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WHY ALTERNATIVE TO ANTIBIOTICS?
Antibiotics,substances used to kill bacteria or to 
stop them from growing and multiplying, have
revolutionized the treatment of infectious diseases. 

Antibiotics are not a renewable resource
18 settembre 2020, ASPA; Luciana ROSSI 
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Antibiotic resistance

Sir Alexander Fleming
The Nobel Prize in 
Physiology or Medicine 
1945

 AL E X A N D E R  F L E M I N G

Penicillin

Nobel Lecture, December 11, 1945

I am going to tell you about the early days of penicillin, for this is the part
of the penicillin story which earned me a Nobel Award. I have been fre-
quently asked why I invented the name "Penicillin". I simply followed per-
fectly orthodox lines and coined a word which explained that the substance
penicillin was derived from a plant of the genus Penicillium just as many years
ago the word "Digitalin" was invented for a substance derived from the
plant Digitalis. To my generation of bacteriologists the inhibition of one
microbe by another was commonplace. We were all taught about these
inhibitions and indeed it is seldom that an observant clinical bacteriologist
can pass a week without seeing in the course of his ordinary work very def-
inite instances of bacterial antagonism.

It seems likely that this fact that bacterial antagonisms were so common
and well-known hindered rather than helped the initiation of the study of
antibiotics as we know it today.

Certainly the older work on antagonism had no influence on the begin-
ning of penicillin. It arose simply from a fortunate occurrence which hap-
pened when I was working on a purely academic bacteriological problem
which had nothing to do with antagonism, or moulds, or antiseptics, or
antibiotics.

In my first publication I might have claimed that I had come to the con-
clusion, as a result of serious study of the literature and deep thought, that
valuable antibacterial substances were made by moulds and that I set out
to investigate the problem. That would have been untrue and I preferred
to tell the truth that penicillin started as a chance observation. My only merit
is that I did not neglect the observation and that I pursued the subject as a
bacteriologist. My publication in 1929 was the starting-point of the work of
others who developed penicillin especially in the chemical field.

Penicillin was not the first antibiotic I happened to discover. In 1922, I
described lysozyme - a powerful antibacterial ferment which had a most
extraordinary lytic effect on some bacteria. A thick milky suspension of bacte-
ria could be completely cleared in a few seconds by a fraction of a drop of



In 15 European countries more than 10% of bloodstream Staphylococcus aureus
infections are caused by methicillin-resistant strains (MRSA), with several of these
countries seeing resistance rates closer to 50%

Antimicrobial 
Resistance:
Tackling a crisis 
for the health and 
wealth of nations
 
 
 
The Review on Antimicrobial Resistance  
Chaired by Jim O’Neill 
December 2014  

Antimicrobial 
Resistance:
Tackling a crisis 
for the health and 
wealth of nations
 
 
 
The Review on Antimicrobial Resistance  
Chaired by Jim O’Neill 
December 2014  

In 2050 deaths
attributable to AMR 
will be 10 million

The problem in humans

18 settembre 2020, ASPA; Luciana ROSSI 



www.thelancet.com/planetary-health   Vol 1   November 2017 e316

Articles

Restricting the use of antibiotics in food-producing animals 
and its associations with antibiotic resistance in 
food-producing animals and human beings: a systematic 
review and meta-analysis
Karen L Tang, Niamh P Caffrey, Diego B Nóbrega, Susan C Cork, Paul E Ronksley, Herman W Barkema, Alicia J Polachek, Heather Ganshorn, 
Nishan Sharma, James D Kellner, William A Ghali

Summary
Background Antibiotic use in human medicine, veterinary medicine, and agriculture has been linked to the rise of 
antibiotic resistance globally. We did a systematic review and meta-analysis to summarise the effect that interventions 
to reduce antibiotic use in food-producing animals have on the presence of antibiotic-resistant bacteria in animals 
and in humans.

Methods On July 14, 2016, we searched electronic databases (Agricola, AGRIS, BIOSIS Previews, CAB Abstracts, 
MEDLINE, Embase, Global Index Medicus, ProQuest Dissertations, Science Citation Index) and the grey literature. 
The search was updated on Jan 27, 2017. Inclusion criteria were original studies that reported on interventions to 
reduce antibiotic use in food-producing animals and compared presence of antibiotic-resistant bacteria between 
intervention and comparator groups in animals or in human beings. We extracted data from included studies and did 
meta-analyses using random effects models. The main outcome assessed was the risk difference in the proportion of 
antibiotic-resistant bacteria.

Findings A total of 181 studies met inclusion criteria. Of these, 179 (99%) described antibiotic resistance outcomes in 
animals, and 81 (45%) of these studies were included in the meta-analysis. 21 studies described antibiotic resistance 
outcomes in humans, and 13 (62%) of these studies were included in the meta-analysis. The pooled absolute risk 
reduction of the prevalence of antibiotic resistance in animals with interventions that restricted antibiotic use 
commonly ranged between 10 and 15% (total range 0–39), depending on the antibiotic class, sample type, and bacteria 
under assessment. Similarly, in the human studies, the pooled prevalence of antibiotic resistance reported was 
24% lower in the intervention groups compared with control groups, with a stronger association seen for humans 
with direct contact with food-producing animals.

