
SUMMARY
The aim of the present study was to prove the efficacy of feeding a coated blend of essential oils, combined with bioflavonoids and
tannins, in the solid feed of fattening veal calves on growth performance, health, and methane (CH4) emissions.
A total of 541 Holstein Friesian intact male calves were allotted at the arrival into two groups: i) Control, standard milk replacer
and solid feed (280 calves; age: 24 days; arrival weight: 50 kg); ii) Treatment, standard milk replacer + standard solid feed supple-
mented with 0.3 g/100 kg live weight of the coated blend of natural compounds (261 calves; age: 24.5 days; arrival weight: 51 kg). 
The growth performances, such as average daily gain (ADG), final weights, solid feed intake (FI), milk replacer intake, feed con-
version rate (FCR) and carcass weights, were evaluated, as well as the mortality rate and the incidence of diseases. The emissions
of CH4 were monitored continuously, using two Cynomys devices.
The Treatment have led to a significant improvement of the ADG (1.116 vs 1.055 kg/head/d in the Control group) (P=0.005). Con-
sequently, the final (266.5 vs 255.7 kg live weights in the Control group) (P=0.0096) and carcass weights (137.9 vs 133.1 kg in the
Control group) (P=0.034) were improved in treated animals. The total (333.48 vs 310.75 kg of solid feed per cycle in the Control
group) (P<0.0001) and daily (1.697 vs 1.587 kg/head/day in the Control group) (P<0.0001) solid feed intakes were significantly
higher in treated animals, while the milk replacer was fixed in the two groups. Also, there was a tendency toward a better FCR in
treated animals (2.84 vs 2.93 in the Control group) (P=0.08). No effects were detected in terms of mortality rate, incidence of di-
arrhoea and of first cases of bovine respiratory disease (BRD). However, there was a tendency toward a significant reduction in
the incidence of BRD relapses in the Treatment group (3.08 vs 16.4 % on the total animals and 15.17 vs 19.71 % on the first treat-
ment in the Control group) (P=0.053). The treatment reduced also the average CH4 (90.97 vs 86.20 g/m3 in the Control group)
(P<0.0001), starting to be effective from week 8 of the trial.
In conclusion, the results of the present trial highlighted that the inclusion of a blend of essential oils, bioflavonoids, and tannins
in the solid feed of white veal calves can be an effective strategy to increase the production efficiency, while tackling the use of an-
timicrobials, improving animal welfare, and counteracting the environmental impacts.
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INTRODUCTION

The European veal calves farming system needs to face im-
portant challenges, to accomplish with the increasingly strin-
gent dictates of legislation on animal welfare, as highlighted by
the latest scientific opinion of the EFSA AHAW Panel (EFSA
Panel on Animal Health and Animal Welfare) (1). 
Besides the prolonged diatribe related to the housing in sin-
gle cage versus group pens and space allowance, nowadays a
great attention is again placed on the role of different types and
levels of solid feeds on animal welfare and ruminal develop-
ment (2,3,4). Indeed, the newest EFSA Scientific Opinion of
2023 focused the attention to the type of feeds that should be
included, specifically, the importance of a correct administration
of fibre (NDF) from roughage sources as the best way to en-

sure a correct ruminal development, animal behaviour and
health. Also, it is stated that the iron deficiency, that is usual-
ly corrected by injections, should be conversely amended by us-
ing roughage sources as solid feeds, that are richer than
grains in this element (1). 
The continuous increase in solid feed’s administration, and par-
ticularly the latest request in terms of fibre administration to
veal calves, has brought to light an issue that until now had been
little considered, if not neglected: the emissions of greenhouse
gases (GHGs), especially of methane (CH4), by veal calves
(5,6,7). 
The livestock sector is indeed responsible of about 14.5% to
the total anthropogenic GHGs emissions, with CH4 resulting
from ruminal fermentation of cattle representing the biggest
share (8,9). Since the high presence in the rumen of some
byproducts (H2, CO2) is the leading cause of CH4 production
and release, a greater attention was focused on adult animals
characterized by a fully developed and functional rumen (5,8).
Some studies were performed to understand the possibility to

S. Grossi et al. Large Animal Review 2024; 30: 163-169 163

Corresponding Author:
Silvia Grossi (silvia.grossi@unimi.it)

Effect of the administration of a blend of 
essential oils, bioflavonoids, and tannins 
to veal calves on growth performance, 
health status and methane emissions

