Global antimicrobial use In
livestock farming: A revised
estimate
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Antimicrobial resistance (AMR) poses a significant threat to global health, driven by the overuse and
misuse of antibiotics in both human medicine and livestock farming. In livestock farming, antimicrobials
are still used extensively for therapeutic and non-therapeutic purposes. However, estimates of the
guantities used per species are notoriously hard to derive from fragmented, incomplete, or unstandardized
data around the world.

A recent article (“Global antimicrobial use in livestock farming: an estimate for cattle, chickens, and pigs”,
Animal, 18(2), 2024) attempts to update the figures by estimating global biomass at treatment of cattle,
pigs, and chickens, considering distinct weight categories for each species in biomass calculation, and
using the European Medicines Agency’s weight standards for the animal categories. With these more
refined calculations, authors Zahra Ardakani, Maurizio Aragrande, and Massino Canali aim to provide a
more accurate estimate of global antimicrobial use (AMU) in cattle, chickens, and pigs. Understanding
these patterns is crucial for addressing AMR and developing strategies for sustainable livestock
management.
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Key Findings

The study estimates that the global annual AMU for cattle, chickens, and pigs amounts to 76,060 tons of
antimicrobial active ingredients. This is a significant revision from previous estimates due to a more
detailed evaluation of animal weights and categories:

1. Cattle: 40,697 tons (53.5% of total AMU)

2. Pigs: 31,120 tons (40.9% of total AMU)
3. Chickens: 4,243 tons (5.6% of total AMU)
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Figure 1: Distribution of global antimicrobial use among cattle, pigs, and
chickens.

Methodology

The study utilizes the concept of Population Correction Units (PCU) to estimate antimicrobial usage, taking
into account the weight and category of livestock at the time of treatment. This method differs from

previous approaches that relied on live weight at slaughter, providing a more accurate representation of
AMU.

The PCU is calculated by multiplying the number of animals by their average weight during treatment. This
approach allows for differentiation by age and sex, which is particularly important for species like cattle
and pigs.

Figure 2: (a) Changes in global PCU (million tonnes), (b) changes in global antibiotic use in mg per PCU,
and (c) changes in global AMU (thousand tonnes) for cattle, chickens, and pigs; between 2010 and 2020.
Abbreviations: PCU = Population Correction Unit; AMU = Antibiotic Use.
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Figure 2: (a) Changes in global PCU (million tonnes), (b) changes in global antibiotic use in
mg per PCU, and (c) changes in global AMU (thousand tonnes) for cattle, chickens, and
pigs; between 2010 and 2020. Abbreviations: PCU = Population Correction Unit; AMU =
Antibiotic Use.

Study shows lower AMU than previous
estimates

The study highlights a significant shift in AMU patterns, with chickens showing a remarkable decrease in
antimicrobial use despite increased production. This is indicative of improved management and more
responsible use of antibiotics in the poultry industry.

The lower AMU in cattle and pigs, compared to previous estimates, underscores the importance of
considering animal age and weight at treatment. These findings align closely with World Organization for
Animal Health (WOAH) estimates, validating the methodology.

However, the study also acknowledges limitations, including reliance on European standards for average
weight at treatment, which may not reflect global variations. Additionally, the lack of comprehensive
global data on veterinary antibiotics presents challenges in creating fully accurate estimates.

Corrected estimate highlights improved
production advances

This study provides a revised and potentially more accurate estimate of global antimicrobial use in
livestock. By accounting for the weight and treatment categories of animals, it offers insights that could
guide policy and management practices to mitigate the spread of antimicrobial resistance.

The article also indicates that the industry may have over-estimated antimicrobial usage in livestock and,
just as importantly, that antimicrobial use has been kept in check or even reduced, despite increases in
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farmed animal headcounts. The lower usage is likely due to regulatory oversight and improvements in
alternative methods to control and mitigate health challenges.

Mycotoxins in poultry - External
signs can give a hint

Bozzo et al., 2023

Part 4: Paleness
By Dr. Inge Heinzl, Editor and Technical Team, EW Nutrition

We already showed bad feathering, mouth and beak lesions, bone issues, and foot pad lesions as signs of
mycotoxin contamination in the feed, but there is another indicator: paleness. Paleness can signify a low
count of red blood cells resulting from blood loss or inadequate production of these cells. Other
possibilities are higher bilirubin levels in the blood due to an impaired liver, leading to jaundice or missing
pigmentation.
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Hen with pale comb and wattles (adapted
from Bozzo et al., 2023)

The mycotoxins mainly causing anemia
are Aflatoxins, Ochratoxin, DON, and T-2
toxin

Anemia can be diagnosed using parameters such as red blood cell count, hemoglobin levels, and
hematocrit/packed cell volume (PCV). Numerous studies have examined the impact of mycotoxins on
hematological parameters. They reveal their propensity to affect red blood cell production by impairing the
function of the spleen and inducing hematological alterations. On the other hand, anemia can be caused
by blood loss. Due to affecting coagulation factors, mycotoxins can lead to internal hemorrhages. The gut
wall damage, probably due to secondary infections such as coccidiosis and necrotic enteritis, can entail
bloody diarrhea in various animal species.

Impact on the production of blood cells

Low values of blood parameters such as red blood cells, hemoglobin, and hematocrit can result from
inadequate production due to impacted production organs. The World Health Organization (WHO, 1990)
and European Commission (European Commission, 2001) have identified hematopoietic tissues as targets
for necrosis caused by T-2 toxin. Chu (2003) even stated that “the major lesion of T-2 toxin is its
devastating effect on the hematopoietic system in many mammals, including humans”. Pande et al. (2006)
suggested that reduced hemoglobin values result from decreased protein synthesis due to mycotoxin
contamination, a notion supported by Pronk et al. (2002), who described trichothecenes as potent
inhibitors of protein, DNA, and RNA synthesis, particularly affecting tissues with high cell division rates.
Additionally, the European Commission (2001) highlighted the sensitivity of red blood cell progenitor cells
(in this trial, the cells of mice, rats, and humans) to the toxic effects of T-2 and HT-toxins. DAS also seems
to attack the hematopoietic system, as shown in humans (WHQO, 1990). A further cause for anemia might
be low feed intake or nutrient absorption, which inhibits adequate iron absorption and leads to iron
deficiency. In their case report, Bozzo et al. (2023) assumed that renal failure and a resulting impaired
excretion capacity caused by OTA might even increase the half-life of the toxins. This would enhance their
effects on their target organs, such as the liver and bone marrow, and lead to anemia.

Several studies utilizing different animal species and mycotoxin dosages have been conducted to assess
the effects of Aflatoxins, Ochratoxin, and T-2 Toxin on hematological parameters. The following table
provides a summary of some of these studies.
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Animal

AFB1 -5.6 £ 0.33
pg/kg dry weight

species Dosage Impact Reference
T-2 Toxin and other Trichothecenes
Broilers Trig_ '?-'Zléozx'ir?/nkzél Significant reduction in hemoglobin at 1, 2, and 4 ppm; PCV Pande et
n=30 per group significantly reduced at 4 ppm al., 2006
Broilers T;ﬁg'/kogadnigt‘l Decrease in hemoglobin, mean corpuscular volqme, and %
=60 per group mean corpuscular hemoglobin concentration 19893
4,16, 50, 100, 300
Broilers ppm g%ryzeven Anemia; significant reduction of hematocrit (50 and 100 ppm); | Hoerr et
n=5-20 chickens survivors had atrophied lymphoid organs and were anemic al., 1982
per group
Yanazhou 0’00é2'1064'20(')6' Red blood cell count decreased in the 2.0 mg/kg group along Gu et al
os%in S m '/k' ; 'n—'6' or with an increase in mean corpuscular hemoglobin (p<0.05) and 2023 :
9 9 9 g'rou_p P reduced mean platelet volume (P<0.05) =
Anemia, as indicated by significantly (P<0.05) lower total Yohannes
Broilers 2 ppm; 32 birds erythrocyte count (TEC) values, lower hemoglobin levels, and Tetal
per group packed cell volume; additional thrombocytopenia could be the ﬁ
cause of bleeding =
DON
Decrease in erythrocytes, mean corpuscular volume (MCV), and
mean corpuscular hemoglobin concentration (MCHC) at 15 -
, 5 and 15 mg/kg of i . . . Riahi,
Broilers feed for 42 days mg/kg; decrease in hematocrlégrlzld hemoglobin at both levels of 2021
. 0.6 mg/kg and 2.0 - : Modra et
Piglets ma/kg Significant decrease in mean corpuscular volume al. 2013
. Kubena
. 16 mg/kg diet N . v
Broilers =60 per group Significant decrease in mean corpuscular volume etal.,
1989c
Ochratoxin
2 mg/kg diet singly Kubena
Broilers | or combined with Reduced mean corpuscular hemoglobin values et al.,
DAS 6 mg/kg 1994
Significant decrease in hemoglobin, hematocrit, mean Kubena
Broilers 2 mg/kg diet corpuscular volume and mean corpuscular hemoglobin etal.,
concentration 1989b
Aflatoxins
Broilers 2.5 ug/g Decrease in red blood cell count Huif et
' al., 1988
Broilers =1.25 ug/g Significant decrease in hemoglobin and erythrocyte count Eﬁgﬁs
AFB1 + OTA
Natural feed
contamination OTA Anemia signs (pale appearance of combs and wattles), Boz70 et
Laying - 31 = 3.08 ug/kg evidenced by the discoloration of the content of the femoral al. 2023
hens and medullary cavity. .

