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Neonatal calf diarrhoea is one of the most important health challenges in cattle herds causing substantial
economic losses and antimicrobial use. Due to the raising problem of antimicrobial resistance, effective
alternatives are urgently required, in line with European policies. The aim of this study was to evaluate
the effect of tributyrin supplementation in milk replacer on diarrhoea, performance and metabolic status
in preweaning Holstein calves. Twelve newborn calves, after colostrum administration, were randomly
allotted in two experimental groups for 42 days: control (CTRL) fed milk replacer, tributyrin (TRIB) fed
milk replacer supplemented with 0.3% of liquid tributyrin on milk powder weight. Calves BW was
recorded on a weekly basis from day 7 to day 42, and feed intake was recorded daily to calculate zootech-
nical performance. Faecal consistency was assessed daily through the faecal score (0–3 scale; considering
diarrhoea moderate = 2 and severe = 3). Faecal samples were collected weekly from rectal ampulla for
microbiological analysis by plate counting method evaluating the number of total bacteria, lactic acid
bacteria and coliform bacteria. On day 0 and day 42, individual blood samples were collected from jugular
vein for metabolic profile analysis. Serum samples of day 42 were also evaluated for the antioxidant bar-
rier using a colorimetric test, while glucagon-like peptide 2 and diamine oxidase concentrations were
measured through immunoenzymatic assays. Tributyrin supplementation did not influence the zootech-
nical performance of calves over 42 days of trial. Diarrhoea frequency was significantly lower in TRIB
compared to CTRL group (27.91 and 38.37%; P < 0.01) considering the whole experimental period. In par-
ticular, the major effect was observed for moderate diarrhoea in TRIB group that showed a significantly
reduced frequency compared to CTRL (P < 0.01) thus suggesting a preventive effect of tributyrin. Faecal
total bacterial, lactic acid and coliform bacteria counts did not show differences between groups. Urea
serum concentrations tended to be lower in TRIB compared to CTRL, indicating an efficient utilisation
of dietary protein. Antioxidant barrier and glucagon-like peptide 2 were comparable between CTRL
and TRIB on day 42. Diamine oxidase concentrations were significantly decreased in TRIB compared to
CTRL group after 42 days of trial (P < 0.01), suggesting a higher gut epithelial integrity probably due to
lower diarrhoea frequency and the nourish effect of tributyrin on enterocytes. In conclusion, tributyrin
could be considered as a valuable bioactive feed additive to decrease the neonatal diarrhoea occurrence
and support intestinal integrity in preweaning calves.
� 2023 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Implications crobial resistance prompted all international organisations to
Neonatal calf diarrhoea significantly impacts the farms’ prof-
itability. Antibiotic treatments are used to limit the detrimental
effects of gastrointestinal infections. The global issue of antimi-
limit their use and encouraged the research for sustainable alter-
natives to improve animal health and decrease pathologies inci-
dence. In animal farming, alternatives to antibiotics are defined
as any compound that may decrease the antibiotics use. In this
study, the effect of tributyrin supplementation in milk replacer
was evaluated in preweaning calves. Tributyrin supplementation
at 0.3% significantly decreased the diarrhoea frequency and
improved the intestinal integrity after 42 days. Even if antibiotic
treatments cannot be fully substituted, tributyrin could be
considered an interesting bioactive feed additive to prevent
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diarrhoea and decrease antibiotic treatment in calves during the
preweaning phase.
Introduction

Neonatal calf diarrhoea (NCD) is a well-known and globally dif-
fused disease in dairy farms, which negatively impacts profitability
and animal welfare. NCD can be responsible for 75% of calf mortal-
ity during the preweaning period (Khawaskar et al., 2021). More-
over, NCD is also related to indirect losses due to higher
morbidity, increased needs and costs of treatments and growth
retardation, also with negative effects on further dairy productive
life and productivity (e.g. delayed first calving) (Brunauer et al.,
2021). NCD is a multifactorial disease where infectious agents,
(e.g., Rotavirus, Escherichia coli and Salmonella spp.), animal (age,
immunity, general health status) and environmental-related fac-
tors (colostral consumption, calf housing, hygienic conditions)
can concur to its onset and incidence (Cho and Yoon, 2014;
Windeyer et al., 2014).

To limit the incidence and detrimental effects of NCD, antibi-
otics are needed to treat calves when watery diarrhoea occurs
(Eibl et al., 2021). Antimicrobial resistance is an important multi-
faceted issue on Earth, a transversal concern for several animal
species (Rossi et al., 2021), that requires to be coped with an inte-
grated approach in line with One Health principles. Besides the ban
of antibiotics as growth promoters in animal feeds (European
Parliament Regulation EC 1831/2003), the persistent emergence
of antimicrobial resistance prompted the European Union to intro-
duce more limitations for veterinary drug use (Reg. EU 6/2019;
WHO, 2019; EMA, 2020).

