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Objective: An experiment was conducted to investigate the response of laying hens fed corn
distiller’s dried grains with solubles (DDGS) that are naturally contaminated with deoxynivalenol
(DON).

Methods: One hundred and sixty 52-week-old Lohmann Brown Lite hens were randomly
allotted to five dietary treatments with 8 replicates per treatment. The dietary treatments were
formulated to provide a range of corn DDGS contaminated with DON from 0% to 20% (i.e.,
5% scale of increment). All laying hens were subjected to the same management practices
in a controlled environment. Body weight, feed intake and egg production were measured
biweekly for the entire 8-week experiment. The egg quality was measured biweekly for 8
weeks. On weeks 4 and 8, visceral organ weights, blood metabolites, intestinal morphology,
and blood cytokine concentrations were measured.

Results: The inclusion of corn DDGS contaminated with DON in the diet did not alter (p>
0.05) the body weight, feed intake, hen-day egg production, egg mass and feed efficiency of
the laying hens. No difference was found (p>0.05) in the egg quality of hens that were fed the
dietary treatments. Furthermore, hens that were fed a diet containing corn DDGS conta-
minated with DON showed no change (p>0.05) in the visceral organ weights, the blood
metabolites, and the cytokine concentrations. The crypt depth increased (p<0.05) as the
amount of corn DDGS contaminated with DON increased. Proportionately, the villus
height to crypt depth ratio of the laying hens decreased (p<0.05) with the increasing level
of corn DDGS contaminated with DON in the diet.

Conclusion: The inclusion of corn DDGS contaminated with DON up to 20% in layer diets
did not cause changes in egg production performance and egg quality, which indicates that
DON is less toxic at the concentration of 1.00 mg DON/kg.
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INTRODUCTION

Mycotoxins are becoming more abundant in the cereals, and their products cause a signifi-
cant negative influence on the animal feed industry. Total mycotoxin contamination accounted
for 25% to 50% in world crop production [1]. Deoxynivalenol (DON) is a naturally existing
mycotoxin that belongs to the trichothecene family. Fusarium graminearum and Fusarium
culmorum are the major fungi that are responsible for producing the DON mycotoxin [2].
The fundamental mode of action of trichothecenes is to block the peptidyl transferase of
60S ribosomal subunits and thereby inhibit protein synthesis [2-4].

There are mounting concerns about the prominent effect of DON on performance and
immune responses in monogastric animals [5]. However, many researchers have reported
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that layers seem to be tolerant to DON, and no responses have
been demonstrated in the growth performance, egg produc-
tion and egg fertility [6,7]. Nevertheless, contradictory adverse
influences were observed with the performance index and
immune responses of laying hens [8]. The different observa-
tions can be attributed to the degree of DON contamination
in feed and the synergetic effect of other mycotoxins in layer
diets. However, to our knowledge, limited information is
known about the impact of layer fed corn distiller’s dried
grains with solubles (DDGS) that is naturally contaminated
with DON.

Thus, the objective of the current study was to determine
the layer response to dose-dependent inclusion of corn DDGS
that are naturally contaminated with DON into the layer diet,
with a special focus on production performance, egg quality,
blood metabolites, organ weights, gut morphology and cyto-
kine concentrations of laying hens.

The present study tested the hypothesis that higher inclu-
sion of corn DDGS that are naturally contaminated with DON
in layer diets will decrease the production performance and
egg quality, as well as gut health.

MATERIALS AND METHODS

Animal care

The animal protocol for the current research was reviewed
and approved by the Chungnam National University Animal
Ethics Committee (Protocol No. CNU-00980).

Birds and housing

One hundred and sixty 52-week-old Lohmann Brown Lite
laying hens were obtained from the commercial farm (75-39,
Juraebonjuk-ro 590beon-gil, Yul-myeon, Icheon-si, Gyeonggi-
do, Republic of Korea). Upon the arrival laying hens were
introduced into the experimental facility and let acclimatized
for the period of two weeks. Four laying hens were housed
in each battery cage equipped with a feeder and two nipple
drinkers. Same management practices were subjected to all
laying hens in an environmentally controlled room main-
tained at 26°C+1°C. Throughout the experiment, 16 hours
of lighting and 8 hours of the dark was maintained.

Experimental design, diets and treatments

At the beginning of the experiment, initial body weight of the
laying hens was recorded and allocated into 1 of 5 dietary treat-
ments with 8 replicate cages per dietary treatment (4 laying
hens in one cage) in a completely randomized design.

Five dietary treatments were formulated to contained corn
DDGS that are naturally contaminated with DON from 0%
t0 20% (as fed basis) in 5% increment in dose dependent man-
ner. Natural deoxynivalenol in corn DDGS was analyzed by
HPLC methods (Danicke et al [8]) and found to contained 5
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mg DON/kg. Accordingly, calculated DON levels of five dif-
ferent diets were 0, 0.25, 0.50, 0.75, and 1.00 mg DON/kg. All
the formulated diets consisted of the same energy and pro-
tein levels to meet or exceed NRC [9] specifications for layers
(Table 1). Laying hens were offered the respective experimen-
tal diet on an ad libitum basis for the period of study and fresh
water was available at all times.

Data collection

Measurements: Pen basis body weight and feed intake were
measured every 2 weeks interval from the beginning of the
experiment. Feed intake was measured as the feed dessaper-
ance from the feeder.

