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ABSTRACT: This study evaluated the effect of essential oil (ESOL) of Mentha piperita and Melaleuca alternifolia on meat-type quails.
To examine performance, a completely randomized design was used, with four treatments and eight repetitions each, using seven birds per
repetition. To assess lipidemia, a completely randomized design in a 4 x 2 factorial scheme was used, with four treatments and two collection
conditions using eight repetitions and one bird per repetition. Weight gain, feed intake, feed conversion, carcass yield, cholesterol, high-density
lipoporteins, triglycerides, pH, and brightness of quail breast meat were assessed. The data were analyzed for homoscedasticity and normality,
and the means were subjected to analysis of variance. Adding M. piperita and M. alternifolia ESOL to the diets of meat-type quails can improve
performance, carcass yield, and meat quality characteristics, comparable to the use of performance-enhancing antibiotics. The use of zinc
bacitracin, M. piperita, and M. alternifolia under different collection conditions did not increase the serum levels of low-density and very low-
density lipoproteins. The variation coefficients measured after 12 hours of fasting were 86% lower than without fasting.

Key words: feed consumption, weight gain, cholesterol.

Desempenho, qualidade da carne e lipidemia de codornas de corte alimentadas
com racées contendo oOleos essenciais

RESUMO: Objetivou-se com este estudo avaliar o efeito do uso dos dleos essenciais (OLES) de Mentha piperita e Melaleuca alternifolia em
codornas de corte. Para o estudo do desempenho foi utilizado o delineamento inteiramente ao acaso, com quatrotratamentos e oito repeticoes,
sendo sete aves por repeti¢do. Para o estudo da lipidemia utilizou-se o delineamento inteiramente casualizado em esquema fatorial: 4x2,
consistindo em quatro tratamentos e duas condi¢ées de coleta, com oito repeti¢des, sendo uma ave por repeti¢do. As variaveis analisadas
foram: ganho de peso, consumo ragdo, conversdo alimentar, rendimento de carcaga, colesterol, HDL, triglicerideos, pH, capacidade de
reten¢do de dgua, perda de peso por cozimento, luminosidade na carne do peito de codornas. Os dados obtidos foram analisados quanto a
homocedasticidade e normalidade, as médias foram submetidas a andlise de varidncia. O uso de OLES de M. piperita e M. alternifolia na
dieta de codornas de corte pode proporcionar desempenhos zootécnicos, rendimentos de carcaga e caracteristicas de qualidade da carne
comparaveis ao uso de antibioticos melhoradores de desempenho. A redu¢do no nivel de colesterol HDL foi notada nas aves tratadas com
Bacitracina de zinco e com os OLES de M. piperita e M. alternifolia, em 8,12; 16,52 e 3,36% respectivamente. O uso da Bacitracina de
zinco, da M. piperita e da M. alternifolia associado as diferentes condi¢ées de coleta ndo aumentaram os valores séricos de LDL, VLDL. Os
coeficientes de variagdo aferidos na condi¢do “apés 12 horas de jejum” apresentaram-se 86% inferiores a condi¢cdo “sem jejum”.
Palavras-chave: consumo de ragdo, ganho de peso, colesterol.

INTRODUCTION coturnix coturnix), facilitated the production of larger
carcasses and softer meat retaining its distinctive

In Brazil, for decades, laying quails at flavor (REZENDE et al., 2004; MERSEGUEL et

the end of their egg production period were used for al., 2019). Regarding the cost of quail production,
quail meat production. The introduction of specific feeding represents more than 70% of the total
lineages, such as the European quail (Coturnix cost. Thus, diets with adequate nutritional levels to
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optimize performance and facilitate greater economic
return are of high interest (TEIXEIRA et al., 2013).

