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The avian esophagus shows structural and functional differences related to feeding habits 

and habitat, with mucous secretions and amino acids playing key roles in protection and 

metabolism. The present study aimed to comparatively investigate the histological, 

histochemical, and amino acid profile characteristics of the cervical esophagus in the 

Iraqi pin-tailed sandgrouse (Pterocles alchata) and the red-wattled lapwing (Vanellus 

indicus). A total of eight adult individuals from each bird species (sandgrouse and 

lapwing) were collected from the Al-Samawah Desert, Al-Muthanna Province, and Al-

Yusufiyah District, Baghdad Governorate, Iraq, respectively, between October 2025 and 

January 2026. Histological examination was performed using hematoxylin and eosin 

(H&E), Masson’s trichrome, periodic acid–Schiff (PAS), and Alcian blue (AB, pH 2.5) 

stains. Amino acid profiles of cervical esophageal tissues were analyzed using high-

performance liquid chromatography (HPLC). The histological results demonstrated that 

the cervical esophagus in both bird species consisted of three main layers: tunica mucosa, 

tunica muscularis, and tunica adventitia, while the tunica submucosa and muscularis 

mucosae were absent. The mucosa was lined by non-keratinized stratified squamous 

epithelium supported by a collagen-rich lamina propria. In the Iraqi pin-tailed 

sandgrouse, the esophageal glands were located mainly within the lamina propria, 

whereas in the red-wattled lapwing, they appeared as intraepithelial glands. 

Histochemical staining revealed strong PAS reactivity and moderate AB reactivity in the 

mucous secretions of both bird species, indicating the presence of neutral and acidic 

mucopolysaccharide. The HPLC analysis identified 18 amino acids in the cervical 

esophageal tissues of both species. Glutamine showed the highest concentration, whereas 

methionine exhibited the lowest concentration in both birds. Most amino acids did not 

differ significantly between the two species (p > 0.05). However, glutamic acid showed 

a significant increase in the Iraqi pin-tailed sandgrouse compared with the red-wattled 

lapwing (p ≤ 0.05). The present findings suggest that the cervical esophagi of both bird 

species may exhibit structural and biochemical adaptations associated with feeding habits 

and ecological conditions. 
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1. INTRODUCTION

The avian digestive system exhibits remarkable structural 

and functional diversity that reflects adaptation to different 

feeding behaviors and ecological habitats. Among the organs 

of the digestive tract, the esophagus plays an essential role in 

food transport, temporary storage, lubrication, and facilitating 

swallowing [1]. In birds, the morphology and histological 

organization of the esophagus vary considerably according to 

dietary habits and the physical nature of ingested food [2]. 

Generally, the avian esophageal wall consists of tunica 

mucosa, tunica submucosa, tunica muscularis, and tunica 

adventitia [3]. 

The mucosal layer is commonly lined by non-keratinized 

stratified squamous epithelium and contains mucous glands 

that secrete lubricating substances to protect the esophageal 

surface from mechanical abrasion during food passage [4]. 

However, substantial interspecies variations have been 

reported in epithelial thickness, gland distribution, connective 

tissue organization, and muscular arrangement, particularly 

among birds with different feeding strategies [5, 6]. 

Histochemical investigations of the avian esophagus have 

demonstrated the importance of mucous secretions in 

protecting the mucosal lining and facilitating food movement. 

Periodic acid–Schiff (PAS) and Alcian blue (AB) staining 

techniques are commonly used to identify neutral and acidic 

mucopolysaccharides within esophageal glands and epithelial 

secretions [7, 8]. These secretory products contribute 

significantly to maintaining epithelial integrity and reducing 

friction during swallowing. In addition to histological 

organization, the biochemical composition of digestive tissues 

represents an important indicator of tissue function and 
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metabolic activity. Amino acids are essential structural and 

functional components of proteins and are involved in cellular 

metabolism, tissue repair, enzymatic activity, and 

physiological regulation [9].  

Analysis of amino acid profiles in digestive tissues may 

therefore provide valuable information regarding tissue 

physiology, and adaptive metabolic responses may be 

associated with feeding behavior [10]. High-performance 

liquid chromatography (HPLC) is considered one of the most 

reliable analytical techniques for the qualitative and 

quantitative determination of amino acids in biological tissues 

due to its high sensitivity, accuracy, and reproducibility [11]. 

This technique has been widely applied in biochemical and 

physiological studies to evaluate metabolic activity, tissue 

composition, and nutritional adaptations in both vertebrate and 

avian species [12, 13].  

HPLC-based amino acid profiling provides insight into 

tissue activity and physiological adaptations that may be 

associated with feeding behavior and environmental 

conditions [14]. The Iraqi pin-tailed sandgrouse (Pterocles 

alchata) is a granivorous bird inhabiting arid and semi-desert 

regions, which may be associated with their granivorous 

feeding habits [15]. In contrast, the red-wattled lapwing 

(Vanellus indicus) is an insectivorous and omnivorous bird 

commonly distributed in wetlands and agricultural areas, 

feeding primarily on insects, worms, and small invertebrates 

collected from moist soil surfaces [16]. These dietary 

differences may influence the histological and biochemical 

characteristics of the digestive tract, particularly the esophagus 

[17]. Although several studies have investigated the 

morphology and histology of the avian digestive tract, studies 

combining histological, histochemical, and amino acid profile 

analyses of esophageal tissues in wild birds remain limited, 

especially in bird species inhabiting the Iraqi environment [18, 

19]. To the best of our knowledge, no previous study has 

comparatively investigated the cervical esophagus of the Iraqi 

pin-tailed sandgrouse and the red-wattled lapwing using both 

histological and biochemical approaches. 

