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ABSTRACT

This study evaluated the effects of the inclusion of guava by-product
flour (GBF) in the diets of broilers under challenged and
unchallenged conditions using a live attenuated Eimeria spp.
vaccine. Performance parameters, intestinal morphometry and fecal
oocyst counts were evaluated. Four hundred day-old Cobb-500
chicks were randomly allocated to two rooms with 20 pens each and
submitted to four feeding treatments: 0%, 2% and 4% GBF inclusion,
and 0% GBF, with the addition of a commercial probiotic based on
Bacillus spp. On the 15th day, birds in one of the rooms were
challenged with an attenuated Eimeria vaccine. Performance data
were recorded through Day 21, with fecal samples collected on Days
7,14, and 21 for oocyst counts. Intestinal segments were collected on
day 22 for morphometric analysis. In birds without challenge, the
inclusion of GBF had no significant effect on performance
parameters, although higher villus height in the jejunum and
increased villi:crypt ratio were observed in the jejunum (P<0.05) and
duodenum (P<0.01), which are indicative of greater intestinal
absorptive capacity. Among challenged birds, treatment with 4%
GBF resulted in better performance in all variables (P<0.05) and
reduced oocyst excretion (P<0.01). It is concluded that the inclusion
of 4% GBF may contribute to gut integrity and help mitigate the
harmful effects of Eimeria spp. infection in broiler chickens.
Keywords: broiler chickens; intestinal morphometry; functional food,;

guava by-product; oocyst count.

RESUMO

Este estudo avaliou os efeitos da inclusao de farinha de subproduto
de goiaba (GBF) nas dietas de frangos de corte com e sem desafio
experimental por vacina viva atenuada de Eimeria spp.

Desempenho produtivo, morfometria intestinal e contagens de



oocistos fecais foram avaliados. Quatrocentos pintos de um dia
foram alocados aleatoriamente em duas salas com 20 cercados cada
e submetidos a quatro tratamentos alimentares: 0%, 2% e 4% de
inclusao de GBF, e 0% de GBF, com a adicao de um probidtico
comercial baseado em Bacillus spp. No 15° dia, aves em uma das
salas foram desafiadas com uma vacina atenuada. Os dados de
desempenho foram registrados até o dia 21, com amostras fecais
coletadas nos dias 7, 14 e 21 para contagem de oocistos. Segmentos
intestinais foram coletados no dia 22 para analise morfométrica. Em
aves sem desafio, a inclusao do GBF nao teve efeito significativo no
desempenho, embora tenham sido observados maior altura das
vilosidades no jejuno e aumento da relacao vilosidade:cripta no
jejuno (P<0,05) e no duodeno (P<0,01), que sao indicativos de maior
capacidade absortiva. Nas aves com desafio, o tratamento com 4%
GBF resultou em melhor desempenho em todas as varidveis
(P<0,05) e reducao da excrecao de oocistos (P<0,01). Conclui-se que a
inclusao de 4% de GBF pode contribuir para a integridade intestinal
e ajudar a mitigar os efeitos prejudiciais da infeccao por Eimeria spp.
em frangos de corte.

Palavras-chave: frangos de frango; morfometria intestinal; alimento

funcional; subproduto da goiaba; contagem de oocistos.

1. INTRODUCTION

Brazil is the third largest producer of fruits in the world, and a
significant part of this production is destined for agro-industrial
processing (ABRAFRUTAS, 2023), which generates large volumes of
waste material such as peels, seeds, pulp, and bagasse —
components that represent a considerable fraction of the raw
material used (Magsood et al., 2025). As the sector has grown, so has

the problem of improper disposal of this waste. Guava is a highly



nutritious fruit rich in vitamins and minerals, and its by-products
have been investigated as alternative ingredients for animal feed,
including lamb (Nobre et al, 2024), fish (Furuya et al, 2008), and
broiler chickens (Oliveira et al.,, 2018). Studies have reported benefits
in both cost reduction and improved animal health, mainly due to

the presence of bioactive compounds.

Further research on guava's agro-industrial by-products could reveal
new applications, support the development of value-added
products, reduce environmental impacts, and improve the use of

important nutrients that would otherwise be wasted.

Brazil is also one of the world's largest producers and the main
exporter of chicken meat, known for its competitiveness, sanitary
standards, and production efficiency (ABPA, 2025). Bioactive
compounds present in guava residue, such as flavonoids, tannins,
phenolic acids, and saponins, are potentially useful for the
development of intestinal epithelium in chickens (Noleto-Mendonca,
2021), either by trophic action on enterocytes, by promoting
microbiota modulation, or by acting against pathogens, such as
coccidia, factors that trigger better intestinal absorption and,

consequently, better performance parameters (Chen et al. 2024).

