally, 

Phe tended to be greater in the yeast group when compared to pigs receiving spray-

dried plasma protein, which is considered a high-quality protein ingredient (Wu et al., 

2018). Further, Park et al. (2021) reported that the AID of Gly tended to be lower in the 

yeast group compared to a SBM group, and the SID of all AA except for Pro were lower 

and Gly tended to be lower in the yeast group compared to the SBM group. The 

variability of results reported in the literature could be attributed to differences in yeast 

supplements, length of supplementation period prior to evaluation of AAs, or GIT status 

of the pigs. These results, along with those of the present study, suggest that 

supplemental yeast may play a role in maintaining intestinal function. Future studies in 
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yeast-supplemented animals should evaluate postprandial AA responses, and include a 

stimulus to determine the effects of supplemental yeast on AID and SID. 

During evaluation of data from the previously published portion of this study 

(Rummell et al., 2022), three dogs randomly allocated to the treatment group had 

elevated gut permeability when compared to all other dogs. Following 10 weeks of yeast 

supplementation, their gut permeability was comparable to all other dogs. In these three 

dogs, concentrations of most AA were increased at week 8 compared to week -1, and a 

significant week by timepoint interaction effect was observed for Trp and Ser. Increased 

serum Trp suggests reduced oxidative stress and decreased gut permeability in these 

dogs (Kim et al., 2010). Supplemental Ser has been reported to facilitate maintenance 

of intestinal health in weaning piglets (Zhou et al., 2018). Fasted serum Ser 

concentrations were reduced at week 8 when compared to week -1 in these dogs, 

which may be due to increased utilization by the splanchnic tissues. This difference, 

however, was only detected in the fasted sample, and as such, further research is 

necessary to determine if supplemental yeast does impact Ser concentrations, and what 

physiological effect this may induce.  

Trp reduces oxidative stress, helps maintain GIT function, and improves 

neurological function. In a porcine model of colitis, supplemental Trp improved clinical 

symptoms of colitis and reduced gut permeability in supplemented pigs (Kim et al., 

2010). Additionally, expression of various proinflammatory cytokines including Tumor 

Necrosis Factor (TNF)-𝛼, IL-6, and interferon (IFN)-gamma were reduced in Trp-

supplemented pigs (Kim et al., 2010). Similar results were seen in a murine model of 
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colitis, where mice supplemented with Trp had reduced clinical symptoms of colitis 

when compared to a control group (Shizuma et al., 2009). This suggests that Trp may 

be an effective immunomodulator for the treatment of IBD (Kim et al., 2010). In the 

present study, serum Trp concentrations in the Trt group were increased postprandially. 

They were also increased in the Ctl group, although less consistently, suggesting 

increased Trp availability in the Trt group.  The moderate increase in serum Trp 

concentrations observed in all dogs in this study could be in part due to reduced 

oxidative stress and decreased gut permeability, particularly in this case study group.  

In the current study, increased concentrations of Trp following 10 weeks of yeast 

supplementation could be related to decreased intestinal permeability. This is 

particularly true for the three case study dogs, whose serum Ile, Thr, Trp and Val 

concentrations increased after their intestinal permeability decreased (Rummell et al., 

2022). These results further encourage additional research into the inclusion of yeast in 

diets of dogs, particularly in those experiencing challenges. 

A notable limitation of the present study is the lack of immune or exercise 

challenge. In most literature investigating the effects of yeast supplementation, animals 

are exposed to a challenge. For example, Lin et al. (2020) supplemented dogs with 

yeast cell wall extract prior to an abrupt diet transition to support maintenance of gut 

health. In other animal models, piglets (Che et al., 2017) and mice (Generoso et al., 

2011) were exposed to a GIT challenge while being supplemented with live yeast to 

maintain intestinal permeability comparable to that of control animals. While compelling, 

these studies did not evaluate AA content, and future studies into these conditions 
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should include evaluation of AA. Maintaining or restoring gut health increases surface 

area for absorption of nutrients in the gut, which would result in an increase in 

circulating AA (Farré et al., 2020). Future studies should include some form of challenge 

to fully determine the effects of yeast supplementation on postprandial AA 

concentrations in dogs. 

