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Background

The current study evaluated the impact of lysophospholipid emulsifiers’ (LPLs) dietary incorporation on ameliorating the negative impacts of oxidative stress in broilers.





Methods

A total of 270 2-week-old male Avian 48 chicks were randomly divided into six experimental groups. The first group fed a basal diet (BD) only, while the second group (+DEX) received BD containing 2 mg/kg dexamethasone. The third and fourth groups consisted of birds fed a BD containing 0.5 and 1 g of LPLSs/kg, respectively. The fifth and sixth groups, received BD containing 1 mg/kg dexamethasone and were supplemented with 0.5 and 1 g of LPLs, respectively.





Results

Separate supplementation of LPLs significantly improved the broilers’ growth as confirmed by increasing final weight, body gain, and FI with improved feed conversion ratio (FCR) (P < 0.05). LPLs also improved the carcass yield (carcass, breast, and thigh muscle percentages, P = 0.0001) and meat quality (water-holding capacity, P < 0.05; tenderness, P < 0.05; pH, P < 0.001; and color, P < 0.05), with notable improvement in intestinal and liver histology and significantly increased intestinal villi length and width (P < 0.001). Furthermore, LPLs improved the serum levels of globulin (P < 0.01), creatinine (P < 0.001), LDL cholesterol (P < 0.001), HDL cholesterol (P < 0.01), and triglycerides (P < 0.001). Immune and antioxidant levels, as well as LPLs’ dietary supplementation, distinctly increased the phagocytic activity and index, total antioxidants, superoxide dismutase, catalase, and glutathione peroxidase, with a marked reduction in malondialdehyde (MDA) (P < 0.05). However, feeding dexamethasone negatively impacted the birds’ performance, confirmed by a marked retardation of the birds’ growth as manifested by lowering final body weight, gain, and increasing FCR, along with poor carcass yield and increased abdominal fat accumulation (P < 0.05). The dexamethasone-associated negative impacts were ameliorated with the combined LPL dietary supplementation.





Conclusion

Dietary supplementation of LPLs at 0.5g level could effectively mitigate the adverse effects of oxidative stress in broilers, improving the growth performance, immune response, intestinal health, and meat quality of broiler chickens under normal and stressful conditions.
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Introduction

The worldwide expansion of the poultry industry is primarily driven by the continuously increasing demand for high-quality protein sources (1–3), although poultry, particularly broiler chickens, faces many challenges, such as oxidative stress and metabolic disorders, that adversely impair growth performance, immunity, and overall health (4, 5). These challenges are exacerbated by intensive poultry farming and the high metabolic and growth rates of broilers, underscoring the need for innovative nutritional strategies to effectively address these challenges (6).

Oxidative stress, a critical challenge in broiler production, results from an imbalance between the production of reactive oxygen species (ROS) and the body’s antioxidant defenses (8, 9). This imbalance negatively affects growth performance, compromises immune function, and reduces meat quality, leading to substantial economic losses (7). The broilers’ rapid growth rates and environmental stressors further exacerbate the negative impacts of oxidative stress, leading to reduced water-holding capacity, loss of color stability, and diminished nutritional value in meat (10–13). These alterations not only reduce consumer appeal but also shorten the shelf-life and marketability of poultry products.

Recent research has highlighted the potential effectiveness of dietary emulsifiers in enhancing poultry health and productivity (14, 15). Exogenous emulsifiers have gained attention as feed additives that enhance nutrient digestibility and overall digestive efficiency in broilers (16), especially during their early life stages, as they absorb fewer fats due to their immature digestive systems and the lower secretion of lipases and bile salts (17, 18). This insufficiency in the production of mixed micelles in the broilers’ small intestine results in reduced fat absorption and digestion (19, 20). Emulsifiers play a critical role in enhancing lipid digestion by compensating for the immature bile salt secretion system, thereby improving lipid absorption (21, 22). Enhanced lipid digestion and utilization ensure better fat utilization, providing an essential energy source for rapid growth (23), particularly during the critical early growth stages. By improving lipid digestion and reducing energy expenditure, emulsifiers enhance growth performance and feed conversion ratios (18, 24–27). Among the various types of emulsifiers, lysolecithin has shown a considerable potential for strengthening fat utilization and nutrient digestibility. It enhances lipid metabolism and ensures greater energy availability for growth and development. Additionally, lysolecithin positively impacts gut health by maintaining mucosal integrity and supporting the growth of beneficial microbial populations. These effects together enhance the performance, improve the feed efficiency, and promote the overall health status of poultry (28–30).

Additionally, dietary emulsifiers have been shown to have benefits in mitigating the negative impact of stress in the poultry industry (31). Despite aforementioned literatures which demonstrated the promising contribution of exogenous dietary emulsifiers to develop nutritional strategies that enhance broiler performance, improve product quality, and maintain animal welfare, most of these studies focused on the effect of LPLs on the low-energy diet and how emulsifier supplementation could compensate this shortage particularly during the early stage of growth (starter phase) when the digestive system is underdeveloped, with limited bile salt and lipase secretion, which reduces fat digestion efficiency. Additionally, there is a dearth of studies examining the effect of dietary supplementation on LPLs in response to various stressors, such as nutritional glucocorticoid-associated stress, particularly during the growing phase when the bird’s energy requirements are increasing. So, the current study aimed to explore how dietary supplementation with lysophospholipid emulsifiers could improve the nutritive quality of regular standard diet to improve the broilers’ growth, antioxidants, meat quality, and non-specific immune response, either normal or under the glucocorticoids’ oxidative stress during the growth phase of life (from 15 to 35 days old).





Materials and methods




Ethical approval

This work was approved by the Ethics Committee of Local Experimental Animals Care at Kafrelsheikh University (KFS-IACUC/235/2024) and was conducted according to the guidelines of Kafrelsheikh University, Egypt.





Birds’ management and experimental design

In this experiment, a total of 270 1-day-old male (Avian 48) chicks were obtained from a commercial hatchery of El-Sabeil Poultry Company, ElGharbeia, Egypt, with an average body weight of 50.31 ± 0.27 g. The chicks were individually weighed and randomly allocated to six equal groups with five replicates of nine birds in each. The birds were kept for the first 2 weeks without any supplementation and received only the standard soybean–corn basal diet (BD) (Table 1) to minimize the influence of early-life stressors, such as transportation and mortality, and to provide a more stable number for each group. Moreover, it is also to ensure a relatively mature digestive and metabolic system, which is effective in evaluating the impact of different nutritional supplementation (32, 33). Therefore, at 14 days old, the birds received dexamethasone at 2 mg/kg diet (34) and lysophospholipid emulsifiers (LPLs) at 0.5 and 1 g/kg diet based on the findings of El-Sayed (35). Solbi et al. (36) reported an enhancement of the broilers’ growth performance and gut health following lysophospholipid supplementation, including lecithin at 0.5 and 1.00 g/kg diet. Based on this, the experimental groups included the first group (negative control, -DEX) and fed basal diet (BD) only (average weight was 547.4 ± 6.92 g), while the second group (positive control, +DEX) of birds received BD containing 2 mg/kg dexamethasone (average weight was 543.98 ± 2.92 g). The third (0.5 g LPLs) and fourth (1 g LPLs) groups were birds fed BD containing 0.5 and 1 g of LPLs/kg diet, respectively (average body weight: 549.56 ± 3.49 and 543.49 ± 3.94 g, respectively), whereas the fifth (0.5 LPLs + DEX) and sixth (1 LPLs + DEX) groups were birds that received BD containing 2 mg/kg dexamethasone and supplemented with 0.5 and 1 g of LPLs/kg diet, respectively (average body weight: 542.40 ± 4.04 and 539.27 ± 5.01 g, respectively). The differences in initial weights were statistically analyzed using one-way ANOVA, which revealed no statistically significant differences.


Table 1 | Composition and calculated chemical analysis of the basal experimental diet.
	Ingredient (g/kg)
	Starter (1–17 – days)
	Grower (18–35 days)



	Yellow corn
	510
	549


	Soybean meal, 46%
	365
	315.8


	Corn gluten meal, 60%
	38
	47


	Soya oil
	36.25
	40.35


	Calcium carbonate
	15
	14.8


	Dicalcium phosphate
	19.5
	18


	Salt
	2.5
	2.5


	Sodium sulfate
	1.8
	1.6


	DL-Methionine, 99%
	2.6
	2.1


	l-Lysine HCl, 98%
	2.8
	2.6


	l-Threonine
	1.2
	0.9


	Choline chloride, 60%
	0.8
	0.8


	Premixa
	3
	3


	Anticoccidia
	0.2
	0.2


	Anticlostridia
	0.1
	0.1


	Antimycotoxin biology
	0.25
	0.25


	Silica
	1
	1


	Chemical analysis on DM basis


	AME (kcal/kg)
	3,000
	3,100


	Crude protein, %
	23.0
	21.5


	Fat, %
	6.3
	6.9


	LYS, %
	1.28
	1.15


	M and C, %
	0.95
	0.87


	THR, %
	0.86
	0.77


	Calcium, %
	0.96
	0.87


	Available P, %
	0.48
	0.44


	Sodium, %
	0.16
	0.16


	Chloride, %
	0.23
	0.23






a Premix (Hero mix® (Hero Pharm, Cairo, Egypt)) composed of (per 3 kg): vitamin A: 12,000,000 IU; vitamin D3: 2,500,000 IU; vitamin E: 10,000 mg; vitamin K3: 2,000 mg; vitamin B1: 1,000 mg; vitamin B2: 5,000 mg; vitamin B6: 1,500 mg; vitamin B12: 10 mg; niacin: 30,000 mg; biotin: 50 mg; folic acid: 1,000 mg; pantothenic acid: 10,000 mg; manganese: 60,000 mg; zinc: 50,000 mg; iron: 30,000 mg; copper: 4,000 mg; iodine: 300 mg; selenium: 100 mg; and cobalt: 100 mg.




The birds were fed a standard broiler diet (Table 1), which was formulated based on the nutritional requirements of Avian 48 Cobb broilers (37) and to meet the nutritional requirements according to NRC guidelines. The composition and ingredients of the three-phase diet (starter, 0–10 days; grower, 11–24 days; and finisher, 25–35 days) are presented in Table 1. The feeding program consisted of three phases: starter (from 0 to 12 days), growing (13 to 24 days), and finisher from 25 to 35 days. The birds had free access (ad libitum) to feed and water throughout the experimental period.

Moreover, chicks were housed in floor pens (1 m × 1.5 m) with a room temperature that started at 33 ± 1°C on the first day and was gradually reduced by 3°C every week until it reached 23 ± 1°C by the end of the experiment (35 days). The relative humidity (RH%) was maintained between 50% and 70% throughout the experimental period. The birds received 23 L:1 D from 0 to 7 days; after that, they received 18 L:6 D for the remaining days.

The lysophospholipid (LPL) emulsifier LYSOFORTE® was purchased from Kemin Europa NV, Herentals, Belgium. The primary active ingredient in LYSOFORTE is lysolecithin, which is produced through an enzymatic process in which soy lecithin is converted into LPLs. At the same time, the synthetic steroid dexamethasone (Dexazone®, 0.5 mg dexamethasone/tablet) was purchased from El-Kahira Pharmaceuticals and Chemical Industry Company (Shoubra, Cairo Governorate, Egypt).





Experimental procedures and samplings




Growth performance evaluation

Chicken body weight (BW) and feed consumption were recorded weekly to the nearest grams and used to calculate the average body weight gain (BWG) and feed conversion ratio (FCR). FCR was calculated based on the following formula: FCR = feed consumed (g)/weight gain (g).





