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ANTIBIOTICI



NON E’ UN PROBLEMA DI RESIDUI 

PERCHÉ SERVONO ALTERNATIVE 
AGLI ANTIBIOTICI? 



An#bio#co-resistenza non 
è un problema nuovo ma…  

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
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E’̀ necessario difendere le nostre difese 
Tackling antibiotic resistance in a food safety perspective
(WHO, 2011). 
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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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La riduzione dell’uso degli antibiotici negli animali 
produttori di alimenti è efficace nel ridurre l’antibiotico 
resistenza?   

Systematic review, 
commissioned by WHO

RIDUCE LA PRESENZA DI BATTERI ANTIBIOTICO-
RESISTENTI DEL 15% E DEI BATTERI MULTI-RESISTENTI 
DEL 24-32%. 

ANTIBIOTICO RESTITENZE 
SONO UN COSTO 



I GENI PER LA RESISTENZA AGLI ANTIBIOTICI 
POSSONO ESSERE TRASFERITI TRA BATTERI DIVERSI 



Fighting the 
enemy: one 
health approach 
against microbial 
resistance

Microbial Biotechnology, Volume: 13, Issue: 4, Pages: 888-891, First published: 04 May 2020, DOI: (10.1111/1751-7915.13587) 

UN System Influenza 
Coordination

THE WORLD BANK 



QUALI SONO LE NUOVE 
TENDENZE DEL 
CONSUMATORE? 



Global food trends
INFODEMIA   (WHO, 2020) 
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ELIMINAZIONE DEGLI ANTIBIOTICI NEGLI 
ALLEVAMENTI:  E’ POSSIBILE? 



An#bio#cs are pivotal
An#bio#cs not a renewable resource



ELIMINAZIONE DEGLI ANTIBIOTICI NEGLI 
ALLEVAMENTI:  E’ POSSIBILE? 



It’s time to 
-REDUCE, 
-REPLACE and
-RE-THINK 
the use of antimicrobials
in animals



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

La prima alternativa agli antibiotici è stato 
l’ossido di zinco 

EU sow herds (Eurostat, 2014).



Obiettivo del progetto 
PROMUOVERE LA SALUTE ANIMALE E RIDURRE 
L’INCIDENZA DELLE PATOLOGIE

Key: Prevention

The role of 
nutri2on



Salute dell’intes-no
Funzionalità della barriera intes-nale 

• 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

Animale Nutrizione 

Microrganismi  

Alimen- 
funzionali 



Multisciplinarità
Integrazione e sinergismo delle 
competenze accademiche e 
industriali per sviluppare un 
approcci che siano realmente 
rispondenti alle esigenze di 
settore. 

Approcci integrati che hanno
previsto l’uso di modelli 

sperimentali molto diversi e 
funzioni complementari.
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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
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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.

ARTICLE HISTORY
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KEYWORDS
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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
Alimentare “Carlo Cantoni” (VESPA), Universit!a degli Studi di Milano, Milan, Italy
!These authors are the first authors and contributed equally to this work.
! 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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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.  

Contents lists available at ScienceDirect

Animal Feed Science and Technology

journal homepage: www.elsevier.com/locate/anifeedsci

Evaluation of leonardite as a feed additive on lipid metabolism and
growth of weaned piglets

Matteo Dell’Annoa, Monika Hejnaa, Stefania Sotiraa,*, Valentina Capraruloa,
Serena Reggia, Roberto Pilub, Francesco Miragolic, Maria Luisa Callegaric,
Sara Panseria, Luciana Rossia
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20133, Italy
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Parmense 84, Piacenza 29122, Italy
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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
Received 19 December 2019; Received in revised form 16 April 2020; Accepted 21 April 2020

⁎ Corresponding author.
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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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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.
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increased cholesterol levels could be related to an increased HDL (P>0.05) without any changes in the LDL amount. The increase in
HDL may be related to an increased Mg concentration, whose presence or absence is strictly related to the incidence of cardiovascular
and metabolic diseases (Verma and Garg, 2017). These results may also be due to the presence of phenolic compounds in leonardite
which are recognized by EFSA as important nutrients in protecting blood lipids from oxidative damage and the maintenance of
normal blood HDL-cholesterol concentrations without increasing LDL (EFSA, 2011, 2012).

