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Definitions _ PET FA0D ii“é"“ﬁafj“ﬁm@
Vegetarians
(Meat free diet, Plant-based diet)

Consume foods derived
from plants, with or without dairy products,
eggs and/or honey

- Complete absence of animal-based products
- Cosmetics and household products
- Animal testing?



Raw materials for plant-based diets PET FA0D Rooon"b@

Common plant-based raw materials Novel current plant-based raw materials Future plant-based raw materials
(Soybean, corn gluten & wheat gluten) (Pea, potato, oat & rice protein) (Hemp, algae, single cell proteins & cultured meat)



Table 1. Composition of diets before extrusion p— oo B
PETFA oD ROQDmQ@

Examples: Plant based formulation

Diet
Table 1. Compositions of vegetable and animal protein diets for dogs. Ingredient (g/kQ) Meat-based Meat-free
Animal protein diet (in %) Vegetable protein diet (in %)) Rice (broken) 120 120

Fish powder 16.0 Soybean meal 53.0 gaIZE (Whole) 1:3 =0

Meat meal 16.0 Wheat flour 10.0 orghum —

Wheat flour 10.0 Corn powder 23.0 Poultry meal 430 -

Corn powder 48.0 Beet pulp 5.0 Maize gluten 60 300

Beet pulp 5.0 Soybean oil 4.0 Fine soya meal — 130

Soybean oil 2.0 Vitamin mixture 2.0 'Sodium caseinate _ 60

Vitamin mixture 2.0 NaCl 0.5 :

NaCl 0.28 CaHPO, 20 Vegetable mix — 60

Soybean meal 0.78 CaCO, 0.5 S[“lgar.bEEt pUIP ) 30 -

Total 100.0 Total 100.0 Vitamin and mineral mix 50 80

] ]

Plant-based diet’ PLANT Diet Ingredients
Ingredients: Dried Peas, Pea Protein, Brown Rice, Oatmeal, Potato Protein, Peas, barley, oats, potato protein, sunflower oil (preserved with mixed
sorghum, Canola Oil (preserved with Mixed Tocopherols), Natural Flavor, Suncured tocopherols), pea protein, lentils, quinoa, falcium carbonate, dicalcium

Plfalfa Meal, Brewers Dried Yeast, Dicalcium Phosphate, Flaxseeds, Millet,|Calcium
Gart}cmate.ll_entils, Peanut Hearts, Quinoa, Sunflower Ghips,lSEIt, Potassium
Chloride, Choline Chloride, Taurine, Vitamins (Vitamin E Supplement, Vitamin A
Supplement, Niacin Supplement, d-Calcium Pantothenate, Riboflavin Supplement,
Vitamin D2 Supplement, Thiamine Mononitrate, Vitamin B12 Supplement, Pyridoxine

phosphate,[primary dried yeast, flaxseed, natural vegetable flavouring] salt, dried

marine algae,|choline chloride, vitamins (vitamin A supplement, vitamin D2

supplement, vitamin E supplement, niacin, L-ascorbyl-2-polyphosphate (a source
of vitamin C), d-calcium pantothenate, thiamine mononitrate, riboflavin,

Hydrochloride, Biotin, Folic Acid), Dried Carrots, Minerals (Ferrous Sulfate, Zinc pyridoxine hydrochloride, folic acid, biotin, vitamin B12 supplement), minerals
Sulfate, Copper Sulfate, Sodium Selenite, Manganese Sulfate, Calcium lodate), (zinc proteinate, iron proteinate, copper proteinate, zinc oxide, manganese
DL-Methionine, Dried Parsley, L-Ascorbyl-2-Polyphosphate (source of Vitamin C), proteinate, copper sulphate, ferrous sulphate, calcium iodate, manganous oxide,

preserved with Citric Acid, preserved with Mixed T{jcnpherols,mried Celery, Dried
Blueberries, Dried Cranberries, Dried Beets, Yucca Schidigera Extract, Dried Lettuce,
L-Carnitine] Dried Watercress, Dried Spinach, Rosemary Extract.

selenium yeast), DL-methionine, potassium chloride, L-lysine, taurine, L-

carnitine] dried rosemary




Trends

Publications on plant-based, vegetarian, and vegan diets for dogs and cats are increasing.
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100 M Plant-based

Vegetarian
M Meat-based

- Owner diets were an omnivorous diet (84%), followed by vegetarian (6.2%),

80

vegan (5.8%) and pescetarian (4%).

60

Percent

« The Vegan Connection

40

- Only one vegan owners fed meat-based diet to dogs.

20

e Concerns with Meat-Based Diets

Vegan Vegetarian Pescetarian Omnivore
Pt Ouner Diet Cat Diet - Farm animal welfare
100 8 Plant—bgsed
i eatcbased  Concerns with Plant-Based Diets

80

- Nutritional completeness

60

Percent

 Future Interest

40

- Vegan owners stated they would switch to a plant-based pet diet if a diet

20

meeting their specific criteria were available.

Vegan Vegetarian Pescetarian Omnivore
Pet Owner Diet

Fig 2. Composition of pet diets according to their owners’ diet. Based on responses of pet owners to the “Pet Feeding
Practices” survey, dog top, cat bottom. The Y axis represents percentage of pet owners within a given diet group.

Dodd, S. A., Cave, N. J., Adolphe, J. L., Shoveller, A. K., & Verbrugghe, A. (2019). Plant-based (vegan) diets for pets: A survey of pet owner attitudes and feeding practices. PloS one, 14(1), €0210806. 7
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0210806



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0210806

Trends: Consumer Acceptance of Sustainable Dog (N=2,639) and Cat Diets (N=1,380) .- e 20D 52

' lLS>>

. 2 -
* Prevalence of diets Dogs 7! 4 Cats - Prevalence of diets
° 0 I P » :
84.2% Moeat-based d!ets . “J N P * 84.2% Meat-based diet
* 52.3% Commercial meat : : * 9.1% Vegetarian diets
* 31.9% Raw meat CLIN * Purchasing motives
* 12.8% Vegetarian diets » 84.9% Health and nutrition
 Purchasing motives * 77.6% Palatability
* 94.5% Health and nutrition » 60.1% Diet quality
* 75.8% Diet quality * 41.9% Price
* 65.3% Palatability * 36.5% Naturalness
* Openness to alternatives of meat-feeding owners - Openness to alternatives of meat-feeding owners
» 43% Consider for sustainable alternative diets » 51.2% Consider for sustainable alternative diets
* Ranking alternative diet - Ranking alternative diet
24 4% Cultivated meat-based diets e 33.1% Cultivated meat-based diets
* 16.6% Vegetarian diets * 18.2% Vegan diets
* 15.5% Insect-based diets * 14.8% Insect-based
* 13.4% Vegan diets * 13.8% Vegetarian
y 7-1ZA> Fungi-based diets - Key drivers for alternative diet selection
. 6.7.A) Algae-based dl_etS | | * Pet health, nutritional soundness, palatability,
* Key drivers for alternative diet selection good quality and environmental sustainability.
* 84.5% Trust in nutritional soundness
« 8§2.8% Confidence about pet health
Mace, J. L., Bauer, A., Knight, A., & Nicholles, B. (2025). Consumer acceptance of sustainable dog diets: A survey of 2639 dog guardians. Animals, 15(20), 2988. https://www.mdpi.com/2076-2615/15/20/2988 8

Mace, J. L., Bauer, A., Knight, A., & Nicholles, B. (2025). Consumer acceptance of sustainable cat diets: A survey of 1380 cat guardians. Animals, 15(20), 2984. https://www.mdpi.com/2076-2615/15/20/2984



https://www.mdpi.com/2076-2615/15/20/2988
https://www.mdpi.com/2076-2615/15/20/2988
https://www.mdpi.com/2076-2615/15/20/2988
https://www.mdpi.com/2076-2615/15/20/2984
https://www.mdpi.com/2076-2615/15/20/2984
https://www.mdpi.com/2076-2615/15/20/2984
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Trends: Environmental impacts on pet food. 5T EAOD ﬁwgaﬁdm§

Table 11.3 Terrestrial vertebrates killed for food in 2020, within the US, used within the diets of dogs, cats
and humans.

