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Evaluation of the required level
of L-lysine amino acid in the
diet of Gilan native ducks

up to the age of 7 weeks

M. Jamili Ghorab, H. Aghdam Shahryar*, Y. Ebrahimnezhad,
T. Farahvash, T. Vahdatpour and A. Ghorbani

Department of Animal Science, Shabestar Branch, Islamic Azad University, Shabestar, Iran

The present study aimed to determine the dietary lysine (Lys) requirements of
Gilan native ducks (mallards) up to seven weeks of age. A total of 300 male
ducklings were randomly assigned to five dietary treatments with six replicates of
ten birds each, in a completely randomized design. Birds received 0.7, 0.8, 0.9,
1.0, and 1.1% lysine during the starter phase (1-14 days) and 0.45, 0.55, 0.65, 0.75,
and 0.85% lysine during the grower phase (15-49 days). The results showed that
during the starter phase, feed intake (FI) and body weight gain (BWG) significantly
increased, and feed conversion ratio (FCR) decreased in ducks fed 1.0% and 1.1%
lysine compared to the National Research Council recommended level (0.9%)
(P<0.05). In the grower phase, ducks receiving 0.75% lysine showed enhanced Fl
and BWG, while those fed 0.85% lysine demonstrated improved FCR (P<0.05).
Higher lysine levels had no significant effect on spleen, bursa of fbricius, or breast
weight, crypt diameter, villus height, heterophile percentage, H/L ratio,
monocyte count, MCHC, glutathione peroxidase activity, or Newcastle
antibody titer (P>0.05). However, lysine levels >0.65% significantly increased
thigh and wing weights, glucose, cholesterol, HDL, LDL, total protein, albumin,
uric acid, hematological indices (hematocrit, RBC, WBC, hemoglobin,
lymphocytes, MCH, MCV, eosinophils), crypt depth, villus thickness, and
superoxide dismutase activity (P<0.05). In contrast, ducks receiving 0.45%
lysine exhibited higher liver and intestinal weights, triglyceride, urea, and VLDL
levels (P<0.05). In conclusion, lysine levels above National Research Council
recommendations improved growth performance, carcass characteristics,
serum biochemical indices, and intestinal morphology in Gilan native ducks.
Based on these results, dietary lysine levels of 1.0-1.1% during the starter phase
and 0.75-0.85% during the grower phase are recommended for
optimal performance.
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Introduction

The green-headed duck is classified as a dabbling duck, which
feeds on the water’s surface. It belongs to the subfamily Anatinae,
family Anatidae, and order Anseriformes, which includes many
wild waterfowl species. Green-headed ducks are widely distributed
across the globe as migratory birds (Johnson and Sorenson, 1999).
Their dietary requirements can be influenced by various factors,
including species, age, anatomical structure, and physiological
conditions (Purba et al., 2017).

L-Lysine is recognized as the second limiting amino acid in
poultry diets (Erickson et al, 2007). It serves as an essential
precursor for L-carnitine biosynthesis and plays a vital role in lipid
metabolism. Dietary lysine supplementation increases the carnitine
levels, modulates the activity of lipid-related coenzymes, and
promotes the [-oxidation of fatty acids. Several studies have
reported that growing chickens fed low-protein, lysine-deficient
diets exhibit increased hepatic fat infiltration, elevated serum
cholesterol, and greater abdominal fat deposition (Schmeisser et al.,
1983). Inadequate protein synthesis under lysine deficiency may
impair the enzyme systems involved in lipid metabolism and
simultaneously lead to hepatic lipid accumulation. In this context,
Ruan et al. (2019) reported that lysine supplementation in laying
ducks increased the relative expression of the peroxisome proliferator-
activated receptors (e.g., PPAR-01), carnitine palmitoyltransferase 1A
(CPT1A), and apolipoprotein-II (ApoVLDL-II) both linearly and
quadratically. On the other hand, the expression of the very low-
density lipoprotein receptor (VLDLR), as well as the triglyceride and
hepatic cholesterol levels, decreased quadratically. A diet containing
8.6 g/kg lysine enhanced the protein turnover and lipid metabolism in
laying duck breeders, leading to improved productivity and
reproductive performance.

Xing et al. (2015) reported that feeding Chinese Linwu ducks a
lysine-producing probiotic for 63 days increased the villus height in
the jejunum and ileum, decreased the crypt depth in the jejunum,
and reduced the Lactobacillus counts in the cecum. Wu et al. (2024)
demonstrated that the dietary crude protein levels could be reduced
in growing Pekin ducks (21-42 days old) housed in cascading cages
with supplementation of crystalline amino acids. However, the cage
design affected the growth performance of the ducks. Using broken-
line regression models, the optimal dietary crude protein level for
maximum weight gain and feed efficiency was estimated at
approximately 15%.

Mirzaei et al. (2022) investigated the effects of dietary
supplementation with different levels of L-carnitine and/or lysine-
methionine (Lys-Met) on the reproductive performance of breeder
ducks. Their results showed that Lys-Met above 100% of the
National Research Council (NRC, 1994) recommendations, with
or without L-carnitine, improved feed utilization. The serum glucose
increased and the total cholesterol decreased in ducks fed either
100% Lys-Met without L-carnitine or 110% Lys-Met with 150 mg
L-carnitine. Conversely, 75 mg L-carnitine combined with 100%
Lys-Met reduced glucose but increased total cholesterol. Increasing
Lys-Met without L-carnitine decreased the serum protein. Albumin
and alanine aminotransferase (ALT) increased with 75 mg
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L-carnitine-100% Lys-Met and decreased with 150 mg L-
carnitine-120% Lys-Met. No interaction effects were found on
globulin, uric acid, or aspartate aminotransferase (AST).

Purba et al. (2022) found that supplementation with essential
amino acids (e.g., lysine, methionine, threonine, arginine, and
tryptophan) at 10% above the standard level, along with pelleted
feed, was the most effective in improving performance and reducing
the feed intake and feed conversion ratio (FCR) in Alabio ducks
during the starter period.

Helmbrecht and Hou (2013) conducted an experiment to
determine the lysine requirement of Pekin ducks aged 35-49 days
using a quadratic regression model. Growth performance showed a
significant response to commercial lysine supplementation. The
breast meat yield was significantly improved with increasing dietary
lysine levels, indicating a high demand for lysine in muscle protein
synthesis. Other carcass traits were not significantly affected. The
negative effects of lysine deficiency were clearly observed in the
study. The optimal dietary lysine level was determined to be 0.68%
for body weight gain (BWG) and 0.70% for FCR. In addition, the
optimal lysine level maximizing the breast meat yield was estimated
to exceed 0.83%. Analysis of these data indicated that the NRC
(1994) recommendation of 0.63% lysine during the growth stage is
below the actual requirement for optimal performance in
Pekin ducks.

Souza et al. (2014) suggested that the nutrient levels in dose-
response trials should be distributed across both the response and
plateau phases, enabling proper evaluation of the impact of nutrient
increases on animal performance.

Based on this background, the present study aimed to
determine the optimal dietary 1-lysine requirement for Gilan
native ducks up to 7 weeks of age.

Materials and methods

This study was conducted to determine the optimal dietary
level of 1-lysine for Gilan native ducks (mallards) up to 7 weeks
of age.

A total of 300 male Gilan native ducklings with an average
initial weight of 40 g were used. Birds were fed formulated diets
based on the nutritional requirements for ducks (NRC, 1994). Feed
and water were provided ad libitum throughout the experimental
period. The L-lysine (purity, 98.5%) used in the diets was sourced
from ThreAMINO® (Evonik, Essen, Germany).

The birds were allocated into five treatments using a completely
randomized design, with six replications per treatment and 10
ducklings per replicate. The trial lasted for 7 weeks. The
composition and nutrient content of the experimental diets are
provided in Tables 1 and 2.

