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Bioactive plants such as P. aduncum, M. citrifolia, and A. altilis might improve intestinal health as an alternative to antibiotic growth promoters. The objective of this study was to determine the effect of the ethanolic extracts (EEs) of these plants on the intestinal health of broiler chickens. Cobb 500 chickens (n = 352) were distributed into eight treatments with four replicates and 11 chickens each. T1 received a base diet, and T2 received a base diet with 0.005% zinc bacitracin. T3, T5, and T7 were supplemented with 0.005% of P. aduncum, M. citrifolia, and A. altilis EE in the diet while T4, T6, and T8 with 0.01% of the extract. The EEs were supplemented with drinking water from 1 to 26 days of age. The following parameters were evaluated: hematological profiles at 28 days of age, blood metabolites profiles at 14, 21, and 28 days; Escherichia coli, Staphylococcus aureus, and Lactobacillus sp. abundance in the ileum mucosa and content at 21 and 28 days, and histomorphometry of the duodenum, jejunum, and ileum mucosa at 14, 21, and 28 d. Final weight (FW), weight gain (WG), feed intake (FI), and feed conversion rate (FCR) were evaluated at seven, 21, and 33 days of age. M. citrifolia and A. altilis EE at 0.01% increased blood glucose levels at 21 and 28 days of age, respectively, and P. aduncum and M. citrifolia EE at 0.01% increased triglycerides at 28 days of age; in addition, this EE did not have any effect on the AST and ALT profiles. The depths of the Lieberkühn crypts and the villi length to the crypt’s depth ratio increased with age on supplementation with 0.01% M. citrifolia and A. altilis EE at 21 days of age (p < 0.05). In addition, the depth of the crypts increased at 28 days of age (p < 0.05) in chickens supplemented with 0.01% A. altilis EE. The 0.01% M. citrifolia EE in diet decreased in the Staphylococcus aureus population in the ileal microbiota (p < 0.05). The FW and WG during the fattening and in the three stages overall increased, and the FCR decreased; however, the FI and the carcass yield did not change in the broiler chickens supplemented with 0.01% M. citrifolia EE (p < 0.05). Conclusively, the M. citrifolia EE at 0.01% of the diet improved intestinal health and thus the performance indices of the broiler chickens and did not have a detrimental effect on any of the parameters evaluated, so it is postulated as a potential alternative to AGP in poultry.
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Introduction

Since several years, antibiotics have been used as antimicrobial growth enhancers in animal feed to improve the productivity of various animal species and prevent the possible occurrence of diseases (1–5). However, the excessive use of antibiotics as growth enhancers in animal nutrition (6) has resulted in bacterial resistance in these animals (7, 8). Moreover, this has resulted in the presence of antibiotic residues in human food of animal origin (7, 9–12) and in the environment (13). Therefore, it is imperative to identify natural alternative products or additives that can replace antibiotics as preventive and growth-enhancing promoters (14–16).

Extracts or essential oils from different parts of plants, such as seeds, roots, and leaves, of medicinal, aromatic, flavoring, and other plants, are being increasingly used as phytogenic or phytobiotic additives, which function as growth enhancers (17–25).

The wide biodiversity of the Peruvian Amazon contains a diversity of native plants with nutraceutical properties, which potentially contain bioactive ingredients manifesting these properties. Piper aduncum, Morinda citrifolia, and Artocarpus altilis are found in the wild and domestic state in the Peruvian Amazon and scarcely used in traditional medicine by local populations.

However, these plants possess a variety of phytochemicals, such as phenolic, triterpene, flavonoid, and phenylpropanoid compounds, which in general possess antibacterial (26–28), antioxidant, and anti-inflammatory properties (29–32). In our previous study, it was found that P. aduncum, M. citrifolia, and A. altilis leaves contained 1,250 ± 0.06, 150.8 ± 0.06, and 224.3 ± 0.15 mg GAE/100 g of dried extract of polyphenols and 20.3 ± 0.10, 17.8 ± 0.10, and 30.7 ± 0.15 mg QE/100 g of dried extract of flavonoids, respectively. These plant bioactive compounds and activities might potentially improve the wellbeing, health, and productivity of animals. To our knowledge, this is the first study to demonstrate the effects of P. aduncum, M. citrifolia, and A. altilis EE on in vivo antimicrobial activity and intestinal histomorphometry.

Hence, this study aimed to determine the effects of the ethanolic extracts (EEs) of P. aduncum, M. citrifolia, and A. altilis leaves on the intestinal health of broiler chickens for improving productive performance indices.



Materials and methods


Leaves for ethanolic extract

The leaves of P. aduncum, M. citrifolia, and A. altilis were collected from fence plants, grown for edible and medicinal purpose in the Rupa-Rupa district of the Leoncio Prado Province in the Huánuco region of Peru. Harvesting was performed in the morning, and leaves that were neither very green nor too ripe were collected. The experiment involved the use of 5 kg of whole fresh leaf in well-conserved conditions. These were dried at 60°C in a forced ventilation stove (Memmert, UN110 plus, Germany) for 72 h, subsequently ground using a 1 mm diameter sieve in a grinder (Thomas Willey, United States), and stored in dark using tightly sealed recipients. This procedure was adapted from Lal et al. (33).

To obtain the EEs of P. aduncum, M. citrifolia, and A. altilis leaves, 50 g of leaf powder from each of the plants was collected in a cartridge and placed in a stove at 40°C. This was then placed in a Soxhlet extractor, and extraction was performed by placing 150 mL of 70% ethanol in an Erlenmeyer flask, where the volume was equivalent to three times the weight of the leaf powder. The EEs were dehydrated in a rotary evaporator (Heidolph, Germany) at 40°C with reduced pressure to eliminate all the solvent and then were completely dried. These dried EEs were weighted, and each 10 g was reconstituted with tween:water (80:20 mL) to obtain a10% solution, which was used to calculate the 0.005 and 0.01% EEs in the chicken diet. The EEs obtained from P. aduncum, M. citrifolia, and A. altilis leaves were stored in amber jars and subjected to preliminary phytochemical screening (Table 1).



TABLE 1 Phytochemical screening of ethanolic extracts of P. aduncum, M. citrifolia, and A. altilis leaves.
[image: Table1]



Rearing the broiler chickens

This study involving animals was reviewed and approved with authorization No 2021-5 by the Ethics and Animal Wellbeing Committee from the Faculty of Veterinary Medicine, Universidad Nacional Mayor de San Marcos. The location of this study was at 09° 17′ 58″ south latitude and 76° 01′ 07″ west longitude, at an altitude of 660 m.a.s.l., an annual pluvial precipitation of 3,293 mm, an average annual temperature of 24.85°C, and relative humidity of 80% (34).

A 20 m long × 10 m width shed was used, in which 33 metal cages 82 cm width, 1.28 cm depth and 70 cm height were installed. Each cage was equipped with a 100 watt light bulb, a conical feeder, a drinker, and a 10 cm-high wood shaving bed. The temperature and minimum and maximum humidity were determined using a temperature and humidity reader. The average temperature and relative humidity of the shed during the experimental rearing were 28.3°C and 82.6%, respectively.

A total of 352 1 day-old Cobb 500 weighing 40 ± g were reared. The chickens were divided into eight treatment groups, with each treatment having four replicates and 11 chickens each, placed in 32 separate cages. All birds received the same handling and feeding conditions, comprising a base diet during the initial (1–7 days), growth (8–21 days), and finishing (22–33 days) stages.



Experimental diets and feeding

The chicken diets were formulated in the Mixit-2 program, based on the information by Rostagno et al. (35). First, a premix of the micronutrients with raw insoluble fiber was prepared to efficient homogenization in the diet, and mixing of the components was performed in a horizontal mixer for 10 min (Table 2). This diet was fed to chickens as powder at an average daily dose per chicken of 26.3 g, 76.85 g, and 144.43 g for the initial, growing, and fattening stages, respectively. The nutritional compositions of the initial, growth, and finishing stages (1–33 days old) were determined according to the requirements for each stage (19). For this purpose, samples of base diet and with ZB for each broiler chicken phase were sent to the laboratory of nutrition from the Department of Animal Science, Universidad Nacional Agraria de la Selva for dry matter (DM) and chemical analysis. To determine DM content, the samples were dried in an air-forced oven (Memmert, UN110 plus, Germany) at 105°C for 4 h. The samples were analyzed for ashes after 12 h of combustion in a muffle furnace at 600°C (Linn Electro Therm, LM-312.06, Germany); crude protein (CP) using a Kjeldahl nitrogen analyzer (Buchi digest automatic, K-438, and Buchi distillation unit K-350, Switzerland); ethereal extract using an extractor (Ankom XT10, United States); total fiber was determined by a semiautomatic fiber analyzer Ankom 200, USA. The nitrogen-free extract was calculated by the difference between DM and the nutrients determined in the proximal analysis of the diets. The chemical analysis of the diets is shown in Table 3.



TABLE 2 Experimental diets formulated for male broiler chickens for the initial (1–7 days old), growth (8–21 days old), and fattening (22–33 days old) stages.
[image: Table2]



TABLE 3 The nutritional composition of the experimental diets for male broiler chickens during the initial, growth, and fattening stages (1–33 d old).
[image: Table3]

The diet provided in this study was carefully monitored to ensure that aflatoxin levels were well below the established safety limits for animal feed. This precautionary measure was taken to safeguard the animals’ health and welfare. Aflatoxin contamination in animal feed can pose serious health risks, including impaired growth and liver damage (36). By maintaining feed quality within safe limits and adding plant products (32, 37, 38), we aimed to minimize any potential influence of aflatoxins on the study results.



Extract supplementation

P. aduncum, M. citrifolia, and A. altilis EE at 0.005 and 0.01% of the diets were calculated and supplemented with the drinking water daily in plastic cylindrical 2 L volume and manual handling drinkers from 1 to 26 days of age. The average volume of water supplied for each chicken was 65.75, 192.5, and 361.10 mL for the initial, growing, and fattening stages, respectively. The extracts from the three plants were formulated at a concentration of 100 mg/mL in tween:water solution. At this concentration, the solution was separated into aliquots at the beginning of the experiment, according to the calculations at 0.005 and 0.01% of the weight of the diet obtained for each day of the experiment. The aliquots were frozen at −10°C to allow removal out of a single aliquot daily for the volume that corresponded to each day for the total experimental chickens. The total intake of the EE was 4.27 g for each of the 0.005% supplement groups and 8.55 g for each of the 0.01% supplemented groups of chicken, for the P. aduncum, M. citrifolia and A. altilis EE, respectively.



Blood samples, hematology, and blood metabolite profiles

Blood samples were collected by puncturing the jugular vein. Blood samples to generate hematological profiles were obtained in 2 mL vacutainers containing 2 mg heparin. Blood samples for metabolite profiles were collected in 4 mL vacutainers, which, once coagulated, were centrifuged at 1500 rpm for 5 min. Subsequently, the serum was separated into 2 mL Eppendorf tubes and stored at −10°C until its spectrophotometric analysis. Thirty-three chickens were sampled at 28 days of age for their hematological profiles and at 14, 21, and 28 days of age for their blood metabolite profiles.

