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Coccidiosis is a significant disease with economic implications. It causes high mortality and morbidity, often associated with weight loss. This study investigated the effects of ginger supplementation on antioxidant status, biochemical parameters, and intestinal tissue histopathology in experimentally induced coccidiosis. One hundred one-day-old broiler chicks (Ross) were purchased from a local hatchery. Birds were kept in a clean, well ventilated and disinfected shed. The birds were given non-pelleted diets and water ad libitum throughout the period of the study (25 days). The aqueous ginger was administered orally to the chicks of the four dietary groups via drinking water at concentrations of 6 gm/L of water. All biosecurity measures were adopted according to standard protocol. The chicks were allocated into five groups: control negative (CN), control positive (CP) was infected with 3 × 104 sporulated oocysts at day 14th of the experiment, the third group (GO) was given ginger only for 25 days, the fourth group (GB) was given ginger from day 4th to day 25th of the experiment, and the fifth group (GA) was given ginger from day 5th post infection to day 25th of the experiment. Ginger extract treatment reduced the fecal oocyst count in the infected group, particularly on day 10 post-infection. The alterations in differential leukocyte counts due to coccidial infection were ameliorated by ginger extract administration. Biochemically, compared to the infected group, ginger (Zingiber officinale) reversed the altered biochemical parameters (total protein, albumin, MDA, and SOD enzyme) associated with cecal coccidiosis. Immunologically, ginger extract treatment increased CD4 T cell counts and overexpression of INF-γ in the cecal epithelium. Histological examination revealed a significant reduction in goblet cell number and a decrease in the villus height (VH) to crypt depth (CD) ratio in infected chicks. Restoration of normal cecal histological structure and increased absorptive function and goblet cell number were observed in ginger-treated chicks compared to control-positive chicks. In conclusion, ginger supplements have effective therapeutic uses against intestinal coccidiosis as shown in the biochemical, immunohistochemical and histopathological results.
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1 Introduction

Poultry sector is a primary source of white meat globally; however, the industry faces significant threats and challenges (1). Poultry coccidiosis is the most pathogenic protozoan disease affecting chickens, resulting in economic losses exceeding 3 billion dollars annually, thereby impeding the industry’s progress (2). Coccidiosis is economically significant due to its high infection and mortality rates in poultry (3). It infects the intestine and is caused by the protozoan parasite Eimeria (4). This parasite affects domestic animals, causing substantial epithelial cell damage, hemorrhagic diarrhea, poor growth rates, and reduced egg production (5). In poultry, avian coccidiosis, caused by intestinal Eimeria species, induces multiple responses in affected hosts (6). Eimeria tenella is highly prevalent in poultry, causing severe lesions and substantial losses, especially in young broilers and pullets (7). This species resides in the cecum and leads to serious harm, marked by intestinal hemorrhage, increased morbidity and mortality rates, weight loss, and emaciation (8). The infection induces immune responses (9), as well as hepatic (10), hematological (11), and leukocyte differential responses (12). However, pathological outcomes (13) and inflammatory responses (14) associated with Eimeria infection have not been thoroughly investigated.

Eimeria infection triggers antibody-dependent immune responses. In contrast, cell-dependent immune responses are activated by immune cells such as T-cells, NK cells and macrophages, which play roles in disease resistance (15). Epithelial and IEL cells are the initial defense against Eimeria infection. Inflammation in Eimeria-infected intestines is linked to macrophage invasion and T lymphocyte infiltration (16). CD4+ T cells, primarily T helper cells, are vital to the chicken’s immune response against coccidial infection (17). Three T lymphocyte subpopulations, Th1, Th2, and Th17, have been observed during coccidia infection in chickens (18–20), with each subpopulation aiding in pathogen defense (21). Th1 cells are crucial in the immune response against coccidial infection (20). CD4+ T cells, mainly Th1 and CD8+ T cells secrete IFN-γ during parasitic infestations (22). Both dendritic and macrophage cells release IL-12, which aids in Th1 cell differentiation during coccidial infection, supporting a robust cellular immune response through IFN-γ production (23, 24). IFN-γ transcription levels are upregulated in the cecal tonsils, intestinal IELs, and spleen during E. tenella infection (25).

Eimeriosis exacerbates oxidative stress in infected birds, evidenced by higher malondialdehyde (MDA) concentrations and reduced activity of antioxidant enzymes, including glutathione S-transferase, catalase, and superoxide dismutase, compared to uninfected birds (26). Consequently, various anticoccidial agents are used against coccidiosis, though many have reported side effects (27, 28). Numerous drugs are used to manage avian coccidiosis; however, extensive use has led to multidrug resistance and significant tissue residues (29). Current research focuses on medicinal products for their minimal toxicity and relatively lower production costs, highlighting the benefits of herbal treatments against coccidial infection (30).

Histopathologically, Eimeria spp. infection results in severe intestinal hemorrhage in the quail, with cecal swelling and softened intestinal contents. Marked histological deterioration is observed, characterized by significant intestinal damage and inflammation. Cecal tonsil cystic hypertrophy occurs following parasite dissemination, meront growth, and merozoite release (31). Consequently, global poultry production authorities actively seek safe, eco-friendly anticoccidial alternatives (32, 33). Several studies have demonstrated the efficacy of natural plant extracts for coccidiosis control (34). Zingiber officinale is recognized as a potent antioxidant; its aqueous and alcoholic extracts inhibit peroxidation (35). It contains active ingredients, including gingerol, which enhances digestibility and growth in chickens, and its derivatives are effective against coccidial infection (36–38). As using of the biochemical of coccidial drugs is noted expensive ad participating in the drug resistance. In a now a days using of hebal agents becomes very common, so that this study was designed to diminish the negative impact of these parasites on poultry, especially under small farmer’s conditions as well as elucidation the therapeutic and protective effects of ginger (Zingiber officinale) against avian coccidiosis.



2 Materials and methods


2.1 Materials


2.1.1 Chicks

One hundred one-day-old chicks (Ross) brought from commercial hatchery for the experiment. They were housed in a clean experimental room with ad libitum access to feed and water. The diet provided was free of anti-coccidial drugs and met the essential nutritional needs of broilers Table 1. All standard management procedures and practices for commercial broiler production were followed. The chicks received oral vaccines for Newcastle disease, Gumboro, and infectious bronchitis.



2.1.2 Ginger extract

Fresh ginger rhizomes were sourced from the market and carefully processed to obtain an active aqueous ginger extract (AGE).



2.1.3 Parasites

Samples of cecal coccidiosis were collected from positively infected birds and examined in the Parasitology Division, Animal Health Research Institute, before preparation for infection.




2.2 Methods


2.2.1 Ginger extract preparation

Ginger was washed, dried with gauze, cut into pieces, air-dried, and ground into powder. The powder was then stored in a sealed polyethylene bag. To prepare AGE, 14 grams of powdered ginger was mixed with 1 l of warm, boiled water. The mixture was incubated for 12 h at room temperature, cooled, and filtered through muslin cloth. The extract was stored at 4°C for subsequent use, with fresh extraction prepared weekly, following the procedures outlined in a prior report (39).



2.2.2 Preparation of the parasite’s oocysts

The ceca from positive field cases were collected, and contents were harvested and placed in a 2.5% potassium dichromate (K2Cr2O7) solution at appropriate moisture and temperature in Petri dishes until sporulation. Mature sporulated oocysts were separated from fecal waste by a flotation centrifugation technique (40).



2.2.3 Eimeria infection

Before experimental infection, all birds were screened to ensure they were infection-free. The purified and cleaned sporulated oocysts were prepared in distilled water and administered directly to the chicks, with each receiving approximately 3 × 104 sporulated oocysts via a rubber syringe. Chicks were managed gently and housed individually, with clinical signs monitored up to the 10th day post-infection (41, 42).



2.2.4 Experimental design

Table 2 at the end of the experiment, 10 birds per group were randomly selected. Before sacrifice, blood samples were collected from the wing vein for hematological and biochemical analysis. Selected birds were sacrificed, and the infection sites were examined for coccidial damage. Cecal tissues were harvested, with one portion frozen for oxidative stress, antioxidant, and quantitative PCR (qRT-PCR) analyses and another fixed in 10% buffered formalin for immunohistochemistry and histopathological examination.




