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This study investigated the impact of various concentrations of fructooligosaccharides (FOS) prebiotic on the production performance, antioxidant status, and immune response of broiler chicken. The FOS was used at 0, 0.3, 0.5, and 0.7%. The cycle included 340 broilers distributed into 4 batteries, with 85 broiler chickens in each battery. There were 5 replicates with 17 broiler chickens each, and the analyses were triplicated. The studied parameters were production performance, antioxidant status, hematological measurements, cellular and humoral immune response, intestinal acidosis, intestinal microbial counts, and volatile fatty acid (VFA) level in the hindgut. Results showed that broiler chickens fed 0.7% of FOS had significantly higher body weight gain than the control group and the groups fed 0.3% and 0.5% of FOS. Supplementing broiler feed with FOS at all levels increased the total antioxidant capacity (TAC) and reduced the malondialdehyde of the sera (P = 0.015 and 0.025, respectively). Liver catalase enzyme in the broiler chickens fed 0.5 and 0.7% of FOS was higher than that of the control group and the group fed 0.3% of FOS (P = 0.001). However, the liver MDA of the control group was higher than that of all the other groups (P = 0.031). The total WBC and heterophils % were the highest after supplementing broilers with 0.7% FOS (P = 0.004 and 0.003, respectively) at 3 wks of age. Conversely, lymphocytes and monocytes were the lowest for the 0.7% FOS group (P = 0.030 and 0.020, respectively). Dietary 0.05 and 0.7% of FOS induced the highest cellular response compared to the other treatments (P = 0.020). Thymus, bursa of Fabricious, and spleen weights were enhanced after FOS supplementation, which indicates a higher specific cellular response. To conclude, FOS prebiotic at all levels can be utilized safely to enhance the antioxidant activity and the cellular immune response of broiler chickens. Using 0.7% of FOS resulted in higher body weight of broilers. Accordingly, this amount of FOS is sufficient to reach the required results.
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INTRODUCTION

Keeping the health status of poultry flocks at optimum levels is essential to improve the poultry industry and to ensure food security, especially during global pandemics such as the current coronavirus crisis. Using naturally occurring feed ingredients is one way to achieve this goal (1–4). Prebiotics are short-chain oligosaccharide components that are indigestible and trigger the growth and/or activity of beneficial gastrointestinal microbiota in the digestive system. These prebiotics aid in proliferating beneficial bacteria such as Bacteroides and Bifidobacterium in the gastrointestinal tract (GIT). Some naturally available sources of prebiotics are garlic, onions, and asparagus. Prebiotics contain fiber and oligosaccharides; these influence the amylase production in the GIT, which increases the growth rate of broilers (5–8). Prebiotics are selectively fermented in the colon by native gut microbiota. Prebiotics in the gastrointestinal tract usually target lactic acid bacterial genera Bifidobacterium and Lactobacillus. The development of these bacterial species has resulted in the production of the bacteriocins, which act against the development of pathogenic microbes such as Salmonella sp. and Escherichia coli, which improves the health of the chicken (9–15).

Fructooligosaccharide (FOS) is a prebiotic, more commonly found in plants, obtained by enzymatic synthesis through hydrolysis and transglycosylation reactions using sucrose (11). They are claimed to be antioxidants and immunomodulators in both humans and animals (16–21). FOS supplemented in the diets of broiler chickens could improve their growth, immune response, and intestinal mucosa structures, and modulate gut microbiota. The microbiota in the gastrointestinal tract of chickens is crucial for their nutrition, immunity, and physiology. There are few studies involving dietary FOS supplementation and its effects on the immune system of chicken.Biswas et al. (22) investigated the effects of prebiotics (mannan oligosaccharides-MOS and FOS) on physio-biochemical traits, antioxidant and oxidative stability, and carcass traits of 240 commercial broiler chickens. The chickens were fed six iso-caloric and iso-nitrogenous, corn-soya-based dietary treatments. The study team concluded that prebiotics incorporated into the diets of broiler chickens improved their physio-biochemical indices, body weight gain, antioxidant and oxidative stability, and carcass characteristics (22–24). In another study (25), 150 Arbor acres broiler chickens were fed diets supplemented with FOS, and the results showed significant improvement in growth performance and intestinal health, which in turn prevented intestinal damage and enhanced immune response. This suggests that supplementing FOS in broiler chicken diets may be an alternative method to replacing antibiotics and growth promotors.

The objective of the current study is to investigate the effect of different concentrations of FOS prebiotic on the broiler's production performance, antioxidant status, immune response, haemocytometric blood analysis, and intestinal microflora, to determine the optimum concentration to be used for broiler chicken flocks. The hypothesis is that FOS will improve the aforementioned parameters, but the different effects of the different concentrations should be highlighted. Although there are previous studies that investigated the effect of FOS prebiotic on the productive performance parameters in broiler chickens, there is relatively limited data on the direct effect of FOS prebiotic on the antioxidative status of blood and liver tissues in broiler chickens.



MATERIALS AND METHODS


Animal Welfare

This research study was approved by the department committee of the Environment and Life Sciences Research Center in Kuwait Institute for Scientific Research under project No. FA157K (2017). These procedures and protocols followed the official animal welfare guidelines and regulations encoded with reference No. PMO/PV/RP/032/2017. This protocol recommends humane treatment of experimental animals with no pain, stress, or harm.



Animals, Housing, and Diets

One-day old male Cobb-500broiler chicks were used in the study. The feed and water were provided ad libitum. The broilers were fed on a starter diet up to 1 week, on a grower diet up to 2–3 weeks of age, and on a finisher diet for up to 4–5 weeks. The diet was formulatedas per the Cobb 500 guidelines (26) with corn and soya.The broiler cycle involved 340 broilers, distributed into 4 batteries with 85 broilers in each battery. Every battery was comprised of 5 levels, and the area of every level was 0.85 m2. In each level, 17 broilers were raised, providing 0.05 m2 of space for each broiler chicken. There were four experimental treatments (TRT) used with different levels of FOS (unfortified, 0.3, 0.5, 0.7%). The composition of the basal broiler diet is presented in Table 1. During the initial 3 days of the cycle, 1-day-old chicks were provided light throughout the day to have enough time to find water and feed. The light program was gradually reduced. Artificial bulbs were used as a light source. Minimal vaccination was used for the Cobb-500 broilers as per the guidelines of the supplier. The temperature was kept at 30 °C for 14 d and then gradually reduced to 21 °C by 21 d.


Table 1. Chemical composition of the basal broiler diets.
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Sample Collection

Broiler chickens were slaughtered at 35 days of age through stunning and bleeding. Heparinized tubes were used with added liquid heparin to collect blood to avoid clots. Ten broilers per treatment were used for the analyses. Blood samples were collected in triplicates on 3 and 5 weeks of the production cycle. Organ samples like thymic lobes, spleen, fat pads, liver, heart, and bursa of Fabricious were collected in phosphate buffer saline (PBS) for estimating their weights.



Production Performance Variables in Broilers

The parameters measured were growth rate, feed efficiency, feed consumption, and mortality. Bodyweight and feed consumption were recorded. Temperature and relative humidity were also recorded daily and adjusted accordingly to avoid stressful conditions in the poultry house, especially during summer. Mortality was recorded daily. Broiler chicks were weighed regularly at hatch, after 1 week, and at the end of every 2 weeks, and after that, until the end of the cycle after 35 d.