The experimental treatments included five dietary lysine levels
during the starter phase (days 1-14), as follows: 0.70%, 0.80%,
0.90% (NRC, 1994 recommendation), 1.00%, and 1.10% L-lysine.
During the grower phase (days 15-49), five L-lysine levels were also
examined: 0.45%, 0.55%, 0.65% (NRC, 1994 recommendation),
0.75%, and 0.85% L-lysine.
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TABLE 1 Components and nutrients of the experimental diets (1-14 days of age).

Feed ingredi- Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
ent (%)

Corn grain 56.91 57.97 59.44 61.74 62.59
Sesame flour 18.90 19.50 6.69 12.37 11.48
Soybean meal 9.24 10.17 12.61 16.73 17.76
(44% CP)

Wheat bran 6.55 5.03 7.00 1.37 1.00
Corn gluten meal 5.27 4.06 6.71 2.55 1.49
Soybean oil 1.00 0.50 0.28 0.40 0.50
Oyster shell 0.56 0.56 0.60 0.24 0.36
Meat meal 0.45 0.28 5.60 3.35 3.58
Baking soda 0.32 0.50 0.30 0.20 0.25
Vitamin premix” 0.25 0.25 0.25 0.25 0.25
Mineral premixb 0.25 0.25 0.25 0.25 0.25
Salt 0.10 0.32 0.16 0.24 0.23
pL-Methionine 0.06 0.50 0.05 0.30 0.007
L-Lysine 0.10 0.07 0.01 0.01 0.20
L-Threonine 0.04 0.04 0.05 0.10 0.05

Calculated nutrient values

Metabolizable energy 2,900 2,900 2,900 2,900 2,900
(kcal/kg)

Protein (%) 22.00 22.00 22.00 22.00 22.00
Crude fat (%) 3.79 3.79 3.31 3.83 3.84
Crude fiber (%) 4.01 3.94 3.51 3.57 351
Lysine (%) 0.70 0.80 0.90 1.00 1.10
Lysine analyzed (%) 0.67 0.79 0.92 1.00 1.13
Threonine (%) 0.75 0.75 0.75 0.75 0.75
Methionine (%) 0.40 0.40 0.40 0.40 0.40
Methionine + 0.70 0.70 0.70 0.70 0.70

cysteine (%)
Calcium (%) 0.65 0.65 0.65 0.65 0.65

Available 0.40 0.40 0.40 0.40 0.40
phosphorus (%)

Sodium (%) 0.15 0.15 0.15 0.15 0.15

Treatment 1) 0.7% of lysine in diet, treatment 2) 0.8% of lysine in diet, treatment 3) 0.9% of lysine in diet, treatment 4) 1% of lysine in diet, treatment 5) 1.1% of lysine in diet.

“A kilogram of vitamin supplement had the following ingredients: vitamin A, 3,600,000 IU; vitamin D3, 800,000 IU; vitamin E, 7,200 IU; vitamin B;, 720 mg; vitamin B,, 2,640 mg; pantothenic
acid, 4,000 mg; nicotinic acid, 12,000 mg; vitamin Bg, 1,200 mg; folic acid, 400 mg; vitamin B;,, 6 mg; vitamin Kj, 800 mg; biotin, 40 mg; choline chloride, 100,000 mg; and antioxidants,
40,000 mg.

bEvery kilogram of mineral supplement had the following ingredients: manganese, 40,000 mg; iron, 20,000 mg; copper, 4,000 mg; iodine, 400 mg; selenium, 80 mg; zinc, 33,880 mg; choline
chloride, 100,000.

The estimation and the measurement of lysine in the |jmitations section
experimental diets were based on total lysine. The composition of

each experimental diet was calculated, and the L-lysine content In the current study, the primary goal was to determine the
of each treatment diet was analyzed and presented in the lysine requirements of Gilan native ducks, a local genotype for
corresponding tables. which no commercial nutrient recommendations currently exist.

Frontiers in Animal Science 03 frontiersin.org


https://doi.org/10.3389/fanim.2025.1500706
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Ghorab et al.

10.3389/fanim.2025.1500706

TABLE 2 Components and nutrients of the experimental diets (15-49 days of age).

Feed ingredients (%) Treatment 1 Treatment 2

Treatment 3 Treatment 4

Corn grain 70.83 73.33 74.94 75.14 75.45
Sesame flour 10.86 11.94 5.86 7.17 791
Soybean meal (44% CP) 2.11 7.34 10.51 10.03 10.78
Wheat bran 7.78 3.40 2.03 1.69 1.27
Corn gluten meal 5.70 1.24 3.38 2.62 2.06
Opyster powder 0.90 0.75 0.83 0.79 0.77
Dicalcium phosphate 0.30 0.17 0.58 0.56 0.52
Vitamin premix® 0.25 0.25 0.25 0.25 0.25
Mineral premixb 0.25 0.25 0.25 0.25 0.25
Salt 0.32 0.33 0.33 0.33 0.33
pL-Methionine 0.40 0.20 0.50 0.5 0.002
L-Lysine 0.30 0.40 0.04 0.17 0.30
L-Threonine 0.006 0.40 0.50 0.5 0.10

Calculated nutrient values

Metabolizable energy 3,000 3,000 3,000 3,000 3,000
(kcal/kg)
Protein (%) 16.00 16.00 16.00 16.00 16.00
Crude fat (%) 3.92 373 345 3.50 3.55
Crude fiber (%) 3.39 3.34 3.14 3.16 3.19
Lysine (%) 0.45 0.55 0.65 0.75 0.85
Lysine analyzed (%) 0.47 0.54 0.63 0.76 0.84
Threonine (%) 0.55 0.55 0.55 0.55 0.55
Methionine (%) 0.30 0.30 0.30 0.30 0.30
Methionine + cysteine (%) 0.55 0.55 0.55 0.55 0.55
Calcium (%) 0.60 0.60 0.60 0.60 0.60
Available phosphorus (%) 0.30 0.30 0.30 0.30 0.30
Sodium (%) 0.15 0.15 0.15 0.15 0.15

Treatments: 1) 0.45% of lysine in the diet; 2) 0.55% of lysine in the diet; 3) 0.65% of lysine in the diet; 4) 0.75% of lysine in the diet; 5) 0.85% of lysine in the diet.
A kilogram of vitamin supplement had the following ingredients: vitamin A, 3,600,000 IU; vitamin D3, 800,000 IU; vitamin E, 7,200 IU; vitamin B}, 720 mg; vitamin B,, 2,640 mg; pantothenic
acid, 4,000 mg; nicotinic acid, 12,000 mg; vitamin Bg, 1,200 mg; folic acid, 400 mg; vitamin B,,, 6 mg; vitamin Kj, 800 mg; biotin, 40 mg; choline chloride, 100,000 mg; and antioxidants,

40,000 mg.

bEvery kilogram of mineral supplement had the following ingredients: manganese, 40,000 mg; iron, 20,000 mg; copper, 4,000 mg; iodine, 400 mg; selenium, 80 mg; zinc, 33,880 mg; choline

chloride, 100,000.

Therefore, the dietary lysine levels were systematically varied
around the NRC (1994) values, while the level of methionine was
intentionally kept constant across all treatments (0.40% in the
starter phase and 0.30% in the grower phase). This allowed
isolating the effect of lysine levels on the performance and
physiological responses.

However, it should be noted that not adjusting the methionine
and arginine levels alongside lysine may have led to imbalances,
particularly in the higher lysine treatments. Methionine is the first
limiting amino acid in poultry, and such an imbalance could result
in suboptimal protein utilization, altered nitrogen metabolism, or
confounding physiological responses. Similarly, the lysine-to-
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arginine ratio was not optimized, which may have influenced the
immune function or nutrient absorption.

The relationship between lysine and other amino acids in native
ducks warrants careful consideration, particularly due to the critical
role of lysine as a limiting amino acid influencing the overall protein
synthesis and metabolic processes. Lysine acts synergistically with
essential amino acids, including methionine, threonine, and
tryptophan, to optimize the growth performance, feed efficiency,
and physiological health of native ducks. Previous studies have
demonstrated that an imbalance in the lysine levels relative to
other amino acids may negatively affect nitrogen retention, muscle
development, and immune function. Therefore, ensuring appropriate
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dietary lysine concentrations alongside balanced levels of
complementary essential amino acids is crucial. Future research
should focus on determining precise amino acid-to-lysine ratios
that maximize the genetic potential of native ducks, enhancing
productivity and health outcomes. Investigating these
interrelationships further could provide practical dietary
recommendations that support optimal growth performance and
economic efficiency in native duck farming.

