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Abstract: To determine the aflatoxin effect on performance, and humoral and mucosal immunity, 240 one-day old chicks were
dividedinto 4 equal groups. Treatment groups include Group 1: chickens that received a standard diet based on corn and soy as
negative control, Group 2: chickens fed with a basal diet containing 3 ppm aflatoxin as positive control, Group 3: chickens fed with
0.25% Mycoad® in basal diet, and Group 4: chickens fed with diet containing 0.25% Mycoad® plus 3 ppm aflatoxin. All chickens
continuously received diets from hatching until 28 days old. Growth indices, such as weight gain, feed consumption and food
conversion rate, were determined weekly. At 28 days, all chickens were sacrificed. After blood sampling, serum was prepared to
measure serum IgG titer against Newcastle disease vaccine using the H method. Moreover, the heads were collected for nasal-
tracheal lavage for assaying IgA against infectious bronchitis vaccine in the mucosa of the respiratory tract. The measurement
of mucosal lgA was carried out using the ELISA method with specific goat anti-chicken IgA. That results indicated that chickens
that received aflatoxin demonstrated lower growth indices, and fewer serum IgG and mucosal IgA titers than others did, while
performance and immune responses in chickens that received Mycoad® plus aflatoxin were significantly higher than chickens
fed with aflatoxin alone. Overall, it seems that aflatoxin can affect mucosal immunity in the upper respiratory tract as well as
performance and humoralimmune responses. Supplementation of Mycoad® to diet contaminated with aflatoxin can reduce the
adverse effects of aflatoxin on performance, as well as mucosal and systemicimmune responses.
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Introduction aflatoxins (2). Aflatoxins commonly contaminate
a wide variety of tropical and subtropical food/
feedstuffs (3). Poultry can be exposed to high
concentrations of aflatoxin via feedstuffs which
lead to large economic losses (4). The toxicity of
aflatoxins (aflatoxicosis) in poultry is characterized
by mortality, listlessness, anorexia, reduced
growth rates, negative feed conversions, fatty liver,
reduced egg production, poor pigmentation, and
increased susceptibility to other diseases (5, 6, 7,
8). Aflatoxin is known to have strong hepatotoxic
and carcinogenic effects (9). A practical approach
to detoxification is the utilization of sorbents in the

Aflatoxins (AFs) are secondary metabolites
of various Aspergillus species, e.g. Aspergillus
falvus and Aspergillus parasiticus. Chemically,
aflatoxins are furanocoumarin compounds, and
the most important ones are B, B,, G, and G, (1).
Among the various types of aflatoxins, aflatoxin
B, (AFB)) is most commonly encountered, and it is
also considered to have higher toxicity than other
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diet that adsorb aflatoxin in the gastrointestinal
tract of poultry, thereby reducing bioavailability
and toxicity (7, 8).

Since the discovery of aflatoxins, the negative
effects of them on animal health have been an
active area of research. Based on this, research
during the last five decades has well elucidated
the negative effects of aflatoxins on animal
performance and immunity (2). Aflatoxin can
be a primary immunosuppressive agent (4) that
can influence the efficacy of immune response
in poultry. Most studies in this field focused
on the effect of this mycotoxin on the humoral
and cellular immune system. To date, there
has been no scientific research on the effect of
aflatoxin on mucosal immunity in chickens. In
this research, the mucosal respiratory immune
response against infectious bronchitis (IB) vaccine
in chickens affected by experimental aflatoxicosis
was analyzed. Moreover, the level of mucosal
Immunoglobulin A (IgA) against IB vaccine was
determined in chickens fed with aflatoxin plus
one standard mycotoxin adsorbent (Mycoad®)
for decreasing the reverse effects of aflatoxins on
mucosal immunity.

Materials and methods

Production and assaying of aflatoxin

Aflatoxin provided by Aspergillous parasiticus
(PTCC: 1850) belongs to Iranian Scientific and
Industrial Research. Aflatoxin was produced
according to the Shotwell method (10) on maize with
a few modifications. The aflatoxin was assessed
with the HPLC method utilizing reverse-phase
C18 column (250x4.6 mm, S5 um), equipped with
fluorescence detector set at 370 (excitation) and 440
(emission). The mobile phase was deionized water/
methanol/acetonitrile (60:20:20) with a flow rate of
0.8 ml/min and an injection volume of 20 uL.

