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ABSTRACT - The objective of this study was to evaluate the effects of guava extract
standardized in phenolic compounds (SGE) on broiler performance, nutrient digestibility,
and intestinal histomorphometry. A total of 300 one-day-old male Cobb-500® broiler
chicks were distributed in a completely randomized design with five treatments (basal
diet supplemented with 120 mg vitamin E/kg and basal diet supplemented with 0,
600, 800, or 1,000 mg SGE/kg) and six replicates of ten birds each. Performance was
evaluated at seven and 21 days of age; digestibility of nutrients was determined by
total excreta collection from 18 to 21 days of age; and histomorphometry of the small
intestine was assessed at 21 days of age. Broilers fed diets supplemented with SGE or
vitamin E had higher body weight and weight gain and better feed conversion than those
fed unsupplemented diet at seven days of age. At the same age, there was a quadratic
effect of SGE levels on body weight and weight gain, with better weights for 715 and
716 mg SGE/kg, respectively; and a decreasing linear effect for feed conversion. At 21
days of age, body weight and weight gain increased linearly with the inclusion of SGE in
diet. Digestibility of feed nutrients was not influenced by treatments. Broilers fed diet
supplemented with 800 or 1,000 mg SGE/kg had greater villus height and villus:crypt
ratio of the duodenum than those fed unsupplemented diet. Villus height in the
jejunum of broilers fed diet supplemented with 600 mg SGE/kg was lower than that of
broilers that received vitamin E. Guava extract standardized in phenolic compounds
can be used in diets for broilers in the starter phase, considering that the extract
increases weight gain, reduces feed conversion, and helps in the development of the
intestinal mucosa.

Keywords: animal nutrition, functional additive, Gallus gallus domesticus, intestinal
health, Psidium guajava L.

1. Introduction

The guava industrialization process generates waste comprising mainly seeds and residual pulp,
which corresponds to 10 to 15% of the total mass of the fruit (Packer et al,, 2015). Because there is no
suitable destination, such waste is often discarded in landfills, where it accumulates and contributes to

environmental pollution.
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Agroindustrial guava waste is rich in phenolic compounds, which are substances with antimicrobial
and antioxidant properties (Melo et al.,, 2011). Thus, such waste has the potential for use in animal
nutrition as a functional additive, which would add value to this byproduct and minimize negative
economic and environmental impacts. The liquid extract obtained from guava agroindustrial waste
shows high antioxidant activity in vitro (Sousa et al., 2011; Aragjo et al., 2014). However, little is known
about the effects that phenolic compounds from guava waste have on the animal organism.

Phenolic compounds can improve the gut morphology of broilers, with positive effects on villus height
and crypt depth (Kamboh and Zhu, 2014; Oliveira et al., 2018). Increased villus height is associated
with improved digestive and absorptive functions in the intestine, which consequently can improve
performance (Viveros et al., 2011). Phenolic compounds have been reported to inhibit inflammation
in the intestine, reflecting positively on its barrier function, thereby assisting with intestinal health
(Noda et al., 2012).

Vitamin E is an excellent antioxidant. When used as a supplement in poultry feed, it improves the
immune response (Bhatti et al., 2016) and protects tissues and cells from oxidative damage (Khan etal,,
2011; Volj¢ et al,, 2011). It also prevents inflammation in the intestine, with improvement in its barrier
function (Wang et al,, 2021), thus contributing to improved performance.

Considering that, when added to broiler feed, phenolic compounds can contribute to improving
performance (Starcevi¢ et al., 2015), nutrient digestibility (Chamorro et al., 2013), and gut morphology
(Viveros et al.,, 2011) and have similar beneficial effects to those of vitamin E, which is a substance
with well-documented effects in the literature (Yoo et al., 2016; Selvam et al., 2017), the present study
aimed to evaluate performance, feed nutrient digestibility, and small intestine histomorphometry of
broilers fed diets supplemented with guava extract standardized in phenolic compounds (SGE).