Thus, alternative strategies to reduce the incidence of NCD in
calves are required. Alternatives to antibiotics have been defined
as any compound able to reduce the antibiotic use. In the light of
this, functional nutrition can become a vehicle for bioactive mole-
cules, which can sustain animal health by enhancing the calf’s
immune system, gastrointestinal development and functionality,
thus reducing the risk of pathology development (Grossi et al.,
2021).

Butyrate is a short-chain fatty acid, also produced by bacteria in
the gut, which nourishes enterocytes for their development and
proliferation. In addition, butyrate exerts an antimicrobial effect
against a wide range of Gram+ and Gram-bacterial strains
(Namkung et al., 2011; Kovanda et al., 2019). It has been demon-
strated that dietary supplementation of butyrate salts can increase
growth performance, stimulate gastrointestinal development, and
enhance nutrient digestion in calves (Guilloteau et al., 2009;
Górka et al., 2018; Liu et al., 2021b). However, providing butyrate
salts can be challenging due to their short half-life in blood plasma
and unpleasant smell that may affect the feed palatability.

Tributyrin(butanoic acid 1,2,3-propanetriyl ester) is a flavour-
ing feed additive composed of three butyric acid molecules, that
can be used as an alternative to overcome these challenges. In this
form, it has more favourable pharmacokinetics properties and does
not have the butyrate-distinctive odour.

Tributyrin dietary supplementation has been reported to
enhance growth performance, intestinal morphology, digestive
and barrier function in weaned piglets (Hou et al., 2014; Dong
et al., 2016; Sotira et al., 2020). A recent study showed that tribu-
tyrin supplementation may shift the gut microbiota population in
weaned piglets by increasing beta diversity and relative abundance
of Desulfovibrio spp., Mucipirillum spp., Butyrivibio spp. and Oscil-
lobacter spp. (Miragoli et al., 2021).

The effect of tributyrin supplementation in calves has been
investigated by a limited number of studies with contrasting find-
ings. Tributyrin is mainly released in the gut, possibly preventing
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NCD and improving digestion efficiency in preweaned calves fed
milk replacers. Increased animal performance has been observed
with tributyrin supplementation in milk replacer in preweaning
calves (Liu et al., 2022). On the contrary, Araujo et al. (2015) and
Inabu et al. (2019) reported a reduction of zootechnical perfor-
mance by supplementing tributyrin in calves.

However, the effect of tributyrin supplementation on diarrhoea
prevention has not been investigated yet. The aim of this study was
to assess the tributyrin supplementation in milk replacer as feed
additive on diarrhoea occurrence, performance and metabolic sta-
tus in preweaning Holstein calves.
Material and methods

Animal housing and experimental design

The experimental trial was approved by the Animal Welfare
Organisation of University of Milan (OPBA authorisation n�
79/2020) and performed in accordance with European regulations.

Within 4 hours from birth, twelve Holstein calves were fed with
4 L of high-quality colostrum by bottle feeding with two portions
and housed in individual straw-bedded pens with free access to
water under homogeneous environmental conditions for 42 days.
After 24 hours, animals were allotted in two groups, balanced
per weight and sex: control group (CTRL) fed milk replacer (com-
plementary feed) composed by: skimmed milk, milk whey powder,
palm oil, coconut oil, sunflower oil, milk whey lactose and mineral-
free, serum whey powder without lactose, wheat flour gelatinised,
dextrose (Lattover, Veronesi Verona S.p.A., Verona, Italy), and
tributyrin group (TRIB) fed milk replacer supplemented with 0.3%
of liquid tributyrin (feed additive approved by the Reg. EC
1831/2003, code 2b09211; New Feed Team Srl, Lodi, Italy) on milk
replacer powder. Dietary treatments were provided after colos-
trum assumption, animals fed twice per day increasing the amount
of milk replacer, following routine farm practices (Table 1). Calves
were fed twice per day starting from 4 L of reconstituted milk
replacer (100 g of powder/L of water according to labelling infor-
mation) and progressively increasing the amount of milk replacer
following the animals’ growth curve (Amaral-Phillips et al.,
2006). Calves with clinical signs of severe diarrhoea (faecal
score = 2) were re-hydrated with a commercial product formulated
with protopectins, algae and yeasts for supporting intestinal health
during gastrointestinal disorders (Omindiar�; MSD Animal Health
S.r.l., Segrate, Milan, Italy).
Zootechnical performance, diarrhoea frequency and sample collection