2.3 Laboratory examinations


2.3.1 Oocysts counting procedure

Fecal specimens were collected from all infected groups on days 6, 7, 8, 9, and 10 post-infection to assess oocyst count per gram of feces using the McMaster method, as described in Abd El Rahman et al. (43). Approximately 2 g of fresh feces was suspended and mixed in 58 mL of saturated sodium chloride solution, thoroughly mixed, and filtered through a sieve. A Pasteur pipette was used to transfer the purified solution into the McMaster chamber, where it was left for 5 min before counting.



2.3.2 Hematological analysis

Blood samples were collected from the wing vein on day 10 post-infection and divided into two portions. One part was collected in EDTA-coated tubes (anticoagulant) for hematological analysis, specifically for total and differential leukocyte counts. White blood cells (WBCs) were counted using a Neubauer hemocytometer, with blood diluted using Natt-Herrick as a diluent following (44). Blood smears were prepared, fixed in methanol for 1 min, stained with Giemsa (Sigma Chemical Co., St. Louis, MO, USA) for 10 min, and rinsed twice in distilled water for 1 min each.



2.3.3 Biochemical analysis

The second portion of blood was collected in plain tubes without anticoagulant for biochemical analysis, including plasma protein profiles [total proteins, albumin concentration, and albumin/globulin ratio (A/G ratio)]. Samples were allowed to clot for serum separation, centrifuged at 3000 rpm for 5 min, and stored at −20°C for later use. All biochemical kits used were sourced from Bio-Diagnostic Co., Dokki, Giza, Egypt, and protein profiles were measured colorimetrically as per (45, 46).



2.3.4 Antioxidant analysis

Following autopsy, cecal tissue samples were collected aseptically, washed in PBS, and analyzed for oxidative stress and antioxidant activity. Malondialdehyde (MDA), purchased from Bio-Diagnostic Co., Dokki, Giza, Egypt (CAT. No. MD 25 28), was measured colorimetrically as outlined by Ohkawa et al. (47) and Dhindsa et al. (48). Superoxide dismutase (SOD) activity, purchased from Bio-Diagnostic Co. (CAT. no. SD 25 20), was measured colorimetrically following (49, 50).



2.3.5 Immunohistochemistry analysis

Cecal tissue sections obtained from the autopsy were prepared for paraffin embedding, sectioned into 5-micron slices, and transferred onto slides using the avidin-biotin-peroxidase complex (ABC) method. Sections were incubated with rabbit polyclonal CD4 antibody (Novosbio, Cat. Nr.# NBP1-19371, Dil. 1:100), followed by the application of reagents (Vectastain ABC-HRP Kit, Vector Laboratories). Sections were stained using diaminobenzidine (DAB, Sigma) for antigen–antibody complex visualization, with negative controls in place. Immunohistochemistry results were evaluated by measuring the reaction area in 10 microscopic fields using Image J 1.53t (National Institutes of Health, USA).



2.3.6 Analysis of mRNA of cecal interferon-gamma (INF-γ) by real-time PCR

Quantitative real-time PCR (qRT-PCR) was used to assess interferon-gamma (IFN-γ) mRNA levels in cecal tissue. Total cellular RNA was extracted with an RNeasy Mini Kit (Cat. no. 74104). qRT-PCR was performed using a 7,300 real-time PCR system (Applied Biosystems, Foster City, CA, USA), following the manufacturer’s instructions. The forward primer sequence was 5′-AAACAACCTTCCTGATGGCGT-3′, and the reverse primer was 5′-CTGGATTCTCAAGTCGTTCCATCG-3′. Gene expression changes were calculated using the cycle threshold (Ct) values and the 2-ΔΔCt method, with reference to the standard gene (sham) (51).



2.3.7 Gross lesion and lesion scoring

Lesions in intestinal tissues were evaluated 10 days after oocyst inoculation, following the method in Raman et al. (52). As shown in Table 3, lesions were scored from 0 to 4 based on macroscopic observations, including bleeding intensity and cecal wall thickness.



TABLE 1 Describe the feed compositions.
[image: Table1]



2.3.8 Histopathological examination

On day 10 post-infection, cecal tissues were collected for histopathological analysis as described in Chand et al. (53). Approximately 1 cm of cecal tissue was preserved in 10% neutral buffered formalin, dehydrated through a graded alcohol series, and embedded in paraffin wax. The paraffin blocks were sectioned into 5 μm slices and stained with hematoxylin and eosin (H&E) (54). Additional staining was conducted using alcian blue (a histochemical method) and periodic acid–Schiff (PAS) for detailed histopathological assessment, specifically for epithelial alterations, villus height (VH) to crypt depth (CD) ratio, with the VH/CD ratio calculated by dividing VH by CD (55). Measurements of VH and CD in cm were performed using ImageJ software (National Institutes of Health, USA). Goblet cells were identified and counted based on the alcian blue stain, which colored them bluish (Alcianophilic reaction), while the PAS stain was used to examine the extracellular matrix (ECM). Five slides were analyzed per tissue block.



TABLE 2 Describes the groups and treatments.
[image: Table2]



TABLE 3 Lesion scoring degree.
[image: Table3]



2.3.9 Statistical analysis

The data obtained were statistically analyzed using SAS software version 6.12 TS020. An ANOVA was conducted according to the general linear models (GLM) procedure in SAS. All results are presented as mean ± SD. For goblet cell counts and VH/CD measurements, a student-paired t-test was applied, with a significance level set at p < 0.01.





3 Results


3.1 Effect of ginger extract treatments on fecal oocyst output per day (OPD)

Fecal oocysts were counted from day 4 to day 10 post-infection (pi). Fecal oocyst production was first detected on day 6 pi, with no oocysts observed in the CN and GO groups. The oocyst-inoculated (CP) group exhibited the highest oocyst output per gram of fecal samples. Peak oocyst production was noted on day 7 pi, followed by a decline in subsequent days in all positive control birds. Oocyst production was significantly reduced in all ginger-treated birds compared to control-positive birds between days 6 and 10 pi (p = 0.001), as shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Oocyst output per day in Eimeria oocyst-inoculated groups from days 6 to 10 post-infection (pi). Infection with Eimeria oocysts increased the release of oocysts in the feces per day, peaking on day 7 post-infection, followed by a decrease in subsequent days. The count of oocysts was significantly reduced when infected birds were treated with ginger both before and after infection. Bars indicate means ± SE, with N = 10. A red asterisk indicates the difference between the control and other groups. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.




3.2 Effect of ginger extract treatments on total and differential leukocytic counts

Coccidial infection significantly elevated total leukocyte count in Eimeria-infected, non-treated (CP) birds compared to healthy birds. In other groups, leukocyte counts increased significantly but were not markedly higher than healthy birds (p = 0.001). Treatment with ginger extract, either before or after infection, significantly reduced leukocyte numbers. At the same time, a moderate increase was observed in ginger-only (GO)-treated, non-infected birds compared to control-positive birds (p = 0.0001), as shown in Figure 2. Regarding lymphocyte percentage, there was a significant increase in Eimeria-infected, non-treated birds compared to healthy birds (p = 0.001). In contrast, lymphocyte percentages were significantly reduced in the GO, GB, and GA groups compared to control-positive birds (p = 0.001). Eosinophil percentages increased in all infected groups (CP, GB, GA, and GO) compared to healthy birds (p = 0.0001). Ginger treatment reduced eosinophil percentages in infected birds compared to CP birds (p = 0.0001). In the GA group, ginger treatment post-infection significantly lowered basophil percentages compared to the CN and CP groups (p < 0.05). No significant changes in monocyte percentages were noted across all groups relative to the CN group. Heterophil counts were lower in Eimeria-infected (CP) birds compared to the CN group (p = 0.001), while heterophil percentages increased significantly in ginger-treated birds compared to the CN group (p < 0.05). In birds treated with ginger but free from infection throughout the experiment, heterophil counts increased compared to control-negative and positive birds (p = 0.05), as illustrated in Figure 2.