 In conclusion, there was no effect of treatment on postprandial AA 

concentrations, though Trp was overall increased and His decreased in Trt and Ctl dogs 

at the end of the study period. As the Trt groups Trp concentrations were significantly 

different from fasted at 1, 2, and 4 hrs postprandial while Ctl only differed from fasted at 

4 hrs postprandial, this suggests more rapid AA absorption in yeast-supplemented 

dogs. The three case study dogs had increased concentrations of most AA after the 

supplementation period, suggesting that permeability of the gut was reduced allowing 

for increased AA absorption. Future research should consider utilizing a population of 

challenged dogs, or comparing young and senior dogs, to better understand regulation 

of AA absorption. Additionally, studies investigating the effects of yeast supplementation 

should include a challenge, which could be immune-based or exercise-induced, to 

further understand the effects of yeast on AA content in dogs. 
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Table 3.1 Mean serum concentrations of indispensable amino acids (IAA; nmol/mL) in control and yeast-supplemented dogs over a 10-week 
period 

Amino Acid  Week -1 Week 2 Week 4 Week 8 P-value 

 fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr  4 hr SEM Wk*Trt*Time 

Histidine                          

Trt 117.4 101.4 124.0 135.2 5.6 107.6 120.7 130.1 136.6* 5.8 96.2 121.2* 134.8* 136.0* 5.6 101.3 121.7 129.2* 128.5* 5.6 
0.01 

Ctl 118.7 120.9 132.4 128.6 5.9 119.3 128.1 123.5 117.0 6.5 101.1 119.3 138.9* 143.0* 5.9 108.9 119.9 130.3 143.2* 6.2 

Isoleucine                          

Trt 65.8 71.0 83.4 105.2 6.9 72.9 87.3 101.2 113.2 7.3 82.5 132.5 150.0 142.2 6.9 74.2 106.8 119.0 130.9 6.9 
0.61 

Ctl 63.6 67.0 83.3 101.3 7.3 80.4 90.7 84.4 87.2 8.3 84.4 129.6 143.5 136.3 7.3 71.0 98.3 116.7 131.7 7.7 

Leucine                          

Trt 121.9 124.7 142.5 168.2 11.8 130.0 149.5 171.3 182.4 12.4 160.1 242.2 262.6 237.3 11.8 145.9 191.0 207.5 215.3 11.8 
0.78 

Ctl 123.6 126.3 146.4 167.3 12.4 144.1 156.9 150.3 149.3 14.1 166.3 235.7 255.1 233.3 12.4 132.7 171.3 196.4 213.8 13.2 

Lysine                          

Trt 115.9 148.4 169.9 186.4 13.9 113.8 159.6 178.0 190.2 14.5 89.9 179.7 226.3 218.2 13.9 106.2 187.1 206.6 204.0 13.9 
0.50 

Ctl 123.9 153.3 176.6 187.3 14.5 160.2 182.7 169.8 183.1 16.1 93.6 189.6 239.8 243.5 14.5 116.2 201.2 224.1 230.9 15.2 

Methionine                          

Trt 49.8 55.5 58.8 67.3 3.4 52.2 63.6 65.0 68.7 3.5 46.6 61.8 74.2 81.7 3.4 51.2 65.8 70.3 77.6 3.4 
0.77 

Ctl 56.9 59.2 62.6 70.0 3.6 61.3 68.2 67.4 65.4 4.0 50.2 63.7 75.4 89.1 3.6 54.8 66.2 73.1 85.2 3.8 

Phenylalanine                          

Trt 83.5 82.5 84.7 82.6 3.6 73.9 83.2 87.9 85.9 3.7 81.6 99.9 103.9 89.2 3.6 75.4 91.4 91.2 83.5 3.6 
0.52 

Ctl 82.3 81.3 81.8 81.5 3.7 78.9 81.8 82.1 76.7 4.2 84.2 102.8 104.7 93.5 3.7 76.8 85.1 91.6 89.5 3.9 