Interpretation Interventions that restrict antibiotic use in food-producing animals are associated with a reduction in 
the presence of antibiotic-resistant bacteria in these animals. A smaller body of evidence suggests a similar association 
in the studied human populations, particularly those with direct exposure to food-producing animals. The implications 
for the general human population are less clear, given the low number of studies. The overall findings have directly 
informed the development of WHO guidelines on the use of antibiotics in food-producing animals.

Funding World Health Organization.

Copyright © 2017 World Health Organization; licensee Elsevier. This is an Open Access article published under the 
CC BY 3.0 IGO license which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. In any use of this article, there should be no suggestion that WHO endorses any 
specific organisation, products or services. The use of the WHO logo is not permitted. This notice should be preserved 
along with the article’s original URL. 

Introduction
Infections with antibiotic-resistant bacteria result in 
increased mortality, morbidity, and social and economic 
costs.1–4 By 2050, an estimated 10 million deaths per year 
globally will be attributable to antimicrobial resistance, 
with a cumulative economic cost of US$100 trillion.5 
Governments around the world have mobilised to address 
this pressing public health concern at the recent 
G20 Summit and the meeting of the UN General 

Assembly.6,7 Further, WHO has created a set of strategies to 
combat rising antibiotic resistance, which include 
improving sanitation and hygiene to reduce overall 
infection rates, and optimising the use (and preventing the 
overuse) of antibiotics in both humans and animals.8

There is increasing recognition that widespread 
antibiotic use in agriculture and aquaculture might 
contribute to the development of resistance to antibiotics 
commonly used in human medicine,9–11 especially given 
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Are interventions that restrict antibiotic use effective
in reducing antibiotic resistance? 

It appears that such interventions are indeed associated with a reduction in resistance in 
food-producing animals and in human beings that have direct contact with such animals, 
with a possible, but less clear, association in the more general population. These findings
will be an important consideration as global policy options are being considered.

Overall, reducing antibiotic use decreased
prevalence of antibiotic-resistant bacteria in animals by
about 15% and multidrug-resistant bacteria by 24–32%.

AMRs represent a 
cost for livestock

Systematic review, 
commissioned by WHO
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One World, One Health
Summary of the FAO/OIE/WHO document

UN System Influenza 
Coordination

THE WORLD BANK 
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Global food trends
Infodemic (WHO, 2020) 

Is it an ethical
animal
farming? 

18 settembre 2020, ASPA; Luciana ROSSI 



Antibiotics are pivotal
Antibiotics not a renewable resource
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Sales of veterinary antimicrobial agents in 31 European countries in 2017
Ninth ESVAC report31

2.4.  Distribution of sales for food-producing animals – overall and  
by antimicrobial class and pharmaceutical form

2.4.1.  Distribution of sales of antimicrobials for food-producing animals, 
by country

Figure 10.  Spatial distribution of overall sales of all antimicrobials for food-producing animals, in mg/PCU,  
for 31 countries, for 2017
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Sales of veterinary antimicrobial agents in 31 European countries in 2017
Ninth ESVAC report11

Summary

A total of  European countries   E EEA countries and wit erland  submitted data on sales or prescriptions 
two countries  of antimicrobial veterinary medicinal products MPs  to the European Medicines Agency for . 

A population correction unit PC  is applied as a proxy for the si e of the food-producing animal population including 
all horses . The main indicator used in the current report to express the sales is milligrams of active ingredient sold per 
population correction unit  mg PC .

A large difference in the sales for 2017, expressed as mg/PCU, was observed between the countries with the highest 
and lowest sales range .  to .  mg PC ; total aggregated sales linked to aggregated PC  for all  countries 
which delivered data in  was .  mg PC , while the median was .  mg PC .

Of the overall sales of antimicrobials in the 31 countries in 2017, the largest amounts, expressed as mg/PCU, were 
accounted for by tetracyclines .  , penicillins .   and sulfonamides .  . verall, these three classes 
accounted for .   of total sales in the  countries. 

The prescribing patterns of the various antimicrobial classes, expressed as mg/PCU, varied substantially between the 
 countries. n , notable variations in the proportion of antimicrobial classes included in the EMA AME  Category 

 were observed between countries, i.e. rd- and th-generation cephalosporins, uoroquinolones and polymyxins  
with sales mg PC  ranging from .  to .  mg PC , .  to .  mg PC  and  to .  mg PC , respectively 
Table . or these classes, sales mg PC  for food-producing animals in the  countries accounted for .  , 
.   and .   of total sales, respectively. n addition to the antimicrobial classes belonging to AME  Category , 

W  has classified macrolides and other quinolones as critically important antimicrobials C As  with the highest 
priority for human medicine. Macrolides accounted for .   of the total sales of antimicrobials for food-producing 
animals in the  countries in , while the corresponding figure for other quinolones was .  .

