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Abstract 1 

A total of 240 Hy-Line Brown laying hens with similar body weights of 1.89± 0.12 kg at 24 weeks old 2 

were randomly divided into 4 treatments with 6 replicates, and 10-layer hens per replicate. The 3 

treatments are (1) 1.1% arginine (Arg) without toxin (Arg1 / CON).  (2) 1.1% Arg with a toxin (Arg2), 4 

(3) 1.2% Arg with a toxin (Arg3), (4) 1.3% Arg with a toxin (Arg4). In the results, there was a tendency 5 

(p=0.063) towards higher egg mass in Arg1, Arg3 and Arg4 compared with Arg2. There was also a 6 

tendency (p=0.092) towards higher yolk color in Arg1, Arg3 and Arg4 compared with Arg2. A tendency 7 

(p=0.053) towards lower liver weight was observed in Arg1, Arg3 and Arg4 compared with Arg2. A 8 

tendency (p=0.063) towards higher villus height in the duodenum was observed in ARG1, ARG3 and 9 

Arg4 compared with Arg2. Interleukin (IL)-6 was higher (p<0.05) in Arg2, Arg3 and Arg4 compared 10 

with Arg1, while the interferon (IFN)-γ was higher (p<0.05) in Arg2 compared with Arg4 and Arg1 in 11 

the liver. The toll-like receptor (TLR)-4 and tumor necrosis factor α were higher (p<0.05) in Arg2 12 

compared with Arg3, Arg4, and Arg1. In the muscle, the IL4 was higher (p<0.05) in Arg2, Arg3 and 13 

Arg4 compared with Arg1. The IL6 was higher (p<0.05) in the Arg2 and Arg4 compared with Arg1. 14 

The IFNγ was higher (p<0.05) in Arg2 and Arg3 compared with Arg1, and TLR4 was higher (p<0.05) 15 

in Arg3 compared with Arg1. In the jejunum, Toll-like receptor 4 was higher (p<0.05) in Arg2 compared 16 

with Arg3 and Arg1. The incorporation of Arg in diets of laying hens at 1.1% without mycotoxin, as 17 

well as 1.2% and 1.3% in mycotoxin-contaminated diets, could improve the performance and health of 18 

laying hens. 19 

 20 

 21 

 22 

 23 
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Introduction 26 

Mycotoxin, a harmful secondary metabolite produced by fungi such as aspergillus, penicillium, and 27 

fusarium, are pervasive contaminants in animal feed, posing significant risks to poultry health and 28 

productivity [1]. According to Rodrigues and Naehrer [2], the majority of feeds supplied to farm animals 29 

generally contain higher level of mycotoxins compared to human diets, as human food undergoes more 30 

extensive refining and processing, which helps reduce mycotoxin contamination. Hence, among other 31 

environmental contaminants, mycotoxins are susceptible to exposure in poultry [3]. Mycotoxins are 32 

difficult to identify, particularly in agricultural areas with climates that support the growth of the fungus 33 

producing them [4]. The farm animals most vulnerable to the effects of mycotoxins include pigs and 34 

poultry. Laying hens in particular are highly susceptible to various disease outbreak during the laying 35 

period as intensive egg production can weaken their immune system [5]. For this reason, a substantial 36 

amount of research on the toxicity of mycotoxin has been conducted on these animals [6]. 37 

Globally, it is reported that about 25-50% of poultry feed ingredients especially cereal is being 38 

contaminated by mycotoxins with 5-10% of that contamination becoming perpetual resulting in major 39 

economic loss [7]. Mycotoxin also has the potential to trigger both acute and long-term consequences 40 

including carcinogenic, estrogenic, immunosuppressive, and mutagenic effects which in the long run 41 

lead to the deterioration of liver, kidney, poor performance, and reproductive disorders in animals [7-42 

8]. 43 

The majority of research on mitigating mycotoxicosis has concentrated on techniques for the 44 

physical and chemical breakdown of mycotoxin [9], and the use of adsorbents and Anti-mycotoxins 45 

mixed in the feed to absorb, eliminate, or bio-transform mycotoxins, thus lowering the harmful effects 46 

of the toxins [10]. Numerous agents have also been investigated, including those derived from organic 47 

acids and yeasts, especially Saccharomyces cerevisiae, whose cell wall is made up of a large capacity 48 

for adsorption of mycotoxins. These strategies, however, are not always successful against chemically 49 

different mycotoxins, as demonstrated by in vivo investigations [9].  50 



A recent approach in mycotoxin mitigation is the dietary inclusion of functional amino acids 51 

