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Abstract

The dietary inclusion of hydroethanolic extract of guavira seed or peel was evaluated on
broiler performance, intestinal morphometry, carcass yield, and meat quality. A total of 1,680 male
chicks, one day old, were distributed in a 2x5+2 factorial design (hydroethanolic extract of guavira
seed (HEGS) or hydroethanolic extract of guavira peel (HEGP); 100; 200; 300; 400 and 500 mg/kg of
inclusion and a positive control (PC) with antibiotics and negative control (NC) without growth
promoter), with seven replicates and 20 birds each. A better feed conversion ratio (FCR) was
observed from days 1-7 and days 1-21 on the PC diet than on the NC diet. FCR from 1-7d of
broilers on PC was better than those on HEGS or HEGP, and this better FCR was maintained until 21
d for the HEGS treatment. The HEGP diet showed lower average feed intake and better FCR for the
total period compared to NC diets. Higher carcass yield and a higher Lis value for breast meat was
observed in the HEGP group compared to HEGS. Broilers fed the PC diet showed a higher a* value
15 min and 24 h postmortem, higher water retention capacity in breast meat compared to birds fed
HEGS, and a higher value of a* 24 h postmortem than those receiving NC. The inclusion of 100 to
500 mg/kg of HEGP or HEGS did not improve performance, intestinal morphometry, and carcass
characteristics when compared to the performance-enhancing antibiotic. However, the HEGP diet
provided better performance of broilers than the non-use of growth promoter additives in the diet.
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Introduction

The use of subtherapeutic doses of antibiotics in broiler diets improves the assimilation and
absorption of nutrients, helps in maintaining the intestinal health of animals and, consequently,
reduces production costs (Broom, 2018). For decades, it has been a common practice to add
antibiotics to animal feed in the Brazilian poultry industry in order to ensure competitive prices on the
world market. However, the occurrence of pathogenic bacteria resistant to these compounds, along
with consumers’ exposure to residues in the final product, has led several countries to ban the use of
antibiotics as growth promoters in broiler diets (Raphae et al., 2017).

As a result, nutritionists have intensified the search for natural additives to maintain broiler
productivity without posing a risk to public health. A wide range of plant extracts have demonstrated
potential benefits due to the presence of biologically active compounds such as phenolic compounds,
mainly flavonoids, and carotenoids (Loetscher et al., 2013; Morovat et al., 2016). Biologically active
compounds may enhance animal performance and the quality of the final product due to their
antimicrobial, antioxidant, and immunostimulant activity in the animals' metabolism (Windisch et al.,
2008; Pourhossein et al., 2015). Prihambodo et al. (2021) evaluated 42 articles using a meta-analysis
regarding levels of inclusion of flavonoids and observed a positive influence of the compounds on
average daily gain of broilers in the finisher phase, and for feed conversion rate both in the starter and
finisher phases.
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Guavira (Campomanesia spp.), a fruit of the Brazilian Cerrado, also known as guabiroba, has
aroused the interest of researchers due to the presence of flavonoids. Extracts produced from guavira
fruit have high in vitro antioxidant activity and 2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical-
scavenging activity ranging from 52-92.2% (Coutinho et al., 2008). Moreover, studies suggest that
essential oils extracted from guavira fruit have antimicrobial activity against Staphylococcus aureus,
Pseudomonas aeruginosa, and Candida albicans, and moderate activity against Escherichia coli
(Coutinho et al., 2009; dos Santos et al., 2019). Lohmann et al. (2021) observed that the dietary
inclusion of 219 mg/kg of HEGP resulted in better feed conversion rate for broilers in the finishing
phase. In this context, the use of natural additives in animal feed has become a feasible alternative to
antibiotics because they protect the intestinal mucosa and favour digestion and absorption processes,
which contributes to a balanced gut microbiota. Moreover, these additives improve the oxidative
profile and stability of poultry meat (Christaki et al., 2012).

Despite evidence of beneficial effects of compounds present in guavira peel and seed, studies
on their effects in animals, especially broilers, are scarce. Based on this information, we hypothesized
that the inclusion of extracts of guavira seed or peel in broiler diets would improve broiler performance
and meat quality considering the antimicrobial and antioxidant activity of the extracts. Therefore, this
study aimed to evaluate the dietary inclusion of the extract of guavira peel or seed (C. adamantium)
on performance, intestinal morphometry, carcass yield, and meat quality of broilers.

Material and Methods

This study was carried out at the Poultry Research Center of Western Paranad State
University, Unioeste, Marechal Candido Rondon, Brazil. The experimental protocol was approved by
the University Animal Use Ethics Committee (humber 04/2019).

A total of 1,680 Cobb 500®, male, one-day-old broiler chicks were distributed in a completely
randomized design, in a 2 x 5 + 2 factorial design [(two types of extract - hydroethanolic extract of
guavira seed (HEGS) and hydroethanolic extract of guavira peel (HEGP); five inclusion levels - 100,
200, 300, 400, and 500 mg/kg; and two control diets - positive with antibiotic addition (avilamycin) and
negative (without growth promoter)], with seven replicates and 20 birds per experimental unit (EU).
The lighting program used was following the lineage manual recommendation. Exhaust fans and
evaporative plates performed the environment cooling and the renewal of the air. The minimum and
maximum average temperature and relative humidity were monitored daily and kept within the
recommended thermal comfort range for each phase.

Guavira fruits were acquired in Ponta Pora city, MS, Brazil and processed at the Faculty of
Biological Sciences of the Federal University of Grande Dourados, MS, Brazil. The fruit was washed
and sanitized in 0.66% sodium dichloroisocyanide solution for 15 min and then pulped. The peel and
seed were dehydrated at 40 °C for 36 h in a dehydrator with an airflow of 0.5 m3 s and stored in low-
density polyethylene packaging at room temperature (25 °C) until the production of the extracts.

The extracts were obtained in a Soxhlet using 150 grams of the sample (peel or seed) in 750
mL of 70% absolute ethyl alcohol (1: 5 ratio). The extractions were carried out at a temperature of 80
°C for 3 h and then the solvent (ethanol) was removed under vacuum in a rotary evaporator (Fisatom,
model 810) to produce the aqueous extracts. The aqueous extracts were placed in amber glass
bottles and stored at 7 °C until use.

To determine the total polyphenol and flavonoid content, the bioactive compounds were
extracted according to the method of Singleton & Rossi (1965), with modifications. An amount of 2 mL
of each extract was homogenized with 2 mL of methanol in Falcon tubes. Subsequently, the tubes
were placed in a homogenizer for 10 min and then centrifuged (Centrifuge Kasvi K14-4000, Kasvi,
S&o Paulo, BR) for 20 min at 8,568 x g. The supernatant was used directly for the measurements.

The concentration of total polyphenols in the extracts was determined according to the
method of Singleton & Rossi (1965), with modifications. An aliquot of the supernatant previously
extracted (125 pl) was homogenized with 125 pl of Folin-Ciocalteu reagent (1: 1 deionized water) and
sodium carbonate (28 g L) in a total volume of 2.25 mL. The samples were incubated in the dark at
room temperature (25 °C) for 30 min and, subsequently, the absorbance was measured in a
spectrophotometer at 750 nm. The results were expressed in mg equivalent of gallic acid (EAG) mL"?
of the extracts, using a standard curve developed with concentrations between 0 to 300 mg L of
gallic acid. The analysis was performed in triplicate.

The flavonoid content was measured using the aluminium chloride method of Buriol et al.
(2009), with modifications. An amount of 300 ul of the supernatant extracted previously was
homogenized with 150 pl of aluminium chloride (5% mass volume in methanol) and the final volume
was adjusted to 3000 pl with methanol. The samples were incubated in the dark at room temperature
(25 °C) for 30 min and the absorbance was measured on a spectrophotometer at 425 nm. A standard
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curve based on quercetin was prepared and the results were expressed as mg equivalent of quercetin
(EQ) mL! of the extracts. The analysis was performed in triplicate.

