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Dietary encapsulated Bifidobacterium animalis and Agave fructans 
improve growth performance, health parameters, and immune 
response in broiler chickens

María José Hernández-Granados1, Rosa Isela Ortiz-Basurto2, Maribel Jiménez-Fernández3,  
Carlos Alberto García-Munguía4, and Elena Franco-Robles4,*

Objective: The present study was conducted to evaluate the effects of dietary supplemen­
tation with Bifidobacterium animalis, Agave fructans, and symbiotic of both encapsulated 
on growth performance, feed efficiency, blood parameters, and immune status in broiler 
chickens, and to compare these with diets including antibiotic growth promoters and without 
additives.
Methods: A comparative experimental study was carried out with 135 male Ross 308 broiler 
chickens. Each trial was divided into 5 equal groups. Control group (CON) received a 
standard diet without growth promoter; GPA, a standard diet with colistin sulfate and zinc 
bacitracin (0.25 g/kg of feed); PRE, a standard diet with 1% Agave fructans; PRO, a standard 
diet with Bifidobacterium animalis (11.14±0.70 log CFU/g); SYM, a standard diet with B. 
animalis and Agave fructans. 
Results: A significant decrease in food consumption was found for the GPA, PRE, and 
SYM, compared to the CON group. The results show a better feed conversion index in 
PRE and GPA with respect to the CON group with the highest conversion index. Interestingly, 
the weight of the gastrointestinal tract shows a statistically significant difference between 
GPA and PRE groups. Moreover, the length of the gastrointestinal tract of the GPA 
group was less than the PRE group. In the total leukocyte count, there was a statistically 
significant increase in the GPA group compared to the CON, PRE, and PRO groups, 
and the heterophiles-lymphocytes index was lower in PRO. Regarding the cytokines, 
interleukin 10 (IL-10) decreased in PRO compared to CON and PRE, while IL-1β in­
creased in the SYM group. 
Conclusion: Alternative treatments were shown to achieve similar productive results as 
growth-promoting antibiotics and showed improvement over diet without additives; 
however, they have immunomodulatory properties and improved the development of the 
gastrointestinal tract compared to the treatment of growth-promoting antibiotics.

Keywords: Interferon-gamma; Interleukin 10; Leukocytes; Probiotics; Prebiotics;  
Tumor Necrosis Factor

INTRODUCTION 

In broiler diets, antibiotics are used to improve growth performance and are known as 
growth-promoting antibiotics (GPAs). Also, they are used as a prophylactic therapy to pre­
vent the development and transmission of diseases [1]. It has been proposed that GPAs 
suppress the production of catabolic mediators by intestinal inflammatory cells, thus altering 
the normal microbiota, while others suggest that GPAs induces changes in the microbiota 
that reduce inflammatory interactions in the small intestine [2]. Further, it has been pro­
posed that after an inflammatory stimulus, such as exposure to infectious pathogens and 
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their toxins, GPAs generate an anti-inflammatory effect by 
reducing the production of cytokines and chemokines, which 
leads to a decrease in muscle catabolism and a decrease in 
anorexia [3]. Moreover, chickens treated with penicillin and 
streptomycin show a decrease in cytokines related to in­
flammation in the cecum [4]. Accordingly, despite the wide 
acceptance of their use for the supposed benefits they confer 
on poultry, the mechanisms of action remain unknown [5].
  Probiotics have been used to improve animal performance 
and maintain the normal microbiota of host animals. Their 
main action is a reinforcement of the intestinal mucosa bar­
rier against adverse agents [6]. Prebiotics like fructans are a 
promising alternative for the poultry industry due to their 
ability to cross the digestive tract, facilitate, and support the 
symbiotic relationship between the host and the microbiota 
of the gastrointestinal tract (GIT), and produce health bene­
fits [7,8]. The benefits of Bifidobacterium animalis and Agave 
fructans are promoted more efficiently when both work to­
gether in the living system since the symbiotic relationship 
contributes significantly to health [1]. Symbiotics stimulate 
the growth of the probiotic organism by providing the spe­
cific substrate to the probiotic organism for fermentation [9]. 
The aim of this study was to evaluate the effect of a probiotic, 
prebiotic, and symbiotic encapsulated on growth performance, 
feed efficiency, hematological and biochemical parameters, 
small intestine characteristics, as well as cytokines and im­
munoglobulin A (IgA) in broiler chickens.