Antibiotics play an important role in the
development of poultry farming, enabling significant
increases in productivity due to the effects on intestinal
microbiota of birds (LEE et al., 2004); however,
continuous use of antibiotics is of great concern
regarding the development of resistant bacteria and
their transmission along the food chain. In response
to this, several countries have abolished the use of
antibiotics as performance enhancers in animal feed
(BRENES & ROURA, 2010; KOIYAMA et al., 2014;
PINHEIRO et al., 2015). The search for alternative feed
additives has intensified, and plant products with potential
use for this purpose have represented an important
alternative source. Numerous plant-derived compounds
showed considerable medicinal potential regarding animal
production and human medicine, and respective research
can effectively contribute to the search for new bioactive
products (PERIC et al., 2009).

In addition to the possibility of partial
and/or complete replacement of antibiotics by
plant products to maintain or improve productive
performance, phytogenic products may also promote
beneficial changes regarding the lipid profile of
animals. This has led to the search for natural
products that can reduce cholesterol and plasma
lipids (HARGIS, 1988; PIZZIOLO et al.,, 2011;
KLASSA et al., 2013). In addition, consumers have
been increasingly concerned with their diet, paying
attention to the quality and nutritional composition
of food and its effects on health (CRUZ & FARIA,
2019). Lipids are essential nutrients in the human
diet and are crucial for specific functions of
metabolism (FRENCH et al., 2000). However, the
effects of lipids on human health can be beneficial
or harmful, thus it is important to study lipidemia
in birds such as chickens and quails, as such meat
is consumed increasingly because it is considered
better quality than red meat (NASCIF et al., 2004).
TThis study evaluated the effect of essential oils
(ESOL) of M. piperita and M. alternifolia on the
performance, relative organ weight, carcass yield,
meat quality, and lipidemia of meat-type quails under
normal feeding conditions.

MATERIALS AND METHODS

A total of 224 one-day-old meat-type
quails were purchased from a commercial hatchery.
To assess performance variables, the quails were
randomly assigned to four dietary treatments
(i.e., control, zinc bacitracin, M. piperita, and M.

alternifolia treatments) with eight repetitions and
seven birds, each. To examine lipidemia, a completely
randomized design in a 4 X 2 factorial scheme was
used with four treatments, eight repetitions, and one
bird per repetition. Experimental diets and water
were provided ad libitum. The lighting program
was 23 h light and 1 h darkness. The average
temperature and relative humidity (RH; minimum
and maximum) inside the barn were recorded
throughout the experimental period. The minimum
and maximum average temperature was 23.8 and
31.5 °Crespectively, and RH was 42.3% and 75.62%.

The quails were raised in a stonewall barn
with an area of 250 m?, and they were kept in boxes
with seven individuals per box (56 [J 81 [J 81 cm in
height, width, and length, respectively), resulting in 0.
9372 m? surface area per individual. The boxes were
constructed from wood and canvas (black hexagonal
plastic 5 cm, with 2 inch). The floor was covered with
wood shavings, and in the initial phase, the birds were
kept within protective circles and were provided with
water ad libitum through baby feeders and drinkers
for broilers. At 21 days of age, the fences were
opened, and the quails were allowed to occupy the
entire area of the box; nipple drinkers were used, and
the diet was supplied in a galvanized sheet trough.

The treatments comprised two phases, the
first (initial phase) from 1 to 21 days of age, and the
second (growth phase) from 22 to 42 days of age. The
experimental diets were formulated to meet or exceed
the nutritional needs of meat-type quails, according to SILVA
& COSTA (2009). The ingredients, chemical composition,
and energy of the diets are shown in table 1.

ESOL was added homogeneously to the
diet adapted according to DAIRIKI et al. (2013); the
control group received standard quail feed. For each
kilogram of experimental feed, a mixture of soy oil
and ESOL was added. According to DEMINICIS
et al. (2021), no standardized ESOL dosage for
supplementing production bird diets is known. Thus,
the dosages corresponding to the minimum in vitro
bactericidal concentration (MBC) used of ESOL of
M. piperita (12.5 mg/kg of ration) and M. alternifolia
(50 mg/kg ration) were determined in a preliminary
experiment using a microdilution test (unpublished
data). The action of essential oils on bacterial
strains (E. coli, S. enteritidis and S. aureus) were
tested according to the methodology standardized
by the National Committee for Clinical Laboratory
Standards (NCCLS, 2003). The test culture medium
was prepared with Mueller Hinton broth and
solution according to the methodology described by
LINHARES NETO et al. (2018).
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Table 1 - Centesimal composition of experimental diets”.

