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The push to find alternative protein sources for dogs and cats

1. Environmental sustainability
- Traditional livestock farming is resource-intensive (land & water) and greenhouse gas emissions.
2. Managing food allergies and sensitivities
- Protein can trigger the allergic skin, digestion and others.
3. Global resource competition (Food security)
- Increase of human and pet population
4. Ethical and animal welfare concerns
- Uncomfortable with the realities of traditional factory farming

5. The "Humanization" of pets



Food allergy

Steps of diagnostic and treatments in atopic dermatitis
1. Infection
- Parasite, Bacteria, Yeast and others
2. Environment
- Contact dermatitis
- Inhalation
- Surround environment
3. Food allergies
- Test by food challenges
- Anallergenic diet (<5,000-10,000 Daltons)
- Challenge back to identify the allergen
- Anallergenic diet (<5,000-10,000 Daltons)
- Hypoallergenic diet or Novel protein sources
4. Immune related problems
- Chlorpheniramine
- Oclacitinib
- Immunosuppressive drugs

Table 2. Foods Reported to Cause
Allergies in Dogs & Cats

Common Uncommon
Foods Foods
Dogs * Beef * Fish
* Chicken * Lamb
* Corn * Pork
* Dairy * Rabbit
* Egg
* Soy
* Wheat
Cats * Beef * Barley
* Dairy * Egg
* Fish e Lamb
* Pork
* Poultry
* Rabbit
* Wheat




Protein requirement in dogs (Life stage)

Values refer to diets containing 4.0 kcal ME/g.

Age Range Crude Protein (g/kg Diet)
Growing
4-14 Weeks 180
6-10 Weeks 172
7-40 Weeks 200
8-10 Weeks 150-200
8-14 Weeks 140
8-16 Weeks 230-275
13-17 Weeks 117
>14 \Weeks 140
18-20 Weeks 250
Adult
Not Specified 351090
Not Specified 138
Not Specified <160
Senior
8 Years <160
12-13 Years 188

Scarpim, L. B., & Pacheco, L. G. (2026). Challenges and Methodologies to Assess Protein Requirement and Quality Across Different Life Stages in Dogs: A Review. Animals, 16(2), 228. https://www.mdpi.com/2076-2615/16/2/228
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Protein levels and quality (Digestibility) in cats

Fecal Microbiota

* Increasing the dietary protein concentration did not affect the alpha diversity of the fecal microbiota.

* A lower dietary protein quality slightly increased the evenness index , but had no effect on richness or the Shannon index.
» Increasing dietary protein concentrations

» Increased Fusobacterium, Bacteroides, and Parabacteroides

» Decreasing Prevotella, Erysipelothrichaceae, Faecalibacterium and Phascolarctobacterium.
* Lower dietary protein quality

* Increased Fusobacteria and Bacteroidetes, Prevotella, Fusobacterium, Ethanoligenes and Clostridium coccoides cluster XIVa

Fecal Microbial Metabolites
* Increasing dietary protein concentrations
* Increased ammonium, i-valeric acid and n-valeric acid

* Decrease histamine, cadaverine, total biogenic amines and propionic acid

Paldlack, N., Thies, L. V., Vahjen, W., & Zentek, J. (2022). Effects of the protein concentration and quality in a canned diet on the fecal microbiota of healthy adult cats. Metabolites, 12(2), 105.. https://www.mdpi.com/2218-1989/12/2/105
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Protein levels and Uremic toxin in cats

* The intestinal microbiome is critical for maintaining host health and preventing disease
* Dietary nutrients heavily influencing its composition and function.
» Gut-derived uremic toxins
* Indoxyl sulfate (IS), p-cresol sulfate (PCS) and trimethylamine-n-oxide (TMAQ) are produced through the

colonic microbial fermentation of amino acids.

-®-- High-Protein Diet
—- Low-Protein Diet

-@®- High-Protein Diet
-~ Low-Protein Diet

- @ - High-Protein Diet
- Low-Protein Diet

TMAO ng/mL P-Cresol Sulfate ng/mL  Indoxyl Sulfate ng/mL

Summers, S., Quimby, J., Gagné, J., & Lappin, M. (2023). The effect of dietary protein concentration on the fecal microbiome and serum concentrations of gut-derived uremic toxins in healthy adult cats. Veterinary Sciences, 10(8), 497. https://www.mdpi.com/2306-7381/10/8/497
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Uremic toxin
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Current novel protein in dog and cat nutrition

1. Exotic and non-traditional meats: Alligator, Crocodile, Kangaroo, Rabbit, Ostrich, Frog and Fresh water fish
2. Vegetable protein

3. Invertebrate protein (Insects): Black soldier fly larvae, Mealworms and Crickets

4. By-products with processing (Hydrolysate protein): Tuna, Shrimp, Squid, Poultry, Gelatin and others

5. Aquatic plants and Macroalgae: Duck weed and Spirulina

6. Single cell protein: Fungi (Mycoprotein: Fusarium venenatum), Bacteria, Microalgae (Chlorella vulgaris)

7. Protein fermentation: brewed lamb protein or brewed chicken protein was produced from yeast

8. Cultured meat

10



1. Exotic and non-traditional meats

Nutritional Comparison of Meat Sources (per 100 g edible portion)

Categories  Protein Source Protein (g) Fat ()
Common
Chicken 18.9 10
Beef 20.4 11
Pork 20.1 9
Alternative
Alligator (Caiman) 20.8 0.5-24
Kangaroo 20.0-25.0 <20
Rabbit 16.5-26.2 0.4-8.8

11



1. Exotic and non-traditional meats

Amino Acid Profile Comparison

Category  Source Completeness Key Amino Acid Characteristics

Common
Chicken Complete High digestibility (PDCAAS ~1.0); rich in BCAAs (leucine, isoleucine, valine).
Beef Complete High digestibility (PDCAAS ~1.0); provides all 9 EAAs in optimal physiological ratios.
Pork Complete High digestibility (PDCAAS ~1.0); provides all 9 EAAs.

