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Abstract

The present study was conducted to investigate the effect of dietary supplementation with fatty acid esters and an
emulsifier on broiler performance. A total of 192 day-old broiler chicks of either sex (50% male and 50% female, in
accordance with hatchery guidelines) were randomly assigned to 8 experimental groups, with 6 replicates of 4 chicks
each. The standard broiler diets Control (CON) were formulated according to commercial chick feed specifications.
The Antibiotic Growth Promoter (AGP) diet was identical to CON, except with the addition of an antibiotic. In
contrast, MG0.8, MGRO0.8, and MGHO0.8 replaced the antibiotic with fatty acid esters and an emulsifier at 0.8 g/kg
feed, with energy reduced by 2.5% (MGR) and 3.0% (MGH), respectively. Meanwhile, MG1.0, MGR1.0, and
MGH1.0 replaced antibiotics with fatty acid esters and an emulsifier at 1.0 g/kg feed, with energy reductions of 2.5%
and 3%, respectively. Individual body weight and pen feed intake of broilers were recorded, allowing for the
calculation of the feed-to-gain ratio and the European Production Efficiency Index (EPEI). The findings revealed that
birds fed a diet with MGHO0.8 showed improved (p<0.05) overall growth performance economically, as indicated by
body weight, weight gain, feed-to-gain ratio, EPEI, and digestibility of protein and crude fat. Carcass yield, organ
weight, processing losses, and nutrient composition of meat were unaffected by the supplementation. However,
significantly lower cecal, C. perfringens and E. coli counts, along with higher serum IgG and IL-10 levels, were
observed in the MG1.0 supplemented diet. Broilers fed the MGHO.8 diet exhibited better feed cost per kg weight gain,
a humoral immune response against Newcastle disease virus, and improved intestinal morphology (reduced crypt
depth (CD), increased villus height (VH), intestinal wall thickness, and VH:CD ratio. Thus, a diet supplemented with
MGHO0.8 g can serve as an economically efficient alternative to antibiotic growth promoters in broilers.
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Introduction

The poultry industry plays a crucial role in the global animal husbandry sector, primarily driven by the rising
demand for meat and eggs. The use of antimicrobials in poultry was banned by the EU in 2006 due to concerns over
bacterial resistance and side effects (Abreu et al., 2023, Prem Kumar et al., 2026). For these reasons, alternatives to
AGPs are being explored (Tsugkieva et al. 2021; Gobezie 2022). Enzymatic hydrolysis of triglycerides and
diglycerides produces fatty acid esters, which exhibit amphiphilic properties. These amphiphilic characteristics of
fatty acid esters act as antioxidant, antiviral, antifungal, and antibacterial agents (Rarokar et al., 2017). Fatty acid esters
possess membrane-lytic properties due to their amphipathic nature, leading to instability in bacterial membranes and
the formation of pores. This destabilizing effect increases cell permeability, ultimately resulting in cell lysis and death
(Yoon et al., 2018). In broilers, mono-glycerol compounds reduce the levels of C. perfringens and E. coli (Skrivanova
et al., 2014). According to Galli et al. (2021), incorporating fatty acid esters into the diet of broiler chickens improves
their productivity and positively affects the fatty acid composition of the meat. It is considered a highly promising
feed additive for chickens due to its ability to enhance productivity, support health, optimize feed efficiency, and
improve meat quality (Fortuoso et al., 2019; Mustafa, 2019). Glycerol monolaurate (GML), an ester of medium-chain
fatty acids, naturally occurs in coconut oil, palmetto, and human milk (Schlievert et al., 2019). It can be produced by
combining lauric acid (C12) with glycerol and exhibits antimicrobial properties (e.g., against bacteria, viruses, and
fungi), which has led to its widespread use in the feed industry (Mueller and Schlievert, 2015; Seleem et al., 2016).
GML in broiler diets enhances intestinal health by either inhibiting the growth of harmful bacteria, such as E. coli
(Fortuoso et al., 2019), or by promoting the proliferation of beneficial bacteria (Lan et al., 2021). The absorption of
dietary fat in young birds can be improved through the supplementation of emulsifiers. Emulsifiers increase the active
surface area of lipase to break down large fat globules into smaller droplets, thereby facilitating the absorption of
dietary lipids (Oketch et al., 2023). Consequently, this increases the availability of metabolic energy and enhances
growth performance (Tan et al., 2016).