Although research indicates desirable effects of the guava by-
product on the intestine, there are no studies that have evaluated
the effect on animals under challenging conditions. This study
aimed to evaluate the effects of guava by-product flour (GBF) in
broiler diets on performance parameters, intestinal morphometry
and fecal oocyst count in both challenged and unchallenged birds.
The hypothesis investigated is that the inclusion of guava by-

product in the diet of broilers attenuates intestinal epithelial lesions



associated with Eimeria infection, preserves the morphometry of the
intestinal mucosa, reduces the elimination of oocysts and improves
performance parameters in animals subjected to the coccidial

challenge.

2. MATERIALS AND METHODS

The experiment was carried out at the Federal Institute of Education,
Science and Technology of Rio de Janeiro (IFF) — Bom Jesus do
ltabapoana campus, Brazil, in collaboration with the Animal Science
Laboratory of the State University of Northern Rio de Janeiro (UENF).
The processing of the intestinal segments was carried out at the
Laboratory of Animal Morphology and Pathology of the Veterinary
Hospital of UENF. The experimental protocol was approved by the
Ethics Committee on the Use of Animals (CEUA/REIT/IFFLU, approval
No. 37, issued on September 14, 2023).

2.1. Animals and Housing

A total of 400 one-day-old Cobb-500 broiler chickens (males and
females) were kept in pens measuring 120X80cm, containing tubular
feeders and bowl-type drinkers, on a floor with wood shavings, with
feed and water ad /ibitum. Animals with body weight ranging
between 35 and 48 g were selected, and then distributed in order to
ensure the uniformity of the lots in terms of average weight. Ten

birds were allocated to each pen.

The birds were housed in two identical rooms, with 20 pens each,
with east-west orientation, masonry side walls and mesh walls on
the remaining sides, cement floor and ceramic tile roof with PVC
lining. The screened sides were equipped with movable curtains to

control ventilation and temperature. Temperature and relative



humidity were monitored daily, with curtain management and

heating to maintain thermal comfort.

Only birds from one of the rooms were submitted to the
experimental challenge. The two groups were identified as "no

challenge" (NC) and "with challenge" (WCQC)

The light and temperature program followed recommendations
from the lineage manual (COBB-VANTRESS, INC, 2021). The
temperature and humidity of the house were monitored with
thermo-hygrometers and adjusted using electric heaters, fans and

curtains. For the lighting, LED lamps and timers were used.

2.2. Guava By-Product Flour (GBF)

GCuava by-products were collected from the fruit processing
agroindustry at the Federal Institute of Espirito Santo (Ifes) — Itapina
Campus, located in Colatina, Espirito Santo, Brazil. The material was
dried at 60 °C in a circulating air dehydrator, with the moisture
content monitored by the constant weight method, until it reached
values below 13%. The dried by-product was then ground and stored

in sealed plastic bags under freezing conditions (-7 °C).

The analysis of the physicochemical composition of the GBF used
was published by Assis et al. (2025). The centesimal composition of
the guava by-product flour presented the following values: neutral
detergent fiber (NDF) of 37.42 + 0.244%, crude protein of 9.37 #
0.103%; moisture from 11.94 + 0.58%; ashes from 2.04 + 0.109%; lipids
of 576 + 0.328%; total carbohydrates from 76.65 + 0.301%; non-fiber
carbohydrates from 218 * 0.283%; and total tannins of 0.0051 *
0.175%.



2.3. Experimental Treatments

Four treatments consisting of balanced diets suitable for each
growth phase were evaluated. Three treatments included 0%, 2%
and 4% levels of GBF, which was considered in this study as a
functional ingredient with additive effects, rather than a nutritional
substitute for corn or soybean flour. The fourth treatment used the
same formulation with 0% GBF, but included a commercial probiotic
for poultry and swine (PAS-TR, Imeve®) at the minimum dose

recommended by the manufacturer (100 g/ton), containing Bacillus

cereus and Bacillus subtilis (4.0x10'2 CFU/kg). The inclusion of this
treatment aimed to compare the effect of GBF with the commercial
alternative most commonly accessible to poultry farmers in the
region, used to promote the modulation of the intestinal microbiota
and improve performance. The four treatments were designated as

follows:
e 0%: Basal diet without GBF;
e 2%: Diet with 2% GBF,;
e 4%: Diet with 4% GBF;
e O+P: Basal diet with probiotic supplementation.