Alternative
Tuna Complete EAAs represent ~52.3% of the total amino acid pool; notable for high histidine and lysine.
Alligator & Crocodile Complete Total amino acids make up 81.1-86.5% of crude protein; profile is comparable to beef.
Kangaroo Complete Highly digestible with an excellent EAA profile; frequently used in hypoallergenic diets.
Rabbit Complete Lysine is the dominant EAA (up to 13.5 g/100g protein); exceptionally rich in isoleucine.
Ostrich Complete Ultra-lean protein with a comprehensive EAA profile.
Frog Complete Rich in lysine, methionine, and threonine (total EAA sum is higher in cultured vs. wild frogs).
Tilapia Complete Sufficient EAAs to meet adult human requirements; glutamine is the most abundant amino acid.

12



2. Insect proteins: Silkworm pupae & House cricket

“These Insects can

used in dog diets.”

Five groups

1. Control (Meat & Bone meal)
2. Cricket meal at 10%

3. Cricket meal at 20%

4. Silkworm pupae meal at 7%

5. Silkworm pupae meal at 14%

Areerat, S., Chundang, P., Lekcharoensuk, C., & Kovitvadhi, A. (2021). Possibility of using house cricket (Acheta domesticus) or mulberry silkworm (Bombyx mori) pupae meal to replace poultry meal in canine diets based on health and nutrient digestibility. Animals, 11(9), 2680.

Allobaculum
Bacteroides
Bifidobacterium

Blautia

Catenibacteritum
Clostridium_sensu_stricto_1

Collinsella

Corynebacterium
Erysipelatoclostridium
Faecalfbacterium
Fusobacteritm
Holdemanella
Lactobacillus
Muribaculaceae
Peptoclostridium

Prevotella

Romboutsia
Ruminococcus_gnavus_group
Streptococcus

Turicibacter

14245500
1.00+0.42
5561171

2624061

261+0.85
1.88+0.37
158+0.34
0.83+0272
0.46+012
0.92+0 37
151+0.66
3.04+0.62
12 4+2 5872
3204208
196173

1434118

3724063

0.38+0.07
4 27+1.32

10.6+2.51°

% Cricket
10 20
13 7+4 960 11.6+3.70P
0744028 0.49+0.09
742+1 60 6.68+1.33
21640 44 1.83+027
239+1.05 093+039
1254029 2.89+1.01
2.46+059 1564017
1.09+0 382 0.61+0 142
0.59+0.09 0.52+0.07
1.06+0 47 0504011
0.62+0.34 1.65+0.75
3.01+0.72 1.64+0.50
20544708 2374412
1464118 0.71+0 24
8.43+177 7.00+126
059+0 28 022+0 08
2.40+0 46 3.47+0 68
0.61+0.12 0.49+0.06
283+165 2944102
44440962 5394728

% Silkworm
7 14
1146330 34441273
071020 0 62+0 34
8 01+2.09 4 4140 91
2504064  207+048
103+017 137+0 60
1224031 2074063
256051 194+039
076+0122  267+091b
0 4240 05 0 64+0 12
0 47+010 059+0 27
0654036  026+008
350+0 93 356+0 91
B1+453H0 34247 89P
116+0 80 036+017
7.09+076 6.93+155
084+033  069+042
2154031 3154078
0584006  058+010
6254333 285+0 93
614414820 £ 82+ 492

Areerat, S., Chundang, P., Lekcharoensuk, C., Patumcharoenpol, P., & Kovitvadhi, A. (2023). Insect-based diets (house crickets and mulberry silkworm pupae): A comparison of their effects on canine gut microbiota. Veterinary World, 16(8), 1627.

pvalue

0.040
0570
0479
0.745
0268
0.517
0327
0.0
0.210
0260
0445
0099
0.024
0590
0.631
0732
0250
0229
0217
0.042
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2. Insect proteins: Protein hydrolysates from Tenebrio molitor and Hermetia illucens

Eai

12 Healthy Adult Beagle Dogs

12 dogs in Palatability Trial,
10 randomly selected dogs in Digestibility Trial.

ANIMALS INVOLVED

1. Enzymatic Hydrolysis

0.

Leal, D., Borges, S., Aimeida, A., Pintado, M., Fonseca, A. J. M., & Cabrita, A. R. J. (2025). Protein hydrolysates from Tenebrio molitor and Hermetia illucens as novel food sources for dogs. Translational Animal Science, 9, txaf106. https://academic.oup.com/tas/article-abstract/doi/10.1093/tas/txaf106/8238904
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PALATABILITY TRIAL

Four wo-BowI Tests
(over 2 days)

Measured

# 'S @

FIRST APPROACH FIRST TASTE TOTAL INTAKE

CHEMICAL ANALYSES
(Diets, Hydrolysates, Feces)

Iﬁl Dry Matter ~ Ah Crude Protein
f Ether Extract O Starch

Starch @ Gross Energy

}1: Amino Acid Profiles

DIET FORMULATION

E T 77 Antihypertensive Activity: ACE Inhibition
| @ B Antioxidant Capacity: ABTS and

2. Heat Inactivation 4 Distinct
3. Filtration lhcedl
o M 4. Centrifugation Hvdrolveates
ALCALASE 2.5 Corolase PP 5. Spray-Drying yoroy
(65°C) (60°C) (into powder).

CONTROL DIET: Commercial complete J
diet + 3% Shrimp Hydrolysate.