N

Grossi  Bovini_ok  26/07/24  10:04  Pagina 163



164 Effect of the administration of a blend of essential oils, bioflavonoids, and tannins to veal calves 

modulate the ruminal microflora by using different feeding
strategies or feed additives during the rumen development of
calves to reduce the environmental impact in the adult life
(6,7,10,11). Conversely, the contribution of the white veal pro-
duction system, on CH4 emissions have been neglected till pres-
ent days (5). 
Increasing the solid feed and fibre administration leads to a more
pronounced ruminal development, both from a physical and
microbiological perspective, with thus a higher fermentation
activity (6,7), that might lead to an increased emission of CH4

from the rumen (11). In the study of Tummler et al. (2020),
dairy calves fed with higher levels of solid feeds, in partial re-
placement of the milk replacer, were characterized by increased
emission levels compared to calves fed with higher milk replacer
percentages (10). 
Moreover, if a higher quota of the solid feeds for veal calves is
going to be represent by fibre instead of the more traditional
grains, a higher production of acetate is expected, with nega-
tive drawbacks on the levels of free H2 in the rumen, the main
precursor of CH4 (12). Indeed, a higher CH4 production was
registered in veal calves fed with higher amount of fibrous sol-
id feeds or hay in comparison of calves fed with grains or the
standard amount of fibrous solid feeds (12).
Those critical aspects pave the way for the application of pos-
sible mitigation strategies to reduce the CH4 emissions from
the veal calves’ sector, that represent in Europe an average pro-
duction of 6 million of calves per year, corresponding to about
1 million ton of meat (13). 
To the best of our knowledge, there is only one study that di-
rectly evaluate the role of a specific feed additive on CH4 re-
duction in veal calves (5). Brand et al. (2021) tested the effects
of a natural product based on allicin in male veal calves fed with
milk replacer, wheat straw and concentrate, for 15 weeks study
period, underlining a significant reduction in the CH4 emis-
sions in treated animals, while the production performance was
unaffected (5).
The application of natural products, such as different essen-
tial oils, tannins, bioflavonoids, and different blend of them,
shown interesting results in reducing CH4 emissions in adult
cattle, while maintaining or even improving animal produc-
tion efficiency and welfare (14,15). Indeed, natural extracts and
plan-derived feed additives are also characterized by multiple
properties that might be beneficial to promote health, welfare,
and resilience of farmed animals. Antioxidant, antimicrobial
and antiparasitic properties are some of the main positive at-
tributes of natural feed additives when used in livestock. Those
properties are of utmost importance in the early stages of life,
to support the correct development of the immune and digestive
systems, while protecting the young animals from microbial
agents and other external stressors. Specifically, the effective-
ness of different blends of essential oils and other natural prod-
ucts, such as tannins, bioflavonoids and saponins, have been
tested in several studies in young calves highlighting multiple
beneficial effects on performance, ruminal and gastrointesti-
nal development, diarrhoea and respiratory issues, and over-
all immune functionality (16, 17, 18, 19). 
Improving animal health and resistance by enhancing the im-
mune functionality is central in the veal calves farming system,
where the overall incidence of diseases and the related needs
of antimicrobial treatments is often high, due to a multitude
of intrinsic critical points (20). Uncorrected colostrum ad-
ministration in the farm of origin, as well as transportation,

mixing, adaptation to the farm management, and criticality re-
lated to the specific nutritional management, are some of the
main problems. Furthermore, all these challenges occur at an
age at which the calf is immature, and several physiological sys-
tems are still developing and not completely functional yet, such
as the gastrointestinal tract, the thermoregulatory and the ac-
quired immune systems (21, 22, 23). Besides the general detri-
mental effects on performances and farm profitability, this sit-
uation must be addressed, in the light of the spreading of the
antimicrobial resistance issue and to comply with the newest
rules on antimicrobial usage at the farm level (24, 25, 26). 
Thus, the scientific evaluation and implementation at the farm
level of innovative feed additives aimed at maximising veal
calves’ health, with positive results also on growth and efficiency,
while curbing the production of CH4, are crucial in the veal
calves farming system. 
In this light, the aim of the present trial was to prove the effi-
cacy of feeding a coated blend of coriander seed oil, eugenol,
and geranyl acetate essential oils, combined with bioflavonoids
and tannins, in the solid feed of fattening veal calves on growth
performance, health, and CH4 emissions.

MATERIALS AND METHODS 

This trial was set up to evaluate the efficacy of a coated blend
of essential oils, from cloves (Syzygium aromaticum), corian-
der seed (Coriandrum sativum), and geranium (Pelargonium
cucullatum), tannins from chestnuts (Castanea sativa) and
bioflavonoids from olives (Olea europea) (relative concentra-
tions of the active principles were: EO:CT:BF = 1:2.5:0.1) (VITa
Herbs - Vetos Europe SAGL, - Cadenazzo TI, Switzerland), on
growth performance, health, and CH4 emissions in white veal
calves.