Calves BW was individually recorded weekly from day 7 to day
42. The average daily gain (ADG) was calculated by dividing the
weekly weight gain for the time period. Consumed milk was regis-
tered daily for the calculation of average daily feed intake (ADFI).
The feed conversion ratio (FCR) was evaluated by dividing the
ADG and ADFI on a weekly basis. Faecal consistency was scored
on a daily basis for each animal using a four-point scale (0 = dry;
1 = normal; 2 = runny, considered moderate diarrhoea; 3 = watery,
considered severe diarrhoea) defining a score > 1 indicative of diar-
rhoea (Santos et al., 2015; Gomez et al., 2017). The frequency of
diarrhoea was evaluated as the percentage of observations of ani-
mals with clinical signs of diarrhoea divided by the total observa-
tion performed over the considered period (Diarrhoea
frequency = n� of faeces with score 2 and/or 3 divided by the total
number of observations for the considered period). Faecal samples
were collected from rectal ampulla weekly for microbiological
analysis.



Table 1
Nutritional composition of milk replacer in the Holstein calf trial.

Analyte Composition (% as fed)1

CP 23.00
EE 18.00
CF 0.10
Ashes 7.50
Lys 2.10
Ca 1.00
P 0.70
Na 0.50

Milk replacer (Lattover, Veronesi Verona S.p.A., Verona, Italy) composition: skim-
med milk, milk whey powder, palm oil, coconut oil, sunflower oil, lactose and
mineral-free milk whey, lactose-free serum whey powder, gelatinised wheat flour,
dextrose. The milk was prepared using 100 g of product for 1 L of water.
Additives per Kg: Vitamins, pro-vitamins and substances with similar effect = Vita-
min A 20 000 IU, Vitamin D3 4 000 IU, Vitamin E 100 mg, Vitamin C 150 mg,
Vitamin B1 6 mg, Vitamin B2 12 mg, Vitamin B6 6 mg, Vitamin B12 80 mg, Niacin
30 mg, Calcium D-pantothenate 25 mg, Vitamin K3 4 mg, Betain hydrochloride
250 mg; Trace elements = Iron 75 mg, Copper 6 mg, Zinc 85 mg, Iodine 1 mg,
Manganese 30 mg, Selenium 0.3 mg. Abbreviations: EE = ether extract; CF = crude
fibre; Lys = lysine; Ca = calcium; P = phosphorous; Na = sodium.

1 Percentages of nutrients declared by the producer (Veronesi Verona S.p.A.,
Verona, Italy).

Table 2
Analysed nutrient composition of milk replacer in the Holstein calves trial.

Analyte Composition (% as fed)

DM 98.45 ± 0.05
CP 21.16 ± 0.72
EE 17.52 ± 1.33
Ashes 6.61 ± 0.07

Data are presented as means ± SD.
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On day 0 and day 42, blood samples were collected from jugular
vein using vacuum tubes without anticoagulants for serum
metabolites profile, antioxidant barrier, and immunoenzymatic
analyses.

Nutrient composition of the milk replacer

The milk replacer used in this study was analysed in triplicate in
terms of principal nutrients (AOAC, 2019): DM, CP, ether extract
(EE), ash content. DM was obtained by drying milk powder in a
forced air oven at 65 �C for 24 h (AOAC method 930.15). CP was
determined by the Kjeldahl method (AOAC method 2001.11). EE
was determined after acid hydrolysis (3 N HCl) using ether extrac-
tion with a Soxtec system (AOAC method 2003.05). Ash content
was obtained by incinerating samples in a muffle furnace at
550 �C (AOAC method 942.05). Each determination was performed
in triplicate.

Microbiological analysis of faecal samples

The faecal samples were analysed by plate counting method
using three different culture media: Plate Count Agar (PCA) for
total bacteria, De Man, Rogosa and Sharpe Agar (MRS) for lactic
acid bacteria and Violet Red Bile Lactose Agar for coliform bacteria.
Briefly, 1 g of each faecal sample was diluted in 9 mL of sterile 0.9%
NaCl and centrifuged (3 000 rpm for 10 min) to collect the super-
natant. Samples were serially diluted, and bacteria were enumer-
ated by plate counting after 24 h of semi-anaerobic incubation at
37 �C using the overlay method for MRS and VRBA, and the
inclusion method for PCA (Dell’Anno et al., 2021). The lactic
acid:coliform bacteria ratio was calculated based on plate counting
results which were expressed as log10 of colony-forming units per
gram of dried faeces (log10CFU/g). Each sample was analysed in
triplicate.