Threonine                          

Trt 149.5 165.6 178.3 191.9 10.7 156.3 184.5 189.4 200.8 11.2 133.2 185.2 212.1 226.0 10.7 155.6 202.0 212.9 233.3 10.7 
0.81 

Ctl 158.2 174.3 183.9 193.0 11.2 168.8 188.7 182.7 184.6 12.5 135.7 179.9 213.6 229.7 11.2 153.1 189.9 217.4 249.5 11.8 

Tryptophan                          

Trt 89.4 95.8 98.4 97.6 7.7 75.1 93.5 99.6* 108.4* 7.8 59.0† 83.1* 95.4* 106.0* 7.7 76.8 102.9* 105.4* 109.5* 7.7 
0.02 

Ctl 89.2 93.7 91.3 96.0 7.8 86.7 96.5 80.0 81.6 8.3 56.8† 88.8* 95.9* 103.9* 7.8 74.4 93.7 99.1 111.0* 8.0 

Valine                          

Trt 166.0 173.9 198.7 240.5 14.6 180.5 206.5 230.9 257.7 15.3 205.4 310.7 355.7 351.3 14.5 203.8 253.7 282.2 305.9 14.6 
0.53 

Ctl 164.3 174.5 200.8 238.3 15.3 197.6 216.8 206.6 208.6 17.4 201.0 291.5 341.3 346.5 15.3 186.1 229.7 265.7 310.6 16.2 
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*means within week by treatment are significantly different from fasted value (P ≤ 0.05). 
†significantly different from the same timepoint in the same group at week -1 (P ≤ 0.05). 
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Table 3.2 Mean pooled postprandial serum indispensable amino acid concentrations (nmol/mL) over a 10-week period in 3 treatment dogs 
demonstrating elevated gut permeability at week -1 that was ameliorated by week 8. 

Amino Acid Week -1 Week 8 SEM P-value 

Histidine 129.92a 119.92b 4.33 0.03 

Isoleucine 82.42b 111.50a 2.03 ≤ 0.01 

Leucine 140.08b 200.08a 4.80 ≤ 0.01 

Lysine 176.67b 197.67a 26.61 0.02 

Methionine 57.83b 70.00a 1.89 ≤ 0.01 

Phenylalanine 86.7 89.3 6.11 0.35 

Threonine 164.08b 212.50a 10.11 ≤ 0.01 

Tryptophan 93.58b 107.67a 5.64 ≤ 0.01 

Valine 196.25b 273.75a 5.19 ≤ 0.01 
a,bmeans within a row with different letters are significantly different (P ≤ 0.05)
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Figure 3.1 Mean serum concentrations (nmol/mL) of tryptophan (Trp;  A) and serine (Ser; B) in 3 
treatment dogs demonstrating elevated gut permeability at week -1 that was ameliorated by week 8. 

*means within week are significantly different from fasted (P ≤ 0.05). 

†significantly different from the same timepoint at week -1 (P ≤ 0.05). 
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Table 3.3 Serum IL-10 concentrations (pg/mL) in control and yeast-supplemented dogs over 10 weeks. 

  Week P-values 

 -1 2 4 8 SEM Week Trt Week*Trt 

IL-10      0.91 0.32 0.36 

Trt 14.26 8.64 7.94 10.27 7.59     

Ctl 3.96 4.26 7.42 4.69 7.67     
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Table 3.4 Mean serum concentrations of dispensable amino acids (DAA; nmol/mL) in control and yeast-supplemented dogs over a 10-week 
period 

 Amino Acid Week -1 Week 2 Week 4 Week 8 P-value 

 fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr 4 hr SEM Wk*Trt*Time 

Alanine                          
Trt 477.8 575.0 597.5 574.6 39.0 382.7 589.0 503.4 503.4 40.9 233.4 391.6 458.5 513.4 38.9 402.7 559.1 577.7 634.1 39.0 