Table 1: The effects of different mycotoxins on hematological parameters - hematopoiesis

In their meta-analysis, Andretta et al. (2012) reported that the presence of mycotoxins in broiler diets
decreased the hematocrit and the hemoglobin concentration by 5% and 15%, and aflatoxin alone



https://nopr.niscpr.res.in/bitstream/123456789/6360/1/IJEB%2044%281%29%2086-88.pdf
https://nopr.niscpr.res.in/bitstream/123456789/6360/1/IJEB%2044%281%29%2086-88.pdf
https://www.sciencedirect.com/science/article/pii/S0032579119572510?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119572510?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119572510?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/7185610/
https://pubmed.ncbi.nlm.nih.gov/7185610/
https://www.sciencedirect.com/science/article/pii/S0032579122006769?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579122006769?via%3Dihub
https://www.scirp.org/journal/paperinformation?paperid=36001
https://www.scirp.org/journal/paperinformation?paperid=36001
https://www.scirp.org/journal/paperinformation?paperid=36001
https://www.mdpi.com/2076-2615/11/1/147
https://www.mdpi.com/2076-2615/11/1/147
https://pubmed.ncbi.nlm.nih.gov/24362098/
https://pubmed.ncbi.nlm.nih.gov/24362098/
https://www.sciencedirect.com/science/article/pii/S0032579119572054?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119572054?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119572054?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/8177819/
https://pubmed.ncbi.nlm.nih.gov/8177819/
https://pubmed.ncbi.nlm.nih.gov/8177819/
https://www.sciencedirect.com/science/article/pii/S0032579119572510?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119572510?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119572510?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119566883?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119566883?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119499653
https://www.sciencedirect.com/science/article/pii/S0032579119499653
https://www.mdpi.com/2077-0472/13/1/138
https://www.mdpi.com/2077-0472/13/1/138
https://www.sciencedirect.com/science/article/pii/S0032579119401983

decreased the parameters by 6% and 20%.

It should be evident that a simultaneous occurrence of several mycotoxins even aggravates the situation.
In an experiment involving Sprague Dawley rats, administering T-2, DON, NIV, ZEA, NEO, and OTB
decreased hematocrit and red blood cell counts across all mycotoxins. However, for DON, NIV, ZEN, and
OTB, red blood cell values showed partial recovery after 24 hours (Chattopadhyay, 2013). Perhaps the
organism learns to cope with the mycotoxins.

The examples show that Trichothecenes, such as T-2 toxin, DON, and others, as well as Ochratoxins and
Aflatoxins, impact blood parameters such as hematocrit, hemoglobin, red blood cell count, and mean
corpuscular volume. All these changes might lead to paleness of the skin and birds’ feet and combs.

Blood loss caused by bleeding or destruction of
erythrocytes

The second possibility for anemia is blood loss due to injuries or lesions. In addition to directly causing
hemorrhages, mycotoxins can promote secondary infections such as coccidiosis, which damages the gut
and may produce bloody feces.

Parent-Massin (2004) e.g. reports on rapidly progressing coagulation problems after the ingestion of
trichothecenes leading to septicemia and massive hemorrhages. Table 2 shows more examples of
mycotoxins causing paleness due to blood loss.

Animal

species Dosage Impact Reference
T-2 Toxin and other Trichothecenes
T-2 toxin - 0.06-0.1 mg/kg
. ’ L]
Cats body weight/day Bloody feces, hemorrhages Lutsky et al., 1978
T-2 toxin - 0.08 mg/kg BW
; LUtzKy and Mor, 190l
Cats every 48 h until death Bloody feces Lutzky and Mor, 1981
Pigeon DAS in oat, sifting Emesis and bloody stools Szathmary (1983)
0.08, 0.16, 0.32, 0or 0.6
Calves mg/kg BW per day for 30 Bloody feces at doses =0.32 Pier et al., 1976

days; 1 calf per treatment mg/kg BW per day

Ochratoxin

Single dosages of 0, 17, or Multifocal h h ,
Rats 22 mg/kg BW in 0.1 Mol/L uftifocal hemorrhages in many | - ajpassam et al., 1987
NaHCO,, gavage organs

DON

Ecchymotic hemorrhages
throughout the intestinal tract,
liver, and musculature;
relationship to hemorrhagic
anemia syndrome seems
warranted

0, 35, 70, 140, 280, 560,
Broilers and 1120 mg/kg body
weight

Huff et al., 1981

Sterigmatocystin (ST)

10_1czh_i(2ig old 10 and 14 mg/kg BW Hemorrhages and foci of necrosis | Sreemannarayana et al.,
(93-101 g) intraperitoneal in the liver 1987
Aflatoxins
Broiler 100 pg/kg feed Hemorrhages in the liver Abdel-Sattar, 2019

chickens
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Bloody diarrhea, spleens with
500 and 1000 ppb in the hemorrhages, petechial ,
Turkeys diet hemorrhages in the small Giambrone et al., 1984
intestine
0, 0.625, 1.25, 2.5, 5.0, |Slight hemorrhages in the skeletal
Broilers and 10.0 mg/kg of diet muscles; decreased hematocrit Chang and Hamilton,
combined with Infectious | and hemoglobin due to hemolytic 1981
Bursal Disease anemia.
Downregulation of the genes
involved in blood coagulation
(coagulation factor IX and X) and
. 0, 1, and 2 mg AFB1/kg of upregulation of anticoagulant
Broilers diet protein C precursor, an inactivator Yarr, 2009
of coagulation factors Va and
Vllla, and antithrombin-Il|
precursor with 2 mg/kg
, 1-4 mg/kg, 4 weeks
y ¥
Pigs 0.4-0.8 mg/kg, 10 weeks Hemorrhages Henry et al., 2001

Table 2: The effects of different mycotoxins on hematological parameters - blood loss

Poor pigmentation

The fourth reason for paleness can be inadequate pigmentation. According to Hy Line (2021), the so-called
pale bird syndrome is characterized by poor skin and egg yolk pigmentation and is caused by reduced
absorption of fat and carotenoid pigments in compromised birds. This is also the case when the diets
contain pigment supplements. Tyczkowski and Hamilton (1986) observed in their experiment with chickens
exposed to doses of 1-8 ug of Aflatoxins/g of diet for three weeks that aflatoxins can cause poor
pigmentation in chickens, probably by impairing carotenoids absorption but also transport and deposition.
Osborne et al. (1982) asserted that carotenoids were significantly (P<0.05) depressed by 2 ppm ochratoxin
as well as by 2.5 ppm aflatoxin in the diet.

Another possibility is oxidative stress due to the mycotoxin challenge. As pigments also serve as
antioxidants, they may be expended for this purpose and are no longer available for pigmentation.

Paleness in poultry - a reason to think
about mycotoxins

Paleness can have different causes, some of which are influenced by mycotoxins. If your chickens or hens
are pale, checking the feed concerning mycotoxins is always recommended. A feed analysis can give
information about possible contamination (see our tool MasterRisk).

In the case of contamination, effective products binding the mycotoxins and mitigating the adverse effects
of these harmful substances can help protect your birds. As paleness is usually not the only effect of
mycotoxins but also a decrease in growth, toxin binders can help maintain the performance of your
animals.
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Mycotoxins in poultry - External
signs can give a hint

Part 3: Bone disorders and foot pad lesions
By Dr. Inge Heinzl, Editor, and Marisabel Caballero, Global Technical Manager Poultry

Bone health is essential for animals and humans. Besides giving structural support, allowing movement,
and protecting vital organs, the bones release hormones that are crucial for mineral homeostasis and acid
balance and serve as reservoirs of energy and minerals (Guntur & Rosen, 2012; Rath, N.C. & Durairaj,
2022; Suchacki et al., 2017).

Bone disorders and foot pad lesions are considerable challenges in poultry production, especially for fast-
growing birds with high final weights. Due to pain, the animals do not move, and dominant, healthy birds
may restrict lame birds’ access to feed and water. In consequence, these birds are often culled. Moreover,
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processing these birds is problematic, and often, they must be discarded or downgraded.

Foot pad lesions, another common issue in poultry production, can also have significant economic
implications. On the one hand, pain restricts birds from eating and drinking and reduces weight gain. On
the other hand, for many producers, chicken feet constitute a substantial part of the economic value of the
bird; therefore, discarding them represents a significant financial loss. Additionally, to push poultry
production in the right direction concerning animal health and welfare, a foot pad scoring system at the
processing plant is in place in European countries.

Mycotoxins affect bones in different ways

Mycotoxins, depending on their target organs, can have diverse effects on the skeleton of birds. For
example, mycotoxins that target the liver can disrupt calcium metabolism, which in turn affects the
mineralization of the bones (rickets) and the impairment of chondrocytes can slow down bone growth (e.g.,
tibial dyschondroplasia). When the kidneys are impacted, urate clearance decreases, plasma uric acid
consequently increases, and urate crystals form in the synovial fluid and tendon sheaths of various joints,
particularly the hock joints. These examples highlight the complex and varied ways mycotoxins can impact
poultry bone health.