MATERIALS AND METHODS 

Encapsulated treatments 
The symbiotic was composed of Bifidobacterium animalis 
subsp. lactis (BLC-1) (11.14±0.70 log CFU/g) and 10 g of 
native Agave fructans (Mieles Campos Azules, Amatitán, 
Jalisco, México) in a double emulsion. Development, pro­
duction, and characterization of probiotic, prebiotic, and 
symbiotic capsules were performed and described by Juárez-
Trujillo et al [10].

Birds, housing, and diets
The experimental protocol was performed following the 
guidelines of chapter 7.10 of the Terrestrial Animal Health 
Code of the World Organization for Animal Health [11] and 
the management and rearing manuals for animal welfare, al­
ways analyzing their behavior and continue taking care of 
the environment. The research protocol was approved by the 
Institutional Committee of Bioethics in Research of the Uni­
versity of Guanajuato with the code CIBIUG-P07-2019.
  A comparative experimental study was performed with 
a total of 135 one-day-old male broiler chickens Ross 308 
(Aviagen Group, Huntsville, AL, USA), with an average weight 
of 42.38±3.5 g. The birds were randomly distributed into 

five groups with 27 birds each. The broilers were housed in 
15 experimental units consisting of a pen of 1 m×1 m each. 
All birds were administered with an initial standard diet 
(first 3 weeks: crude protein [CP], 23%; metabolizable en­
ergy [ME], 3 kcal/kg) and finisher standard diet (the last 4 
weeks: CP, 21%; ME, 3.22 kcal/kg) with or without the fol­
lowing additives (Table 1). Treatment 1 (control, CON), 
animals fed a standard starting and finishing diets, without 
GPA; treatment 2 (GPA), animals fed a standard starter and 
final diets with 0.25 g/kg feed of colistin sulfate and zinc 
bacitracin COLI-ZIN (PRODE International laboratory); 
treatment 3 (PRE), animals fed with a standard starting and 
finishing diets with prebiotic capsules with 1% of Agave 
fructans; treatment 4 (PRO), animals fed a standard starting 
and finishing diets with probiotic capsules with Bifidobac-
terium animalis (11.14±0.70 log CFU/g); treatment 5 (SYM), 
animals fed with a standard starting and ending diets with 
symbiotic capsules (11.14±0.70 log CFU/g+10 g Agave 
fructans). Food was offered ad libitum in poultry hopper 
feeders and the leftover was weighed each day to obtain the 
food consumed. Drinking water was also provided ad libitum 
daily in glass-bottom waterers.

Table 1. Ingredients and composition of the basal diets

Item
Diet1)

Starter Grower

Ingredients (%)
Sorghum 54.47 59.25
Soybean paste 22.5 20.75
Corn gluten meal 7 8
Fish meal 6.16 3
Vegetable oil 6 5.7
Limestome 1.2 1.3
Dicalcium phosphate 1.72 1.22
DL-Methionine 0.2 0
Vitamin-Mineral premix2) 0.5 0.5
L-Lysine 0 0.03
Salt 0.25 0.25
Total 100 100

Calculated composition
Calcium (%) 0.9 0.9
Available phosphorus (%) 0.4 0.35
Arginine (%) 1.3 1.3
Lysine (%) 1.14 1
Methionine (%) 0.53 0.4

