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Abstract: The purpose of this study was to determine if adding β-mannanase to the diet can improve
the quality of storage eggs from laying hens. Lightweight laying hens (36 weeks old), housed in
cages with four birds each, were randomly assigned to one of two treatments: control group (diet
without additives), or birds fed with 300 g/ton of β-mannanase. The experiment was carried out on
a commercial farm (14 thousand birds). The study took 84 days to be completed, and each of its three
productive phases lasted 28 days. On the final day of each phase, 125 eggs were randomly collected.
The quality of the fresh eggs was assessed, and after each storage interval, the remaining eggs were
kept and randomly divided to evaluate their quality (7, 14, 21, 28, 35, and 42 days). Analysis of
variance was used to compare means considering differences at 5 and 10%. When compared to
the control group, β-mannanase was able to prevent the loss of egg weight and albumen weight
during storage (p < 0.05). Yolk color (palette) also improved by 2.5% (p < 0.001), while lightness, red
intensity, and yellow intensity all increased in comparison to the control group by 1.9% (p < 0.001),
7.7% (p < 0.001), and 4.10% (p < 0.001). Additionally, compared to the control treatment, β-mannanase
was able to lower the yolk pH and TBARS levels by 2.4% (p < 0.001). As a result, adding β-mannanase
to laying hen diets is a successful method for enhancing egg quality.

Keywords: dietary additives; egg characteristics; laying hen; shelf life

1. Introduction

Eggs are the result of efficient biological transformation by laying hens, which are able
to transform food of lower biological value into products of high nutritional quality for
human consumption. However, eggs are perishable products that lose their quality in a
short time if not properly handled and stored.

Shelf life is defined as the storage time during which eggs remain suitable for consump-
tion under certain conditions of temperature, relative humidity, and handling [1,2]. The egg,
being a nutrient-rich product, becomes an ideal medium for the growth of microorganisms,
including pathogens [3]. Therefore, establishing the shelf life of eggs is essential to secure
safety for the consumer and food quality. The diets provided for the laying hens are among
many factors that can influence egg quality. Feeding can influence the internal and external
characteristics of the eggs and cause physicochemical changes in the albumen and yolk,
which may modify the taste, freshness, and flavor [4]. Therefore, some feeding practices can
be used as alternatives to improve shelf life and egg quality [5]. Regarding this context, the
effect of many ingredients and dietary nutritional levels were already studied. However,
results on the antinutritive effects of some compounds on egg quality are still limited, and
little scientific knowledge is available on the tools that can help producers deal with this
problem.
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The β-mannans are non-starch polysaccharides that exhibit anti-nutritive activity
when present in poultry diets [6]. These components are found in plant cell walls and are
present in many ingredients used mainly in animal feed, such as soybeans and products
made from them [7]. β-mannans can also be found on the surface of microorganisms. For
this reason, the animal’s innate immune system is activated by feeds containing β-mannans
and responds with the proliferation of monocytes, macrophages, and dendritic cells, as well
as increased production of cytokines. Those factors can cause an increase in inflammatory
responses and unnecessary energy expenditure [8]. By hydrolyzing the β-mannans, the
β-mannanase enzyme can avoid the anti-nutritional effects, improving immunity, allowing
better digestion and nutrient absorption, in addition to limiting the growth of pathogenic
bacteria [6].

Previous studies have reported improvements in egg quality when birds are fed
β-mannanase [9,10]. However, to our knowledge, there are no studies on the effects on
egg quality during the storage period. In this study, the effects of β-mannanase supple-
mentation in the diet of laying hens were tested to evaluate egg quality during different
storage periods.

2. Materials and Methods
2.1. Animal, Housing, and Experimental Design

The Institutional Ethics Committee on the Use of Animals (CEUA/UFRGS) under
protocol number 39,783, approved this experimental protocol. One hundred cages were
randomly selected in a commercial farm (Salvador do Sul, Rio Grande do Sul, Brazil) with
about 14 thousand laying hens (light weight; 36 weeks old). In a complete randomized
design, the replicates were allocated to two treatments: control treatment (CON; basal diet
with no additives), and β-mannanase treatment (BMA; control diet supplemented with
300 g/ton of β-mannanase). The exogenous enzyme used (β-mannanase; Hemicell HT™,
Elanco Animal Health, So Paulo, Brazil) is produced during the fermentation of the bacteria
Paenibacillus lentus.

A corn-soybean meal diet was formulated to meet Hyline W 36 nutrient require-
ments [11]. In order to replace β-mannanase, kaolin was included in the basal feed. Water
was provided by nipple drinkers and food by gutter feeders, and during the whole experi-
ment, they were supplied ad libitum.

The animals remained kept in conventional sheds, that were east-west oriented, with
concrete flooring masonry walls, and wire mesh ceilings. Side curtains were installed in
the shed, which could be opened or closed to provide thermal comfort. The average lowest
and maximum temperatures were 18 ◦C and 36 ◦C, respectively, as well as 35.8% and 94.7%
relative humidity. There were 16 h of light and 8 h of darkness each day under the light
regime. Throughout the course of the trial, birds were housed in galvanized wire cages
that were 100 cm long by 40 cm broad by 45 cm high, with four birds per cage for a total
floor surface of 500 cm2/hen.

The supplementation period lasted 84 days. This time frame was split into three
distinct phases for evaluation (36–40 weeks, phase 1; 41–44 weeks, phase 2; and 45–48 weeks,
phase 3). On the final day of each phase, 120 eggs from each treatment were randomly
chosen and collected (240 in total).

2.2. Egg Quality Assessment

Fresh eggs’ quality was evaluated on the first day, and after each storage interval,
the other eggs were maintained at 25 ◦C (room temperature) and randomized for quality
evaluation (7, 14, 21, 28, 35, and 42 days). Weekly evaluations of 15 eggs per treatment
were conducted, with the exception of the measurements of total solids content, shell
characteristics, and thiobarbituric acid reactive substances (TBARS).