Inadequate bone mineralization and strength -
Rickets and layer cage fatigue

Sufficient bone mineralization is essential for the stability of the skeleton. Calcium (Ca), Vitamin D, and
Phosphorous (P) deficiency leads to inadequate mineralization, weakens the bone, and can cause soft and
bent bones or, in the case of layers, cage fatigue - a collapse of the spinal bone- and paralysis. Inadequate
bone mineralization can be caused in different ways, among them:

1. Decrease in the availability of the nutrients necessary for mineralization. This can occur if the
digestibility of these nutrients deteriorates

2. Impact on the Ca/P ratio—A ratio of 1 - 2:1 is vital for adequate bone development (Loughrill et
al., 2016). Mycotoxins can alter absorption and transporters for one or both elements, altering
their ratio.

3. Impact on the Vitamin D receptor, affecting its expression or the transporters for Ca and P.

Aflatoxins can impair bone mineralization by different modes of action. An important one is the impairment
of the digestibility of Ca and P: Kermanshahi et al. (2007) fed broilers diets with high levels of aflatoxins
(0.8 to 1.2 mg AFB1/kg feed) for three weeks, which resulted in a significant reduction of Ca and P
digestibility. Other researchers, however, did not find an effect on Ca and P digestibility with lower
aflatoxin levels: Bai et al. (2014) feeding diets contaminated with 96 (starter) and 157 pg Aflatoxins
(grower) per kg of feed to broilers and Han et al. (2008) saw no impact on cherry valley ducks with levels
of 20 and 40 ug AFB1/kg diet.

Indirectly, a decrease in the availability of Ca and P due to aflatoxin-contaminated feed can be shown by
blood or tibia levels of these minerals, as demonstrated by Zhao et al. (2010): They conducted a trial with
broilers, resulting in blood serum levels of Ca and P levels significantly (P<0.05) dropped with feed
contaminated with 2 mg/kg of AFB1. Another trial conducted by Bai et al. (2014) showed decreased Ca in
the tibia and reduced tibial break strength.

To get more information about the effect of mycotoxins on bone mineralization and the utilization of Ca, P,
and Vit. D in animal organisms, Costanzo et al. (2015) challenged osteosarcoma cells with 5 and 50 ppb of
aflatoxin B1. They asserted a significant down-modulation of the expression of the Vitamin D receptor.
Furthermore, they assumed an interference of AFB1 with the actions of vitamin D on calcium-binding gene
expression in the kidney and intestine. Paneru et al. (2024) could confirm this downregulation of the Vit D
receptor and additionally of the Ca and P transporters in broilers with levels of =75 ppb AFB1. They also
saw a significant reduction in tibial bone ash content at AFB1 levels >230 ppb, a decreased trabecular
bone mineral content and density at AFB1 520 ppb, and a reduced bone volume and tissue volume of the
cortical bone of the femur at the level of 230 ppb (see Figure 1). They concluded that AFB1 levels of
already 230 ppb contribute to bone health issues in broilers.
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Figure 1: Increasing doses of AFB1 (<2 ppb - 560 ppb) deteriorate bone quality (Paneru, 2024): Cross-sectional
images of femoral metaphysis with increasing AFB1 levels (left to right). The outer cortical bone is shown in light
grey, and the inner trabecular bone in blue. Higher levels of AFB1 (T4 and T5) show a disruption of the
trabecular bone pattern (less dense blue pattern with thinner and more fragmented bone strands and with wide
spaces between the trabecular bone) (shown in white).

All experiments strongly suggest that aflatoxins harm bone homeostasis. Additional liver damage,
oxidative stress, and impaired cellular processes can exacerbate bone health issues.

Trichothecenes also negatively impact bone mineralization. Depending on the mycotoxin, they may affect
the gut, decreasing the absorption of Ca and P and probably provoking an imbalance in the Ca/P ratio.

For instance, when T-2 toxin was fed to Yangzhou goslings at 0.4, 0.6, and 0.8 mg/kg of diet, it decreased
the Ca levels (halved at 0.8 mg/kg) and increased the P levels in the blood serum, so the Ca/P ratio
decreased from the adequate ratio of 1 - 2 to 0.85, 0.66, and 0.59 (P<0.05) (Gu et al., 2023). The
alterations of the Ca and P levels, the resulting decreasing Ca/P ratio, and an additional increase in alkaline
phosphatase (ALP) suggest that T-2 toxin negatively impacts Ca absorption, increases ALP, and, therefore,
disturbs calcification and bone development.

Other studies show that serum P levels decreased in broilers fed DON-contaminated feed with levels of
only 2.5 mg/kg (Keci et al., 2019). One reason for the lower P level is probably the lower dry matter intake,
affecting Ca and P intake. Ca serum level is not typically reduced, which can be explained by the fact that
Ca plays many critical physiological roles (e.g., nerve communication, blood coagulation, hormonal
regulation), so the body keeps the blood levels by reducing bone mineralization. Another explanation is
delivered by Li et al. (2020): After their trial with broilers, they stated that dietary P deficiency is more
critical for bone development than Ca deficiency or Ca & P deficiency. The results of the trial conducted by
Keci et al. with DON (see above) were reduced bone mineralization, affected bone density, ash content,
and ash density in the femur and tibiotarsus with a stronger impact on the tibiotarsus than on the femur.

In line with trichothecenes effects in Ca and P absorption, Ledoux et al. (1992) suppose that diarrhea
caused by intake of fumonisins leads to malabsorption or maldigestion of vitamin D, calcium and
phosphorus, having birds with rickets as a secondary effect.

Ochratoxin A (OTA) impairs kidney function, negatively affects vitamin D metabolism, reduces Ca
absorption, and contributes to deteriorated bone strength (Devegowda and Ravikiran, 2009). Indications
from Huff et al. (1980) show decreased tibia strength after feeding chickens OTA levels of 2, 4, and 8 p/g,
and Duff et al. (1987) report similar results also in turkey poults.

A further mycotoxin possibly contributing to leg weakness is cyclopiazonic acid produced by Aspergillus
and Penicillium. This mycotoxin is known for leading to eggs with thin or visibly racked shells, indicating an
impairment of calcium metabolism (Devegowda and Ravikiran, 2009). Tran et al. (2023) also showed this
fact with multiple mycotoxins.

The co-occurrence of different mycotoxins in the feed - the standard in praxis - increases the risk of leg
issues. A trial with broiler chickens conducted by Raju and Devegowda (2000) showed a bone ash-
decreasing effect of AFB1 (300 ug/kg), OTA (2 mg/kg), and T-2 toxin (3 mg/kg), fed individually but an
incomparable higher effect when fed in combination.

Impairment of bone growth - tibial
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dyschondroplasia (TD)

In TD, the development of long bones is impaired, and abnormal cartilage development occurs. It is
frequent in broilers, with a higher incidence in males than females. It happens when the bone grows, as
the soft cartilage tissue is not adequately replaced by hard bone tissue. Some mycotoxins have been
related to this condition: According to Sokolovi¢ et al. (2008), actively dividing cells such as bone marrow
are susceptible to T-2 toxin, including the tibial growth plates, which regulate chondrocyte formation,
maturation, and turnover.

T-2 toxin: In a study with primary cultures of chicken tibial growth plate chondrocytes (GPCs) and three
different concentrations of T-2 toxin (5, 50, and 500 nM), He et al. (2011) found that T-2 toxin decreased
cell viability, alkaline phosphatase activity, and glutathione content (P < 0.05). Additionally, it increased
the level of reactive oxygen species and malondialdehyde in a dose-dependent way, which could be partly
recompensated by adding an antioxidant (N-acetyl-cysteine). They concluded that T-2 toxin inhibits the
proliferation and differentiation of GPCs and contributes, therefore, to the development of TD, altering
cellular homeostasis. Antioxidants may help to reduce these effects.

Gu et al. (2023) investigated the closely bodyweight-related shank length and the tibia development in
Yangzhou goslings fed feed with six different levels (0 to 2.0 mg/kg) of T-2 toxin for 21 days. They
determined a clear dose-dependent slowed tibial length and weight growth (p<0.05), as well as abnormal
morphological structures in the tibial growth plate. As tibial growth and shank length are closely related to
weight gain (Gu et al., 2023; Gao et al., 2010; Ukwu et al., 2014; Yu et al., 2022), their slowdown indicates
lower growth performance.

Fumonisin B1 is also a potential cause of this kind of leg issue. Feeding 100 and 200 mg/kg to day-old
turkey poults for 21 days led to the development of TD (Weibking et al., 1993). Possible explanations are
the reduced viability of chondrocytes, as found by Chu et al. (1995) after 48 h of exposure, or the toxicity
of FB1 to splenocytes and chondrocytes, which was shown in different primary cell cultures from chicken
(Wu et al., 1995).

Bacterial chondronecrosis with osteomyelitis
lameness (BCO) can be triggered by DON and
FUM

BCO presents a highly critical health and welfare issue in broiler production worldwide, and it is estimated
that 1-2 % of condemnations in birds at the marketing age result from this disease. What is the reason?
Today'’s fast-growing broilers are susceptible to stress. This enables pathogenic bacteria to compromise
epithelial barriers, translocate from the gastrointestinal tract or the pulmonary system into the
bloodstream, and colonize osteochondrotic microfractures in the growth plate of the long bone. This can
lead to bone necrosis and subsequent lameness.

In their experiment with DON and FUM in broilers, Alharbi et al. (2024) showed that these mycotoxins
reduce the gut’s barrier strength and trigger immunosuppressive effects. They used contaminations of
0.76, 1.04, 0.94, and 0.93 mg DON/kg of feed and 2.40, 3.40, 3.20, and 3.50 mg FUM/kg diet in the starter,
grower, finisher, and withdrawal phases, respectively. The team observed lameness on day 35; the
mycotoxin groups always showed a significantly (P<0.05) higher incidence of cumulative lameness.