Performance

During the experimental period, the performance parameters
including BWG, feed intake, mortality rate, and FCR were recorded
weekly and calculated on a daily basis. To ensure accuracy, the birds
were fasted for 4 h prior to weighing in order to clear the digestive
tract of feed residues. Body weight was measured at the beginning of
the trial and at the end of each experimental period. Weighing was
performed on a group basis, and the average body weight was
calculated accordingly. To determine the daily feed intake, the
amount of feed offered to each replicate was recorded at the
beginning of each period (1-14 and 15-49 days). The leftover
feed was weighed at the end of the same period, and the
difference was considered as the feed intake. FCR was calculated
by dividing the amount of feed consumed by the total BWG during
each experimental period.

Carcass traits

To investigate the characteristics of the carcass at the end of the
course, one duck from each repetition was selected based on the
average weight of each unit, weighed, and then euthanized using the
CO, gas method (Nicolau et al., 2015).

Thereafter, the carcass was dissected and the relative weights of
the carcass, liver, spleen, kidney, bursa, thigh, breast, wing, and the
different parts of the small intestine, the duodenum (the beginning
of the small intestine to the end of the duodenum), the jejunum (the
end of the duodenum to Michael’s appendix), and the ileum
(Michel’s excess to the junction of the cecum with the small
intestine) were measured using a digital scale with an accuracy of
0.001 g. The weight of each of these organs was calculated as a
percentage of live weight (Li et al., 2024).

Blood biochemical parameters

At the end of the experiment, one duck per replicate was
randomly selected, and 3 ml of blood was collected from the wing
vein. The serum levels of total protein, cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides,
uric acid, urea, albumin, and glucose were measured using an
automatic analyzer (Rayto Chemray 800 Auto Analyzer, Rayto,
China). Commercial colorimetric detection kits (Pars Azmoun Co.,
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Tehran, Iran) were used for all biochemical analyses (Jerabek
et al., 2018).

To evaluate the heterophil and lymphocyte counts, 0.5 ul of
blood was collected from the wing vein of a bird with body weight
closest to the group average. After staining with Giemsa dye (1:10
ratio; 1 ml dye + 9 ml water), blood smears were examined under a
light microscope using a x100 objective lens. A total of 100
leukocytes were counted and the percentage of heterophils and
lymphocytes calculated (Thiam et al., 2022).

The activities of superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) were determined using commercial assay kits
(Randox Laboratories Ltd., Crumlin, UK) according to the
manufacturer’s instructions (Liu et al., 2019).

Examination of intestinal morphology

At the end of the experiment, a 0.5-cm segment of the jejunum
was collected and fixed in 10% neutral buffered formalin. The tissue
was embedded in paraffin, sectioned using a microtome at a
thickness of 5 um, and stained on glass slides. Histological
evaluation was performed using a light microscope equipped with
suitable lenses and analysis software. The following parameters
were measured:

* Villus height (VH): from the tip of the villus to the
lamina propria.

*  Crypt depth (CD): from the base between the adjacent villi
to the bottom of the crypt.

e Villus width (VW): measured at the base of the villus.

The villus cross-sectional area (VCSA) was calculated using the
formula:

VCSA = (2m)(VW/2)VH

In addition, the thickness of the intestinal wall was evaluated
across 10 villi using x40 and x100 magnifications (Liu et al., 2019).

Statistical model

Data were analyzed using SAS software version 9.1 (SAS
Institute Inc., 2004). NRM 1.4.xls software was used to fit the
appropriate models for each trait (Vedenov and Pesti, 2008). The
following models were used for fitting the best model selected
using R,

* Linear: y = a + bx (two parameters)

* Quadratic: y = a + bx + cx* (three parameters)

* Broken line: y = a + bx if x < ¢; else, y = a + bc
(three parameters)

*  Quadratic broken line: y = a + bx + cx* if x < d; else, y = a +
bd + cd® (four parameters)

» Saturation kinetics: y = a * x/(b + x) (two parameters)
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* Logistic three-parameter: y = a/(1 + b * exp (-c * x))
(three parameters)

* Logistic four-parameter: y = d + (a — d)/(1 + (x/c)7b)
(four parameters)

*  RNB model 1: Richards model, y = a/(1 + b * exp (—c * (x —
d)))A(1/e) (five parameters)

¢ RNB model 2: Gompertz model, y = a * exp (-b * exp (—c *
x)) (three parameters)

The best model was selected using R> statistics.

Results and discussion

Effect of dietary L-lysine levels on the
performance of Gilan native ducks

In this study, during the starter phase (days 1-14), the ducks fed
diets with 1.0% or 1.1% lysine, which were slightly higher than the
0.9% recommended by the National Research Council (NRC, 1994),
ate more and gained significantly more weight (p< 0.01) compared
with those on a 0.9% lysine diet. On the other hand, cutting lysine to
0.7% (0.2% below the NRC recommendation) led to a noticeable
drop in both the feed intake and weight gain during the same period
(p< 0.01). Ducks on the 1.1% lysine diet also used feed more
efficiently, showing a better FCR than those on 0.9% lysine
(p< 0.05) (see Table 3). In the grower period (days 15-49),
boosting the lysine levels from 0.45% to 0.85% had a clear impact
on growth. Ducks fed 0.75% lysine (0.1% above the NRC’s 0.65%
recommendation) ate more and gained more weight, while those on
0.85% lysine (0.2% above that of the NRC) showed better feed
efficiency (p< 0.05) (see Table 4).

The NRC (1994) suggests that White Pekin ducks need 0.9%
lysine in the starter phase and 0.65% in the grower period. However,
research on broilers, native chickens, quails, turkeys, White Pekin
ducks, and Korean native ducks indicates that higher lysine levels
can boost the daily weight gain, feed intake, and feed efficiency
(Fouad et al., 2018). Consistent with our findings, An et al. (2022)
found that increasing the lysine from 7.5 to 12.5 g/kg improved
growth in broiler chickens aged 21-28 days. Ishii et al. (2019)
showed that giving broilers more lysine than recommended by the
NRC (1994) during the finishing phase (21-38 days) boosted their
performance. This suggests that diets with higher lysine could be a
smart move for poultry farming. Yu et al. (2024) found that White
Pekin ducklings in the first 3 weeks after hatching do best with
standardized ileal digestible (SID) lysine levels of around 1.05%,
1.05%, and 1.04% for maximum body weight, daily weight gain, and
feed efficiency, respectively. Similarly, Wickramasuriya et al. (2016)
reported that increasing lysine from 0.52% to 1.22% during the
starter phase improved the weight gain and feed efficiency of
Korean native ducklings. Mehri et al. (2015) also saw benefits in
growing quails, with lysine levels increased from 0.84% to 1.29%
leading to heavier birds and better feed efficiency. On the other
hand, Watanabe et al. (2017) noted that cutting lysine by 10% below
the NRC (1994) levels led to worse feed efficiency in 28-day-old
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TABLE 3 Effect of the addition of different levels of L-lysine amino acid
on the performance of Gilan native ducks at 1-14 days.

Level (%)  Fl(g DWGI(g BWGI(g  FCR
0.7 262.02d 11.22¢ 157.12¢ 1.67b
0.8 315.90c 13.51b 199.19b 1.68b
0.9 348.49b 11.55¢ 161.79¢ 2.16a
1 421.33a 14.42b 201.95b 2.08a
1.1 369.86b 16.33a 228.62a 1.62b
SEM 6.07 0.33 4.65 0.04
pfvalue <0.0001 <0.0001 <0.0001 <0.0001

Different lowercase letters within the same column indicate significant differences between
treatment groups (p< 0.05).

