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Introduction 

1st. Protein requirements

2nd. High protein = quality

3rd. Humanization

4th. Competition for food

Category of high 
environmental impact 
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Introduction

Alternative ingredients
with lower enviromental impact : most 
effective way to reduce foot print in pet 
food 
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Introduction
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• Black soldier fly larvae - most common used specie in pet food;

• Good nutritional value; acceptance and digestibility.  

(Valdés et al., 2022; Abd El-Wahab et al., 2021)

Fat 
Medium-chain fatty acids

• 43% Lauric acid (C12:0); 

• Antimicrobial & immune-modulating properties.

(Zdybicka-Barabas et al., 2017; Schiavone et al., 2018).

Crude Protein
Antimicrobial peptides (AMP):
• Variety AMP: ingestion of decomposing substrates, 

rich in microorganisms; 

• Similar activity to antibiotics. 

 (Buchon et al., 2014; Müller et al., 2017; Vogel et al., 2018)

Chitin: 
• Linear polymer of -(1-4)N-acetyl D-glucosamine

• Behave as dietary fiber (cellulose)

• Antimicrobial activity

(Van Huis et al., 2015)
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Objective

This study aimed to evaluate the use of black 
soldier fly larvae (BSFL) meal in kibble diets for 
dogs on digestibility, fecal microbiota, intestinal 

fermentation and immunity
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Material & Methods
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Two experimental diets:

PBP : low ash poultry by-product meal 
BSFL: black soldier fly larvae meal

• Extruded
• Similar composition
• Isonutritive diets 
• Adult maintenance (FEDIAF, 2020) 

 Ingredients PBP  BSFL
Poultry by-product meal 26.00 -
BSFL Protein - 29.50
Dried pea 14.00 14.00
Naked Oat 16.00 16.00
Broken rice 28.73 24.47
Poultry fat 7.00 6.90
Beet pulp 2.70 2.70
Dried Carrot 0.50 0.50
Liquid palatant2 2.00 2.00
Minor ingrediets 2.98 3.78

Analyzed chemical composition [% dry matter]
Organic matter 93.88 93.90
Crude protein 24.58 23.53
Acid-hydrolyzed fat 13.20 13.78
Ash 6.11 6.09
Crude fiber 2.25 5.52

Table 1. Ingredient and chemical composition.
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Material & Methods
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Experimental design and housing:

• Cross-over designed – 2 periods of 50 days (7 days wash-out)

• 8 Beagles – 3.2 y; 10.9 ± 1,1 kg;  5.2 BCS (Laflamme, 2007)

• Housed in individual kennels (access to outdoor area)

• Feed 2x/day and water ad libitum

• NEM = 110 x PC0,75 (NRC, 2006)
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Material & Methods
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● Digestibility → Days 15th to 20th

○ Total feces collection method 

○ Dry matter, organic matter, crude protein and fat digestibility; and 
metabolizable energy

● Fresh fecal samples → Days 21st to 24th 
○ Volatile fatty acids and ammonia (gas chromatograph and Kjeldahl 

method) 

● Fresh fecal samples → Day 50th  
○ Metagenomic analysis using bacterial 16s rRNA marker gene 

sequence

○ Fecal calprotectin and IgA
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BSFL

PBP BSFL

PBP

Digestibility VFA 
Ammonia

Fecal
Microbiota

Day 1 Day 15 Day 21 Day 50Day 24

Digestibility VFA 
Ammonia

Day 1 Day 15 Day 21 Day 50Day 24

Fecal
Microbiota

Wash-out
7 days

1st Period
50 days

2nd Period
50 days
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Results – Apparent nutrient digestibility
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Item Diets P value¹
  PBP BSFL  

                 CTTAD (%)
Dry matter 82.98 ± 3.36 82.22 ± 2.08 0.628
Organic matter 87.26 ± 2.17 85.88 ± 1.58 0.213
Crude protein 83.77 ± 2.78 83.50 ± 1.90 0.841
Acid-hydrolyzed fat 92.73 ± 0.63 94.05 ± 0.89 0.011
Gross energy 88.26 ± 1.73 87.93 ± 1.34 0.703
N- free extracts 90.45 ± 2.23 91.76 ± 1.29 0.212
Crude fiber 17.03 ± 12.71 21.25 ± 11.45 0.542
Metabolizable energy 4183 ± 0.07 4287 ± 0.07 0.055

Table 2. Coefficient of total tract apparent digestibility (CTTAD %), and metabolizable 
energy (ME, kcal/kg as-fed basis) of the experimental diets. 

¹A significance level of 5% (P<0.05) was established and trends considered when 0.05≤P≤0.010.
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Results –Fecal and intestinal secretions
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Item Treatments P value1

  PBP BSFL  
Fecal Traits      
Score 3.84 ± 0.23 3.94 ± 0.09 0.463
pH 6.38 ± 0.32 6.21 ± 0.18 0.098
Microbial fermentation end products 
N-NH3 151 ± 45.5 94.5 ± 16.6 0.004
SCFA 458 ± 84.6 489 ± 91.0 0.388
Acetate 255 ± 42.5 277 ± 52.8 0.336
Propionate 143 ± 24.3 161 ± 47.7 0.352
Butyrate 60.1 ± 41.4 51.3 ± 17.8 0.414
BCFA 10.4 ± 3.9 6.44 ± 2.24 0.093
Isobutyric 1.02 ± 0.68 1.21 ± 1.26 0.866
Isovaleric 8.11 ± 4.70 3.97 ± 1.60 0.228
Valeric 1.29 ± 1.15 1.26 ± 0.63 0.998
VFA 468 ± 88.2 496 ± 91.1 0.429
Fecal concentration
Calprotectin 110 ± 0.9 112 ± 1.4 0.745
IgA 8.46 ± 6.12 16.74 ±7.2 0.045

Table 3. Fecal traits, microbial fermentation end products (mmol/g of fecal DM), calprotectin and IgA 
(ng/g fecal DM) concentration in dog feces.

N-NH3: Ammonia; SCFA: Short-chain fatty acids; BCFA: Branched-chain fatty acids; VFA: Volatile fatty acids; IgA: Immunoglobulin. 
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Results – fecal microbiota

BSF BSF PBPPBP
p=0.005

Alpha Diversity Beta diversity
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Relative abundance, %
Family Bacteroidaceace (p=0,0745)

Lachnospiraceae (p=0,0289)

Results – fecal microbiota
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Degradation of complex food components (chitin)
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Phocaeicola (p=0.014)
Bacteroidaceae (p=0.009)

Bacteroides (p=0.014)
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Results – fecal microbiota
Biomarker of human health; 

Involved in polysaccharides degradation;
SCFA production
Intestinal permeability
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Conclusions
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• The use of BSFL meal in dog diet didn’t affect 
the use of nutrients, but increased diet fat 
digestibility and ME; 

• Positive alterations in dog intestinal function, as 
reduction of fecal ammonia concentration; 
alterations on fecal microbiome and 
improvement of intestinal immunity.
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