The experimental diets, based on corn and soybean meal, were supplied in mash form and
formulated to meet the bird's nutritional requirements (regular-medium performance) recommended
by Rostagno et al. (2017) for phases 1-7, 8-21, and 22—-42 days of age (Table 1). The birds received
feed and water ad libitum throughout the experimental period. The inclusion of extracts and the
growth promoter in the positive control diet (avilamycin) was performed in substitution to the inert
substance, kaolin.

Table 1 Composition and specifications of experimental feed for broiler chickens

Ingredients (g/kg) 1to 7 days 8 to 21 days 22 to 42 days
Corn 535.93 553.95 639.79
Soybean meal (46%) 383.35 361.93 279.98
Soybean oll 32.26 39.65 41.59
Monocalcium phosphate 18.27 16.17 13.14
Limestone 12.18 11.02 9.08
Salt 5.34 5.17 4.84
L-lysine sulphate (51.7%) 4.57 4.57 5.04
DL-methionine (98%) 3.86 3.67 3.09
L- threonine (98%) 1.34 1.27 1.15
Vitamin supplementt 1.30 1.00 0.70
Mineral supplement? 0.50 0.50 0.50
Choline chloride (60%) 0.60 0.60 0.60
Inert 0.50 0.50 0.50

Nutrient specifications (g/kg)

Crude Protein 219.40 210.90 180.00
Metabolizable Energy (MJ/kg 12.45 12.77 13.25
Calcium 9.71 8.78 7.17
Available Phosphorus 4.63 4.19 3.49
Digestible Met + Cist 9.67 9.29 8.05
Digestible Lysine 13.07 12.56 10.88
Digestible Threonine 8.63 8.29 7.18
Digestible Tryptophan 2.51 2.39 1.98

lvitamin supplement (content per kg of product): Vit. A (min) 11.000.000 U.l.; Vit. D3 (min) 4.000.000 U.l.; Vit. E
(min) 55.000 U.1.; Vit. K3 (min) 3.000 mg; Vit. B1 (min) 2.300 mg; Vit. B2 (min) 7.000 mg; Vit. B6 (min) 4.000 mg;
Vit. B12 (min) 25.000 mg; Pantothenic Acid (min) 12g; Nicotinic Acid (min) 60 g; Folic Acid (min) 2.000 mg; Biotin
(min) 250 mg; 2Mineral Supplement (content per kg of product): Iron (min) 100 g; Copper (min) 20 g; Manganese
(min) 130 g; Selenium (min) 300 mg; Zinc (min) 130 g; lodine (min) 2.000 mg; 2 The hydroethanolic extract of
guavira seed, the hydroethanolic extract of guavira peel, and the antibiotic (avilamycin) in the positive control diet
was added in replacement for inert substance (kaolin)

At seven, 21, and 42 d of age, the birds as well as the leftover feed, were weighed for
performance evaluation (weight gain, average feed intake, and feed conversion ratio). Mortalities that
occurred during the period were recorded for later correction of data on average feed intake and feed
conversion ratio, according to Sakomura & Rostagno (2016).

At seven and 21 days of age, one bird per EU, with a representative weight (mean + 5%), was
slaughtered to collect a 2-cm fragment of the jejunum segment for morphometric analysis. The
samples were opened longitudinally, washed with saline solution, fixed in buffered formalin solution
(10%), and dehydrated in a series of increasing alcohol concentrations, diaphanized in xylol, and
embedded in paraffin (Luna, 1968). After the semi-serial microtomy (7-um sections), the sections
were stained using the haematoxylin and eosin technique. Morphometric analyses (30 readings
sample?) were performed using the Pro-Plus Image System (Version 5.2, Cybernetic Average). The
villi heights were taken from the basal region, which coincides with the upper portion of the crypts to
the apex; and the crypts, from the base of the crypt to the villus transition region. The villus height and
width measurements and crypt depth were used to calculate the absorption surface area of the
intestinal mucosa (Kisielinski et al., 2002).

To determine carcass yield, cut yield (breast, legs, and wings), and meat quality at 42 d of
age, two birds were selected (mean weight + 5%) and slaughtered by cervical dislocation with
subsequent bleeding, plucking, and evisceration. For carcass yield, the eviscerated carcass weight
(without head, feet, neck, and abdominal fat) was used in relation to the weight of the live bird. For the
yield of cuts, the weight of the eviscerated carcass was considered. Abdominal fat was considered to
be deposited around the gizzard, abdomen, and cloacal pouch.
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For meat quality analyses, the breast muscle (Pectoralis major) and the right thigh were used
to assess pH and colour at 15 min and 24 h postmortem. The pH meter used was HI 99163, which
was calibrated using the 2-point method against standard buffer solutions with pH values of 4.0 and
7.0. The pH meter probe was inserted into the muscle at an angle of 45° and washed with deionized
water between each measured sample. The colour was expressed in the CIELAB dimensions of
luminosity (L - brightness - dark to light level), redness (a* - red / green intensity) and yellow (b* -
yellow / blue intensity) using the portable colorimeter (Konica Minolta Sensing CR -400). The
colorimeter was calibrated against black and white reference titles before use. The colour
measurements were determined at room temperature (20-25 °C) on the surface of each muscle
sample, in three randomly selected locations, using an angle of 0°.

Subsequently, water holding capacity (WHC), cooking loss (CL) and shear force (SF)
analyses were performed on breast meat. The left thigh was used to determine lipid oxidation
(TBARS). The WHC was performed according to the centrifugation method, proposed by Nakamura &
Katok (1985). Samples of 1 g of breast muscle in natura were wrapped in filter paper, centrifuged
(Centrifuge Baby | 206 BL) at 2,142 x g for 4 min, weighed, dried in an oven at 70 °C for 12 h and
weighed again to calculate the WHC, in percentage:

WHC (%) = (sample weight of meat after centrifugation - weight of the sample after drying /

initial weight of the fresh sample multiplied by 100).

To determine the CL, the breast fillets were weighed, packed in laminated paper, and cooked
on a commercial electric plate with heating up to 180 °C, until they reached an internal temperature of
80 °C. Then, the samples were kept at rest until they stabilized at room temperature and weighed
again, thus obtaining the weight after cooking (Honikel, 1998). The SF analysis was performed with
the fillets used for CL. The samples were cut into three rectangles (1.0 x 1.0 x 1.3 cm) and placed
with the fibres oriented perpendicular to the blade to determine the SF in kilogram force (kgf cm-?)
using the TA-XT2i Texturometer equipment (Stable Micro System, Jarinu, Brazil), coupled with the
Warner—Bratzler Shear Force probe (mechanical, calibrated with a standard weight of 5 kg and speed
of the disconnector of 20 cm min1) (Fronning & Uijttenboogaart, 1988).

The determination of the value of substances reactive to thiobarbituric acid (TBARS) was
carried out on the meat of the broiler thigh immediately after slaughter (day 0) and after storage at -20
°C after seven, 30, and 60 d of storage. The analyses were carried out according to the adapted
methodology described by Vyncke (1970) and Sgrensen & Jagrgensen (1996). The aldehydes were
extracted by homogenizing 10 mL of a solution of trichloroacetic acid (7.5%) and BHT (0.2%) with 2.5
g of sample. Then, the obtained supernatant was filtered on a qualitative filter paper and 3 mL of
thiobarbituric acid solution (0.02 M) were added to 3 mL of the previously extracted solution (1:1). The
obtained solution was maintained for 40 min at 80 °C, for the formation of the coloured complex, and
the absorbance was measured using a spectrophotometer at 538 nm. A standard curve using 1,1,3,3
tetraethoxypropane (TEP) was prepared, and the results were expressed as malonaldehyde (MDA)
mg* meat.