Materials and Methods

Housing

The experimental chicks were raised in the battery brooder house. The battery brooders were cleaned,
washed, and disinfected using blow lamping, and the entire house was fumigated with formaldehyde and potassium
permanganate four days before the experiment began. Artificial heat (Temp. 95°F) was supplied to the chicks during
the initial growth period (7 days) using electric bulbs. For the remainder of the experiment, the birds were kept at a
normal temperature ranging from 83°F to 86°F.
Experimental diet

In this study, 192 broiler chicks (day old) were obtained from Phoenix Hatchery, Jabalpur (M.P.) (50% male
and 50% female as per hatchery guidelines). These chicks were reared in a battery brooder facility within the
Department of Animal Nutrition, College of Veterinary Science and Animal Husbandry, Nanaji Deshmukh Veterinary
Science University, Jabalpur, Madhya Pradesh, India. The experimental design was completely randomized. The feed
ingredients used in the experiment included corn, soybean meal, and soya oil (Table 1). The proximate composition
of these feed ingredients is presented in Table 2. All day-old broiler chicks were individually weighed at the start of
the experiment, and 192 birds of nearly identical weight (Range +2g) were selected. Overall, there were eight dietary
treatments. Each treatment consisted of six replicates with four chicks each. The eight isonitrogenous dietary
treatments were: CON Control (Basal diet), in accordance with commercial chick feed specifications; AGP-Positive
control (Basal diet + antibiotic); MG0.8-Basal diet + fatty acid esters with emulsifier at the rate 0.8 g/kg feed;
MGRO.8-Basal diet + fatty acid esters with emulsifier at the rate 0.8 g/kg feed with reduced 2.5% ME; MGHO.8-
Basal diet + fatty acid esters with emulsifier at the rate 0.8 g/kg feed with reduced 3% ME; MG1-Basal diet + fatty
acid esters with emulsifier at the rate 1.0 g/kg feed; MGR1.0-Basal diet + fatty acid esters with emulsifier at the rate
1.0 g/kg feed with reduced 2.5% ME; MGH1.0-Basal diet + fatty acid esters with emulsifier at the rate 1.0 g/kg feed
with reduced 3% ME.
Performance of Broilers
Body weight and weight gain The birds were weighed individually on a weekly basis to record the body weight of
broilers until six weeks of age. Weight gain in different groups of broilers was calculated weekly using the following
formula:

Body weight gain (g) = Final body weight — Initial body weight
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Table 1: Ingredient composition of broiler experimental diets

Feed Ingredients Experimental Diets (%)
Pre starter Starter Finisher
(0 - 14 days) (15 - 28 days) (29 - 42 days)
CON MGR MGH CON MGR MGH CON MGR MGH
(-2.5% ME) | (-3.0% ME) (-2.5% ME) | (-3.0% ME) (-2.5% ME) | (-3.0% ME)
Maize 52.22 53.32 54.92 53.73 5543 56.83 57.57 58.17 57.97
Soybean meal 41.13 41.03 40.43 37.50 37.10 36.70 33.12 32.92 33.32
Calcite/LSP 0.63 0.63 0.63 0.66 0.66 0.66 0.70 0.70 0.70
DCP 1.65 1.65 1.65 1.64 1.64 1.64 1.63 1.63 1.63
Vegetable oil 2.98 1.67 1.01 5.10 3.63 2.96 5.95 5.35 5.16
Methionine 0.22 0.22 0.22 0.22 0.22 0.22 0.21 0.21 0.21
Lysine 0.28 0.28 0.28 0.28 0.28 0.28 0.22 0.22 0.22
Soda Bicarb 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Salt 0.24 0.24 0.24 0.22 0.22 0.22 0.20 0.20 0.20
Trace Mineral 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05
Premix!
Vitamin Premix?> | 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05
Threonine 0.07 0.07 0.07 0.05 0.05 0.05 0.02 0.02 0.02
Maduramicin - - - - - - 0.05 - -
Robimidine 0.033 - - 0.033 - - - - -
Liver tonic 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Emulsifier * 0.05 - - 0.05 - - 0.05 - -
Toxin binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline Cl2 60 % [0.10 0.10 0.10 0.12 0.12 0.12 0.15 0.15 0.15
Coccidiostat 0.03 0.03 0.03 0.03 0.03 0.03 0.00 0.00 0.00
TOTAL 100 100 100 100 100 100 100 100 100
Nutrient composition calculated (%)

CP (%) 22.5 22.5 22.5 21.0 21.0 21.0 19.5 19.5 19.5
ME (Mcal/kg) 3.00 2.925 2.910 3.125 3.047 3.031 3.25 3.169 3.152

* Only present in TO and T1 diet

1 Trace mineral provided per kg diet: Manganese, 120mg; Zinc, 80mg; Iron, 25mg; Copper, 10mg; lodine, Img and Selenium, 0.1mg.

2 Vitamin premix provided per kg diet: Vitamin A, 20000IU; Vitamin D3, 30001U; Vitamin E, 10mg; Vitamin K, 2mg; Riboflavin, 25mg;
Vitamin B1,1mg; Vitamin B6, 2mg; Vitamin B12,40mcg and Niacin, 15 mg.