Animals, housing, and experimental
groups
The study was carried out in a typical intensive veal calves’ unit
and involved 541 Holstein Friesian intact male calves, followed
since their arrival in the unit through the entire fattening of
about 190 days. 
All the calves were housed for the first 8 weeks of ages in sin-
gle cages, and after were moved in group pens, on slatted floor,
with space availability in accordance with European regulation
(27). The ventilation was automatically forced, based on internal
temperature and humidity. 
At the arrival, all the 541 calves included in the trial were ran-
domly allotted in two groups: i) Treatment, 261 veal calves fed
with standard milk replacer + solid feed supplemented with 0.3
g/100 kg live weight of the coated blend of natural compounds
(VITa Herbs - Vetos Europe Sagl - Cadenazzo TI - Switzerland),
ii) Control, 280 veal calves fed with standard milk replacer +
solid feed. 
The tested product was included directly at the feed mill dur-
ing the preparation of the solid feed. 

Nutritional plans and feeding
procedures
All the calves involved in the trial were fed following the same
nutritional plan, with the same milk replacers and solid feed,
differing only for the supplementation of the tested product
in the solid feed of the Treatment group. 
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During the hole fattening period three different milk replac-
er were used, to better satisfy the specific nutritional require-
ments in the different physiological phases (28) (Table 1). The
characteristics of the solid feed used in the trial are also reported
in Table 1. 
The milk replacer was delivered two time per day in two equal
meals daily at 09:00 and 17:00. The solid feed was offered in a
separate feed bunk from the start of the trial. 

Parameters recorded
Production performances
Individual body weight was recorded at enrolment day (d0) and
before slaughter. The individual average daily gain (ADG) was
then calculated from d0 to the end of the trial. The days on feed
needed to reach the slaughter target weight were also evaluat-
ed.
The daily milk intake was fixed, based on the feeding plan ap-
plied in the farm and equal in the two groups. However, the
total milk powder intake was calculated for the entire fatten-
ing cycle, as the sum of the daily provision of milk powder. The
effective pen intake of solid fed was calculated daily. The to-
tal quantities administered and refused were weighted daily. 
The FCR was then calculated, comparing the total feed intake
(solid feed plus milk powder) per group per cycle with the to-
tal gain of weight. 
At slaughterhouse, the all the carcass weights were recorded,
as well as the dressing percentages. Also, the incidence of un-
derweight carcasses, defined as carcasses with a weight lower
than 110 kg, was recorded. 

Health status
The individual health status was checked twice a day by the farm
veterinary and qualified animal health care staff of the farm,
during the entire fattening period. Any cases of morbidity and
mortality were recorded, with specific attention on the incidence
of bovine respiratory disease (BRD) and diarrhoea. Sick ani-
mals were treated according to the procedures, medications,
and sanitary protocols adopted by the farm veterinary staff.

Methane emissions
The emissions of CH4 emissions were recorded in both Treat-
ment and Control groups using two Cynomys control units (Via
Palestro 10 - 16121 Genova - Italy). The Cynomys control units
analysed the environment every 20 seconds giving and aver-
age value every 20 minutes for a total of 72 data for each pa-
rameter a day. All the measurements were recorded and

checked for outliers and abnormal values. The daily average,
and then the weekly averages of CH4 emission were then cal-
culated.

Statistical analysis
All the data were analysed statistically using the SAS software.
Production parameters (individual weights, days on feeds, car-
cass weights and dressing) were evaluated using the mixed pro-
cedure of SAS. The single animal was the statistical unit for those
measures. The total solid feed intake per cycle and the FCR were
evaluated using the same procedure with the pen included as
statistical unit. The average daily feed intake was calculated dai-
ly, and the weekly averages were then used. The weekly aver-
ages were then evaluated using a mixed model for repeated
measures, that accounted for the effects of the treatment, of the
week and of their interactions.
The incidence of underweight carcasses, of health issues and
the mortality rates were evaluated through a chi square test
(PROC FREQ).
The data related to CH4 emissions were analysed using a mixed
model for repeated measures, that accounted for the effects of
the treatment, of the week and of their interactions. 
Differences were considered significant at P ≤0.05, while a ten-
dency was set up at P<0.1.

