
  INTRODUCTION 
  Mycotoxins are secondary metabolites of molds that 

produce approximately 400 different mycotoxins by 
more than 100 molds (Kabak et al., 2006). Aflatoxins 
(AFLA) B1, B2, G1, and G2 are produced by fungi of 
Aspergillus, Penicillium, Rhizopus, Mucor, and Strep-
tomyces species, which are the main contaminants of 
plants and plant products (Smith, 2002). The suscepti-
bility of poultry to these particular mycotoxins ranges 
from ducklings > turkey poults > goslings > pheasant 
chicks > chickens (Muller et al., 1970). The median 
lethal dose (LD50) for chickens is estimated to be be-
tween 6.5 and 16.5 mg/kg (Smith and Hamilton, 1970). 
In laying hens, AFLA impairs all important production 
parameters including weight gain, feed intake, feed con-
version efficiency, egg production, and male and female 

reproductive performance. Reduced egg production, en-
larged liver, and increased liver fat are the most promi-
nent manifestations of aflatoxicosis in layers (Leeson et 
al., 1995). 

  Deoxynivalenol (DON) is trichothecene mycotoxin 
produced by fungi of Fusarium sp. (F. graminearum,
F. culmorum), and it is one of the most widely distrib-
uted mycotoxins in food and feed worldwide. Deoxyni-
valenol is a well-known inhibitor of protein synthesis. 
The toxin binds to peptidyl transferase (Feinberg and 
McLaughlin, 1989), inhibits the synthesis of RNA and 
DNA via binding to the ribosome, and also affects cell 
membranes. It is assumed that cells and tissues with 
high protein turnover rates such as the small intestine, 
liver, and the immune system are most severely affected 
by DON intoxication (Döll et al., 2003). The LD50 for 
1-d-old chickens is estimated to be 140 mg/kg (Huff et 
al., 1981), approximately 10 times lower toxicity than 
AFLA. Deoxynivalenol is well tolerated by laying hens. 
One study demonstrated feeding diets naturally con-
taminated with 5 mg/kg of DON for 25 wk did not 
show adverse effects on health or productivity (Hamil-
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  ABSTRACT   The current experiment was conducted to 
determine the effect of mycotoxin-contaminated diets 
with aflatoxin (AFLA) and deoxynivalenol (DON) and 
dietary inclusion of deactivation compound on layer 
hen performance during a 10-wk trial. The experimen-
tal design consisted of a 4 × 2 factorial with 4 toxin lev-
els: control, low (0.5 mg/kg AFLA + 1.0 mg/kg DON), 
medium (1.5 mg/kg AFLA + 1.5 mg/kg DON), and 
high (2.0 mg/kg AFLA + 2.0 mg/kg DON) with or 
without the inclusion of deactivation compound. Three 
hundred eighty-four 25-wk-old laying hens were ran-
domly assigned to 1 of the 8 treatment groups. Birds 
were fed contaminated diets for a 6-wk phase of tox-
in administration followed by a 4-wk recovery phase, 
when all birds were fed mycotoxin-free diets. Twelve 
hens from each treatment were subjected to necropsy 
following each phase. Relative liver and kidney weights 
were increased (P < 0.05) at the medium and high tox-

in levels following the toxin phase, but the deactivation 
compound reduced (P < 0.05) relative liver and kidney 
weights following the recovery period. The high toxin 
level decreased (P < 0.05) feed consumption and egg 
production during the toxin period, whereas the deacti-
vation compound increased (P < 0.05) egg production 
during the first 2 wk of the toxin phase. Egg weights 
were reduced (P < 0.05) in hens fed medium and high 
levels of toxin. An interaction existed between toxin 
level and deactivation compound inclusion with regard 
to feed conversion (g of feed/g of egg). High inclusion 
level of toxins increased feed conversion compared with 
the control diet, whereas deactivation compound in-
clusion reduced feed conversion to a level comparable 
with the control. These data indicate that deactivation 
compound can reduce or eliminate adverse effects of 
mycotoxicoses in peak-performing laying hens. 
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ton et al., 1985). Natural contamination of grains often 
results in the presence of multiple mycotoxins. Multiple 
manuscripts have documented observed contamination 
of grains with AFLA and DON (Hagler et al., 1984; 
Abbas et al., 2002).