When aggregated across the  countries, sales mg PC  of pharmaceutical forms suitable for group treatment 
accounted for .   of the total sales  premixes accounted for .  ; oral powders for .  ; and oral solutions 
for .   igure . The proportion accounted for by pharmaceutical forms applicable for group treatment varied 
substantially between countries, ranging from   to   igure . f the pharmaceutical forms intended for 
treatment of individual animals .   of total sales across all countries , .   of the sales were accounted for 
by in ectable preparations, .   by intramammary preparations and .   by oral pastes, boluses and intrauterine 
preparations igure .

In 2017, across the 31 countries, the proportion of the total sales of antimicrobial veterinary medicinal products 
MP  suitable for group treatment oral powder, oral solution and premix  containing one active ingredient was  ; 
  contained two or more active ingredients.

For the 25 countries which provided sales for all years between 2011 and 2017, an overall decline in sales (mg/PCU) of 
.   was observed. verall sales fell from .  mg PC  in  to .  mg PC  in  igure . A fall in sales 

mg PC  of more than   was observed in  of these countries ranging from - .   to - .  , whilst there was 
an increase of more than   in three countries during the reference period ranging from .   to .   Table . 

Among these  countries, a noticeable decrease in sales mg PC  was identified for some of the highest-selling 
countries, which has had a significant impact on the overall sales reduction by .   observed during this period. 

Trends from 2010 to 2017, Ninth ESVAC report 15 October 2019 
EMA/294674/2019,Veterinary Medicines Division

Ditribution of sales of antimicrobials for country 
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Zinc in EU agricultural soils (Gemas
2014): Top soil zinc levels (top 
20cm) in agricultural land in Europe 
(Taken from Reimann et al., 2014). 

What about zinc? 

EU sow herds (Eurostat, 2014).
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Evaluation of concentration of heavy metals in animal rearing system

Monika Hejnaa , Alessandra Moscatellib , Elisabetta Onellib , Antonella Baldia , Salvatore Piluc

and Luciana Rossia

aDipartimento di Scienze veterinarie per la salute, la produzione animale e la sicurezza alimentare, Universit!a degli Studi di Milano,
Milano, Italy; bDipartimento di Bioscienze, Universit!a degli Studi di Milano, Milano, Italy; cDipartimento di Scienze Agrarie e
Ambientali – Produzione, Territorio, Agroenergia, Universit!a degli Studi di Milano, Milano, Italy

ABSTRACT
Animal manure is one of the diffusion routes of heavy metals and metalloids into the environ-
ment, where the soil can accumulate them. Heavy metals and metalloids can then be released
into groundwater sources, be absorbed by crops, and enter the food chain with negative effects
for human and animal health. The aim of this study was to evaluate the concentration of heavy
metals and mineral nutrients from modern animal rearing systems in order to develop effective
strategies to increase the sustainability. Samples of feed (n¼ 24: n¼ 16 from swine, n¼ 8 from
cattle), faeces (n¼ 120: n¼ 80 from swine, n¼ 40 from cattle) and water (n¼ 8), were collected
from eight typical intensive swine and cattle farms located in northern Italy. All samples were
analysed for the humidity and the principal components. The samples were also dried, mineral-
ised, and analysed by ICP-MS to detect the following elements: Na, Mg, K, Ca, Cr, Mn, Fe, Co, Ni,
Cu, Zn, As, Se, Mo, Cd, and Pb. The swine diets represented the highest amounts of Zn and Cu,
with an average concentration for the finishing and weaning phases of Zn: 1737.9±301.3;
821.7 ±301.3; Cu: 133.8 ± 11.6; 160.1 ±11.6mg/kg as fed, respectively. The faecal content
reflected the heavy metal composition from feed. The average content of cattle diets of Zn and
Cu did not result higher than the maximum permitted levels. We observed that the swine
manure represented the sources of Zn and Cu output into the environment. The Zn and Cu
content should be monitored strictly in line with agroecology principles.

HIGHLIGHTS

" Evaluation of the role of zinc and copper in animal production.
" Increase the sustainability of farms.
" Consider the feed as major route of HMs in livestock.
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ecology; environmen-
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Introduction

Heavy metal and metalloid (HMM) pollution has
become a serious problem in agriculture (Bhargava
et al. 2012). The soil accumulates HMMs without
apparent toxic effects; however, HMMs can be
released into water, be absorbed by crops, and enter
the food chain in high concentrations, with negative
effects for human and animal health (Jarup 2003). The
major causes of HMM diffusion into the environment
include the geological characteristics of soil, industrial
and anthropic activities, atmospheric deposition,
sewage sludge, animal manure, agrochemicals, and
inorganic fertilisers (Nicholson et al. 2003). The strat-
egy for the minimisation of HMM effects is to

reduce the environmental and human exposure to
these elements.

Animal production thus represents a possible
source of HMMs and also a key link in the food chain.
The major HMMs input in pig livestock is represented
by feed, which should be controlled in order to pre-
vent the excessive spread of HMMs into the environ-
ment (Adewole et al. 2016). Thus, HMMs should be
monitored strictly in line with the modern principles
of agroecology and in order to increase sustainability
(Dumont et al. 2013).