Whole blood was used to determine the erythrocyte count, total and differential leukocytes, hematocrit using the microhematocrit method, and hemoglobin levels using the cyanmethemoglobin method. Simultaneously, these data were used to obtain the indices for mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) (39).

Serum glucose profiles were determined by the glucose oxidase/peroxidase method; total protein contents were determined using the EDTA-Cu complex in sodium hydroxide method; and albumin levels were determined using the bromocresol green method (40, 41). Similarly, the total cholesterol, alanine transaminase (ALT), and aspartate transaminase (AST) levels were determined using specific kits (Laboratorios QAC, Spain). Optical density measurements were performed at 515 and 530 nm using an Auto Chemistry Analyzer-AS 830 spectrophotometers (Italy).



Intestinal content samples and microbiological culture

Three chickens were randomly selected from each of the eight treatment groups at 21 and 28 d of age and euthanized by breaking the atlanto-occipital joint. The ileum was immediately dissected, approximately 30 cm long after the Meckel’s diverticulum, toward the cecum (42, 43). From the opened ileum, one gram of intestinal content, including scrapes of the mucosa, was obtained and placed in a sterile Petri dish.

Colonies of the broiler chicken microbiota, such as, Escherichia coli, Lactobacillus sp., and Staphylococcus sp., (42), were cultivated to serve as marker for evaluating the in vivo antimicrobial activity of the EE. Escherichia coli, Lactobacillus sp., and Staphylococcus aureus were cultivated on MacConkey, MRS, and salty Mannitol agar (Merck, Darmstadt, Germany). The plates were incubated for 24 h at 37°C. Bacterial counts were measured as the number of colonies forming units (CFUs) per gram of ileum content and expressed as logarithm base 10 of these CFUs (42, 43).



Intestinal tissue samples and evaluation of intestinal morphometry

Four chickens were randomly selected from each of the eight treatment groups at 14, 21, and 28 days of age and euthanized by breaking the atlanto-occipital joint. Their digestive tracts were immediately dissected, and an approximately 5 cm segment was taken from the middle of each of the following sections: the duodenum, jejunum, and ileum (42, 43), which were opened lengthwise and transversely sectioned.

Tissues were fixed by submerging them in a 3–4-fold sterile physiological solution to detach the intestinal contents from the mucosa and later stapled to a thick cardboard base to hold the segments straight. The three segments from each bird were placed in 100 mL of a 10% formaldehyde solution in physiological solution. The intestinal samples were processed using conventional histological methods and stained using hematoxylin and eosin (44).

A DM 750 optical microscope with a digital camera (ICC50) and a LAS 4.12 EZ software (Leica, Germany) was used. The system allows measurements of the distance between any pair of user-defined fixed points. The villus length was measured from the top to the apex of the Lieberkühn crypt entrance. The width of the villi was measured as a perpendicular line to the center of the villi. The depth of the Lieberkühn crypt was measured from its entrance to the base zone (Figure 1). The length and width of the intestinal villi and depth of the crypts were determined by measuring ten villi at 10×; the averages of every intestinal segment corresponding to each animal were obtained and registered in microns (μm).

[image: Figure 1]

FIGURE 1
 Villous height (VH), villous width (VW), and crypt depth (CD) determination in the jejunum of broiler chicken at 1 Ox. VH, black arrow; VW, red arrow; CD, blue arrow (hematoxylin and eosin staining).




Determining the productive parameters

To determine the effect of different levels of P. aduncum, M. citrifolia, and A. altilis EE on the productive performance of broiler chickens, the feed consumed and leftover daily by all experimental chickens were recorded during the 35 days of the experiment. The body weights of all experimental broiler chickens were recorded at 7, 21, and 35 days of age. Using these data and adapting the conventional productive performance ratios for animal production (45), the following ratios were calculated:

• Daily feed intake (DFI): feed was weighed and provided to each replicate; later, the leftovers were deducted and divided between the number of chickens and days in the stage. This was calculated in the following manner:

[image: image]

• Carcass yield (CY): it was calculated using the relationship between the weight without disposal and the live weight in the lot. The following formula was used for calculations:

[image: image]

• Daily weight gain (DWG): chickens were weighed at 6:00 a.m. before the feed was provided. The calculations were performed using the following formula:

[image: image]

• Cumulative weight gain (CWG): it was calculated as the relationship between the final weight minus the initial weight of the lot and the number of finished birds in the lot. The calculations were performed as follows:

[image: image]

• Feed conversion rate (FCR): it was calculated using the relationship between total feed consumption and weight gain. The following formula was used to calculate this:

[image: image]



Statistical analyses

To evaluate the effect of the EE supplementation on the variables under study in relation to the chicken age, the data on blood metabolite profiles, development of the villi, and Lieberkühn crypts in the intestinal segments were processed by means of a general factorial design with three ages of chickens, six EE levels +2 controls, and for bacterial count, two ages of chickens. The guidance for statistics analysis was taken from Bashir, et al., (46) and Pollesel et al., (47). Data of hematology and performance indices were submitted to a completely randomized design with eight treatments, four replicates with eight chickens each. Data for the length and width of the villi, depth of the crypts, bacterial count, and some data of hematology and performance indices were firstly transformed using the square root, Box-Cox, or base 10 logarithms and then tested for normality and homoscedasticity with the Shapiro–Wilk and Levene test, respectively. One-way analysis of variance (ANOVA) was used to test the effect of EEs on the hematological and performance parameters, and two-way ANOVA procedure was employed to test the effect of EEs on metabolites profiles, bacterial count, and intestinal histomorphometry. Significant differences were declared for p ≤ 0.05. The Student–Newman–Keuls (SNK) multiple comparison test was used for comparison between treatments and ages. The Infostat statistical software was used for data processing (48).




Results


Hematological and blood metabolites profiles

The erythrocyte, hematocrit, and hemoglobin profiles; MCV, MCH, and MCHC indices; and total leukocyte, lymphocyte, and granulocyte counts of the broiler chickens are shown in Table 4. The granulocyte counts in chickens supplemented with 0.01% A. altilis EE increased in relation to supplementation with the same concentration of P. aduncum EE (p < 0.05). However, this and the other hematological profiles of the chickens supplemented with A. altilis EE were similar (p > 0.05) to those obtained from the chickens in the control groups, and those supplemented with 0.005 and 0.01% P. aduncum and M. citrifolia EE.



TABLE 4 Variance analysis of erythrocyte and leukocyte profiles of broiler chickens supplemented with P aduncum, M. citrifolia, and A. altilis EE at 0.005 and 0.01% of the diet.
[image: Table4]

The levels of glucose, triglycerides, AST, ALT, total protein, albumin, and globulin profiles, which are important markers for animal physiology, were evaluated. Table 5 presents these blood metabolites on supplementation with P. aduncum, M. citrifolia, and A. altilis EE.



TABLE 5 Variance analysis of blood metabolites profiles of broiler chickens supplemented with P. aduncum, M. citrifolia, and A. altilis EE.
[image: Table5]

M. citrifolia and A. altilis EE at 0.01% increased blood glucose levels at 21 and 28 days of age, respectively, compared with the levels obtained at 14 days of age (p < 0.05) (Tables 5, 6). Similar results were observed for increased triglyceride levels using P. aduncum and M. citrifolia EE at 0.01%, for which the triglycerides increased at 28 days of age, compared with those obtained at 14 days of age (p < 0.05) (Tables 5, 7).



TABLE 6 Variation of glucose levels with chicken age on supplementation with P. aduncum, M. citrifolia, and A. altilis EE.
[image: Table6]



TABLE 7 Variation of triglyceride profiles with chicken age on supplementation with P. aduncum, M. citrifolia, and A. altilis EE.
[image: Table7]



Intestinal microbiology

The microbiological population obtained from the content and mucosa of the ileum from broiler chickens at 21 and 28 days of age as log10CFU/g of fresh intestinal content is shown in Table 8. The abundance of Staphylococcus aureus as (log10CFU) in the ileum of the broiler chickens decreased on dietary supplementation with 0.01% M. citrifolia EE (p < 0.05), in comparison with the abundance in negative control group and on supplementation with 0.005% P. aduncum and A. altilis EE. However, there was no effect of the EE from these three plants on the populations (log10CFU) of E. coli and Lactobacillus sp. in the ileum of broiler chickens (p > 0.05) compared with that obtained from the chickens in the control group (Table 8).



TABLE 8 Bacterial abundance in ileal mucosa of broiler chickens supplemented with P. aduncum, M. citrifolia, and A. altilis EE.
[image: Table8]



Intestinal morphometry

The length and width of the intestinal villi, the depth of the Lieberkühn glands, and villi length to Lieberkühn crypt depth ratio were evaluated for duodenal, jejunal, and ileal segments. These structures are important markers of the pathophysiological anatomy of the small intestine in different animal species. Table 9 presents the results from measuring these structures in broiler chickens on supplementation with 0.005 and 0.01% P. aduncum, M. citrifolia, and A. altilis EE in drinking water.



TABLE 9 Variance analysis and morphometry of the mucosa from the duodenum, jejunum, and ileum of broiler chickens supplemented with M. citrifolia, P. aduncum, and A. altilis EE.
[image: Table9]

In this study, the Lieberkühn crypt depth increased with age in chickens on supplementation with M. citrifolia and P. aduncum EE at 0.01%, compared with those in the negative and positive control of 21 days-olds (p < 0.05) (Tables 9, 10). In addition, chickens supplemented with 0.01% A. altilis EE showed a crypt depth increase compared with that obtained in the positive control at 28 days of age (p < 0.05) (Tables 9, 10).



TABLE 10 Variation of Lieberkühn crypts depth with broiler chickens age on supplementation with M. citrifolia, P. aduncum, and A. altilis EE.
[image: Table10]

Additionally, in all studied supplementations, crypt depth was influenced by chicken age at the two evaluated EE concentrations (p < 0.05); however, in the negative control group, it was not dependent on the chicken age (p > 0.05) (Figure 2A). Moreover, villus width increased in the group of chickens supplemented with 0.005% A. altilis EE, compared with that in the positive control group, and in those supplemented with 0.01% P. aduncum EE at 21 d of age (p < 0.05) (Tables 9, 11). However, the villus width increased in a quadratic trend with chicken age on supplementation with 0.01% P. aduncum EE and decreased in a quadratic trend with age in the negative control group (p < 0.05) (Figure 2C).

[image: Figure 2]

FIGURE 2
 Regression analysis from the effect of the broiler chicken age on the crypt depth (A), villi width (C), and villi length to Lieberkühn crypt depth ratio (B) on supplementation 0.005 and 0.01% P. aduncum, M. citrifolia, and A. altilis EE. *value of p <0.05, **value of p <0.01, and ***value of p <0.001. (A) Data were transformed with logarithm base 10, (B) with Box-Cox = 46/99, and (C) with Box-Cox = 2. VL, villi length.