Antioxidant Status Measurement

The antioxidant status was investigated by measuring antioxidant indices in sera and livers of the broiler's chickens supplemented with different concentrations of FOS. The liver's antioxidant activity was measured by total superoxide dismutase (TSOD) activity using a Ransod kit from Randox Laboratories, United Kingdom, as described before by Habibiet al. (28). KCL solution at 1.15% was used to homogenize tissue samples. TSOD activity was determined using xanthine and xanthine oxidase to produce a red formazan dye by reaction with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride (INT). TSOD activity was measured by units of the degree of inhibition of the reaction, and the results were expressed as unit/mg protein. Liver glutathione peroxidase (GPx) was indicated based on the protocol of Paglia, Valentine (29). Gpx catalyzes the oxidation of glutathione by cumene hydroperoxide. In the presence of glutathione reductase and NADPH, the oxidized glutathione is immediately converted to the reduced form with concomitant oxidation of NADPH to NADP+. The decrease in absorbance at 340 nm was measured (Ransel kit, Randox Laboratories Ltd. UK). The results of Gpx activity in liver tissue was expressed as unit/ mg protein. The catalase (30) enzyme activity in the liver was determined using the method of Aebi (31). The absorbance of the sample was measured at 240 nm for 30 s in a spectrophotometer. Sera malondialdehyde (32) and total antioxidant capacity (TAC) were measured as described before by Habibi, Sadeghi (28). Ten broilers per treatment were used for this test and samples were analyzed in triplicates.



Hematological Measurements

This involved evaluating and numerating immune and red blood cells (RBC) using a computerized hemocytometer. Blood samples (about 8–10 ml of blood per tube) were collected from the brachial vein of the chicken in vacutainer tubes (K2EDTA). The samples were kept in an icebox and were instantly analyzed. Total and differential blood quality parameters like hemoglobin (HGB), red blood cells (RBC), white blood cells (WBCs), mean corpuscular hemoglobin concentration (MCHC), hematocrit (HCT), red cell distribution width (RDW), mean corpuscular volume (MCV), thrombocyte platelets count (PLT), and mean corpuscular hemoglobin (MCH) were quantified using cell-Dyn 3,500 haematocytometer (Abbott Laboratories, Abbott Park, IL, USA). Ten broilers per treatment were used for this test.



Cellular Immune Response

Phytohaemagglutinin (PHA) was dissolved in pyrogen-free PBS. It was injected into the subcutaneous layer of the broiler skin, and subsequent swelling at the injection site (wattle) was measured after 24–72 h, which was interpreted as an index of cell-mediated immunocompetence. In this test, ten chickens at 5 weeks of age were used, as described previously by Goto, Kodama (33) and Corrier and DeLoach (34). The injection site was marked before injection, and the thickness of the injection site was measured by a micrometer. After this, the birds were injected intradermally in the wattle with 0.5 mg of PHA-P in 0.1 ml of PBS. Post injection thickness was typically measured at 24 h post injection, yet 24 h did not reflect the peak of the reaction; it could be measured (to nearest 0.01 mm) at 0, 24, 48, and 72 h after PHA-P injection. Wattle swelling was calculated as the difference between the thickness of the wattle prior to and after the injection of PHA-P.



Humoral Immune Response

Ten broiler chickens of 5 weeks of age from each treatment were used to test the humoral immune response. Antibody titers were estimated using sheep RBC. The chickens were injected with 1 ml of diluted sheep RBC solution (7 v/v in 0.9% NaCl). After a week of injection, blood serum samples were collected using centrifugation methods, and differential antibody titers were measured using commercial ELISA kits. 50 μl of the respective standards were added to each well in the 96-well tray. Then 40 μl of each sample was added to the sample wells, followed by 10 μl of biotin-conjugated anti-chicken antibody. Then, 50 μl of streptavidin-HRP was added to each sample, carefully avoiding the blank control wells, and reagents were mixed thoroughly. The plate was covered with a sealer and incubated for 60 min at 37°C. After incubation, the sealer was detached, and the plate was washed with wash buffer five times; the wells were overfilled and soaked for at least 30 sec to 1 min (35, 36). After each washing, paper towels were used to blot the plates. Then 50 μl substrate solution A was added to each well followed by 50 μl of substrate solution B (care was taken not to expose the substrate solution B to light as it is light sensitive). The plate was sealed with another sealer and incubated for 10 min in the dark at 37 0C. Simultaneously, after adding 50 μl of stop solution to each well, the blue solution instantly turned yellow. Finally, optical density (OD) value was measured at 40 nm within 30 min, after adding a stop solution using a microplate reader (35).



Microbial Counts in the Chicken's Gut

Microbial analysis for Lactic acid bacteria (LAB), Escherichia coli (E. coli), and Salmonella was conducted by extracting the cecum substance as defined by Schoeni and Doyle (37). Ten chicken samples, 35 d of age, were used per treatment. All chicken samples were slaughtered on the farm and transferred to the laboratory under refrigerated conditions for further analysis. In the laboratory, the collected chicken samples were prepared according to the protocol described earlier by Al-Khalaifa, Al-Nasser (10). Each chicken was first weighed and washed with 1:2 diluted disinfectants. The abdominal area was de-feathered and sprayed with 70% ethanol to ensure sterility of the area before dissecting. Then, the skin was cut using a sterile scissor and removed from the abdomen area with sterile forceps. The covering membrane was cut carefully to reach the chicken's digestive system. The lower intestine was surgically exposed, and the caeca were removed aseptically, and their weights were recorded.To isolate the LAB, Salmonella, and E. coli from the caeca, the contents were extracted as described earlier by Schoeni and Doyle (37). Each caecum's content was squeezed in a sterile petri dish, and then the caeca were split lengthwise with a sterile scalpel and rinsed with 0.85% (w/v) NaCl sterile solution (1:9 v/v) to remove the content. Any residual cecal content was removed gently by scraping the cecal epithelium. The crude extract of the caeca was transferred into a sterile stomacher bag and homogenized for 3 min. The collected crude extracts were used directly for microbial analysis. LAB, E. coli, and Salmonella counts were determined using standard microbiological methods, as described by Lorch (38) and Al-Khalaifah et al. (1), and the samples were analyzed by applying spreading technology. E. coli and Salmonellacount experiments were conducted using Brilliance E. Coli selective and Xylose-Lysine-Desoxycholate agar media (Oxoid), respectively, while LAB experiments were conducted using de Man, Rogosa, Sharpe (MRS) media (oxoid). Serial dilution was made from the crude samples, and 0.1 ml of the prepared sample was spread onto the surface of the media with a sterile spreader. The plates were then incubated aerobically for 24 hours at 37 °C for both E. Coli and Salmonella, whereas for LAB, the plates were incubated anaerobically for 48 hours at 30 °C. The colonies were counted at the end of the incubation periods. The counts were transformed into log values.



Hindgut Acidosis

Hindgut acidosis represents cecum and/or colon acidity. The pH of the control and experimental treatment groups was measured to indicate broilers' health and their capacity to resist pathogens. This test was done on broilers of 3 and 5 weeks, and ten broiler chickens were used from each treatment. Hindgut digesta was collected into tubes, and pH was measured using a probe.



Volatile Fatty Acid (VFA) Level in the Hindgut

In screw-capped tubes, around 1.50 g of defrosted digesta was diluted with distilled water (1:1 wt/vol). The solution was homogenized by shaking and centrifuged to collect the clear upper supernatant. The volatile fatty acid profile was analyzed using GC techniques (39), which is a well-established technique for analyzing lipids. The main principle underlying the separation of fatty acids by GC is that the temperatures under which they become volatile differs. This temperature depends on the carbon chain length and the number and position of double bonds in the molecules. Before analyzing the samples, the machine was standardized by using the standard mixes of short-chain volatile fatty acid. All of the required fatty acid peaks were obtained and standardized. This test was done on broilers of 3 and 5 weeks of age, and ten broiler chickens were used in each test.