Table 2: Nutrient composition of experimental broiler diets

Feed Ingredients Experimental Diets (%)
Pre starter (0 - 14 days) | Starter (15 - 28 days) | Finisher (29 - 42 days)

Crude Protein 22.50 21.00 19.50
ME (Mcal/kg) 3.00 3.13 3.25
Total Lysine 1.42 1.25 1.14
Total Methionine 0.62 0.58 0.54
Ca 0.94 0.92 0.88
Available P 0.45 0.42 0.40

ME: Metabolizable Energy; Ca: Calcium; P: Phosphorus

Feed Intake Weekly feed consumption of broilers was recorded based on the feed offered and the leftover at the end
of that week.
Feed to Gain Ratio (FCR) was calculated using the following formula:
Quantity of feed consumed (g) during the week
F:G =

Gain in body weight (g) during the week

European Production Efficiency Index (EPEI) The EPEI was calculated using the formula provided by Hubbard
(1999).
Body weight (kg) x SR (%)
EPEI = x 100
PP x FCR
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Where:
BW = Body weight (kg), SR = Survival rate (100% - Mortality),
PP = Production period (days), FCR = Feed conversion ratio (kg feed / kg gain)
Nutrient Utilization

To understand the utilization of nutrients (DM, CP, and EE) from various diets, a digestibility evaluation was
conducted in the 6th week of the experiment. During the collection period, the amount of feed offered and leftovers
were measured to determine the total feed intake per bird. Total excreta was collected and weighed, and then 100 g of
thoroughly mixed excreta was taken and dried in a hot air oven for DM from each cage every 24-hour period for 3
days. Samples of feed and faeces collected from each treatment were dried in a hot air oven, finely ground per replicate,
and stored for further proximate analysis in accordance with AOAC (2012).
Nutrient Composition of Meat

On day 35, birds were ethically euthanized using the electrical stunning method (50V, 15 sec.) to evaluate
carcass characteristics. Additionally, a portion (10g) of breast muscle was collected and analyzed for its proximate
composition (dry matter, crude protein, and crude fat) using AOAC (2012).
Carcass traits

Birds from each treatment were slaughtered on the 35th day of the experiment. Broilers were withheld from
feed for twelve hours prior to slaughter. During this time, they were given clean and fresh drinking water ad-libitum.
Before slaughter, each broiler was weighed, and then the birds were ethically euthanized using the electrical stunning
method (50V, 15 sec.). Following this, a severe cut was made to the jugular vein, allowing for complete bleeding.
After the bleeding was finished, weights were recorded. The weight was again noted after manual defeathering using
hot water (50-55°C). The dressed weight was then recorded as follows:
Dressed weight = Live weight — Weight loss as blood, head, feathers, shank and wing tips
Eviscerated weight = Dressed weight — Weight of viscera
Drawn weight = Eviscerated weight + Weight of giblet
The organs (liver, heart, gizzard, giblet, and pancreas) collected at the time of slaughter had their weights recorded.
Immunological response
Humoral immune response

Broilers were vaccinated at 7 days of age with the F1 strain for ranikhet disease via the eye and at 21 days of
age with the Lasota strain of Newcastle disease through drinking water. Blood samples were collected separately from
the wing veins of vaccinated birds in non-heparinized test tubes on days 30 and 42 of the experiment. The serum was
separated by centrifugation at 3000 rpm for 15 minutes and stored in a deep freezer at -20°C for subsequent analysis.
Humoral immunity against Newcastle disease was assessed on days 30 and 42 using the haemagglutination inhibition
test according to the method of the Office International des Epizooties (2004). All titres were recorded as log 10 of
the reciprocal of the end-point dilution.
Weight of lymphoid organs

The weights of the bursa of Fabricius, spleen, and thymus were measured at the end of the experiment from
sacrificed birds to calculate the relative lymphoid organ weights. Serum IgG and IL-10: The concentrations of
immunoglobulins (IgG) and interleukin-10 (IL-10) were determined in the serum of birds using chicken-specific
ELISA kits (Chongqing Biospes Co., Ltd, China).
Serum Biochemical Parameters

SGOT/AST and SGPT/ALT were measured using 2, 4-DNPH (Reitman and Frankel, 1957) with a
commercial kit (Erba Diagnostics Ltd., India).
Histo-morphometrical Analysis of Intestine