In fact, total cholesterol concentration is an index of the lipometabolic status which includes the free and bounded forms of HDL
(Wang et al., 2011). HDL protects blood vessels by decreasing cholesterol levels in the blood stream and guaranteeing their stabi-
lization (Grela and Klebaniuk, 2007). These results suggest that leonardite has a positive effect on the lipidic metabolism as well as
protecting blood vessels.

Results from the serum DAO analysis did not show any significant differences between the CTRL (289.40± 48.30 ng/mL) and
HAG (263.13±33.95 ng/mL) groups. The intact intestinal barrier plays a central role in preventing systemic infection and in the
maintenance of the health status. DAO is abundantly expressed in the duodenal and jejunal mucosa and, therefore, DAO activity is a
non-invasive marker of alterations in intestinal mucosal function and structure. Our results are in line with Liu et al. (2016) who
showed an improvement in the gut barrier function, decreasing enteric diseases even without significant changes in serum DAO. An
increased DAO level is often related to damage of the gut epithelium which releases this enzyme into the blood stream. Thus, the
presence of DAO in healthy animals is usually scarce (Hou et al., 2014). Considering no occurrence of diarrhoea during the biological
sample collection, although not representing the only indicator of a gut’s barrier function, the detected levels of DAO did not reveal
any intestinal alteration in either of the experimental groups.

Our RT-PCR data on fecal samples showed a significant reduction in bifidobacteria and lactobacilli in the HAG compared to the
CTRL groups. Regarding E. coli and Enterobacteriaceae, no difference in abundance was observed.

Based on these preliminary data, it seems that leonardite particularly affects some groups of bacteria. Diarrhoea in piglets is often
associated with specific pathogens, however the alteration in the gut microbiota composition can also be involved. In fact, Yang et al.
(2017) analyzed the gut microbiota of diarrheic neonatal piglets in which no pathogenic E. coli were detected. The authors found an
increase in Prevotella spp. and a reduction in E. coli and some beneficial bacteria belonging to the Firmicutes phylum. This altered
microbiota led to diarrhoea in neonatal piglets. Yang et al. (2017) results indicate that changes in terms of the relationship between
different groups of bacteria can provoke the development of piglet diarrhoea. These microbiota modifications cause the onset of the
inflammatory state as well as different nutrient degradation and adsorption abilities. Further analyses are required to investigate the
ability of leonardite to modulate the composition of gut microbiota in order to understand the mechanisms of its beneficial effects on
piglet performance that we found in our study (Fig. 2).

4. Conclusions

Dietary supplementation with 0.25% leonardite improved the zootechnical performance, serum lipidic profile and gut epithelium
integrity, thus indicating a good general health status. The increased serum HDL and decreased total triglycerides suggest that
leonardite is a promising feed additive to improve lipid metabolism. The higher serum Mg content found also suggests that leonardite
supports an improved stress response in weaned piglets.

Table 5
Metabolic profile analysis of blood serum divided by control (CTRL) and treatment group (HAG supplemented with 0.25% of HA) measured at day
40.

Analyte CTRL HAG SEM± P-Value

Total protein content, g/L 52.88a 61.45b 1.33 < 0.001
Albumin, g/L 19.31a 26.90b 1.25 < 0.001
Globulin, g/L 33.58 34.57 1.10 0.535
Albumin/globulin (A/G) 0.58a 0.81b 0.05 0.002
Urea, mmol/L 2.18 2.30 0.32 0.799
Alanine aminotransferase (ALT-GPT), IU/L 38.33 47.80 3.79 0.093
Aspartate aminotransferase (AST-GOT), IU/L 54.17 50.10 3.32 0.397
Phosphatase alkaline (ALP), IU/L 165.67a 228.50b 14.41 0.006
Total bilirubin, μmol/L 1.98 2.40 0.24 0.238
Glucose, mmol/L 5.00 5.94 0.35 0.075
Calcium, mmol/L 2.28a 2.65b 0.06 < 0.001
Phosphorus, mmol/L 3.05a 3.73b 0.09 < 0.001
Magnesium, mmol/L 0.85a 0.97b 0.03 0.014
Creatinine, μmol/L 78.92 90.80 4.43 0.073
Total cholesterol, mmol/L 2.51a 2.92b 0.12 0.024
High density lipoprotein (HDL), mmol/L 0.77a 1.00b 0.03 < 0.001
Low density lipoprotein (LDL), mmol/L 1.60 1.82 0.09 0.099
Triglycerides, mmol/L 0.68a 0.51b 0.05 0.027