[image: Figure 2]

FIGURE 2
 Impact of ginger extract treatment on the total and differential leukocyte count in infected and non-infected chickens. Infection with Eimeria oocysts significantly increased white blood cell (WBC) count, which decreased after ginger extract treatment. The infection exhibited a significant increase in the percentages of lymphocytes, eosinophils, and basophils, all significantly recovered following ginger extract treatment. The percentage of heterophils significantly decreased due to oocyst infection, but this percentage was corrected after ginger extract treatment. Bars indicate means ± SE, with N = 10. A red asterisk indicates the difference between the control and other groups. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.




3.3 Effects of ginger extract treatments on biochemical analysis

Eimeria infection did not affect total protein and globulin levels (p > 0.05) across all exposed groups, including ginger-only treated (GO) birds, compared to CN birds. Albumin concentration was significantly reduced (p = 0.001) in CP birds compared to CN birds. A marked increase in albumin concentration (p = 0.0001) was observed in GO, GB, and GA birds compared to CP birds, with no significant changes in the other groups relative to CN birds. A reduced albumin-to-globulin (A/G) ratio (p < 0.05) was noted in CP birds versus CN birds, while this ratio increased in GO birds compared to CP birds (p = 0.01), with no significant differences observed in the other groups relative to control-negative and control-positive birds, as shown in Figure 3.

[image: Figure 3]

FIGURE 3
 Impact of ginger extracts on the total protein, albumin, and globulin concentrations in infected and non-infected birds. No changes were observed in the total protein and globulin concentrations across all groups. However, albumin concentration and its ratio to globulin were decreased in the CP group and increased following ginger extract treatment. Bars indicate means ± SE, with N = 10. Red asterisks indicate the difference between the CP group and other groups. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.




3.4 Effect of ginger extract treatments on oxidative products (MDA) and antioxidant enzymes (SOD)

Ginger extract demonstrated antioxidant effects, evidenced by significant changes in antioxidant enzyme activity (SOD) and tissue oxidation end-product levels (MDA). The data indicated a significant decrease in SOD activity in Eimeria-infected, ginger-non-treated, GO, and GB birds (p < 0.05) relative to healthy birds, with a marked increase in SOD activity in GO, GB, and particularly GA birds compared to CP birds (p = 0.001). A substantial increase in MDA concentration (p = 0.0001) was observed in CP, GO, GB, and GA birds relative to healthy birds, though MDA levels were significantly reduced in GO, GB, and GA groups compared to CP birds (p < 0.05), as shown in Figure 4.

[image: Figure 4]

FIGURE 4
 Impact of ginger extracts on SOD enzyme and lipid peroxidation (MDA) in cecal tissues of infected and non-infected birds. A decrease in SOD concentration was observed in infected birds compared to healthy birds. The concentration of MDA was elevated in the CP group compared to the CN group. Both SOD and MDA concentrations were normalized following ginger extract treatment. Bars indicate means ± SE, with N = 10. Red asterisks indicate the difference between the CP group and other groups. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.




3.5 Effect of ginger extract treatments on CD4+ T cells on the lamina propria of cecum

CD4+ cell activation induced by cecal coccidiosis was assessed through immunohistochemical (IHC) examination. The data showed a significant increase (p = 0.0001) in CD4+ T cell expression in CP, GO, GB, and GA birds compared to CN birds. Additionally, a notable increase (p < 0.01) in CD4+ T cell expression was detected in CP birds compared to healthy birds. Conversely, CD4+ T cell proliferation decreased significantly (p = 0.0001) in GO, GB, and GA birds compared to CP chicks, as illustrated in Figure 5.

[image: Figure 5]

FIGURE 5
 Impact of ginger extracts on CD4 T cell expression in cecal tissues of infected and non-infected birds. (A) No CD4 T cells were expressed in the control group. (B) Increased CD4 T cell expression (indicated by arrows) was observed in infected birds (CP) compared to healthy birds. (C) The ginger-only treated group exhibited mild CD4 T cell expression. The expression of CD4 T cells in ginger-treated birds before infection (D) and after infection (E) was lower than that in the positive control group (magnification = 400). (F) The impact of ginger extract on CD4 T cells activation bars indicate means ± SE, with N = 10. Red asterisks denote the difference between the CP group and other groups. **p < 0.01 and ****p < 0.0001.




3.6 Effect of ginger extract treatments on interferon-gamma (INF-γ) down-regulation

Cecal tissue sections from all experimental groups were analyzed via qRT-PCR for IFN-γ expression on day 10 pi. A significant increase in IFN-γ was observed in CP birds compared to CN birds (p < 0.05). Conversely, IFN-γ expression was markedly reduced in GB and GA birds (p = 0.0001) compared to healthy and CP birds. No significant difference was found in IFN-γ levels between GO birds and CP or CN birds (p = 0.01), as shown in Figure 6.

[image: Figure 6]

FIGURE 6
 Impact of ginger extracts on IFN-γ expression in cecal tissues of infected and non-infected chickens. Increased IFN-γ expression was observed in infected birds compared to healthy birds. IFN-γ was highly expressed in infected chickens without ginger extract treatment. However, IFN-γ expression decreased in the GB and GA groups. Bars indicate means ± SE, with N = 10. Red asterisks mean the difference between CP and other groups. *p < 0.05, **p < 0.01, and ****p < 0.0001.




3.7 Histopathological effect of ginger before and post-infection


3.7.1 Gross results and lesion scoring

Gross features were photographed on day 10 post-infection, revealing that the infected birds with coccidia exhibited severe cecal congestion, hemorrhage, complete inflation, and cecum distension, accompanied by caseous cores. A moderate to severe thickness of the cecum was observed in the positive control group. In contrast, the treated groups displayed mild to moderate petechial hemorrhages, with some birds appearing healthy. Mild thickness of the cecum was noted in the treated groups. No lesions or thickening were observed in the negative control groups (CN and GO) (Figure 7). Statistically, there was an extremely significant increase (p = 0.0001) in lesion scores in the cecal tissue of the CP group compared to the CN group. However, there was a non-significant decrease (p < 0.05) in lesion scores in the other groups compared to the healthy birds. Conversely, there was an extremely significant decrease (p = 0.0001) in the lesion scores of the GO, GB, and GA groups compared to the CP chicks (Figure 7).

[image: Figure 7]

FIGURE 7
 (A–J) Photographs of intestines from the CN group displaying an apparently normal intestinal wall (A,B). The intestine of the infected CP group with cecal coccidiosis shows extensive ballooning and hemorrhagic changes (C), along with a markedly thickened intestinal wall (D). The intestine of the GO group exhibits a normal appearance of intestinal contents and mucosa (E,F). The GB group’s intestine displays reduced ballooning (G) with a semi-thin wall and mucosa (H). The intestine of the GA group shows minimal dilation (G) with pinpoint hemorrhagic foci (H). Red asterisks mean the difference between CP and other groups. ****p < 0.0001.




3.7.2 Histopathological examination

Detailed histopathological alterations in the cecum were evaluated using H&E stains to assess the therapeutic effects of ginger supplements. Observations indicated distortion of the villus tip, disruption of the mucosal epithelium, and replacement by enterocyte cytoplasmic infiltration of coccidial stages, including schizonts and free merozoites (which appeared as small basophilic bodies surrounded by a halo), alongside inflammatory infiltration of mononuclear cells in the mucosal and submucosal layers (Figure 8). Ginger treatment significantly improved cecal function by restoring goblet cell activity and enhancing absorptive capacity through villus structure regeneration (Figure 9).

[image: Figure 8]

FIGURE 8
 Histopathological sections of cecal tissues demonstrating mild erosions and ulcerations (rectangle), mild to no obvious epithelial coccidial stages (line arrow), and mild to moderate leukocytic infiltration (star) in the CN, GB, GA, and G groups compared to the CP group (A–E: CN; F–J: CP; K–O: GB; P–T: GA; U–Y: G). Staining methods include: (A,B,F,G,K,L,P,Q,U,V: H&E stain; C,H,M,R,W: PAS stain; D,E,I,J,N,O,S,T,X,Y: alcian blue stain).


[image: Figure 9]

FIGURE 9
 Representative microscopic images of cecal villous height (VH) and crypt depth (CD) (A–D: H&E stain) and the number of acid mucin-producing goblet cells (light blue) (F–J: alcian blue stain) (A,F: CN; B,G: CP; C,H: GO; D,I: GB; E,J: GA). A red asterisk indicates the difference between the control and other groups. *p < 0.05, **p < 0.01 and ****p < 0.0001.