Experimental design

A total of 240 one-day-old broiler chicks (Ross
strain) were randomly divided into four groups with
three replicates of 20 chicks in each separated pen
during the 28-day experiment. A basal diet based
on corn-soybean was balanced in accordance with
the recommendation by NRC (11).

Treatment groups include Group A: chickens
fed a basal diet, Group B: chickens fed 3 ppm
aflatoxin in a basal diet, Group C: chickens fed a
basal diet containing 0.25% Mycoad® and Group
D: chickens received a basal diet containing 3
ppm aflatoxin and 0.25% Mycoad®.

In this study, the basal diets were tested for
contamination by aflatoxins, fumonisins, and
zearalenone. The diets were not contaminated by
any mycotoxins. The maize containing aflatoxin
was added to the basal diet to increase the
concentration of aflatoxin in experimental diet to
3 ppm. In groups that did not receive aflatoxin, the
same amount of uncontaminated maize (without
aflatoxin) was added to the basal diet. All treatment
groups received experimental diets throughout
the growing period from hatching until 28 days
old. The diet formula is presented in Table 1. Feed
and water were supplied ad libitum to all groups,
and 24-hour light was utilized throughout the
experiment. All chickens were vaccinated against
Newcastle disease (ND) (at 8 and 18 days old),
IB (at 1 and 10 days old), and infectious bursal
disease (IBD) (at 14 days old) with B1, LaSota,
H120, and D78 vaccines. Data on body weight,
body weight gain, feed intake, and feed conversion
ratio were recorded at weekly intervals. Moreover,
cumulative data were assessed.

Mycoad®

Mycoad® is a commercial broad spectrum
mycotoxin adsorbent for all types of feed formulated
as hydrated sodium and calcium aluminosilicate
(HSCAS) by Special Nutrients Inc., USA.

Mucosal and systemic immunoglobulin
assay:

Blood samples from all chickens at 28 days
of age were collected for measurement of serum
immunoglobulin G (IgG) titer against ND vaccine
by conventional haemagglutinin inhibition
(HI) test (12). Thereafter, all the chickens were
slaughtered, and samples of the trachea and
nasal mucosa were separated immediately. The
mucosal surface of the trachea and nasal mucosa
were washed with 1 ml of phosphate buffer
saline (PBS) (pH = 7.4) containing 0.1% of bovine
serum albumin (BSA) three times. Immediately
after washing, the liquid extract was centrifuged,
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Table 1: Composition of the experimental diets for broiler chicks

Ingredients % 0-18 (days old) 19-28 (days old)
Corn grain 53.00 58.50
Soybean meal 39.00 33.65
Vegetable Oil 4.00 4.00
DCP 1.35 1.18
Oyster shells 1.45 1.50
Methionine D-L 0.25 0.23
Vitamin E 0.10 0.10
Edible Nacl 0.25 0.24
Vitamin Premix* 0.30 0.30
Mineral Premix* 0.30 0.30
Calculated nutrient content

ME (Kcal/Kg) 3005 3070
CP (%) 22.82 19.90
Ca (%) 0.95 0.92
Available Phosphorus (%) 0.45 0.41
Lysine (%) 1.24 1.15
Na (%) 0.16 0.15
Methionine+Cystine (%) 0.95 0.88

*Supplied Per Kilogram of Feed: 8.000 IU of Vitamin A, 2000 IU Vitamin D3, 50 mg Vitamin E, 1.5 pg Vitamin B1, 2.2 mg B, 6.5
mg Vitamin K, 7 mg Vitamin B2, 2 mg Vitamin B1, 40 mg nicotinic acid, 160 ug vitamin Biothine, 12 mg Calcium pantothenate,

1 mg Folic acid 30 mg Fe, 70 mg Mn, 100 ug Se, 40 mg Zn, 6 mg Cu, 1.14 mg 1.

Table 2: The growth indices in chickens at end of fourth week

Indices

Negative control

Chickens that
received aflatoxin

Chickens that
received Mycoad®

Chickens that
received aflatoxin
and Mycoad®

Feed Intake 1568+20¢° 1321£15® 1635£30P 1508+25¢

Weight Gain 1131+35P 782+182 1230+43P 1093+25P

Feed Conversion Ratio | 1.38+0.04" 1.68+0.03* 1.33£0.06° 1.37£0.02°
*Data presented as MeanSD.

abDifferent letters in each row represent the existence of significant differences between groups (P <0.05).