(AA), particularly arginine (Arg), which plays a crucial role in enhancing immune function, improving 52 

antioxidant status, and supporting organ health [11-12]. Despite previous studies on Arg role in 53 

reproduction and growth performance, its potential as a detoxifying agent against mycotoxin-induced 54 

damage in laying hens remains underexplored. The novelty of this study lies in evaluating Arg ability 55 

to mitigate mycotoxin-induced stress in laying hens by modulating inflammatory responses, preserving 56 

organ integrity, and enhancing overall performance. 57 

The detoxification potential of Arg is primarily mediated through multiple physiological 58 

pathways. First, Arg serves as a precursor for nitric oxide synthesis, which is crucial for hepatic 59 

detoxification processes and immune modulation [13-14]. Nitric oxide enhances the breakdown and 60 

clearance of toxic compounds while regulating oxidative stress and inflammation [13, 15]. Additionally, 61 

Arg supports the synthesis of polyamines, which play a vital role in cellular repair and intestinal mucosal 62 

integrity, thereby counteracting mycotoxin-induced intestinal damage [16]. Furthermore, dietary Arg 63 

supplementation at 1.36% in feed could affect production performance and health of laying hens by 64 

promoting hepatic protein synthesis and antioxidant enzyme activity, mitigating the adverse effects of 65 

mycotoxins on liver health [17]. 66 

Therefore, the present research aimed to investigate the impact of dietary Arg levels on laying 67 

performance, egg quality, relative organ weight, intestinal morphology, and immune-related cytokine 68 

expression in laying hens fed a mixed-mycotoxin-contaminated diet. 69 

   70 

Materials and Methods 71 

Birds, experimental designs, and feeds 72 

This project had a total of 240 Hy-Line Brown with similar body weights of 1.89± 0.12 kg at 24 weeks 73 

old. The hens were randomly assigned to 4 treatment groups, comprising 6 replicates, and 10-layer hens 74 

per replicate for 8 weeks. Group 1 was supplemented with 1.1% Arg without toxin (Arg1 / CON). Group 75 

2 was supplemented with 1.1% Arg with a toxin (Arg2), group 3 was supplemented with 1.2% arginine 76 



with toxin (Arg3), and group 4 was supplemented with 1.3% Arg with a toxin (Arg4). The toxin made 77 

from two species of fungi (Aspergillus flavus and Aspergillus parasiticus) were found to produce 78 

mycotoxins at the following concentrations: 392 μg/kg (ppb) of aflatoxin B1, 290 μg/kg (ppb) of 79 

aflatoxin G1, 158 μg/kg (ppb) of ochratoxin A, 136 μg/kg (ppb) of aflatoxin B2, and 0.73 μg/kg (ppb) 80 

of deoxynivalenol. The laying hens were housed in a three-dimensional pen with 16 hours of daily 81 

lighting from a clean 7 W LED bulb (Overdrive, L10NA19DIM 3000 K; White) and good ventilation 82 

at a temperature and relative humidity of 22-24°C, and 60-70%, respectively. The pens were enriched 83 

in accordance with the European Union's standards for the protection of laying hens [18]. Each pen 84 

included a feed trough (12 cm), a perch (15 cm long; providing 15 cm/hen), a nest, and a claw-85 

shortening device. Additionally, each pen had two nipple drinkers (Big Dutchman AG, Vechta-86 

Calveslage, Germany) that were tested on a regular basis, with a total area of 6,400 cm2 (or 1,225 87 

cm2/hen). Feeds and water were supplied ad libitum, and the experiment's nutritional needs were 88 

determined to be either greater than or equal to the nutrient requirements listed in Table 2, which 89 

correspond to the Hy-Line Brown commercial management guide and provided in mash form. Cleaning 90 

and other management procedures were done twice a day between 9:30 am and 4:30 pm. Experimental 91 

environment was precisely controlled during the whole period. 92 

Mycotoxin source 93 

The toxins were distributed by the National Institute of Agricultural Sciences, and cultured in cornmeal 94 

according to the method suggested by Muller et al. [19]. The concentration of mycotoxins in the cultured 95 

corn meal was analyzed and quantified by HPLC according to the method of Moturi et al. [1].  A mixed-96 

mycotoxin model was used to reflect field conditions, where feed ingredients are often contaminated 97 

with multiple mycotoxins rather than a single toxin. Aflatoxins and ochratoxin A were selected for their 98 

hepatotoxic, nephrotoxic, and immunomodulatory effects, whereas deoxynivalenol was included as a 99 