1) Starter diet: first 3 weeks; CP, 22.4%; ME, 3.1 kcal/kg. Grower diet: the 
last 4 weeks; CP, 20.3%; ME, 3.05 kcal/kg.
2) Vitamin A (10,000 IU): Vitamin D3 (cholecalciferol), 3,000 IU; Vitamin E 
(all-rac-α-tocopherolacetate), 30 IU; menadione, 1.3 mg; thiamine 2.2 mg; 
riboflavin, 8 mg; nicotinamide, 40 mg; choline chloride, 600 mg; calcium 
pantothenate, 10 mg; pyridoxine · HCl, 4 mg; biotin, 0.04 mg; folic acid, 1 
mg; vitamin B12 (cobalamine), 0.013 mg; Fe (from ferrous sulfate), 80 mg; 
Cu (from copper sulfate), 8 mg; Mn (from manganese sulfate), 110 mg; 
Zn (Bacitracin Zn), 65 mg; iodine (from calcium iodate), 1.1 mg; Se (from 
sodium selenite), 0.3 mg.
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  The euthanasia of the broiler chickens was performed at 
the end of the experiment (49 days) using the cervical dislo­
cation technique described in the "Manual for the welfare of 
broiler chickens" published by the National Service of Health, 
Safety and Agri-Food Quality of Mexico [12] and NOM-033-
SAG/OO-2014. The cervical region of the bird was stretched 
with the necessary force to dislocate the first vertebra attached 
to the skull. The small intestine and cecum were dissected, 
removed, and stored at –20°C for later analysis.

Growth performance
Growth performance was monitored during the initiation 
stage, finishing stage, and throughout the fattening. For total 
body weight gain, all broilers were weighed individually on 
day 0 and subsequently per week, subtracted the initial weight. 
The weekly food consumption was evaluated by adding the 
food consumed during all the days of the week. The feed 
conversion ratio (FCR) was calculated by dividing the grams 
of feed consumed for weight gain, during each stage and at 
the end of the experiment.

Measurement of weight and length of various organs 
and gastrointestinal tract
On day 42, 10 broilers per treatment were randomly selected 
and euthanized, and the entire GIT, liver, gallbladder, and 
spleen were weighed. The GIT of all broilers was measured 
longitudinally. 

Blood sampling and determinations of blood 
parameters
On day 42, two mL were collected from the wing vein for 
each bird into EDTA (5% ethylenediaminetetraacetic acid) 
tubes for the determination of hematological parameters. 
Hematocrit determination was performed by the micro-
method [13]. Hemoglobin was determined in blood using 
the cyanometahemoglobin method (Spinreact Drabkin re­
agent kit; Spinreact Mexico, Naucalpan de Juárez, México). 
Erythrocyte and leukocyte counts were performed manually 
with a blood dilution of 1:200 into Natt and Herricks-TIC 
solution [14]. The differential count of lymphocytes, hetero­
philes, monocytes, eosinophils, and basophils was determined 
by Diff Quick stain. The H:L (heterophiles-lymphocytes) in­
dex was performed by dividing the number of heterophils 
by the number of lymphocytes [15]. The second sample was 
taken in tubes with EDTA (3 mL), centrifuged at 2,000 to 
3,000 rpm for 15 to 20 minutes and the serum was obtained 
to determine concentrations of serum glucose, triglycerides, 
and cholesterol using GOD-POD Spinreact kits.

Cytokine and immunoglobulin A levels
The serum levels of the anti-inflammatory cytokines inter­
leukin 10 (IL-10) and gamma interferon (IFN-γ), tumor 

necrosis factor-β (TNF-β), and pro-inflammatory cytokines 
TNF-β and IL-1β and IgA serum levels were quantified by 
ELISA kits following the instructions manufacturer at the 42 
days. The kits were as follows: chicken IgA ELISA kit (My­
BioSource MBS564152; MyBioSource, Inc., San Diego, CA, 
USA), chicken TNF-β (MBS778237; MyBioSource, USA), 
chicken IFN-γ (MBS778165; MyBioSource, USA), chicken 
IL-10 (MBS778166; MyBioSource, USA), chicken IL-1β 
(MBS2510251; MyBioSource, USA).