During the storage period, each egg was identified and weighed separately once a
week. The following equation was used to determine the weight loss (%) of eggs during
storage, according to Caner and Cansiz’s description [4].
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Using a digital caliper (TMX PD—150, China), the albumen height was calculated as
the average of three measurements made at different positions on the albumen at a distance
of 10 mm from the yolk. The equation suggested by Haugh was used to determine the
Haugh unit [12].

A digital caliper (TMX PD—150, China) was used to measure yolk width and height
(mm). The Funk equation [13] was used to determine the yolk index.

The Roche colorimetric fan (DSM Animal Nutrition & Health, Sao Paulo, Brazil) was
used to measure the color of the yolk on a scale from 1 (light yellow) to 15 (red-dish
orange). Additionally, each color space was assessed separately. The luminosity (L*), red
intensity (a*), and yellow intensity (b*) were determined in this study using a portable
spectrophotometer (Delta Vista model 450 G, Novo Hamburgo, Brazil).

The dense and liquid albumen were homogenized after the separation of the yolk and
albumen, and the pH was then assessed using a digital pH meter (Kasvi model k39-2014B,
Paraná, Brazil) that had been calibrated with buffer solutions of pH 4, 7, and 10. The same
equipment (Kasvi model k39-2014B, Paraná, Brazil) was used to measure the pH of the
yolk by inserting the electrode into two randomly chosen sites from the yolk.

The specific gravity was calculated according to Wells [14], where the specific gravity
was determined. To determine lipid oxidation, Giampietro et al. [15] method was utilized.
Three yolks per treatment and three storage durations were used to assess TBARS values
(0, 21, and 42 days). A spectrophotometer (532 nm) was used to quantify the amount of lipid
peroxide decomposition. The TBARS standard utilized was 1,1,3,3-tetramethoxypropane
(TMP), and findings were represented as mg TMP/kg egg yolk.

Pomeranz and Meloan’s [16] technique for measuring the total solids content in albu-
men and yolk was utilized. Albumen and yolk were weighed individually into previously
dried porcelain crucibles at a rate of five grams. After being kept in an oven at 60 ◦C for
12 h, the samples were weighed and then kept at 105 ◦C for 12 h before being weighed once
again. At two-week intervals, seven eggs from each treatment were inspected to measure
the total solids content. After they were separated, cleaned, dried, and weighed on days 0,
21, and 42, the percentage of shells was calculated.

2.3. Statistical Analyses

The study’s design was entirely randomized. Every egg was treated as a separate
experimental unit. SAS statistical software was used to carry out the statistical procedures
(9.4, SAS Inst. Inc., Cary, NC, USA). The data were examined for normality before being
submitted to analysis of variance with PROC MIXED. The effects of treatment, experimental
phases, storage days, and interactions were all taken into consideration by the statistical
models. The overall averages and probabilities for all the responses evaluated in the study
are given in a table to simplify the presentation of the results. If an impact (p < 0.10) is
pertinent to the project’s goal (i.e., the effect of the treatment or its interaction with phase
and/or day), the means are further stated (separately per phase and day of assessment).
Each storage day of each experimental phase was used to determine the probability of
treatment effect. The probability was then evaluated at significance levels of 5% and 10%.

3. Results
3.1. General Traits

Eggs from laying hens fed diets containing β-mannanase were 2% heavier (p < 0.05)
than the control group (Table 1). No effect of treatment was found for weight loss during
storage (Table S1). However, interactions (p < 0.05) ‘treatment by phase’ and ‘treatment by
storage day’ were noticed for this response. When individually assessing phases and days,
it was possible to observe that the eggs from the group fed with β-mannanase showed lower
weight loss when compared to the control group on days 7 (p = 0.004) and 21 (p < 0.001) of
storage in phase 1. The same was observed on day 42 of storage in phase 3 (p = 0.020).
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Table 1. Quality of eggs from laying hens fed diets supplemented with β-mannanase.

Responses Treatments 1 p-Value 2,3

CON BMA Treatment (T) Day (D) Phase (P) T × D T × P P × D T × P × D

General traits
Weight (g) 61.76 62.80 0.002 0.405 <0.001 0.176 0.329 0.011 0.371

Weight loss (g) 1.87 1.82 0.201 <0.001 0.274 0.014 0.013 0.816 0.010
Spec. gravity (g/mL) 1.005 1.005 0.864 0.056 0.298 0.999 0.933 0.970 0.999

Albumen traits
Height (mm) 4.278 4.089 0.238 <0.001 <0.001 0.050 0.249 <0.001 0.901

Weight (g) 33.91 35.04 <0.001 <0.001 <0.001 0.210 0.045 0.002 0.871
pH 9.16 9.16 0.819 <0.001 <0.001 0.993 0.936 <0.001 0.430

Haugh unit 56.97 55.89 0.131 <0.001 <0.001 0.179 0.842 <0.001 0.553
Yolk traits

Height (mm) 13.12 12.99 0.169 <0.001 <0.001 0.772 0.771 <0.001 0.280
Length (mm) 46.41 46.25 0.360 <0.001 <0.001 0.007 0.611 <0.001 0.001

Index 0.290 0.288 0.290 <0.001 <0.001 0.585 0.207 <0.001 0.175
Weight (g) 16.87 16.91 0.759 <0.001 <0.001 0.005 0.014 <0.001 0.107

pH 6.40 6.25 <0.001 <0.001 <0.001 0.173 0.028 <0.001 0.529
Yolk color
Color score 5.65 5.79 0.004 <0.001 <0.001 0.001 0.071 <0.001 0.036

Lightness (L*) 56.09 57.15 <0.001 <0.001 <0.001 0.021 0.007 <0.001 0.009
Redness (a*) 6.33 6.82 <0.001 <0.001 <0.001 0.089 0.636 <0.001 0.485