Metabolic profile, antioxidant barrier and immunoenzymatic
evaluation of blood samples

Blood serumwas obtained by centrifugation at 3 000 rpm for 15
minutes from blood samples collected at 0 and 42 days. Serum was
analysed to determine the enzymatic activity or concentration of
alanine aminotransferase (ALT-GPT; IU/L), albumin (g/L), albu-
min/globulin (A/G ratio), creatinine (lmol/L), globulin (g/L), glu-
3

cose (mmol/L), high-density lipoprotein (HDL; mmol/L), low-
density lipoprotein (LDL; mmol/L), magnesium (mmol/L), phos-
phorus (mmol/L), total bilirubin (lmol/L), total cholesterol
(mmol/L), total protein (g/L), triglycerides (mmol/L), and urea
(mmol/L) using a multiparametric autoanalyzer for clinical chem-
istry (ILab 650; Instrumentation Laboratory Company, Lexington,
MA, USA) according to Dell’Anno et al. (2021).

Serum samples of day 42 were analysed in triplicate through
the Oxy-Adsorbent test (Diacron, Grosseto, Italy) to determine
the serum antioxidant barrier according to the manufacturer’s
instruction. Endpoint absorbances were measured after 10 minutes
of incubation at 37 �C using a UV–Vis spectrophotometer (V630
UV–Vis, Jasco GmBH, Pfungstadt, Germany) at 546 nm.

Serum Glucagon-Like Peptide 2 (GLP-2) and Diamine Oxidase
(DAO) concentrations were also quantified in duplicate in serum
samples of 42 days by using enzyme-linked immunosorbent assay
kits specific for bovine samples according to the manufacturer’s
instructions (Bioassay Technology Laboratory, Shanghai, China).
Absorbances were measured with a microplate reader at 450 nm
(Bio-Rad 680 microplate reader, Bio-Rad Laboratories, Inc., Her-
cules, CA, USA), and concentrations were calculated according to
the respective standard curves.

Statistical analysis

Obtained data were tested for normal distribution with the
Shapiro-Wilk test evaluating the Q-Q plots using JMP Pro 15�

(SAS Inst. Inc., Cary, NC, USA). Results of zootechnical performance
and plate counting were analysed using a linear model including
the fixed effect of treatment (Trt), time (Time), the interaction
between treatment and time (Trt � Time), while each animal
was included as random factor. Frequencies of faecal score were
converted into a dichotomous variable (normal/pathological) con-
sidering diarrhoea for a registered faecal score > 1, moderate diar-
rhoea frequency was calculated for each faecal score = 2 and severe
for a faecal score = 3. The observed frequencies were assessed using
the chi-squared test, allowing to evaluate if differences between
observed and expected frequencies were caused by treatments or
only by casualty. Serummetabolites data were evaluated after per-
forming the ANCOVA to adjust the initial variability of serum sam-
ples. GLP-2, DAO and Oxy-Adsorbent values of 42 days were
analysed using the Student’s t-test for unpaired groups. Pairwise
comparisons were evaluated by using Tukey’s Honestly Significant
Difference test (Tukey’s HSD). Results were presented as least
squares means ± SE. Means or frequencies were considered statis-
tically different when P � 0.05.

Results

Nutrient composition of the milk replacer, zootechnical performance,
and diarrhoea occurrence

Milk replacer composition analysis showed results in line with
product labelling (Table 2). Calves showed no differences in
zootechnical performance over the 42 days of trial (Table 3). From



Table 4
Diarrhoea frequency divided per diarrhoea occurrence (faecal score > 1), moderate
(faecal score = 2) and severe (faecal score = 3) of calves in the control (CTRL) and
tributyrin (TRIB) groups registered during the 42 days of trial.

Item CTRL TRIB P-value

Frequency of diarrhoea
d 0–7 34.52% 36.90% 0.6289
d 7–14 29.76% 28.57% 0.8248
d 14–21 14.29%a 5.95%b 0.0543
d 21–28 8.33% 2.38% 0.0703
d 28–35 13.10%a 2.38%b 0.0047
d 35–42 15.63% 8.33% 0.0921

Moderate diarrhoea
d 0–7 21.43% 15.48% 0.2575
d 7–14 25.00% 19.05% 0.2712
d 14–21 13.10% 5.95% 0.0922
d 21–28 8.33% 2.38% 0.0703
d 28–35 5.95% 2.38% 0.2293
d 35–42 8.33% 6.25% 0.5625

Severe diarrhoea
d 0–7 13.10% 21.43% 0.1069
d 7–14 4.76% 9.52% 0.2085
d 14–21 1.19% 0.00% 0.2370
d 21–28 0.00% 0.00% –
d 28–35 7.14%a 0.00%b 0.0030
d 35–42 7.29% 2.08% 0.0723

a,b Different lowercase letters indicate statistically significant differences between
groups. Animals in the control group (CTRL) fed milk replacer; treatment group fed
milk replacer supplemented with 0.3% of liquid tributyrin (TRIB) (ACIFIS� Tri-B,
New Feed Team, Lodi, Italy).
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7 to 42 days, the BW, ADG and ADFI progressively increased with-
out highlighting significant differences between experimental
groups.