2. Material and Methods

The research was conducted in accordance with the institutional committee on the use of animals
(030/2015). The experiment was carried out in Goiania, state of Goias, Brazil (16°35'33" S, 49°16'51" W;
710 m altitude).

A total of 300 one-day-old male broiler chicks of the Cobb-500® commercial lineage, with initial weight
0f45.2+0.2 g, were acquired from a commercial hatchery. The birds were housed in batteries composed
of galvanized wire cages (0.50 x 0.40 x 0.40 m), each one equipped with a drinking fountain, a trough-
type feeder, and an excreta collection tray. The batteries were located in a masonry building with a clay
tile roof, a concrete floor, and sides with short walls, screen, and curtains.

The experimental design was completely randomized, consisting of five treatments with six
replicates of 10 birds each. The birds were weighed, distributed in plots with uniform weight, and
reared from one to 21 days of age. The treatments consisted of basal diet (negative control), basal diet
supplemented with 120 mg vitamin E/kg (positive control), and basal diet supplemented with 600,
800, or 1,000 mg SGE/kg.

The SGE was obtained from agroindustrial guava waste composed mainly of seeds and pulp remains
provided by a commercial company. To obtain the extract, the waste was dried in an oven at 40 °C
(Model MA 035/5, Marconi Equipamentos for Laboratério Ltda., Piracicaba, Sdo Paulo, Brazil) for a
period of 72 h and ground in a knife mill (Model TE-650, Moinho Tipo Willye, Tecnal®, Piracicaba, Sao
Paulo, Brazil), resulting in powdered plant material. The powder was then subjected to percolation
using 50% alcohol (vol vol™) resulting in the liquid extract. Percolation was carried out according to the
method described in Brazilian Pharmacopoeia Phytotherapic Form (ANVISA, 2011) with the following
adaptations. A 2-kg aliquot of powered plant material and 10 L of solvent were added to a percolator
and subjected to 24 h of maceration; intense dripping then started and continued until the solvent was
exhausted; so as not to leave the powder without solvent and dry out, the liquid collected from the
plant material that was percolated was again added to the percolator, with this process being repeated
ten times. The extract was subsequently concentrated by means of air flow at room temperature until
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complete evaporation of the solvent. The liquid guava extract was standardized as to its content in
phenolic compounds dosed by spectrophotometry, presenting 0.45% total phenols, 0.85% total
tannins, and 5.97% flavonoids.

The experimental diets were isonutritive and formulated based on corn and soybean meal to meet the
nutritional requirements of chickens during each rearing phase, according to the recommendations of
Rostagno et al. (2011) (Table 1). The feeding program comprised two phases: pre-starter ration (1-7
days old) and starter ration (8-21 days old). Vitamin E and SGE were added to the feed in substitution
of inert material (starch). To incorporate the extract into the feed, it was first added to the corn, which
was, after homogenizing, added to the other ingredients in the mixer.

Performance variables (feed intake, body weight, weight gain, and feed conversion) were evaluated at
seven and 21 days of age. To this end, the birds and the supply and surplus of rations were weighed
weekly and the number and weight of birds killed daily was recorded.

Determination of digestibility coefficients of nutrients and energy in the ration was carried out
using the total excreta collection method, as described by Sibbald and Slinger (1963) and adapted
by Sakomura and Rostagno (2016), performed in the period of 18 to 21 days of age of the birds,
corresponding to four days of collection. During the experimental period, feed intake, total excreta
produced, and weight gain of birds were measured. Excreta was collected twice a day (morning and
afternoon) and stored in identified plastic bags, weighed, and frozen for further analysis.