In the CN group, mild degenerative changes were noted, including intact villi, the absence of apparent stages of endogenous coccidia, and mild leukocytic expansion in the mucosal epithelium, reflecting normal histomorphology. In contrast, the CP group exhibited severe ulceration, villus atrophy, sloughing, and shortening of crypts, along with heavy infiltration of coccidial stages, including schizonts and free merozoites, which pose a risk of reinfection and cause significant damage to the intestinal tract. Heavy infiltration with inflammatory cells was observed, with lesions in the CP group resulting in the destruction and replacement of crypts.

For the treated groups (GB and GA), mucosal epithelial ulceration, luminal coccidial presence, and leukocytic infiltration were milder, with almost no visible coccidial stages, indicating near-normal histomorphology compared to the CP birds. The histopathological effects of ginger treatment in the treated groups are presented in Figure 8.

The relationship between villus height (VH) and crypt depth (CD) was assessed, revealing an increase in the ratio of VH to CD. There was extreme statistical significance between the CN and CP groups (p = 0.0001), as well as between the CP and GB (p = 0.0001) and CP and GA (p = 0.0001) groups (Figure 10). No significant correlation was observed between ginger extract-treated birds and healthy birds (GB vs. GA, CN vs. GB, and CN vs. GA). Previous studies indicated that ginger meal activates the intestinal absorptive process. The number of goblet cells, an indicator of secretory function strength, was evaluated in various tissue sections across groups. Ginger supplementation as a feed additive significantly increased the number of goblet cells (Figure 9). A statistically significant reduction in the number of goblet cells was observed between the CN and CP groups (p = 0.0001), between the CN and GB groups (p = 0.05), and between the CP and GO groups. No changes were noted between the CN and GO groups or between the GA groups. Furthermore, there was a significant increase in goblet cell numbers in the GO (p = 0.0001), GB (p < 0.01), and GA (p = 0.0001) groups compared to the CP group (Figure 10).

[image: Figure 10]

FIGURE 10
 Statistical analysis of goblet cell numbers and the villus height/crypt depth ratio. Bars indicate means ± SE when N = 10. A red asterisk indicates the difference between the control and other groups. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.





3.8 Effect of ginger extract treatments on coccidial oocyst in tissue per villi

The number of oocysts in the cecal tissue of infected birds (CP) was elevated. However, following aqueous ginger extract treatment, the oocyst count significantly decreased in the GO, GB, and GA birds compared to the CP birds (p = 0.0001), as illustrated in Figure 11.

[image: Figure 11]

FIGURE 11
 Photomicrograph showing the number of coccidial oocysts in the cecal villi (A–C: H&E stain) (A: CP, B: GB, C: GA). Red asterisks mean the difference between CP and other groups. ****p < 0.0001.





4 Discussion

This approach is especially relevant for diseases with economic impacts, such as coccidiosis, which causes gastrointestinal damage, reduces feed intake, and leads to lower body weight. This study was designed to evaluate the impact of ginger extract on intestinal function through antioxidant, biochemical, and histopathological assessments before and after experimental coccidial infection in broiler chickens. Eimeriosis is a disease induced by Eimeria, a genus of intestinal protozoa, which infects and proliferates in the epithelium lining of the digestive tract in birds, causing intestinal damage (inflammation, hemorrhage, diarrhea, etc.), morbidity, and mortality (56). Natural products offer a promising strategy to combat coccidiosis. Several commercially available herbal products have been shown to possess strong coccidiostatic and coccidicidal properties when added to the diets of chickens or other animals (57). Ginger, derived from the rhizomes of Zingiber officinale, has been used medicinally and as a spice (58).

In this study, fecal oocyst counts were conducted from day 6 post-infection. A high oocyst count was observed in the control-positive birds, persisting through day 10 post-infection. Oocyst production significantly decreased in all ginger extract-treated groups from day 6 to day 10 post-infection. These findings align with the results of Zidan et al. (59), who found ginger extract (Zingiber officinale) highly effective in treating pigeons with coccidiosis. Furthermore, Aljedaie and Al-Malki (60) noted that the reduction in oocyst numbers was attributed to ginger extract’s inhibitory and preventive effects against parasite invasion and cellular development within the avian intestinal tract, due to the bioactive components of Ginger, which has phenol derivatives that interacts with the parasite via an adsorption involving hydrogen bonding. These derivatives interact with proteins to form a phenol protein complex. This complex cause precipitation and protein denaturation leading to cell membranes lysis leading to reduction in the number of oocyst and the inflammation (61). Similar dysfunctions and limitations in parasitic stage development within the intestine have been observed with certain anticoccidial medications.

In the present study, a significant increase in lymphocyte numbers was observed in CP chicks compared to CN chicks, though no change was seen in the other ginger-administered groups. Conversely, a significant decrease was observed in lymphocyte percentages in the ginger-treated groups compared to CP birds. Lymphocyte elevation was induced by inflammatory changes in the cecum and intestines due to parasitic infection. Chronic infection stimulates lymphocyte proliferation and antigenic response, contributing to antibody formation and cell-mediated immunity (62).

Additionally, a significant increase (p < 0.05) in eosinophil counts was observed in all groups compared to CN birds, consistent with findings from Ahmed El-Shazly et al. (63) and Khaligh et al. (64).

Khaligh et al. (64), who reported heterophilia. However, reduced heterophil counts were observed in all treated groups compared to CP chicks. Eosinophilia in birds can increase in association with parasitism (intestinal parasites, migrating tissue parasites), as noted by Irizaary-Rovira (62). Furthermore, heterophil counts decreased in CP and GA chicks compared to CN chicks, while heterophil percentages increased in GO chicks compared to CN chicks. A significant increase in heterophil percentages was recorded in GO and GB chicks compared to the CP group. Heterophils, containing various types of granules, serve as the first line of defense against bacteria, protozoa, fungi, and certain viral infections (65). Treatment with ginger decreased the inflammation and necrosis in the cecal epithelium which intern decrease the infiltrated hetrophils around and increased in the circulation as mentioned by Zhang et al. (66) Monocytosis or heterophilia is a common response to acute and chronic inflammatory insults in animals and birds (67) because monocytes, macrophages, and dendritic cells, part of the hematopoietic system, play roles in protection and homeostasis maintenance.

In this study, total protein and globulin concentrations showed no significant changes in all exposed birds compared to CN and CP birds. These findings differ from Mohammad (67), who reported that hypoproteinemia, hypoalbuminemia, and hypoglobulinemia result from acute stress due to parasitic infection, leading to cortisol release and increased protein catabolism. Parasitic infection and tissue damage result in hemorrhage and plasma protein loss at the infection site, reducing the intestine’s protein and nutrient absorption capacity (68). A decrease in albumin concentration was observed in CP chicks compared to healthy chicks, likely due to nutrient malabsorption and hemorrhagic enteritis. Additionally, albumin levels increased in GO, GB, and GA chicks compared to CP chicks.

The immune system is highly specific, regulating antigen-dependent immune responses to control and inhibit pathogen development within the host. In all mammals, two main lymphocyte types, B lymphocytes (which produce surface immunoglobulins) and T lymphocytes (which function as T cell receptors), play central roles in adaptive immunity in birds (69). Immunohistochemical examination (IHC) revealed increased CD4+ T cells in GO, CP, GB, and GA compared to CN chicks. Comparatively, the CD4+ T cells in the GO, GB, and GA groups were significantly lower than those in the CP group due to the treatment by ginger which has anti proliferative effect in the CD4 T-cells and reduction of interferon-γ expression, which intern decrease the inflammatory events in the site of infection (70). Studies show that CD4+ helper T cells and CD8+ cytotoxic T cells are involved in immune responses against Eimeria infection (71, 72).