The diarrhoea occurrence showed a significantly higher diar-
rhoea frequency in CTRL group compared to TRIB group over the
42 days of experimental trial (38.37% for CTRL and 27.91% for TRIB
group; P < 0.01). In particular, CTRL showed a higher frequency of
diarrhoea during the period from 14 to 21 and 28 to 35 days com-
pared to TRIB group (P < 0.01; Table 4). Specifically, the frequency
of moderate diarrhoea cases was significantly lower in TRIB com-
pared to CTRL group over 42 days of trial, according to the faecal
consistency score (P < 0.01; Fig. 1). The frequency of severe diar-
rhoea showed a significant decrease in TRIB compared to CTRL only
for the period from 28 to 35 days (7.14 and 0.00%, P < 0.01).

Faecal bacteria plate counting

Plate counting of faecal samples did not show significant differ-
ences for coliform bacteria and lactic acid:coliform bacteria ratio
(Table 5). Even if a significant effect of the interaction
(Trt � Time) was registered for the total bacterial count and lactic
acid bacteria, pairwise comparisons did not highlight any statisti-
cally significant difference. The total bacterial count of CTRL group
tended to be increased at 7 days of trial compared to TRIB group
(P = 0.088).

Serum metabolic profile, antioxidant barrier level, glucagon-like
peptide 2 and diamine oxidase concentrations

Serum metabolic profile displayed no significant differences
between CTRL and TRIB groups for all the considered parameters
(Table 6). Only, the urea level in TRIB group tended to be lower
compared to CTRL at 42 days of trial (P = 0.058).

The serum antioxidant barrier, evaluated through Oxy-
Adsorbent test, did not show significant differences between CTRL
Table 3
Zootechnical performance in the experimental Holstein calves trial (from day 7 to 42) for

Item CTRL TRIB

BW, kg
Birth weight 38.73 ± 2.61 38.12 ± 2.61
d 7 37.57 ± 2.59 36.47 ± 2.59
d 14 38.87 ± 2.59 38.42 ± 2.59
d 21 42.02 ± 2.59 40.53 ± 2.59
d 28 45.03 ± 2.59 44.18 ± 2.59
d 35 48.88 ± 2.59 47.93 ± 2.59
d 42 52.48 ± 2.59 51.78 ± 2.59

ADFI, g/day
d 7–14 485.71 ± 24.99 492.86 ± 24.99
d 14–21 529.76 ± 24.99 557.14 ± 24.99
d 21–28 580.95 ± 24.99 585.72 ± 24.99
d 28–35 639.29 ± 24.99 661.90 ± 24.99
d 35–42 440.48 ± 24.99 440.48 ± 24.99

ADG, g/day
d 7–14 346.26 ± 95.60 464.08 ± 95.56
d 14–21 450.00 ± 76.84 422.77 ± 84.83
d 21–28 430.95 ± 76.84 521.43 ± 76.84
d 28–35 550.00 ± 76.84 535.72 ± 76.84
d 35–42 514.29 ± 76.84 550.00 ± 76.84

FCR, g/g
d 7–14 1.07 ± 0.46 1.06 ± 0.51
d 14–21 1.15 ± 0.46 0.98 ± 0.46
d 21–28 1.04 ± 0.46 2.17 ± 0.46
d 28–35 1.50 ± 0.46 1.11 ± 0.46
d 35–42 1.64 ± 0.46 1.27 ± 0.46

Data are presented as least squares means ± SE. Animals in the control group (CTRL) fed
tributyrin (TRIB) (ACIFIS� Tri-B, New Feed Team, Lodi, Italy). Abbreviations: ADFI = avera
conversion ratio.
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and TRIB group after 42 days (191.10 ± 8.66 lmol HClO/mL and
211.22 ± 8.66 lmol HClO/mL, respectively). Glucagon-like peptide
2 did not reveal statistical differences between experimental
groups on day 42 of trial (97.25 ± 3.36 ng/L for CTRL and 100.12 ±
3.36 ng/L for TRIB group). Diamine oxidase hematic values were
significantly lower in TRIB compared to CTRL group after 42 days
(Fig. 2; P < 0.01).
the control (CTRL) and treatment (TRIB) groups.

