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Introduction

Plant-based (vegan) diets for dogs are commercially available, however, research investigating long-term nutritional adequacy of these diets is scarce. Use of client-owned animals has become increasingly popular for apparent total-tract nutrient digestibility (ATTD) studies, yet low guardian compliance with the study protocol, such as providing daily dietary intake information, is a challenge. However, the impact of low diet reporting compliance on the overall ATTD results is unknown.





Methods

Sixty-one, client-owned healthy adult dogs completed a randomized, double-blinded longitudinal study. Dogs were randomly assigned into two groups that were fed either a commercial extruded meat-based diet (MEAT, n=30) or an experimental extruded vegan diet (PLANT, n=31) for 12 weeks. At the end of the study, pet guardians performed a 72-hour total fecal collection for ATTD assessment. Pet guardians were asked to complete a food diary for the duration of the trial, however only a subset of guardians (n=35) provided this food diary at the end of the study.





Results

No evidence of an association between pet guardians providing a food diary and apparent digestibility coefficients (ADC) of crude protein (CP) (p=0.14), crude fat (EE) (p=0.72), and dry matter (DM) (p=0.68) was found. Apparent digestibility coefficients for CP (p=0.52), EE (p=0.78), and DM (p=0.43) did not differ between PLANT and MEAT. Body weight and age were found to be associated with CP (p=0.03) and DM (p=0.01) digestibility, but no association with EE (p=0.07) digestibility was present. 





Discussion

These results indicate that vegan- and animal-based diets with similar nutrient profiles can have comparable nutrient digestibility. Moreover, presence or absence of a guardian-reported food diary had no effect on the overall results of the ATTD study. Further studies investigating guardian compliance for ATTD trials are needed to develop a standardized protocol and reduce current challenges and limitations related to pet guardian’s participation in digestibility trials. 
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Introduction

The domestication of dogs has evolved over centuries from originally being used for hunting and gathering to currently, more than 63% of guardians considering dogs to be family members (Laflamme et al., 2008; Buff et al., 2014; Dodd et al., 2018). As humanization of dogs is on the rise, it is no surprise that pet guardians pay close attention to their pet’s diet with some seeking to provide a diet that more closely mimics their own. As a result, trends in companion animal nutrition often follow trends seen in human nutrition (Case, 2008; Buff et al., 2014; Dodd et al., 2020) . Around the world, the vegan or plant-based lifestyle trend has been increasing among people due to a combination of personal health, animal ethics, and environmental concerns (Laflamme et al., 2008; Santeramo et al., 2018; Knight, 2023). As more pet guardians transition to a vegan diet themselves, the trend is becoming relevant in companion animal nutrition, resulting in guardians seeking plant-based alternative pet food products (Laflamme et al., 2008; Santeramo et al., 2018; Dodd et al., 2020). Currently, extruded vegan diets for dogs that are formulated to meet or exceed canine nutrient requirements are commercially available. Although these diets are formulated to meet nutrient requirements and dogs are facultative carnivores the digestibility of plant-based materials may differ from animal-based materials. Meaning that despite being formulated to meet nutrient requirements, it is unclear how well those plant-based nutrients can be digested, absorbed, and utilized by the dogs. With interest and availability of vegan diets increasing, there is a lack of research about the long-term nutritional adequacy, including the nutrient digestibility and bioavailability, of these diets (Yamka et al., 2003; Kanakubo et al., 2015; Dodd et al., 2018). Digestibility studies in dogs have mainly focused on individual plant ingredients, which cannot be translated to represent the digestibility of an entirely vegan diet (Kendall and Holme, 1982; Bednar et al., 2000; Yamka et al., 2003). Recently a study investigating mildly cooked human-grade vegan foods has been published (Roberts et al., 2023). However, there is still a lack of research investigating digestibility of extruded vegan diets for dogs. This lack of evidence has resulted in increased concerns by pet guardians, veterinarians and veterinary nutritionists due to the risk of long-term nutrient deficiencies if an entirely plant-based diet has low digestibility.