Table 3: The systemic and mucosal immune responses in different groups

Indices

Negative control

Chickens that
received aflatoxin

Chickens that
received Mycoad®

Chickens that
received aflatoxin
and Mycoad®

Serum IgG titer
against ND vaccine

4.85+0.392

2.95+0.21°

5.22+0.322

4.45+£0.35%

Mucosal IgA titer
against IB vaccine

4.92+1.652

3.15+1.68°

5.57+1.30

4.61+1.242

* Data presented as Mean+SD.
abDifferent letters in each row represent significant differences between groups (P <0.05).
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and the supernatant was collected (13, 14, 15).
To measure the level of specific IgA against IB
vaccine in trachea and nasal mucosa, the lavage
samples were tested with a commercial ELISA kit
(Synbiotic co.). Based on the lack of commercial
kits for measuring the IgA, commercial IBV ELISA
kit was utilized, but the conjugated HRP goat
anti-chicken IgG was replaced with conjugated
HRP goat anti-chicken IgA. The goat anti-chicken
IgA was conjugated to horseradish peroxidase
purchased separately (Bethyl Laboratories, Cat.
no. A 30-103P).

For the determination of IgA titer in mucosal
respiratory lavage, the mean optical density (OD) of
the negative control was calculated, and three times
the standard deviations were added to the OD of the
negative control. Thereafter, the OD of the negative
control and positive-negative threshold was utilized
for the calculation of titers (16, 17). In this study,
the IgA titer in each sample was calculated utilizing
the KPL software program according to negative
control and positive-negative threshold. The IgA
titers were expressed based on log 2.

Statistical Analysis

All data were analyzed using the one-way
ANOVA method by SAS software (18). Significant
differences among treatment groups were
recognized at P < 0.05 by post-hoc Tukey test.

Results
Evaluation of Growth Parameters

The statistical comparison of weight gain,
feed intake, and feed conversion ratio at the end
of the fourth week showed that chickens that
received aflatoxin had the lowest weight gain and
feed intake and the highest feed conversion ratio
(P< 0.05). The weight gain and feed conversion
ratio in the other groups did not show significant
differences. In terms of feed intake, chickens that
received Mycoad® had a higher feed intake than the
chickens that received aflatoxin, and aflatoxin plus
Mycoad®. There was a significant difference in feed
intake between chickens fed with Mycoad® and
chickens that received aflatoxin, or aflatoxin plus
Mycoad® (P< 0.05) but with the negative control, no
significant difference was observed (Table 2).

Evaluation of the humoral immune
response against ND vaccine

The results of the HI test demonstrated that
the IgG titer against ND vaccine in chickens that
received aflatoxin was significantly less than
other treatment groups (P <0.05). There were no
significant differences between other groups for
serum IgG titer against ND vaccine (Table 3).

Evaluation of the mucosal immune re-
sponse against IB vaccine

There were significant differences in the mucosal
respiratory IgA titer against IB vaccine in the group
fed with aflatoxin alone in comparison with other
groups (P<0.05), while there was no significant

difference between other groups (Table 3).
Discussion

Growth parameters, such as weight gain, feed
intake and feed conversion ratio in the chickens
that received 3 ppm aflatoxin, were significantly
less than other with experimental groups. Review
of previous studies indicates that 2.5 ppm and
higher amount of aflatoxin can significantly
decrease growth and food conversion efficiency.
For instance, Huff et al. (19) observed that the
addition of 2.5 ppm aflatoxin reduced weight
gain. Moreover, Harvey et al. (20) indicated that
the addition of 3.5 ppm of aflatoxin in food can
decrease feed intake and weight gain. The results
of the current study indicate that the addition of
Mycoad® to the contaminated feed at 3 ppm level
of aflatoxin can completely inhibit the reduction
of weight gain, feed intake and feed conversion
efficiency. The comparison of growth parameters
in control chickens and chickens that received
aflatoxin plus Mycoad® revealed that, although
Mycoad® could not increase growth parameters in
chickens that received aflatoxin, it could improve
growth indices and prevent the loss of growth
parameters caused by aflatoxin. Previous studies
have indicated that the presence of silicate in the
composition of Mycoad® as an aluminosilicate
compound can tightly bind with available aflatoxin
in the gastrointestinal tract and markedly decrease
the bioavailability and toxicity of aflatoxin (21, 8).

