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.

Hen with pale comb and wattles (adapted
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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 (WHO, 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.

Animal

species Dosage Impact Reference

T-2 Toxin and other Trichothecenes

T-2-0,1,2,and 4
Broilers mg T-2 toxin/kg
n=30 per group

Significant reduction in hemoglobin at 1, 2, and 4 ppm; PCV Pande et
significantly reduced at 4 ppm al., 2006

Broilers T;Tz]g_“?gadnigt‘l Decrease in hemoglobin, mean corpuscular volgme, and %
=60 per group mean corpuscular hemoglobin concentration 19894

4,16, 50, 100, 300
ppm for seven
Broilers days
n=5-20 chickens
per group

Anemia; significant reduction of hematocrit (50 and 100 ppm); | Hoerr et
survivors had atrophied lymphoid organs and were anemic al., 1982



https://iris.who.int/bitstream/handle/10665/39552/9241571055_eng.pdf?sequence=1&isAllowed=y
https://food.ec.europa.eu/document/download/a859c348-a38e-404c-a2af-c3e29a3a8777_en?filename=sci-com_scf_out88_en.pdf
https://nopr.niscpr.res.in/bitstream/123456789/6360/1/IJEB%2044%281%29%2086-88.pdf
https://www.rivm.nl/bibliotheek/rapporten/388802024.html
https://food.ec.europa.eu/document/download/a859c348-a38e-404c-a2af-c3e29a3a8777_en?filename=sci-com_scf_out88_en.pdf
https://iris.who.int/bitstream/handle/10665/39552/9241571055_eng.pdf?sequence=1&isAllowed=y
https://www.mdpi.com/2077-0472/13/1/138
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/

0,0.2,0.4, 0.6,

Red blood cell count decreased in the 2.0 mg/kg group along

AFB1-5.6 £0.33
Mg/kg dry weight

Yagsgiiznhosu mO./ﬁ, -1.no—'§.0er with an increase in mean corpuscular hemoglobin (p<0.05) and Guzgggl.
9 9 9 g’rou_p P reduced mean platelet volume (P<0.05) e
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 hematocrlégr'\]d 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
Broilers 1_6 mg/kg diet Significant decrease in mean corpuscular volume et al.,
n=60 per group
1989c
Ochratoxin
2 mg/kg diet singly Kubena
Broilers | or combined with Reduced mean corpuscular hemoglobin values etal.,
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 yo/g Decrease in red blood cell count Huif et
' al., 1988
Broilers =1.25 ug/g Significant decrease in hemoglobin and erythrocyte count Eﬁgﬁ
AFB1 + OTA
Natural feed
contamination OTA Anemia signs (pale appearance of combs and wattles), Bozz0 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
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.
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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
H —;l—
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 BIOOd% f/ekce%a; dg?%SaZOBZ Pier et al., 1976
days; 1 calf per treatment 9/kg P y
Ochratoxin
Single dosages of 0, 17, or Multifocal hemorrhages in man
Rats 22 mg/kg BW in 0.1 Mol/L uitl ges| Y | Albassam et al., 1987
NaHCO,, gavage organs
DON
Ecchymotic hemorrhages
0,35.70, 140,200, 500, | "MopSPOut e ntesne act
Broilers and 112v8erin%/tkg body relationship to hemorrhagic Huff et al., 1981
9 anemia syndrome seems
warranted
Sterigmatocystin (ST)
10'15{@% 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
Bloody diarrhea, spleens with
500 and 1000 ppb in the hemorrhages, petechial .
Turkeys diet hemorrhages in the small Glambrone 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.
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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 Yarru, 2009
of coagulation factors Va and
Vllla, and antithrombin-IlI
precursor with 2 mg/kg
Pigs 1-4 mg/kg, 4 weeks Hemorrhages Henry et al., 2001

0.4-0.8 mg/kg, 10 weeks
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,
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.
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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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Mycotoxins are secondary metabolites of fungi, commonly found as contaminants in agricultural products.
In some cases, these compounds are used in medicine or industry, such as penicillin and patulin. In most
cases, however, they are considered xenobiotics that are toxic to animals and humans, causing the
disease collectively known as mycotoxicosis. The adverse effects of mycotoxins on human and animal
health have been documented in many publications. Aflatoxins (AFs) and deoxynivalenol (DON, vomitoxin)
are amongst the most critical mycotoxins affecting milk production and -quality.