The entire small intestinal tract was sampled for histo-morphometrical examination. Two-centimeter tissue
samples were taken from the duodenum, jejunum, and ileum. The tissue samples were briefly preserved in 10% neutral
buffered formaldehyde (NBF) for 72 hours, then processed for dehydration, clearing, and embedding in wax.
Histological study was performed on 5-pm thick transverse sections (cut by a microtome), fixed on slides, and stained
with hematoxylin and eosin (Drury and Wallington, 1980). The mucosal and muscular layers of the duodenum,
jejunum, and ileum were examined using a digital camera attached to a Leica DM 1000 LED microscope, with the
Leica Application Suite version 4.10 used for morphometric analysis as follows: villus height was measured from the
tip (with lamina propria) of the villus to the base (villus crypt junction). Crypt depth was measured from the villus
crypt intersection to the distal limit of the crypt, and the thickness of the tunica muscularis was defined as the distance
between the lamina muscularis mucosae internally and the tunica serosa externally. Images were used to calculate the
number of goblet cells.
Caecal microbiota population count

On day 35, caecal content was collected into sterilized plastic bags from the caeca of slaughtered birds. The
caecal contents were immediately stored at -20°C and processed within 24 hours for the cecal microbiota population
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count. Selected agar media were used for the enumeration of target bacterial groups. One gram of cecal content was
taken in a sterile test tube and diluted with 10 ml of normal saline. Using separate sterile pipettes, up to 10-® dilutions
were prepared by transferring 1 ml of the previous dilution to 9 ml of diluent. Dilutions of 104, 105, and 10 were
used for the enumeration of E. coli, and aliquots of 100 uL were added to petri dishes with MacConkey agar. Plates
were incubated at 37°C for 24 hours. Dilutions of 102, 10-, and 10 were used for the enumeration of C. perfringens.
Aliquots of 100 pL were added to petri dishes with tryptose-sulfite-cycloserine (TSC) culture medium and egg yolk
emulsion. In the case of C. perfringens, plate incubation was performed anaerobically at 37°C for 48 hours in gas-
pack anaerobic jars (Markey et al., 2013). A colony counter was used for the enumeration of bacterial colonies, and
the results were expressed as log 10 colony-forming units (cfu) per gram of cecal digesta.
Economics of production

The economics of broiler production over feed cost was calculated using the cost of feed consumed per kg
weight gain for each dietary treatment. The cost of feed was determined from the inclusion level of various ingredients
multiplied by their market cost.
Gross return = Selling price of the obtained live weight
Net return = Gross return — Total feed cost

Net return
Economic efficiency (%) = x 100
Total feed cost

Statistical analysis

Data were analyzed using a one-way analysis of variance (ANOVA) with a completely randomized design
(CRD), following the guidelines of Snedecor and Cochran (1994). This design was employed to assess the
homogeneity of variance among components in experimental treatments via SPSS software. Duncan’s Multiple Range
Test (1955) was utilized to compare the differences between means at a 5% probability level. Variations in the data
were expressed as pooled standard error of the mean (SEM), and the significance level was set at p<0.05.
Ethics Statement The study received approval from the Institutional Animal Ethical Committee (IAEC) under
D.No.38/TAEC/Vety/2023 dated 28.08.2023, which is affiliated with CPCSEA, Ministry of Animal Husbandry, India.

Results

Growth performance

The performance of broilers in all treatment groups is presented in Table 3. The current study revealed a clear
trend of increased body weight in birds supplemented with fatty acid esters and an emulsifier. The maximum and
significantly (p<0.05) higher live weight and weight gain were observed in the group fed a diet with MGHO.8
compared to the control. Among all the weeks, during the fifth week of the study, the birds fed MG08 showed
significantly higher (p<0.05) feed intake. Broilers fed a basal diet supplemented with varying levels of fatty acid esters
and an emulsifier exhibited significantly (p<0.05) improved FCR starting from the second week of the experiment.
The better EPEI was noted in the group receiving the MGHO.8 supplemented diet, as compared to the CON group.
This result can be attributed to the higher body weight gain, improved feed-to-gain ratio, and increased survival rate.
Broilers supplemented with varying levels of fatty acid esters along with emulsifier (0.8 and 1.0 g/kg diet) did not
exhibit a significant (p>0.05) effect on dry matter utilization. The crude protein utilization was significantly (p<0.05)
higher in MG1.0 compared to CON, while all other treatments were statistically (p>0.05) similar to MG1.0. The crude
fat utilization was significantly (p>0.05) higher in the group fed MGHO0.8 g compared to the CON diet. Similarly,
diets supplemented with different levels of fatty acid esters along with emulsifier (0.8, 1.0 g/kg) had no significant
effect (p>0.05) on the dry matter, crude protein, and crude fat content of meat.
Carecass Yield

Supplementation of different levels of fatty acid esters with emulsifiers doesn’t have any significant effect of
carcass weights, organ weight and processing losses of broilers (Table 4).
Immunological response

Supplementation of fatty acid esters along with an emulsifier affected the antibody titre against Newcastle
disease virus, which was observed on the 30th and 42nd days, with results presented in Table 04. Broilers fed a basal
diet supplemented with different levels of fatty acid esters and emulsifier (0.8, 1.0 g/kg) showed no significant effect
(p>0.05) on antibody titre (log10) against Newcastle disease virus on the 30th day. Birds fed a diet with MGHO0.8 had
a significantly (p<0.05) higher antibody titre against Newcastle disease virus on the 42nd day compared to the CON
group.

