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RESEARCH ARTICLE                                         
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ABSTRACT 
There is growing interest in alternative protein sources to promote a more circular economy 
within agri-food systems. This study evaluated the impact of replacing 7% of poultry meal (PM) 
with hydrolysed feather meal (HFM) in canine diet on faecal characteristics. Six adult female 
English Setter dogs, matched for age, body weight, and body condition score (BCS), were divided 
into two groups and tested with two diets (PM vs. HFM) in a cross-over design. The study 
included a 7-d adaptation period, followed by a 45-d total faecal collection. A 30-d washout 
period was used. Digestive fermentation by-products were analysed by using gas and liquid chro
matography. Data were analysed using a generalised linear mixed model (GLMM), with diet, time 
and their interaction as fixed effects, and the experimental phase as a random effect. Faecal 
scores for both groups remained within the range of 2–3, which is considered ‘ideal’. Dogs fed 
the HFM diet showed significantly higher (p < 0.001) faecal concentrations of acetate and isobu
tyrate, and significantly lower (p < 0.01) levels of propionate and butyrate compared to the PM 
diet. Furthermore, dogs fed HFM diet exhibited significantly increased (p< 0.001) concentrations 
of putrescine and cadaverine and significantly decreased (p< 0.001) levels of spermine. The pro
file of short-chain fatty acids (SCFAs) and biogenic amines differed from that those reported in 
dogs with inflammatory enteropathies, confirming the maintenance of gastrointestinal health 
throughout the study. These results suggest that HFM is a promising alternative protein source 
for dog food formulations, contributing to the sustainable utilisation of animal by-products.  

HIGHLIGHTS 

1. Diet including 7% hydrolysed feather meal (HFM) was well accepted and the dogs con
sumed the total amount of the offered food.

2. Faecal scores remained within the ideal range of 2.0–2.5 in both groups, indicating good 
faecal quality.

3. The organic acid and biogenic amine content confirms the maintenance of gastrointestinal 
health in the dogs enrolled in this study.
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Introduction

The growing focus on sustainability in the pet food 
industry has led to increased interest in alternative pro
tein sources derived from animal by-products. In the 
context of the circular economy, which seeks to minim
ise waste and maximise the reuse of resources 
(Korhonen et al. 2018), such by-products represent an 
opportunity to reduce environmental impact while 
maintaining nutritional value in companion animal diets.

Animal by-products, as defined in Regulation (EC) 
1069/2009, include various parts of animals not 

intended for human consumption. These materials 
have long been used in pet food to provide proteins, 
fats and essential nutrients (Corbin 1992), with poultry 
by-products in particular offering an economical and 
abundant source of animal protein (Girotto and Cossu 
2017). Among these, poultry feathers, which make 
up around 7% of a chicken’s body weight (Machado 
et al. 2021), represent a major waste stream, with 
global production exceeding 40 million tons annually 
(Peydayesh et al. 2023).

Feathers are primarily composed of keratin, an 
insoluble protein with very low digestibility in its 
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native form. However, processing techniques such as 
thermal, enzymatic, microbial or chemical hydrolysis 
can disrupt the keratin structure, thereby improving 
amino acid availability (Zhang et al. 2014; Vasconcellos 
et al. 2024). The overall in vivo tract digestibility of 
hydrolysed feather proteins remains relatively low, 
depending on the degree of hydrolysis and the proc
essing method applied, averaging approximately 67% 
in dogs (Pacheco et al. 2016). Despite its limited bio
logical value for monogastric species, primarily due to 
low concentrations of lysine and methionine (Baker 
et al. 1981; Klemesrud et al. 2000), hydrolysed feather 
meal (HFM) does contribute essential amino acids 
such as leucine and isoleucine (Ssu et al. 2004; Pfeuti 
et al. 2019).

The nutritional limitations of HFM also raise con
cerns regarding its potential impact on gastrointestinal 
health. Proteins that escape digestion in the small 
intestine undergo colonic fermentation, resulting in 
the production of metabolites such as short-chain 
fatty acids (SCFAs), biogenic amines, ammonia and 
phenolic compounds. While some of these metabolites 
may disrupt gut homeostasis and contribute to dys
biosis (Macfarlane et al. 1988; Bastos et al. 2020; 
Montegiove et al. 2023), others, such as butyrate, exert 
beneficial effects by supporting mucosal integrity 
(Ichikawa and Sakata 1998).

Furthermore, biogenic amines may occur in pet 
foods at variable concentrations, often associated with 
microbial contamination and proliferation during proc
essing, handling and storage. To date, however, no 
regulatory guidelines have been established for 
biogenic amine concentrations in animal feeds 
(Montegiove et al. 2023).

A few recent studies have examined HFM in canine 
diets, with mixed findings. El-Wahab et al. (2022) 
reported no effect on crude protein digestibility but 
noted a decline in faecal quality with increasing HFM 
inclusion. Machado et al. (2021) found no impact on 
stool consistency, while Pacheco et al. (2016) demon
strated that enzyme-assisted hydrolysis improved 
digestibility. Although HFM is already employed in cer
tain commercial canine diets, particularly in hypo
allergenic formulations, owing to its low protein 
antigenicity and functional suitability for sensitive ani
mals (Lesponne et al. 2018), evidence regarding its 
effects on faecal characteristics and fermentation- 
related markers in healthy adult dogs remains scarce, 
further research is needed to assess its suitability as a 
sustainable dietary protein source.

The aim of this preliminary study was to evaluate 
the effects of a diet containing HFM, compared to a 

control (CTR) poultry meal (PM)-based diet, on faecal 
quality parameters and fermentation by-products in 
healthy adult dogs. We hypothesised that HFM inclu
sion would not adversely affect faecal consistency or 
microbial metabolite production, supporting its poten
tial role in sustainable canine nutrition.

Materials and methods

Animal ethics statement

The research was approved by the Ethical Animal Care 
and Use Committee of the Department of Veterinary 
Sciences, of the University of Messina, code 01/2023, 
and the experiment were in compliance with the 
European guidelines for the care and use of animals in 
research (European Directive 2010 2018/63/EU) and 
those on the placing on the market and use of feed 
(European Union 2009).

Animals

A total of six female English setter dogs with an age 
of 60 ± 34 months were involved in a cross-over 
design. The dogs were divided into two groups, CTR 
and treated (TRT), blocked for body weight (CTR: 
16.5 ± 1.18 Kg; TRT: 16.5 ± 0.5 Kg), body condition score 
(BCS, CTR: 5 ± 0; TRT: 5 ± 0, on a 9-point scale), muscle 
condition score (MCS, CTR: 1 ± 0; TRT: 1 ± 0, on a 4– 
point scale) and faecal consistency score (FCS, CTR: 
2.5 ± 0; TRT: 2.5 ± 0, on a 5-point scale).

Dog health was assessed by regular clinical assess
ment. Prophylactic treatments against intestinal worms 
were administered before each phase of the experi
mental protocol.

Experimental diets

Before the beginning of the experimental trial, all the 
dogs fed a commercial extruded dry diet (referred to 
as the ‘Basic diet’).

For the experimental trial, two extruded complete 
dry foods were used (provided by an Italian 
petfood manufacturer). A tested diet (HFM) with 7% 
HFM (GOLDMEHL FM, Gepro, Diepholz, Germany; 
https://www.lidorr.com/wp-content/uploads/2021/01/ 
Goldmehl-FM.pdf) as partial substitution of PM was 
compared with a reference diet (PM) containing PM as 
a main protein source. GOLDMEHL FM derives from 
fully healthy poultry by-products, and it is considered 
a processed animal protein, Cat. III material, in accord
ance with Regulation (EC) No 1069/2009. Both experi
mental diets contained docosahexaenoic acid (DHA) 
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sourced from algae (mostly Schizochytrium), yeasts: 
and botanical to support the digestive health. From a 
qualitative perspective, the two diets included the 
same ingredients, nutritional additives and antioxi
dants (Table 1).

The individual maintenance energy requirements 
were calculated according to the recommendations of 
FEDIAF - The European Pet Food Industry Federation 
guidelines (2021) for adult dogs with low physical 
activity (<1 h/d) and the diets were offered once a 
day, at the same time each day (8:00 pm), to meet the 
estimated maintenance requirements. When necessary, 
the daily food allowance was adjusted to maintain a 
stable body weight. Water was available ad libitum 
throughout the study.