In dogs, apparent total tract digestibility (ATTD) studies have traditionally been conducted with the use of colony animals as the study population. This allows for the trial to be conducted in a controlled manner, including precise measurement and recording of feeding quantities, complete fecal collections and appropriate handling of fecal samples (German et al., 2007; Nybroe et al., 2016; Freel et al., 2021). In the past decade, a shift to using client-owned animals in these types of studies has become popular as it allows for the trial to be conducted in a more natural environment, which reduces concerns regarding animal welfare and allows for the ability to utilize a larger and more diverse population of participants (German et al., 2007; Nybroe et al., 2016; Freel et al., 2021). Using client-owned animals is seen to increase applicability of research results to the larger pet population. However, low guardian compliance is a limitation (German et al., 2007; Nybroe et al., 2016), and there is limited research about the absence of guardian-reported food diary information on the overall results of ATTD studies.

Digestibility studies have mainly focused on the difference between plant and animal protein ingredients and have indicated that the digestibility of plant and animal sources results in no difference in protein digestibility and both have the ability to meet or exceeded nutrient requirements for dogs (Bednar et al., 2000; Yamka et al., 2003; Golder et al., 2020). This is likely due to domestication and dogs residing in closer proximity to humans, causing the digestive system of dogs and humans to have some structural and functional similarities (Coelho et al., 2018). Based on these resemblances between humans and dogs and the comparable digestibility between single plant and animal protein ingredients, it was hypothesized that the nutrient digestibility of extruded diets including or excluding animal-based ingredients is comparable in dogs. Therefore, the primary objective of this study was to examine the ATTD of an experimental vegan diet compared to a traditional animal-based diet in healthy adult client-owned dogs. It was also hypothesized that ATTD results are affected by low guardian compliance to submit food diary information during in-house digestibility studies. Hence, a secondary objective was to investigate the impact of the presence or absence of guardian-reported food diary information on ATTD.





Materials and methods

All experimental procedures for this study were approved by the University of Guelph Animal Care Committee (AUP#4192) and the Research Ethics Board (Research Ethics Approval number 19-02-036), and were in accordance with institutional, provincial, and national guidelines for the care and use of animals and humans participating in research.




Animals and experimental design

The present study was conducted as part of a larger, randomized, double-blinded longitudinal study in client-owned healthy adult dogs, which occurred between July 2019 and November 2020 (Dodd et al., 2023). Recruitment of trial participants was conducted through an eSurvey designed on the Qualtrics (Provo, Utah, USA) platform to collect data regarding eligibility for study enrollment. This survey was advertised locally around the University of Guelph campus and surrounding community, as well as shared virtually on social media to local dog-related groups. Dogs were excluded if they were reproductively intact, had a body weight (BW) less than 5kg, had an owner-reported body condition score (BCS) greater than 5 on a 9-point scale (WSAVA scoring chart, 2020), fed a homemade or raw pet food, housed outdoors without supervision, had access to unmonitored food sources, had current medical problems, or had any known dietary allergies. Dogs in households without children or other animals were prioritized. Recruitment resulted in a total of 87 dogs scheduled for enrollment appointments (Figure 1).




Figure 1 | Flow chart of recruitment and enrollment of healthy adult client-owned dogs in a randomized, double-blinded longitudinal study investigation apparent total-tract nutrient digestibility of crude protein, crude fat and dry matter of an experimental vegan (PLANT) versus a commercial animal-based (MEAT) extruded diet.



The enrollment appointment included discussion of the study procedures, collection of signed informed consent from pet guardians and a wellness examination of the dogs conducted by a licensed veterinarian. The wellness examination involved a medical and dietary history, a physical examination, and BW measurement. Blood was collected for complete blood count and serum biochemistry profile. Dogs were approved for inclusion of the trial if they were confirmed to be spayed/neutered, had a BCS between 4 and 7 on a 9-point-scale (Laflamme, 1997), and deemed healthy based on a physical examination and routine blood work. Seventy-six dogs met the inclusion criteria and started the 4-week adaption period during which all dogs received the same commercial extruded animal-based diet (MEAT) (Figure 1). Eleven dogs did not continue the study after the adaptation (Figure 1) due to not eating the diet, gastro-intestinal issues (vomiting or diarrhea), excessive weight gain or COVID-19 related pet guardian concerns to continue participation.