P-values

Trt Time Trt � Time

0.8018 <0.0001 0.9690

0.6534 <0.0001 0.9295

0.4496 0.4162 0.8868

0.9018 0.7193 0.4531

milk replacer; treatment group fed milk replacer supplemented with 0.3% of liquid
ge daily feed intake of milk replacer powder; ADG = average daily gain; FCR = feed



Fig. 1. Frequency of moderate and severe diarrhoea cases registered on total
observations during the 42 days of trial for control (CTRL) and tributyrin (TRIB)
group. Frequencies are presented as the percentage of observation of animals with
clinical signs of diarrhoea on total observation performed over 42 days. Moderate
diarrhoea was defined as faecal score = 2 and severe diarrhoea was defined as faecal
score = 3. a,b Different lowercase letters indicate statistically significant differences
between groups (P < 0.01). The trial of the following study was conducted on
Holstein calves (Bos taurus). Animals in the control group (CTRL) fed milk replacer;
treatment group fed milk replacer supplemented with 0.3% of tributyrin (TRIB)
(ACIFIS� Tri-B, New Feed Team, Lodi, Italy).

Table 5
Microbiological evaluation by plate courting of faecal samples of the control (CTRL) and t

Counted bacteria CTRL TRIB

Total bacterial count
(log10CFU/g of dried faeces)
d 0 8.65 7.85
d 7 8.63* 7.48*
d 14 7.43 7.90
d 21 7.12 7.38
d 28 7.09 7.29
d 35 7.37 6.85
d 42 7.24 6.93

Lactic acid bacteria
(log10CFU/g of dried faeces)
d 0 8.22 7.36
d 7 8.02 7.55
d 14 7.28 7.61
d 21 7.01 7.15
d 28 6.63 7.09
d 35 7.16 6.40
d 42 6.18 7.07

Coliform bacteria
(log10CFU/g of dried faeces)
d 0 6.51 6.67
d 7 7.02 6.28
d 14 5.94 6.48
d 21 4.84 5.60
d 28 5.65 5.57
d 35 5.74 5.59
d 42 5.34 5.21

Lactic acid:coliform bacteria ratio
(log10CFU/log10 CFU)
d 0 1.29 1.14
d 7 1.16 1.26
d 14 1.24 1.21
d 21 1.47 1.31
d 28 1.18 1.27
d 35 1.25 1.16
d 42 1.36 1.21

Data are presented as least squares means ± SE. Animals in the control group (CTRL)
tributyrin (TRIB) (ACIFIS� Tri-B, New Feed Team, Lodi, Italy). Abbreviations: CFU = colon

* Asterisks indicate statistical tendency (P < 0.09).
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Discussion

The present study investigated the tributyrin supplementation
in milk replacer on zootechnical performance, diarrhoea occur-
rence, metabolic, antioxidant and intestinal barrier status in
preweaning calves.

The inclusion of tributyrin in milk replacer in preweaned calves
did not affect the growth performance over 42 days of trial.
Accordingly, Inabu et al. (2019) registered no positive effect of
tributyrin supplementation in milk replacer on animal growth in
preweaning calves. Moreover, Frieten et al. (2017) observed that
butyrate sodium salt supplementation in milk replacer did not dis-
play a positive effect on ADG in preweaned calves. Newborn calves
showed an initial decrease in BW during the first week after birth
in both experimental groups. This could be ascribed to the high
occurrence of diarrhoea registered from 0 to 7 days after birth
(48.33% in CTRL and 36.90% in TRIB of total observations), which
exert a well-known negative effect on growth performance
(Karamzadeh-Dehaghani et al., 2021). After the first week, calves’
growth increased progressively in both groups after 7 days without
showing statistical differences. Recent recommendations for
calves’ nutrition suggest the higher quantity of milk as well as
the higher density of milk replacer in comparison with the nutri-
tional scheme adopted in the following protocol. This aspect could
have influenced the growth rate, even if it is important to mention
that from 0 to 14 days after birth, the highest diarrhoea occurrence
was registered, and the presence of gastrointestinal disorders
could have affected the weight gain.
ributyrin (TRIB) groups over 42 days of Holstein calves trial.

P-values

SE Trt Time Trt � Time

0.1069 <0.0001 0.0119

0.25
0.25
0.25
0.25
0.25
0.25
0.25

0.2364 <0.0001 0.0049

0.26
0.26
0.26
0.26
0.26
0.26
0.26

0.8515 <0.0001 0.4058

0.37
0.37
0.37
0.37
0.37
0.37
0.37

0.5209 0.1756 0.3687

0.09
0.09
0.09
0.09
0.09
0.09
0.09

fed milk replacer; treatment group fed milk replacer supplemented with 0.3% of
y-forming unit.