HMMs can enter animals’ diet as both contaminants
or undesirable substances, and also as essential
nutrients (Fink-Gremmels 2012; Hejna et al. 2018). For

CONTACT Dr Monika Hejna monika.hejna@unimi.it Dipartimento di Scienze veterinarie per la salute, la produzione animale e la sicurezza
alimentare, Universit!a degli Studi di Milano, Via Trentacoste 2, Milan 20134, Italy

Supplemental data for this article can be accessed here.
! 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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and chromium (Cr) met the range of nutritional
requirements for both swine and cattle species (NRC
2001, 2012).

Content of Zn and Cu in swine and cattle farm
feed samples

A different situation was found in relation to zinc (Zn)
and copper (Cu) (Figures 1 and 2). The diets consid-
ered showed high levels of zinc, in particular for both
the weaning and finishing phases (821.7 ± 301.3;
1737.9 ± 301.3mg/kg as fed, respectively). In our
results, the wide range of dosage was similar to the
feed from weaning phase in England (from 212.00 to
2350.00mg/kg DM: Nicholson et al. (1999)). Moreover,
Mendoza-Huaitalla et al. (2010) reported in China the
highest Zn average value in weaning phase from
swine feed samples (1497.14mg/kg, respectively). In
contrary, Zhang et al. (2012) observed the Zn concen-
tration in swine feed in China from 37.37 to
598.32mg/kg. The estimated contents of Zn were sig-
nificantly higher than 150 ppm, corresponding to the
maximum permitted level as nutritional additives
(European Parliament and the Council 2003; EU 2016).

This is probably related to the pharmacological use of
Zn, after veterinary prescription, to control enteric dis-
orders which often appear during the growing phase.
In fact, Zn is usually used to guarantee livestock prod-
uctivity by controlling enteric pathogen bacterial infec-
tion as well as to enhance the integrity of the
immune system (Luo et al. 2009; Hu et al. 2012; Liu
et al. 2018). It is also crucial in these phases to reduce
post-weaning diarrhoea and enhance animal growth
performance related to the role of Zn in intestinal
integrity (Zhang and Guo 2009; Pearce et al. 2015).

After the antibiotics ban in 2006 in Europe
(European Parliament and the Council 2003), there has
been an increased use of high dosages of zinc oxide
(ZnO). However, excessive exposure with higher con-
centrations of Zn has been linked to an increase in
antimicrobial resistance, change in microbiota, accu-
mulation of ions in vital organs, and environmental
issues (Lyubenova and Schr€oder 2011; Dumont et al.
2013; Rossi, Fusi et al. 2014b). The EU has thus banned
the inclusion of pharmacological levels of ZnO after
2022 (EMA 2017). In line with the major topics of
agroecology, considering the needs of animals (health,
welfare and nutrition productivity) and farmers

Figure 1. The average concentration of zinc content in feed from different swine phases (gestation, weaning, farrowing, finishing)
in considered swine farms (F1–F4) located in northern Italy. The red line represents maximum permitted level of zinc as nutritional
additive in feed for pigs (150mg/kg; EC N! 1831/2003; EU 2016/1095). The average humidity content (% as f.w.) in swine feed
(with SE): 11.02± 1.70 for gestation; 11.13± 1.66 for farrowing; 8.83 ± 1.60 for weaning; 9.81 ± 1.28 for finishing. Data are pre-
sented as least-squares means and SEM.
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(profitability and productivity) together with the envir-
onment, alternative solutions are required to control
enteric disorders and implement the sustainability of
pig livestock.

In pig diets, the amount of Cu in all phases resulted
higher than maximum permitted level although at
lower concentrations compared to Zn (Figure 2; wean-
ing: 160.09 ± 11.55; finishing: 133.75 ± 11.55mg/kg as
fed, respectively). The results were in line with
Nicholson et al. (1999), which reported in England the
Cu concentration in feed for the weaning phase from
121 to 190mg/kg DM. Moreover, Dai et al. (2016), in
Wisconsin (USA), reported the similar average Cu con-
centration in pig feed (169.90mg/kg). In contrary, in
China, according to Wang et al. (2013) the average Cu
concentration in pig feed was lower (36.90mg/kg).
Furthermore, compared to our results, Mendoza-
Huaitalla et al. (2010) reported higher mean values of
Cu in the weaning and finishing feed (240.29mg/kg;
192.71mg/kg, respectively).

In the sows, Cu was supplemented in the diet in
order to maintain the fertility and improve reproduct-
ive performance. The most critical inclusion was

observed in the finishing phase, where the average
value was 30% higher than the maximum permitted
level. The inclusion of Cu in young animals’ rations is
common practice to improve growth performance. It
is related to the bacteriostatic and bacterial properties
of Cu, which may reduce the bacterial population in
the intestine and protect against oxidative stress (Luo
et al. 2009; Liu et al. 2018). Excessive exposure to high
concentrations of Cu has been linked to the increase
of the antimicrobial resistance and influence on the
environment (Dumont et al. 2013). The EU thus
recently decided to reduce (from 170 to 100mg/kg for
up to four weeks after weaning) the maximum level of
Cu in animal feed (Commission Implementing
Regulation 2018). When the ration is supplemented
with minerals, it is important to consider any elements
that may be contained naturally in the diet that could
influence the total amount of the elements found in
the manure.