Pen basis egg production was recorded and collected through-
out the experiment. Hen-day egg production, egg mass and
feed efficiency were calculated according to methods described
by Ali et al [10] and Singh et al [11]. Eggs were labeled and
collected separately on weeks 2, 4, 6, and 8 for egg quality
analysis.

Egg quality parameters: Collected all eggs were weighed
using analytical balance (OHAUS explorer E12140, Ohaus
Corp., Florham Park, NJ, USA) and recorded separately based
on the pen. Total of 320 eggs (16 eggs from each treatment
at a time) were randomly selected from the total egg collec-
tion for internal and external quality analysis. Egg quality
measurements were performed as the methods described
by Wickramasuriya et al [12].

The egg width and length were measured using a digital
caliper (MITUTOYO 530-312, Mitutoyo, Japan). Egg shape
index was calculated based on egg length and egg width using
the following equation according to Jayasena et al [13].

Egg shape index = (width of egg/length of egg)x100

The static compression eggshell strength was measured
with the aid of a texture analyzer stable microsystem (TA.XT
Plus Texture Analyzer, Texture Technologies Corp., Scarsdale,
NY, USA). Shell color reflectometer (TSS QCR, Technical
Services and Supplies, York, UK) was used to measure the
eggshell color. Thick albumen height and the Haugh unit of
each egg was measured using an automated Haugh unit sys-
tem (TSS QCD, Technical Services and Supplies, UK). Yolk
color was measured by utilizing yolk colorimeter (TSS QCC,
Technical Services and Supplies, UK) that initially calibrated
with DSM color fan.

Sample collection

At the end of week 4 and 8 of the experiment, one bird from
each replicate cage (8 laying hens from each treatment) was
selected and recorded the live weight before the samples col-
lection. Blood samples were collected from the wing vein
into spray-coated K2 EDTA vacutainer tubes (BD Vacutainer,
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Table 1. Composition of experimental diets (% as fed)
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Treatment (contaminated corn DDGS level)

ftems DDGS-00 DDGS-05 DDGS-10 DDGS-15 DDGS-20
Com 56.17 54.40 52.63 50.85 49.08
Corn DDGS - 5.00 10.00 15.00 20.00
Wheat bran 3.55 2.66 1.78 0.89 -
Soybean meal, 48% 26.35 23.95 21.55 19.15 16.75
Vegetable oil 2.00 2.08 2.17 2.25 233
Limestone 9.20 9.21 9.23 9.24 9.25
Dicalcium phosphate 1.95 1.86 1.78 1.69 1.60
lodized Salt 0.30 0.30 0.30 0.30 0.30
Vit-Min premix” 0.30 0.30 0.30 0.30 0.30
Lysine-HCl 0.06 0.12 0.17 0.23
DL-methionine 0.18 0.18 0.17 0.17 0.16
Calculated composition
ME (kcal/kg) 2,800 2,800 2,800 2,800 2,800
Crude protein (%) 17.9 17.9 17.9 17.9 17.9
Calcium (%) 4.1 4.1 4.1 4.1 4.1
Available phosphorus (%) 0.46 0.46 0.46 0.46 0.46
Total lysine (%) 0.97 0.97 0.97 0.97 0.97
Total methionine (%) 0.46 0.46 0.46 0.46 0.46
Total Met+Cys (%) 0.77 0.77 0.77 0.76 0.76
Total threonine (%) 0.68 0.67 0.66 0.66 0.65
Total isoleucine (%) 0.74 0.73 0.72 0.71 0.70
Total tryptophan (%) 0.21 0.20 0.20 0.19 0.18
Total valine (%) 0.84 0.84 0.84 0.83 0.83
Total arginine (%) 1.14 1.09 1.04 0.99 0.94
DON level” (mg/kg) 0.00 0.25 0.50 0.75 1.00

DDGS, distiller's dried grains with solubles; ME, metabolizable energy.

" Supplied per kilogram of total diets: Fe (FeSO,H,0), 80 mg; Zn (ZnSO,-H,0), 80 mg; Mn (MnSO,-H,0), 80 mg; Co (C0S0,-H,0), 0.5 mg; Cu (CuSO,-H,0), 10 mg; Se (Na,5e0s),
0.2 mg; 1, (Ca(10,)-2H,0) 0.9 mg; vitamin A, 24,000 IU; vitamin D, 6,000 IU; vitamin E, 30 1U; vitamin K, 4 mg; thiamin, 4 mg; riboflavin, 12 mg; pyridoxine, 4 mg; folacine, 2

mg; biotin, 0.03 mg; vitamin Bg, 0.06 mg; niacin, 90 mg; pantothenic acid, 30 mg.
2 Values are calculated based on the corn DDGS inclusion level.

Franklin Lakes, NJ, USA) and BD Vacutainer SST (BD Bio-
sciences, Franklin Lakes, NJ, USA) tubes contain polymer gel
for serum separation. Collected blood samples were trans-
ferred immediately for further processing.

Thereafter, laying hens were sacrificed by cutting the ca-
rotid artery and jugular vein followed bleeding as described
previously by Mota-Rojas et al [14]. To collect the jejunum
samples, the abdominal cavity was opened and exposed the
gastrointestinal tract. The Jejunum was defined as midway
between the point of entry of the bile duct of duodenum and
Meckels diverticulum [15] Approximately 3 cm of the jejunum
tissue sample from the distal jejunum was excised, immedi-
ately flushed with ice-cold phosphate-buffered saline (pH 7.4)
and fixed with 10% neutral-buffered formalin solution for de-
termination of mucosal morphology.