Despite the increasing number of anatomical and 

histological studies on the avian digestive tract, little 

information is available regarding the relationship between 

esophageal microstructure, mucous secretory activity, and 

tissue amino acid composition in wild birds. The cervical 

esophagus represents the first region exposed to the 

mechanical and chemical properties of ingested food and 

therefore plays an important role in food lubrication and 

mucosal protection. Furthermore, amino acid profiling may 

provide additional information regarding tissue metabolism 

and maintenance of esophageal integrity. Therefore, 

integrating histological, histochemical, and biochemical 

analyses may contribute to a better understanding of functional 

adaptations of the avian esophagus. 

Therefore, the present study aimed to comparatively 

evaluate the histological organization, histochemical 

characteristics, and amino acid profile of the cervical 

esophagus in the Iraqi pin-tailed sandgrouse (Pterocles 

alchata) and the red-wattled lapwing (Vanellus indicus). 

 

 

2. MATERIALS AND METHODS 
 

2.1 Ethical approval 

 

A total of 16 adult wild birds were obtained alive from local 

hunters between October 2025 and January 2026. Eight Iraqi 

pin-tailed sandgrouse (Pterocles alchata) were purchased 

from a hunter in Al-Samawah Desert, Iraq, whereas eight red-

wattled lapwings (Vanellus indicus) were purchased from a 

hunter in Al-Yusufiyah district, Baghdad, Iraq. Species 

identification and specimen acquisition were conducted in 

cooperation with the Iraq Natural History Research Center and 

Museum, University of Baghdad, under Official Facilitation 

Letter No. 3064 dated 10 August 2025. The birds were 

obtained alive from local hunters between October 2025 and 

January 2026 and maintained under appropriate husbandry 

conditions until laboratory processing. All experimental 

procedures, including anesthesia, dissection, tissue sampling, 

histological processing, histochemical staining, and amino 

acid analyses, were conducted only after ethical approval had 

been granted by the Department of Biology, College of 

Education for Pure Science (Ibn Al-Haitham), University of 

Baghdad (Approval No. EC-93, dated 19 January 2026). 

 
2.2 Bird collection and experimental design 

 
The specimens described in Section 2.1 were used for gross 

anatomical, histological, histochemical, and amino acid 

analyses of the cervical esophagus. All birds were apparently 

healthy adults with no visible pathological abnormalities. The 

approximate age of the Iraqi pin-tailed sandgrouse ranged 

from 12–14 months, whereas that of the red-wattled lapwing 

ranged from 11–13 months. The mean body weight of the Iraqi 

pin-tailed sandgrouse (Pterocles alchata) was 211.25 ± 6.55 

g, with body weights ranging between 195 and 225 g. The 

mean body weight of the red-wattled lapwing (Vanellus 

indicus) was 163.95 ± 6.69 g, with body weights ranging 

between 150 and 178 g. For histological and histochemical 

investigations, four birds from each species were examined, 

including two males and two females. Both sexes were 

included because previous avian histological studies reported 

no significant sex-related differences in the examined 

esophageal tissues and have successfully used mixed-sex 

sampling designs [20, 21]. Due to the limited availability of 

wild specimens during the collection period, sex-specific 

comparisons were not performed, which should be considered 

a limitation of the present study. The remaining four male 

birds of each species were used for amino acid analysis by 

HPLC. Male birds were selected exclusively for biochemical 

analysis to avoid potential physiological variations associated 

with female reproductive status and egg-production cycles, 

which may influence amino acid metabolism and tissue 

biochemical composition. The sample size was selected 

according to previous histological and anatomical studies on 

avian species using comparable sample numbers [22, 23]. 

 
2.3 Anesthesia and tissue sampling 

 
Birds were anesthetized using ketamine hydrochloride (40 

mg/kg body weight) combined with xylazine (5 mg/kg body 

weight) administered intramuscularly before dissection, 

according to standard avian anesthesia protocols [24]. 

Following complete anesthesia, birds were dissected under 

sterile laboratory conditions. The cervical portion of the 

esophagus was carefully excised, washed with normal saline 

solution to remove food residues, and immediately processed 

for histological and biochemical analyses. 
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2.4 Histological and histochemical procedures 
 

Tissue samples designated for histological examination 

were fixed in 10% neutral buffered formalin for 48 h at room 

temperature (25 ℃). Following fixation, samples were 

dehydrated through ascending grades of ethanol (70%, 80%, 

90%, 95%, and absolute ethanol), cleared in xylene, and 

embedded in paraffin wax according to standard histological 

procedures [7]. Paraffin blocks were sectioned at 5–6 µm 

thickness using a rotary microtome. Tissue sections were 

mounted on clean glass slides. For routine histological 

examination, sections were stained with hematoxylin and 

eosin (H&E), including hematoxylin staining followed by 

washing, differentiation, eosin counterstaining, dehydration, 

clearing, and mounting. Masson's trichrome staining was 

performed for collagen fiber identification according to 

standard protocols. Histochemical staining included PAS 

staining for the demonstration of neutral mucopolysaccharides 

and AB staining (pH 2.5) for acidic mucopolysaccharides 

according to previously established methods [7, 18]. Negative 

control sections were prepared by omitting the primary 

staining step where applicable. Histological sections were 

examined and photographed using a light microscope 

equipped with a digital imaging system. 

 

2.5 Histomorphometric analysis 
 

Histomorphometric measurements were performed using 

ImageJ software (National Institutes of Health, USA) after 

calibration with the scale bar. Mucosal thickness, mucosal fold 

height, gland diameter, gland density, and muscular layer 

thickness were measured from five randomly selected 

microscopic fields for each specimen. All measurements were 

expressed in micrometers (µm), except gland density, which 

was expressed as the number of glands per mm². Data were 

presented as mean ± standard error (Mean ± SE) and 

statistically analyzed to determine interspecific differences. 

 

2.6 Histochemical scoring 
 

The staining intensity of PAS and AB (pH 2.5) reactions 

was evaluated using a semi-quantitative scoring system based 

on the degree of staining observed in the epithelial lining and 

esophageal glands. The staining intensity was classified as 

follows: 0 = negative reaction, 1 = weak reaction, 2 = moderate 

reaction, and 3 = strong reaction. Five randomly selected 

microscopic fields from each specimen were examined, and 

the average score was used for comparative evaluation 

between the studied species. 