Yellowness (b*) 56.54 58.86 <0.001 0.006 <0.001 0.049 0.106 <0.001 0.756
Shell traits
Weight (g) 5.86 6.05 <0.001 0.019 <0.001 0.051 <0.001 0.042 0.048

1 Mean values are not only for fresh eggs but represent the whole sample of fresh and stored eggs. CON: Control
feed, BMA: feed with β-mannanase. 2 The mean values provide an overall value that takes into account both
fresh and stored eggs rather than only the evaluation of fresh eggs. Each phase’s last day included a quality
evaluation (36–40 weeks, phase 1; 41–44 weeks, phase 2; and 45–48 weeks, phase 3). 15 eggs from each treatment
were assessed weekly, and the remaining eggs were kept stored (7, 14, 21, 28, 35, and 42 days). 3 Responses with
treatment effect (p < 0.10) are described in the next tables. Significant interactions with treatment (p < 0.10) are
described in the Supplementary Materials.

The supplementation of diets with β-mannanase did not affect the specific gravity in
the overall trial. In addition, no interactions were found for this response.

3.2. Albumen Traits

The supplementation of diets with β-mannanase did not affect the albumen height
(Table S2) in the overall database, however, interactions (p = 0.050) ‘treatment by storage
day’ were noticed for this response.

The β-mannanase group showed higher albumen weight than the control group in
the overall database (p < 0.001) and interaction (p = 0.045) between ‘treatment by phase’.
On day 21 (p = 0.063/Table 2) of phase 1, an increase in albumen weight of 7% was shown
when compared to the control group. The β-mannanase group also showed higher values
on days 7 (p = 0.016), 14 (p = 0.023), and 35 (p < 0.001) of storage in phase 2, an increase of
10.2%, 7%, and 12% respectively.

Albumen pH did not show significant differences or interactions.

3.3. Yolk Traits

Yolk height, length, index, and weight were not affected by β-mannanase supplemen-
tation. The Haugh unit was also similar for both treatments. In addition, no interactions
treatment by period or by day were found for yolk height, yolk index, and Haught unit.

However, providing β-mannanase-supplemented feed to laying hens reduced the yolk
pH by 2% (p < 0.001) when assessing the overall database. β-mannanase supplementation
was able to minimize pH relative to the control group up to day 42 (p = 0.002/Table 3) in
phase 1, up to day 7 (p = 0.002) in phase 2, and up to day 35 (p = 0.047) in phase 3, which
indicated lower deterioration during storage in eggs from birds fed supplemented diets.



Poultry 2023, 2 115

Table 2. Albumen weight (g) of eggs from laying hens fed with β-mannanase depending on stor-
age time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 35.75 32.80 34.40 32.57 32.50 31.06 31.30

BMA 36.49 34.42 34.03 35.02 32.51 31.93 30.56
p-value 1 0.570 0.180 0.770 0.060 0.990 0.530 0.470

SEM 2 0.64 0.60 0.64 0.66 0.64 0.67 0.50

Phase 2—41 to 44 weeks
Control 36.80 34.10 32.60 31.38 31.94 29.96 30.71

BMA 37.63 37.98 35.06 32.92 33.33 34.03 31.28
p-value 0.430 0.010 0.020 0.170 0.340 <0.001 0.670

SEM 0.51 0.82 0.55 0.56 0.72 0.59 0.66

Phase 3—45 to 48 weeks
Control 37.90 36.52 36.88 38.56 36.07 34.49 33.99

BMA 38.04 38.32 37.27 38.43 37.92 35.36 33.36
p-value 0.880 0.150 0.810 0.920 0.160 0.530 0.580

SEM 0.47 0.62 0.78 0.66 0.65 0.68 0.57
1 Probability of treatment effect. 2 Standard error.

Table 3. Yolk pH of eggs from laying hens fed with β-mannanase depending on storage time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 6.22 6.62 6.47 6.82 6.50 6.65 6.75

BMA 6.18 6.30 6.18 6.60 6.40 6.39 6.42
p-value 1 0.451 0.039 0.089 0.456 0.449 0.014 0.002

SEM 2 0.028 0.092 0.085 0.144 0.066 0.054 0.059

Phase 2—41 to 44 weeks
Control 5.89 6.06 6.11 6.31 6.85 6.35 6.49

BMA 5.84 5.97 6.03 6.26 6.71 6.33 6.46
p-value 0.004 0.002 0.286 0.374 0.287 0.808 0.700

SEM 0.010 0.015 0.033 0.028 0.062 0.032 0.035

Phase 3—45 to 48 weeks
Control 6.01 6.19 6.07 6.24 6.37 6.62 6.63

BMA 5.86 6.01 6.04 6.15 6.45 6.35 6.53
p-value 0.001 0.003 0.654 0.118 0.467 0.047 0.246

SEM 0.023 0.076 0.026 0.029 0.052 0.067 0.043
1 Probability of treatment effect. 2 Standard error.

The supplementation of diets with β-mannanase did not affect the yolk length, how-
ever, interaction (p = 0.007) ‘treatment by storage day’ was noticed for this response
(Table S3). In phase 1, the group fed with β-mannanase showed lower yolk length when
compared to the control group at day 21 (p = 0.005) of storage. In phase 2, higher val-
ues were noticed in fresh eggs from supplemented birds compared to the control group
(p = 0.021). However, on days 7 (p = 0.008) and 28 (p = 0.022) of storage, values from
supplemented treatment were lower than the control treatment. In phase 3, higher values
were noticed on day 1 (p = 0.024), while a tendency (p = 0.099) with lower values than the
control group was observed on day 14 of storage.

Interactions ‘treatment by phase’ (p = 0.014) and ‘treatment by storage day’ (p = 0.005)
were observed for yolk weight (Table S4). Eggs from the group fed with β-mannanase
showed higher yolk weight on day 42 (p = 0.003) of phase 1. However, the β-mannanase
group showed lower values than the control group on day 21 (p < 0.001) in phase 2.
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In addition, yolk weight was higher on day 1 of phase 3 (p = 0.027) in the β-mannanase
group when compared to the control.