Next, the remaining 65 dogs were randomly assigned into two diet groups (Figure 1): continuing with the animal-based diet (MEAT, n=31); or being fed an experimental extruded vegan diet (PLANT, n=34). Diets were fed for 12 weeks, maintaining current energy intake, as determined based on diet history information. Four dogs were excluded during the experimental period due to pet guardian personal reasons or dog health concerns such as development of gastro-intestinal ulcers after administration of non-steroidal anti-inflammatory drugs and development of a urinary tract infection (Figure 1). Fecal collections for ATTD occurred after 12 weeks of exclusively feeding either the MEAT or PLANT diet.

Due to the COVID-19 pandemic, and public health-related restrictions on research involving human participants, the trial was paused for 4 months from March 2020 until July 2020. During this period dogs were maintained on the experimental diets, either PLANT or MEAT depending on which phase of the trial they were in (adaptation or experimental period), to allow for immediate resumption of data collection when restrictions were lifted, and the study was allowed to resume. This resulted in some variation in trial duration for dogs participating in the study, with the adaptation period for five dogs lasting more than 4 weeks (PLANT n= 2; MEAT n=3), the experimental period for two dogs lasting more than 12 weeks (PLANT n= 1; MEAT n=1), and for three dogs both the adaption period and the experimental period lasting more than 4 and 12 weeks, respectively (PLANT n=2; MEAT n=1). Examination of labelled scatter plots revealed these dogs were not identified as outliers or had results significantly different from the dogs consuming the experimental diet for the intended 12 weeks.





Diets

Both diets, MEAT and PLANT, used in this study were formulated to meet or exceed nutrient recommendations according to the AAFCO 2019 nutrient profile for canine adult maintenance (Table 1). The MEAT diet used in this study was a commercial extruded dog food (Petcurean Go! Skin + Coat Care Chicken Recipe, PPN Ltd., Chilliwack, BC, Canada). The PLANT diet was an experimental extruded dog food, not including any animal-based ingredients, formulated to be isoenergetic and as similar as possible in macronutrient and micronutrient profiles to the MEAT diet (Table 1). Pet guardians and researchers were blinded to the identity of the diets being fed to study participants throughout the duration of the testing period and remained unknown until after all data was analyzed.


Table 1 | Nutrient profile on dry matter basis and ingredient list of the experimental vegan (PLANT) and commercial animal-based (MEAT) extruded diets fed to the client-owned dogs in this randomized, double-blinded longitudinal study.



Food quantity was calculated based on each dog’s current dietary intake to match calories and maintain current BW and a gram scale was provided to each household to precisely measure and serve the recommended quantity of food per day. To help promote compliance with the study protocol, pet guardians were given a list of plant-based treats without added micronutrients, and an acceptable treat allowance was calculated for each dog to avoid exceeding 10% of their daily energy intake from sources other than the experimental PLANT or MEAT diet (Yaissle et al., 2004; Laflamme, 2006). Pet guardians were instructed not to feed their dogs any other food items as well as to record food and treat intake in a daily food diary for the duration of the study. The food diary consisted of a spreadsheet and included a section for daily morning and night diet history information such as kibble offered in grams, kibble eaten in grams, and treats consumed. Information regarding fecal score (Moxham, 2001), defecation frequency, BCS (Freeman et al., 2011; WSAVA, 2013), BW, activity (walk, dog park, etc.), and any events that occurred which could have influenced trial protocol such as but not limited to visiting another household or changes to the dog’s typical routine were also included (Online Supplementary Material Table 1). Guardians were asked to return the food diary to the researchers on the day of the exit assessment.





Fecal sample collection

The ATTD study involved a 72-hour total fecal collection (Hagen-Plantinga et al., 2014) conducted by the pet guardians prior to their exit assessment appointment after 12 weeks of exclusively feeding the PLANT or MEAT diet. Fecal samples were collected immediately after voiding, frozen and delivered to the research team in a provided container stored in a Styrofoam cooler box. Samples were weighed and kept in a -20°C freezer until shipped for analysis. Samples were shipped on dry ice in a Styrofoam cooler.