At the end of the collection period, samples were thawed and homogenized, and aliquots were
removed and weighed. Aliquots were then pre-dried in a ventilated oven (Modelo MA 035/5, Marconi
Equipamentos for Laboratério Ltda., Piracicaba, Sdo Paulo, Brazil) at 55 °C for 72 h. Dry matter content
analyses were then performed in a rectilinear oven (Modelo 315/3, Fanen®, Guarulhos, Sdo Paulo, Brazil)

Table 1 - Ingredients and calculated nutritional composition of pre-starter (1-7 days of age) and starter (8-21 days
of age) diets

Item Pre-starter Starter

Ingredient (%)
Corn 54.73 58.89
Soybean meal (45%) 38.34 34.84
Soy oil 2.33 2.28
Bicalcium phosphate 1.81 1.43
Limestone 0.98 0.97
Salt 0.51 0.48
DL-Methionine (99%) 0.33 0.26
L-Lysine HCL (78%) 0.28 0.21
L-Threonine (98.5%) 0.11 0.06
Vitamin and mineral supplement! 0.40 0.40
Starch 0.18 0.18
Total 100.00 100.00

Calculated nutritional composition (%)
Metabolizable energy (kcal/kg) 2,950 3,000
Crude protein 22.20 20.80
Calcium 0.92 0.81
Available phosphorus 0.47 0.39
Sodium 0.22 0.21
Digestible methionine + cystine 0.94 0.84
Digestible methionine 0.64 0.55
Digestible lysine 1.31 1.17
Digestible threonine 0.85 0.76

1Vitamin and mineral supplement (composition per kg product): vitamin 4, 5,500,000 I1U; vitamin D3, 1,000,000 1U; vitamin E, 3,750 mg; vitamin
K3, 1,250 mg; vitamin B1, 500 mg; vitamin B2, 2,500 mg; vitamin B6, 750 mg; vitamin B12, 7,500 mg; niacin, 17,500 mg; calcium pantothenate,
6,500 mg; folic acid, 250 mg; choline chloride 50%, 150,000 mg; selenium, 100 mg; antioxidante, 2,000 mg; vehicle (sufficient quantity to), 1,000 g;
manganese, 32,500 mg; zinc, 22,500 mg; iron, 25,000 mg; copper, 3,000 mg; iodine, 500 mg.
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at 105 °C; nitrogen content was analyzed in a nitrogen distiller (Modelo TE-036/1, Tecnal®, Piracicaba,
Sdo Paulo, Brazil), using the Kjeldahl method (INCT-CA N-001/1) according to Detmann et al. (2012);
ether extract was determined using a fat extractor (Model TE 044 Eight Proof, Tecnal®, Piracicaba, Sdo
Paulo, Brazil) according to the methodology described by Silva and Queiroz (2006); and gross energy
was determined using a calorimetric pump (Model C-200, Ika, Wilmington, North Carolina, USA).

The digestibility coefficient of nutrients was calculated using the equations proposed by Sakomura
and Rostagno (2016), while that of energy, according to Matterson et al. (1965).

At 21 days of age, one bird from each repetition, totaling six birds per treatment, representing the
average weight of the plot (x5%), were subjected to 6 h of fasting and then euthanasia by cervical
dislocation for histological evaluation of the small intestine.

To make histological slides, 2.0-cm segments of the duodenum (in the distal portion of the duodenal
loop), jejunum (2.0 cm before the ileal diverticulum), and ileum (2.0 cm after the ileal diverticulum)
were collected and fixed in 10% buffered formaldehyde solution for 24 h. After fixation, the segments
were stored in 70% alcohol, processed according to the methodology of Luna (1968), and stained using
Hematoxylin-Eosin (H&E). Semi-serial sections of 5 p in thickness were made using an electronic
rotary microtome (Model RM2255, Leica Biosystems, Buffalo Grove, Illinois, USA).

Images were obtained under 5X magnification with the aid of an optical microscope (DM4000B,
Leica Microsystems, Wetzlar, Hessen, Germany) coupled to a microcomputer. The images were
analyzed using Image] software (National Institutes of Health, Bethesda, Maryland, USA; freeware,
https://imagej.net/Welcome), in which the height of ten villi and the depth of ten crypts were measured
per repetition for a total of 180 measurements per treatment. Villus height was measured from the
basal region of the villus to its apex, while crypts were measured from their base to the villus/crypt
transition region (Fukayama et al., 2005). The villus:crypt ratio was calculated by dividing villus height
by crypt depth.