4 EXPERIMENTAL DIETS:

Control diet replacing shrimp with 3%

of each respective insect hydrolysate.

TRIALS & ASSESSMENTS :§f‘

DIGESTIBILITY TRIAL

1|2(3|4(5

Replicated 5x5 Latin Square Design
(5 periods of 10 days each)

Timeline
f5] Dietary Adaptation (5 days)
& Total Feces Collection (5 days)

e & TR A

FECAL ANALYSES

Fecal pH, Ammonia-N,
Short-chain fatty acids (SCFAs)

IN VITRO FUNCTIONAL TESTING
(Hydrolysates)

S

ORAC Assays

3% Supplements

NS:

« Palatability, Healthy, Body weight, BCS

* Fecal consistency, Fecal pH, Fecal ammonia, Total fecal SCFA

* Digestibility
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3. Hydrolysate proteins

~ A
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& Bioavailability \ | e .
N 7 Dermatological Support
. \ . J
~ P) ‘
Palatability Enhancement & |- - - Hydrolyzed - - - (g, CutHealth & ,
; (¢ Microbiota Modulation
& = Protein
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e " e R
. N ’ Metabolic &
Joint & Bone Health U [ ' :
/2 ! Cardiovascular Support
\_ y, : y,
r e
S15) Neuroprotective &
@© Anxiolytic Effects
\_ J
Oba, P. M., De La Guardia Hidrogo, V. M. Kelﬁ;a\tJi., %éfng:ée-sélgfi.e(szon.S)S.tZ;cl)macrzciﬂ.to&IVISavc;it;oT: c}:nga ég)gg;c%tlf?;;: E)F Lsigt:?ljsge?g;z;}:jsavt:ﬁ L?ogz:ir\]/aenp';:;gizn:; E?J?rcljer:%tlg\;/\éillgﬁi; mrlrjli?\l:altgéﬁ igi)oAr?g:\c;;:gz Zir?c;SfZ?alfIgﬁgzgg:gifscrﬁibﬁﬁfgnSdciﬁgtcae;éI:tz(;gf),asdﬁlstgéats. Journal of animal science, 102, skae104. 1 5

Ribeiro, T. B., Maia, M. R., Fonseca, A. J., Marques, B., Caleja, C., Rosa, A., ... & Pintado, M. (2025). A comprehensive review of fish protein hydrolysates targeting pet food formulations. Food Reviews International, 41(5), 1321-1359.
Vasconcellos, R. S., Volpato, J. A., & Silva, I. C. (2024). Bioactive peptides extracted from hydrolyzed animal byproducts for dogs and cats. Animal Frontiers, 14(3), 38-45.



3. Hydrolysate proteins: Hydrolyzed chicken liver

Fed Inside Cages,
Socialized Outside

O Water
Ad Libitum

ANIMALS AND HOUSING

12 Healthy Adult Beagles (6M, 6F)
Age: 5 Years

Weight: 11.8 + 1.45 kg

Body Condition Score: 5-6 / 9

24°C
)
I; ”E‘ , Garttal
Wl ‘I 14:10h
A.J‘ZI { l!mu. Light:Dark
Cycle

Fed InskeMrum Cages,

Socializelzed Ouside Individual Stainless

Steel Metabolic Cage

EXPERIMENTAL DESIGN & DIETS

CONTROL DIET: os -

WASH-IN PERIOD (30 Days):

ALL dogs fed Identical Commercial
Diet (GIT Stabilization)

A

TREATMENT PERIOD (45 Days):

: . HCLP DIET: [~ o e
Rarédc?omgzegrDcﬁzltgn, ‘ Hydrolyzed Chicken m ¥ o123 g
gsp Liver Powder s o6 % 5083

Food amount adjusted weekly for maintenance energy
SAMPLE COLLECTION AND ANALYSIS
BLOOD SAMPLES FECAL SAMPLES =1

« Jugular Venipuncture
« Before morning feeding
* Days 0, 15, 30, 45

* CBC (Complete Blood
Counts)

* Plasma Cytokines

* Immunoglobulins

=

Pinto, C. F. D., de Oliveira, B. B., Bortolo, M., Guldenpfennig, R., Marx, F. R., & Trevizan, L. (2022). Hydrolyzed chicken liver used as single source of animal protein in diet and its effect on cytokines, immunoglobulins,

Poultry By-product Meal +
Bovine Meat & Bone Meal

100% Replacement
NS: Hematology, Blood chemistry, IgE, IFN-y, TNF-a, IL-2, or IL-10, Fecal microbiota
Control group

 Decrease of plasma IgA
Hydrolyzed chicken liver group

* Decrease of Eosinophils

« Exhibited a distinct clustering effect

A4)

Socializing Outdoors
during Daytime

(B)

0.28
0.26

Prncipal coordinate scatter piot

022 3
016 3 0.20
018 3
0.16 3
0.14 3
0.12 .
010"
0.08 3
0.06 3
0.04 3
0.02 3
0.00 3

+

0.10 =

A — 0.08 -

N @ 0.06 3
.,." ”1 0

)] 0.02

———— 0

032 3
-0.34
-0.36

v T v T v T T T
0.2 0.0 02 04 06 08 10
6%)

* Morning of Day 45

Analyzed for PP A
* Total DNA Extraction

 Amplified V3V4 region of
16S rRNA gene

+ Metagenomic Sequencing

0.0 02
PCo 1 (21%)

Principal Coordinate Analysis (PCoA) plots of Bray-Curtis (A) and D_0.5 UniFrac (B) distances of fecal samples. Treatments
are represented as: Control in green, and HCLP in purple. Control, poultry by-product + bovine meat and bone meals-based
diet; HCLP, hydrolyzed chicken liver powder-based diet.
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and fecal microbiota profile of adult dogs. PLoS One, 17(7), e0271932. https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0271932&utm _source=chatgpt.com
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3. Hydrolysate proteins: Squid meal and shrimp hydrolysate