Analysis of dietary components

Before analysing the chemical composition, the kibbles 
were ground in a cutting mill with a 1 mm screen 
sieve (Cyclotec 1093 Sample mill, FOSS Hillerod, 
Denmark). The chemical composition of HFM and diets 
(PM and HFM) was analysed in triplicate using proce
dures outlined by the Association of Official Analytical 
Chemists (AOAC 2010). The following methods were 
employed: method no. 934.01 for dry matter (DM); 
method no. 942.05 for ash content; method no. 990.03 
for nitrogen (N) content; method no. 954.02 for acid- 
hydrolysed fat; method no. 978.10 for crude fibre. 
Total starch content was determined using a 
Megazyme Total Starch Assay Kit (Megazyme, 
NEOGEN, Lansing, MI) following AOAC (2019) method 
no. 996.11. Crude protein was calculated based on the 
analysed nitrogen (N) content, using a conversion fac
tor of 6.25 (El-Wahab et al. 2022). Moreover, a Total 
Dietary Fibre Assay Kit (Megazyme, NEOGEN, Lansing, 
MI) for the analysis soluble dietary fibre (SDF) and 
insoluble dietary fibre (IDF) was used according to 
AOAC (2019) method no. 991.43. Total dietary fibre 
was calculated from the sum of SDF and IDF. The 
results were expressed as g/100g (as-fed). The organic 
matter (OM) was calculated by reducing the amount 
of DM by the amount of in OM (crude ash) (Cherian 
2019).

The metabolisable energy (ME) was calculated using 
the predictive equation with modified Atwater factors 
for dogs and cats (3.5 kcal/g protein, 8.5 kcal/g fat and 
3.5 kcal/g NFE) as described by AAFCO (2019):

ME ¼ 3:5� g proteinð Þ þ 8:5 � g fatð Þ

þ 3:5� g NFEð Þ:

Nitrogen-free extract (NFE) is obtained by subtract
ing percent protein, fat, crude fibre, moisture and ash 
from 100%.

The chemical composition and the ME content of 
HFM and diets (PM and HFM) are reported in Table 1.

Table 1. Chemical composition (g/100g, as-fed) and metabol
isable energy (ME) of the hydrolysed feather meal and experi
mental diets.

Hydrolysed  
feather meal

Diets†

Parameters, g/100g, as-fed PM‡ HFM§

DM 94.41 90.84 91.92
Moisture 5.59 9.16 8.08
CP 82.64 19.07 19.20
Fat 7.07 15.24 15.00
CF 0.91 2.10 2.00
Ash 1.83 5.45 5.01
Starch 5.63 40.59 40.80
NFE� 1.96 48.98 50.71
OM# 92.63 85.39 86.91
TDF 2.38 7.51 6.97
IDF 2.03 6.14 5.98
SDF 0.35 1.37 1.00
ME, Kcal/100g (as-fed) 356 368 368

DM: dry matter; CP: crude protein; CF: crude fibre; TDF: total dietary fibre; 
IDF: insoluble dietary fibre; SDF: soluble dietary fibre; GE: gross energy; 
ME: metabolisable energy
�NFE¼ calculated nitrogen-free extract.
#OM¼ calculated organic matter.
†Extruded commercial dry diets; the amount of the ingredients was not 
available.
Both the experimental diets contained the same ingredients, nutritional 
additives and antioxidants. Ingredients: cereals pregelatinised (rice 30%, 
starch digestibility 95%; malted cereals 0.3%), processed animal proteins 
of poultry origin 16%, Oils and fats–(Algal Omega 3 DHA 0.18%, MCT- 
medium chain triglycerides 0.2%), vegetables (Chicory-FOS, Pea, Garlic 
fibre) carob extract (roasted), fish and fish by-products, extruded flax, 
minerals, yeasts: Saccharomyces cerevisiae, cell walls-M.O.S (mannan-oligo
saccharides), algae, Yucca shidigera; extracts of Andrographis paniculata, 
Boerhavia diffusa, Physilantus amarus, Solanum nigrum, Silymarin. 
Additives as reported in the label (mg/kg): Vitamins: 3a672a-Vit. A I.U. 
20.000, 3a67-Vit. D3 I.U. 1.600, 3a700-Vit.E mg 240, 3a821-Vit. B1 (thia
mine monohydrate) mg 12.50, 3a825ii-Vit. B2 (riboflavin) mg 25, 3a831- 
Vit. B6 (pyridoxine hydrochloride) mg 7.50, Vit.B12 (cyanocobalamin) mg 
0. 009, 3a711-Vit. K3MNB mg 4, 3a312-Vit. C Prot. mg 125, 3a314-Niacin 
mg 68.50, 3a880-Vit. H (biotin) mg 1, 3a841-Ac. pantothenic mg 35.50, 
3a316-Folic Acid mg 1.80, 3a890-Choline Chloride mg 1500, 3a160a-Beta- 
carotene mg 10, 3a910-LCarnitine mg 100. Minerals: 3b101-Iron (ferrous 
carbonate) mg 50.50þ 3b103-Iron (Iron sulphate monohydrate) mg 
50.50þ 3b105-Iron (fumarate ferrous) mg 35.00þ 3b107-Iron (Iron(II) che
late of glycine hydrate) mg 46.00, 3b502-Manganese (Manganous oxide) 
mg 76.00þ 3b502-Manganous (manganous oxide) mg 76.00þ 3b5.10- 
Manganese (Manganese chelate of the hydroxy analogue of methionine) 
mg 30.25, 3b605-Zinc (Zinc sulphate monohydrate) mg 127.00þ 3b6.10- 
Zinc (Zinc chelate of the hydroxy analogue of methionine) mg 37.50, 
3b405-Copper (Copper sulphate pentahydrate) mg 10.00þ 3b4.10-Copper 
(Copper chelate of the hydroxy analogue of methionine hydroxy ana
logue) mg 2.20, 3b203-Iodine (anhydrous calcium iodate) mg 2.50, 
3b802-Selenium (Sodium selenite) mg 0.13þ 3b810-Organic selenium, 
Saccharomyces cerevisiae CNCM I-3060 mg 0.002. Amino acids: 3c301-DL 
Methionine mg 440 - 3c322-Lysine monohydrochloride mg 130.00, 3c307- 
Hydroxy analogue of methionine mg 330. Preservatives: 1a300-citric acid 
mg200, E332 Potassium citrate mg 500; Acidity regulators: 4d8 ammo
nium chloride mg 800. Antioxidants: 1b3068(i)- extracts of natural origin 
rich in tocopherol mg320, 3a300-L-ascorbic acid mg255. Organoleptic 
additive: Chestnut extract mg 2800.
‡PM diet: diet with poultry meal (16%).
§HFM diet: diet with poultry meal (9%) and hydrolysed feather 
meal (7%).
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The composition of amino acids in the two diets 
was analysed following Oteri et al. (2021) by using a 
Trace 1310 chromatograph (Thermo Fisher, Waltham, 
MA) with a flame ionisation detector (FID) and a ZB- 
AAA Amino Acid column (10 m � 0.25 mm internal 
diameter); the oven temperature was programmed 
from 110 �C to 320 �C at 32 �C/min, with a final iso
therm of 320 �C (1 min). During the acid hydrolysis, 
the asparagine and glutamine were converted to 
aspartic and glutamic acids; therefore, they were cal
culated as the sum of the aspartic acid plus aspara
gine and of the glutamic acid plus glutamine. The 
analysis was performed in triplicate for both diets and 
the results were expressed as g/100g (as-fed) 
(Table 2).

The biogenic amine (tryptamine, phenethylamine, 
putrescine, cadaverine, histamine, tyramine, spermi
dine and spermine) concentrations in both diets were 
analysed according to the method reported by 
Chiofalo et al. (2019) by using a HPLC (Shimadzu Italia, 
Milan, Italy), coupled to a fluorescence an RF-20A 
detector (FLD, Shimadzu Italia, Milan, Italy) at 320 nm 
excitation and 523 nm emission (Preti et al. 2015). 
Chromatographic separations were obtained in the 
SUPELCOSIL LC-18 column (Supelco, Bellefonte, PA) in 
an oven (CTO-20A, Shimadzu Italia, Milan, Italy) set at 
35 �C. A gradient elution of HPLC water and aceto
nitrile at a constant flow of 0.8 mL/min using a DGU- 
20A5R degasser (Shimadzu Italia, Milan, Italy) and an 

LC-20AD pump (Shimadzu Italia, Milan, Italy) was used. 
Total analysis time was 35 min. Identification and 
quantification of biogenic amines were performed 
using external calibration with biogenic amine stand
ards (Merck, Darmstadt, Germany). Standard solutions 
were first prepared at a concentration of 1 mg/mL for 
each biogenic amine in perchloric acid. These standard 
solutions were then diluted to concentrations of 
0.0005, 0.001, 0.005, 0.010, 0.025 and 0.050 mg/mL to 
generate the calibration curves. In the standard solu
tion the limit of quantification (LOQ) was 0.001 mg/g 
for all amines. All samples were analysed in triplicate 
and the results expressed as mg/g (Table 3).

