Fighting antimicrobial resistance
with immunoglobulins
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By Lea Poppe, Regional Technical Manager On-Farm Solutions Europe, and Dr. Inge Heinzl,
Editor

One of the ten global public health threats is antimicrobial resistance (AMR). Jim O’Neill predicted 10
million people dying from AMR annually by 2050 (O'Neill, 2016). The following article will show the causes
of antimicrobial resistance and how antibodies from the egg could help mitigate the problem of AMR.

Global problem of AMR results from the
incorrect use of antimicrobials

Antimicrobial substances are used to prevent and cure diseases in humans, animals, and plants and
include antibiotics, antivirals, antiparasitics, and antifungals. The use of these medicines does not always
happen consciously, partially due to ignorance and partially for economic reasons.


https://ew-nutrition.com/en-uk/fighting-antimicrobial-resistance-with-immunoglobulins/
https://ew-nutrition.com/en-uk/fighting-antimicrobial-resistance-with-immunoglobulins/

There are various possibilities for the wrong
therapy

1. The use of antibiotics against diseases that household remedies could cure. A recently published
German study (Merle et al., 2023) confirmed the linear relationship between treatment
frequency and resistant scores in calves younger than eight months.

2. The use of antibiotics against viral diseases: antibiotics only act against bacteria and not against
viruses. Flu, e.qg., is caused by a virus, but doctors often prescribe an antibiotic.

3. Using broad-spectrum antibiotics instead of determining an antibiogram and applying a specific
antibiotic.

4. A too-long treatment with antimicrobials so that the microorganisms have the time to adapt. For
a long time, the only mistake you could make was to stop the antibiotic therapy too early.
Today, the motto is “as short as possible”.

Let's take the example of neonatal calf diarrhea, one of the most common diseases with a high economic
impact. Calf diarrhea can be caused by a wide range of bacteria, viruses, or parasites. This infectious form
can be a complication of non-infectious diarrhea caused by dietary, psychological, and environmental
stress (Uetake, 2012). The pathogens causing diarrhea in calves can vary with the region. In Switzerland
and the UK, e.g., rotaviruses and cryptosporidia are the most common pathogens, whereas, in Germany, E.
coli is also one of the leading causes. To minimize the occurrence of AMR, it is always crucial to know
which pathogen is behind the disease.

Prophylactic use of antibiotics is still a problem

1. The use of low doses of antibiotics to promote growth. This use has been banned in the EU now
for 17 years now, but in other parts of the world, it is still common practice. Especially in
countries with low hygienic standards, antibiotics show high efficacy.

2. The preventive use of antibiotics to help, e.g., piglets overcome the critical step of weaning or to
support purchased animals for the first time in their new environment. Antibiotics reduce
pathogenic pressure, decrease the incidence of diarrhea, and ensure the maintenance of
growth.

3. Within the scope of prophylactic use of antimicrobials, also group treatment must be mentioned.
In veal calves, group treatments are far more common than individual treatments (97.9% of all
treatments), as reported in a study documenting medication in veal calf production in Belgium
and the Netherlands. Treatment indications were respiratory diseases (53%), arrival prophylaxis
(13%), and diarrhea (12%). On top, the study found that nearly half of the antimicrobial group
treatment was underdosed (43.7%), and a large part (37.1%) was overdosed.

However, in several countries, consumers request reduced or even no usage of antibiotics (“No Antibiotics
Ever” - NAE), and animal producers must react.

Today’s mobility enables the spreading of AMR
worldwide

Bacteria, viruses, parasites, and fungi that no longer respond to antimicrobial therapy are classified as
resistant. The drugs become ineffective and, therefore, the treatment of disease inefficient or even
impossible. All the different usages mentioned before offer the possibility that resistant
bacteria/microorganisms will occur and proliferate. Due to global trade and the mobility of people, drug-
resistant pathogens are spreading rapidly throughout the world, and common diseases cannot be treated
anymore with existing antimicrobial medicines like antibiotics. Standard surgeries can become a risk, and,
in the worst case, humans die from diseases once considered treatable. If new antibiotics are developed,
their long-term efficacy again depends on their correct and limited use.
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Different approaches are taken to fight
AMR

There have already been different approaches to fighting AMR. As examples, the annually published
MARAN Report compiled in the Netherlands, the EU ban on antibiotic growth promoters in 2006, “No
antibiotics ever (NAE) programs” in the US, or the annually published “Antimicrobial resistance
surveillance in Europe” can be mentioned. One of the latest approaches is an advisory “One Health High-
Level Expert Panel” (OHHLEP) founded by the Food and Agriculture Organization of the United Nations
(FAO), the World Organization for Animal Health (OIE), the United Nations Environment Program (UNEP),
and the World Health Organization (WHO) in May 2021. As AMR has many causes and, consequently, many
players are involved in its reduction, the OHHLEP wants to improve communication and collaboration
between all sectors and stakeholders. The goal is to design and implement programs, policies, legislations,
and research to improve human, animal, and environmental health, which are closely linked. Approaches
like those mentioned help reduce the spread of resistant pathogens and, with this, remain able to treat
diseases in humans, animals, and plants.

On top of the pure health benefits, reducing AMR improves food security and safety and contributes to
achieving the Sustainable Development Goals (e.g., zero hunger, good health and well-being, and clean
water).

Prevention is better than treatment

Young animals like calves, lambs, and piglets do not receive immunological equipment in the womb and
need a passive immune transfer by maternal colostrum. Accordingly, optimal colostrum management is
the first way to protect newborn animals from infection, confirmed by the general discussion on the Failure
of Passive Transfer: various studies suggest that calves with poor immunoglobulin supply suffer from
diarrhea more frequently than calves with adequate supply.

Especially during the immunological gap when the maternal immunoglobulins are decreasing and the own
immunocompetence is still not fully developed, it is crucial to have a look at housing, stress triggers,
biosecurity, and the diet to reduce the risk of infectious diseases and the need for treatments.

Immunoglobulins from eggs additionally
support young animals

Also, if newborn animals receive enough colostrum in time and if everything goes optimally, the animals
suffer from two immunity gaps: the first one occurs just after birth before the first intake of colostrum, and
the second one occurs when the maternal antibodies decrease, and the immune system of the young
animal is still not developed completely. These immunity gaps raise the question of whether something
else can be done to support newborns during their first days of life.

The answer was provided by Felix Klemperer (1893), a German internist researching immunity. He found
that hens coming in contact with pathogens produce antibodies against these agents and transfer them to
the egg. It is unimportant if the pathogens are relevant for chickens or other animals. In the egg, the
immunoglobulins usually serve as an immune starter kit for the chick.

Technology enables us today to produce a high-value product based on egg powder containing natural egg
immunoglobulins (IgY - immunoglobulins from the yolk). These egg antibodies mainly act in the gut.
There, they recognize and tie up, for example, diarrhea-causing pathogens and, in this way, render them
ineffective.

The efficacy of egg antibodies was demonstrated in different studies (Kellner et al., 1994; Erhard et al.,
1996; Ikemori et al., 1997; Yokoyama et al., 1992; Marquart, 1999; Yokoyama et al., 1997) for piglets and
calves.
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Trial proves high efficacy of egg
immunoglobulins in piglets

One trial conducted in Germany showed promising results concerning the reduction of mortality in the
farrowing unit. For the trial, 96 sows and their litters were divided into three groups with 32 sows each.
Two of the groups orally received a product containing egg immunoglobulins, the EP -1 + 3 group on days
1 and 3andthe EP -1 + 2 + 3 group on the first three days. The third group served as a control.
Regardless of the frequency of application, the egg powder product was very supportive and significantly
reduced mortality compared to the control group. The measure resulted in 2 additionally weaned piglets
than in the control group.
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Egg immunoglobulins support young dairy calves

IgY-based products were also tested in calves to demonstrate their efficacy. In a field trial conducted on a
Portuguese dairy farm with 12 calves per group, an IgY-containing oral application was compared to a
control group without supplementation. The test product was applied on the day of birth and the two
consecutive days. Key observation parameters during a two-week observation period were diarrhea
incidence, onset, duration, and antibiotic treatments, the standard procedure on the trial farm in case of
diarrhea. On-farm tests to check for the pathogenic cause of diarrhea were not part of the farm’s
standards.
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In this trial, 10 of 12 calves in the control group suffered from diarrhea, but in the trial group, only 5



calves. Total diarrhea and antibiotic treatment duration in the control group was 37 days (average 3.08
days/animal), and in the trial group, only 7 days (average 0.58 days/animal). Additionally, diarrhea in
calves of the Globigen Calf Paste group started later, so the animals already had the chance to develop an
at least minimally working immune system.

The supplement served as an effective tool to support calves during their first days of life and to reduce
antibiotic treatments dramatically.

Conclusion

Antimicrobial reduction is one of the biggest tasks for global animal production. It must be done without
impacting animal health and parameters like growth performance and general cost-efficacy. This overall
demand can be supported with a holistic approach considering biosecurity, stress reduction, and
nutritional support. Feed supplements such as egg immunoglobulins are commercial options showing great
results and benefits in the field and making global animal production take the right direction in the future.

References upon request.

Respiratory challenges In pigs:
Plants to the rescue!