The data were subjected to analysis of variance, using the statistical software SAS®
(University Edition), excluding control treatments, to determine the effects of the type of extract and
levels of inclusion, as well as the interaction between these factors. The effect of the levels on the
evaluated characteristics was determined using polynomial regression. The F-test was used to
compare the means of the experimental groups that received each type of extract. The comparison
between the diets containing peel and seed extract, regardless of the level of inclusion and the
positive and negative control diets, was performed using an F-test for contrasts.

Results and Discussion

The content of total polyphenols and flavonoids in the hydroethanolic extract of guavira seed
(HEGS) and guavira peel (HEGP) was 5.86 mg GAE mL~* and 1.04 mg QE mL; and 8.39 mg GAE
mL-t and 1.12 mg QE mL%, respectively.

The presence of total polyphenols, and specifically flavonoids, in fresh fruits and plants, as
well as in their respective extracts, has aroused the interest of researchers due to the biological
activity of these substances. According to Pascoal et al. (2011), flavonoids, including isoquercitrin and
quercitrin, are the major compounds in extracts of fruit species belonging to the genus
Campomanesia, popularly known as guavira.

Flavonoids may act in a wide range of biological systems due to variations in their chemical
structure. These compounds affect animal performance by modulating the microbiota, favour
intestinal health (Yang et al., 2019), and stimulate the immune system (Ouyang et al., 2016; Kishawy
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et al.,, 2019). Lescano et al. (2016) observed an in vitro anti-inflammatory activity of extract from
guavira peel, with total polyphenol and flavonoid levels of 1.35 and 0.96 mg GAE g1, respectively.

There was a interaction (P <0.05) between type and inclusion level of the extract for weight
gain (WG) from 1-21 d of age (Table 2). The sliced data showed that broilers fed diets containing
300 mg/kg HEGS showed higher WG (P <0.05) than birds receiving the same level of HEGP (Table
3). On the other hand, there was no significant interaction or isolated effect (P >0.05) on other
performance parameters in all periods.

The results of the contrasts (Table 4) showed that broilers fed the positive control diet (with
the inclusion of antibiotics) from 1-7 d (P <0.05) and 1-21 d (P <0.05) had a better feed conversion
ratio (FCR) than those fed a negative control diet (without the inclusion of a growth-promoting
additive), although they did not differ at 42 d (P >0.05). FCR was better for broilers fed positive control
(PC) treatment than counterparts fed diets with HEGS from 1-7 d (P <0.05) and from 1-21 d (P
<0.05). The inclusion of HEGP negatively influenced the FCR from 1-7 d (P <0.05) compared to the
PC treatment. The WG was lower in broilers fed diets containing HEGS from 1-21 d (P <0.05) than in
animals fed a negative control (NC) diet. The dietary inclusion of HEGS in the total period (1-42 d)
resulted in higher average feed intake (AFI) (P <0.05) and better FCR (P <0.05) compared to
treatments containing HEGP. Moreover, broilers fed diets with HEGP showed lower AFI (P <0.05) and
better FCR (P <0.05) in the total period compared to those receiving NC diets.

Table 2 Performance of broiler chickens fed diets containing levels of hydroethanolic extract of
guavira seeds (HEGS) and peel (HEGP)

Level 1to 7 days 1to 21 days 1to 42 days
(mg/kg) AFIL  WG2 FCR® _ AFI WG FCR AFI WG FCR
100 169.2 1456 1.163 1.354  0.999  1.355 4.737 3.085 1.536
200 169.3 1447 1170 1306 0.956  1.367 4776 3.062 1.561
HEGS 300 1679 1451 1158 1.328 0.987  1.345 4746 3.109 1.527
400 1715 147.0 1167 1320 0.960 1.375 4.705 3.054 1.541
500 169.3 1458 1161 1.329 0987 1.345 4725 3120 1515
Average 169.4 1456 1163 1.327 0978 1357 4737 3.086 1536
SEM 1.252 0.829 0.007 0.006 0.006 0.005 0.024 0.017 0.007
100 169.7 146.1 1161 1.299 0958  1.357 4.619 3.012 1.534
200 1705 1477 1155 1.335 0.972  1.373 4.831 3.117 1550
HEGP 300 169.1 1449 1167 1274 0928 1372 4576 2974 1.539
400 168.4 146.7 1149 1315 0970 1.356 4.794 3.111 1.526
500 170.0 1468 1159 1.318 0.967 1.363 4.750 3.039 1.563
Average 1695 1465 1.158 1.308 0.9598 1.364 4.705 3.051 1.542
SEM 1.131 0757 0.008 0.008 0.007 0.004 0.033 0.019 0.005
Type 094 049 067 007 0.04 030 041 016 045
Level 098 089 099 056 0.56 050 019 066 043
Type vs Level 093 089 095  0.06 0.05 021 026 006 014

IAFI = Average feed intake (g); WG = Weight gain (g); 3FCR = Feed conversion ratio; ~BValues with different
upper letters are significantly different using the F-test (P <0.05)

Table 3 Interaction between inclusion level and type of hydroethanolic extract of guavira on weight
gain of broilers from 1 to 21 days

Level (mg/kg) HEGS! HEGP? P-value
100 0.999 0.958 0.086
200 0.956 0.972 0.503
300 0.9882 0.929° 0.014
400 0.960 0.971 0.646
500 0.988 0.967 0.120
P-value 0.106 0.292

IHEGS = hydroethanolic extract of guavira seed; 2HEGP = hydroethanolic extract of guavira peel; 2PIn the same
line, means followed by different lowercase letters are significantly different using the F-test (P <0.05)
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Table 4 Contrast analysis of the performance parameters of broiler chickens fed diets containing
levels of hydroethanolic extract of guavira seed (HEGS) and hydroethanolic extract of guavira peel
(HEGP)

1to 7 days 1to 21 days 1 to 42 days

Treatments* AFI! WG? FCR® AFI WG FCR AFI WG FCR
NC 168.6 144.4 1.169 1.328 0.981 1.355 4931 3.083 1.600
PC 166.8 149.0 1.119 1.320 0.989 1.335 4.795 3.067 1.567
HEGS 169.4 145.6 1.164 1.327 0.978 1.354 4.738 3.086 1.536
HEGP 169.5 146.5 1.158 1.308 0.959 1.364 4.705 3.051 1.542
SEM 0.760 0.530 0.005 0.005 0.004 0.003 0.020 0.010 0.005
Contrasts

HEGS: HGEP 0.75 0.29 0.60 0.28 0.19 0.39 0.002 0.49 0.003
HEGS: PC 0.34 0.20 0.05 0.53 0.07 0.01 0.20 0.72 0.20
HEGS: NC 0.94 0.47 0.64 0.07 0.05 0.30 0.42 0.19 0.55
HEGP: PC 0.62 0.07 0.05 0.72 0.71 0.18 0.14 0.79 0.16
HEGP:NC 0.78 0.52 0.08 0.96 0.87 0.79 0.007 0.95 0.001
PC: NC 0.36 0.09 0.03 0.68 0.51 0.04 0.42 0.69 0.11

IAFI = Average feed intake (g); WG = Weight gain (g); 3FCR = Feed conversion ratio; “NC = negative control
(without growth promoter); PC = positive control (with antibiotic, avilamycin); HEGS = hydroethanolic extract of
guavira seed; HEGP = hydroethanolic extract of guavira peel

Improvements in animal performance due to natural substances are associated with the
capacity of bioactive compounds to favour digestive and absorptive processes due to their
antimicrobial activity (Peric et al., 2009). According to Tufarelli et al. (2017), polyphenols can be
converted by the intestinal microbiota into bioactive molecules that affect intestinal ecology and host
health. According to the same authors, there is evidence that specific doses of selected polyphenols
can alter the composition of the microbial population in the intestine. Moreover, these compounds
may increase the efficiency of digestive processes and, consequently, nutrient absorption, by
stimulating the activity of enzymes such as amylase, sucrase, and phosphatase (Seven et al., 2012).
However, the actions of these compounds on the animals’ metabolism seem to be dose-dependent. It
has been shown that higher levels of flavonoids can reduce enzyme activity involved in the
metabolism of carbohydrates and lipids (Oteiza et al., 2018), which may result in lower animal
performance.