Fusarium-derived toxin associated with reduced feed intake, intestinal dysfunction, and immune 100 

alteration. The cultured mycotoxins with volumes showed in Table 1 were top-dressed at the time of 101 

feeding. The mycotoxin levels in the feed were set to align with the upper limit permitted by the Korean 102 

Control of Livestock and Fish Feed Act (Act No. 19752, Enforcement on October 24, 2023) and the 103 



standard and criteria of Feed (Notification of the Ministry of Agriculture, Food and Rural Development 104 

(MAFRA), No. 2024-04, Enforcement on 4 Apr 2024), ensuring that while they may impact laying 105 

hen’s productivity, they do not cause mortality. 106 

Laying performance and egg quality 107 

Laying performance such as the hen-day-egg-production (HDEP), average egg weight (AEW), 108 

egg mass (EM), average daily feed intake (ADFI), and feed conversion ratio (FCR) were measured 109 

weekly. The HDEP was calculated by dividing the total daily egg output by the number of live hens 110 

during the time, multiplied by 100. The AEW was evaluated using an egg multi-tester (Tohoku Rhythm 111 

Co. Tokyo, Japan), and egg mass (EM) was derived via % HDEP × AEW. The feed consumption was 112 

recorded daily to calculate ADFI, and the FCR was determined using ADFI / EM. 113 

At every 7th day of the experiment (within 25-32 weeks), 20 non-cracked eggs per treatment 114 

were chosen based on their average weight to evaluate egg quality. Egg quality (external and internal) 115 

such as shell color, yolk color, albumin height, and Haugh unit (HU) were evaluated using the egg 116 

multi-tester (Tohoku Rhythm Co. Tokyo, Japan). The shell thicknesses were measured after drying the 117 

eggshells, and the membrane removed. The thickness of each shell was then measured using eggshell 118 

thickness gauge NFN-380 (Fujihara Industry co., Ltd. Tokyo, Japan) by targeting the egg's equator, 119 

pointed end, and blunt end). Shell breaking strength was evaluated using a model II eggshell force gauge 120 

(Robotmation, Tokyo, Japan) [5]. 121 

Relative organ weight  122 

At the end of the experiment (56 days of age), 192 randomly selected hens (8 hens/replicate) were 123 

weighed, humanely euthanized, and samples such as the heart, liver, spleen, and kidney were harvested, 124 

coded, weighed, and analyzed by blinding method to avoid prejudice to dietary treatment. The organ 125 

weight was then analyzed as  126 

 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑜𝑟𝑔𝑎𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑔𝑎𝑛 (𝑔)

𝐵𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
× 100% 127 

 128 



Intestinal morphology 129 

Three cross-sections from each intestinal tissue were collected from all the euthanized birds (8 130 

hens/replicate) using a paraffin embedding technique after staining with azure A and eosin [20]. For 131 

each cross-section, 10 complete, correctly aligned crypt-villus units were selected in triplicate. Villus 132 

height (VH) was determined as the distance from the apex of the villus to the villus-crypt transition, 133 

whereas crypt depth (CD) was evaluated as the depth of the mucosal invagination between adjacent 134 

villi. Image processing and analysis were performed using Optimus software version 6.5 (Media 135 

Cybergenetics, North Reading, MA), with measurements taken in 10-μm increments for all 136 

morphological parameters (VH and CD). 137 

 138 

Relative expression of interleukin-6, interferon-γ, toll-like receptor-4, and tumor necrosis factor-α in 139 

the liver, muscle, and jejunum 140 

Samples from the euthanized laying hens (8 hens/replicate) were further prepared for ribonucleic acid 141 

(RNA) extraction and gene expression analysis. A 100g total RNA was extracted from the lateral lobe 142 

of the liver, 100g muscle from the longissimus dorsi, and 100g jejunum from the center of the jejunum 143 

subsection with the aid of a Trizol reagent (Invitrogen, Carlsbad, CA, USA) following the 144 

manufacturer’s direction. The concentration and purity of the recovered RNA were determined using a 145 

spectrophotometer, with A260/280 ratios ranging from 1.8 to 2.0. The amplification efficiency of all 146 

primer pairs was evaluated using standard curves generated from serial dilutions of pooled cDNA, and 147 

the efficiencies were verified to be within the acceptable average of 97.6%. The relative mRNA 148 

expression levels of the target genes were calculated using the 2-ΔΔCt method. The expression levels 149 

were normalized to the β-actin, which showed stable expression across all treatment groups. The 150 

isolated RNA was diluted to 1 μg/μL and the cDNA formation was achieved using the Improm-II 151 