Analysed water samples for Zn elements from
swine farms for F1 were as follows: 0.0001mg/L; F3:
0.0553mg/L; F4: 0.2540mg/L and for Cu F1:
0.0029mg/L; F3: 0.0748mg/L; F4: 0.2117mg/L. These

Figure 2. The average concentration of copper content in feed from different swine phases (gestation, weaning, farrowing, finish-
ing) in considered swine farms (F1–F4) located in northern Italy. The red line represents maximum permitted level of copper as
nutritional additive in feed for pigs (weaning – 150 mg/kg, finishing – 100 mg/kg; above 12 weeks – 25mg/kg; EC N! 2018/
1039). The average humidity content (% as f.w.) in swine feed (with SE): 11.02± 1.70 for gestation; 11.13± 1.66 for farrowing;
8.83 ± 1.60 for weaning; 9.81 ± 1.28 for finishing. Data are presented as least-squares means and SEM.

1378 M. HEJNA ET AL.

Review: Nutritional ecology of heavy metals
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The aim of this review is to focus the attention on the nutrition ecology of the heavy metals and on the major criticisms related to
the heavy metals content in animal feeds, manure, soil and animal-origin products. Heavy metals are metallic elements that have a
high density that have progressively accumulated in the food chain with negative effects for human health. Some metals are
essential (Fe, I, Co, Zn, Cu, Mn, Mo, Se) to maintain various physiological functions and are usually added as nutritional additives
in animal feed. Other metals (As, Cd, F, Pb, Hg) have no established biological functions and are considered as contaminants/
undesirable substances. The European Union adopted several measures in order to control their presence in the environment, as a
result of human activities such as: farming, industry or food processing and storage contamination. The control of the animal input
could be an effective strategy to reduce human health risks related to the consumption of animal-origin products and the
environmental pollution by manure. Different management of raw materials and feed, animal species as well as different legal
limits can influence the spread of heavy metals. To set up effective strategies against heavy metals the complex interrelationships
in rural processes, the widely variability of farming practices, the soil and climatic conditions must be considered. Innovative and
sustainable approaches have discussed for the heavy metal nutrition ecology to control the environmental pollution from livestock-
related activities.

Keywords: heavy metals, livestock, nutrition, manures, environmental impact

Implications

This study focuses on the role of animal production and on
the main challenges related to the content of essential and
non-essential heavy metals in animal feed and manure as a
basis for developing effective approaches to the reduction of
heavy metal pollution from livestock.

Introduction

Metals are natural constituents of the earth’s crust and through
natural erosion due to water and wind, they are naturally
spread into the environment as powders or leached into rivers.
However, these natural processes emit fewer metals into the
environment than anthropological activities. The spread of high
amounts of these elements in the environment leads to their
propagation in the food chain. Heavy metals (e.g. Fe, Co, Cu,
Mn, Mo, Se, Zn, Cr and Cd, Hg, Pb, As) are metallic elements
that have a high density compared with water and are present
in various matrices in traces. Their heaviness and toxicity are
interrelated, as heavy metals are able to induce toxicity at low
doses (Bhargava et al., 2012; Govind and Madhuri, 2014; Dai
et al., 2016; Giromini et al., 2016).

Some metals are essential to maintain various biochemical
and physiological functions in humans, animals and plants. The
nutritional requirements of these trace elements, such as cobalt
(Co), copper (Cu), chromium (Cr), iron (Fe), manganese (Mn),
molybdenum (Mo), selenium (Se) and zinc (Zn) are generally
low and they are called microelements. They are present in
various matrices, although with a different bioavailability, in
trace concentrations (ppb or ppm) (Hambidge, 2003). Essential
trace elements are usually added as nutritional additives in
animal feed to promote health, and to optimize production
(European Union (EU) Reg. 1881/2006). However, excessive
exposure with higher concentration of these elements has been
linked with cellular or systemic disorders and could represent a
source of pollution (Rossi et al., 2014b).
Other metals (e.g. As, Cd, Pb, Hg) have no established

biological functions and are considered as contaminants and
undesirable substances in animal feed (Reg. 2002/32/EC).
Moreover, As, Cd, Cr, Pb and Hg which are a prior hazard to
public health, present a high toxicity because they can induce
organ damage, even at lower exposure levels (Table 1).
The toxicity of heavy metals, whether essential or not,

depends on several factors including the dose, route of
exposure, and chemical species, as well as the age, gender,
genetics and nutritional status of the exposed individuals† E-mail: monika.hejna@unimi.it
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in any medium, provided the original work is properly cited.
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Alternative to antibiotics and 
alternative to Zinc



WHO is recommending that farmers and the food industry stop using
antibiotics routinely to promote growth and prevent disease in healthy animals
(2017).