a–b means with different superscripts are significantly different between treatments (P<0.05).
Data are expressed as least squares means (LSMEANS) and standard error of the mean (SEM).
CTRL: control group; HAG: humic acid enriched diet group supplemented with 0.25% leonardite.
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also showed a higher ADG from d 14 to 28 and from d 28 to 40 (P<0.001, Table 4). The ADFI of the HAG group increased from d 14
to 28 and d 28 to 40 (P<0.01; Table 4) compared to the CTRL group. The higher final body weight of the HAG group was due to a
higher consumption of feed although the feed conversion rate did not show significant differences between groups (P>0.05).

Wang et al. (2008) observed a raised ADG with the inclusion of humic substances at 5% and 10% in the diets of the pigs. Trckova
et al. (2018) also demonstrated the positive effect of leonardite (supplementation levels of 20 g/kg in the diet) on BW, ADFI and ADG
parameters of weaned piglets.

Although it is still not clearly exactly how leonardite exerts its action, the improvements in zootechnical performance seem to be
related to the capacity of humic substances to help ion transport through membranes, the protection of intestinal mucosa, the
enhancement of enzymes activities, and the better nutrient digestion and adsorption (particularly proteins and minerals) (Trckova

Table 3
Results of mineral profile analyzed by ICP-MS of two experimental diets (CTRL and HAG diet supplemented
with 0.25% leonardite) and leonardite (LEO, humic acids-based feed ingredient). All values are expressed as
ppm as fed (mg/kg AF).

CTRL HAG LEO

Na 1595.72 1697.16 1586.39
Mg 1532.20 1588.64 1524.63
Al 177.23 222.49 8763.21
K 7621.32 8026.69 721.39
Ca 4868.93 4995.59 8309.21
Cr 2.57 2.78 7.69
Mn 68.92 76.08 133.33
Fe 262.84 316.43 6649.14
Co n.d. n.d. 3.50
Ni n.d. n.d. 6.33
Cu 116.39 98.72 4.52
Zn 133.08 146.15 10.75
As n.d. n.d. 4.28
Se 2.40 1.16 0.59
Mo 0.81 0.59 n.d.
Cd n.d. n.d. n.d.
Pb n.d. n.d. 5.43
P 6082.46 6339.63 n.d.

n.d. = not detectable.
AF: as fed; CTRL: control group; HAG: humic acid enriched diet group supplemented with 0.25% leonardite;
LEO: leonardite, humic acid-based feed ingredient.

Fig. 1. Percentage inhibition of ABTS•+ of different concentrations of humic acids extract (blank: 0%; 1.25%; 2% and 5%) measured by Trolox
Equivalent Antioxidant Capacity (TEAC) assay.
a–b means with different superscripts are significantly different between treatments (P<0.0001). Data are expressed as least square means
(LSMEANS) and Standard Error (SE).
ABTS: 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid).
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et al., 2018).
Bai et al. (2013) estimated that the optimum level for increasing zootechnical performance was a 0.25% supplementation of fulvic

acid. Therefore, a low concentration of HA inclusion may improve the growth performance with no influence on the diet composition
and feed preparation.