O @9}»@

T e Marine by-products provides a circular economy strategy
°°””'““h H « with antioxidant properties (Shrimp > Squid meal)
| 5, 10 and 15% Replacement

Experimental procedures and

12 ADULT BEAGLE DOGS
i J (6 Males / 6 Females)

il G OIS B st « NS: Palatability & Fecal characteristic
° . b © « Squid and shrimp hydrolysate

(6 SalclS oae) . (L fapenagic vasraris) et ? Incr}éaseyfecal ammonia

pibiion  emrtaChioith s el g « Decrease fecal butyrate
e » None effects on fecal microbiota

Shrimp hydrolysate

* Increase total fecal VFA production except butyrate
| APPARENT TOTAL TRACT > 7L Decrease Firmicutes and Lactobacillus
DIGESTIBILITY (ATTD) LATIN SQUARE DESIGN

Pt “ * Increase Oscillospiraceae (UCG-005) Shrimp meal

COLLECTION

;go 105 110 115

ULTRA-HIGH-PERFORMANCE FOUR SPECIFIC

LIID HROMATOGRAPHY ANTIOXIDANT ASSAYS Oscillos P iraceae ( UCG-005 ) J

' —— Lactobacillus
SROMMTEMNAYSIS e O @ Y
0O .. . FiIrmicutes I

END-FERMENTATION PRODUCTS  FECAL MICROBIOTA SHIFTS

- pH ﬁ)
R Cai s M
| o | &

ACIDS (VFA) 16S rRNA GENE SEQUENCING

- 7 Standard two-bowl @@
=0 SN\l i %hOIC% testsI compared (f’\
\  / ' \ diets directly over two
( INCZS&OI,‘,(%\ET consecutive days.

DIGESTIBILITY MEASUREMENT ;}{

REPLICATED 3x3

Effect size

Guilherme-Fernandes, J., Aires, T., Fonseca, A. J., Yergaliyev, T., Camarinha-Silva, A., Lima, S. A, ... & Cabrita, A. R. (2024). 1 7
Squid meal and shrimp hydrolysate as novel protein sources for dog food. Frontiers in Veterinary Science, 11, 1360939. https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2024.1360939/full
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3. Hydrolysate proteins: Gelatin by-products

DER=1.6RER of weight
Isocaloric and nitrogenic diet

Test phase

I
[ 1

A

Group 1 (n=8) P
B

Group 2 (n=8) F

* Gelatin is a by-product of the pharmaceutical and leather
industries.

* Up to 8% hydrolyzed gelatin can be incorporated into
canine diets without adverse effects on blood parameters

or gut microbiota.

* Regular gelatin is not suitable due to its lower digestibility.

Value

95.0-

92.5+

90.0-

87.5+

85.0-

80 -

10=

Groups E Control E Gelatin E Hydrolysate gelatin

|

1
Control

1.Dry matter
89 5
80 -
75+
70 -

65 -

3.Crude protein
100 -

'

GelatinHydrolysate gelatin
Groups

2.0rganic matter

»

4 Ether extract

e o 3|oo—o—o

t %

!
T

l
-

T .

1 1 1
Control GelatinHydrolysate gelatin

Seubsai et al., 2026. Comparative effects of gelatin and hydrolyzed gelatin from by-products as partial protein substitutes on canine health and gut microbiota. Animal Open Space, Accepted.
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3. Hydrolysate proteins: Chicken protein hydrolysate in cats

STRICT SELECTION CRITERIA R0 g . . _ 0 .
Cats with HISTORY of: - ° "
SRV o <’ 60 days studies: Replacing the chicken meals at 15%
* Immune-mediated diseases e Organ diseases °
. éllergizg. * Pregnant/nursing . . .
* Organ diseases .
e NO FUNCTIONAL MEDICATIONS OR ANTIBIOTICS permitted ¢ NS Fecal Score, Fecal baCterIal mleOblOta
for three months prior to or during the trial.
DIETARY TREATMENT GROUPS (n=10/group) . H d ( Ol 7 d OW d er
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LIQUID HYDROLYSATE (HL) ° Hyd rOIyzed I|C]U|d
— Formulated to meet NRC (2006)
oy — §¥grr|(|)|lzyastlusoﬁ standards of fct hydrolysate.
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\" Hydrolysis & ___y — (08 36" & 15 3'0) . -
 Decrease fecal calprotectin, fecal odor
aw Slurry STEP
‘OZ SAMPLE COLLECTION AND EVALUATION @ — (A) (B)
FECAL SCORING (Weekly o[ g 50007 CON
] ~ 2.5+ 2.0-
) 00 ARl Lk o BT
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00000000 e S &
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(HPLC) (Manual Gas Sampler) (FELINE SPECIFIC SEQUENCING, V3-V4 region, (LC/MS)
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Yu, T., Humbert, F., Li, D., Savarin, A., Zhang, M., Cui, Y., ... & Wu, Y. (2025). Effects of Chicken Protein Hydrolysate as a Protein Source to Partially Replace Chicken Meal on 1 9

Gut Health, Gut Microbial Structure, and Metabolite Composition in Cats. Veterinary Sciences, 12(4), 388. https://www.mdpi.com/2306-7381/12/4/388
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3. Hydrolysate proteins: Feline chronic enteropathy cats

STUDY RECRUITMENT DIETARY INTERVENTION _ . . o . .
o ’ E * Feline chronic enteropathy comprises a spectrum of idiopathic diseases that cause
] Intermittent Gl
gg by - %5 \Signs (>2 weeks) LOMN \ . . .
28] 77 |22 chronic gastrointestinal signs
R | g o
» 36 cats with CE and 14 healthy control cats
DIETARY INTERVENTION STANDARD DIAGNOSTIC

INVESTIGATIONS

6-Week O 05 >+ 15 cats (45%) were responders and 18 cats (55%) were non-responders.
ee <>g<a Com’plete

Trial D
Exclusive Serum Serum Trans-abdominal

Hydrolyzed _Antibiotic, Blood Count Biochemistry Cobalamin  Ultrasound o Cats W|th CE

s J s Immunosupprs- & Electrolytes
Protein Piett S8 s L n J

* Increase Clostridium sp.