The experimental diets were formulated to be nutritionally
equivalent (isoenergetic and isoprotein) and to meet the nutritional
needs of the pre-onset (up to seven days) and early (eight to 21 days)
phases, according to the recommendations of Rostagno et al. (2024)
and the Cobb strain management guide (COBB-VANTRESS, 2025).

The ingredients, nutritional composition and satisfaction of



requirements are presented in Table 1. Coccidiostats and antibiotics

were not included in the premixed formulation.

Table 1. Ingredient composition and calculated nutritional
composition of experimental diets with graded levels of guava agro-
industrial by-product and probiotic supplementation for broiler

chickens during the pre-starter (1-7 d) and starter (8-21d) phases.

ngredient } 7 days

A Esta tabela possui muitas colunas e foi cortada para impressao. Para visualiza-la

completa, acesse o artigo original em: https://revistatopicos.com.br/artigos/guava-by-

product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-

with-an-attenuated-vaccine?noblockage

2.4. Experimental Challenge

On the 15th day of the experiment, birds housed in one of the two
rooms were orally inoculated with a high dose of a live attenuated
commercial vaccine against avian coccidiosis (Vaxoon® Coccivet R),
containing strains of Eimeria acervulina, E. brunetti, E. maxima, E.
necatrix, E. praecox, E. tenella and E. mitis. Each bird received a dose

25 times higher (0.75mL) than the immunizing dose (0.03mL), based
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on the methodology described by Zhang et al. (2016). The objective

was to induce a controlled infection in the animals.

2.5. Data And Sample Collection And Processing

The mean values for performance variables in each experimental
unit were recorded on days 7, 14 and 21. Feed intake (FI) was
measured as the difference between the amount of feed offered and
leftovers. Body weight (BW) was assessed by weighing the birds
using an electronic scale. Weight gain (WG) was calculated as the
difference between body weight at the beginning and end of each
week. The feed conversion ratio (FCR) was calculated as the ratio
between FI and WG. Bird mortality was recorded throughout the

test and accounted for in the calculations.

For intestinal morphometry, one bird per replication was selected
based on the body weight closest to the average of its pen,
representing the experimental unit. On the 22nd day, the selected
birds were euthanized by exsanguination after electric stunning to
collect intestinal segments: duodenum, jejunum and ileum. 3.0 cm
sections were collected from the midpoint of each segment.
Following the methodology described by Torres (2010), intestinal
samples were opened longitudinally to expose the lumen, fixed on
labeled cardboard strips, rinsed with 0.9% saline solution to remove
luminal content, and immersed in 10% neutral buffer formalin for 72
hours. After fixation, the samples were transferred to 70% ethanol
and processed for histology slide preparation. The slides were
stained with hematoxylin and eosine. Using an optical microscope
with 5x magnification, the images were captured and analyzed
using the QuPath® software (version v0.6.0-rc3). Ten villi and ten

crypts were measured by replica, selecting those with the best



integrity and visualization. The villus height (VH) was measured from
the base to the apex, and the crypt depth (CD) was measured from
the base to the villi-crypt junction. The villi.crypt (V:C) ratio was
calculated as the average villus height divided by the average crypt

depth for each sample.

For oocyst counting, fecal samples from each experimental unit
were collected on days 7, 14, and 21 and analyzed using the
McMaster technique (HAUG et al.,, 2006) to determine oocysts per
gram (OPQ). To avoid contamination of the sand, plastic sheets were
placed under the feeders. Each sample consisted of feces from at
least two birds per experimental unit. Samples were collected on
days 7 and 14, and on day 21 in the NC group, to confirm the absence
of accidental coccidial infection. Figure 1 shows the schedule of

experimental procedures.

Figure 1. Experimental timeline of the broiler trial, indicating the
main procedures performed throughout the experimental period:

bird arrival (D1: day 1, D2: day 2; etc.).
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2.6. Experimental Design and Statistical Analysis

From day 1 to 14, a randomized block design was used, with rooms

(blocks) considered a source of random variation.



On the 15th day, the experimental challenge was introduced.
Therefore, for data analysis covering the period from day 1to day 21, a
completely random design (CRD) was adopted in a 2x4 factorial
arrangement. The factors were the experimental challenge (with or
without challenge) and the food treatment (0%, 2%, 4% and O+P),
considering the main effects of each factor and their interaction. In
addition, a simple CRD was also applied in each room (with or
without challenge) to identify possible differences between
treatments that could be masked by the strong effect of the

challenge.