Analytical methods

Proximate analyses of the diets, including moisture, crude protein (CP), crude fat (ether extract, EE), crude fiber and crude ash, were performed at a commercial laboratory (Bureau Veritas, Mississauga, Ontario, Canada) according to Association of Official Analytical Chemists (AOAC) International’s Official Methods of Analysis (AOAC, 1990; AOAC, 2005). Similarly, fecal samples were analyzed for moisture, CP, crude ash and EE at Central Testing Laboratory Ltd., Winnipeg, MB, Canada. The total 72-hour fecal collection wet samples were mixed thoroughly, and a representative subsample was taken for each analysis. All chemical analyses of feces were determined by AOAC methodology (AOAC, 1990; AOAC, 1996; AOAC, 2005).




Moisture and dry matter

Moisture and dry matter (DM) of diets and fecal samples were measured using AOAC 930.15. Moisture was analyzed by taking a subsample of approximately 100g in an aluminum pan and drying first at 100°C for a minimum of 6h. Samples were then weighed back for moisture as is values and grinded. Approximately 2g of sample was weighed and added to aluminum dish and inserted into a preheated oven of 135°C for 2h. Next, samples were weighed again and calculated for loss due to drying to obtain the moisture results. DM was calculated by 100 – moisture %.





Crude protein

Dietary and fecal CP content were measured using AOAC 992.15 and AOAC 990.03. Subsamples of diets and total fecal collections were finely ground and weighed (50 to 150mg) into tinfoil capsules. Analysis was done following the standard Kjeldahl method, meaning CP content was estimated as nitrogen multiplied by 6.25 (ISO, 2005). Nitrogen amount was determined by combustion at high temperatures (900°C– 1200°C) in an oxygen-rich environment. All nitrogen was converted to nitrogen oxide and reduced to nitrogen gas by redactor tubes. Carbon dioxide was used as a carrier gas and the elemental nitrogen was measured with a thermal conductivity detector.





Crude fat

Both diets and individual fecal samples were analyzed for EE as a measure of crude fat using AOAC 996.06 and AOCS AM 5-04. Ether extract was extracted using filter bag technology, this testing method determines fat (%) by following the Soxhlet Method (Osborne and Voogt, 1978). The Soxhlet principal method is conducted in a closed stainless-steel extraction vessel allowing solvent (90 mL of petroleum spirit) temperatures to exceed boiling points. Samples were encapsulated in XT4 filter bags and placed in a specially designed siphoning carrier that was secured in the extraction vessel. The extraction vessel was then placed over an electric heating mantel where the solvent was brought to a boil. The heat source was adjusted so the solvent drips from the condenser unit of the extraction vessel into the sample chamber at a rate of about 6 drops per second. The extraction continued for up to 6 hours, after which the vessel was removed from the heat source and the extractor and condenser units were detached from the sample chamber. The sample chamber was then placed in an oven at 102°C and dried until constant weight was reached. Dried samples were reweighed, and EE content was determined by loss of weight.





Crude fiber

Dietary crude fiber content was measured by AOCS Ba 6a-05 for diet. Samples were prepared and ground to a uniform fineness (e.g., Retch 0.5mm). One-gram samples were sealed in F57 filter bags and pre-extracted in a beaker with ether. Up to 24 pre-extracted samples were placed in a bag suspender and processed simultaneously in the Fiber Analyzer (ANKOM200, ANKOM Technology, Macedon, NY).





Crude ash

Dietary crude ash content was determined using AOAC 923.03. Samples were grounded and weighted in crucibles. The weighed crucibles were then placed in a furnace at 600°C for 2h. Samples were then cooled down to ambient temperatures and results were calculated.