Liver, spleen, ovary and kidney were removed from each
bird and weighed. All these organ weights were expressed as
proportionately to the live body weight of the respective in-
dividual bird.

Sample preparation and laboratory analyses

Blood samples were centrifuged (Micro 12, Hanil Science Co.,
Ltd., Korea) at 3,000xg for 10 min at 4°C and separated the
serum. Separated serum samples were stored in Eppendorf
tubes at —80°C (UniFreez U 400, DAIHAN Scientific Co., Ltd,
Wonju, Korea) for later analysis. Albumin, blood urea nitrogen
(BUN), total protein, globulin and blood enzymes, including
alanine transaminase (ALT), aspartate aminotransferase (AST),
and gamma-glutamyl transferase (GGT) levels were assayed
in the serum samples by an Automatic Biochemistry Analyzer
7180 (HITACHLI, Tokyo, Japan) using commercially available
kit.

Mononuclear cells were separated from the whole blood
using SepMate (STEMCELL Technologies Inc. Vancouver,
BC, V6A 1B6, Canada) tube with the aid of Lymphoprep (Axis-
Shield PoC AS, Oslo, Norway.) solution according to the
method describe Stone et al [16]. Harvested peripheral blood
mononuclear cells were then cleaned, pelleted and stored at
—-80°C (UniFreez U 400, Daihan Scientific Co., Ltd, Korea)
for later analysis.
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Total RNA was extracted from lymphocytes using RNAiso
plus (Takara, Otsu, Japan). The RNA concentration was con-
firmed by BioSpec-nano (Shimadzu, Kyoto, Japan). After 500
ng of RNA was heated at 65°C for 5 min, cDNA was synthe-
sized using ReverTra Ace qPCR RT kit (Toyobo, Osaka, Japan).
The relative gene expressions of interleukin one beta (IL-1p),
interleukin six (IL-6), tumor necrosis factor alpha (TNF-a),
and interferon gamma were measured by quantitative real-
time polymerase chain reaction (PCR) (StepOnePlus real-
time system, ThermoFisher Scientific, Waltham, MA, USA)
with SYBR green PCR reagent (TOPreal qPCR 2X Premix,
enzynomics, Daejeon, Korea) and normalized to the level of
b-actin as a reference gene. The primers sequences for those
genes were shown in Table 2.

Jejunum samples were subjected to the sample prepara-
tion process. Ring-shape and longitudinal shape tissue samples
were excised and dehydrated followed by impregnated in par-
affin wax. From each of these, 6 transverse sections (4 to 6 um)
were cut using microtome, stained with hematoxylin and eo-
sin, and mounted on glass slides. Histological indices were
measured using NIS-Elements Viewer software (Version: 4.20;
NIS Elements, Nikon, Melville, NY, USA) with an inverted
microscope (Eclipse TE2000, Nikon Instruments Inc., Mel-
ville, NY, USA) using a calibrated eyepiece graticule at 4x
magnification. The height and the width of 10 well-oriented
villi and their associated crypts were measured from each slide
according to Ozdogan et al [17]. The villus height to crypt
depth ratio (V:C) was calculated.

Statistical analysis

Data were analyzed as a completely randomized design, us-
ing the general linear model procedure of one-way analysis
of variance in SPSS software (Version 24; IBM SPSS 2016).
The orthogonal polynomial contrasts were used to determine
the linear and quadratic effects of increasing concentrations
of corn DDGS naturally contaminated with DON into the
layer diet. The pen was used as the experimental unit for growth
performance and egg production performance. Selected in-

Table 2. The Primers for quantitative real-time polymerase chain reaction

Wickramasuriya et al (2020) Asian-Australas J Anim Sci 33:313-322

dividual laying hens were considered as experimental units
for the blood metabolites, gut morphology, and visceral or-
gan weights. Diet effect (corn DDGS level) was the single
factor considered for analysis. When treatment effect was
significant (p<0.05), means were separated using Tukey’s mul-
tiple range test procedures of SPSS software (Version 24; IBM
SPSS 2016).

RESULTS

The results of the body weights and feed intake of the layers
fed different level of corn DDGS contaminated with DON
are presented in Table 3. There was no effect (p>0.05) of the
addition of corn DDGS contaminated with DON into the diet
on the body weight of the laying hens during the 8-week ex-
perimental period. Similarly, feed intake did not differ (p>0.05)
among the treatments up to week 6 of the experiment. Fol-
lowing week 8, laying hens fed with a diet containing 15%
contaminated corn DDGS had a higher (p<0.05) feed intake
compared with those fed the 0% contaminated corn DDGS
diet.

Egg production performance and feed efficiency of the
layers fed diets with different levels of corn DDGS contami-
nated with DON appear in Table 4. No differences (p>0.05)
among the dietary treatments were observed for hen-day egg
production, egg mass and feed efficiency of the laying hens.
Similarly, the inclusion of corn DDGS contaminated with
DON into the layer diets up to 20% did not affect (p>0.05) the
internal and external quality measures of the egg (Table 5).

Differences in the proportionate liver, spleen, ovary and
kidney weights were not observed (p>0.05) among laying hens
that were fed different dietary treatments at weeks 4 and week
8 of the experiment (Table 6). Moreover, feeding corn DDGS
contaminated with DON did not affect (p>0.05) the blood
metabolites of the laying hens (Table 7).