Confirmation
UNREMARKABLE INVESTIGATIONS > Suspected CE * Decrease alpha-diversity

FECAL SAMPLE COLLECTION AFTER DIET IMFINITION

S g g e  Hydrolysate protein groups
&) = IFF f#—-[*] |
i kostllet fBech S ol T ey  Decrease of abundance of most fecal bacteria

(Hospitalization)
OUTCOME DEFINITION - .
NON-RESPONDERS: * e.0., Oscillibacter, Sutterella and Fusobacterium).

RESPONDERS: . -
+ Significant reduction in Gl signs * Partial/no response - 3
L\ -+ No additional therapy 7\ * Required treatment = -
(C \L . alterations =

MICROBIAL ANALYSIS PIPELINE

BIOINFORMATICS ’ =
-0~ i @

Fecal DNA 16S rRNA Gene Illumina M|Seq dada?2 sequence GTDB training data

Extraction sequencing rocessi for taxonomic
(Variable V3 region) il o= assignment

{ CATS WITH INTESTINAL BIOPSIES ——» Histopathology ___ ¢onsirmed CE

Kathrani, A, Yen, S., Swann, J. R., & Hall, E. J. (2022). The effect of a hydrolyzed protein diet on the fecal microbiota in cats with chronic enteropathy. Scientific Reports, 12(1), 2746. https://www.nature.com/articles/s41598-022-06576-y
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3. Aquatic plants: Duckweed (Lemnaceae)

RESEARCH FACILITY

AD LIBITUM
CONTROLLED ENVIRONMENT DAILY WATER ACCESS

SOCIALIZATION
@lﬁ .ty o »

) )

DIETARY FORMULATIONS

YYISTR  EXTRUDED DRY GRAIN-FREE [ CAT DIETS |

0% 5% 10% 0% 10% 15% )

S i{control) ISONITROGENOUS & IsOCALORIC (<Ol
AAFCO MAINTENANCE NUTRIENT TARGETS

INGREDIENT PROFILE: DUCKWEED PROTEIN (LEMNA; MCSELECT)

Dry Crude Fat Crude Total Dietary Fiber Ash
Matter Protein Fiber  (17.6% Insoluble,
3.9% Soluble)

DIGESTIBILITY STUDIES
ADULT DOMESTIC

jgAour 5
BEAGLES (¢ <! SHORTHAIR CATS

COMPLETELY RANDOMIZED DESIGN
(6-7 ANIMALS PER DIET)

DIET TOTAL FECAL

ACCLIMATION COLLECTION

2 2: SOFT/UNFORMED FSS%EN
3 3: OPTIMAL
& 4: FIRM/FORMED ANALYSIS
S 5: HARD/DRY SCORED 3 TIMES DAILY
TWO- BOWL TEST (2 DAYS)
> DOGS 0% o
(30 MIN, CONTROL ‘ /

e & il x>
V CATS
(4HOURS,CONTROL FOOD INTAKE FIRST-CHOICE

DAILY BOWL REVERSAL vs10%/15%) CONSUMPTION  RATIO PREFERENCE

Lin, C. Y., Kerr, K. R., Panasevich, M. R., Daristotle, L., & Frantz, N. Z. (2024). Duckweed protein as an alternative plant-based protein source for dog and cat dry diets. Journal of Animal Science, 102, skae244.

0, 10 and 15% in extruded dry grain-free diet in dogs and cats
Duckweed groups (Dogs)
NS: BW, Feed intake, Digestibility, Fecal moisture
* Increase firm of feces
Decrease Palatability (Intake ratio, daily intake and first bite)
Duckweed groups (Cats)
NS: BW
* Increase Feed intake, Fecal output

Decrease Digestibility, Palatability (Intake ratio, daily intake and first bite)

A B C

Figure 1. Fecal samples from dogs consuming dry diets with duckweed displayed greenish color. (A) Control diet, (B) 5% duckweed diet, and (C) 10%
duckweed diet.

https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skae244/7750088
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lf—o DIET FORMULATIONS

Control BP8 BP12

FEED PROCESSING

Mix &
Condition Extrude

—e MAIN PRODUCTION EXPERIMENT

A

80 Weaned Cubs (20 per group)

b 0 0 0 |

= 7|
<l

S

—o DIGESTIBILITY EXPERIMENT

<+~ of Total Crude Protein,
L 8% replacing Fish Meal,

099, Vacuum-coat
Dry ~92% DM with Soybean Oil Cool & Bag

Aug 8 Dec5 Initial Weight: ~2.8 kg
f >|
Growing Period 10 Males 10 Females
rou
d 9 House airs

a& Free access <€
to Water

0

Highest level =30%

Meat Meal,
Soybean Meal

1] o'“

Fed Ad Libitum

once daily

==0 |ndividual BW at start
") & 4-week intervals

=0 Feed Consumption Daily
") (Group basis)

Mixtures of

Replacing Fishmeal, Soybean meal and Meat meal (4-month trials)
BPM level did not impact palatability, feed intake, digestibility, body weight and fur quality.
BPM decrease FCR than control diets.