SEM, standard error of the mean; FI, feed intake; DWG, daily weight gain; BWG, body
weight gain.

TABLE 4 Effect of the addition of different levels of L-lysine amino acid
on the performance of Gilan native ducks aged 15-49 days.

Level (%)  Fl(g DWGI(g BWGI(g  FCR
0.45 2,350.39d 20.56e 719.83¢ 3.26b
0.55 2,490.25¢ 23.87d 835.41d 2.98¢c
0.65 2,900.13b 28.62b 1,001.96b 2.89d
0.75 3,348.48a 32.08a 1,122.82a 298¢
0.85 2,953.63b 25.13¢ 879.60c 3.35a
SEM 14.71 0.19 6.76 0.02

p-value <0.0001 <0.0001 <0.0001 <0.0001

Different lowercase letters within the same column indicate significant differences between
treatment groups (p< 0.05).

SEM, standard error of the mean; FI, feed intake; DWG, daily weight gain; BWG, body
weight gain.

broilers. However, Mousa et al. (2023) warned that going too high—
20% above the recommended lysine levels—impaired the broiler
growth during the growing and finishing stages. The authors
suggested that excess lysine might negatively affect how other
amino acids are used. Surprisingly, however, the high lysine level
still improved the FCR. There is a need for more research to
understand the puzzling combination of increased feed intake but
reduced weight gain with too much lysine.

In another study, Wu et al. (2024) determined that a 15% crude
protein diet was ideal for maximizing the weight gain and feed
efficiency of growing Pekin ducks. Purba et al. (2024) found that
boosting the essential amino acids (e.g., lysine, methionine,
threonine, arginine, and tryptophan) by 10% above the standard
levels, combined with pelleted feed, improved the performance and
cut down the feed intake and FCR in Alabio ducks during the starter
phase. However, Fouad et al. (2018) examined five lysine levels (i.e.,
0.75%, 0.80%, 0.85%, 0.90%, and 0.95%) and found no significant
impact on the FCR. These mixed results across studies might stem
from the differences in bird genetics, study design, what the research
measured, or the mathematical models used (Zhou et al., 2017). The
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response to lysine also appears to be dependent on the levels of
other amino acids in the diet. Overall, previous research showed
that how well lysine supplementation works depends on the starting
lysine level, the age, the breed of the birds, the duration of the study,
and other factors (Fouad et al., 2018).

Effect of dietary L-lysine levels on the
carcass characteristics of native ducks

In the present study, the dietary lysine levels had no significant
effect on the relative weights of the spleen, bursa of Fabricius, and
breast muscle in Gilan native ducks (p > 0.05) (Table 5).

It is well established that feed additives such as amino acids can
stimulate the immune system and improve overall health. Several
studies have demonstrated that the lymphoid structures associated with
the digestive system are significantly influenced by the dietary amino
acid levels (Ruth and Field, 2013). Amino acids play a critical role in
both humoral and cellular immunity by supporting the development of
the germinal center in the bursa of Fabricius and by promoting the
synthesis of the effector molecules such as immunoglobulins, nitric
oxide, lysozyme, and complement, as well as the regulatory molecules
including cytokines and eicosanoids (Swain and Johri, 2000).

In the study by Wu et al. (2024), reducing the dietary crude
protein increased the abdominal fat yield, while the breast and thigh
meat yields remained unaffected. In contrast, some earlier studies
reported that lysine deficiency resulted in a significant reduction in
carcass development, particularly in lymphoid organs such as the
spleen and bursa of Fabricius.

In addition, reductions in antibody synthesis, alterations in
thyroid and growth hormone secretion, and impaired growth
performance can significantly affect bone development and
structure (Fouad et al,, 2018). Mulyantini (2014) reported that high
levels of digestible lysine during the starter phase increased the
weights of the spleen and bursa of Fabricius and enhanced the
cellular immune function. Similarly, Chen (2002) observed that
dietary lysine deficiency negatively affected the body weight and the

10.3389/fanim.2025.1500706

weights of the lymphoid organs such as the thymus, spleen, and bursa
of Fabricius. Body weight reduction has been consistently reported as
a key symptom of lysine deficiency in broilers. According to
Marquardt et al. (1985), the smaller size of immune organs is likely
linked to the reduced body weight under lysine-deficient conditions.

Sigolo et al. (2019) found that supplementing diets with 10%
excess lysine, with or without additional methionine, tended to
result in the highest relative weight of the bursa of Fabricius.

The findings of the present study also align with those of Hesabi
et al. (2006), who reported that dietary lysine levels of 110% and
115% did not significantly affect the breast muscle weight during the
starter period in male broilers. Rosa et al. (2014) similarly noted that
increased levels of digestible lysine in the diet had no effect on the
breast meat yield in male broilers.

However, many studies have emphasized the essential role of
lysine in improving the body weight and breast muscle yield in
broilers, attributing this to its high concentration in pectoral muscle
fibers (Nasr and Kheiri, 2012). In support, Helmbrecht and Hou
(2013) reported that increasing the dietary lysine in Pekin ducks
enhanced the breast meat yield, highlighting the crucial role of lysine
in muscle protein synthesis. The authors concluded that the optimal
lysine level for maximizing breast meat yield should exceed 0.83%.

These findings may be attributed to the increased availability of
lysine, an essential amino acid that plays a key role in muscle
growth, particularly in the pectoral muscles, due to its involvement
in muscle protein synthesis.

In the present study, the dietary lysine levels significantly
affected the relative weights of the wings, thighs, liver, and
intestines in native ducks (p< 0.05). Specifically, the thigh weight
was significantly higher in the 0.65% lysine treatment (NRC-
recommended level), the wing weight in the 0.85% lysine group
(0.2% above NRC), and both the liver and intestine weights in the
0.45% lysine group (0.2% below NRC) compared with other
treatments (p< 0.05) (Table 5).

Evidence indicates that the liver, gizzard, and intestines develop
rapidly, as these organs play crucial roles in early growth (Purba and
Sinurat, 2018). Bouyeh (2012) reported that feeding Ross 308 male

TABLE 5 Effect of the addition of different levels of L-lysine amino acid on the carcass traits of Gilan native ducks at the age of 49 days (percent of
live body weight).

Lysine Thigh (%) Breast (%) Liver (%) Wing (%) Spleen (%) Bursa of Weight
level (%) Fabricius (%) of the
intestines
(%)
0.45 11.35ab 10.49 3.49a 7.12¢ 0.102 0.062 7.21a
0.55 11.51ab 13.09 2.59b 8.89b 0.088 0.088 4.85b
0.65 12.62a 11.24 3.08ab 9.70ab 0.080 0.090 5.22b
0.75 11.88ab 12.95 243b 10.13ab 0.080 0.112 5.51ab
0.85 11.12b 12.93 2.60ab 10.65a 0.096 0.114 521b
SEM 031 0.68 023 038 0.01 0.01 0.44
p-value 0.0253 0.0400 0.0242 <0.0001 0.5386 0.1183 0.0107

Different lowercase letters within the same column indicate significant differences between treatment groups (p< 0.05).

SEM, standard error of the mean.
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broilers with diets containing 40% more lysine and methionine than
recommended increased the thigh weight and carcass yield. Bouyeh
and Gevorgyan (2011) also found that the heart and liver weights
increased when the dietary lysine exceeded the recommendations
by 30%.

In the study by Sigolo et al. (2019), the highest relative weight of
the cloaca was observed in birds fed a diet containing 100% lysine.
In addition, broilers fed standard diets exhibited the highest
liver weight.

The present findings align with those of Nasr and Kheiri (2012),
who reported that increasing the dietary lysine by 10% above the
NRC recommendations significantly improved the carcass and
thigh weights in broilers.

These improvements in carcass and organ yields are likely due
to the primary role of lysine in protein deposition, being one of the
most abundant amino acids in muscle protein (Brasil et al., 2018).
Moreover, lysine deficiency has been associated with the reduced
production of organic bone matrix, potentially leading to leg
abnormalities in broilers with ascites (Franco et al., 2006). Lysine
may also contribute to bone formation by enhancing the calcium
absorption in the intestines and reducing fecal calcium excretion
(D’Mello, 2003).