0.97 
Ctl 537.3 571.8 581.7 551.6 41.0 482.3 565.0 541.2 519.4 46.6 265.5 367.0 491.4 516.8 41.0 381.1 554.9 528.7 590.1 43.5 

Arginine                          

Trt 194.0 220.2 231.1 225.8 13.7 188.1 230.9 236.3 231.3 14.4 133.7 199.6 232.4 211.0 13.7 164.0 243.5 246.0 246.2 13.7 
0.68 

Ctl 219.0 244.8 260.8 239.9 14.4 217.6 241.4 235.5 237.6 16.4 143.5 199.2 231.3 252.5 14.5 175.4 246.1 273.9 285.7 15.3 

Asparagine                          

Trt 49.5 68.4 78.0 87.8 8.8 51.7 44.4 46.6 39.6 9.4 34.7 71.9 93.2 79.3 8.8 33.4 57.8 51.4 66.3 8.8 
0.84 

Ctl 46.7 66.5 69.7 83.2 9.4 62.0 68.6 58.2 74.0 10.8 35.0 63.1 84.4 104.1 9.4 40.8 49.3 53.9 67.5 10.0 

Aspartate                          

Trt 11.6 10.5 12.6 14.9 1.3 9.8 11.6 13.1 15.6 1.4 6.9 16.4 15.9 18.7 1.3 7.8 11.3 13.6 15.9 1.3 
0.35 

Ctl 9.5 10.5 12.6 13.9 1.4 11.1 12.6 11.8 12.3 1.6 6.8 10.8 15.0 17.7 1.3 8.7 12.1 14.4 17.7 1.5 

Cysteine                          

Trt 521.1 686.9 679.5 506.2 97.2 451,7 453.4 439.3 437.4 75.8 364.9 357.7 342.7 354.5 60.4 486.0 477.2 448.7 464.6 69.4 
0.97 

Ctl 444.3 503.1 479.0 502.4 76.0 506.2 514.8 490.3 460.4 84.8 396.1 376.8 362.0 362.4 64.6 552.5 493.7 490.6 507.6 69.6 

Glutamine                          

Trt 906.5 846.9 777.3 739.2 43.9 797.9 778.8 758.6 741.6 45.8 684.3 690.8 698.7 687.2 43.9 797.1 755.9 691.8 723.4 43.9 
0.50 

Ctl 855.5 820.0 770.1 690.0 45.9 770.0 756.4 793.4 697.9 51.4 647.2 557.9 601.5 750.1 44.0 821.7 724.9 718.0 781.4 48.4 

Glutamate                          

Trt 93.9 87.7 89.7 91.7 3.3 89.1 85.0 92.4 95.2 3.4 64.0 72.2 82.4 89.6 3.3 83.4 84.8 86.4 91.7 3.3 
0.53 

Ctl 94.5 89.4 90.6 90.5 3.4 89.3 89.3 88.4 84.3 3.8 64.3 72.1 82.7 92.6 3.4 80.6 84.4 85.2 93.6 3.6 

Glutathione1                      

Trt 9.3 13.6 13.8 12.5 1.7 8.9 9.6 9.7 10.5 1.4 8.6 9.8 10.0 10.7 1.0 10.1 10.7 10.9 10.2 1.3  

Ctl 8.4 10.8 11.7 10.7 1.7 10.3 10.8 9.8 10.6 1.5 10.6 11.1 11.1 11.7 1.2 12.0 13.8 12.5 13.5 1.3 0.95 

Glycine                          

Trt 269.7 319.5 351.7 342.9 18.3 241.3 313.9 313.6 322.8 19.1 152.2 261.0 311.0 344.8 18.2 201.3 301.1 307.5 344.9 18.3 
0.51 

Ctl 266.7 323.7 347.3 345.7 19.1 267.1 328.9 295.5 308.2 21.5 150.2 251.4 324.2 390.9 19.1 204.7 332.1 358.6 401.8 20.2 

Homocysteine1                      

Trt 19.3 29.5 26.4 17.3 4.7 17.7 17.0 15.5 14.8 3.7 14.5 13.6 12.7 12.3 3.0 19.0 19.3 16.6 16.0 3.4  