Methylococcus capsulatus (Bath)

» Alcaligenes acidovorans
Bacillus brevis
Bacillus firmus

Average digestibility of main nutrients (%) in experiment with different levels of BPM'

4. Single cell protein: Bacteria protein meal in blue fox

5.30
020
5.10
5.00
490
4 80
4.70

Fed converstion ratio

X
A

T ]]
R .

4-day collection Feces

3 Males per group

—e CHEMICAL & STATISTICAL ANALYSIS I

i

~16°C

HEA i .
(3-day prellmlna TEMP: Urine U

Separate Collection

* Dry Matter
Crude Protein

Total Carbohydrates

SAS General Linear
Models Procedure

=

Slgnlflcance Level

100 -

98
96
94
92
90

Crude protein digestibility (%)

' 1

Control BP4 BP8 BP12

Crude fat digestibility (%)

98 -
97 4
T
96 - :
95 - ——
94 1 1 1
Control BP8 BP12

Crude carbohydate digestibility (%)

751

70 1

65 -

60 -

55

Control BP4 BP8 BP12

1 Standard deviations are in parentheses. There were three foxes per diet group. There were no significant differences among the diets.

Skrede, A., & Ahlstram, @. (2002). Bacterial protein produced on natural gas: a new potential feed ingredient for dogs evaluated using the blue fox as a model. The Journal of nutrition, 132(6), 1668S-1669S. https://www.sciencedirect.com/science/article/pii’lS0022316622151813
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4. Single cell protein: Bacteria protein (Methylococcus capsulatus)

EXPERIMENTAL DIET FORMULATIONS

Control
0% ,i_‘_‘

Feeded D
Cultured Protem Soybean Meal

* |sonitrogenous

« Isolipidic

* Isocaloric

+ Meets AAFCO Nutrient Requirements
for Adult Dog Maintenance

STUDY PHASES

BASELINE/ACCLIMATION PHASE
(1 Month)

—

-> °‘.;".;:°'\
B

All dogs on control (0% FK) diet

SAFETY PHASE
(6 Months/180 Days

FKO FK6 FK8
0% 6% 8%

Randomlzed test diets

Control || [ Control
Diet Diet
& &

Randomized test diets

WASHOUT/RECOVERY PHASE
(2 Months/60 Days)

( ) ’ COntroI Control
Dlet |et

All dogs returned to
control (0% FK) diet

ANIMAL SELECTION & HOUSING

32 Healthy, Intact Beagles
(16 M, 16 F)- 13-14 months

Mean Weight
1
@by 4T84
2555 => 212 =

= -4 |
26-day Stratified Pair-Housed
Acclimation Random with Daily
Phase Assignment  Socialization

CLINICAL & PHYSICAL MONITORING

Daily Cage-  Weekly Physical Comprehensive
side Checks Assessments Veterinarian Exams

Key Exam Weeks:
(.1, 5,13, 25, 30, and 34

Detailed Extensive
Ophthalmic Neurological Exams
BIOLOGICAL SAMPLE COLLECTIONS
Fasting Blood Unne Fecal Samples

U\g Hematology ﬂ @
Coagulation

Serum

Chemistry  yrinalysis

(_— Collection Weeks: b

1,5, 13, 25, 30, 32, and 34

Special targeted collections at Week 25:

> Apparent Total Tract Digestibility (ATTD)

Acclimation, Week 25, Week 34:
Fecal Microbiome Sequencing

STATISTICAL SOFTWARE AND MODELS

« Repeated Measures Analysis of
Covariance (RMANCA) or RMANOVA

S Sas + ANOVA Models for Digestibility
Release 9.4 | . yixed-Model Procedures for

C__ ) Microbial Abundances
allll p<0.050rp <010

Methylococcus capsulatus (Bath) used Methane as substrate
Replacing Soybean meal and Chicken meal

NS: Feed intake, BW, BCS, Blood parameter, Urinalysis
Digestibility are higher than 80%

None major change on bacterial microbiota.

Longshaw, M., Quest, B., Miller, W., Oba, P. M., Swanson, O. R., Swanson, K. S., & Miller, K. (2025). The safety of FeedKind Pet® (Methylococcus capsulatus, Bath)

as a cultured protein source in the diet of adult dogs and its effect on feed digestibility, fecal microbiome, and health status. Animals, 15(13), 1975.. https://www.mdpi.com/2076-2615/15/13/1975
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4. Single cell protein: Microalgae (Phaeodactylum tricornutum & Nannochloropsis oculata) ...

1. Microalgae Strain Production
Open raceway ponds

Fine Dry

e elata teomatum - Austrial Dewatering, icrozlgae
(Aug - Nov 2023) (LCBA003)  (LcBA004) Drying, & Milling Protocol powder
2. Animal Standardization
' ™ 86.8%
10 male Beagles ‘ f ; jﬂ
Aged 6 years, 12 kg Testing Statistical

Baseline Hormonal Stability * power (g6.8%)

All do?s shared same father, born within 2 days of each
other from 2 mothers, and raised in identical conditions.