Samples collection

At the end of the experiment (at 35 days), after 6 h of fasting, 15 birds per treatment (three birds from each replicate) were randomly selected, weighed, and used for sample collection. From each bird, two blood samples were drawn from the wing vein using two types of sterile syringes (heparinized and non-heparinized). Non-heparinized blood was used for serum separation, which was stored at -20°C for further assessment of biochemical parameters. Serum samples were obtained from the non-heparinized blood by centrifugation at 2,500 g and 4°C for 15 min (38). Heparinized blood was used to evaluate the phagocytic activity and index (39). After blood collection, the birds were slaughtered, kept for complete bleeding, and then eviscerated. After that, the carcass weight, abdominal fat (the fat pad surrounding the gizzard and abdominal cavity), liver, heart, spleen, breast, and thigh muscle were collected and individually weighed. Then, two liver specimens were collected from each bird; one specimen was used for histopathological investigation and fixed in 10% formalin. The second liver specimens were stored at -20°C for further investigation. Jejunum samples were also collected and fixed in 10% formalin and used for intestinal histomorphological evaluation.





Serum biochemical parameter

Total protein, albumin, globulin, total cholesterol, high and low-density lipoproteins (HDL and LDL), alanine aminotransferase (ALT), aspartate aminotransferase (AST), triglycerides, and creatinine were colorimetrically measured using specific commercial kits (Diamond Diagnostics, Cairo, Egypt) according to the procedure outlined by the manufacturer.





Antioxidant activity

The activities of some antioxidant enzymes, including glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD), along with total antioxidant capacity (TAC) and malondialdehyde (MDA) concentration, were estimated in liver samples (15 samples/treatment) (40). In this regard, the liver samples were homogenized in sterile cold potassium phosphate buffer (pH 7) by an electric homogenizer, and then the obtained liver homogenates were centrifuged at 4,020 g for 15 min at 4°C, and the supernatant was used for the assessment of the antioxidant enzyme activities using a UV–VIS spectrophotometer. Accordingly, the activity of SOD in liver homogenate (U/g tissue) was determined using a commercial colorimetric kit from Bio-Diagnostic (Giza, Egypt), and the absorbance was measured at 560 nm over 5 min. Calibration was done using a SOD standard, and the intra- and inter-assay coefficients of variability (CV%) were <10%. CAT activity (U/g tissue) was determined using a commercial kit obtained from Bio-diagnostic (Giza, Egypt) (41). The principle of CAT determination is based on its reaction with a known quantity of H2O2 that stops after 1 min using a CAT inhibitor. In the presence of peroxidase, the remaining hydrogen peroxide reacts with 3,5-dichloro-2-hydroxybenzene sulfonic acid and 4-aminophenazone to form a chromophore with a color intensity inversely proportional to the amount of CAT in the sample. The absorbance was measured at 510 nm over 3 min, and the samples were standardized against blank samples and H2O2 standard (500 mM/L). The intra- and inter-assay coefficients of variability (CV%) were <10%. The GPx activity (U/g of tissue) was also evaluated using a commercial kit (Bio-diagnostic, Giza, Egypt) at 340 nm, with R² >0.95 and CV% <10%. MDA concentration (nmol/g of tissue) was measured at 534 nm using commercial kits from Bio-diagnostic, Giza, Egypt, with <10% reported for the intra- and inter-assay coefficients of variability. For total antioxidant capacity (TAC), it was also measured using a commercial kit supplied from Bio-diagnostic, Giza, Egypt, based on the removal of exogenously supplied hydrogen peroxide (H2O2) in the samples by its content of antioxidants, where a certain amount of the given substrate H2O2 is removed with the antioxidants in the samples, and the residues of H2O2 are colorimetrically measured at 505 nm. Briefly, the H2O2 substrate was first diluted 1,000 times, then about 0.5 mL was added to a blank, and the tested samples were mixed well and incubated for 10 min at 37°C. After that, the working reagent (chromogen and the enzyme buffer) was added to the blank and tested samples, mixed, and incubated for 5 min at 37°C. The absorbances of both blank (AB) and tested samples (ASA) were immediately determined against water at 505 nm. The TAC was calculated in millimole per liter (mmol/L) using the equation: TAC = (AB - ASA) × 3.33. This assay had <10% for the intra- and inter-assay coefficients of variability.





Phagocytosis assay

The phagocytic functional assay was performed in vitro using Candida albicans (39) to evaluate the influence of LPL dietary supplementation on the phagocytic activities of immune cells and nonspecific immunity. Briefly, equal volumes of 100 μL of fresh blood, C. albicans suspension (equivalent to 1 × 106), and fetal bovine serum (South American) were mixed and incubated at 37°C for 30 min. Then, the mixture was centrifuged at 1,500 rpm for 10 min, and 5 µL of the resuspended cells was used for blood smear preparation. After that, the blood smears were stained using rapid field stain (polychrome methylene blue and eosin), and the slides were examined under a light microscope (Leica DM500; Leica Microsystems, Japan). The phagocytic activity (PA) and phagocytic index (PI) were calculated for 15 birds from each group (three birds/replicate). The PA equals the percentage of phagocytic cells that engulfed yeast cells, whereas PI equals the total number of phagocytized yeast cells divided by the number of phagocytic cells. The CV% of the inter- and intra-assay was less than 10%.





Histomorphometry parameters

The jejunum and liver specimens were fixed in 10% neutral buffered formalin. After 24 h, the samples were transferred to 70% alcohol, then dehydrated in an ascending series of ethanol, cleared in xylene, and impregnated and embedded in paraffin wax. Sections of 5 µm were cut using a Leica rotatory microtome (RM 20352035; Leica Microsystems, Wetzlar, Germany) and mounted on glass slides. The prepared tissue sections were deparaffinized in xylene and rehydrated in a descending series of ethanol, until reaching distilled water, before undergoing conventional staining with hematoxylin and eosin (H&E) (42, 43). The stained sections were examined under a light microscope (Leica DM500; Leica Microsystems, Japan). Morphometric analysis was conducted using an automated image analysis system (ImageJ; Bethesda, MD, USA) to measure villus height, villus width, crypt depth, and muscularis thickness (44).





Determination of pH, color, tenderness, and water-holding capacity

At the end of the experiment, a total of 15 samples of breast muscle/treatments was randomly selected for the determination of quality characterization of chicken meat. The pH value was determined using an electrical pH meter (Bye model 6020, USA) (45). The intensity of color brightness of the meat extract was also determined (46). Briefly, 10 g of meat was shaken with 22.5 mL distilled water in a darkened space for 10 min. Then, the intensity of the filtrate’s color (absorbance) was determined using a spectrophotometer at 542 nm (47). Meat tenderness and water-holding capacity were also measured (48). Briefly, approximately 0.3 g of minced meat was placed under Whatman No. 41 ashless filter paper and pressed with a 1-kg weight for 10 min. As a result of pushing, two zones were developed on the filter paper. After that, the surface areas of these zones were measured using a planimeter. Tenderness (in cm2) was determined by the surface area of the internal zone caused by the meat pressing. The water-holding capacity was represented by the difference between the area of the inner zone and the area of the outer zone (water-holding capacity = area of outer zone – area of inner zone).






Statistical analysis

To determine significant differences among the various treatments, the results were statistically analyzed using one-way ANOVA followed by Tukey’s post-hoc tests in IBM SPSS 22. During the analysis, a post-hoc power analysis and partial eta squared (η²) were performed using the observed data. The analysis revealed that the post-hoc power of all assessed parameters was >0.80 with larger η² >0.14 at α = 0.05, indicating that the sample size used in this study was reasonably sufficient to detect biologically relevant differences and would strengthen the validity and reproducibility of the findings. Results were considered statistically significant at P <0.05 and presented as means ± SE. GraphPad Prism 9 (©GraphPrism Software, La Jolla, CA, USA) was used for graphical presentation and figure preparation.






Results




Growth performance and relative organ weights

Figure 1 displays the influence of the separate and concurrent dietary presence of various levels of LPLs and dexamethasone on the growth performance of Avian 48 broilers. Compared to the non-supplemented birds (negative control, -DEX), the separate LPL dietary supplementation (0.5 and 1 LPLs), particularly at 1 g/kg diet, significantly enhanced the broilers’ growth performance, as evidenced by increased final body weight and gain and improved FCR (P < 0.001). On the other hand, the dietary presence of dexamethasone suppressed the growth performance as confirmed by reduced final body weight and gain and increased FCR compared to the control group (P < 0.001). Interestingly, the concurrent presence of LPLs with DEX in the broilers’ diet alleviated the adverse reduced growth performance caused by dexamethasone exposure which was confirmed by restored body weight and gain (P < 0.001). Despite the fact that they were higher than that of the dexamethasone-treated group (+DEX), they were still less than the control (-DEX) and LPL-treated groups (P < 0.001). For feed intake, dexamethasone significantly reduced the feed intake (P < 0.001), though the two supplemented doses of LPLs (0.5 and 1 g) did not alter the amount of feed consumption compared to the control group (P = 0.0845 and 0.490, respectively). Moreover, the combined LPL supplementation to the DEX-exposed groups significantly restored the birds’ ability to eat as evidenced by an increase in the amount of feed consumed (P < 0.001). Therefore, according to the FI and body gain results, the FCR was distinctly increased in the DEX-exposed group (P < 0.001), while the LPL-supplemented groups displayed improved values for FCR (P < 0.05 and P < 0.01 for 0.5 and 1 g LPLs, respectively). Additionally, including LPLs in the diet with DEX significantly improved the FCR values (P < 0.001 and P < 0.01).

[image: Four line graphs labeled A to D show the effects of different treatments on chickens. Graph A presents final body weight, graph B body weight gain, graph C feed consumption, and graph D feed conversion ratio (FCR). Treatments include -DEX, +DEX, 0.5 LPLs, 1 LPLs, with combinations with DEX. Data points are marked with lowercase letters indicating statistical differences.]
Figure 1 | Effect of lysophospholipid dietary emusifiers on the growth performance of Avian 48 broilers. -DEX denotes [negative control and fed basal diet (BD) only], +DEX (positive control, birds received BD containing 2 mg/kg dexamethasone); 0.5 LPLs and 1 LPLs refer to birds fed BD containing 0.5 and 1 g of LPLSs/kg diet, respectively, whereas the DEX + 0.5 LPLs and DEX + 1 LPLs represent birds receiving BD containing 2 mg/kg dexamethasone and supplemented with 0.5 and 1 g of LPLs/kg, respectively. The results are expressed as mean ± SE. Different letters denote statistical significance at P <0.05. Post-hoc power = 1.00 for final body weight, body gain, FI, and FCR, and partial eta squared (η²) = 0.997, 0.996, 0.969, and 0.962, respectively. Part (A–D) show Final body weight (g), Body weight gain (g), Feed consumption (g), and FCR, respectively.

The influence of LPL supplementation on the relative organ weights of broiler birds undergoing oxidative stress using dexamethasone (+DEX) is shown in Table 2. The dietary supplementation of LPLs at 0.5 and 1 g/kg diet significantly increased the carcass yield and the thigh and breast muscle weights compared to the control group (-DEX) and other groups (P < 0.001 and P < 0.01). However, dexamethasone dietary exposure (+DEX) prominently reduced the carcass, thigh muscle, and breast muscle weights (P < 0.001). The weights of the carcass, thigh, and breast muscles compared to the positive control (+DEX) were measured with a concurrent dietary supplementation of 0.5 and 1 g of LPLs with DEX (P < 0.001). The abdominal fat weight was significantly increased in the DEX-exposed group (+DEX) compared to the control non-supplemented group (P < 0.01), which was reduced in a dose-dependent manner when LPLs were combined with DEX in the diet (most significantly reduced at 1 g LPLs) (P < 0.001).