Statistical Analyses

One-way ANOVA and the general linear model method were used to analyze the overall differences between the treatments, and the analysis was done with Minitab software (Minitab Inc., State College, PA). The difference in treatment means was considered significant at P < 0.05 using parametric study and Bonferroni test was used.




RESULTS


Production Performance Parameters

Table 2 shows the effects of different levels of FOS on the body weight, feed consumption, feed efficiency, and weekly body weight gain of broiler chickens. The different levels of FOS had a significant effect on the bodyweight of 1- and 2-wks-old broilers. Results in Table 2 show that using FOS significantly improved body weight at 1 and 2 wks of age, regardless of FOS level. However, there was no significant effect of FOS supplementation on the bodyweight of broilers at 3 and 4 wks of age. At 5 wks of age, feeding 7% of FOS improved the body weight, compared to the other dietary treatments (Table 2). Feed consumption was not affected by the different FOS treatments at all ages. There was no effect of the different levels of FOS on the feed efficiency of broilers at all ages. Results of Table 2 also show that at 2–5 wks of age, birds fed 0.7% of FOS had significantly higher weekly body weight gain than the control group and the groups fed 0.3 and 0.5% of FOS.


Table 2. The effects of different levels of FOS on the body weight, feed consumption, feed efficiency, and weekly body weight gain of broiler chickens.
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Antioxidant Status

Table 3 shows the effects of various concentrations of FOS on antioxidant indices in serum and liver tissues of the broilers. The results show that broilers fed on 0.5 and 0.3% of FOS showed significantly higher total antioxidant capacity (TAC) in serum than broilers fed diets containing 0.7% of FOS (P < 0.05). On the other hand, malondialdehyde (32) in the sera of broilers fed diets containing 0.5 and 0.3% of FOS was significantly lower than that of broiler chickens fed diets with 0.7% of FOS (P < 0.05). There was no significant difference in the total superoxide dismutase (TSOD) and liver glutathione peroxidase (GPx) of livers of broiler chickens fed the different dietary treatments. The Catalase enzyme (30) values were significantly higher with 0.5% and 0.7% FOS compared with that with control (P < 0.05). However, the livers of broilers fed 0.5% of FOS had significantly higher MDA than those fed 0.7% of FOS, which is significantly higher than those fed 0.3% of FOS (Table 3).


Table 3. Antioxidant parameters and malondialdehyde (32) in serum and livers of 5-wks-old broiler chickens fed various concentrations of FOS.
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Hematological Measurements

All broilers seemed healthy, and no mortality was observed. Table 4 shows the impact of the various concentrations of FOS on the blood composition of broiler chickens at 3 and 5 wks of age. Significant differences were observed in the white blood cells (WBC), heterophils, lymphocytes, and monocytes of 3-wk-old chickens (P < 0.05). Results in Table 4 show a significant difference in the total WBC after feeding broilers a diet supplemented with 0.7% of FOS at 3 wks of age. The percentage of heterophils was the highest for the treatment group fed 0.7% of FOS and the lowest for the group fed 0.3% of FOS.


Table 4. Biochemical and hematological parameters of 3- and 5-wk-old broilers feddifferent concentrations of FOS.
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Conversely, the percentage of lymphocytes was the lowest for the group fed a diet rich in 0.7% of FOS, and the percentage of monocytes was the lowest for the group fed the control diet (CO). The percentage of eosinophils was higher in the group fed a diet supplemented with 0.7% of FOS than that in any other group. There is no significant impact on the percentage of basophils, red blood cells (RBC), hemoglobin (HGB), haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), and platelet count (PLT) among the broiler groups. The results showed no significant effect on blood biochemical parameters among the different treatment groups of 5 wks of age (Table 4).



Cellular Immune Response

Table 5 shows the effects of various dietary treatments on wattle swelling changes of 3- and 5-wk-old broiler chickens. The results showed that supplementation of 0.7% FOS resulted in significantly lower cellular response in 3-wk-old broiler chickens, compared to the other treatments (P = 0.020). There was no significant effect on wattle swelling in broilers at 5 wks of age.


Table 5. Effect of different dietary treatments of 3- and 4-wk old broilers on wattle swelling.
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Humoral Immune Response

Table 6 shows the effect of different FOS concentrations on the antibody titers of broiler chicken at 3- and 5-wks of age. No significant effect was observed.


Table 6. Effect of various FOS concentrations on antibodies of 5-wk-old broiler chickens.
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Microbial Counts and Hindgut Acidosis

Table 7 shows the effect of different concentrations of FOS on the microbial counts of broiler chickens at 3- and 5-wks of age. The results show no significant difference in the microbial counts. Salmonella count was not observed in all the treatments, and the pH tended to have become acidic from alkaline in all the treatments. There was, however, a borderline effect of the different FOS levels on the pH value of the intestinal solution (P = 0.051). If this borderline effect is considered, broiler chickens fed a diet with 0.7% of FOS showed the lowest pH value, which means the highest acidity in the intestine. Chickens use this acidity as a means to get rid of pathogens (Table 7). The results also show no statistical difference, and salmonella counts were not recorded in all the dietary treatments of broilers at 5 wks of age.


Table 7. Effect of various concentrations of FOS on microbial count in 3- and 5-wk-old broiler chickens.
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Volatile Fatty Acid Profile in the Hindgut

Table 8 shows the short fatty acid composition of broilers at 3- and 5-wks-old broilers fed various levels of FOS prebiotic. The results show no significant effect.


Table 8. Effect of different concentration of FOS on the composition of short fatty acid of 3- and 5-wk-old broilers.
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Immune Tissue Weight

The effect of different concentrations of FOS on the weight of the immune tissue of 3- and 5-wk-old broilers has been studied (Table 9). The results in Table 9 show that supplementing 3-wk-old broiler chickens with FOS at different concentrations significantly enhanced the weights of the broilers' spleen, bursa of Fabricius, and thymus (p = 0.030, 0.045, and 0.027, respectively). Conversely, feeding the broiler chickens different concentrations of FOS showed no significant effect on the tissue weight of their different organs (Table 9).


Table 9. Effect of different concentration of FOS on tissue weight in 3- and 4-wk-old broiler chickens.
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DISCUSSION

This study aimed to investigate the effect of various concentrations of commercially developed FOS prebiotic on the productive performance, immune response, and oxidative activity of broiler chickens. Various FOS concentrations (0, 0.3, 0.5, and 0.7%) of the total diet were used. The results of proximate analysis of broiler feed showed normal ranges of fat and protein in the rations. No extreme mortality, outbreaks, or abnormal growth were noticed.

Studies in the literature suggest positive effects of prebiotic supplementation such as FOS on the productive performance parameters of broiler chickens, including their bodyweight. For example, Ammerman et al. (40) investigated the effect of supplementing broiler chickens with FOS at 0.375% on body weight gain and breast weight. The authors revealed that, compared to the control group, FOS supplementation enhanced the weights of broilers at 47 d of age, improved percentage carcass and breast weights, and reduced percentage fat pad. This is in line with the current results that showed a significant gain in the body weight of broiler chickens fed 0.7% of FOS than that of the control group and the groups fed 0.3 and 0.5% of FOS. Similarly, GAO, ZHOU (41) also investigated the effects of FOS on broiler chickens and observed that FOS significantly increased their body weight and feed conversion ratio. However, excessive FOS supplementation (i.e., 1%) may lead to negative impacts such as diarrhea; it can also produce carbon dioxide and hydrogen gases because of fermentation in the GIT, which leads to a decline in the broilers' productive performance (42). However, in contrast to our study, a study by Shang et al. (43) found no significant effects of FOS on the growth performance of Ross × Ross broiler chicks. This may indicate a different effect due to differences with different genetic strains.