Statistical analyses
Data are presented as mean values with their standard er­
rors. Data were checked for normal distribution with the 
Kolmogorov–Smirnov test. One-way analysis of variance 
was used to analyze the results and the differences between 
different groups were analyzed by Tukey’s multiple compari­
sons. It was considered at p<0.05 as significant (Statistica 
8.0). 

RESULTS 

Growth performance
Body weight gain: During the initiation stage (1 to 21 days) 
there were no statistically significant changes for body weight 
gain the values are shown in Table 2. In the same way, the 
body weight gain was always similar between the treatments 
during the completion stage and throughout the experimen­
tation period. The group with the highest body weight was 
PRE, followed by the PRO, which was very similar to the 
GPA, leaving the CON group and the SYM group below 300 
grams.
  Feed intake: In the same way as the weight gain, during 
the start stage (1 to 21 days) there were no statistically signif­
icant changes in food consumption. From the completion 
stage (beginning on day 21), a statistically significant decrease 
was found for GPA, compared to CON (p<0.05). Likewise, 
there was a statistically significant decrease for PRE and SYM 
to CON (p<0.05). All values are shown in Table 2.
  Feed conversion ratio: The feed conversion did not show 
statistically significant changes in any of the stages or the 
total fattening. In the completion stage, the PRE treatment 
improved feed conversion by 14% compared to the CON.

Weight and length of the organs and the 
gastrointestinal tract 
Table 3 shows the results on the weight of the GIT, liver, 
gallbladder, and spleen. There was a statistically significant 
difference in GIT weight between the GPA and the PRE (p 
<0.05). Coinciding with the weight, the length also showed 
a significant difference in the length of the GIT, from the 
crop to the cloaca, of the GPA and PRE (p<0.05). Interest­
ingly, the liver showed the same trend since a statistically 
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significant difference was found between GPA and PRE 
and PRO (p<0.05). 

Hematological and biochemical parameters
Table 4 shows that no statistically significant difference was 

found in total erythrocytes but decrease by approximately 
30% in GPA and increase by 10% in PRE. No significant dif­
ferences were found between hematocrit and hemoglobin.
  On the other hand, in the total leukocyte count, there was 
a statistically significant increase in GPA compared to CON 

Table 2. Effect of the inclusion of encapsulated additives on the growth performance of broilers

Group CON
(mean±SE)

GPA
(mean±SE)

PRE
(mean±SE)

PRO
(mean±SE)

SYM
(mean±SE)

1 to 21 days
BWC (g/bird) 759 ± 16.1a 764.6 ± 15a 766.4 ± 15.7a 776.4 ± 19.2a 754.1 ± 17.5a

Feed intake (g/bird) 1,210 ± 7a 1,145 ± 13a 1,182 ± 9a 1,165 ± 23a 1,167 ± 20a

FCR 1.58 ± 0.02a 1.49 ± 0.01a 1.54 ± 0.04a 1.5 ± 0.02a 1.54 ± 0.03a

21 to 49 days
BWC (g/bird) 2,176 ± 118a 2,275 ± 96a 2,447 ± 98a 2,245 ± 114a 2,168 ± 86a

Feed intake (g/bird) 5,854 ± 29a 5594 ± 31b 5,612 ± 43b 5,691 ± 33ab 5,643 ± 61b

FCR 2.84 ± 0.2a 2.49 ± 0.1a 2.32 ± 0.1a 2.53 ± 0.03a 2.6 ± 0.09a

1 to 49 days
BWC (g/bird) 2,924 ± 113a 3,039 ± 87a 3,219 ± 90a 3,037 ± 110a 2,936 ± 81a

Feed intake (g/bird) 7,064 ± 49ª 6,740 ± 20b 6,795 ± 14b 6,857 ± 11ab 6,810 ± 12b

FCR 2.4 ± 0.13a 2.2 ± 0.1a 2.1 ± 0.06a 2.2 ± 0.01a 2.3 ± 0.07a

CON, control; GPA, with growth-promoting antibiotic; PRE, with agave fructan capsules; PRO, with Bifidobacterium animalis capsules; SYM, with symbiotic 
capsules; SE, standard error; BWC, body weight gain; FCR, feed conversion ratio; g, grams.
a,b Different letters indicate significant differences between groups (p < 0.05).