. Humans Dogs Cats Dogs and cats
UL L US total (2020) | g6 6o Total) | (17.7% Total) (2.3% Total) (20.0% Total)
, 7,673,717,600 1,697,810,019 220,619,381 1,918,429,400
£ Heuliny I 2522144060 (80.0%) (17.7%) (2.3%) (20.0%)
f - 105,311,200 235,500,103 3,027,697 26,327,800
{0 Pigs 131,639,000 (80.0%) (17.7%) (2.3%) (20.0%)
: : 26,692,880 5,905,800 735,420 63,0'3.220,
” Bovine animals 335,566,100 (80.0%) (17.7%) (2.5%) (20.0%)
2,554 240 520,876 67,684 588,560
f}-| Sheepandgoats 2,942,800 (80.0%) , (17.7%) (2.3%) | (20.0%)
Other land I 77 594 62,075 13,734 1,785 15,519
animals ' (80.0%) (17.7%) (2.3%) (20.0%)
Total 9.760.172.494 7,808,137,995 1,727,550,531 224,483,967 1,952,034,499
T (80.0%) (17.7%) (2.3%) (20.0%)
Knight, A. (2024). The environmental benefits of vegan pet food. In Regenerative Farming and Sustainable Diets (pp. 92-104). Routledge. 9
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781032684 369-15/environmental-benefits-vegan-pet-food-andrew-knight
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Trends: Environmental impacts on pet food

KEY DRIVERS AND QUANTIFIED IMPACTS w
1. SUBSTANTIAL GHG 2. VAST LAND PRESERVATION 4. DECREASING ENV|RONMENTAL
EMISSIONS REDUCTION & BIODIVERSITY RECOVERY POLLUTION & CHEMICAL INPUTS
ANNUAL GLOBAL SAVINGS (Gt CO,-cq) LAND FREED UP (billion hectares) PREVENTING ACID RAIN PROTECTING AQUATIC
0.57 . (¥ SO, equivalents) i Egg'sevsuTi.an'reits)
ocs [ 026 ~ Meeecr @ o o
0.09 g
DOGS CATS 2 f;;g"na"y ok
DOG SAVINGS > CAT SAVINGS > MITIGATING

UK TOTAL EMISSIONS  NZ TOTAL EMISSIONS POTENT GASES

@t t STOPPING ECOSYSTEM U
d? @ DEFORESTATION REWILDING /ﬁ preny

3. SIGNIFICANT FRESHWATER CONSERVATION

LOWERING PREVENTING LIVESTOCK
CHEMICAL LOADS WASTE & DRUG RESIDUES

ADDITIONAL PEOPLE FED ANlMALS SPARED SLAUGHTER/YR

ANNUAL GLOBAL WATER CONSERVED (Gm?) ol il = 4¢|;|9 1 ”
~N iion
6 7.75 > DENMARK WATER FOOTPIINT e 69.7 livestock
RE%"}’@SLE LR m|II|on o 9 billion
[ llivestock
i > i DOGS CATS DOGS  CATS
124  wATER  JORDAN : : :
- - - W
RENEWABLE RENEWABLE S T T s
DOGS CATS WATER WATER > - BILLIONS : < <
SPARED AQUATIC =
WATER FOOTPRINT FROM s £ =
98% LivESTOCK FEED AVOIDED e mmaMaAL

Knight, A. (2024). The environmental benefits of vegan pet food. In Regenerative Farming and Sustainable Diets (pp. 92-104). Routledge. 1 0
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781032684.369-15/environmental-benefits-veqgan-pet-food-andrew-knight
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Safety of vegetarian diets PET FA0D i“a“é“a”ﬂma§

1. Physiological safety

2. Chemical safety
- Pesticides, Heavy metals, Anti-nutritional factors or Contaminants

3. Biological safety
- Pathogenic bacteria, parasites or viruses

13
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PALATABILITY

& =
k. ﬁ\ Palatability of vegetarian diets PET FA0D ROADINCE,
¥ 3

M . Canine palatability drivers Feline palatability drivers

Highly complex
Dominated by taste rather than smell
Early-life conditioning
. Chemo-responsive tongue receptor
« Amino acid preference (Obligate carnivore nature)
e Beef > Lamb > Chicken > Horsemeat e Preferred ("Sweet") amino acids
* L-proline, L-cysteine, L-ornithine, L-lysine, L-histidine, and L-alanine
(Completely lack functional sweet taste receptors)
 Canned or cooked meat over fresh meat » Rejected ("Bitter") amino acids
 L-arginine, L-isoleucine, L-phenylalanine, and L-tryptophan.
» Umami and Kokumi modalities
» L-glutamic acid
» Agonists like glutathione (GSH), -aspartyl and y-glutamyl peptides.
* Contrary to the belief that they drive aversion to decomposing meat, monophosphate
nucleotides accumulate postmortem to attract mammals by enhancing flavor.
» Diet: Fish (specifically salmon) > meat flavors.
» Water-diluted meat products: pork liver > pork kidney > tuna > chicken

» Olfactory senses rather than taste

 [fit smells like meat, eat it

 Meat type preference hierarchy

« Physical form and preparation preference for

» Minced meat over large chunks of meat

Watson, P. E., Thomas, D. G., Bermingham, E. N., Schreurs, N. M., & Parker, M. E. (2023). Drivers of palatability for cats and dogs-what it means for pet food development. Animals, 13(7), 1134. 1 5
https://www.mdpi.com/2076-2615/13/7/1134
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PALATABILITY
0. ﬁ
o.o Onllne surveys
PHASE 1
Data Acqmsmon i :
& Surve & > Social media,
y % Facebook advertising
DIStI’IbutIOI’I N. America ¢ (world region, advertsing)
C’?)‘ ‘;}ustralia
( Survey Window: May December 2020 | qf(b

PHASE 2

Participant
Filtering &
Screening

Pipeline.

Inlet: 4,060 Initial Respondents

™M Fllter ik Age & Household
8+yrsold, in home for > 1 year)

™M F|Iter 2: Health Status
xcluded animals on therapeutic diets),

IZf Fllter 3: Social Dynamlcs
(Excluded animals th:
compete for food)

3 Responses
A Lo " Dropped

Final Analyzed Population: 3,443 Pets
2,308 Dogs 1,13R Cats

™)

PHASE 3
Experimental
Variable
Mapping.

Independent Variable™\ Controlled
(Main Diet Type) « Confo:r;gms% )f(actors.

M Vegan Neuter Status,

' Activity Level

Dependent Variables (Palatability Indicators)
Strongly Strongly

Disagree ‘ @ @ @ @ Agree

Canine Behaviors (10 Metrics)

Eating speed, Food sniffing, vocalizing/jumping, Tail wagging,

Salivation, Lip licking, Lip licking, etc. Enorsniffing, vocalize holting,
Food team, sasindion, Food unlliling, etc.

Feline Behaviors (15 Metrics)
Approach speed, Leaving food uneaten, Food sniffing/investigating,

Lip/Nose licking, Ear/Tail flicking, Lxp/Hoprdigating,
Ear/Tail flicking, Ear/Tail flicking, etc, Lowfood ficking, etc.