The results of the intestinal architecture analysis of the layers
fed different level of corn DDGS contaminated with DON
are presented in Table 8. The increasing level of corn DDGS

Cytokines Primer sequence Gene Bank accession

IL-1P Forward 5'-ATTACCGTCCCGTTGCTTT-3" NM_204524
Reverse 5'-AGTCACAATAAATACCTCCACCC-3

IL-6 Forward 5'-AAATCCCTCCTCGCCAATC-3' NM_204628
Reverse 5'-CCCTCACGGTCTTCTCCA-3'

TNF-a Forward 5'-AGATGGGAAGGGAATGAACC-3' NM_204267
Reverse 5'-GAACTGGGCGGTCATAGAA-3'

IFN-y Forward 5'-CAAGTCAAAGCCGCACATC-3' NM_205149
Reverse 5'-TTCACCTTCTTCACGCCATC-3'

B-actin Forward 5'-TTACCAACACCCACACCC-3 L08165
Reverse 5'-ACACCTTCACCATTCCAGTT-3'

IL-1B, interleukin one beta; IL-6, interleukin six; TNF-a, tumor necrosis factor alpha; IFN-y, interferon gamma.
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Table 3. Body weights and feed intake of the layers fed different level of deoxynivalenol contaminated corn DDGS
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Treatment p-value”
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad

Body weight (g)

Initial 1,849.3 1,919.5 1,916.9 1,842.1 1,915.0 12.59 0.525 0.507

Wk 2 1,842.6 1,900.4 1,900.0 1,857.8 1,893.9 1.1 0.446 0.361

Wk 4 1,956.9 2,019.7 2,006.9 1,969.1 2,015.2 12.73 0.467 0.589

Wk 6 1,987.0 2,042.0 2,008.2 1,952.0 2,028.5 11.15 0.942 0.817

Wk 8 1,993.6 2,045.9 2,022.7 1,970.9 2,032.6 11.62 0.970 0.918
Daily feed intake (g)

Wk 2 95.5 103.2 105.2 100.3 101.1 1.20 0.312 0.085

Wk 4 126.8 1286 129.2 131.4 1288 0.61 0.122 0.162

Wk 6 1178 125.3 1249 134.0 129.0 2.28 0.067 0.411

Wk 8 111.0° 125.1% 126.0° 128.1° 124.0® 1.96 0.028 0.025

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; DON, deoxynivalenol.
" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-

nated with DON into layer diet.
*® Means in the same row with different superscripts differ (p<0.05).

Table 4. Egg production and feed efficiency of the layers fed different level of deoxynivalenol contaminated corn DDGS

Treatment p-value”
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad

Hen day egg production (%)

wk 2 54.69 64.29 72.13 53.57 69.87 3.762 0.462 0.679

wk 4 82.74 81.75 95.41 88.52 88.39 1.493 0.242 0.111

wk 6 86.61 93.75 90.48 91.27 88.50 1.658 0.915 0.285

wk 8 87.76 94.94 89.46 91.67 88.99 1.517 0.942 0.365
Egg mass (g/d/hen)

wk 2 33.81 39.31 45.65 31.49 43.06 2.392 0.462 0.612

wk 4 52.26 54.98 58.79 54.98 54.73 0.890 0.433 0.076

wk 6 55.12 59.91 60.32 61.13 59.38 1.204 0.640 0.924

wk 8 48.69 60.59 56.72 57.80 56.79 1.702 0.921 0.370
Feed efficiency (g feed/g egg mass)

wk 2 2.64 2.77 2.96 3.08 2.4 0.167 0.902 0.216

wk 4 2.44 2.38 2.19 2.40 2.38 0.038 0.694 0.136

wk 6 2.16 2.13 2.08 2.20 2.21 0.048 0.876 0.860

wk 8 2.00 2.07 2.30 2.25 2.23 0.705 0.105 0.347

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; DON, deoxynivalenol.
" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-

nated with DON into layer diet.

contaminated with DON in the diet had a higher (p<0.05)
crypt depth associated with a lower (p<0.05) V:C of the laying
hens in weeks 4 and 8 of the experiment. Nevertheless, no al-
ternations (p>0.05) were observed among treatments for the
villus height and villus width during the experimental period.
Moreover, no effect (p>0.05) was observed in the cytokine
expression of the laying hens in week 4 for corn DDGS con-
taminated with DON-added diet (Table 9). However, in week
8, with the increasing level of corn DDGS contaminated with
DON suppressed the IL-1f cytokine level in the blood.

DISCUSSION

The wide range of naturally occurring mycotoxins in grains,
including oats, wheat, corn, barley and sorghum, are critically
harmful and greatly affect the performance and productivity
of poultry [18]. Animals fed grain contaminated with DON
had detectable toxins in the end products [19]. Although pre-
vious poultry studies showed inconsistent results of DON,
layer chickens were considered to be more resistant to DON
and had fewer impacts compared to other production animals

www.ajas.info 317
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Table 5. Egg quality indices of the layers fed different level of deoxynivalenol contaminated corn DDGS