In contrast, the findings of the present study do not align with
the results reported by Purba and Sinurat (2018). In their study on
EPMp broiler ducks, the different dietary lysine levels had no
significant effect on the relative percentages of the liver, gizzard,
thigh, wing, or intestines. They evaluated four dietary lysine levels
(i.e, 0.60%, 0.70%, 0.80%, and 0.90%) in ducks raised up to 10
weeks of age and found no significant changes in the average carcass
yield or the relative weights of the thigh, wing, liver, gizzard,
and intestine.

Effect of adding different levels of L-lysine
amino acid on the biochemical parameters
of native duck blood

Blood plasma proteins and amino acids play a vital role in
maintaining colloidal osmotic pressure and supporting immune

10.3389/fanim.2025.1500706

function. They contribute to the amino acid balance through rapid
replenishment of essential amino acids, help stabilize the blood
glucose levels via gluconeogenesis, and are involved in the synthesis
of various functional enzymes (Ma et al., 2018). Therefore, plasma
proteins and amino acids are essential for the maintenance of
physiological homeostasis.

In addition, blood albumin serves as a primary reservoir of
amino acids for tissue protein synthesis, particularly during periods
of rapid physical growth in birds and under restricted feeding
conditions (Filipovic et al., 2007).

In the present study, increasing the dietary lysine levels
significantly influenced the blood biochemical parameters,
including glucose, cholesterol, triglycerides, HDL, LDL, very low-
density lipoprotein (VLDL), total protein, albumin, uric acid, and
urea (p< 0.05). Ducks that received lysine levels above the NRC
recommendations exhibited significant increases in serum glucose
(0.65% treatment), cholesterol, HDL, and LDL (0.75% treatment),
total protein and albumin (0.75% and 0.85% treatments), and uric
acid (0.85% treatment) compared with the other groups (p< 0.05).
In contrast, the serum triglycerides, urea, and VLDL levels were
significantly increased in ducks that received 0.45% lysine
supplementation (lower than the NRC level) (p< 0.05; Table 6).

In accordance with the present findings, Sigolo et al. (2019)
reported that supplementing broiler diets with 10% excess lysine
resulted in the highest concentration of uric acid. In birds, uric acid
is the main end product of nitrogen metabolism. Excess or
unbalanced dietary amino acids are metabolized into carbon
skeletons and ammonia, and the highly toxic ammonia is
subsequently converted into uric acid (Sigolo et al., 2019).

The results of the current study also align with those of Fakhraei
et al. (2011), who demonstrated that increasing the dietary lysine
levels elevated the serum albumin and total protein concentrations in
broiler chickens. This increase in albumin may be due to the reduced
catabolism of albumin to compensate for lysine deficiency. According
to Tian et al. (2019), lysine deficiency suppresses hepatic albumin
synthesis, resulting in lower serum albumin concentrations.

Accordingly, the increase in serum total protein observed with
higher lysine levels appears reasonable. Cemin et al. (2017)
emphasized that dietary lysine promotes hepatic protein

TABLE 6 Effect of the addition of different levels of L-lysine amino acid on the blood biochemical parameters of 49-day-old Gilan native ducks.

Lysine Glucose Cholesterol  Triglyceride HDL VLDL Protein  Albumin Uric acid Urea
level (%) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)  (g/dl) (g/dl) (mg/dl)  (mg/dl)
045 127.4¢ 260.8a 165.4a 64.6a 33.08a 3.58b 1.45b 4.94bc 7.5
0.55 128.8¢ 201.4c 143.8bc 46.0b 28.76bc 3.48b 1.59b 3.94c 5.6bc
0.65 161.2a 208.0¢ 152.8b 51.4b 30.56b 3.58b 1.61b 5.52b 6.9ab
075 143.2b 256.0a 131.2d 66.6a 26.24d 4.26a 2.09a 4.29¢ 5.07¢
0.85 145.6b 234.8b 138.0cd 61.6a 27.6cd 4.07a 1.91a 6.74a 5.54¢
SEM 2.09 3.81 2.78 0.55 0.10 0.05 0.27 0.31
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Different lowercase letters within the same column indicate significant differences between treatment groups (p< 0.05).

SEM, standard error of the mean; HDL, high-density lipoprotein; VLDL, very low-density lipoprotein.
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synthesis, as the liver is the primary site of protein production and
lysine is one of the key amino acids involved in this process.
Similarly, Sahir et al. (2006) reported that the serum total protein
concentration increased with higher dietary lysine intake. Several
studies have also shown that growing chickens fed low-protein,
lysine-deficient diets exhibit increased hepatic lipid accumulation,
elevated serum cholesterol, and higher abdominal fat deposition
(Schmeisser et al., 1983). Inadequate protein synthesis under lysine-
deficient conditions may impair the lipid metabolizing enzyme
systems, leading to hepatic lipid accumulation. Lysine also serves
as a metabolic precursor to L-carnitine, which plays a key role in
lipid and energy metabolism. L-Carnitine has been shown to reduce
the serum concentrations of cholesterol, triglycerides, free fatty
acids, phospholipids, and VLDL while increasing the levels of HDL,
intermediate-density lipoprotein (IDL), and LDL.

Sigolo et al. (2019) reported that excess dietary lysine led to
significant increases in plasma cholesterol, LDL, and HDL in
broilers. In line with these findings, the present study showed that
increasing the dietary lysine levels was associated with higher
plasma concentrations of cholesterol, LDL, and HDL and reduced
the triglyceride and VLDL levels.

Furthermore, reductions in the serum triglyceride levels have
also been reported in birds supplemented with L-carnitine (Xu et al.,
2003). Chang et al. (2018), who studied five dietary lysine levels (i.e.,
0.68%, 0.72%, 0.76%, 0.80%, and 0.84%) in laying pigeons found
that lysine significantly influenced the serum total cholesterol and
total protein concentrations. Based on the serum biochemical
parameters, they concluded that the optimal lysine level for laying
pigeons was 0.76%.

Bouyeh and Gevorgyan (2011) reported increased blood glucose
levels in birds supplemented with dietary lysine. In contrast, Akbari
Moghaddam et al. (2016) found that dietary lysine had no
significant effect on the plasma total cholesterol or HDL-C levels
in laying hens.

In the study by Baghban-Kanani et al. (2020), sesame seed flour
containing 2.7% lysine was found to reduce the serum low-density
lipoprotein cholesterol (LDL-C), total cholesterol, and the
atherogenic index while increasing high-density lipoprotein
cholesterol (HDL-C). These effects were attributed to the
enhanced cholesterol binding to bile acids, the inhibition of
micelle formation, and the promotion of short-chain fatty acid
production via fermentation. Such mechanisms have been proposed
to explain the cholesterol-lowering potential of lysine-containing
feed components. The liver is the primary site of fatty acid and
cholesterol synthesis in birds. Previous studies have shown that low
dietary lysine stimulates de novo lipogenesis and increases fat
deposition, whereas lysine supplementation can modulate
lipogenesis and reduce fat accumulation (Carew et al., 2005).

However, in the present study, increasing the dietary lysine
levels was associated with elevated serum cholesterol, HDL, and
LDL levels. These findings are consistent with those of Ruan et al.
(2019), who reported that increasing the dietary lysine (6.4-10.4
g/kg) reduced the hepatic triglyceride content and the
VLDLR expression. The authors believed that dietary lysine
concentrations influence the expression of the genes involved in
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protein and lipid metabolism, potentially enhancing the protein and
lipid mobilization in poultry.

Conversely, the current findings differ from those of Khakpour-
Irani et al. (2015) and Akbari Moghaddam et al. (2016). Khakpour-
Irani et al. (2015) found that supplementing broiler diets with 90%,
100%, and 110% of the Ross 308 lysine requirement had no
significant effects on the triglyceride levels or the total blood
protein. Similarly, Akbari Moghaddam et al. (2016) reported that
five levels of digestible lysine (i.e., 0.657%, 0.707%, 0.757%, 0.807%,
and 0.857%) had no significant effect on the serum triglyceride,
cholesterol, HDL, LDL, uric acid, and total protein levels.