PHASE 4

Statistical
Analysis
Pipeline.

e’%

¥

Factor Analysis ]

[ One-way ANOVA |
T

[ Correlatlon & T-Tests ]

& VR

Strict Slgmflcance Cut-off: qu//b ?’

@
p<r{)001 Y, 4 ﬁ

R -
O\

o >

B Ol 7

& =
dﬁ Palatability of vegetarian diets

» Canine Palatability (2,308 Sampled)

* Feline Palatability (1,135 Sampled)

/,/'

ET FAOD
| Edition

.

Food Focus Thailand

ROGDmO@

* The study concludes that vegan pet foods are generally at least as

palatable to dogs and cats as conventional meat or raw meat diets.

Knight, A., & Satchell, L. (2021). Vegan versus meat-based pet foods: Owner-reported palatability behaviours and implications for canine and feline welfare. PLoS One, 16(6), €0253292. 1 6

https://journals.plos.ora/plosone/article?id=10.1371/journal.pone.0253292
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<7 Digestibility of vegetarian diets PET FAOD RooDmO®

Y almm 12 week
@, STUDY DESIGN S

A randomized, double-blinded
longitudinal clinical trial using
healthy, client-owned adult
dogs.

e Al ). f L=
e AT BT e A S

No statistically significant differences were observed in digestibility in dogs (P>0.05).

I ekl RANDgh:- fg\(Z) 2
gib| tﬁ o ol

Researcher Dog owner Apparent Digestibility Coefficient (ADC)’

100% - 99.1 98.6
(= S ’ 97.1%20 97.313
MEAT PLANT |- DIET PROFILES
(Commercial Extruded) | (Experimental Extruded)
@ ’ DURATION: Isoenergetic &
‘73 N 12 WEEKS — Macronutritively
__ Similar )

[ Plant-based Diet?
B Meat-based Diet?

72 90.8

88.9

85.0/+7.1 856[+6.2

Dogs assigned to one of two diets.

//-\0 pﬁ:{‘gﬁ Moisture
{35 DIET PROFILES A s

_ Resoartions & e
Extrudiote diets Both formulated to meet or exceed AAFCO

2019 Canine Adult Maintenance requirements.

80.6+10.2 80.5|+8.4

Apparent Digestibility Coefficient (ADC) %

o < 70% -
\ @Y PARTICIPANT SELECTION & COMPLIANCE CRUDE PROTEIN (CP%) ETHER EXTRACT (EES) DRY MATTER (DM¢)
J Regg_’;‘ﬂi’;‘;ﬁ; 'Apparent Digestibility Coefficient (ADC). 2Diets. *Crude Protein. SEther Extract. *Dry Matter.
U Noﬂf’c‘};ﬁ{;.?;m Pet guardians Values are mean + SD. Transcribed from <IMAGE 0>.
° = Compliance & w Participants maintained daily

v Record-Keeping: _. ; fReddiie

o Pet guardians Final Sample Size analyzed Completed Food Diary: Liversidge, B. D., Dodd, S. A., Adolphe, J. L., Gomez, D. E., Blois, S. L., & Verbrugghe, A. (2023). Extruded diet macronutrient digestibility: plant-based (vegan) vs. animal-based diets in client-owned healthy adult dogs and

- maintained daily '™ ATTD model: N=29 Dogs 18 Dogs the impact of guardian compliance during in-home trials. Frontiers in Animal Science, 4, 1288165.

v = food diaries. _ PLANT MEAT No Diary Provided: https://www.frontiersin.org/journals/animal-science/articles/10.3389/fanim.2023.1288165/full ?utm_source=chatgpt.com

) 11 Dogs
) (n=15) (n=14)

Digestibility in cats
« Studies confirm that cats can effectively digest and utilize well-formulated vegan diets and
plant-based ingredients.
(=38 Y @ « Extruded feline diets utilizing micronized soybeans, corn gluten meal (CGM), or rice protein
@ﬁ il STATISTICAL ANALYSIS o mrore R concentrate (RPC) achieved dry matter digestibility over 80% and fat digestibility up to 90%.

B
<= Food Dia
Calculated Apparent Avai|abi|il;¥/ )'@
Digestibilit
g y Body Weight

Coefficients (ADC) s
N Linear Regression 7] Age 1 8
-1 Models (in R) - @

72-hour Fecal Frozen Laboratory
Collection Immediately Analysis
(Post-12 Weeks) at -20°C

Proximate Analyses
(Moisture, DM, CP, CF)

Association of Official
Analytical Chemists
(AOAC) Methods

1 °
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DIGESTIBILITY

° Replacing the hydrolyzed chicken liver and heart
° ANIMALS AND HOUSING : p g y y
e Participants: 24 healthy adult domestic =0 |l
©  shorthair cats, aged 1+ year z 0
/« Housing: Individual, temperature- .
controlled facilities with natural light, & A. A Apparent Dry Matter (DM) B. B. True Protein
daily group socialization, toys, and &S 901 100-
interaction with caretakers S .
: g ] ; : ; =2 b o 958
Feeding regimen: Once daily to maintain Pr— N 84 3b 85.1 X
ideal body weight with ad libitum water & )0 g 851 g 7b ' e 951
: [0)
—— EXPERIMENTAL DESIGN & DIETS — g £
1[2]3]4| °4x4 Latinsquare design = S 80 © 90
1][4]x|[o[o]| e Four15 day periods. No washout phase ‘ § E
2/0]0j4])0] e 4experimental diets: S |
420619 o 0% (control), 7%, 14%, and 28% 75 85-
_ EEAE L rice protein concentrate (RPC) 0% 7% 14% 28% 0% 7% 14% 28%
* Diet formulation: : : : -
,% © Total protein was kept similar by adjusting Rice Protein Concentrate, % Rice Protein Concentrate, %
hydrolyzed chicken liver/heart and brewers rice
o All diets met or exceeded AAFCO maintenance C. C Apparent Fat D. D. Apparent CarbOhydrate (NFE)
requirements with 0.2% taurine supplement 95 100-
o—— SAMPLE COLLECTION & ANALYSIS — ° 89.8 £ o5 o 928
"\ e Daily food intake recording and fecal score Fecal Score Scale ] E 89.0P 90—'-? ' e
evaluation (days 10-15) using 6-point scale (N S L = 90- I ==
(normal is 3-5) »> & c 90+ =
» Fecal collection: Total output from days 11-15 ﬁ o & 85- 83_;_5a
using non-absorbent litter beads > & S - El=
| « Laboratory analysis of food and day 15 feces for <‘E‘ 2— 80-
o ash, crude fiber, fat, protein, moisture, dry
matter (DM) and gross energy (GE) 854 75
iy Sf’;é’é‘t'.ﬁff.‘t’;‘iff‘sﬁyf';‘t“‘é’ésZZ?bohydrates T 0% 7% 4% 28%
> True protein digestibility with estimated endogenous Rice Protein Concentrate, % Rice Protein Concentrate, %
RlOiE SUbtraCte_dA e Figure 1: Nutrient digestibility in experimental diets with increasing levels of rice protein concentrate.
 Statistical methods: Analysis of Variance (ANOVA), Columns with different lowercase superscript letters are significantly different (p < 0.05).
orthogonal contrasts, and linear regression to
predict nutrient digestibility of 100% RPC
.ﬂ —
Morris, E., Perumalla, S., Stiers, C., & Gross, K. (2023). Rice protein concentrate is a well-accepted, highly digestible protein source for adult cats. Frontiers in Veterinary Science, 10, 1168659. 1 9

https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2023.1168659/full
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§ Gastrointestinal physiology and diets PET FA400 ROGDMOEg