Treatment p-value"
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad
wk 2
Egg weight (g) 55.33 62.15 63.36 62.64 61.86 1.640 0.255 0.225
Egg width (cm) 4.45 437 4.44 4.38 4.47 0.020 0.337 0.358
Egg length (cm) 5.74 5.76 5.78 5.83 5.73 0.026 0.712 0.723
Shape index 77.43 75.88 76.88 75.43 78.00 0.460 0.263 0.382
Shell strength (g) 5,398.57 5,487.38 4,790.63 5,236.80 4,975.14 139.347 0.501 0.349
Shell colour (%) 25.29 26.63 29.00 29.86 28.38 0.710 0.578 0.786
Albumen height (mm) 10.43 9.00 9.13 9.14 9.00 0.200 0.260 0.408
Haugh unit 100.00 93.00 94.50 93.86 92.75 0.925 0.236 0.266
Yolk colour 5.43 5.75 5.88 6.14 5.43 0.153 0.432 0.693
wk 4
Egg weight (g) 62.06 62.64 62.25 62.81 62.28 0.336 0.811 0.667
Egg width (cm) 437 4.41 4.39 4.45 4.43 0.017 0.185 0.895
Egg length (cm) 5.67 5.78 5.83 5.77 5.73 0.030 0.665 0.120
Shape index 77.09 76.28 75.40 71.07 71.51 0.454 0.619 0.201
Shell strength (g) 5,427.75 4,495.86 5,228.29 5,248.88 5,604.63 140.897 0.117 0.184
Shell colour (%) 26.57 25.00 27.13 27.63 27.75 0.584 0.704 0.527
Albumen height (mm) 9.43 9.75 9.38 10.75 10.13 0.207 0.317 0.176
Haugh unit 95.71 99.00 95.00 100.38 99.13 0.841 0.214 0.110
Yolk colour 6.75 6.75 6.88 6.88 6.63 0.116 0.885 0.542
wk 6
Egg weight (g) 63.76 63.73 63.92 65.32 63.79 0.480 0.642 0.667
Egg width (cm) 442 4.44 447 4.52 4.37 0.019 0.069 0.226
Egg length (cm) 5.64 5.79 5.76 5.79 5.65 0.029 0.149 0.690
Shape index 78.43 76.81 77.54 78.14 77.43 0.435 0.677 0.514
Shell strength (g) 4,934.77 5,326.07 4,673.31 5,150.01 5,373.34 123.667 0.288 0.209
Shell colour (%) 27.49 28.25 32.50 28.14 28.86 0.827 0.209 0.237
Albumen height (mm) 10.67 10.83 10.54 11.89 10.37 0.205 0.093 0.061
Haugh unit 100.75 101.24 100.10 105.76 100.01 0.921 0.161 0.098
Yolk colour 6.71 5.88 5.63 7.00 6.71 0.191 0.066 0.110
wk 8
Egg weight (g) 62.42 63.83 63.55 63.16 63.66 0.446 0.584 0.621
Egg width (cm) 4.40 4.42 438 4.41 4.45 0.018 0.765 0.737
Egg length (cm) 5.77 5.76 5.70 5.77 5.63 0.024 0.434 0.327
Shape index 76.20 76.63 76.77 76.42 79.04 0.356 0.244 0.329
Shell strength (g) 5,036.07 5,231.10 4,733.56 4,766.14 4,698.26 165.511 0.907 0.762
Shell colour (%) 31.00 30.43 30.50 30.25 34.50 0.752 0.402 0.701
Albumen height (mm) 9.50 10.50 10.74 9.60 9.76 0.331 0.556 0.602
Haugh unit 98.01 99.63 102.87 96.60 100.24 1.273 0.467 0.312
Yolk colour 5.00 5.29 5.50 538 5.63 0.189 0.970 0.915

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; DON, deoxynivalenol.
" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-

nated with DON into layer diet.

[18,20].

In the present study, laying hens fed corn DDGS contami-
nated with DON up to 20% (1 mg DON/kg) had no effect on
the body weight, egg production and feed efficiency. In agree-
ment, Sypecka et al [21] did not observe any adverse effects
on the egg production performance of laying hens that were
fed a diet contaminated with 10 mg/kg DON. Similarly, the
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feed intake was also not influenced by the inclusion of corn
DDGS contaminated with DON into the diet up to week 6 of
this experiment. On week 8, laying hens fed with 15% corn
DDGS contaminated with the DON-added diet showed a
higher feed intake compared to that of laying hens fed a diet
without adding corn DDGS contaminated with DON. Ob-
servations of this pronounced feed intake difference after week
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Table 6. Viscera organ weights of the layers fed different level of deoxynivalenol contaminated corn DDGS

Treatment p-value”
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad
wk 4
Liver (%)” 2.51 2.41 2.59 2.49 237 0.045 0.513 0.414
Spleen (%) 0.10 0.10 0.1 0.10 0.10 0.004 0.752 0.382
Ovary (%) 2.56 2.1 2.37 2.33 2.46 0.069 0.961 0.136
Kidney (%) 0.28 0.26 0.27 0.31 0.30 0.008 0.127 0.324
wk 8
Liver (%) 2.14 2.19 2.13 2.1 2.18 0.055 0.995 0.877
Spleen (%) 0.10 0.10 0.11 0.11 0.11 0.003 0.150 0.657
Ovary (%) 2.75 2.53 2.37 2.55 2.57 0.066 0.463 0.150
Kidney (%) 0.25 0.25 0.26 0.25 0.25 0.008 0.847 0.697

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; DON, deoxynivalenol.

" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-
nated with DON into layer diet.

? Organ weights as a percentage of full body weight.

6 suggestied that DON may possess an effect after prolonged
exposure. With a similar notion, Lucke et al [20] noted the
DON effects expression did not depend solely on the dose
but also on the exposure period of the laying hens. Never-
theless, the confounding results of the feed intake in week 8
were contrary to the previous reports, which reported that
DON to reduced feed intake by increasing the satiety [20].
However, the reason for this opposition to the feed intake
results in this study is unknown and unclear.