Study design

The study followed a crossover experimental design 
involving two groups of six dogs each: a CTR group 
and a treated group (TRT) (Figure 1). Two dietary 
treatments were tested across two consecutive phases 
(R1 and R2): a diet containing PM and a diet contain
ing HFM. During the first phase (R1), for 45 d, dogs in 
the CTR group received the PM diet, while those in 
the TRT group received the HFM diet. The first phase 
(R1) was followed by a 30-d washout period, during 
which all dogs fed the basic diet previously used prior 
to the start of the experimental trial. After the wash
out, the dietary treatments were crossed over: dogs 
originally in the CTR group received the HFM diet, and 
those in the TRT group received the PM diet for an 
additional 45-d period (R2). Each phase (R1 and R2) 
was preceded by a 7-d of adaptation period to the 
experimental diets, with the objective of acclimatising 
the test animals to the diet and adjusting food intake 
to maintain body weight.

The amount of food offered during the first and 
the second phase was constant. Food intake was 
recorded throughout both stages.

Table 2. Amino acid composition of the experimental diets 
(g/100g, as-fed).

Diets

PM‡ HFM§ p Value

Essential amino acid, g/100g, as-fed
Arginine 1.62 1.67 0.321
Histidine 0.37 0.36 0.519
Isoleucine 0.90 0.91 0.519
Leucine 1.49 1.50 0.225
Lysine 0.80 0.81 0.184
Methionine 0.40 0.44 0.053
Phenylalanine 1.01 1.03 0.036
Tryptophan 0.27 0.27 0.742
Threonine 0.72 0.73 0.057
Valine 1.23 1.26 0.281

Non-essential amino acid
Serine 2.13b 2.20a 0.002
Proline 1.65 1.72 0.075
Alanine 0.65 0.68 0.092
Glycine 1.63 1.66 0.244
Aspartic acidþAsparagine 1.23 1.25 0.139
Hydroxyproline 0.51 0.53 0.038
Glutamic acidþGlutamine 1.82 1.91 0.222
Hydroxylysine 0.45 0.46 0.101
Tyrosine 0.57 0.58 0.057
Cysteine 0.41 0.42 0.134

‡PM diet: diet with poultry meal (16%).
§HFM diet: diet with poultry meal (9%) and hydrolysed feather 
meal (7%).

Table 3. Biogenic amine content in the experimental diets 
(mg/g, as-fed).

Diets

Parameters, mg/g, as-fed PM‡ HFM§ p Value

Tryptamine 0.012 0.023 0.016
Phenethylamine 0.014 0.029 0.019
Putrescine 0.140 0.171 0.025
Cadaverine 0.082b 0.124a 0.009
Histamine 0.007 0.005 0.312
Tyramine 0.008 0.017 0.057
Spermidine 0.004 0.004 0.699
Spermine 0.192 0.210 0.087
Sum of biogenic amines 0.458 0.583 0.020
‡PM diet: diet with poultry meal (16%).
§HFM diet: diet with poultry meal (9%) and hydrolysed feather 
meal (7%).
a,b for p� 0.01.
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Breeding facility and faeces collection

The dogs were privately owned by the same person 
and housed in the same place. During the test period, 
the dogs were housed in cages with a natural light- 
dark cycle (natural rhythms from dawn to dusk). 
Exercise was provided twice daily (morning and even
ing, for approximately half an hour each time) in an 
outdoor area; all dogs had regular opportunities to 
socialise with each other and with members of the 
owner’s family.

Preliminary observation conducted prior the trial 
began, enabled us to identify the dogs’ defaecation 
patterns. No defaecation events were recorded during 
the night and no instances of coprophagia were 
observed throughout the trial. For additional assur
ance, the owner installed security cameras in both the 
outdoor spaces and the cages, which allowed us to 
constantly monitor the dogs’ behaviour, both before 
the start of the trial and during the trial. 
Consequently, during the test period, the presence of 
a trained technician, consistently the same individual, 
was scheduled from 8:00 am to 10:00 pm to collect 
faeces and to evaluate FCS according to the table pro
posed by Waltham Faecal Score (Moxham 2001) 
(1: dry stool; 5: liquid stool), also assigning a score of 
a quarter of a point (0.25).

During each phase (R1 and R2), on days 0, 3, 7, 15 
and 45, a trained technician assessed the FCS and col
lected faecal samples to assess faecal fermentation 
products. Three faecal samples per group (CTR and 
TRT) were collected within 15 min of defaecation and 
promptly transported in a polystyrene cooler to the 
laboratories located nearby the breeding facility to 

determine the concentration of fermentation products. 
Upon arrival, faeces were pooled according to dietary 
treatment (TRT), homogenised, and, in a subsample of 
10% of each fresh faeces, the DM was determined as 
described for the diets (method no. 934.01; AOAC 
2010). Thereafter, faecal samples were divided into 
two aliquots.

One aliquot of faeces was diluted to 1:5 (wt./vol) in 
metaphosphoric acid (25%) for the extraction of SCFAs 
and branched-chain fatty acids (BCFAs) (Chiofalo et al. 
2019). The diluted samples centrifuged at 20,000 g for 
20 min at 4 �C. The supernatant was collected and 
kept at −20 �C pending analysis.

The second aliquot, collected in test tubes and kept 
at −20 �C until analysis, was used for determination of 
biogenic amine concentrations.

Analyses of faecal fermentation products

SCFA and BCFA were studied by using a gas chro
matograph Dani Master GC1000 (Dani Instrument, 
Milan, Italy) equipped with a FID (Dani Instrument, 
Milan, Italy) (Chiofalo et al. 2019). A fused-silica capil
lary column SUPELCO SPB (Supelco, Bellefonte, PA) 
was used. Helium was used as the carrier gas at a con
stant linear speed of 30 cm/s. The initial oven tem
perature was 40 �C maintained for 3 min, raised to 
160 �C at 20 �C/min, then increased to 245 �C at 40 �C/ 
min and finally held at 245 �C for 2 min. The tempera
tures of the FID and the injection port were 280 �C. 
Data handling was carried out with Clarity 
Chromatography Software version 4.0.2 (Dani 
Instrument, Milan, Italy). Identification and quantifica
tion of acetate, propionate, butyrate and isobutyrate 

Figure 1. Schematic design of the crossover study. Participant dogs switched diets after a washout period. Sample collection 
(5 time-points). Each stage of the trial consisted in a 45–day period.
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were carried out by comparison with the retention 
times of reference compounds (Merck Spa, Sigma- 
Aldrich, Milan, Italy) in the respective external analyt
ical curves. In the standard solutions, the LOQ (signal 
to noise ratio >10) was 1 mmol/g for all analytes. The 
total run time was 12 min. All samples were analysed 
in triplicate and the results of acetate, propionate, 
butyrate, isobutyrate and total short chain fatty acids 
(SCFAs) and the sum of organic acids (SOAs) were 
expressed as micromol/g.

Biogenic amines (tryptamine, phenethylamine, 
putrescine, cadaverine, histamine, tyramine, spermi
dine and spermine) were extracted according to 
Flickinger et al. (2003). Briefly, 2 g of faeces were 
mixed with 15 mL of perchloric acid (0.4 mol/L) and 
centrifuged at 2000 g for 10 min at 4 �C. After recover
ing the supernatant, 7 mL of perchloric acid (0.4 mol/L) 
were added to the remaining faecal pellet, mixed thor
oughly, and centrifuged at 2000 g for 10 min at 4 �C. 
The supernatants were combined and centrifuged at 
12,500 g for 5 min at 4 �C and analysed by using a 
HPLC (Shimadzu Italia, Milan, Italy) coupled to a fluor
escence an RF-20A detector (FLD, Shimadzu Italia, 
Milan, Italy), following the same methods described 
for the diets. All samples were analysed in triplicate 
and the results expressed as mg/g.

Statistical analysis

Significant differences in the organic acids, biogenic 
amines and FCS in faeces between the TRT and CTR 
groups were assessed using a generalised linear mixed 
model (GLMM). Each focal analytical parameter served 
as response variable, with diet (PM or HFM), time (day 
0, 3, 7, 15, 45) and their interaction as fixed effects, 
and the experimental phase as random variable. 
Ordinal response variables (FCS) were modelled using 
the ‘clmm’ function within the ‘ordinal’ version 
2023.12-4.1 R package (Christensen 2023). For continu
ous, zero-bounded variables, the ‘glmer’ function of 
the ‘lme4’ version 1.1–37 R package (Bates et al. 2014) 
was used with a Gamma family with inverse link func
tion. Model selection was based on the Akaike infor
mation criterion (AIC), and the model assumptions 
were verified through graphical assessment of resid
uals. The ‘emmeans’ version 1.11.1 R package (Bates 
et al. 2014) was used to compute the estimated mar
ginal means and evaluate the contrast among TRTs. 
Statistical significance for the GLMM tests was 
assumed at 0.05. Differences between amino acid and 
biogenic amines of the experimental diets were 
assessed using a two sample t-test assuming a more 

stringent significance at 0.01 due to the small number 
of replicates available.