Ingredients (%) e Initial (1 to 21 days) Growth (22 to 42 days)-------------
T1 T2 T3 T4 Tl T2 T3 T4
Corn 52.85 52.82 52.85 52.85 59.99 59.97 59.97 59.97
Soybean meal 42 42 42 42 354 35.39 35.39 35.39
MHL — Methionine (84%) 0.5 0.5 0.5 0.5 0.45 0.45 0.45 0.45
Lysine Sulfate (55%) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
L- Threonine (98%) 0.25 0.25 0.25 0.25 0 0 0 0
Calcitic limestone 1.02 1.02 1.02 1.02 0.96 0.96 0.96 0.96
Dicalcium phosphate 1.32 1.32 1.32 1.32 0.87 0.87 0.87 0.87
Common Salt 0.4 0.4 0.4 0.4 0.33 0.33 0.33 0.33
Premix" 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Soy oil 1.16 1.16 1.06 1.05 1.5 1.5 1.38 1.36
Oil of M. piperita - - 0.096 - - - 0.125 -
Oil of M. alternifolia - - - 0.113 - - - 0.147
Zinc Bacitracin - 0.03 - - - 0.03 - -
Calculated composition Nutritional levels
Metabolizable energy. kcal/kg 2900 2900 2900 2900 3025 3025 3025 3025
Crude protein. % 23.72 23.72 23.72 23.72 21.34 21.34 21.34 21.34
Crude fiber. % 2.82 2.82 2.82 2.82 2.61 2.61 2.61 2.61
Calcium. % 0.92 0.92 0.92 0.92 0.76 0.76 0.76 0.76
Available Phosphor % 0.42 0.42 0.42 0.42 0.33 0.33 0.33 0.33
Lysine dig. % 1.51 1.51 1.51 1.51 1.34 1.34 1.34 1.34
Dig methionine. % 0.77 0.77 0.77 0.77 0.7 0.7 0.7 0.7
Methionine + cystine dig. % 0.73 0.73 0.73 0.73 0.68 0.68 0.68 0.68
Threonine dig. % 1.17 1.17 1.17 1.17 0.84 0.83 0.83 0.83
Valina dig. % 1.15 1.15 1.15 1.15 1.03 1.03 1.03 1.03
Sodium % 0.17 0.17 0.17 0.17 0.14 0.14 0.14 0.14
Linoleic acid. % 1.22 1.22 1.22 1.22 1.3 13 13 1.3

"T1: Basal diet (negative control group); T2: Basal diet and 15% Zinc Bacitracin; T3: Basal diet and essential oil of Mentha piperita and
T4: Basal diet and essential oil of Melaleuca alternifolia. *Guarantee levels per kg of feed for the initial phase: Vitamin A 9996 LU;
Vitamin D3 1248 1.U; Vitamin E 20.16 L.U; Vitamin K3 3 mg; Vitamin B1 3 mg; Vitamin B2 6 mg; Vitamin B6 4 mg; Vitamin B12
0.01008 mg; Niacin 40000mg; Pantothenic Acid 30 mg; Choline 260 g; Folic Acid 0.48 mg; Methionine 1580 mg; Copper 7.99 mg; Iron
499 mg; Manganese 0.07 mg; Zinc 49.99 mg; lodine 1.20 mg; Selenium 0.19 mg; Salinomycin 550 mg. Guarantee levels per kg of feed
for the final phase: Vitamin A 12000 1.U. Vitamin D3 3600 1.U. Vitamin E 180 U.I/kg; Vitamin K3 3.00 mg; Vitamin B1 3.60 mg; Vitamin
B2 9.00 mg; Vitamin B6 6.00 mg; Vitamin B12 0.021 mg; Niacin 600 mg; Pantothenic Acid 22.50 mg; Folic Acid 0.150 mg; Choline 510
mg; Iron 7500 mg; Manganese 105 mg; Zinc 75 mg; Copper 15 mg; lodine 1.80 mg; Selenium 0.30 mg.