 

2.7 Amino acid profiling by high-performance liquid 

chromatography 
 

Free amino acid concentrations in cervical esophageal 

tissues were determined using HPLC after pre-column 

derivatization with phenyl isothiocyanate (PITC), according to 

the methods described by Zheng et al. [25] and Zhang et al. 

[26] with minor modifications.  

Approximately 0.5 g of cervical esophageal tissue from 

each bird was homogenized in 5 mL of deionized water using 

a glass homogenizer under cold conditions. Protein 

precipitation was performed by adding 1 mL of sulfosalicylic 

acid solution (10%), followed by centrifugation at 10,000 rpm 

for 15 min at 4℃. The obtained supernatant was collected and 

adjusted to pH 2.0 using sodium acetate buffer. 

Before chromatographic analysis, amino acids were 

derivatized using PITC. Briefly, 100 µL of sample supernatant 

was mixed with PITC reagent and incubated at room 

temperature for 20 min to allow complete derivatization. The 

derivatized samples were filtered through 0.22 µm membrane 

filters before injection into the HPLC system. 

Chromatographic separation was performed using a Shimadzu 

HPLC system equipped with a Shim-pack XR-ODS column 

(150 mm × 4.6 mm, 5 µm particle size). The column 

temperature was maintained at 30. Chromatographic 

separation was performed using a linear gradient elution 

program between solvent A (5% methanol in 0.1 N sodium 

acetate buffer, pH 7.0) and solvent B (methanol) over a total 

run time of 25 min at a flow rate of 1 mL/min. Detection was 

carried out at a wavelength of 254 nm, and the injection 

volume was 20 µL. Identification and quantification of amino 

acids (µg/g tissue) were achieved by comparing sample 

retention times and peak areas with those of standard amino 

acid mixtures analyzed under identical chromatographic 

conditions as previously described [27]. Calibration curves 

were prepared using serial concentrations of amino acid 

standards, and the linearity of calibration curves showed 

correlation coefficients (R²) greater than 0.99 for all detected 

amino acids. Quantification of amino acids was performed 

based on peak area measurements and comparison with 

corresponding standard curves. To ensure analytical 

reliability, all samples were analyzed in duplicate to ensure 

analytical reproducibility. The external laboratory reported 

that LOD and LOQ assessments were based on signal-to-noise 

ratios of 3:1 and 10:1, respectively; however, the 

corresponding numerical values were not provided in the 

analytical report. Method performance characteristics, 

including recovery percentages ranging from 92% to 97%, 

were previously validated and reported by the study [13]. A 

mixed amino acid standard solution containing 18 amino acids 

at a concentration of 50 µg/mL for each amino acid was 

analyzed under identical chromatographic conditions (Table 

1). Amino acid identification was achieved by comparing 

retention times, whereas quantification was based on 

comparison of sample peak areas with the corresponding 

standard peak areas. 
 

Table 1. Retention times and peak areas of amino acid 

standards used for high-performance liquid chromatography 

(HPLC) identification 
 

Amino Acid 
Retention Time 

(min) 

Standard Peak Area 

(a.u) 

Asparagine 1.022 508104 

Serine 1.875 515958 

Glutamine 3.015 479841 

Glutamic acid 3.870 523184 

Threonine 4.930 455025 

Histidine 6.007 432901 

Citrulline 6.883 410423 

Alanine 7.940 374910 

Proline 8.775 436037 

Glycine 9.853 393323 

Arginine 11.012 377163 

Tyrosine 12.112 362163 

Valine 13.030 373215 

Methionine 14.115 379762 

Isoleucine 15.183 341591 

Leucine 16.022 356542 

Phenylalanine 16.853 427508 

Lysine 17.918 338360 
Note: Peak area values are expressed as arbitrary units (a.u.) generated by 

the HPLC integration software. 
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The HPLC analyses were performed by an external 

analytical laboratory using a validated PITC pre-column 

derivatization method. The chromatographic gradient program 

(linear gradient, 0–25 min) was provided by the laboratory and 

has been included in the revised manuscript. However, exact 

numerical values for the LOD and LOQ were not available in 

the analytical report. 

 

2.8 Statistical analysis 

 

Statistical analysis was performed using IBM SPSS 

Statistics version 26 (IBM Corp., Armonk, NY, USA). Data 

were expressed as Mean ± SE. Data normality was evaluated 

using the Shapiro–Wilk test before statistical comparisons. 

Comparisons between the Iraqi pin-tailed sandgrouse and the 

red-wattled lapwing were performed using the independent 

samples t-test. Statistical significance was considered at p ≤ 

0.05.  

 

 
3. RESULTS 

 
3.1 Histological and histochemical characteristics of the 

cervical esophagus 

 
Histological examination of the cervical esophagus in the 

Iraqi pin-tailed sandgrouse (Pterocles alchata) (Figure 1) and 

the red-wattled lapwing (Vanellus indicus) (Figure 2) revealed 

that the esophageal wall consisted of three main layers: tunica 

mucosa, tunica muscularis, and tunica adventitia, whereas the 

tunica submucosa and muscularis mucosae were absent in both 

bird species (Figures 1(A) and 2(A)). The tunica mucosa was 

lined by non-keratinized stratified squamous epithelium 

supported by a lamina propria rich in connective tissue fibers 

and blood vessels (Figures 1(A, B) and 2(A, B)). Distinct 

longitudinal mucosal folds extending toward the esophageal 

lumen were observed in both species. In the Iraqi pin-tailed 

sandgrouse, these folds were more numerous and prominent in 

the anterior cervical region, whereas in the red-wattled 

lapwing, they appeared relatively uniform throughout the 

cervical esophagus. The epithelial surface of the red-wattled 

lapwing exhibited a greater number of glandular openings 

compared with the Iraqi pin-tailed sandgrouse, resulting in a 

more mucus-rich luminal surface (Figures 1(B) and 2(B)).  