The increase in uric acid leads to gout

In general, mycotoxins, which damage the kidneys and, therefore, impact the renal excretion of uric acid,
are potentially a factor for gout appearance.

One of these mycotoxins is T-2 toxin. With the trial mentioned before (Yangzhou goslings, 21 days of
exposure), Gu et al. (2023) showed that the highest dosage of the toxin (2.0 mg/kg) significantly increased
uric acid in the blood (P<0.05), possibly leading to the deposit of uric acid crystals in the joints and to
gout.
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Huff et al. (1975) applied Ochratoxin to chicks at 0, 0.5, 1.0, 2.0, 4.0, and 8.0 ug/g of feed during the first
three weeks of life. They found ochratoxin A as a severe nephrotoxin in young broilers as it caused
damage to the kidneys with doses of 1.0 ug/g and higher. At 4.0 and 8.0 ug/g doses, uric acid increased by
38 and 48%, respectively (see Figure 2). Page et al. (1980) also reported increased uric acid after feeding
0.5 or 1.0 mg/kg of Ochratoxin A to adult white Leghorn chickens.

Effect of Ochratoxin A on plasma uric acid (mg/100
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Figure 2: Effect of Ochratoxin A on plasma uric acid (mg/100 ml) (according to Huff et al., 1975)

Foot pad lesions - a further hint of
mycotoxicosis

Foot pad lesions often result from wet litter, originating from diarrhea due to harmed gut integrity.
Frequently, mycotoxins impact the intestinal tract and create ideal conditions for the proliferation of
diarrhea-causing microorganisms and, therefore, secondary infections. Some also negatively impact the
immune defense system, allowing pathogens to settle down or aggravate existing bacterial or viral
parasitic diseases. In general, mycotoxins affect the physical (intestinal cell proliferation, cell viability, cell
apoptosis), chemical (mucins, AMPs), immunological, and microbial barriers of the gut, as reported by Gao
et al. (2020). Here are some examples of the adverse effects of mycotoxins leading to intestinal disorders
and diarrhea:

= Mycotoxins can modulate intestinal epithelial integrity and the renewal and repair of epithelial
cells, negatively impacting the intestinal barrier’s intrinsic components; for instance, DON can
significantly reduce the transepithelial electrical resistance (TEER)(Grenier and Applegate,
2013). A higher permeability of the epithelium and a decreased absorption of dietary proteins
can lead to higher protein in the digesta in the small intestine, which serves as a nutrient for
pathogens including perfringens (Antonissen et al., 2014; Antonissen et al., 2015).

» The application of Ochratoxin A (3 mg/kg) increased the number of S. typhimurium in the
duodenum and ceca of White Leghorn chickens (Fukata et al., 1996). Another trial with broiler
chicks at a concentration of 2 mg/kg aggravated the symptoms due to an infection by S.
gallinarum (Gupta et al., 2005).

» |n a trial by Grenier et al., 2016, feed contaminated with DON (1.5 mg/kg), Fumonisin B (20
mg/kg), or both mycotoxins aggravated lesions caused by coccidia.

= DON impacts the mucus layer composition by downregulating the expression of the gene coding
for MUC2, as shown in a trial with human goblet cells (Pinton et al., 2015). The mucus layer
prevents pathogenic bacteria in the intestinal lumen from contacting the intestinal epithelium
(McGuckin et al., 2011).

= Furthermore, DON and other mycotoxins decrease the populations of lactic acid-producing
bacteria, indicating a shift in the microbial balance (Antonissen et al., 2016).

» FB1 causes intestinal disturbances such as diarrhea, although it is poorly absorbed in the
intestine. According to Bouhet and Oswald (2007), the main toxicological effect ascertained in
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vivo and in vitro is the accumulation of sphingoid bases associated with the depletion of
complex sphingolipids. This negative impact on the sphingolipid biosynthesis pathway could
explain other adverse effects, such as reduced intestinal epithelial cell viability and proliferation,
modification of cytokine production, and impairment of intestinal physical barrier function.

= T-2 toxin can disrupt the immune response, enhance the proliferation of coli in the gut, and
increase its efflux (Zhang et al., 2022).

All these mycotoxins can cause foot pad lesions by impacting gut integrity or damaging the gut mucosa.
They promote pathogenic organisms and, thus, provoke diarrhea and wet litter.

Mitigating the negative impact of
mycotoxins on bones and feet is crucial
for performance

Healthy bones and feet are essential for animal welfare and performance. Mycotoxins can be obstructive.
Consequently, the first step to protecting your animals is to monitor their feed. If the analyses show the
occurrence of mycotoxins at risky levels, proactive measures must be taken to mitigate the issues and
ensure the health and productivity of your poultry.
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by Madalina Diaconu, Global Manager Gut Health, EW Nutrition

Coccidiosis, caused by Eimeria spp., is @ major challenge in poultry production, leading to significant
economic losses. Historically, control strategies have relied on chemical anticoccidials and ionophores.
However, the emergence of drug-resistant Eimeria strains and consumer concerns about chemical residues
necessitate alternative solutions. Phytogenics, especially tannins and saponins, offer promising natural
solutions to be included in programs for coccidiosis control. More and more independent research
highlights the potential of these natural compounds to enhance poultry health and productivity.

Efficacy of Tannins and Saponins in
Coccidiosis Control

Phytogenics are plant-derived bioactive compounds known for their antimicrobial, antioxidant, and
immunomodulatory properties. Among these, tannins and saponins have shown particular promise in
supporting coccidiosis control.






The challenge: Preventing the spread of infections and mitigating subclinicial coccidiosis before it reaches this
stage.

Tannins

Tannins are polyphenolic compounds found in various plants. They exhibit strong antimicrobial activity by
binding to proteins and metal ions, disrupting microbial cell membranes, and inhibiting enzymatic activity.

Anticoccidial Activity: Tannins have been shown to interfere with the life cycle of Eimeria. Studies

demonstrate that tannins can reduce oocyst shedding and intestinal lesion scores in infected birds (Abbas
etal., 2017).

Immune Modulation: Tannins enhance immune responses by promoting the proliferation of lymphocytes



and the production of antibodies, which help in the clearance of Eimeria infections (Redondo et al., 2021).

Saponins

Saponins are glycosides with surfactant properties, capable of lysing cell membranes of pathogens. They
also stimulate immune responses, enhancing the host’s ability to fight infections.

Membrane Disruption: Saponins disrupt the cell membranes of Eimeria, leading to reduced parasite
viability and replication (Githiori et al., 2004).

Immune Enhancement: Saponins stimulate the production of cytokines and enhance the activity of
macrophages, improving the overall immune response against coccidiosis (Zhai et al., 2014).

Independent Research Evidences
Phytogenics’s Role in Supporting
Programs for Coccidiosis Control

Numerous studies have evaluated the efficacy of phytogenics in coccidiosis control. Here, we highlight key
findings from peer-reviewed research:

Abbas et al. (2012): This study reviewed various botanicals and their effects on Eimeria species in
poultry. The authors concluded that tannins and saponins significantly reduce oocyst shedding and lesion
scores, comparable to conventional anticoccidials.

Allen et al. (1997): The authors investigated the use of dietary saponins in controlling Eimeria acervulina
infections. The study found that saponin-treated birds exhibited lower oocyst counts and improved weight
gain compared to untreated controls.

Masood et al. (2013): This study explored the role of natural antioxidants, including tannins, in
controlling coccidiosis. The results indicated that tannins reduced oxidative stress and improved intestinal
health, leading to better performance in broiler chickens.

Idris et al. (2017): The researchers assessed the potential of saponin-rich plant extracts against avian
coccidiosis. The findings demonstrated significant reductions in oocyst output and lesion severity,
highlighting the potential of saponins as effective anticoccidials.

Hailat et al. (2023): The researchers studied three phytogenic formulations against a control group with
chemical drugs. The study concluded that phytogenic blends can be safely used as alternatives to the
chemically synthesized drugs, either alone or in a shuttle program, for the control of poultry coccidiosis.

El-Shall et al. (2021): This review article highlights research findings on phytogenic compounds which
showed preventive, therapeutic, or immuno-modulating effects against coccidiosis.

Despite initial skepticism, the growing body of evidence supports the efficacy of phytogenics in supporting
coccidiosis control. Tannins and saponins, in particular, have shown significant potential in reducing
parasite load, improving intestinal health, and enhancing immune responses. These natural compounds
offer several advantages over traditional chemical treatments, including lower risk of resistance
development and absence of harmful residues in meat products.

Challenges and Promises

While the efficacy of phytogenics is well-supported, challenges remain, especially with lower-quality
products that may display variability in plant extract composition, in their standardization of doses, and in
ensuring consistent quality. At the same time, these compounds are not silver bullets, and no producer
should make unreasonable claims.



As far as the mode of action is concerned, the evidence is becoming clear: phytogenics, particularly
tannins and saponins, are effective in mitigating gut health challenges and supporting bird performance
when challenged. Their natural origin, coupled with potent antimicrobial and immunomodulatory
properties, makes them suitable for sustainable poultry production. As the poultry industry seeks to reduce
reliance on chemical drugs, phytogenics represent a viable and promising solution.
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Part 2: Beak/mouth lesions

by Technical Team and Inge Heinzl, Editor EW Nutrition

The second part of this series will focus on oral lesions as signs of mycotoxin exposure. In this segment, we
will delve into the appearance and development of oral lesions, their specific locations based on the type
of mycotoxin, and how toxin levels and duration of exposure impact these lesions.