By Dr. Inge Heinzl, Editor, EW Nutrition

Nowadays, intensive livestock farming with high stocking densities causes stress in the animals and affects

the immune system® ™. The increase in respiratory diseases with associated losses and costs is only one of
the consequences. Due to antimicrobial resistance, antibiotics should only be used in critical cases, so
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effective alternatives are requested to support the animals.

Respiratory problems are a conjunction of
several factors

It already has a name: PRDC or the Porcine Respiratory Disease Complex describes the cooperation of
viruses, bacteria, and non-infectious factors such as environmental conditions (e.g., insufficient
ventilation), stocking density, management (e.qg., all-in-all-out only by pens and not for the whole house)
and pig-specific factors such as age and genetics, altogether causing respiratory issues in pigs. Non-
infectious factors such as high ammonia levels weaken the immune system and lay the foundation for,
e.g., mycoplasmas which damage the ciliated epithelial cells in the upper respiratory tract, the first line of
defense, and pave the way for PRRS viruses. They, on their part, enter the respiratory tract embedded in
inhaled dust. There, they harm the macrophages and breach a further barrier of defense. Another
pathfinder is the Porcine Circovirus 2 (PCV2), which destroys specific immune cells and leads to a generally
higher susceptibility to infectious agents. Bacteria such as Pasteurella multocida or Streptococcus suis

further on can cause secondary infections”***. Also, the combination of mycoplasma hyopneumoniae and

porcine circovirus, both typically low pathogenic organisms, leads to severe respiratory disease®.

Restricted respiratory function impacts
growth

The main tasks of the respiratory tract are to take in oxygen from the air and to pump out the CO, entailed

by the catabolism of the tissue. In pigs, however, the respiratory tract is also responsible for
thermoregulation, as pigs don’t have perspiration glands. The animals must get rid of excessive heat by
rapid breathing. If the respiratory function is affected due to disease, thermoregulatory capacity is
reduced. The resulting lower feed intake leads to decreased growth performance and less economic

profit’’. One of the first studies concerning this topic was conducted by Straw et al. (1989)*. They asserted
that, with every 10 % more affected lung tissue, daily gain decreased by about 37g. This negative
correlation between affected lung tissue and weight gain could be confirmed by Paz-Sanchez et al.

(2021)*. They saw that animals with >10% lung parenchyma impacted by cranioventral
bronchopneumonia needed a longer time to market (208.8 days vs. 200.8 days in the control), showed a
lower carcass weight (74.1 kg vs. 77.7 kg in the control group) and, therefore, also a lower daily gain

(500.8 g/day compared to 567.2 g/d). In another study, Pagot and co-workers (2007)*° observed 7000 pigs
from 14 French farms. They saw a significant negative correlation (p<0.001) between the prevalence of
pneumonia and growth and a weight gain loss of about 0.7 for each point of pneumonia increase.

Plant extracts support pigs with different
modes of action

People have always used herbal substances to cure ilinesses, be it willow bark for pain, chamomile for anti-
inflammation or an upset stomach. Ribwort and thyme are used as cough suppressants, and eucalyptus
and menthol help you breathe better. What is good for humans can also be used for pigs. To use plant
extracts efficiently, it is crucial to know their specific modes of action. Due to their volatile nature,

essential oils can directly reach the target site, the respiratory tract, via inhalation®.
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1. Plant extracts can act as an antimicrobial

Many essential oils show some degree of antimicrobial activity. So, the oils of, e. g., oregano, tea tree,
lemongrass, lemon myrtle, and clove are effective against a wide range of gram-positive and gram-

negative bacteria. LeBel et al. (2019)* tested nine different oils against microorganisms causing
respiratory issues in pigs. They found the_oils of cinnamon, thyme, and winter savory the most effective
against Streptococcus suis, Actinobacillus pleuropneumoniae, Actinobacillus suis, Bordetella
bronchiseptica, Haemophilus parasuis, and Pasteurella multocida, with MICs and MBCs from 0.01 to
0.156%.

Not only the direct bactericidal effect is important. 1,8 cineol, e.g., although often considered to have only

marginal or no antimicrobial activity'’, effectively causes leakage of bacterial membranes’ and allows
other harmful substances to enter the bacterial cell. However, cineol possesses noted antiviral properties.

2. Plant extracts can have mucolytic,
spasmolytic, and antitussive effects

In the case of respiratory disease, mucolytic and spasmolytic characteristics of phytomolecules are
decisive in allowing efficient respiration. Mucolytic substances dissolve the mucus, make it more liquid and
facilitate the removal from the respiratory tract by the ciliated epithelium. As liquifying the mucus with
essential oils or phytomolecules is related to local irritation, dosage and application form are of the highest

importance”’.,

The “cleanup” is called mucociliary clearance. There are also substances that do not dissolve the mucus

but stimulate the mucociliary apparatus itself and increase mucociliary transport velocity®.

Spasmolytic activity on airway smooth muscle is shown, for example, by menthol® or the essential oil of
eucalyptus tereticornis’. Menthol showed antitussive effects'.

3. Plant extracts can have immune-modulatory
and anti-inflammatory effects

If animals are suffering from a respiratory disease or are in danger of catching one, a supportive influence
on the immune system is helpful. One thing is to make vaccination more effective. Mieres-Castro et al.

(2021)* figured out that the combined application of influenza vaccine and cineol to mice resulted in a
longer survival time, less inflammation, less weight loss, a lower mortality rate, less pulmonary edema,
and lower viral titers after a challenge with the virus seven days after the vaccination than the mice
without cineol.

On the other hand, if the animals are already ill, strengthening their immune defense is essential. Li et al.

(2012)" showed that interleukin-6 concentration was lower (p<0.05) and the tumor necrosis factor-a level
was higher (p<0.05) in the plasma of pigs fed a diet with 0.18% thymol and cinnamaldehyde than in the
negative control group. Also, the lymphocyte proliferation for pigs fed the diet with thymol and
cinnamaldehyde increased significantly compared with the negative control (p<0.05).

4. Plant extracts can act as an antioxidant

There are respiratory diseases in which reactive oxygen species (ROS) play an important role. In these

cases, the antioxidant activity of phytomolecules is of interest. Here again, Li et al. (2012)* asserted that a
diet with 0.18% thymol and cinnamaldehyde increased the total antioxidant capacity level (p<0.05) in pigs
compared to a negative control group.
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Can Baser & Buchbauer (2010) described eucalyptus oil containing 1,8-cineole, the monoterpene
hydrocarbons a-pinene (10-12%), p-cymene, and a-terpinene, and the monoterpene alcohol linalool, is
used to treat diseases of the respiratory tract in which ROS play an important role.

5. Plant extracts reduce the production of
ammonia

High concentration of ammonia in the pig house stresses the pigs’ respiratory tract and makes them
susceptible to disease. Ammonia develops when feces and urine merge and the enzyme urease degrades
them. Yucca extract, containing a high percentage of saponins, can reduce ammonia emissions in animal

houses. Ehrlinger (2007)° supposes that the glyco-components of the saponins bind ammonia and other

harmful gases. Another explanation can be the decreased activity of urease shown in a trial with rats* or
the reduction of total nitrogen, urea nitrogen, and ammonia nitrogen in sow manure’.

6. Plant extracts often show diverse modes of
useful action against respiratory issues

Due to their natural task - protecting the plant - essential oils typically do not show only one beneficial
activity for us. Camphene, for example, in Thymus vulgaris, shows expectorant, spasmolytic, and
antimicrobial properties and is used in treating respiratory tract infections. Menthol can be effectively used
in cases of asthma due to its bronchodilatory activity on smooth muscle, its interaction with cold receptors,
and the respiratory drive. Menthol acts antitussive in low concentration, gives the impression of
decongestion and reduces respiratory discomfort and sensations of dyspnea.

Cineal, on its part, acts antimicrobial, antitussive, bronchodilatory, mucolytic, and anti-inflammatory. It

promotes ciliary transport and improves lung function™®. Mucolytic, antioxidant, antiviral, and antibacterial
activity is ascribed to thymol®.

Trial shows: phytomolecules help to keep
respiratory diseases in check

A field study was conducted on a Philippine piglet farm with a history of chronic respiratory issues during
the growing phase, with a morbidity of about 10-15%. In this study, a supplement for water containing
phytomolecules that support animals against respiratory diseases (Grippozon) was tested. For the trial,
360 randomly selected 28-day-old pigs (average weight: 6.64+0.44 kg) were divided into two groups with
6 replications per group and 30 piglets per replication. All piglets came from sows raised antibiotic-free,
and the piglets received antibiotics neither upon weaning except in case of symptoms (scouring: Baytril-1
mL/pig; respiratory disease: Excede - 1mL/pig). All piglets received the same feed and a regular water
therapy regimen:

* multivitamins, amino acids - 200-400 g/1000 L of
ing): water
Week 1 (1st week after weaning): » water acidifier | (citric acid +enzyme) - 2 L/1000
L
Week 2-10:  water acidifier Il (citricLz)acid) - 300-400 mL/1000

Control group: no additional supplements
Grippozon group: Addition of 250 mL of Grippozon per 1000 L of water

As parameters, the incidence of respiratory disease, final weight, daily gain, FCR, and antibiotic cost, were
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recorded.