The effects of the egg quality parameters of the laying hens
fed a diet contaminated with DON were reported in previous
studies [22]. Higher egg weight and lower eggshell propor-
tion and eggshell weight were noticed in the laying hens fed
a diet that was contaminated with DON in different studies
[6,8,22]. Nevertheless, responses of the egg quality parame-
ters in the present study were not affected by the corn DDGS
contaminated with DON addition into the layer diets. An
explanation for these observed differences in the egg quality

Table 7. Blood metabolites of the layers fed different level of deoxynivalenol contaminated corn DDGS

Treatment p-value”
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad
wk 4
Albumin (g/dL) 1.72 1.57 1.52 1.68 1.71 0.03 0.652 0.332
ALT (U/L) 2.06 1.78 2.05 1.94 1.88 0.13 0.824 0.956
AST (U/L) 177.16 165.28 161.96 170.99 167.95 1.94 0.347 0.076
BUN (mg/dL) 0.59 0.74 0.50 0.74 0.67 0.04 0.579 0.919
GGT (U/L) 27.23 27.08 28.93 29.34 26.65 0.80 0.851 0.356
Total protein (g/dL) 6.52 6.38 6.25 6.44 6.56 0.1 0.859 0.405
Globulin (g/dL) 4.80 4.77 4.79 4.76 4.85 0.09 0.883 0.814
wk 8
Albumin (g/dL) 1.38 1.52 1.45 1.52 1.39 0.03 0.914 0.065
ALT (U/L) 0.89 0.81 0.79 0.88 0.70 0.07 0.546 0.886
AST (UL) 167.62 175.29 167.54 160.20 165.31 3.56 0.460 0.880
BUN (mg/dL) 0.65 0.66 0.62 0.56 0.55 0.03 0.121 0.775
GGT (U/L) 21.21 26.47 26.79 26.95 25.14 0.80 0.133 0.161
Total protein (g/dL) 5.61 6.14 6.24 6.31 5.82 0.1 0.471 0.884
Globulin (g/dL) 4.24 4.62 4.78 4.80 4.43 0.10 0.419 0.252

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; GGT,
gamma-glutamyl transferase; DON, deoxynivalenol.

" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-
nated with DON into layer diet.
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Table 8. Intestinal architecture of the layers fed different level of deoxynivalenol contaminated corn DDGS

Treatment p-value”
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad
Wk 4
Villus height (um) 594.36 641.25 607.20 623.92 588.97 21.034 0.862 0.549
Villus width (um) 76.37 70.01 73.63 74.21 76.33 1.299 0.670 0.221
Crypt depth (um) 50.33° 66.71% 89.84"° 91.43" 88.72" 4.453 0.001 0.076
V:C ratio 12.47° 10.06° 7.20° 7.16° 6.93° 0.394 0.001 0.001
Wk 8
Villus height (m) 747.23 832.79 700.07 723.61 737.49 24.596 0.468 0.951
Villus width (um) 76.22 80.77 85.22 74.07 85.96 2.205 0.409 0.960
Crypt depth (um) 69.13° 100.03* 110.47% 126.34" 152.78° 7.130 0.001 0.941
V:C ratio 11.31° 9.13° 6.63° 5.92° 5.15° 0.436 0.001 0.017

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; V:C, villus height to crypt depth ratio; DON, deoxynivalenol.
" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-

nated with DON into layer diet.
*® Means in the same row with different superscripts differ (p<0.05).

parameters in previous studies and in our study could be the
low contamination level of DON (below 1 mg DON/kg) in
our study compared to that of other experimental diets. In
addition, these differences could be explained by the different
DON sensitivities among different layer breeds, as was ob-
served by Chen et al [22].

Organ atrophy or swelling-related weight abnormalities
reflected the inflammatory states or possible tissue damage
caused by toxins [20]. In a previous study, Awad et al [23]
reported that DON reduced relative kidney weight, which
suggested that DON damaged the kidney cells. With this in
mind, the liver, spleen, ovary and kidney weight of the laying
hens in this study were measured and were expressed pro-
portionately to the live body weight of the respective birds.
However, different dietary treatments had no effect on the

relative liver, spleen, ovary, kidney weights of the laying hens
in the present study. Consistent with our results, previous
studies found that liver, spleen, bursa and heart weights of
the chickens and turkeys were not affected by DON contami-
nations in the diet [4,7,8]. Perhaps the observation can be
ascribed to the fact that chickens are less sensitive to DON
toxins. No difference was observed in the relative organ weights
in this study, which further supported the blood metabolites
results of the study.

In the present study, the addition of corn DDGS contami-
nated with DON into the layer diet up to 20% did not affect
the blood albumin, BUN, total protein and blood globulin of
the laying hens. Moreover, laying hens fed with added corn
DDGS contaminated with a DON diet did not influence the
blood enzyme levels of ALT, AST, and GGT. All blood bio-

Table 9. Cytokine expression of the layers fed different level of deoxynivalenol contaminated corn DDGS

Treatment p value”
Items SEM
DDGS00 DDGS05 DDGS10 DDGS15 DDGS20 Lin Quad
Wk 4
IL-1B 234 1.54 58.74 21.46 95.76 15.204 0.087 0.678
IL-6 4.11 235 37.02 2230 70.67 11.708 0.113 0.639
IFN-y 58.61 41.24 1,210.21 886.47 2,230.95 415.566 0.140 0.757
Wk 8
IL-1B 0.26° 0.25° 017" 0.01° 0.03° 0.034 0.001 0325
IL-6 0.01 0.03 0.01 0.00 0.01 0.003 0337 0.888
IFN-y 0.01 0.01 0.01 0.00 0.00 0.002 0.084 0519
TNF-a 0.27 0.28 0.30 0.12 0.23 0.026 0.209 0.991

Values are least square means of 8 replicates.

