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SWINE DAY 2014

Effects of an Algae-Modified Montmorillonite
Clay on Growth Performance of Nursery Pigs
Fed Diets Contaminated with Low Levels

of Deoxynivalenol

8.Q. Fowler, H.L. Frobose, M.D. Tokach, J.M. DeRouchey,
S.S. Dritz*, R.D. Goodband, and J.L. Nelssen

Summary

A total of 360 barrows (PIC 1050; initially 25.1 Ib and 45 d of age) were used ina 21-d
growth trial to evaluate the effects of an algac-modified montmorillonite clay (AMMC)
on nursery pig performance when fed diets contaminated with low levels of deoxyniva-
lenol (DON). Pigs were allotted to pens by weight, and pens were randomly assigned to
1 of 9 dietary treatments arranged in a 3 x 3 factorial with main effects of DON (0, 1.5
ppm, or 3.0 ppm) and AMMC inclusion (0, 0.17%, or 0.50% ). There were 5 pigs per
pen and 8 pens per treatment. Mycotoxin analyses were conducted on the main ingredi-
ents at NDSU? and LDA Labs*, and the results were used in diet formulation. Naturally
contaminated wheat (6.03 ppm DON) was used to produce diets with desired DON
levels. No significant DON x AMMC interactions were observed during the entire
study. Overall (d 0 to 21), increasing DON concentration in the diet decreased (1.22
vs. 1.10 vs. 1.07 Ib; linear, P < 0.001) ADG and d-21 BW as a result of decreased ADFI
(2.13 vs.2.05 vs. 2.11 Ib; quadratic, P < 0.01) and poorer feed efficiency (1.49 vs. 1.50
vs. 1.64; linear, P < 0.001). As expected, DON-related growth reductions were most
marked from d 0 to 7 (15 to 22% lower) and least distinct in the final period, d 14 to

21 (5 to 6% lower). Incorporating AMMC at increasing levels had no effect on ADG,
ADF], feed efficiency, or final BW. Overall, the results of this study reinforce prior
research showing that even low levels of DON significantly reduce nursery pig growth,
but the addition of AMMC does not offset the deleterious effects of DON.

Keywords: deoxynivalenol, montmorillonite clay, nursery pigs, vomitoxin

Introduction

Deoxynivalenol (DON), also known as vomitoxin, is a mycotoxin commonly found in
wheat, corn, and other cereal grains. During wet, cool periods of the growing season,
Fusarium graminearum forms a head blight, producing DON as a secondary metabo-
lite. Because DON occurs frequently and at toxicologically relevant concentrations and
pigs are the most susceptible livestock species, it is one of the most important mycotox-
ins for swine producers to be aware of. At low concentrations (<1 ppm), DON causes
decreased feed intake and upregulation of the immune system; at high levels (>10 ppm),
it can cause complete feed refusal and vomiting. Deoxynivalenol remains challenging

! Appreciation is expressed to Olmix N.A. (Black River Falls, WT) for partial financial support.

? Department of Diagnostic Medicine/Pathobiology, College of Veterinary Medicine, Kansas State
University.

3 North Dakota State University Veterinary Diagnostic Laboratory, Fargo, ND.

“ LDA Labs, Ploufragan, France.
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for livestock producers because commonly used detoxifying agents such as bentonite
clay and activated aluminosilicates, which are known to be effective against aflatoxins,
are largely ineffective against DON. These additives may be ineffective against DON
because the DON molecule is too large to become trapped within the clay matrix.
However, it is hypothesized that an algae-modified montmorillonite clay (AMMC),
which uses a patented process (Amadeite; Olmix, Brehan, France) to incorporate algae
polysaccharides and expand the layers of the clay, may alleviate the growth reductions
associated with feeding DON-contaminated grains. Therefore, the objective of this
study was to evaluate the effects of currently recommended levels of AMMC on the
growth performance of nursery pigs fed diets containing low levels of DON.

Procedures

The Kansas State University Institutional Animal Care and Use Committee approved
the protocol used in this experiment. The trial was conducted at the K-State Segregated
Early Weaning Facility in Manhattan, KS. A total of 360 barrows (PIC 1050; 25.1 +
0.5 Ib and 45 d of age) were used in a 21-d experiment with 8 replicate pens per treat-
ment and 5 pigs per pen.