Commercial broiler chickens should be raised in controlled environments with ideal management practices to achieve minimal stress. Environmental stress in chickens forms free oxygen radicles from the various metabolic pathways. This leads to oxidative stress and damage to the normal biological functions of their body. This oxidation effect can be lowered by the antioxidant enzyme actions such as TSOD, GPx, and CAT (28, 44). The important enzymes which have antioxidative stress function to eliminate free radicals are GPx and SOD. They have an inter-protective effect which helps in maintaining a healthy balance between oxidants and antioxidants. MDA is a direct product of lipid peroxidation produced after a radical attack on unsaturated fatty acids. It is a crucial indicator of lipid peroxidation level and also as an indirect reflection of cell damage. MDA may be responsible for DNA fragmentation, cell memebrane strucrure destruction, cross-linking and apoptosis. The estrimation of GPx and SOD acitivity and MDA content gives the oxygen free radical level (45). Dietary effective ingredients such as some herbs, synthetic antioxidants, prebiotics, probiotics, and synbiotics are known to elevate the level of antioxidant enzymes that get rid of the free radicals in the body (46).

Studies in the literature have shown that the FOS had been used as an antioxidant and an immunomodulator in humans and animals. The antioxidant status against free radicals is represented by TAC, TSOD, GPx, CAT, and MDA concentrations in the sera and livers of broilers chickens. In the current study, the higher TAC and the lower MDA levels in the sera of FOS-supplemented broilers indicate higher antioxidant status in the supplemented groups than the control group.TAC accurately represents the antioxidant status of an organism. It also gives a precise measurement of the antioxidant status of an organism. There exists a balance between the production of free radical and antioxidants, but due to stressful conditions, there is a shift in balance toward free radicals and oxidative stress is developed, which can be harmful to cellular machinery, enzymes and DNA and protein (47). Levels of TSOD and GPx enzymes were similar among the three dietary levels of FOS. Feeding broiler chickens on a diet containing FOS induced more antioxidant status than feeding chickens on diets with no FOS. The present study also indicated that the highest liver antioxidant status was observed in broilers supplemented with FOS prebiotic. The results of this study revealed that using FOS in the diet of the broiler chickens induced antioxidant reactions in blood and livers, indicated by antioxidant enzyme action.Similarly, (45) et al. studied the effect of a synbiotic on antioxidative status of broiler blood. Their results showed a significant reduction in MDA concentration in comparison to control. There was a significant increase in GPx activity and significant decrease in MDA in control compared to experimental treatments. It is an indicator that nutrition is key to maintaining the pro-oxidant and antioxidantbalance. Increase in CAT, GPx and glutathione reductase was also observed. This could be due to age, colonization resistance, and susceptibility to environmental pathogens of broilers.

Interestingly, some studies have shown that using FOS with probiotics improved the antioxidative status in chickens. For example, Mohammed et al. (16) reported that using a synbiotic supplement (probiotic made up of 4 microbial strains and prebiotic- fructooligosaccharides) improved the antioxidant status of Ross 708 broiler chicks. Mohammed et al. (48) also studied the effects of using synbiotics (4 microbial strains of probiotic and FOS) in broiler chicks reared under heat stress. They observed that the synbiotic improved the antioxidant status and inhibited the harmful effects of heat stress on broilers. In addition, Popović et al. (45) reported that a synbiotic supplementation (Enterococcus faecim + fructooligosaccharides), when used in the diets of day-old chickens, improved the blood antioxidant activity of broiler chickens. Furthermore, Li et al. (49) used chitooligosaccharide (COS), a natural alkaline polymer of glucosamine, as a prebiotic in feed rations of 1-day-old Arbor Acres broiler chicks. The authors revealed that COS has an antibacterial effect that regulates lipid metabolism and promotes antioxidant activity and immunity. The mechanisms by which synbiotics can positively impact the antioxidant status of poultry are still not clearly defined. A possible explanation could be that synbiotic promotes scavenging reactive oxygen species (ROS), which inhibits lipid peroxidation and thus promotes antioxidant capability through activation and translocation of nuclear factors, which results in the expression of certain enzymes in the antioxidant defense system (48).

In the current study, dietary 0.7 % of FOS induced the lowest cellular response compared to the other dietary treatments (P = 0.020), represented by the wattle swelling. The significant effects of feeding broilers different levels of FOS on tissue weight indicated the immunomodulation effect of FOS on the specific cellular response of broilers, represented by T- and B- cells. The effect of FOS concentrations on antibody titers of 5-wk-old broiler chickens was insignificant.

The hindgut pH was driven toward acidity in all of the FOS-supplemented treatments; however, this was insignificant as it was the only numerical difference. The increase in acidity in the hindgut is due to the short volatile fatty acids like propionic, acetic, lactic, and butyric acids. Antimicrobial agents are also produced in the intestine, which eliminates the pathogenic agents. These substances act against pathogenic agents and exclude them.

The results of the current investigation agree with the previously reported literature. For example, Wang et al. (50) conducted a study on 108 Arbor acres broiler and supplemented their diets with microencapsulated probiotics and prebiotics (MEP), which included 250 mg/g FOS. They found that MEP significantly increased the growth performance, antioxidative abilities, immune functions, and caecal microflora of chickens. In addition, Biswas et al. (51) showed that using monooligo saccharides prebiotic (52) at 0.2% of the total diet can replace antibiotics and act as a growth promoter and immune system stimulant when compared to the control group that was fed a diet containing bacitracin methyl di-salicylate antibiotics. Besides, Wang et al. (50) fed broilers a diet supplemented with microencapsulated probiotics and prebiotics and studied their effects on the immune status. The results revealed that using probiotics and/or prebiotics in the diet of broilers increased serum immunoglobulin M on day 21 and serum total antioxidant capacity level on day 42, relative to the control group. The counts of Lactobacillus in the caeca were also improved by adding pro-/prebiotics (50). In addition, Mookiah et al. (53) investigated the effects of prebiotics, probiotics, and synbiotics on the growth parameters and fatty acid profile in the broiler caeca. They showed that using prebiotics, probiotics, and/or synbiotics improved growth and increased the levels of Lactobacilli and Bifidobacteria in their caeca. E. coli was decreased on day 21. In the same study, the short volatile fatty acids were increased in the caeca on days 21 and 42, indicating immune status improvement (53).

The gut microflora of young birds is unstable and can easily be affected by infection through pathogens. Therefore, maintaining an optimal gut microflora is a key factor in determining the health and growth of the bird. FOS can selectively stimulate growth and can activate the metabolism of beneficial bacteria such as the Lactic acid bacteria, and can also inhibit the growth of pathogens, ultimately boosting the host's microbial balance. FOS as a dietary supplement is also known to improve the growth performance of broiler chickens (54).

Our study showed that the effect of different concentrations of FOS on the blood biochemical and hematological parameters of broilers was insignificant (P ≥ 0.0.5). However, this is in contrast to the findings of Makii (55) as they studied the effects of FOS on humoral immunity induced by infectious bursal disease (IBD) vaccine and some hematological parameters of broilers with and without feeding an aflatoxin-contaminated diet. They observed that FOS improved the immune response and minimized the adverse effects of aflatoxin on some hematological parameters of the chickens.