Reverse transcription system (Promega, Fitchburg, MA, USA). An aggregate of 20 μL reaction was 152 

achieved by adding 10 μL SYBR Premix Ex Taq, 0.8 μL of forward and reverse primer (10 μM), 0.4 153 

μL ROX Reference Dye II (50×), 2.0 μL cDNA template, and 6 μL dd H2O, with beta-actin (β-actin) 154 



as the housekeeping gene as shown in Table 3 [21]. The final polymerized chain reaction (PCR) was 155 

conducted using Mx3000P real-time PCR system (Stratagen, Redmond, WA, USA), and the delta-delta 156 

approach was used to express the outcomes as a relative expression for interleukin-4 (IL4), interleukin-157 

6 (IL6), interferon-γ (IFNγ), toll-like receptor-4 (TLR4), and tumor necrosis factor-α (TNFα) with 158 

cycling condition of 30 s at 95 ◦C, 40 cycles of denaturation step at 95 ◦C for 3 s, 60 ◦C annealing step 159 

for 34 s and a 72 ◦C extension step for 15 s [22]. 160 

 161 

Statistical analyses 162 

Following the confirmation of data normality (Shapiro-Wilk test) and variance homogeneity (Levene’s 163 

test), statistical evaluations were carried out using the General Linear Model (GLM) procedure in SAS 164 

software according to a completely randomized experimental layout. When assumptions were not met, 165 

data were appropriately transformed or analyzed using non-parametric methods. Individual pens 166 

containing the laying hens per treatment were considered the experimental unit for all parameters. The 167 

statistical model used for the analysis was: 168 

Yij=μ+Ti+eij 169 

where: Yij is the observed response variable, μ is the overall mean, Ti is the fixed effect of treatment 170 

(Arg1, Arg2, Arg3, Arg4), eij is the residual error term. Differences were considered statistically 171 

significant at p < 0.05, and trends were discussed when p < 0.10, using Tukey’s Honestly Significant 172 

Difference test for mean separation. 173 

Results 174 

Laying performance 175 

The Effects of dietary Arg supplementation on the laying performance of hens fed a mold-contaminated 176 

diet are shown in Table 4. There was no significant difference in HDEP, AEW, ADFI, and FCR. 177 

However, there was a tendency (p=0.063) towards higher EM as the ARG inclusion level increased in 178 



Arg3 and Arg4, as well as in the in-laying hens supplemented with the Arg without mold contamination 179 

(Arg1) compared with Arg2. 180 

Egg quality 181 

The effects of dietary Arg supplementation on the egg quality of hens fed a mold-contaminated diet are 182 

shown in Table 5. There was no significant difference in the external quality such as shell color, shell 183 

thickness, and shell breaking strength, and the internal quality such as albumin height, and HU. 184 

However, there was a tendency (p=0.092) towards higher yolk color in Arg1, Arg3 and Arg4 compared 185 

with Arg2. 186 

Relative organ weight 187 

The effects of dietary Arg supplementation on the relative organ weight of hens fed a mold-188 

contaminated diet are shown in Table 6. There was no significant difference in the relative weight of 189 

the heart, liver, spleen, and kidney. However, there was a tendency (p=0.053) towards lower liver weight 190 

in the non-toxic diets Arg1 and the mold-contaminated diets with higher levels of Arg (Arg3 and Arg4) 191 

compared with the mold-contaminated diet with lower Arg (Arg2). 192 

Intestinal morphology 193 

The effects of dietary Arg supplementation on intestinal morphology in hens fed a mold-contaminated 194 

diet are shown in Table 7. There was no significant difference in the VH in the duodenum, jejunum, and 195 

ileum. There was also no significant difference in crypt depth in the duodenum, jejunum, and ileum. 196 

Hens fed the ARG1 diet tended to have higher villus height in the duodenum compared to those fed the 197 

AGR2 diet (P = 0.063). 198 

Relative gene expression in the liver, muscle, and jejunum 199 

The relative expression of IL4, IL6, IFNγ, TLR4, and TNFα in the liver of laying hens are shown in 200 