Aluminosilicates can effectively adsorb AFLA but are 
not effective against trichothecene mycotoxins, such as 
DAS or T-2 toxin (Kubena et al., 1993; Phillips, 1999). 
A more specific dietary treatment has been recently 
developed using enzymes capable of inactivating the 
trichothecenes through modification of the basic tricho-
thecene structure. The inhibitory activity of trichothe-
cenes requires the presence of the C-12,13 epoxide, and 
opening of the 12,13-epoxide ring, which results in loss 
of any apparent toxicity (Binder et al., 2000). The aim 
of the present study was to investigate the adverse ef-
fects of the combination of dietary AFLA and DON in 
laying hens and possible effectiveness of commercially 
available mycotoxin deactivation product.

MATERIALS AND METHODS

Birds
To evaluate the influence of mycotoxin-contaminated 

diets and effectiveness of a potential deactivating agent 
(Mycofix Select, Biomin GmbH, Herzogenburg, Aus-
tria) on peak producing laying performance and rela-
tive organ weight, 450 Lohmann LSL-LITE pullets (14 
wk of age) were obtained from a local egg production 
facility and moved to the Texas A&M University Poul-
try Research Center. Pullets were allowed to acclimate 
to the research facility and begin egg production before 
the start of the trial. Hens were housed in commer-
cial type-laying cages at densities that met acceptable 
placement densities outlined by the 2007–2008 United 
Egg Producers Animal Welfare Guidelines (United Egg 
Producers, 2008). All husbandry practices, including 
the space requirements for unrestricted feeder and wa-
ter access, followed these published guidelines and were 
conducted in accordance with an animal use protocol 
approved by the Institutional Animal Care and Use 
Committee at Texas A&M University. Upon arrival at 
the research facility, pullets were fed a corn-soybean-
based developer ration that met or exceeded nutrient 
recommendations specified in the Lohmann LSL-LI-
TE management guide. Subsequent feed and lighting 
changes following the management guide were made al-
lowing for the initiation of egg production. Birds were 
placed in commercial type cages located in a 2 window-
less, environmentally controlled laying facilities. The 
cages used during the trial had dimensions of 30.5 × 
50.8 cm, which allowed for 1,548 cm2 of rearing space. 
Three pullets were placed per cage to achieve 516 cm2 
of rearing space per bird.

Experimental Design
The experimental design consisted of a 4 × 2 facto-

rial design evaluating multiple toxin levels combined 

with and without mycotoxin deactivating agent inclu-
sion yielding a total of 8 treatment groups. Four toxin 
administration levels were evaluated included a control 
(diet free of mycotoxin), low (0.5 mg/kg AFLA + 1.0 
mg/kg DON), medium (1.5 mg/kg AFLA + 1.5 mg/kg 
DON), and high (2.0 mg/kg AFLA + 2.0 mg/kg DON) 
with and without the inclusion of deactivation com-
pound (2.27 kg/ton). Each treatment used 16 replicate 
cages with each replicate containing 3 birds. Treat-
ments were assigned to individual replicates based on 
24-wk BW and egg production levels to ensure that 
each treatment began the experiment on 25 wk with 
statistically equivalent BW and egg production levels.