3.4. Yolk Color

The supplementation of diets with β-mannanase improved all yolk color responses
assessed in the database (p < 0.01). Interactions treatment by phase and by day were also
noticed for these responses.

Higher color scores were observed on days 28 (Table 4; p < 0.001) and 42 (p = 0.002)
of phase 1 when comparing the supplemented to the control group. In addition, higher
values were noticed on days 1 (p = 0.001) and 7 (p = 0.024) of storage of phase 2.

Table 4. Yolk color score (pallete) of eggs from laying hens fed with β-mannanase depending on
storage time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 5.73 4.87 5.42 6.36 5.93 6.38 6.18

BMA 6.20 4.87 5.13 6.07 6.64 6.67 6.91
p-value 1 0.075 0.999 0.102 0.166 <0.001 0.202 0.002

SEM 2 0.131 0.104 0.086 0.104 0.110 0.109 0.127

Phase 2—41 to 44 weeks
Control 5.33 4.57 4.67 6.07 6.80 6.46 6.36

BMA 6.00 5.07 4.73 5.85 6.79 6.69 6.33
p-value 0.001 0.024 0.739 0.452 0.928 0.371 0.886

SEM 0.111 0.112 0.098 0.146 0.077 0.126 0.102

Phase 3—45 to 48 weeks
Control 5.73 5.20 5.00 5.15 5.33 5.75 5.50

BMA 5.73 5.07 4.87 5.00 5.64 5.69 5.77
p-value 0.999 0.299 0.168 0.478 0.561 0.820 0.101

SEM 0.095 0.063 0.047 0.106 0.107 0.123 0.090
1 Probability of treatment effect. 2 Standard error.

The β-mannanase group showed higher yolk lightness (L* color) than the control
group at days 21 (p = 0.003), 28 (p < 0.001), 35 (p < 0.001), and 42 (p = 0.029) of storage in
phase 1 (Table 5). Higher values were also noticed when compared supplemented to the
control group on days 7 (p < 0.001), 14 (p = 0.035), 21 (p = 0.005), and 35 (p < 0.001) of storage
in phase 3.

Table 5. Yolk lightness (L* color) of eggs from laying hens fed with β-mannanase depending on
storage time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 51.30 58.18 57.60 57.13 55.27 55.38 57.77

BMA 50.33 58.72 58.70 58.45 58.72 58.60 59.14
p-value 1 0.068 0.336 0.548 0.003 <0.001 <0.001 0.029

SEM 2 0.266 0.274 0.894 0.235 0.505 0.497 0.321

Phase 2—41 to 44 weeks
Control 50.99 55.77 57.87 56.62 58.25 58.73 59.07

BMA 51.65 56.35 57.87 58.01 58.11 58.82 58.84
p-value 0.311 0.276 0.995 0.099 0.757 0.878 0.762

SEM 0.321 0.265 0.292 0.418 0.215 0.287 0.371

Phase 3—45 to 48 weeks
Control 50.26 53.37 54.61 56.49 57.56 57.09 58.61

BMA 50.01 56.34 56.21 58.36 58.48 59.11 59.38
p-value 0.677 <0.001 0.035 0.005 0.219 <0.001 0.134

SEM 0.292 0.455 0.385 0.352 0.369 0.275 0.255
1 Probability of treatment effect. 2 Standard error.
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Yolk redness (a* color) was improved by the β-mannanase on days 28 (p = 0.007) and
35 (p = 0.040) of storage (Table 6). Higher redness values were also observed on days 7
(p = 0.025), 28 (p = 0.007), and 35 (p = 0.013) of storage in phase 2; and on day 42 (p = 0.001)
in phase 3 of storage.

Table 6. Yolk redness (a* color) of eggs from laying hens fed with β-mannanase depending on
storage time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 7.58 6.03 7.21 7.02 6.57 5.80 7.01

BMA 8.26 6.72 7.62 7.41 7.46 6.79 6.95
p-value 1 0.058 0.081 0.265 0.266 0.007 0.040 0.862

SEM 2 0.181 0.199 0.179 0.173 0.171 0.240 0.169

Phase 2—41 to 44 weeks
Control 6.98 6.17 5.94 6.29 5.74 6.23 5.60

BMA 7.20 6.98 5.77 6.70 6.80 7.20 6.04
p-value 0.460 0.025 0.324 0.306 0.007 0.013 0.137

SEM 0.143 0.184 0.0862 0.195 0.205 0.201 0.146

Phase 3—45 to 48 weeks
Control 6.81 7.03 6.32 6.09 5.49 5.58 5.39

BMA 7.52 6.82 6.28 6.04 6.05 6.33 6.38
p-value 0.169 0.543 0.920 0.937 0.233 0.069 0.001

SEM 0.257 0.168 0.206 0.289 0.229 0.208 0.162
1 Probability of treatment effect. 2 Standard error.

β-mannanase improved yolk yellowness (b* color) on days 14 (p = 0.030), 21 (p = 0.005),
and 28 (p < 0.001) in phase 1 (Table 7). The same occurred in phase 2, on days 28 (p = 0.012)
and 35 (p = 0.013) of storage. Besides, higher values were observed on days 1 (p = 0.039), 28
(p = 0.006), and 42 (p = 0.009) of storage in phase 3.