Results

All the dogs remained healthy throughout the study, 
with no occurrence of vomiting and diarrhoea. 
Moreover, dogs were provided with equal amounts of 
the experimental diets (PM and HFM), which were for
mulated to be isoenergetic, isonitrogenous and isolipi
dic (Table 1); mean values of weight variations 
between the beginning and end of each stage (R1 
and R2) are shown in Table 4. The entire daily ration 
was consistently consumed, with no leftovers 
observed throughout the trial; as a result, nutrient 
intake remained stable over the entire experimental 
period (Table 4).

Dry matter content in faeces and FCS

Table 5 represents the DM and the faecal score of 
dogs fed experimental diets during the trial, along 
with the probability values for the effects of diet, time 
and their interaction (diet� time). Diet had a signifi
cant effect (p< 0.001) on faecal DM. The effect of time 
on faecal DM was significant (p¼ 0.04) only within the 
treated group. Concerning faecal score, no significant 
differences were observed in relation to the diet and 
time. Additionally, there was no significant interaction 
(p ¼ 0.088) between diet and time for either faecal 
DM content or faecal scores.

Table 4. Mean values of weight, food and nutrient intake 
during the two stages of the total collection period (±SD).

Collection period

Group� Stage 1�� R1 Stage 2# R2

Body weight, kg
CTR 16.76 ± 1.40 16.74 ± 1.46
TRT 16.91 ± 1.42 16.83 ± 1.54

Daily intake, g/d
Food CTR 220 220

TRT 220 220
CP CTR 41.96 41.96

TRT 42.24 42.24
Fat CTR 33.53 33.53

TRT 33.00 33.00
Starch CTR 89.30 89.30

TRT 89.76 89.76
OM CTR 187.86 187.86

TRT 191.20 191.20
DM CTR 199.85 199.85

TRT 202.23 202.23

SD: standard deviation; CP: crude protein; OM: organic matter; DM: dry 
matter
�Group: CTR group, dogs fed with PM diet (diet with poultry meal); TRT 
group, dogs fed with HFM diet (diet with hydrolysed feather meal).
��Stage 1: n¼ 3 dogs per group (CTR and TRT).
#Stage 2: n¼ 3 dogs per group (CTR and TRT).
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Faecal organic acid content

Table 6 reports the concentrations of acetate, propion
ate, butyrate, isobutyrate, total SCFAs, and the SOAs in 
faecal samples, together with the probability values 
for the effects of diet, time, and their interaction (die
t� time). Throughout the trial, diet exerted a signifi
cant effect (p < 0.001) on faecal organic acid 
concentrations. Specifically, the faeces of animals in 
the CTR group showed higher levels of propionate 
and butyrate compared with those of the TRT group. 
In contrast, acetate, isobutyrate, total SCFA and SOA 

concentrations were significantly higher (p < 0.001) in 
the faeces of the TRT group than in those of the CTR 
group.

The effect of time on organic acid concentrations 
was statistically significant (p < 0.01) for all organic 
acid, except for acetate, which remained stable 
(p ¼ 0.574) throughout the trial in the faeces of both 
CTR and TRT groups.

A significant interaction (p < 0.05) between diet 
and time was observed for propionate, butyrate, iso
butyrate and total SCFA content (Figure 2), whereas 
no significant interaction was found for acetate 
(p ¼ 0.763) and SOA (p ¼ 0.142).

Faecal biogenic amines

Table 7 presents the concentrations of the most abun
dant biogenic amines identified in faecal samples, 
together with the probability values for the effects of 
diet, sampling time and their interaction (diet� time). 
Data for histamine, tyramine and spermidine were not 
included, as their concentrations were below the LOQ 
(0.001 mg/g). Similarly, tryptamine and phenethyl
amine were excluded from the table because their 
concentrations were below 0.05 mg/g of dry faeces. 
The discussion below focuses on the most abundant 
biogenic amines, putrescine, cadaverine and spermine, 
as well as on the sum of biogenic amines (SBA). 
Throughout the trial, diet had a significant effect 
(p< 0.001) on all individual biogenic amines and on 

Table 5. Faecal score and dry matter (g/100g) of dogs fed 
diets with or without hydrolysed feather meal during the 
trial�.

Time points# p Value$

Item Groups�� T0 T3 T7 T15 T45 D T DxT

DM (g/100g)
CTR 29.3 29.4 29.9 29.4 29.6 <0.001 0.004 0.088
TRT 29.8b 31.2a 30.9a 30.9a 31.2a

FCS

CTR 2.50 2.42 2.75 2.50 2.70 0.895 0.297 0.416
TRT 2.50 2.13 2.50 2.38 2.67

DM: dry matter
�Values are given as least square means (LSM).
��Groups: CTR group, n¼ 6 dogs fed with PM diet (diet with poultry 
meal); TRT group, n¼ 6 dogs fed with HFM diet (diet with hydrolysed 
feather meal).
#Time points: Collection days of faeces (T0-T45).
$D and T refer to diet and time, respectively. Probability values for the 
effects of diet, time and diet� time.
a,bWithin row, means with different superscript letter within each param
eter were significantly different (p< 0.05) due to the time.

Table 6. Faecal concentration of organic acid content (lmol/g dry faeces) of dogs fed diets with or without hydrolysed feather 
meal during the trial�.

Time points# p Value$

Item, lmol/g dry faeces Group�� T0 T3 T7 T15 T45 D T D x T

Acetate
CTR 469 475 474 469 465 <0.001 0.574 0.763
TRT 562 562 562 561 556

Propionate
CTR 130.5a 136.2a 118.6b 108.4b 117.3a <0.001 <0.001 0.049
TRT 107.1b 115.2a 109.4ab 96.6b 90.3c

Butyrate
CTR 75.8c 94.3b 106.0b 105.9b 112.1a <0.001 <0.001 <0.001
TRT 47.0d 67.2c 79.8b 103.4a 84.4b

Isobutyrate
CTR 28.3d 33.5c 35.1bc 39.4ab 40.2a <0.001 <0.001 0.014
TRT 39.0b 43.3a 42.6a 44.9a 44.6a

Total SCFA
CTR 675b 706a 699a 683ab 694ab <0.001 0.001 0.013
TRT 716b 744ab 752a 761a 730ab

SOA

CTR 703b 739a 734a 723ab 734a <0.001 <0.001 0.142
TRT 755b 787a 794a 806a 775ab

Total SCFA: sum of the short chain fatty acids (C2:0þ C3:0þ C4:0); SOA: sum of organic acid (C2:0þ C3:0þ C4:0þ isoCa4:0).
�Values are given as least square means (LSM).
��Groups: CTR group, n¼ 6 dogs fed with PM diet (diet with poultry meal); TRT group, n¼ 6 dogs fed wit HFM diet (diet with hydrolysed feather meal).
#Time points: Collection days of faeces (T0-T45).
$D and T refer to diet and time, respectively. Probability values for the effects of diet, time and diet� time.
a–d Within row, means with different superscript letter within each metabolite were significantly different (p< 0.05) due to the time.
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the SBA. Putrescine and cadaverine, along with SBA, 
showing a higher content in the faeces of the TRT 
group compared to the CTR group. In contrast, sperm
ine levels were significantly higher (p < 0.001) in the 
faeces of the CTR group compared to the TRT. At the 
end of the trial (T45), SBA did not show significant dif
ferences (p> 0.05) between the two groups.

The effect of time on biogenic amine and SBA concen
trations was statistically significant (p< 0.05) across the 
trial period in the faeces of both CTR and TRT groups.

With regard to the most abundant biogenic amines, 
a significant interaction (p< 0.001) between diet and 
time was observed for putrescine, cadaverine, sperm
ine and the total SBA content (Figure 3).

Figure 2. Temporal profiles of faecal organic acid concentrations in control (CTR) and treated (TRT) groups (expressed in lmol/g 
dry faeces), where a significant diet� time interaction was detected (p< 0.05). Solid points and vertical bars represent mean val
ues ±95% confidence intervals. Dashed lines connect time points within each diet group to illustrate temporal trends. Asterisks 
indicate specific time points where CTR and TRT differ significantly (p< 0.05), illustrating where the interaction occurs.

Table 7. Faecal concentration of biogenic amine content (mg/g dry faeces) of dogs fed diets with or without hydrolysed feather 
meal during the trial�.

Time points# p Value$

Item, mg/g dry faeces Groups�� T0 T3 T7 T15 T45 D T D x T

Putrescine
CTR 0.276a 0.274a 0.237b 0.254ab 0.261ab <0.001 <0.001 <0.001
TRT 0.378a 0.395a 0.379a 0.417a 0.306b

Cadaverine
CTR 0.133d 0.160c 0.186b 0.198b 0.230a <0.001 0.034 <0.001
TRT 0.316a 0.308a 0.309a 0.297a 0.253b

Spermine
CTR 0.394b 0.519a 0.460ab 0.372b 0.127c <0.001 <0.001 <0.001
TRT 0.203d 0.277c 0.504a 0.386b 0.092e

Sum of biogenic amines
CTR 0.823b 0.999a 0.935ab 0.862b 0.627c <0.001 <0.001 <0.001
TRT 0.916c 1.036b 1.237a 1.212a 0.662d

�Values are given as least square means (LSM).
��Groups: CTR group, n¼ 6 dogs fed with PM diet (diet with poultry meal); TRT group, n¼ 6 dogs fed wit HFM diet (diet with hydrolysed feather meal).
#Time points: Collection days of faeces (T0-T45).
$D and T refer to diet and time, respectively. Probability values for the effects of diet, time and diet� time.
a–e Within row, means with different superscript letter within each metabolite were significantly different (p< 0.05) due to the time.
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Discussion

Although the number of animals used in the study 
was relatively limited (six per TRT group), which may 
reduce the overall statistical power, the results none
theless provide valuable insights and allow for prelim
inary hypotheses regarding the adaptability of healthy 
dogs to the inclusion of HFM in their diet.