Data were subjected to analysis of variance and comparison of means by Tukey test (5%). Homogeneity
of variances (Barlett test) and normality of the residuals (Shapiro-Wilk test) were considered.
Polynomial regression analysis was performed among levels of inclusion of SGE. Statistical analyses
were performed using R software, version 3.2.3 (R Core Team, 2015).

The following statistical model was used:
Yij =u+T+ €

in which Yi]_ = value observed for the response variable Y in treatment i and its repetition j, u = general
average of all observations, T, = treatment effect (0, 600, 800, and 1,000 mg SGE/kg or 120 mg
vitamin E/kg), and e,= experimental error associated with the observed value Y.

3. Results

Body weight, weight gain, and feed conversion of broilers in the period from one to seven days of age
were influenced by treatments (P<0.001) (Table 2). Broilers fed diet supplemented with any level of
SGE or vitamin E showed greater weight gain and body weight and better feed conversion compared
with those fed unsupplemented diet. The regression analysis revealed a quadratic effect for weight
gain and body weight, with better weights with 715 and 716 mg SGE/kg, respectively, and a decreasing
linear effect for feed conversion (P<0.05).

In the period from one to 21 days of age, there were no differences among treatments for feed intake,
weight gain, body weight, and feed conversion (P>0.05) (Table 3). However, according to the equations
[weight gain at 21 days = 840.8703 + 0.0562EGP (R* = 0.86); body weight at 21 days = 885.9459 +
0.0563EGP (R? = 0.85)], as extract levels were increased, weight gain and body weight increased.

The digestibility coefficients of feed nutrients and metabolizable energy were not influenced by SGE
or vitamin E levels (P>0.05) (Table 4).
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Villus height, crypt depth, and villus:crypt ratio for the duodenum and villus height and villus:crypt
ratio for the jejunum were influenced by levels of SGE and by vitamin E (P<0.05); however, the
regression analysis revealed no effect of SGE levels (P>0.05) (Table 5).

For the duodenum, broilers that received diets containing 800 or 1,000 mg SGE/kg had greater
villus height compared with those that received 0 or 600 mg SGE/kg (P<0.001). Crypt depth was
shallower in broilers fed diet supplemented with vitamin E compared with those that did not receive

Table 2 - Performance of broilers from 1 to 7 days of age fed diets containing guava extract standardized in phenolic
compounds (SGE)

Treatment FI(g) BW (g) WG (g) FC (g/g)
0 mg/kg 152.7 163.9b 118.8b 1.287c
600 mg/kg 159.5 184.6a 139.5a 1.142b
800 mg/kg 161.3 187.4a 142.2a 1.135b
1,000 mg/kg 150.6 182.1a 136.9a 1.100a
120 mg/kg vit. E 160.8 187.3a 142.2a 1.130ba
P-value 0.071 <0.001 <0.001 <0.001
SEM 1.55 2.00 1.97 0.01
P-value regression ns Q (0.008)! Q (0.006)? L (<0.001)3

FI - feed intake; BW - body weight; WG - weight gain; FC - feed conversion; Q - quadratic; L - linear; SEM - standard error of the mean; ns - not
significant.

a-c - Means followed by different letters in the column differ between each other by Tukey’s test at 5% probability.

1y =163.7999 + 0.0626x - 0.00004369x* (R? = 0.98).

2y=118.7182 + 0.0626x - 0.00004379x? (R? = 0.98).

3y =1.2783 - 0.0002x (R* = 0.96).