Fig1. There was no significant difference in IL4 across all treatments in the liver. However, IL6 was 201 

higher (p<0.05) in Arg2, Arg3 and Arg4 compared with Arg1. The IFNγ was higher (p<0.05) in Arg2 202 

compared with Arg4 and Arg1. The TLR4 and TNFα were higher (p<0.05) in Arg2 compared with Arg3, 203 



Arg4, and Arg1. Fig. 2 shows the relative expression of IL4, IL6, IFNγ, TLR4, and TNFα in the muscle 204 

of laying hens. The IL4 was higher (p<0.05) in Arg2, Arg3 and Arg4 compared with Arg1. The IL6 was 205 

higher (p<0.05) in the Arg2 and Arg4 compared with Arg1. The IFNγ was higher (p<0.05) in Arg2 and 206 

Arg3 compared with Arg1. The TLR4 was higher (p<0.05) in Arg3 compared with Arg1, and there was 207 

no significant difference in TNFα across all treatments. Fig. 3 shows the relative expression of IL4, IL6, 208 

IFNγ, TLR4, and TNFα in the jejunum of laying hens. There was no significant difference in IL4, IL6, 209 

IFNγ, and TNFα across all treatments. However, TLR4 was higher (p<0.05) in Arg2 compared with 210 

Arg3 and Arg1. 211 

 212 

Discussions 213 

The EM was lower in Arg2 compared with Arg1, Arg3, and Arg4. A possible explanation for 214 

this is the negative effect of mycotoxins on laying performance as previously reported by Lee et al.; 215 

Dazuk et al. [23-24]. On comparing these parameters with diets containing higher levels of dietary Arg 216 

with mycotoxin (Arg3, Arg4) and diets supplemented with Arg without mycotoxin (Arg1), better laying 217 

performance and egg qualities were observed. In its capacity as a vital essential AA, Arg plays a key 218 

role in layer performance. Our result shares similarities with the study by Silva et al. [25] which states 219 

that dietary Arg incorporated at 1.36% showed the highest laying rate. They estimated that Arg could 220 

impact ovarian follicles and the ovaries to enhance the secretion of luteinizing hormone leading to 221 

higher performance in hen. The lower yolk color observed in Arg2 can be related to the prevalence of 222 

aflatoxins in this treatment limiting the synthesis of bile acid. Consequently, this results in lesser 223 

absorption of carotenoid pigments affecting the yolk color [24]. Although the laying performance and 224 

egg qualities were numerically higher in Arg1, Arg3 and Arg4, the results were not significantly 225 

different. This suggests that while Arg may contribute to performance recovery in laying hens, it might 226 

not be sufficient to counteract mycotoxin-induced suppression, potentially due to persistent oxidative 227 

stress and impaired metabolism [26-27]. Contrary to this, a prior study has demonstrated higher growth 228 

performance when AA and peptide were supplemented to ameliorate the effect of mycotoxins in 229 

chicken, mice and pigs [28-29]. We presumed this could have resulted from the synergistic effect of 230 



multiple peptides with each having an added impact. Our study lacked the bolstering advantage as Arg 231 

was the only supplemented AA. While the multi-mycotoxin model used in this study closely mimics 232 

natural feed contamination in practical poultry production, it introduces certain complexities in 233 

interpreting the results. The co-occurrence of aflatoxins, ochratoxin A, and DON likely induced additive 234 

or synergistic toxicological effects, making it challenging to delineate the individual contribution of 235 

each mycotoxin to the observed physiological damages. Furthermore, a key limitation of our 236 

experimental design is the absence of a treatment group supplemented with high levels of Arg under 237 

non-contaminated conditions. Consequently, it is difficult to clearly separate the specific mycotoxin-238 

mitigating effects of Arg from its general nutritional benefits, or to determine whether Arg preferentially 239 

counteracted a single dominant toxin or the complex interactions within the mixture. Future studies 240 

employing a full factorial design (mycotoxin exposure × Arg level) in both contaminated and normal 241 

environments are warranted to fully elucidate these underlying mechanisms. 242 

When laying hen consumes mycotoxins, organ damage occurs concurrently with the body's 243 

detoxification and elimination processes. The liver is principally responsible for the detoxification of 244 

mycotoxins [30], and the accumulation of the detoxified residue is chiefly stored in the liver, kidney, 245 

and other tissues, including the muscles and reproductive organs including the eggs [31-32], 246 

effectuating oedema and liver enlargement [33]. Comparably, CHU et al. [34] noted that hepatic 247 

activities were disrupted due to an upsurge in liver weight and fat deposition in the liver. In this 248 

experiment, there was a tendency (p=0.053) towards lower liver weight in the non-toxic diets (Arg1) 249 

and the mold-contaminated diets with higher levels of L-arginine (Arg3 and Arg4) compared with the 250 

mold-contaminated diet with lower L-arginine (Arg2) having higher liver weight. The higher amount 251 

of Arg incorporation may have suppressed the harmful impact of mycotoxin, and strengthened the 252 

liver’s hepatic function, tentatively preventing oedema accounting for the lower liver weight. This result 253 

suggests that Arg protects immune function and reduces liver damage in layer hen. 254 