Weight gain (WQ), feed intake (FI), and
feed conversion ratio (FCR) were analyzed in three
phases: initial (1-21 days of age), growth—termination
(2242 days of age), and total (1-42 days of age), and
quails were weighed at 1, 7, 14, 21, 28, 35, 42, and
42 days of age. The production efficiency index (PEI)
was calculated using data from the time period of 1-42
days and was calculated according to KOIYAMA et
al. (2014) using the formula PEI = average daily WG
x (100 - mortality) / 10 x feed conversion ratio (FCR).
The provided ration and leftovers were weighed to

calculate the consumption and the FCR according to
CORREA et al. (2007).

The hot carcass yield was evaluated at
42 days of age using two birds per repetition, and
cooled carcass yield was assessed after 24 h at 2 °C,
according to PINHEIRO et al. (2015). Two birds were
used per repetition (eight repetitions), and the average
of the two birds was considered the experimental
unit, totaling 64 birds. The quails were fasted for 12
h and were then weighed, identified, and slaughtered,
according to the following steps: stunning, bleeding,
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scalding, plucking, evisceration, and carcass cooling.
Hot eviscerated carcasses without heads and feet were
weighed. Based on the live weight of each bird, hot
and cold gutted carcass yield (after cooling to 2 °C for
24 h) and relative weight of edible viscera (heart, liver,
and gizzard) were evaluated. Hot and cooled carcass
yields were calculated as carcass weight multiplied
by 100 and divided by bird live weight. The relative
weights of the spleen, heart, and liver were calculated
based on the weight of the hot carcass.

The following quality variables were
analyzed: pH, water holding capacity (WHC),
weight loss by cooking (WLC), color, and luminosity
parameters (L*, a", b"). To determine the pH (as
an average of three measurements), a penetration
electrode (HI 996163, Hanna Instruments®,
Woonsocket, Rhode Island, USA) was used directly
on the pectoralis major muscle, according to the
methodology applied by PINHEIRO et al (2015).

WHC was measured using the method
described by RAMOS & GOMIDE (2007), based
on measuring the amount of water released when
pressure was applied to the muscular tissue. For this,
meat cubes (0.5 g) were placed between two filter
papers (12.5 cm diameter) and between two glass
plates (12 x 12 x 1 cm) on which a weight of 10 kg
5 min! (10 cm diameter) was applied. The breast
meat samples were weighed after pressing, and water
loss was calculated. The result was expressed as the
percentage of exuded water in relation to the initial
weight (RAMOS & GOMIDE, 2007).

To assess WLC, healthy filet samples were
wrapped in metallized paper and were cooked using
a double-sided metal plate by applying heat on both
sides; samples were preheated and cooked at 150
°C. Each side of the filet was heated for 4 min with
a total of 8 min of cooking time or until reaching an
internal temperature of 82—85 °C. After cooking, the
filets were removed from the metallized paper and
were cooled on absorbent paper at room temperature.
Subsequently, the samples were weighed to assess
WLC which was the difference between initial weight
and cooked weight.

Breast meat color was determined using
a colorimeter (Chroma Meter CR-410, Konica
Minolta®, Osaka, Japan) in the CIELAB system by
evaluating the parameters L* (brightness), a* (red
content), and b* (yellow content). The L*, a*, and b
values were measured at three different points on
the ventral surface and in the middle of the cranial
section of the pectoralis major muscle.