NUTRIENT
REQUIREMENTS

Table 1. Key differences between dogs and cats in nutritional requirements and related

physiology [10-12]. Omnivore Carnivore
Feature Dogs Cats
Protein requirement Moderate High
Essential amino acids 10 Same 10 plus taurine = 11
Enzyme regulation Adaptive Fixed high catabolism
Pancreatic amylase High Low
Gluconeogenesis from amino acids Regulated Constant
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Nutrients consideration and limitation in vegetarian diets

NUTRIENT
REQUIREMENTS

Inaccurate nutrient levels in products (Dogs and Cats)

1. Deficiency in essential amino acids 4. Vitamins
Dogs: Methionine, cysteine, leucine, threonine and phenylalanine - Vitamin A (Retinol)
Cats: Arginine, methionine, cysteine, histidine, isoleucine, leucine, - Vitamin D
lysine, tryptophan, threonine, phenylalanine, tyrosine, glutamine - Thiamine (B1)
and taurine - Niacin (B3)
- Cobalamin (B12)
2. Fatty acid profiles - Folate (Vitamin B9)
- MUFA & PUFA
- EPA and DHA 5. Urinary pH (Alkaline)

- Arachidonic acids (Cats)
6. Anti-nutritional factors
3. Minerals
- lodine, Potassium, Sodium, Chloride
- Calcium, Ca:P
- Selenium, Zinc

- S Food Focus Thailand
o 1 2
| “Editian |

' lLs7>
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§ &5 Amino acids of meat- and plant-based raw materials PET FA0D ﬁ“éwa“ﬁn%b@

SEEK

NUTRIENT
REQUIREMENTS

Organs 16 - 32
Vegetables 8-16
Dairy products 4-8
Fish
Meat products
Cereals
Potatoes
e - —_— — —
1] 1] w w w w LE] ¥l w /] 1] w w L Y] w w w 1] a 1] 1] w
£ £ £ £ £ £ £ £ £ £ £ E E £ £ £ £ £ £ £ £ ¢
o L] W = o o b =
% % 6 2 3 53 65 8 8 % % 82 3 5 3 65 8 2
e = . —_ ] = - —_ — 4]
< 9 s T o - E s £ < o £ T O - E = E
v R = £ ¥ v o2 2 = ©t ¥
g = o & E = o &
E s U = c U
c A .E c a £
=) c ° c
£ : B 2
1] -_— w e
E = E =
Q @
= =
[« (=18

Figure 1 Averages of essential AA intakes from different food families, in terms of the number of times the
requirement is covered, for dogs and cats
(Lefebvre, 2019) (National Research Council, 2006)
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REQUIREMENTS

Inaccurate nutrient levels in products (Dogs)

] LA

STUDY DESIGN & 7
SAMPLE SELECTION

-

Sample Size and Origin

Total of 31 complete, dry kibble dog
foods from 27 brands.
Acquired over 4 weeks from UK online
and high-street pet supermarkets.

Diet Classifications

samples categorized into three
distinct groups

000

Meat-based Plant-based  Veterinary-renal
(n=19) (n=6)

diets (n = 6)

Nutritional Benchmark
Nutritional profiles
evaluated against
FEDIAF maintenance

SAMPLE PREPARATION
& BLINDING

Processing Workflow

N 100g each sample
frozen §$-20°C for
>24h), freeze-dried
(48-72h), milled to
homogenous powder
at 10,000 RPM.

Blinding Measure
Samples assigned random

guidelines for adult dogs.

Quality & Health

Determined via direct
nitrogen content
measurement (multiplied
by 6.25).

Fatty Acids Content

Extracted via fatty acid
acthl methyl ester
(FAME) technique and

.Ms  separated via GC-MS.

2 Minerals & Trace Elements

Quantified using ICP-MS
after multiwave micro-

wave digestion.

\ ICP-MS 4

LC-MS/MS platform.

EINE numbers between 259 and
300 to blind labray analysts

. g & from product identities.

Lo ANALYTICAL
&8l TECHNIQUES

" Crude Protein & Moisture

Determined via direct

nitrogen content measure-
ment (multiplied by 6.25).

Amino Acids Profile

Analyzed through
iz uHPLC-MS/MS following
@] oxidation and acid

. uHPLC-Ms/Ms  hydrolysis stages. /

Fatty Acids Content

Extracted via fatty acid

methyl ester (FAME) tech-

nrique and separated via
GC-MS via GC-MS.

Vitamins

« Vitamin D analyzed via
UPLC-MS/MS

» B-vitamins (B1-B12)
determined utilizing an

Amino acids

» Plant based diets contain enough amino acids based on requirements.
* 66% of renal diets lacked at least one amino acids (Mainly Threonine).

Measured crude protein

Total amino acid content

Brociek, R. A., Li, D., Broughton, R., & Gardner, D. S. (2025). Nutritional analysis of commercially available, complete plant-and meat-based
dry dog foods in the UK. Plos one, 20(9), e0328506. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0328506
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0328506

NUTRIENT
REQUIREMENTS

Fatty acids (Plant based diets)

- MUFA & PUFA

 Mainly linoleic & linolenic acids
« & Arachidonic acids

EPA and DHA

(percent of total lipid mass, w/w)

L

L] Ll
Meat Plant Renal

Canonical variate 2 (27% variation)

£iMeat * “Plant

(PR

oaenal

' ] 1 1 1

-2 0 2 4 6
inical variate 1 (73% variation)

=l B Other (<5%)

: — = Arachrdonlc 4020 :4n6) b
1 Linolenic (C18:3n3)
E= Linoleic (C18:2n6c) EPA (C20:5n3) +

DHA (C22:6n3)]]

Bl Oleic (C18:1n9¢c)
R Oleic acid (C18:1n9c)~
E= Palmitoleic (C16:1)
3 Palmitic (C16:0) Lol C18:3n3
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PET FA0D ROADINCE,
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NUTRIENT
REQUIREMENTS

PETFA OD ROGDmO@

FeedsiD  Diet type : Minerals (Plant based diets)

Brociek, R. A., Li, D.,

_ nutritional quideline...v

« ¥ lodine

1.50
O meat-based
. O plant-based
"'E" 1.25 © renal
R
S 1.00
=
)
5, 0-75 o
é o}
Los0],
(] o]
o - o
= 0.257-® ‘é‘c% """"""""" #=17 dog foods <026
0% %
0.00 .

above in-range below
FEDIAF nutritional guideline
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Vitamins (Plant based diets)
« ¥ B3,B9andB12

Inaccurate nutrient levels in products (Dogs) ﬁ-ﬁ;

PET FAOD

* Vitamin D is enough
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NUTRIENT
REQUIREMENTS

Inaccurate nutrient levels in products (Dogs)

Table 1. Measured nutrient content in 20 plant-based canine foods commercially available in Canada and labeled for adult
or all life stages compared to the AAFCO and FEDIAF recommended essential nutrient concentrations for canine adult

maintenance on a dry matter basis (unit per 100 g dry matter).