Pigs were shipped to the facility immediately postweaning and placed in 2 identical
nurseries, cach containing 40 pens (5 ft x 5 ft). Upon arrival, pigs were placed in pens
by weight and fed a common diet until approximately 25 Ib.

On d 0, pigs were re-weighed and pens were randomly assigned to 1 of 9 dietary treat-
ments in a 3 x 3 factorial arrangement with DON and AMMC inclusion as main
effects (Table 1). The 9 dietary treatments consisted of 3 positive control (PC) diets
without DON with 0, 0.17%, or 0.50% AMMC added, 3 low negative control (Low
NC; 1.5 ppm DON) diets with 0, 0.17%, or 0.50% AMMC, and 3 high negative
control (High NC; 3 ppm DON) diets with 0, 0.17%, or 0.50% AMMC. The AMMC
that was supplied by Olmix N.A. (Black River Falls, WT) is typically reccommended to
be included at 0.17% and was added at the expense of corn in diet formulation. Diets
exceeded NRC (2012°) nutrient requirements, and apart from the inclusion of DON
and AMMC were formulated to be identical in nutrient composition.

Diets were manufactured in meal form at the K-State O. H. Kruse Feed Mill in
Manbhattan, KS. Hard red winter wheat naturally contaminated with DON was
sourced (Table 2; 6.03 ppm DON) and incorporated into diets to achieve desired
dietary DON levels. Prior to diet manufacturing, a total of 60 subsamples were
collected from both a high-DON and DON-free wheat source. These samples were
homogenized and split into duplicate samples, which were then sent for mycotoxin
analysis at NDSU (North Dakota State University Veterinary Diagnostic Labora-
tory, Fargo, ND) and LDA Labs (Ploufragan, France). The lab at NDSU conducted
an 18-component toxin screen using a combination of mass spectrometry, ELISA, and
HPLC. LDA Labs performed a 43-component toxin screen using high-pressure liquid
chromatography/mass spectrometry analyses. Due to concerns that high-DON wheat
may also have a different amino acid profile than DON-free wheat, both wheat sources
were analyzed for amino acid content (Table 3) at the University of Missouri Agricul-
tural Experiment Station Chemical Laboratories (Columbia, MO), and diet formula-

>NRC. 2012. Nutrient Requirements of Swine. 11th ed. Natl. Acad. Press, Washington, DC.
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tion was adjusted to account for the differences. Following final diet manufacturing,
diet samples were sent to NDSU and the University of Missouri for mycotoxin

(Table 4) and proximate analysis (Table 5).

Average daily gain, ADFI, and F/G were determined by weighing pigs and determining
feed disappearance on d 0, 7, 14, and 21 (Tables 6 and 7). Each pen contained a 4-hole,

dry self-feeder and a nipple waterer to provide ad libitum access to feed and water.

Data were analyzed using the MIXED procedure of SAS (SAS Institute, Inc., Cary,
NC) with the main effects and their interactions serving as fixed effects and barn as a
random effect. Means were evaluated using preplanned linear and quadratic orthogonal
contrasts. The coefficients for the unequally spaced linear and quadratic contrasts were
derived using the IML procedure in SAS. Least squares means were calculated for each
independent variable. Results were considered significant if P-values were < 0.05 and
tendencies if 0.05 > and P < 0.10.

Results and Discussion

Proximate and amino acid analysis of DON-contaminated wheat revealed protein and
amino acid levels marginally but consistently higher than the DON-free wheat source.
Fusarium pathogens are known to not only produce secondary metabolites such as
mycotoxins but also alter the nutrient content of the affected grain source.® Because
these alterations in nutrient content are inconsistent, it is critical to account for these
differences in diet formulation to assess the true impact of mycotoxin contamination
on animal performance.

In the present study, analyzed DON concentrations in the naturally DON-contami-
nated wheat differed between NDSU (8.4 ppm) and LDA Labs (6.03 ppm). Although
very low levels of several other mycotoxins were detected in the DON-contaminated
wheat source, the levels observed were below concentrations necessary to elicit reduc-
tions in animal performance due to individual toxin exposure; however, the impact

of interactive effects between toxins cannot be completely excluded. To ensure that
final diet DON levels were adequate to achieve a DON-associated reduction in perfor-
mance, the analysis from LDA Labs was used as the basis for diet formulation. Analyzed
DON in the final diets revealed levels that were within 20% of the targeted DON level,
averaging 1.73 and 3.20 ppm for the 1.5 and 3.0 ppm targets, respectively. Furthermore,
proximate analyses of the final diets were generally in line with formulated levels.