Mycotoxin Contamination  
and Administration

A corn sample was obtained and screened for myco-
toxin level via HPLC analysis for aflatoxin (including 
B1, B2, G1, and G2), DON, zearalenone (ZON), fu-
monisin (including B1 and B2), and ochratoxin A and 
determined to have a DON concentration of 4.0 mg/kg 
with all other tested mycotoxins below the level of de-
tection. The naturally contaminated corn and purified 
aflatoxin in rice culture were used to reach experimental 
contamination levels. To increase contamination levels 
of the diets, contaminated corn and rice culture spared 
noncontaminated corn. Basal diets of each contamina-
tion level were divided into 2 subsamples, and the deac-
tivating agent was added to one portion. Three samples 
of each treatment (500 g) were collected for mycotoxin 
determination via HPLC analysis (Table 1). In short, 
purification was accomplished by using immunoaffinity 
clean-up columns (Romer Labs, Vienna, Austria). The 
HPLC analyses were performed with 1100 and 1200 
series HPLC systems, each equipped with a UV detec-
tor (G1314B) and a fluorescence detector (G1321A), 
or a mass spectrometer (G1946D, Agilent Technolo-
gies, Waldbronn, Germany). Depending on the optical 
properties of the mycotoxin, several detectors were used 
(e.g., the mycotoxins such as ochratoxin A or ZON and 
AFLA after derivatization show a natural fluorescence, 
thus they were detected with high sensitivity by the 
use of fluorescence detectors). Others such as type B 
trichothecenes (e.g., DON) absorb UV light of a certain 
wavelength and were measured by a UV detector. For 
those mycotoxins that do not emit fluorescence light or 
absorb UV light (such as FUM), a mass spectrometer 
(single quadrupole) was used for determination.

The experiment was initiated at 25 wk of age with 
feeding of each dietary treatment to producing laying 
hens for 6 consecutive weeks. Following the 6-wk ad-
ministration period, all laying hens were fed a diet de-
void of all mycotoxins for a subsequent 4 wk (recovery 
period) at which time the experiment was concluded. 
At the conclusion of the 6-wk toxin administration pe-
riod and at the conclusion of the study, 4 replicates per 
treatment (12 total laying hens) were killed for the de-
termination of relative liver, kidney, and spleen weight. 
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Parameters evaluated throughout the experiment in-
cluded feed consumption, egg production, mortality, 
BW gain, and relative organ weight.

Statistical Analysis
Data were analyzed via a 4 (toxin) × 2 (deactiva-

tion compound) factorial ANOVA using the GLM 
procedure with main effect means deemed significant-
ly determined at P < 0.05 (SPSS V 18.0, SPSS Inc., 
Chicago, IL). Main effect means were separated using 
Duncan’s multiple range test. In cases in which a sig-
nificant interaction was present between toxin level and 
deactivation compound inclusion, data were subjected 
to a 1-way ANOVA with means deemed different at P 
< 0.05. In these cases, individual treatment means were 
separated using Duncan’s multiple range test.

RESULTS
Differences in feed consumption were observed dur-

ing the third and fourth week of toxin administration 
as well as the fifth and sixth week of administration 
(Table 2). During wk 3 and 4 of toxin administra-
tion, reductions (P < 0.05) were observed in the high 
toxin group compared with the other administration 
groups, whereas the low and medium levels increased 
(P < 0.05) feed consumption compared with the con-
trol. During the fifth and sixth week of inclusion, an 
interaction was observed between toxin level and deac-
tivation compound inclusion. A reduction (P < 0.05) 
was observed in the control + deactivation compound 
diet compared with the control treatment. The high 
toxin level again yielded the lowest feed consumption, 
whereas the addition of the deactivation compound to 
this diet increased feed consumption comparable with 
the control + deactivation compound treatment. Feed 
consumption for the entire toxin administration period 
was reduced (P < 0.05) in the high toxin diet com-
pared with all other toxin levels. Upon removal of the 
mycotoxin from the diet, feed consumption in the high 
toxin increased to a level comparable with all other 
treatment groups. No effect of deactivating compound 
on feed consumption was observed during the 4-wk re-
covery period.