In this study, we observed a significant increase in interferon-γ expression in CP chicks compared to CN chicks, aligning with Dung (73), who reported that Eimeria tenella infection significantly raised Th1 cytokine gene expression (Interleukin (IL)-18 and IFN-γ). This is supported by Breed et al. (74), who demonstrated that IFN-γ is released in a specific cascade following the activation of circulating lymphocytes in Eimeria-infected birds. Although the previous authors Yun et al. (25) and Laurent et al. (75) observed IFN-γ secretion from lymphocytes isolated from the ceca of chickens infected with E. tenella, confirmed by mRNA expression in isolated lymphocytes, IFN-γ expression was lower in GO, GB, and GA chicks than in CP and CN chicks. This reduction was attributed to ginger extract’s anti-inflammatory properties due to its phenolic constituents, which decrease pro-inflammatory mediators like TNF and IL-6 (76, 77).

A decrease in SOD activity was observed in CP, GO, and GB birds compared to CN birds, consistent with Georgieva et al. (78) and Wang et al. (79), who found reduced SOD and catalase enzyme activities in infected versus healthy birds. Other researchers have reported SOD activity reduction due to oxidative stress and antioxidant imbalance following infection (80). Ginger extract treatment restored SOD activity in GO, GB, and GA chicks compared to CP chicks. Compared to healthy birds as described by Zhang et al. (66), MDA activity significantly increased in CP, GO, and GB. Our findings align with those of Eraslan et al. (81), who found that E. tenella oocysts increased lipid peroxidation in chickens, which was marked by elevated MDA substrate activity. This increase in MDA concentration during Eimeria infection (78, 82–84) is attributed to free radical overproduction, leading to lipid peroxidation. Elevated MDA levels during severe coccidial infection reflect high oxidative stress, while MDA activity significantly decreased in GO, GB, and GA compared to CP, confirming the immune-enhancing effects of ginger rhizome (10 g/kg) reported by Azhir et al. (85).

Coccidia infection causes severe cecal tissue damage, including various coccidial stages within enterocytes, with mononuclear cell infiltration, goblet cell reduction, and a lower villus height-to-crypt depth (VH/CD) ratio in infected groups (CP). In CN and ginger-treated groups (GB & GA), these histopathological changes were minimized, showing almost normal cecal tissue with improved function, characterized by the absence of coccidial stages and an increased goblet cell count and VH/CD ratio, indicating restored intestinal absorptive function. Ginger reduces coccidia’s number, viability, and infectivity in cecal tissue, confirming its immunologic and anti-parasitic effects against coccidiosis. Cecal tissue, commonly affected by Eimeria species, shows tissue distortion, destruction, and coccidial proliferation (86, 87). Active ginger components, such as gingerdoine and gingerol, promote digestion by stimulating digestive enzymes and speeding up food digestion (37, 88). Ginger’s amino acids and minerals enhance villus height, crypt depth, and intestinal epithelium regeneration, significantly increasing intestinal nutrient absorption capacity (36, 89). Intestinal function is linked to the VH/CD ratio; a lower VH/CD ratio decreases digestion, while a higher ratio improves it (90, 91). Goblet cells, which produce mucin, show heightened secretion when present in high intensity (92). Ginger repairs intestinal tissue by increasing goblet cell numbers, aiding defense through mucin production, and reducing inflammatory cell infiltration by lowering pro-inflammatory cytokines such as IL-1β, TNF-α, and IL-6 (93).



5 Conclusion

Utilizing ginger extracts (Zingiber officinale) before and during coccidial infection prevents the cellular development of oocysts through its immune-stimulating and antioxidant activities, as evidenced by the improvement in histopathological damage to the cecum. In conclusion, ginger, as a natural herbal remedy, exhibits significant protective and anthelmintic effects against coccidiosis.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The work was conducted in accordance with the guidelines of the Animal Care and Use Committee of the Animal Health Research Institute, South Valley University, Faculty of Veterinary Medicine, Qena, Egypt. The study methodology received approval under the approval number “VM/SVU/23(1)-12.”



Author contributions

AS: Conceptualization, Data curation, Investigation, Methodology, Project administration, Software, Validation, Writing – original draft, Formal analysis, Resources, Visualization. AM: Conceptualization, Data curation, Formal analysis, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Supervision. AK: Conceptualization, Data curation, Formal analysis, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Investigation. AA: Data curation, Formal analysis, Investigation, Project administration, Software, Supervision, Validation, Writing – original draft, Funding acquisition. DS: Data curation, Investigation, Software, Supervision, Writing – original draft, Methodology. EA: Data curation, Methodology, Supervision, Writing – original draft, Funding acquisition, Visualization. IR: Data curation, Methodology, Supervision, Writing – original draft, Conceptualization, Investigation, Project administration, Software, Validation. AE: Data curation, Methodology, Formal analysis, Project administration, Validation, Investigation, Resources, Visualization, Software, Writing – review & editing. FZ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. MS: Conceptualization, Data curation, Formal analysis, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by Slovak grants VEGA no. 1/0162/23 and KEGA no. 011UVLF-4/2024.



Acknowledgments

We extend our gratitude to the Avian and Pathology and Clinical Pathology Departments at the Faculty of Veterinary Medicine, South Valley University, and Agricultural Research Centre (ARC), Animal Health Research Institute (AHRI), Qena, Egypt, for providing the instruments and tools necessary for the completion of this work.



Conflict of interest

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



Generative AI statement

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



Publisher’s note

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



References

 1. Almahallawi, R, Al-Hoshani, N, Al-Nabati, E, Althubyani, SA, Negm, S, El-lkott, AF , et al. Exploring the anticoccidial, growth-promoting, hematological, and serological potential activities of Linum usitatissimum essential oil in broiler birds. Pak Vet J. (2024) 44:117–22. doi: 10.29261/pakvetj/2024.137 

 2. Abdelhady, AY, El-Safty, SA, Hashim, M, Ibrahim, MA, Mohammed, FF, Abdel-Moneim, EAM , et al. Comparative evaluation of single or combined anticoccidials on performance, antioxidant status, immune response, and intestinal architecture of broiler chickens challenged with mixed Eimeria species. Poult Sci. (2021) 100:101162. doi: 10.1016/j.psj.2021.101162 

 3. Ahmad, S, Humak, F, Ahmad, M, Altaf, H, Qamar, W, Hussain, A , et al. Phytochemicals as alternative anthelmintics against poultry parasites: a review. Agrobiol Rec. (2023) 12:34–45. doi: 10.47278/journal.abr/2023.015

 4. Hailat, AM, Abdelqader, AM, and Gharaibeh, MH. Efficacy of phyto-genic products to control field coccidiosis in broiler chickens. Int J Vet Sci. (2024) 13:266–72. doi: 10.47278/journal.ijvs/2023.099 

 5. Hussain, K, Abbas, A, Alanazi, HAH, Alharbi, AMA, Alaiiri, AA, Rehman, A , et al. Immunomodulatory effects of Artemisia brevifolia extract against experimentally induced coccidiosis in broiler chicken. Pak Vet J. (2023) 43:333–8. doi: 10.29261/pakvetj/2023.026 

 6. Papeschi, C, Fichi, G, and Perrucci, S. Oocyst excretion pattern of three intestinal Eimeria species in female rabbits. World Rabbit Sci. (2013) 21:77–83. doi: 10.4995/wrs.2013.1235

 7. Hussain, K, Abbas, A, Rehman, A, Waqas, MU, Ahmad, B, Mughal, MAS , et al. Evaluating Linum usitatissimum seeds extract as potential alternative biochemical and therapeutic agent against induced coccidiosis in broiler chicken. Kafkas Univ Vet Fak Derg. (2024) 30:803–8. doi: 10.9775/kvfd.2024.32618

 8. Zhang, P, Xue, M, Gong, J, Lei, W, and Guo, D. Coccidiostat activity of Mahonia bealei (Fort.) leaves extract against Eimeria tenella in chickens. Pak Vet J. (2024) 44:292–7. doi: 10.29261/pakvetj/2024.176

 9. Pakandl, M, Hlaskova, L, Poplstein, M, Vodicka, T, Salat, J, and Muckova, J. Immune response to rabbit coccidiosis: a comparison between infections with Eimeria flavescens and E. intestinalis. Folia Parasitol. (2008) 55:1–6. doi: 10.14411/fp.2008.001 

 10. Al-Quraishy, S, Metwaly, MS, Dkhil, MA, Azeem, A, Abdel-Baki, S, and Wunderlich, F. Liver response of rabbits to Eimeria coecicola infections. Parasitol Res. (2012) 110:901–11. doi: 10.1007/s00436-011-2574-2 