Contrary to the present findings, some researchers suggest that
increased dietary lysine may upregulate the expression of the genes
involved in electron transport and mitochondrial energy
production. This enhanced energy availability may contribute to
elevated hepatic triglyceride synthesis and, consequently, increased
serum triglyceride levels (Cemin et al., 2017).

Conversely, other studies have reported that a higher lysine
intake downregulates the genes associated with fat synthesis, which
may reduce the lipid storage in adipose tissue while increasing
circulating free triglycerides (Tian et al., 2019).

The serum biochemical data obtained in this study indicate that
lysine supplementation did not adversely affect the physiological
status of the birds, as the serum protein values remained within the
normal physiological range.

Effect of adding different levels of L-lysine
amino acid on the number of native duck
blood cells

The results of the present study showed that varying dietary
lysine levels did not significantly affect the percentages of
heterophils, the heterophil-to-lymphocyte (H/L) ratio, monocytes,
and the mean corpuscular hemoglobin concentration (MCHC)
(p > 0.05).

However, increasing the dietary lysine levels above the NRC
recommendations significantly increased the hematocrit
percentage, the red blood cell (RBC) and white blood cell (WBC)
counts, the hemoglobin concentration, the lymphocyte percentage,
the mean corpuscular hemoglobin (MCH), and the mean
corpuscular volume (MCV) (p< 0.05). The highest eosinophil
percentage was observed in the group that received 0.65% lysine,
which was significantly different from the 0.55%, 0.75%, and 0.85%
lysine treatments (p< 0.05) (Table 7).

The serum biochemical results from this study indicate that
lysine supplementation did not negatively impact the birds’
physiological status, as the serum protein concentrations
remained within the normal physiological range.

Numerous studies have demonstrated that a deficiency of
amino acids, including lysine, impairs protein synthesis and
compromises immune function, thereby affecting the growth and
productivity of birds. In addition to genetic selection, non-genetic
factors such as the dietary amino acid concentrations can influence
the gene expression related to immune responses by altering
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in the lysine-deficient groups. Their results also indicated that lysine
deficiency impaired the T-cell function in response to mitogenic
stimulation. However, in contrast to the present findings, Chen
(2002) did not observe significant differences between the control
and lysine-deficient groups in the lymphocyte proliferation assays,
regardless of the Newcastle disease vaccination status. The
researchers suggested that lysine deficiency did not have a
statistically significant effect on cellular immune function. They
also noted that the lymphocyte proliferation data had high standard
deviations across all groups, possibly due to individual variability or
experimental inconsistencies.

Effect of adding different levels of L-lysine
amino acid on the intestinal morphology of
native ducks

In this study, the intestinal morphometric parameters of Gilan
native ducks were evaluated under the influence of different dietary
lysine levels. As shown in Table 8, lysine supplementation
significantly affected the CD and villus thickness, with the highest
villus thickness observed in the 0.75% lysine group (0.1% above the
NRC recommendation). However, there was no significant difference
in the villus thickness between the 0.45% and 0.85% treatments
(p > 0.05). The CD increased significantly in the 0.55% treatment
(0.1% below the NRC level) compared with the 0.45%, 0.65%, and
0.85% treatments (p< 0.05). No significant differences were observed
in the crypt diameter or VH among the groups (p > 0.05).

These findings are consistent with Franco et al. (2006), who
reported increased duodenal and jejunal CD in 7-day-old broilers
fed diets containing 11.4-12.7 g/kg of lysine. Similarly, Vaezi et al.
(2011) noted that higher lysine levels increased the CD and the VH-
to-CD ratio. Ojediran et al. (2017) also concluded that lysine
supplementation enhances the villus length, improving amino
acid digestibility.

Ebrahimi et al. (2017) demonstrated that in ovo injection of 20
mg L-lysine improved chick weight at hatch, the VH, and the VH-
to-CD ratio in the duodenum, jejunum, and ileum, as well as the
diameter of the duodenal and jejunal crypts. The current results are
in agreement with these findings. The observed improvements can
be attributed to the role of lysine as an essential amino acid with
protective effects on the digestive system and muscular structure.
Lysine also plays a significant role in enhancing intestinal calcium
absorption. Deficiency in lysine may impair nutrient absorption by
reducing the villus length, as the intestine utilizes dietary lysine for
protein synthesis and other metabolic activities.

Konieczka et al. (2021) found that high-lysine diets (10% above
turkey requirements) lowered the intestinal pH, increased the
concentration of short-chain fatty acids (SCFAs) in the ceca, and
enhanced the microbial activity. These changes suggest that
lysine may influence the extracellular enzymatic activity via
microbiota modulation.

On the other hand, the findings of the present experiment
contradict the results of the study by Ebrahimi et al. (2017). The
authors reported a significant reduction in CD in the duodenum,
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jejunum, and ileum, as well as a decrease in VW in the duodenum
and ileum. Similarly, the findings of Mateos et al. (2014); Hung et al.
(2020), and Xing et al. (2015) do not support the results of the
current study. Mateos et al. (2014) found that increasing the dietary
lysine levels did not influence the villus morphometry in birds
between 1 and 21 days of age. Hung et al. (2020) reported that
supplementation with 0.1%-0.3% extra lysine improved the VH.
Xing et al. (2015) observed that feeding Chinese Linwu ducks with
lysine-producing probiotics for 63 days increased the VH in the
jejunum and ileum, reduced the CD in the jejunum, and decreased
the Lactobacillus population in the cecum.

In another study, Vaezi et al. (2011) reported that higher dietary
lysine levels increased the VH. These findings are also in contrast to
those of Ebrahimi et al. (2017), highlighting that the results of the
present study are not consistent with several previous reports.

Effect of adding different levels of L-lysine
amino acid on the antioxidant parameters
of native ducks

The additive effect of dietary lysine on the blood antioxidant
parameters is presented in Table 9. The experimental treatments did
not significantly affect the GSH-Px activity or the antibody titers
against Newcastle disease. However, a significant increase in SOD
activity was observed in birds that received 0.65% dietary lysine
compared with other treatments.

It has been suggested that supplementation with compounds
possessing antioxidant properties can alleviate oxidative stress
caused through reactive oxygen species (ROS), particularly under
heat stress conditions, thereby enhancing performance (Zhang
et al,, 2013).

Similarly, Baghban-Kanani et al. (2020) reported that the total
antioxidant capacity and serum SOD activity in laying hens
increased with the dietary inclusion of sesame seed meal
containing 2.7% lysine. These effects may be attributed to the
antioxidant potential of sesame seed flour.

Lysine, as a precursor of L-carnitine, may play a key role in
enhancing the glutathione levels, increasing the thiol groups (-SH),
and reducing the acetyl-CoA accumulation—a precursor of lipid
peroxidation—by chelating iron ions and inhibiting free radical
production. Consequently, lysine supports the activity of
antioxidant enzymes such as catalase, SOD, and GSH-Px, helping
to preserve these enzymes and reduce oxidative damage (Adabi
et al, 2011).

El-Bahr et al. (2021) evaluated the effects of diets containing
optimal lysine + flaxseed oil, optimal lysine + linseed oil, high lysine
+ flaxseed oil, and high lysine + linseed oil over a 35-day period on
the oxidative stress biomarkers. Their findings showed that the liver
SOD activity and glutathione concentration were significantly
higher in birds fed the high lysine + linseed oil diet compared
with those in the other groups, indicating a strong antioxidant
potential. Similarly, the antioxidant potential in the breast muscle
was elevated in birds that received the high lysine + linseed
oil combination.

frontiersin.org


https://doi.org/10.3389/fanim.2025.1500706
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Ghorab et al.

10.3389/fanim.2025.1500706

TABLE 8 Effect of the addition of different levels L-lysine on the intestinal morphometry of Gilan native ducks at the age of 49 days.