Despite the reports in the literature about the biological properties of guavira components, the
inclusion of extracts from guavira peel and seed in broiler diets did not improve animal performance.
Although benefits from the dietary inclusion of extracts have not been observed in comparison to
antibiotic-based treatments, it is essential to highlight the positive results on AFl and FCR from 1 to 42
days of age in broilers receiving HEGP vs. the additive-free treatment. In an antibiotic-free scenario,
the inclusion of HEGP could constitute an alternative in broiler diets.

The influence of natural compounds on animal metabolism can also be affected by the
conditions under which the study is conducted. Chegini et al. (2019) observed that the effects of the
dietary inclusion of propolis on nutrient digestibility were higher for broilers kept under thermal stress.

The unsatisfactory results reported in the literature regarding the inclusion of plant extracts in
animal feed may be related to the environment to which animals are exposed (Dalélio et al., 2015).
Improvements in performance are achieved by killing microorganisms and pathogens that impair the
digestion and absorption of nutrients. According to Simitzis et al. (2010) and Park et al. (2015), well-
nourished and healthy animals do not respond to growth-promoting additives when housed in clean
and disinfected environments at moderate stocking densities. In the present study, the broilers were
raised in clean environments; therefore, growth-promoting agents such as HEGS and HEGP extracts
may have had more significant impacts if animals were housed in environmental conditions with
greater health challenges. Moreover, the antimicrobial, antioxidant, or immunomodulatory activity of
the compounds may vary according to the plant or fruit used, as well as the extraction process, which
influences the concentration of active principles (Christaki et al., 2012).

For intestinal morphometry, there was no interaction (P >0.05) between extract type and
inclusion level on villus height, crypt depth, villus:crypt ratio, and absorptive area at 7 and 21 days of
age (data not shown). When comparing different extract types with control diets regardless of
inclusion levels, we observed that broilers fed the PC diet showed greater crypt depth (P <0.05) at
seven days of age than counterparts fed diets containing HEGP, with values of 80.06 um vs.
75.73 um, respectively. Moreover, broilers fed the PC diet showed greater villus height (P <0.05) and
decreased crypt depth (P <0.05) at seven days of age compared to animals receiving the NC diet,
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with values of 416.80 um vs. 404.90 um for villus height and 80.06 pum vs. 82.61 pm for crypt depth,
respectively (Table 5).

Table 5 Contrast analysis of villus height (um), crypt depth (um), villus:crypt ratio, and absorptive area
(um?) of jejunum at seven and 21 days of age of broiler chickens fed diets containing levels of
hydroethanolic extract of guavira seeds (HEGS) and peel (HEGP)

Treatments’ Villus height Crypt depth Villus:crypt ratio Absorptive area
7 days 21 days 7 days 21 days 7 days 21 days 7 days 21 days

NC 404.90 821.10 82.61 70.71 4.87 11.66 7.41 12.39
PC 416.80 774.15 80.06 72.87 5.17 10.62 7.26 12.28
HEGS 398.84 885.00 79.70 68.72 4.99 12.82 6.86 14.73
HEGP 362.32 714.97 75.73 61.18 4.80 11.93 7.78 11.74
SEM 8.61 39.51 0.86 2.16 0.08 0.43 0.19 0.76
Contrasts
HEGS: HEGP 0.77 0.49 0.52 0.25 0.42 0.87 0.87 0.82
HEGS: PC 0.18 0.63 0.16 0.09 0.80 0.34 0.42 0.82
HEGS: NC 0.84 0.06 0.35 0.12 0.67 0.37 0.58 0.09
HEGP: PC 0.09 0.79 0.03 0.82 0.20 0.60 0.55 0.97
HEGP:NC 0.57 0.68 0.90 0.81 0.53 0.50 0.45 0.44
PC: NC 0.05 0.39 0.03 0.55 0.25 0.12 0.02 0.32

INC = negative control (without growth promoter); PC = positive control (with antibiotic, avilamycin); HEGS =
hydroethanolic extract of guavira seed; HEGP = hydroethanolic extract of guavira peel

The antioxidant activity of polyphenols modulates intestinal morphology and influences the
absorptive capacity of the intestine in animals (Viveros et al., 2011; Kamboh & Zhu, 2014). However,
no improvements in gut morphometrics were observed in broilers fed diets with HEGS or HEGP.
Increased villus height is an indicator of increased surface area available for absorption, and this
effect was observed in animals fed diets containing antibiotic, being correlated with the higher WG at
7 d of age. Likewise, decreased crypt depth is an indicator of the lowered production of immature
enterocytes, with subsequent lower tissue turnover rate and fewer maintenance requirements (Attia et
al., 2017). In this context, the villus height/crypt depth ratio is associated with efficient nutrient
absorption and better performance. Adil et al. (2011) found no differences in villus height and crypt
depth of broilers fed different levels of chamomile powder.

There was no interaction (P >0.05) between extract type and inclusion level on carcass traits.
However, broilers fed diets containing HEGP showed higher carcass yield (%) (P <0.05) compared to
birds that received HEGS (70.80% vs. 69.79%, respectively; data not shown), regardless of the
inclusion level. The results of the contrasts show that broilers fed diets containing HEGS showed
lower carcass yield (P <0.05) than birds receiving the NC diet (69.79% vs. 70.25%, respectively; data
not shown).

The effectiveness of compounds from natural extracts on carcass characteristics has been
extensively evaluated. However, the results are still contradictory. Several studies did not report an
influence on carcass and cut yields with the use of plant extracts (Aji et al., 2011; Ma et al., 2015;
Salajegheh et al.,, 2018). Surai (2014) mentions the likely binding of polyphenolic compounds to
endogenous proteins through the interaction of their reactive hydroxyl groups with the carbonyl
groups of proteins, resulting in reduced protein digestibility in diets containing polyphenols. However,
broilers fed diets containing HEGP, which contains higher levels of active compounds, showed higher
carcass yield compared to birds receiving HEGS. Therefore, this result cannot be related to lower
protein digestibility.

In contrast to the limiting effects of natural extracts on carcass parameters, studies have
shown improvements in the physical traits of meat. Phenolic compounds and flavonoids are
responsible for the antioxidant activity of plant-based additives (Mehrparvar et al., 2016) and have
been shown to have several physiological and biochemical functions in the body (Park et al., 2015).
Therefore, they can be used to increase the antioxidant, antimicrobial, anti-browning, and protein
cross-linking potentials, and to maintain or improve meat quality (Tufarelli et al., 2017).

There was no interaction (P >0.05) or isolated effect (P >0.05) of treatments on pH, colour,
WHC, CL, and SF of breast meat (Table 6). The results of the contrasts (Table 7) showed that the
lightness (L) of breast meat 15 min postmortem was higher (P <0.05) in broilers fed diets with HEGP
than in birds receiving HEGS. The breast meat from broilers fed the PC had higher redness (a*) 15
min (P <0.05) and 24 h postmortem (P <0.05) and lower WHC (P <0.05) compared to birds fed the



Eyng et al., 2022. S. Afr. J. Anim. Sci. vol. 52 712

HEGS treatment. Moreover, the breast meat of broilers receiving the PC diet had higher redness (a*)
24 h postmortem (P <0.05) than that of animals receiving the NC diet.