TABLE 11 Variation of villi width with broiler chickens age on supplementation with M. citrifolia, P. aduncum, and A. altilis EE.
[image: Table11]

Furthermore, the villus length and the Lieberkühn crypt depth ratio for the chickens supplemented with 0.01% M. citrifolia EE and the positive control increased at 21 days of age, in comparison with those obtained at 14 days of age (p < 0.05). These parameters were similar to the two groups (p > 0.05), and greater than those obtained for chickens supplemented with P. aduncum and A. altilis EE, and for the chickens from the negative control group (p < 0.05) (Tables 9, 12). However, the villus length and Lieberkühn crypt depth ratio was independent of chicken age on supplementation with M. citrifolia, P. aduncum, and A. altilis EE (p > 0.05) (Figure 2B).



TABLE 12 Variation of villi length to Lieberkühn crypt depth ratio (VL/LCD) with broiler chicken age on supplementation with M. citrifolia, P. aduncum, and A. altilis EE.
[image: Table12]

Additionally, this interaction increased the length of the villi for the chickens at 21 days of age, compared with those at 14 days of age (p < 0.05), but this pattern was similar to that obtained for the villi of chickens from the negative control group (p > 0.05) (Table 9).



Productive indices

The total weight, weight gain, feed conversion rate, and feed intake of the broiler chickens were evaluated at each of the following stages: initial, growth, and fattening, as well as the three stages overall as the main indices to evaluate the productive performance of the animals (45). Tables 13, 14 present the results of these indices for broiler chickens supplemented with P. aduncum, M. citrifolia, and A. altilis EE at 0.005 and 0.01% of the diet.



TABLE 13 The variance analysis of the performance indices for broiler chickens supplemented with M. citrifolia, P. aduncum, and A. altilis leaves EE.
[image: Table13]



TABLE 14 The performance indices of broiler chickens supplemented with 0.005 and 0.01% EE of M. citrifolia, P. aduncum, and A. altilis in the diet.
[image: Table14]

The final weight for the fattening stage, the weight gain for this stage, and the three stages overall, respectively, were greater among chickens supplemented with 0.01% M. citrifolia EE than those in the positive control, negative control, and those supplemented with P. aduncum and A. altilis EE at 0.005 and 0.01% of the diet (p < 0.05).

In accordance with these indices, the FCR was lower in the fattening phase and for the three stages overall in chickens supplemented with 0.01% M. citrifolia EE than those in the positive and negative control, and those supplemented with P. aduncum and A. altilis EE at 0.005 and 0.01% of their diet (p < 0.05) (Tables 13, 14).




Discussion

The objective of this study was to determine the effect of the ethanolic extracts (EE) of P. aduncum, M. citrifolia, and A. altilis on the intestinal health of broiler chickens. Previous studies have shown that Piper aduncum, Morinda citrifolia, and Artocarpus altilis possess a variety of phytochemicals, such as phenolic, triterpene, flavonoid, and phenylpropanoid compounds, which in general possess antibacterial (26–28), antioxidant, and anti-inflammatory properties (29–32). These properties of the three studied plants mainly those of M. citrifolia, might have increased glucose and triglycerides in blood of broiler chickens, decreased the staphylococcus abundance in the broiler’s microbiota, and increased crypt depth, villus width, and villi length to crypt depth ratio in the intestinal mucosa structure of broiler chickens in the present study.


Hematology and metabolites profiles

Few studies have been published on the effects of extracts or essential oils from P. aduncum, M. citrifolia, and A. altilis on the hematological profiles of birds. The results obtained in the present study were like those reported in previous studies on birds (49), rats, and mice (Schuktz et al., 2017); (50–53), where similar hematological profiles were obtained on increase in the levels of P. glabratum, P. aduncum, M. citrifolia, and A. altilis extracts. However, few previous studies evaluating leaf powders of plants, such as Moringa oleifera and Azadirachta indica, demonstrated an increase in the hematological profiles of the broiler chickens (46, 54). The difference between the results obtained in the present study, and these previous results can be explained by the high protein and amino acid contents and the diverse nutritional components of Moringa oleifera, which may have contributed to the modulation of hematological responses in the birds (46, 55).

Few previous studies have been published on the effects of extracts or chemical fractions of P. aduncum, M. citrifolia, and A. altilis on blood metabolite profile. To our knowledge, triglyceride, AST, ALT, PT, albumin, and globulin in chickens supplemented with A. altilis EE have not been previously reported. Glucose is the primary form of energy obtained from different sources of carbohydrates in animals, mainly in birds (56). However, blood glucose levels in birds are 1.5 to 2 times greater than those in mammals (57, 58).

In contrast to mammals, the levels of insulin circulating in adult birds are approximately one-tenth of the levels found in rats (59). In the present study, the increase in glucose levels with age observed on supplementation with 0.01% M. citrifolia and A. altilis EE in 21 and 28 days of age, respectively, when compared with the negative and positive controls (Table 7), could be associated with antimicrobial effects; increased villi length and width and increased Lieberkühn crypt depth in the broiler chickens obtained in the present study.

In previous studies performed in rats treated with a fraction of A. altilis ethyl acetate and in others fed fruit-based diets of A. altilis, the blood glucose levels were reduced (50, 60), whereas these levels are similar in mice and rats treated with extracts from M. citrifolia fruit (51, 52).

Triglycerides are lipids synthesized by the hepatic tissue and are present at the highest quantities in vertebrates, including birds, and their main role is to serve as an energy reserve (58). The increase in triglyceride levels on supplementation with 0.01% M. citrifolia and P. aduncum EE in 28 days-old chickens (Table 8) might be associated with an increase in blood glucose level and an improved performance of the hepatic tissue as a result of the antioxidant and hepatoprotective effects of EE of these plants, particularly M. citrifolia (32, 61), which would allow for improved synthesis physiology in this organ.

Nonetheless, in previous studies in rats, triglyceride levels were unaffected after treatment with P. aduncum essential oil, like the results obtained for glucose, AST, and ALT levels (53, 62). A similar study has shown that the use of M. citrifolia fruit extract at different doses does not alter the triglyceride, AST, or ALT levels in chickens (63).



Antimicrobial activity

Gut microbiota in poultry comes from exogenous microorganisms immediately after hatching, and thereafter, it shelters a microbial community, primarily anaerobic bacteria, which reaches a relatively stable dynamic state as the host grows (64). Most of the microbes in the intestinal microbiota of poultry in cultivation-based studies have been identified as Gram-positive rods and cocci (86%), followed by Gram-negative rods (14%) (65, 66). More recent studies using 16S rRNA methodology reveal that in the chicken intestinal microbiota predominate the phyla: Firmicutes (50%), Cyanobacteria (26%), and Proteobacteria (17%) (66, 67); in the chicken, ileal microbiota predominate Firmicutes (64.15%), Bacteroidetes (22.15%), and Proteobacteria (4.26%) (68); moreover, the predominance of one phylum of bacteria between other factors is associated with gender and breed of chickens (69).

As the gut microbiota is the microbial community, including commensal, symbiotic, and potential pathogenic microorganisms, which usually colonize the gut of animal organisms, the different kinds of additives including plant essential oils and extracts that regulate the intestinal microbiota directly regulate all these microorganisms (70). In addition, the regulated commensal and symbiotic intestinal microbiota compete with the colonizing potential pathogenic bacteria and can reduce the adhesion and colonization of pathogens in the intestine of chickens (64, 71), and by these mechanisms, the EEs might regulate the chicken microbiota and improve the intestinal health.

The antimicrobial activity of an extract or essential oil is influenced by its chemical structure, the presence of different functional groups, concentration, and possible synergistic or antagonistic effects between the components of the extract or oil (24, 72). Antimicrobial activity of the extracts or essential oils from plants is primarily attributed to phenols, and the phenol concentration in a plant determines its antimicrobial potential (18, 73, 74). In the previous phase of this study, polyphenols between 150.8 and 1250.4 mg/100 g and flavonoids between 1.8 and 30.7 mg/100g were determined for the P. aduncum, M. citrifolia, and A. altilis leaf-dried EE.

The decrease in the Gram-positive population (log10CFU), such as Staphylococcus. aureus, in the intestinal content of the broiler chickens on dietary supplementation of 0.01% M. citrifolia EE concurred with the minimum inhibitory concentration (MIC) in our previous research, wherein 3.12 mg/mL of M. citrifolia EE inhibited the in vitro growth of Staphylococcus aureus ATCC 25923.

This effect of M. citrifolia EE in the intestines of chickens could have strengthened the mechanisms that the animals possess to limit microbial colonization in the intestinal crypts and glands (75), thus promoting an increase in the depth of the crypts and villi length to Lieberkühn crypt depth ratio obtained for the chickens in the present study.

These results highlight the antimicrobial activity of M. citrifolia EE against the intestinal microbiota of chickens, as previous studies have revealed that the microbiota is primarily composed of Gram-positive organisms (66). These results were supported by those obtained in previous studies, where it has been shown that phytochemical compounds in general have greater antimicrobial activity against Gram-positive bacteria since their antimicrobial mechanisms are linked to the hydrophobicity of the molecules, which enter into the single membrane covering, thus disrupting permeability and homeostasis, resulting in a consequent loss of the cellular components and eventual cell death (72, 76, 77).

In contrast, Gram-negative bacteria are more tolerant than Gram-positive bacteria to the action of phytochemical compounds because they possess an additional external membrane, which is almost impermeable to the hydrophobic molecules of phytocompounds (78, 79). This could explain the similar results obtained for E. coli and Lactobacillus sp. populations in the present study and supports the MIC results of our previous research using the EE from these three plants wherein the growth of E. coli ATCC 25922 and Bacillus subtilis ATCC 6633 strains were not inhibited.

In contrast, the reduction of E.coli population in the intestinal content of chickens has also been observed previously using essential oils from other plants or phytogenic additives (42, 43, 80–82). Moreover, previous research related to antimicrobial activity using extracts or essential oils from the three plants used in the present study is limited.



Intestinal morphometry

The cells that cover the surface of the depths of the Lieberkühn crypts are pluripotent mother cells that differentiate into goblet cells, Paneth cells, enteroendocrine cells, and enterocytes, which migrate and mature to repair and replace those desquamated from the villi (83–85).

The development of these mechanisms of formation and function in the mucosa of the duodenum, jejunum, and ileum is one of the cornerstones of intestinal health, which can improve as the crypts increase in depth (86, 87). This increase was observed with age in the present study on supplementation with 0.01% M. citrifolia EE in 21 days of age chickens, where the intestinal crypts had the greatest depth, when compared with the results obtained for chickens from the positive and negative control groups (p < 0.05).

Similarly, the depth of the crypts increased with age on supplementation with 0.01% P. aduncum and the M. citrifolia in 21 and 28 days of age, respectively, compared with those of the positive control (p < 0.05). Previous studies using extracts from other plants have proven that the length of the intestinal villi increases because of plant extracts or essential oils (15, 16, 88–90), facilitating the mechanisms of nutrient absorption. This is similar to the active mechanisms of antibiotics as growth promoters, which also promote an increase in the length of the intestinal villi (5).