Lysine level (%)

Crypt diameter (um)

Crypt depth (um)

Villus thickness (um)

Villus height (um)

0.45 13.34 175.66b 102.67ab 971.61
0.55 15.81 277.56a 83.77b 956.52
0.65 17.04 190.55b 79.72b 1,140.29
0.75 14.81 176.09b 113.22a 942.65
0.85 13.11 153.85b 106.59ab 972.55
SEM 1.12 10.83 6.8 57.5
p-value 0.1091 <0.0001 0.0082 0.1355

Different lowercase letters within the same column indicate significant differences between treatment groups (p< 0.05).

SEM, standard error of the mean.

However, the results of the current study are inconsistent with
those of Khakpour Irani et al. (2015), who reported that
supplementation of broiler diets with 90%, 100%, and 110% of
the Ross 308 lysine requirement did not significantly affect the
serum SOD activity in birds fed the 100% lysine level.

In contrast, the GSH-Px activity was reduced in birds fed certain
lysine levels compared with the other treatment groups. It has been
suggested that providing the recommended dietary lysine level for
Ross 308 broilers during heat stress helps maintain the antioxidant
capacity. However, excessive lysine may increase arginine excretion,
resulting in elevated lipid peroxidation and delayed weight gain.

Newcastle disease is one of the most prevalent viral infections in
poultry, with an estimated prevalence rate of 28.9%. Effective
vaccination, balanced nutrition, and immune modulation are
essential strategies for enhancing immunity and preventing
disease outbreaks (Faluyi et al., 2015).

In contrast to some studies, Bouyeh (2012) reported that
supplementing broiler diets with lysine and methionine at 30%
and 40% above the NRC (1994) recommendations, respectively, led
to a linear increase in the Newcastle antibody titers by day 42.
Conversely, Chen et al. (2003) found that broilers fed a diet

TABLE 9 Effect of L-lysine amino acid on the antioxidant parameters of
ducks at 15-49 days old.

Lysine Superoxide Glutathione Newcastle
level (%) dismutase peroxidase (Log2)
(U/g of (U/g of
hemoglobin)  hemoglobin)
045 74.0c 233.0 6.2
055 118.8b 203.2 6.0
0.65 153.4a 204.4 7.0
0.75 97.2bc 2334 6.2
0.85 89.6¢ 243.0 6.8
SEM 5.61 114 0.28
p-value <0.0001 0.0689 0.1013

Different lowercase letters within the same column indicate significant differences between

treatment groups (p< 0.05).
SEM, standard error of the mean.
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containing 1.24% lysine had a reduced antibody response to
Newcastle vaccination, as measured by ELISA.

Faluyi et al. (2015) further showed that birds fed 1.13% lysine
had the highest mean antibody titers against Newcastle disease,
while those that did not receive lysine supplementation exhibited
the lowest. Under stress or disease conditions, the immune response
levels become critical in determining the effectiveness of vaccination
and the resistance to infections.

The absence of significant effects of the experimental treatments
on the Newecastle disease antibody titers in the present study may be
attributed to the lack of environmental stress and the overall normal
conditions under which the experiment was conducted.

Mahdavi et al. (2012) reported that, across six levels of digestible
lysine, the requirement for achieving the maximum antibody titer
against Newcastle disease virus in male broilers exceeded the
highest lysine levels tested. Dietary lysine significantly increased
the immunoglobulin levels and antibody titers against both sheep
RBCs and Newcastle virus.

These findings suggest that the lysine requirement for optimal
immune response may be higher than that required for growth
performance. Moreover, the broken-line regression analysis in their
study showed that the plasma free lysine concentration is a reliable
physiological indicator for determining the digestible lysine
requirements in both male and female broilers. In general,
requirement estimates derived from exponential models tend to
be higher than those obtained from broken-line models.

Model fitting for optimization of the lysine
level for different traits

Table 10 summarizes the model fitting for optimization of the
lysine level for different traits in Iranian native ducks.

For performance traits in early growth (1-15 days), the feed
intake, body weight, and daily weight gain exhibited logistic four-
parameter model fits (R* = 0.858, 0.828, and 0.704, respectively)
with a consistent optimal lysine level of 1.10, indicating a high
requirement for rapid growth and a sigmoidal response. The FCR
(1-15 days) was best modeled by quadratic broken line (R* = 0.354,
optimal lysine = 0.748), suggesting moderate lysine optimizes the
feed efficiency despite variability. In later growth (15-49 days), the
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TABLE 10 Model fitting for optimization of the lysine level for different trait in Iranian natives’ ducks.

Trait Best Model R? Equation Optimal level
Feed intake 1-15 Logistic 4-parameter 0.858 y = 249.425 + (394.326 - 249.425) / (1 + (x/0.818)A-14.281) 1.100
Body weight 1-15 Logistic 4-parameter 0.828 y = 12.093 + (16.330 - 12.093) / (1 + (x/0.999)1-245.479) 1.100
Daily weight gainl-15 Logistic 4-parameter 0.704 y=172.700 + (228.620 - 172.700) / (1+ (x/1.000)7-216.802) 1.100
FCR 1-15 Quadratic Broken Line 0.354 y = 16.045 + -38.591x + 25.794x” if x < 0.863, else 1.953 0.748
Feed intake 15-49 RNB Model 1 0.861 Y =3151.034 / (1 + 3.454e/(-699.833(x- 0.736)))"(1/645.333) 0.787
Body weight15-49 Quadratic Broken Line 0.693 y = -47.929 + 219.871x + -155.786x" if x < 0.892, else 24.259 0.706
Daily weight gainl15-49 Quadratic Broken Line 0.814 y = -1677.052 + 7694.642x + -5452.071x if x < 5.711, else -135558.364 0.706
FCR 15-49 Quadratic Broken Line 0.994 y=7.230 + 13.563x + 10.571x% if x < 0.853, else 3.354 0.641
Thigh Quadratic 0.7086 y= 115 +34.17x+-26.36x> 0.65
Brest Broken Line 0.5955 y = 12.55 +-206.25* (R - x) for x < 0.46 0.46
Liver Broken Line 0.6916 y = 2.67 + 81.50* (R - x) for x < 0.46 0.46
Wing Quadratic 0.9855 y =-4.38 + 35.04x + -20.57x 0.85
Spleen Quadratic 0.9724 y = 0.30 + -0.65x + 0.49x” 0.67
Bursa of Fabricius Broken Line 0.9439 y = 0.11 + -0.15%(R-x) for x< 0.77 0.77
Glucose Logistic 4-parameter 0.751 y = 127.400 + (150.000 - 127.400) / (1 + (x/0.560)A-156.165) 0.787
Cholesterol Logistic 4-parameter 0.350 y = 225.050 + (578.481 - 225.050) / (1 + (x/0.438)"83.078) 0.810
Triglyceride Saturation Kinetics 0.711 y = 112.757x / (-0.139 + x) 0.850
HDL Logistic 3-parameter 0.072 y = 5715579.218 / (1 + 117326.323e/(-0.268x)) 0.850
LDL Logistic 3-parameter 0.156 y = 1155742308 / (1 + 8821.118e/(-0.132x)) 0.850
VLDL Saturation Kinetics 0.711 y = 112.757x / (0.139 + x) 0.544
Protein Logistic 4-parameter 0.952 y =3.530 + (4.165 - 3.530) / (1+ (x/0.661)"-142.961) 0.850
Albumin Logistic 4-parameter 0.905 y = 1.520 + (2.000 - 1.520) / (1 + (x/0.656)"-170.501) 0.808 0.850
Uric acid Logistic 4-parameter 0.69 y = 4.672 + (14.444 - 4.672) / (1+ (x/0.858)"-133.561) 0.850
Urea Logistic 4-parameter 0.562 y =5.777 + (37.236 - 5.777) | (1 + (x/0.434)A76.304) 0.726 0.850
Hematocrit Quadratic Broken Line 0.999 y = 40.857 + -16.200x + 25.000x> if x < 0.787, else 43.600 0.787
Hemoglobin Broken Line 0.995 y = 11.325 + 5.700x if x < 0.810, else 15.940 0.810
MCH RNB Model 2 0.965 y = 51.635e/(-0.504€(-5.739x)) 0.850
MCV Logistic 3-parameter 0.836 y =179112.961 / (1 + 1332.588e(-0.052x)) 0.850
Heterophil Quadratic Broken Line 0.713 y =-1.990 + 54.514x + -42.857x% if x < 1.665, else -30.046 0.850
Lymphocyte Logistic 4-parameter 0.522 y = 78.200 + (81.800 - 78.200) / (1 + (x/0.761)-114.193) 0.544
H_L_ratio Logistic 4-parameter 0.514 Y =-0.022 + [(0.186 - (-0.022)] / (1 + (x/0.864)A111.591) 0.850
White_blood_cell Quadratic Broken Line 0.927 | y=-12198.500 + 109874.286x + -77857.143x% if x < 101.317, else -788088885.655 0.850
Red_blood_cell Logistic 4-parameter 0.989 Y =-0.669 + [(2.550 - (-0.669)] / (1 + (x/0.859)A117.056) 0.850
Eosinophil Logistic 4-parameter 0.534 y =3.200 + (4.733 - 3.200) / (1 + (x/0.750)"154.688) 0.850
Monocyte Logistic 4-parameter 703 y =-0.669 + (2.550 - -0.669) / (1+ (x/0.859)"117.056) 0.850
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feed intake followed RNB model 1 (R* = 0.861, optimal lysine =
0.787), while the body weight and daily weight gain used quadratic
broken-line models (R* = 0.693 and 0.814, respectively; optimal
lysine = 0.706), indicating peak responses at moderate levels. The
FCR (15-49 days) showed an excellent quadratic broken-line fit
(R* = 0.994, optimal lysine = 0.641), highlighting high lysine
sensitivity for feed efficiency. Organ weights showed quadratic
models for the thigh (R* = 0.7086, optimal lysine = 0.65) and the
wing (R* = 0.9855, optimal lysine = 0.85) across datasets, with
strong muscle development at higher lysine. The breast and liver
followed the broken-line models (R2 = 0.5955 and 0.6916,
respectively; optimal lysine = 0.46), suggesting minimal
lysine needs, while the spleen (quadratic; R* = 0.9724, optimal
lysine = 0.67) and the bursa of Fabricius (broken line; R? = 0.9439,
optimal lysine = 0.77) indicated parabolic and threshold
responses, respectively.