Incidence of respiratory Average daily gain (g)
diseases (%)
25 273 370 368
20 365
15 360
10.6 355
10 355
5 350
0 345
Control Grippozon Control Grippozon
FCR Antibiotic cost (USS/pig)
1.8 1.78 1
. 0.8
1.75 0.8
1.7
0.6
1.65 0.4
160 0.4
1.6
1.55 0.2
1.5 0
Control Grippozon Control Grippozon

The phytomolecules-containing product reduced the incidence of respiratory diseases by 52 %, leading to
a 53% lower cost for antibiotic treatment. The animals showed better growth performance (600 g higher
average weight and 13 g higher average daily gain), altogether resulting in an extra cost-benefit of 1.76
US$ per pig.

Reduction in disease and medication ensures healthier pigs in the Grippozon-supplemented group,
reflected by better performance.

We have means at hand to reduce the use
of antibiotics

Respiratory disease is a big problem in pigs. Due to the still high occurrence of antimicrobial resistance, it
is essential to reduce antibiotic use as much as possible. Phytomolecules offer the possibility to strengthen
the animals’ health so that they are less susceptible to disease or support them when they are already
infected. With the help of phytomolecules, we can reduce antibiotic treatments and help keep antibiotics
effective when their use is indispensable.
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By Technical Team, EW Nutrition

The pressure of climate change is taking a severe toll - not just on weather-dependent industries, but
already on society in general. For feed and food, the impact is already dramatic. Extreme weather events,
increased temperatures, and rising carbon dioxide levels are facilitating the growth of toxigenic fungi in
crops, severely increasing the risk of mycotoxin contamination. Once feed is contaminated, animal health
can be impacted, with chain reactions affecting productivity for animal farming, as well as, ultimately, the
quality and availability of food.

*** Download the full report for an analysis of mycotoxin contamination risks around the world
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Acidifiers support piglets after
weaning
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By Dr. Inge Heinzl, Editor, EW Nutrition
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In piglet production, high productivity, meaning high numbers of healthy and well-performing

piglets weaned per sow and year, is the primary target. Diarrhea around weaning often gets in
the way of achieving this goal.
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Up to the ban of antibiotic growth promoters in 2006, antibiotics were often applied prophylactically to
help piglets overcome this critical time. Zinc oxide (ZnQ) application is another measure that cannot be
used anymore to prevent piglet diarrhea. Effective alternatives are required.

Weaning - a critical point in piglets’ life

Weaning stress is well-known to have a negative impact on the balance of the intestinal microflora and
gastrointestinal functions (Miller et al., 1985). Suckling piglets have a limited ability to produce
hydrochloric acid, but nature has a solution to compensate for this inadequacy. The lactobacilli present in
the stomach can use the lactose in the sow’s milk to produce lactic acid (Easter, 1988). In nature, the
piglets would start to eat small amounts of solid feed at about three weeks when the sow’s milk production
no longer covers their nutrient demand. By increasing the feed intake, the piglets stimulate hydrogen
chloride (HCI) production in their stomachs.

In piglet production, where weaning occurs at three or four weeks of age, the piglets are still not eating
considerable amounts of solid feed. It is often the case that 50 % of the piglets take feed at the earliest
after 24 h, and 10 % accept the first feed only after 48 h (Brooks, 2001). Additionally, hard grains in the
diet can physically damage the small intestine wall, reducing villus height and crypt depth (Kim et al.
2005).

Only a minor production of HCI, no more lactose supply for the lactobacilli, varying feed intake, and high
buffering capacity of the feed lead to a pH of >5 in the stomach.

The higher stomach pH is partly responsible for
problems after weaning

A pH higher than 5, besides causing direct effects on the microflora in the stomach, has consequences for
the whole digestive tract and digestion.

A high pH is favorable for certain microorganisms, including coliforms (Sissons, 1989) and other acid-
sensitive bacteria such as Salmonella typhimurium, Salmonella typhi, Campylobacter jejuni, and V.
cholerae (Smith, 2003).

1. Lower activity of proteolytic enzymes

In the stomach, the conversion of pepsinogen to pepsin, which is responsible for protein
digestion, is catalyzed under acid conditions (Sanny et al., 1975). Pepsin works optimally at two
pH levels: pH 2 and pH 3.5 (Taylor, 1959). With increasing pH, the activity decreases; at pH 6, it
stops. Therefore, a high pH can lead to poor digestion and undigested protein arriving in the
intestine. There, it can be used as “feed” for harmful bacteria, leading to their proliferation.
Barrow et al. (1977) found higher counts of coliforms in piglets’ intestinal tract two days after
weaning, while the number of lactobacilli was depressed.

In the lower parts of the gastrointestinal tract (GIT), the final products of the pepsin protein
digestion are needed to stimulate the secretion of pancreatic proteolytic enzymes. If no final
products arrive, the enzymes are not activated, and the inadequate protein digestion continues.
Additionally, gastric acid is the main stimulant for bicarbonate secretion in the pancreas,
neutralizing gastric acid and providing an optimal pH environment for the digestive enzymes
working in the duodenum.

2. Expedited digesta transport

The stomach pH also influences the transport of digesta. The acidity of the chyme leaving the
stomach and arriving in the small intestine is decisive for the amount of digesta being
transferred from the stomach to the small intestine. Acid-sensitive receptors provide feedback
regulation to prevent the stomach from emptying until the duodenal chyme can be neutralized
by pancreatic or other secretions (Pohl et al., 2008). Therefore, a higher pH in the stomach leads
to a faster transport of the digesta, resulting in worse feed digestion.
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3. Proliferation of microorganisms

A high pH is favorable for certain microorganisms, including coliforms (Sissons, 1989) and other
acid-sensitive bacteria such as Salmonella typhimurium, Salmonella typhi, Campylobacter jejuni,
and V. cholerae (Smith, 2003).

Elevated stomach pH + incomplete immune system = diarrhea

Acidifiers can mitigate the adverse effects of
weaning on piglets

To overcome this critical time of weaning and maintain performance, acidifiers can be a helpful tool. They
improve gut health, stimulate immunity, and serve as nutrient sources - while also positively affecting feed
and water hygiene.

What are acidifiers?

Acidifiers’ role in pig nutrition has evolved from feed preservatives to stomach pH stabilizers,
compensating for young pigs’ reduced digestive capacity (Ferronato and Prandini, 2020). They are now
used to replace antibiotic growth promoters and ZnO, which were applied for a long time to mitigate the
negative effects of weaning.

In general, both organic and inorganic acids and their salts feature in animal nutrition. They can be added
to the feed or the water.
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Organic acids: Commonly used with good results

Feed acidifiers are usually organic acids, including fatty and amino acids. Their carboxyl functional group is
responsible for their acidic specificity as feed additives (Pearlin et al.,2019). Their pKa, the pH where 50 %
of the acid occurs in a dissociated form, is decisive for their antimicrobial action. In animal nutrition, acids
with pKa 3-5 are typically used (KirchgelBner and Roth, 1991).

Organic acids used as feed additives can be divided into three groups:

= Simple monocarboxylic acids such as formic, acetic, propionic, and butyric acid
= Carboxylic acids with a hydroxyl group such as lactic, malic, tartaric, and citric acid
» Short-chain carboxylic acids with double bonds - fumaric and sorbic acid.

The primary acids for pig nutrition are acetic, fumaric, formic, lactic, benzoic, propionic, sorbic, and citric
acids (Roth and Ettle, 2005).
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Inorganic acids - the low-cost version

Inorganic acids are cheaper than organic acids, but their only effect is to decrease the pH. Additionally,
they are extremely corrosive and dangerous liquids due to their strong acidity in a pure state (Kim et al.
2005).

Salts are easier to handle

The advantage of salts over free acids is that they are generally odorless and easier to handle in the feed
manufacturing process due to their solid and less volatile form. Higher solubility in water is a further
advantage compared to free acids (Huyghebaert and Van Immerseel, 2011; Roth and Ettle, 2005; Partanen
and Mroz, 1999). The better handling and higher palatability make acid salts a more user-friendly method
to apply acids to feed and water without compromising their efficacy (Luise et al., 2020).

The salts are mainly produced with calcium, potassium, and sodium. They include calcium formate,
potassium diformate, sodium diformate, and sodium fumarate.

Blends

A mixture of diverse acidifiers combines the different characteristics of these substances. Perhaps, there
may be synergistic effects. Acid blends are more and more used as feed additives. They have a wider-
ranging action than single substances.

Roth et al. (1996) showed that a combination of formic acid with various formats is more effective than the
application of formic acid alone.

The main effects of acidifiers

Acidifiers support piglets during the critical time after weaning through different modes of action. The final
results are:

» Improvement in gut health
= Increase in growth performance
= Stabilization of the immune system.
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1. Improvement in gut health

As shown in figure 1, the improvement in gut health relies on the antimicrobial effect of organic acids and
the decrease in the stomach’s pH.

1.1 Organic acids directly attack bacteria

Organic acids not only act through their pH-decreasing effect but also directly attack pathogens. Due to
their lipophilic character, organic acids can pass the bacterial cell membrane when they are in their
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undissociated form (Partanen in Piva et al., 2001). The lower the external pH, the more undissociated acid
can pass the membrane.