Studies have been reported demonstrating the positive effects of dietary FOS on the modulation of the immune system of broiler chickens. Birds fed with FOS have been observed to show reduced percentage of B cells and a depressed mitogen response of lymphocytes in the cecal tonsil without having any negative impact on growth performance. A change in number of heterophils and lymphocytes is an indicator of stress in poultry. Generally, the heterophil count increases whereas the lymphocytes decrease (43). Lymphocytes play a key role in humoral antibody formation and cellular immunity. An increase in lymphocyte percentages due to addition of prebiotics, probiotics or synbiotics is indicative of an immuno-stimulatory effect. Probiotics and prebiotics can trigger a protective immune response and thus improve resistance to microbial pathogens in broiler chickens (4, 27, 56).



CONCLUSION

In conclusion, using FOS prebiotic at 0.7% significantly enhanced the body weights of broiler chickens. FOS prebiotic at all levels enhanced the antioxidant activity and the cellular immune response of broiler chickens.



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

This research study was approved by the department committee of the Environment and Life Sciences Research Center in Kuwait Institute for Scientific Research under project No. FA157K (2017). These procedures and protocols followed the official animal welfare guidelines and regulations encoded with reference No. PMO/PV/RP/032/2017.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



ACKNOWLEDGMENTS

The authors would like to extend their sincere thanks to the management of the Kuwait Institute for Scientific Research (KISR) and the Kuwait Foundation for the Advancement of Sciences (KFAS) for their technical and financial support toward the execution of this study encoded P114-12SL-06.



REFERENCES

 1. Al-Khalaifah H, AlNasser A, Al-Surrayai T. Dietary polyunsaturated fatty acids and cellular immune response in broiler chickens. In: Khan A, Al-Harrasi A, editors. Prime Archives in Immunology. 2nd ed. Hyderabad: Vide Leaf (2021).

 2. Al-Khalaifah H, Al-Nasser A, Abdulmalek N, Al-Mansour H, Ahmed A, Ragheb G. Impact of SARS-Con-V2 on the poultry industry in Kuwait: a case study. Front Vet Sci. (2020) 7:656. doi: 10.3389/fvets.2020.577178

 3. Ackman RG. Marine lipids and omega-3 fatty acids. (functional foods and nutraceuticals series). In: Akoh CC, editor. Handbook of Functional Lipids. Boca Raton: Taylor & Francis (2006). p. 311–24.

 4. Attia YA, Al-Khalaifah H, Abd El-Hamid HS, Al-Harthi MA, Alyileili SR, El-Shafey AA. Antioxidant status, blood constituents and immune response of broiler chickens fed two types of diets with or without different concentrations of active yeast. Animals. (2022). 12:453. doi: 10.3390/ani12040453

 5. Micciche AC, Foley SL, Pavlidis HO, McIntyre DR, Ricke SC. A review of prebiotics against Salmonella in poultry: current and future potential for microbiome research applications. Front Vet Sci. (2018) 5:191. doi: 10.3389/fvets.2018.00191

 6. Roberfroid MB. Prebiotics and probiotics: are they functional foods? Am J Clin Nutr (2000). 71:1682s−7s. doi: 10.1093/ajcn/71.6.1682S

 7. Parvez S, Malik K, Ah Kang S, Kim HY. Probiotics and their fermented food products are beneficial for health. J Appl Microbiol. (2006). 100:1171–85. doi: 10.1111/j.1365-2672.2006.02963.x

 8. Al-Nasser A, Al-Khalaifah H, Al-Mansour H, Ahmad A, Ragheb G. Evaluating farm size and technology use in poultry production in Kuwait. World's Poult Sci J. (2020) 76:1–16. doi: 10.1080/00439339.2020.1737625

 9. Shang Y, Kumar S, Thippareddi H, Kim WK. Effect of dietary fructooligosaccharide (FOS) supplementation on ileal microbiota in broiler chickens. Poult Sci. (2018) 97:3622–34. doi: 10.3382/ps/pey131

 10. Al-Khalaifa H, Al-Nasser A, Al-Surayee T, Al-Kandari S, Al-Enzi N, Al-Sharrah T, et al. Effect of dietary probiotics and prebiotics on the performance of broiler chickens. Poult Sci. (2019) 98:4465–79. doi: 10.3382/ps/pez282

 11. Delbes A-S, Castel J, Denis RGP, Morel C, Quinones M, Everard A, et al. Prebiotics supplementation impact on the reinforcing and motivational aspect of feeding. Front Endocrinol. (2018). 9:273. doi: 10.3389/fendo.2018.00273

 12. Attia Y., Al-khalaifah HS, Abd El-Hamid H, Al-Harthi M, El-Shafey A. Multi-enzymes A and immune response effect of different levels of multi-enzymes on immune response, blood hematology and biochemistry, antioxidants status and organs histology of broiler chicks fed standard and low-density diets. Front Vet Sci. (2019) 6:510. doi: 10.3389/fvets.2019.00510

 13. Attia YA, Al-Khalaifah H, Ibrahim MS, Al-Hamid AEA, Al-Harthi MA, El-Naggar A. Blood hematological and biochemical constituents, antioxidant enzymes, immunity and lymphoid organs of broiler chicks supplemented with propolis, bee pollen and mannan oligosaccharides continuously or intermittently. Poult Sci. (2017) 96:4182–92. doi: 10.3382/ps/pex173

 14. Omar AE, Al-Khalaifah HS, Ismail TA, El-Aziz A, Reda M, El-Mandrawy SA., et al. Performance, serum biochemical and immunological parameters, and digestive enzyme and intestinal barrier-related gene expression of broiler chickens fed fermented fava bean by-products as a substitute for conventional feed. Front Vet Sci. (2021) 8:740. doi: 10.3389/fvets.2021.696841

 15. Al-Khalaifah HS. Benefits of probiotics and/or prebiotics for antibiotic-reduced poultry. Poult Sci. (2018) 97:3807–15. doi: 10.3382/ps/pey160

 16. Mohammed A, Jacobs J, Murugesan G, Cheng H. Effect of dietary synbiotic supplement on behavioral patterns and growth performance of broiler chickens reared under heat stress. Poult Sci. (2018) 97:1101–8. doi: 10.3382/ps/pex421

 17. Ricke SC, Lee SI, Kim SA, Park SH, Shi ZJPS. Prebiotics and the poultry gastrointestinal tract microbiome. Poult Sci. (2020). 99:670–7. doi: 10.1016/j.psj.2019.12.018

 18. Dankowiakowska A, Bogucka J, Sobolewska A, Tavaniello S, Maiorano G, Bednarczyk M. Effects of in ovo injection of prebiotics and synbiotics on the productive performance and microstructural features of the superficial pectoral muscle in broiler chickens. Poult Sci. (2019) 98:5157–65. doi: 10.3382/ps/pez202

 19. Al-Khalaifah H. Modulatory effect of dietary polyunsaturated fatty acids on immunity, represented by phagocytic activity. Front Vet Sci. (2020) 7:672. doi: 10.3389/fvets.2020.569939

 20. Al-Khalaifah HS, Khalil AA, Amer SA, Shalaby SI, Badr HA, Farag MFM, et al. Effects of dietary Doum palm fruit powder on growth, antioxidant capacity, immune response, and disease resistance of african catfish, Clarias gariepinus (B.). Animals. (2020). 10:1407. doi: 10.3390/ani10081407

 21. Amer SA, Al-Khalaifah HS, AlSadek DM, Roushdy EM, Sherief WR, Farag MF., et al. Effect of dietary medium-chain α-monoglycerides on the growth performance, intestinal histomorphology, amino acid digestibility, and broiler chickens' blood biochemical parameters. Animals. (2021) 11:57. doi: 10.3390/ani11010057