The results in Table 04 indicate that a diet supplemented with different levels of fatty acid esters and
emulsifier (0.8, 1.0 g/kg) did not influence (p>0.05) thymus and spleen weight. However, a higher weight of the Bursa
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Table 3: Growth performance in broilers of different treatment groups

Treatments

Weekly | CON [ AGP | MG 0.8 | MGR0.8 | MGH 0.8 | MG 1.0 | MGR 1.0 | MGH 1.0 [ SEM | p-value
Performance
Live wt. (g) |2441.58°2491.86°|2682.75|2688.89%" |2768.58% 2646.70° [2604.92° [2610.17° [19.16[0.000
Wt gain (g) |2390.08°|2440.45°(2631.42% |2637.64%* |2717.33* 2595.53" [2553.67° [2558.92° [19.17 |0.050
FI (g) 4187.57 [4198.21 [4304.08 |4246.83 4232.58 4226.88 [4131.67 |4129.04 [22.11]0.966
FCR 1.76* 1.722 1.64° 1.62% 1.56° 1.63° 1.62b¢ 1.62° 0.01 10.399
EPEI 324.93¢ [337.97° |383.80° |390.25% 415.75* 379.88> |376.17° 377.90° 4.92 10.000
Nutrient Utilization (%)
DM 71.27 71.49 72.14 73.71 74.26 73.49 73.62 72.66 0.33 | 0.217
CP 73.92Y | 75.24% | 75.68% 77.012 77.06* 77.292 76.13% | 75.67% 0.34 | 0.215
EE 80.12" | 80.67* | 81.08%® 82.31% 84.01* 81.50% 80.64% | 81.14% 0.32 | 0.370
Nutrient Composition of breast muscle (%)
DM 23.34 24.47 24.26 24.76 2431 2431 23.95 24.43 0.16 | 0.551
CP 21.07 21.99 21.50 2041 22.23 21.17 20.13 20.10 0.24 | 0.197
EE 5.67 5.91 597 5.83 5.93 5.58 5.91 5.21 0.08 400
Economics of broiler production
Economic 6.19¢ 7.23¢ 12.17° 21.082 24.902 11.91° 20.26* 20.86* 1.09 | 0.000
efficiency
Feed cost| 73.14* | 71.67% | 69.20% 64.024 62.04¢ 69.32b¢ 67.13¢ 66.92°¢ 0.58 | 0.000
Rs/kg b.wt
gain
Means within the same row with different superscripts are significantly different (p<0.05); FI: Feed Intake; FCR: Feed Conversion ratio; EPEL:
European production efficiency index; DM: Dry matter; CP: Crude Protein; EE: Ether Extract

Table 4: Carcass yields (% of live weight) of broilers in different treatment groups

Treatments
Parameters | CON | AGP [ MG0.8 MGR0.8 | MGHO0.8 | MG1 | MGR1 | MGH1 [ SEM | p-value
Carcass weights (% of live weight)
Dressed wt 81.89 |83.57|82.45 |83.69 83.08 83.35 [83.34 |83.13 |0.21 |0.447
Eviscerated wt | 77.46 | 78.99 | 77.89 |78.92 78.67 78.92 |78.43 [78.68 |0.20 |0.605
Drawn wt 81.63 |83.35182.20 [83.43 82.85 83.10 [83.07 |82.87 |0.21 [0.427
Organ weights (% of dressed weight)
Heart 0.71 |0.61 ]0.63 [0.66 0.64 0.59 |0.69 0.62 0.01 (0418
Gizzard 220 229 [2.53 |2.76 2.21 2.23 |2.58 2.26 0.07 10.451
Liver 2.18 [2.33 |2.05 [2.06 2.15 2.19 [231 2.21 0.04 |0.749
giblet 5.09 |5.21 |522 [5.39 5.01 5.02 |5.56 5.04 0.08 [0.798
Pancreas 0.31 |0.26 ]0.31 0.31 0.29 0.30 ]0.32 0.31 0.01 |0.447
Processing losses (% of live weight
Intestine 5.03 [4.67 496 4.98 4.43 533 1444 (427 0.12 10.390
Blood 4.65 |3.73 |3.74 [3.35 3.80 376 |3.20 3.28 0.15 [0.421
Feather 529 |5.62 |5.64 |522 5.37 5.70 |5.86 5.96 0.11 [0.803
Head 247 (226 247 247 2.23 226 (249 245 0.03 [0.433
Separable fat | 0.53 |0.82 [0.42 |0.98 0.68 0.57 |1.19 0.58 0.09 |0.582
Appendages 521 |4.80 |539 [5.32 4.94 491 |5.10 5.07 0.08 [0.693