Lymphoid tissue aggregations were observed in the cervical 

esophagus of the Iraqi pin-tailed sandgrouse, particularly 

within the lamina propria and tunica adventitia (Figure 1(B)). 

In contrast, the red-wattled lapwing showed only scattered 

lymphoid cells without distinct lymphoid nodules (Figure 

2(B)). The connective tissue of the lamina propria differed 

between the two bird species. In the Iraqi pin-tailed 

sandgrouse, the connective tissue was loose and highly 

vascularized, whereas the red-wattled lapwing exhibited dense 

connective tissue rich in collagen fibers, as demonstrated by 

Masson’s trichrome staining (Figures 1(C) and 2(C)). 

Mucous esophageal glands were observed in both bird 

species; however, their location and morphology differed 

markedly. In the Iraqi pin-tailed sandgrouse, the glands were 

mainly located within the lamina propria and appeared 

alveolar in shape with wide lumina (Figures 1(A)–(C)). In 

contrast, the glands of the red-wattled lapwing appeared 

predominantly as intraepithelial tubular glands arranged in one 

or two rows within the epithelial layer (Figures 2(A)–(C)). 

Histochemical staining using PAS and AB, pH 2.5, 

demonstrated strong positive reactions in the glandular 

secretions and epithelial mucous material of both bird species, 

indicating the presence of neutral and acidic 

mucopolysaccharides (Figures 1(D, E) and 2(D, E)). 

The tunica muscularis in both species consisted of a thin 

inner longitudinal smooth muscle layer and a thick outer 

circular layer (Figures 1(A) and 2(A)). In the Iraqi pin-tailed 

sandgrouse, the circular muscle layer appeared as separated 

muscular bundles, whereas in the red-wattled lapwing, it 

formed a more compact and continuous muscular layer. The 

tunica adventitia consisted of loose connective tissue 

containing blood vessels and nerve fibers in both species. 

Diffuse lymphoid tissue was additionally observed within the 

adventitia of the Iraqi pin-tailed sandgrouse. 

Histomorphometric analysis of the cervical esophagus 

revealed significant interspecific differences in several 

structural parameters (Table 2). The red-wattled lapwing 

exhibited significantly greater mucosal thickness (15.80 ± 1.19 

µm) and mucosal fold height (47.82 ± 1.42 µm) compared with 

the pin-tailed sandgrouse (10.29 ± 0.67 µm and 30.96 ± 1.47 

µm, respectively) (p < 0.001). In contrast, gland diameter was 

significantly larger in the pin-tailed sandgrouse (6.79 ± 0.49 

µm) than in the red-wattled lapwing (3.32 ± 0.19 µm) (p < 

0.001). Gland density was significantly higher in the red-

wattled lapwing (4.03 ± 0.27 glands/mm²) than in the pin-

tailed sandgrouse (2.45 ± 0.07 glands/mm²) (p = 0.003). 

However, no significant differences were observed in 

muscular layer thickness (p = 0.30) or adventitial thickness (p 

= 0.80). 
 

Table 2. Histomorphometric measurements of the cervical 

esophagus in the studied bird species 
 

Parameter 

(µm) 

Pin-Tailed 

Sandgrouse 

(Mean ± SE) 

Red-Wattled 

Lapwing 

(Mean ± SE) 

p-Value 

Mucosal 

thickness 
10.29 ± 0.67ᵇ 15.80 ± 1.19ᵃ <0.001*** 

Mucosal fold 

height 
30.96 ± 1.47ᵇ 47.82 ± 1.42ᵃ <0.001*** 

Muscular 

layer 

thickness 

18.07 ± 1.76 19.97 ± 0.81 0.30 NS 

Adventitial 

thickness 
9.59 ± 0.51 9.79 ± 0.87 0.80 NS 

Gland 

diameter 
6.79 ± 0.49ᵃ 3.32 ± 0.19ᵇ <0.001*** 

Gland 

density 

(No./mm²) 

2.45 ± 0.07ᵇ 4.03 ± 0.27ᵃ 0.003** 

Notes: Values are presented as mean ± standard error (Mean ± SE). Different 

superscript letters within the same row indicate significant differences at p < 

0.05. NS = not significant (p > 0.05); ** p < 0.01; *** p < 0.001. 
 

Table 3. Semi-quantitative evaluation of periodic acid–Schiff 

(PAS) and Alcian blue (AB) staining intensity in the cervical 

esophagus of the studied birds 
 

Histochemical Stain P. alchata V. indicus 

PAS reaction 3 (Strong) 3 (Strong) 

AB reaction 2 (Moderate) 2 (Moderate) 
 

Semi-quantitative assessment revealed strong PAS 

positivity in the epithelial lining and esophageal glands of both 

species, indicating abundant neutral mucopolysaccharides. 

AB staining showed moderate to strong reactivity, suggesting 

the presence of acidic mucopolysaccharides within the 

mucosal secretions (Table 3). 
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Figure 1. Histological and histochemical sections of the cervical esophagus in the Iraqi pin-tailed sandgrouse (Pterocles alchata). 

(A) General histological organization of the esophageal wall (H&E, 4×), (B) higher magnification showing the LE, LP, EG, and 

LT (H&E, 40×), (C) collagen fibers within the lamina propria stained with Masson’s trichrome (MT, 10×), (D) Positive Alcian 

blue reaction in glandular secretions (AB, pH 2.5, 10×), (E) positive PAS reaction in mucous glands and luminal secretions (PAS, 

10×) 
Notes: Lining Epithelium (LE), lamina propria (LP), esophageal glands (EG), lymphoid tissue (LT), tunica mucosa (TM), tunica muscularis (ML), and tunica 

adventitia (TA), Lumen of Oesophagus (LU), Folds (F), Longitudinal Muscle Layer (LML), Circular Muscle Layer (CML), and Blood Vessels (BV). 
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Figure 2. Histological and histochemical sections of the cervical esophagus in the Red-Wattled lapwing (Vanellus indicus). (A) 

General histological organization of the esophageal (H&E, 4×), (B) higher magnification showing LE, LP, and EG (H&E, 40×), 

(C) collagen fibers within the lamina propria stained with Masson’s trichrome (MT, 10×), (D) positive Alcian blue reaction in 

glandular secretions (AB pH 2.5, 10×), (E) positive PAS reaction in mucous glands and luminal secretions (PAS, 10×) 
Notes: Lining Epithelium (LE), lamina propria (LP), esophageal glands (EG), tunica mucosa (TM), tunica muscularis (ML), and tunica adventitia (TA), Lumen of 

Oesophagus (LU), Folds (F), Longitudinal Muscle Layer (LML), Circular Muscle Layer (CML), and Blood Vessels (BV). 