 11. Hana, A, Salasia, SIO, Mangkoewidjojo, S, and Kusindarto, DL. Blood profile of rabbits infected with Eimeria magna. Anim Prod. (2011) 13:185–90. Available at: https://media.neliti.com/media/publications/65633-EN-blood-profile-of-rabbits-infected-with-e

 12. Kulisic, Z, Tambur, Z, Malicevic, Z, Aleksic-Bakrac, N, and Misic, Z. White blood cell differential count in rabbits artificially infected with intestinal coccidian. J Protozool Res. (2006) 16:42–50. doi: 10.32268/jprotozoolres.16.3-4_42

 13. Abu-El-Ezz, N, Abdel Megeed, MT, Mahdy, KN, and Hassan, SE. Elisa assessment in the diagnosis of hepatic coccidiosis in experimentally infected rabbits. Global Vete. (2012) 9:517–23. doi: 10.5829/idosi.gv.2012.9.5.6620

 14. Freitas, FLC, Yamamoto, BL, Freitas, WLC, Fagliari, JJ, Almeida, KS, Machado, RZ , et al. Systemic inflammatory response indicators in rabbits (Oryctolagus cuniculus) experimentally infected with sporulated oocysts of Eimeria stiedai (Apicomplexa: Eimeriidae). Braz J Vet Pathol. (2011) 20:121–6. doi: 10.1590/s1984-29612011000200006 

 15. Lillehoj, HS, and Trout, JM. Avian gut-associated lymphoid tissues and intestinal immune responses to Eimeria parasites. Clin Microbiol Rev. (1996) 9:349–60. doi: 10.1128/CMR.9.3.349 

 16. Vervelde, L, Vermeulen, AN, and Jeurissen, SH. In situ character-ization of leucocyte subpopulations after infection with Eimeria tenella in chickens. Parasite Immunol. (1996) 18:247–56. doi: 10.1046/j.1365-3024.1996.d01-94.x 

 17. Bessay, M, Vern, YL, Kerboeuf, D, Yvore, P, and Quere, P. Changes in intestinal intraepithelial and systemic T-cell sub populations after an Eimeria infection in chickens: comparative study between E. acervulina and E. tenella. Vet Res. (1996) 27:503–14.

 18. Min, W, Kim, WH, Lillehoj, EP, and Lillehoj, HS. Recent progress in host immunity to avian coccidiosis: IL-17 family cytokines as sentinels of the intestinal mucosa. Dev Comp Immunol. (2013) 41:418–28. doi: 10.1016/j.dci.2013.04.003 

 19. Morris, A, Shanmugasundaram, R, Mcdonald, J, and Selvaraj, RK. Effect of in vitro and in vivo 25-hydroxyvitamin D treatment on macrophages, T cells, and layer chickens during a coccidia challenge. J Anim Sci. (2015) 93:2894–903. doi: 10.2527/jas.2014-8866 

 20. Kim, WH, Chaudhari, AA, and Lillehoj, HS. Involvement of T cell immunity in avian coccidiosis. Front Immunol. (2019) 10:2732. doi: 10.3389/fimmu.2019.02732 

 21. Zhu, J, and Paul, WE. CD4 T cells: fates, functions, and faults. Blood. (2008) 112:1557–69. doi: 10.1182/blood-2008-05-078154 

 22. Lee, Y, Lu, M, and Lillehoj, HS. Coccidiosis: recent progress in host immunity and alternatives to antibiotic strategies. Vaccine. (2022) 10:215. doi: 10.3390/vaccines10020215 

 23. Dalloul, RA, and Lillehoj, HS. Poultry coccidiosis: recent advancements in control measures and vaccine development. Expert Rev Vaccines. (2006) 5:143–63. doi: 10.1586/14760584.5.1.143 

 24. Truong, AD, Hoang, CT, Hong, Y, Lee, J, Lee, K, Lillehoj, HS , et al. Functional analyses of the interaction of chicken interleukin 23 subunit p19 with IL-12 subunit p40 to form the IL-23 complex. Mol Immunol. (2017) 92:54–67. doi: 10.1016/j.molimm.2017.09.019 

 25. Yun, CH, Lillehoj, HS, Zhu, J, and Min, W. Kinetic differences in intestinal and systemic interferon-gamma and antigen-specific antibodies in chickens experimentally infected with Eimeria maxima. Avian Dis. (2000) 44:305–12. doi: 10.2307/1592544 

 26. Pajić, M, Aleksić, N, Vejnović, B, Polaček, V, Novakov, N, Andrić, DO , et al. Influence of anticoccidials on oxidative stress, production performance and faecal oocyst counts in broiler chickens infected with Eimeria species. Kafkas Univ Vet Fak Derg. (2019) 25:379–85. doi: 10.9775/kvfd.2018.21021

 27. Heinz, M. Encyclopedia of parasitology. 4th ed. Berlin: Springer (2014).

 28. Wunderlich, F, Al-Quraishy, S, Steinbrenner, H, Sies, H, and Dkhil, MA. Towards identifying novel anti-Eimeria agents: trace elements, vitamins, and plant-based natural products. Parasitol Res. (2014) 113:3547–56. doi: 10.1007/s00436-014-4101-8 

 29. Abbas, A, and Alkheraije, KA. Immunomodulatory effects of Carica papaya extract against experimentally induced coccidiosis in broiler chickens. Pak Vet J. (2023) 43:628–32. doi: 10.29261/pakvetj/2023.089

 30. Abbas, RZ, Iqbal, Z, Akhtar, MS, Khan, MN, Jabbar, A, and Sandhu, ZU. Anticoccidial screening of azedarach Indica (neem) in broilers. Pharmacol Online. (2006) 3:365–71. Available at: https://www.researchgate.net/publication/284675980

 31. Nasr El Deen, NAM, Ismail Sh, AA, Abd El Hamied, SS, and ANS, K. Comparative study on the effect of A probiotic and Toltrazuril for controlling coccidiosis in Japanese quails (Coturnix Japonica). Zagazig Veterinary J. (2021) 49:400–13. doi: 10.21608/ZVJZ.2021.97319.1158

 32. Al-Hoshani, N, Al Syaad, KM, Saeed, Z, Kanchev, K, Khan, JA, Raza, MA , et al. Anticoccidial activity of star anise (Illicium verum) essential oil in broiler chicks. Pak Vet J. (2023) 43:553–8. doi: 10.29261/pakvetj/2023.050 

 33. Hayajneh, FMF, Abdelqader, A, Zakaria, H, Abuajamieh, M, and Araj, SA. Drug resistance and coccidiosis affects immunity, performance, blood micronutrients, and intestinal integrity in broiler chickens. Int J Vet Sci. (2024) 13:34–41. doi: 10.47278/journal.ijvs/2023.054 

 34. Oviedo-Rondón, EO, Hume, ME, Hernandez, C, and Clemente-Hernandez, S. Intestinal microbial ecology of broilers vaccinated and challenged with mixed Eimeria species, and supplemented with essential oil blends. Poult Sci. (2006) 85:854–60. doi: 10.1093/ps/85.5.854 

 35. Bakır, B. Anti-apoptotic and anti-inflammatory effects of ginger extract on small intestine tissue in STZ-induced diabetic rats. Kafkas Univ Vet Fak Derg. (2023) 29:391–9. doi: 10.9775/kvfd.2023.29480

 36. Khan, RU, Naz, S, Nikousefat, Z, Tufarelli, V, Javdani, M, Qureshi, MS , et al. Potential applications of ginger (Zingiber officinale) in poultry diet. World’s Poultry Sci J. (2012b) 68:245–52. doi: 10.1017/S004393391200030X

 37. Raza, T, Chand, N, Khan, RU, Shahid, MS, and Abudabos, AM. Improving the fatty acid profile in egg yolk through the use of hempseed (Cannabis sativa), ginger (Zingiber officinale), and turmeric (Curcuma longa) in the diet of Hy-line white leghorns. Arch Anim Breed. (2016) 68:183–90. doi: 10.5194/aab-59-183

 38. Rehman, Z, Chand, N, Khan, RU, Naz, S, and Alhidary, IA. Serum biochemical profile of two broiler strains supplemented with vitamin E, raw ginger (Zingiber officinale) and L-carnitine under high ambient temperatures. S Afr J Anim Sci. (2019) 48:935. doi: 10.4314/sajas.v48i5.13

 39. Joseph, OU, Harriet, MNF, Solomon, OO, and Vivian, UOO. Evaluation of growth performance, haematological and serum biochemical response of broiler chickens to aqueous extract of ginger and garlic. J Agric Sci. (2015) 7:4–6. doi: 10.5539/jas.v7n4p167

 40. Pandey, VS, Ndao, M, and Kumar, V. Seasonal prevalence of gastrointestinal nematodes in communal land goats from the highveld of Zimbabwe. Vet Parasitol. (1994) 51:241–8. doi: 10.1016/0304-4017(94)90161-9 

 41. Vanparijs, O, Marsboom, R, and Desplenter, L. Diclazuril, a new broad spectrum anticoccidial drug in chickens. 1- dose titration studies and pilot floor pen trials. Poult Sci. (1989) 68:489–95. doi: 10.3382/ps.0680489 

 42. Nada, MS. Identification and some biological studies on coccidiosis of pigeons in Sharkia government. Zagazig: Zagazig University (1980).