Table 6 The pH values, colour, water-holding capacity (WHC), cooking loss (CL), and shear force
values (SF) of breast meat of broiler chickens at 42 days of age fed diets containing hydroethanolic
extract of guavira seed (HEGS) and hydroethanolic extract of guavira peel (HEGP)

Level pH *L *a *b
(mg/kg) 15min 24h 15min 24h 15min 24h 15min 24h WHC CL SF
100 6.39 583 47.03 5339 285 259 373 503 67.96 3056 3.16
200 621 5.80 4871 5206 294 269 435 345 66.71 28.46 4.35
HEGS 300 6.05 574 47.28 5058 2.83 281 436 455 6832 2585 3.43
400 6.25 565 4860 53.13 342 321 526 428 67.91 3110 4.20
500 6.14 5.88 47.90 5269 3.69 3.14 482 428 69.91 26.93 285
Average 620 578 47.90 5236 313 288 450 432 6811 28.69 3.62
SEM 023 020 349 271 130 138 158 175 3.33 496 157
100 573 578 4987 5537 3.07 210 560 501 6827 3134 433
200 6.18 567 47.01 50.78 204 1.83 399 529 6858 2836 474
HEGP 300 6.13 573 49.60 5308 228 236 3.62 275 6883 27.24 235
400 6.19 564 4983 5278 257 172 417 414 7017 28.47 3.59
500 6.12 577 46,73 5304 397 370 374 482 7006 28.00 3.65
Average 6.07 573 4861 5301 279 234 423 440 69.13 2868 3.73
SEM 050 014 343 316 1.62 123 233 213 241 313 178
Extract 017 020 040 035 030 007 057 085 015 091 073
Level 071 015 068 006 013 014 086 044 029 003 0.08
Extract vs Level 015 069 032 036 071 033 028 017 082 067 0.32

Table 7 Contrast analysis of the pH values, colour, water-holding capacity (WHC), cooking loss (CL),
and shear force values (SF) of breast meat of broiler chickens at 21 days of age fed diets containing
hydroethanolic extract of guavira seed (HEGS) and hydroethanolic extract of guavira peel (HEGP)

pH *L *a *b
Treatments?! 15 min 24 h 15 min 24 h 15 min 24 h 15min 24h WHC CL SF

NC 5.97 5.77 45.45 51.96 3.53 3.12 4.63 531 6744 2721 3.64
PC 6.19 5.73 46.00 51.69 4.00 4.40 3.48 465 66.31 29.38 4.22
HEGS 6.20 5.77 47.90 52.36 3.13 2.88 4.50 432 68.11 28.62 3.62
HEGP 6.07 5.72 48.61 53.01 2.79 2.34 4.23 440 69.18 28.67 3.73
SEM 0.04 0.02 0.38 0.33 0.16 0.16 0.22 0.21 0.34 0.43 0.18
Contrasts

HEGS:HEGP 0.53 0.57 0.03 0.43 0.24 0.20 0.65 0.28 0.20 0.40 0.90
HEGS:PC 0.45 0.90 0.06 0.29 0.04 0.001 0.36 0.74 0.02 0.66 0.46
HEGS:NC 0.15 0.22 0.38 0.37 0.32 0.11 0.58 0.86 0.14 0.95 0.77
HEGP:PC 0.29 0.71 0.76 0.86 0.56 0.10 0.30 0.54 0.50 0.32 0.52
HEGP:NC 0.16 0.92 0.10 0.76 0.53 0.69 0.88 0.24 0.62 0.42 0.97
PC:NC 0.93 0.55 0.17 0.59 0.15 0.01 0.22 0.67 0.15 0.64 0.37

INC = negative control (without growth promoter); PC = positive control (with antibiotic, avilamycin); HEGS =
hydroethanolic extract of guavira seed; HEGP = hydroethanolic extract of guavira peel

There was no interaction (P >0.05) between extract types and inclusion levels, or isolated
effect (P >0.05), on the pH and colour of thigh meat (Table 8). The results of the contrasts were not
different (P >0.05, data not shown). Meat colour is usually an indicator of meat quality, and changes in
the visual aspect may influence qualitative aspects. Muscle pH is also a meat quality parameter and is
considered one of the most critical post-slaughter factors that influence countless meat quality
attributes, such as colour, tenderness, WHC, and CL, among other muscle characteristics (Aberle et
al., 2001).

The WHC is influenced by pre- and postmortem factors. This attribute represents the muscle's
ability to retain water and directly affects meat tenderness. Meat tenderness is influenced by many
factors, with the content and chemical structure of connective tissue, the myofibrils, and sarcoplasmic
reticulum being the material basis of tenderness (Wang et al., 2017). According to the same authors,
increases in WHC can be related to an improvement in antioxidant effects in the muscle.
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Table 8 Colour and pH values of leg meat of broiler chickens at 42 days of age fed diets containing
hydroethanolic extract of guavira seed (HEGS) and peel (HEGP)
*L

Level pH *a *b
(ma/kg) 15 min 24 h 15 min 24 h 15 min 24 h 15 min 24 h
100 6.03 5.73 47.29 53.00 4.14 4.47 3.05 5.03
200 6.02 5.75 50.82 51.90 2.92 3.08 1.78 3.45
HEGS 300 6.31 5.84 4878  51.53 3.73 3.96 3.13 4.55
400 6.12 5.84 50.01 52.81 3.53 411 2.55 4.28
500 6.01 5.74 50.11 51.86 3.58 4.29 2.37 4.28
Average 6.10 5.78 49.38 52.23 3.58 3.97 2.60 4.32
SEM 0.34 0.20 411 2.72 1.49 1.94 1.85 1.75
100 5.94 5.84 50.40 54.27 3.41 3.49 2.19 5.01
200 6.05 5.75 49.99 52.97 3.11 1.35 2.71 5.29
HEGP 300 6.03 6.05 49.85 51.11 3.53 3.02 2.21 2.75
400 5.98 5.73 52.63 51.65 2.24 5.43 1.84 4.14
500 6.09 6.01 49.39 52.00 3.51 3.45 2.83 4.82
Average 6.02 5.87 50.45 52.40 3.16 3.42 2.36 4.40
SEM 0.18 0.34 2.44 3.38 1.44 1.68 1.66 2.13
Extract 0.22 0.16 0.19 0.81 0.24 0.20 0.58 0.85
Level 0.45 0.35 0.33 0.39 0.42 0.42 0.91 0.44
Extract vs Level 0.44 0.39 0.39 0.83 0.70 0.70 0.52 0.17

Many studies on natural extracts corroborate our findings. Ri et al. (2017) found no effect of
natural extracts on CL, drip loss, SF, pH, or meat colour. Lipinski et al. (2017) did not observe any
effect of dietary inclusion of polyphenols on the colour, pH, or CL of the breast muscle. Simitzis et al.
(2010) also observed no effects of natural extracts on SF, pH after 45 min and 24 h postmortem,
colour parameters, and sensory attributes. Wang et al. (2017) and Olusola et al. (2018) found no
difference in pH values.

According to Faustman & Cassens (1990), the ultimate pH of normal meat is approximately
5.4-5.8, and our results are within this range. Lower values of redness (a*) but increased lightness
(L*) and yellowness (b*) indicate pale meat and lower consumer acceptance. Overall, consumers tend
to choose pink meat with a fresh appearance. The L-component in the breast meat of broilers was
higher in animals fed diets containing HEGP than in those fed HEGS diets. This probably reflects the
formation of methemoglobin in the breast muscle, which is associated with meat discoloration (Nieto
et al., 2010). According to Nieto et al. (2010), meat redness (a*) is related to reduced iron (Fe3*) and
can be controlled by several strategies that prevent oxidation. Phenolic acids oxidize quinines, which
in turn react with some amino acids in the myoglobin molecule, promoting myoglobin polymerization
and exposing the heme moiety. Thus, natural additives with antioxidant capacity prevent red pigments
from undergoing oxidation to brown metmyoglobin. However, in the present study, this effect was not
observed because birds receiving PC treatment showed higher values of a* compared to those
receiving HEGS.