 22. Biswas A, Mohan N, Dev K, Mir N, Tiwari AK. Effect of prebiotics from mannan oligosaccharides and fructo-oligosaccharides on physio-biochemical indices, antioxidant and oxidative stability of broiler chicken meat. Sci Rep. (2021) 11: 20567. doi: 10.21203/rs.3.rs-275707/v1

 23. Al-Khalaifah H, Al-Nasser A. Dietary source of polyunsaturated fatty acids influences cell cytotoxicity in broiler chickens. Sci Rep. (2021) 11:1–10. doi: 10.1038/s41598-021-89381-3

 24. Ibrahim D, Al-Khalaifah HS, Abdelfattah-Hassan A, Eldoumani H, Khater SI, Arisha AH., et al. Promising role of growth hormone-boosting peptide in regulating the expression of muscle-specific genes and related micrornas in broiler chickens. Animals. (2021) 11:1906. doi: 10.3390/ani11071906

 25. Ding S, Wang Y, Yan W, Li A, Jiang H, Fang J. Correction: effects of Lactobacillus plantarum 15-1 and fructooligosaccharides on the response of broilers to pathogenic Escherichia coli O78 challenge. PLoS ONE. (2019) 14:e0222877. doi: 10.1371/journal.pone.0222877

 26. Cobb-500. Cobb Broiler Performance and Nutrient Supplement Guide. Arkansas, AR: Cobb-Vantress Inc., Siloam Springs (2013).

 27. Amer S, Al-Khalaifah H, Gouda A, Osman A, Goda N, Darwish M, et al. Potential effects of anthocyanin-rich roselle (Hibiscus sabdariffa L.) extract on the growth, intestinal histomorphology, blood biochemical parameters, and the immune status of broiler chickens. Antioxidants. (2022) 11:544–58. doi: 10.3390/antiox11030544

 28. Habibi R, Sadeghi G., Karimi AJBPS. Effect of different concentrations of ginger root powder and its essential oil on growth performance, serum metabolites and antioxidant status in broiler chicks under heat stress. Br Poult Sci. (2014) 55:228–37. doi: 10.1080/00071668.2014.887830

 29. Paglia DE., Valentine WN, Medicine C. Studies on the quantitative and qualitative characterization of erythrocyte glutathione peroxidase. J Lab Clin Med. (1967) 70:158–69. doi: 10.5555/uri:pii:0022214367900765

 30. Chan S, Pullerits K, Keucken A, Persson KM, Paul CJ, Rådström P. Bacterial release from pipe biofilm in a full-scale drinking water distribution system. npj Biofilms and Microbiomes. (2019) 5:1–8. doi: 10.1038/s41522-019-0082-9

 31. Aebi H. Catalase in vitro. methods in enzymology. Methods Enzymol. (1984) 105: 121–6. doi: 10.1016/S0076-6879(84)05016-3

 32. Feachem RG, Bradley DJ, Garelick H, Mara DD. Sanitation and Disease: Health Aspects of Excreta and Wastewater Management: John Wiley and Sons (1983).

 33. Goto N, Kodama H, Okada K, Fujimoto Y. Suppression of phytohemagglutinin skin response in thymectomized chickens. Poult Sci. (1978). 57:246–50. doi: 10.3382/ps.0570246

 34. Corrier D, DeLoach J. Evaluation of cell-mediated, cutaneous basophil hypersensitivity in young chickens by an interdigital skin test. Poult Sci. (1990). 69:403–8. doi: 10.3382/ps.0690403

 35. Oguz EK, Arihan O, Oguz AR. Oxidative and genotoxic effects of bisphenol a on primary gill cell culture of lake van fish (alburnus tarichi güldenstädt, 1814). Chem Ecol. (2018). 34:914–24. doi: 10.1080/02757540.2018.1520846

 36. Attia Y, Al-Khalaifah H, Abd El-Hamid H, Al-Harthi M, El-Shafey A. Growth performance, digestibility, intestinal morphology, carcass traits and meat quality of broilers fed marginal nutrients deficiency-diet supplemented with different levels of active Yeast. Livest Sci. (2020) 233:103945. doi: 10.1016/j.livsci.2020.103945

 37. Schoeni JL, Doyle MP. Reduction of campylobacter jejuni colonization of chicks by cecum-colonizing bacteria producing anti-C. jejuni metabolites. Appl Environ Microbiol. (1992). 58:664–70. doi: 10.1128/aem.58.2.664-670.1992

 38. Lorch H. Basic methods for counting microorganisms in soil and water. Methods in Applied Soil Microbiology and Biochemistry. (1995) 3:146–61. Available online at: https://ci.nii.ac.jp/naid/10020807307/

 39. Hashemipour H, Khaksar V, Rubio LA, Veldkamp T, van Krimpen MM. Effect of feed supplementation with a thymol plus carvacrol mixture, in combination or not with an NSP-degrading enzyme, on productive and physiological parameters of broilers fed on wheat-based diets. Anim Feed Sci Technol. (2016) 211:117-31. doi: 10.1016/j.anifeedsci.2015.09.023

 40. Ammerman E, Quarles C, Twining P. Evaluation of fructooligosaccharides on performance and carcass yield of male broilers. Poult Sci. (1989) 68:167. doi: 10.3382/ps.0720643

 41. Gao F, Zhou G-h, Han Z-k. Effect of fructooligosaccharides (fos) on growth performance, immune function and endocrine secretion in chicks. Acta Zoonutrimenta Sinica. (2001) 2:51–5.

 42. Shang Y, Kim WK. Roles of fructooligosaccharides and phytase in broiler chickens. Poult Sci. (2017) 16:16–22. doi: 10.3923/ijps.2017.16.22

 43. Shang Y, Regassa A, Kim JH, Kim WK. The effect of dietary fructooligosaccharide supplementation on growth performance, intestinal morphology, and immune responses in broiler chickens challenged with Salmonella Enteritidis lipopolysaccharides. Poult Sci. (2015) 94:2887–97. doi: 10.3382/ps/pev275

 44. Casagrande S, DeMoranville KJ, Trost L, Pierce B, Bryła A, Dzialo M., et al. Dietary antioxidants attenuate the endocrine stress response during long-duration flight of a migratory bird. Proc Biol Sci. (2020) 287:20200744. doi: 10.1098/rspb.2020.0744

 45. Popović SJ, Kostadinović LM, Puvača NM, Lević JD, Ðuragić OM, Kokić BM, et al. Effect of synbiotic on growth and antioxidant status of blood in broiler chicken. Food and Feed research. (2015) 42:163–9. doi: 10.5937/FFR1502163P

 46. Afkhami M, Kermanshahi H., Majidzadeh Heravi RJJoAP, Nutrition A. Evaluation of whey protein sources on performance, liver antioxidants and immune responses of broiler chickens challenged with ethanol. J Anim Physiol Anim Nutr. (2020) 104:898–908. doi: 10.1111/jpn.13327

 47. Abudabos AM, Alyemni AH, Dafalla YM, Khan RU. Effect of organic acid blend and Bacillus subtilis alone or in combination on growth traits, blood biochemical and antioxidant status in broilers exposed to Salmonella typhimurium challenge during the starter phase. J Appl Anim Res. (2017) 45:538–42. doi: 10.1080/09712119.2016.1219665

 48. Mohammed A, Jiang S, Jacobs J, Cheng HW. Effect of a synbiotic supplement on cecal microbial ecology, antioxidant status, and immune response of broiler chickens reared under heat stress. Poult Sci. (2019) 98:4408–15. doi: 10.3382/ps/pez246