In this study, the reduction in mucosal IgA titers
against infectious bronchitis vaccine and serum



Modulating effect of Mycoad® on performance, mucosal and systemic immunity in chicken aflatoxicosis 33

IgG against ND vaccine in chickens receiving
aflatoxin may be due to the effects of aflatoxin
on the immune system. However, suppression of
immune system caused by aflatoxin in poultry has
already been reported (4), but there is no report
on the effects of aflatoxin on mucosal immunity.
Infectious bronchitis virus is a major poultry
pathogen that is endemic worldwide and leads
to serious economic losses in the poultry
industry. The mucosal immunity in respiratory
tract acts as a first line of defense against IB
virus infection. Some studies have indicated
the significant relationship between the level of
mucosal respiratory IgA and resistance against IB
virus infection (22, 15). Therefore, it seems that
measuring the level of mucosal respiratory IgA
can be a suitable alternative for monitoring the
protection level against IBV. Some reports have
indicated that aflatoxin can increase the sensitivity
of birds to viruses (4) and cause adverse effects
on the production of serum antibodies against
ND virus, pasteurellosis, and IBD (23). Moreover,
there is some evidence of aflatoxin’s effect on the
histopathologic features of the thymus, spleen and
bursa of Fabricious in chickens. Thymic aplasia,
splenic atrophy, and lymphoid depletion in bursa
can show the effect of aflatoxin on the cellular
immune response in chickens (24). Ibrahim et al.
(25) showed that both percentages and means of
phagocytic activities were significantly reduced
in chicks fed with 2-5 ppm aflatoxin. Moreover,
the leucopenia in chickens following aflatoxin
toxicity at a level of 3 ppm can demonstrate the
cellular immunosupression of aflatoxin (26). The
effect of aflatoxin on interferon, complement and
serum proteins (27), subsequent liver damage,
and inhibition of protein synthesis (8) are the
possible causes of immunosuppression. It seems
the effect of aflatoxin on the immune system is
influenced by the dose and duration of utilizing
contaminated diet with aflatoxin. For instance,
Pasha et al. (28) revealed that a low level of
aflatoxin (100 ppb) has no effect on the size of the
bursa of Fabricious. Moreover, Kouwenhoven (29)
investigated the systemic antibody production
following vaccination against Newcastle disease
in chickens fed with aflatoxin. In this study, 0.2-
0.5 ppm of aflatoxin B1 could not change the
systemic immune response to the ND, Salmonella
pullorum and Pasturella multocida but higher dose
(0.6-10ppm) could suppress systemic antibody
response to Salmonella and sheep RBCs. However,

Tessari et al. (30) reported that systemic antibody
production following immunization with ND
vaccine was affected by 0.2 ppm aflatoxin in the
diet. The result of the current study is in line with
the results of Ibrahim et al. (25) who clarify that 2.5
ppm aflatoxin has negative effect on the formation
of ND antibodies. Nevertheless, the effects
observed in the present study may be due to high
dietary aflatoxin contamination. Considering the
significant difference between the groups receiving
the Mycoad® in addition to aflatoxin with aflatoxin
alone, it seems that Mycoad® with its binding
effect reduces the gastrointestinal absorption of
aflatoxin and prevents the side effects of aflatoxin
on the upper respiratory mucosal immune system.

The overall results of this study showed that
3 ppm aflatoxin can decrease growth parameters,
humoral and mucosal immune responses.
However, Mycoad® based on the dose and duration
of use as examined in recent studies could prevent
inhibitory effects of aflatoxin on the growth
parameters, mucosal and humoral immunity
system in broiler chickens. Therefore, the control
of mycotoxins as immunosuppressive agents by
using a commercial mycotoxin binder is valuable
for providing better records in performance and
immune responses.

References

1. Bilgrami KS, Choudhary AK. Mycotoxins in
preharvest contamination of agricultural crops.
Mycotoxins in agriculture and food safty. New
York: Marcel Dekker, 1998: 365.

2. Yunus AW, Azzazi-Fazeli E, Bohm J. Aflatox-
in B1 in affecting broiler’s performance, immunity,
and gastrointestinal tract: a review of history and
contemporary issues. Toxins 2011; 3: 566-90.

3. Herzallah SM. Aflatoxin B1 residues in eggs
and flesh of laying hens fed aflatoxin B1 contam-
inated diet. Am J Agric Biol Sci 2013; 8: 156-61.