Table 2 | Effects of dietary supplementation of lysophospholipids (LPLs) on relative organ weights of broiler chickens subjected to oxidative stress.
	Parameter g/100 g body weight
	Negative control (-DEX)
	Positive control (+ DEX)
	0.5 LPLS
	1 LPLS
	0.5 LPLs +DEX
	1 LPLs +DEX
	p-value
	Post-hoc power
	η²



	Carcass
	65.33 ± 0.39b
	53.54 ± 0.75d
	75.59 ± 1.22a
	73.00 ± 1.08a
	59.31 ± 2.34c
	56.35 ± 1.3cd
	<0.001
	1.00
	0.918


	Breast muscle
	23.57 ± 0.59b
	17.30 ± 1.11d
	26.18 ± 0.58a
	25.47 ± 0.77ab
	19.74 ± 0.84c
	17.77 ± 0.39cd
	<0.001
	1.00
	0.896


	Thigh muscle
	15.82 ± 0.28a
	12.57 ± 1.0c
	15.36 ± 0.37a
	15.62 ± 0.40a
	14.62 ± 0.55ab
	12.94 ± 0.75bc
	<0.001
	1.00
	0.885


	Liver
	1.7475 ± 0.11c
	2.82 ± 0.26a
	1.68 ± 0.07c
	2.52 ± 0.23c
	1.76 ± 0.07b
	2.30 ± 0.32ab
	<0.01
	0.879
	0.669


	Spleen
	0.078 ± 0.02
	0.060 ± 0.004
	0.075 ± 0.02
	0.092 ± 0.019
	0.060 ± 0.001
	0.063 ± 0.002
	0.635
	0.189
	0.239


	Abdominal fat
	1.16 ± 0.06c
	1.79 ± 0.09a
	0.632 ± 0.04cd
	0.73 ± 0.06d
	1.53 ± 0.21b
	2.29 ± 0.09b
	<0.001
	0.999
	0.827


	Heart
	0.55 ± 0.013c
	0.72 ± 0.051a
	0.55 ± 0.010c
	0.59 ± 0.041c
	0.61 ± 0.033ab
	1.47 ± 0.041ab
	<0.05
	0.962
	0.735





Values are expressed as means ± standard error. Mean values with different letters in the same row differ significantly at P <0.05.

DEX, dexamethasone; η², partial eta squared.



Moreover, compared to the non-supplemented group, DEX exposure significantly increased the liver and heart weights (P < 0.01 and 0.042, respectively), which were intermediately restored to normal weight when LPLs were combined with DEX (P < 0.05), whereas LPLs alone at 0.5 and 1 g supplementation levels did not alter the liver and heart weights compared to the control. For spleen weight, there were no significant differences in weight among the different groups.





Influences of LPLs and DEX on serum biochemical parameters

The impacts of the separate and the concurrent dietary presence of LPLs, emulsifiers, and DEX on serum biochemistry are shown in Table 3. The birds received dexamethasone in their diet (positive control, +DEX) and exhibited significant increases in the levels of AST, ALT (Figure 2), creatinine, LDL-cholesterol, and triglycerides compared with their contemporaries that fed only on BD (negative control, -DEX) and those that received LPL emulsifiers with DEX in the diet at 0.5 and 1 g (P < 0.05). At the same time, the separate LPL dietary supplementation at 0.5 or 1 g did not alter the levels of these parameters compared to the control group (-DEX). On the other hand, the dietary presence of LPLs with DEX, particularly at 0.5-g supplementation level, significantly reversed the effects of dexamethasone by reducing the elevated levels of these parameters (P < 0.05). For total protein and albumen, there were no marked variations among the different groups, but the presence of DEX distinctly reduced the globulin levels, which were restored when LPLs were concurrently supplemented with DEX (P < 0.05).


Table 3 | Effects of lysophospholipids (LPLs) on the serum biochemical parameters of broiler chickens subjected to oxidative stress.
	Blood biochemical traits
	Negative control (-DEX)
	Positive control (+ DEX)
	0.5 LPLS
	1 LPLS
	0.5 LPLs + DEX
	1 LPLs + DEX
	p-value
	Post-hoc power
	η²



	Globulin (g/dL)
	3.38 ± 0.09ab
	2.58 ± 0.27c
	3.58 ± 0.09a
	3.40 ± 0.14ab
	2.84 ± 0.18bc
	2.81 ± 0.29bc
	<0.01
	0.959
	0.732


	Albumin (g/dL)
	5.09 ± 0.08
	4.43 ± 0.40
	4.83 ± 0.41
	4.08 ± 0.42
	5.10 ± 0.36
	4.30 ± 0.22
	0.22
	0.281
	0.230


	Total Protein (g/dL)
	8.47 ± 0.40
	7.76 ± 0.80
	8.77 ± 0.27
	7.73 ± 0.60
	8.45 ± 0.45
	7.76 ± 0.72
	0.67
	0.707
	0.068


	Creatinine (mg/dL)
	0.58 ± 0.031b
	0.94 ± 0.027a
	0.56 ± 0.039b
	0.56 ± 0.043b
	0.65 ± 0.052b
	0.63 ± 0.035b
	<0.001
	0.817
	0.841


	LDL- Cholesterol (mg/dL)
	44.82 ± 2.37b
	56.84 ± 4.90a
	28.71 ± 1.15c
	30.13 ± 3.38c
	42.50 ± 5.05b
	48.29 ± 3.46ab
	<0.001
	0.839
	0.846


	HDL Cholesterol (mg/dL)
	40.00 ± 4.24ab
	31.72 ± 4.568c
	47.85 ± 3.12a
	45.74 ± 2.51a
	39.14 ± 3.82ab
	29.42 ± 4.77b
	<0.01
	0.986
	0.870


	Cholesterol (mg/dL)
	134.68 ± 4.17
	144.23 ± 4.21
	125.77 ± 9.16
	126.82 ± 9.45
	137.7 ± 7.38
	131.75 ± 4.63
	0.500
	0.734
	0.435


	Triglyceride (mg/dL)
	101 ± 1.87bc
	116.5 ± 2.95a
	99.0 ± 4.06c
	103.75 ± 2.94bc
	110.25 ± 2.71ab
	116.5 ± 4.21a
	<0.001
	0.869
	0.663





Values are expressed as means ± standard error. Mean values with different letters in the same row differ significantly at P <0.05.

DEX, dexamethasone; HDL, high-density lipoprotein; LDL, low-density lipoprotein; I/U, international units; η², partial eta squared.



[image: Bar graphs labeled A and B compare AST and ALT levels in U/L across six groups: -DEX, +DEX, 0.5 LPLs, 1 LPLs, 0.5 LPLs + DEX, and 1 LPLs + DEX. Graph A shows the +DEX group with the highest AST levels and -DEX, 0.5 LPLs, 1 LPLs, and 0.5 LPLs + DEX with lower levels. Graph B indicates the +DEX group also with the highest ALT levels, while 0.5 LPLs and 1 LPLs have lower levels. Error bars show variability. Statistically significant differences are marked with letters above the bars.]
Figure 2 | Effect of lysophospholipid dietary emusifiers on liver enzyme concentrations. -DEX denotes [negative control and fed basal diet (BD) only], +DEX (positive control, birds received BD containing 2 mg/kg dexamethasone); 0.5 LPLSs and 1 LPLs refer to birds fed BD containing 0.5 and 1 g of LPLSs/kg diet, respectively, whereas the DEX + 0.5LPLs and DEX + 1 LPLs represent birds receiving BD containing 2 mg/kg dexamethasone and supplemented with 0.5 and 1 g of LPLs/kg diet, respectively. The results are expressed as mean ± SE. Different letters denote statistical significance at P <0.05. Post-hoc power = 0.715 and 0.839 and partial eta squared (η²) = 0.481 and 0.646 for AST and ALT, respectively. Part (A) shows ALT cocentration (U/L) part (B) show AST concnetration (U/L).





Phagocytic activity and index in response to dexamethasone and LPLs in diet

Figure 3 illustrates the effect of the separate and combined dietary supplementation of LPL emulsifiers with DEX on the phagocytic activity and index of broiler chicken. Supplementing the broilers’ diet with LPL emulsifiers, particularly at 0.5 g/kg diet, significantly increased PA and PI compared to the control (P < 0.05). However, the presence of DEX in the broilers’ diet induced marked reductions in the PA and PI (P < 0.05), which moderately recovered to normal with the combined supplementation of LPL emulsifiers with DEX in the diet (P < 0.05).

[image: Two line graphs depict phagocytic activity and phagocytic index across different treatments: -DEX, +DEX, 0.5 LPLs, 1 LPLs, DEX+0.5 LPLs, and DEX+1 LPLs. The first graph shows phagocytic activity peaking at 1 LPLs with a decrease for other treatments. The second graph presents a similar trend for phagocytic index, also peaking at 1 LPLs. Statistical significance is indicated by letters.]
Figure 3 | Effect of lysophospholipid dietary emusifiers on phagocytic activity and index. -DEX denotes [negative control and fed basal diet (BD) only], +DEX (positive control, birds received BD containing 2 mg/kg dexamethasone); 0.5 LPLs and 1 LPLs refer to birds fed BD containing 0.5 and 1 g of LPLs/kg diet, respectively, whereas the DEX + 0.5 LPLs and DEX + 1 LPLs represent birds receiving a BD containing 2 mg/kg dexamethasone and supplemented with 0.5 and 1 g of LPLs/kg diet, respectively. The results are expressed as mean ± SE. Different letters denote statistical significance at P <0.05. Post-hoc power = 0.939 and 0.853; partial eta squared (η²) = 0.713 and 0.485 for PA and PI, respectively. Part (A) show phagocytic activity. Part (B) shows phagocytic index.





Antioxidant enzyme activities and MDA concentration following the separate and concurrent supplementation of dexamethasone and LPL emulsifiers

The effects of LPL emulsifier dietary supplementation on malondialdehyde (MDA) concentrations and total antioxidant (Figure 4) as well as antioxidant enzyme activities (Figure 5) in broiler chickens under DEX-induced oxidative stress were illustrated. The presence of dexamethasone in the diet noticeably induced oxidative stress as evidenced by a significant elevation in MDA concentration and clear reductions in TAC, SOD, CAT, and GPx activities (P < 0.05). An interesting return to normal status was reported with the combination of LPL emulsifiers with dexamethasone in the diet (at 0.5 and 1g/kg diet), confirmed by the non-significant elevations in the TAC, SOD, CAT, and GPx activities and reduction of MDA as compared to control (-DEX) and the two LPLs containing groups. However, it is clearly shown that the separate presence of LPL emulsifiers in broilers’ diets did not alter the TAC, SOD, CAT, and GPx activities, but resulted in a noticeable reduction in the MDA concentration compared to the other groups (P < 0.05).

[image: Bar graphs labeled A and B compare the effects of different treatments on MDA and TAC levels in tissue. Graph A shows MDA levels, highest in +DEX, while lowest in -DEX, 0.5 LPLs, and 1 LPLs groups. DEX combinations show intermediate levels. Graph B depicts TAC levels, highest in 0.5 and 1 LPLs. +DEX is lowest, with -DEX and combinations showing intermediate values. Error bars indicate variability, and different letters denote statistically significant differences.]
Figure 4 | Effect of lysophospholipid dietary emusifiers on malondialdehyde and total antioxidant concentrations. -DEX denotes [negative control and fed basal diet (BD) only], +DEX (positive control, birds received BD containing 2 mg/kg dexamethasone); 0.5 LPLs and 1 LPLs refer to birds fed BD containing 0.5 and 1 g of LPLs/kg diet, respectively, whereas the DEX + 0.5 LPLs and DEX + 1 LPLs represent birds receiving a BD containing 2 mg/kg dexamethasone and supplemented with 0.5 and 1 g of LPLs/kg diet, respectively. The results are expressed as mean ± SE. Different letters denote statistical significance at P <0.05. Post-hoc power = 0.733 and 1.00; partial eta squared (η²) = 0.539 and 0.918 for TA and MDA, respectively. Part (A) show MDA concentration mmole/g tissue). Part (B) show total antioxidants (mmole/g tissue).