Notwithstanding, the increase with age in the depth of the crypts, the width of the villi, and the villi length to crypt depth ratio obtained in the present study on supplementation with 0.01% M. citrifolia and P. aduncum EE are consistent with previous research (86, 87, 91, 92). Increase in these mucosal structures increases nutrient absorption and enzyme production due to a more dynamic replacement mechanism for the enterocytes in the villi. This increase also promotes mechanisms that increases the population of goblet cells, which secrete mucus; Paneth cells present in birds (93), which secrete antimicrobial products such as lysozymes; and enteroendocrine cells which secrete local hormones (75, 94) in a balanced manner.

The integration of these mechanisms would result in a more integral strengthening of the mucosa epithelium functioning in the small intestine, with only the absorption produced by the increase in the length of the villi, as they are for secretion and barrier, which depend critically on the rapid renovation of epithelial cells, maintaining a balance between proliferation and cellular differentiation to support these functions of the small intestine (95, 96). Furthermore, the development of these mechanisms in the intestinal mucosa because of the leaves of M. citrifolia might be associated with the integration of antimicrobial (26, 27, 97) and antioxidant activities of this plant (29–31).

M. citrifolia fruit juice possesses 2.8 times the antioxidant activity of vitamin C, diminishing the blood levels of malondialdehyde and increasing those of superoxide dismutase, which are markers of the cells’ antioxidant defense system (29–32). The endogenous mechanisms of antioxidant activity, such as uric acid production in birds, and the species’ low production of reactive oxygen, superoxide, and hydrogen peroxide further supplement the antioxidant mechanisms (57, 98). Birds exhibit high levels of superoxide dismutase, superoxide isolators, as well as catalase and glutathione peroxidase (99).

These mechanisms would promote the multiplication and growth of crypts, which originate from pluripotent cells of different cellular groups on the intestinal mucosa. To our knowledge, this is the first study to demonstrate the effects of P. aduncum, M. citrifolia, and A. altilis EE on intestinal morphometry.



Productive performance

The results of the present study were similar to those obtained in previous studies, wherein the productive indices of cattle, tilapia, and guinea pigs improved on using pulp and fruit extracts from M. citrifolia (100–102). Studies have been performed in chickens, where extracts from different plants, such as Indian frankincense, caraway (Carum carvi L.), cloves (Syzygium aromaticum), holy basil (Ocimum sanctum), and licorice have shown improved productive indices (15, 16, 88–90). Nonetheless, the results from the present study also contrast with those of previous studies, in which the productive performance indices of chickens did not vary on using of M. citrifolia leaf powder or different fruit extract concentrations (33, 63). On the other hand, this EE did not influence the daily feed consumption and carcass yield (p > 0.05), which are in line with previous studies where have been shown that the inclusion of plant extracts or essential oils as feed additives may positively or negatively influence the organoleptic characteristics of the diet such as aroma and taste (103, 104). Feed palatability is a critical factor influencing feed intake and, subsequently, animal performance. It can significantly affect the acceptance and consumption of specific feed components (90, 105). However, most studies have shown no significant change in feed intake caused by aromatic plants, plant extracts or EO additives, although growth was often enhanced and the feed conversion rate improved in healthy chickens (18). Those findings are in line with the findings obtained in the present study, where the EE did not influence the feed intake in the growing, fattening and on the three stages overall in the chickens supplemented with EEs compared to those from the negative and positive control groups. It might be explained because the studied plants have neither an irritating odor nor a pungent test and that poultry as birds might not be sensitive to flavor or test which made them more tolerant to exposure of adequate levels of these plants EEs.

These results could be used in the main time in practical applications, such as: (1) supplementing M. citrifolia EE in broilers chicken reared in small-scale farms for improving performance and at the same time to validate our findings; (2) to start developing studies on the ways of formulation of this EE to optimize its use in poultry; (3) valuating the culture of M. citrifolia by farmers in the tropical areas because its potential use in poultry wellbeing, health, and production; however, poultry breeders and farmers should be aware of some limitations such as: (1) few studies with these EEs have been still carried out; (2) the supplementation of the EE in feed has some difficulties for the EE compounds to homogenate, degradation in the feeders, and low speed of being absorbed by the gut because of the very small quantities to be used; (3) the supplementation in drinking water is easier for the EE compounds to homogenate, fast in being absorbed by the gut but very difficult to manage the supplementation by itself; (4) for optimizing supplementation of extracts by drinking water, it needs automatized watering system; and (5) economic aspects of this EE is still pendant for being determined.

Regarding economic aspects that imply a growth promoter in poultry production, it is generally accepted that using antibiotics as growth promoters in poultry diets, feed utilization efficiency can be improved on average by 2–5% (Ly-Zi, et al., 2020). Very scarce trials in this aspect have been published with plant extracts and essential oils. A trial study with oregano essential oil (OEO) supplementation in broilers allowed a reduction in energy levels by 1–2%. This will lead to reduced feed costs and increased economic benefit in poultry farms (106). In addition, studies to evaluate the costs of different methods to obtain feed additives from plants did find that solvent extraction and supercritical fluid extraction are superior to other extraction methods in terms of low cost (107, 108). In the present study, no economic aspects of the EEs were considered; however, as it is one of the first studies using these bioactive plants on the modulation of intestinal health in broiler chickens, it is worthy to consider future research directions related to carry out more studies with these plants to search for more findings related to the bioactivity of its phytochemical compounds on animal wellbeing, health, and production and its economic aspects to validate these EEs as growth promoters in poultry.




Conclusion

Dietary supplementation with EE 0.01% M. citrifolia decreased the abundance of Staphylococcus aureus in the intestinal microbiota and increased the depth of the Lieberkühn crypts and the villi length to Lieberkühn crypt depth ratio in the intestinal mucosa of 21 days of age broiler chickens, indicating improved intestinal health. In addition, 0.01% M. citrifolia EE supplementation increased blood glucose and triglyceride levels at 21 and 28 days of age, respectively. These interactions increased the final weight, weight gain during the fattening stage, and the total for the three rearing stages and further decreased FCR. Thus, the results of this study demonstrate a beneficial effect of the supplementation of M. citrifolia EE in improving gut health and some production indices of broilers chicken. This study also showed that the EE of P. aduncum, A. altilis, and mainly M. citrifolia did not have a detrimental effect on any of the parameters evaluated, so it is postulated as a potential alternative to replace AGP in poultry. These results could be used in the main time in practical applications such as: (1) supplementing M. citrifolia EE in broilers chicken reared in small-scale farms for improving performance and at the same time to validate our findings; (2) to start developing studies on the ways of formulation of this EE to optimize its use in poultry; and (3) valuating the culture of M. citrifolia by farmers in the tropical areas because its potential use in poultry wellbeing, health, and production. However, further studies will be necessary to determine the phytocomponents and mechanisms by which this extract exerts these effects in broiler chicken.



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 author.



Ethics statement

The animal study was approved by the Ethics and Animal Wellbeing Committee from the Veterinary Medicine Faculty, Universidad Nacional Mayor de San Marcos. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

DP-L: Funding acquisition, Project administration, Writing – original draft. MS-V: Investigation, Methodology, Writing – review & editing. RP-C: Investigation, Methodology, Writing – review & editing. SM-C: Investigation, Methodology, Writing – review & editing. XB-B: Conceptualization, Methodology, Writing – original draft. UA-P: Data curation, Software, Writing – review & editing. RR-H: Conceptualization, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study received funding from PROCIENCIA (200-2020-PROCIENCIA).



Acknowledgments

We gratefully acknowledge the PROCIENCIA grant No 200-2020-FONDECYT-DE: “Use of natural plant extracts from the Peruvian Amazon to replace antibiotics as growth promoters in broiler chickens,” at the Universidad Nacional Agraria de la Selva, for the financial support.



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.



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. Maria Cardinal,K, Kipper,M, Andretta,I, and Machado Leal Ribeiro,A. Withdrawal of antibiotic growth promoters from broiler diets: performance indexes and economic impact. J Am Assoc Instruct Invest Poultr Husbandry. (2019) 98:6659–67. doi: 10.3382/ps/pez536 

 2. Dibner,JJ, and Richards,D. Antibiotic growth promoters in agriculture: history and mode of action. Poult Sci. (2005) 84:634–43. doi: 10.1093/ps/84.4.634 

 3. Gonzalez,RM, and Angeles Hernandez,JC. Antibiotic and synthetic growth promoters in animal diets: review of impact and analytical methods. Food Control. (2016) 72:255. doi: 10.1016/j.foodcont.2016.03.001

 4. Masebo,NT, Marliani,G, Cavallini,D, Accorsi,PA, Di Pietro,M, Beltrame,A , et al. Health and welfare assessment of beef cattle during the adaptation period in a specialized commercial fattening unit. Res Vet Sci. (2023) 158:50. doi: 10.1016/j.rvsc.2023.03.008

 5. Miles,RD, Butcher,GD, Henry,PR, and Littell,RC. Effect of antibiotic growth promoters on broiler performance, intestinal growth parameters, and quantitative morphology. Poult Sci. (2006) 85:476–85. doi: 10.1093/ps/85.3.476 

 6. Van Boeckela,T, Brower,C, Gilbert,M, Grenfella,BT, Levina,SA, Robinsoni,TP , et al. Global trends in antimicrobial use in food animals. PNAS Nexus. (2015) 112:5649–54. doi: 10.1073/pnas.1503141112 

 7. Hou,J, Long,X, Wang,X, Li,L, Mao,D, Luo,Y , et al. Global trend of antimicrobial resistance in common bacterial pathogens in response to antibiotic consumption. J Hazard Mater. (2023) 442:130042. doi: 10.1016/j.jhazmat.2022.130042

 8. Soni,K, Jyoti,KM, Chandra,H, and Chandra,R. Bacterial antibiotic resistance in municipal wastewater treatment plant; mechanism and its impacts on human health and economy. J Biteb. (2022) 19:101080. doi: 10.1016/j.biteb.2022.101080

 9. Abadi,ATV, Rizvanov,AA, Haertlé,T, and Blatt,NL. World Health Organization report: current crisis of antibiotic resistance. Bio Nano Sci. (2019) 9:778–88.