FEDIAF
1 *
Nutrient (Unit/100 g DM) Median Range AAFCO 95 keal/kg %75 ** 110 keal/kg 75 *+*
Crude protein (g) 27.6 17.3-36.6 18.0 21.00 18.00
Arginine (g) 162 1.03-2.57 0.51 0.60 0.52
Histidine (g) 0.60 0.36-0.76 0.19 0.27 0.23
Isoleucine (g) 140 0.88-1.65 0.38 0.53 0.46
Leucine (g) 241 1.49-5.26 0.68 0.95 0.82
Lysine (g) 126 0.59-2.09 0.63 0.46 0.42
Methionine (g) 052 0.22-1.50 0.33 0.46 0.40
Methionine + Cystine (g) 0.83 0.25-1.97 0.65 0.88 0.76
Phenylalanine (g) 148 1.03-2.24 0.45 0.63 0.54
Phenylalanine + Tyrosine (g) 2.56 1.61-3.89 0.74 1.03 0.89
Taurine (g) 0.11 0.00-0.21 n/a
Threonine (g) 1.30 0.85-1.56 0.48 0.60 0.52
Tryptophan (g) 0.29 0.15-0.38 0.16 0.20 0.17
Valine (g) 1.53 0.96-1.90 0.49 0.68 0.59
Crude fat (g) 13.8 8.5-25.1 S35)
Linoleic acid (g) 641 1.40-17.88 i 1.32 1.53
ALA (g) 0.70 0.16-2.13 n/a
Arachidonic acid (g) 0.01 0.00-0.03 n/a
EPA + DHA (g) 0.00 0.00-0.05 n/a
GLA (g) 0.01 0.00-0.07 n/a
Calcium (g) 1.07 0.38-1.90 05-25 0.58-2.50 0.50-2.50
Phosphorus (g) 0.8 0.5-1.5 04-1.6 0.46-1.6 0.4-1.6
Ca:P ratio (g) 1.3 0.8-2.5 1:1-2:1
Potassium (g) 111 0.73-1.72 0.6 0.58 0.50
Sodium (g) 0.34 0.02-1.27 0.08 0.12 0.10
Chloride (g) 093 0.09-2.47 0.12 0.17 0.15
Magnesium (g) 015 0.10-0.23 0.06 0.08 0.07
Iron (mg) 22.76 10.71-75.04 40 4.17-68.18 (L) 3.60-68.18 (L)
Copper (mg) 2.34 0.89-5.47 0.73 0.83-2.80 (L) 0.72-2.80 (L)
Manganese (mg) 413 1.39-7.39 0.50 0.67-17.00 (L) 0.58-17.00 (L)
Zinc (mg) 15.52 4.46-35.93 8.0 8.34-22.70 (L) 7.20-22.70 (L)
Vitamin A (IU) 1001 274-3973 500-25,000 702.00-40,000 606.00-40,000
Vitamin D, (IU) 0 0-152 n/a
Vitamin D3 (IU) 73 0-172 n/a
Total vitamin D (TU) 91 0-172 50-300 63.90-227.00 (L) 55.20-227.00 (L)
Vitamin B> (mg) 0.00434 0.0000-0.69074 0.0028 0.00387 0.00335

* AAFCO nutrient profile for adult maintenance of dogs (minimum or minimum-maximum) [1]. ** FEDIAF recommendations for adult
maintenance of sedentary dogs, for an expected daily energy intake of 95 kcal / kg°'75 (minimum or minimum-maximum) [2]. ** FEDIAF
recommendations for adult maintenance of active or working dogs, for an expected daily energy intake of 110 kcal/kg””® (minimum or
minimum-maximum) [2]. Bolded values are outside of the AAFCO recommended range. Italicized values are outside of the FEDIAF
recommended range for dogs with an energy intake of 95 kcal/kg"7®. Underlined values are outside of the FEDIAF recommended range
for dogs with an energy intake of 110 kcal / kg"' 75 AAFCO = Association of American Feed Control Officials, FEDIAF = European Pet Food
Industry Federation, NR = No recommendation, (L) = Legal limit.

Dodd, S. A, Shoveller, A. K., Fascetti, A. J., Yu, Z. Z., Ma, D. W., & Verbrugghe, A. (2021). A comparison of key essential nutrients in commercial plant-based pet foods sold
in Canada to American and European canine and feline dietary recommendations. Animals, 11(8), 2348. https://www.mdpi.com/2076-2615/11/8/2348

/ 4

Plant based diets (Some products)

¥ Crude protein

¥ Lysine, Methionine, Met+Cyt, Tryptophan

¥ Calcium, Ca:P

¥ Sodium, Chloride, Zinc
¥ Vitamin A and Vitamin D

¥ Vitamin B12
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Inaccurate nutrient levels in products (Cats)

NUTRIENT Table 3. Measured nutrient content in eight plant-based feline foods commercially available in Canada and labeled for
REQUIREMENTS adult or all life stage compared to the AAFCO and FEDIAF recommended essential nutrient concentrations for feline adult
maintenance on a dry matter basis (unit per 100 g dry matter).
Nutrient (Unit Per 100 g) i R * i
Wen it ter & Median anee AAFCO 75 kcallkg°'67 % 100 kcal/kg0'67 ok
Crude protein (g) 31.61 29.16-35.31 26.0 33.30 25.00
Arginine (g) 1.59 1.27-2.45 1.04 1.30 1.00
Histidine (g) 0.63 0.40-0.75 0.31 0.35 0.26
Isoleucine (g) 1.40 0.81-1.61 0.52 0.57 0.43
Leucine (g) 2.39 1.40-4.30 1.24 1.36 1.02
Lysine (g) 1.26 0.88-2.07 0.83 0.45 0.34
Methionine (g) 0.47 0.27-0.85 0.20-15 0.23 0.17
Methionine + Cystine (g) 0.68 0.42-1.16 0.40 0.45 0.34
Phenylalanine (g) 1.54 0.98-1.87 0.42 0.53 0.40
Phenylalanine + Tyrosine (g) 252 1.55-3.19 1.53 2.04 1:53
Taurine (g)-extruded 0.09 0.01-0.21 0.10 0.13 0.10
Taurine (g)—canned 0.13 0.00-0.14 0.20 0.27 0.20
Threonine (g) 1.30 0.73-1.46 0.73 0.69 0.52
Tryptophan (g) 0.33 0.19-0.40 0.16-1.7 0.17 0.13
Valine (g) 1.59 0.94-1.82 0.62 0.68 0.51
Crude fat (g) 10.3 8.5-14.6 9.0
Linoleic acid (g) 5.64 1.40-15.80 0.6 0.67 0.50
ALA (g) 0.68 0.17-1.83 NR
Arachidonic acid (g) 0.009 0.006-0.026 0.02 0.008 0.006
EPA + DHA (g) 0.00 0.00-0.01 NR
GLA (g) 0.01 0.00-0.04 NR
Calcium (g) 0.84 0.48-1.42 0.6 0.53 0.40
Phosphorus (g) 0.79 0.56-1.07 0.5 0.35 0.26
Calcium to phosphorus ratio 1.1 0.8-1.4 NR 1:1-2:1
Potassium (g) 1.06 0.68-1.72 0.6 0.80 0.60
Sodium (g) 0.33 0.17-0.73 0.2 0.10 0.08
Chloride (g) 0.95 0.38-1.46 0.3 0.15 0.11
Magnesium (g) 0.17 0.09-0.19 0.04 0.05 0.04
Iron (mg) 2647 10.49-42.24 8.0 10.70-68.18 (L) 8.00-68.18 (L)
Copper (mg) 2.49 1.43-3.44 05 0.67-2.80 (L) 0.50-2.80 (L)
Manganese (mg) 411 1.31-6.72 0.76 0.67-17.00 (L) 0.50-17.00 (L)
Zinc (mg) 18.69 8.90-35.93 75 10.00-22.70 (L) 7.50-22.70 (L)
Vitamin A (IU) 907.5 251.4-2319.3 333.2-33,330.0 444.00-40,000 333.00—40,000
Vitamin D, (IU) 0 0-26 NR
Vitamin D3 (IU) 103 0-155 NR
Vitamin D (IU) 111.4 0-154.5 28.0-3008.0 33.30-227 (L) 25.00-227 (L)
Vitamin B2 (mg) 0.00587 0.00000-0.71690 0.0020 0.00235 0.00176

* AAFCO nutrient profile for adult maintenance of cats (minimum or minimum-maximum) [1]. ** FEDIAF recommendations for adult
maintenance of indoor and/or neutered cats, for an expected daily energy intake of 75 kcal /kg”® (minimum or minimum-maximum)
[2]. *** FEDIAF recommendations for adult maintenance of active cats, for an expected daily energy intake of 100 kcal/kg’® (minimum
or minimum-maximum) [2]. Bolded values are outside of the AAFCO recommended range. Italicized values are outside of the FEDIAF
recommended range for cats eating 75 kcal/kg"%’. Underlined values are outside of the FEDIAF recommended range for cats eating
100 kcal/ kg°'67. AAFCO = Association of American Feed Control Officials, FEDIAF = European Pet Food Industry Federation, NR = No
recommendation, (L) = Legal limit.