 

3.2 Amino acid profile of the cervical esophagus 

 

Eighteen amino acids were identified in the cervical 

esophagus of both bird species using HPLC. Although most 

amino acids showed numerically higher concentrations in P. 

alchata than in V. indicus, these differences were not 

statistically significant (p > 0.05). The only amino acid that 

exhibited a significant interspecific difference was glutamic 

acid, which was significantly higher in P. alchata (82.73 ± 

12.47 µg/g tissue) than in V. indicus (48.23 ± 3.41 µg/g tissue) 

(p = 0.037) (Table 4, Figures 3, 4). 

 

 

 
 

Figure 3. The average concentration of amino acids in the cervical esophageal tissue of the Iraqi pin-tailed sandgrouse and the 

red-wattled lapwing 
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Figure 4. Representative high-performance liquid 

chromatography (HPLC) chromatogram of amino acids 

detected in the cervical esophagus tissue 

 

Table 4. Amino acid concentrations (µg/g tissue) in the 

cervical esophagus of the Iraqi pin-tailed sandgrouse 

(Pterocles alchata) and the red-wattled lapwing (Vanellus 

indicus) 

 

Amino Acids 

Pin-Tailed 

Sandgrouse 

(Mean ± SE) 

Red-Wattled 

Lapwing 

(Mean ± SE) 

p-Value 

Asparagine 108.30 ± 18.89 71.25 ± 6.80 NS 

Serine 68.50 ± 16.36 41.41 ± 7.83 NS 

Glutamine 120.55 ± 14.54 91.21 ± 9.70 NS 

Glutamic acid 82.73 ± 12.47 48.23 ± 3.41 0.037* 

Threonine 69.09 ± 13.35 40.78 ± 4.62 NS 

Histidine 75.77 ± 11.68 47.15 ± 5.94 NS 

Citrulline 63.02 ± 12.80 40.24 ± 6.61 NS 

Alanine 72.90 ± 11.89 51.49 ± 5.45 NS 

Proline 76.41 ± 13.11 50.27 ± 5.90 NS 

Glycine 83.44 ± 13.77 52.44 ± 3.63 NS 

Arginine 71.46 ± 10.27 54.71 ± 6.55 NS 

Tyrosine 75.20 ± 8.04 62.85 ± 6.94 NS 

Valine 83.58 ± 11.37 61.45 ± 2.44 NS 

Methionine 43.05 ± 8.66 33.20 ± 0.49 NS 

Isoleucine 75.01 ± 7.40 59.36 ± 4.24 NS 

Leucine 74.74 ± 10.78 69.26 ± 3.60 NS 

Phenylalanine 93.56 ± 6.71 83.09 ± 7.53 NS 

Lysine 76.44 ± 10.11 69.61 ± 8.65 NS 
Notes: Values are expressed as mean ± standard error (Mean ± SE). 

Different superscript letters within the same row indicate significant 
differences at p < 0.05. NS = not significant (p > 0.05); * = significant at p < 

0.05. 

 

 

4. DISCUSSION  

 

The present study demonstrated clear histological and 

histochemical similarities and differences in the cervical 

esophagus between the Iraqi pin-tailed sandgrouse (Pterocles 

alchata) and the red-wattled lapwing (Vanellus indicus). In 

both bird species, the esophageal wall consisted mainly of 

tunica mucosa, tunica muscularis, and tunica adventitia, 

whereas the tunica submucosa and muscularis mucosae were 

absent. Similar observations have been reported previously in 

several avian species, including domestic fowl and wild birds, 

where the absence or poor development of these layers was 

considered a characteristic potential adaptation of the avian 

esophagus [1, 28]. 

The mucosal lining of the cervical esophagus in both species 

was composed of non-keratinized stratified squamous 

epithelium with prominent longitudinal folds. These folds 

increase the luminal expansion capacity and facilitate the 

passage of food materials during swallowing. Comparable 

findings were described by Indu et al. [29], who reported that 

the development of mucosal folds in birds may be associated 

with dietary habits and the physical characteristics of ingested 

food. The Iraqi pin-tailed sandgrouse has developed an 

adaptation through increased mucosal folding within its 

esophagus as a result of consuming dry, coarse food items 

(specifically seed and grain). This potential adaptation allows 

for increased distensibility (capacity to stretch) of the 

esophagus, which permits the smooth transition of particles 

through the esophagus from the throat to the stomach. 

Conversely, the relatively even folds of the red-wattled 

lapwing are indicative of an adaptation consistent with their 

primarily insectivorous diet, which consists mainly of softer, 

more hydrated (moist) food items. 

Connective tissue organization differed markedly between 

the two species. In the Iraqi pin-tailed sandgrouse, the lamina 

propria consisted mainly of loose vascular connective tissue 

containing numerous mucous glands and lymphoid 

aggregations, whereas the red-wattled lapwing exhibited 

denser collagenous connective tissue. Similar structural 

variations among avian species have been associated with 

differences in feeding ecology and mechanical stress during 

food transport [2, 30]. 