Regarding growth performance, a tendency fora DON x AMMC interaction (linear,
P < 0.10) was observed for d 0 to 7, where increasing AMMC tended to improve ADG
in PC and low-NC diets but tended to decrease ADG in high-NC diets. This interac-
tion for ADG appeared to be driven by a tendency for a F/G interaction (linear, P <
0.10) in which increasing AMMC inclusion worsened feed efficiency in high-NC diets
whereas feed efficiency remained similar in pigs fed PC and low-NC diets regardless of
AMMC inclusion. Furthermore, a tendency for a DON x AMMC interaction for feed
efficiency (quadratic, P < 0.10) was observed from d 14 to 21 and overall (d 0 to 21),

¢ Matthaus, K., S. Danicke, W. Vahjen, O. Simon, J. Wang, H. Valenta, K. Meyer, A. Strumpf, H.
Ziesenib, and G. Flachowsky. 2004. Progression of mycotoxin and nutrient concentrations in wheat after
inoculation with Fusarium culmorum. Arch. Anim. Nutr. 58:19-35.
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where increasing AMMC in PC and low-NC diets worsened feed efhciency, whereas in
high-NC diets increasing AMMC initially improved but subsequently worsened F/G at
the 0.50% inclusion rate.

For the main effects of DON on nursery pig growth, results matched expected reduc-
tions in ADG, where pigs experienced the most deleterious effects of DON during the
initial exposure period and seemed to attenuate somewhat over time. Duringd 0 to 7,
ADG decreased (linear, P < 0.001) as DON was increased in diets, driven by both a
decrease in feed intake (linear, P < 0.001) and a worsening of feed efhiciency (linear,

P < 0.001). These responses were expected because they are known to be associated with
upregulation of the immune system during initial exposure. From d 7 to 14, reduced
feed intake (quadratic, P < 0.001) continued to drive ADG lower (linear, P < 0.001)

in pigs fed increasing concentrations of DON. However, increasing DON in the diets
improved (quadratic, P < 0.01) feed efficiency, which may be attributed to improved
nutrient utilization at such low feed intake. Nevertheless, from d 14 to 21, the previ-
ously observed negative effects of DON on nursery pig growth were less marked.
Although there was a tendency for reduced ADG (linear, P < 0.10) as DON increased,
ADFI and feed efficiency were similar across treatments. Overall (d 0 to 21), increasing
DON concentration in nursery pig diets caused a reduction in ADG and BW (linear,
P < 0.001), which was driven by lower ADFI (quadratic, P < 0.01) and poorer feed
efficiency (quadratic, P = 0.01).

Although increasing DON in nursery pig diets resulted in the expected reductions in
growth necessary to evaluate the potential effectiveness of a DON-detoxifying agent,

the addition of AMMC at 0.17 and 0.50% did not affect ADG, ADF], feed efficiency,
or final pig BW during the experimental period.

In conclusion, although AMMC does not appear to offset the deleterious effects of low
levels of DON in nursery pig diets, the results of this study indicate that minimizing
DON contamination in swine diets is critical, because even low dietary levels (1.5 to
3.0 ppm) can result in growth performance reductions of 10% or greater. Correcting
suboptimal field conditions to minimize DON concentration is impractical, so addi-
tional research is necessary to identify practical and effective methods to reduce the
negative effects of deoxynivalenol postharvest.
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Table 1. Formulated diet composition (as-fed basis)