of Fabricius was observed in the MGHO0.8 and AGP groups, while the lowest weight was noted in the CON group.
Similarly, diets with MGR1.0 and MG1.0 showed significantly (p<0.05) higher serum IgG and IL-10 levels,
respectively, compared to the CON group.
Serum biochemical parameters

SGPT and SGOT are enzymes primarily located in the liver cells of broiler chickens. They serve as
biomarkers to evaluate liver health and function. A diet supplemented with varying levels of fatty acid esters and an
emulsifier (0.8, 1.0 g/kg) did not significantly influence (p>0.05) the concentrations of glutamic pyruvic transaminase
and glutamic oxaloacetic transaminase in serum (Table 05).
Histo-morphometry of Small Intestine

Morphometrical analysis of the intestine in broilers, focusing on villus height, crypt depth, intestinal wall
thickness, goblet cells per field, and the villus height: crypt depth ratio at 35 days of age, is presented in Table 06.
Broilers supplemented with MGHO.8 g exhibited significantly (p<<0.05) higher villus height in the duodenum, while
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Table 5: Immune response of broilers under different treatment group
Parameters Treatments
CON [ AGP [MG 0.8] MGR 0.8 | MGH 0.8 | MG1 |MGR1|MGH1 [ SEM | P-value
Haemagglutination inhibition test

Day 30 1.97 | 2.14 2.24 2.27 2.39 2.21 2.24 2.21 | 0.08 | 0.998
Day 42 2.04° | 2.21% | 2.41® 2.39® 2.53% 2,398 | 2,373 | 2.37% | 0.04 | 0.022
Weight of lymphoid organ

Spleen 0.14 | 0.11 0.09 0.13 0.13 0.14 | 0.10 0.11 ]0.00 | 0.227
Thymus 0.70 | 0.46 0.57 0.59 0.54 0.61 0.72 046 | 0.03 | 0.387
Bursa of fabricius | 0.12° | 0.26* | 0.21% 0.17% 0.26* 0.25* | 0.17* | 0.18% | 0.01 | 0.006
ELISA

IgG (pg/ml) 19.48% | 21.27%| 23.89% | 23.25% 25.25% | 26.57% | 26.63* [ 25.27*%] 0.74 | 0.010
IL-10 (ng/l) 9.90° | 11.78%| 14.36% | 14.43%® 1449 | 17.96 | 14.45%]15.36® | 0.71 | 0.008

Means within the same row with different superscripts are significantly different (p<0.05)

Table 6: Serum biochemical parameters of broilers in different treatment groups

Parameters Treatments

(IU/L) CON |[AGP |MGO0.8| MGR0.8 | MGH0.8 | MG1 |MGRI1|MGH1 |SEM | P-value
SGOT 245.451265.08 | 240.41 [245.00 |264.75 269.751231.30 | 234.00 |7.84 |0.88
SGPT 6.11 6.41 5.98 6.70 6.08 6.50 6.86 6.40 0.37 10.99

Table 7: Histo-morphometry of small intestine in different treatment groups

Treatment | CON | AGP | MGO0.8 | MGR0.8 | MGH0.8 | MG1.0 | MGR1 | MGH1 | SEM | P-value

Villus height (um)

Duodenum | 1212.46° | 1311.83% | 1364.27® | 1398.27°% | 1536.83* | 1450.56®° | 1509.35% | 1429.63% | 27.41 0.033

Jejunum 980.00° | 1056.17% | 1123.31¢ 1252.67¢ | 1305.73%° | 1338.15® | 1377.76* | 1284.03 | 29.05 0.000

Ileum 546.534 662.59¢ 730.98% 727.15% 768.12% 843.87* 849.78* 811.62* | 21.20 0.000

Crypt depth (um)

Duodenum | 198.96° 189.87% 186.03%¢ 183.142 149.43¢ 136.57¢ 165.77%¢ | 157.31% 5.17 0.003

Jejunum 218.10° 203.422 183.50 186.57% 161.73% 141.644 158.33¢ 166.31¢¢ | 5.65 0.001

Ileum 187.53? 175.68% 159.11% 159.64% 152.87° 149.33° 155.01° 156.57° 3.71 0.123

Intestinal wall thickness (um)