Table 7. Yolk yellowness (a* color) of eggs from laying hens fed with β-mannanase depending on
storage time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 6.05 5.98 6.02 5.96 5.63 5.53 5.55

BMA 6.16 6.12 6.40 6.23 6.16 5.83 5.67
p-value 1 0.224 0.118 0.030 0.005 <0.001 0.089 0.507

SEM 2 0.433 0.453 0.894 0.504 0.786 0.902 0.885

Phase 2—41 to 44 weeks
Control 5.70 5.52 5.62 5.40 5.75 5.86 5.65

BMA 5.68 5.45 5.80 5.71 6.05 6.10 5.65
p-value 0.895 0.752 0.284 0.154 0.012 0.013 0.981

SEM 0.865 1.03 0.829 1.06 0.614 0.500 0.667

Phase 3—45 to 48 weeks
Control 5.47 5.63 5.62 5.62 5.21 5.55 5.41

BMA 5.83 5.84 5.85 5.68 5.82 5.80 5.78
p-value 0.039 0.071 0.126 0.741 0.006 0.091 0.009

SEM 0.878 0.561 0.748 0.824 1.160 0.744 0.731
1 Probability of treatment effect. 2 Standard error.
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Eggs from supplemented hens also presented lower heterogeneity (variability among
eggs of the same treatment) for both redness and yellowness responses (Figure 1). This trait is
not assessed in many studies but is certainly an important response for the poultry industry.
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Figure 1. Yolk redness (a*) (a), yellowness (*L) (b), and lightness (L* color) (c) of eggs from laying 

hens fed β-mannanase (dark gray bars) or control treatment (light gray bars). 

3.5. Shell Traits 

Shell weight was improved by β-mannanase supplementation at 3% when consider-

ing the overall database. Treatment by phase and treatment by day interactions were 

found for this response (p < 0.05; Table 8). When assessing the detailed data, it is possible 

to observe that most of the effect was observed in phase 3, when β-mannanase treatment 

showed higher shell weight than the control group on days 1 (p = 0.001), 7 (p < 0.001), 14 

(p = 0.001), 28 (p = 0.015), and 35 (p < 0.001). 

Table 8. Shell weight of eggs from laying hens fed with β-mannanase depending on storage time. 

Treatments 
Storage Period (Days) 

1 7 14 21 28 35 42 

 Phase 1—36 to 40 weeks 

Control 5.78 6.17 6.01 5.81 5.88 6.01 6.20 

BMA 6.07 6.10 6.02 6.08 5.94 6.01 5.93 

p-value 1 0.262 0.635 0.931 0.129 0.660 0.984 0.103 

Figure 1. Yolk redness (a*) (a), yellowness (*L) (b), and lightness (L* color) (c) of eggs from laying
hens fed β-mannanase (dark gray bars) or control treatment (light gray bars).
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3.5. Shell Traits

Shell weight was improved by β-mannanase supplementation at 3% when considering
the overall database. Treatment by phase and treatment by day interactions were found for
this response (p < 0.05; Table 8). When assessing the detailed data, it is possible to observe
that most of the effect was observed in phase 3, when β-mannanase treatment showed
higher shell weight than the control group on days 1 (p = 0.001), 7 (p < 0.001), 14 (p = 0.001),
28 (p = 0.015), and 35 (p < 0.001).

Table 8. Shell weight of eggs from laying hens fed with β-mannanase depending on storage time.

Treatments
Storage Period (Days)

1 7 14 21 28 35 42

Phase 1—36 to 40 weeks
Control 5.78 6.17 6.01 5.81 5.88 6.01 6.20

BMA 6.07 6.10 6.02 6.08 5.94 6.01 5.93
p-value 1 0.262 0.635 0.931 0.129 0.660 0.984 0.103

SEM 2 0.129 0.070 0.067 0.087 0.074 0.100 0.081

Phase 2—41 to 44 weeks
Control 6.25 6.11 6.02 5.76 6.06 5.95 6.22

BMA 6.19 6.06 5.97 5.86 6.05 5.90 6.26
p-value 0.687 0.757 0.704 0.591 0.934 0.737 0.859

SEM 0.072 0.075 0.062 0.084 0.058 0.064 0.098

Phase 3—45 to 48 weeks
Control 5.40 5.32 5.42 5.70 5.76 5.29 5.96

BMA 6.18 6.26 6.17 6.03 6.18 5.97 5.90
p-value <0.001 <0.001 <0.001 0.051 0.015 <0.001 0.694

SEM 0.125 0.119 0.117 0.086 0.089 0.084 0.074
1 Probability of treatment effect. 2 Standard error.

3.6. Lipid Peroxidation and Total Solids

Lower TBARS values were observed in the β-mannanase group when compared to
the control in fresh eggs from phase 2 (−17%; p < 0.05) and 3 (−3%; p = 0.055; Table 9). The
same happened on day 1 of phase 2 (p = 0.018). Eggs from supplemented laying hens also
showed a 42% lower TBARS content after 42 (p = 0.035) and 21 (p = 0.003) days of storage
in phase 3.

Table 9. Thiobarbituric acid reactive substances in eggs from laying hens fed β-mannanase.

Treatments
Storage Period (Days)

1 21 42

Phase 1—36 to 40 weeks
Control 4.43 2.98 3.55

Probiotic 4.64 2.54 3.42
p-value 1 0.353 0.305 0.649

SEM 2 0.10 0.20 0.13

Phase 2—41 to 44 weeks
Control 4.77 3.91 2.96

Probiotic 3.97 3.41 3.23
p-value 0.018 0.103 0.480

SEM 0.19 0.16 0.17

Phase 3—45 to 48 weeks
Control 4.14 3.18 3.16

Probiotic 4.02 2.37 1.87
p-value 0.055 0.003 0.035

SEM 0.31 0.17 0.42
1 Probability of treatment effect. 2 Standard error.
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3.7. Shell Traits

No supplementation effect was noticed for total solids of albumen (Table S5) and yolk
when compared to the control group.

4. Discussion

Eggshell consists mainly of calcium carbonate, but also magnesium carbonate, calcium
phosphate, and others. The balance between calcium and phosphorus ions is essential
for the formation of the shell [4]. The specific gravity indicates the amount of shell in
relation to the other components of the egg and is closely related to the shell thickness
and consequently to the deposition of calcium carbonate. Shell weight can also be used
to confirm specific gravity findings and assess calcium metabolism. In this study, no
significant differences in specific gravity were noticed, but higher values in terms of shell
weight were found in eggs from supplemented birds. This is probably related to the greater
preservation of albumen and yolk in eggs from β-mannanase treatment.