Aflatoxins do not only affect cows

Aflatoxins (AFs) are highly oxygenated, heterocyclic difuranocoumarin compounds produced by Aspergillus
flavus and Aspergillus parasiticus. They colonize crops, including many staple foods and feed ingredients.
Within a group of over 20 AFs and derivatives, aflatoxin B1 (AFB1), B2, G1, and G2 are the most important
naturally occurring compounds.

Among the aflatoxins, AFB1 is the most widespread and most toxic to humans and animals. Concern about
mycotoxin contamination in dairy products began in the 1960s with the first reported cases of
contamination by aflatoxin M1 (AFM1), a metabolite of AFB1 formed in the liver of animals and excreted in
the milk.

There is ample evidence that lactating cows exhibit a significant reduction in feed efficiency and milk yield
within a few days of consuming aflatoxin-contaminated feed. At the cellular level, aflatoxins cause
degranulation of endoplasmic membranes, loss of ribosomes from the endoplasmic reticulum, loss of
nuclear chromatin material, and altered nuclear shapes. The liver, as the organ mainly dealing with the
decontamination of the organism, gets damaged, and performance drops. Immune cells are also affected,
reducing immune competence and vaccination success (Arnold and Gaskill, 2023).

DON reduces cows’ performance

Another mycotoxin that can also reduce milk quality and affect metabolic parameters, as well as the
immune function of dairy cows, is DON. DON is produced by different fungi of the Fusarium genus that
infect plants. DON synthesis is associated with rainy weather from crop flowering to harvest. Whitlow and
co-workers (1994) reported the association between DON and poor performance in dairy herds and
showed decreased milk production in dairy cows fed 2.5 mg DON/kg. However, in cows fed 6 to 12 mg
DON/kg dry matter for 10 weeks, no DON or its metabolite DOM-1 residues were detected in milk.

Masked mycotoxins hide themselves during
analysis

Plants suffering from fungal infestations and thus confronted with mycotoxins convert the harmful forms of
mycotoxins into less harmful or harmless ones for themselves by conjugation to sulfates, organic acids, or
sugars. Conjugated mycotoxins cannot always be detected by standard analytical methods. However, in
animals, these forms can be released and transformed into parent compounds by enzymes and
microorganisms in the gastrointestinal tract. Thus, the feed may show a concentration of mycotoxins that
is still below the limit value, but in the animal, this concentration is suddenly much higher. In dairy cows,
the release of free mycotoxins from conjugates during digestion may play an important role in
understanding the silent effects of mycotoxins.

Fusarium toxins, in particular, frequently occur in this “masked form”. They represent a serious health risk
for animals and humans.
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Aflatoxins first show up in the milk

Masked aflatoxins may also play a role in total aflatoxin contamination of feed materials. Research has
harvested little information on masked aflatoxins that may be present in TMR ingredients. So far,
metabolites such as Aflatoxin M2 have been identified (Righetti, 2021), which may reappear later in milk
as AFM1.

DON-related symptoms without DON?

Sometimes, animals show DON-related symptoms, with low levels detected in the feed or raw materials.
Besides sampling errors, this enigma could be due to conjugated or masked DON, which is structurally
altered DON bound to various compounds such as glucose, fatty acids, and amino acids. These compounds
escape conventional feed analysis techniques because of their modified chemical properties but can be
released as their toxic precursors after acid hydrolysis.