3. Experimental Design & Diets
CONTROL GROUP 36 days TREATMENT GROUP

il M eger "

v | @)+ ¥

1

ZE % 1 Baseline Commercial E 2% @ 1 Mechanically Uniformized with
N = Dehydrated Diet i M = 0.5% of 50:50 Microalgae Mixture
4. Stabling and Management 2 10 Loy Total Faecal Collection
Days 1-33: Communal Kennels Days 33-36: Individual Stalls ‘)‘

= = \

Morning & Afternoon __#
“~ Meals (MER-based)

Communal Kennels

5. Data and Sample Collections

= Protein Lipid
‘ E g & car ‘ vigst
B Digestibility Digestibility

Blood Analytics Nutrient Digestibility =~ Microbiota Metagenomics

»Day 1, 26, & 33: » Days 33-36: Total Faecal » Day 33: Rectal Ampulla
Jugular Blood Draws Outputs & Feed Samples Faecal Samples

« Automated Complete Blood Counts, * Samples Pre-dried, Ground, . Metageno.mic Sequencing targeting
Leukocyte Differentials, and Subjected to Chemical V3-V4 region of 16S rRNA gene
Serum Metabolic Parameters, Composition Testing (Weende & -9 dogs sequenced and analyzed
Key Oxidative Status Indicators ?;/Iicro-Kjel'&iahl Me":hods) to I(one dtreatrntent sa;nple coSnIRiRegr‘
i ompute Apparen ost during transit) usin

g RUS. TEARS, GSTBRAFRAR Digestibility Coefficients GreengengesZ Databaseg

Source of Omega 3 (EPA) & Antioxidants

0.5% Supplementation in diets

NS: Digestibility, Blood parameters, Health
Supplemented groups

* Higher total white blood cells, Cholesterol and HDL
Higher TBARs and cellular ROS

 Minor changed bacterial microbiota
A B

Escherichia coli- Escherichia coli-

Clostridium sulfidigenes -

Acinetobacter Iwoffii - l'[]:}_ ]*

Bacteroides stercoris - Clostridium sulfidigenes - il P ]~

Allobaculum stercoricanis - Group Peptacetobacter hiranonis -

Acinetobacter johnsonii- - Treatment Empedobacter stercoris -

Empedobacter stercoris -
Bacteroides stercoris -

Peptacetobacter hiranonis -

Acinetobacter lwoffii - Allobaculum stercoricanis A

O
o]
>
=
S

{
[
Acinetobacter johnsonii- i
|
I
{
I

-5'0 -2'5 0'0 2f5 50 OTO 0?2 0f4 0i6
LDA score Relative abundance

Combination of microalgae Phaeodactylum tricornutum and Nannochloropsis oculata in the diet of dogs and its impact on animal health. Applied Phycology, 7(1),

Ramos, P. D., da Silva, A. S., Boff, V. G., Giorgio de Oliveira Cécere, B., Bajay, M. M., De Oliveira Jaime Sales, R., ... & Baretta, D. (2026). 24
2632648. tandfonline.com/doi/abs/10.1080/26388081.2026.2632648
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4. Single cell protein: Microalgae (Chlorella vulgaris, Nannochloropsis oceanica and Tetradesmus obliquus)

ETHICS & ANIMALS

Animal Ethics Committee

Formal authorization
obtained; adhered to EU
animal welfare guidelines.

Twelve (12) healthy

adult Beagle dogs

6 Males, 6 Females

Age: 2.2 £+ 0.03 years

Body Weight: 12.6 + 1.55 kg

HOUSING

Housed in pairs
(enriched, communicatin
boxes with sliding doors%

(fecal collection windows)

[ Housed individually
to monitor each dog

for social feeding

"

i<

onemotioned

DIETS & SUPPLEMENTATION

Lo

&

. Three Microalgae Species
E g:t':,‘u"(}:ac'al (Spray-dried powder)
Adult Dog Food Added directly to food just
3 2 prior to feeding, not in kibble.
(2 STUDY DESIGN
PALATABILITY TRIALS DIGESTIBILITY TRIALS
(FIRST 2 DAYS) Replicated 3x3 Latin Square Design
V4 Q) 3 Microalgae Levels

Three two-bowl choice tests
(1.5% microalgae vs reference diet)

Fasting over 2 consecutive days

Measured metrics:
» First Approach

e First Taste

« Total Intake Ratio

SAMPLE COLLECTION & ANALYSIS

Individual fecal samples
monitored daily

« Defecation counts e
 Consistency scoring

(5-point scale) > %g. >
» Weighing
» Immediate freezing

:K, a { Reference Diet

Three 10-day
6 Experimental @ (0.5%, 1.0%, 1.5%

Dogs Periods substitution)
| |
> 6 Dogs >> 5 days >> 5 days >
5 day's for 5 days for total
diet adaptation feces collection

7) Standalone Daily Food Rations

(Maintenance energy
requirements
calculated per dog)

_}}} Baseline
(=7 Determined using all
12 dogs over 10 days

—> * Proximate analysis (dry
matter, ash, lipids, crude protein,
NDF, ADF, starch, fgross energy)

¢ Amino acid profiling

« Fatty acid tracking

¢ Mineral content

* Fecal pH & Ammonia-N

« Volatile fatty acid (VFA)
concentration

« Fecal microbiota profiling
(extracted DNA, 16S rRNA gene
sequencing)

Aig

Extensive Lab
Evaluations

—>

* 0.5, 1and 1.5% Supplementation in diets
« NS: Palatability, Health, Feed intake, Digestibility
 Chlorella vulgaris
* Increase digestibility of crude protein, total fecal VFA (fecal acetate, propionate, butyrate, iso-butyrate,
IS0 valerate)
« Decrease fecal amount, fecal pH,
 Nannochloropsis oceanica
 Increase total fecal VFA (acetate, propionate, butyrate, iso-butyrate, iso valerate)
» Decrease fecal pH,
» Tetradesmus obliquus
 Increase total fecal VFA (acetate)
 Decrease fecal amount & fecal pH

C. vulgaris N. oceanica T. obliquus

-]
o
=]

B Turicibacter
M Peptostreptococcaceae
Blautia
B Clostridium (sensu stricto 1)
B Firmicutes
M Bacteroides
B Romboutsia
B Peptoclostridium
B Alloprevotella
U Allobaculum
BRalstonia
" Erysipelotrichaceae
BLigilactobacillus
BPrevotellaceae
! Prevotella 9
others