A bit of history: oral lesions in poultry and
their association with mycotoxin exposure

Exposure to trichothecenes, a specific group of mycotoxins that includes T-2 toxin and scirpenols- such as
monoacetoxyscirpenol (MAS), diacetoxyscirpenol (DAS), and triacetoxyscirpenol, has been associated with
oral lesions since the early studies related with mycotoxins:

= After reports of toxicosis in farm animals, Bamburg'’s group (1968) aimed to isolate the toxins
produced by Fusarium tricintum, then considered the most toxic fungus found in moldy corn in
Wisconsin (USA). Their experiments led to the discovery of the T-2 toxin, named after the strain
of F. tricintum from which it was isolated. Today, we know that this fungus was wrongly
identified; it was F. sporotrichioides (Marasas et al., 1984). However, the toxin remained known
as T-2.

= Wyatt’'s group (1972) already described yellowish-white lesions in the oral cavity of commercial
broilers in a case report from 1972. The birds also presented lesions on the feet, shanks, and
heads, which raised the possibility of contact with the toxin from the litter.

= |In some of the earliest experimental works regarding T-2 toxin in poultry, Christensen (1972)
noted the development of oral necrosis in turkey poults consuming increasing levels of feed
invaded by tricintum; also Wyatt (1972) found a linear increase in lesion size and severity with
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increasing toxin concentrations of T-2 in broilers, starting with 1 ppm. He noted that oral lesions
occurred without exception in all birds receiving T-2 toxin.

= Later, Chi and co-workers (1977) tested what later were considered sub-acute levels of T-2 in
broiler chickens, finding oral lesions from 0.4 ppm after 5 to 6 weeks of exposure. At higher
levels, the lesions appeared after two weeks. In the same year, Speers’ group (1977) concluded
that adult laying hens are more tolerant to T-2 than young chicks and also found that another
mycotoxin can produce oral lesions in poultry: monoacetoxyscirpenol (MAS).

= Fast forward, scientific research continued and the effects of T-2 and scirpenols, either alone or
in combinations, on performance and oral lesions in poultry are today well known, as studied by
Kubena et al. (1989), Ademoyero & Hamilton (1991), Kubena et al. (1994), Diaz et al. (1994),
Brake et al. (2000), Schuhmacher-Wolz et al. (2010), Verma & Swamy (2015), Vaccari (2017),
and reviewed by Sokolovic et al. (2008), Minafra et al. (2018), Puvaca & Ljubojevi¢ Peli¢ (2023),
and Vordshazi et al. (2024).

What are oral lesions and how do they develop?

Oral lesions caused by feed contaminated by T-2 toxin or scirpenols first occur as yellow plaques that
develop into raised yellowish-gray crusts with covered ulcers (Hoerr et al., 1982). They also have been
described as white in color and sometimes caseous in nature, as well as round and small, pin-point-sized,
or large sheets covering a wider part of the mouth (Wyatt et al., 1972; Ademoyero and Hamilton, 1991).

Under the microscope, the lesions show a fibrinous surface layer and intermediate layers with
invaginations full of rods and cocci, suggesting that the surrounding microbiota quickly colonizes the
lesion. Inflammation immediately ensues as Wyatt's team (1972) found the underlying tissues filled with
granular leukocytes.

Why do T-2 toxins and other trichothecenes
cause such lesions?

T-2 toxin and other trichothecenes are known for their caustic nature (evidenced by studies of Chi and
Mirocha, 1978; Marasas et al., 1969), and for incidents involving accidental exposure by laboratory

personnel (Bamburg et al., 1968, cited in Wyatt et al., 1972).

Induction of necrosis has been proposed as the main toxicity effect based on in vitro experiments on
human skin fibroblast models. The findings were a reduction of ATP production in the cell line together with
disruption of mitochondrial DNA (mtDNA) but without an increase in reactive oxygen species (ROS) or
activity of caspase-3 and caspase-7, which would be the case for apoptosis (Janik-Karpinsa et al., 2022). A
further study (Janik-Karpinsa et al., 2023) found that T-2, on the same cell line, reduced the number of
MtDNA copies, damaging several genes and hindering its function; consequently, ATP production is
inhibited, and cell necrosis ensues.

Meanwhile, an inflammatory response is triggered, and the lesions are colonized by the surrounding
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microbial flora (Wyatt et al., 1972). Supporting this notion, Hoerr et al. (1981) observed no mouth lesions
after directly administering toxins via crop gavage. Enterohepatic recirculation, facilitating the return of
toxins to the oral cavity through saliva, can amplify their toxic effects (Leeson et al., 1995).

Oral lesions depend on...

...the toxin

Oral lesions vary depending on the type of toxin involved. The location of lesions is influenced by the
specific mycotoxin in the feed. For instance, research by Wyatt et al. (1972) revealed that with T-2 toxin,
lesions initially manifest on the hard palate and along the tongue’s margins. Over two weeks, these lesions
progress to affect the lingual papillae at the tongue’s root, the underside of the tongue, and the inner side
of the lower beak near the midline.

In contrast, Ademoyero and Hamilton (1991) found that scirpenols present a different pattern. A study
including 4 mycotoxins at 5 different levels found, after three weeks of exposure, that the lesions caused
by triacetoxyscirpenol (TAS) predominantly occurred in the angles of the mouth (53% of the birds in the
study), sparing the tongue. On the other hand, diacetoxyscirpenol (DAS) primarily induces lesions inside
the upper beak (shown 47% of the broilers), followed by the inside of the lower beak (in 32% of the birds).
The lesion distribution for scirpentriol mirrors that of TAS, while monoacetoxyscirpenol (MAS) resembles
DAS in its impact.

Chi and Mirocha (1978) conducted a comparative analysis of lesions caused by T-2 toxin and DAS (both
5 ppm). They observed that the severity of DAS-induced lesions was higher, leading to difficulties in mouth
closure for some chicks due to encrustations in the mouth angles.

...the contamination level

Different findings regarding the dose dependency of the lesions are available. Wyatt et al. (1972) (Figure
1) showed a relationship between the lesion size and the toxin level. A clear relationship between the
severity and incidence of lesions and the amount of T-2 toxin was also demonstrated by Chi et al. (1977)
and Speers et al. (1976). This linear relationship in the case of T-2 toxin could be confirmed for the
scirpenols TAS, STO, MAS, and DAS by Ademoyero and Hamilton (1991). They demonstrated a distinct
dose-response relationship in a trial with the scirpenols STO, TAS (at 5 levels between 0-8 ug/g), MAS, and
DAS (at 5 levels between 0-4 ug/g).
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Figure 1: Effect of the inclusion rate of T-2 on the lesion
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size (Wyatt et al., 1972)

Sklan et al. (2001) tested T-2 toxin at more likely levels (0, 110, 530, and 1,050 ppb) in male chickens and
found lesions in 90% of the chickens fed 500 ppb T-2 and in 100% of the ones fed 1,000 ppb of T-2 after 10
to 15 days; the higher dosage provoked the lesions of higher severity. When feeding 100 ppb of T-2, mild
lesions appeared in 40% of the chickens after 25 and 35 days. Another group led by Sklan (2003) studied
four groups of 12 one-day-old male turkey poults fed mash diets with 0 (control), 241, 485, or 982 ppb T-2
toxin for 32/33 days. Feed intake and feed efficiency were not affected, but oral lesions were apparent on
day 7. The severity of the lesions plateaued after 7-15 days, and the lesion score was dose-related (see
Figure 2). In the same trial, they also tested DAS (0, 223, 429, or 860 ppb) and found a similar dose
relationship.
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Figure 2: Lesion scores in poults fed T-2 toxin at different inclusion rates and lengths of exposure (Sklan et al.,
2003)

A different result is found in the trial conducted by Hoerr et al. (1982), who observed lesions 2-4 days after
initiating toxin exposure (T-2 toxin and DAS; 4 and 16 ppm for 21 days) and comparable lesions when
feeding 50, 100, or 300 ppm of the same toxins for 7 days. They asserted that the toxin concentration did
not influence the time to onset of lesions nor their severity. Most research, however, shows a clear dose-
response relation.

...the duration of exposure

On one hand, chronic exposure to low levels of toxins often requires a specific duration before noticeable
effects emerge. And on the other hand, symptoms may also diminish due to hormesis, an adaptive
response of the organism to moderate, intermittent stress.

With high toxin levels, lesions appear very soon after exposure. For example, Diaz et al. (1994) exposed
hens to a diet containing 2 mg DAS/kg feed, finding lesions in 40% of the birds after only 48 h of exposure.
Chi and Mirocha (1978) noted lesions after five days with a T-2 level of 5 ppm. At a comparable level (4
ppm), Chi et al. (1977) reported lesions emerging in the second week of exposure, with nearly 75% of
chicks experiencing oral lesions by the third week. Sklan et al. (2003) saw lesions already on day 7 when
feeding T-2 toxin or DAS at 1 ppm.

When testing lower levels (200 ppb), Sklan et al. (2001) found lesions after 10 days. They became more
severe after 15 to 20 days and then, their severity decreased. Hoerr et al. (1982) also confirmed this by
reporting that the number and size of the lesions increased until day 14 but decreased thereafter. Both
studies confirm the phenomenon of hormesis.
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... animal factors

In general, lesions appear with lower levels of toxins in broilers compared with layers and in layers
compared with breeders. Turkeys are also less sensitive than broilers (Puvaca & Ljubojevic Peli¢ (2023).