There was no interaction (P >0.05) or isolated effect (P >0.05) of treatments on the
peroxidation of thigh meat from broilers fed diets containing guavira extracts at 42 d. Thiobarbituric
acid reactive substances were analysed at time 0 (time of slaughter) and stored at —20 °C for 7, 30,
and 60 days (Table 9). The results of the contrasts showed no difference (P >0.05) in lipid oxidation
between control diets and treatments with and without growth-promoting additive, regardless of
inclusion levels. The means for mg of malondialdehyde per kg of meat for the NC, PC, HEGS, and
HEGP treatments were 0.014, 0.016, 0.019, and 0.030, respectively (data not shown).

In the present study, the treatments did not affect TBARS values, corroborating the findings of
Dabbou et al. (2017). According to North et al. (2019), although the effect on oxidative stability is
clearly linked to the role of flavonoids as antioxidants, the exact mechanism is still uncertain; the most
direct method would involve supplementing flavonoids, or their metabolites, in tissue, where they
would protect molecules from oxidation.
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Table 9 Values of thiobarbituric acid reactive substances (TBARS) (mg of malonaldehyde kg! meat)
of thigh meat of broiler chickens at 42 days of age fed diets containing levels of hydroethanolic extract
of guavira seed (HEGS) and peel (HEGP) and evaluated at different storage times (0, 7, 30, and 60
days)

Level Storage days
(mg/kg) 0 7 30 60
100 0.028 0.011 0.011 0.016
200 0.022 0.019 0.008 0.015
HEGS 300 0.022 0.015 0.008 0.013
400 0.020 0.014 0.010 0.017
500 0.019 0.017 0.013 0.075
Average 0.022 0.015 0.010 0.027
100 0.026 0.015 0.007 0.017
200 0.022 0.005 0.011 0.013
HEGP 300 0.022 0.013 0.005 0.015
400 0.027 0.014 0.006 0.012
500 0.023 0.012 0.086 0.011
Average 0.024 0.015 0.023 0.014
SEM 0.006 0.011 0.056 0.044
Type 0.460 0.925 0.620 0.449
Level 0.098 0.647 0.214 0.375
Type vs Level 0.339 0.809 0.297 0.266

Studies on the effects of extracts with total polyphenols, specifically flavonoids, on the quality
of broiler meat are inconsistent. According to Kamboh et al. (2018), in addition to their antimicrobial
activity, the compounds present in the extracts also have antioxidant capacity. Therefore, they can
preserve meat quality and extend shelf life by inhibiting lipid oxidation. However, antioxidant activity is
dependent on several factors and is related to the chemical structure of the compounds. The hydroxyl
groups present in these compounds allow them to be electron donors; thus, they are capable of
neutralizing free radicals and oxygen-reactive species (Tufarelli et al., 2017). Moreover, the different
responses can be attributed to the type or dosage of the compounds, basal diet, diseases, and
stressors such as room temperature and feeding conditions (Ma et al., 2015; Ri et al.,, 2017).
According to Surai (2014), the antioxidant activity of polyphenols/flavonoids is not straightforward and
depends on several factors, such as the efficiency of absorption, active concentrations in the target
tissues, and metabolic transformation after absorption, which could decrease their antioxidant
properties.

Thus, despite the several beneficial effects of polyphenols reported in the literature, the
possible unpredictable behaviour of these compounds in the body must be considered, depending on
the conditions (antioxidant vs pro-oxidant, mutagen vs antimutagenic). Thus, information on their
absorption, metabolic fate in the body, and mechanism of action are necessary (Surai, 2014). Thus,
our findings refute our hypothesis that the inclusion of extracts of guavira seed and peel in broiler
diets could improve broiler performance and meat quality. However, it is important to emphasize that
comparing the guavira extracts to the additive-free group, the birds that received the HEGP,
independently of the inclusion level, showed better performance from 1-42 d without negative effects
on meat quality. These results present a new possibility for testing different levels of the extracts
analysed in this study.

Conclusion

The inclusion of 100-500 mg/kg of hydroethanolic extract of guavira peel and seed did not
improve performance, intestinal morphometry, or carcass traits of broilers. Moreover, no effective
antioxidant activity of guavira extracts was observed compared to the use of growth-promoting
antibiotics. However, when considering the total breeding period and the non-use of growth-promoting
additives in the feed, the inclusion of hydroethanolic extract from guavira peel resulted in better
performance of broilers.

Acknowledgements

Funding was provided by the Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
(Brazil — Finance code 001) and Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPQ)
(Brazil).



715 Eyng et al., 2022. S. Afr. J. Anim. Sci. vol. 52

Authors’ Contributions

CE and RVN designed the study and were the supervisors. EJSA and CACC were in charge of the
extract production. PON worked on the project, laboratory analysis, and received her MSc. JB, NRJ, VDLS, and
ECS participated in management and discussion of the results, statistical analysis and writing, and corrected the
manuscript.

Conflict of interest

We declare that we have no financial and personal relationships with other people or organizations that
can inappropriately influence our work; there is no professional or other personal interest of any nature or kind in
any product, service, and/or company that could be construed as influencing the content of this paper.

References

Aberle, E.D., Forrest, J.C., Gerrard, D.E. & Mills, E.W., 2001. Principles of Meat Science. 4th ed. Kendall/ Hunt
Publishing Co., Dubuque, IA, United States of America.

Adil, S., Banday, M.T., Bhat, G.A., Qureshi, S.D. & Wani, S.A., 2011. Effect of supplemental organic acids on
growth performance and gut microbial population of broiler chicken. Livest. Res. Rural Dev. 23, 1-8.

Aji, S.B., Ignatius, K., Y. Ado, A.A., Nuhu, J.B., Abdulkarim, A., Aliyu, U., Gambo, M.B., Ibrahim, M.A., Abubakar,
H., Bukar, M.M., M. Imam, H. & Numan, P.T., 2011. Effects of Feeding onion (Allium cepa) and garlic
(Allium sativum) on some performance characteristics of broiler chickens. Res. J. Poult. Sci. 4, 22-27.
https://doi.org/10.3923/rjpscience.2011.22.27

Attia, G., El-Eraky, W., Hassanein, E., El-Gamal, M., Farahat, M. & Hernandez-Santana, A., 2017. Effect of
dietary inclusion of a plant extract blend on broiler growth performance, nutrient digestibility, caecal
microflora and intestinal histomorphology. Int. J. Poult. Sci. 16, 344-53.
https://doi.org/10.3923/ijps.2017.344.353

Broom, L.J., 2018. Gut barrier function: Effects of (antibiotic) growth promoters on key barrier components and
associations with growth performance. Poult. Sci. 97, 1572-1578. https://doi.org/10.3382/ps/pey021

Buriol, L., Finger, D., Schmidt, E.M., Dos Santos, J.M.T., Da Rosa, M.R., Quindia, S.P., Torres, Y.R., Santa,
H.S.D., Pessoa, C., De Moraes, M.O., Costa-Lotufo, L.V., Ferreira, P.M.P., Frankland Sawaya, A.C.H. &
Eberlin, M.N., 2009. Composicdo quimica e atividade bioldgica de extrato oleoso de prépolis: Uma
alternativa ao extrato etandlico. Quim. Nova 32, 296-302 (in Portuguese, English abstract).
https://doi.org/10.1590/s0100-40422009000200006

Chegini, S., Kiani, A., Parizadian Kavan, B. & Rokni, H., 2019. Effects of propolis and stocking density on growth
performance, nutrient digestibility, and immune system of heat-stressed broilers. Ital. J. Anim. Sci. 18,
868-876. https://doi.org/10.1080/1828051X.2018.1483750

Christaki, E., Bonos, E., Giannenas, |. & Florou-Paneri, P., 2012. Aromatic plants as a source of bioactive
compounds. Agric. 2, 228-243. https://doi.org/10.3390/agriculture2030228