RESULTS AND DISCUSSION

Growth and production performance
Data related to growth performance are reported in Table 2.
As visible, the treatment has led to a significant increase in the
ADG (1.116 vs 1.055 kg/head/d in the Control group)
(P<0.005). On average, the ADG of the Treatment group was
60 g/head/day higher. Since the starting weight were similar,
the final weight resulted to be improved by the treatment (266.5
vs 255.7 kg in the Control group). Moreover, the better results
were reached in less days on feed (194.7 vs 193.2 days in the
Control group) (P<0.0001). Those better growth performances
have significantly increased the carcass weight (137.9 vs 133.1
kg in the Control group) (P<0.05), as reported in Table 2. More-
over, the treatment also tended to reduce the percentage of un-
derweight carcasses (carcass weight <110 kg) (18.85 vs 20.38%
in the Control group) (P=0.08).
Those results can be ascribed to the positive role of the blend
of natural products tested, on ruminal health and functional-
ity, creating thus a better environment in the developing ru-
men of calves. Different blend of essential oils and natural com-

Dry matter, % 90 90 90 88.5

Crude protein, % on d.m.1 24 22 16.2 13.2

Fats, % on d.m. 19 18 18 3.2

Cellulose, % on d.m. 0.2 0.3 0.3 8.2

Ash, % on d.m. 7.5 8 7.8 4

Table 1 - Nutritional values of the three milk replacers and of the solid feed used in the present trial.

Parameter Milk replacer 1 replacer 2 Milk replacer 3 Solid feed
(d0-28) Milk(d29-d56) (d57-end) (d0-end)

1d.m. = dry matter
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pounds are reported to positively affect the ruminal microflora,
in both adult and young animals (14, 29). Also, their inclusion
is reported to lead to a higher production of volatile fatty acids
(VFAs), especially of butyrate and propionate in the rumen of
young calves (29). Liu et al. (2020) found higher levels of serum
VFAs, considered as a proxy for ruminal VFAs, in calves treat-
ed for 70 days with blend of essential oils, underlining that their
higher concentration in treated animals was a result of a more
developed rumen (30). The higher propionate production is
the image of more efficient ruminal fermentation, explained
by a better and higher functionality and development of pro-
pionate-producing bacteria promoted by the essential oils (29). 
Moreover, a higher presence of butyrate at the ruminal level,
that can be stimulated using essential oils, is reported to be a
functional substrate for the development, growth, and func-
tionality of the ruminal epithelium. It is, indeed, the main nu-
trients involved in the growth of ruminal papillae, that are in-
volved in the absorption of the nutrients produced at the ru-
minal level. Thus, a better growth of them can lead to an in-
creased absorption of VFAs (31). Moreover, Campolina et al.
(2023), found that the inclusion of essential oils in the milk re-
placer of pre-weaned dairy calves for 60 days have led to a bet-
ter development of the intestine and of its epithelium, main-
ly due to higher butyrate levels also in the gut (32). Thus, based
on the way of administration and eventually on the rate of di-

gestibility in the rumen, essential oils can lead to improvements
also in that part of the gastrointestinal tract, besides their pri-
mary effects in the rumen. 
A more developed rumen, with a more functional microflora
and more developed absorptive epithelium, can also sustain and
explain the higher solid feed intake registered in the present tri-
al. Indeed, the average daily intake of solid feed was significantly
higher in treated animals, as reported in Table 2 (1.697 vs 1.587
kg/head/day of solid feed) (P<0.0001). Specifically, the feed in-
take was comparable till week 7 of the trial and started to be
significantly higher in week 8 (1.080 vs 0.998 kg/head/d in the
Control group) (P=0.01) (Figure 1). In the end, the total in-
take of solid feed was significantly higher in the Treatment group
(33.48 vs 310.75 kg in the Control group) (P<0.0001). How-
ever, there was a tendency toward a better FCR in the Treatment
group, due to the higher growth performances (2.84 vs 2.93 in
the Control group) (P=0.08).
Thus, the combination of a better anatomical and functional
development of the rumen, and maybe of the gastrointestinal
tract, and of a stimulation of their microflora, can contribute
to the explanation of the better growth performances high-
lighted in the present trial.

Health status
Data related to the health status are reported in Table 3. No sig-

N° of calves 261 280 -

Arrival live weight, kg 51.0±4.3 50.5±3.9 ns

Arrival age, d 24.5±8.1 24±10.2 ns

Days on feed, d 193.2±3.8 194.7±2.8 <0.0001

Final weight, kg 266.5±50.9 255.7±42.3 0.0096

ADG1, kg/head/d 1.116±0.27 1.055±0.22 0.005

Carcass weight, kg 137.9±26.9 133.1±23.4 0.0344

Dressing % 51.66±1.5 51.95±1.2 ns

Underweight carcass2, % (n) 18.85 (46) 20.38 (53) 0.08

Milk replacer, kg/head/cycle 274 274 -

Solid feed, kg/head/cycle 333.48±12.7 310.75±27.2 <0.0001

Solid feed, kg/head/d 1.697±1.0 1.587±0.9 <0.0001

FCR3 2.84±0.64 2.93±0.60 0.085

Table 2 - Production performance, carcass characteristics and intake of solid feed and milk replacers in the two groups. Where possible,
the LSMEANs and the standard deviation are reported.