 10. Ayukekbong,JA, Ntemgwa,M, and Atab,AN. The threat of antimicrobial resistance in developing countries causes and control strategies. ARIC. (2017) 6:e208. doi: 10.1186/s13756-017-0208-x 

 11. Kimera,ZI, Mshana,SE, Rweyemamu,MM, Mboera,LEG, and Matee,MIN. Antimicrobial use and resistance in food producing animals and the environment: an African perspective. Antimicrob Resist Infect Control. (2020) 9:37. doi: 10.1186/s13756-020-0697-x

 12. Oloso,NA, Fagbo,S, Garbati,M, Olonitola,SO, Awosanya,EJ, Aworh,MK , et al. Antimicrobial resistance in food animals and the environment in Nigeria: a review. Environ Res Public Health. (2018) 15:1284. doi: 10.3390/ijerph15061284 

 13. Huang,R, Guo,Z, Gao,S, Jianchu,LM, Yu,Z, and Bu,D. Assessment of veterinary antibiotics from animal manure-amended soil to growing alfalfa, alfalfa silage, and milk. Ecotoxicol Environ Saf. (2021) 224:112699. doi: 10.1016/j.ecoenv.2021.112699

 14. Sugiharto,S. Role of nutraceuticals in gut health and growth performance of poultry. J Saudi Soc Agric Sci. (2016) 15:99–111. doi: 10.1016/j.jssas.2014.06.001 

 15. Stastník,O, Novotny,J, Roztocilov,A, Zálešáková,D, Řiháček,M, Horáková,L , et al. Caraway (Carum carvi L.) in fast-growing and slow-growing broiler chickens’ diets and its effect on performance, digestive tract morphology and blood biochemical profile (2022) 101:101980. doi: 10.1016/j.psj.2022.101980 

 16. Toson,A, Abd El Latif,M, Mohamed,E, Gazwi,HSS, Saleh,M, Kokoszynski,D , et al. Efficacy of licorice extract on the growth performance, carcass characteristics, blood indices and antioxidants capacity in broilers (2021) 17:100696. doi: 10.1016/j.animal.2022.100696 

 17. Amer,HY, Hassan,RIM, El-Zahraa,F, Mustafa,A, EL-Shoukary,RD, Rehan,IF , et al. Modulation of immunity, antioxidant status, performance, blood hematology, and intestinal histomorphometry in response to dietary inclusion of Origanum majorana in domestic pigeons’ diet (2023) 13:30664. doi: 10.3390/life13030664 

 18. Cabarkapa,I, Puvaca,N, Popovic,S, Colovi,D, Kostadinovi,L, Tatham,EK , et al. Aromatic plants and their extracts pharmacokinetics and in vitro/in vivo mechanisms of action. Feed Additives. (2020) 2020:75–88. doi: 10.1016/B978-0-12-814700-9.00005-4

 19. Cavallini,D, Raspa,F, Marliani,G, Nannoni,E, Martelli,G, Sardi,L , et al. Effect of dietary organic acids and botanicals on metabolic status and milk parameters in mid-late lactating goats. Animals. (2023) 13:797. doi: 10.3390/ani13050797

 20. El-Hack,MAD, El-Saadony,MT, Salem,HM, El-Tahan,AM, Soliman,MM, Youssef,GBA , et al. Alternatives to antibiotics for organic poultry production: types, modes of action and impacts on bird’s health and production. Poult Sci. (2022) 101:101696. doi: 10.1016/j.psj.2022.101696 

 21. Hassan,RIM, Refaie,MS, El-Shoukary,RD, Rehan,IF, Zigo,F, Karaffová,V , et al. Effect of dietary microalgae (Spirulina platensis) on growth performance, ingestive behavior, hemato-biochemical parameters, and economic efficiency of fayoumi broilers. Life. (2022) 12:1892. doi: 10.3390/life12111892 

 22. Jhonson,AM, Anderson,G, Anguelles-Ramos,M, and Ali,AAB. Effect of dietary essential oil of oregano on performance parameters, gastrointestinal traits, blood lipid profile, and antioxidant capacity of laying hens during the pullet phase. Front Animal Sci. (2022) 3:10727. doi: 10.3389/fanim.2022.10727

 23. Lacková,Z, Zigo,F, Farkašová,Z, and Ondrašoviˇcová,S. The effect of humic substances as an organic supplement on the fattening performance, quality of meat, and selected biochemical parameters of rabbits. Life. (2022) 12:1016. doi: 10.3390/life12071016 

 24. Skoufos,I, Bonos,E, Anastasiou,I, Tsinas,A, and Tzora,A. Effects of phytobiotics in healthy or disease challenged animals. Feed Additives. (2020) 2020:311. doi: 10.1016/B978-0-12-814700-9.00018-2

 25. Zheng,Z, Zhang,S, Wang,H, and Piao,X. Essential oil and aromatic plants as feed additives in non-ruminant nutrition: a review. J Anim Sci Biotechnol. (2015) 6:7. doi: 10.1186/s40104-015-0004-5 

 26. Castillo,A, Pascual,Y, Cunhanune,L, De la Paz,C, and Cañete,L. Evaluación de la actividad antimicrobiana de extractos de hojas y semillas de M. citrifolia Revista cubana de plantas medicinales. (2014) 19:374–82.

 27. Debonsi,H, Morandim,A, Cavalheiro,M, Marques,M, Young,M, and Kato,M. Composition and antifungal activity of ssential oils from P. aduncum, P. Arboreum and P. tuberculatum. Quim Nova. (2006) 29:467–70. doi: 10.1590/S0100-40422006000300012

 28. Pradhan,C, Mohabty,M, Rout,A, Bandhu,A, Bihari,K, and Kumar,H. Phytoconstituent screening and comparative assessment of antimicrobial potentiality of A. altilis fruit extracts. Int J Pharm Pharm Sci. (2013) 5:840–3.

 29. Anantharaj,A, Jeyakumar,S, Sathya,MM, and Sunder,J. Biochemical and antioxidant effects in crossbred calves fed with Morinda citrifolia. J Appl Animal Res. (2016) 45:252. doi: 10.1080/09712119.2016.1151794

 30. De-Lu Ma,C, Mal,S, Chen,X, and West,BJ. In vivo antioxidant activity of Deacetylasperulosidic acid in noni. J Anal Methods Chem. (2013) 2013:1–5. doi: 10.1155/2013/804504 

 31. Sasmito,E, Hertiani,T, Renggani,TN, and Laksana,BJ. Polysaccharide-rich fraction of noni fruit (Morinda citrifolia L.) as doxorubicin co-chemotherapy: evaluation of catalase, macrophages, and TCD8+ lymphocytes (2015) 83:479–88. doi: 10.3797/scipharm.1410-01 

 32. Wang,MY, Nowicki,D, Anderson,G, Jensen,J, and West,B. Liver protective effects of Morinda citrifolia (noni). Plant Foods Hum Nutr. (2008) 63:59–63. doi: 10.1007/s11130-008-0070-3 

 33. Lal,PP, Diarra,SS, Amosa,F, and Devi,A. Influence of stage of ripening and dietary concentration of noni (Morinda citrifolia L.) powder on broiler performance. J Agric Rural Dev Trop Subtrop. (2020) 121:57–62. doi: 10.17170/kobra-202004061142

 34. Servicio Nacional de Meteorología e Hidrología (SENAMHI). (2022). Promedio de temperatura y precipitación normal para Tingo Maria. Available in: https://www.senamhi.gob.pe/?p=pronosticodetalle&dp=10&localidad=0025

 35. Rostagno,H, Albino,L, Donzele,J, Gomes,P, De Oliveira,R, Lopez,D , et al. Tablas Brasileñas para aves y cerdos. Composición de alimentos y requerimientos nutricionales. 3a Edición. Belo Horizonte, Brasil: Universidad Federal de Viçosa-Departamento de Zootecnia (2017). 259 p.

 36. Girolami,F, Barbarossa,A, Badino,P, Ghadiri,S, Cavallini,D, Zaghini,A , et al. Effects of turmeric powder on aflatoxin M1 and aflatoxicol excretion in milk from dairy cows exposed to aflatoxin B1 at the EU maximum tolerable levels. Toxins. (2022) 14:430. doi: 10.3390/toxins14070430 

 37. Fan,T, Xie,Y, and Ma,W. Research progress on the protection and detoxification of phytochemicals against aflatoxin B1-induced liver toxicity (2021) 195:58–68. doi: 10.1016/j.toxicon.2021.03.007 

 38. Umaya,SR, Vijayalakshmi,YC, and Sejian,V. Exploration of plant products and phytochemicals against aflatoxin toxicity in broiler chicken production: present status. Toxicon. (2021) 200:55. doi: 10.1016/j.toxicon.2021.06.017

 39. Samour,J., Silvanose,C., and Pendl,H. (2016). Clinical and diagnostic procedures. J. Samour, (Ed.), Avian Medicine, 3ed Edition, Mosby

 40. Eckersall,P. (2008). Proteins, proteomics, and dysproteinemias. J.J. Kaneko, J.W. Harvey, and M.L. Bruss Clinical biochemistry of domestic animals. 6th Edn, Iowa, USA: Academic Press. 117–155

 41. Watersson,C.L. (2009). Proteins. Animal clinical chemistry a practical guide for toxicologists and biomedical researchers by Evans G.O. 2nd Edn. CRC Press. FL. 310

 42. Ghazanfari,S, Mohammadi,Z, and Adib Moradi,M. Effects of coriander essential oil on the performance, blood characteristics, intestinal microbiota and histological of broilers. Rev Bras Cienc Avic. (2015) 17:419–26. doi: 10.1590/1516-635X1704419-426

 43. Hashemi,SR, Zulkifli,I, Davoodi,H, Zunita,Z, and Ebrahimi,M. Growth performance, intestinal microflora, plasma fatty acid profile in broiler chickens fed herbal plant (Euphorbia hirta) and mix of acidifiers. Anim Feed Sci Technol. (2012) 178:167–74. doi: 10.1016/j.anifeedsci.2012.09.006

 44. Culling,CSA, Allison,RI, and Barr,WT. Cellular pathology technique. 4th ed. London: Butter Worth publishing (1985). 642 p.

 45. Ogbuewu,IP, Mokolopi,BG, and Mbajiorgu,CA. Meta-analysis of growth performance indices of broiler chickens in response to turmeric (Curcuma longa L.) supplementation. J Antifeed Sci. (2022) 283:115155. doi: 10.1016/j.anifeedsci.2021.115155

 46. Bashir,MA, Khan,MH, Essa,M, Taj,MA, Fida,A, Samiullah,K , et al. Role of botanical leaves powder in blood hematology of living organisms. J Inflamm Res. (2022) 34:101789. doi: 10.1016/j.jksus.2021.101789

 47. Pollesel,M, Tassinari,M, Frabetti,A, Fornasini,D, and Cavallini,D. Effect of does parity order on litter homogeneity parameters. Italian J Animal Sci. (2020) 19:1188. doi: 10.1080/1828051X.2020.1827990

 48. Software Statistics Infostat. (2022). Cordova, Argentina

 49. Odoh,LI, and Bratte,L. Effects of varying levels of neem (Azadirachta indica) leaf meal in layer diets on the haematological and serological indices, and faecal bacterial counts of layers. J Nat Sci Res. (2015) 5:37–44.

 50. Ajiboye,BO, Ojo,OA, Aganzi,IY, Chikezie,GS, Fadaka,OA, Jayesimi,K , et al. Antihyperanaemic and antihyperlipidemic activities of Artocarpus altilis fruit based-diet on alloxan-induced diabetic rats. Int Food Res J. (2017) 24:2133–9.