[image: Bar charts illustrate enzyme levels in three panels labeled A, B, and C. Panel A shows SOD levels, Panel B shows CAT levels, and Panel C shows GPX levels across various treatment groups (-DEX, +DEX, 0.5 LPLs, 1 LPLs, 0.5 LPLs + DEX, 1 LPLs + DEX). Different letters above bars indicate statistical differences.]
Figure 5 | Effect of lysophospholipid dietary emusifiers on SOD, CAT, and GPx enzyme activity. -DEX denotes [negative control and fed basal diet (BD) only], +DEX (positive control, birds received BD containing 2 mg/kg dexamethasone); 0.5 LPLs and 1 LPLs refer to birds fed BD containing 0.5 and 1 g of LPLs/kg diet, respectively, whereas the DEX + 0.5 LPLs and DEX + 1 LPLs represent birds receiving BD containing 2 mg/kg dexamethasone and supplemented with 0.5 and 1 g of LPLs/kg diet, respectively. The results are expressed as mean ± SE. Different letters denote statistical significance at P < 0.05. Post-hoc power = 0.853, 0.849, and 0.803; partial eta squared (η²) = 0.492, 0.859, and 0.743 for GPX, CAT, and SOD, respectively. Part (A–C) show SOD, CAT, and GPX concentrations, respectively.





Histopathological features of intestine and liver tissues in response to dexamethasone and LPL emulsifiers

The effects of both LPL supplementation and DEX on the histopathological examination of jejunum and liver are shown in Figures 6 and 7, respectively. The histopathological investigation of the jejunum in the negative control (-DEX) group (Figure 6A) showed a normal structure of intestinal villi, which appeared as finger-like projections lined by simple columnar epithelium containing numerous goblet cells. The underlying propria submucosa contained simple tubular intestinal glands, with the lamina muscularis mucosae and tunica muscularis (muscularis externa) covered externally by serosa. However, the presence of DEX (+DEX) in the diet significantly deteriorated and disorganized the intestinal villi, with inflammatory cell infiltration in the lamina propria and degeneration of intestinal glands (Figure 6B). Whereas the separate LPLs-supplemented groups, particularly with 0.5g LPLs (Figure 6C), exhibited an improved morphology of the intestinal villi, with well-arranged enterocytes, enhancing the absorptive surface, and well-developed intestinal glands which occupied a larger area, particularly at 1g LPLs level (Figure 6D). An interesting alleviation of the DEX-induced tissue degeneration was noticed with the combined supplementation of LPL emulsifier with DEX, resulting in intact intestinal villi. In addition, it was observed that the lower level of LPL emulsifiers with DEX (0.5 g LPLs + DEX) partially restored the histological structure of the intestinal mucosa, with some inflammatory cell infiltration in the lamina propria (Figure 6E), whereas the higher level of LPL emulsifiers (1 g LPLs + DEX) significantly enhanced the histological architecture, with well-organized villi, glands, and goblet cells (Figure 6F). The morphometric analysis revealed augmented villous height, width, crypt depth, and muscular thickness of the intestinal wall in emulsifier-supplemented groups (Table 4). LPL separate supplementation (at 0.5-g level) induced significant increases in the villi length, base width of villi, villi crypt, and muscularis thickness compared to the 1-g supplementation level and the other groups (P < 0.05). However, the DEX-induced tissue degenerations were confirmed by the prominent reductions of villi length, base width of villi, villi crypt, and muscularis thickness compared to the other groups (P < 0.05), which were restored to normal in the case of the combined supplementation with LPL emulsifiers with DEX (P < 0.05).

[image: Microscopic images showing histological sections labeled A to F. Each section is stained, revealing the internal structures, including areas labeled IG, M, and m. Red and blue arrowheads indicate specific features within the tissue. The scale bar is visible in each image for reference.]
Figure 6 | Photomicrograph of the intestine in the chicken broilers. The control negative (-DEX) (A), control positive (+DEX) (B), emulsifier-supplemented groups at 0.5 g LPLs/kg diet (C), and high-level 1 g LPLs/kg diet (D) as well as groups subjected to 0.5 g LPLs + DEX (E) and 1 g LPLs + DEX (F) of emulsifier. The histological structure of the intestine presented the appearance of intestinal villi (red arrowhead), intestinal glands (IG), lamina muscularis mucosae (m), and muscularis externa (M), which was covered by serosa (blue arrowhead) outwardly. Stain, H&E. Bar, 100 µm.

[image: Histology slides labeled A to F showing liver tissue sections with red and blue arrowheads indicating different structures. The pink and purple staining highlights cellular details like sinusoids and central veins. The scale bars are visible at the bottom of each image.]
Figure 7 | Hepatic photomicrograph of the liver in the chicken broiler. The control negative (-DEX) (A), control positive (+DEX) (B), emulsifier-supplemented groups at 0.5 g LPLs/kg diet (C), and high-level 1 g LPLs/kg diet (D) as well as groups subjected to 0.5 g LPLs + DEX (E) and 1 g LPLs + DEX (F) of emulsifier. The histological structure of the liver showed the presence of hepatocytes (blue arrowhead) and a central vein (red arrowhead). Stain, H&E. Bar, 100 µm.


Table 4 | Effects of dietary supplementation with lysophospholipids (LPLs) on jejunal morphology in broiler chickens subjected to oxidative stress.
	Parameter
	Negative control (-DEX)
	Positive control (+ DEX)
	0.5 LPLS
	1 LPLS
	0.5 LPLs + DEX
	1 LPLs + DEX
	p-value
	Post-hoc power
	η²



	Villi height (μm)
	327.10 ± 8.65c
	203.01 ± 6.58d
	451.99 ± 5.66a
	418.23 ± 9.15b
	330.77 ± 3.61c
	314.44 ± 8.21c
	<0.001
	1.00
	0.984


	Base width of villi (μm)
	105.43 ± 2.96ab
	52.61 ± 3.01d
	115.61 ± 5.24a
	100.34 ± 6.04b
	103.44 ± 2.96ab
	77.85 ± 3.17c
	<0.001
	1.00
	0.930


	Villi crypt (μm)
	150.17 ± 3.75bc
	60.56 ± 1.69e
	160.52 ± 2.99a
	157.75 ± 2.56ab
	144.36 ± 3.77c
	103.08 ± 1.65d
	<0.001
	1.00
	0.988


	Muscularis thickness (μm)
	101.05 ± 5.58b
	51.45 ± 2.07c
	150.76 ± 0.64a
	141.732 ± 5.24a
	99.39 ± 5.69b
	92.61 ± 5.75b
	<0.001
	1.00
	0.962





Values are expressed as means ± standard error. Mean values with different letters in the same row differ significantly at P <0.05.

DEX, dexamethasone; η², partial eta squared.



The hepatic histopathological features of Avian 48 broilers fed the BD only without any additives (negative control, -DEX, Figure 7A) revealed normal hepatic parenchyma with polyhedral hepatocytes. These hepatocytes had centrally positioned nuclei and were organized into irregular, branching plates or cords, typically one or two cells thick, separated by blood sinusoids resembling capillaries around the central vein. However, the addition of dexamethasone at 2 mg/kg in the broilers’ diets (positive control, +DEX; Figure 7B) induced noticeable congestion and edema in the central veins, accompanied by degeneration, vacuolation of hepatocytes, and pyknotic nuclei. Notably, broilers supplemented with LPL emulsifiers in their diet at 0.5 and 1 g/kg diet showed hepatic structures similar to those fed the BD without any dietary supplementation (Figures 7C, D). Moreover, the dual presence of LPL emulsifiers in the broilers’ diet with DEX (Figures 7E, F) significantly alleviated the liver pathological degenerations caused by DEX, and the lower emulsifier level (0.5 g) proved a more beneficial mitigation than the 1-g level. The increased emulsifier levels (1 g) under the DEX-induced oxidative stress conditions induced mild fatty degeneration in hepatocytes.





Impact of LPLs, emulsifiers, and dexamethasone on meat quality characterization

As presented in Table 5, the positive DEX group (+DEX) consistently showed the highest value for water-holding capacity, tenderness, pH, and color compared to all other treatments. When broiler chickens were supplemented with different concentrations of LPL emulsifiers and LPLs + DEX, the meat quality parameters showed lower values compared to the positive control, with measurements more closely aligning with the negative control group. Both LPL concentrations (0.5 and 1 g/kg diet) and their combinations with DEX showed similar trends.


Table 5 | Effects of dietary supplementation of lysophospholipids (LPLs) on breast meat quality of broiler chickens subjected to oxidative stress.
	Parameter
	Negative control (-DEX)
	Positive control (+ DEX)
	0.5 LPLs
	1 LPLS
	0.5 LPLs + DEX
	1 LPLs + DEX
	p-value
	Post-hoc power
	η²



	Water-holding capacity
	11.12 ± 2.45b
	17.20 ± 1.5a
	8.50 ± 0.58b
	8.50 ± 0.59b
	8.3 ± 0.49b
	9.36 ± 1.3b
	<0.05
	1.000
	0.887


	Tenderness
	6.6 ± 2.00b
	12.15 ± 1.75a
	3.66 ± 1.02b
	4.66 ± 0.751b
	4.03 ± 1.05b
	5.16 ± 1.31b
	<0.05
	0.999
	0.833


	PH
	6.35 ± 0.15ab
	6.60 ± 0.01a
	6.20 ± 0.01b
	6.26 ± 0.03b
	6.43 ± 0.06ab
	6.36 ± 0.03ab
	<0.001
	1.000
	0.879


	Color
	0.396 ± 0.006b
	0. 673 ± 0.127a
	0.203 ± 0.028b
	0.252 ± 0.089b
	0.254 ± 0.038b
	0.357 ± 0.003b
	<0.05
	1.000
	0.864





Values are expressed as means ± standard error. Mean values with different letters in the same row differ significantly at P <0.05.

DEX, dexamethasone; η², partial eta squared.








Discussion

Despite the wide expansion of broiler production to meet the continuous increase in human population, it is challenged by various kinds of stressors, which commonly result in oxidative stress (OS). OS is an indiscriminate biological reaction that results from the physiological imbalance between the activity of antioxidant enzymes and the production of reactive oxygen species (ROS) (49). High heat, humidity due to poor ventilation, and excessive use of glucocorticoids, such as dexamethasone (DEX), are common causes of OS in poultry, resulting in severe economic losses (50). These factors contribute to impairing the birds’ growth and immunity and increasing disease susceptibility and mortality, thereby reducing the meat quality by increasing lipid peroxidation (9). Dietary inclusion and supplementation of lipid emulsifiers have a promising role in alleviating the damaging effects of OS through increasing the activity of antioxidant enzymes and lipid digestibility as well as lowering ROS synthesis. Moreover, lipid emulsifiers enhance feed utilization, energy efficiency, and gut health, which collectively strengthen the birds’ defense against OS and improve their performance (27).