Data were initially subjected to outlier detection and removal using
the interquartile range (IQR) and Z-score methods. Subsequently,
analysis of variance (ANOVA) was performed and, when significant
differences were detected, means were compared using Tukey's
test. Statistical analyses were performed using the RStudio®

software (version 2024.12).

3. RESULTS

3.1. Performance Before the Experimental Challenge

The mean performance values for the periods from day 1 to 7 and

from day 1to 14 are presented in Table 2.

Table 2. Effects of dietary guava by-product inclusion on growth
performance of broiler chickens during the pre-challenge period (1-7

and 1-14 days of age).



A Esta tabela possui muitas colunas e foi cortada para impressao. Para visualiza-la

completa, acesse o artigo original em: https://revistatopicos.com.br/artigos/guava-by-

product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-

with-an-attenuated-vaccine?noblockage

Fl was not affected during the period from day 1to 7. However, there
was a significant effect during the period from day 1 to 14, with
broilers fed the 0+P diet showing lower FI compared to treatment

with 0%.

From day 1to 7, WG was significantly higher in birds fed the 4% GBF
diet compared to those fed 2% and O+P. From day 1 to 14, no

statistical differences were observed between the treatments.

The FCR from day 1to 7 was improved in broilers fed the GBF diet of
4%, compared to 2% and O+P. From day 1 to 14, FCR was also better

iNn the 4% and O+P treatments compared to the 0% treatment.

The inclusion of 4% GBF in the diet from day 1 to 7 increased the
average BW compared to the 2% and O+P treatments. From day 1to
14, numerically the highest BW was observed in the treatment of 4%,
followed by 2%, 0% and 0+P; however, the result was at the threshold

of significance (P = 0.06).

3.2. Performance after the Experimental Challenge
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Table 3 presents the performance results of broilers from day 1 to 21
days of age, considering the effect of the experimental challenge

introduced on day 15.

A highly significant challenge effect was observed for all
performance parameters, as expected, as infection with Eimeria spp.
compromises the intestinal integrity of broilers. Therefore, the
differences observed between WC and NC birds can be attributed to

intestinal damage caused by experimental challenge.

Table 3. Effects of dietary guava by-product inclusion and

experimental challenge on growth performance of broilers from 1 to

21d of age.
Treatments FI (g/bird) WG (g/bird) FCR (g/9) BW (g/bird)
Treatments

0% 1266 a 778 a 1.635 a 819 a

2% 1269 a 819 a 1.557 a 860 a

4% 1198 a 843 a 1429 a 885a

0% + 1159 a 778 a 1.490 a 819 a
probiotic

SEM 42 29 0.037 29
Challenge effect

No 1308 883 a 1.486 924 a
challenge

With 1138 726 b 1.569 767 b
challenge

SEM 22 15 0.022 15



P-value

Challenge ok Kook ok ——
Treatment * ok ook ok
CxT * NS * NS

CV (%) 10.7 1.4 7.5 10.8

0%, 2%, and 4% = diets containing 0, 20, and 40 g/kg of guava by-product,
respectively; 0% + probiotic = basal diet supplemented with probiotic. FI =
feed intake; WG = weight gain; FCR = feed conversion ratio; BW = body
weight; SEM = standard error of the mean; CV = coefficient of variation; C x
T = interaction between challenge and treatment. Statistical significance:
NS = not significant; * P < 0.05; ™ P < 0.01; ** P < 0.0071; *** P < 0.0001.
Means followed by different lowercase letters within a column differ
according to Tukey's test (P < 0.05).

The treatment effect was significant for all performance variables
according to the analysis of variance. However, Tukey's test did not
detect significant differences. The highly significant effect of the
challenge factor may have increased the residual error, thereby

reducing the sensitivity of the Tukey test.

The inclusion of 4% of GBF resulted, numerically, in the highest WG
and BW, as well as in the lowest Fl and FCR. The downward trend in
WG and BW continued with the 2%, 0%, and O+P treatments.
However, the multiple comparison test did not detect significant

differences between the treatments.

The challenge x treatment interaction (C x T) was significant only for

Fl and FCR. The interaction was further explored in Table 4.

Table 4. Interaction effects between experimental challenge and

dietary guava by-product inclusion on feed intake and feed



conversion ratio of broilers from 1to 21 d of age.