Regarding the health status of the animals throughout the experimental period, only one piglet died at d 7 in the CTRL group. This
amounts to a mortality incidence of< 1%, which could be considered as normal in common livestock farming. In both groups,
clinical signs of diarrhoea occurred from d 14 to 21 and was transient (on average lasting three days). The occurrence of diarrhoea
(number of new animals with fecal score> 1/total animals per group) was 18.6% and 16.7% in the CTRL and HAG groups at d 14,
respectively. The occurrence of diarrhoea was below the average post weaning levels (Carstensen et al., 2005; Laine et al., 2008).

Our results confirmed the increase in BW, ADFI and ADG with a leonardite inclusion of 0.25%, demonstrating that a lower
inclusion level could equally enhance the zootechnical performance thus also optimizing the use of leonardite as a feed additive.

3.5. Biological sample analysis

The results of the serum metabolic parameters showed that the HAG group had higher levels of total proteins, albumin, A/G ratio,
phosphatase alkaline, glucose, cholesterol, calcium, phosphorous, magnesium, high density lipoprotein, creatinine and total trigly-
cerides (P<0.05, Table 5).

All values were in the physiological range confirming that leonardite did not negatively affect the health status and should be
considered as a safe feed additive. An increased albumin and total protein content are related to the age of piglets and their rapid
growth (de Meer et al., 2000). The increased A/G ratio was a consequence of the higher albumin value, however no significant
difference was observed for the globulin content, whose increase is often related to an inflammatory process (Bertoni et al., 2008).

The ALP content in serum showed a significant difference between the CTRL and HAG (P<0.05) groups. ALP is an important
marker of bone remodelling which is involved in cartilage maturation and calcification. ALP in serum is mainly synthetized by liver
and bones, and is involved in the formation of phosphorous ions, whose combination with calcium leads to the formation of bone salts
(Yuan et al., 2011). The increased ALP level in the HAG group could be explained by a growth burst of the piglets, also connected
with a higher level of calcium and phosphorous in serum (P<0.05).

The higher amount of serum magnesium (P<0.05) in the HAG group suggests an enhanced response to stressors. Mg plays a
crucial role as an enzymatic cofactor. When the animal is subjected to high levels of stress, catecholamines and stress-associated
hormones are released leading to a shift in Mg from the intracellular to the extracellular space. This mechanism increases the urinary
excretion of magnesium and subsequent decreases in the serum Mg concentrations. Thus, low serum Mg concentrations increase the
release of stress-related hormones, thus establishing a feedback mechanism (Pouteau et al., 2018). Trckova et al. (2018) observed an
increased amount of serum Mg, Ca and P in weaned piglets supplemented with leonardite (20 g/kg of diet), thus confirming our
findings and suggesting that humic substances could influence the mineral content of serum.

Although the fatty acid profile of the experimental diet was not affected by the inclusion of leonardite, the HAG group exhibited
an increased concentration of total cholesterol and decreased triglycerides levels compared with the CTRL group (P<0.05). The

Table 4
Zootechnical performance of in vivo trial (from day 0 to 40) divided by control (CTRL) and treatment (HAG supplemented with 0.25% of leonardite)
group.

P-values

CTRL HAG SEM± Trt Day Trt × Day

BW, kg 0.112 < 0.001 < 0.001
d 0 8.71 8.72 0.871
d 14 11.11 12.21
d 28 15.44 18.36
d 40 20.17a 24.25b

ADFI, kg/d 0.003 < 0.001 0.254
d 0−14 0.353 0.465 0.034
d 14−28 0.651a 0.841b

d 28−40 0.730a 0.891b

ADG, kg/d < 0.001 < 0.001 0.535
d 0−14 0.171 0.249 0.024
d 14−28 0.310a 0.440b

d 28−40 0.396a 0.491b

FCR, kg/kg
d 0−14 1,97 1,77 0,115 0.384 0.146 0.445
d 14−28 1,93 1,79
d 28−40 2,03 2,09

a–b means with different superscripts are significantly different between treatments (P<0.05).
Data are expressed as least squares means (LSMEANS) and standard error of the mean (SEM).
BW: body weight; ADG: average daily gain; ADFI: average daily feed intake; FRC: feed conversion rate; CTRL: control group; HAG: humic acid
enriched diet group supplemented with 0.25% of leonardite.
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