Dodd, S. A, Shoveller, A. K., Fascetti, A. J., Yu, Z. Z., Ma, D. W., & Verbrugghe, A. (2021). A comparison of key essential nutrients in commercial plant-based pet foods sold
in Canada to American and European canine and feline dietary recommendations. Animals, 11(8), 2348. https://www.mdpi.com/2076-2615/11/8/2348

Plant based diets (Some products)
« & Taurine (Canned below 100%)

& Arachidonic acids
& Calcium
¥ Sodium

& Vitamin Aand Vitamin D

& Vitamin B12
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3-month trial evaluating health maintenance
STUDY DESIGN and nutritional suitability of a vegan diet

PARTICIPANTS AN wes  * No significant changes in lean soft tissue or body fat percentages.
61'healthy, desexed randomized vegan diet)
H £ e e f”c‘gr'n"r'gif‘c{gldext)mded » Hematological & Biochemical Shifts
meat-based diet

DIETARY INTERVENTION e PLANT

Isoenergetic, formulated to meet adult dog maintenance recommendations
MEAT diet fortified with animal-derived vitamin D,

PLANT diet fortified with plant-derived vitamin D, - & Bood urea nitrogen (BUN), creatinine, serum cholesterol and platelet counts

BLINDING: Investigators and owners were completely blinded to diet identities

)
>N + MEAT
D?_Q 4-week 12-week @y

TIMELINE s eAr et R iy - #Red blood cell parameters, serum osmolality
t t
SCREENING BASELINE EXIT ° Urinalysis
CLINICAL ‘ ‘ @ ‘ « Urine pH and the presence of struvite crystals did not differ between the diet groups.
ASSESSMENTS
Il h I d h d d . . .

‘Bams.  bams ol sewet®cs  « Vitamin D Metabolite
LABORATORY ‘ ‘ ‘ ;? * PLANT
TESTING Complete Blood Serum Urinalysis : : . . . .

Count(CBC) ~ Biochemistry (dipsickseciment anaysis) o Shift from vitamin D3 to vitamin D2 metabolites

o
— OH
7\
! /
N

- ¥ Total serum 24,25(0OH),D concentrations

BODY » Body Fat Mass (BF)
COMPOSITION = « Lean Soft Tissue Mass (LST) . .
& BONE HEALTH S = — | - Bone Mineral Content (BNC) « Total serum 25(0OH)D and PTH concentrations remained stable
Y —===u . Bone Mineral Density (BMD) . ] .
@  Bone Mineralization
VITAMIN D Rarafvc Hamone €T all i « No significant changes in bone mineral density (BMD), bone mineral content (BMC) or total
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REQUIREMENTS

STUDY DESIGN AND PARTICIPANTS

M=z

@)
8 179, —
(8 ’)lx*'ﬂ N ‘P(]
S W
Total Population:
86 Cats & Caregivers in

the USA

BB Recruitment Methods:
B==| Dedicated Website, Animal
% Welfare/Vegetarian Links,

National Animal Welfare
Conference

=i

v,
U

Group V (Vegetarian Diet)

34 cats and caregivers Q@ 2
Exclusively Vegetarian '
for>1 year 4

Group C (Conventional Diet)
52 cats and caregivers

Exclusively Conventional &&=
Feline Diet for> 1 year =2l

Inclusion Criteria

w Only 1 cat per n
household, oldest  |[]
Iy Veterinary practice of record,

< Veterinary evaluation within
past year

DATA COLLECTION AND TESTING PROCEDURES

Telephone Questionnaires

e Structured Interviews
(Both Groups)

* Feline Signalment, Housing,
Body Condition

* Diet specifics (treats, supplements)
* Caregiver perceptions, motivations

* Dietary health risks/benefits
awareness

Blood and Serum Analysis

* Subset of 17 cats from Group V

* Criteria for Blood Subset:
Complete commercial vegetarian
diet or home-prepared with
supplement for > 1 year

Measured Biomarkers

T Blood/Plasma Taurine
w7 | Concentration

12-hour | Serum Cobalamin
fast (Vitamin B,,) Concentration

(Group C omitted vegetarian details)
Statistical Analysis

gm » Categorical variables: Fisher exact test or equivalent
<>

— * Average age, Diet duration comparison: Student t-test
y_W Qg « Significance defined as: P < 0.05

PET FAZ0D
| Edition

Laboratory Blood and Serum Findings (Group V Subset, n=17)

« Serum Cobalamin (B12): OK

Plasma Taurine
* 1 cat (n=15) was below the reference range but remained above
the critical concentration of 40 nmol/mL

* Blood Taurine
« 3 cats (n=17) had marginal concentrations (< 300 nmol/mL) but

stayed above the critical deficiency threshold of 200 nmol/mL

Wakefield, L. A., Shofer, F. S., & Michel, K. E. (2006). Evaluation of cats fed vegetarian diets and attitudes of their caregivers.
Journal of the American Veterinary Medical Association, 229(1), 70-73. https://avmajournals.avma.org/view/journals/javma/229/1/javma.229.1.70.xml

.
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.

Negative outcomes from vegetarian diets PET FA00 ROADMCE,

REQUIREMENTS

d . Hypokalemic episodic polymyopathy in cats (Leon et al., 1992)

 Myopathy development

» Acute ventroflexion of the head and neck
» & Plasma potassium
- 4 Creatine kinase (CK) activities: Confirming muscle membrane damage.
« ¥ Taurine
- # Glutamic acid surge: Reflecting the high gluten/protein content of the vegetarian diets
¥ Thiamin (B1)

wwd « Two cats suffered from vegetarian diets (Fantinati et al., 2021)

* Mild muscle wasting, a dull/dry coat and abdominal distension

« Mild macrocytic, hypochromic, non-regenerative anemia

« ¥ Serum folate

 Normal plasma thiamine and taurine

« & Serum cobalamin

* Response to Folic Acid Supplementation
‘3: \ « Response to Animal-Based Diet Transition

7} /

&  Normal echocardiogram, Amino acids, Taurine, Hematology and Blood parameters in dogs (Cavanaugh et al., 2012)
7. 14
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https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-0813.1992.tb09872.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpn.13510
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0258044&utm_source=chatgpt.com

Anemia:
Exercised dogs fed vegetarian diets

‘Experimental Protocol: Dietary Protein and
Forced Exercise in Dogs’

NUTRIENT
REQUIREMENTS

Subjects & Diets Dietary Phase . Recovery
(Week 1) (Rest Period) > Exercise Phase & Phase
Study Population Weeks 1-6 ]
(N=8 Mongrel Dogs)
Carbohydrates Protein 31.4%
A’ (illustrative,
" Diet non-specific)
Fat Dogs fed
food respective
v diets ad libitum 1-week
post-exercise
5 Sedentary state rest period
(No exercise) Forced Running
Group 1: Animal Group 2: Vegetable Duration: 4 hours
Protein (AP) Diet Protein (VP) Diet daily
n=4 dogs n=4 dogs Speed: 12 km/h
Diet: Fish & Meat  Diet: Soybean based
based based
Protein Content: Protein Content:
~31.4% ~31.4%
Blood Sampling Schedule S
Sample
Blood Blood lood Blood Blood Blood Blood Blood  Storage
Blood 6Sample Sample OSampIe 6Sample Sample Sample Sample & Sample  (-80°C)