DDGS, distiller's dried grains with solubles; SEM, pooled standard error of mean; IL-1p, interleukin one beta; IL-6, interleukin six; TNF-a, tumor necrosis factor alpha; IFN-y,

interferon gamma; DON, deoxynivalenol.

" Orthogonal polynomial contrast coefficients were used to determine linear (Lin) and quadratic (Quad) effects of increasing concentrations of corn DDGS naturally contami-

nated with DON into layer diet.
*® Means in the same row with different superscripts differ (p<0.05).
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chemical parameters towards the protein metabolism were
analyzed in the present study, in view of the protein synthesis
inhibitor potential of DON [22,24]. Nevertheless, no differences
in blood parameters were observed, which may be attributed
to the lower DON concentrations (1.00 mg/kg) in the experi-
mental diet. Chen et al [22] observed no abnormalities of blood
AST and ALT levels as functional indicators of the liver and
no liver weight changes in the slow-growing black-feathered
Taiwan country chickens that were fed a diet contaminated
by DON up to 10 mg/kg. In support of this notion, no liver
weight differences, along with similar blood metabolites, were
observed among treatments of this study.

As evidenced, DON altered the small intestinal morphol-
ogy of the chickens, specifically in the duodenum and jejunum
with thinner and shorter villi together with irregular crypts
[7]. Similarly, corn DDGS contaminated with DON-fed lay-
ing hens in the present study showed a higher crypt depth
associated with a lower V:C at weeks 4 and 8 of the experi-
ment. Interestingly, between 10%-20% inclusion of corn DDGS
contaminated with DON in the diet observed a similar crypt
depth and villus to crypt depth ratio of the laying hens. The
higher crypt depth commensurate with lower villus height
that was observed could be ascribed to the fact that the DON
toxin affects the intestinal morphology and functions. None-
theless, the jejunum villus height and villus width were not
affected by the addition of the DON contaminated corn DDS
to the diets of laying hens.

Awad et al [7] reviewed the effect of DON on cytokine gene
expression, although information on cytokine expression in
chickens when fed naturally contaminated grains was lacking.
Similar to most of the other measured indices in this study,
cytokine expressions levels also did not show any differences
among the treatments in week 4. In mice, DON induced the
mRNAs for the proinflammatory cytokines when fed with a
higher dosage (above 5 to 25 mg/kg body weight), and the
effect was nonsignificant for lower doses [25]. Moreover, it
was reported that feeding grains naturally contaminated by
up to 12 mg of DON/kg was not immunotoxic to poultry [7].
Feeding DON for a long time resulted in lower TNF-a in plasma,
which indicated that DON could affect immune function,
therefore, leading to a higher infectious disease susceptibility
in chickens [18]. Even though the TNF-a level of this study
was not affected week 8, the observed lower IL-1p in plasma
may follow the same mechanism as TNF-a. This observation
may also be related to the observed higher cell turnover (lower
V:C ratio) in the small intestine.

In conclusion, hens that were fed a diet containing corn
DDGS contaminated with DON showed no changes in egg
production performance and the egg quality indicate that
DON is less toxic at the concentration of 1.00 mg DON/kg.
However, further investigation to determine the breakthrough
DON dosage that affect layer performance and egg quality is

AJAS

warranted.

CONEFLICT OF INTEREST

We certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manu-
script.

ACKNOWLEDGMENTS

This work was supported by “Cooperative research pro-
gram of Agriculture science and technology development
(PJ01093203)” Rural Development Administration, Republic
of Korea.

REFERENCES

1. Ricciardi C, Castagna R, Ferrante I, et al. Development of a
microcantilever-based immunosensing method for mycotoxin
detection. Biosens Bioelectron 2013;40:233-9. https://doi.org/
10.1016/.bi0s.2012.07.029

2.Lee JT, Jessen KA, Beltran R, et al. Effects of mycotoxin-con-
taminated diets and deactivating compound in laying hens:
2. Effects on white shell egg quality and characteristics. Poult
Sci2012;91:2096-104. https://doi.org/10.3382/ps.2012-02137

3. McLaughlin, Calvin S, Feinberg B. Biochemical mechanism
of action of trichothecene mycotoxins. In: Trichothecene
mycotoxicosis pathophysiologic effects (1989), pp. 27-36.
Boca Raton, FL, USA: CRC Press; 1989.