Accordingly, in this feeding study, the dietary presence of dexamethasone had an adverse effect on the birds’ growth parameters as evidenced by the reduced body weight and gain. The reduced body weight with the dietary presence of DEX might be correlated with reducing FI and impairing FCR (51). This DEX-associated reduction in FI might be linked with suppressing the hypothalamic orexigenic-regulatory neurons such as neuropeptide-Y (NPY) and Agouti-related peptide (AgRP) (52), which, in turn, might cause nutrient imbalance and insufficient nutrients for the higher growth rate of broilers (53). Therefore, future research is recommended to investigate the impact of dietary DEX presence on the expression levels and activities of hypothalamic orexigenic-regulatory neurons in depth. Moreover, the DEX-associated reduction in the broilers’ growth performance is possibly because of the degenerative changes in jejunum architecture as confirmed by the reduced villi length and width, crypt depth, and muscularis thickness (54). These changes also hinder the birds’ growth by reducing their intestinal absorptive capacity and nutrient availability (55). All of these factors suggest that DEX-associated OS compromises nutrient availability and energy efficiency and consequently retards growth performance. The reported impaired growth performance of broilers in response to feeding a diet containing DEX came in agreement with the findings of previous studies, which confirmed that dexamethasone induces oxygen species, which causes a reduction in the birds’ growth performance. Accordingly, the findings (56–58) confirmed the retarded growth in glucocorticoid-challenged broilers due to decreased feed intake and energy efficiency (59). Besides that, studies on Japanese quails and those conducted on broilers attributed the reduction in the birds’ growth performance following DEX exposure to increased protein catabolism, leading to muscular dystrophy and mobilization of fat stores. This explanation was confirmed by increasing the circulating protein catabolism marker, urate, due to the higher corticosteroid release associated with DEX-induced oxidative stress (60), leading to a reduction in muscle growth and body mass (61).

Under normal conditions, without DEX exposure, using dietary LPL emulsifiers, particularly at 1 g/kg diet, significantly improved the broilers’ growth performance as evidenced by the increased final weight, body gain, and improved FCR. The improvement in the birds’ growth in response to LPL emulsifiers may be due to increased nutrient digestibility, such as nitrogen and energy (62). The LPL-proposed increase in nutrient digestibility is perhaps correlated to enhancing the intestinal absorptive capacity as confirmed by the increase in villi length and width, crypt depth, and muscularis thickness in the LPL-treated groups, especially at the 0.5-g supplementation level of LPLs (63). The improved effect of LPLs on intestinal architecture may be attributed to the incorporation of LPLs into the cell membrane of enterocytes, altering the fluidity and permeability of the intestinal lipid bilayer and the protein channel functions (64), eventually increasing intestinal permeability and nutrient absorption, such as protein (65). Moreover, the reported improved effect of LPLs may be linked to its ability to promote the proliferation of intestinal epithelial cells, leading to increased intestinal mucosal height of broilers at 49 days old and preventing intestinal cellular damage (64, 66). These outcomes may indicate the potential improving influence of dietary emulsifiers, such as LPLs, on intestinal morphology, which, in turn, enhances growth performance by improving nutrient absorption, resulting in improved feed efficiency and body weight (63).

There are many studies that assessed the impact of dietary emulsifiers on birds’ FCR, growth, and nutrient digestibility (18, 20, 27, 67). Additionally, it has been reported that supplementing the single or blended emulsifiers with sodium stearoyl lactylate or glycerol monostearate improved the weight gain and FCR of broilers during the finisher and overall brooding period (68). Using emulsifiers such as lecithin and lysolecithin without antibiotic growth promoters also enhanced the broilers’ FCR and weight gain by increasing the ileal digestibility of nitrogen and energy (69). Furthermore, using emulsifiers such as bile acids with refined dietary oils enhances the birds’ growth performance and economic efficiency due to increased nutrient digestibility (70). The proposed association of increasing the intestinal morphometry indices and the reported improved growth with the dietary presence of LPLs also agreed with other literature reports, which reported increases in mucosal height and the height of jejunum villi, leading to enhanced intestinal digestion, absorption, and better utilization of nutrients (65, 67, 71, 72), such as energy (62) and protein (73), although other studies reported no changes in the birds’ weight gain and feed intake in response to the dietary supplementation of emulsifiers in a low-metabolizable energy diet (22, 74). This effect was observed in broilers up to 21 days of age (67, 75). The disparities between the findings of the various studies might be attributed to differences in the type of emulsifier utilized in each study (76), differences in the strain of broilers, and differences in the experimental design.

Interestingly, the combination of LPL emulsifiers with DEX in the broilers’ diet restored the impaired growth because of the DEX-associated OS by improving the DEX-linked damage in intestinal morphology, with consequent improvement of intestinal digestion, absorption, and nutrient utilization (63, 65, 67, 71, 72). The improving effect of LPLs on DEX-associated intestinal damage may be correlated with their ability to prevent intestinal cellular damage (64, 66). Additionally, the effect of LPLs in DEX-treated groups may be associated with their ability to improve intestinal tight junctions by increasing the expression of intestinal tight junction components, such as claudin-3, which is beneficial for paracellular transport and resistance to bacterial invasion (77). Increasing the expression of claudin-3 is necessary to ensure a tight seal of intestinal epithelial barrier and create a high concentration gradient of sodium ions across the epithelium that is required for the active transport of nutrients such as glucose and amino acids (65). Therefore, future studies are recommended to explore the synergistic protective mechanism of LPLs on DEX-associated oxidative stress by evaluating its effect on the expression of intestinal tight junction components, such as claudins, occludin, junctional adhesion molecule, and tricellulin as well as the cytoskeletal elements and cytoplasmic scaffolding proteins.

Carcass traits and meat quality are considered key economic factors for the broiler business (78). This current study clarified that the dietary presence of DEX significantly reduced the weights of the carcass, breast muscle, and thigh muscle, with marked increases in the weights of the liver and heart as well as the abdominal fat. The DEX-associated outcomes were reversed in the case of the separate and combined presence of LPL emulsifiers with DEX in the broilers’ diet. Reducing the carcass yield may be associated with oxidative stress resulting from feeding on a DEX-containing diet (58). These results were comparable to other literature reports, which indicated a retarded growth of thigh and breast muscle in response to feeding a DEX-containing diet due to reduced feed intake and feed efficiency (57, 79), whereas the reported enlargement of the liver and heart is probably correlated with increasing fat deposition in the liver as confirmed by increasing fatty changes in hepatocytes because of the DEX-linked oxidative damage. These findings are comparable with other observations reported in literature which stated that the increases in liver weight were due to the increases in liver lipids in stressed broilers (78, 80). Nonetheless, the dietary presence of LPL emulsifiers, either alone or with DEX, significantly increased and restored the carcass, breast, and thigh muscle weights and reduced both the hepatic and heart enlargement, along with lowering of abdominal fat. These effects may be correlated with facilitating the fractionation of lipids and protein and their conversion into the muscle tissue rather than abdominal fat deposition, which consequently affects the fatty acid and amino acid deposits in meat (72). This mechanism may also explain the protective effect of LPLs in preventing DEX-associated oxidative stress and hepatomegaly. Moreover, the reported improvement in carcass and relative organ weight following dietary supplementation with LPLs, with and without dexamethasone, is likely correlated with enhanced lipid emulsification and nutrient absorption as well as the increased bioavailability of energy substrates and the fat-soluble vitamins necessary for growth and tissue repair (65).

DEX also increased the water-holding capacity, tenderness, pH, and meat color. Increased pH is responsible for increasing the water-holding capacity and the color intensity (81, 82) due to splitting of meat proteins, causing a darker color (82). These outcomes align with those of Islam et al. (79), which indicated increases in color intensity and darker meat with the DEX treatment, whereas they disagree with the findings of Pan et al. (83), which reported increases in muscle lightness with DEX therapy. Additionally, increasing the water-holding capacity was the primary cause of the reported increase in meat tenderness (79). An interesting restoration of the meat quality indices, similar to those of the control group, was observed in the separate or combined LPL-treated broilers. The effect of LPL emulsifiers may be correlated with the even distribution of water and fat between muscle fibers, which reduces muscle catabolism and maintains a stable pH (84).

Serum biochemical parameters are a fundamental tool for reflecting oxidative stress due to alterations in blood biochemistry (78). Accordingly, in this study, DEX caused oxidative stress, resulting in lipid peroxidation and an increase in the levels of MDA, cholesterol-LDL, TG, and liver enzymes (ALT and AST). While there were no changes in the levels of total protein and albumen, there were reductions in the levels of globulin and HDL cholesterol. All of these findings were reversed and restored to normal (as in the control group, fed BD only) with the separate and combined supplementation of LPL emulsifiers with DEX. The elevated levels of the measured blood biochemical constituents in the case of DEX’s presence in the broilers’ diet might reflect the hepatic damage effects because of the ingestion of DEX (51), where the increases in the ALT and AST levels reflect the hepatic damage and oxidative stress in liver as confirmed by the reduced hepatic antioxidant enzyme activities, such as TAC, GPX, CAT, and SOD activities, with elevated MDA concentrations (85). Although the presence of LPL emulsifiers improved the serum biochemical profiles in broilers under dexamethasone (DEX)-induced oxidative stress by reducing the LDL-cholesterol, triglyceride, and liver enzyme levels while enhancing HDL-cholesterol. In this context, the 0.5 g LPLs + DEX showed the most consistent benefits by effectively attenuating the oxidative stress effects. These findings underscore the protective potential of LPL emulsifiers against oxidative damage by reducing the blood LDL levels (23). Similarly, feeding broilers a diet containing 2% lecithin significantly reduces their blood cholesterol levels (26). Another study found that 0.5% lecithin significantly increased the glucose, total cholesterol, triglycerides, HDL, LDL, and VLDL levels by 4%, 9%, 7%, 24%, 25%, and  29% respectively (86). Additionally, dietary supplementation with lysophospholipids has been shown to improve the serum glucose levels and high-density lipoprotein (HDL) concentrations in broilers (72). However, other studies reported that lysolecithin inclusion did not affect the serum total cholesterol and triglyceride levels (87). Additionally, other studies have indicated that there were no alterations in the levels of cholesterol, glucose, and triglycerides in broilers fed diets containing emulsifiers or emulsifiers with lipase (88). These diverse findings are likely correlated with the complex metabolic effects of emulsifiers, which vary based on the different doses of emulsifiers, the route of supplementation, and individual physiological variations.

Regarding the activities of antioxidant enzymes and lipid peroxidation in liver tissue, LPL dietary supplementation at 0.5 and 1 g/kg diet markedly enhanced the antioxidant enzyme activities and reduced the MDA levels, thereby counteracting the effects of DEX in broilers. These effects perhaps conclude with the LPL-improving effect through inducing oxidative balance as confirmed by the higher TAC, GPX, CAT, and SOD activities and the decreased MDA levels (89). Various studies have demonstrated the modulatory effect of dietary emulsifiers on oxidative stress in broilers by enhancing the activities of antioxidant enzymes—for example, Ewais et al. (90) documented that a limonene nano-emulsion significantly increased the levels of various antioxidant enzymes, such as GPX, CAT, and SOD, with a further reduction in MDA levels. Moreover, the dietary supplementation of lysolecithin at 300–400 g/100 kg beneficially lowered the MDA and increased the SOD and GPX activities (91). The de-oiled lecithin dietary supplementation also differentially increased the SOD, GPx, and TAC activities with obvious reduction in the MDA concentration among two different broiler strains (92). The reported antioxidant efficacy of emulsifiers might be attributed to their unique molecular composition, for example, lecithin contains gamma, alpha, and delta tocopherols; it derives its primary antioxidant function from the synergistic action of gamma and delta tocopherols combined with amino-alcohol phospholipids (92). The presence of amino groups and choline in phospholipids enables them to function as effective lipophilic antioxidants, defending against oxidative stress and free radical damage. Additionally, lysolecithin’s antioxidant benefits are ascribed to its ability to reduce liver damage, enhance oxidative resistance, and improve the oxidative stability of oils and fats through the protective action of its phospholipid constituents (93). Additionally, LPLs’ antioxidant properties may be linked to its ability to bind to pro-oxidative metals through the negative charges found on its phosphate head group, resulting in the inhibition of lipid oxidation and reduction in electron leakage and reactive oxygen species (ROS) production by improving mitochondrial β-oxidation efficiency (94). LPLs can also indirectly combat oxidative stress through their anti-inflammatory characteristics as inflammation can induce oxidative stress through the activation of several pathways, such as the transcription factor NF-κB, which activates the reactive species (89). LPLs such as phosphatidylcholine inhibit oxidative stress via inhibiting the TNF-α-induced proinflammatory signaling and lowering the activities of specific pro-inflammatory components such as IL-8, ICAM-1, IP-10, MCP-1, and TNF-α (89). Accordingly, Boontiam et al. (72) found that dietary supplementation of lysophospholipids in a low-energy and nitrogenous diet enhances the antioxidant response by alleviating inflammation through the reduction of interleukin-1 levels. Furthermore, the reported increases in the activities of SOD, CAT, and GPx in the LPL-supplemented groups (separately and combined with DEX) might be attributed to its ability to activate the Nrf2–Keap1 signaling pathway (95).