Stop using antibiotics in healthy
animals to prevent the spread of 

antibiotic resistance

No one alternative will replace all uses of antibiotics

Reduce, replace
and rethink

https://www.efsa.europa.
eu/it/interactive_pages/A
ntimicrobial_Resistance

EFSA,2016
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Promote health and reduce disease

Key: 
Prevention The role of 

nutrition
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Intestinal barrier function

• Gut barrier function • Gut microbiota

Chelakkot, C., Ghim, J. & Ryu, S.H. Mechanisms regulating intestinal
barrier integrity and its pathological implications. Exp Mol Med 50, 103 
(2018). https://doi.org/10.1038/s12276-018-0126-x

• Immune system

Together with the chemical barrier of the mucosal layer and the cellular immune system,
the epithelial cell layer performs a pivotal role as the first physical barrier against

external factors and maintains a symbiotic relationship with commensal bacteria.

Health status 

(systemic/local)

Immune system

Stable microbioma

Effective digestion and 

absorption

Genotype, management, 

nutrition, behaviour

Animal Nutrition
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NUTRITIONAL STRATEGIES TO 
REDUCE THE ANTIBIOTICS

• Feeding a high quality creep (weaning diet)

• Dietary ingredients therefore with a consistent high 
quality (nutrient content and availability), palatable
and cost effective. 

• Eubiosis (mother, pen, feed): balanced and diverse 
ecosystem

• Functional additives/ingredients
• Innovations

High quality nutrition and a well-managed environment
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In vitro evaluation of antimicrobial and antioxidant activities of
algal extracts

Matteo Dell’Annoa! , Stefania Sotiraa!, Raffaella Rebuccia, Serena Reggia, Bianca Castiglionib and
Luciana Rossia

aDipartimento di Scienze Veterinarie per la Salute, la Produzione Animale e la Sicurezza Alimentare “Carlo Cantoni” (VESPA),
Universit!a degli Studi di Milano, Milan, Italy; bIstituto di Biologia e Biotecnologia Agraria (IBBA), Consiglio Nazionale delle Ricerche
(CNR), Lodi, Italy

ABSTRACT
The aim of this study was to evaluate the antioxidant capacity, the antimicrobial proprieties of
algae Ascophyllum nodosum and Schizochytrium spp. against one of major swine enteric patho-
gen Escherichia coli O138 by broth macro-dilution method in Luria–Bertani (LB) medium. The
antimicrobial effect of the algal extracts at supplementation of 0.12%, 0.06% and 0.03% (v/v) on
E. coli O138, genetically characterised by PCR, was evaluated by following the bacterial growth.
The antioxidant activity was determined by the ABTS Radical Cation Decolorisation Assay. In par-
ticular, the log10 E. coli used as control resulted significantly higher than 0.12% at 3 hours
(8.82± 0.07 and 8.18 ± 0.07 log10 cells/mL, respectively; p<.01) suggesting an inhibitory activity
related to the dose. No effect activity was observed with Schizochytrium spp. against E. coli
growth. A. nodosum and Schizochytrium spp. exhibited antioxidant capacity (p<.05). The combin-
ation of them (1:1) exhibited antioxidant activity suggesting a synergistic effect (p<.05). The dif-
ferent proprieties of algal species that can modulate the O138 E. coli growth, one of the major
pathogen of swine species, together with the antioxidant capacity, make them a promising
functional feed additive to improve the gut health, therefore further studies are needed to con-
firm these activities in vivo.

HIGHLIGHTS

" The aim of the study was to evaluate the antimicrobial and antioxidant proprieties of two
species of algae: Ascophyllum nodosum and Schizochytrium spp.

" Ascophyllum nodosum revealed antimicrobial effect against Escherichia coli O138. Both algae
exhibited antioxidant capacity also with a synergistic effect.
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Introduction

One of today’s challenges, in line with the One-Health
principles, is to reduce the use of drugs and antibiot-
ics in humans and livestock because of the rise of
antibiotic resistance (EFSA and ECDC 2013; Dhama
et al. 2013). In this context, pig farming is one of the
most profitable agricultural practices; however, antibi-
otics have often been used in order to deal with crit-
ical phases of a pig’s life, such as weaning. Post
weaning diarrhoea (PWD), a gastrointestinal disease
mainly associated with certain Escherichia coli strains,
represents the most common indication for the anti-
microbial prescription (Amezcua et al. 2002). In

particular, the pathogroup of porcine verocytotoxin-
producing Escherichia coli, belonging to serogroups
O138, O139 and O141, is characterised by a virulence
profile responsible for acute and severe enterotoxemia
and for important economic losses (Verdonck et al.
2002; Rossi et al. 2014). Many factors, infectious and
non-infectious, are involved in the outbreak of the
PWD that is considered a multifactorial disease where
nutrition plays a pivotal role (Rossi et al. 2013). The
reduction of the use of antimicrobials in food-produc-
ing animals, replacing them where possible and re-
thinking the livestock production system, is essential
for the future of animal and public health (EFSA 2012;

CONTACT Dr. Matteo Dell’Anno Matteo.DellAnno@unimi.it Dipartimento di Scienze Veterinarie per la Salute, la Produzione Animale e la Sicurezza
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Simple Summary: In animal farming, alternatives to antibiotics are required due to the increase of 
antimicrobial resistance. In this contest, tributyrin showed the ability to promote gut health, to 
modulate gut microbiota and to improve protein digestibility, leading also to higher growth 
performance. However, although the mode of action of tributyrin on the intestinal epithelial cells 
has been partially explained, its effects on lipid and protein metabolism needs to be investigated. 
This paper provides information about the influence of tributyrin on production traits, blood 
parameters, faecal microbiota and faecal protein excretion in weaned piglets. 