Age also has an influence: young birds usually still have a maturing immune system, and the detoxification
processes might not be entirely in place. However, their feed intake is lower and for this reason, in studies
like Wang and Hogan (2019), higher impact of mycotoxins is found in older chicks.

Furthermore, additional stress factors influence the impact of mycotoxins in animals. Stress factors are
cumulative and, when different factors concur, the severity of mycotoxin effects can increase.

Are oral lesions key indicators for
implementing effective toxin risk
management?

Oral lesions are painful for the animals, distract them from eating, and deteriorate growth performance.
Often they are related with mycotoxins; however, when they appear, an investigation of different factors
should take place, including mycotoxin analysis, as oral lesions may have other causes. Some of the
known causes of oral lesions in poultry are also very fine feed particle size, deficiency of Vitamins A, E, B6
and Biotin, excessive levels of copper sulphate, and some parasite infections.

This article aimed to help with the differential diagnosis by providing a summary of the knowledge we have
about the type and shape of the lesions related to mycotoxin contamination, which can help on a
differential diagnosis. Checking the feed for mycotoxins and implementing effective toxin management
helps prevent their negative effects, keeps the animals healthy, and contributes to animal welfare and,
consequently, performance.
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Consistency in performance: a
decisive factor in choosing feed
additives
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by Madalina Diaconu, Global Manager Gut Health, EW Nutrition

In practical poultry production, multiple stress factors occur simultaneously: nutrition, management,
environment, etc.. The effects of these factors are additive, leading to chronic stress, a condition in which
animals cannot regain homeostasis and continuously deviate the use of resources to inflammation and
restoring the gut barrier-function (Das et al., 2011). As a result, the gut microbiome is altered and
oxidative stress ensues (Mishra et al., 2019). In this situation, health and productivity are compromised.

The feed supplied to production animals is designed to help them express their genetic potential. However,
some feed components are also continuous inflammatory triggers. Anti-nutritional factors, oxidized lipids,
and mycotoxins induce a low-grade inflammatory response (Cardoso Del Pont et al., 2020). Other factors
that trigger gut health issues include the environment, management, and pathogens.

Feed interventions have shown to increase productivity and improve gut-related biomarkers,
demonstrating a mitigation effect over the challenge factors (Deminicis et al., 2020; Latek et al., 2022).

Meta-analysis of broiler studies shows
consistent results

As broilers are continuously challenged during the production period, the effects of an in-feed phytogenic
(Ventar D - EW Nutrition GmbH) were extensively researched in broiler meat production. 21 trials in
different locations (7 in Europe, 6 in the USA, 4 in Japan, 3 in Middle East, and 2 in India), with different
production levels (grouped by EPEF) and challenges were analyzed to establish Ventar D’s benefits for the
broiler production industry in terms of performance and sustainability. In all trials, the treatment group
consisted of a supplementation of the basal feed with Ventar D at a dose 100 g/ton. The control groups
were not supplemented with any gut health improvement feed additive.

Of these 21 trials, 14 had corn/soybean meal-based diets and 7 had high fiber diets (based on wheat and
rye, which constituted a challenge as no NSP-enzymes were included). Reused litter (by 12 to 14 flocks,
previous to the trial) also was used as a challenge. 18 trials were performed in research facilities and 3 in



commercial farms.

Consistency in the results from Ventar D could be demonstrated as 19 out of 21 trials showed an
improvement in FCR, lowering 3.4 points on average; 18 /21 trials showed higher body weight, with an
average of 64 grams more; and 17 trials showed lower mortality than the control group, averaging 1.19
percentual points of reduction. The phenolic compounds included in Ventar D, such as thymol, possess
antioxidant, anti-inflammatory, and antibacterial activities, which account for improving gut health and
thus increasing performance in production animals.

The European Poultry Efficiency Factor (EPEF) was used to establish the performance level of each flock.
This index is based on the average daily weight gain, mortality, and feed conversion, and takes in
consideration the age of the flock at collection, allowing to make comparisons on performance within and
between farms.

Of the 21 trials, 10 control groups had an EPEF lower than 375, and were considered of low performance
level, in 8 the EPEF was between 375 and 425 and considered of medium performance, and for 3 the
performance was considered high having an EPEF of 425 or more.

Ventar D increased performance at all levels (Figure 1). However, the effects were challenge-dependent:
Low performing flocks averaged an 8% increase in EPEF, and high performing flocks increased 4%,
indicating that Ventar D can help broilers to overcome challenges commonly found in poultry production,
and boost performance even with excellent farm and management conditions. These results concur with a
meta-analysis by Valle Polycarpo and collaborators (2022), finding that a microbial challenge can influence
the performance of phytogenic feed additives.
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Figure 1: % of improvement in EPEF, body weight (BW) and Feed Conversion Rate (FCR)
against a non-suplemented control group of IFI suplemented flocks with low (<400), mid
(400 - 450) and high (>450) EPEF levels. Significant differences (p<0.05) against a control
group (not shown as the improvements against it are depicted) are indicated by (*).

Overall, this analysis demonstrates that effective nutritional interventions can give consistent results and
constitute effective tools to help production animals overcome stress and enhance productivity.
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Mycotoxins in poultry - External
signs can give a hint

-

Part 1: Impact on Feathering

By Dr. Inge Heinzl, Editor, EW Nutrition

Mycotoxins are known to decrease health and performance in poultry production. Their modes of action,
such as reducing protein synthesis and promoting oxidative stress and apoptosis, lead to cell destruction
and lower cell replacement, affecting several organs and tissues.

When different stress factors collude, such as high temperatures and humidity, poor ventilation, high
stocking density, and management events, the effects of in-feed mycotoxins can reach a higher level,
which may include external signs.

The most common and recognized external sign of mycotoxicosis is mouth lesions caused by
trichothecenes, which are highly associated with the presence of T-2 in the feed. However, other signs may
appear, such as paleness of combs, shanks, and feet, as well as leg problems, ruffled feathers and poor
feather coverage, feed passage, and abnormal feces.
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In a series of articles, we want to report on external signs facilitating a differential diagnosis of mycotoxin
contamination. This is necessarily followed by feed or raw material mycotoxin analysis and strategies to
avoid or mitigate the effects of mycotoxin contamination in poultry production. In the first article, we will
cover feathers.

A healthy plumage is crucial for growth
and reproduction

Feathering is a crucial aspect of poultry health and productivity. Feathers are essential for
thermoregulation, locomotion, adequate skin protection, and reproductive success, protecting hens from
injury during mating. Inadequate feathering can lead to lower feed efficiency (Leeson and Walsh, 2004) as
well as loss in fertility and chick production (Fisher, 2016). Mycotoxins in poultry feed can compromise
feather quality in poultry production animals. This first article delves into the relationship between
mycotoxins and poor feathering, exploring different mycotoxins and their mechanisms of action.

In which way do mycotoxins compromise
feathering?

On the one hand, chronic mycotoxin exposure impairs the digestive process, hindering the absorption and
utilization of vital nutrients essential for feather growth. This disruption can lead to malnutrition, directly
impacting the quality and health of feathers. On the other hand, mycotoxins also interfere with metabolic
processes critical for feather development, such as keratin synthesis (Wyatt et al., 1975; Nguansangiam,
2004). Enzymatic pathways involved in synthesizing keratin, the protein building block of feathers, are
particularly vulnerable to mycotoxin-induced disruptions. The presence of mycotoxins in feed has been
associated with the manifestation of sparse feathering and the sticking out of feathers at an unnatural
angle (Emous and Krimpen, 2019). In the case of multiple mycotoxins occurring in the feed, even at
singularly unimportant concentrations, a negative impact on feathering is possible. Different mycotoxins
have different target organs and consequences for the animal, so their ways of compromising feathering
also vary. As feathering needs protein availability, all mycotoxins affecting the protein metabolism or the
absorption of nutrients also impact the feathering process. Let us look at the most prominent mycotoxins.

1. T-2 toxin

Due to climate change, T-2 toxins are on the rise. In the US, more than 50% of the tested samples
contained T-2 toxin; in Europe, we found it in 31%, and in China, in 82% of the samples (EW Nutrition
2024). The highest level was found in Europe, with 850 ppb.

Adverse effects of T-2 toxin in goslings were shown by Gu et al. (2023), who exposed the animals to 6
different levels of T-2 toxin, from 0.2 to 2.0 mg T-2 toxin/kg of feed. The goslings showed a sparse covering
with short, dry, rough, curly, and gloss-free feathers on their back with dosages =0.8 mg/kg. When
zooming on, T-2 can cause necroses of the layer of regenerative cells in the feather base, implying
malformation or absence of new feathers, as well as structural damage to existing feathers on the base of
the ramus and barb ridges (Hoerr et al. (1982), Leeson et al. (1995)).

The effects in feather regenerative cells are dose-dependent, as confirmed by Hoerr et al. (1982), who
applied different doses of T-2 toxin (1.5, 2, 2.5, and 3 mg/kg body weight/day) to 7-day-old broilers for 14
days. Delayed feather development, especially at high dosages, was noticed, as well as malformations and
opaque bands in the feathers, the latter probably caused by a segmental reduction in diameter.