Deactivation compound inclusion increased egg pro-
duction compared with the nondeactivation compound 
groups during the first 2 wk of administration (Table 
3). An interaction (P < 0.05) was observed during wk 
4 of egg production between toxin level and deactiva-
tion compound inclusion (data not shown). During this 
period, a reduction (P < 0.05) in egg production in 
the high toxin administration group was observed com-
pared with the high toxin + deactivation compound 
group. During the fifth and sixth week of toxin admin-
istration, the high toxin diet reduced (P < 0.05) egg 
production compared with all other toxin levels. For 
the entire toxin administration period, the high toxin 
level reduced (P < 0.05) egg production compared with 

all other toxin groups. Similar to feed consumption, 
egg production during the recovery period in the high 
toxin administration treatments increased following the 
removal of mycotoxins to a level comparable with all 
other treatments.

When evaluating the data over the entire toxin ad-
ministration period, the high toxin diet yielded the 
highest feed conversion (P < 0.05) needed to produce 
a gram of egg (Table 4). The addition of deactivation 
compound to the high toxin diet reduced the amount 
of feed needed to produce a gram of egg to a level 
comparable with the control diet. A similar relation-
ship was observed during the combination of the third 
and fourth week of administration where deactivation 
compound addition to the high toxin diet reduced the 
amount of feed needed to produce a gram of egg to a 
level comparable with the control diet. Apart from feed 
consumption and egg production, the high toxin group 
was associated with the residual effect of toxin admin-
istration during the 4-wk recovery period, resulting in 
an increase in the amount of feed needed to produce a 
gram of egg compared with other toxin levels.

Table 1. Ingredient profile and nutrient concentration of the 
diet fed to 25- to 31-wk-old White Leghorn hens1,2 

Item Percentage

Ingredient
 Corn 49.26
 Soybean meal (48%) 31.37
 Limestone 10.39
 Animal/vegetable fat blend 6.27
 Monocalcium PO4 1.78
 Sodium chloride 0.41
 dl-Met (99%) 0.17
 Vitamins3 0.25
 Minerals4 0.05
 Pigment5 0.05
Calculated nutrient concentration  
 Protein 19.5
 ME (kcal/kg) 2,950
 Met 0.47
 Total S amino acids 0.79
 Lys 1.05
 Thr 0.73
 Trp 0.24
 Calcium 4.33
 Sodium 0.18
 Available P 0.48

1Naturally contaminated deoxynivalenol (DON) corn and rice culture 
containing aflatoxin (AFLA) spared corn to produce the 3 evaluated 
mycotoxin levels. 

2Assayed values of AFLA B1 as determined by HPLC for the low, 
medium, and high levels, respectively. Wk 1–3: 0.66 mg/kg, 1.85 mg/
kg, and 2.65 mg/kg; wk 4–6: 0.58 mg/kg, 1.65 mg/kg, and 2.40 mg/kg.

3Vitamin premix added at this rate yields 11,023 IU of vitamin A, 
3,858 IU of vitamin D3, 46 IU of vitamin E, 0.0165 mg of B12, 5.845 mg 
of riboflavin, 45.93 mg of niacin, 20.21 mg of d-pantothenic acid, 477.67 
mg of choline, 1.47 mg of menadione, 1.75 mg of folic acid, 7.17 mg of 
pyroxidine, 2.94 mg of thiamine, 0.55 mg of biotin per kg of diet. The 
carrier is ground rice hulls.

4Trace mineral premix added at this rate yields 149.6 mg of Mn, 125.1 
mg of Zn, 16.5 mg of Fe, 1.7 mg of Cu, 1.05 mg of I, 0.25 mg of Se, a 
minimum of 6.27 mg of Ca, and a maximum of 8.69 mg of Ca per kg of 
diet. The carrier is calcium carbonate, and the premix contains less than 
1% mineral oil.