Abstract: The aim of this study was to investigate the effects of tributyrin supplementation on the 
production traits, the main metabolic parameters and gut microbiota in weaned piglets. One 
hundred and twenty crossbred piglets (Large White × Landrace) were randomly divided into two 
experimental groups (six pens each; 10 piglets per pen): the control group (CTRL), that received a 
basal diet, and the tributyrin group (TRIB) that received the basal diet supplemented with 0.2% 
tributyrin. The experimental period lasted 40 days. Production traits were measured at days 14, 28 
and 40. A subset composed of 48 animals (n = 4 for each pen; n = 24 per group) was considered for 
the evaluation of serum metabolic parameters and hair cortisol by enzyme-linked immunosorbent 
assay (ELISA), and faecal microbiota by real-time polymerase chain reaction (PCR). Our results 
showed that the treatment significantly increased body weight (BW) at day 28 and day 40 (p = 0.0279 
and p = 0.0006, respectively) and average daily gain (ADG) from day 28 to day 40 (p = 0.046). Gain 
to feed ratio (G:F) was significantly higher throughout the experimental period (p = 0.049). Even if 
the serum parameters were in the physiological range, albumin, albumin/globulin (A/G) ratio, 
glucose and high-density lipoproteins (HDL) fraction were significantly higher in the TRIB group. 
On the contrary, tributyrin significantly decreased the urea blood concentration (p = 0.0026), which 
was correlated with lean gain and feed efficiency. Moreover, serum insulin concentration, which 
has a regulatory effect on protein and lipid metabolism, was significantly higher in the TRIB group 
(p = 0.0187). In conclusion, this study demonstrated that tributyrin can be considered as a valid feed 
additive for weaned piglets.  
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Evaluation of leonardite as a feed additive on lipid metabolism and
growth of weaned piglets
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A B S T R A C T

We evaluated the effects of leonardite supplementation, mainly composed of humic acids (HAs),
as a functional feed additive in weaned piglets. One hundred and twenty piglets (Large Withe ×
Landrace) were weaned at 28±2 days, and randomly divided into two groups (6 pens per group,
10 piglets per pen). After one week of adaptation, for 40 days groups were fed a control diet
(CTRL) and an HA enriched diet (0.25% of leonardite; HAG). Body weight (BW), average daily
feed intake (ADFI), average daily gain (ADG), feed conversion ratio (FCR) were measured
throughout the experimental period. On the last day of the trial four piglets per pen were ran-
domly selected and the blood was collected to evaluate the serum metabolic profile and diamine
oxidase content.

Chemical analyses showed that leonardite was characterized by a high content of ash 23.27%
(as-fed basis), polyphenolic content of 35.18± 3.91 mg TAEq/g, and an antioxidant capacity of
73.31±8.22 μmol TroloxEq/g.

The HAG group showed an increase in BW, ADG and ADFI (P<0.01) compared to the CTRL
group during the experimental period. In terms of the serum metabolic profile, the HAG group
showed a significant increase in total protein content (P<0.001), albumin (P<0.001), al-
bumin/globulin ratio (P<0.01), phosphatase alkaline (P<0.01), calcium, phosphorus and
magnesium (P<0.05) compared to the CTRL group.

A modulation in the serum lipid profile was recorded. The HAG group showed a decrease in
total triglycerides (P<0.05) with higher total cholesterol (P<0.05), however only high-density
lipoprotein showed a significant increase (P<0.001) compared to the CTRL group. No sig-
nificant differences in the amount of diamine oxidase were found between groups.

In conclusion, leonardite inclusion in the diet at 0.25% was shown to have a positive effect on
the serum lipid profile and animal growth. This thus suggests that leonardite can be considered as
a new feed additive, which improves the health and performance of weaned piglets.

https://doi.org/10.1016/j.anifeedsci.2020.114519
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Simple Summary: Castanea sativa Mill. (Fagaceae) is the predominant sweet chestnut tree in Europe.
Despite the significant economic value of chestnuts as sources of food and wood, the high content
of tannin also increases the value of sweet chestnut trees. Quebracho trees (Schinopsis spp., family
Anacardiaceae) grow mainly in Argentina and Paraguay. Quebracho extract obtained from Schinopsis
spp. contains 15% to 21% pure tannin. Tannins extracted from these plants have been applied in
intensive swine farms due to their ability to improve animal performance and health. However,
there are contrasting results regarding the bio-accessibility of chestnut and quebracho and their
relative antioxidant activity and growth-rate reducing ability on E. coli, which ultimately a↵ect their
benefits in terms of intestinal health and animal production. Our results demonstrate that chestnut
and quebracho exert a growth inhibitory activity against Enterotoxigenic E. coli (ETEC) species and
antioxidant capacity directly, without extraction and after in vitro digestion. Our findings not only
suggest that the combined use of chestnut and quebracho can maximize their functional e↵ects,
but also that an appropriate dosage of tannins may be key in terms of their e↵ect on bacteria and cells.