Manafi et al. (2015) noticed feather malformations when broiler chickens were challenged with 0.5 ppm

T-2 toxin in the feed in combination with an inoculation of 2.4x10° cfu Mycoplasma gallisepticum. When
the chickens were challenged only with T-2 toxin, the feathers were ruffled, showing that a coincidence of
stress factors even aggravates the symptoms.
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2. Aflatoxins

Aflatoxins, produced by certain Aspergillus species, are among the most notorious mycotoxins. Looking at
test results of the last year, Aflatoxin shows incidences between 25 (USA) over 40-65% (Europe, LATAM,
MEA, and SEAP) up to 84-88% (China and South Asia) with average levels up to 42 ppb in South Asia (EW
Nutrition, 2023). However, more information about the concrete impact of aflatoxins on feathering is
needed. They may indirectly affect feathering because they impact digestion and the utilization of
nutrients or trace minerals such as zinc, which is essential for the feather construction process. Damage to
the liver impacts protein metabolism, and keratin is also necessary for feather production.

In other studies, Muhammad et al. (2017) fed 5 mg AFB1/kg to Arbor Acres broilers, and the birds showed
ruffled feathers. A significantly lower feather shine was noticed by Saleemi et al. (2020) when they gave
the animals 300 pug AFB1/kg of feed, and the birds of Zafar et al. (2017) showed ruffled, broken, dull, and
dirty feathers after six weeks of feeding an aflatoxin-contaminated diet.

3. Ochratoxin

Ochratoxins, commonly produced by Aspergillus and Penicillium fungi, also pose a significant threat to
poultry. When looking at the mycotoxin report, this mycotoxin was found in 16% (Europe) to 70% (SEAP) of
the samples (EW Nutrition, 2023). Ochratoxins primarily affect feathering by compromising the structural
integrity of feathers and causing delayed feathering in broilers (Leeson, 2021).

Several trials have shown the negative impact of ochratoxin on feather quality. Hassan et al. (2010) fed
OTA to laying hens and saw a dose-dependent (dosages from 0 to 10 mg/kg feed) occurrence of ruffled
and broken feathers in the OTA group, whereas the plumage of the control group was shiny and well-
formed. Hameed et al. (2012) also realized dull feathers when feeding 0.4 and 0.8 mg OTA per kg of feed.
A further dose-dependent decrease in feather quality was described by Khan et al. (2023) in broiler chicks.
He injected them with dosages from 0.1 to 1.7 mg/kg body weight on day 5 of age and saw a deterioration
of feather appearance (rippled feathers) in the groups with the higher dosages of 1.3 and 1.7 mg/kg.
Abidin et al. (2016) observed a similar dose-dependent deterioration of the feather quality in white
Leghorn cockerels when feeding 1 or 2mg OTA/kg feed.

Combinations of aflatoxins and ochratoxins were also tested. Khan et al. (2017) fed moldy feed naturally
containing 56 ug OTA and 136 ug AFB1 per kg to layer hens and saw a deterioration of feather quality with
increasing feeding time. Qubih (2017) noticed ruffled feathers when feeding a diet naturally contaminated
with 800 ppb of OTA and 100 ppb of AFB1.

4. Scirpenol mycotoxins

Parkhurst et al. (1992) examined the effects of different scirpenol mycotoxins. After feeding graded levels
of fusarium mycotoxins to broiler chicks until three weeks of age, they discovered that the impact of
scirpenols stretched across the entire feathered body parts and that the degree of feather alteration is
dose-dependent. The main alteration was a frayed or even missing web on the medial side of the outer
end of the feather due to poor development of the barbs, barbules, and barbicels, and the tip of the
feathers became square instead of rounded—the thinner and weaker shafts of the feathers inclined to
show an accentuated medial curve.
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Figure 1: Feathering affected by scirpenol mycotoxins

In their trial, Parkhurst and Hamilton realized that 15-monoacetoxyscirpenol (15-MAS) caused the most
severe alterations of feathers, and they determined a minimum effective dose (MED) of 0.5 pg/g diet. The
MEDs for 4,15-diacetoxyscirpenol (4,15-DAS) and 3,4,15-triacetoxyscirpenol (TAS) were higher, 2 ug/g and
> 8 ug/g, respectively.

How can we enable adequate feathering
in poultry?

Adequate feathering of poultry is necessary for the animal’s health and welfare and to ensure fertility and
productivity. The occurrence of mycotoxins in the feed - and the probability is high! - can cause poor
feathering or the development of malformed feathers.

To best equip broilers, layers, and breeders, their feed must contain all nutrients essential for healthy
growth and appropriate feathering. As the risk of contamination of the feed materials is very high (see EW
Nutrition’s mycotoxin report 2023), it is of crucial importance to have an efficient mycotoxin risk
management in place, which includes sampling, analysis of samples, and the use of mycotoxin binders. EW
Nutrition offers MasterRisk, an online tool where farmers and feed millers can feed the results of their feed
analysis concerning mycotoxins and get a risk management recommendation.

In the next part of the series, we will report on beak lesions and skin paleness, two other external signs of
mycotoxin contamination.
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Overcoming Challenges of
Xylanase Inhibitors in Animal
Feeds

By Dr. Ajay Awati, Global Director Enzymes, EW Nutrition

In recent years, the scientific understanding of xylanase inhibitors (XIs) and their impact on animal
nutrition has grown significantly. Xylanase, a crucial enzyme used to enhance nutrient availability in feed,
can face challenges from Xls present in cereal grains. This article explores the evolution of plant protection

mechanisms, the economic impact of Xls, and the development of a novel xylanase, Axxess XY, resistant
to these inhibitors.
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Xylanase inhibitors - an evolutionary
protection mechanism of plants

Xylanase inhibitors (XI) are a classic example of the evolutionary development of protection mechanisms
by cereal plants against pathogens. Microorganisms, such as fungal pathogens, involve the degradation of
xylan as one of the mechanisms in pathogenesis (Choquer et al., 2007). There are also other mechanisms
by which microorganism-produced xylanases affect plants.

To protect themselves, plants evolved xylanase inhibitors to prevent the activities of xylanases. Xls are
plant cell wall proteins broadly distributed in monocots. There are three classes of Xls with different
structures and inhibition specificities (Tundo et al., 2022):

1. Triticum aestivum xylanase inhibitors (TAXI)

2. Xylanase inhibitor proteins (XIP), and

3. Thaumatin-like xylanase inhibitors (TLXI).

Xylanase inhibitors have an economic
impact

In animal nutrition, xylanases are widely used in diets containing cereal grains and other plant materials to
achieve a higher availability of nutrients. The inhibitory activity of Xls prevents this positive effect of the
enzymes and, therefore, makes them economically relevant. Studies have reported that higher levels of
Xls negatively impact broiler performance. For example, in one of the studies, broilers fed with grains of a
cultivar with high inhibitory activity showed a 7% lower weight on day 14 than broilers fed with grains of a
cultivar with less inhibitory activity (Madesen et al., 2018). Another study by Ponte et al. (2004) also
concluded that durum wheat xylanase inhibitors reduced the activity of exogenous xylanase added to the
broiler diets.

Xylanase inhibitors can withstand high
temperatures

Even though Xls can impact the performance of exogenous xylanase in different ways, only minor
attention was paid to the reduction of xylanase’s susceptibility to xylanase inhibitors during the xylanase
development in the last decades. Firstly, the issue was ignored mainly through the assumption that Xls are
denatured or destroyed during pelleting processes. However, Smeets et al. (2014) showed that Xls could
sustain significant temperature challenges. They demonstrated that after exposing wheat to pelleting
temperatures of 80°C, 85°C, 92°C, and 95°C, the recovery of inhibitory activity was still 99%, 100%, 75%,
and 54%, respectively. Furthermore, other studies also confirmed that conditioning feed at 70-90°C for 30
sec followed by pelleting had little effect on the Xl activity in the tested feed, showing that xylanase
inhibitors are very likely present in most xylanase-supplemented feeds fed to animals.

Do we only have the problem of xylanase
inhibitors in wheat?

No. After first reports of the presence of xylanase inhibitors in wheat by Debyser et al. (1997, 1999), XIs
were also found in other cereal grains (corn, rice, and sorghum, etc.), and their involvement in xylanase
inhibition and plant defense has been established by several reports (Tundo et al., 2022).

In most of the countries outside Europe, exogenous xylanase is used not only in wheat but also in corn-



based diets. Besides broiler feeds, also other animal feeds, such as layer or swine feed being part of more
mixed-grain diets, are susceptible to the inhibitory activity of Xls. Nowadays, the situation is getting worse
with all the raw material prices increasing and nutritionists tending to use other feed ingredients and
locally produced cereals. They need a xylanase which is resistant to xylanase inhibitors.

Xylanases’ resistance to Xls is crucial -
Axxess XY shows it

To prevent xylanases from losing their effect due to the presence of xylanase inhibitors, the resistance of
new-generation xylanases to these substances is paramount in the development process, including
enzyme discovery and engineering.

In the past 25 years, scientists have learned much about Xl-encoding genes and discovered how xylanase
inhibitors can block microbial xylanases. Additionally, there has been a significant increase in
understanding the structural aspects of the interaction between xylanases and Xls, mainly how xylanase
inhibitors interact with specific xylanases from fungi or bacteria and those in the GH10 or GH11 family.
With such understanding, a new generation xylanase, Axxess XY, was developed. Besides showing the
essential characteristics of intrinsic thermostability and versatile activity on both soluble and insoluble
arabinoxylan, it is resistant to xylanase inhibitors.

Axxess XY takes xylanase application in animal feeds to the next level.