Still related to the shell is the albumen, which can suffer changes due to the porosity
of the shell. Regarding albumen weight, higher values were observed in the birds fed with
β-mannanase compared to the control group. The weight of the yolk and albumen has a
positive relationship with the weight of the egg [17], as their masses are greater in eggs
of greater weight when compared to those of lower weight. Egg weight can be correlated
with several factors, such as heritability, age, and bird weight. Egg weight also has a
strong influence on the nutritional level of the diet [18]. Furthermore, mannans are known
to decrease viscosity and hinder the action of enzymes [19] β-mannanase, by breaking
down β-mannans, may facilitate the action of enzymes and increase the amount of protein
absorbed, which may explain the higher yolk and albumen weight observed in this study.

During storage, changes in albumen and yolk are detected, and the rate of these
changes is influenced by temperature [4] and other factors. Egg freshness can be evaluated
through parameters such as pH [20]. The changes that occur in the egg during storage affect
the functional properties of the yolk. These changes include the thinning of the albumen,
the increase in pH, the weakening and stretching of the yolk membrane (which separates
the albumen from the yolk), and the increase in the water content of the yolk [21,22]. In the
present study, β-mannanase decreased yolk pH at all periods, improving its quality.

Regarding the yolk color, luminosity values (L* color) from the β-mannanase group
were higher than the control group. Such findings indicate lower luminosity, that is, they
were opaquer because they transmit less light. Higher values were also found for the
intensity of red (a* color) and the intensity of yellow (b* color) compared to the control
group. The use of the palette also showed an increase in the yolk color in the β-mannanase
group when compared to the control. According to Narinc [23] the L* a* b* method is more
reliable than the palette since it demonstrates numerical values. A higher color intensity
of the yolk increases the acceptance of eggs by consumers [24] and is seen as something
positive. Pigmentation occurs through the absorption of carotenoid pigments present in
diets [25]. The major carotenoids in corn are xanthophylls, lutein, and zeaxanthin (Perry
et al., 2009). Such components are unsaturated and lipophilic [26], that is, they accumulate
in the yolk that has the highest concentration of fat in the egg. Furthermore, carotenoids
have many double bonds in their molecules and can be oxidized depending on storage time,
lighting, and ambient temperature, which reduces yolk pigmentation [21,27]. Therefore, β-
mannanase can decrease the effects of storage and, consequently, slow down the deleterious
effects of yolk pigmentation. Furthermore, by improving the absorption of nutrients and/or
increasing the production of micelles, which transport carotenoids, β-mannanase can
provide more carotenes to the yolk and generate a yellowish or reddish color.

To clarify the observed TBARS results, it is important to understand that lipid oxidation
(peroxidation) is one of the most important reactions in food chemistry, consisting of a series
of chemical and biochemical reactions that cause changes in the type and concentration of
molecules present in foods, which can alter taste and nutritional quality and produce toxic
compounds. Like other lipid molecules, cholesterol is susceptible to oxidation, producing
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cholesterol oxidation products (COPs) or oxysterols. Oxysterols are found in many foods,
especially cholesterol-rich foods such as eggs. TBARS is the most commonly used method
for quantifying malondialdehyde (MDA) in foods, which is one of the end products formed
through the decomposition of certain lipid peroxidation products [28]. Giampietro et al. [29]
observed that TBARS values of egg yolks increased over storage periods. In the present
study, we observed that β-mannanase was able to decrease TBARS values, which may be
related to greater production of micelles and consequently a greater amount of carotenoids
deposited in yolk, which act as antioxidants [30]. Another factor that may be related is
the lower viscosity generated by β-mannanase [19]. The viscosity impairs the absorption
of nutrients and can lead to a greater amount of free radicals, the enzyme may reduce
this production.

Few studies link gut health to egg quality. Regarding shelf life, our group did not find
studies that relate the use of β-mannanase to this topic. The results found in this study can
help and serve as an alternative in promoting the maintenance of intestinal health in laying
hens, in addition to the possible decrease in the deterioration of egg quality by improving
the use of nutrients by the bird.

5. Conclusions

The present study shows that β-mannanase can increase the quality of eggs. Sup-
plementation was able to improve egg weight, albumen weight, yolk pH, and TBARS. In
addition, β-mannanase was shown to be efficient in improving yolk color, which is desired
by consumers. Future studies are needed to better understand the mechanisms by which
this additive was able to improve some characteristics of egg quality.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/poultry2010011/s1, Table S1: Weight loss (g) of eggs from laying
hens fed with β-mannanase depending on storage time; Table S2: Albumen height (mm) of eggs from
laying hens fed with β-mannanase depending on storage time; Table S3: Yolk length (mm) of eggs
from laying hens fed with β-mannanase depending on storage time; Table S4: Yolk weight (g) of eggs
from laying hens fed with β-mannanase depending on storage time. Table S5: Total solids of eggs
from laying hens fed with β-mannanase depending on storage time.
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Highlights

The number visit and duration feed is influenced of level energy metabolizable diet.

Level 3.3 to 3.6 Mcal.kg-1 ME do not affect piglet-weaned performance.

The energy metabolizable of the diet influenced the ingestive behavior.