Table 6
Serum metabolites concentration at 42 days of Holstein calf trial in the control (CTRL) and tributyrin (TRIB) groups.

Serum Metabolite CTRL TRIB SE P-value

Total protein content, g/L 52.55 54.55 1.48 0.3689
Albumin, g/L 30.14 30.19 0.58 0.9568
Globulin, g/L 22.75 23.98 1.27 0.5204
Albumin/Globulin, g/L 1.38 1.33 0.07 0.6493
Urea, mmol/L 2.39* 1.94* 0.14 0.0581
Nonesterified fatty acids (NEFAs), mmol/L 0.26 0.35 0.03 0.1388
Glucose, mmol/L 5.14 5.11 0.37 0.9534
Total cholesterol, mmol/L 3.71 3.86 0.32 0.7497
Triglyceride, mmol/L 0.26 0.31 0.06 0.5526
Aspartate aminotransferase (AST), IU/L 52.28 52.89 2.42 0.8625
Gamma-glutamyl transferase, IU/L 38.75 25.91 10.45 0.4304
Total bilirubin, lmol/L 3.34 2.93 0.47 0.5668
Creatine kinase (CK), IU/L 173.44 139.56 24.90 0.3611
Calcium, mmol/L 2.50 2.57 0.04 0.1886
Phosphorus, mmol/L 2.48 2.52 0.08 0.7664
Magnesium, mmol/L 0.81 0.80 0.03 0.8955
Beta-hydroxybutyrate, mmol/L 0.03 0.02 0.01 0.6103
High-density lipoprotein (HDL), mmol/L 1.80 1.86 0.12 0.7214
Low-density lipoprotein (LDL), mmol/L 1.86 1.93 0.21 0.8235

Data are presented as least squares means ± SE. Animals in the control group (CTRL) fed milk replacer; treatment group fed milk replacer supplemented with 0.3% of liquid
tributyrin (TRIB) (ACIFIS� Tri-B, New Feed Team, Lodi, Italy).

* Asterisks indicate statistical tendency (P < 0.09).

Fig. 2. Diamine oxidase serum levels measured at 42 days of trial for control
(CTRL) and tributyrin group (TRIB). Data are expressed as least squares means ± SE.
a,b Different lowercase letters indicate statistically significant differences between
groups (P < 0.01). The trial of the following study was conducted on Holstein calves
(Bos taurus). Animals in the control group (CTRL) fed milk replacer; treatment group
fed milk replacer supplemented with 0.3% of tributyrin (TRIB) (ACIFIS� Tri-B, New
Feed Team, Lodi, Italy).
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The incidence of diarrhoea was significantly lower in TRIB
group over 42 days of trial. In particular, CTRL group registered
an increased frequency of diarrhoea during the period from 14 to
21 days and 28 to 35 days after birth. The inclusion of functional
feed additives with extra-nutritional characteristics has been
reported to positively impact animal health and prevent or
decrease gastrointestinal disorder occurrence (Gong et al., 2021;
Xie et al., 2021). Short-chain fatty acids are widely used as feed
additives due to their antibacterial properties (Neath et al.,
2022). Among them, butyrate plays a key role in the maintenance
of intestinal health and homeostasis. In particular, it has a histone
deacetylase inhibitory activity that impacts gene expression by
modulating chromatin structures. Several studies demonstrated
that butyrate can stimulate the epigenetic regulation for anti-
inflammatory and anti-carcinogenic effects (Guilloteau et al.,
2010; Berni Canani et al., 2012; Du et al., 2021). In addition, buty-
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rate can modulate the immune response by influencing the meta-
bolism of different cell types such as macrophages (Zhou et al.,
2014; Du et al., 2021). The level of 0.3% of tributyrin concentration
was selected based on the authorised dose of supplementation in
the European Union (European Parliament Regulation EC
1831/2003) and due to the encouraging results observed in previ-
ous studies on growth performance, diarrhoea frequency and gut
health in preweaning calves (Araujo et al., 2015; Inabu et al.,
2019; Liu et al., 2021a). The tributyrin supplementation decreased
the moderate diarrhoea occurrence over 42 days of trial, thus sug-
gesting a modulation of intestinal homeostasis through its known
effects for microbiota modulation in other species (Miragoli et al.,
2021), antimicrobial activity (Hansen et al., 2021) and trophic
effect on enterocytes (Leonel et al., 2013). Tributyrin supplementa-
tion did not affect the severe diarrhoea cases for more than 80% of
the considered period, showing a reduced severe diarrhoea fre-
quency from 28 to 35 days in TRIB compared to CTRL. Obtained
findings suggest the limited ability of tributyrin in controlling
infections probably suggesting that feed additives with extra-
nutritional characteristics cannot fully substitute the therapeutic
use of antibiotics in severe cases.