Table 3 - Performance of broilers from 1 to 21 days of age fed diets containing guava extract standardized in
phenolic compounds (SGE)

Treatment FI(g) BW (g) WG (g) FC (g/g)
0 mg/kg 811.2 888.9 843.8 1.000
600 mg/ke 929.6 908.2 863.1 1119
800 mg/kg 866.1 939.2 894.0 1.002
1,000 mg/kg 917.9 942.6 897.4 1.028
120 mg/kg vit. E 893.6 932.5 887.4 1.007
P-value 0.106 0.207 0.203 0.367
SEM 15.52 8.47 8.43 0.02
P-value regression ns L (0.039)* L (0.038)? ns

FI - feed intake; BW - body weight; WG - weight gain; FC - feed conversion; L - linear. SEM - standard error of the mean; ns - not significant.
1y =885.9459 + 0.0563x (R? = 0.85).
2y =840.8703 + 0.0562x (R? = 0.86).

Table 4 - Nutrient digestibility and apparent metabolizable energy corrected for nitrogen balance (AMEn) of
broiler feed containing guava extract standardized in phenolic compounds, in the period of 18 to 21

days of age

Treatment DMDC (%) NDC (%) EEDC (%) AMEn (kcal/kg DM)
0 mg/kg 66.7 53.1 82.0 3,077

600 mg/kg 68.5 47.9 79.7 3,078

800 mg/kg 66.9 53.0 79.4 3,147

1,000 mg/kg 68.3 53.8 83.0 3,147

120 mg/kg vit. E 66.3 54.8 82.5 3,066
P-value 0.853 0.459 0.132 0.750

SEM 0.72 1.21 0.57 25.06
P-value regression ns ns ns ns

DMDC - dry matter digestibility coefficient; NDC - nitrogen digestibility coefficient; EEDC - ether extract digestibility coefficient; SEM - standard
error of the mean; ns - not significant.
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supplementation. The vilus:crypt ratio was higher in the duodenum of broilers fed diet supplemented
with 800 or 1,000 mg SGE/kg or vitamin E compared with that of birds fed unsupplemented diets. For
the jejunum, villus height for chickens fed diet supplemented with 600 mg SGE/kg was lower than
that for chickens that received vitamin E and other levels of SGE, and was similar to the villus height of
chickens fed unsupplemented diets. In addition, broilers fed diets containing 800 or 1,000 mg SGE/kg had
a higher villus:crypt ratio than those that received 600 mg SGE/kg; however, they were statistically
similar to those that did not receive supplementation or those that received vitamin E in their diet
(P<0.001).

Villus height, crypt depth, and villus:crypt ratio for the ileum were not influenced by treatments
(P>0.05) (Table 5), and the regression analysis revealed no effect of SGE levels (P>0.05).

Table 5 - Villus height, crypt depth, and villus:crypt ratio of the duedenum, jejunum, and ileum of broilers fed diets
containing guava extract standardized in phenolic compounds (SGE), at 21 days of age

Treatment Villus height (um) Crypt depth (um) Villus:crypt ratio
Duodenum
0 mg/kg 980.9¢ 302.0a 3.29¢
600 mg/kg 1,038.0c 272.1ab 3.89bc
800 mg/kg 1,346.6a 259.4ab 4.84a
1,000 mg/kg 1,220.9ab 259.9ab 4.71ab
120 mg/kg vit. E 1,078.3bc 238.8b 4.51ab
P-value <0.001 <0.001 <0.001
SEM 28.72 6.39 0.14
P-value regression ns ns ns
Jejunum
0 mg/kg 888.2ab 233.2 3.89ab
600 mg/kg 777.6b 250.9 3.02b
800 mg/kg 952.6a 214.2 4.55a
1,000 mg/kg 918.5a 211.6 4.35a
120 mg/kg vit. E 909.9a 246.2 3.72ab
P-value 0.005 0.060 <0.001
SEM 15.62 5.51 0.14
P-value regression ns ns ns
Ileum
0 mg/kg 612.7 198.9 3.09
600 mg/kg 621.2 196.9 3.18
800 mg/kg 679.8 216.1 3.17
1,000 mg/kg 656.3 187.8 3.49
120 mg/kg vit. E 660.7 191.8 3.45
P-value 0.391 0.073 0.283
SEM 12.26 3.42 0.07
P-value regression ns ns ns

SEM - standard error of the mean; ns - not significant.
a-c - Means followed by different letters in the column differ between each other by Tukey’s test at 5% probability.