Axxess XY outperforms other xylanases
on the market

Recent scientific developments (Fierens, 2007; Flatman et al., 2002; Debyser, 1999; Tundo et al., 2022;
Chmelova, 2019) and internal research can be summarized as follows:
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Figure 1: Schematic summary of the susceptibility of different xylanase to xylanase inhibitors from three main
groups.

The high resistance to xylanase inhibitors is one of the reasons that a novel xylanase with bacterial origin
and from the GH-10 family was chosen to be Axxess XY. EWN innovation, together with research partners,
made an interesting benchmark comparison between xylanases that are commercially sold by different
global suppliers and Axxess XY. For these trials, all xylanase inhibitors from wheat were extracted. The

0
inhibitors, together with the respective xylanase, were incubated at 40 C (to mimic birds’ body



temperature) for 30 mins. Then, the loss of xylanase activity was calculated by analyzing remaining
activity after incubation. Results are shown below in Figure 2. There were varying levels of activity loss
observed in the different commercially sold xylanases. In some xylanases, the losses were alarmingly high.

However, Axxess XY was not inhibited at all.
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Fig. 2: Extracted total xylanase inhibitors from wheat incubated with the respective xylanase at 40°C for 30
mins. - Loss of activity after incubation with xylanase inhibitors

Conclusion:

0
Xylanase inhibitors are present in all cereal grains and, unfortunately, heat tolerant (up to 90 C, still 75%
of inhibition activity was retained). Regardless of the diets used, there is a possibility that the xylanase
used may come across xylanase inhibitors, resulting in a loss of activity. More importantly, this can lead to
inconsistent performance.

For effective, consistent, and higher performance of NSP enzyme application, it is a must to use xylanase
that is resistant to xylanase inhibitors.
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Influence of nutrition and
management on eggshell quality
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Conference report

Many factors affect eggshell quality, such as nutrition, disease, genetics, environmental conditions, age of
birds, stress, egg collection and handling, and packaging and transport. Eggshell quality, however, is
primarily related to management and nutrition, not genetics or other factors. It is becoming a bigger issue
as the length of the laying period has extended because, as hens get older, shell quality drops.

“The information in the genetics companies’ management guides is for direction and information only, as
each egg producer’s production goals and conditions can vary”, says Vitor Arantes, Global Technical
Services Manager and Global Nutritionist, Hy-Line International. He advises listening to your birds. For
example, “diets should be aligned with the bird’s bodyweight development, rather than the age of birds
and following feeding phases according to pre-planned timings for feed changes,” he noted.

Below are some of the nutritional factors impacting eggshell quality that producers should keep top of
mind.

Early development and pre-starter diets

“Bodyweight at 6-12 weeks of age is key, but to achieve this goal, bodyweight up to 5 weeks of age is a
MUST, stressed,” Dr. Arantes. “This critical period is an investment, so don’t be shy. Poor management in
the first 5 weeks will delay production, increase mortality, and prevent the achievement of peak
production targets. In turn, it will affect egg quality. Therefore, we must provide proper diets as soon as
possible,” he said.

As shown below, chicks hatch with relatively underdeveloped internal organs and systems. During the first
5 weeks of age, the digestive tract and the immune system undergo much of their development. The
development of the intestine is crucial for nutrient absorption and will determine a hen’s future production
efficiency. Strong intestinal development will also strengthen the immune system and reduce the
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possibility of future enteric diseases and improve the response to vaccinations.

Multi-phasic body weight development
during rearing and the start of lay

Pre-starter diets support the chicks’ transition from being fed by the yolk sac and are relatively high in
energy, protein, and the vitamins and minerals required for growth and development. The chicks’ limited
digestive capacity post-hatch demands easily digestible raw materials. A crumble containing high-quality,
functional ingredients provides a good nutritional start in life. The use of feed additives, such as enzymes
to improve digestibility, and synbiotics to aid in the early development of a microbial population and to
prevent the intestinal colonization of pathogens, known as competitive exclusion, should be considered.

Teaching hens how to eat - preparing for
the pre-peak phase

The objective is to develop sufficient feed intake capacity for the period start of lay, by feeding a developer
diet from 10-16 weeks of age. This is a diluted diet with high levels of insoluble fiber to develop feed intake
capacity (crop and gizzard).

“You can train pullets to eat by taking advantage of their natural feeding behavior,” commented Dr.
Arantes “Because birds consume most of their feed before lights go off, the main feed distribution (60% of
the daily ration) should be in the late afternoon, about 2-3 hours before ‘light off’. In the morning, birds will
be hungry and finish the feed, including fine particles. Emptying feeders helps to prevent selective eating
and will increase the uniformity of the flock. In the middle of the day, there should be no feed in feeders
for 60-90 minutes,” he noted.

Don’t neglect the pre-lay phase

Start feeding a pre-lay diet when most pullets show reddening of the combs, which is a sign of sexual
maturity. Feed for a maximum of 10-14 days before the point of lay. This is important to increase
medullary bone calcium reserves. Large particle calcium should be introduced in this phase. Do not feed
pre-lay later than the first egg as it contains insufficient calcium to support egg production.

There can be a negative impact on feed consumption from the sudden increase in dietary calcium levels
from 1% to above 4% at the start of lay. Field experience indicates that the use of pre-lay diets helps as a
smooth transition between the developer (low calcium and nutrient density) and the peaking diet. Correct
feed formulation and matching diet density with consumption will minimize the impact of reduced
calcification of bone over the laying cycle and extend the persistency of shell quality. It also helps to avoid
the often-reduced appetite/daily feed intake during early production.

The following are suggested for pre-layer feed:

» 1.25t01.40% P

2.5% Ca (50% coarse limestone)

900-1,1009 per hen total

Never before 15 weeks of age

Never after 2% hen day (HD) egg production



Understand your limestone

Calcium particle size is important for eggshell quality. Fine calcium carbonate particles pass through the
gastrointestinal tract in 2-3 hours, whereas particles above 2mm are retained in the gizzard and will slowly
solubilize, delaying the calcium assimilation. Eggshell formation takes 12 to 14 hours and occurs mainly
during the night period. Providing a high amount of large calcium particle size before the night, when birds
are sleeping, will help laying hens to produce a strong eggshell.

The ratio of coarse to fine calcium particles will increase with bird age as below. Changing the particle size
ensures that more calcium will be available at night from the diet instead of from the bone.

Calcium particle size recommendations

Particle 2:'35:2:’ Pre-Lay Weeks | Weeks | Weeks | Weeks
size Developer 17-37 | 38-48 | 49-62 63+
Fine (<2mm) 100% 50% 40% 35% 30% 25%
(gjlar{frﬁ) - 50% | 60% | 55% | 70% 75%

The solubility of limestone may differ according to the source. Calcium with high solubility will not be
stored for a long time in the gizzard, negating the particle size effect. Dietary calcium levels may need to
be adjusted based on the solubility of your limestone. The in vitro solubility of your limestone source can
easily be checked on the farm, with a simple technique using hydrochloric acid. The target is to recover
3-6% of the supplemented limestone.

Water

It's impossible to have good eggshell quality if you don’t have good water intake and good quality water.
For example, excessive salt levels in drinking water can cause persistent damage to shell quality.

Conclusion: invest in the rearing phase

Good nutrition and management practices are key to good shell quality. The rearing period is a key
developmental time for future success during the laying period - it is an investment phase.

X%k

EW Nutrition’s Poultry Academy took place in Jakarta and Manila in early September 2023. Vitor Arantes,
Global Technical Services Manager and Global Nutritionist, Hy-Line International, was a distinguished guest
speaker in this event.




FEFAC: Quick Overview of 2023 EU
Compound Feed Production

Evolution of Compound Feed Production in Certain Member States:

Evolution of Compound Feed Production in Certain Member States:

Total Production 2023: 144.3 million metric tons for farmed animals

Change from 2022: 2% decrease
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Factors Influencing Decrease

Political and Market Pressures: Addressing crises and the shift towards sustainable feed.

Climate and Diseases: Effects of droughts, floods, Avian Influenza (Al), and African Swine Fever (ASF) on
raw material supply and animal production.

National Policies: Initiatives for greenhouse gas and nitrate emission reduction.
Consumer Trends: Food price inflation impacting demand.

Production Variability: Different trends across EU Member States, with notable decreases in countries
like Germany, Ireland, Denmark, and Hungary, and slight increases in Austria, Bulgaria, Italy, and
Romania.

Sector-Specific Trends

@ Evolution of Compound Feed Production per Category:

By Species

Pig Feed: Major decline of nearly 2.5 million tons. Key challenges included:

= Loss of export markets, particularly in Asia

= Negative media impact in Germany

= Significant production drop in Denmark (-13.6%) and Spain (loss of 800,000 metric tons)
= ltaly’s ongoing struggle with ASF

Poultry Feed: Increase by 0.9 million tons, yet still 700,000 metric tons below 2021 levels. Challenges
included declines in Hungary and Czechia due to reduced broiler production.

Cattle Feed: Decrease of 0.8 million tons from 2022.
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2024 key factors

Animal disease

Economic instability, persistent food price inflation

Weather irreqularities

Continued imports of poultry meat from Ukraine

“Green and animal welfare” policies affecting local production

Summary

The EU’s compound feed production in 2023 faced numerous challenges, leading to an overall decrease.
The pig feed sector was most severely hit, while poultry feed showed some recovery. The influence of
environmental, economic, and policy factors played a significant role in shaping these trends. Despite the
price of feed cereals falling back to the levels seen before Russia’s invasion of Ukraine, these challenges
will continue to be felt in 2024.

Source: FEFAC
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