Within the cell, the pH is higher. Hence, the organic acid dissociates and releases hydrogen ions, reducing
the cytoplasmic pH from alkaline to acid. Cell metabolism is depressed at lower pH. Therefore, the
bacterial cell needs to expel protons to get the cytoplasmic pH back to normal. As this is an energy-
consuming process, more prolonged exposure to organic acids kills the bacterium. Additionally, the anions
staying within the cell disturb the cell’s metabolic processes and participate in killing the bacterium.

Studies from Van Immerseel et al. (2006) revealed that many fermentative bacteria could let their
intracellular pH decline and prevent increased acid penetration. Bacteria with a neutrophil pH, however,
react more sensitively.

1.1 Decreased pH reduces non-acid-tolerant pathogens

There is a direct effect of pH on the microflora. Some pathogenic bacteria are susceptible to low pH. The
proliferation of, e.g., E. coli, Salmonella, and Clostridium perfringens is minimized at a pH<5. Acid-tolerant
bacteria such as lactobacilli or bifidobacteria, however, survive. Many lactobacilli can produce hydrogen
peroxide, which inhibits, e.g., Staphylococcus aureus or Pseudomonas spp. (Juven and Pierson, 1996).

Already Fuller (1977) showed in in vitro experiments that certain bacteria such as Streptococci,
Salmonella, and B. cereus don’t grow in an environment with pH 4.5 or even die (Micrococcus). In contrast,
Lactobacilli are not so susceptible to this low pH. Using the same binding sites as harmful bacteria, they
suppress coliforms, for example. Kirchgelner et al. (1997) found a stronger reduction of E. coli than
Lactobacilli and Bifidobacteria in different gut segments when exposed to 1.25 % formic acid.

1.2 Recovery of eubiosis through reduction of substrate

The reduction of the pH through organic acids maintains or stimulates the secretion of proteolytic enzymes
in the stomach (pepsin) and pancreatic enzymes. Additionally, the acid leaving the stomach is partly
responsible for regulating gastric emptying (Ravindran and Kornegay, 1993; Mayer, 1994). Both effects by
improving protein digestion, reduce the fermentable substrates arriving in the hindgut. This decreases the
qguantity of fermentable substrate arriving in the intestine and, therefore, the growth of undesired
pathogens.

2. Promotion of growth
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2.1 Enhanced digestion of macronutrients

As explained above, the acidity in the stomach is responsible for the activation and stimulation of

enzymes. Additionally, the lower pH keeps the feed in the stomach for longer. Both result in better
digestion.

The improved utilization of nutrients leads to higher daily gain and better feed conversion. In pigs, the
growth-promoting effect of organic acids is particularly pronounced during the first few weeks after

weaning (Roth and Ettle, 2005). Some examples of the growth-promoting effect of formic and propionic
acid feature in table 1.

Acid Inclusion ADG Feed intake FCR G/F Reference
o Luise et al.
s 0, 0 -
Formic acid 0.13% +6.0% +3.5% 2pts (2017)
o Luise et al.
0 o .
Formic acid 0.64 % +5.0% +3.7% 1pt (2017)
Propionic acid 2.00% -4.4% -11.0% +4pts Giesting and
. - : Easter (1985)

Table 1: Influence of two commonly used organic acids in animals on growth performance

Varying results are mainly due to the character of the organic acid, the dosage, the buffering capacity, and
the possible reduction of feed intake in case of a high dosage (Roth and Ettle, 2005).

2.2 Improved utilization of minerals

Minerals are essential for metabolic processes and, thus, healthy growth. Chelated minerals show a higher
digestibility. Acidic anions of the acidifiers form complexes (chelates) with cationic minerals such as Ca,
Zn, P, and Mg. The resulting higher digestibility and absorption lead to decreased excretion of
supplemented minerals and, therefore, to a lower environmental burden. Kirchgelner and Roth (1982),
e.g., reported an improved absorption and retention of Ca, P, and Zn with the addition of fumaric acid.

However, there are also trials showing no effect of acidification of the diet on mineral balance (Radecki et
al., 1988).
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Another factor influencing the absorption of minerals, mainly phosphorus, is the amount of intrinsic or
microbial phytase in the diet (Rutherfurd et al., 2012). The enzyme phytase releases phosphorus out of
phytic acid and increases its bioavailability. Partanen and Mroz (1999) showed that organic acids improve
the performance of phytase and, therefore, the bioavailability of phosphorus in the diet.

Besides a better utilization by the animal, improved absorption of minerals means preserving the
environment and direct cost-saving, as mineral supplements are expensive.

2.3 Stimulation of gut and stomach mucosal morphology

An intact gut mucosa with a preferably high surface is vital for efficient nutrient absorption. Many trials
show that organic acids improve the condition of the mucosa:

Organic acids stimulate cell proliferation

In an in vitro trial with pig hindgut mucosa, butyric acid stimulated epithelial cell proliferation in a dose-
dependent manner (Sakata et al., 1995).

Blank et al. reported that fumaric acid, being a readily available energy source, may have a local trophic
effect on the small intestines’ mucosa. Due to faster recovery of the gastrointestinal epithelial cells after
weaning, this trophic effect may increase the absorptive surface and digestive capacity in the small
intestines.

Organic acids influence villi length and crypt depth in the gut

Ferrara et al. (2016) observed a trend toward longer villi with a mixture of short-chain organic acids and
mid-chain fatty acids, compared to the negative control.

The addition of Na-butyrate to the feed leads to increased crypt depth, villi length, and mucosa thickness
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in the distal jejunum and ileum, according to Kotunia et al. (2004). However, the villi length and mucosa
thickness were reduced in the duodenum.

According to Galfi and Bokori (1990), a diet with 0.17% sodium butyrate increased the length of ileal
microvilli and the depth of caecal crypts in pigs weighing between 7 and 102 kg.

Organic acids strengthen stomach mucosa

Mazzoni et al. (2008) reported that sodium butyrate applied orally at a low dose influenced gastric
morphology and function (thickening the mucosa), presumably due to its action on mucosal maturation
and differentiation.

2.4 Pigs can use organic acids as an energy source

Organic acids are usually added to the feed in small doses. As some organic acids are intermediary
products of the citric acid cycle, they are an energy source after being absorbed through the gut
epithelium by passive diffusion. Their gross energy can be fully metabolized (Pearlin et al., 2019; Roth and
Ettle, 2005; Suiryanrayna and Ramana, 2015).

The gross energy supply varies according to the acid. Roth and Ettle (2005) determined values between 6
k)/g (formic acid) and 27 kJ/g (sorbic acid). Pearlin et al. (2019) calculated that 1 M of fumaric acid
generates 1.340 kJ or 18 M ATP; this is comparable to the energy provision of glucose. Citric acid’s energy
provision is similar; acetic and propionic acid require 18 and 15 % more energy to generate 1 M ATP.

Acidifiers improve immune response

The immune system, especially at the sensitive life stage of weaning, plays an essential role for the piglet.
Acidifiers have been shown to stimulate or support the immune system. Ahmed et al. (2014) showed that
citric acid (0.5 %) and a blend of acidifiers composed of formic, propionic, lactic, phosphoric acid +
S02(0.4 %) significantly increased the level of serum IgG. 1gG are part of the humoral immune system.
They mark foreign substances to be eliminated by other defense systems.

In a trial conducted by Ren et al. (2019),
piglets receiving a mixture of formic
and propionic acid showed lower
concentrations of plasma tumor
necrosis factor-a, regulating the activity
of diverse immune cells. Furthermore,
interferon-y and interleukin (I1)-18 were
lower than in the control group after the
challenge with E. coli (ETEC). In this
trial, the addition of organic acids to the
feed alleviated the inflammatory
response in a way comparable to
antibiotics.

In a nutshell

Organic acids are no longer seen as pure acidifiers but as growth promoters and potential antibiotic
substitutes due to their positive effect on the gastrointestinal tract. Their main effect, the decrease of pH,
entails consequences from inhibiting pathogenic bacteria and improved digestion to enhanced health and
growth.

Research indicates that acidifiers can be a viable alternative to antibiotic growth promoters and ZnO for
ensuring healthy piglet production after weaning.
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Piglet performance with fewer
antimicrobials is possible
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A variety of stressors simultaneously occur at weaning, making this probably the most
challenging period in pig production. During weaning, we commonly see altered gut
development and gut microbiome, which increases piglets’ vulnerability to diseases. The most
classic clinical symptom resulting from these stressors is the occurrence of post-weaning
diarrhea. It is a sign that something went wrong, and piglet development and overall
performance may be compromised (Guevarra et al. 2019).

Besides weaning, an unavoidable practice in pig production, the swine industry has been facing other
changes. Among them, the increased pressure to reduce the use of antimicrobials stands out.
Antimicrobials are often associated with improved piglet performance and health. Their usage has been
reduced worldwide, however, due to the threat of antimicrobial resistance that affects not just animal
health but also human health (Cardinal et al., 2019).
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Reduce antimicrobials and post-weaning
diarrhea: can piglet nutrition achieve both?