Table 3. Relative weight and length of organs and gastrointestinal tract of broilers feeding with different additives encapsulated at the end of the 
experiment

Group CON
(mean±SE)

GPA
(mean±SE)

PRE
(mean±SE)

PRO
(mean±SE)

SYM
(mean±SE)

GIT (g) 166.8 ± 6.1ab 165.8 ± 4.3a 190.3 ± 6.8b 184.7 ± 5.7ab 175.1 ± 6.6ab

GIT (cm) 207 ± 2.4ab 186.8 ± 5.6a 216.2 ± 6.3b 202.8 ± 1.9ab 206.4 ± 8ab

Liver (g) 53.4 ± 2.7ab 47.8 ± 3.4a 62.7 ± 1.7b 61.8 ± 4.5b 51.7 ± 2.4ab

Gallbladder (g) 2.3 ± 0.2a 2.3 ± 0.1a 2.6 ± 0.2a 2.1 ± 0.2a 2.8 ± 0.2a

Spleen (g) 2.8 ± 0.3a 2.8 ± 0.1a 3.5 ± 0.4a 2.8 ± 0.2a 3.0 ± 0.3a

CON, control; GPA, with growth-promoting antibiotic; PRE, with agave fructan capsules; PRO, with Bifidobacterium animalis capsules; SYM, with symbiotic 
capsules; SE, standard error; GIT, gastrointestinal tract; cm, centimeter; g, grams. 
a,b Different letters indicate significant differences between groups (p < 0.05).

Table 4. Effect of the inclusion of encapsulated additives on the hematological parameters in birds at the end of the experiment

Group CON
(mean±SE)

GPA
(mean±SE)

PRE
(mean±SE)

PRO
(mean±SE)

SYM
(mean±SE)

RBC ( × 106/μL) 1.1 ± 0.1a 0.8 ± 0.1a 1.2 ± 0.2a 0.9 ± 0.04a 1.1 ± 0.09a

HB (g/dL) 14.0 ± 1.9a 13.6 ± 1.5a 12.8 ± 1.9a 12.4 ± 1a 13.0 ± 0.8a

HCT (%) 32.6 ± 3.1a 31.3 ± 1.3a 35.2 ± 1.9a 37.7 ± 2.1a 33.2 ± 0.8a

WBC ( × 104/μL) 2.5 ± 0.2a 3.8 ± 0.3b 2.4 ± 0.1a 2.5 ± 0.13a 2.9 ± 0.2ab

Lymphocytes (%) 51.2 ± 5.9a 25.8 ± 3b 42.2 ± 8.6ab 57.2 ± 4.5a 57.8 ± 6.2a

Heterophils (%) 43 ± 5.4a 69.8 ± 4b 47.6 ± 7.8ab 40 ± 4.3a 39 ± 5.8a

Monocytes (%) 5.4 ± 1.6a 2.4 ± 1a 7.4 ± 1a 2 ± 0.7a 2.6 ± 0.8a 
Eosinophils (%) 0.2 ± 0.2a 1.4 ± 0.5a 1.2 ± 0.8a 0.4 ± 0.2a 0.2 ± 0.2a

Basophils (%) 0.2 ± 0.2a 0.6 ± 0.4a 1.6 ± 0.6a 0.4 ± 0.2a 0.4 ± 0.4a

H:L 0.98 2.91 1.7 0.74 0.75

CON, control; GPA, with growth-promoting antibiotic; PRE, with agave fructan capsules; PRO, with Bifidobacterium animalis capsules; SYM, with symbiotic 
capsules; SE, standard error; RBC, red blood cell; HB, hemoglobin; HCT, Hematocrit; WBC, white blood cells; H:L, heterophile-lymphocyte relationship.
a,b Different letters indicate significant differences between groups (p < 0.05).
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and PRE and PRO (p<0.05). Moreover, there were statisti­
cally significant changes in lymphocytes and heterophiles in 
GPA with respect to CON and PRO, and SYM (p<0.05). The 
H:L ratio was very high in GPA compared to PRO and SYM. 
While, in the count of monocytes, eosinophils, and basophils 
there were no significant changes. 
  For the biochemical parameters analyzed in blood, no 
statistically significant differences were found between 
treatments for glucose, cholesterol, or triglycerides (data 
not shown).