Aside from the liver, the small intestine and immune systems of monogastric are the next 255 

acutely affected tissues by mycotoxin infestation as they are important cells with higher protein yield 256 

[23], and to achieve optimum digestion and absorption of nutrients, the mucosa of small 257 



intestine encompassing the CD and VH must have a typical framework [35]. Our study showed a 258 

tendency (p=0.063) towards higher VH in the duodenum in the non-toxic diet supplemented with Arg 259 

(Arg1), and in the mold-contaminated diets with higher levels of Arg (Arg3 and Arg4) compared with 260 

lower Arg (Arg2). A similar report by Yu et al. [36] demonstrated higher VH in laying hens fed Arg-261 

supplemented diets at levels 1.44% above the NRC recommendation. As a metabolic precursor for 262 

polyamines, Arg acts as a trophic agent that enhances intestinal mucosal development by promoting 263 

mitotic activity within the villus-crypt region [36]. This stimulation of villus cell proliferation suggests 264 

an improvement in the intestinal absorptive capacity, which is particularly beneficial under conditions 265 

that challenge gut integrity, such as mycotoxin exposure [16]. 266 

  Pro-inflammatory cytokines such as IL4, IL6, IFNγ, TNFα, and TLR4, are affiliated 267 

with immunological conditions in poultry, and one of the immediate cytokines synthesized when the 268 

immune system is compromised by mycotoxin [37]. As earlier explained that liver plays the front role 269 

in protecting other organs such as the gut against mycotoxin distribution via the muscle, its genetic 270 

expression surges in the liver and muscle [38]. In our report, Arg supplementation, particularly Arg3 271 

and Arg4 appeared to reduce key inflammatory cytokine and immune-related markers in the liver and 272 

muscle tissues than Arg2. We presumed this could be due to the immune system’s defense mechanism 273 

triggered by the elevated level of Arg which can influence cytokine expression patterns. In line with our 274 

study, Ghareeb et al. [39]; Shastak et al. [40] observed a spike in TNFα and IL-2 mRNA in chicken 275 

administered diet compromised with mycotoxin. The digestive tract is a host to high expression levels 276 

of the receptor TLR4. It serves as the gastroinnate immune system's initial barrier to immunity essential 277 

for the transcription and translation of inflammatory mediators [41-43]. Our experiment showed higher 278 

TLR4 in Arg2 compared with Arg3 and Arg1 in the jejunum of laying hens. This could potentially 279 

emerge as a consequence of the toxicity inducing the overexpression of TLR4. Our finding suggests 280 

that elevated levels of Arg may alleviate the effects of mycotoxin toxicity by modifying immune 281 

responses in laying hens. 282 

Conclusion 283 



This study reveals that the incorporation of higher dietary Arg showed a tendency for increased EM and 284 

yolk color. This suggests that supplementing Arg in diets of laying hens at 1.1% without mycotoxin, as 285 

well as 1.2% and 1.3% in mycotoxin-contaminated diets could lower the liver injury incited by 286 

mycotoxin poisoning in feeds. Moreover, higher Arg levels markedly suppressed liver cytokine TNFα, 287 

TLR4, and IFNγ shielding both the liver and immune system. This ameliorated the well-being of 288 

mycotoxin-debilitated laying hens. 289 

 290 
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Table 1. Volume of Mycotoxin 

Items  Volume 

Aflatoxins B1 (µg/kg) (ppb)  392 

Aflatoxins G1 (µg /kg) (ppb)  290 

Ochratoxin A (µg /kg) (ppb)  158 

Aflatoxins B2 (µg /kg) (ppb)  136 

Deoxynivalenol (mg/kg)  0.73 

Aflatoxins G2 (µg /kg) (ppb)  - 

Fumonisin B (1)  - 

Tricothecene-2  - 

- (Not detected) 



Table 2. Formula and chemical composition of basal diets (as-fed basis) 

Items  Basal diet 

Ingredient (%)   