With these drastic changes for the piglets and the global swine industry, producers must find solutions to
keep their farms profitable — especially from a nutritional perspective. Our last article presented two feed
additives that can be part of an antibiotic-free concept for post-weaning piglets. This article will highlight a
few essential nutritional strategies that swine producers and nutritionists must consider when formulating
post-weaning feed without or with reduced amounts of antimicrobials.

What makes weaning so stressful for piglets?

Producers, nutritionists, and veterinarians all agree that weaning is a tough time for piglets (Yu et al.,
2019) and, therefore, a challenge to all those involved in the pig production chain. Although there is a
global trend towards increasing weaning age, generally speaking, animals are still immature when going
through the weaning process. They face several physiological, nutritional, and environmental changes
(figure 1).

Healthy piglets after weaning

Understanding the challenges to provide the right support

Weaning compromises piglet well-being and performance
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Figure 1. Factors associated with weaning can compromise piglet well-being and performance

Most of these changes become “stressors” that trigger a cascade of reactions affecting the balance and
morphology of the intestinal microbiome (figure 2). The outcome is a decrease in the piglets’ well-being
and, in most cases, performance. We need to clearly understand how these stressors affect pigs to
develop effective strategies against post-weaning growth impairments, especially when no antimicrobials
are allowed.

- Nutritional

Stress - Psychological
Environmental

Decreased feed intake

Changes in gut morphology Decreased gut barrier function
Reduced absorptive capacity

‘......
‘......

Increased undigested nutrients Increased permeability
Increased unabsorbed electrolytes

Enhanced immune activation Diarrhea

Figure 2. Schematic diagram illustrating the effects of stress in weaned piglets (adapted from Jayaraman and
Nyachoti, 2017)



Weaning support starts before weaning

The use of creep feed has been evaluated and even criticized for many years. Some operations are still
reluctant to use such a feed due to its high cost and amount of labor on the farm, with manually providing
feed and cleaning feeding trays. In addition, some questions have been raised regarding the ideal
composition of the creep feed - how much complexity should we add to this special diet?

Therefore, the benefits of creep feed are under re-evaluation, not only considering piglet physiology per
se, but also feed characteristics and different feeding programs. Recent studies have questioned highly
complex creep feed formulations. Creep feed is being called “transition feed” (Molist, 2021) - i.e., that
meal which is complementary to sows’ milk and not a replicate of it, helping piglets during the period of
changing its main source of nutrients. We must, therefore, look at it as a way of making piglets familiar
with solid feed, as highlighted by Mike Tokach during the 2020 KSU Swine Day. Dr. Tokach also mentioned
that the presence of feeders in the lactation pen could stimulate the exploratory behaviors of the piglets.
Combined, these practices can lead to a higher feed intake and performance during the nursery phase.

Towards a pragmatic stance on creep feed

Heo et al. (2018) evaluated three different creep feed types: a highly digestible creep feed, weaning feed
as creep feed, and sow feed as creep feed until weaning. Piglets receiving the highly digestible creep had
higher feed intake during the second to the last week pre-weaning (14 to 21 days of age) and higher ADG
during the last week pre-weaning (21 to 28 days of age). This resulted in a trend for higher weaning

weight. However, these benefits did not persist after weaning when all piglets received the weaning feed.

Guevarra et al. (2019) also suggested that the abrupt transition in piglet nutrition to a more complex
nutrient source can influence shifts in the gut microbiota, impacting the absorptive capacity of the small
intestine. Yang et al. (2016) evaluated 40 piglets from eight litters during the first week after weaning.
They found that the change in diet during weaning reduced the proliferation of intestinal epithelial cells.
This indicates that this period affects cellular macromolecule organization and localization, in addition to
energy and protein metabolism. These results suggest that “similarity” in feed pre- and post-weaning may
contribute more to the continuity of nutrient intake post-weaning than a highly complex-nutrient dense
creep feed.

Nutritional strategies without antibiotics: focus
on pig physiology

As mentioned, it is crucial to avoid a drastic drop in feed/nutrient intake after weaning compared to pre-
weaning levels. In a classic study, Pluske et al. (1996) showed the importance of high intake levels on
villus weight (used as a reference for gut health, cf. graph 1). Although not desirable, the reduction should
be considered “normal” behavior.

Imagine these recently weaned piglets, facing all these stressors, having to figure out within this new
group of peers when it is time to eat, where to find food, why water and food now come from two distinct
sources... Therefore, management, feeding, water quality, and other aspects play important roles in post-
weaning feed intake (figure 3).
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Graph 1. Villus height following different levels of feed intake (M = maintenance) post-weaning (a.b.c bars with
unlike superscript letters are different at P<0.05). (From Pluske et al., 1996.)

From a nutritional perspective, piglets at weaning experience a transition from milk (a high-fat, low-
carbohydrate liquid) to a plant-based diet (a solid, low-fat, and high-carbohydrate diet) (Guevarra et al.,
2019). Even when previously introduced to solid feed, it is still difficult for their enzymatic system to cope
with grains and beans.

One of the consequences of the lower digestibility capacity is an increase of undigested nutrients. Harmful
bacteria thrive and cause diarrhea, reducing even further an already compromised feed intake. This cycle
must be broken with the support of formulations based on piglet physiology.

Post-weaning feed must support digestion and nutrient absorption, including the largest possible share
possible of high-quality, digestible ingredients, with low anti-nutritional factors. High-performing feed also
integrates functional amino acids, functional carbohydrates, and additives to support the intestinal mucosa

and gut microbiome.

Support the piglets with effective solutions!
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Figure 3. Supporting piglets with effective solutions



Crude protein - more of the same?

Levels of crude protein in piglet feed have been in the spotlight for quite some time. The topic can be very
controversial where the exact percentage of crude protein in the final feed is concerned. Some nutritionists
pragmatically recommend maximal levels of 20% in the weaner feed. Others go a bit lower, with some
formulations reaching 17 to 18% total crude protein. Levels above 20% will incur high costs and may
accentuate the growth of pathogenic bacteria due to a higher amount of undigested protein in the distal
part of the small intestine (figure 4).

Crude protein level

-~
f » Costly diets
S » More undigested protein
S | » Higher pathogenic proliferation
NS ; ;
o » Cost-efficient diets
"l' » Less undigested protein
N » Lower pathogenic proliferation

Figure 4. The dynamics of crude protein levels in piglet feed
What is not open for discussion, however, is the quality of the protein used, in terms of:

= digestibility,

= the total amount of anti-nutritional factors, and

= the correct supply of essential and non-essential amino acids (particularly lysine, methionine,
threonine, tryptophane, isoleucine and valine).

The critical role of digestibility

High-digestibility ingredients for piglets need to deliver minimum 85% digestibility. In most cases, to reach
high biological values (correlating to high digestibility), these ingredients typically undergo different
processing steps, including heat, physical, and chemical treatments. Animal by-products (such as
hydrolyzed mucosa, fish meal, spray-dried plasma) and processed vegetable sources (soy protein
concentrate, extruded grains, potato protein) can be used in high amounts during this phase. They will
notably reduce the total amount of undigested protein reaching the distal part of the intestine, with 2 main
benefits:

= Less substrate for pathogenic bacteria proliferation (and therefore lower incidence of diarrhea)
= Lower nitrogen excretion to the environment



It is common knowledge that certain storage proteins from soybean meal (for instance, glycinin and B-
conglycinin) can cause damage to piglets’ intestinal morphology and trigger the activation of the immune
system. However, it is normal practice to introduce this ingredient to piglets around weaning so that the
animals can develop a certain level of tolerance to such compounds (Tokach et al., 2003). In Europe,
where most diets are wheat-barley based, soybean meal is included in levels varying from 3 to 9% in the
first 2 diets, with gradual increases during the nursery phase.

Amino acids and protein: manage the balance

When the supply and balance between essential and non-essential amino acids is concerned, reducing
total crude protein brings indeed complexity to the formulations. The concept of ideal amino acid should
be expanded, ideally, to all 9 essential amino acids (lysine, methionine, tryptophan, threonine, valine,

isoleucine, leucine, histidine, and phenylalanine). In most cases, formulations go up to the 5" or 6" limiting
amino acid. Lawor et al. (2020) suggest 2 practical approaches to avoid deficiencies when formulating low-
protein piglet feed:

= Maintain a maximum total lysine to crude protein ratio in the diet of 7.1 to 7.4%
= Do not exceed the SID lysine to crude protein ratio of 6.4%

Some conditionally essential amino acids (e.g. arginine, proline, and glutamine) also play critical roles in
diets with reduced crude protein levels. Glutamine is especially interesting. When supplemented in the
feed, it can be used as a source of energy by the intestinal epithelium and, therefore, prevent atrophy and
support nutrient absorption, resulting in better growth post-weaning (Hanczakowska and Niwinska, 2013;
Watford et al., 2015)



The importance of the buffer capacity of the feed
- supporting the enzymatic system

Given the move towards antibiotic reduction, this topic is more relevant than ever to nutritionists
worldwide. The acid-binding capacity (also known as buffering capacity) of the feed directly affects the
capacity of the stomach to digest protein. Hence, buffer capacity is of utmost importance in antimicrobial-
free diets as it influences the growth of pathogenic bacteria (Lawlor et al., 2005).