4. Discussion

In this study, supplementation with guava extract resulted in improved weight gain, body weight,
and feed conversion at seven days of age, in addition to increased weight gain and final weight with
increased extract levels at 21 days of age. Guava extract may have determined the increase in weight
gain and body weight and the consequent reduction in feed conversion, probably due to the improvement
in intestinal morphology also verified in the present study.

R. Bras. Zootec., 50:e20210026, 2021



Performance, nutrient digestibility, and intestinal histomorphometry of broilers fed diet supplemented with...
Noleto-Mendonca et al.

Guava extract has a high concentration of phenolic compounds, which, according to Oliveira et al. (2018),
can act as trophic agents in the intestine, increasing the villus:crypt ratio, promoting greater integrity
and intestinal health and consequent improvement in performance. According to Furlan et al. (2004),
trophic agents stimulate the mitotic process in the crypt-villus region, stimulating the development of
the mucosa; as a result, the number of cells and villus size increases.

Starcevi¢ et al. (2015) supplemented broiler diet with 5 g/kg of the phenolic compound tannic acid
and observed an improvement in weight gain in the initial rearing period. The authors attributed this
result to the better utilization of feed by the birds that received the phenolic compound. Research
by Oliveira et al. (2018) showed a linear increase in body weight and weight gain of chickens fed
diets supplemented with 0, 0.5, 1.0, and 1.5% of guava waste byproduct containing 0.17% of phenolic
compounds, at seven days of age. On the other hand, Pascariu et al. (2017) found a reduction in weight
gain of chickens that received, via drinking water, 15 mL/L of grape pomace polyphenolic extract
containing 1.82 g polyphenols in gallic acid equivalent (GAE)/100 mL.

The increase in villus height and villus:crypt ratio observed in the present study for chickens fed diet
supplemented with 800 or 1,000 mg/kg guava extract containing 0.45% phenolic compounds may be
related to the stimulation of epithelial cell mitosis by phenolic compounds. According to Kamboh and
Zhu (2014), longer villi are associated with activated cell mitosis. Similar results were found by Viveros
et al. (2011), who added 60 g/kg of grape pomace concentrate containing 48.7 g (0.48%) phenolic
compounds in chicken feed and found greater villus:crypt ratio in the jejunum at 21 days of age.
Oliveira et al. (2018) found no significant differences for villus height, crypt depth, and villus:crypt ratio
in the duodenum and jejunum of chickens fed diet supplemented with 0, 0.5, 1.0, and 1.5% of guava
byproduct; however, they observed a reduction in crypt depth and a linear increase for the villus:crypt
ratio of the ileum.

Works by Silva et al. (2010), Bona et al. (2012), and Amad et al. (2013) indicated that the use of
compounds from plant secondary metabolism as additives can beneficially assist the intestinal
epithelium. Phenolic compounds can protect epithelial cells and prevent inflammation in the intestine,
improving intestinal barrier function (Noda et al., 2012). Liu et al. (2018) evaluated the effects of oral
administration of 0, 200, 300, or 400 pL of essential oils of a phenolic compound (carvacrol) to broilers
on intestinal barrier function. These authors observed increase in goblet cell content and increased
expression of proteins that make up the intestinal barrier (occludin, claudin-1, claudin-5, and Z0-2)
in the intestinal mucosa of broilers that received carvacrol in relation to the control. It was concluded
that carvacrol essential oils have positive effects on the intestinal barrier function of broilers.