Ctl 17.9 17.8 16.7 15.1 4.7 16.8 17.1 14.0 13.0 4.1 15.5 14.4 12.7 12.0 3.2 20.5 18.8 16.9 15.9 3.4 0.95 

Proline                          

Trt 121.8 188.1 224.4 248.7 13.2 135.5 218.0 222.7 245.0 14.0 81.7 183.8 241.0 268.4 13.2 105.6 219.3 240.7 268.1 13.2 
0.52 

Ctl 128.4 190.6 227.1 250.7 14.0 165.1 223.4 195.0 218.9 14.0 81.2 180.9 247.3 287.5 14.0 109.1 221.1 258.6 303.1 15.0 

Serine                          

Trt 173.9 173.8 172.5 171.5 13.3 119.9 167.5 151.7 151.6 14.0 105.0 167.3 172.9 173.9 13.3 126.8 167.1 166.1 179.8 13.3 
0.88 

Ctl 150.8 158.4 164.1 157.3 14.0 126.3 137.2 153.6 154.0 15.9 101.6 130.0 156.5 191.6 14.0 133.8 169.8 181.5 203.8 14.8 

Taurine                          

Trt 111.9 120.8 151.6 124.9 12.0 135.2 144.4 146.3 133.5 12.6 134.9 190.5 177.8 133.5 12.0 159.3 184.4 180.1 159.5 12.0 
0.32 

Ctl 121.7 128.5 151.8 145.3 12.6 154.7 156.2 155.4 132.1 14.3 135.1 157.7 180.1 168.8 12.6 170.3 214.9 195.4 181.0 13.4 
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Tyrosine                          

Trt 67.0 71.9 74.3 72.6 3.7 56.0 70.8 73.6 70.8 3.9 59.1 77.0 82.2 75.4 3.7 54.7 80.6 82.0 76.4 3.7 
0.96 

Ctl 67.2 69.4 69.8 73.4 3.9 64.2 69.3 69.1 67.4 4.4 63.0 76.8 79.6 79.6 3.9 60.3 77.9 81.8 83.0 4.1 

1Values were computed in a separate analysis from the other amino acids (AAs) 
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Table 3.5 Mean serum concentrations of dispensable amino acids pooled within week in control and 
yeast-supplemented dogs. 

  Week -1  Week 2  Week 4 Week 8 SEM  P-value 

Alanine      0.46 

Trt 556.21 495.79 399.22 543.40 24.73  

Ctl 560.57 526.97 410.18 513.68 26.86  

Arginine      0.74 

Trt 217.76 221.65 194.17 224.90 8.90  

Ctl 241.10 233.03 206.63 245.28 9.63  

Asparagine      ≤ 0.01 

Trt 70.92 45.57† 69.78 52.20* 4.77  

Ctl 66.54 65.70 71.65 52.87 5.33  

Aspartate      0.17 

Trt 12.41 12.54 14.48 12.16 0.73  

Ctl 11.64 11.96 12.58 13.20 0.81  

Cysteine      0.07 

Trt 598.43 445.45 354.95 469.12 38.42  

Ctl 482.21  492.91 374.31 511.10 42.49  

Glutamine      0.30 

Trt 817.48 769.24 690.23 742.04 30.82  

Ctl 783.89 754.41 639.17 761.50 32.77  

Gluathione1      ≤ 0.01 

Trt 12.32 9.68 9.75* 10.48* 0.76  

Ctl 10.40 10.38 11.12 12.96 0.83  

Glutamate      0.61 

Trt 90.77 90.42 77.04 86.58 2.37  

Ctl 91.25 87.86 77.93 85.96 2.50  

Glycine      0.13 

Trt 320.94 297.88 267.24 288.69 12.58  

Ctl 320.84 299.91 279.15 324.31 13.43  

Homocysteine1      0.15 

Trt 23.12 16.23 13.25 17.72 1.96  

Ctl 16.89 15.20 13.67 18.01 2.15  

Proline      0.58 

Trt 195.74 205.27 193.74 208.41 7.52  

Ctl 199.18 200.59 199.23 222.99 8.35  

Serine      0.15 

Trt 172.91 147.68 154.76 159.91 8.71  

Ctl 157.66 142.75 144.94 172.24 9.40  

Taurine      0.43 

Trt 127.33 139.84 159.19 170.80 7.91  

Ctl 136.82 149.57 160.41 190.38 8.52  

Tyrosine      0.66 

Trt 71.46 67.77 73.44 73.43 2.59  
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Ctl 69.95 67.50 74.75 75.76 2.76   