The distribution patterns of the esophageal glands in these 

two avian species appear to be an indicator of functional 

adaptation to their different feeding habits. For example, the 

fact that the red-wattled lapwing has mostly intraepithelial 

glands may imply that it secretes mucus quickly and directly 

to the surface of its esophagus, which would aid in lubricating 

its moist invertebrate prey before swallowing. In contrast, the 

Iraqi pin-tailed sandgrouse has lamina propria glands that 

likely provide ongoing protection of its mucosa from physical 

injury due to the ingestion of dry, coarse grains. Similar 

epithelial glandular modifications have occasionally been 

reported in some aquatic and semi-aquatic bird species 

exposed to high mucosal secretory demands [31]. 

The present histomorphometric analysis demonstrated 

significant structural differences in the cervical esophagus 

between the two studied bird species. The significantly greater 

mucosal thickness and mucosal fold height observed in the 

red-wattled lapwing may increase luminal expansion and 

provide enhanced protection of the esophageal lining during 

food transport. Conversely, the larger gland diameter observed 

in the pin-tailed sandgrouse suggests greater secretory activity 

at the level of individual glands. The significantly higher gland 

density in the red-wattled lapwing indicates that mucus 

production may be achieved through a greater number of 

glands rather than increased gland size [32]. In contrast, the 

absence of significant differences in muscular and adventitial 

thickness suggests that the basic supportive and contractile 
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architecture of the cervical esophagus is relatively conserved 

between the two species. Collectively, these findings suggest 

species-specific morphological adaptations that may be 

associated with differences in feeding ecology and food-

processing requirements; however, direct dietary 

investigations are required to confirm these interpretations 

[33]. 

Histochemical staining revealed strong positive PAS 

reactions and moderate positive AB reactions in the epithelial 

and glandular secretions of both species, indicating the 

presence of neutral and acidic mucopolysaccharides. Neutral 

mucopolysaccharides contribute mainly to lubrication and 

epithelial protection, whereas acidic mucopolysaccharides 

enhance water retention and mucosal viscosity. Similar 

reactions were documented in previous avian histochemical 

investigations by Alsanosy et al. [4], who emphasized the 

protective role of mucous secretions against mechanical injury 

and desiccation. 

The muscular layer of the cervical esophagus differed 

slightly between the two bird species. In the Iraqi pin-tailed 

sandgrouse, the outer circular muscle layer appeared separated 

into muscular bundles, while in the red-wattled lapwing, it 

formed a compact, continuous layer. These variations may 

reflect differences in swallowing mechanics and food 

consistency. Granivorous birds generally require stronger 

esophageal motility to facilitate the transport of coarse and dry 

food particles compared with insectivorous or omnivorous 

birds [15]. 

Lymphoid tissue aggregations observed in the cervical 

esophagus of the Iraqi pin-tailed sandgrouse may indicate 

enhanced local immune defense against environmental 

pathogens and particulate materials associated with desert and 

semi-arid habitats. Similar lymphoid structures have been 

identified in the digestive tracts of wild birds exposed to dusty 

or contaminated environments [6]. 

Because of the exploratory nature of the amino acid analysis 

and the limited sample size, no multiple-comparison 

correction was applied. Therefore, the statistically significant 

difference observed for glutamic acid should be interpreted 

with caution and considered a preliminary finding requiring 

confirmation in larger studies. 

The significant increase observed in glutamic acid may 

reflect species-specific differences in protein metabolism, 

tissue maintenance, or physiological adaptation. Glutamic acid 

is one of the major amino acids involved in cellular 

metabolism and protein synthesis, and its elevated 

concentration in P. alchata may be associated with the 

functional requirements of the esophageal tissue in this species 

[34, 35]. Granivorous diets rich in plant proteins may 

contribute to elevated glutamic acid concentrations compared 

with the more insect-based diet of the red-wattled lapwing 

[36]. 

The overall similarities in amino acid profiles between the 

two bird species may indicate comparable physiological 

requirements for maintaining esophageal structure and 

mucosal function despite differences in habitat and feeding 

ecology. Similar observations have been reported in 

biochemical studies of avian digestive tissues, where amino 

acid composition was found to be relatively conserved among 

bird species with moderate dietary variation [37]. 

The present findings provide important comparative 

information regarding the structural and biochemical 

adaptations of the cervical esophagus in wild Iraqi birds. 

Furthermore, the combination of histological, histochemical, 

and amino acid profiling approaches contributes to a broader 

understanding of functional adaptations of the avian digestive 

system in relation to feeding ecology and environmental 

conditions. 

Overall, the current results indicated a high degree of 

similarity in the biochemical composition of esophageal tissue 

between the two studied bird species, with limited differences 

in certain amino acids. This may reflect a balance between the 

histological structure and the esophagus’s function in 

transporting food and preparing it for passage to the 

subsequent segments of the gastrointestinal tract, as well as 

physiological adaptations may be associated with the birds’ 

different feeding habits. The relatively small sample size 

represents a limitation of the present study because of the 

difficulty in obtaining wild bird specimens from natural 

habitats. 

A limitation of the present study is that the exact numerical 

values of LOD and LOQ for the HPLC method were not 

available from the external analytical laboratory and, 

therefore, could not be reported. 

 

 

5. CONCLUSIONS 

 

In conclusion, both the Iraqi pin-tailed sandgrouse and the 

red-wattled lapwing exhibit species-specific structural and 

biochemical adaptations of the cervical esophagus that suggest 

possible structural and biochemical adaptations associated 

with feeding behaviour and habitat conditions. Structural 

differences in glandular organization, connective tissue 

composition, muscular arrangement, and amino acid profiles 

in the cervical esophagus of the studied species demonstrate a 

functional specialization to meet the dietary requirements of 

these birds. Through the use of histological, histochemical, 

and biochemical analyses, the current study provides novel 

comparative data that may be useful in future studies on avian 

digestive physiology and ecological adaptation. 

 

 

REFERENCES 

 

[1] Jahan, F., Ali, H. (2026). Waterbirds: Specialized traits, 

community structure, and foraging preferences. In 

Ecology, Conservation of Aquatic Birds. Wetlands: 

Ecology, Conservation and Management, pp. 39-85. 

https://doi.org/10.1007/978-3-032-17125-2_3 

[2] Abdellatif, A.M., Farag, A., Metwally, E. (2022). 