5Yellow PixafilMR 20 – Xanthophyll extract from Aztec marigold (Tag-
etes erecta); Industrias ALCOSA, Apaseo El Grande, Mexico. 
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Table 2. Feed consumption of Lohmann LSL White Leghorn hens fed diets contaminated with aflatoxin and deoxynivalenol with and 
without the addition of deactivation compound (DC)1,2 

Diet DC

Feed consumption 
(g/bird per day)

Wk 1–2 Wk 3–4 Wk 5–6 Wk 1–6 Wk 7–10

Treatment mean      
 Control No 112.0 111.4 118.0a 113.8 117.1
 Control Yes 111.6 110.0 115.8bc 112.5 114.8
 Low3 No 110.6 111.2 116.6abc 112.8 116.5
 Low Yes 113.0 112.5 117.1ab 114.0 117.5
 Medium4 No 110.6 112.3 117.0ab 113.3 117.3
 Medium Yes 110.6 111.5 115.9bc 112.7 116.6
 High5 No 111.0 110.0 113.4d 111.5 116.7
 High Yes 111.4 109.0 115.9cd 111.7 115.9
Main effect      
 Control  111.8 110.7b 116.9 113.1a 116.9
 Low  111.8 111.9a 116.8 113.5a 117.0
 Medium  110.6 111.9a 116.5 113.0a 116.9
 High  111.2 109.5c 114.1 111.6b 116.3
 No 111.0 111.2 116.3 112.8 116.9
 Yes 111.6 110.8 115.9 112.8 116.2
P-value       
 Toxin  0.446 >0.001 >0.001 0.011 0.257
 DC  0.323 0.220 0.463 0.842 0.104
 Toxin × DC  0.387 0.053 0.040 0.123 0.081
 SEM  0.4 0.2 0.3 0.3 0.2

a–dMain effect and treatment means with different superscripts differ at P ≤ 0.05. Groupings of individual treatment means indicate the presence 
of a significant interaction between toxin administration and DC inclusion.

1Contaminated diets were fed for 6 consecutive weeks followed by 4 recovery periods in which the diet was free of mycotoxins.
2Mycofix Select (Biomin GmbH, Herzogenburg, Austria) inclusion of 2.27 kg/ton.
3Target level of 0.5 mg/kg B1 aflatoxin and 1.0 mg/kg deoxynivalenol.
4Target level of 1.5 mg/kg B1 aflatoxin and 1.5 mg/kg deoxynivalenol.
5Target level of 2.0 mg/kg B1 aflatoxin and 2.0 mg/kg deoxynivalenol.

Table 3. Egg production of Lohmann LSL White Leghorn hens fed diets contaminated with aflatoxin and deoxynivalenol with and 
without the addition of deactivation compound (DC)1,2 

Diet DC

Egg production (%)

Wk 1–2 Wk 3–4 Wk 5–6 Wk 1–6 Wk 7–10

Treatment mean      
 Control No 96.88 97.48 98.36 97.56 98.70
 Control Yes 98.06 97.91 97.91 97.96 98.50
 Low3 No 97.77 98.50 97.62 97.96 97.02
 Low Yes 98.50 96.86 97.46 97.61 96.22
 Medium4 No 97.91 98.50 98.05 98.15 97.41
 Medium Yes 98.21 97.76 95.45 97.15 97.21
 High5 No 98.50 95.24 92.26 95.33 97.10
 High Yes 99.10 97.91 96.11 96.88 97.12
Main effect      
 Control  97.47 97.69 98.13a 97.76a 98.60
 Low  98.13 97.68 97.54a 97.78a 96.62
 Medium  98.06 98.13 96.75a 97.65a 97.31
 High  98.80 96.58 92.93b 96.11b 97.11
 No 97.76b 97.43 96.57 97.25 97.56
 Yes 98.47a 97.61 96.11 97.40 97.26
P-value       
 Toxin  0.171 0.319 >0.001 0.015 0.127
 DC  0.045 0.765 0.557 0.723 0.629
 Toxin × DC  0.904 0.77 0.371 0.182 0.968
 SEM  0.21 0.36 0.52 0.26 0.30