Calculations




Apparent digestibility coefficients

Apparent digestibility coefficients (ADC) for CP, EE, and DM were calculated using Microsoft Excel (2018) using the following formula:

	





Nitrogen free extract

Carbohydrate content in the diet was approximated using NFE and was calculated by the equation (AAFCO, 2019):

	





Metabolizable energy

Metabolizable energy (ME) of the diet was calculated as kilocalories per kg as fed (kcal/kg), using the equation (AAFCO, 2019):

	






Statistical analysis

Apparent digestibility data was analyzed using R (R Core Team, Vienna, Austria). Figures were produced using the package ggplot2 (R Core Team, Vienna, Austria). Independent variables (diet, age and BW) along with dependent variables (ADC for CP, EE, DM) were tested for normality using a Shapiro-Wilk test and visual evaluation of frequency histograms and box plots. All data presented to be normally distributed. To evaluate the association of ADC with the availability of owner-reported food diary information, a linear regression model controlling for presence or absence of a food diary was performed. To evaluate the association of ADC with diet, BW, and age a secondary linear regression model controlling for BW, age, and diet was performed, not accounting for availability of the food diary. In this analysis, diet, BW, and age were included as covariates to assess their association with ADC. A p-value of <0.05 was considered statistically significant and results were reported as means ± SD.






Results

All 61 dogs remained in good health throughout the study. However, sample size for ATTD analysis was reduced to 29 dogs (PLANT n=15; MEAT n=14) for statistical analysis due to absence of fecal samples and/or untrustworthiness of participants, such as not attending check-ins or providing reports of additional treats that exceeded 10% of total daily calories throughout the trial (Online Supplementary Material Table 2). Also, two dogs were considered significant outliers and were therefore not included in the final statistical model. One dog in the PLANT group for EE digestibility and one dog in the MEAT group for DM digestibility were considered significant outliers and were therefore not included in the final statistical model for EE and DM, respectively. Of the 29 remaining dogs, six were considered small sized dogs (<14kg), 10 were considered medium sized dogs (14 – 24kg), and 11 were considered large sized dogs (>25kg). Completed food diaries were submitted by the pet guardian for 18 of the dogs (PLANT n=9; MEAT n=9), and 11 dogs had trustworthy pet guardians, based on interactions with researchers during the trial to assume total feed consumption, but who did not provide a completed food diary (PLANT n=6; MEAT n=5).

The linear regression model controlling for presence or absence of food diary information did not find evidence of an association between pet guardians providing a food diary and ADC of CP (p=0.14), EE (p=0.72) and DM (p=0.68) (Table 2). With no association found between presence or absence of a food diary, all dogs were included in the secondary linear regression model controlling for diet, BW, and age. This linear regression model found no evidence of an association on ADC of CP (p=0.52), EE (p=0.78) and DM (p=0.43) between the dogs fed the PLANT diet and the dogs consuming the MEAT diet (Table 3 and Figure 2). Body weight and age were associated with CP (p=0.03) and DM (p=0.01) digestibility, but no association with EE (p=0.07) digestibility was present (Table 3). This indicated a trend that in larger dogs as age increased, nutrient digestibility increased; while in smaller dogs nutrient digestibility decreased as age increased, and in medium-sized dogs nutrient digestibility remained constant as age increased (Figure 3).


Table 2 | Linear regression models of crude protein, crude fat, and dry matter controlling for weight, age, and food diary in 29 healthy client-owned adult dogs fed an experimental vegan (PLANT; n=18) or commercial animal-based (MEAT; n=11) extruded diet in a 12-week randomized, double blinded longitudinal study.




Table 3 | Linear regression models of crude protein, crude fat, and dry matter controlling for diet, body weight, and age in 29 healthy adult client-owned dogs fed an experimental vegan (PLANT; CP & DM n=15, EE n=14) or commercial animal-based (MEAT; CP & DM n=14, EE n=13) extruded diet in a 12-week randomized, double-blinded longitudinal study.






Figure 2 | Apparent digestibility coefficient (ADC, %) of crude protein (CP), crude fat (EE, ether extract), and dry matter (DM) in 29 healthy adult client-owned dogs fed an experimental vegan (PLANT) or a commercial animal-based (MEAT) extruded diet in a 12-week randomized, double-blinded longitudinal study. (n=15 consuming PLANT for CP and DM but n=14 for EE and n=14 consuming MEAT for CP and EE but n=13 for DM). Apparent digestibility coefficients of CP, EE, and DM did not differ between diets (P>0.05).