Corn  62.39 

Soybean meal dehulled  17.40 

Rapeseed meal  4.00 

Corn gluten meal (HP)  3.70 

Soy Oil  1.00 

Choline-Liquid (50%)  0.05 

L
-Lysine 78%  0.062 

DL
-Methionine (98%)  0.07 

Limestone (75% coarse: 25% fine)  10.70 

Salt  0.35 

NaHCO3  0.06 

Vitamin premix1  0.11 

Mineral premix2  0.10 

Total  100.00 

Calculated chemical composition   

Metabolizable energy (MJ/kg)  11.50 

Crude protein  17.00 

Crude fat  3.39 

Crude fiber  2.40 

Ash  12.67 

Calcium  4.19 

Phosphorus  0.40 

Sodium  0.16 

Chloride  0.26 

Lysine  0.81 

Methionine  0.37 

Methionine + cysteine  0.67 

Threonine  0.63 

Tryptophan  0.17 

Arginine  1.00 

Analyzed chemical composition   

Gross energy (MJ/kg)  15.93 

Crude protein  17.22 

Crude fat  3.58 

Calcium  4.35 

Phosphorus  0.41 

Arginine  1.07 

Lysine  0.83 

Methionine  0.40 
1
Supplied per kilogram of diet: 16,000 IU vitamin A, 3,000 IU vitamin D

3
, 40 IU vitamin E,

 5.0 mg vitamin K
3
, 5.0 mg vitamin B

1
, 20 mg vitamin B

2
, 4 mg vitamin B

6
, 0.08 mg vitami

n B
12

, 40 mg pantothenic acid, 75 mg niacin, 0.15 mg biotin, 0.65 mg folic acid. 
2
Supplied per kilogram of diet: 45 mg Fe, 0.25 mg Co, 50 mg Cu, 15 mg Mn, 25 mg Zn, 0.3

5 mg I, 0.13 mg Se. 



 

 

 

 

 

 

 

 

 

 

 

Table 3. Primer information 

Relative gene 

expressed 

Primer sequence Accession No./Gen 

Bank 

 

IL4 

 

F: TGTGCCCACGCTGTGCTTACA 

R:  CTTGTGGCAGTGCTGGCTCTCC 

AJ621249.1  

IL6 

 

F:  AGAAATCCCTCCTCGCCAAT 

R:  AAATAGCGAACGGCCCTCA 

NM_204628.1  

IFNγ  F:  CTGAAGAACTGGACAGAGAG 

R:  CACCAGCTTCTGTAAGATGC 

X99774  

TLR4 

 

F:  GTCTCTCCTTCCTTACCTGCTGTTC 

R:  AGGAGGAGAAAGACAGGGTAGGTG 

NM_001030693.1   

TNFα F:  CCCCCAGAAGGAAGAGTTTC 

R:  CGGGCTTATCTGAGGTTTGA 

JF831365.1  

β. Actin  F:  CAACACAGTGCTGTCTGGTGGTA 

R:  ATCGTACTCCTGCTTGCTGATCC 

X00182.1  

Abbreviations: IL (interleukin); IFN (interferon); TLR (toll like receptor); TNF (tumour necrosis 

factor); β. Actin (beta-actin) 



 

 

Table 4. Effects of dietary L-arginine supplementation on laying performance of layers fed a m 

old-contaminated diet
1
 

Item 
Non-toxin  Toxin with Arg SEM p-value 

   Arg1.1  Arg2 Arg3 Arg4   

Hen day egg production (%) 85.62  82.29 84.83 83.85 1.247 0.301 

Average egg weight (g/egg) 61.61  60.66 60.94 61.60 0.539 0.516 

Egg mass (g/egg/bird) 52.77  50.02 51.72 51.66 0.673 0.063 

Feed intake (g/day/bird) 101.94  98.69 99.56 98.18 1.372 0.249 

Feed conversion ratio 1.947  1.987 2.022 1.973 0.041 0.617 

SEM, standard error of mean; 1.1% arginine without toxin (Arg1 / CON); 1.1% Arg with a toxin (Arg

2); 1.2% arginine with toxin (Arg3); 1.3% Arg with toxin (Arg4) 