To evaluate the effects of ESOL of M.
piperita and M. alternifolia on lipid metabolism

on the 42™ day of the experiment, 32 birds (8 per
treatment) were fasted for 12 h, whereas the other 32
birds (8 per treatment) were not subjected to 12 h of
fasting; blood samples were then collected according
to SILVA et al. (2012). The material was collected in
labelled tubes containing heparin as an anticoagulant
at 0.05 mL/mL blood. The samples were centrifuged
at 4000 x g for 15 min to obtain serum. Aliquots
were used to measure plasma concentrations of
triglycerides (TG), total cholesterol (TC), HDL
cholesterol, VLDL cholesterol, and LDL cholesterol.
Absorbance values were analyzed in triplicates by
enzymatic colorimetric end-point reactions (Bioclin
SA commercial kits, Belo Horizonte, MG, Brazil)
using a visible ultraviolet light spectrophotometer.

Homoscedasticity and normality of the data
were tested. The means were the subjected to analysis
of variance using SAS software (SAS Institute, Cary,
NC, USA), and treatments were compared using
Tukey’s test at P < 0.05.

RESULTS AND DISCUSSION

From 1-42 days, no effect of any
treatment (control, zinc bacitracin, M. piperita, and
M. alternifolia) on WG was observed (Table 2). The
performance-enhancing antibiotic (bacitracin) and
ESOL of M. piperita and M. alternifolia produced
similar results in terms of WG. This is a promising
result due to the countless beneficial effects of such
natural compounds on animals, such as improved
digestibility and absorption of nutrients, increased
digestive secretions, modification of the intestinal
microbiota, stimulation of the immune system, and
antibacterial activities (COSTA, et. al., 2011).

Previous studies demonstrated that broilers
fed ESOL of oregano, sage, rosemary, pepper,
cinnamon, and fennel achieved final weights and
WG similar to those of birds receiving performance-
enhancing antibiotics (TRAESEL, et al., 2011). In
the current study, the control group fed with a basal
diet showed no difference in WG, possibly due to the
consumption of larger amounts of feed, compared
to the other treatments. WG was thus stable in the
controls; however, from an economic point of view,
this treatment is not profitable because of the higher
cost of feed.

Total FI between 1 and 42 days was lower
in birds fed diets containing bacitracin, M. piperita,
and M. alternifolia ESOL because of the response
of lower feed consumption in the growing-finishing
period (22 to 42 days) (Table 2). The FI values of the
control treatment were equivalent from 1 to 21 days
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Table 2 - Average daily weight gain (DWG), total feed intake (FI), feed conversion ratio (FCR) in the stages of creation and productive e

containing bacitracin and ESOL of M. piperita and M. alternifolia.

Variable Treatments CV%
Control Bacitracin M. piperita M. alternifolia
DWG 1 a 21 days 6.38a 6.39a 6.39a 6.42a 3.77
DWG 22 a 42 days 5.57a 5.57a 5.51a 5.59a 10.33
DWG 1 a 42 days 5.97a 5.98a 5.95a 6.0la 5.09
FI1 a2l days 226.29a 230.22a 227.72a 226.06a 2.88
FI 22 a 42 days 544 86a 416.43b 426.25b 435.70b 9.85
FI 1 a 42 days 771.15a 646.65b 653.97b 661.76b 6.92
FCR 1 a 21 days 1.69a 1.72a 1.70a 1.68a 3.29
FCR 22 a 42 days 4.72a 3.57b 3.68b 3.74b 11.73
FCR 1 a 42 days 3.08a 2.58b 2.61b 3.63b 5.83
PEI% 19.38b 23.25a 22.75a 22.75a 7.59

*Averages followed by the same lowercase letter on the line do not differ by Tukey's test at 5% probability.

of age; however, during the periods from 22 to 42 days
and from 1 to 42 days of age, these birds had consumed
more feed than those in the other treatments.