Abstract: Quebracho (Qu) and chestnut (Ch) are natural sources of tannins and they are currently
used in animal nutrition as feed ingredients. However, to date the bio-accessibility, antimicrobial,
antioxidant, and intestinal epithelial cell stimulatory doses of Qu and Ch have not been determined.
Our study investigates the antioxidant and E. coli F4+ and F18+ growth inhibitory activity of Qu, Ch,
and their combinations after solubilization in water (to evaluate the already bio-accessible molecules)
and after simulated gastro-intestinal digestion in vitro. The e↵ect of an in vitro digested Ch and
Qu combination was also tested on intestinal epithelial IPEC-J2 cells experimentally stressed with
hydrogen peroxide (H2O2) and Dextran Sodium Sulfate (DSS). The results showed that undigested
Qu and Ch alone, and in combination, exerted a valuable antioxidant capacity and E. coli F4+ and
F18+ growth inhibitory activity. The concentration of 1200 µg/mL exhibited the highest E. coli
growth inhibitory activity for all the samples tested. In addition, after in vitro digestion, Qu and
Qu50%–Ch50% maintained E. coli growth inhibitory activity and a modest antioxidant capacity.
Three hours pre-treatment with in vitro digested Qu50%–Ch50% counteracted the H2O2 and DSS
experimentally-induced stress in the intestinal IPEC-J2 cells. Ch and Qu tannin extracts, particularly
when combined, may exert E. coli F4+ and F18+ growth inhibitory activity and valuable antioxidant
and cell viability modulation activities.

Animals 2020, 10, 195; doi:10.3390/ani10020195 www.mdpi.com/journal/animals
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Simple Summary: Castanea sativa Mill. (Fagaceae) is the predominant sweet chestnut tree in Europe.
Despite the significant economic value of chestnuts as sources of food and wood, the high content
of tannin also increases the value of sweet chestnut trees. Quebracho trees (Schinopsis spp., family
Anacardiaceae) grow mainly in Argentina and Paraguay. Quebracho extract obtained from Schinopsis
spp. contains 15% to 21% pure tannin. Tannins extracted from these plants have been applied in
intensive swine farms due to their ability to improve animal performance and health. However,
there are contrasting results regarding the bio-accessibility of chestnut and quebracho and their
relative antioxidant activity and growth-rate reducing ability on E. coli, which ultimately a↵ect their
benefits in terms of intestinal health and animal production. Our results demonstrate that chestnut
and quebracho exert a growth inhibitory activity against Enterotoxigenic E. coli (ETEC) species and
antioxidant capacity directly, without extraction and after in vitro digestion. Our findings not only
suggest that the combined use of chestnut and quebracho can maximize their functional e↵ects,
but also that an appropriate dosage of tannins may be key in terms of their e↵ect on bacteria and cells.

Abstract: Quebracho (Qu) and chestnut (Ch) are natural sources of tannins and they are currently
used in animal nutrition as feed ingredients. However, to date the bio-accessibility, antimicrobial,
antioxidant, and intestinal epithelial cell stimulatory doses of Qu and Ch have not been determined.
Our study investigates the antioxidant and E. coli F4+ and F18+ growth inhibitory activity of Qu, Ch,
and their combinations after solubilization in water (to evaluate the already bio-accessible molecules)
and after simulated gastro-intestinal digestion in vitro. The e↵ect of an in vitro digested Ch and
Qu combination was also tested on intestinal epithelial IPEC-J2 cells experimentally stressed with
hydrogen peroxide (H2O2) and Dextran Sodium Sulfate (DSS). The results showed that undigested
Qu and Ch alone, and in combination, exerted a valuable antioxidant capacity and E. coli F4+ and
F18+ growth inhibitory activity. The concentration of 1200 µg/mL exhibited the highest E. coli
growth inhibitory activity for all the samples tested. In addition, after in vitro digestion, Qu and
Qu50%–Ch50% maintained E. coli growth inhibitory activity and a modest antioxidant capacity.
Three hours pre-treatment with in vitro digested Qu50%–Ch50% counteracted the H2O2 and DSS
experimentally-induced stress in the intestinal IPEC-J2 cells. Ch and Qu tannin extracts, particularly
when combined, may exert E. coli F4+ and F18+ growth inhibitory activity and valuable antioxidant
and cell viability modulation activities.

Animals 2020, 10, 195; doi:10.3390/ani10020195 www.mdpi.com/journal/animals



18/09/2020 LUCIANA ROSSI ASPA_2020

Ex vivo gut model
Evaluation of absorpition of nutrient and 

metabolites
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Plantechno s.r.l., Ferraroni S.p.A.

18 settembre 2020, ASPA; Luciana ROSSI 





18/09/2020 LUCIANA ROSSI ASPA_2020

Conclusions
• Globaly antibiotic resistance is a serious treat that involves

humans, animal and the enviroment.

• No one alternative will replace all uses of antibiotics
completely. «Alternative» is not substitute. 

• Solution to the antibiotic-resistance problem are multifaceted
and include reduce the use of antibiotics via functional
ingredients but also with holistic strategies.

• Cost-effectiveness should be considered in animals.

• New reseraches are needed.
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