Duodenum | 304.95¢ 347.57° 392.71% 352.27% 398.20° 391.22% 351.56% 380.31% 7.45 0.003

Jejunum 320.419 | 350.71%¢ | 403.43%c 362.52bd 412.72% 432.40* 387.02% 422.58* 9.11 0.003

Tleum 336.159 | 380.25% | 432.14%c | 404.24bd 467.86% 489.422 387.68%¢ | 468.07* | 12.16 | 0.002
Goblet cells per field
Duodenum 25.00 24.66 24.00 23.67 23.66 24.00 25.00 24.00 0.66 0.999
Jejunum 34.00 33.66 33.66 33.66 34.00 32.33 34.33 3433 0.51 0.993
Ileum 85.33 86.66 85.33 82.33 84.33 84.00 83.00 83.66 0.59 0.743
Villous height/Crypt depth ratio
Duodenum 6.19¢ 7.04¢ 7.32% 7.65% 10.34* 10.622 9.14% 9.17% 0.36 0.327
Jejunum 4.51f 5.21¢ 6.12% 6.74%¢ 8.16%¢ 9.44* 8.82% 7.82b¢ 0.36 0.095
Tleum 2.98¢ 3.77¢ 4.65%¢ 4.56 5.06% 5.65* 5.48%® 5.20% 0.19 0.000

Means within the same row with different superscripts are significantly different (p<0.05)

Table 8: Caecal microbiota count (logio cfu/g) of broilers in different treatment groups

Caecal Treatments

microbiota CON | AGP | MGO0.8 | MGR0.8 | MGH0.8 | MG1 | MGR1 |MGH 1.0| SEM |P-Value
E. coli 8.14* |7.932b| 7 .82abe 7.96%° 6.9 6.79¢ | 7.122b¢ | 7158 0.15 0.083
C. perfringens | 7.12% |6.92®%| 6.72% 6.86° 6.27% 6.184 6.44¢ 6.27% 0.09 0.000

Means within the same row with different superscripts are significantly different (p<0.05)

in the jejunum and ileum, significantly (p<0.05) greater villus height was observed in birds supplemented with
MGRI1.0 compared to the CON group. Diets supplemented with MG1.0 resulted in significantly (p<0.05) lower crypt
depth and higher VH:CD in the duodenum, jejunum, and ileum. Broilers fed diets with varying levels of fatty acid
esters along with emulsifier (0.8, 1.0 g/kg feed) did not significantly (p>0.05) influence goblet cells per field, with
values being statistically (p>0.05) similar across all dietary treatments. Diets containing MGHO0.8 demonstrated
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significantly (p<0.05) maximum intestinal wall thickness in the duodenum. However, in the jejunum and ileum,
significantly (p<0.05) greater intestinal wall thickness was noted in birds supplemented with MG1.0 compared to the
CON group.
Cecal microbiota count of broilers

The cecum of broiler chickens hosts a diverse microbial community that plays a crucial role in maintaining
gut health and overall well-being. The supplementation of varying levels of fatty acid esters along with an emulsifier,
with energy levels of 0.8 and 1.0 g/kg, on cecal microbiota (E. coli and C. perfringens) count (cfu/g) in broilers at 35
days of age is presented in Table 07. Broilers fed a basal diet supplemented with MG1.0 showed significantly (p<0.05)
lower cecal E. coli and C. perfringens counts compared to the CON and AGP groups.

Discussion
Growth Performance

The improved nutrient utilization observed in the present study is consistent with previous reports
demonstrating beneficial effects of fatty acid esters and emulsifiers on fat and protein digestibility in broilers. Alpha-
monolaurin and dietary emulsifiers have been shown to improve crude fat utilization and ileal digestibility of crude
protein and fat (Saleh et al., 2021; Shahid et al., 2021; Ahmadi-Sefat et al., 2022). These effects may be attributed to
enhanced amino acid digestibility, improved triglyceride lipolysis, and increased micelle formation, which facilitate
lipid digestion and absorption, particularly in young broilers with limited lipase activity (Amer et al., 2020; Cho et al.,
2012). The improved growth performance and feed efficiency observed in the present study are also in agreement with
earlier studies reporting enhanced body weight, weight gain, average daily gain, feed conversion ratio, and production
efficiency following supplementation with alpha-monolaurin, monoglycerides, GML, and emulsifier blends,
particularly in reduced-energy diets (Saleh et al., 2021; Liu et al., 2021; Ahmadi-Sefat et al., 2022; Fortuoso et al.,
2019; Ghazalah et al., 2021; Mustafa, 2019; Kong et al., 2021; Shahid et al., 2021).

