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PAPER

Evaluation of oral administration of chestnut tannins in preventing
calf diarrhoea

Francesca Bonellia,b , Luca Turinia,b,c , Aurora Paganellia, Giuseppe Conteb,d , Valentina Meuccia ,
Micaela Sgorbinia,b , Arianna Buccionie and Marcello Meleb,d

aDipartimento di Scienze Veterinarie, University of Pisa, Pisa, Italy; bCentro di Ricerche Agro-Ambientali “E. Avanzi”, University of Pisa,
Pisa, Italy; cIstituto Zooprofilattico Sperimentale del Lazio e della Toscana ‘M. Aleandri’, Rome, Italy; dDipartimento di Scienze Agrarie,
Alimentari e Agro-ambientali, University of Pisa, Pisa, Italy; eDepartment of Agriculture, Food, Environment and Forestry, University of
Florence, Florence, Italy

ABSTRACT
We evaluated the preventive effects of the oral administration of chestnut tannins (Castanea sat-
iva) together with its potential metabolic effect on calf diarrhoea. Forty Italian Friesian female
calves were included and divided into Group C (control group) and Group T (tannin-treated
group). From the third day of life (T0) for the following 56days (T56), calves from Group C
received 2 L of warm water, while 10 g of chestnut tannin powder extract were added to Group
T. Calves were weighed at birth and at T56. Daily faecal score evaluation was performed accord-
ing to the literature. The age at diarrhoea onset (TDE) and the duration of the diarrhoeic epi-
sode were recorded. Blood methaemoglobin and liver enzymes were evaluated weekly starting
from T0 to T56 by spectrophotometer and clinical chemistry analysis, respectively. The t-Student
and chi-square tests were performed. The TDE was higher (p¼ .04) in Group T than in Group C
(12.0 ± 8.2 and 7.7±3.8 days, respectively). There were no differences for ADG between the
groups. Group C spent 24.4% of the whole period with diarrhoea, whereas Group T experienced
diarrhoea for 18.9% of the period (p¼ .001). All the blood and serum analytes were within
physiological values. The administration of tannins in calves from the third day of life seemed to
delay the onset of diarrhoea by almost four days, suggesting effective preventive action of
chestnut tannins.

HIGHLIGHTS

� The oral administration of chestnut tannins in calves seemed to delay the onset of diarrhoea
by almost four days, thus showing a preventive effect.

� The oral administration of chestnut tannins may lead to a better and shorter recovery of the
calf, thus decreasing the use of antibiotics.
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Introduction

Calf diarrhoea is generally caused by infectious agents,
leading to substantial economic losses throughout the
world due to treatment costs, decreased growth rates,
and a higher replacement rate due to culling or death.
Rotavirus, Coronavirus, Cryptosporidium parvum and
Escherichia coli are the most common pathogens
involved in neonatal diarrhoea, especially in animals
less than one month old (Cho and Yoon 2014; Izzo
et al. 2015).

Interest in natural products has been growing due
to the need to reduce the use of antibiotic molecules

in large animal species and in pets (Weese 2015).
Alternative approaches to prevent and control animal
diseases could reduce the wide use of antimicrobials
and could improve the health, productivity and wel-
fare of the animals. Several formulations of polyphe-
nols with bacteriostatic, anti-clostridial and astringent
functions have been evaluated in livestock (Laudato
and Capasso 2013; Tosi et al. 2013; Mosele et al. 2015;
Brenes et al. 2016). In terms of gastro-intestinal prob-
lems such as diarrhoea, gastric ulcers and gastric
lesions, several phytotherapic products have been
tested in rats, piglets, horses, and calves (Weyl-
Feinstein et al. 2014; Bonelli et al. 2016, 2018).
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Tannins are a complex group of polyphenolic com-
pounds which are produced by several plants as sec-
ondary metabolites in response to stress (Frutos et al.
2004). Despite some authors showing that tannins
decrease the rate of protein degradation in the rumen,
many studies have found that this negative effect
varies significantly according to the chemical structure
of the tannin and to the amount included in the diet
(Buccioni et al. 2015a, 2015b; Saminathan et al. 2019).
One controlled clinical trial reported that dietary
chestnut extract administered as 0.02% of body mass
had a toxic effect on liver function in newborn calves
(Wieland et al. 2015). However, feeding tannins in a
low to moderate concentration appears to improve
the average daily gain (ADG) and the health of the
gastrointestinal tract in calves of up to two months
old (Liepa et al. 2018; Soleiman and Kheiri 2018), and
had no negative effect on liver function (Liepa
et al. 2018).