Cytokine and IgA levels
Table 5 shows that IL-10 levels in the PRO group are lower 
compared to the CON and PRE groups (p<0.05). For IFN-γ 
levels, a statistically significant decrease was demonstrated 
for the GPA and PRO compared to the other 3 groups, mainly 
CON (p<0.05). Significant differences were found in IL-1β 
levels, they were observed to increase in SYN compared to 
CON and GPA and PRE (p<0.05). The TNF-β levels were 
similar in all treatment groups; therefore, there was no sig­
nificant difference between them. Interestingly, it was observed 
that IgA levels decreased by 30% approximately in GPA while 
in PRO there was an increase of approximately 20% with re­
spect to CON. 

DISCUSSION 

This study aimed to evaluate the effect of a probiotic, prebi­
otic, and symbiotic encapsulated on productive performance, 
blood, and immune parameters in broilers, compared to co­
listin sulfate and zinc bacitracin and diet without additives. 
Table 2 summarized data on the effect of experimental treat­
ments on the growth performance of broilers. No differences 
were observed in weight gains with any of the treatments 
compared to the control group. However, the group that 
gained the most weight at 49 days was the one fed with Aga­

ve fructans, although it was not significant. GPA, prebiotic 
and symbiotic treatments had a lower consumption com­
pared to the control group. However, the FCR only improved 
by 14% with prebiotic treatment with respect to control group. 
According to these results, Yang et al [16] reported that treat­
ment with fructooligosaccharides improved feed conversion 
by 2% to 6%. The improvement in the productive parameters 
of broilers treated with prebiotics is attributed mainly to the 
development of beneficial bacteria in the digestive tract, 
locally to the stimulation of the gut-associated lymphoid 
tissue (GALT) and a positive modification of the structure 
and function of the GIT [17]. The chicken microbiota is 
mainly composed of bacteria of the phylum Firmicutes and 
Proteobacteria, followed by Bacteroidetes [17]. Fructooligo­
saccharides treatment (2.5 g/kg diet) increases Lactobacillus 
and limits the growth of Escherichia coli and C. perfringens 
[18]. Conversely, the use of zinc bacitracin is associated with 
a decrease in Lactobacillus species [19], which produce short-
chain fatty acids that protect the intestinal environment and 
increase species of Clostridium [20]. In fact, Lactobacillus, 
Ruminococcus, and Clostridium genera were associated with 
improvement in productive parameters [17]. Further, the 
supplementation with 0.2% mannanoligosaccharides (MOS) 
in a broiler significantly increased the weight of the duode­
num, jejunum, and ileum at 42 days, while the group that 
was administered with oxytetracycline showed a decrease 
in weight in the jejunum. In the same study, the length of 
the duodenum increased significantly in chickens fed MOS, 
and a decrease in length was shown for the group fed with 
antibiotics [21]. These results coincide with those demon­
strated in the present study, where greater weights and lengths 
of the GIT of the birds of the PRE group were found, com­
pared to the diet with antibiotics. An increase in the weight 
and length of the small intestine is associated with an in­
crease in the length of the villi in the duodenum, jejunum, 
and ileum [22]. Thus, the length, number, and surface of 

Table 5. Anti-inflammatory and pro-inflammatory cytokines and IgA serum levels in broilers with different encapsulated additives at the end of the 
experiment

Group CON
(mean±SE)

GPA
(mean±SE) 

PRE
(mean±SE)