Positive control

Low ncgative COIltI'Ol

High negative control

(0 ppm DONY) (1.5 ppm DON) (3.0 ppm DON)
Item AMMC? level: None 0.17%  0.50% None 0.17%  0.50% None 0.17%  0.50%
Ingredient, %
Corn 15.07 14.89 14.53 15.35 15.17 1481 15.63 15.45 15.09
Soybean meal (46.5% CP) 31.58 31.60 31.62 3125 3126 31.29 3092 3093  30.96
Hard red winter (HRW) wheat ~ 50.00  50.00  50.00 25.00 25.00 25.00 - - -
High-DON?® HRW wheat - - - 25.00  25.00  25.00 50.00 50.00 50.00
Monocalcium P, 21% P 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
Limestone 1.00 1.00 1.00 1.05 1.05 1.05 1.10 1.10 1.10
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
L-lysine HCI 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
DL-methionine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
L-threonine 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
Vitamin premix with phytase* 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
AMMC - 0.17 0.50 - 0.17 0.50 - 0.17 0.50
Total 100 100 100 100 100 100 100 100 100
Calculated composition, %
Standardized ileal digestible (SID) amino acids, %
Lysine 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28 1.28
Isoleucine:lysine 64 64 64 65 65 65 65 65 65
Leucine:lysine 118 118 117 118 118 118 117 117 117
Methionine:lysine 31 31 31 31 31 31 31 31 31
Met & Cys:lysine 57 57 57 57 57 57 57 57 57
Threonine:lysine 63 63 63 63 63 63 63 63 63
Tryptophan:lysine 212 212 212 20.7 20.7 20.7 20.3 20.3 20.2
Valine:lysine 68 68 68 69 69 69 70 70 70
Total lysine, % 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43
ME, kcal/lb 1,444 1,442 1,436 1,443 1,441 1,436 1,443 1,440 1,435
SID lysine:ME, g/Mcal 4.02 4.03 4.04 4.02 4.03 4.04 4.02 4.03 4.05
CP, % 22.7 22.7 22.6 22.6 22.6 22.6 22.6 22.6 22.6
Ca, % 0.68 0.68 0.68 0.69 0.69 0.69 0.71 0.71 0.71
P, % 0.68 0.68 0.68 0.69 0.69 0.69 0.71 0.71 0.70
Available P, % 0.50 0.50 0.50 0.51 0.51 0.51 0.51 0.51 0.51
DON, ppm <0.5 <0.5 <0.5 1.5 1.5 1.5 3.0 3.0 3.0
'Deoxynivalenol (DON).

2 AMMC algae-modified montmorillonite clay product (Olmix, Brehan, France).
3 Analyzed DON concentration in wheat was 6.03 ppm at LDA Laboratories (Ploufragan, France).

# Phyzyme 600 (Danisco Animal Nutrition, St. Louis, MO) provided 750 phytase units (FTU) phytase/kg and 0.13% available P released.
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Table 2. Mycotoxin analysis of basal ingredients

Hard red winter wheat

Item, ppm Ground corn DON-free High-DON!
NDSU?
DON <0.50 <0.50 8.40
LDA Labs®
DON -4 --- 6.03
De-epoxy DON --- --- 0.02
15-O-Acetyl DON -- -- 0.07
3-Acetyl DON --- -- 0.03
Zearalenone --- --- 0.02
HT-2 Toxin - - 0.02
Ergocryptin - - 0.08
Ergosin --- --- 0.02
Tenuazonic acid - - 0.05
' Deoxynivalenol (DON).

?North Dakota State University Veterinary Diagnostic Laboratory (Fargo, ND). Samples were sent for 18-compo-
nent mycotoxin analysis and analyzed using a variety of mass spectrometry, ELISA, and HPLC methods. Included
in the table are mycotoxins found at levels above detection limits.

3LDA Labs (Ploufragan, France). Samples analyzed using a 43-component toxin screen using liquid chromatog-
raphy/mass spectrometry analysis methods. Included in the table are mycotoxins found at levels above detection
limits.

# (---) indicates samples were not tested.
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Table 3. Nutrient analysis of basal ingredients (as-fed basis)"

Hard red winter wheat

Item, % DON-free High-DON?*
Moisture 9.14 10.20
Crude protein 11.80 12.20
ADF 3.20 2.50
NDF 8.10 10.30
Crude fat 1.80 2.00
Ash 1.81 1.84
Ca 0.07 0.06
P 0.38 0.44
Amino acid analysis
Lysine 0.40 0.44
Isoleucine 0.41 0.47
Leucine 0.84 0.87
Methionine 0.21 0.22
Cysteine 0.27 0.27
Threonine 0.36 0.38
Tryptophan 0.15 0.17
Valine 0.57 0.47