The feather-based diet was well accepted by all 
dogs, which readily consumed the entire daily portion 
(220 g/dog) throughout the trial. No refusals or reduc
tions in feed intake were recorded in either the CTR or 
TRT groups. Moreover, the inclusion of feather meal in 
the diet did not induce altered gastrointestinal func
tion (e.g. vomiting, diarrhoea) or other adverse effects 
(Freeman et al. 2011), as confirmed by the physical 
examinations and consistent feed intake throughout 
the trial.

Faecal scores remained within the ideal range of 2– 
3, as defined by Moxham (2001), for both groups. The 
inclusion of HFM in the diet did not significantly affect 
faecal consistency; however, it did lead to variations in 
faecal DM content, indicating a potential effect of diet 
composition on faecal moisture regulation.

Results are in accordance with those reported by 
Pacheco et al. (2016), who observed appropriate faecal 
scores in adult Beagles fed diets containing 7.5% HFM. 
El-Wahab et al. (2022) reported increased faecal scores 
in Beagle dogs fed basal diets supplemented with 5%, 
10% and 20% HFM. In contrast to these findings, this 
study demonstrated that inclusion of HFM at 7% 
resulted in lower, therefore better, FCSs (2.27 vs. 2.67).

Several factors may influence faecal quality, includ
ing food intake, dietary composition, and ingredient 
quality. Additionally, the composition of the gastro
intestinal microbiota (Wakshlag et al. 2011; Do et al. 
2021) can play a significant role. Faecal quality is 
related to the metabolites produced by gut bacteria 
during fermentation which directly influence faecal 
characteristics, including the consistency of faeces. 
High fermentative activity results in increased bacterial 
biomass and significant production of fermentation- 
derived metabolites. The increase in concentration of 
fermentation end-products could shift the osmotic bal
ance in the colon, ultimately favouring water and 
sodium transport towards the lumen (El-Wahab et al. 
2022). The great osmotic power of these compounds 

Figure 3. Temporal profiles of the most represented faecal biogenic amine concentrations in control (CTR) and treated (TRT) 
groups (expressed in mg/g dry faeces), where a significant diet� time interaction was detected (p< 0.05). Solid points and verti
cal bars represent mean values ±95% confidence intervals. Dashed lines connect time points within each diet group to illustrate 
temporal trends. Asterisks indicate specific time points where CTR and TRT differ significantly (p< 0.05), illustrating where the 
interaction occurs.
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could increase intraluminal osmotic pressure resulting 
in secretion and/or retention of water in the colon 
(Macfarlane and Cummings 1991).

In this study, considering that both diets contained 
the same ingredients except for the source of animal- 
derived proteins (HFM vs. PM), our focus was on pro
tein fermentation and the resulting production of its 
end by-products. Similar to fibre fermentation, protein 
fermentation produces SCFAs (Diether and Willing 
2019); however, these are accompanied by branch- 
chained fatty acids, ammonia, amines, hydrogen sul
phide, phenols and indoles (Macfarlane et al. 1992). 
BCFAs are reliable markers of proteolytic fermentation 
as they are produced exclusively through the fermenta
tion of branched-chain amino acids such as valine, leu
cine and isoleucine (Diether and Willing 2019). Many of 
these products are also being identified as bioactive 
molecules. Isobutyrate is the BCFA with the greatest 
importance, due to its similarities with butyrate 
(Charney et al. 1999). Higueras et al. (2024) report anti- 
inflammatory properties of the isobutyrate through 
inhibition of nuclear factor kappaB, a group of proteins 
that regulate gene expression and cell functions.

In our trial, the faecal concentrations of organic 
acids, including total SCFAs, BCFAs and the overall 
SOAs, were significantly higher in dogs fed HFM com
pared to those fed PM. This likely indicates increased 
fermentative activity, potentially associated with differ
ences in microbial diversity and the presence of spe
cific bacterial taxa within the canine gut microbiota. 
Whether this can be associated to a higher amount of 
protein escaping small intestine digestion for the HFM 
diet in comparison to the PM diet is not easy to 
assess. However, feathers were treated with pressure 
and steam, a process that is known to modify several 
amino acids, with a production of new disulphide link
ages, amine bonds, that reduce the enzymatic hydroly
sis in the gastrointestinal tract (Qi et al. 2018). These 
factors can affect the extent of undigested protein 
and the type of peptide into the bowel and, in turn, 
influence the microbiota composition (Wu et al. 2022). 
A previous study (Balouei et al. 2024), aiming to inves
tigate changes in the canine gut microbiota in 
response to the effects of dietary intervention with 
and without HFM, highlighted nine significant taxa 
and six of them were significantly different at the 
Kruskal–Wallis test between diets (PM and HFM). 
Specifically, a significant higher Relative Abundance 
(RA) was reported for Streptococcus, Collinsella sterco
ris, Ruminococcus gnavus and Bacteroides coprophilus 
in the dogs fed the basal diet without HFM. Higher RA 
for Peptostreptococcaceae and Bacteroides uniformis 

was observed in the dogs fed the diet with HFM. 
These observations could explain the recorded values 
for butyrate and isobutyrate in this study. A lower 
mean value of butyrate in the faeces of the TRT group 
could be due to the lower RA for the Ruminococcus 
gnavus in the faeces of the TRT group than that of the 
CTR group, considering that this species is a butyrate- 
producing bacteria (Louis et al. 2004). A higher 
mean values of isobutyrate in the faeces of the TRT 
group to be due to the greater RA for the 
Peptostreptococcaceae in the faeces of TRT group, 
considering that this taxon is associated with isovaler
ate and isobutyrate in the faeces of cats (Bermingham 
et al. 2018). Furthermore, the results obtained in this 
study agree with those of El-Wahab et al. (2022) who 
observed an increased levels of isobutyrate in the fae
ces of dogs fed a diet containing HFM.

According to the literature (Minamoto et al. 2019; 
Kilburn et al. 2020; Pan et al. 2025), healthy dogs 
exhibit proportions of individual SCFAs, acetate, propi
onate and butyrate, relative to total SCFA concentra
tions that are consistent with the findings of this 
study: acetate 67–78%, propionate 12–20% and butyr
ate 7–16%. These values differ significantly from those 
reported in dogs with inflammatory enteropathies 
(Higueras et al. 2024), further supporting the gastro
intestinal health of the dogs enrolled in this study.

The dietary-induced changing of the microbiota 
composition could also explain the influence of diet on 
polyamine levels (Holmes et al. 2017). The rise in pro
teolytic bacteria can contribute to increased polyamine 
levels in the colon by increasing substrate availability 
for polyamine production (Bekebrede et al. 2020). 
Biogenic amines (putrescine, spermine and spermidine) 
are non-volatile low molecular weight nitrogenous 
organic bases, originating from the decarboxylation of 
amino acids by colon bacteria. In humans and animals, 
biogenic amines are present in all living cells and are 
necessary for metabolic activity and the growth process 
of tissues and organs in the body (Bard�ocz et al. 1993); 
however, a high concentration of amino acid fermenta
tion metabolites, including biogenic amines, may exert 
negative effects on the colonic epithelium and intes
tinal function (Blachier et al. 2007).

Animal by-products, especially poultry and meat 
by-products, commonly used in pet diets due to their 
high nutritional value and acceptability (Pinto et al. 
2023), could be considered a potential source of bio
genic amines (Feddern et al. 2019). Among poultry by- 
products, the increased use of hydrolysed proteins, 
driven by their high content of bioactive peptides 
with functional properties such as antimicrobial, 
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antioxidant, antihypertensive and immunomodulatory 
activities (Cave 2006; Hou et al. 2017), may lead to 
higher consumption of biogenic amines in dogs due 
to the high availability of free amino acids generated 
from the hydrolysis process (Feddern et al. 2019, Ruiz- 
Capillas and Herrero 2019).