Anatomical, histochemical, and immunohistochemical 

observations on the gastrointestinal tract of Gallinula 

chloropus (Aves: Rallidae). BMC Zoology, 7: 61. 

https://doi.org/10.1186/s40850-022-00161-6 

[3] El-Naseery, N.I., Mohammed, A.A., Abuel-Atta, A.A., 

Ghonimi, W.A.M. (2021). Species-specific differences 

of the avian oesophagus: Histological and ultrastructural 

study. Anatomia, Histologia, Embryologia, 50(5): 788-

800. https://doi.org/10.1111/ahe.12721 

[4] Alsanosy, A.A., Noreldin, A.E., Elewa, Y.H.A., 

Mahmoud, S.F., Elnasharty, M.A., Aboelnour, A. 

(2021). Comparative features of the upper alimentary 

tract in the domestic fowl (Gallus gallus domesticus) and 

kestrel (Falco tinnunculus): A morphological, 

histochemical, and scanning electron microscopic study. 

Microscopy and Microanalysis, 27(1): 201-214. 

https://doi.org/10.1017/S1431927620024812 

1514



 

[5] Hamdi, H., El-Cehareeb, A.W., Zaher, M., Abu Amod, 

F. (2013). Anatomical, histological and histochemical 

adaptations of the avian alimentary canal to their food 

habits: II–Elanus caeruleus. International Journal of 

Scientific and Engineering Research, 4(10): 1355-1364.  
[6] Al-Musawi, R.A., Al-Khakani, S.S.A. (2024). 

Comparative morphological and histochemical study of 

esophagus in Eurasian collared dove (Streptopelia 

decaocto) and buzzard (Buteo buteo vulpinus). SAR 

Journal of Anatomy and Physiology, 5(3): 58-65. 

https://doi.org/10.36346/sarjap.2024.v05i03.004 

[7] Bancroft, J.D., Gamble, M. (2013). Theory and Practice 

of Histological Techniques (7th Edition). Churchill 

Livingstone of Elsevier, Philadelphia. 

[8] Rajab, J.M., Al-Sharqi, S.A., Abdelrahman, S.A. (2022). 

Comparative anatomical, histometrical, and 

histochemical study of esophagus between ring-necked 

parakeet (Psittacula krameri) and black-shouldered kite 

(Elanus caeruleus). Iraqi Journal of Veterinary Sciences, 

36(3): 737-743. 

https://doi.org/10.33899/ijvs.2022.131742.1998 

[9] Wu, G.Y. (2021). Amino Acids: Biochemistry and 

Nutrition (2nd ed.). CRC Press, pp. 550-552. 

https://doi.org/10.1201/9781003092742 

[10] Hou, Y.Q., Hu, S.D., Li, X.Y., He, W.L., Wu, G.Y. 

(2020). Amino acid metabolism in the liver: Nutritional 

and physiological significance. In Amino Acids in 

Nutrition and Health. Advances in Experimental 

Medicine and Biology, pp. 21-37. 

https://doi.org/10.1007/978-3-030-45328-2_2 

[11] Kaur, J., Rangra, N.K., Chawla, P.A. (2023). A 

comprehensive review on recent trends in amino acids 

detection through analytical techniques. Separation 

Science Plus, 6(11): 2300040. 

https://doi.org/10.1002/sscp.202300040 

[12] Scanes, C.G., Witt, J., Ebeling, M., Schaller, S., Baier, 

V., Bone, A.J., Preuss, T.G., Heckmann, D. (2022). 

Quantitative comparison of avian and mammalian 

physiologies for parameterization of physiologically 

based kinetic models. Frontiers in Physiology, 13: 

858386. https://doi.org/10.3389/fphys.2022.858386 

[13] Zelentsova, E.A., Yanshole, L.V., Tsentalovich, Y.P., 

Sharshov, K.A., Yanshole, V.V. (2022). The application 

of quantitative metabolomics for the taxonomic 

differentiation of birds. Biology, 11(7): 1089. 

https://doi.org/10.3390/biology11071089 

[14] Abd El-Hack, M.E., Allam, A.A., Aldhalmi, A.K., 

Kamal, M., et al. (2025). Integrating metabolomics for 

precision nutrition in poultry: Optimizing growth, feed 

efficiency, and health. Frontiers in Veterinary Science, 

12: 1594749. 

https://doi.org/10.3389/fvets.2025.1594749 

[15] McGowan, P., Madge, S. (2010). Pheasants, Partridges 

& Grouse: Including Buttonquails, Sandgrouse and 

Allies. Bloomsbury Publishing PLC, London. 

[16] BirdLife International. (2016). Vanellus indicus. The 

IUCN Red List of Threatened Species, 2016: 

e.T22694013A89569039. 

https://doi.org/10.2305/IUCN.UK.2016-

3.RLTS.T22694013A89569039.en 

[17] Montoro-Huguet, M.A. (2022). Dietary and nutritional 

support in gastrointestinal diseases of the upper 

gastrointestinal tract (I): Esophagus. Nutrients, 14(22): 

4819. https://doi.org/10.3390/nu14224819 

[18] Gartner, L.P. (2020). Textbook of Histology E-Book. 

Elsevier Health Sciences. 

[19] Madkour, F.A., Mohammed, E.S., Al-Rasheed, M., 

Abdelhakeem, F. (2025). Comprehensive structural 

characterization of the esophageo-gastric tube in the 

hooded crow (Corvus cornix): Histological, 

histochemical, and ultrastructural insights. Microscopy 

Research and Technique, 89(3): 520-537. 

https://doi.org/10.1002/jemt.70086 

[20] Mobini, B. (2014). The effect of age, sex and region on 

histological structures of the esophagus in broiler 

chickens. Veterinarija Ir Zootechnika, 66(88): 46-49. 

https://vetzoo.lsmuni.lt/data/vols/2014/66/pdf/mobini.p

df. 