In short, the acid-binding capacity is the resistance of an ingredient or complete feed to pH change. For
piglet feed/feed ingredients, it is normally measured by the acid-binding capacity at pH4 (ABC-4). A higher
ABC-4 equates to a higher buffering capacity. Feed with a high ABC-4 would require large amounts of
gastric acid for the pH of the stomach to reach 4 and below. As the post-weaned piglet has limitations on
producing and secreting acid, the stomach pH would stay high and, thus, less favorable for protein
digestion.

The recommendation is to have a complete feed based on single ingredients with low ABC-4 values and to
use additives that further reduce the ABC-4 value (such as organic acids). According to Molist (2020), post-
weaning feed must have an ABC-4 that is lower than 250-300 meqg/kg.

Talking about fiber

Dietary fibers are also known for regulating intestinal health in both humans and animals. Chen et al.
(2020), for example, examined the effects of dietary soluble fibers (inulin) and insoluble fibers
(lignocellulose) in weaned piglet diets for four weeks. Results showed that combining those fibers can
positively influence nutrient digestibility, gut microbiota composition, intestinal barrier functions, and
growth performance (table 1 ).

Items' | control | IDF SDF CRMDF MDF
Initial weight, kg 747 £0.16 747012 7.48 +0.09 7.48+0.13 7.48 £0.12
2wk weight, kg 10.89+0.26 11.20+£0.33 10.76 £ 0.26 11.23+0.7 11.14+0.21
Final weight, kg 16.93 +0.42 17.15+0.77 16.69+ 0.58 17.95+0.44 17.41+0.20
1-14d
ADFI, g/d 402 +19.13 410+ 11.47 376 +£15.49 409 £ 10.57 399 + 10.55
ADG, g/d 238+10.37 264 +17.04 230 +£17.59 261 +5.84 264 +10.00
FG 1.70 £ 0.08° 1.58 + 0.08® 1.66 + 0.07* 1.57 £ 0.01% 1.51 £ 0.02°
Diarrhoea incidence % 21424553 12,54 £4.19 17.864£7.55 15.48 £ 4.29 15.48 + 3.40
15-28d
ADF, g/d 716+3486 | 73243827 699 + 30.97 756 +32.79 7154 24.96
ADG, g/d 431+ 29.13 425 + 37.50 424 + 28.15 480 £ 24,13 448 + 8.23
FIG 1.68 £ 0.06 1.68 £ 0.05 1.67 £ 0.07 1.58 ¢ 0.04 1.60 £ 0.05
Diarrhoea incidence % |  16.67 £ 2.38° 10.71 £ 2.92* 10.71 £ 3.03* 10.00 £ 1.23* 3.57 £ 0.60°
0-28d
. ADFI, g/d [ 560+ 21.22 - 5712441 537+ 21.32 . 583 £19.25 557 +£15.72 .

ADG, g/d 334+12.20 345+ 25.20 327 +19.24 371 +£13.01 356 + 6.98
FIG 1.68 £ 0.03° 1.63 £ 0.03* 1.66 £ 0.05" 1.57 £0.03" 1.56+0.03*
Diarrhoea incidence % 19.05+£2.71 11.43 +£4.01 1429+ 5.03 1548 £+ 4.08 9.52+1.99
¢ Means in the same rth: different superse ”p'_. letters show \'lp,ru[l.t anl difference (P<0.05).

Control: basal diet; 1DF: 19 insoluble fiber; SDF: 1% soluble fiber; CRMDF: 0.75% insoluble fiber + 0.25% soluble fiber / 0.25%

insoluble fiber + 0.75% saluble fiber; MDF: (.5% insoluble fiber + 0.5% soluble fiber;

ADF: average daily feed intake; ADG: average daily gain; HG: feed/gain

Table 1. Effects of dietary fiber supplementation on piglet growth performance (adapted from Chen et al., 2020)

How to reduce antimicrobials? Understand the


https://ew-nutrition.com/en-uk/a-complex-battlefield-mycotoxins-in-the-gastrointestinal-tract/

roles of piglet physiology and nutrition

Swine producers might think that “How can | reduce antimicrobial use on my farm?” and “How can |
improve the performance of piglets at weaning?” are two separate questions. However, that is not always
the case. Answers based on a deep understanding of physiology and nutrition dynamics help piglets
overcome the challenges encountered during weaning - and, thus, lessen the need for antimicrobial
interventions.

In this article, we have explored the basic principles that are the basis for ensuring the performance and
health of the post-weaning piglet. Although we do not have a singular solution for eliminating
antimicrobials on our pig farms, we can count on a group of robust and integrated nutritional strategies. By
integrating factors ranging from management to feed additives, these solutions can improve piglet health
and performance throughout their lives.

To know more about Gut health products click here.

INFOGRAPHIC: Healthy piglets
after weaning
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Pialet weanina is a critical beriod. When not pbroberly managed, it leads to decreased
performance. diarrhea. and sometimes mortalitv.

The six areas of intervention in our infoaraohic will helo pia producers manage these
stressors, avoid diarrhea, and maintain piglet health and performance.

HEALTHY
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6 AREAS OF INTERVENTION FOR
SUCCESSFUL WEANING
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The Zinc Oxide ban: What led to it,
what are the alternatives?

By Dr. Inge Heinzl, Editor, EW Nutrition

In June 2017, the European Commission decided to ban the use of veterinary drugs containing
high doses of zinc oxide (3000mg/kg) from 2022. The use of zinc oxide in pig production must
then be limited to a maximum level of 150ppm. Companies have been on the lookout for
effective alternative strategies to maintain high profitability.

Modern pig production is characterised by its high intensity. In many European countries, piglets are
weaned after 3-4 weeks, before their physiological systems are fully developed (e.g. immune and enzyme
system). Weaning and thus separation from the mother, as well as a new environment with new germs,
means stress for the piglets. Besides, the highly digestible sow’s milk, for which the piglets are wholly
adapted, is replaced by solid starter feed.

This, associated with the above-mentioned stressors, can result in reduced feed intake during the first
week after weaning and therefore in a delayed adaptation of the intestinal flora to the feed. Since the
immune system of animals is not yet fully functional, pathogens such as enterotoxic E. coli can colonize
the intestinal mucosa. This can possibly develop into a dangerous dysbiosis, leading to an increased
incidence of diarrhea. Inadequate absorption results in suboptimal growth with worse feed conversion. The
consequences are economic losses due to higher treatment costs, lower yields, and animal losses.

Diarrhea is one of the most common causes of economic losses in pig production. In the past, this was the
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reason antibiotics were prophylactically used as growth promoters. Antibiotics reduce antimicrobial
pressure and have an anti-inflammatory effect. In addition to reducing the incidence of disease, they
eliminate competitors for nutrients in the gut and thus improve feed conversion.

However, the use of antibiotics as growth promoters has been banned in the EU since 2006 due to
increased antimicrobial resistance. As a result, zinc oxide (ZnO) appeared on the scene. A study carried
out in Spain in 2012 (Moreno, 2012) showed that 57% of piglets received ZnO before weaning and 73%
during the growth phase (27-75 days).

Zinc oxide: the disadvantages
outweigh the advantages

What made the use of zinc oxide so attractive? Zinc oxide is inexpensive, available in many EU countries,
and as a trace element it can be used in high doses through premixing. In some countries, however, a
veterinary prescription is needed; in others, the use is already banned.

Zinc is a trace element involved in cell division and differentiation, and it influences the efficacy of
enzymes. Since defence cells also need zinc, a supplementation that covers the demand for zinc
strengthens the body’s defences. Through a positive effect on the structure of the gut mucosa membrane,
zinc protects the body against the penetration of pathogenic germs.

If ZnO is used in pharmacological doses, it has a bactericidal effect against e.g. staphylococci (Ann et al.,
2014) and various types of E. coli (Vahjen et al., 2016). Thus, prophylactic use prevents the incidence of
diarrhea and the consequent decrease in performance. But the use of zinc oxide also has “side effects”.

Accumulation in the environment

Zinc belongs to the chemical group of heavy metals. For the use as a performance enhancer, it has to be
administered in relatively high doses (2000-4000ppm). These high amounts are far above the
physiological needs of the animals. With relatively low absorption rates (the bioavailability amounts to
approximately 20% (European Commission, 2003)) and subsequent accumulation in manure, zinc can
cause substantial contamination of the environment.

Encouraging the development of antibiotic
resistance

In addition to the accumulation of zinc in the environment, another aspect also plays an important role:
according to Vahjen et al. (2015), a dose of =2500mg/kg of food increases the presence of tetracycline
and sulfonamide resistance genes in bacteria. In the case of Staphylococcus aureus, the development of
resistance to zinc is combined with the development of resistance to methicillin (MRSA; Cavaco et al.,
2011; Slifierz et al., 2015). A similar effect can be observed in the development of multiresistant E. coli
(Bednorz et al., 2013; Ciesinski et al., 2018). The reason for this is that the genes that encode antibiotic
resistance, i.e. the ones that are “responsible” for the resistance, are found in the same plasmid (a DNA
molecule that is small and independent of the bacterial chromosome).