Pinto et al. (2023) hypothesised that diets containing 
hydrolysed PM may lead to increased dietary intake and 
subsequent faecal excretion of biogenic amines. In this 
study, diet exerted a significant effect on all measured 
biogenic amines. Cadaverine, putrescine and spermine 
were the predominant amines detected in faecal sam
ples. Cadaverine and putrescine and tended to be ele
vated in dogs fed the HFM diet, whereas spermine 
tended to be elevated in dogs fed the PM diet. 
Moreover, dogs receiving the HFM diet exhibited higher 
faecal concentrations of tryptamine and phenethyl
amine. These findings suggest that the increased levels 
of biogenic amines observed in the faeces of the TRT 
group may be attributed to the higher dietary intake 
associated with the HFM-based diet. Nonetheless, recent 
studies on the in vitro toxicity of biogenic amines to 
intestinal cells have shown that the cytotoxic levels in 
food are much higher than those observed in the diet 
containing 7% HFM (Montegiove et al. 2023). Bastos 
et al. (2020) reported cadaverine concentrations ranging 
from 0.297 to 0.433 mg/g dry faeces in healthy dogs, 
while Grandi et al. (2018) and de Melo Santos et al. 
(2021) observed putrescine concentrations ranging from 
0.307 to 0.446 mg/g dry faeces in the same species.

S�anchez-P�erez et al. (2022) demonstrated that cadav
erine and putrescine can reduce histamine metabolism 
in the epithelium as both are also converted by 
diamine oxidase. Deloyer et al. (2000) reported that 
putrescine and spermine are considered beneficial, if 
present in small quantities, as they are associated with 
normal cell turnover and involved in apoptosis. L€oser 
et al. (1999) observed that rats fed a polyamine- 
deficient diet for an extended period showed colonic 
mucosal hypoplasia, revealed that luminal polyamines 
in the diets are important factors for colonic mucosal 
renewal. Overall, the levels of biogenic amines observed 
in this study are consistent with those previously 
reported in healthy dogs (Grandi et al. 2018; Bastos 
et al. 2020; de Melo Santos et al. 2021) and are consid
erably lower than the concentrations considered harm
ful to pet health (Montegiove et al. 2023).

Conclusions

This preliminary study aimed to evaluate the effects of 
including HFM in the diet of healthy adult dogs, 

compared with a CTR PM-based diet, focusing on fae
cal quality parameters and fermentation by-products. 
Despite the relatively small number of animals per 
group, the findings provide useful insights into the 
adaptability of dogs to this alternative protein source. 
The diet containing 7% HFM was well accepted, with 
full consumption of the offered food. Faecal scores 
remained within the ideal range (2.0–2.5) in both 
groups, and the profiles of organic acids and biogenic 
amines indicated the maintenance of gastrointestinal 
health.

Overall, these results support the hypothesis that 
moderate inclusion of HFM does not adversely affect 
faecal consistency or microbial metabolite production. 
As a poultry by-product, HFM represents a promising 
ingredient for the sustainable valorisation of animal 
by-products in the pet food industry. Further research 
is warranted to confirm these findings under different 
dietary conditions and at varying inclusion levels.

Acknowledgements

The authors acknowledge support from the University of 
Messina through the APC initiative.

Ethical statement

The research was approved by the Ethical Animal Care and 
Use Committee of the Department of Veterinary Sciences, of 
the University of Messina, code 01/2023, and the experiment 
were in compliance with the European guidelines for the 
care and use of animals in research (European Union 2023) 
and those on the placing on the market and use of feed 
(European Union 2009).

Disclosure statement

Authors declare no competing financial interests or personal 
relationship that could potentially affect outcomes reported 
in this manuscript.

Funding

This work was supported by PON-MISE I&C 2014–2020 FESR, 
ASSE 6 REACT, Project ‘BIO¼C¼O’. Project codex N. F/ 
200078/03/X45, CUP B41B20000280005.

ORCID

Biagina Chiofalo http://orcid.org/0000-0002-3642-5460 
Rosangela Armone http://orcid.org/0000-0002-3018-0853 
Andrea Randazzo http://orcid.org/0009-0002-9576-7169 
Vincenzo Nava http://orcid.org/0000-0001-5966-4467 
Mario Barbato http://orcid.org/0000-0002-7203-1549 
Bruno Stefanon http://orcid.org/0000-0002-7414-5830 

ITALIAN JOURNAL OF ANIMAL SCIENCE 2295



Data availability statement

Data are available from the corresponding author upon rea
sonable request.

References

AAFCO - Association of American Feed Control Officials. 
2019. Official publication of the Association of American 
Feed Control Officials. Champaign (IL): Association of 
American Feed Control Officials.

AOAC. 2010. Official methods of analysis of AOAC inter
national. 18th ed. Rockville (MD): Association of Official 
Analysis Chemists International.

AOAC. 2019. Official methods of analysis of AOAC inter
national. 21st ed. Rockville (MD): Association of Official 
Analysis Chemists International.

Baker DH et al. 1981. Protein-amino acid evaluation of 
steam-processed feather meal. Poultry Sci. 60(8):1865– 
1872. https://doi.org/10.3382/ps.0601865

Balouei F, Armone R, Stefanon B, Randazzo A, Chiofalo B. 
2024. Long-Term dietary intervention of the hydrolyzed 
feather meal on microbiota composition of adult female 
dogs. Res Vet Sci. 176:105340. https://doi.org/10.1016/j. 
rvsc.2024.105340

Bard�ocz S, Grant G, Brown DS, Ralph A, Pusztai A. 1993. 
Polyamines in food-implications for growth and health. 
J Nutr Biochem. 4(2):66–71. https://doi.org/10.1016/0955- 
2863(93)90001-D

Bastos TS et al. 2020. Bacillus subtilis and Bacillus lichenifor
mis reduce faecal protein catabolites concentration and 
odour in dogs. BMC Vet Res. 16(1):116–123. https://doi. 
org/10.1186/s12917-020-02321-7

Bates D, M€achler M, Bolker B, Walker S. 2014. Fitting linear 
mixed-effects models using lme4. arXiv:1406.5823v1 
https://doi.org/10.48550/arXiv.1406.5823

Bekebrede AF, Keijer J, Gerrits WJJ, de Boer VCJ. 2020. The 
molecular and physiological effects of protein-derived 
polyamines in the intestine. Nutrients. 12(1):197. https:// 
doi.org/10.3390/nu12010197

Bermingham EN et al. 2018. The fecal microbiota in the 
domestic cat (Felis catus) is influenced by interactions 
between age and diet; a five-year longitudinal study. 
Front Microbiol. 9:1231. https://doi.org/10.3389/fmicb. 
2018.01231

Blachier F, Mariotti F, Huneau JF, Tom�e D. 2007. Effects of 
amino acid-derived luminal metabolites on the colonic 
epithelium and physiopathological consequences. Amino 
Acids. 33(4):547–562. https://doi.org/10.1007/s00726-006- 
0477-9

Cave NJ. 2006. Hydrolyzed protein diets for dogs and cats. 
Vet Clin North Am Small Anim Pract. 36(6):1251–1268, vi. 
https://doi.org/10.1016/j.cvsm.2006.08.008

Charney AN, Giannella RA, Egnor RW. 1999. Effect of short- 
chain fatty acids on cyclic 30, 50-guanosine monophos
phate-mediated colonic secretion. Comp Biochem Physiol 
A Mol Integr Physiol. 124(2):169–178. https://doi.org/10. 
1016/S1095-6433(99)00107-5

Cherian G. 2019. A guide to the principles of animal nutri
tion. 1st ed. Corvallis (OR): Oregon State University.

Chiofalo B et al. 2019. Grain free diets for utility dogs during 
training work: evaluation of the nutrient digestibility and 

faecal characteristics. Anim Nutr. 5(3):297–306. https://doi. 
org/10.1016/j.aninu.2019.05.001

Christensen R. 2023. Ordinal—regression models for ordinal 
data. R package version. 2023.12-4.1. https://CRAN.R-pro
ject.org/package=ordinal

Corbin JE. 1992. Inedible meat, poultry and fish by-products 
in pet foods. In: Pearson AM, Dutson TR, editors. Inedible 
meat by-products. 1st ed. Amsterdam, Netherlands: 
Elsevier Science Publishers Ltd. p. 329–347.

de Melo Santos K et al. 2021. Saccharomyces cerevisiae 
dehydrated culture modulates fecal microbiota and 
improves innate immunity of adult dogs. Fermentation. 
8(1):2. https://doi.org/10.3390/fermentation8010002

Deloyer P, Dandrifosse G, Kok N, Delzenne NM. 2000. Dietary 
fructans modulate polyamine concentration in the cecum 
of rats. J Nutr. 130(10):2456–2460. https://doi.org/10.1093/ 
jn/130.10.2456

Diether NE, Willing BP. 2019. Microbial fermentation of diet
ary protein: an important factor in diet–microbe–host 
interaction. Microorganisms. 7(1):19. https://doi.org/10. 
3390/microorganisms7010019

Do S, Phungviwatnikul T, de Godoy MRC, Swanson KS. 2021. 
Nutrient digestibility and fecal characteristics, microbiota, 
and metabolites in dogs fed human-grade foods. J Anim 
Sci. 99(2):skab028. https://doi.org/10.1093/jas/skab028