a,bMain effect and treatment means with different superscripts differ at P ≤ 0.05. 
1Contaminated diets were fed for 6 consecutive weeks followed by 4 recovery periods in which the diet was free of mycotoxins.
2Mycofix Select (Biomin GmbH, Herzogenburg, Austria) inclusion of 2.27 kg/ton.
3Target level of 0.5 mg/kg B1 aflatoxin and 1.0 mg/kg deoxynivalenol.
4Target level of 1.5 mg/kg B1 aflatoxin and 1.5 mg/kg deoxynivalenol.
5Target level of 2.0 mg/kg B1 aflatoxin and 2.0 mg/kg deoxynivalenol.
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Following the toxin administration period, relative 
hen liver and kidney weights were increased (P < 0.05) 
due to toxins administration at the medium and high 
levels compared with the controls, whereas administra-
tion of the low toxin diet did not affect these param-
eters (Table 6). Relative liver weight in birds fed the 
high toxin diet were increased (P < 0.05) compared 
with all other treatment groups. Medium toxin ad-
ministration increased (P < 0.05) relative liver weight 
compared with the control and low level of administra-
tion. Reductions (P < 0.05) in relative liver and kid-
ney weights were observed in deactivation-compound-
fed birds compared with birds not supplemented with 
deactivation compound following the recovery period. 
Increases (P < 0.05) in BW gain were observed with 
medium toxin administration compared with the con-
trol for the duration of the experiment (Table 5).

DISCUSSION
The dietary inclusion of a combination of AFLA and 

DON negatively affected feed consumption, egg pro-
duction, and feed conversion in a concentration-related 
manner when measured in commercial-strain laying 
hens during peak production. Others researchers have 
reported similar decreases in performance parameters 
in laying hens consuming mycotoxin-contaminated 
feeds. Branton et al. (1989) reported decreased egg 

production in laying hens fed a grain sorghum diet 
contaminated with ZON and DON. Similar observa-
tions were reported by Danicke et al. (2002) with Fu-
sarium-contaminated corn assayed to contain DON and 
ZON. Laying hens fed contaminated corn resulted in 
decreased feed consumption, daily egg mass, and serum 
antibody titers to Newcastle disease virus (Danicke et 
al., 2002). Reductions in egg production attributed to 
AFLA-contaminated feed have also been reported (Fer-
nandez et al., 1994). Reductions in performance-related 
parameters may be associated with decreased intestinal 
functionality associated with mycotoxin feeding as de-
scribed by Applegate et al. (2009), which observed alter-
ations in intestinal morphology and apparent digestible 
energy. Additionally, exposure to DON-contaminated 
feeds negatively affect animal health and performance 
through inhibition of intestinal sodium glucose-linked 
transporter 1 (Awad et al., 2007a,b). The observed re-
ductions in performance in the current trial are most 
likely attributable to the inclusion of AFLA or the com-
bination of multiple mycotoxins because contamination 
only with DON has been reported not to reduce egg 
production and feed intake (Bergsjø et al., 1993), which 
were both observed in the current trial.

Further, mycotoxin inclusion also increased relative 
liver and kidney weights, an indicator of toxicity as-
sociated with mycotoxin ingestion. Increased relative 
liver weight associated with mycotoxin feeding has been 

Table 4. Feed conversion of Lohmann LSL White Leghorn hens fed diets contaminated with aflatoxin and deoxynivalenol with and 
without the addition of deactivation compound (DC)1,2 

Diet DC

Feed conversion 
(g of feed/g of egg)

Wk 1–2 Wk 3–4 Wk 5–6 Wk 1–6 Wk 7–10

Treatment mean      
 Control No 2.00 1.94bcd 2.02 1.98b 1.93
 Control Yes 2.02 1.93bcd 1.98 1.98b 1.91
 Low3 No 1.94 1.89d 1.95 1.93b 1.90
 Low Yes 2.02 1.98b 2.01 2.00ab 2.01
 Medium4 No 1.94 1.94bcd 1.96 1.93ab 1.95
 Medium Yes 1.95 1.97abc 2.11 2.01ab 1.98
 High5 No 1.99 2.03a 2.19 2.07a 2.01
 High Yes 1.97 1.90cd 2.17 2.00ab 2.00
Main effect      
 Control  2.01 1.93 2.00b 1.98 1.92b