 51. De Sousa,B, Miguel,CB, Rodrigues,WF, Machado,JR, da Silva,MV, Alvares da Costa,T , et al. Effects of short-term consumption of Morinda citrifolia (noni) fruit juice on mice intestine, liver, and kidney immune modulation. Food Agric Immunol. (2017) 28:528–42. doi: 10.1080/09540105.2017.1306492

 52. Mhatre,BA, and Marar,T. Protective effect of Morinda citrifolia L. (fruit extract) on methotrexate-induced toxicities-hematological and biochemical studies. Cogent Biol. (2016) 2:1207879. doi: 10.1080/23312025.2016.1207879

 53. Sousa,PJC, Barros,CAL, Rocha,JC, Lira,DS, Monteiro,GM, and Maia,JGS. Avaliação toxicológica do óleo esencial de Piper aduncum L. Rev Bras. (2008) 18:217–21. doi: 10.1590/S0102-695X2008000200013

 54. Nnenna,PO, and Okey,AA. Toxicity and nutritional assessment of aqueous Azadirachta Indica (neem) leaf extract in broiler chicks. IJB. (2013) 3:172–80. doi: 10.12692/ijb/3.6.172-180

 55. Yang,R.Y., Chang,L.C., Hsu,J.C., Weng,B., Palada,M., Chadha,M.L., et al. (2006). Nutritional and functional properties of Moringa leaves − from germplasm, to plant, to food, to health. Proceed. of the Moringa and other highly nutritious plant resources: strategies, standards and markets for a better impact on nutrition in Africa, Ghana, 1–8

 56. Reece,W. (2015). The composition and functions of blood. W.O. Reece, H.H. Erickson, J.P. Goff, and E.E. Uemura Duckes’ physiology of domestic animals 13th edition, Wiley Blackwell, Oxford, UK. 114–136

 57. Braun,EJ, and Sweazea,KL. Glucose regulation in birds. Comp Biochem Physiol B. (2008) 151:1–9. doi: 10.1016/j.cbpb.2008.05.007

 58. Stevens,L. (1996). Lipids and their metabolism. Avian biochemistry and molecular biology. Cambridge University Press. Cambridge, UK. 46–64

 59. Sweazea,KL. Revisiting glucose regulation in birds – A negative model of diabetes complications. Comp Biochem Physiol B. (2022) 262:110778. doi: 10.1016/j.cbpb.2022.110778

 60. Mozef,T, Risdian,C, Sukandar,EY, and Soemardji,AA. Bioactivity of ethyl acetate fraction from the leaves of “Sukun” (Artocarpus altilis (Parkinson) Fosberg) in preventing atherosclerosis. Proc Chem. (2015) 16:106. doi: 10.1016/j.proche.2015.12.037

 61. Wang,R, Wang,L, Wu,H, Zhang,L, Hu,X, Li,C , et al. Noni (Morinda citrifolia L.) fruit phenolic extract supplementation ameliorates NAFLD by modulating insulin resistance, oxidative stress, inflammation, liver metabolism and gut microbiota. J Food Res. (2022) 160:111732. doi: 10.1016/j.foodres.2022.111732

 62. Schultz Branquinhoa,L, Santos,JA, Lima Cardoso,CA, da Silva Mota,J, Lanza Junior,U, Kassuya,CAL , et al. Anti-inflammatory, and toxicological evaluation of essential oil from Piper glabratum leaves. J Ethnopharmacol. (2017) 198:132. doi: 10.1016/j.jep.2017.01.008

 63. Costa,NA, Duarte,EF, Guimarães,GS, Minafra,CS, Souza,LP, and Santos,FR. Plant extract of noni (Morinda citrifolia) as growth promoters of broilers. Res Soc Dev. (2020) 9:1–26. doi: 10.33448/rsd-v9i7.3608

 64. Pan,D, and Yu,Z. Intestinal microbiome of poultry and its interaction with host and diet. Gut Microbes. (2014) 5:108–19. doi: 10.4161/gmic.26945 

 65. Bedbury,HP, and Duke,GE. Cecal microflora of turkeys fed low or high fiber diets: enumeration, identification, and determination of cellulolytic activity. Poult Sci. (1983) 62:675–82. doi: 10.3382/ps.0620675 

 66. Gong,J, Forster,RJ, Yu,J, Chambers,JR, Sabour,PM, Wheatcroft,R , et al. Diversity and phylogenetic analysis of bacteria in the mucosa of chicken ceca and comparison with bacteria in the cecal lumen. FEMS Microbiol Lett. (2002) 208:1–7. doi: 10.1111/j.1574-6968.2002.tb11051.x 

 67. Sowmiya,S, Jasmine,R, Mohan,S, Santhanam,R, Prathiviraj,R, Kiran,GS , et al. Analysis of the gut microbiota of healthy CARI-Nirbheek (Aseel cross). Environ Adv. (2022) 9:100304. doi: 10.1016/j.envadv.2022.100304

 68. Han,GG, Kim,EB, Lee,J, Lee,JY, Jin,G, Park,J , et al. Relationship between the microbiota in different sections of the gastrointestinal tract, and the body weight of broiler chickens. Springerplus. (2016) 5:911. doi: 10.1186/s40064-016-2604-8 

 69. Li,J, Li,Y, Xiao,H, Li,W, Ye,F, Wang,L , et al. The intestinal microflora diversity of aboriginal chickens in Jiangxi province, China. Poult Sci. (2024) 103:103198. doi: 10.1016/j.psj.2023.103198 

 70. Clavijo,V, and Vives,MJ. The gastrointestinal microbiome and its association with the control of pathogens in broiler chicken production: a review. J Am Assoc Instruct Invest Poultr Husbandry. (2018) 97:1006–21. doi: 10.3382/ps/pex359 

 71. Oakley,BB, Lillehoj,HS, Kogut,MH, Kim,WK, Maurer,JJ, Pedroso,A , et al. The chicken gastrointestinal microbiome. FEMS Microbiol Lett. (2014) 360:100. doi: 10.1111/1574-6968.12608

 72. Socaci,SA, Farcas,AC, and Tofana,M. Functional ingredients derived from aromatic plants. Feed Additives. (2020) 2020:133. doi: 10.1016/B978-0-12-814700-9.00008-X

 73. Daglia,M. Polyphenols as antimicrobial agents. Curr Opin Biotechnol. (2012) 23:174. doi: 10.1016/j.copbio.2011.08.007

 74. Soleimani,M, Arzani,A, Arzani,V, and Roberts,TH. Phenolic compounds and antimicrobial properties of mint and thyme. J Herbal Med. (2022) 36:100604. doi: 10.1016/j.hermed.2022.100604

 75. Yang,C, and Ottemann,KM. Control of bacterial colonization in the glands and crypts. Curr Opin Microbiol. (2019) 47:38–44. doi: 10.1016/j.mib.2018.11.004 

 76. Giannenas,I, Bonos,E, Christaki,E, and Florou-Paneri,P. Essential oils and their applications in animal nutrition. Med Aromatic Plants. (2013) 2:e140. doi: 10.4172/2167-0412.1000140

 77. O’Bryan,CA, Pendleton,SJ, Crandall,PG, and Ricke,SC. Potential of plant essential oils and their components in animal agriculture – in vitro studies on antibacterial mode of action. Front Vet Sci. (2015) 2:#5. doi: 10.3389/fvets.2015.00035 

 78. Seow,YX, Yeo,CR, Chung,HL, and Yuk,H-G. Plant essential oils as active antimicrobial agents. Crit Rev Food Sci Nutr. (2014) 54:625–44. doi: 10.1080/10408398.2011.599504

 79. Zhang,Y, Liu,X, Wang,Y, Jiang,P, and Quek,SY. Antibacterial activity and mechanism of cinnamon essential oil against Escherichia coli and Staphylococcus aureus. Food Control. (2016) 59:282–9. doi: 10.1016/j.foodcont.2015.05.032 

 80. Jang,IS, Ko,YH, Kang,SY, and Lee,SY. Effect of a commercial essential oil on growth performance, digestive enzyme activity and intestinal microflora population in broiler chicken. J Anifeed Sci. (2017) 6:e6. doi: 10.1016/j.anifeedsci.2006.06.00

 81. Murugesan,GR, Syed,B, Haldar,S, and Pender,C. Phytogenic feed additives as an alternative to antibiotic growth promoters in broiler chickens. Front Vet Sci. (2015) 2:e21. doi: 10.3389/fvets.2015.00021 

 82. Si,W, Gong,J, Tsao,R, Zhou,T, Yu,H, Poppe,C , et al. Antimicrobial activity of essential oils and structurally related synthetic food additives towards selected pathogenic and beneficial gut bacteria. J Appl Microbiol. (2006) 100:296–305. doi: 10.1111/j.1365-2672.2005.02789.x 

 83. Aughey,E, and Frye,FL. Comparative veterinary histology with correlates. London UK: Manson Publishing Ltd. (2001). 292 p.

 84. Sumigray,KD, Terwilliger,M, and Lechler,T. Morphogenesis and compartmentalization of the intestinal crypt. Dev Cell. (2018) 45:183–197.e5. doi: 10.1016/j.devcel.2018.03.024 

 85. Zhao,D, Farnell,MB, Kogut,MH, Genovese,KJ, Chapkin,RS, Davidson,LA , et al. From crypts to enteroids: establishment and characterization of avian intestinal organoids. Poult Sci. (2021) 101:101642. doi: 10.1016/j.psj.2021.101642 

 86. Hamedi,S, Rezaian,M, and Shomali,T. Histological changes of small intestinal mucosa of cocks due to sunflower meal single feeding. Am J Animal Vet Sci. (2011) 6:171. doi: 10.3844/ajavsp.2011.171.175

 87. Prakatur,I, Miskulin,M, Pavic,M, Marjanovic,K, Blazicevic,V, Miskulin,I , et al. Intestinal morphology in broiler chickens supplemented with Propolis and bee pollen. Animals. (2019) 9:60301. doi: 10.3390/ani9060301 

 88. Islam,R, Sultana,S, Bhakta,S, Haque,Z, Hasan,AL, Siddique,MP , et al. Modulation of growth performance, gut morphometry, and cecal microbiota in broilers by clove (Syzygium aromaticum) and tulsi (Ocimum sanctum) supplementation. Poult Sci. (2023) 102. doi: 10.1016/j.psj.2022.102266 

 89. Kiczorowska,B, Al-Yasiry,ARM, Samolińska,M, Marek,AR, and Pyzik,E. The effect of dietary supplementation of the broiler chicken diet with Boswellia serrata resin on growth performance, digestibility, and gastrointestinal characteristics, morphology, and microbiota. Livestock Sci. (2016) 191:117. doi: 10.1016/j.livsci.2016.07.019

 90. Li-Zhi,J, Dersjant-Li,Y, and Giannenas,I. Application of aromatic plants and their extracts in diets of broiler chickens. Feed Additives. (2020) 2020:159. doi: 10.1016/B978-0-12-814700-9.00010-8

 91. Eyng,C, Murakami,AE, Duarte,CRA, and Santos,TC. Effect of dietary supplementation with an ethanolic extract of propolis on broiler intestinal morphology and digestive enzyme activity (2014) 98:393–401. doi: 10.1111/jpn.12116 

 92. Wang,J, Li,S, Wang,Q, Xin,B, and Wang,H. Trophic effect of bee pollen on small intestine in broiler chickens. JMF. (2007) 2006:215. doi: 10.1089/jmf.2006.215