Masked DON was first described in 1984 by Young and co-workers, who found that the DON content of
yeast-fermented foods was higher than that of the contaminated wheat flour used in their production. The
most plausible reason for this apparent increase was that the toxin from the wheat had been converted to
a compound other than DON, which could be converted back to DON under certain conditions. Since this
report, there has been much interest in conjugated or masked DON.

Silage: masked DON is a challenge for
dairy producers

Silage is an essential feed for dairy cows, supporting milk production. Most silage is made from corn and
other grains. The whole green plant is used, which can be infected by fungi. Since infection of corn with
Fusarium spp. and subsequent DON contamination is usually a major problem in the field worldwide, a
relatively high occurrence of this toxin in silage must be expected. The ensiling process may reduce the
amount of Fusarium fungi, but the DON formed before ensiling is very stable.

Silage samples show DON levels of concern

It is reasonable to assume that the DON biosynthesized by the fungi was metabolized by the plants to a
new compound and thus masked DON. Under ensiling conditions, masked DON can be hydrolyzed,
producing free DON again. Therefore, the level of free DON in the silage may not reflect the concentration
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measured in the plants before ensiling.

A study analyzed 50 silage samples from different farms in Ontario, Canada. Free DON was found in all
samples, with levels ranging from 0.38 to 1.72 ug/g silage (unpublished data). Eighty-six percent of the
samples contained DON at concentrations higher than 0.5 ug/g. Together with masked DON, it poses a
potential threat to dairy cattle.

Specific hydrolysis conditions allow detection

However, in the natural ensiling process, the conditions for hydrolysis of masked DON are not optimal. The
conditions that allow improved analysis of masked DON were recently described. This method detected
masked DON in 32 of 50 silage samples (64%) along with free DON, increasing DON concentration by 23%
in some cases (unpublished data).

Mycotoxins impact humans and animals

Aflatoxins, as well as DON, have adverse effects. In the case of DON, the impact on the animal is
significant; in the case of aflatoxin, the possible long-term effects on humans are of higher relevance.

DON has more adverse effects on the animal and
its performance

Unlike AFs, DON may be found in milk at low or trace concentrations. It is more associated with negative
effects in the animal, altered rumen fermentation, and reduced flow of usable protein into the duodenum.
For example, milk fat content was significantly reduced when cows were fed 6 ug DON/kg. However, the
presence of DON also indicates that the feed probably contains other mycotoxins, such as zearalenone
(ZEA) (estrogenic mycotoxin) and fusaric acid (pharmacologically active compound). All these mycotoxins
may interact to cause symptoms that are different or more severe than expected, considering their
individual effects. DON and related compounds also have immunosuppressive effects, resulting in
increased somatic cell counts in milk. The U.S. FDA has established an action level for DON in wheat and
wheat-derived products intended for cows, which is 5ug DON/g feed and the contaminated ingredient must
not exceed 40% of the ration.

Aflatoxins decrease milk quality and pose a risk
to humans

Aflatoxins are poorly degraded in the rumen, with aflatoxicol being the main metabolite that can be
reconverted to AFB1. Most AFs are absorbed and extensively metabolized/hydrolyzed by enzymes found
mainly in the liver. This results in the formation of AFM1, a part of which is conjugated to glucuronic acid
and subsequently excreted in the bile. The other part enters the systemic circulation. It is either excreted
in urine or milk. AFM1 appears within 12-48 hours after ingestion in cow’s milk. The excreted amount of
AFM1 in milk from dairy cows usually ranges from 0.17% to 3% of the ingested AFB1. However, this
carryover rate may vary from day to day and from one milking to the next in individual animals, as it is
influenced by various factors, such as feeding regime, health status, individual biotransformation capacity,
and, of course, by actual milk production. Carryover rates of up to 6.2% have been reported in high-
yielding dairy cows producing up to 40 liters of milk per day.