Coutinho, I.D., Cardoso, C.A.L., Ré-Poppi, N., Melo, A.M., Vieira, M.D.C., Honda, N.K. & Coelho, R.G., 2009.
Gas Chromatography-Mass Spectrometry (GC-MS) and evaluation of antioxidant and antimicrobial
activities of essential oil of Campomanesia adamantium (Cambess.) O. Berg (Guavira). Brazilian J.
Pharm. Sci. 45, 767-776. https://doi.org/10.1590/S1984-82502009000400022

Coutinho, I.D., Coelho, R.G., Kataoka, V.M.F., Honda, N.K., Silva, J.R.M., Vilegas, W. & Cardoso, C.A.L., 2008.
Determination of phenolic compounds and evaluation of antioxidant capacity of Campomanesia
adamantium leaves. Eclet. Quim. 33, 53-60. https://doi.org/10.1590/S0100-46702008000400007

Dabbou, S., Gai, F., Renna, M., Rotolo, L., Dabbou, S., Lussiana, C., Kovitvadhi, A., Brugiapaglia, A., De Marco,
M., Helal, A.N., Zoccarato, |. & Gasco, L., 2017. Inclusion of bilberry pomace in rabbit diets: Effects on
carcass characteristics and meat quality. Meat Sci. 124, 77-83.
https://doi.org/10.1016/j.meatsci.2016.10.013

Daldlio, F.S., Moreira, J., Valadares, L.R., Nunes, P.B., Vaz, D.P., Pereira, H.J., Pires, A.V. & Da Cruz, P.J.,
2015. Aditivos alternativos ao uso de antimicrobianos na alimentagdo de frangos de corte. Rev. Bras.
Agropecuéria Sustentavel 5, 86-94 (in Portuguese, English abstract).
https://doi.org/10.21206/rbas.v5i1.281

Faustman, C. & Cassens, R.G., 1990. The biochemical basis for discoloration in fresh meat: a Review. J. Muscle
Foods 1, 217-243. https://doi.org/10.1111/j.1745-4573.1990.tb00366.x

Fronning, G.W. & Uijttenboogaart, T.G., 1988. Effect of postmortem electrical stimulation on color, texture, pH
and cooking loses of hot and cold deboned chicken broiler breast meat. Poult. Sci. 67, 1536-1544.

Goliomytis, M., Kartsonas, N., Charismiadou, M.A., Symeon, G.K., Simitzis, P.E. & Deligeorgis, S.G., 2015. The
influence of naringin or hesperidin dietary supplementation on broiler meat quality and oxidative stability.
PLoS One 10, 1-11. https://doi.org/10.1371/journal.pone.0141652

Honikel, K.O., 1998. Reference methods for the assessment of physical characteristics of meat. Meat Sci. 49,
447-457. https://doi.org/10.1016/S0309-1740(98)00034-5

Kamboh, A.A., Memon, A.M., Mughal, M.J., Memon, J. & Bakhetgul, M., 2018. Dietary effects of soy and citrus
flavonoid on antioxidation and microbial quality of meat in broilers. J. Anim. Physiol. Anim. Nutr. 102, 235—
240. https://doi.org/10.1111/jpn.12683

Kamboh, A.A. & Zhu, W.Y., 2014. Individual and combined effects of genistein and hesperidin on immunity and
intestinal morphometry in lipopolysacharide-challenged broiler chickens. Poult. Sci. 93, 2175-2183.
https://doi.org/10.3382/ps.2014-03971

Kishawy, A.T.Y., Amer, S.A., Abd El-Hack, M.E., Saadeldin, I.M. & Swelum, A.A., 2019. The impact of dietary



Eyng et al., 2022. S. Afr. J. Anim. Sci. vol. 52 716

linseed oil and pomegranate peel extract on broiler growth, carcass traits, serum lipid profile, and meat
fatty acid, phenol, and flavonoid contents. Asian-Australasian J. Anim. Sci. 32, 1161-1171.
https://doi.org/10.5713/ajas.18.0522

Kisielinski, K., Willis, S., Prescher, A., Klosterhalfen, B. & Schumpelick, V., 2002. A review of the effects of
environmental stress on embryonic development within intertidal gastropod egg masses. Clin. Exp. Med.
2, 131-135. https://doi.org/https://doi.org/10.1007/s102380200018

Lescano, C.H., De Oliveira, I.P., Zaminelli, T., Da Silva Baldivia, D., Da Silva, L.R., Napolitano, M., Silvério,
C.B.M,, Lincopan, N. & Sanjinez-Argandofia, E.J., 2016. Campomanesia adamantium peel extract in
antidiarrheal activity: The ability of inhibition of heat-stable enterotoxin by polyphenols. PLoS One 11, 1-
15. https://doi.org/10.1371/journal.pone.0165208

Lipinski, K., Mazur, M., Antoszkiewicz, Z. & Purwin, C., 2017. Polyphenols in monogastric nutrition - A review.
Ann. Anim. Sci. 17, 41-58. https://doi.org/10.1515/aoas-2016-0042

Loetscher, Y., Kreuzer, M. & Messikommer, R.E., 2013. Oxidative stability of the meat of broilers supplemented
with rosemary leaves, rosehip fruits, chokeberry pomace, and entire nettle, and effects on performance
and meat quality. Poult. Sci. 92, 2938-2948. https://doi.org/10.3382/ps.2013-0325

Lohmann, M.L., Eyng, C., Nunes, R.V., Argandona, E.J.S., Correia, C.A.C., Kodhler, T.L. & Costa, A.P.G.C. 2021.
Effects of guavira fruit (Campomanesia adamantium) peel extract on performance and meat quality of
broilers. S. Afr. J. Anim. Sci. 51, 11-21. https://doi.org/10.4314/sajas.v51i1.2

Luna, G.C., 1968. Manual of histologic staining methods of the armed forces. Institut of Pathology. 3.ed. Mc
Graw-Hill, New York, United States os America.

Ma, J.S., Chang, W.H,, Liu, G.H., Zhang, S., Zheng, A.J., Li, Y., Xie, Q., Liu, Z.Y. & Cai, H.Y., 2015. Effects of
flavones of sea buckthorn fruits on growth performance, carcass quality, fat deposition and lipometabolism
for broilers. Poult. Sci. 94, 2641-2649. https://doi.org/10.3382/ps/pev250

Mehrparvar, M., Mazhari, M., Esmaeilipour, O. & Sami, M., 2016. Effect of Lipia Citridora leaf powder on growth
performance, carcass traits, blood metabolites and meat quality of broilers. Iran. J. Vet. Med. 10, 307—
318. https://doi.org/10.22059/ijvm.2016.59728

Morovat, M., Chamani, M., Zarei, A. & Sadeghi, A.A., 2016. Dietary but not in ovo feeding of Silybum marianum
extract resulted in an improvement in performance, immunity and carcass characteristics and decreased
the adverse effects of high temperatures in broilers. Br. Poult. Sci. 57, 105-113.
https://doi.org/10.1080/00071668.2015.1121537

Nakamura, M. & Katok, K., 1985. Influence of thawing method on several properties of rabbit meat. Bull. Ishika
Prefect. Coll. Agric. 11, 45-49.