In a previous study we showed that feeding calves
affected by neonatal diarrhoea with 10 g of chestnut
tannins per day (nearly 0.025% of body mass at birth)
had astringent and anti-inflammatory effects on the
gastro-enteric tract (Bonelli et al. 2018). The evaluation
of tannins in preventing diarrhoea, and not only in
shortening its duration, could therefore be interesting.
The aim of the present study was thus to evaluate the
preventive effect of the oral administration of chestnut
tannins and its potential metabolic effect on
calf diarrhoea.

Materials and methods

Animals

The present in vivo blinded study was approved by
the Institutional Animal Care and Use Committee
(OPBA, Pisa, prot. n. 33479/2016) and was carried out
at the University of Pisa’s experimental dairy farm
(Centro di Ricerche Agro-Ambientali E. Avanzi).

All the calves underwent the same management
condition. Briefly, immediately after birth the calves
were identified, weighed (birth weight – BW) (ID 3000,
Tru-Test Limited, USA) and housed in a single straw-
bedding pen (2.5� 2m) according to the current regu-
lations regarding the welfare of calves (2008/11/CE).
Two litres of good quality colostrum (�50 g/L of Ig)
evaluated with an optical Brix refractometer (Atago
brix N1, Japan) milked from the calves’ dam, or from
the colostrum bank, were administered as soon as the
calf could drink (30min � 2 h). Another 2 L were
administered within the next 4–8 h in order for a suc-
cessful transfer of passive immunity (Godden 2008).

All the calves received a total of 2 L of colostrum,
twice a day, until the third day of life. After this they
received 3 L of whole milk at 39 �C, twice a day until
the third week of life. All the feeding procedures were
conducted by an expert operator and using a nipple
bucket. Even when there were cases of diarrhoea, no
feeding restrictions or changes in feeding regime
occurred. From the third day of life, fresh and clean
water was provided to each calf ad libitum. Free
choice-hay was administered after the first week of
life. The calves were moved into a collective pen after
the third week of life.

Inclusion criteria

A total of 46 calves were enrolled in the study. The
inclusion criteria were female calves born during the
period of the study (July 2016–July 2018) that showed
a successful transfer of passive immunity 24 hours
after birth (assessed by serum total protein measure).
We included only female calves because males were
sold before the 30th day period after birth. Female
calves were excluded from the study if the passive
transfer of immunity was inadequate, if they showed
diarrhoea before the third day of life, or if they were
affected by a disease other than diarrhoea during their
first two months of age.

Blood samples

Twenty-four hours after birth, 10mL of blood was col-
lected from the jugular vein of each calf in order to
evaluate the absorption of immunoglobulin. Samples
were collected by jugular venepuncture in red-top
Vacutainer tubes (10-mL BD Vacutainer glass serum
tube, silicone-coated; Becton Dickinson and Co.,
Franklin Lakes, NJ) and maintained at 4� C until the
evaluation. All samples were processed within three
hours after collection. The sample was centrifuged
(Legend RT, Sorvall; ThermoFisher Scientific Inc.,
Waltham, MA) at 1,565�g for 15minutes in order to
collect the serum. Serum total protein (TP) was meas-
ured using a temperature-compensating digital refract-
ometer (AR200; Reichert Analytical Instruments,
Reichert Inc., Depew, NY) in order to assess the state
of passive transfer in each calf (Morrill et al. 2012).
Calves that showed a serum TP >5.5 g/dL were con-
sidered as having a successful passive transfer of
immunity (Weaver et al. 2000) and were included in
the study.
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Group formation and chestnut tannin powder
administration