El-Wahab AA, Zeiger AL, Chuppava B, Visscher C, Kamphues 
J. 2022. Effects of poultry by-products inclusion in dry 
food on nutrient digestibility and fecal quality in Beagle 
dogs. PLoS One. 17(11):e0276398. https://doi.org/10.1371/ 
journal.pone.0276398

European Union. 2023. European directive 2010/63/EU of the 
European Parliament and of the Council of 22 September 
2010 on the protection of animals used for scientific pur
poses. Off J Eur Union L. 276:33–79. [accessed on 15 July 
2025] https://eur-lex.europa.eu/eli/dir/2010/63/oj

Feddern V, Mazzuco H, Fonseca FN, De Lima GJMM. 2019. A 
review on biogenic amines in food and feed: toxicological 
aspects, impact on health and control measures. Anim 
Prod Sci. 59(4):608–618. https://doi.org/10.1071/AN18076

FEDIAF - The European Pet Food Industry Federation. 2021. 
Nutritional guidelines: for complete and complementary 
pet food for cats and dogs. Brussels: FEDIAF Press. p. 1– 
98.  [accessed on 15 July 2025. https://europeanpetfood. 
org/wp-content/uploads/2022/03/Updated-Nutritional- 
Guidelines.pdf

Flickinger EA et al. 2003. Nutrient digestibilities, microbial 
populations, and protein catabolites as affected by fructan 
supplementation of dog diets. J Anim Sci. 81(8):2008– 
2018. https://doi.org/10.2527/2003.8182008x

Freeman L, et al. 2011. WSAVA nutritional assessment guide
lines. J Small Anim Pract. 52(7):385–396. https://doi.org/10. 
1111/j.1748-5827.2011.01079.x

Girotto F, Cossu CA. 2017. Animal waste and waste animal 
byproducts generated along the livestock breeding and 
meat food chain. Waste Manag. 70:1–2. https://doi.org/10. 
1016/j.wasman.2017.11.028

Grandi M et al. 2018. Effects of dietary supplementation with 
increasing doses of lactose on faecal bacterial populations 
and metabolites and apparent total tract digestibility in 
adult dogs. Ital J Anim Sci. 17(4):1021–1029. https://doi. 
org/10.1080/1828051X.2018.1459210

2296 B. CHIOFALO ET AL.

https://doi.org/10.3382/ps.0601865
https://doi.org/10.1016/j.rvsc.2024.105340
https://doi.org/10.1016/j.rvsc.2024.105340
https://doi.org/10.1016/0955-2863(93)90001-D
https://doi.org/10.1016/0955-2863(93)90001-D
https://doi.org/10.1186/s12917-020-02321-7
https://doi.org/10.1186/s12917-020-02321-7
https://doi.org/10.48550/arXiv.1406.5823
https://doi.org/10.3390/nu12010197
https://doi.org/10.3390/nu12010197
https://doi.org/10.3389/fmicb.2018.01231
https://doi.org/10.3389/fmicb.2018.01231
https://doi.org/10.1007/s00726-006-0477-9
https://doi.org/10.1007/s00726-006-0477-9
https://doi.org/10.1016/j.cvsm.2006.08.008
https://doi.org/10.1016/S1095-6433(99)00107-5
https://doi.org/10.1016/S1095-6433(99)00107-5
https://doi.org/10.1016/j.aninu.2019.05.001
https://doi.org/10.1016/j.aninu.2019.05.001
https://CRAN.R-project.org/package=ordinal
https://CRAN.R-project.org/package=ordinal
https://doi.org/10.3390/fermentation8010002
https://doi.org/10.1093/jn/130.10.2456
https://doi.org/10.1093/jn/130.10.2456
https://doi.org/10.3390/microorganisms7010019
https://doi.org/10.3390/microorganisms7010019
https://doi.org/10.1093/jas/skab028
https://doi.org/10.1371/journal.pone.0276398
https://doi.org/10.1371/journal.pone.0276398
https://eur-lex.europa.eu/eli/dir/2010/63/oj
https://doi.org/10.1071/AN18076
https://europeanpetfood.org/wp-content/uploads/2022/03/Updated-Nutritional-Guidelines.pdf
https://europeanpetfood.org/wp-content/uploads/2022/03/Updated-Nutritional-Guidelines.pdf
https://europeanpetfood.org/wp-content/uploads/2022/03/Updated-Nutritional-Guidelines.pdf
https://doi.org/10.2527/2003.8182008x
https://doi.org/10.1111/j.1748-5827.2011.01079.x
https://doi.org/10.1111/j.1748-5827.2011.01079.x
https://doi.org/10.1016/j.wasman.2017.11.028
https://doi.org/10.1016/j.wasman.2017.11.028
https://doi.org/10.1080/1828051X.2018.1459210
https://doi.org/10.1080/1828051X.2018.1459210


Higueras C, Sainz �A, Garc�ıa-Sancho M, Rodr�ıguez-Franco F, 
Rey AI. 2024. Faecal short-chain, long-chain, and 
branched-chain fatty acids as markers of different chronic 
inflammatory enteropathies in dogs. Animals (Basel). 
14(12):1825. https://doi.org/10.3390/ani14121825

Holmes AJ et al. 2017. Diet-Microbiome interactions in 
health are controlled by intestinal nitrogen source con
straints. Cell Metab. 25(1):140–151. https://doi.org/10. 
1016/j.cmet.2016.10.021

Hou Y, Wu Z, Dai Z, Wan G, Wu G. 2017. Protein hydroly
sates in animal nutrition: industrial production, bioactive 
peptides, and functional significance. J Anim Sci 
Biotechnol. 8(1):24. https://doi.org/10.1186/s40104-017- 
0153-9

Ichikawa H, Sakata T. 1998. Stimulation of epithelial cell pro
liferation of isolated distal colon of rats by continuous 
colonic infusion of ammonia or short-chain fatty acids is 
nonadditive. J Nutr. 128(5):843–847. https://doi.org/10. 
1093/jn/128.5.843

Kilburn LR et al. 2020. Apparent total tract digestibility, fecal 
characteristics, and blood parameters of healthy adult 
dogs fed high-fat diets. J Anim Sci. 98(3):1–8. https://doi. 
org/10.1093/jas/skaa043

Klemesrud M, Klopfenstein TJ, Lewis AJ. 2000. Evaluation of 
feather meal as a source of sulfur amino acids for growing 
steers. J Anim Sci. 78(1):207–215. https://doi.org/10.2527/ 
2000.781207x

Korhonen J, Honkasalo A, Sepp€al€a J. 2018. Circular economy: 
the concept and its limitations. Ecol Econ. 143:37–46. 
https://doi.org/10.1016/j.ecolecon.2017.06.041

Lesponne I, Naar J, Planchon S, Serchi T, Montano M. 2018. 
DNA and protein analyses to confirm the absence of 
cross-contamination and support the clinical reliability of 
extensively hydrolysed diets for adverse food reaction- 
pets. Vet Sci. 5(3):63. https://doi.org/10.3390/ 
vetsci5030063

L€oser C, Eisel A, Harms D, F€olsch UR. 1999. Dietary poly
amines are essential luminal growth factors for small 
intestinal and colonic mucosal growth and development. 
Gut. 44(1):12–16. https://doi.org/10.1136/gut.44.1.12

Louis P et al. 2004. Restricted distribution of the butyrate 
kinase pathway among butyrate-producing bacteria from 
the human colon. J Bacteriol. 186(7):2099–2106. https:// 
doi.org/10.1128/jb.186.7.2099-2106.2004

Macfarlane GT, Allison C, Gibson SAW, Cummings JH. 1988. 
Contribution of the microflora to proteolysis in the human 
large intestine. J Appl Bacteriol. 64(1):37–46. https://doi. 
org/10.1111/j.1365-2672.1988.tb02427.x

Macfarlane GT, Cummings JH. 1991. The colonic flora, fer
mentation, and large bowel digestive function. In: Phillips 
SF, Pemberton JH, Shorter RG, editors. The large intestine: 
physiology, pathophysiology and disease. Norris (MT): 
Raven Press. p. 51–92.