Treatment Control P-Value

1ADG: average daily gain, kg/head/d; 2 Underweight carcasses: carcasses with a weight <110 kg; 3FCR: feed conversion rate

Treatment 261 85.82 (224) 13.08 (34), 15.17 27.9 (73) 6.51 (17)

Control 280 85.71 (240) 16.4 (46), 19.71 26.1 (73) 7.14 (20)

P-Value - ns 0.0533 ns ns

Table 3 - Health status in the two groups.

Group N° BRD1 Diarrhoea in the Mortality, % (n)
first 20 d, % (n)

I° pull, % (n) Relapse, % on total (n) 
and % on I° pull

1BRD= bovine respiratory disease
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nificant differences were detected in terms of incidence of the
first episode of bovine respiratory disease (BRD) (85.71 vs 85.82
% in the Control group). However, there was a tendency to-
ward a significant reduction in the incidence of BRD relaps-
es in the Treatment group (13.08 vs 16.4 % on the total ani-
mals and 15.17 vs 19.71 % on the first cases of BRD in the Con-
trol group) (P=0.0533). No effects were conversely found in
terms of incidence of enteric disorders and mortality rate. 
The recorded incidence of first cases of BRD can appear to be
high, but it is however not uncommon in the white veal calves
farming system. In that system, the young age of the animals
in union with other critical aspects, such as the commingling
of animals from different farms, imprecisions in the admin-
istration of colostrum in the farm of origin, transport, and oth-
er aspects such as a change in the diet, often lead to a high in-
cidence of health issues, and thus of antimicrobial treatment,
especially in the first period of the rearing phase (21, 33). How-
ever, the administration of the blend of essential oils,
bioflavonoids and tannins tested in the present trial has reduced
the incidence of relapses, highlighting a potential positive ef-
fect of it on the immune functionality and resilience of the
calves, reducing thus the severity of the health impairments.
The bioactive compounds contained in the product, such as
bioflavonoids, are reported to have a positive effect on an-
tioxidant status in beef cattle (34). The use of flavonoids and
of product that contain flavonoids is also reported to have pos-
itive effect on the antioxidant status in pre-weaned and
weaned dairy calves (20,35,36). 
A high incidence of pathologies is correlated with poorer growth
performance, due to both a reduction in feed intake and high-

er energy devoted to fight the disease and to the immune sys-
tem. Thus, promoting a better health status both exerting di-
rectly antimicrobial and bactericidal properties as well as pro-
moting the antioxidant defences and the immune functional-
ity, can be effective to obtain better production performance,
coupled with increased efficiency and reduced needs of an-
timicrobials. Since the incidence of diseases is correlated to a
reduction in the growth efficiency even in veal calves, a potential
effect of the treatment on the overall health status, as report-
ed in Table 4, can further explain the better growth perform-
ance obtained (21).

Greenhouse gases emissions
Data related to the trend in CH4 emissions along the rearing
period are visible in Figure 2. 
As visible in Figure 2, the treatment started to be effective from
week 8 of the trial (85.39 vs 89.91 g/m3 in the Control group
in week 8) (P<0.0001), leading to a significant effect of the treat-
ment along the entire fattening period. Indeed, considering the
entire rearing period, the treatment has led to a significant re-
duction in the CH4 emissions (86.20 vs 90.97 g/m3 in the Con-
trol group) (P<0.0001).
This trend can be explained in two ways. Firstly, as previous-
ly reported in previous studies done in adult animals, the ru-
men of an adult animal needs about four weeks to effectively
adapt to natural feed additives (37,38). Also, the intake of sol-
id feed, the main driver of CH4 emissions, is low during the first
weeks of the rearing period in veal calves. Their emissions are
thus negligible in the first period of the fattening, and even the
inclusion of treatments inside the solid feed might have a neg-

Figure 1 - Trend in solid feed intake along the trial in the group. Different letters (a, b) between rows at the same timepoint highlight a si-
gnificant different for P<0.05.
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ligible effect during those first phases. Conversely, starting from
about the second month of the fattening, the intake of solid feed
started to increase, as highlighted also in the present trial, thus
becoming an important part of the nutrition of the calves. Start-
ing from that point, the emission of CH4 might also start to in-
crease, due to the higher quantities assumed, that can lead to
a higher production of fermentation byproducts in the rumen
(11,12). Moreover, at this point the rumen became more de-
veloped and functional, an aspect that might increase the fer-
mentations and thus also the emissions of CH4 (11,12). 
In the present situation, the inclusion of the tested blend of es-
sential oils, bioflavonoids and tannins allowed a reduction of
the CH4 emissions, starting from week 8, moment in which the
solid feed intake started to increase. Moreover, treated animals
have shown a higher feed intake, and thus the reduction effect
on CH4 emissions caused by the treatment is even amplified.
Those results can be mainly ascribed to a positive manipula-
tion of the ruminal microflora, stimulating the development
of propionic bacteria. Besides being better from a production
perspective, propionate acts also as a hydrogen acceptor in the
rumen, subtracting it from the environment. It reduces thus
its accumulation in the rumen, that is unfavorable for
methanogenic microbes, reducing thus their development (39).
Moreover, some essential oils have been reported to have an-
tibacterial properties against methanogenic microbes (40). 
Even if the scientific bibliography correlated with the use and
role of anti-methanogenic compounds in young calves is still
lacking, there are thus evidence that an early administration
of some anti-methanogenic compounds in dairy calves can be
effective in the manipulation of the ruminal microflora, with
also long-lasting effects (5,6). Specifically, the methanogenic