Figure 3 | Relationship between body weight, age and digestibility from the linear regression model of apparent (CP (p=0.03),  EE (p=0.07), and DM (p=0.01) digestibility controlling for BW and age in 29 healthy adult client-owned dogs fed an experimental vegan (PLANT) or commercial meat- based diet in a 12-week randomized, double blinded longitudinal study (n=15 consuming PLANT and n= 14 consuming MEAT).







Discussion

The results from this current study demonstrated no differences in ATTD of CP, EE and DM between the PLANT and MEAT diets, providing evidence that dogs have the ability to digest appropriately processed plant-based material to meet nutrient requirements. This demonstrates that the digestibility of some plant-based material in dogs may be comparable to the digestibility of some animal-based material. Commercial diets for dogs typically contain plant-based ingredients for starch and fiber, but also contain animal-based ingredients as the main sources of protein and fat (Kendall and Holme, 1982; Bednar et al, 2000; Yamka et al., 2003; Kamboj and Nanda, 2018). High meat commercial diets appeal to some pet guardians based on the ideology that domesticated dogs should consume a diet that closely replicates that of their carnivorous wolf ancestors Hare et al., 2012; (Axelsson et al., 2013; Buff et al., 2014). Although wolves may choose to eat some vegetation, the quantity of plant materials they typically consume is far less than the amount of animal tissue they consume and for that they can be considered to remain true carnivores (Zlatanova et al., 2014; Lyu et al., 2018). However, in domesticated dogs, genes for digestion and metabolism have shown coevolutionary trends with humans resulting in increased capacity for digesting and utilizing plant-derived nutrients, with dogs now being facultative carnivores rather than true carnivores like their wolf ancestors (Axelsson et al., 2013; Buff et al., 2014; Fortes et al., 2010; Hare et al., 2012; Lyu et al., 2018; Twomey et al., 2002; Wang et al., 2013).

Unlike wild wolves, domesticated dogs have a more diverse diet that includes including starch, fat and protein ingredients and can meet their nutrient requirements from a diet that is not entirely animal-based (Lyu et al., 2018). Plant-based ingredients have similar digestibility to animal-based ingredients and could be safe alternatives for use in conventional diet formulations for dogs (Bednar et al., 2000; Bednar et al., 2001; Golder et al., 2020). Bednar et al. (2000) compared a plant-based protein source (soybean meal) to animal-based protein sources (beef and bone meal, poultry by-product meal, and poultry meal) in grain-based extruded diets and demonstrated that both plant and animal protein sources had similar crude protein ATTD, suggesting soybean meal could be a good protein source suitable for use in dog foods. Similar results were demonstrated in a study by Golder et al. (2020) in which individual plant and animal protein sources were shown to have comparable protein digestibility potential. In recent research using precision-fed cecectomized and conventional rooster assays, mildly cooked human-grade plant-based foods for dogs shown to be well digested in dogs (Roberts et al., 2023). However, until this publication, research investigating ATTD has mainly focused on individual plant-based ingredients. Although these studies demonstrated some common plant-based ingredients to have high ATTD when used in dog food formulations, these results do not represent the ATTD of an entirely plant-based extruded diet (Bednar et al., 2000; Golder et al., 2020). To the authors’ knowledge, the present study is the first to assess if an entirely plant-based extruded dry kibble diet has similar ATTD as a conventional animal-based diet to meet or exceed nutrient requirements of dogs. The present study found no difference between the plant-based and animal-based diets for ATTD of CP, EE and DM. These results are in line with our hypothesis that entirely plant-based diets have comparable nutrient digestibility to conventional animal-based diets, and therefore the potential to meet or exceed protein nutrient requirements if fed long-term. It should, however, be noted that the experimental plant-based diet used in the present study was formulated to be as close in ingredients and nutrient profile as possible to an existing commercial diet, and as comparable as possible to the animal-based extruded diet used in the study.