 93. Wang,L, Li,J, Li,J Jr, Li,RX, Lv,CF, Li,S , et al. Identification of the Paneth cells in chicken small intestine. Poult Sci. (2016) 95:1631. doi: 10.3382/ps/pew079

 94. Barker,N, van Oudenaarden,A, and Clevers,H. Identifying the stem cell of the ntestinal crypt: strategies and pitfalls. Cell Stem Cell. (2012) 11:452. doi: 10.1016/j.stem.2012.09.009

 95. Bankaitis,ED, Ha,AJ, Kuo,CJ, and Magness,ST. Reserve Stem Cells in Intestinal Homeostasis and Injury. (2018). doi: 10.1053/j.gastro.2018.08.016

 96. Li,J, Li,J Jr, Zhang,SY, Li,RX, Lin,X, Mi,YL , et al. Culture and characterization of chicken small intestinal crypts. Poult Sci. (2018) 97:1536. doi: 10.3382/ps/pey010

 97. da Silva,AD, Matias,EFF, Rocha,J, Araújo,ACJ, de Freitas,T, Campina,F , et al. Gas chromatography coupled to mass spectrometry (GC-MS) characterization and evaluation of antibacterial bioactivities of the essential oils from Piper arboreum Aubl., Piper aduncum L. e Piper gaudichaudianum Kunth. Z Naturforsch C J Biosci. (2021) 76:35–42. doi: 10.1515/znc-2020-0045 

 98. Cohen,A, Klasing,K, and Ricklefs,R. Measuring circulating antioxidants in wild birds. Compar Biochem Physiol Mol Biol. (2007) 147:110–21. doi: 10.1016/j.cbpb.2006.12.015 

 99. Ku,H, and Sohal,RS. Comparison of mitochondrial pro-oxidant generation and antioxidant defenses between rat and pigeon: possible basis of variation in longevity and metabolic potential. Mech Ageing Dev. (1993) 72:67–76. doi: 10.1016/0047-6374(93)90132-B 

 100. Paredes-López,DM, Robles-Huaynate,R, Beteta-Blas,X, and Aldava-Pardave,U. Effect of Morinda citrifolia fruit powder on physiological and productive performance of Cavia porcellus. Front Vet Sci. (2023) 10:134138. doi: 10.3389/fvets.2023.1134138 

 101. Vini,K, Akhmad,TM, and Agustono,. Increasing growth performances of Nile tilapia (Oreochromis niloticus) by supplementation of noni Morinda citrifolia fruit extract via diet. AACL Bioflux. (2020) 13:159–66.

 102. Yancey,JWS, Apple,JK, Kegley,EB, and Godbee,RG. Effects of Morinda citrifolia (noni) pulp on growth performance and stress responses of growing cattle. Prof Animal Sci. (2013) 29:420–5. doi: 10.15232/S1080-7446(15)30255-2

 103. Giannenas,I, Bonos,E, Filliousis,G, Stylianaki,I, Kumar,P, Lazari,D , et al. Effect of a polyherbal or an arsenic-containing feed additive on growth performance of broiler chickens, intestinal microbiota, intestinal morphology and lipid oxidation of breast and thigh meat. J Appl Poultry Res. (2018) 28:164. doi: 10.3382/japr/pfy059

 104. Van Der Aar,PJ, Molist,F, and Van Der Klis,JD. The central role of intestinal health on the effect of feed additives on feed intake in swine and poultry. Animal Feed Sci Technol. (2017) 233:64. doi: 10.1016/j.anifeedsci.2016.07.019

 105. Vinassa,M, Cavallini,D, Galaverna,D, Baragli,P, Raspa,F, Nery,J , et al. Palatability assessment in horses in relation to lateralization and temperament. J Appl Animal. (2020) 2020:105110. doi: 10.1016/j.applanim.2020.105110

 106. Van Eerden,E, Star,L, Van Der Aar,L, and Jin,LZ. Effect of dietary oregano (Origanum vulgare L.) essential oil on growth performance of broiler chickens fed with diets of different metabolizable energy levels. J Anim Sci. (2012) 90:559. doi: 10.5897/AJB10.2596

 107. Kant,R, and Kumar,A. Review on essential oil extraction from aromatic and medicinal plants: Techniques, performance and economic analysis. (2022). doi: 10.1016/j.scp.2022.100829

 108. Pereira,CG, and Meireles,MAA. Economic analysis of rosemary, fennel and anise essential oils obtained by supercritical fluid extraction. (2007). doi: 10.1002/ffj.1813 


Copyright
 © 2024 Paredes-López, Robles-Huaynate, Soto-Vásquez, Perales-Camacho, Morales-Cauti, Beteta-Blas and Aldava-Pardave. 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-11-1286152-t005.jpg
Treatments EE level TP (g/ ALB(g/  GLOB (g/
dL)

(%) dL)
- 23367 61.68 21045 175 233 133 0.98
Control
+ 21358 49.58ab 21086 18.00 219 126 0.94
0.005 21917 40.57b 22031 1875 232 133 0.98
P aduncum
001 22467 45.37ab 207.26 17.67 224 131 0.92
0005 22250 4652 20216 175 230 135 096
M. citrifolia
001 23450 45.83ab 21394 18.08 236 135 100
0.005 21658 45.96ab. 191.25 18.42 232 140 091
A alilis
001 2258 41.45b 22085 1775 22 133 0.8
14days 196.72b 38.60¢ 187.36b 11.00b 1.96b 123b 0.73b
Ages (Days) 21days 23988 46.33b 21558 21162 241a 1362 1042
28days 23363 57.5% 2743 2172 248 1421 1062
prvalue
Treatment (T) 0.4884 0.0001 0256 0.9744 044 07 0727
Age(A) 0.0001 0.0325 0.0001 0,0001 0,0001 0,0001 0.0001
"TxA 00053 00142 0456 00779 0174 0.103 0.505
C. (%) 1203 323 266 17.7 896 4291 18.23
R 998 5239 4331 7803 67.43 4133 5544
Adjusted R* 4142 3718 2521 7101 57.03 2258 4121

Different leters denote significant differences (p<0.05).
GLU, glucose; TRIG, riglycerides; AST, aspartate transaminase; AL, alanine; transaminase; T, total protein; ALB, albumin GLOB, lobulin; transformation Box-Cox with lambda.
for TRIG (*) logarithm base 10 for TGO (*#) and ALB (%),






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Modulation of Gut Microbiota, and Morphometry, Blood Profiles and performance of Broiler Chickens Supplemented with Piper aduncum, Morinda citrifolia, and Artocarpus altilis leaves Ethanolic Extracts



		Introduction



		Materials and methods



		Leaves for ethanolic extract



		Rearing the broiler chickens



		Experimental diets and feeding



		Extract supplementation



		Blood samples, hematology, and blood metabolite profiles



		Intestinal content samples and microbiological culture



		Intestinal tissue samples and evaluation of intestinal morphometry



		Determining the productive parameters



		Statistical analyses









		Results



		Hematological and blood metabolites profiles



		Intestinal microbiology



		Intestinal morphometry



		Productive indices









		Discussion



		Hematology and metabolites profiles



		Antimicrobial activity



		Intestinal morphometry



		Productive performance









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fvets-11-1286152-t004.jpg
Treatments EE Hematological profiles

level (%)
HB ERY Mcv MCH MCHC “LINF
mgdl)  (x10° (D (p9  (gdLD (%)
pLY)
- 30.75 10.15 348 88.47 2920 33.01 62.75 19.67 37.25ab
Control
+ 29.25 9.65 333 87.91 29.00 3299 67.25 1732 32.75ab

0.005 2825 9.33 323 87.53 2890 33.02 64.50 9.95 35.50ab
P aduncum

0.01 27.00 8.88 3.10 87.05 28.62 3287 67.75 1323 29.75b.

0.005 27.00 883 3.10 87.02 2847 3271 69.50 1453 30.75ab
M. ctriflia

0.01 29.50 9.60 333 87.97 28.78 3271 61.25 1440 37.25ab

0.005 2850 9.40 325 87.64 2890 3298 63.00 1272 34.50ab
A.altlis

0.01 29.50 9.75 335 88.06 29.10 33.05 59.00 19.68 41.00a
Variance analysis
p-value 0.2394 0.2181 0.2470 0.2321 0.1158 0.3303 0.1722 0.1470 0.0374
CV (%) 7.56 7.67 6.63 0.94 124 0.76 8.66 3440 0.02
A} R (%) 884 9.99 838 9.30 16.70 480 12.60 1430 26.70

“Different letters denote significant differences, NSK test (p<0.05). The rsiduals did not meet the assumptions of normality and homoscedast
Jambda = -2 was done. Different letters indicate significant differences (p<0.05).

HTO, hematocrit; HB, hemoglobins ERY, erythrocytes; MCV, mean cell olume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; LINF;
lymphocytes; LEU, leucocytes; GRA, granulocytes.

y; *“the Box-Cox transformation with





OPS/images/fvets-11-1286152-t007.jpg
Treatmen EE levels (%) 14 days 21days 28days

Control - 45.25 6432 8361
+ 5084 3982 61.29

P aduncum 0.005 3092 4259 52,06
001 29288 5125 66.68A

M. citrifolia 0.005 4096 38.98 64.94
001 31708 4611 69.93A

A altilis 0.005 45.34 50.98 4214
001 4259 4295 3897

Different leters denote statistical diferences (p<0.05): lowercase leters between the treatments within the same age (column), and uppercase letters betueen the ages within each treatment

(row).





OPS/images/fvets-11-1286152-t006.jpg
Treatments EE levels (%) 14 days PANEVE 28days

Control - 2175 2375 21650
+ 172.75b 234.00 234.00

P aduncum 0.005 191.50 234.00 23200
0.01 188.25 258.00 227.75

M. citrfolia 0.005 20050 20925 2775
0.01 199.25B 270.00aA 23425

A altlis 0,005 20075 198,500 25050
0.01 179.00B 2325 256.25A

Different letters denote significant differences (p<0.05). Lowercase letters between the treatments within each age (column). Uppercase letters between the ages within each treatment (row).