Calves were randomly assigned at birth to Group C
(control group) (n¼ 23) or to Group T (tannin-treated
group) (n¼ 23). Starting from the third day of life (T0),
all the calves enrolled in group C received 2 L of warm
water q24h, while the calves assigned to group T
received 2 L of warm water plus 10 g of soluble chest-
nut tannins (concentration of 5 g/L) as extract powder
(750 g/kg of dry matter equivalent of tannic acid;
Mauro Saviola Group srl, Radicofani, Siena, Italy) q24h.
The chemical composition of the powder is described
in Campo et al. (2016). The powder used in the pre-
sent study was produced in a single batch and ana-
lysed by the manufacturer at the beginning of the
study. Both solutions were administered at the same
time (around 10.00 in the morning) using a graduated
calf bottle. The bottle was equipped with a flexible
rubber nipple (10 cm of length) specifically designed
for calf feeding. First the bottle was filled with warm
water, then the soluble powder was added, and the
bottle was shaken carefully keeping the nipple hole
closed. In order to ensure the entire intake, the bottle
was opened and checked each time. No calves refused
the solution. Calves received tannin solution until T56,
when they were weighed again (weaning-weight
– WW).

Clinical examination

Physical examination included evaluation from a dis-
tance plus a hands-on examination, focussing on:
physical appearance, body weight, body condition,
head, mouth, eyes, ears, neck and back, thorax, abdo-
men, umbilicus, musculoskeletal system, perianal
region, body temperature, faeces, urine, and external
genitalia (Izzo et al. 2015). The manifestation of diar-
rhoea was defined as a FS � 2 (Renaud et al. 2020).
The FS represents an evaluation of faecal fluidity as
reported in the literature: score 0¼ normal consist-
ency; score 1¼ semi-formed or pasty; 2¼ loose but
enough consistency to remain on bedding; 3¼watery
faeces that seep through bedding material (McGuirk
2008). Each day, before the administration of the tan-
nin solution, all the calves were submitted to a com-
plete physical examination and the individual faecal
score (FS) (Renaud et al. 2020) and dehydration status
were evaluated (Constable et al. 1996).

From the first day of diarrhoea, the FS was
recorded daily by the same expert operator (LT) by
observing fresh faeces in the pen until the calf had
completely recovered from the diarrhoea. The duration

of a diarrhoeic episode (DDE) was defined as the
period (in days) between the first diarrhoea outbreak
(faecal score � 2) and the normalising of the FS (fae-
cal score ¼ 0 or 1). The age expressed in days of the
first diarrhoea out-break (TDE) and the frequency of
diarrhoeic episodes defined as the number of episodes
per calf throughout the whole study period were also
recorded. Once the diarrhoea had started, a faecal
sample was collected from each calf by manual
restraint. A gloved, lubricated finger was passed gently
through the anus in order to massage the rectal wall
and to stimulate rectal evacuation. Fresh faeces were
then collected in two different sterile tubes: one ali-
quot was immediately tested with a rapid ELISA test
(test strips for detection of Rotavirus, Coronavirus, E.
coli F5 and C. parvum in bovine faeces, Biox
Diagnostics, Belgium), while the second aliquot was
stored in a refrigerated bag and evaluated within one
hour for gastrointestinal parasites, according to Izzo
et al. (2015). Milk intake was recorded throughout the
diarrhoeic episode. Throughout the diarrhoeic episode,
calves in both groups received 1 tablet of EffydralVR

(Italy Zoetis Ltd.) (sodium chloride 2.34 g, potassium
chloride 1.12 g, sodium bicarbonate 6.72 g, citric acid
anhydrous 3.84 g, lactose monohydrate 32.44 g, gly-
cine 2.25 g) as an oral rehydration solution q24h. The
tablet was added to the 2 L of water administered to
Group C or to the 2 L of water plus 10 g of tannins
administered to Group T (Izzo et al. 2015).

Laboratory analysis

In order to evaluate the potential metabolic effect of
the daily administration of tannins, blood methaemo-
globin, serum albumin (ALB), gamma-glutamyl trans-
ferase (GGT) and aspartate aminotransferase (AST)
were weekly evaluated starting from T0 until the end
of the experiment (T0-7-14-21-28-35-42-49-56) in all
the calves. Briefly, blood samples were drawn from
the jugular vein in both EDTA Vacutainer tubes (2mL)
and Vacutainer tubes without EDTA (2.5mL) (Becton
Dickinson and Co., Franklin Lakes, NJ) and immediately
refrigerated until the analysis. All samples were proc-
essed within three hours after collection. The propor-
tion of haemoglobin circulating as methaemoglobin
was measured spectrophotometrically with an in vitro
assay test (Paramedical srl, Italy). In brief, 100 mL of
whole blood were lysed in phosphate buffer (pH 6.8)
and detergent. Lysate was divided into two aliquots of
100 mL. The absorbance of the first aliquot was directly
measured at 630 nm using a spectrophotometer
before (D1) and after (D2) the addition of sodium
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azide (70mM). The absorbance of the second aliquot
was measured at 630 nm using a spectrophotometer
after the addition of potassium ferrocyanide (50 g/L)
(D3) and sodium azide (70mM) (D4). The percentage
methaemoglobin was calculated as follows:

% methaemoglobin ¼ D1� D2ð Þ= D3� D4ð Þ� �� 100:

Serum ALB, GGT and AST were evaluated using the
clinical chemistry and immunoturbidimetric analyser
Liasys# (AMS, Alliance, Italy).

Statistical analysis

The ADG between birth and T56 was calculated for all
the calves in both groups. Data on ADG, BW, TDE
were analysed with a Shapiro-Wilk normality test in
order to assess data distribution. A paired samples t-
Student test was performed to verify differences
between the two groups. Results concerning the fre-
quency of diarrhoeic episode and faecal score were
expressed as median value (minimum and maximum
value) and a Mann-Whitney test was performed to
evaluate differences between the two groups. A Chi-
square test was performed to compare the total
number of days the calves experienced diarrhoea
throughout the whole study period (56 days) between
the two groups. Data on ALB, GGT and AST were ana-
lysed by a mixed linear model including the fixed
effect of the treatment (control and tannins), the fixed
effect of the sampling time (nine levels from T0 to
T56), the fixed effect of the interaction between treat-
ment and sampling time, the random effect of the calf
nested within the treatment (n¼ 40) and the random
effect of the general error of the model. Results were
expressed as LSmean± standard error of mean. The
Tukey test for multiple comparison was performed to
evaluate the differences between means. Data on
methaemoglobin were expressed as the median value
(minimum and maximum value). A Friedman test for
repeated measures, with Dunn’s test for multiple com-
parisons were performed to evaluate the differences
during time in both groups. Values with p� .05 were
considered statistically significant. SAS 8.0 was used
for the statistical analysis.

Results

Forty-six calves met the inclusion criteria and were
enrolled in Group C (n¼ 23 calves) and in Group T
(n¼ 23). However, a total of six calves (3 calves per
group) were excluded during the study period
because they showed signs of severe pneumonia.

Thus, each group consisted of a total of 20 calves. No
calves refused the tannin solution. All the calves showed
at least one episode of diarrhoea during the study period.

No alterations were found upon physical examin-
ation, and the hydration status was normal for all
calves throughout the study period, even during the
diarrhoeic episode. No calves showed a decrease in
milk intake due to the diarrhoea, and thus no pharma-
cological treatments or fluid therapy were needed.
Forty % of calves belonging to group C and 55% of
calves belonging to group T were found to be positive
for Cryptosporidium parvum. Five % of calves belong-
ing to group C and 10% of calves belonging to group
T were positive for Rotavirus. Fifty-five % of calves
belonging to group C and 35% belonging to group T
were negative to the rapid ELISA test. Faecal flotation
did not show intestinal parasites.

The average BW was similar between the two
groups (38.7 ± 6 and 39.5 ± 3.5 kg for groups C and T,
respectively). The groups were thus considered similar
concerning the weight at birth. The average WW was
72.25 ± 10.93 kg and 69.79 ± 9.60 kg for groups C and
T, respectively. The ADG was 0.569± 0.153 kg/day, and
0.544 ± 0.111 kg/day, for groups C and T, respectively.
Differences between the two groups were not signifi-
cant. The mean age at TDE was 7.7 ± 3.8 days for
group C, and 12.0 ± 8.2 days for group T, with a statis-
tically significant difference between the two groups
(p¼ .04) (Figure 1). Considering the whole observation
period, the Chi-square test showed that calves in
group C spent 24.4% of the whole period with diar-
rhoea (nearly 15 days), whereas calves in group T had
a diarrhoea episode for 18.9% of the period (nearly
10 days). A statistically significant difference was found

Figure 1. The mean age, expressed in days, at the diarrhoea
onset (TDE) for group C (n¼ 20 calves) and for group T
(n¼ 20 calves). C: control group or group C; T: tannin-treated
group or group T. Different letters denote a significant differ-
ence (a 6¼ b: p< .05).
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between the two groups (p¼ .001) (Figure 2). Data
regarding the frequency of diarrhoeic episodes and
the median faecal score are reported in Table 1.