Sampling —¢ $
Schedule  week2  Week?2
X2 X2

50 € g Al )

Week 6 Day3 5 Day7 Day 10 Day 14 Recovery Analysis
Week 1 (HpLc/nssay)

*Diagram for Academic Presentation - Not to Scale

Food Focus Thailand

Plant diets
« Atweek 6
« & Hemoglobin and hematocrit.
» % Red blood cell osmotic fragility (HHR).
 Exercise State (Sports Anemia Trigger)
« Significant sports anemia
« % Red blood cell osmotic fragility (HHR)
& Total and free cholesterol in the serum and erythrocytes

PET FAOD
| Edition

16 —
G =
§ § 14 —
25 "7
10— * * * * * >** AP VP
= 50 —
e~ I Group 1
® X 40— S B Group 2
£ 30 © Individual
I * * ® |ndividual
Data 2
0.52 — " N * p<0.05
= 2 ** p<0.01
x X 0.48 =
“5 **% n<0.001
T 3 0.44
0.40 -
* *% %kkk kk% *% *%
[}
= 8 0 ® 0
2 o2esse .= 5 0 00
EE. ] il =
u N
f olEn mm HB
0 14 0 3 5 7 10 14 7 Days
Control | | Re=C Exercise period Recovery

Yamada, T., TOHORI, M., ASHIDA, T., KAJIWARA, N., & YOSHIMURA, H. (1987). Comparison of effects of vegetable protein diet and animal protein diet on the initiation of anemia during vigorous physical
training (sports anemia) in dogs and rats. Journal of Nutritional Science and Vitaminology, 33(2), 129-149. https://www.jstage.jst.qo.jp/article/jnsv1973/33/2/33 2 129/ article/-char/ja/
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Efficiency of vegetarian diets: Fecal metabolites PET FAOD ii“é"”é’iﬁdmg@

EFFICIENCY SLIDE 1: STUDY METHODOLOGY & TRIAL DESIGN

Study Design & Timeline

STIRE o PR » Significant Shift in plant diet

MEAT Diet
Commercial

ima“°".”hase Experimental Phase o s " l ifi .
-{: e * 46 out of 66 metabolites changed significantly over time

dry food

Participants & Inclusion Criteria .
R R - 4 Carbohydrate fermentation.
61 dogs completed trial

900, Final Analysis Body Condition Score (BCS) 4-7
8 Cohort: 54 dogs
Healthy, diverse (PLANT: n=30, MEAT: n=24)

cidtoieddit e P Veterinary clearance (physical/blood)

 # Acetic acid and propanoic acid

Dietary Characteristics
Two isoenergetic, isonitrogenous diets
PLANT

MEAT
;‘ @ Chicirren-based dry kibble Q Extruded vegan dry food
| (conmercial) (extruded) o e Ca S u g a r

| Aligned to AAFCO nutrient profiles Aligned to AAFCO nutrient profiles

v

~ SLIDE 2: SAMPLE PROCESSING & ANALYSIS

Fecal Collection & Preparation
Fecal Collection at Baseline (4 weeks) & Exit (12 weeks)

—p ;‘>I<§ Frozen immediately at $-20°C
=)  /

Processing
= q’ o
a » ; ¢ * Y
Sample Frozen immediately ~ Powdered with  Mixed Wlth HPLC Filtered
dog owners at $-20°C Liquid Nitrogen ~ Water, Sonicated, (3 KDa Cutoff)
Centrlfuged
Metabolomic & Statistical Analysis
Metabolite Quantification Analysis & Statistics
MAGMET atatclistlcc?ll Model
Automated  Mied nodl o

(age, sex, BW, diet x tlme)

i @ p-value
¥

1H-NMR Spectroscopy Ao L SZ?SQE;‘:E;E‘%E' picant”
Liversidge, B. D., Dodd, S. A., Adolphe, J. L., Gomez, D. E., Blois, S. L., & Verbrugghe, A. (2025). The fecal metabolomic signature of a plant-based (vegan) diet compared to 36

an animal-based diet in healthy adult client-owned dogs. Journal of Animal Science, 103, skaf054. https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skaf054/8044795
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EFFICIENCY

A A

O Alteration of gut environment

—SCFA production bacteria % = Gut pH# = Pathogenic bacteria

Bifidobacterium, Butyricicoccus spp., T Enterobacteriaceae and Escherichia coli#
Faecalibacterium prausnitzii, Roseburia spp.,

Ruminococcus sp. |

CKD patient — Urea accumulation# = Ureolytic bacteria# = Ammonia #
|

Clostridiaceae, Verrucaceae, and Enterobacteriaceae

r fj,:

Renal workload #

'y
=

\J v - : - - '
Renal excretory function®  Effects from treatments Branched-chain fatty acid production bac’[enat_l..

i Constipation _ Antibiotics Bacteroides sp., Clostridium sp., Klebsiella sp. I nfl a m m ati o n ‘

¥~ -Phosphate binder ® Uremic toxin accumulation L
Ammonia or Uremic toxin - Fiber consumption %

accumulation ‘

A A

Tryptophan > |[AA

| Escherichia coli, Proteus vulgaris, Lactobacilli, Bacteroides spp Ruminococcus, Clostridium sporogenes

)
C > Indol — Indoxyl sulfate
Dysbiosis Choline :TMA ——— TMAO =

(DiSI'UptiOﬂ in the balance of Enterococcus, Betaproteobacteria, Sporosarcina, Kiebsiella pneumoniae, Providencia, Shigella sp. L'LOSS of t|ght jUﬂCtiOﬂ protein (Bacteria & endotoxin) -
the intestinal microbial community) Phenylalanine > P-cresol———p-Cresol sulfate

Tyroslne Bacteroides, Bifidobacteriaceae, Clostridiaceae, Enterococcaceae, Eubacteriaceae sp.
| - PAA
© Alteration of bile acid metabolism

Bile salt hydrolase-producing bacteria % —— Primary bile acids #

Enterococcus, Bifidobacterium, Lactobacillus sp. Secondary b||e aCidS ps
}
Dehydrogenation bacteria %

Peptacetobacter hiranonis

v

v

8 4

h 4
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Efficiency of vegetarian diets: TMAO

- ( STUDY DESIGN & ETHICS ) N
IACUC Approved
Randomized, (RUSVM)
2-treatment, 2-period ’Q Blinding:

Crossover Pilot Study

Prlmary Investlgator
> & 3 Co-investigators )

S
;

>
(" ANIMALS & HOUSING )

@,--J-? ’
&8 md;;-

16 Systemically
Healthy Adult Dogs

+ Mean Age: 2.9 (+1.7) years

7l &

Single-dog Open-air
fenced runs building

.
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Plant group
 § Betaine & Choline
* 4 L-Carnitine Content

TMAO and Creatinine

+ Mean BW: 14.5 (+4.0) kg

. 8 Females, 8 Males Water

) ad libitum

Choline

/
\0(% A fB

200 i 1
L

1501

Betaine (uM)

(uMD) C

v ( DIETARY INTERVENTIONS )