 43. Abd El Rahman, MS, Hilal, MS, and Selim, MK. Diagnostic techniques of parasites of veterinary medicine. 10th Arab Vet Congress. (1982) 12:212–27.

 44. Stoskopf, MK. Fish medicine. Philadelphia, PA: Saunders (1993).

 45. Gornall, AG, Bardawill, CJ, and David, MM. Determination of serum proteins by means of the biuret reaction. J Biol Chem. (1949) 177:751–66. doi: 10.1016/S0021-9258(18)57021-6 

 46. Doumas, BT, Ard Watson, W, and Biggs, HG. Albumin standards and the measurement of serum albumin with bromcresol green. Clin Chim Acta. (1971) 31:87–96. doi: 10.1016/0009-8981(71)90365-2 

 47. Ohkawa, H, Ohishi, N, and Yagi, K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal Biochem. (1979) 95:351–8. doi: 10.1016/0003-2697(79)90738-3 

 48. Dhindsa, RS, Plumb-Dhindsa, P, and Thorpe, TA. Leaf senescence: correlated with increased levels of membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and catalase. J Exp Bot. (1981) 32:93–101. doi: 10.1093/jxb/32.1.93

 49. Babitha, MP, Prakash, HS, and Shetty, HS. Purification and partial characterization of manganese superoxide dismutase from downy mildew resistant pearl millet seedlings inoculated with Sclerospora graminicola. Plant Sci. (2002) 163:917–24. doi: 10.1016/S0168-9452(02)00238-8

 50. Nishikimi, M, Rao, NA, and Yagi, K. The occurrence of superoxide anion in the reaction of reduced phenazine methosulfate and molecular oxygen. Biochem Biophys Res Commun. (1972) 46:849–54. doi: 10.1016/s0006-291x(72)80218-3 

 51. Schmittgen, TD, and Livak, KJ. Analyzing real-time PCR data by the comparative C (T) method. Nat Protoc. (2008) 3:1101–8. doi: 10.1038/nprot.2008.73 

 52. Raman, M, Banu, SS, Gomathinayagam, S, and Raj, GD. Lesion scoring technique for assessing the virulence and pathogenicity of Indian field isolates of avian Eimeria species. Vet Arhiv. (2011) 81:259–71. doi: 10.5555/20113188847

 53. Chand, N, Faheem, H, Khan, RU, Qureshi, MS, Alhidary, IA, and Abudabos, AM. Anticoccidial effect of mananoligosacharide against experimentally induced coccidiosis in broiler. Environ Sci Pollut Res. (2016) 23:14414–21. doi: 10.1007/s11356-016-6600-x 

 54. Bancroft, JD, and Layton, C. The hematoxylins and eosin. Bancroft’s Theor Prac Histol Tech. (2012) 23:14414–21. doi: 10.1016/B978-0-7020-4226-3.00010-X

 55. Nguyen, DTN, Le, NH, Pham, VV, Eva, P, Alberto, F, and Le, HT. Relationship between the ratio of villous height: crypt depth and gut bacteria counts as well production parameters in broiler chickens. J Agric Dev. (2021) 20:1–10. doi: 10.52997/jad.1.03.2021

 56. Chapman, HD. Milestones in avian coccidiosis research: a review. Poult Sci. (2014) 93:501–11. doi: 10.3382/ps.2013-03634 

 57. Muthamilselvan, T, Kuo, TF, Wu, YC, and Yang, WC. Herbal remedies for coccidiosis control: A review of plants, compounds, and anticoccidial actions. Evid Based Complement Alternat Med. (2016) 19:2657981. doi: 10.1155/2016/2657981

 58. Karangiya, VK, Savsani, HH, Patil, SS, Garg, DD, Murthy, KS, Ribadiya, NK , et al. Effect of dietary supplementation of garlic, ginger and their combination on feed intake, growth performance and economics in commercial broilers. Vet World. (2016) 9:245–50. doi: 10.14202/vetworld.2016.245-250 

 59. Zidan, DE, Kahilo, KA, El-Far, AH, and Sadek, KM. Ginger (Zingiber officinale) and thymol dietary supplementation the growth performance, immunity and antioxidant status in broilers. Global Vet. (2016) 16:530–8. doi: 10.5829/idosi.gv.2016.16.06.10442

 60. Aljedaie, MM, and Al-Malki, ES. Anticoccidial activities of Salvadora persica(arak), Zingiber officinale (ginger) and Curcuma longa (turmeric) extracts on the control of chicken coccidiosis. J King Saud Univ Sci. (2020) 32:2810–7. doi: 10.1016/j.jksus.2020.07.002 

 61. Nasution, EZJ, Tafsin, M, and Hanafi, ND. The response of red ginger (Zinggiber officinalle var rubra) with various processing in broilers were infected by Eimeria tenella. IOP Conf Series Earth Environ Sci. (2018) 122:012117. doi: 10.1088/1755-1315/122/1/012117

 62. Irizaary-Rovira, AR. Avian and reptilian clinical pathology (avian hematology & biochemical analysis). Vet Clin Pathol Secrets. (2004) 11:313–282. doi: 10.1016/B978-1-56053-633-8.50059-0

 63. Ahmed El-Shazly, K, Abd El-Latif, A, Abdo, W, Sultan, , et al. The anticoccidial activity of the luoroquinolone lomeloxacin against experimental Eimeria tenella infection in broiler chickens. Parasitol Res. (2020) 119:1955–68. doi: 10.1007/s00436-020-06692-6 

 64. Khaligh, F, Hassanabadi, A, Nassiri-Moghaddam, H, Golian, A, and Kalidari, G. Effect of probiotic administration route and dietary nutrient density on growth performance, gut health, and some hematological variables in healthy or Eimeria infected broiler chickens. Iran J Appl Anim Sci. (2019) 9:473–85. Available at: https://www.researchgate.net/publication/336370265

 65. Wakenell, PS. Hematology of chickens and turkeys. Assiut Vet Med J. 122:957–67. doi: 10.21608/AVMJ.2020.168668

 66. Zhang, F, Ma, N, Gao, YF, Sun, LL, and Zhang, JG. Therapeutic effects of 6-gingerol, 8-gingerol, and 10-gingerol on dextran sulfate sodium-induced acute ulcerative colitis in rats. Phytother Res. (2017) 31:1427–32. doi: 10.1002/ptr.5871 

 67. Mohammad, AK. Study of hematological and some biochemical values changing with administration of Salinomycin and Poultrystar probiotics in broiler chickens challenged with Cocciodsis (Eimeria tenella). Al-Qadisiyah J Vet med Sci. (2012) 11:42–6. Available at: https://www.iraqoaj.net/iasj/download/e93a0cd747b2fbc7

 68. Williams, RB. Intercurrent coccidiosis and necrotic enteritis of chickens: rational, integrated disease management by maintenance of gut integrity. J Avian Pathol. (2005) 34:159–80. doi: 10.1080/03079450500112195 

 69. Girard, F, Fort, G, Yvore, P, and Quere, P. Kinetics of specific immunoglobulin A, M and G production in the duodenal and caecal mucosa of chickens infected with Eimeria acervulina or Eimeria tenella. Int J Parasitol. (1997) 27:803–9. doi: 10.1016/S0020-7519(97)00044-1

 70. Kawamoto, Y, Ueno, Y, Nakahashi, E, Obayashi, M, Sugihara, K, Qiao, S , et al. Prevention of allergic rhinitis by ginger and the molecular basis of immunosuppression by 6-gingerol through T cell inactivation. J Nutr Biochem. (2016) 27:112–22. doi: 10.1016/j.jnutbio.2015.08.025 

 71. Lillehoj, HS. Role of T lymphocytes and cytokines in coccidiosis. IntJ Parasitol. (1998) 28:1071–81. doi: 10.1016/s0020-7519(98)00075-7 

 72. Yun, CH, Lillehoj, HS, and Lillehoj, EP. Intestinal immune responses to coccidiosis. Dev Compar Immunol. (2000) 24:303–24. doi: 10.1016/S0145-305X(99)00080-4

 73. Dung, HT. Study on the immune responses in the chicken with Eimeria parasite infection or lactic acid Bacteria administration: Toward the application of Lactobacillus acidophilus L-55 as an Anticoccidial agent. Okayama: Okayama University, (2020) 1–70.