 Low  1.98 1.94 1.98b 1.96 1.96ab

 Medium  1.95 1.96 2.03b 1.97 1.97ab

 High  1.98 1.97 2.18a 2.04 2.01a

       
 No 1.97 1.95 2.03 1.98 1.95
 Yes 1.99 1.95 2.07 2.00 1.98
P-value       
 Toxin  0.106 0.517 >0.001 0.026 0.015
 DC  0.221 0.869 0.233 0.265 0.286
 Toxin × DC  0.174 >0.001 0.152 0.022 0.063
 SEM  0.01 0.01 0.02 0.01 0.01

a–dMain effect and treatment means with different superscripts differ at P ≤ 0.05. Groupings of individual treatment means indicate the presence 
of a significant interaction between toxin administration and DC inclusion.

1Contaminated diets were fed for 6 consecutive weeks followed by 4 recovery periods in which the diet was free of mycotoxins. 
2Mycofix Select (Biomin GmbH, Herzogenburg, Austria) inclusion of 2.27 kg/ton.
3Target level of 0.5 mg/kg B1 aflatoxin and 1.0 mg/kg deoxynivalenol.
4Target level of 1.5 mg/kg B1 aflatoxin and 1.5 mg/kg deoxynivalenol.
5Target level of 2.0 mg/kg B1 aflatoxin and 2.0 mg/kg deoxynivalenol.
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Table 5. Body weight and BW gain of Lohmann LSL White Leghorn hens fed diets contaminated with aflatoxin and deoxynivalenol 
with and without the addition of deactivation compound (DC)1,2 

Mycotoxin DC 

BW (g) Weight gain (g)

Initial weight Wk 6 Wk 10 Wk 1−6 Wk 1−10

Treatment mean      
 Control No 1,528.7 1,636.5 1,616.8 107.8 82.8
 Control Yes 1,528.3 1,626.9 1,610.7 98.6 83.3
 Low3 No 1,534.6 1,670.0 1,664.1 136.3 125.3
 Low Yes 1,529.2 1,665.8 1,638.5 136.6 107.6
 Medium4 No 1,534.7 1,669.8 1,658.5 135.0 129.9
 Medium Yes 1,526.5 1,688.7 1,685.5 162.2 161.4
 High5 No 1,527.7 1,637.0 1,640.0 109.3 110.3
 High Yes 1,536.6 1,657.0 1,647.5 120.4 114.6
Main effect      
 Control  1,528.5 1,631.7b 1,613.7 103.2a 83.0b

 Low  1,531.9 1,668.4ab 1,651.3 136.5a 116.5ab

 Medium  1,530.6 1,679.2a 1,671.0 148.6a 145.7a

 High  1,532.2 1,647.0ab 1,643.8 114.8b 112.5ab

 No 1,531.5 1,653.6 1,644.9 122.1 112.1
 Yes 1,530.2 1,659.6 1,645.5 129.4 116.7
P-value       
 Toxin  0.996 0.042 0.055 >0.001 0.004
 DC  0.909 0.635 0.964 0.280 0.693
 Toxin × DC  0.954 0.767 0.647 0.267 0.527
 SEM  6.4 7.6 7.5 4.6 6.2

a,bMain effect and treatment means with different superscripts differ at P ≤ 0.05. Groupings of individual treatment means indicate the presence of 
a significant interaction between toxin administration and DC inclusion.

1Contaminated diets were fed for 6 consecutive weeks followed by 4 recovery periods in which the diet was free of mycotoxins.
2Mycofix Select (Biomin GmbH, Herzogenburg, Austria) inclusion of 2.27 kg/ton.
3Target level of 0.5 mg/kg B1 aflatoxin and 1.0 mg/kg deoxynivalenol.
4Target level of 1.5 mg/kg B1 aflatoxin and 1.5 mg/kg deoxynivalenol.
5Target level of 2.0 mg/kg B1 aflatoxin and 2.0 mg/kg deoxynivalenol.