*Means within group are significantly different from week -1 (P ≤ 0.05). 
†Means within week are significantly different from Control (P ≤ 0.05) 
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Table 3.6 Mean serum concentrations of dispensable amino acids (DAA; nmol/mL) in 3 dogs demonstrating elevated gut permeability at week -1 
that was ameliorated by week 8 

  Week -1 Week 8 P-value 

Amino Acid fasted 1 hr 2 hr 4 hr SEM fasted 1 hr 2 hr 4 hr SEM Wk*Time 

Alanine 550.0 677.7 651.3 657.0 64.8 336.7 615.7 582.0 704.0 64.8 0.12 

Arginine 178.7 225.0 226.7 221.0 7.6 163.0 242.3 242.3 241.0 7.6 0.08 

Asparagine 52.3 76.0 80.7 86.0 17.1 34.0 56.3 59.0 66.7 17.1 1.00 

Aspartate 16.7 12.3 14.0 16.3 2.8 9.0 12.3 14.3 16.7 2.8 0.33 

Cysteine N/A2 462.8 476.6 461.6 69.0 472.4 495.7 449.5 487.0 86.2 0.89 

Glutamine 907.0 834.3 787.3 733.0 39.6 796.7 720.3 641.7 680.0 39.6 0.63 

Glutamate 88.7 85.3 85.7 92.3 5.6 87.0 88.7 86.7 93.0 5.6 0.97 

Homocysteine1 N/A2 20.9 19.9 17.7 1.38 17.7 19.0 16.2 14.8 1.38 0.80 

Glycine 254.0 327.3 339.7 328.0 19.8 194.3 298.3 293.7 323.3 28.4 0.39 

Glutathione1 N/A2 11.2 12.0 13.4 1.5 9.9 11.3 11.4 9.9 1.7 0.27 

Proline 120.7 207.3 227.3 249.7 13.8 105.3 220.0 230.0 253.7 13.8 0.58 

Serine 190.7 186.3 181.7 170.3 12.9 130.0† 169.7 164.3 177.7 12.9 0.05 

Taurine 113.7 122.0 169.0 127.0 22.9 173.7 175.0 179.0 155.7 22.9 0.69 

Tyrosine 62.0 70.0 69.7 68.7 4.0 53.3 79.7 78.7 74.7 4.0 0.06 
1Values were computed in a separate analysis from the other amino acids (AAs)  
2Datapoints not available due to insufficient sample volume for analysis. 
*means within week are significantly different from fasted (P ≤ 0.05). 
†significantly different from the same timepoint at week -1 (P ≤ 0.05). 
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4 Chapter 4: General Discussion 

Yeast has a well-established role as an immunomodulator in mammals, capable 

of improving intestinal health in animals experiencing various stressors. As the gut plays 

an integral part in the immune response, maintaining intestinal health is essential to 

ensuring systemic health. The intestinal barrier acts as a physical obstruction against 

pathogens, preventing uptake into portal and systemic circulation. During times of 

stress, such as: illness, change in environmental conditions, obesity, or increased 

exercise; the intestinal barrier can fail, allowing pathogenic bacteria to cross into 

systemic circulation, which can result in illness and reduced health. It is well accepted 

that yeast supplements assist in the maintenance of the intestinal barrier during a 

stressor in mice, piglets, and human models. In instances of intestinal failure, seen in 

various acute and chronic diseases, amino acid (AA) absorption is reduced – uptake of 

certain AAs has been reported to be reduced in human models of irritable bowel 

disease. As yeast has a well-established role as an immunomodulator, studying its 

effects on intestinal permeability and amino acid appearance in dogs may provide 

further nutritional approaches to supporting overall health and well-being. 