!Samples were analyzed at the University of Missouri Agricultural Experiment Station Chemical Laboratories
(Columbia, MO).
?Deoxynivalenol (DON).
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Table 4. Mycotoxin analysis of experimental diets (as-fed basis)"

Positive control Low negative control High negative control
(0 ppm DON?) (1.5 ppm DON) (3.0 ppm)
Item AMMC? level: None 0.17%  0.50% None 0.17% 0.50% None 0.17% 0.50%
DON, ppm <0.5 <0.5 <0.5 1.7 1.8 1.7 3.4 2.7 3.5

! Diet samples were analyzed at North Dakota State University Veterinary Diagnostic Laboratory (Fargo, ND). An 18-component mycotoxin
analysis was conducted using a variety of mass spectrometry, ELISA, and HPLC methods. Included in the table are mycotoxins found at levels

above detection limits.
?Deoxynivalenol (DON).
3 AMMC. Algae-modified montmorillonite clay (Olmix, Brehan, France).

Table 5. Nutrient analysis of experimental diets (as-fed basis)"

Positive control Low negative control High negative control

(0 ppm DON?) (1.5 ppm DON) (3.0 ppm)
Item, % AMMC level*  None 0.17%  0.50% None 0.17%  0.50% None 0.17%  0.50%
Moisture 9.77 9.60 9.93 10.04 9.77 9.89 9.97 9.66 9.75
Crude protein 24.9 23.8 242 234 23.2 23.3 23.5 23.7 23.5
ADF 2.6 2.4 2.1 2.7 3.5 2.2 2.5 2.6 2.6
NDF 7.6 7.0 7.5 7.6 8.0 74 6.8 7.2 7.2
Crude fat 2.4 2.6 2.5 2.6 2.9 2.6 2.6 2.8 2.7
Ash 5.14 5.31 5.53 5.53 5.61 5.57 5.65 5.73 5.96
Ca 0.71 0.81 0.82 0.86 0.83 0.76 0.87 0.83 0.89
P 0.74 0.67 0.68 0.69 0.69 0.71 0.69 0.71 0.74
! Samples were analyzed at the University of Missouri Agricultural Experiment Station Chemical Laboratories (Columbia, MO).

? Deoxynivalenol (DON).
3 AMMC. Algae-modified montmorillonite clay (Olmix, Brehan, France).
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Table 6. Effects of an algae-modified montmorillonite clay (AMMC) on growth performance of nursery pigs fed diets contaminated with low levels of

deoxynivalenol (DON)'
Probability, P <
Positive control Low negative control High negative control
DON level: (0 ppm DON) (1.5 ppm DON) (3.0 ppm DON) DON x AMMC

Item AMMC? level: None 0.17% 0.50% None 0.17% 0.50% None 0.17% 0.50% SEM Linear  Quadratic
dOto7

ADG, Ib 0.92 0.86 0.94 0.77 0.75 0.81 0.75 0.74 0.64 0.041 0.053 0.849

ADFI, Ib 1.38 1.38 1.40 1.23 1.24 1.29 1.22 1.21 1.16 0.043 0.235 0.803

F/G 1.49 1.61 1.50 1.62 1.67 1.62 1.66 1.66 1.84 0.060 0.065 0.766
d7tol4

ADG, Ib 1.27 1.26 1.32 1.18 1.08 1.16 1.07 1.06 1.12 0.071 0.987 0.315

ADFI, Ib 1.56 1.68 1.63 1.52 1.42 1.48 1.27 1.35 1.30 0.118 0.258 0.843

F/G 1.23 1.34 1.23 1.29 1.31 1.29 1.18 1.26 1.14 0.087 0.332 0.676
d14to2l

ADG, Ib 1.48 1.52 1.44 1.47 1.38 1.33 1.41 1.42 1.41 0.046 0.527 0.277

ADFI, Ib 2.12 2.11 2.15 2.05 2.06 2.03 2.16 2.03 2.14 0.187 0.851 0.424

F/G 1.43 1.39 1.50 1.40 1.51 1.54 1.53 1.43 1.52 0.132 0.391 0.063
d0to21

ADG, Ib 1.23 1.21 1.23 1.14 1.07 1.10 1.08 1.07 1.06 0.032 0.618 0.268

ADFI, Ib 1.78 1.81 1.86 1.65 1.63 1.67 1.79 1.68 1.75 0.057 0.300 0.884

F/G 1.45 1.50 1.51 1.45 1.53 1.52 1.67 1.57 1.67 0.063 0.570 0.090
Pig weight, Ib