Table 6. Relative organ weight of Lohmann LSL White Leghorn hens fed diets contaminated with aflatoxin and deoxynivalenol with 
and without the addition of deactivation compound (DC)1,2 

Mycotoxin DC

Relative organ weight (%)

Wk 6 Wk 10

Liver Spleen Kidney Liver Spleen Kidney

Treatment mean       
 Control No 2.24 0.09 0.52 2.41 0.10 0.76
 Control Yes 2.41 0.09 0.56 2.26 0.10 0.67
 Low3 No 2.46 0.09 0.54 2.48 0.10 0.73
 Low Yes 2.39 0.08 0.53 2.49 0.10 0.68
 Medium4 No 3.10 0.10 0.68 2.47 0.10 0.71
 Medium Yes 2.78 0.10 0.59 2.17 0.10 0.67
 High5 No 3.32 0.09 0.62 2.42 0.10 0.72
 High Yes 3.10 0.09 0.61 2.23 0.09 0.70
Main effect       
 Control  2.32c 0.09 0.54b 2.33 0.10 0.72
 Low  2.42c 0.09 0.53b 2.48 0.10 0.70
 Medium  2.94b 0.10 0.64a 2.32 0.10 0.69
 High  3.21a 0.09 0.62a 2.32 0.09 0.71
 No 2.78 0.09 0.59 2.44a 0.10 0.73a

 Yes 2.67 0.09 0.57 2.28b 0.10 0.68b

P-value        
 Toxin  >0.001 0.226 >0.001 0.086 0.397 0.821
 DC  0.185 0.819 0.432 0.004 0.398 0.025
 Toxin × DC  0.163 0.571 0.147 0.238 0.497 0.738
 SEM  0.05 0.001 0.01 0.03 0.001 0.01

a–cMain effect and treatment means with different superscripts differ at P ≤ 0.05.
1Contaminated diets were fed for 6 consecutive weeks followed by 4 recovery periods in which the diet was free of mycotoxins.
2Mycofix Select (Biomin GmbH, Herzogenburg, Austria) inclusion of 2.27 kg/ton.
3Target level of 0.5 mg/kg B1 aflatoxin and 1.0 mg/kg deoxynivalenol.
4Target level of 1.5 mg/kg B1 aflatoxin and 1.5 mg/kg deoxynivalenol.
5Target level of 2.0 mg/kg B1 aflatoxin and 2.0 mg/kg deoxynivalenol.
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reported (Fernandez et al., 1994) and is an expected 
observation as AFLA and its metabolites are present 
at a 10-fold higher level in liver tissue compared with 
muscle tissue (Bintvihok et al., 2002). Aflatoxin con-
tamination is of considerable importance in laying hen 
diets due to the possibility of deposition of metabolites 
in the egg (Oliveira et al., 2000). Mycotoxin feeding, 
specifically AFLA, causes histological lesions in renal 
structures, ultimately modifying renal function by ei-
ther inducing lesions or altering ion transport resulting 
in increases in Ca, Na, and phosphate fraction excre-
tions (Martínez-de-Anda et al., 2010).

Of the parameters affected by toxin administration, 
feed conversion, egg production, and feed consumption 
were consistently improved when deactivation com-
pound was included in the high toxin administration 
diet. Similarly, inclusion of the deactivating compound 
reduced relative liver and kidney weights compared 
with observed increases in relative weights in nonde-
activation-compound-administered toxin-challenged 
hens. The addition of the deactivating compound used 
in the current study has previously been observed to 
positively influence production parameters in laying 
hens in the presence of mycotoxins (Danicke et al., 
2002). Taken together, these observations suggest that 
the dietary inclusion of deactivation compound can 
spare in-production hens from performance losses and 
physiological insult when ingesting diets contaminated 
with a combination of AFLA B1 and DON.
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