In the growth phase (1-21 days), there
was no effect of the treatments on FCR (Table 2).
In the growth-termination phase (22-42 days), the
effect of the treatments on FCR was verified, and the
control treatment presented higher values than the other
treatments. Considering the entire growth period (1-42
days), the effect of treatments on FRC was also verified
to be similar among treatments with bacitracin and
ESOLs. However, inferior to the control.

JANG et al. (2007) examined chickens
fed a basal diet or a diet supplemented with either a
commercial mixture of ESOLs (Crina Poultry, active
ingredient thymol) or with antibiotics for 35 days, and
no difference in FI, total WG, and FCR were observed.
The lack of health challenges may have been the cause
for the absence of differences in their study.

No significant effect of the treatments on
hot carcass yield, cooled carcass yield, and relative
organ weight was observed (Table 3). It is possible that
the addition of ESOLs and bacitracin may not have
shown a difference in the analyzed variables because
the rearing environment did not constitute a sanitary
challenge that would elicit substantial effects of
antimicrobials. The quail litter was changed weekly, or
daily, if it moisture was observed, thus the birds did not
have direct contact with feces, and they were raised at
an optimal density (ALBINO & BARRETO, 2003).

The lacking difference in carcass yield
revealed that all treatments were similar and that the
control group due to its higher FI showed similar
responses regarding WG, facilitating performance
similar to those of the other groups. This factor
possibly contributed to the carcass yield response.

A study conducted by RIZZO et al. (2010)
on supplementing the diets of broilers with mixtures
of plant extracts reported that diets containing mixtures
of plant extracts promoted a similar performance (hot
and cold carcass reduction and productive performance)
to that obtained with diets containing antibiotics. This
was also observed in the current study, where the use
of M. piperita and M. alternifolia ESOLs produced
the same results as treatment with the antibiotic
bacitracin. Moreover, diet significantly influenced the
meat quality parameters at 42 days of age, including
luminosity (L), color range from breast to yellow
(b%), WLC, and WHC, but did not significantly affect
pH and red color (a*) (Table 4). However, normal
color dissipation and L values were < 45. In studies
on quail meat quality, SANFELICE et al. (2010),
reported an average L* of 52.2, and they proposed that
meat with such values is not desired by consumers
as it shows a stronger tendency to pale. In a study
on the characterization of pale meat in broilers,
KOMIYAMA (2010) reported that filets of normal
color produce mean L* values of approximately 47.25.

The pH of meat in all treatments in the
current study was suitable for consumption. The
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Table 3 - Hot carcass yield (HCY), cooled carcass yield (CCY) and relative organ weight of meat-type quails fed with diets containing

bacitracin and ESOL of M. piperita and M. alternifolia.

Variable Treatments CV%
Control Bacitracin M. piperita M. alternifolia
HCY 74.05a 73.75a 74.11a 74.34a 6.39
CCY 66.58a 69.54a 68.34a 65.89a 7.23
Heart 2.12a 2.12a 2.24a 2.27a 13.26
Liver 431a 4.03a 3.94a 5.04a 18.97
Gizzard 4.6la 4.70a 4.87a 5.02a 13.05
Intestine and pancreas 6.39a 5.85a 6.08a 7.17a 15.55

*Averages followed by the same lowercase letter on the line do not differ by Tukey's test at 5% probability.

meat reached the isoelectric point of the myofibrillar
proteins (5.6-5.8) at the moment of the biochemical
transformation, allowing the consumption of meat
with an average pH of 6.29-6.43, suggesting a lower
risk of microorganism proliferation and longer shelf
life. According to ABREU et al. (2014), for quail
meat to be within the normal range, it should have a
pH of approximately 5.7.

The average final pH of quail breast meat
was within the range of the pH stipulated for normal
chicken breast meat and corroborated the results obtained
by PINHEIRO et al. (2015). These authors reported
medium values of 14.45 for red color tendency (a%)
in a study assessing different levels of crude protein
and supplementation with essential amino acids on

carcass yield and quail breast meat quality from 28
to 42 days of age, and concluded that breast meat is
darker at higher proportions of protein in the feed.