A Esta tabela possui muitas colunas e foi cortada para impressao. Para visualiza-la

completa, acesse o artigo original em: https://revistatopicos.com.br/artigos/guava-by-

product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-

with-an-attenuated-vaccine?noblockage

The O+P treatment of the WC group resulted in the lowest Fl, except
in comparison with the treatment 4% of the WC group, which also
presented lower values than those observed in the O+P and 2%
treatments of the NC group. FCR was better in NC broilers fed the
4% diet compared to WC birds that received the 0% and 2%

treatments.

Additional analyses (ANOVA and Tukey), performed separately per
room, allowed the investigation of the effects of the treatment
under different sanitary conditions. The results, presented in Table 5,
refer exclusively to the effect of the treatments under the specific

conditions of the WC group.

Table 5. Growth performance of broilers from 1 to 21 d of age fed

diets containing different levels of guava agro-industrial by-product
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and subjected to an Eimeria spp. vaccine challenge at 15 d of age.

A Esta tabela possui muitas colunas e foi cortada para impressao. Para visualiza-la

completa, acesse o artigo original em: https://revistatopicos.com.br/artigos/guava-by-

product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-

with-an-attenuated-vaccine?noblockage

Significant differences between treatments were observed only in
the WC group, for all performance variables. The 4% treatment
resulted in higher WG and BW compared to broilers that received
the O+P treatment. The Fl in the 0% and 2% treatments was higher
than in the O+P group. Regarding FCR, both the 4% and O+P

treatments showed better results compared to the 0% group.

Although the values observed in the NC birds indicated a trend
towards higher WG and BW with the inclusion of GBF in the diet, no

statistically significant differences were detected.

3.3. Intestinal Morphometry

The results of the intestinal morphometric evaluation of the

duodenum, jejunum, and ileum segments at 21 days of age, seven
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days after the experimental challenge, are presented in Table 6.

Table 6. Intestinal morphometric parameters of the duodenum,
jejunum, and ileum of broilers at 21 d of age fed diets containing
different levels of guava agro-industrial by-product and subjected to

an experimental challenge at 15 d of age.

A Esta tabela possui muitas colunas e foi cortada para impressdo. Para visualiza-la

completa, acesse o artigo original em: https://revistatopicos.com.br/artigos/guava-by-

product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-

with-an-attenuated-vaccine?noblockage

A significant effect of the experimental challenge was observed, with
increased CD, reduced VH and lower V:C ratio in all three intestinal
segments of WC birds. A significant effect of the treatment was
found for VH and V:C ratio in the duodenum and ileum, and for V:C
ratio in the jejunum. However, the overall comparison of the

treatment means revealed no statistically significant differences.

The VH in the duodenum, as well as the VH and the V:C ratio in the
ileum, showed a significant treatment effect, but no interaction

effect. The 4% GBF treatment resulted in the highest numerical
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values, followed by the 2% GBF treatment, for all variables. However,
despite the statistically significant P values (P < 0.05), the multiple
comparison test did not detect significant differences between the
means, possibly due to the strong challenge effect that reduced the

sensitivity of the test.

The challengextreatment interaction (C x T) showed significant
effects on CD and V:C in the duodenum, and on V:C in the jejunum.

The breakdown of these interactions is shown in Table 7.

The CD in the duodenum was significantly affected by the
interaction x treatment (C x T) (P < 0.05), but not by the treatment
itself. Analysis of the interaction revealed the same pattern observed
under the main effect of the challenge: all four challenged
treatments had higher CD values than their NC counterparts. In
other words, all treatments were affected by the challenge, with no
significant differences between treatments within the same health

condition.

For the V:C in the duodenum, the treatments containing GBF
showed the highest values. The 4% GBF treatment was significantly
higher than 0% and O0+P, while 2% was higher only than O0+P when
considering NC birds. No significant differences were found between
the WC group treatments, and all of them had lower means than

their NC equivalents.

In the jejunum, only the V:C was significantly affected by the
interaction. All WC treatments had lower V:C values than NC. Among
NC birds, the treatment with GBF of 4% had the highest average,

significantly higher than all other treatments.



Table 7. Interaction effects between challenge and dietary
treatment on selected intestinal morphometric parameters of
broilers at 21 d of age fed diets containing different levels of guava

agro-industrial by-product.