80

60

40

20

Bacterial relative abundances (%)

o
Ref
i0.5
i1.0
i1.5
Ref
i0.5
i1.0
il.5
Ref
i0.5
i1.0
i1.5
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Cabrita, A. R., Guilherme-Fernandes, J., Spinola, M., Maia, M. R., Yergaliyev, T., Camarinha-Silva, A., & Fonseca, A. J. (2023). Effects of microalgae as dietary supplement on palatability, digestibility, fecal
metabolites, and microbiota in healthy dogs. Frontiers in Veterinary Science, 10, 1245790. https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2023.1245790/full
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5. Fermented protein (Acellular products): Saccharomyces cerevisiae expressing a lamb protein

STUDY COHORT & HOUSING e oo
« 40 Clinically Healthy Adult D ° ' '
(2.412.1 years, 7.6.126kg) | 24 dogs for Rep|aCIng €gg prOtem
* Pair-housed Digestibility
* Room Temp: 70-72°F Analyses

* Light Cycle: 11h Light / 13h Dark  NS: Health, Blood parameters, Urinary analysis
@ PRODUCTION OF THE TEST INGREDIENT

m > & @bl - @ =158 = 1] * Test groups

(=80°C, 30 min)
hemical Synthesis ntro into recision Fed-batch eparation INéCTIVATED . . .
<) sorwitle Tamenaion” | ofbomsss "L » Lower in blood Taurine but in normal range.
' DIETS & FORMULATIONS AR . . . .
O - (@ * Higher in ALT (liver damage enzyme) but in normal range.
) Egg Brewed Lamb
= — Protein Protein
C031’/ROL BREVJESI)/LAMB BREwng/LAMB BREW4E(I)J%LAMB /;)”ediets meet A,AFOCS
(reference) PROTEIN PROTEIN PROTEIN maintenance requirements ® Lower amou nt Of fecal Output
@ SAFETY STUDY TIMELINE PR | | o
ACCLIMATION | DOSING PERIOD Group 2 (10 Dogs, 15 * Higher apparent digestibility on dry matter
O C P Randomized Group 3 (10 Dogs, 30%
30 Days : 26 Weeks / 182 Days

Group 4 (10 Dogs, 40%

* Lower apparent digestibility on fat
) CLINICAL ASSESSMENTS 6 DIGESTIBILITY EVALUATION

v & dd Ld &l » Lower fecal pH: Colonic fermentation from higher insoluble fiber?
el Gl dd dd dd ad

Weekly Body Weight Daily Food Intake 14-Day Acclimation 5- Day Fecal
Measurement ; Recording Period Collection Period
« Four panels of 6 dogs each evaluate the four foods
WL 00) 30 ) 60 ) 120 ) 182 et gl
P sical Bxam @ Calculate apparent and true nutrient digestibilities
+ Body Condition Score — -
» Blood Days 0, 60, 182
£ Urlhe, Focal Samples (DEXA Scans) STATISTICAL METHODS

« Endpoints with multiple time points:
* Linear Mixed Models

+ Endpoints without repeated measures:
* Linear Model

 Benjamini-Hochberg P-value adjustment

- Significance levels: French, S., Cochrane, C. Y., Faurot, M., Audibert, P., Belloso, T., & Badri, D. V. (2025). Safety and digestibility of a novel ingredient, brewed lamb protein,
* P<0.10 (Primary Safety) in healthy adult dogs. Animals, 15(3), 427. https://www.mdpi.com/2076-2615/15/3/427 2 6

6 STATISTICAL METHODS

* p < 0.05 (Digestibility & Fecal Scores)
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6. Cultured meat

* Production & Method
* Cultured meat is grown in vitro using isolated animal cells (from mammals, birds, or fish) structured to mimic
traditional meat cuts.

* Health & Sustainability Benefits
* |t provides significant environmental and animal welfare advantages.
 Furthermore, it eliminates harmful substances

* Regulatory & Market Landscape
* Only a few regions have authorized cultured meat for human consumption, with Singapore leading the market,
followed by the United States and the Middle East.
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Challenges of novel protein in pet industry

1. Consumer Acceptance and Perception
* Food neophobia
2. Food Safety and Allergenicity
« Contamination & Cross-reactive allergic reactions
3. Technological Scaling and Efficiency
 Substantial investments and technical breakthroughs in biotechnology and bioreactor designs are
required to lower production costs for cell-based and fermentation-derived proteins.
4. Regulatory Disparities

* Lack of internationally harmonized testing standards

Hussain, M. A., & Li, L. (2025). Novel proteins for future foods: current status, challenges, and perspectives. Foods, 14(5), 862. https://www.mdpi.com/2304-8158/14/5/862 28
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Conclusion

Safety (Contamination) Palatability Digestibility Nutrient Quality | Allergenicity Sustainability
Animal by-products (Organs, Feather) Pathogen, Chemical High High High Moderate High
Meat (Chicken, Beef, Lamb, Rabbit, Crocodile) Pathogen, Chemical High High High Moderate Low
Fish (Salmon, Tuna, Tilapia) Pathogen, Heavy metal High High High Low Low
Plant-based (Soy, Pea, Wheat, Gluten) Chemical Low Moderate - r#;“ﬁionme) Low High
Hydrolyzed protein (Animal or Plant) High Very High High \ger%;?;v (from bl;_ll-ipg)roducts)
Insect-based (BSF, Cricket, Mealworm) Heavy metal Moderate Moderate Moderate Low Very High
| Mycoprotein (Fungi) Nucleotide Depends species High Depends onlsplecies ? Very High
Single-cell (Yeast, Algae, Bacteria) and levels (Low Methionine)
Cultured meat Sterile ? High High ? Very High

Other novel proteins
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