4. Hoerr FJ. Mycotoxins. In: Swayne DE, Glis-
son JR, McDougald LR, eds. Disease of poultry.
13%* ed. Ames: Wiley-Blackwell, 2013: 1271-87.

5. Tedesco D, Steidler S, Galletti S, Tameni M,
Sonzogni O, Ravarotto L. Efficacy of silymarin-
phospholipid complex in reducing the toxicity of
aflatoxin B1 in broiler chicks. Poultry Sci 2004;
83: 1839-43.

6. Rangsaz N, Gholami-Ahangaran M. Eval-
uation of turmeric extract on performance indi-



34 M. Amiri, M. Gholami-Ahangaran, M. Jafarian-Dehkordi

ces impressed by induced aflatoxicosis in broiler
chickens. Toxicol Ind Health 2011; 27: 956-60.

7. Gholami-Ahangaran M, Zia-Jahromi N.
Nanosilver effects on growth parameters in exper-
imental aflatoxicosis in broiler chickens. Toxicol
Ind Health 2013; 21: 121-5.

8. Gholami-Ahangaran M, Rangsaz N, Azizi
S. Evaluation turmeric (Curcuma longa) effect on
biochemical and pathological parameters of liver
and kidney in chicken aflatoxicosis. Pharm Biol
2016; 54(5): 780-7.

9. Mishra HN, Chitrangada D. A review on bi-
ological control and metabolism of aflatoxin. Crit
Rev Food Sci Nutr 2003; 43: 245-64.

10. Shotwell LO, Hesseltine CW, Stubblefield
RD, Sorenson WG. Production of aflatoxin on rice.
Appl Microbiol 1966; 14: 425-28.

11. National Research Council. Nutrient re-
quirement of poultry. 9" rev. ed. Washington: Na-
tional Academy Press, 1994: 80-2.

12. King DJ. Avian paramyxovirus type 1 from
pigeons: isolate characterization and pathogenici-
ty after chicken or embryo passage of selected iso-
lates. Avian Dis 1996; 40: 707-14.

13. Tamura S, Samegai Y, Kurata H, et al.
Enhancement of protective antibody response
against influenza virus infection by cholera toxin
B subunit inoculated intranasally with influenza
vaccine. Vaccine 1989; 7: 257-62.

14. Takada A, Kida H. Protective immune re-
sponse of chickens against Newcastle disease, in-
duced by the intranasal vaccination with inacti-
vated virus. Vet Microbiol 1996; 50: 17-25.

15. Gholami-Ahangarn M. Assaying immuno-
globulin A in mucosa of respiratoy tract following
administration of infectious bronchitis vaccine in
broiler chickens. Iranian J Vet Microbiol 2011; 7:
57-62 (In Persian).

16. Gelb JJ, Nix WA, Gellman SD. Infectious
bronchitis virus antibodies in tears and their re-
lationship to immunity. Avian Dis 1998; 42: 364
74.

17. Thompson G, Mohammed H, Buman B,
Nagqi S. Systemic local antibody response to infec-
tious bronchitis virus in chickens inoculated with
infectous bursal disease virus and control chick-
ens. Avian Dis 1997; 41: 519-27.

18. SAS Institute. SAS users guide: statistics.
6" version. Cary: SAS Institute Inc., 2001: 280.

19. Huff WE, Kubena LF, Harvey RB, Corrier
DE, Mollenhauer HH. Progression of aflatoxicosis
in broiler chickens. Poultry Sci 1986: 65: 891-9.

20. Harvey RB, Kubena LF, Elissalde MH, Phil-
lips TD. Efficacy of zeolitic ore compounds on the
toxicity of aflatoxin to growing broiler chickens.
Avain Dis 1993; 37: 67-73.

21. Abdel-Wahhab MA, Nada SA, Amra HA. Ef-
fect of aluminosilicates and bentonite on aflatox-
in-induced developmental toxicity in rat. J Appl
Toxicol 1999; 19: 199-204.

22. Chabra JH., Peters RW. Humoral antibody
response and assessment of protection following
primary vaccination of chickens with maternally
derived antibody against avian infectious bronchi-
tis virus. Res Vet Sci 1985; 38: 14-21.

23. Azzam AH, Gabal MA. Aflatoxin and immu-
nity in layer hens. Avian Pathol 1998; 27: 570-7.

24. Arulmozhi A, Koshy V. Aflatoxin B1 in-
duced pathomorphological changes in lymphoid
organs of broilers. Indian J Vet Pathol 2011; 35:
177-9.