In various experiments, AFM1 showed both carcinogenic and immunosuppressive effects. Accordingly, the
International Agency for Research on Cancer (IARC) classified AFM1 as being in Group 2B and, thus,
possibly carcinogenic in humans. The action level of 0.50 ppb and 0.05 ppb for AFM1 in milk is strictly
adhered to by the U.S. Food and Drug Administration (FDA) and the European Food Safety Authority
(EFSA), respectively.



Trials show the high adsorption capacity
of Solis Max

A trial was conducted at an independent laboratory located in Spain. The evaluation of the performance of
Solis Max was executed with the following inclusion levels:

= 0.10% equivalent to 1.0 kg of Solis Max per ton of feed
= 0.20% equivalent to 2.0 kg of Solis Max per ton of feed

A phosphate buffer solution at pH 7 was prepared for the trial to simulate rumen conditions. Each
mycotoxin was tested separately, preparing solutions with known contamination (final concentration
described in the table below). The contaminated solutions were divided into 3 parts: A positive control,
0.10% Solis Max and 0.20% Solis Max. All samples were incubated at 41°C for 1 hour, centrifuged, and the
supernatant was analyzed for the mycotoxin added to determine the binding efficacy. All analyses were
carried out by high-performance liquid chromatography (HPLC) with standard detectors.

Mycotoxin Contamination Level (ppb)
Aflatoxin B1 800
DON 800
Fumonisin B1 2000
ZEA 1200
Results:

The higher concentration of Solis max showed a higher adsorption rate for most mycotoxins. The high dose
of Solis Max adsorbed 99% of the AFB1 contamination. In the case of DON, more than 70% was bound. For
fumonisin B1 and zearalenone, Solis max showed excellent binding rates of 87.7% and 78.9%, respectively
(Figure 1).
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Figure 1: Solis Max showed a high binding capacity for the most relevant mycotoxins

Another trial was conducted at an independent laboratory serving the food and feed industry and located
in Valladolid, Spain.

All tests were carried out as duplicates and using a standard liquid chromatography/mass spectrometry
(LC/MS/MS) quantification. Interpretation and data analysis were carried out with the corresponding
software. The used pH was 3.0, toxin concentrations and anti-mycotoxin agent application rates were set
as follows (Table 1):



Mycotoxin Challenge level Challenge (ppb)  Solis Plus 2.0 inclusion Assay time

Aflatoxin Low 150 0.2% 30 min.
] High B 1500 0.2% i 30 min.

Fumnaonisin Low 500 0.2% 30 min.
High 5000 0.2% 30 min.

Ochratoxin LCI:U 150 0.2% 30 min.
High 1500 0.2% 30 min.

Table 1: Trial set-up testing the binding capacity of Solis Plus 2.0 for several mycotoxins in different
contamination levels

Results:

Under acidic conditions (pH3), Solis Plus 2.0 effectively adsorbs the three tested mycotoxins at low and
high levels. 100% binding of aflatoxin was achieved at a level of 150ppb and 98% at 1500ppb.In the case
of fumonisin, 87% adsorption could be reached at 500ppb and 86 for a challenge with 5000ppb. 43%
ochratoxin was adsorbed at the contamination level of 150ppb and 52% at 1500ppb.

Solis Plus 2.0 - adsorption capacity for various mycotoxins
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Figure 2: The adsorption capacity of Solis Plus 2.0 for three different mycotoxins at two challenge levels

Mycotoxins - Effective risk management is
of paramount importance

Although the rumen microflora may be responsible for conferring some mycotoxin resistance to ruminants
compared to monogastric animals, there are still effects of mycotoxins on rumen fermentation and milk
quality. In addition, masked mycotoxins in feed present an additional challenge for dairy farms because
they are not readily detectable by standard analyses.