The superior economic efficiency and lower feed cost per kilogram of weight gain in the MGHO.8 group indicate the
potential of fatty acid esters and emulsifiers as cost-effective alternatives to conventional growth-promoting strategies.
The enhanced performance may be associated with the antimicrobial and anti-inflammatory properties of fatty acid
esters, along with the ability of medium-chain fatty acids to provide energy to intestinal epithelial cells, support
intestinal integrity, and improve nutrient absorption (Hwang et al., 2012; Khosravinia, 2015). The greater jejunal villus
length and improved villus height-to-crypt ratio in the duodenum and ileum may have further contributed to enhanced
nutrient utilization and feed efficiency. However, the absence of significant effects on meat fat and protein content is
consistent with previous findings, suggesting that these supplements primarily improve growth performance, nutrient
utilization, and intestinal function rather than meat composition (Ghazalah et al., 2021).

Immunological Response

The improved immune response observed in the present study is consistent with previous reports
demonstrating the immunomodulatory potential of emulsifiers and medium-chain fatty acid derivatives. Dietary herbal
emulsifier and alpha-monolaurin supplementation enhanced specific antibody responses against Newcastle disease
virus (NDV) in broilers, particularly under energy-restricted feeding conditions (Gole et al., 2022; Saleh et al., 2021).
Similarly, the decline in vaccine-specific immunity associated with reduced dietary energy may be alleviated by
emulsifier supplementation (Medagoda et al., 2021; Wangkahart et al., 2022). These effects may be mediated through
modulation of gut microbiota and reduction of oxidative stress (Liu et al., 2013). In the present study, the increased
relative weight of the bursa of fabricius may further indicate enhanced humoral immune development, although
previous studies have reported variable effects of emulsifiers on immune organ weights, with no significant changes
in spleen and thymus weights (Lonkar et al., 2017; Allahyari-Bake & Jahanian, 2017).

The immunostimulatory effects of fatty acid esters and related compounds may be attributed to their
antimicrobial, antiviral, and anti-inflammatory properties. Monolaurin can disrupt the lipid and phospholipid
structures of pathogen envelopes, thereby exerting virucidal and bactericidal effects. In addition, GML
supplementation has been associated with increased IL-10 and serum IgG concentrations, indicating enhanced anti-
inflammatory and humoral immune responses (Amer et al., 2020; Kong et al., 2021). Medium-chain fatty acids may
also regulate immune-cell signaling through GPR84, modulating cytokine responses and reducing LPS-induced pro-
inflammatory mediators while enhancing IL-10 production. Collectively, these mechanisms may explain the improved
immune response and development of immune organs observed in the present study.

Histomorphometry of Intestine

The present findings are consistent with Amer et al. (2020), who reported increased duodenal and jejunal
villus height and jejunal muscle thickness with 0.1% GML supplementation, along with reduced jejunal crypt depth
at 0.3 and 0.5% GML. Increased villus height enhances the absorptive surface, enzyme activity, and nutrient uptake,
while MCFA and related glycerides can be directly absorbed by enterocytes to provide energy and support intestinal
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development. Similarly, Kong et al. (2021) observed reduced crypt depth and an increased VH:CD ratio with 300—
1200 mg/kg GML supplementation, indicating improved mucosal turnover and digestive and absorptive capacity. The
beneficial effects of GML on intestinal integrity may also be associated with its anti-inflammatory activity, including
suppression of pro-inflammatory cytokines and downregulation of the TLR4/NF-kB pathway. Likewise, Ghazalah et
al. (2021) reported increased villus height and reduced crypt depth following LEX supplementation in broilers fed
low-energy diets, possibly due to improved fat emulsification, smaller emulsion droplet formation, faster micelle
formation, and reduced ileal digesta viscosity.
Caecal Microbiota count of Broilers

Basit et al. (2020) reported that supplementation with Persicaria odorata leaf meal (8 g/kg) and Piper betle
leaf meal (PBLM; 4 g/kg), along with haloquinol and antibiotics, reduced caecal E. coli counts, while PBLM also
reduced C. perfringens populations in broilers. Similarly, the reduced caecal microbial counts observed in the present
study may be attributed to the antimicrobial activities of bioactive compounds such as quercetin and eugenol (Wang
et al., 2018). Eugenol acts against both Gram-negative E. coli and Gram-positive C. perfringens by increasing cell
wall and membrane permeability and disrupting the cytoplasmic membrane, whereas quercetin exhibits bacteriostatic
activity against E. coli (Sharma et al., 2014).

Conclusions

Fatty acid esters with emulsifier improved broiler performance, nutrient utilization, immunity, and intestinal
morphology, while maintaining carcass traits and biochemical health. MGHO0.8 was the most economical treatment
and showed potential as a cost-effective alternative to antibiotic growth promoters.
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