4. Smith TK, Boermans HJ, Woodward B. Effects of feed-borne
Fusarium mycotoxins on hematology and immunology of
turkeys. Poult Sci 2005;84:1698-706. https://doi.org/10.1093/
ps/84.11.1698

5. Diénicke S, Beineke A, Berk A, Kersten S. Deoxynivalenol
(DON) contamination of feed and grinding fineness: are there
interactive implications on stomach integrity and health of
piglets? Toxins 2017:9:16. https://doi.org/10.3390/toxins9010016

6. Kubena LE Harvey RB, Corrier DE, Huff WE, Phillips TD.
Effects of feeding deoxynivalenol (DON, vomitoxin)-conta-
minated wheat to female White Leghorn chickens from day
old through egg production. Poult Sci 1987;66:1612-8. https://
doi.org/10.3382/ps.0661612

7. Awad WA, Ghareeb K, Bohm J, Razzazi E, Hellweg P, Zentek J.
The impact of the Fusarium toxin deoxynivalenol (DON) on
poultry. Int J Poult Sci 2008;7:827-42. http://dx.doi.org/10.3923/
ijps.2008.827.842

8. Danicke S, Ueberschar KH, Halle I, Matthes S, Valenta H,
Flachowsky G. Effect of addition of a detoxifying agent to
laying hen diets containing uncontaminated or Fusarium
toxin-contaminated maize on performance of hens and on
carryover of zearalenone. Poult Sci 2002;81:1671-80. https://
doi.org/10.1093/ps/81.11.1671

www.ajas.info 321



AJAS

9. National Research Council. Nutrient requirements of poultry.
Washington, DC, USA. National Academies Press; 1994.
10.Ali M, Farooq M, Durrani FR, Chand N, Sarbiland K, Riaz A.
Egg production performance and prediction of standard limits
for traits of economic importance in broiler breeders. Int ]
Poult Sci 2003;2:275-9. http://dx.doi.org/10.3923/ijps.2003.
275279

11.Singh R, Cheng KM, Silversides FG. Production performance
and egg quality of four strains of laying hens kept in conven-
tional cages and floor pens. Poult Sci 2009;88:256-64. https://
doi.org/10.3382/ps.2008-00237

12.Wickramasuriya SS, Yi Y], Yoo J, et al. Comparison of produc-
tion performance and egg quality characteristics of five strains
of Korean native chickens. Korean J Poult 2015;42:299-305.
https://doi.org/10.5536/KJPS.2015.42.4.299

13.Jayasena DD, Cyril HW; Jo C. Evaluation of egg quality traits
in the wholesale market in Sri Lanka during the storage period.
J Anim Sci Technol 2012;54:209-17. https://doi.org/10.5187/
JAST.2012.54.3.209

14.Mota-Rojas D, Maldonado M], Becerril MH, et al. Welfare at
slaughter of broiler chickens: a review. Int J Poult Sci 2008;7:1-
5. http://dx.doi.org/10.3923/ijps.2008.1.5

15.Zhang J, Li C, Tang X, Lu Q, Sa R, Zhang H. Proteome changes
in the small intestinal mucosa of broilers (Gallus gallus) indu-
ced by high concentrations of atmospheric ammonia. Proteome
Sci 2015;13:9. https://doi.org/10.1186/s12953-015-0067-4

16.Stone M, Murcia K, Dimapasoc M, et al. Maximizing PMBC
recovery and viability: a method to optimize and streamline
peripheral blood mononuclear cell isolation, cryopreserva-
tion, and thawing. Boston, MA, USA: BioProcess Int; 2015.

17.0zdogan M, Wellmann K, Paksuz E. Effect of gossypol on
blood serum parameters and small intestinal morphology
of male broilers. ] Anim Physiol Anim Nutr 2012;96:95-101.
https://doi.org/10.1111/j.1439-0396.2010.01126.x

18.Awad W, Ghareeb K, Bohm J, Zentek J. The toxicological im-

322 www.ajas.info

Wickramasuriya et al (2020) Asian-Australas J Anim Sci 33:313-322

pacts of the Fusarium mycotoxin, deoxynivalenol, in poultry
flocks with special reference to immunotoxicity. Toxins 2013;
5:912-25. https://doi.org/10.3390/toxins5050912

19.Sobrova P, Adam V, Vasatkova A, Beklova M, Zeman L, Kizek
R. Deoxynivalenol and its toxicity. Interdiscip Toxicol 2010;
3:94-9. https://doi.org/10.2478/v10102-010-0019-x

20.Lucke A, Doupovec B, Paulsen P, Zebeli Q, B6hm J. Effects of
low to moderate levels of deoxynivalenol on feed and water
intake, weight gain, and slaughtering traits of broiler chickens.
Mycotoxin Res 2017;33:261-71. https://doi.org/10.1007/s12550-
017-0284-z

21.Sypecka Z, Kelly M, Brereton P. Deoxynivalenol and zearale-
none residues in eggs of laying hens fed with a naturally con-
taminated diet: effects on egg production and estimation of
transmission rates from feed to eggs. ] Agric Food Chem 2004;
52:5463-71. https://doi.org/10.1021/jf040039d

22.Chen S, Li YH, Lin ME Chronic exposure to the Fusarium
mycotoxin deoxynivalenol: Impact on performance, immune
organ, and intestinal integrity of slow-growing chickens. Toxins
2017;9:334. https://doi.org/10.3390/toxins9100334

23.Awad WA, Ghareeb K, Dadak A, Hess M, Bohm J. Single and
combined effects of deoxynivalenol mycotoxin and a microbial
feed additive on lymphocyte DNA damage and oxidative stress
in broiler chickens. PloS one 2014;9:88028. https://doi.org/10.
1371/journal.pone.0088028

24.Maresca M. From the gut to the brain: Journey and pathophy-
siological effects of the food-associated trichothecene myco-
toxin deoxynivalenol. Toxins 2013;5:784-820. https://doi.org/
10.3390/toxins5040784

25.Zhou HR, Yan D, Pestka JJ. Differential cytokine mRNA expres-
sion in mice after oral exposure to the trichothecene vomitoxin
(deoxynivalenol): dose response and time course. Toxicol
Appl Pharmacol 1997;144:294-305. https://doi.org/10.1006/
taap.1997.8132