 In the work presented in this thesis, the effects of a concentrated brewer’s yeast 

supplement on gut health and nutrient status were evaluated. In Chapter 2, we found 

that yeast supplements potentially improve intestinal permeability without impacting 

other factors associated with good health such as: fecal score, fecal metabolite 

concentrations, circulating markers of inflammatory and antioxidant status, feed intake, 
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and bodyweight. Dogs receiving the treatment tended to have reduced gut permeability, 

measured with the markers Cr-EDTA and iohexol, compared to gut permeability 

assessed prior to the study period, signifying an improved intestinal barrier. Notably, 

three treatment dogs’ gut permeability was significantly higher than the other dogs on 

treatment. Their values at the final sampling period were similar to all other dogs 

enrolled in this study. This suggests that while the supplemental yeast had little effect 

on healthy dogs, there is a role for yeast to support the gut when permeability is already 

increased. However, it is important to acknowledge here that we did not allocate dogs 

based on baseline gut permeability to treatments and because of this, our treatment 

groups were different at baseline. Future studies should try and allocate dogs to 

treatments based on gut permeability. This chapter also evaluated the efficacy of Cr-

EDTA, the non-radiolabelled form of the commonly utilized marker, which, to the 

authors’ knowledge, has never been assessed in dogs against the validated marker, 

iohexol. This evaluation determined that both markers act similarly and can be utilized 

to assess gut permeability in dogs. In this chapter, concentrations of inflammatory 

status markers serum amyloid A (SAA) and haptoglobin, as well as serum 

malondialdehyde as a marker of antioxidant status, and fecal metabolites were 

evaluated. Serum amyloid A concentrations were not different between treatment and 

control, and in fact, were poorly detected across the study, with only 20% of samples 

containing detectable concentrations. This could be a result of using sled dogs as the 

study population. Compared to other breeds of dogs, including other working dogs, sled 

dogs represent a genetically distinct population that differs from purebred breeds as a 
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result of selection for performance and lifestyle (Fleyshman et al., 2021). They have 

been bred to live outdoors, in harsh climates, and complete intense bouts of repeated 

endurance exercise. While they are genetically similar, and generally housed in large 

groups, the latter which is a convenient factor for use in research, the results obtained 

from this niche population of dogs may not be relevant to all household dogs. While 

SAA is an often utilized marker of inflammation in dogs (Christensen et al., 2014), the 

sled dog population may differ from other dogs to the point where this marker may not 

be as sensitive. Future research using family dogs or dogs of differing breeds and life 

stages would be warranted to further understand the role of yeast in gut health. 

Haptoglobin concentrations decreased in the treatment group over the study period, 

suggesting a decrease in inflammation (Eckersall et al., 1999; Martínez-Subiela et al., 

2004). Serum malondialdehyde concentrations did not differ between treatment and 

control dogs, but increased over the course of the study in both groups and as such, 

likely due to seasonal changes (Nilzén et al., 2001). Fecal arabinose concentrations 

were increased in treatment dogs; however, in the absence of other differences in fecal 

metabolite concentrations, it is difficult to draw meaningful conclusions. Overall, the data 

suggest that supplementing yeast to healthy adult dogs has little impact and that, in 

dogs experiencing increased intestinal permeability, it can facilitate return to 

homeostasis in the gut. No differences in feed intake or bodyweight were detected, 

further supporting the acceptability and palatability of the yeast product to dogs.  