In addition, phenolic compounds can assist in the development and health of the intestinal mucosa
through their antioxidant action. Prochazkova et al. (2011) reported that phenolic compounds, such
as flavonoids, sequester free radicals by donating a hydrogen atom. Thus, phenolic compounds can
protect intestinal cells from the inflammation caused by reactive species resulting from oxidative stress.
According to Mishra and Jha (2019), oxidative stress in birds can result in intestinal inflammation,
while the addition of antioxidant substances in the diet reduces free radicals in the intestine and helps
maintain the integrity of the intestinal mucosa.

The improvement in intestinal morphology, that is, the increase in the area of digestion and absorption
of nutrients in chickens fed diet supplemented with guava extract was not reflected in the digestibility
of nutrients. However, it may have resulted in less energy expenditure for the maintenance of the
intestinal epithelium and, consequently, better performance for chickens fed diet supplemented with
SGE. According to Porto et al. (2015), the digestive system demands a large amount of energy to maintain
intestinal integrity as it is metabolically one of the most active systems of the animal organism. Thus,
the use of additives in feed that can help the development and integrity of intestinal cells can result in
less energy expenditure with the recovery of the intestinal mucosa and provide improvement in the
performance of chickens. Thus, by promoting greater intestinal health, the loss of energy is reduced, as,
according to Dibner and Richards (2004), damage to the mucosa can increase the need for maintenance
of the intestine, diverting nutrients that would be used for the growth of the animal.
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It is noteworthy that the amount of tannins present in the extract of guava residue used in this work
(0.85%) did not negatively affect the digestibility of nutrients, which demonstrates that the extract
doses tested did not have a toxic or antinutritional effect for chickens, therefore, being safe to use.
The presence of antinutritional factors in feeds, such as high polyphenol (tannins) content, can
negatively interfere with the digestibility of nutrients, especially proteins, as they are able to complex
with proteins and inhibit the action of digestive enzymes (Brenes et al., 2010). Chamorro et al. (2013)
supplemented chicken diets with 5 g/kg of grape seed extract containing 14.8 g of tannins in equivalent
of cyanidin/100 g of dry matter and found lower ileal digestibility of protein in relation to the chickens
of the control group, at 21 days of age. On the other hand, Brenes et al. (2008) supplemented broiler
ration with 0, 15, 30, and 60 g/kg of grape residue containing 15.09% tannins and found no change in
the digestibility of protein; however, the digestibility of ethereal extract worsened at 42 days of age. The
authors related this effect to the ability of the phenolic compound (tannins) to bind to bile salts and
cholesterol, resulting in reduced absorption and increased fecal excretion of lipids.

The results for performance, digestibility of feed nutrients, and histomorphometry of the small
intestine of broilers fed diet supplemented with vitamin E in the present study were similar to those
of broilers that received SGE in their feed. There are several functions attributed to vitamin E in the
animal organism, among them: as an immunostimulant, it protects the cells associated with the immune
response against the effects of oxidation, increasing the function and proliferation of these cells (Khan
et al,, 2011); antioxidant protection of body tissues (Volj¢ et al., 2011) and cells (Khan et al.,, 2011);
and improved intestinal health through anti-inflammatory (Pitargue et al, 2019) and antioxidant
(Cheng et al., 2018) effects in the intestinal mucosa. The bioactivity of vitamin E is mainly related
to its antioxidant potential; it works by interrupting the oxidation chain reaction, thus protecting cell
membranes from oxidative damage (Carocho et al., 2013), and can contribute to improving animal
performance. Selvam et al. (2017) found the inclusion of 70 g of vitamin E/ton in feed to positively
affect broiler performance, immune response, and antioxidant status.

5. Conclusions

Guava extract standardized in phenolic compounds can be used in diets for broilers in the starter
rearing phase as a functional additive, since levels of 800 to 1,000 mg/kg increase weight gain, reduce
feed conversion, and aid in the development and maintenance of the intestinal mucosa.
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