A Esta tabela possui muitas colunas e foi cortada para impressao. Para visualiza-la
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In the analyses performed separately for each sanitary condition,
significant differences were detected only in the NC group (table 8),
for duodenal V.C and for VH and V:.C in the jejunum. In the
duodenum, the V:C of the treatment with 4% was significantly
higher than that of 0% and O0+P. In the jejunum, 4% GBF resulted in
the highest VH, significantly higher than 0%. For the V.C, the 4% GBF

treatment was also higher than O0+P and 0%.

Table 8. Intestinal morphometric parameters of broilers at 21 d of
age fed diets containing different levels of guava by-product flour

under no-challenge conditions.
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A Esta tabela possui muitas colunas e foi cortada para impressdo. Para visualiza-la

completa, acesse o artigo original em: https://revistatopicos.com.br/artigos/guava-by-

product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-
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3.4. Faecal oocyst Count

The OPG (oocysts per gram) analyses performed on days 7 and 14
confirmed the absence of Eimeria infection in the birds. On day 21 of
the experiment, the NC birds maintained a result of zero oocysts per
gram of feces in all replications. The WC birds showed the results

presented in Table 9.

Treatments with 4% and 2% GBF had the lowest oocyst counts,
followed by the 0% group and the O+P group. Broilers that received
GBF (2% and 4%) had significantly lower oocyst counts than those

that received 0% plus the commercial probiotic.

Table 9. Oocyst shedding (oocysts per gram of feces, OPG) at 7 d
after experimental infection in broilers fed diets containing different

levels of guava by-product flour.


https://revistatopicos.com.br/artigos/guava-by-product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-with-an-attenuated-vaccine?noblockage
https://revistatopicos.com.br/artigos/guava-by-product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-with-an-attenuated-vaccine?noblockage
https://revistatopicos.com.br/artigos/guava-by-product-mitigates-the-effects-of-eimeria-infection-in-broiler-chickens-challenged-with-an-attenuated-vaccine?noblockage

Treatment OPG SE CV (%)

0% 30470 ab 7844 57.6
2% 19160 b 2547 29.7
4% 17680 b 2153 2772
0% + 64530 a 20694 71.7
probiotic
SEM 11190
P-value 0.03
CV (%) 75.9

0%, 2%, and 4% = diets containing 0, 20, and 40 g/kg of guava by-product,
respectively; 0% + probiotic = basal diet supplemented with probiotic. OPG
= oocysts per gram of feces; SE = standard error within each treatment;
SEM = pooled standard error of the mean; CV = coefficient of variation. CV
(%) values in the column represent within-treatment variation, whereas
the final CV (%) represents the overall coefficient of variation of the
experiment. Means followed by different lowercase letters within a column
differ by Tukey's test (P < 0.05).

4. DISCUSSION

Chickens fed 4% GBF in the diet showed better performance indices
during the 1-7 and 1-14 day phases. In the period from 1 to 21 days,
although no statistically significant differences were detected in the
absence of challenge, the results suggest a beneficial effect of GBF
under sanitary challenge conditions. These findings reinforce the

potential of GBF as a functional ingredient.

Bioactive compounds present in the by-product have antioxidant
and microbiota-modulating activity, which can increase nutrient

utilization even under enteric stress (EI-Ghareeb et al, 2023



Galamatis et al, 2025). This hypothesis is consistent with the best
performance indices observed in WC birds receiving 4% GBF,
indicating possible mitigation of the negative effects of Eimeria spp.

infection.

The literature reports variable responses regarding the use of guava
by-products or their derivatives during the initial phases of breeding.
Oliveira et al. (2018) observed a linear increase in BWG with the
inclusion of up to 1.5% of GBF, although without significant effects on
FCR and FIl. Similarly, Noleto-Mendonca et al. (2021), using a
standardized guava by-product extract, reported a linear reduction
in FCR and improvement in BWG at the intermediate inclusion

levels of the evaluated substance.

In the present study, the positive effects associated with GBF on
performance parameters were evident only in WC birds, which can
be attributed to the stronger expression of the benefits of bioactive
compounds in conditions of intestinal injury. The experimental
challenge amplified the differences between treatments, making

the effects of GBF more noticeable.

In NC birds, the effects of GBF on performance were more discrete,
which is consistent with previous studies. Ogega et al. (2022), Oliveira
et al. (2018), and Lira et al. (2009) reported no performance losses,
including up to 5%, 1.5%, and 12% GBF, respectively, in broiler
chickens, while Vieira et al. (2023) confirmed this safety in slow-
growing broilers. On the other hand, Radaman et al. (2023), working
with Japanese quails, and Barakat & El-Garhy (2019), with ducks,
found performance improvement with the inclusion of GBF,
demonstrating a positive effect of the by-product on different

poultry species.