Principal faecal microbial classes revealed no difference in the
present trial, suggesting that tributyrin supplementation did not
alter the number of total, coliform and lactic acid bacteria. Total
bacterial count showed a tendency to decrease in TRIB group on
day 7, probably influenced by the initial numerical difference
found on day 0 between faecal samples of experimental groups
without showing a strong statistical significance.

Nevertheless, the blood metabolic profile showed a tendency to
decrease the urea concentration in TRIB compared to CTRL group
after 42 days. Urea is a final product of liver synthesis from protein
metabolism, and its concentration can be considered as the index
of protein balance and feed efficiency (Waguespack et al., 2011).
In general, an increased urea level is considered indicative of scarce
nitrogen utilisation, and poor protein digestibility (Terré et al.,
2021). Besides influencing the intestinal development, butyrate
supplemented through the milk replacer can also improve pancre-
atic functionality, with greater enzyme secretions and thus a more
efficient use of feed nutrients, especially amino acids (Hill et al.,
2007; Górka et al., 2018). Accordingly, Hill et al. (2007) reported
a lower level of urea in preweaned calves supplemented with buty-
rate. In addition, Sotira et al. (2020) observed a decreased serum
urea concentration in pigs by dietary supplementation of tributyrin
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for 40 days, suggesting a more efficient protein utilisation. It is
known that the feed intake affects the blood urea nitrogen concen-
tration, and a reduced energy availability due to low DM intake
leads to the mobilisation of protein stores thus increasing the
blood urea concentration (Crawford et al., 2022). Considering the
growth rate observed in this study and the milk consumption dur-
ing the first period, even if serum urea showed only a tendency to
increase, this aspect could have contributed to the registered
increase in blood urea in CTRL group.

Serum GLP-2 and Oxy-Adsorbent test data revealed no differ-
ences between experimental groups after 42 days of trial. GLP-2
is a 33 amino acids peptide produced from intestinal L cells after
feed ingestion, that plays an important role in the gut morphology
and functionality (Khan et al., 2017; Hatew et al., 2019) and its
blood level can be a useful indicator of intestinal development
(Mutanen and Pakarinen, 2017; Pyo et al., 2020). Oxy-Adsorbent
test measures the blood antioxidant barrier as the capacity of
serum samples to counter the oxidative stress induced by HClO.
These results suggest that tributyrin supplementation did not
impair the intestinal morphology and serum antioxidant barrier,
suggesting also the possible good health status of animals at the
end of the trial.

DAO concentration in blood serum was significantly lower in
TRIB group after 42 days of tributyrin supplementation compared
to CTRL group. DAO is an anti-histamine enzyme produced by
enterocytes and secreted into the lumen during the digestion pro-
cess (Fukuda et al., 2019). Serum DAO concentration can be consid-
ered an indirect biomarker of mucosal integrity (Li et al., 2018).
Indeed, higher DAO concentration in blood flow was reported by
other authors as associated with mucosal damage (Cai et al.,
2019; Ren et al., 2022; Zhang et al., 2022). Cresci et al. (2017)
demonstrated the positive impact of tributyrin supplementation
to reduce ethanol-induced damage supporting intestinal barrier
healing from injury. Specifically, the inclusion of butyrate in milk
replacer showed to modulate the gut microbiota, increase mitosis
and decrease apoptotic index in the duodenum and jejunum
resulting in both a thicker tunica mucosa and longer intestinal villi
(Guilloteau et al., 2009; Górka et al., 2018; O’Hara et al., 2018). The
observed decreased concentration of DAO could be ascribed to the
positive effect of butyrate on gut epithelium integrity, meant as
reduced index of microscopic lesions and histological modification
of the intestinal barrier (Liu et al., 2012; Fukudome et al., 2014),
resulting in a lower diarrhoea occurrence in TRIB group.
Conclusions

Dietary supplementation of 0.3% of tributyrin in milk replacer to
Holstein calves for 42 days during the preweaning period resulted
in a lower diarrhoea occurrence by reducing the frequency of mod-
erate episodes. Tributyrin tended to lower urea serum concentra-
tion, indicating a more efficient protein utilisation, and
significantly lowered the diamine oxidase concentration in blood
serum, suggesting a higher gut epithelial integrity of supplemented
group compared to control after 42 days.

This study demonstrated the potential use of tributyrin as a
bioactive feed additive to prevent neonatal calf’s diarrhoea and
probably supporting the intestinal integrity. More studies will be
required to investigate the effect of tributyrin supplementation
on gut microbiota in preweaning calves.
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