Baseline Period: 24 weeks TD for all dogs

fa

Group 1 (TD -> PBD) Group 2 (PBD ->TD) _ 104 10 .
= = > .
Tradltlonal Diet (TD) Plant-Based Diet (PBD) 2 0, = = ?
) % _§ < °
o : 5 | =

nd
V-dog Kibble o k

Hill's Science Diet Adult Oral Care

Feeding to maintain stable body weight (DER-based) ) i o | o L ‘
OO% Traditional Plant-based Traditional Plant-basec Traditional Plant-based
/—CSTUDY TIMELINE & SAMPLE COLLECTIONH Dt Diet Diet
B Traditional (Blue) B Plant-based (Green)
4-weeks | 1 week | 4-weeks FIGURE 3 | Boxplots comparing plasma betaine* (A), choline* (B) and T™MAO" (C) concentrations after 4 weeks on a traditonal diet (TD) or a plant-baset diet (PBD
Group 1 | Gradual | in 16 healthy dogs. Betaine (P = 0.002) and choline (P = 0.03) were lower i |n dogs after 4 weeks on a PBD compared to a TD. There wars no statistical evidenc: of
Group2| P~ [T Qs =D " Transition = TD difference for TMAO (P = 0.71). *Mean (standard deviation), paired t-test. T-Median (interquattile range), Wilcoxon Signed Rank test.
@) T 12-houj (5 d) (5
Baseline fast End of End of End of
Period1  Period1 Period 2
Blood Collection via |
Jugular Venipuncture = : | @ « Choline
Ve, Laboratory “SRGRCTE - —> MRMIMS —>[: Cratine
j e s ys Frozenat-80°C  Analysis  L.TMAO )
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Cavanaugh, S. M., Cavanaugh, R. P., Streeter, R., Vieira, A. B., Gilbert, G. E., & Ketzis, J. K. (2022). Commercial Extruded Plant-Based Diet Lowers Circulating Levels of Trimethylamine N-Oxide (TMAO) Precursors in Healthy Dogs: A
Pilot Study. Frontiers in Veterinary Science, 9, 936092. https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2022.936092/full
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Efficiency of vegetarian diets: Fecal microbiota

PET FA0D ROADINCE,

EFFICIENCY

« Liversidge et al. (2024) in dogs * Swain et al. (2025) in dogs

4 Firmicutes
- ¥ Fusobacteria, Bacteroidetes and Campilobacterota . ’ H ) H

PLANT Exit

Blautia hansenii

| Lactobacillus mucosae 1
Lactobacillus acidophilus Blautia sp. YLS8 Blautia sp. YL58
Turicibacter sp. H121 ::idosiuw hadmsde. _ Nordevelie sp. Marselle-P3750 0.8
ium sor n Mlgamnna ngl'
100 Streptococcus lutetiensis - Megamonas hypermegale mp:swh:m
W Firmicutes Streptococcus infantarius Clostridioides difficile Paeniclostridium sordelli 0.6
I Actinahmotadia Lactobacillus helveticus Clostridium cellulovorans Clostridium cellulovorans
M Fusobacteria ) Lactobacillus mucosae Clostridioides difficile 04
Bl Bacteroldetes Lactobacillus mucosae —_— . Blautia hanseni
80 IS Prootisctria Lactobacillus reuteri Mordavella sp. Marseille-P3756 Lactobacillus amylovorus
I campilobacterota . . = - : 0.2
Lactobacillus gallinarum Lachnoclostridium phocaeense Clostridium chauvoei
B Deinococcus-Thermus D Sl S
Bifidobacterium catenulatum i
< M Verrucomicrobia B Laclobaciikus reitert Lactobacillus acidophilus 0
< Escherichia coli — Bldshechiriin aalibnanobisins
g 60 Bifidobacterium kashiwanohens Streplococcus thermophilus Lactobadillus salivarius
e Lactobacillus salivarius Bifidobacterium catenulatum Lactobacillus reuteri
2 . . Lactobacillus acidophilus Bifidobacterium longum
2 Blﬁdobac.tenum ftlmgum - i Stropt il
.g 40 Lactobacillus agilis PR — Streptococcus lutetiensis
é Lactobacillus johnsonii B voneio parviia Bifidobacterium catenulatum
2a 2b 2a la la 1b
20 Atopic dogs Atopic dogs Healthy plant-based dogs
on day 0 vs day 60 on day 0 vs Healthy vs Healthy meat-based dogs
fed plant-based diets meat-based dogs
0
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(N=1,413)

EFFICIENCY

Table 5
Prevalence of canine health disorders as reported by participants in the “Pet
Health and Wellbeing” survey, with comparison between dogs fed different

Efficiency of vegetarian diets: Health and longevity

diets.
Health disorder Total MB & PB PB + MB/
& @ -
n= %% n= % n= %% n %
1171 656 339 =
81
Cardiac disease 29 2.4 14 2.1 11 3.2 3 3.7
Dental disease 232 20 128 19 65 19 15 19
Dermatopathy 245 21 132 20 63 19 21 26
Endocrinopathy 21 1.8 16 24 5 1.5 0 0
Gastrointestinal and 145 12 96 15 26 7.8 9 12
hepatic diseases
Lower urinary tract 61 52 32 49 19 5.7 5 6.3
disease
Neoplasia 36 3.0 20 3.0 13 3.8 2 2.5
Neurological 48 4.1 28 4.3 10 3.0 5 6.2
Obesity 43 3.7 22 3.4 14 4.2 5 6.3
Ophthalmic 100 8.5 67 10 23 6.8 5 6.2
disorders
Renal disease 14 1.2 12 1.8 0 0 1 1.3

MB = meat-based, PB = plant-based, PB + MB/H = plant-based with animal-
derived treats/snacks/supplements and/or ability to hunt.

The numbers of dogs per category may not add up to total due to non-responders
and indeterminable diet type.

Dodd, S., Khosa, D., Dewey, C., & Verbrugghe, A. (2022). Owner perception of health of North American dogs fed meat-or plant-based diets. Research in Veterinary Science, 149, 36-46.
https://www.sciencedirect.com/science/article/pii/S0034528822001345

L,

PET FA0D ii“éwﬁ”ﬁmcu@

§“ e |
Rt
5 e
o~
- O
“ —
g rey
5B -
c© i
§ -
ey
d:ﬁ- —y
8"‘ %
< Shhon | T T T T T
0 5 10 15 20 25
Years
- MB — PB+MB
—

Fig. 2. Kaplan-Meier survival plot depicting lifespan of previously owned dogs
as reported by owners, comparing dogs fed plant-based (PB, n = 103), meat-
based (MB, n = 907) or a combination (MB + PB, n = 42) diets.
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g
Experimental design

Food Focus Thailand

PET FA0D ROCDMCig

Test complete diet

n
»

Measurements
28 days or 3 months or 6 months or 1 year

» Feed intake

Body weight, Body condition score/9, Fecal score/7, Physical examination — General health

Blood collection: CBC, TP, ALB, BUN, CRE, ALT, ALP

Fecal collection: Apparent digestibility on DM, OM, CP and EE
— Digestibility

Blood: Amino acids, Fatty acids, Minerals, Vitamins

0000
}

Urine: Urinalysis and urine pH } Safety
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Conclusion PET FA9R RodDNCEy

Inaccurate nutrient levels in products (Dogs and Cats)

1. Deficiency in essential amino acids 4. Vitamins
Dogs: Methionine, cysteine, leucine, threonine and phenylalanine - Vitamin A (Retinol)
Cats: Arginine, methionine, cysteine, histidine, isoleucine, leucine, - Vitamin D
lysine, tryptophan, threonine, phenylalanine, tyrosine, glutamine and - Thiamine (B1)
taurine - Niacin (B3)
- Cobalamin (B12)
2. Fatty acid profiles - Folate (Vitamin B9)
- MUFA & PUFA
- EPA and DHA 5. Urinary pH (Alkaline)

- Arachidonic acids (Cats)
6. Anti-nutritional factors
3. Minerals
- lodine, Potassium, Sodium, Chloride
- Calcium, Ca:P
- Selenium, Zinc
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