Nieto, G., Diaz, P., Bafidn, S. & Garrido, M.D., 2010. Effect on lamb meat quality of including thyme (Thymus
zygis Ssp. gracilis) leaves in ewes’ diet. Meat Sci. 85, 82-88.
https://doi.org/10.1016/j.meatsci.2009.12.009

North, M.K., Dalle Zotte, A. & Hoffman, L.C., 2019. The use of dietary flavonoids in meat production: A review.
Anim. Feed Sci. Technol. 257. https://doi.org/10.1016/j.anifeedsci.2019.114291

Olusola, O., Kehinde, T. & Akeem, O., 2018. Performance and meat quality attributes of broiler chickens fed
onion skin extract and onion skin meal supplemented diets at the finisher stage. J. Exp. Agric. Int. 24, 1-7.
https://doi.org/10.9734/jeai/2018/41515

Oteiza, P.l., Fraga, C.G., Mills, D.A. & Taft, D.H., 2018. Flavonoids and the gastrointestinal tract: Local and
systemic effects. Mol. Aspects Med. 61, 41-49. https://doi.org/10.1016/j.mam.2018.01.001

Ouyang, K., Xu, M., Jiang, Y. & Wang, W., 2016. Effects of alfalfa flavonoids on broiler performance, meat
quality, and gene expression. Can. J. Anim. Sci. 96, 332—-341. https://doi.org/10.1139/cjas-2015-0132

Park, J.H., Kang, S.N., Shin, D. & Shim, K.S., 2015. Antioxidant enzyme activity and meat quality of meat type
ducks fed with dried oregano (Origanum vulgare L.) powder. Asian-Australasian J. Anim. Sci. 28, 79-85.
https://doi.org/10.5713/ajas.14.0313

Pascoal, A.C.R.F., Ehrenfried, C.A., Eberlin, M.N., Stefanello, M.E.A. & Salvador, M.J., 2011. Free radical
scavenging activity, determination of phenolic compounds and HPLC-DAD/ESI-MS profile of
Campomanesia adamantium leaves. Nat. Prod. Commun. 6, 969-972.
https://doi.org/10.1177/1934578x1100600711

Peric, L., Ziki, D. & Luki, M., 2009. Application of alternative growth promoters in broiler production. Biotechnol.
Anim. Husb. 25, 387-397.

Pourhossein, Z., Qotbi, A.A.A., Seidavi, A., Laudadio, V., Centoducati, G. & Tufarelli, V., 2015. Effect of different
levels of dietary sweet orange (Citrus sinensis) peel extract on humoral immune system responses in
broiler chickens. Anim. Sci. J. 86, 105-110. https://doi.org/10.1111/asj.12250

Prihambodo, T.R., Sholikin, M.M., Qomariyah, N., Jayanegara, A., Batubara, |., Utomo, D.B., Nahrowi, N. 2021.
Effects of dietary flavonoids on performance, blood constituents, carcass composition and small intestinal
morphology of broilers: A meta-analysis. Anim. Biosci., 34(3), 434-442.
https://doi.org/10.5713/ajas.20.0379.

Prochazkova, D., Bousova, |. & Wilhelmova, N., 2011. Antioxidant and prooxidant properties of flavonoids.
Fitoterapia 82, 513-523. https://doi.org/10.1016/j.fitote.2011.01.018

Raphae, K.J., Hervé, M.K., Ruben, N.T., Francklin, T., Ronald, K., Antoine, Y. & Alexis, T., 2017. Effect of dietary
mimosa small bell (Dichostachys glomerata) fruit supplement as alternative to antibiotic growth promoter
for broiler chicken. J. World’s Poult. Res. 7, 27-34.

Ri, C.S., Jiang, X.R., Kim, M.H., Wang, J., Zhang, H.J., Wu, S.G., Bontempo, V. & Qi, G.H., 2017. Effects of
dietary oregano powder supplementation on the growth performance, antioxidant status and meat quality



717 Eyng et al., 2022. S. Afr. J. Anim. Sci. vol. 52

of broiler chicks. Ital. J. Anim. Sci. 16, 246-252. https://doi.org/10.1080/1828051X.2016.1274243

Rostagno, H.S., Albino, L.F.T., Donzele, J.L., Gomes, P.C., Oliveira, R.F. de, Lopes, D.C., Ferreira, A.S.,
Barreto, S.L. de T. & Euclides, R.F., 2017. Brazilian tables for poultry and swine: Food composition and
nutritional requirements. 4th edition. Vigosa, Brazil (in Portuguese).

Sakomura, N.K. & Rostagno, H.S., 2016. Monogastric nutrition research methods. 2nd edition. Funep,
Jaboticabal, Brazil.

Salajegheh, A., Salarmoini, M., Afsharmanesh, M. & Salajegheh, M.H., 2018. Growth performance, intestinal
microflora, and meat quality of broiler chickens fed lavender (Lavandula angustifolia) powder. J. Livest.
Sci. Technol. 6, 31-38. https://doi.org/10.22103/jlst.2018.10340.1195

dos Santos, A.L., Polidoro, A. dos S., Cardoso, C.A.L., Batistote, M., do Carmo Vieira, M., Jacques, R.A. &
Caramdo, E.B., 2019. GCxGC/gMS analyses of Campomanesia guazumifolia (Cambess.) O. Berg
essential oils and their antioxidant and antimicrobial activity. Nat. Prod. Res. 33, 593-597.
https://doi.org/10.1080/14786419.2017.1399383

Seven, |., Aksu, T. & Tatli Seven, P., 2012. The effects of propolis and vitamin C supplemented feed on
performance, nutrient utilization and carcass characteristics in broilers exposed to lead. Livest. Sci. 148,
10-15. https://doi.org/10.1016/j.livsci.2012.05.001

Simitzis, P.E., Symeon, G.K., Charismiadou, M.A., Bizelis, J.A. & Deligeorgis, S.G., 2010. The effects of dietary
oregano oil supplementation on pig meat characteristics. Meat Sci. 84, 670-676.
https://doi.org/10.1016/j.meatsci.2009.11.001

Singleton, V.L. & Rossi, J.A.J., 1965. Colorimetry to total phenolics with phosphomolybdic acid reagents. Am. J.
Enol. Vinic. 16, 144-158.

Sgrensen, G. & Jgrgensen, S.S., 1996. A critical examination of some experimental variables in the 2-
thiobarbituric acid (TBA) test for lipid oxidation in meat products. Eur. Food Res. Technol. 202, 205-210.
https://doi.org/10.1007/bf01263541

Surai, P.F., 2014. Polyphenol compounds in the chicken/animal diet: From the past to the future. J. Anim.
Physiol. Anim. Nutr. 98, 19-31.

Tufarelli, V., Casalino, E., D'Alessandro, A.G. & Laudadio, V., 2017. Dietary phenolic compounds: Biochemistry,
metabolism and significance in animal and human health. Curr. Drug. Metab.18, 905-13.

Viveros, A., Chamorro, S., Pizarro, M., Arija, I., Centeno, C. & Brenes, A., 2011. Effects of dietary polyphenol-rich
grape products on intestinal microflora and gut morphology in broiler chicks. Poult. Sci. 90, 566-578.
https://doi.org/10.3382/ps.2010-00889

Vyncke, W., 1970. Direct determination of the thiobarbituric acid value in trichloracetic acid extracts of fish as a
measure of oxidative rancidity. Fette Seifen Anstrichm. 72, 1084-1087.

Wang, S., Zhang, L., Li, J.,, Cong, J., Gao, F. & Zhou, G., 2017. Effects of dietary marigold extract
supplementation on growth performance, pigmentation, antioxidant capacity and meat quality in broiler
chickens. Asian-Australasian J. Anim. Sci. 30, 71-77. https://doi.org/10.1002/jsfa.8236

Windisch, W., Schedle, K., Plitzner, C. & Kroismayr, A., 2008. Use of phytogenic products as feed additives for
swine and poultry. J. Anim. Sci. 86, E140—-E148. https://doi.org/10.2527/jas.2007-0459

Yang, Y-feng, Zhao, L-lu, Shao, Y-xin, Liao, X-dong, Zhang, L-yang, Lu, L. & Luo, X-gang., 2019. Effects of
dietary graded levels of cinnamon essential oil and its combination with bamboo leaf flavonoid on immune
function, antioxidative ability and intestinal microbiota of broilers. J. Integr. Agric. 18, 2123-2132.
https://doi.org/10.1016/S2095-3119(19)62566-9