OPS/images/fvets-11-1286152-t003.jpg
Diet samples Treatments Dry matter  Ash (% of Crude Extracto Total fiber ELN (% of
(DM) (%) DM) protein (% of  etereo (% of (% of DM) DM)

DM) DM)

1 base T1, T3, T5,T6,T7, T8 90.10 7.12 25 523 243 52.27
Initial with ZB 7 90.05 7.10 23,15 519 249 5212
Growth base T1,T3,T5, 6,17, T8 9124 681 213 7.02 232 52.96
Growth with ZB kel 9152 6.86 2204 7.16 235 53.11
Fattening base T1,T3,75,T6,17, T8 88.72 612 2034 7.92 240 5191

Fattening with ZB T2 89.05 611 2041 791 246 5214





OPS/images/fvets-11-1286152-t002.jpg
Ingredients (%) Initial Growth Fattening

T2 T2 T2
Corn 528 512 5396 512 512 512 5396 5396 5396
Palm oil 262 446 55 446 446 446 55 55 55
Soybean cake (46%) 364 399 3637 399 399 3988 3637 3637 3637
Calcium carbonate 089 079 075 079 079 079 075 075 075
Dicalcium phosphate 021 18 158 18 18 18 158 158 158
Salt 0.23 022 02 022 022 0.22 02 02 02
Premix Vit+ Min. 015 015 01 015 015 015 o1 o1 01
Aflaban 005 005 005 0.05 005 005 005 0.05 005
Coccidiostat 0.05 0.05 005 0.05 005 0.05 0.05 0.05 005
Butylated 005 0.05 005 0.05 005 0.05 0.05 0.05 005
hydroxytoluene
Choline chloride 0.25 02 02 02 02 02 02 02 02
Sodium butyrate o1 01 [ 01 [ o1 X 01 01
Sodium bicarbonate 0.46 045 0.44 045 045 0.45 0.44 0.44 044
Lysine (78.4%) 031 022 024 022 022 0.22 0.24 0.24 024
Methionine (99%) 0.25 0.23 02 0.23 023 0.23 0.22 0.22 022
Threonine (98%) o 0.09 009 0.09 009 0.09 0.09 0.09 009
Valine (99%) 0.09 0.06 0.06 0.06 006 0.06 0.06 0.06 006
BMD (10%) 0 001 0 0 [ 0 0 0.05* 0
Extruded soybean 5 0 0 0 0 0 0 0 0
Oxytetracycline (99%) 0 0 0 0 0 0 0 0 0
Total 100 100 100 100 100 100 100 100 100

1, negative control; T2, positive control; T3-T8, supplemented with ethanolic extract up to 26 days of age.





OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Modulation of Gut Microbiota,
and Morphometry, Blood Profiles
and performance of Broiler
Chickens Supplemented with
Piper aduncum, Morinda citrifolia,
and Artocarpus altilis leaves
Ethanolic Extracts












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
' frontiers Frontiers in Veterinary Science






OPS/images/fvets-11-1286152-e005.jpg
Total feed consumption
Total weight gain

FCR =





OPS/images/fvets-11-1286152-e006.jpg





OPS/images/fvets-11-1286152-e003.jpg
 final weight — initial weight

DWG(e) time (days)





OPS/images/fvets-11-1286152-e004.jpg
 final lot weight — initial lot weight

CWG(g)=
€)= umber of fnished birds in the lot





OPS/images/fvets-11-1286152-t001.jpg
Metabolite Test P. aduncum EL M. citrifolia
Alkal Dragendorff ++ ++ =
Mayer ++ ++ =
Wagner +r ++ -
Lactones Baljet - + -
Phenolic compounds Cloruro férrico e e -
Flavonoids Shinoda e o +
Antocianidins Antocianidina + + =
Catequins Catequinas + + =
Triterpens and Esteroids Liebermann-Burchard ++ + +
Cardendlids Kedde - - -
Quinones Borntriger + ++ +
Saponins Foam + - -
Resins Resins + - -
Reducing sugars Fehling ++ - +

Aminodcids Ninhidrina + + +





OPS/images/fvets-11-1286152-g001.jpg





OPS/images/fvets-11-1286152-g002.jpg
>
&

&

3
0

RE= 00074

@ Lieverkhun crypts dept (LCD)
&

190
150
1314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Age (Days)
350
300

250 | i

©y=00268x+ 20972

VLILCD ratio
g 8

R 00344
©y=-00073n. 27846
R0
o ®y=0.0081x+2.4418
R = 0003
050 ©y200524r 4 17439 0 ¥ =0.0063x +2.5054
R=01us RE=00029%
000
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Age (Days)
c 0.50
050
050
0.50

0y =80 3% 105

R0l
0 y=-90 4%+ 04999 73 405
R =02178" 00085
oy=20xr05 17405
o= 003
o =175 r0s
5 Ro0s
1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29
Age (Days)
 Control - * P. aduncum 0.01 A. aliilis 0.005
 Control + M. citrifolia 0005 A. aliilis 0.01

* P. aduncum 0.005 M. citrifolia 0.01





OPS/images/fvets-11-1286152-e001.jpg
_ Total weight to feed intake

DFI(g)=
()= Naumber of days of breeding





OPS/images/fvets-11-1286152-t012.jpg
Treatmen EE level (%) 14 Days 21Days 28 Days

- 552 566 5.26b
Control
+ 5.13B 627 7.062A

0,005 556 518 5.85b
P aduncum

001 541 5.208 6384

0.005 582 494b 6.05b
M. citrifolia

001 4728 516 6174

0.005 5.26 521 559
A altilis

001 549 525 557b

Different leters denote significant differences, SNK test (p<0.05). Lowercase letters compare the LV/PC between the treatments within the same age (column). Uppercase leters compare the
LV/PC between the ages within the same treatment (row).





OPS/images/fvets-11-1286152-e002.jpg
Weight of the lot without disposals

CY (%) =100x LA
Live Weight of the lot





OPS/images/fvets-11-1286152-t014.jpg
Productive Rearing Treatments

indices stages P——
& Control P. aduncum M. citrifolia
0.005 0.01 0.005 0.01

Starting 129.66b 133.73b 129.27b 135.80b 153272 14964 130,57 128.30b
Weight gain (WG)  Growth 699.79b 72671 697.28b 72991 79783 752.20 71362 7223
(gr/chicken) Fattening 1117.14ab 1041.32b 1115.97ab 1061.62b 1112.18ab 1245242 962.27b 1041.03b

Total 194659c  1901.76bc 194252 1927.35bc 2063.28 2147080 180646c  189155bc

Starting* L46b 146D 151b 146b 137b 141b 148 193
Feed conversion | Growth? 161 147 154 149 144 154 152 148
rate (FCR) Fattening* 205 2200 198 2100 203 178b 222 217

Total* 187 190 179 183 176 1670 189 188

Starting 27.15¢ 2797 27.80 2830 2998b 30.13b 2768 3565
Feedintake (FI) | Growth® 8013 76.14¢ 76.42¢ 76.75be 82400 829% 7854c 75.60c
(gr/day/chicken) Fattening’ 19093 190.93 184.39 188.24 188.64 184.48 18101 190.69

Total* 10938 10756 1055 10738 10978 1086 10452 108.99

Starting 169.11b 17191b 167610 175.43b 196982 19361a 168.73b 167.16b
Final Weight (FW)

Growth 868910 898,620 86489 905.38b 99481 945.82ab, 882350 889,390
(grlchicken)

Fattening 1986.05bc  193994bc 1980.86bc 196699bc | 21069%b 2191062 184462 1930.42bc

Weight 163167bc  162625bc  168925abc  164150bc 1874000 1861a 152650c  1797.750b
Carcass yield (CY)

Yield 7873 79.86 791 80.02 80.22 7921 7936 79.72

abed: different leters denote significant differences between treatments, SNK test (p<0.05). *, Kruskal-Wallis ANOVA was applied, and medians are presented; *, Box-Cox with lambda ~2
transformation; *, no parametric tests were applied without ANOVA E modification.
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Broiler stage p-value VC (%) Adjusted. R? (%)

Starting 0.0044 7.06 411
Growth 00365 551 2685
Weight Gain (gr/chicken)
Fattening 0.0078 7.94 37.62
Total 00022 505 4488
Starting® 0.0001 9.85 60.64
Growth+ 01516 800 13.99
Feed Conversion
Fattening 00333 10.04 2757
Total 00302 785 2831
Starting 0.0001 126 7863
Growth 0.0921 7.76 18.94
Feed Consumption (gr/daylchicken)
Fattening* 04264 0.01 103
Total* 04264 0.01 103
Starting 0.0005 568 519
Final Weight (ge/chicken) Growth 00056 489 39.62
Fattening 00017 495 46,17
Weight 00073 7.1 3806
Carcass
Yield 07545 166 0.00

**and * Data were transformed with the base 10 logarithm and Box-Cox 4.

2, respectively
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Factors length (VI

Age(A) 0.0000 0.0000 00337 0.0001

Treatment (T) 01304 00164 00391 0.0017

Segment (5) 0.0000 0.0000 00095 0.0001

AT 00021 0.0000 00313 0.0001

ES 0.0000 00280 02611 0.0012

T 06906 08131 08659 03811

ESTHS 0.1650 09276 0.8404 0.0604

VC (%) 695 283 011 1220

Adjusted R (%) §7.18 3560 671 8314

Treatments

Control - 108036 19498 12277 548

+ 115700 187.14° 12134 612

P aduncum 0.005 107959 19287 12542 553
001 11579 19655 12045 565

M.citrifolia 0.005 115732 203,60 12399 559"
001 114714 21305 12170 533

A. altilis 0,005 109034 20175 12923 535
001 1128 20256 12342 a4

Age

14days 100923 186.16" 12047 536"

21days 120173 2360 12337 535"

28days 114492 189.08" 125.66° 598

Segment

Duodenum 1684.00° 200.14° 1259¢° 807

Jejunum 1049.65" 20307 12103 516"

Tleum 72017 185.36" 123.56° 387

Different ltters denote significant differences for the SNK test (p<0.05). The Box-Cox transformation was done with lambda=2 (¥), base 10 logarithm (*#), square root (*+%), and
lambda =0.4646465.
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Treatments EE level (%) Staphylococcus sp. (Logso E. coli (Logyo Lactobacillus sp. (Logio

CFU/mL) CFU/mL) CFU/mL)
Control + 5.77ab. 442 672
Control
Control — 661 549 646

0.005 667 563 753
P aduncum

0.01 6.14ab 534 681

0.005 6.07ab 645 673
M.citrifolia

001 4.46b 511 669

0.005 668 609 663
A.alilis

0.01 5.97ab 511 678
Age
21days 611 6174 672
28days 599 4748 686
p-value: Treatment (T) 00376 02692 02767
Age(A) 07199 0.0007 04744
oA 0.4851 05591 03689
v %) 18.79 2435 9.94
R 4296 477 3551
Adjusted R 1623 2.8 528

Different letters between rows denote significant differences for the SNK test at 5%. The base 10 logarithmic transformation s used for the three variables.
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Treatment Extract level Chickens age (Days)

21
- 17.85 12852 12266
Control
+ 12143 18.38b 12444
005 12389 12228 13055
P aduncum
001 n7.n 116.00b 12881
005 12043 12443 12742
M. citrifolia
001 12235 12378 19.12
0.05 12434 137.18a 127.19
A altilis
001 12441 11989 12622

Different leters denote significant differences SNK (p <0.05). Lowercase letters denote significance between treatments within each age (column). Uppercase letters denote significance
between ages within the same treatment (row)
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Treatment Extract dose Chicken age (Days)

21
- 192,124 194.45bA 198434
Control
+ 197314 199.28bA 166.69bA
005 177.18B 237.67A 170388,
P aduncum
001 178,818 247434 171638,
005 188.09A 229134 195824
M. citrifolia
001 196.53B 2443624 201388
005 179.48B 22356A 20465
A altilis
001 181.00A 21937A 2093204

Different leters denote significant differences, SNK test (p<0.05). Lowercase leters denote significance between treatments within each age (column). Uppercase letters denote significance
between each treatment (row).