 74. Breed, DGJ, Dorrestein, J, Schetters, TPM, Waart, LVD, Rijke, E, and Vermeulen, AN. Peripheral blood lymphocytes from Eimeria tenella infected chickens produce gamma-interferon after stimulation in vitro. Parasite Immunol. (1997) 19:127–35. doi: 10.1046/j.1365-3024.1997.d01-191.x 

 75. Laurent, F, Mancassola, R, Lacroix, S, Menezes, R, and Naciri, M. Analysis of chicken mucosal immune response to Eimeria tenella and Eimeria maxima infection by quantitative reverse transcription-PCR. Infect Immun. (2001) 69:2527–34. doi: 10.1128/IAI.69.4.2527-2534.2001 

 76. Bischoff-Kont, I, and Fürst, R. Benefits of ginger and its constituent 6-Shogaol in inhibiting inflammatory processes. Pharmaceuticals. (2021) 14:571. doi: 10.3390/ph14060571 

 77. Morvaridzadeh, M, Fazelian, S, Agah, S, Khazdouz, M, Rahimlou, M, Agh, F , et al. Effect of ginger (Zingiber officinale) on inflammatory markers: a systematic review and meta-analysis of randomized controlled trials. Cytokine. (2020) 135:155224. doi: 10.1016/j.cyto.2020.155224 

 78. Georgieva, NV, Koinarski, V, and Gadjeva, V. Antioxidant status during the course of Eimeria tenella infection in broiler chickens. Vet J. (2006) 172:488–92. doi: 10.1016/j.tvjl.2005.07.016

 79. Wang, M, Suo, X, Gu, JH, Zhang, WW, Fang, Q, and Wang, X. Influence of grape seed proanthocyanidin extract in broiler chickens: effect on chicken coccidiosis and antioxidant status. Poult Sci. (2008) 87:2273–80. doi: 10.3382/ps.2008-00077 

 80. Georgieva, T, Koinarski, V, Urumova, V, Marutsov, P, Nikolov, J, Chaprazov, T , et al. Effects of Escherichia coli infection and Eimeria tenella invasion on blood concentrations of some positive acute phase proteins (haptoglobin (PIT 54), fibrinogen and ceruloplasmin) in chickens. Rev Méd Vét. (2010) 161:84–9. Available at: https://openalex.org/works/w155910272

 81. Eraslan, G, Cam, Y, Eren, M, and Cem Liman, B. Changes in malondialdehyde level and catalase activity and effect of toltrazuril on these parameters in chicks infected with eimeria tenella. Bull Vet Inst Pulawy. (2004) 48:251–4. Available at: https://www.academia.edu/120931112/Changes_in_Malondialdehyde_Level_and_Catalase_Activity_and_Effect_of_Toltrazuril_on_These_Parameters_in_Chicks_Infected_with_Eimeria_Tenella

 82. Liu, YX, Liu, YL, Yang, JP, and Li, WT. Effects of dietary conjugated linoleic acid on the duodenal mucosal immunity response and redox status of broiler chicks infected with Eimeria acervulina. Czeh J Anim Sci. (2016) 61:186–93. doi: 10.17221/8850-CJAS

 83. Pourali, M, Kermanshahi, H, Golian, A, Razmi, GR, and Soukhtanloo, M. Antioxidant and anticoccidial effects of garlic powder and sulfur amino acids on Eimeria-infected and uninfected broiler chickens. IJVR. (2014) 3:227–32. doi: 10.22099/IJVR.2014.2531

 84. Dkhil, MA, Metwaly, MS, Al-Quraishy, S, Sherif, NE, Delic, D, Al Omar, SY , et al. Anti-Eimeria activity of berberine and identification of associated gene expression changes in the mouse jejunum infected with Eimeria papillata. Parasitol Res. (2015) 114:1581–93. doi: 10.1007/s00436-015-4344-z 

 85. Azhir, D, Zakary, A, and Ali, KR. Effect of ginger powder rhizome on homural immunity of broiler chickens. Eur J Exp Biol. (2012) 2:2090–2. Available at: https://www.primescholars.com/articles/effect-of-ginger-powder-rhizome-on-homural-immunity-of-broiler-chickens.pdf

 86. Tanweer, AJ, Saddique, U, Bailey, CA, and Khan, RU. Antiparasitic effect of wild rue (Peganum harmala L.) against experimentally induced coccidiosis in broiler chicks. Parasitol Res. (2014) 113:2951–60. doi: 10.1007/s00436-014-3957-y

 87. Arczewska-Wlosek, A, and Swiatkiewicz, S. The effect of a dietary herbal extract blend on the performance of broilers challenged with Eimeria oocysts. J Anim Feed Sci. (2012) 21:133–42. doi: 10.22358/jafs/66058/2012

 88. Khan, RU, Nikousefat, Z, Tufarelli, V, Naz, S, Javdani, M, and Laudadio, V. Garlic (Allium sativa) supplementation in poultry diet: effect on production and physiology. World’s Poultry Sci J. (2012a) 68:417–24. doi: 10.1017/S0043933912000530

 89. Adibmoradi, M, Navidshad, B, Seifdavati, J, and Royan, M. Effect of dietary garlic meal on histological structure of small intestine in broiler chickens. J Poultry Sci. (2006) 43:378–83. doi: 10.2141/jpsa.43.378

 90. Demir, E, Sarica, S, Ozcan, MA, and Suicmez, M. The use of natural feed additives as alternatives for an antibiotic growth promoter in broiler diet. Br Poult Sci. (2003) 44:44–5. doi: 10.1080/713655288

 91. Montagne, L, Pluske, JR, and Hampson, DJ. A review of interactions between dietary fibre and the intestinal mucosa, and their consequences on digestive health in young non-ruminant animals. Anim Feed Sci Technol. (2003) 108:95–117. doi: 10.1016/S0377-8401(03)00163-9

 92. Schneeman, BD. Pancreatic and digestive function In: GV Vahouny and D Kritchevsky, editors. Dietary fibre in health and disease. New York, NY: Plenum Press (1982). 73–83.

 93. Manal, H, Al-Badawi Nermien, E, Waly May, M, and Soliman, ENA. Histopathological impact of ginger loaded nanoparticle versus ginger extract as A novel therapy of experimentally induced acute ulcerative colitis, ISSN (2021) 45:1110–559. doi: 10.21608/EJH.2021.68124.1448,


Copyright
 © 2025 Saber, Mawas, Khalil, Ahmed, Shibat Elhamd, Ali, Rehan, Elnagar, Zigo and Salah. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fvets-12-1511759-t002.jpg
Groups Abbreviation The description of treatmes

Group 1 N negative control, Neither infected nor treated
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Group 3 Go Given aqueous ginger extract (6 g/L water) for 25 days.
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Group 4 GA Infected and treated with aqueous ginger extract (6 g/L water) from day 5 Post infection to day 25 of the experiment.
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Calculated analysis
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+3 Moderate swelling o the cecum with the presence of cecal core.

+4 Complete inflation and flling of the cecum with caseous cores.
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