25. Ibrahim IK, Shareef AM, Al-Joubory KMT.
Ameliorative effects of sodium bentonite on phago-
cytosis and Newcastle disease antibody formation
in broiler chickens during aflatoxicosis. Res Vet
Sci 2000; 69: 119-22.

26. Gholami-Ahangaran M, Zia-Jahromi N. Ef-
fect of nanosilver on blood parameters in chickens
having aflatoxicosis. Toxicol Ind Health 2014; 30:
192-6.

27. Giambrone JJ, Ewert DL, Wyatt RD, Edi-
son CS. Effect of aflatoxin on the humoral and cell
mediated immune systems of the chicken. Am J
Vet Res 1978; 39: 305-8.

28. Pasha TN, Farooq MU, Khattak FM, Jabbar
MA, Khan AD. Effectiveness of sodium bentonite
and two commercial products as aflatoxin absor-
bents in diets for broiler chickens. Anim Feed Sci
Tech 2007; 132: 103-10.

29. Kouwenhoven B. Newcastle disease. In:
Ferran JB, McNulty MS, eds. Virus infections of
birds. St. Louis: Elsevier Science, 1993: 341-61.

30. Tessari ENC, Oliveira CAF, Cardoso ALSP,
Ledoux DR, Rottinghaus GE. Effects of aflatoxin
B, and fumonisin B, on body weight, antibody ti-
tres and histology of broiler chicks. Br Poultry Sci
2006; 47: 357-64.



Modulating effect of Mycoad® on performance, mucosal and systemic immunity in chicken aflatoxicosis 35

VPLIV DODATKA MYCOAD® NA PRIRAST IN IMUNSKO ODPORNOST PISCANCEV Z
AFLATOKSIKOZO

M. Amiri, M. Gholami-Ahangaran, M. Jafarian-Dehkordi

Povzetek: Dabipreucilivplivaflatoksina na prirastinimunskiodziv (sistemskiin vsluznicah) pis¢ancev, smo 240 enodnevnih pis-
¢ancev razdelilina 4 enake skupinein jih od izvalitve do 28. dneva starosti hranili s 4 razli¢nimi krmami. Skupina 1 je predstavljala
negativno kontrolo (pis¢anci, krmljeni s standardno krmo na osnovi koruze in soje), skupina 2 je bila pozitivna kontrola (pis¢anci,
krmljenis standardno krmo, kije vsebovala 3 ppm aflatoksina), v skupini 3 so bili pis¢anci, krmljeni s standardno krmo z dodatkom
0,25 % Mycoad®-a, v skupini 4 pa pis¢anci, krmljeni s krmo, ki je vsebovala 3 ppm aflatoksina in 0,25 % Mycoad®-a plus. Tedensko
smo dolocalirazli¢ne pokazatelje rasti, kot so poveCanje telesne mase, poraba krme in njenizkoristek. Po 28 dneh smo vse zZivali
Zrtvovali. Zuporabo metode Hl smo v serumu dologili titer protiteles IgG protivirusu bolezni Newcastle tervizpirku nosuin sapnika
dolocilititer protiteles IgG proti cepivu kuznega bronhitisa. Izmerili smo tudi raven sluzni¢nih protiteles IgA z metodo ELISA s spe-
cificnimi kozjimi protitelesi proti pis¢ancjim protitelesom IgA. Rezultati so pokazali, daimajo pis¢anci, ki so prejeli aflatoksin, nizje
indekse rastiin nizje titre tako serumskih protiteles IgG kot tudi sluzni¢nih protiteles IgA. Medtem pa sta bila prirast inimunski odziv
pri pis¢ancih, ki so prejeli poleg aflatoksina tudi Mycoad® plus, bistveno vigja kot pri pis¢ancih, krmljenih samo z aflatoksinom.
NaSi rezultati kazejo, da vsebnost aflatoksina v krmi pis¢ancev vpliva na lokalniimunski odziv sluznic zgornjih dihalnih potiin na
ucinkovitost sistemskega imunskega odziva. Dodatek Mycoad® h krmi, onesnazeni z aflatoksini, lahko zmanjsa nezelene ucinke

aflatoksina na uspesnost cepljenj pripisc¢ancih.

Kljuéne besede: aflatoksin; pis¢anci;imunost; Mycoad®