The experimental challenge with the attenuated vaccine against
Eimeria spp. compromised the intestinal morphology, with a
reduction in VH, an increase in CD, and a decrease in the villi.crypt
ratio, as expected in cases of intestinal damage (Cloft et al., 2023).
The relationship between villus height and crypt depth is widely
recognized as a functional marker of mucosal integrity, with higher
values indicating greater absorptive efficiency and adequate

epithelial turnover (Rysman et al., 2023).

Among NC birds, the 4% GBF treatment showed statistical
superiority in the V:C in the duodenum (P<0.01), in the VH in the
jejunum (P<0.05) and also in the V:C in the jejunum (P<0.05). The
means for VH and V:.C in the ileum were statistically identical, but
numerically, the 4% treatment showed better results, with a P value

(0.07) at the threshold of significance.

These observations agree with previous studies that have reported
beneficial changes in gut morphology with the use of guava
byproducts. Oliveira et al. (2018) found that inclusion levels of up to
1.5% reduced crypt depth and increased villi.crypt ratio in the ileum.
Noleto-Mendonca et al. (2021) observed that a guava by-product
extract increased villus height and reduced crypt depth in the

duodenum and jejunum.

In addition, there is ample evidence on the role of plant-derived
bioactive compounds in maintaining gut integrity, even under
coccidia infection (Khan et al. 2025). Flavonoids, tannins, phenolic
acids, and saponins exert antioxidant effects, promote beneficial
microbiota, and stimulate enterocyte regeneration (EI-CGhareeb et al,,
2023; Galamatis et al.,, 2025). These mechanisms act synergistically to

help preserve mucosal structure and maintain absorptive function



(Jelveh et al., 2023). It is also important to consider the potential
contribution of metabolizable energy and amino acids, especially in
the 4% group, although the level of inclusion is low and the impact
on nutritional value is minimal, according to physicochemical data
on the composition of guava by-product flour reported by other

authors.

In a study conducted by Rysman et al. (2023) on 50 commercial
farms, a positive correlation was observed between the villi.crypt
ratio in the duodenum and performance parameters such as weight
gain and body weight, confirming that changes in gut architecture
directly affect the performance of birds, even under field conditions.
In the present study, although the best performance of the WC
group was recorded in the treatment of 4% — suggesting greater
nutrient absorption and, consequently, higher VH and V:C — the
morphometric data did not statistically confirm this effect of GBF
under challenge. The shortening of the villi and the deepening of
the crypt caused by the infection reduced the differences between
the treatments, which were significant only in the NC group.
However, in the WC group, despite the absence of statistical
significance, the mean VH and V:C in the three intestinal segments
were numerically higher in GBF-fed birds, especially at the 4%
inclusion level, suggesting a possible attenuating effect of the by-
product against infection-induced lesions. This observed trend
reinforces the functional potential of the ingredient in mucosal

integrity and intestinal recovery.

This study was Iimited to morphometric analysis; however,
complementary histological evaluations could provide valuable
information to better characterize the mechanisms underlying the

observed morphometric trends.



In addition to the beneficial effects on the intestinal mucosa,
bioactive compounds present Iin plant-based ingredients
demonstrate direct activity against Eimeria sp., interfering with
essential stages of its life cycle, such as oocyst sporulation, sporozoite
integrity, and its ability to invade the intestinal epithelium (Madlala
et al, 2021; El-Ghareeb et al,, 2023). Substances such as artemisinin,
curcumin, tannins, flavonoids, and terpenoids have documented
anticoccidial activity, with effects comparable to conventional

chemotherapeutic agents (Chen et al,, 2024, Ghafouri et al., 2023).

Studies using different plant sources reinforce this activity, showing
significant reductions in oocyst excretion with the use of natural
compounds (Jelveh et al., 2023; Shahininejad et al., 2024, Zhang et
al., 2024, Galamatis et al., 2025). In the present study, the inclusion of
4% GBF in the diet was associated with lower fecal oocyst excretion
in WC birds. Despite the high coefficient of variation (CV), the
statistical power of the test was extremely high (99.7%), which

provides confidence in the results.

To date, no studies have been found that directly evaluated the
effect of GBF on oocyst counts in broiler chickens, suggesting that
this research may be a pioneer in this regard. However, research
involving other fruit by-products, such as cranberry pomace (Pereira,
2023), pomegranate and lemon peels (Hafeez et al.,, 2023a, 2023b),
and mixed berry residues (Das, 2020), indicates that bioactive-rich
plant compounds may play a functional role in controlling

coccidiosis.