Abstract

This study evaluated the effect of different metabolizable energy (ME) levels in diets on digestibility, 

performance, and feeding behavior of weaned piglets. A digestibility study to determine ME levels was 

performed using 12 male piglets with 11.5 ± 0.5 kg body weight (BW), in a cross-over design fed with 

different ME levels (treatments). In the performance study were used 64 female piglets with 7.5 ± 0.8 kg 

BW, in a randomized block design with four treatments (3.30, 3.40, 3.50, and 3.60 Mcal.kg-1 ME levels), and 

feeding program with three phases (pre-initial I, pre-initial II, and initial). For feeding behavior, four pens 

of each treatment were monitored with cameras. The crude-protein digestibility coefficient reduced as 

dietary ME level increased (P <0.05). In pre-initial I animal performance was not influenced (P <0.05) by ME 

diet levels, and in the pre-initial II and initial phases, increases in ME caused quadratic (r² 0.99) and linear (r² 
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0.99) effects on daily feed intake, respectively. When ME levels increased, feed conversion ratio decreased 

linearly in the pre-initial II phase (r² =0.98), and quadratically in the initial phase (r²= 0.99). The number and 

duration of feeder visits linearly decreased as the diet energy levels increased (P <0.05). Weaned piglets 

can regulate feed intake according to dietary ME levels. The performance of weaned piglets can be 

maintained using diets containing metabolizable energy levels between 3.30 at 3.60 Mcal.ME.kg-1 if the 

ratio of nutrients to energy is maintained constant.The feed intake behavior of weaned piglets is influenced  

by increases in dietary metabolizable energy levels evaluated, resulting in fewer and shorter visits to the 

feeder.

Key words: Dietary energy. Feed regulation. Nutrition. Swine.

Resumo

Este estudo avaliou o efeito de diferentes níveis de energia metabolizável (EM) em dietas sobre a 

digestibilidade, desempenho e comportamento alimentar de leitões desmamados. Um estudo de 

digestibilidade para determinação dos níveis de EM foi realizado com 12 leitões machos com 11,5 ± 0,5 

kg de peso corporal, em delineamento cruzado, alimentados com diferentes níveis de EM (tratamentos). 

No estudo de desempenho foram utilizadas 64 leitões fêmeas com peso corporal de 7,5 ± 0,8 kg, em 

delineamento de blocos casualizados com quatro tratamentos (níveis de 3,30, 3,40, 3,50 e 3,60 Mcal.kg-1 

ME), e programa de alimentação com três fases (pré- inicial I, pré-inicial II e inicial). Para o comportamento 

alimentar, quatro baias de cada tratamento foram monitorados com câmeras. O coeficiente de 

digestibilidade da proteína bruta diminuiu com o aumento do nível de EM da dieta (P <0,05). No pré-inicial 

I o desempenho dos animais não foi influenciado (P <0,05) pelos níveis da dieta de EM, e nas fases pré-

inicial II e inicial, o aumento de EM causou efeitos quadráticos (r² 0,99) e lineares (r² 0,99) na alimentação 

diária ingestão, respectivamente. Quando os níveis de EM aumentaram, a conversão alimentar diminuiu 

linearmente na fase pré-inicial II (r² = 0,98), e quadraticamente na fase inicial (r² = 0,99). O número e a 

duração das visitas aos comedouros diminuíram linearmente à medida que os níveis de energia da dieta 

aumentaram (P <0,05). Leitões desmamados podem regular o consumo de ração de acordo com os níveis 

de EM da dieta, o desempenho de leitões desmamados pode ser mantido usando dietas contendo níveis 

de energia metabolizável entre 3.30 a 3.60 Mcal.EM.kg-1 se a proporção de nutrientes para energia for 

mantida constante. O comportamento de consumo de ração de leitões desmamados é influenciado pelo 

aumento nos níveis de energia metabolizável da dieta avaliados, resultando em menos e mais curtas visitas 

ao comedouro. 

Palavras-chave: Energia da dieta. Nutrição. Regulação alimentar. Suínos.
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Introduction

Voluntary feed intake by farm animals is 
one of the main determinants of performance 
and body composition. Among the factors 
regulating swine feed intake are genetic 
background, health status, environment, 
and diet characteristics (National Research 
Council [NRC], 2012). Pigs can regulate feed 
intake within certain limits, aiming to meet 
their nutritional demands (Ndou et al., 2013).

The ability to adjust feed intake by 
dietary energy levels is well documented for 
pigs in growing and finishing phases (Li & 
Patience, 2017), however, this association is 
poorly understood in young animals. Some 
studies support the theory that dietary 
energy levels modulate voluntary feed intake 
in piglets (Vieira et al., 2015; Ribeiro et al., 
2016). 

It is possible that some divergences 
in responses of piglet to energy of diet are 
because of variations in characteristics of 
experimental diets, including the energy 
levels. For example, it is known that a constant 
nutrient/energy ratio in diets are important 
to correctly evaluate the effects of dietary 
energy levels on animal performance (Quiniou 
& Noblet, 2012). In this sense, a proper 
adjustment between the levels of energy 
and amino acids in a diet is indispensable, 
especially regarding the performance and 
behavior of piglets. Knowing whether piglets 
can adjust feed intake according to the 
energetic level of the diet is also important 
to define the optimal energy level using 
economic criteria, for example. On the other 
hand, the voluntary feed intake of piglets 
may be limited by the physical capacity of 
the intestine and preference should be given 

to a diet with a high energy level (Quiniou & 
Noblet, 2012; Kim et al., 2020).

Furthermore, there is an association 
between the amount of consumed diet and 
feeding intake behavior variables, such as 
the number and duration of visits to the 
feeder (Andretta et al., 2016), but this has not 
been fully established. Knowing the feeding 
patterns of pigs helps to clarify performance-
related factors, such as feed efficiency, diet 
digestibility, and protein deposition (Carcò et 
al., 2018).

The aim of this study was to evaluate 
the effect of different dietary metabolizable 
energy levels on the performance and feed 
intake behavior in weaned piglets, by keeping 
constant ME and ratio of other dietary 
components.

Material and Methods

The procedures adopted to conduct 
this experiment were in accordance with 
the provisions of Federal Law No. 11,794, of 
October 08, 2008, and Decree No. 6899, of 
July 15, 2009, under case n° 8391090720 on 
the local Ethics Committee at Use of Animals 
(CEUA) of Universidade Federal de Santa 
Maria. 