Muscle fibers can be categorized as
oxidative and glycolytic fibers, both of which are
directly related to meat quality, especially with
regard to sensory characteristics such as color, flavor,
juiciness, and tenderness (BRACCINI, et al., 2021).
As quail breast has glycolytic fibers, the L value
should be higher than those observed here; however,
the tonality of “b” is inversely proportional to the
determined values, which may indicate intermediate
oxidative-glycolytic fibers in the meat.

Comparing the parameters described for
ostrich meat with those obtained in the present study,

Table 4 - The pH averages, luminosity (L"), color range for red (a"), color range for yellow (b"), water holding capacity (WHC), weight
loss by cooking (WLC) in breast of meat-type quails quail breast fed with rations containing bacitracin and ESOL of M. piperita

and M. alternifolia.

Variable Treatments CV%
Control Bacitracin M. piperita M. alternifolia

pH 6.29a 6.43a 6.32a 6.34a 2

L 34.66¢ 37.58bc 41.33ab 44.11a 10.48
a 7.14a 6.31a 6.81a 6.95a 15.01
b 11.54ab 10.17b 11.01b 12.84a 11.51
WLC (%) 24.25a 22.50a 13.47b 13.94a 26.37
WHC (%) 43a 35a 37b 35b 9.16

*Averages followed by the same lowercase letter on the line do not differ by Tukey's test at 5% probability.
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quail meat tended to shower lower L* values in the
control treatment. However, quails receiving the diets
containing bacitracin or M. piperite ESOL produced
meat with the lowest b values.

Astudy by LIMAetal. (2016) demonstrated
the effect of Stryphnodendron adstringens and
pacari (Lafoensia pacari) extracts on the stability
and oxidative quality of broiler meat at 42 days of
age. They reported that diet supplementation with
these extracts did not affect the pH and color but
reduced the shear strength of breast meat. In addition,
supplementation with L. pacari increased L* and b
in thigh meat.

WHC is negatively correlated with
luminosity values, which is a characteristic of meat with
glycolytic and intermediate fibers. It is important to note
that WHC is a physical-chemical parameter intrinsic to
meat and can only be modified by genetic or nutritional
factors due to the process of nutrient partitioning.

WHC is related to the nutritional value of
the meat, and higher exudation may result in drier and
less tender meat, whereas WLC is related to increased
permeability of membranes where heat facilitates
interactions between oxidizing agents, resulting

in weight loss during the preparation of meat for
consumption (LUIGGI et al., 2020; SANUDO et al.,
1993). In the current study, quails in the control and
bacitracin groups showed higher WHC than those in
the ESOL treatments, whereas regarding WLC, the
ESOL treatments showed less exudation.

Reduced exudation in the ESOL treatments
may also be associated with antioxidant effects of
some ESOLs, which may lead to reduced effects of
compounds responsible for oxidation of membranes,
thus changing membrane permeability. ELMALI
et al. (2014), examined the effects of plant extracts
and oil mixtures on the quality of quail breast meat
through supplementation of drinking water with
peppermint, thyme, and fennel ESOL and found that
the treatments significantly increased antioxidant
characteristics of meat.

Regarding lipidemia, no significant
difference was observed between the experimental
treatments and between pre-collection conditions
(with or without 12 h of fasting) regarding TC and
body weight (Table 5). The lacking effect on TC was
in line with the results of SILVA et al. (2012), who
examined the effects of different sources of essential

Table 5 - Average values obtained for total cholesterol (TC), triglycerides (TG), HDL, LDL and VLDL in the blood of quails submitted

to different diets containing ESOL.