Consequence: no more zinc oxide in the
production of piglets from 2022 onwards

The negative effects on the environment and the promotion of antibiotic resistance led to the European
Commission’s decision in 2017 to completely ban zinc oxide as a therapeutic agent and as a growth



promoter in piglets within five years.

There are effective alternatives to zinc
oxide

By the 2022 deadline, the EU pig industry must find a solution to replace ZnO. It must develop strategies
that make future pig production efficient, even without substances such as antibiotics and zinc oxide. To
this end, measures should be taken at different levels, such as farm management and biosecurity (e.qg.
effective hygiene management). The promotion of intestinal health for high animal performance is most
important, however.

Promotion of gut health through stable gut
microbiota

The term eubiosis denotes the balance of microorganisms living in a healthy intestine, which must be
maintained to prevent diarrhea and ensure performance. However, weaning, food switching, and other
external stressors can endanger this balance. As a result, potentially pathogenic germs can “overgrow”
the commensal microbiome and develop dysbiosis. Through the use of functional supplements, intestinal
health can be improved.

Phytomolecules - potent compounds created by
nature

Phytomolecules, or secondary plant compounds, are substances formed by plants with a wide variety of
properties. The best-known groups are probably essential oils, but there are also bitter substances, spicy
substances, and other groups.

In animal nutrition, phytomolecules such as carvacrol, cinnamon aldehyde, and capsaicin can help improve
intestinal health and digestion. They stabilize the intestinal flora by slowing or stopping the growth of
pathogens that can cause disease. How? Phytomolecules, for example, make the cell walls of several
bacteria permeable so that cell contents can leak. They also partially interfere with the enzymatic
metabolism of the cell or intervene with the transport of ions, reducing the proton motive force. These
effects depend on the dose: all these actions can destroy bacteria or at least prevent their proliferation.
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Another point of attack for phytomolecules is the communication between microorganisms (quorum
sensing). Phytomolecules can prevent microorganisms from releasing substances known as autoinducers,
which they need to coordinate joint actions such as the formation of biofilms or the expression of virulence
factors.

Medium-chain triglycerides and fatty acids

Medium-chain triglycerides (MCT) and fatty acids (MCFA) are characterised by a length of six to twelve
carbon atoms. Thanks to their efficient absorption and metabolism, they can be optimally used as an
energy source in piglet feeding. MCTs can be completely absorbed by the epithelial cells of the intestinal
mucosa and hydrolysed with microsomal lipases. Hence they serve as an immediately available energy
source and can improve the epithelial structure of the intestinal mucosa (Hanczakowska, 2017).

In addition, these supplements have a positive influence on the composition of the intestinal flora. Their
ability to penetrate bacteria through semi-permeable membranes and destroy bacterial structures inhibits
the development of pathogens such as salmonella and coliforms (Boyen et al., 2008; Hanczakowska, 2017,
Zentek et al., 2011). MCFAs and MCTs can also be used very effectively against gram-positive bacteria
such as streptococci, staphylococci, and clostridia (Shilling et al., 2013; Zentek et al., 2011).

Prebiotics

Prebiotics are short-chain carbohydrates that are indigestible for the host animal. However, certain
beneficial microorganisms such as lactobacilli and bifidobacteria can use these substances as substrates.
By selectively stimulating the growth of these bacteria, eubiosis is promoted (Ehrlinger, 2007). In pigs,
mannan-oligosaccharides (MOS), fructooligosaccharides (FOS), inulin and lignocellulose are mainly used.

Another element of prebiotics’ positive effect on intestinal health is their ability to agglutinate pathogens.
Pathogenic bacteria and MOS can bind to each other through lectin. This agglutination prevents
pathogenic bacteria from adhering to the wall of the intestinal mucosa and thus from colonizing the
intestine (Oyofo et al., 1989).

Probiotics

Probiotics can be used to regenerate an unbalanced gut flora. To do this, useful bacteria such as bifido or
lactic acid bacteria are added to the food. They must settle in the gut and compete with the harmful
bacteria.
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There are also probiotics which target the communication between pathogens. In an experiment, Kim et al.
(2017) found that the addition of probiotics that interfere with quorum sensing can significantly improve
the microflora in weaned piglets and thus their intestinal health.

Organic acids

Organic acids show strong antibacterial activity in animals. In their undissociated form, the acids can
penetrate bacteria. Inside, the acid molecule breaks down into a proton (H+) and an anion (HCOO-). The
proton reduces the pH value in the bacterial cell and the anion interferes with the bacteria’s protein
metabolism. As a result, bacterial growth and virulence are inhibited.

Conclusion

Today there are several possibilities in piglet nutrition to effectively support the young animals after
weaning. The main objective is to maintain a balanced intestinal flora and therefore to sustain intestinal
health - its deterioration often leads to diarrhea and hence to reduced returns. Intestinal health is
promoted by stimulating beneficial bacteria and by inhibiting pathogenic ones. This can be achieved
through feed additives that have an antibacterial effect and/or support the intestinal mucosa, such as
phytomolecules, prebiotics, and medium-chain fatty acids. Through a combination of these possibilities,
additive effects can be achieved. Piglets receive optimal support and the use of zinc oxide can be reduced.
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By Dr. Inge Heinzl, Editor, EW Nutrition

According to the American Medical Association, antimicrobial resistance is one of the main
threats to public health nowadays. More than 2 million people are infected with bacteria
resistant to different types of antibiotics every year (Marquardt and Suzhen, 2018). Prof Dame
Sally Davies (2012), Chief Medical Officer for England, mentions that antibiotics are losing
their effectiveness at alarming rates. Bacteria are finding ways to survive the antibiotics, so
these molecules no longer work. O’Neill (2016) predicted in his report that 10 million people a
year could be dying by 2050 due to antimicrobial resistance.

Antimicrobial resistance is a natural process but this is accelerated by inappropriate prescribing of



https://academic.oup.com/af/article/8/2/30/4979807
https://www.bbc.com/news/health-20354536
https://www.bbc.com/news/health-20354536
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://ew-nutrition.com/wp-content/uploads/articles/art50_al_abr-reductn-with-high-performance/weaning-piglets.jpg

antimicrobials, poor infection control practices and the unnecessary use of antimicrobials in agriculture (Barber
and Sutherland, 2017).

Antimicrobial resistance - a threat
to humanity

Resistance to specific antibiotics occurs through mutations that enable the bacteria to withstand an
antibiotic treatment. One mechanism is the production of enzymes degrading or altering the antibiotic,
rendering them harmless. The elimination of entrances for antibiotics or the development of pumps
discharging them is another possibility. A further option is the elimination of the targets the antibiotic
would attack.

So-called “resistance genes” are responsible for resistance. These genes can be transferred from one
bacterium to another and also from beneficial bacteria to harmful ones. When antibiotics are used,
“normal” bacteria are killed; the resistant ones survive and have all possibilities to proliferate. The Dutch
Government has been tracking resistant bacteria in poultry flocks for the last two decades. A clear
correlation between antibiotic use and the percentage of resistance could be observed. The good thing:
according to the 2020 MARAN report (De Greeff et al., 2020), by reducing the use of antibiotics, the
occurrence of resistances can be pushed back.

Antimicrobial Veterinary Medicinal Product (AVMP) sales 1999-2019 in kg (thousands)
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Figure 1. Sales of antibiotics from 1999 to 2016 and the development of resistances (MARAN report, 2018)

Antibiotic use in animal production

In pig production, antibiotics are often used in stressful situations such as weaning or moving. Antibiotics
decrease the pathogenic pressure in animals and help them overcome these critical periods.
Disadvantage: Antibiotics do not differentiate between good and bad but between susceptible and
resistant. Therefore, also the beneficial gut flora gets destroyed through antibiotic treatment, and
resistance is spread.

After the ban of antibiotic growth promoters in Europe in 2006, the US has also made considerable efforts
to reduce the use of antibiotics.
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Is performance at risk without antibiotics?

When antibiotics are taken out of livestock production, measures in different areas must be implemented
to keep performance and profitability high. Without supporting the animals by other means, they will get
sick and even die in acute cases. Subclinical disease forms reduce their feed intake, and growth
performance consequently decreases. According to literature, losses due to decreased average weight
gain can be up to $40 per pig (Hao et al., 2014).

Goal: reducing antibiotics while
maintaining performance

To support pigs, especially during the afore-mentioned critical periods, alternatives focusing on the
maintenance of gut health and, therefore, also overall health must be chosen. This goal can only be
achieved by balancing the intestinal flora with reducing pathogenic bacteria occurrence.

Phytomolecules are an effective solution

Phytomolecules are produced by plants to defend themselves against predators or pathogens. Farmers use
the substances in animal feeds to support digestion, improve palatability, but also to reduce pathogenic
pressure (Baser and Buchbauer, 2010).

In animal feeding, different application forms are available:

= As premixes containing microencapsulated phytomolecules with a slow release. This version is
mixed into the feed in the feed mill and constitutes continuous long-term support for the
animals. Due to microencapsulation, the active substances are released where they are needed
- in the gut.

= As liquid complementary feeds for the application via the waterline. The application of the liquid
form to the animals can be decided from one day to the other. It is an optimal additional tool to
support the pigs in challenging situations such as weaning.