It is important to note, however, that fecal oocyst count is a variable
naturally subject to high variability, with reported CVs between 37%
and 251% (Mohamed et al, 2021; Hauck & Pacheco, 2021; Liu et al,



2022). Therefore, the Iinterpretation of the data requires
methodological caution, including standardized sampling
procedures, adequate sample size, and presentation of standard

deviations or standard errors by group (Hauck & Pacheco, 2021).

Finally, an alternative hypothesis for the reduction in oocyst count
observed with the use of GBF is mechanical in nature. Oikeh et al.
(2019) suggest that ingredients rich in indigestible fiber can increase
fecal volume and dilute the concentration of oocysts per gram of
feces. Although this effect cannot be ruled out, the association with
bioactive compounds and the available literature point to a direct
effect as the most likely explanation. Additional studies should be

carried out to clarify the mechanisms involved.

In the present study, the inclusion of probiotics did not promote
consistent improvement in performance parameters, intestinal
morphometry or oocyst excretion at 21 days of age, except for feed
conversion in the WC group (P < 0.001). These results are similar to
those reported by other researchers who also did not observe
significant effects of Bacillus subtilis in broilers raised under low
sanitary challenge (Domingues et al, 2014) and in birds challenged

with C. perfringens (Frazier et al., 2015).

On the other hand, a recent meta-analysis by Ghimire et al. (2024)
showed that research demonstrates benefits of B. subtilis in broilers
subjected to the challenge of necrotic enteritis (Eimeria spp. and C.
perfringens vaccines), with improvements in performance and lesion
scores at levels comparable to those achieved with conventional

growth promoters.



The absence of a favorable response to the probiotic may be related
to the strain used. Unlike B. subtilis, the use of B. cereus as a
probiotic is controversial. Although some specific strains, such as var.
toyoi (Vila et al,, 2009) and the BCI3 strain (Liu et al.,, 2025) have
shown positive effects; most of the literature describes the species as
pathogenic, associated with food poisoning and severe hospital
infections (Hirao et al., 2025). The presence of enterotoxin resistance
and antimicrobial genes contributes to B. cereus being considered
unsafe for use of probiotics in humans (Duc et al,, 2004). In fact,
commercial preparations containing B. cereus have been banned
from the European market due to safety concerns (Sanchez et al,,
2009). Identifying safe strains is complex due to genetic proximity
within the B. cereus group, whose pathogenic potential is broad and
diverse (Glasset et al., 2021). The microorganism is also identified as a
feed contaminant, capable of causing immunosuppression and
aggravating other diseases in poultry and pigs (Zuo et al., 2020; Li et
al., 2020).

Zho et al. (2016) reported serious problems in commercial probiotics
containing B. cereus in China, including contamination, mislabeling,
transferable antimicrobial resistance genes, and the presence of
enterotoxin genes. The authors warned about the global risk posed

by the commercialization of these products.

To date, no studies have reported the use of B. cereus under
experimental challenge with Eimeria species . However, data from
the present study indicate some inferior results in the probiotic-
supplemented WC group, raising the hypothesis of a possible
negative interaction between B. cereus and Eimeria, with worsening
of intestinal lesions and greater release of oocysts. Another

possibility is that increased oocyst count is associated with reduced



feed intake, resulting in lower fecal volume and higher relative
concentration of oocysts. Specific studies on its interaction with
enteropathogens, such as Eimeria spp., are needed to clarify its

potential effects and establish safety criteria.

The findings of this study reinforce the potential of GBF as a
functional ingredient and indicate that its inclusion in 4% in broiler
diets may be a viable strategy to mitigate the effects of
enteropathogens, while highlighting the need for greater rigor in

the evaluation of probiotics used in poultry production.

This study evaluated the effects of the inclusion of guava agro-
industrial by-products in the diet of chickens challenged with
Eimeria spp. only during the initial phase. Further research is needed
to confirm these effects at different stages of production and to

elucidate the mechanisms underlying the observed responses.

5. CONCLUSION

Dietary inclusion of 4% GBF was associated with increased villus
height and villus-to-crypt ratio, reduced oocyst shedding, and
attenuation of the performance losses associated with Eimeria spp.
infection. These findings suggest that guava by-product may serve

as a functional ingredient in broiler nutrition.
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