PRO
(mean±SE)

SYM
(mean±SE)

Anti-inflammatory
L-10 (pg/mL) 428.0 ± 12.2a 355.4 ± 13.8ab 428.5 ± 31.3a 312.7 ± 14.5b 384.0 ± 14.8ab

IFN-γ (pg/mL) 77.1 ± 10a 45.3 ± 6.9b  68.9 ± 7.9ab 50.3 ± 4.4b 67.4 ± 6.1ab

Pro-inflammatory
TNF-β (nmoles/mg) 258.3 ± 34.8a 175.0 ± 27.1a 261.5 ± 14.6a 197.2 ± 34.2a 242.4 ± 30.0a

IL-1β (pg/mL) 17.6 ± 1.9a 18.0 ± 0.5a 14.2 ± 1.4a 19.6 ± 2.5ab 29.1 ± 2.5b

IgA (ng/mL) 38.5 ± 4.4a 27.3 ± 5.4a 38.2 ± 4.1a 46.8 ± 9.1a 39.1 ± 1.7a

CON, control; GPA, with growth-promoting antibiotic; PRE, with agave fructan capsules; PRO, with Bifidobacterium animalis capsules; SYM, with symbiotic 
capsules; SE, standard error; IL-10, interleukin 10; IFN-γ, gamma interferon; TNF-β, tumor necrosis factor beta; IL-1β, interleukin 1 beta; IgA, immunoglobu-
lin A; ng, nanogram; Ml, milliliter; pg, picogram; mg, milligram; nmoles, nanomoles.
a,b Different letters indicate significant differences between groups (p < 0.05).
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intestinal villi are associated to improve the capacity and 
absorption of nutrients [23,24]. 
  Moreover, the use of probiotics, mainly bifidobacteria and 
lactobacillus, has been shown to improve the health status 
and quality of meat in chickens infected with a pathogenic 
strain or subjected to stressors [25,26]. According to Khan et 
al [27], the response to probiotic supplementation is observed 
after stressful events, including changes in diet, periods of 
fasting, and changes in temperature; events that did not occur 
during the present experiment. According to Mookiah et al 
[28], records of diseases or pathologies should be mentioned 
in which symbiotics, or probiotics could have had a positive 
effect, maintaining, or increasing the weight gain of the broiler 
chicken. Cheng et al [29] evaluated the growth performance 
of chickens by administering a symbiotic at a dose of 1.5 g/kg 
with probiotics (Bacillus subtilis, Bacillus licheniformis, and 
Clostridium butyricum) and prebiotics (yeast cell wall and 
xylooligosaccharides), showing that the synergy increased 
daily weight gain and reduced the conversion rate. According 
to our results, other authors show that the growth performance 
in chickens does not increase with the dietary inclusion of 
probiotics and symbiotics compared to the control group [7]. 
Probably, as demonstrated in the study by Cheng et al [29] a 
combination of more than one bacterial strain and a prebi­
otic is necessary to influence the productive parameters.
  On the other hand, hematological parameters are used as 
indicators of health, and variations in these indicators can 
reflect bacterial, viral, parasitic, or fungal infections, as well 
as problems of intoxication, dehydration, clotting, or anemia 
[30]. In general, it is necessary to determine whether the ad­
ditive introduced to the diet of broilers will induce the integral 
immune response. According to the present results, a study 
with Agave fourcroydes with high concentrations of fructans 
did not cause adverse symptoms or significantly decrease 
hematological parameters [31]. Al-Saad et al [32] reported 
that treatment with a prebiotic and antibiotic did not modify 
the red cell count. In the present study, significant changes 
were found in the differential leukocyte count for the GPA 
group, which may indicate inflammatory processes due to 
damage caused by GPAs, indicating that GPAs have local 
negative effects on GALT through GPA microbial interac­
tions [32]. Regarding hematocrit and hemoglobin, the results 
coincide with those published by Gutiérrez-Castro and Corre­
dor-Matus [33], where these values were among the normal 
parameters for the species, they did not show significant 
changes between treatments. The results are consistent with 
those reported by Abdel-Hafeez et al [25] where they treated 
their broilers with a probiotic at a dose of 0.250 kg/ton and a 
prebiotic at a dose of 2.0, 1.0, and 0.5 kg/ton in the initiation, 
growth and finishing phases, and found that the treatment 
did not modify levels of hemoglobin, erythrocytes, glucose, 
and total cholesterol. In the same way, Nyamagonda et al [34] 