bacteria as well as hydrogen-producing ones resulted to be re-
duced (5,6). 

CONCLUSIONS

The results of the present trial highlight that the inclusion of
a blend of essential oils, bioflavonoids, and tannins in the sol-
id feed of white veal calves can be an effective strategy to in-
crease the production efficiency, while tackling the use of an-
timicrobials, improving animal welfare, and counteracting the
environmental impacts. Indeed, it has led to better growth per-
formance as a consequence of both improved health and re-
silience as well as higher gastrointestinal development and func-
tionality. This latter aspect might have led also to a more effi-
cient fermentation of the feeds into valuable nutrients and more
effective nutrients, such as propionate and butyrate, reducing
thus the production of inefficient byproducts, such as hydro-
gen, that might increase the production of CH4. 
Also, the economical sustainability can be improved in this sense,
with a better growth performance in the Treatment group cor-
related with a reduction in the need of antibiotics and with a
reduction in the incidence of underweight carcasses. 

References 

1. EFSA AHAW Panel (EFSA Panel on Animal Health and Animal Welfare),
NielsenSS, Alvarez J, Bicout DJ, Calistri P, Canali E, Drewe JA, Garin-Bas-
tuji B, Gonzales Rojas JL, Schmidt CG,Herskin M, Michel V, Miranda Chue-
ca MA, Padalino B, Pasquali P, Roberts HC, Spoolder H, Stahl K,Velarde
A, Viltrop A, Jensen MB, Waiblinger S, Candiani D, Lima E, Mosbach-
Schulz O, Van der Stede Y,Vitali M and Winckler C, 2023. Scientific Opin-

Figure 2 - Trends in methane emissions along the trail in the two groups. Different letters (a, b) between rows at the same timepoint highli-
ght a significant different for P<0.05.

Grossi  Bovini_ok  26/07/24  10:04  Pagina 168



S. Grossi et al. Large Animal Review 2024; 30: 163-169 169

ion on the welfare of calves. EFSA Journal 2023;21(3):7896, 197 pp.
2. Webb, L.E., Bokkers, E.A., Engel, B., Gerrits, W.J., Berends, H. and van

Reenen, C.G., 2012. Behaviour and welfare of veal calves fed different
amounts of solid feed supplemented to a milk replacer ration adjusted
for similar growth. Applied Animal Behaviour Science, 136(2-4), pp.108-
116.

3. Berends, H., Van Reenen, C.G., Stockhofe-Zurwieden, N. and Gerrits, W.J.J.,
2012. Effects of early rumen development and solid feed composition on
growth performance and abomasal health in veal calves. Journal of Dairy
Science, 95(6), pp.3190-3199.

4. Grossi, S., Borgo, G., Compiani, R., Baldi, G., Rossi, L., Bertocchi, L. and
SGOIFO ROSSI, C.A., 2020. Effect of the administration of different lev-
els of solid feed on production performance, welfare, health status and
antibiotic use in veal calves for white meat production. LARGE ANIMALS
REVIEW, 26(5), pp.203-210.

5. Brand, T., Miller, M. and Kand, D., 2021. Effect of natural feed supple-
ment on methane mitigation potential and performance in Holstein bull
calves. Open Journal of Animal Sciences, 11(2), pp.222-230.

6. Meale, S.J., Popova, M., Saro, C., Martin, C., Bernard, A., Lagree, M., Yáñez-
Ruiz, D.R., Boudra, H., Duval, S. and Morgavi, D.P., 2021. Early life di-
etary intervention in dairy calves results in a long-term reduction in
methane emissions. Scientific Reports, 11(1), p.3003.

7. Mens, A.J., van Gastelen, S., Binnendijk, G.P. and Gerrits, W.J., 2020. Ef-
fect of solid feed level and types of roughage on nitrogen and energy bal-
ance and circadian activity patterns in veal calves (No. 1265). Wagenin-
gen Livestock Research.

8. Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman,
J., Falcucci, A. and Tempio, G., 2013. Tackling climate change through live-
stock: a global assessment of emissions and mitigation opportunities. Food
and Agriculture Organization of the United Nations (FAO).

9. aan den Toorn, S.I., Worrell, E. and van den Broek, M.A., 2020. Meat, dairy,
and more: Analysis of material, energy, and greenhouse gas flows of the
meat and dairy supply chains in the EU28 for 2016. Journal of Industrial
Ecology, 24(3), pp.601-614.

10. Tümmler, L.M., Derno, M., Röttgen, V., Vernunft, A., Tuchscherer, A., Wolf,
P. and Kuhla, B., 2020. Effects of 2 colostrum and subsequent milk replacer
feeding intensities on methane production, rumen development, and per-
formance in young calves. Journal of dairy science, 103(7), pp.6054-6069.

11. Suárez, B.J., Van Reenen, C.G., Stockhofe, N., Dijkstra, J. and Gerrits, W.J.J.,
2007. Effect of roughage source and roughage to concentrate ratio on an-
imal performance and rumen development in veal calves. Journal of Dairy
Science, 90(5), pp.2390-2403.

12. Mollenhorst, H., Berentsen, P.B.M., Berends, H., Gerrits, W.J.J. and de Boer,
I.J.M., 2016. Economic and environmental effects of providing in-
creased amounts of solid feed to veal calves. Journal of Dairy Science, 99(3),
pp.2180-2189.

13. EUROSTAT (2023). https://ec.europa.eu/eurostat/statistics-explained/in-
dex.php?title=Agricultural_production_-_livestock_and_meat&ol-
did=427096#Veal_and_beef.

14. Rossi, C.A.S., Grossi, S., Dell’Anno, M., Compiani, R. and Rossi, L., 2022.
Effect of a blend of essential oils, bioflavonoids and tannins on in vitro
methane production and in vivo production efficiency in dairy cows. An-
imals, 12(6), p.728.

15. Belanche, A., Newbold, C.J., Morgavi, D.P., Bach, A., Zweifel, B. and Yáñez-
Ruiz, D.R., 2020. A meta-analysis describing the effects of the essential
oils blend agolin ruminant on performance, rumen fermentation and
methane emissions in dairy cows. Animals, 10(4), p.620.

16. Bonelli, F., Turini, L., Sarri, G., Serra, A., Buccioni, A. and Mele, M., 2018.
Oral administration of chestnut tannins to reduce the duration of neona-
tal calf diarrhea. BMC Veterinary Research, 14, pp.1-6.

17. Reddy, P.R.K., Elghandour, M.M.M.Y., Salem, A.Z.M., Yasaswini, D., Red-
dy, P.P.R., Reddy, A.N. and Hyder, I., 2020. Plant secondary metabolites
as feed additives in calves for antimicrobial stewardship. Animal Feed Sci-
ence and Technology, 264, p.114469.

18. Stefańska, B., Sroka, J., Katzer, F., Goliński, P. and Nowak, W., 2021. The
effect of probiotics, phytobiotics and their combination as feed additives
in the diet of dairy calves on performance, rumen fermentation and blood
metabolites during the preweaning period. Animal Feed Science and Tech-
nology, 272, p.114738.

19. Coelho, M.G., da Silva, A.P., de Toledo, A.F., Cezar, A.M., Tomaluski, C.R.,
Barboza, R.D., Júnior, G.F.V., Manzano, R.P. and Bittar, C.M., 2023. Es-
sential oil blend supplementation in the milk replacer of dairy calves: Per-
formance and health. Plos one, 18(10), p.e0291038.

20. Grossi, S., Compiani, R., Baldi, G. and Rossi, C.A.S., 2021. The Effect of

Yucca Schidigera inclusion in milk replacer for veal calves on health sta-
tus, antimicrobial use and growth performance. Large Animal Review,
27(5), pp.251-257.

21. Pardon, B., Hostens, M., Duchateau, L., Dewulf, J., De Bleecker, K. and
Deprez, P., 2013. Impact of respiratory disease, diarrhea, otitis and arthri-
tis on mortality and carcass traits in white veal calves. BMC Veterinary
Research, 9, pp.1-14.

22. Hulbert, L.E. and Moisá, S.J., 2016. Stress, immunity, and the manage-
ment of calves. Journal of dairy science, 99(4), pp.3199-3216.

23. Marcato, F., Van den Brand, H., Kemp, B. and Van Reenen, K., 2018. Eval-
uating potential biomarkers of health and performance in veal calves. Fron-
tiers in veterinary science, 5, p.133.