In humans, the nutrient profiles between an omnivorous diet and a plant-based diet are typically very different, with a vegan lifestyle showing to coincide with lower total energy and CP intake but increased EE and CF intake when compared to an omnivorous diet (Clarys et al., 2014). Purported health claims are likely to be associated at least in part to the differences in nutrient intake as well as the sources of those nutrients. Furthermore, in human diets, the difference in ATTD potential between an omnivorous and vegan diet may result from the different nutrient profiles of the whole diet, differences in food volume consumed and energy intake, as well as different cooking processes and diet preparations. In comparison, commercial diets designed to meet industry guidelines for dogs are specifically formulated to meet or exceed standard nutrient recommendations for the intended life stage of the animal, regardless of ingredients selected, so there the nutrient profile of a plant-based or animal-based diet is likely to be similar in essential nutrient content. Furthermore, the preparation and processing of both conventional and plant-based commercial diets for dogs are key factors in the ability to provide nutrients to the animal. Extruded kibble diets are exposed to extensive cooking processes that impact nutrient digestibility and bioavailability, and can reduce anti-nutritive factors in plant-based ingredients (Thompson, 2008; Tran et al., 2008; Tanprasertsuk et al., 2021). Therefore, the results of the present study show that if a plant-based diet is formulated to meet or exceed nutrient recommendations for adult maintenance and exposed to similar processing methods as conventional animal-based pet foods, it may be a suitable alternative diet for dogs.

In the present study, BW and age were found to be associated with CP (p=0.03) and DM (p=0.01) digestibility. In previous research similar results have been reported indicating that adult and large dogs show higher digestive efficiencies than puppies and smaller dogs (Weber et al., 2002). These results similarly align with findings from another study conducted in female colony dogs of various breeds, showing significant effects of age and body size on apparent digestibility (Weber et al., 2002). Our results demonstrated that as age increased in the larger dogs, ATTD of CP and DM increased as well. Body weight and age-related changes on ADC is not well understood in dogs, and this relationship requires further research to better understand our observations.

Trends in companion animal nutrition are expected to continue to closely mimic trends seen in human nutrition, resulting in new ingredients being introduced for the formulation of pet food diets (Dodd et al., 2018). As more pet guardians seek alternative feeding methods, research on ATTD to test the nutritional value and safety of new diets is becoming increasingly important (Alvarenga et al., 2019). Using client-owned animals for digestibility trials has become popular in research due to the ability for a more natural study environment and larger study population, which helps increase the applicability of the results (German et al., 2007; Nybroe et al., 2016; Herstad et al., 2017; Freel et al., 2021). However, client-owned animals present challenges to the researcher, as there is limited oversight during the trial to reduce confounding factors such as additional food consumption or inaccurate record keeping (German et al., 2007; Nybroe et al., 2016; Herstad et al., 2017; Freel et al., 2021). Using client-owned animals can be seen as both a strength and a limitation depending on the level of compliance from pet guardians since they are responsible for gathering a large portion of the data, such as food intake, fecal collection, and sample storage (German et al., 2007; van der Kooij et al., 2014; Nybroe et al., 2016; Herstad et al., 2017; Freel et al., 2021). Publications reporting in-home digestibility trials commonly describe study design limitations due to inadequate food diaries, fecal samples, and/or supervision throughout the trial (German et al., 2007; Herstad et al., 2017; Freel et al., 2021; van der Kooij et al., 2014; Nybroe et al., 2016). Similar limitations were present during this current study, as many pet guardians failed to provide either a total fecal collection or food diary at the end of the trial. Guardian compliance continues to be a large limitation to in-home digestibility trials; and yet, methodology protocols to reduce this limitation are not well investigated (Freel et al., 2021). Typical protocols for in-home ATTD trials follow similar methodology as trials using laboratory animals which are in an environment where it is easy to control food intake, fecal collection, and provide detailed feeding records (AAFCO, 2019; Freel et al., 2021). With client-owned participants, changes to the requirements for keeping daily food diaries may help to improve guardian compliance. Feeding records during digestibility trials is required to know how much food each animal consumed (German et al., 2007; Nybroe et al., 2016; AAFCO, 2019; Freel et al., 2021). Maintaining these types of records appears to be a challenge for pet guardians to complete. In the current study no association was found between the presence of a food diary and ATTD of CP, EE, and DM in either diet type. This suggests that despite failing to maintain an adequate record of dietary intake, it was likely that participants did indeed adhere to the study protocol regarding food allowance for their dogs. In traditional digestibility trials using laboratory dogs, a sample size between 5 to10 participants is typically used (German et al., 2007; Herstad et al., 2017; Freel et al., 2021; van der Kooij et al., 2014; Nybroe et al., 2016). A limited sample size can affect the accuracy of the results since it becomes difficult to determine if a particular outcome is a true finding (Röhrig et al., 2010; Button et al., 2013; Faber and Fonseca, 2014). Low guardian compliance to provide feeding records usually results in the removal of the participant to reduce the potential risk of inaccuracies, which further reduces the sample size and statistical power, and increases the risk of false positives (Nybroe et al., 2016; Herstad et al., 2017). The findings in the present trial failed to identify an effect of the availability of a food diary on ATTD which allowed for a larger sample size than if participants without a food diary had been excluded. For example, in the current study, out of the 29 dogs, only 18 dogs had food diaries provided by the owners (n=9 PLANT, n=9 MEAT). In previous at-home ATTD studies, the 11 dogs without provided food diaries would have been removed from the statistical analysis. However, the results in our current study demonstrated no association between presence or absence of food diaries, which allowed for the sample size to remain at 29 (n=15 PLANT, n=14 MEAT) (Dichev and Skinner, 2002; Borm et al., 2007).