found that the addition of probiotics and symbiotics to the 
diet of broilers had no significant effects on the volume of 
packed cells and hemoglobin.
  The H:L index is recognized that it is a good indicator of 
acute and chronic stressors [35]. Weimer et al [36] indicate 
that the increase in the proportions of H:L indicates the chronic 
stress response of the immune system in chickens. The GPA 
group sees an increase in the H:L ratio, which could demon­
strate alteration in the immune system of chickens fed this 
additive and even the PRO and SYM treatments could func­
tion as immunomodulators. 
  Moreover, we did not find changes in the levels of bio­
chemical parameters due to any of the treatments. According 
to this, Faramarzzadeh et al [37] showed that the treatment 
with Chicory fructans in broilers did not induce any signifi­
cant effect on the concentration of glucose, triglycerides, and 
total cholesterol. Mokhtari et al [38] found that the serum 
glucose of broilers was not significantly affected by symbiotics.
  In this study, we observed that the IL-10 and IFN-γ levels 
in the group administered PRO and GPA were lower. This 
may be due to the interaction that exists between the probi­
otic and the cells of GALT, generating inhibitory responses 
on the production of this interleukin. IL-10 plays an impor­
tant role in viral and parasitic pathogenesis by suppressing 
the protective immune response of Th1 cells. IFN-γ expres­
sion has been associated with viral, bacterial, and parasitic 
infections; and it is well established that interferon plays a 
critical role in infection control and pathogen elimination 
[39]. There are no significant differences in the level of the 
TNF-β between the groups, this may be due to the physio­
logical conditions of the animals since they were healthy 
animals in a pathogen-free environment, therefore, the im­
mune responses of the treatments were not observed. IL-1β 
is produced by a variety of cells after stimulation, particular­
ly by microbes or microbial products [40]. In this regard, in 
this study, there was an increase of IL-1β in birds treated with 
symbiotics. A greater understanding of avian mucosal im­
munity is important, as it can help to develop strategies to 
prevent bacterial colonization and eventually infection of 
the mucosal epithelium. This is relevant for both animal 
welfare and human health. It is well known that the wide­
spread administration of antibiotics is probably an important 
factor contributing to changes in the mucosal microbiota. 
There are numerous studies in which the administration of 
antibiotics such as ciprofloxacin, clindamycin, vancomycin, 
and ampicillin, among others, generate large long-term 
changes in the resident microbiota [41]. In this study, we 
observed that IgA levels tend to decrease in the GPA group, 
suggesting that dysbiosis alters the GALT mucosa and, con­
sequently, IgA secretion. Likewise, we observed that in the 
PRO group, the levels tended to increase.
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CONCLUSION

The treatment of prebiotics, symbiotics, and GPA significantly 
reduced the daily food intake compared to the control group, 
demonstrating that prebiotics and symbiotics achieve simi­
lar productive effects as GPAs. However, prebiotics increases 
the weight and length of the GIT significantly compared to 
the group treated with GPA, demonstrating a better devel­
opment with GIT with prebiotics than with GPA. Probiotic 
and symbiotic treatments decrease the heterophile-lympho­
cyte ratio and modify the levels of IL-10, IFN-γ, and IL-1β, 
suggesting that they may act as immunomodulators. These 
results suggest that Agave fructans is a novel additive that 
can be included in the diet of broilers to improve health pa­
rameters. However, more studies are suggested with different 
levels of treatment and also with different probiotic-prebiotic 
combinations to observe more benefits in broilers.
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