After 12 hours of fasting

Variables Treatments

Control Bacitracin M. piperita M. alternifolia CV%
TC (mg/dL) 205.37 Aa 210.87 Aa 202.87 Aa 197.0 Aa 9.78
TG (mg/dL) 90.12 Ba 89.87 Ba 88.0 Ba 97.87 Ba 13.6
HDL (mg/dL) 89.25 Ba 82.0 Ab 74.50 Ac 86.25 Aab 5.57
LDL (mg/dL) 98.12 Aa 110.75 Aa 110.87 Aa 92.12 Aa 19.26
VLDL (mg/dL) 18.0 Ba 18.0 Ba 17.5 Ba 18.5Ba 13.69
Animal weight™(g) 256.05 Aa 250.0 Aa 257.50 Aa 265.0 Aa 6.48

No Fasting

Variables Treatments

Control Bacitracin M. piperita M. alternifolia CV%
TC (mg/dL) 205.50 Aa 214.0 Aa 199.50 Aa 196.25 Aa 9.02
TG (mg/dL) 156.62 Aa 163.37 Aa 155.25 Aa 137.12 Aa 18.42
HDL (mg/dL) 106.87 Aa 97.75 Aa 85.25 Aa 103.37 Aa 29.4
LDL (mg/dL) 67.25 Ba 83.50 Aa 83.25Ba 65.37 Ba 45.78
VLDL (mg/dL) 31.25 Aa 32.75 Aa 31.25 Aa 27.37 Aa 18.58
Animal weight™(g) 262.50 Aa 255.62 Aa 261.87 Aa 268.12 Aa 6.31

*Averages followed by the same lowercase letter in the row and uppercase in the column (within each treatment) do not differ by Tukey's
test at 5% probability. ““additional information.
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omega-3 and omega-6 fatty acids on the lipid profile of
Japanese quails and reported no significant difference
in TC between treatments (control diet; fish oil 2%;
fish oil 4%; soy oil 2% and soy oil 4%).

HDL and total TG content were influenced
by the experimental diets. KHALIFA & NOSEER
(2019) supplemented the diets of quails with
Lactobacillus, Saccharomyces, and ginger (Zingiber
officinale) and observed that birds receiving ginger had
the lowest levels of TC, LDL, and HDL, thus concluding
that prebiotics may constitute an alternative to
antibiotics in the production of quail meat.

In the present study, no effect of the
treatments on TGs, LDL, and VLDL were observed
when the effect of collection condition was accounted for.
However, HDL was significantly affected by the treatments
after 12 hours of fasting, whereas no effect was observed
when the quails were not fasted (Table 5).

There was no effect of the interaction
between treatments (zinc bacitracin, M. piperita,
and M. alternifolia) and collection conditions (after
12 h with or without fasting) on HDL, and no
interaction effect (treatment % collection condition)
on LDL was observed when using zinc bacitracin.
A significant interaction effect between treatments
on TG and VLDL was observed. A significant effect
of the interaction between the control treatment
and collection conditions on HDL was found, and
there was a significant effect of the interaction
between treatment (control, M. piperita, and M.
alternifolia) and collection condition on LDL.
According to FALUDI et al. (2017), fasting is not
necessary to precisely determine TC and HDL
because the postprandial state does not interfere
with the concentrations of these compounds. For
this reason, the European Society for Atherosclerosis
and the European Federation of Clinical Chemistry
and Laboratory Medicine (2016), recommend that
fasting is not necessary (NORDESTGAARD, 2016;
DRIVER et al., 2016). In the present study, the
coefficients of variation measured after 12 hours of
fasting were 86% lower than those observed when
birds were not fasted. Thus, the lipid profile may
show higher variation in non-fasted birds.

CONCLUSION

Phytogenic additives based on M. piperita
and M. alternifolia ESOLs in the diet of meat-type
quails which can improve performance, hot and
cooled carcass yield, relative organ weight, and meat
quality characteristics comparable to those achieved
using performance-enhancing antibiotics. Reduced

serum levels of HDL cholesterol were observed in
quails treated with zinc bacitracin and with ESOLs
of M. piperita and M. alternifolia. The coefficients
of variation measured after 12 hours of fasting were
86% lower than those without previous fasting.
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