Data on GGT values at each time for both groups
are reported in Table 2, while data on ALB and AST
values at each time for both groups are reported in
Tables 3 and 4. All the values were within the refer-
ence ranges (Klinkon and Jezek, 2012). Data on meth-
aemoglobin were within the reference ranges (Lee
and Beauchemin 2014) and no statistically significant
differences were found between times.

Discussion

The pathogen that was isolated the most in our
population of diarrhoeic calves was Cryptosporidium
parvum, in line with literature (Cho and Yoon 2014;
Weyl-Feinstein et al. 2014; Izzo et al. 2015). The mean
age for the onset of diarrhoea for all calves included
was also in line with the literature (Cho and Yoon
2014; Izzo et al. 2015).

Tannins have numerous biological properties with
protein precipitation capacity, anti-microbial, anti-para-
sitic and antioxidant activities being the most import-
ant in terms of their use in ruminants (Huang et al.
2018). Regarding the properties concerning neonatal
diarrhoea in calves, the most interesting are the anti-
microbial and the anti-parasitic activities. The microbial
cell membrane is the primary site of inhibitory action
by tannins (Mcallister et al. 2005; Liu et al. 2013).
Depending on the chemical composition and struc-
ture, tannins have been shown to be most effective
on Gram-negative or Gram-positive bacteria (Wang
et al. 2013). Tannins have shown both ‘direct’ and

Figure 2. Days with diarrhoea as the relative percentage of the total observation period (60 days). C: control group or group C;
T: tannin-treated group or group T. D: diarrhoea; ND: no diarrhoea; Chi-square test. Different letters denote a significant difference
(a 6¼ b: p¼ .001).

Table 1. The median, minimum (m) and maximum (M) values
regarding the frequency of diarrhoeic episodes expressed as
the number of diarrhoeic episodes per calf during the study
period and the median faecal score for Group C and Group T.

Group C Group T

Frequency of diarrhoeic
episode (num. diarrhoeic
episodes/calves)

2 (m� 1 and M� 3) 1.5 (m� 1 and M� 4)

Median faecal score 2 (m� 2 and M� 3) 2 (m� 2 and M� 3)
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‘indirect’ actions on parasite cells. The direct mecha-
nisms include the reduction in the establishment of
the infective third-stage larvae, the excretion of nema-
tode eggs by adult worms, and the development of
eggs to third-stage larvae (Brunet et al. 2008; Hoste
et al. 2012). On the other hand, an indirect mechanism
is the improvement in the host’s resistance to nemato-
des (Pathak et al. 2016). Tannins given at the same
inclusion level as the present study, have also shown
an anti-protozoal activity against Criptosporidium par-
vum (Bonelli et al. 2018) and Eimeria (Landau et al.
2010; Markovics et al. 2012; Burke et al. 2013). Tannins
appear to directly decrease the viability of the larval
stage and disrupt egg hatching, as previously
observed for nematodes (Brunet et al. 2008; Hoste
et al. 2012).

The onset of diarrhoea in calves in group T was
four days later than calves in group C. This suggests a
preventive effect of the chestnut tannin administered
orally from the third day of life. Preventive neonatal
calf diarrhoea is a major disease that negatively affects
the cattle industry, leading to a significant economic
impact (Reddy et al. 2020). Of the 5% mortality rate in
pre-weaned calves, 56% is attributed to digestive
problems and diarrhoea with the rest caused by
respiratory problems (USDA 2016). Diarrhoea is very
stressful and debilitating for calves and a later onset