Feeding dairy cows with feed contaminated with mycotoxins can lead to a reduction in milk production.
Milk quality may also deteriorate due to an adverse change in milk composition and mycotoxin residues,
threatening the innocuousness of dairy products. Dairy farmers should therefore have feed tested
regularly, consider masked mycotoxins, and take action. EW Nutrition’s MasterRisk tool provides a risk
evaluation and corresponding recommendations for the use of products that mitigate the effects of
mycotoxin contamination and, in the end, guarantee the safety of all of us.



https://masterrisk.ew-nutrition.com
https://ew-nutrition.com/us/animal-nutrition/products/solis/

The hidden danger of endotoxins
in animal production

Find out more about endotoxins here

Find out why LPS can cause endotoxemia and how intelligent toxin mitigation solutions can
support endotoxin management.

Each E. coli bacterium contains about 100 lipopolysaccharides molecules in its outer membrane

Lipopolysaccharides (LPS) are the major building blocks of the outer walls of Gram-negative bacteria.
Throughout its life cycle, a bacterium releases these molecules, which are also known as endotoxins, upon
cell death and lysis. The quantity of LPS present in Gram-negative bacteria varies between species and

serotypes; Escherichia coli, for example, contain about 100 LPS/bacterial cell. When these are released

into the intestinal lumen of chickens or swine, or in the rumen of polygastric animals, they can cause
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serious damage to the animal’s health and performance by over-stimulating their immune system.

How lipopolysaccharides cause
disease

LPS are rather large and structured chemical molecules with a weight of over 100,000 D. They are highly
thermostable; boiling in water at 100°C for 30 minutes does not destabilize their structure. LPS consist of
three chemically distinct sections: a) the innermost part, lipid A, consisting mostly of fatty acids; b) the
core, which contains an oligosaccharide; and c) the outer section, a chain of polysaccharides called O-
antigen (Figure 1).
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Figure 1: Structure of an LPS

The toxicity of LPS is mainly caused by lipid A; however, both lipid A and O-antigen stimulate the immune
system. This happens when the LPS pass the mucosa and enter the bloodstream or when they attack the
leukocytes.

The intestinal mucosa is the physical immune barrier that protects the microvilli from external agents
(bacteria, free LPS viruses, etc.). Despite its strength (the thickness, for example, amounts to =830 um in
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the colon and =123 um in the jejunum), vulnerable points exist (cf. Zachary 2017).

LPS can easily come into contact with the cells of the lamina propria (a layer of connective tissue
underneath the epithelium) through the microfold (M) cells of the Peyer’s patches (which consist of gut-
associated lymphoid tissue). The M cells are not covered by mucus and thus exposed.

Secondly, LPS can also pass through the mucosa, where they become entangled in this gelatinous
structure. There, they come into contact with the lymphocytes or can reach the regional lymph nodes
through the afferent lymphatic vessels.

Thirdly, LPS might affect the tight junctions, the multiprotein complexes that keep the enterocytes (cells
that form the intestinal villi) cohesive. By destabilizing the protein structures and triggering enzymatic
reactions that chemically degrade them, LPS can break the tight junctions, reaching the first capillaries
and, consequently, the bloodstream.

The presence of endotoxins in the blood, endotoxemia, can trigger problematic immune responses in
animals. An innate immune stimulation leads to an increase in the concentration of pro-inflammatory
cytokines in the blood and, consequently, to an induced febrile response in the animal: heat production
increases, while the available metabolic energy decreases. As a result, performance suffers, and in the
worst-case scenario, septic shock sets in. Furthermore, when LPS compromise intestinal integrity, the risk
of secondary infections increases, and production performance may decline.

LPS’ modes of action

How does all of this happen? The physiological consequences of endotoxemia are quite complex.
Simplified, the immune system response to LPS in the blood takes three forms:

= The stimulation of TLR4 (toll-like receptor 4) induces monocytes and macrophages to secrete
critical pro-inflammatory cytokines, primarily interleukin (IL) IL-18, IL-6, IL-8, and tumor necrotic
factor (TNF) a and B. TLR4 is a structure on the cell membrane of mainly macrophages and
leukocytes, which is activated by the LPS-binding protein (LBP).