 Chapter 3 of this thesis evaluated the effects of supplemental concentrated 

brewer’s yeast on postprandial amino acid (AA) appearance. There was no effect of 
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dietary treatment on any indispensable AA (IAA), nor was there a week by treatment 

interaction effect for any IAA; however, a significant treatment by week by timepoint 

interaction effect was observed for histidine and tryptophan. A treatment by week 

interaction effect was observed for asparagine and glutathione. Interestingly, in three 

dogs in the treatment group who, in the previous chapter, had increased gut 

permeability at week -1 which was corrected at week 8 as a result of treatment, 

concentrations of most AA were increased at week 8 compared to week -1. A significant 

week by timepoint interaction effect was observed for tryptophan and serine for these 3 

specific dogs as well. Increased serum tryptophan suggests reduced oxidative stress 

and improvements in gut permeability (Kim et al., 2010). Histidine has been reported to 

be reduced in humans experiencing irritable bowel syndrome (IBD), an inflammatory 

condition that shares several similarities between humans and dogs (Qin, 2008), and 

studies suggest it could be utilized as an early marker of IBD. Serum glutathione 

concentrations were decreased in the treatment group at weeks 4 and 8 when 

compared to week -1. Glutathione is a major intracellular antioxidant that functions to 

maintain cellular redox states (Jones, 2002). Decreased concentrations of glutathione 

could be due to decreased synthesis, increased utilization as an antioxidant, or reduced 

glutathione redox recycling (Viviano et al., 2009). When considered with the serum 

haptoglobin and MDA results from Chapter 2, it is possible that inflammation was 

reduced and antioxidant activity was increased in the treatment dogs. Further research 

would be required to fully elucidate the effects of supplemental yeast on postprandial 

AA absorption, though the results presented in this chapter suggest minimal changes in 
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postprandial AA absorption in healthy dogs and some positive changes in acutely 

inflamed dogs. Future studies should evaluate all or several pro- and anti-inflammatory 

cytokines and chemokines, as well as additional positive and negative acute phase 

proteins, to comprehensively understand how yeast impacts inflammation and 

antioxidant activity in dogs. 

Future research with dogs experiencing inflammation, such as in illness, change 

in environmental conditions, obesity, or increased exercise, receiving supplemental 

yeast at the inclusion level investigated herein, 7 mg/kg-BW of ß-glucan, may offer a 

better model by which to investigate the role of yeast in reducing inflammation in the 

gut. Additionally, evaluation of different inclusion levels of yeast in the diet and the 

corresponding impacts on acceptability to the dogs, as well as on parameters that may 

be noticed by the pet owner, such as fecal score and odour, are necessary. As a whole, 

the studies reported in this thesis further the understanding into the effects of 

supplemental concentrated brewer’s yeast on gut health and nutrient status in healthy 

adult dogs.  

Gut permeability was moderately reduced in healthy dogs and was significantly 

reduced in the three aforementioned dogs who exhibited increased permeability prior to 

the onset of treatment without any physical symptoms. The treatment group had no 

significant alterations in feed intake or bodyweight over the study period, confirming the 

palatability and safety of including yeast in the daily diet of dogs. Further, few changes 

were detected in inflammatory and antioxidant status markers, and fecal markers varied 

only slightly between groups. Changes in serum amino acid concentrations 
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postprandially were limited between the two groups, once again demonstrating no 

effects (positive or negative) to yeast supplementation on healthy adult dogs. In the 

dogs experiencing increased permeability, a small subgroup that could represent canine 

populations with acute inflammation, gut permeability was reduced following 10 weeks 

of yeast supplementation, and serum concentrations of all indispensable AAs except for 

Phe were increased. These results suggest that, in these acutely inflamed dogs, 

supplemental yeast could facilitate the return of the gut environment to homeostasis, 

allowing for increased transport of nutrients such as AAs. Inclusion of concentrated 

brewer’s yeast in the diet does not have to be limited to inflamed animals – as there was 

no effect on feed intake or bodyweight, and in healthy dogs, no detrimental changes in 

gut permeability, antioxidant status, inflammatory status, or AA content were observed, 

this provides support for the inclusion of yeast in the diet of dogs regardless of 

inflammatory status. As the gut environment is frequently changing, and stressors that 

could negatively impact the gut are regularly encountered, the inclusion of a readily 

accepted supplement with no ill effects that could act preventatively to maintain gut 

health and, by extension, systemic health is an attractive potential that deserves 

consideration. 
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