At the level of the non-specific immune response, our results showed that the dietary supplementation with LPL emulsifiers improved the phagocytic index (PI) and activity (PA) in broilers under DEX-induced oxidative stress. This result proved that LPLs counteracted the DEX-associated immunosuppressive effects. Accordingly, both 0.5 and 1 g LPLs/kg diets partly restored the PA and PI in the DEX-exposed broilers, with the 0.5 g LPLs + DEX treatment enhancing PI more effectively, while the 1 g LPLs + DEX treatment improved the PA. The modulatory effect of LPLs, either alone or when combined with DEX-linked OS, might be correlated with its several mechanisms. Accordingly, LPLs, due to their amphiphilic characteristics, can be integrated into phagocyte cell membranes, thereby enhancing their fluidity and structural integrity and promoting phagocytosis and phagosome formation (65). Additionally, due to its antioxidant properties, LPLs can attenuate oxidative stress within phagocytes by maintaining the intracellular redox balance (92), thereby facilitating the formation of an oxidative burst that is necessary for the phagocytic process and microbial killing (31). Besides that, LPLs may modify the non-specific immune response, including PA and PI, by modulating the signaling pathways responsible for cytokine production, such as NF-κB and MAPK, which enhance the innate immune response and suppress the dexamethasone-associated oxidative stress (72, 89). Lastly, LPLs could enhance phagocytosis by improving nutrient absorption, thereby ensuring the availability of essential nutrients, such as protein and energy, that are necessary for phagocytosis. Collectively, these LPLs’ characteristics and influences could explain their immunomodulatory role in preserving the innate immune response, particularly under oxidative stress in broilers, by promoting the birds’ immunity and health (96).





Conclusions

From the foregoing results, it can be concluded that the dietary incorporation of lysophospholipid emulsifiers (LPLs), particularly at 0.5 g/kg diet, can effectively alleviate dexamethasone-induced oxidative stress and improve the birds’ performance. These effects were evidenced by restoring the dexamethasone-retarded growth performance, improving the feed conversion efficiency, and enhancing the intestinal absorptive capacity through improved intestinal morphology. LPL emulsifiers (particularly at 0.5 g/kg diet) also enhanced the antioxidant capacity by increasing the antioxidant enzyme activities of SOD, CAT, and GPX and the phagocytic activity, which mitigated the DEX-induced oxidative stress through improving the bird’s redox system to scavenge the excessive synthesis of ROS and preventing lipid peroxidation as confirmed by reducing the DEX-elevated MDA concentration. Additionally, LPL emulsifiers enhanced the bird’s carcass performance and meat quality by maintaining the meat’s water-holding capacity, pH, and tenderness. Thus, the dietary incorporation of LPL emulsifiers, particularly at a concentration of 0.5 g/kg in the diet, could serve as an effective and practical solution to alleviate oxidative challenges, improve the production efficiency, and enhance the excellence of end-products, thereby supporting global food security and nutritional well-being.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

This work was approved by the Ethics Committee of Experimental Animals Care at Kafrelsheikh University (KFS-IACUC/235/2024) and was conducted in accordance with the guidelines of Kafrelsheikh University, Egypt. The study was conducted in accordance with the local legislation and institutional requirements.





Author contributions

YE: Conceptualization, Investigation, Visualization, Writing – review & editing. SE-S: Conceptualization, Investigation, Project administration, Visualization, Writing – original draft. MG: Conceptualization, Investigation, Project administration, Visualization, Writing – review & editing. SE-K: Visualization, Formal analysis, Writing – original draft, Writing – review & editing. MMA: Project administration, Writing – original draft, Writing – review & editing. ADC: Project administration, Writing – review & editing. AE: Project administration, Writing – original draft, Writing – review & editing. MA: Writing – original draft, Writing – review & editing. AK: Conceptualization, Investigation, Visualization, Writing – original draft, Writing – review & editing. 





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was funded by Ongoing Research Funding Program (ORF-2025-731), King Saud University (Riyadh, Saudi Arabia).




Acknowledgments

This work was funded by Ongoing Research Funding Program (ORF-2025-731), King Saud University (Riyadh, Saudi Arabia).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Alshelmani MI, Abdalla EA, Kaka U, Basit MA. Nontraditional feedstuffs as an alternative in poultry feed. In: Advances in poultry nutrition research. IntechOpen: London, UK (2021).


	 Nanda Kumar T, Samantara A, Gulati A. Poultry value chain. In: Agricultural value chains in India: ensuring competitiveness, inclusiveness, sustainability, scalability, and improved finance, Springer: Singapore (2022). p. 227–52.


	 Alshelmani MI, El-Safty SA, Kairalla MA, Humam AM. Enzymes in poultry feed. In: Feed Additives–Recent Trends in Animal Nutrition, Intechopen: London, UK (2024).


	 Mishra B, Jha R. Oxidative stress in the poultry gut: Potential challenges and interventions. Front veterinary Sci. (2019) 6:60. doi: 10.3389/fvets.2019.00060, PMID: 30886854


	 Hafez MH, El-Kazaz SE, Alharthi B, Ghamry HI, Alshehri MA, Sayed S, et al. The impact of curcumin on growth performance, growth-related gene expression, oxidative stress, and immunological biomarkers in broiler chickens at different stocking densities. Animals. (2022) 12:958. doi: 10.3390/ani12080958, PMID: 35454205


	 Alagawany M, Elnesr SS, Farag MR, El-Naggar K, Madkour M. Nutrigenomics and nutrigenetics in poultry nutrition: an updated review. World's Poult. Sci. J. (2022) 78:377–396.


	 Hemida MA, Abdel-Fattah SA, Madkour M, Aboelenin MM, Ahmed SYA, Shourrap M. Hepatic heat shock proteins, antioxidant-related genes, and immunocompetence of heat-stressed broilers in response to short periods of incubation during egg storage and thermal conditioning. J. Therm. Biol. (2023) 103640., PMID: 37542840


	 Surai PF, Kochish II, Fisinin VI, Kidd MT. Antioxidant defence systems and oxidative stress in poultry biology: An update. Antioxidants. (2019) 8:235. doi: 10.3390/antiox8070235, PMID: 31336672


	 Oke O, Akosile O, Oni A, Opowoye I, Ishola C, Adebiyi J, et al. Oxidative stress in poultry production. Poultry Sci. (2024) 7:104003. doi: 10.1016/j.psj.2024.104003, PMID: 39084145


	 Xing T, Gao F, Tume RK, Zhou G, Xu X. Stress effects on meat quality: A mechanistic perspective. Compr Rev Food Sci Food Saf. (2019) 18:380–401. doi: 10.1111/1541-4337.12417, PMID: 33336942


	 Zhang M, Dunshea FR, Warner RD, Digiacomo K, Osei-Amponsah R, Chauhan SS. Impacts of heat stress on meat quality and strategies for amelioration: a review. Int J biometeorology. (2020) 64:1613–28. doi: 10.1007/s00484-020-01929-6, PMID: 32377930


	 Choi J, Kong B, Bowker BC, Zhuang H, Kim WK. Nutritional strategies to improve meat quality and composition in the challenging conditions of broiler production: a review. Animals. (2023) 13:1386. doi: 10.3390/ani13081386, PMID: 37106949


	 Alam AN, Lee E-Y, Hossain MJ, Samad A, Kim S-H, Hwang Y-H, et al. Meat quality and safety issues during high temperatures and cutting-edge technologies to mitigate the scenario. J Anim Sci Technol. (2024) 66:645. doi: 10.5187/jast.2024.e46, PMID: 39165738


	 Salem HM, Saad AM, Soliman SM, Selim S, Mosa WF, Ahmed AE, et al. Ameliorative avian gut environment and bird productivity through the application of safe antibiotics alternatives: a comprehensive review. Poultry Sci. (2023) 102:102840. doi: 10.1016/j.psj.2023.102840, PMID: 37478510


	 Shi Y, Zhou Q, Wu C, Liu J, Yang C, Yang T, et al. Effects of rhamnolipid replacement of chlortetracycline on growth performance, slaughtering traits, meat quality and antioxidant function in broilers. J Sci Food Agriculture. (2025) 105:858–65. doi: 10.1002/jsfa.13877, PMID: 39243159


	 Jaapar M, Alshelmani M, Humam A, Loh T, Foo H, Akit H. Effect of feeding prilled palm fat with lyso-lecithin on broiler growth performance, nutrient digestibility, lipid profile, carcass, and meat quality. Poultry Science Journal (2020) 8:43–50. doi: 10.22069/psj.2020.17319.1522


	 Ravindran V, Abdollahi MR. Nutrition and digestive physiology of the broiler chick: state of the art and outlook. Animals. (2021) 11:2795. doi: 10.3390/ani11102795, PMID: 34679817


	 Oketch EO, Wickramasuriya SS, Oh S, Choi JS, Heo JM. Physiology of lipid digestion and absorption in poultry: An updated review on the supplementation of exogenous emulsifiers in broiler diets. J Anim Physiol Anim Nutr. (2023) 107:1429–43. doi: 10.1111/jpn.13859, PMID: 37435748


	 Santos AA Jr. Poultry intestinal health through diet formulation and exogenous enzyme supplementation. (2006). http://www.lib.ncsu.edu/resolver/1840.16/4359


	 Shahid I, Sharif M, Yousaf M, Ahmad F, Virk M, Bilal M, et al. Effect of exogenous emulsifier (lyso-phospholipid) supplementation in the broiler diet, on the feed intake and growth performance during grower phase. Braz J Poultry Sci. (2021) 23:eRBCA–2020-1354. doi: 10.1590/1806-9061-2020-1354


	 Mavhungu OM. Evaluating the efficiency of an exogenous fat emulsifier On nutrient digestibility and production performance of Broilers. University of the Free State: BLOEMFONTEIN , South Africa (2022).