Macfarlane GT, Gibson GR, Beatty E, Cummings JH. 1992. 
Estimation of short-chain fatty acid production from pro
tein by human intestinal bacteria based on branched- 
chain fatty acid measurements. FEMS Microbiol 
Ecol. 10(2):81–88. https://doi.org/10.1111/j.1574-6968.1992. 
tb05764.x

Machado GS et al. 2021. Determination of the nutritional 
value of diet containing Bacillus subtilis hydrolyzed feather 

meal in adult dogs. Animals (Basel). 11(12):3553. https:// 
doi.org/10.3390/ani11123553

Minamoto Y et al. 2019. Fecal short-chain fatty acid concen
trations and dysbiosis in dogs with chronic enteropathy. 
J Vet Intern Med. 33(4):1608–1618. https://doi.org/10. 
1111/jvim.15520

Montegiove N et al. 2023. Biogenic amine content 
analysis of three chicken-based dry pet food formulations. 
Animals (Basel). 13(12):1945. https://doi.org/10.3390/ 
ani13121945

Moxham G. 2001. The Waltham feces scoring system - A tool 
for veterinarians and pet owners: how does your pet rate? 
Waltham Focus. 11(2):24–25. https://www.waltham.com/ 
s3media/2020-05/waltham-scoring.pdf

Oteri M et al. 2021. Black soldier fly larvae meal as alterna
tive to fish meal for aquaculture feed. Sustainability. 
13(10):5447. https://doi.org/10.3390/su13105447

Pacheco GFE, Pezzali JG, Kessler ADM, Trevizan L. 2016. 
Inclusion of exogenous enzymes to feathers during proc
essing on the digestible energy content of feather meal 
for adult dogs. R Bras Zootec. 45(6):288–294. https://doi. 
org/10.1590/S1806-92902016000600002

Pan M, Sung C, Pilla R, Suchodolski JS, Summers SC. 2025. 
Effect of wheat dextrin fiber on the fecal microbiome and 
short-chain fatty acid concentrations in dogs: randomized, 
single-blinded, parallel-group clinical trial. Pets. 2(1):3. 
https://doi.org/10.3390/pets2010003

Peydayesh M, Bagnani M, Soon WL, Mezzenga R. 2023. 
Turning food protein waste into sustainable technologies. 
Chem Rev. 123(5):2112–2154. https://doi.org/10.1021/acs. 
chemrev.2c00236

Pfeuti G, Cant JP, Shoveller AK, Bureau DP. 2019. A novel 
enzymatic pre-treatment improves amino acid utilization 
in feather meal fed to rainbow trout (Oncorhynchus 
mykiss). Aquac Res. 50(5):1459–1474. https://doi.org/10. 
1111/are.14021

Pinto CFD et al. 2023. Effects of diets based on hydrolyzed 
chicken liver and different protein concentrations on the 
formation and deamination of biogenic amines and total 
antioxidant capacity of dogs. Animals (Basel). 13(16):2578. 
https://doi.org/10.3390/ani13162578

Preti R, Antonelli ML, Bernacchia R, Vinci G. 2015. Fast deter
mination of biogenic amines in beverages by a core-shell 
particle column. Food Chem. 187:555–562. https://doi.org/ 
10.1016/j.foodchem.2015.04.075

Qi J et al. 2018. Influence of stewing time on the texture, 
ultrastructure and in vitro digestibility of meat from the 
yellow-feathered chicken breed. Anim Sci J. 89(2):474–482. 
https://doi.org/10.1111/asj.12929

European Union. 2009. Regulation (EC) No 767/2009 of the 
European Parliament and of the Council of 13 July 2009 
on the placing on the market and use of feed, amending 
European Parliament and Council Regulation (EC) No 
1831/2003 and repealing council directive 79/373/EEC, 
Commission Directive 80/511/EEC, Council Directives 82/ 
471/EEC, 83/228/EEC, 93/74/EEC, 93/113/EC and 96/25/EC 
and Commission Decision 2004/217/EC. Off J Eur Union L. 
229:1–28. [accessed on 15 July 2025] https://eur-lex.eur
opa.eu/eli/reg/2009/767/oj

European Union. 2009. Regulation (EC) No 1069/2009 of the 
European Parliament and of the Council of 21 October 
2009 laying down health rules as regards animal by- 

ITALIAN JOURNAL OF ANIMAL SCIENCE 2297

https://doi.org/10.3390/ani14121825
https://doi.org/10.1016/j.cmet.2016.10.021
https://doi.org/10.1016/j.cmet.2016.10.021
https://doi.org/10.1186/s40104-017-0153-9
https://doi.org/10.1186/s40104-017-0153-9
https://doi.org/10.1093/jn/128.5.843
https://doi.org/10.1093/jn/128.5.843
https://doi.org/10.1093/jas/skaa043
https://doi.org/10.1093/jas/skaa043
https://doi.org/10.2527/2000.781207x
https://doi.org/10.2527/2000.781207x
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.3390/vetsci5030063
https://doi.org/10.3390/vetsci5030063
https://doi.org/10.1136/gut.44.1.12
https://doi.org/10.1128/jb.186.7.2099-2106.2004
https://doi.org/10.1128/jb.186.7.2099-2106.2004
https://doi.org/10.1111/j.1365-2672.1988.tb02427.x
https://doi.org/10.1111/j.1365-2672.1988.tb02427.x
https://doi.org/10.1111/j.1574-6968.1992.tb05764.x
https://doi.org/10.1111/j.1574-6968.1992.tb05764.x
https://doi.org/10.3390/ani11123553
https://doi.org/10.3390/ani11123553
https://doi.org/10.1111/jvim.15520
https://doi.org/10.1111/jvim.15520
https://doi.org/10.3390/ani13121945
https://doi.org/10.3390/ani13121945
https://www.waltham.com/s3media/2020-05/waltham-scoring.pdf
https://www.waltham.com/s3media/2020-05/waltham-scoring.pdf
https://doi.org/10.3390/su13105447
https://doi.org/10.1590/S1806-92902016000600002
https://doi.org/10.1590/S1806-92902016000600002
https://doi.org/10.3390/pets2010003
https://doi.org/10.1021/acs.chemrev.2c00236
https://doi.org/10.1021/acs.chemrev.2c00236
https://doi.org/10.1111/are.14021
https://doi.org/10.1111/are.14021
https://doi.org/10.3390/ani13162578
https://doi.org/10.1016/j.foodchem.2015.04.075
https://doi.org/10.1016/j.foodchem.2015.04.075
https://doi.org/10.1111/asj.12929
https://eur-lex.europa.eu/eli/reg/2009/767/oj
https://eur-lex.europa.eu/eli/reg/2009/767/oj


products and derived products not intended for human 
consumption and repealing regulation (EC) No 1774/2002 
(animal by-products regulation). Off J Eur Union. L300:1– 
33. [accessed on 15 July 2025] https://eur-lex.europa.eu/ 
legal-content/EN/TXT/PDF/?uri=CELEX:32009R1069

Ruiz-Capillas C, Herrero AM. 2019. Impact of biogenic amines 
on food quality and safety. Foods. 8(2):62. https://doi.org/ 
10.3390/foods8020062

S�anchez-P�erez S et al. 2022. The rate of histamine degrad
ation by diamine oxidase is compromised by other bio
genic amines. Front Nutr. 9:897028. https://doi.org/10. 
3389/fnut.2022.897028

Ssu KW, Brumm MC, Miller PS. 2004. Effect of feather meal 
on barrow performance. J Anim Sci. 82(9):2588–2595. 
https://doi.org/10.2527/2004.8292588x

Vasconcellos RS, Volpato JA, Silva IC. 2024. Bioactive pepti
des extracted from hydrolyzed animal byproducts for 
dogs and cats. Anim Front. 14(3):38–45. https://doi.org/10. 
1093/af/vfae012

Wakshlag JJ, Simpson KW, Struble AM, Dowd SE. 2011. 
Negative fecal characteristics are associated with pH and 
fecal flora alterations during dietary change in dogs. 
Intern J Appl Res Vet Med. 9(3):278–283. https://jarvm. 
com/articles/Vol9Iss3/Wakshlag.pdf

Wu S et al. 2022. Effect of dietary pand processing on gut 
microbiota—A systematic review. Nutrients. 14(3):453. 
https://doi.org/10.3390/nu14030453

Zhang Y, Yang R, Zhao W. 2014. Improving digestibility of 
feather meal by steam flash explosion. J Agric Food 
Chem. 62(13):2745–2751. https://doi.org/10.1021/jf405498k

2298 B. CHIOFALO ET AL.

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R1069
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R1069
https://doi.org/10.3390/foods8020062
https://doi.org/10.3390/foods8020062
https://doi.org/10.3389/fnut.2022.897028
https://doi.org/10.3389/fnut.2022.897028
https://doi.org/10.2527/2004.8292588x
https://doi.org/10.1093/af/vfae012
https://doi.org/10.1093/af/vfae012
https://jarvm.com/articles/Vol9Iss3/Wakshlag.pdf
https://jarvm.com/articles/Vol9Iss3/Wakshlag.pdf
https://doi.org/10.3390/nu14030453
https://doi.org/10.1021/jf405498k

	Effects of dietary inclusion of hydrolysed feather meal on faecal fermentation products in adult female dogs
	Abstract
	Introduction
	Materials and methods
	Animal ethics statement
	Animals
	Experimental diets
	Analysis of dietary components
	Study design
	Breeding facility and faeces collection
	Analyses of faecal fermentation products
	Statistical analysis

	Results
	Dry matter content in faeces and FCS
	Faecal organic acid content
	Faecal biogenic amines

	Discussion
	Conclusions
	Acknowledgements
	Ethical statement
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