= The complement cascade constitutes about 10% of plasma proteins and determines the
chemotaxis and activation of leukocytes. It can form a membrane attack complex (MAC), which
perforates the membranes of pathogenic cells, enabling lysis.

= The Hagemann factor, also known as coagulation factor Xll: once stimulated by LPS, it initiates
the formation of fibrin (through the intrinsic coagulation pathway), which might lead to
thrombosis. The Hagemann factor directly stimulates the transformation of prekallikrein to
kallikrein (enzymes involved in regulating blood pressure).
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Figure 2: How LPS leads to endotoxemia - 3 modes of action
These three modes of action of inflammatory stimulation lead to important physiological reactions:

» Pro-inflammatory cytokines (see above) modulate the functional expression of other immune
cell types during the inflammatory response;

= Metabolites of arachidonic acid (prostaglandins, leukotrienes, and lipoxins), intra- and
extracellular messengers that influence the coagulation cascade;
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= Synthesis in the blood of bradykinin, a peptide responsible for the typical symptoms of
inflammation, such as swelling, redness, heat and pain;

= PAF (platelet-activating factor), which creates inflammatory effects through narrowing of the
blood vessels and constriction of the airways, but also through the degranulation of leukocytes.

The symptoms of endotoxemia are: hypotension, metabolic acidosis, hemoconcentration, intestinal
hemorrhage, fever, activations of neutrophils and endothelial cells, and predisposition to thrombosis.

In case of a progression to septic shock, the following sequence takes place:

1) Reduction in blood pressure and increased heart rate (hemodynamic alterations)

2) Abnormalities in body temperature

3) Progressive hypoperfusion at the level of the microvascular system

4) Hypoxic damage to susceptible cells

Up to here, symptoms follow a (severe) endotoxemia pathogenesis. A septic shock furthermore entails:
5) Quantitative changes in blood levels of leukocytes and platelets

6) Disseminated intravascular coagulation (see Hageman factor)

7) Multi-organ failure

8) Death of animal

If an animal is continously challenged with endotoxins, experiences septic shock, or comes close to it, it
risks developing LPS tolerance, also known as CARS (compensatory anti-inflammatory response
syndrome). This syndrome essentially depresses the immune system to control its activity. The anti-
inflammatory prerogative of CARS is not to interfere directly with the elimination of pathogens but to
regulate the “excessive” inflammatory reaction in a hemostatic way. However, this regulation can be

extremely dangerous as the syndrome involves a lack of homeostasis control, and an excessive depression
of the immune system leaves the organism exposed to the actual pathogens.

Farm animal research on
endotoxemia pathogenesis

Lipopolysaccharides are difficult to quantify in the intestine of a live animal. One way to evaluate a
possible endotoxemia is to analyze biomarkers present in the bloodstream. The most important one is the
LPS themselves, which can be detected in a blood sample taken from the animal via ELISA. Other
biomarkers include pro-inflammatory interleukins, such as TNF a and B, IL-6 or IL-8, and fibrin and
fibrinogen (though they are not specific to endotoxemia). It is vital to carry out a blood sample analysis to
deduce a possible endotoxemia from symptoms and performance losses in the animal.

How the metabolic effects of endotoxemia
depress performance

One of the biggest issues caused by endotoxemia is that animals reduce their feed intake and show a poor
feed conversion rate (FCR). Why does this happen? The productive performance of farm animals
(producing milk, eggs, or meat) requires energy. An animal also requires a certain baseline amount of
energy for maintenance, that is, for all activities related to its survival. As a result of inflammation and all
those physiological reactions mentioned above, endotoxemia leads to a feverish state. Maintenance needs
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to continue; hence, the energy required for producing heat will be diverted from the energy usually spent
on producing milk, egg, meat, etc., and performance suffers.

The inflammation response can result in mitochondrial injury to the intestinal cells, which alter the cellular
energy metabolism. This is reflected in changes to the levels in adenosine triphosphate (ATP), the energy
“currency” of living cells. A study by Li et al. (2015) observed a respective reduction of 15% and 55% in

the ATP levels of the jejunum and ileum of LPS-challenged broilers, compared to the unchallenged control
group. This illustrates the extent to which animals lose energy while they experience (more or less severe)

endotoxemia.