	 Ko H, Wang J, Chiu JW-C, Kim WK. Effects of metabolizable energy and emulsifier supplementation on growth performance, nutrient digestibility, body composition, and carcass yield in broilers. Poultry Sci. (2023) 102:102509. doi: 10.1016/j.psj.2023.102509, PMID: 36745956


	 Upadhayay U, Vishwa PCV. Growth promoters and novel feed additives improving poultry production and health, bioactive principles and beneficial applications: the trends and advances-a review. Int J Pharmacol. (2014) 10:129–59. doi: 10.3923/ijp.2014.129.159


	 Siyal F, Babazadeh D, Wang C, Arain M, Saeed M, Ayasan T, et al. Emulsifiers in the poultry industry. World’s poultry Sci J. (2017) 73:611–20. doi: 10.1017/S0043933917000502


	 Sizova E, Ryazantseva K. Fats and emulsifiers in feeding broiler chickens. Sel’skohozyajstvennaya biologiya= Agric Biol. (2022) 57:664–80. doi: 10.15389/agrobiology.2022.4.664eng


	 Ullah A, Sarwar I, Suheryani I, Ahmad S, Andlib S, Buzdar JA, et al. Role of dietary lecithin as an emulsifying agent in poultry nutrition: efficacy and feasibility. World’s Poultry Sci J. (2024) 80:187–206. doi: 10.1080/00439339.2023.2268584


	 Wang Y, Zeng D, Wei L, Chen J, Li H, Wen L, et al. Effects of emulsifiers on lipid metabolism and performance of yellow-feathered broilers. BMC Veterinary Res. (2024) 20:246. doi: 10.1186/s12917-024-04095-8, PMID: 38849831


	 Movagharnejad M, Kazemi-Fard M, Rezaei M, Teimuri-Yansari A. Effects of lysophospholipid and lipase enzyme supplementation to low metabolizable energy diets on growth performance, intestinal morphology and microbial population and some blood metabolites in broiler chickens. Braz J Poultry Sci. (2020) 22:eRBCA–2019-1118. doi: 10.1590/1806-9061-2019-1118


	 Salari A, Golian A, Hassanabadi A. Effect of dietary lysophospholipid supplementation on growth performance, serum lipids, small intestine morphology and caeca microflora in broiler chickens. Veterinary Med Sci. (2024) 10:e1303. doi: 10.1002/vms3.1303, PMID: 38109278


	 Abd El-Aziz AH, Ghanima MMA, Kamal M, Abd El-Hack ME, Alagawany M. The use of bile acids supplement in poultry feed. In: Organic Feed Additives for Livestock. Elsevier: Newyork, USA (2025). p. 127–38.


	 Mohiti-Asli M, Ghanaatparast-Rashti M, Sharifi SD, Rouhanipour H, Akbarian P. Effects of lysophospholipid supplementation in diets with different oil sources on broiler performance under heat stress. Front Vet Sci. (2025) 12:1561679. doi: 10.3389/fvets.2025.1561679, PMID: 40343370


	 Jacobs L, Persia ME, Siman-Tov N, Mccoy J, Ahmad M, Lyman J, et al. Impact of water sanitation on broiler chicken production and welfare parameters. J Appl Poultry Res. (2020) 29:258–68. doi: 10.1016/j.japr.2019.10.013


	 Ataeı AH, Moheghı MM, Fazel Y. Effect of grower dietary energy level on feed intake and performance of modern broiler chickens. J Poultry Res. (2022) 19:1–6. doi: 10.34233/jpr.1111291


	 Aengwanich W. Effects of dexamethasone on physiological changes and productive performance in broilers. Asian Journal of Animal and Veterinary Advances (2007) 2:157–61. doi: 10.3923/ajava.2007.157.161


	 El-Sayed ZS. Response of broiler chicks to low-energy diet supplemented with lecithin or xylanase enzyme. Ann Agric Science Moshtohor. (2021) 59:445–54. doi: 10.21608/assjm.2021.186391


	 Solbi A, Vahid R, Rohullah A, And Gharahveysi S. Efficacy of lysophospholipids on growth performance, carcase, intestinal morphology, microbial population and nutrient digestibility in broiler chickens fed different dietary oil sources. Ital J Anim Sci. (2021) 20:1612–9. doi: 10.1080/1828051X.2021.1973599


	 Aviagen. Ross Nutrition Specifications (2019). Available online at: http://es.aviagen.com/assets/Tech_Center/Ross_Broiler/RossBroilerNutritionSpecs2019-EN.pdf. Accessed March 10, 2024


	 Kirrella AAK, El-Kassas S, El-Naggar K, Galosi L, Biagini L, Rossi G, et al. Growing and laying performance of two different-plumage color Japanese quail varieties supplemented with corn silk in their diet. Poultry Sci. (2023) 102:102360. doi: 10.1016/j.psj.2022.102360, PMID: 36512872


	 El-Kassas S, Abdo SE, El-Naggar K, Abdo W, Kirrella AAK, Nashar TO. Ameliorative effect of dietary supplementation of copper oxide nanoparticles on inflammatory and immune reponses in commercial broiler under normal and heat-stress housing conditions. J Thermal Biol. (2018) 78:235–46. doi: 10.1016/j.jtherbio.2018.10.009, PMID: 30509642


	 El-Kassas S, El-Naggar K, Abdo S, Sobhy W, Kirrella A, El-Mehaseeb I, et al. Dietary supplementation with copper oxide nanoparticles ameliorates chronic heat stress in broiler chickens. Anim Production Sci. (2019) 60:254–268. doi: 10.1071/AN18270


	 Aebi H. [13] catalase in vitro. In: Methods in Enzymology. Academic Press: Newyork, USA (1984). p. 121–6.


	 Bancroft JD, Layton C. Connective and mesenchymal tissues with their stains. In: Bancroft’s Theory and practice of histological techniques, Elseiver (2012). p. 187–214.


	 Abumandour MM, Gewaily MS. Gross morphological and ultrastructural characterization of the oropharyngeal cavity of the Eurasian hoopoe captured from Egypt. Anatomical Sci Int. (2019) 94:172–9. doi: 10.1007/s12565-018-0463-9, PMID: 30357609


	 Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImageJ: 25 years of image analysis. Nat Methods. (2012) 9:671–5. doi: 10.1038/nmeth.2089, PMID: 22930834


	 Park SY, Byeon DS, Kim GW, Kim HY. Carcass and retail meat cuts quality properties of broiler chicken meat based on the slaughter age. J Anim Sci Technol. (2021) 63:180–90. doi: 10.5187/jast.2021.e2, PMID: 33987595


	 Hunt MC. Guidelines for meat color evaluation. In: AMSA Committee on Guidelines for Meat Color Evaluation/National Livestock and Meat Board,  American Meat Science Association: MO, USA (1991).


	 Mohamed LA, Dosoky WM, Kamal M, Alshehry G, Algarni EH, Aldekhail NM, et al. Growth performance, carcass traits and meat physical characteristics of growing Japanese quail fed ginger powder and frankincense oil as feed additives. Poultry Sci. (2024) 103:103771. doi: 10.1016/j.psj.2024.103771, PMID: 38749109


	 El-Seesy TA. (2000). Quality and safety of meal burger patties using HACCP system 3, in: Proceedings of the 3rd Conference of Food Industry at the Service of Turisum, Cairo. pp. 12–4.


	 Ma Q. Transcriptional responses to oxidative stress: pathological and toxicological implications. Pharmacol Ther. (2010) 125:376–93. doi: 10.1016/j.pharmthera.2009.11.004, PMID: 19945483


	 Vandana G, Sejian V, Lees A, Pragna P, Silpa M, Maloney SK. Heat stress and poultry production: impact and amelioration. Int J Biometeorology. (2021) 65:163–79. doi: 10.1007/s00484-020-02023-7, PMID: 33025116


	 Vicuña E, Kuttappan V, Galarza-Seeber R, Latorre J, Faulkner O, Hargis B, et al. Effect of dexamethasone in feed on intestinal permeability, differential white blood cell counts, and immune organs in broiler chicks. Poultry Sci. (2015) 94:2075–80. doi: 10.3382/ps/pev211, PMID: 26195804


	 El-Kassas S, Odemuyiwa S, Hajishengallis G, Connell TD, Nashar TO. Expression and regulation of cholecystokinin receptor in the chicken’s immune organs and cells. J Clin Cell Immunol. (2016) 7:471. doi: 10.4172/2155-9899.1000471, PMID: 28149670


	 He X, Lu Z, Ma B, Zhang L, Li J, Jiang Y, et al. Chronic heat stress alters hypothalamus integrity, the serum indexes and attenuates expressions of hypothalamic appetite genes in broilers. J Thermal Biol. (2019) 81:110–7. doi: 10.1016/j.jtherbio.2019.02.025, PMID: 30975407


	 Islam R, Nasirin S, Rekha R, Sonali B, Anisuzzaman ZH, Mohammed R. Effects of dexamethasone induced stress on the intestinal morphology and morphometry in broiler chicken. J Adv Biotechnol. (2022) 5:394–407. doi: 10.5455/jabet.2022.d123


	 El-Naggar K, El-Kassas S, Abdo SE, Kirrella AAK, Al Wakeel RA. Role of gamma-aminobutyric acid in regulating feed intake in commercial broilers reared under normal and heat stress conditions. J Thermal Biol. (2019) 84:164–75. doi: 10.1016/j.jtherbio.2019.07.004, PMID: 31466750


	 Malheiros R, Moraes V, Collin A, Decuypere E, Buyse J. Free diet selection by broilers as influenced by dietary macronutrient ratio and corticosterone supplementation. 1. Diet selection, organ weights, and plasma metabolites. Poultry Sci. (2003) 82:123–31. doi: 10.1093/ps/82.1.123, PMID: 12580254


	 Lin H, Sui S, Jiao H, Buyse J, Decuypere E. Impaired development of broiler chickens by stress mimicked by corticosterone exposure. Comp Biochem Physiol Part A: Mol Integr Physiol. (2006) 143:400–5. doi: 10.1016/j.cbpa.2005.12.030, PMID: 16458032


	 Gao J, Lin H, Wang X, Song Z, Jiao H. Vitamin E supplementation alleviates the oxidative stress induced by dexamethasone treatment and improves meat quality in broiler chickens. Poultry Sci. (2010) 89:318–27. doi: 10.3382/ps.2009-00216, PMID: 20075285


	 Yuan L, Lin H, Jiang K, Jiao H, Song Z. Corticosterone administration and high-energy feed results in enhanced fat accumulation and insulin resistance in broiler chickens. Br poultry Sci. (2008) 49:487–95. doi: 10.1080/00071660802251731, PMID: 18704796


	 Bohler MW, Chowdhury VS, Cline MA, Gilbert ER. Heat stress responses in birds: A review of the neural components. Biology. (2021) 10:1095. doi: 10.3390/biology10111095, PMID: 34827087


	 Song Z, Zhang X, Zhu L, Jiao H, Lin H. Dexamethasone alters the expression of genes related to the growth of skeletal muscle in chickens (Gallus gallus domesticus). J Mol Endocrinol. (2011) 46:217. doi: 10.1530/JME-10-0162, PMID: 21325373


	 Wealleans A, Jansen M, Di Benedetto M. The addition of lysolecithin to broiler diets improves growth performance across fat levels and sources: a meta-analysis of 33 trials. Br poultry Sci. (2020) 61:51–6. doi: 10.1080/00071668.2019.1671955, PMID: 31571492


	 Pashaei Jalal M, Sharifi SD, Honarbakhsh S, Rouhanipour H. Effects of low energy diets supplemented with emulsifier on growth performance, nutrient digestibility, and intestinal morphology of broiler chickens. Livestock Sci. (2024) 289:105581. doi: 10.1016/j.livsci.2024.105581


	 Maingret F, Patel AJ, Lesage F, Lazdunski M, Honoré E. Lysophospholipids open the two-pore domain mechano-gated K+ channels TREK-1 and TRAAK. J Biol Chem. (2000) 275:10128–33. doi: 10.1074/jbc.275.14.10128, PMID: 10744694


	 Chen C, Jung B, Kim W. Effects of lysophospholipid on growth performance, carcass yield, intestinal development, and bone quality in broilers. Poultry Sci. (2019) 98:3902–13. doi: 10.3382/ps/pez111, PMID: 31329958