 49. Li J, Cheng Y, Chen Y, Qu H, Zhao Y, Wen C, et al. Dietary chitooligosaccharide inclusion as an alternative to antibiotics improves intestinal morphology, barrier function, antioxidant capacity, and immunity of broilers at early age. Animals. (2019) 9:493. doi: 10.3390/ani9080493

 50. Wang Y, Dong Z, Song D, Zhou H, Wang W, Miao H, et al. Effects of microencapsulated probiotics and prebiotics on growth performance, antioxidative abilities, immune functions, and caecal microflora in broiler chickens. Food Agric Immunol. (2018) 29:859–69. doi: 10.1080/09540105.2018.1463972

 51. Biswas A, Mohan N, Raza M, Mir NA., Mandal A. Production performance, immune response and blood biochemical parameters in broiler chickens fed diet incorporated with prebiotics. J Anim Physiol Anim Nutr. (2019) 103:493–500. doi: 10.1111/jpn.13042

 52. Jabar JM. Pyrolysis: a Convenient Route for Production Of Eco-Friendly Fuels and Precursors for Chemical and Allied Industries. Recent Perspectives in Pyrolysis Research: IntechOpen. (2021).

 53. Mookiah S, Sieo CC, Ramasamy K, Abdullah N., Ho YW. Effects of dietary prebiotics, probiotic and synbiotics on performance, caecal bacterial populations and caecal fermentation concentrations of broiler chickens. J Sci Food Agric. (2014) 94:341–8. doi: 10.1002/jsfa.6365

 54. Yang Y, Iji P, Kocher A, Mikkelsen L, Choct M. Effects of mannanoligosaccharide and fructooligosaccharide on the response of broilers to pathogenic Escherichia coli challenge. Br Poult Sci. (2008) 49:550–9. doi: 10.1080/00071660802290408

 55. Makii S. Effect of fructooligosaccharide on humoral immunity induced by infectious bursal disease vaccine and some hematological parameters during aflatoxicosis in broiler chickens. Al-Qadisiyah Journal of Veterinary Medicine Sciences. (2016) 15:53–8. doi: 10.29079/vol15iss2art396

 56. Tang SGH, Sieo CC, Ramasamy K, Saad WZ, Wong HK, Ho YW. Performance, biochemical and haematological responses, and relative organ weights of laying hens fed diets supplemented with prebiotic, probiotic and synbiotic. BMC Vet Res. (2017) 13:1–12. doi: 10.1186/s12917-017-1160-y

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.

Copyright © 2022 Al-Surrayai and Al-Khalaifah. 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-09-857294-t005.jpg
Treatments

Control 0.3% 0.5% 0.7% SEM P-value

3-wk-old broilers Thickness (mm)  1.00* 2.13° 1.98° 1.08* 0.375 0.020
4-wk-old broilers Thickness (mm)  2.01 220 201 234 0512 0231

FOS, Fructooligosaccharides. Soybean besal diet has been supplemented for all
treatment groups. The difference in treatment means among the groups s statistically
diferent at P < 0.05. Mean values within the same raw with different superscriot letters
are significantly different.





OPS/images/fvets-09-857294-t006.jpg
Treatment Antibody concentration

Ig¥ 1gA IgM
Control 038 0.10 0008
FOS (0.3%) 048 0.10 0011
FOS (05%) 041 0.12 0014
FOS (0.7%) 0.39 0.1 0.007
SEM 0.170 0.024 0002
P-value 0.901 0913 0.493

FOS, Fructooligosaccharide; IgM, Immunoglobuin M; IgY, Immunoglobulin Y IgA,
Immunoglobulin A. The difference in treatment means among the groups is statistically
different at P < 0.05.





OPS/images/fvets-09-857294-t003.jpg
Parameter

Control

Serum

TAC (mmol) 039
MDA (nmol/m) 5120
Liver

TSOD (U/mg pro.) 399
GPx (U/mg pro) 068
CAT (Wimg pro.) 030°

MDA (nmol/mg pro) ~ 8.012

0
2.1

4.0
0.60
0.30*
3.7°

FOS treatment %

0.5

1.01°
28>

4.0
0.70
0.80°

7.0

0.7

0.5°
3.8°

4.1

0.70
0.70°
5019

SEM

0.02
0.04

0.45
0.09
0.02
0.1

P-value

0.015
0.025

0.452
0.847
0.001
0.031

FOS, Fructo-oligosaccharides. All treatment groups received a soybean basal diet.
Differences between the treatment groups are statistically cifferent at P < 0.05, TAC,
Total Antioxidant Capacity; MDA, Malondialcehyde; TSOD, Total Superoxide Dismutase;
GPx, Liver Glutathione Peroxidase; CAT, Catalase enzyme. Mean values within the same
raw with different superscript letters are significantly different.





OPS/images/fvets-09-857294-t004.jpg
Parameter

WBC (K/ul)
Heterophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophils (%)
RBC (M/ul)
HGB (g/dL)
HCT%

MoV (1)

MCH (pg)
MCHG (g/dll)
RDW9%

PLT (K/uL)

Control

22.62°
42.51*
30.98%
14.85%
2.84
4.01
421
16.89
40.84
135.98
50.99
4215
1213
6.15

0.3%

21.80%
4304
356.70%
11.90°
2.99
3.32
431
17.32
42.98
130.99
50.11
4212
11.63
6.12

0.5% 0.7%
3-wks of age
23220 41.22°
4100°  60.30°
30.10° 5.12°
17.58% 1110
20 228
41 3.99
4.20 4.00
17.87 17.00
4300 41.20
14132 13443
5444 5212
4000 4343
1300 1199
6.06 599

SEM

5.04
4.03
5.12
3.54
1.1
1.30
020
1.02
266
3.12
051
0.543
0.424
259

FOS treatment g/kg

P-Value

0.004
0.003
0.030
0.020
0.212
0.121
0.190
0.090
0.110
0.212
0.090
0.423
0.067
0315

Control

23.85
31.95
40.98
12.99
0.041
5.02
4.02
20.01
40.99
125.98
50.32
40.98
11.98
6.98

0.3%

22.32
35.14
40.12
13.00
0.09
5.04
3.09
16.98
39.00
130.03
53.40
40.24
11.37
6.92

05%  0.7%
5-wks of age

2500 2501
3023 8312
4127 4303
13.21 14.12
005 010
432 500
400 299
1909 2000
41.33 45.43
12021 132.00
5032 66.00
4097 41.00
1200 1108
898 498

SEM

6.00
4.65
56.32
0.99
0.09
1.00
0.15
0.93
3.15
299
0.70
1.09
164
1.02

P-Value

0.632
0.601
0.409
0.509
0.465
0.783
0.203
0.304
0.209
0.523
0.243
0.098
0.492
0.432

FOS, Fructooligosaccharides. Means within rows are significantly different at p < 0.05, n = 10; SEM, Standard error of the mean; WEBC, white blood cells; RBC, red blood cells; HGB,
haemoglobin; HCT, haematocri; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobinhaemoglobin; MCHC, mean corpuscular hemoglobin haemoglobin concentration;
RDW, red cell distribution widith; PLT, thrombocyte platelet count. Mean values within the same raw with different superscript letters are significantly dlifferent.