of diarrhoea may lead to a better and shorter recovery
of the neonate (Cho and Yoon 2014). Treated animals
showed a later onset of diarrhoea and the degree of
diarrhoea was less severe than the non-treated
groups. Our results are in line with studies evaluating
the administration of tannins in calves affected by
neonatal diarrhoea (Kekana 2014; Bonelli et al. 2018;
Liepa et al. 2018; Ranaut et al. 2018; Soleiman and
Kheiri 2018; Gupta et al. 2020). The preventive admin-
istration of tannins from the first days of the calf’s life
improved the faecal consistency score (Soleiman and
Kheiri 2018) and the onset of diarrhoea was later than
in the control group (Liepa et al. 2018). Other studies
have shown no effect on prevention (Oliveira et al.
2010; Gupta et al. 2020) however a dose-dependent
effect in improving the diarrhoea episode was found
(Gupta et al. 2020). This difference may be related to
the different biochemical composition of the product
used. We assume that the beneficial effect of the tan-
nin was due to the prevention of water loss through
the mucous membranes, and the anti-inflammatory,
bacteriostatic and antiprotozoal effects reported for
this compound (Reddy et al. 2020; Smulski et al. 2020).

Despite the delay in the onset of diarrhoea in the
treated group, no statistically significant differences
were found concerning the number of episodes, the
average faecal score during the diarrhoeic episode

Table 2. Results of the gamma-glutamyl transferase (GGT) concentration expressed as LSmean ± standard error for group C
(n¼ 20 calves) and group T (n¼ 20 calves).

Time

U/L 0 7 14 21 28 35 42 49 56 SEM TRT T TRTxT

GGT C 419.86 280.57 124.14 72.93 46.93 30.79 20.86 20.71 18.21 31.180 0.009 0.001 0.75
T 450.60 278.07 196.12 181.10 133.06 98.60 82.30 64.43 53.79

GGT: gamma-glutamyl transferase; C: control group or group C; T: tannin-treated group or group T; SEM: standard error of mean; TRT – effect of treat-
ment; T – effect of sampling times; TRTxT – interaction between groups and times.

Table 3. Results of albumin (ALB) concentration expressed as LSmean ± standard error for group C (n¼ 20 calves) and group T
(n¼ 20 calves).

Time

U/L 0 7 14 21 28 35 42 49 56 SEM TRT T TRTxT

ALB C 2.7 2.71 3.04 3.08 3.18 3.10 3.16 3.03 3.11 0.105 0.04 0.001 0.001
T 2.75 2.69 2.64 2.87 2.65 2.96 2.75 2.85 2.74

ALB: albumin; C: control group or group C; T: tannin-treated group or group T; SEM: standard error of mean; TRT – effect of treatment; T – effect of sam-
pling times; TRTxT – interaction between groups and times.

Table 4. Results of aspartate aminotransferase (AST) concentration expressed as LSmean ± standard error for group C (n¼ 20
calves) and group T (n¼ 20 calves).

Time

U/L 0 7 14 21 28 35 42 49 56 SEM TRT T TRTxT

AST C 46.53 33.40 32.60 34.26 37.04 41.61 49.01 48.76 47.83 7.688 0.001 0.348 0.001
T 52.13 61.73 77.98 65.59 90.17 73.60 68.13 62.95 60.95

AST: aspartate aminotransferase; C: control group or group C; T: tannin-treated group or group T; SEM: standard error of mean; TRT – effect of treatment;
T – effect of sampling times; TRTxT – interaction between groups and times.
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and the ADG between the two groups. On the other
hand, considering the whole observation period, the
percentage number of days the calves experienced a
diarrhoea episode for group T was significantly lower
than for group C (18.9% vs. 24.4%, Figure 2). As a con-
sequence, on average, calves in group T had diarrhoea
for nearly 10 days, whereas calves from group C had it
for 15 days. In veterinary medicine, an astringent effect
during a diarrhoeic episode is considered to have a
negative impact on the animals’ health. In fact, limit-
ing the faecal output leads to a decrease in excretion
of bacteria and bacterial products, thus enhancing the
absorption of toxins (Constable 2009). However, the
tannins did not influence the acute phase of diarrhoea
and the faecal output, but seemed to reduce the time
the calves experienced diarrhoea, thus enhancing the
welfare of the calves and increasing the chances of a
prompt recovery. Neonatal calf diarrhoea has been
shown to affect the growth rate, milk production pro-
ductive and reproductive performance (Aghakeshmiri
et al. 2017). Moreover, diarrhoea in neonates can lead
to toxin spread through the bloodstream, severe dehy-
dration and lactic acidosis, which need an intensive
care approach, aggressive fluid therapy and use of
antimicrobial. Decreasing the number of days that
calves experience diarrhoea, can reduce medical com-
plications, thus involving fewer costs for the farmer
and a better future performance (Lorenz et al. 2011).
These results were in line with findings reported in
calves (Bonelli et al. 2018; Liepa et al. 2018; Gupta
et al. 2020) where the shortening of the diarrhoeic
episode was found in tannin-treated patients. The lack
of differences concerning the ADG between the two
groups suggests that the tannin powder does not
affect the animals’ growth. This result is in contrasts
with some studies in which the tannins seemed to
affect the growth performance because of the
decrease in food palatability, protein digestibility and
the voluntary intake (Gai et al. 2009; Liu et al. 2009;
Dalle Zotte et al. 2012). However, a study on concen-
trated pomegranate peel extract (containing a high
concentration of both condensed and hydrolysable
tannins) reported no effects of tannins on ADG in the
first 60 days of life in dairy calves (Weyl-Feinstein et al.
2014). In our study, the chestnut tannin powder was
administered at the same dose throughout the whole
study period despite the calf’s growth rate. This might
have influenced some results since previous studies
used tannins as a ‘treatment’ and for a relatively short
period of time, and not as prevention in the first two
months of life (Weyl-Feinstein et al. 2014; Katsoulos
et al. 2017; Bonelli et al. 2018). Further studies are