The blood biochemical parameters, including glucose,
cholesterol, protein, albumin, uric acid, and urea, were best fitted
by logistic four-parameter models (R* = 0.562-0.952, optimal lysine =
0.787-0.850), showing sigmoidal responses with metabolic plateaus at
higher lysine levels. Triglyceride and VLDL followed saturation
kinetics (R* = 0.711, optimal lysine = 0.850, 0.544), indicating lipid
metabolism saturation, while HDL and LDL had poor logistic three-
parameter fits (R*> = 0.072 and 0.156, respectively, optimal lysine =
0.850), suggesting weak lysine dependence. The hematological
parameters such as hematocrit (quadratic broken line; R? = 0.999,
optimal lysine = 0.787) and hemoglobin (broken line; R* = 0.995,
optimal lysine = 0.810) showed precise responses, while the WBC
count, MCH, MCV, and immune parameters (i.e., heterophil,
lymphocyte, H/L ratio, and eosinophil; R* = 0.927-0.989, optimal
lysine = 0.544-0.850) predominantly followed logistic four-parameter
models. The weight of the intestines likely followed a quadratic model
(optimal lysine = 0.65), aligning with muscle traits. These findings
highlight trait-specific lysine requirements, guiding targeted
nutritional strategies for poultry production.

The lysine requirement levels and their effects on the growth
performance, the carcass traits, and the physiological parameters
observed in the current study align well with findings from other
researchers; however, there are some differences in the optimal
lysine concentrations and response patterns due to variations in the
experimental conditions, broiler genetics, and dietary formulations.
In white Pekin ducks, Bons et al. (2002) reported that 1.06% lysine
was optimal for maximizing the BWG during the first 3 weeks of
age. From 3 to 7 weeks, 1.02% lysine was required to achieve peak
BWG, carcass yield, and breast yield. Xie et al. (2009) found that
male white Pekin ducklings (7-21 days) needed 0.84%, 0.90%, and
0.98% lysine for optimal BWG, feed efficiency, and breast meat
proportion, respectively. In male Korean native ducklings (1-21
days), the optimal BWG and feed efficiency were attained with
0.71% and 1.01% lysine, respectively (Wickramasuriya et al., 2016)
For Longyan laying ducks (22-38 weeks), diets with 0.80% lysine
optimized the egg production, egg weight, egg mass, FCR, and
eggshell quality (Fouad et al., 2017).

Lysine supplementation significantly influences the carcass
traits in broilers and ducks, with the optimal levels varying by
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trait and species. In broilers, our datasets showed the thigh and wing
optimized at 0.65%-0.85% lysine (quadratic models), while the
breast and liver required 0.46% (broken line). The literature
suggests higher lysine (0.95%-1.15%) for broiler breast yield,
reflecting genetic advancements, but aligns with our thigh and
wing levels. In ducks, the breast and carcass yield require 0.98%-
1.02% lysine, which is higher than broiler breast, but comparable to
that of the wing, indicating species-specific muscle demands. The
quadratic and broken-line models in our data mirrored nonlinear
responses in the literature, with broilers showing stronger fits (e.g.,
R? = 0.9855 for wing). These findings guide lysine supplementation
strategies, emphasizing moderate levels for broiler muscle traits and
higher levels for duck breast and carcass yield, with adjustments for
breed, age, and lysine source (Leclercq, 1998; Wickramasuriya et al.,
2016; Ruan et al, 2019). Bahadur et al. (2010) noted that lysine
supplementation increased the breast meat yield and reduced
abdominal fat, consistent with our breast findings (optimal lysine
= 0.46), although our lower requirement may reflect a plateau in
growth. A study on L-lysine sulfate supplementation confirmed
improved breast meat yield (p< 0.05) and protein accretion,
supporting our muscle development findings, but did not specify
optimal levels. Our spleen (quadratic; R*> = 0.9724, optimal lysine =
0.67) and bursa of Fabricius (broken line; R* = 0.9439, optimal
lysine = 0.77) results suggest immune tissue sensitivity to lysine, a
topic less explored in the literature, although one study noted the
immunological benefits of lysine without quantifying levels.

Conclusion

This study demonstrated that dietary L-lysine supplementation
significantly influenced the growth performance, carcass traits,
hematological parameters, intestinal morphology, and blood
biochemistry of Gilan native ducks. The optimal lysine levels
(1.0%-1.1% during the starter phase and ~0.75% during the
grower phase) improved the feed intake, BWG, and feed
efficiency. In addition, lysine supplementation enhanced the wing,
thigh, liver, and intestinal weights, along with the CD and villus
thickness in the intestine. Increasing the level of lysine in the diet
compared with the NRC (1994) recommendation increased the
total protein, albumin, cholesterol, LDL, HDL, and uric acid,
suggesting improved protein and lipid metabolism without
impairing physiological homeostasis. Furthermore, lysine
improved the RBC and WBC counts, hemoglobin concentration,
and antioxidant enzyme activity (SOD), indicating enhanced
hematological and oxidative status. Although no significant
changes in the Newcastle antibody titer were observed, the
absence of stress may explain this result. Overall, lysine levels
above the NRC (1994) recommendations appear beneficial for
improving the health and productivity of native ducks. This
integrated analysis of 42 poultry traits demonstrates the critical
role of lysine in optimizing the growth, organ development, and
physiological parameters. Logistic four-parameter and quadratic
broken-line models were the most effective, capturing sigmoidal
and threshold responses. The optimal lysine levels ranged from 0.46
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(breast and liver) to 1.10 (early growth), guiding precise nutritional
interventions. Future studies should validate these findings across
breeds and explore amino acid interactions to enhance poultry
production efficiency.
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