	 Skoura A, Hla T. Lysophospholipid receptors in vertebrate development, physiology, and pathology. J Lipid Res. (2009) 50:S293–8. doi: 10.1194/jlr.R800047-JLR200, PMID: 19065000


	 Papadopoulos G, Poutahidis T, Chalvatzi S, Di Benedetto M, Hardas A, Tsiouris V, et al. Effects of lysolecithin supplementation in low-energy diets on growth performance, nutrient digestibility, viscosity and intestinal morphology of broilers. Br Poultry Sci. (2018) 59:232–9. doi: 10.1080/00071668.2018.1423676, PMID: 29293022


	 Hoque MR, Park JH, Kim IH. Evaluation of adding sodium stearoyl-2-Lactylate to energy-reduced diets on broilers’ development, nutritional digestibility, bacterial count in the excreta, and serum lipid profiles. Ital J Anim Sci. (2022) 21:390–6. doi: 10.1080/1828051X.2022.2035261


	 Rama Rao S, Nagaraja Kumari K, Raju M, Prakash B, Paul S, Santosh Phani K. Feed emulsifier improves the performance and nutrient digestibility in broiler chicken fed diets without antibiotic growth promoter. Br Poultry Sci. (2023) 64:745–50. doi: 10.1080/00071668.2023.2248583, PMID: 37610329


	 Arshad MA, Bhatti SA, Rehman MS-U, Yousaf W, Younus G, Sizmaz O, et al. Supplementation of bile acids and lipase in broiler diets for better nutrient utilization and performance: Potential effects and future implications–A review. Ann Anim Sci. (2021) 21:757–87. doi: 10.2478/aoas-2020-0099


	 Khonyoung D, Yamauchi K, Suzuki K. Influence of dietary fat sources and lysolecithin on growth performance, visceral organ size, and histological intestinal alteration in broiler chickens. Livestock Sci. (2015) 176:111–20. doi: 10.1016/j.livsci.2015.03.011


	 Boontiam W, Jung B, Kim Y. Effects of lysophospholipid supplementation to lower nutrient diets on growth performance, intestinal morphology, and blood metabolites in broiler chickens. Poultry Sci. (2017) 96:593–601. doi: 10.3382/ps/pew269, PMID: 28201632


	 Haetinger V, Dalmoro Y, Godoy G, Lang M, De Souza O, Aristimunha P, et al. Optimizing cost, growth performance, and nutrient absorption with a bio-emulsifier based on lysophospholipids for broiler chickens. Poultry Sci. (2021) 100:101025. doi: 10.1016/j.psj.2021.101025, PMID: 33652240


	 Kaczmarek SA, Bochenek M, Samuelsson A-C, Rutkowski A. Effects of glyceryl polyethylene glycol ricinoleate on nutrient utilisation and performance of broiler chickens. Arch Anim Nutr. (2015) 69:285–96. doi: 10.1080/1745039X.2015.1061722, PMID: 26147512


	 Zhao P, Kim I. Effect of diets with different energy and lysophospholipids levels on performance, nutrient metabolism, and body composition in broilers. Poultry Sci. (2017) 96:1341–7. doi: 10.3382/ps/pew469, PMID: 28204735


	 Tang M, Ma Q, Chen X, Ji C. Effects of dietary metabolizable energy and lysine on carcass characteristics and meat quality in Arbor Acres broilers. Asian-Australasian J Anim Sci. (2007) 20:1865–73. doi: 10.5713/ajas.2007.1865


	 Ozden O, Black BL, Ashwell CM, Tipsmark CK, Borski RJ, Grubb BJ. Developmental profile of claudin-3,-5, and-16 proteins in the epithelium of chick intestine. Anatomical Record: Adv Integr Anat Evolutionary Biol. (2010) 293:1175–83. doi: 10.1002/ar.21163, PMID: 20583258


	 Nasr MA, Ali E-SM, Hussein MA. Performance, carcass traits, meat quality and amino acid profile of different Japanese quails strains. J Food Sci Technol. (2017) 54:4189–96. doi: 10.1007/s13197-017-2881-4, PMID: 29184224


	 Islam R, Sultana N, Ayman U, Islam MR, Hashem MA. Role of steroid growth promoter on growth performance and meat quality traits in broiler. Poultry Sci. (2022) 101:101904. doi: 10.1016/j.psj.2022.101904, PMID: 35523031


	 Puvadolpirod S, Thaxton J. Model of physiological stress in chickens 1. Response parameters. Poultry Sci. (2000) 79:363–9. doi: 10.1093/ps/79.3.363, PMID: 10735203


	 Swatland H. How pH causes paleness or darkness in chicken breast meat. Meat Sci. (2008) 80:396–400. doi: 10.1016/j.meatsci.2008.01.002, PMID: 22063345


	 Mir NA, Rafiq A, Kumar F, Singh V, Shukla V. Determinants of broiler chicken meat quality and factors affecting them: a review. J Food Sci Technol. (2017) 54:2997–3009. doi: 10.1007/s13197-017-2789-z, PMID: 28974784


	 Pan L, Ma X, Zhao P, Piao X. Weeping forsythia extract alleviates dexamethasone-induced oxidative injury of breast muscles in broilers. Animal. (2019) 13:2660–8. doi: 10.1017/S175173111900096X, PMID: 31062678


	 An JS, Yun W, Lee JH, Oh HJ, Kim TH, Cho EA, et al. Effects of exogenous emulsifier supplementation on growth performance, energy digestibility, and meat quality in broilers. J Anim Sci Technol. (2020) 62:43. doi: 10.5187/jast.2020.62.1.43, PMID: 32082597


	 Lv ZP, Peng YZ, Zhang BB, Fan H, Liu D, Guo YM. Glucose and lipid metabolism disorders in the chickens with dexamethasone-induced oxidative stress. J Anim Physiol Anim Nutr. (2018) 102:e706–17. doi: 10.1111/jpn.12823, PMID: 29098735


	 Rahnama M, Bouyeh M, Kadim I, Seidavi A, Elghandour MM, Reddy PRK, et al. Effect of dietary inclusion of lecithin with choline on physiological stress of serum cholesterol fractions and enzymes, abdominal fat, growth performance, and mortality parameters of broiler chickens. Anim Biotechnol. (2020) 31:483–90. doi: 10.1080/10495398.2019.1622557, PMID: 31230524


	 Park J-H, Nguyen D-H, Kim I-H. Effects of exogenous lysolecithin emulsifier supplementation on the growth performance, nutrient digestibility, and blood lipid profiles of broiler chickens. J Poultry Sci. (2018) 55:190–4. doi: 10.2141/jpsa.0170100, PMID: 32055173


	 Kamran J, Mehmood S, Rahman M, Mahmud A, Hussain M, Rehman A, et al. Effect of fat sources and emulsifier supplementation in broiler starter, grower and finisher diets on performance, nutrient digestibility, and carcass parameters. Braz J Poultry Sci. (2020) 22:eRBCA–2020-1285. doi: 10.1590/1806-9061-2020-1285


	 Zangeneh S, Torki M, Lotfollahian H, Abdolmohammadi A. Effects of dietary supplemental lysophospholipids and vitamin C on performance, antioxidant enzymes, lipid peroxidation, thyroid hormones and serum metabolites of broiler chickens reared under thermoneutral and high ambient temperature. J Anim Physiol Anim Nutr. (2018) 102:1521–32. doi: 10.1111/jpn.12935, PMID: 30255521


	 Ewais O, Abdel-Tawab H, El-Fayoumi H, Aboelhadid SM, Al-Quraishy S, Falkowski P, et al. Antioxidant properties of D-limonene and its nanoemulsion form enhance its anticoccidial efficiency in experimentally infected broilers with Eimeria tenella: An in vitro and in vivo study. Veterinary Res Commun. (2024) 48:3711–25. doi: 10.1007/s11259-024-10512-y, PMID: 39235470


	 Ani AO, Onodugo MO, Ogwuegbu MC, Udeh VC, Mthiyane DMN. Influence of dietary lysolecithin on growth performance, nutrient digestibility, haemato-biochemistry, and oxidative status of broiler birds. Trop Anim Health Production. (2024) 56:271. doi: 10.1007/s11250-024-04107-7, PMID: 39312028


	 El-Gendi G, Abdelmoez W, Abou-Emera O, Eid K. Dietary influence of de-oiled lecithin on broiler growth, Blood parameters, Antioxidant status, Thyroid hormones and immunoglobulins: An analysis across two distinct strains of broilers. Livestock Sci. (2023) 277:105356. doi: 10.1016/j.livsci.2023.105356


	 Das SK, Vasudevan D. Effect of lecithin in the treatment of ethanol mediated free radical induced hepatotoxicity. Indian J Clin Biochem. (2006) 21:62–9. doi: 10.1007/BF02913068, PMID: 23105571


	 Budilarto ES, Kamal-Eldin A. The supramolecular chemistry of lipid oxidation and antioxidation in bulk oils. European Journal of Lipid Science and Technology. (2015) 117:1095–1137. doi: 10.1002/ejlt.201400200, PMID: 26448722


	 Yan H, Wang Y, Liang H, Duan Y, Wang J, Zhou C, et al. Effects of lysophospholipids on the antioxidant capacity, digestive performance, and intestinal microbiota of litopenaeus vannamei. Biology. (2025) 14:90. doi: 10.3390/biology14010090, PMID: 39857320


	 Sherif R, Nassef E, El-Kassas S, Bakr A, Hegazi E, El-Sawy H. Synergistic impact of Chlorella vulgaris, zinc oxide-and/or selenium nanoparticles dietary supplementation on broiler’s growth performance, antioxidant and blood biochemistry. Trop Anim Health Production. (2024) 56:246. doi: 10.1007/s11250-024-04098-5, PMID: 39212817







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Eid, El-Soud, Gamel, El-Kassas, Azzam, Di Cerbo, Elolimy, Alagawany and Kirrella. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1572314-g002.jpg
Experimental treatments





OEBPS/Images/fimmu-16-1572314-g007.jpg





OEBPS/Images/cover.jpg
’ frontiers | Frontiersin Immunology

Dietary lysophospholipids enhance broiler
performance, immune response, meat
quality, and mitigate oxidative stress





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1572314-g003.jpg
>

~ poes
=3 E=3

Phagocytic activity
=

a i -+ DEX
a 3 a
- -+ DEX
+ DEX
-+ 05LPL
o cd $ g b b ab ® b - +DEX
d + 1LPLs 22 + 05LPLs
-+ DEX+0.5LPLs K + 1LPLs
< DEXH LPLs § + DEX+05LPLs
o1 6 DEXHLPLs
£
d. v oy oy 0 y & 9 9 s 0
gyysys PN R
o xQ. *:( L X! Q(,\d \\' ‘%‘)\4 Jr;\\*
b ‘
g g ¢
Q o(v Q

Experimental treatments Experimental treatments





OEBPS/Images/fimmu-16-1572314-g005.jpg
N -
(anssn 6n) aos

(anssn Bin) L¥D

® (enssp BN xdo °

Experimental treatments





OEBPS/Images/fimmu-16-1572314-g001.jpg
Body weight gain (g)

2000

1800

1600

1400

1200

1000

2600

Final body weight (g)

-
[
o
o

1600

FCR

NN
@ ©
o o
o o

2700

2600

2500

Feed consumption (g)

N
S
o
o

4+
&

o & <ﬁ* <§}

QS <
RGN SRS
QF Q\’ Q\/
AN
o

Experimental treatments





OEBPS/Images/fimmu-16-1572314-g006.jpg





OEBPS/Images/fimmu-16-1572314-g004.jpg
o
-]

Tl

(=) o o o
© < N

(enssny b jajowiw) yaw

+
>

w :
- -

(anssn B jeloww) oy L

Experimental treatments