1
Data represent means based on 8 hens per replicate 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5. Effects of dietary L-arginine supplementation on egg quality of layers fed a mold  

contaminated diet
1
 

Item 

Non-

toxin 

Arg1.1 

 Toxin with Arg 

SEM p-value 
 Arg2 Arg3 Arg4 

External         

Shell color 14.05  13.88 14.03 13.92 0.165 0.852 

Shell thickness (mm) 0.39  0.40 0.40 0.39 0.013 0.280 

Shell breaking strength (kgf) 4.25  4.21 4.22 4.20 0.142 0.996 

Internal        

Yolk color 7.46  7.05 7.42 7.10 0.131 0.092 

Albumin height (mm) 7.20  7.02 7.11 7.14 0.174 0.888 

Haugh unit 82.98  81.25 81.97 82.95 1.292 0.743 

SEM, standard error of mean; 1.1% arginine without toxin (Arg1 / CON); 1.1% Arg with a toxin (Arg2)

; 1.2% arginine with toxin (Arg3); 1.3% Arg with toxin (Arg4) 

1
Data represent means based on 8 hens per replicate 

 

 

 

 

 

 

 

 

 

 

 



 

Table 6. Effects of dietary L-arginine supplementation on relative organ weight (g/100g of BW)  

of layers fed a mold-contaminated diet
1
 

Item 

Non-toxin 

Arg1.1 

 Toxin with Arg 
SEM p-value 

 Arg2 Arg3 Arg4 

Heart 0.55  0.56 0.50 0.52 0.018 0.314 

Liver 2.01  2.38 2.04 2.03 0.104 0.053 

Spleen 0.14  0.16 0.13 0.15 0.013 0.470 

Kidney 0.20  0.21 0.20 0.19 0.019 0.883 

SEM, standard error of mean; 1.1% arginine without toxin (Arg1 / CON); 1.1% Arg with a toxin (Arg

2); 1.2% arginine with toxin (Arg3); 1.3% Arg with toxin (Arg4) 

1
Data represent means based on 8 hens per replicate 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 7. Effects of dietary L-arginine supplementation on intestinal morphology in layers fed a  

mold contaminated diet
1
 

Items 

Non-toxin 

Arg1.1 

 Toxin with Arg 
SEM p-value 

 Arg2 Arg3 Arg4 

Villus height (㎛)        

Duodenum 
1121  1033 1092 1084 21.882 0.063 

Jejunum 
720  704 710 709 25.711 0.976 

Ileum 
496  468 502 494 15.503 0.446 

Crypt depth (㎛)        

Duodenum 
173  171 188 176 12.936 0.784 

Jejunum 
112  104 107 113 8.383 0.854 

Ileum 
84  80 83 81 4.091 0.897 

SEM, standard error of mean; 1.1% arginine without toxin (Arg1 / CON); 1.1% Arg with a toxin (Arg2); 

1.2% arginine with toxin (Arg3); 1.3% Arg with toxin (Arg4) 

1
Data represent means based on 8 hens per replicate 

 

 

 



Figure 1. Relative expression of IL-4, IL-6, IFNγ, TLR4 and TNFα in liver of laying hens.

Abbreviations: IL, Interleukin; IFN, Interferon; TLR, Toll like receptor; TNF, Tumor necrosis factor.

1.1% arginine without toxin (Arg1/CON); 1.1% Arg with a toxin (Arg2); 1.2% arginine with toxin (Arg3); 1.3% Arg with

toxin (Arg4).

Data represent means based on 8 hens per replicate

Bars with different letters (a~b) differ significantly across all 4 treatment groups (P < 0.05).
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Figure 2. Relative expression of IL-4, IL-6, IFNγ, TLR4 and TNFα in muscle of laying hens. 

Abbreviations: IL, Interleukin; IFN, Interferon; TLR, Toll like receptor; TNF, Tumor necrosis factor. 

1.1% arginine without toxin (Arg1/CON); 1.1% Arg with a toxin (Arg2); 1.2% arginine with toxin (Arg3); 1.3% Arg with toxin 

(Arg4). 

Data represent means based on 8 hens per replicate. 

Bars with different letters (a~b) differ significantly across all 4 treatment groups (P < 0.05).
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Figure 3. Relative expression of IL-4, IL-6, IFNγ, TLR4 and TNFα in jejunum of laying hens.

Abbreviations: IL, Interleukin; IFN, Interferon; LR, Toll like receptor; TNF, Tumor necrosis factor. 

1.1% arginine without toxin (Arg1/CON); 1.1% Arg with a toxin (Arg2); 1.2% arginine with toxin (Arg3); 1.3% Arg with toxin 

(Arg4). 
1Data represent means based on 8 hens per replicate 

Bars with different letters (a~b) differ significantly across all 4 treatment groups (P < 0.05).
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