Scientific trials show: In-feed phytomolecules
support performance

A trial conducted at the Federal University of Lavras (Brazil) evaluated if phytomolecules as a regular diet
component can deliver the same effects on growth performance as AGPs in pig production.

For the trial, 108 castrated newborn male pigs were allocated to 3 groups (control, AGP (antibiotic growth
promoters), and Activo). Pigs were weaned at 23 days of age with an average weight of 6.3 kg. They were
fed a 3-phase diet (nursery, growing, and finishing). The inclusion rates of the additives (antibiotics and
phytomolecules-based product - Activo) are shown in table 1.

On days 0, 1, and 2 of the experiment, the animals were challenged by applying a solution containing 10’
CFU of E. coli K88, producing the toxins LT, Sta, and bST. Additionally, during the two last days before the
growing phase, the animals were exposed to 5h of heat stress, using infrared lamps and closed windows.
The parameters weight gain, final weight, FCR, and gut flora composition in the cecum were evaluated.

Phase Control AGP Activo
0-7 days — Gentamycin 2.7kg/t 0.4kg/t

Nursery
8-42 days — Haloquinol 0.2kg/t 0.3kg/t


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4054498/pdf/fmicb-05-00288.pdf
https://link.springer.com/article/10.1365/s10337-010-1680-0

42-52 days — Tylosin 0.45kg/t 0.4kg/t
Growing

53-87 days — Enramycin 0.125kg/t 0.2kg/t

88-97 days — Tylosin 0.45kg/t 0.4kg/t
Finishing

98-126 days — Enramycin 0.063kg/t 0.2kg/t

Table 1. Inclusion rate of the additives in the feed
AGP: Antibiotic growth promoter; Activo: product based on phytomolecules, microencapsulated (EW Nutrition)

Results

The results of this trial are shown in figure 2.

Concerning growth performance, the group fed the phytomolecules-based product Activo showed a 4.36
kg higher final weight after 126 days than the group provided AGPs (p=0.11), resulting in a 3.28 kg higher
weight gain (p=0.21) and a 13 points better feed conversion.

Final weight and weight gain (kg) FCR adjusted to 100kg of
final weight
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Figure 2. Data of growth performance including final weight, weight gain and FCR adjusted to 100kg

The evaluation of some bacteria naturally occurring in the gut flora showed that, in contrast to the
antibiotic prophylaxes, Activo has no negative impact on E. coli, Lactobacillus and Bifidobacterium.
However, the antibiotic group showed a slight decrease in the population of Lactobacilli (Figure 3).
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Figure 3. Impact of antibiotics and phytomolecules (Activo) on the composition of the gut flora

This trial shows Activo increasing growth performance and feed conversion without any negative impact on
gut flora. The addition of phytomolecules (Activo) to the feed is documented as optimal long-term support
instead of antibiotic growth promoters.
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Trial shows: Phytomolecules support animals in
critical situations like weaning

In a trial conducted in the USA, a product containing phytomolecules and organic acids (Activo Liquid, EW
Nutrition) was compared to an antibiotic for controlling bacterial diseases in US pig production (Mecadox).
For the trial, a total of 360 weanling pigs, about 19 days old and weighing 5.70 kg, were divided into four
groups. Each group consists of 9 pens with 10 animals per pen. All groups were fed a 3-phase diet.

To the different trial groups, the following products were added (table 2):

. . Group / Inclusion rate and period of
Feeding valid for all groups Product application
3-phase fee_dln.g after Mecadox 50 g/t of feed during the whole period
weaning:
Phase | (days 23%CP, 5.4 . o 375 ml/1000 L of water for 3 days post-
0-7): % CF Activo Liquid 3 weaning
Phase Il (days 21 % CP, 4.1 . o 375 ml/1000 L of water for 5 days post-
8-21): % CF Activo Liquid 5 weaning
Phase Ill (days 19% CP, 4.4 . - 375 ml/1000 L of water for 7 days post-
22-42): % CF Activo Liquid 7 weaning

These performance parameters were evaluated: live weight, daily gain, daily feed intake, feed:gain ratios,
and mortality.

Table 2. Feeding and inclusion of the additives

Results

The results of the trial are shown in figure 4. Concerning growth, no significant differences could be seen
between the groups, only numerical differences. Live weight in the antibiotic group was 25.95 kg, and in
the Activo Liquid groups, it ranges from 25.77 kg (shortest period of application) to 26.20 kg (see below).
This resulted in calculated values for an average daily gain of 473 g in the Mecadox fed animals and 463 to
4879 in the Activo Liquid groups. Due to a lower feed intake per kg of weight gain, all groups fed Activo
Liquid showed a significantly (p=0.05) better feed conversion than the Mecadox group.

Live weight (kg) Average daily gain (g) Average daily feed intake
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Figure 4. Live weight in the groups fed the antibiotic Mecadox and the phytomolecules-based product Activo
Liquid for different periods
Average daily gain in the different trial groups
Average daily feed intake in the different trial groups (P=0.05)

Concerning mortality, the group fed Activo Liquid for 5 days showed the lowest mortality rate of 1.1%
(figure 5).
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Figure 5. Feed:gain ratio in the different trial groups (P=0.05) & Mortality rates

Considering all parameters, the group fed Activo Liquid for five days provided the best results: numerically
the lowest mortality rate, highest daily gain, and one of the two lowest feed:gain ratios. This trial
concludes that Activo Liquid with an application period of five days can safely replace antibiotic growth
promoters in the diet. Therefore, Activo Liquid is an interesting tool to additionally support pigs during
critical periods of life.

Phytomolecules help keep health and
performance together

The trials conducted with two types of phytomolecules-based products show that phytomolecules
efficiently support pigs to achieve their genetic potential. A basic supply of these substances within the
feed yields results similar to those of animals receiving antibiotic growth promoters (AGPs). In challenging
situations like weaning, additional short-term supply is recommended, which can be done with liquid
products via the waterline.

With this strategy, the use of antibiotic growth promoters and, therefore, antibiotics in general can be
drastically reduced. This approach can help decrease antimicrobial resistance and, not to be forgotten,
accommodates final customers’ requests for the lower usage of antibiotics in livestock.
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INFOGRAPHIC: Why large litters
could mean higher mortality

The benefits imprinted by genetics with more piglets/sows can be lost along the way to weaning. What can
decrease performance and increase mortality in such cases? Why do higher litter sizes so often correlate
with higher mortality?
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Global mycotoxin challenges: 2021
report

By Technical Team, EW Nutrition

Climate around the globe has changed, increasing atmospheric temperatures and carbon dioxide levels.
This change favors the growth of toxigenic fungi in crops and thus increases the risk of mycotoxin
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contamination. When contaminating feed, mycotoxins exert adverse effects in animals and could be
transferred into products such as milk and eggs.

**x Please download the full article for detailed information
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Mycotoxins: a worldwide
challenge in 2021

Amongst naturally occurring mycotoxins, the five most important ones are aflatoxin, ochratoxin,
deoxynivalenol, zearalenone, and fumonisin. Their incidence varies with the different climates, the
prevalence of plant cultures, the occurrence of pests, and the handling of harvest and storage. Worldwide,
farmers faced various and sometimes extremely high mycotoxin contamination in their feed materials in
2021. In the following, we show the major challenges in five main regions.

Asia faced high aflatoxin contamination

In Asia, high temperatures and humidity favor Aspergillus growth in grains. As a result, 95 % of the
samples in South Asia and three-quarters of the samples in the China and the SEAP region (Indonesia,
Philippines, Vietnam) showed aflatoxin contamination. The average contamination being higher than the
threshold for all farm animals represents an increased risk for their health and performance.

In China and the SEAP region, also DON and T-2 were highly prevalent. Showing an incidence of more than
60%, they pose a severe risk when combined with aflatoxin.

Fumonisins afflicted the LATAM region

In Mexico, Central and South America, fumonisin contamination prevailed with an incidence of almost 90%
at average levels that can be considered risky for swine and dairy. Together with incidence levels of
around 60% found for DON and T2, fumonisin may act synergically in the animals, raising the risk for
health and performance.
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The Fusarium species linked to these mycotoxin contaminations occur in the grains on the field. Amongst
others, insect damage, droughts during growing, and rain at silking favor their development.

Trichothecenes prevailed in North
America

Contamination with trichothecenes (DON and T2) is the rule in the United States. The interaction of these
mycotoxins is at least additive. The damage they cause to the gut opens the door to dysbiosis and disease,
decreasing performance and profitability.

Also in this case, the responsible molds for the contamination are Fusarium species that develop when
grains are in the field. As with fumonisins, the molds are favored by insect damage, moderate to warm
temperatures and rainfall.

Fusarium toxins contaminated grain in
the MEA region

Fusarium toxins such as Fumonisin, DON, and T2 prevail in the region of Egypt, Jordan, and South Africa. In
combination, these mycotoxins have additive effects at the intestinal level, which increases the risk of
dysbiosis in poultry.

A challenging year with long-term repercussions

Since mycotoxin contamination affects animal health, measures must be taken to provide the best
protection. Besides improving agricultural practices in the field, smart in-feed solutions and mold inhibitors
can be used in stored grain. These measures help producers preserve feed quality after a troubled year for
crops around the world.