needed to evaluate the preventive effect of chestnut
tannins administered by calculating the dose in
grammes per kilogramme and adjusting it in line with
the daily weight gain of the calves.

In mammals, ingested hydrolysable tannins are
metabolised to gallic acid, ellagic acid and pyrogallol.
The oral administration of gallic acid in the rat results
in urinary excretion of the unchanged compound, 3,5-
dihydroxy-4-methoxybenzoic acid, and the decarboxy-
lated product, pyrogallol. Acid-labile conjugates of
these compounds have also been observed (Smeriglio
et al. 2017). The harmful effects of tannins in rumi-
nants and monogastric animals range from chronic to
systemic effects (subacute intoxication) (Mueller-
Harvey 2006). In large quantities, tannins are toxic to
the liver and kidneys, causing centrilobular necrosis,
tissue degeneration, and glomerulonephritis (Jer�onimo
et al. 2016). The enzyme GGT is mainly located in bile
ducts and the kidney. The circulating GGT levels can
be increased by cholestasis and bile duct damage, or
by colostrum feeding in ruminants (Klinkon and Jezek,
2012). Albumin levels can be influenced by nutrition
and the liver functioning. They are predominantly syn-
thesised in the liver, thus their amount depends on
the maturity and functional ability of the liver
(Steinhardt and Thielscher 2000). The AST enzyme is
an indicator of tissue necrosis and in the case of liver
damage its serum levels can be increased. Calves
included in group T presented higher concentrations
of AST and lower levels of ALB compared to those in
group C. No differences were found for GGT and
methaemoglobin. Both the increase in serum AST con-
centrations and the decrease in ALB levels could be
the effect of the ingested hydrolysable tannins on the
liver. Changes in the albumin and AST levels may be
due to conditions not involving the liver. However,
they are considered to be a sensitive biomarker of
liver cell injury in bovines (Sattler and F€urll 2004). Our
findings could suggest an initial hepatocellular dam-
age caused by the administration of chestnut tannins
in calves, as already reported in calves (Wieland et al.
2015). Despite the differences found between the two
groups, the serum AST, ALB and GGT and blood meth-
aemoglobin results fell within the normal range, con-
firming previous findings in neonatal calves (Liepa
et al. 2018). In our opinion, given an oral dose of 10 g/
calf q24h, of chestnut tannins could be a safe proced-
ure for calves of up to two months old.

Conclusions

Calfhood diseases are one of the most significant live-
stock health issues faced by veterinarians and farmers.
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The recent literature has focussed on investigating
alternative therapies for the most common neonatal
calf problems. We found that chestnut tannins seemed
to be effective in shortening and delaying the onset
of neonatal diarrhoea in calves. A dose of 10 g per day
of chestnut tannins did not show any adverse meta-
bolic effects. No preventive effect was observed for
the etiologic agents found in our population at a fixed
dosage. Further studies could evaluate the preventive
aspect by administering an adjusted dose in line with
the daily weight gain of the calves.

In conclusion, chestnut tannins can be used for
managing diarrhoea in calves of up to 2months old.
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