do 25.1 25.2 25.2 25.1 25.1 25.2 25.2 25.1 25.1 0.53 0.965 0.996

d7 31.6 31.2 31.8 30.5 30.4 30.8 30.4 30.3 29.6 0.68 0.415 0.936

d 14 40.5 40.0 41.0 38.8 37.9 39.0 37.9 37.7 374 0.86 0.523 0.662

d21 50.8 50.6 S51.1 49.1 47.5 48.3 47.7 47.6 47.3 1.05 0.740 0.488

' A total of 360 barrows (PIC 1050; initially 25.1 Ib and approximately 45 d of age) were used in a 21-d experiment with 8 replicate pens per treatment and 5 pigs per pen. All diets were fed in meal form.

?Denotes formulated levels. Wheat naturally contaminated with DON (6.03 ppm) was used to incorporate DON into diets at desired concentrations.
3 AMMC. Algae-modified montmorillonite clay (Olmix, Brehan, France).
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Table 7. Main effects of deoxynivalenol (DON) and algae-modified montmorillonite clay (AMMC) on nursery pig performance’

Probability, P <

Formulated DON level?, ppm AMMC? level, % DON AMMC

Item 0 1.5 3.0 SEM None 0.17% 0.50% SEM Linear  Quadratic Linear  Quadratic
dOto7

ADG, Ib 0.91 0.77 0.71 0.026 0.81 0.78 0.80 0.026 <0.001 0.188 0.747 0.353

ADFI, Ib 1.39 1.25 1.19 0.021 1.27 1.28 1.28 0.021 <0.001 0.181 0.789 0.979

F/G 1.53 1.63 1.72 0.057 1.59 1.65 1.65 0.057 <0.001 0.848 0.261 0.396
d7tol4

ADG, Ib 1.28 1.14 1.08 0.060 1.17 1.13 1.20 0.060 <0.001 0.218 0.747 0.148

ADFI, Ib 1.62 1.48 1.30 0.091 1.45 1.48 147 0.091 0.764 <0.001 0.650 0.293

F/G 1.26 1.30 1.20 0.050 1.23 1.30 1.22 0.050 <0.001 <0.01 0.616 0916
d14to2l

ADG, Ib 1.48 1.39 1.41 0.027 1.45 1.44 1.39 0.027 0.087 0.103 0.652 0.935

ADFI, Ib 2.13 2.05 2.11 0.178 2.11 2.06 2.11 0.178 0.754 0.166 0.545 0.370

F/G 1.44 1.48 1.49 0.126 1.46 1.44 1.52 0.126 0.199 0.592 0.741 0.310
d0to21

ADG, Ib 1.22 1.10 1.07 0.020 1.15 1.12 1.13 0.020 <0.001 0.053 0.644 0.292

ADFI, Ib 1.82 1.65 1.74 0.038 1.74 1.71 1.76 0.038 0.357 <0.01 0.629 0.233

F/G 1.49 1.50 1.64 0.050 1.52 1.53 1.57 0.050 <0.001 0.010 0.120 0.790
Pig weight, Ib

do 25.1 25.1 25.1 2.55 25.1 25.1 25.2 2.55 0.999 0.979 0.968 0.998

d7 315 30.6 30.1 3.23 30.8 30.6 30.7 3.23 0.013 0.583 0.922 0.709

d14 40.5 38.5 37.7 4.35 39.0 38.5 39.1 4.35 <0.001 0.376 0.772 0.406

d21 50.8 48.3 47.6 5.38 49.2 48.6 48.9 5.38 <0.001 0.220 0.789 0.510

' A total of 360 barrows (PIC 1050; initially 25.1 Ib and approximately 45 d of age) were used in a 21-d experiment with 24 replicate pens per treatment and 5 pigs per pen. All diets were fed in meal form.
?Denotes formulated levels. Wheat naturally contaminated with DON (6.03 ppm) was used to incorporate DON into diets at desired concentrations.
3 AMMC. Algae-modified montmorillonite clay (Olmix, Brehan, France).
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