Although low guardian compliance is a reoccurring problem in trials where dogs are evaluated in their home setting, the current trial may have had lower guardian compliance due to the ATTD trial being at the end of a longer study (Dodd et al., 2023), thus, pet guardians needed to adhere to study protocols for longer than a typical ATTD trial. Pet guardians were asked to complete a food log every day for the duration of this 3-month trial, which resulted in 38% (11/29) of pet guardians either not supplying a diary or submitting an incomplete diary to the research team. Another digestibility trial stated similar reasons as the cause for removing a participant from the trial prior to analysis (Nybroe et al., 2016). Most digestibility trials follow a 48 to 72-hour total fecal collection method (Gilberto et al., 2002; Murphy et al., 2008; Nybroe et al., 2016). Furthermore, providing the pet guardian with clear feeding instructions at the beginning and throughout the trial, as was done in the present study, may be crucial to increasing guardian compliance with the study protocol.

Fecal sample collection may have also affected the study results. Pet guardians were provided with a small Styrofoam cooler and waste collection bags and asked to collect feces immediately after defecation and place in a freezer. Despite clear instructions to freeze fecal samples immediately after defecation, there was no direct supervision by the research team to ensure that fecal collection and sample storage were performed properly by pet guardians. At this time, there is no published research examining the effects of fecal collection and storage conditions on sample quality for ATTD analysis. Therefore, there is a need to investigate the potential effects of fecal collection and storage conditions to generate a better understanding about whether this could impact ATTD analysis of fecal samples during in-home trials.





Conclusion

The current study demonstrated that in a population of healthy client-owned adult dogs, feeding extruded vegan diets containing only plant-based ingredients resulted in similar ATTD compared to a conventional animal-based diet with a similar nutrient profile. Digestibility studies with client-owned dogs can result in non-compliance with the study protocol, such as submitting a food diary. However, the current study found that the absence of food diaries did not affect the digestibility results, suggesting that this onerous requirement may not be a necessary component as long as clear feeding instructions are provided. Future research investigating vegan dog food should consider the effect of different nutrient profiles as well as length of feeding. Studies are also warranted to examine the effects of protocol compliance issues during in-home digestibility trials to develop a stronger methodology to improve reliability of results.
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dried rosemary:

rils

IPLANT, experimental plant based (vegan) dic
MEAT, animal-bosed dict
crude protin.
erude i,
CF. crude e
erude ash.
E s caleulated as: 100 - CP - EE - CF - CA (AAFCO, 201),
ME (Keallkg) s caleulted s:10x (35 x CP) + (5 EE) + (3.5 NFE)] (AFFCO, 2019)
Bol dis wre formulted tobe oenrgetc, sonitrogenous, nd 3 i s posse i
avtslent profles.