OPS/images/fvets-09-857294-t009.jpg
Diet Abdominal fat pad Heart

3-wk-old broiler chickens

Control 061 0.60
0.3% 0.66 0.62
0.5% 0.62 0.58
0.7% 0.62 0.70
SEM 0.19 0.09
P-value 0.986 0.381
4-wk-old broiler chickens

control 1.10 0.52
0.3% 091 0.67
0.5% 061 0.56
0.7% 1.03 0.50
SEM 0.33 0.04
P-value 0668 0477

Spleen

0.05%
0.09°
0.15°
0.15°
001
0.030

0.19
0.16
0.20
0.14
0.03
0.307

Liver
% Body weight

3.54
3.18
3.34
3.96
0.39
0.390

299
353
3.58
3.16
0.24
0.46

Bursa of fabricius

0.10*
0.20°
021°
0.22%
0.02
0.045

0.10
0.09
0.13
0.09
0.01
0.231

Thymus

0.09*
0.38°
0.32°
g e
0.05
0.027

0.29
0.36
0.23
0.31
0.08
0.554

Breast

7.25
6.9
6.04
9.41
143
0.298

5.98
494
6.79
6.76
0.52
0.073

Leg+Thigh

5.12
6.7
4.43
6.82
1.22
0.357

3.99
422
4.00
491
0.48
0.428

FOS, Fructooligosaccharides; Soybean basal diet has been supplemented for all treatment groups. The difference in treatment means among the groups is statistically different at P
< 0.05. Mean values within the same column with different superscript letters are significantly different.





OPS/images/fvets-09-857294-t007.jpg
Treatment (FOS %)

Control 03 05 07 SEM P-value Control
3-wks of age

Log LAB 7.96 7.63 724 7.93 0.137 0.247 6.53

Log E.col 7.30 7.48 698 666 0341 0290 6.16

pH 6.80 595 608 551 0203 0051 652

FOS, Fructooligosaccharides; Difference in treatment means among the groups is statistically different at P <0.05.

03

653
6.00
6.13

05 07

5-wks of age
6.61 6.96
574 625
602 653

SEM

0.202
0.316
0.200

P-value

0321
0.124
0.120





OPS/images/fvets-09-857294-t008.jpg
Fatty acids

Acetic acid
Propionic acid
Butyric acid
Isovaleric acid
Valeric acid
Total

Control

112
0.02
0.00
0.00
0.01
116

0.3

33.16
0.02
3.74
0.00
0.00
36.94

05 07
3-wks of age
092 1422
000 009
000 048
000 007
013 015
106 1508

SEM

18.300
0.053
1.207
0.04
0.117
17.23

Treatments (FOS %)

p-value

0.498
0519
0.135
0.422
0.629
0.391

Control

52.60
0.00
341
0.00
0.00
56.01

0.3

62.14
0.00
0.90
0.00
0.00
63.04

05 07
5-wks of age
6089 6292
0.00 0.00
1.12 1.52
0.00 0.00
0.00 0.00
6245  64.44

SEM

16.25
0.00
1.05
0.00
0.00
16.26

p-value

0.885
0.00
0.290
0.00
0.00
0.927

FOS, Fructooligosaccharides; Soybean basal diet has been supplemented for all treatment groups. The difference in treatment means among the groups is statistically different at P

< 0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Dietary Supplementation of Fructooligosaccharides Enhanced Antioxidant Activity and Cellular Immune Response in Broiler Chickens



		Introduction



		Materials and Methods



		Animal Welfare



		Animals, Housing, and Diets



		Sample Collection



		Production Performance Variables in Broilers



		Antioxidant Status Measurement



		Hematological Measurements



		Cellular Immune Response



		Humoral Immune Response



		Microbial Counts in the Chicken's Gut



		Hindgut Acidosis



		Volatile Fatty Acid (VFA) Level in the Hindgut



		Statistical Analyses







		Results



		Production Performance Parameters



		Antioxidant Status



		Hematological Measurements



		Cellular Immune Response



		Humoral Immune Response



		Microbial Counts and Hindgut Acidosis



		Volatile Fatty Acid Profile in the Hindgut



		Immune Tissue Weight







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		References

















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

Dietary Supplementation of
Fructooligosaccharides Enhanced
Antioxidant Activity and Cellular

Immune Response in Broiler

Chickens





OPS/images/fvets-09-857294-t001.jpg
Ingredient Starter Grower Finisher

0-7d 8-21d 22-35d
Com 556 576 612
Soyabean meal 304 356 322
Soyaoll 13 320 33
Limestone 1.4 1.45 13
Dicalcium Phosphate 1.4 1.4 12
Salt 02 02 02
LLysine 0.1 o1 01
DL-Methionine 0.27 0.27 0.26
Vit-min premix* 0.20 020 020
Total % 100 100 100
Nutrient composition chemical analysis.
Crude protein (27) (%) 240 224 21.03
Metabolisable energy (kcal/kg) 20322 30544 31053
Fat (¢/kg) 386 575 600
Caloulated analysis
Caloium (g\kg) 099 098 087
Phosphorus (g\kg) 0.41 0.40 036
Sodium (g\kg) o1 0.11 011
Lysine (g\kg CP) 1.45 134 1.23
Methionine (g\kg CP) 0.66 0.64 061
Choline (mg\kg) 1420.7 1329.4 12602

*Supplied per kg of premix: trans-retinol (4), 125000001U; cholecalciferol (D3), 5000001U;
a-tocopherol acetate (), 75000mg; thiamine (B1), 4500 mg; riboflavin (B2), 8000mg;
pyridoxine (B6), 5000mg; vitamin B12, 22000 mg; pantothenic acid, 20000 mg; folic acid,
2000mg; biotin, 200000 wg; Fe, 100000mg; Co, 250mg; Mn, 100mg; Cu, 10000mg;
2Zn, 80000mg; I, 1000mg; Se, 300mg; Mo, 0.5mg; Ca, 7.7%; . 0.01%; Na, 0.18%;
Ash, 97%.





OPS/images/fvets-09-857294-t002.jpg
Age  Control 03
Body weight

1d 410 400
Twk  1000° 12000
2wk 240.0° 266.0°
3wk 6550 657.0
4wk 10340 10350
Swk  16900°  1585.0°
Feed consumption

1wk 2000 200.1
2wk 2990 80020
3wk 49821 500.00
4wk 7900 785.00
5wk 8600° 86507
Feed Efficiency

1wk 2.90 2.85
2wk 187 1.70
3wk 130 126
4wk 2.19 209
5wk 1.70 1.70
Weekly body weight gain

1wk 7000 70.01
2wk 160.00°  175.65°
3wk 387.00°  399.00°
4wk 360.11° 375.0°
Swk 5030 508.0

FOS %

0.5

410
125.0°
270.0%

667.0
1044.0
1606.0*

201.0
302.32
510.11
780.01
850.0*

2,620
1.83
1.31
2.14
1.66

76.65
165.00*
389.00°
364.00°

513.0

0.7

420
124.0°
275.0°
669.0
1056.0

1760.0°

201.1
300.00
506.00
789.32
890.0°

2.80°
1.83
1.31

2.19
1.61

72.00
164.00%
386.23*
361.00*

550.0

SEM

0.000
2252
3.645
2551
10.40
11.02

1.105
2178
4.554
5.477

16.0

0.067
0.098
0.021
0.084
0.059

3.164
3.940
2120
4.140
50.01

P-value

0.001
0.001
0.451
0.551
0.025

0.77

0.98

1.000
0.645
0.046

03868
0.345
0.876
0.908
0.596

0.412
0.003
0.005
0.003
0278

FOS, Fructo-oligosaccharides. All treatment groups received a soybean basal diet.
Differences between the treatment groups are statistically different at P < 0.05. Mean
values within the same raw with different superscriot letters are significantly different.
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