24. European Union, 2017. A European One Health Action Plan against An-
timicrobial Resistance (AMR). https://health.ec.europa.eu/system/files/2020
01/amr_2017_action plan_0.pdf accessed: September 2023.

25. European Centre for Disease Prevention and Control (ECDC), European
Food Safety Authority (EFSA) and European Medicines Agency (EMA),
2021. Third joint inter agency report on integrated analysis of consumption
o antimicrobial agents and occurrence of anti microbial resistance in bac-
teria from humans and food producing animal in the EU/EEA: JIACRA
III 2016 2018. EFSA Journal, 19(6), p.e06712.

26. European Union, 2023. (2023/C 220/01). COUNCIL RECOMMENDA-
TION on stepping up EU actions to combat antimicrobial resistance in
a One Health approach (2023/C 220/01).

27. Decreto Legislativo n. 126 del 7 luglio 2011. Attuazione della direttiva
2008/119/CE che stabilisce le norme minime per la protezione dei vitel-
li. Gazzetta Ufficiale n. 180 del 4 agosto 2011.

28. NRC. 2001. Nutrient Requirements of Dairy Cattle. 7th rev. ed. Natl. Acad.
Sci. Washington, DC.

29. Poudel, P., Froehlich, K., Casper, D.P. and St-Pierre, B., 2019. Feeding es-
sential oils to neonatal Holstein dairy calves results in increased rumi-
nal Prevotellaceae abundance and propionate concentrations. Microor-
ganisms, 7(5), p.120. 

30. Liu, T., Chen, H., Bai, Y., Wu, J., Cheng, S., He, B. and Casper, D.P., 2020.
Calf starter containing a blend of essential oils and prebiotics affects the
growth performance of Holstein calves. Journal of dairy science, 103(3),
pp.2315-2323.

31. Gorka, P., Kowalski, Z.M., Pietrzak, P., Kotunia, A., Kiljanczyk, R., Flaga,
J., Holst, J., Guilloteau, P. and Zabielski, R., 2009. Effect of sodium bu-
tyrate supplementation in milk replacer and starter diet on rumen de-
velopment in calves. development, 4(5), pp.10-11.

32. Campolina, J.P., Coelho, S.G., Belli, A.L., Neves, L.F.M., Machado, F.S.,
Pereira, L.G., Tomich, T.R., Carvalho, W.A., Daibert, R.M., Reis, D.R. and
Costa, S.F., 2023. Potential benefits of a blend of essential oils on me-
tabolism, digestibility, organ development and gene expression of dairy
calves. Scientific Reports, 13(1), p.3378.

33. Antonis, A.F., Swanenburg, M., Wisselink, H.J., Smid, B., van Klink, E. and
Hagenaars, T.J., 2022. Respiratory pathogens in veal calves: Inventory of
circulating pathogens. Veterinary Microbiology, 274, p.109571.

34. Rossi, C.A.S., Grossi, S., Compiani, R. and Baldi, G., 2023. Effect of a blend
of essential oils, bioflavonoids and tannins on production performance,
health, immune functionality, and antioxidant status in fattening beef cat-
tle. Large Animal Review, 29(4), pp.163-170.

35. Piao, M., Tu, Y., Zhang, N., Diao, Q. and Bi, Y., 2023. Advances in the Ap-
plication of Phytogenic Extracts as Antioxidants and Their Potential Mech-
anisms in Ruminants. Antioxidants, 12(4), p.879.

36. Urkmez, E. and Biricik, H., 2022. Grape seed extract supplementation in
heat-stressed preweaning dairy calves: I. Effects on antioxidant status, in-
flammatory response, hematological and physiological parameters. An-
imal Feed Science and Technology, 292, p.115421.

37. Elcoso, G., Zweifel, B. and Bach, A., 2019. Effects of a blend of essential
oils on milk yield and feed efficiency of lactating dairy cows. Applied An-
imal Science, 35(3), pp.304-311.

38. Hart, K.J., Jones, H.G., Waddams, K.E., Worgan, H.J., Zweifel, B. and New-
bold, C.J., 2019. An essential oil blend decreases methane emissions and
increases milk yield in dairy cows. Open Journal of Animal Sciences, 9(03),
p.259.

39. Ungerfeld, E.M., 2020. Metabolic hydrogen flows in rumen fermentation:
principles and possibilities of interventions. Frontiers in Microbiology,
11, p.589.

40. Pirondini M, Colombini S, Malagutti L, Rapetti L, Galassi G, Zanchi R,
Crovetto GM. Effects of a selection of additives on in vitro ruminal
methanogenesis and in situ and in vivo NDF digestibility. Animal Science
Journal. 2015 Jan;86(1):59-68.

Grossi  Bovini_ok  26/07/24  10:04  Pagina 169