[21] Mahdy, M.A.A., Mohammed, E.S.I. (2024). Anatomical, 

histological, and scanning electron microscopic features 

of the esophagus and crop in young and adult domestic 

pigeons (Columba livia Domestica). BMC Veterinary 

Research, 20: 428. https://doi.org/10.1186/s12917-024-

04147-z 

[22] Cooper, N., Bond, A.L., Davis, J.L., Portela Miguez, R., 

Tomsett, L., Helgen, K.M. (2019). Sex biases in bird and 

mammal natural history collections. Proceedings of the 

Royal Society B: Biological Sciences, 286(1913): 

20192025. https://doi.org/10.1098/rspb.2019.2025 

[23] Turcu, M.C., Paștiu, A.I., Bel, L.V., Pusta, D.L. (2023). 

Minimally invasive sampling methods for molecular 

sexing of wild and companion birds. Animals, 13(21): 

3417. https://doi.org/10.3390/ani13213417 

[24] Heard, D. (2025). Chickens, quail, turkeys, pheasants, 

peafowl, and other Galliformes. In Zoo Animal and 

Wildlife Immobilization and Anesthesia, pp. 521-532. 

https://doi.org/10.1002/9781119539278.ch17 

[25] Zheng, G.H., Jin, W.W., Fan, P., Feng, X.N., Bai, Y., 

Tao, T., Yu, L.J. (2015). A novel method for detecting 

amino acids derivatized with phenyl isothiocyanate by 

high-performance liquid chromatography–electrospray 

ionization mass spectrometry. International Journal of 

Mass Spectrometry, 392: 1-6. 

https://doi.org/10.1016/j.ijms.2015.08.004 

[26] Zhang, P.Y., Liu, W., Li, W., Wang, Q.S., et al. (2020). 

A rapid and sensitive method for free amino acids in 

nasal feeding nutrition by liquid chromatography with 

liquid extraction-derivatization. Chromatographia, 83: 

293-297. https://doi.org/10.1007/s10337-019-03830-w 

[27] Quaresma, M.A.G., Antunes, I.C., Ferreira, B.G., Parada, 

A., et al. (2022). The composition of the lipid, protein 

and mineral fractions of quail breast meat obtained from 

wild and farmed specimens of common quail (Coturnix 

coturnix) and farmed Japanese quail (Coturnix japonica 

domestica). Poultry Science, 101(1): 101505. 

https://doi.org/10.1016/j.psj.2021.101505 

[28] Shawki, N.A., Mahmoud, F.A., Mohamed, M.Y. (2022). 

Seasonal variations in the digestive tract of the little owl 

(Athene noctua): Anatomical, histological, and scanning 

electron microscopical studies. Microscopy and 

Microanalysis, 28(3): 844-857. 

https://doi.org/10.1017/S1431927622000368 

[29] Indu, V.R., Biju, S., Lucy, K.M., Maya, S. (2020). 

Histological studies on the oesophageal tonsils of broiler 

ducks. Journal of Food and Animal Sciences, 1(1): 53-

56. https://doi.org/10.51128/jfas.2020.A010 

[30] El-Mansi, A.A., Al Qahtani, M.A., Alshahrani, H., 

Elbealy, E.R., Eldesoqui, M., El-Gendy, S.A.A., Alsafy, 

1515



 

M.A.M., Kubale, V., Rashwan, A.M. (2026). Anatomical 

and histomorphological characterization of the 

gastrointestinal tract (esophagus, stomach, and ileum) of 

the shining sunbird (Cinnyris habessinicus): A paradigm 

for the nectarivorous niche in sunbirds. Micron, 200: 

103923. https://doi.org/10.1016/j.micron.2025.103923 

[31] Dyshliuk, N., Huralska, S., Mamai, O. (2022). 

Morphology of the digestive canal organs and their 

immune formations in the mulard ducks. Ukrainian 

Journal of Veterinary Sciences, 13(2): 16-25. 

https://doi.org/10.31548/ujvs.13(2).2022.16-25 

[32] Gupta, S., Agrawal, A., Saxena, K. (2022). Defense 

strategies in birds of Charadriidae family. Proceedings of 

the Zoological Society, 75: 395-412. 

https://doi.org/10.1007/s12595-022-00453-2 

[33] Rico-Guevara, A., Sustaita, D., Gussekloo, S., Olsen, A., 

Bright, J., Corbin, C., Dudley, R. (2019). Feeding in 

birds: Thriving in terrestrial, aquatic, and aerial niches. 

In Feeding in Vertebrates. Fascinating Life Sciences, pp. 

643-693. https://doi.org/10.1007/978-3-030-13739-7_17 

[34] Berg, J.M., Tymoczko, J.L., Gatto, G.J., Stryer, L. 

(2019). Biochemistry (9th ed.). Macmillan, New York. 

https://doi.org/10.1007/978-3-662-54620-8 

[35] Obaid, W.B., Al-Bakri, N.A. (2024). Analysis of kidney 

amino acids in Iraqi pin-tailed sandgrouse Pterocles 

alchata bird. Pakistan Journal of Life and Social 

Sciences, 22(2): 28-37. https://doi.org/10.57239/PJLSS-

2024-22.2.003 

[36] He, D., Li, S.S., Fan, Z.Y., Liu, J.X., Wang, X., Hu, Y.L., 

Xu, W.H., Wang, Z. (2025). Metabolomic analysis of the 

effects of partial replacement of yeast with glutamate 

waste treatment solution on Drosophila melanogaster 

larvae. Journal of Insects as Food and Feed, 12(6): 1097-

1109. https://doi.org/10.1163/23524588-bja10323 

[37] Chen, Y.H., Zhao, H.B. (2019). Evolution of digestive 

enzymes and dietary diversification in birds. PeerJ, 7: 

e6840. https://doi.org/10.7717/peerj.6840 

 

1516