Figure 3: Reduction in ATP level in Jejunum and lleum in broilers (adapted from Li et al., 2015)
A piglet study by Huntley, Nyachoti, and Patience (2017) took this idea further (Figure 4): 3 groups of 10

Yorkshire x Landrace pigs, weighing between 11 and 25 kg, were studied in metabolic cages and in
respiratory chambers. This methodology allows for simultaneous measurement of oxygen consumption,
CO, production, energy expenditure, physical activity, and feed/water intake. The study found that LPS-
challenged pigs retained 15% less of the available metabolizable energy and showed 25% less nutrient
deposition. These results show concrete metabolic consequences caused by the febrile response to
endotoxemia we discussed above.
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Figure 4: Retained Energy as % of ME intake and nutrient deposition of pigs in metabolic cages (adapted from
Huntley, Nyachoti, and Patience, 2017)

Control treatment (CON) = Pigs fed by a basal diet
Immune system stimulation treatment (ISS) = Pigs given LPS (E. coli serotype 055:B5) injection

A loss of energy retained due to a reduction in available metabolizable energy leads to losses in
performance as the amount of energy available for muscle production and fat storage will be lower.
Furthermore, the decrease in feed intake creates a further energy deficit concerning production needs.
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A trial carried out at the University of lllinois examined the effects of repeated injections of 400 ug E. coli
LPS on chick performance from 11 to 22 days after hatching. The chicks were fed casein-based diets with
graded levels of arginine. LPS administration reduced weight gain (P<0.05) and feed intake, and these
effects tended to be worse at higher levels of arginine supplementation (Figure 5). The researchers
hypothesize that, in response to endotoxin and elevated cytokine levels, macrophages use more arginine
to produce nitric oxide, diverting it from protein production for muscle development.
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Figure 5: Effects of LPS on feed intake and body weight gain in chicks fed graded level of arginine (based on
Webel, Johnson, and Baker, 1998)

NC = negative control

This data on poultry complements the results for swine, again showing that endotoxin-induced energy
losses quantifiably depress animal performance even in milder disease cases.

The way forward: Endotoxin
mitigation

Animals suffering from endotoxemia are subject to severe metabolic dysfunctions. If they do not perish
from septic shock, they are still likely to show performance losses. Moreover, they at great risk of
immunosuppression caused by the immune system “overdrive.” Effective endotoxin mitigating agents can
help to prevent these scenarios.

EW Nutrition’s Mastersecure Gold is not only a leading anti-mycotoxin agent; thanks to its specific
components, it effectively binds bacterial toxins. An in vitro study conducted at the Hogeschool Utrecht
laboratory (part of Utrecht University) evaluated the binding capacity of Mastersecure Gold on LPS
compared to three different competitor products. All products were tested at two different inclusion rates.
At an inclusion rate of 0.25%, only Mastersecure Gold reduced the toxin load on the solution by 37%. At
1% inclusion, Mastersecure Gold (noted as Mastersorb below) bound 75% of the toxin, while only one
competitor product demonstrated any binding (10%).
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Lipopolysaccharides are a constant challenge for animal production. The quantity of Gram-negative
bacteria in an animal intestine is considerable; therefore, the danger of immune system over-stimulation
through endotoxins cannot be taken lightly. Producers need to prioritize the maintenance of intestinal
eubiosis in production animals proactively; for instance, through targeted gut health-enhancing additives
based on phytomolecules and, possibly, organic acids.

Most importantly, the detrimental impact of LPS can be mitigated by using a high-performance agent such
as Mastersecure Gold. To limit losses from an energy point of view yields positive results in terms of
production levels and the prevention of secondary infections, preserving animal health and farms’
economic viability.

By Claudio Campanelli, EW Nutrition
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