Digestibility test

To validate dietary energy levels, 
only the pre-initial II diet digestibility was 
determined, because the amounts of 
ingredients used in other phases diets were 
similar. We assumed that these represent 
a relation between the calculated and the 
determined energy level of other phases.



Medeiros, J. M. et al.

76 Semina: Ciênc. Agrár. Londrina, v. 44, n. 1, p. 73-84, jan./fev. 2023

Twelve 36-day-old male piglets, with 
11.5 ± 0.5 kg average body weight (BW), 
were housed in metabolic cages (0.65 x 0.55 
x 0.41m) equipped with apparatuses for 
collecting feces and urine separately. Animals 
were assigned to a changeover design, with 
six replications per treatment. Two evaluation 
periods of seven days (each with four days 
for adaptation to the diets and three days for 
feces collection) were used. Iron oxide (2.0 
g.kg-1) was used to determine the beginning 
and end of the collection period according 
to the method described by Schirmann et 
al. (2018). Treatments consisted of four diets 
with different ME levels (3.30, 3.40, 3.50, and 
3.60 Mcal.ME.kg-1) for the pre-initial phase II, 
maintaining constant the ME and nutrients 
ratio (Table 1) to meet the recommendations 
(Rostagno et al., 2017).

The daily amount of feed supply was 
calculated based on average feed intake 
during the adaptation period and adjusted 
based on metabolic body weight of animals 
(BW0.75) (Sakomura & Rostagno, 2016). Diet 
was provided moistened at a proportion 
of 50:50 (50% feed and 50% water), three 
times a day (08, 11, and 16 h). Leftovers were 
weighed and subtracted from the amount 
supplied.

Fecal and diet samples were collected 
and stored in a freezer (- 18 °C). For the 
analysis, samples were thawed, homogenized, 
and 120 g aliquots were taken from each 
replication per treatment. Dry matter (DM) 
content was obtained in an oven at 105 °C, and 
crude protein (CP) content was determined 
by the Kjeldahl method (Association of 
Official Analytical Chemists [AOAC], 1995). 
Gross energy (GE) was determined using an 
adiabatic calorimetric pump, and digestibility 
coefficients were determined according to 
the method described by (Matterson et al., 
1965).

Performance test and feed intake behavior

For the performance study, 64 
weaned female piglets, 24 days-old, with 7.5 
± 0.8 kg BW, were used tree diet: pre-initial I 
(1-7 days), pre-initial II (8-21 days), and initial 
(22-35 days) post weaning (PW). Animals 
were housed in a nursery facility, under 
controlled temperature and, 1.0 m² elevated 
pens equipped with feeders and ball-bite 
drinkers. This experiment was performed in 
a completely randomized block design, with 
four treatments (3.30, 3.40, 3.50, and 3.60 
Mcal.kg-1 ME levels) and eight replications 
of two animals per pen. Animals were given 
food and water ad libitum throughout the 
experimental period (35 days).
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Added per kilogram: selenium, 450 mg; iron, 100g; copper, 15 g; zinc, 150g; cobalt, 500mg; manganese, 70 g; and iodine 
14,000 mg. Added per kilogramb, vitamin A, 9,500,00 IU; vitamin D3, 1,400,000 IU; vitamin E, 55,000 mg; vitamin K, 1900 
mg; vitamin B1, 950 mg; vitamin B2, 3,300 mg; vitamin B6, 1,400 mg; vitamin B12, 9,500 mg; pantothenic acid, 9,500 mg; 
niacin, 14 g; folic acid, 700 mg; and biotin, 38 mg.

Table 1
Composition of experimental diets for pre-initial I (1-7 days), pre-initial II (8 to 21 days), and initial (22 
to 35 days) post-weaning phases

PRE-INITIAL I (1-7 days) PRE-INITIAL II (8-21 days) INITIAL (22-35 days)

(ME levels in Mcal.kg-1) 3.30 3.40 3.50 3.60 3.30 3.40 3.50 3.60 3.30 3.40 3.50 3.60

Ingredients (%)

Corn 9.71 10.00 10.30 10.57 9.71 10.00 10.30 10.58 49.00 49.45 51.00 52.00

Rice residue 22.33 23.00 23.67 24.32 22.33 23.00 23.68 24.35 0.00 0.00 0.00 0.00

Soybean meal 24.27 25.00 25.74 26.47 28.15 29.00 29.86 30.71 29.30 30.20 31.09 32.00

Whey 14.56 15.00 15.44 15.87 7.77 8.00 8.24 8.47 0.00 0.00 0.00 0.00

Starch 14.80 10.00 5.10 0.40 19.74 15.00 10.28 5.69 15.74 12.00 6.72 2.34

Sugar 3.88 4.00 4.15 4.25 3.88 4.00 4.12 4.24 0.00 0.00 0.00 0.00

Blood plasma 4.86 5.00 5.15 5.32 2.43 2.50 2.58 2.65 1.01 1.04 1.07 1.10

Soy oil 0.67 2.90 5.20 7.40 0.90 3.20 5.50 7.70 1.35 3.60 6.30 8.60

L lysine 0.38 0.39 0.40 0.41 0.40 0.41 0.42 0.43 0.00 0.00 0.00 0.00

DL methionine 0.21 0.21 0.22 0.22 0.21 0.21 0.22 0.23 0.54 0.55 0.56 0.58

L threonine 0.09 0.09 0.10 0.10 0.11 0.12 0.12 0.13 0.21 0.22 0.22 0.24

L tryptophan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.18 0.19 0.19

Limestone 0.51 0.52 0.54 0.55 0.48 0.50 0.53 0.55 0.00 0.00 0.00 0.00

Dicalcium phosphate 1.73 1.80 1.85 1.90 1.65 1.75 1.80 1.85 0.00 0.00 0.00 0.00

Salt 0.20 0.20 0.21 0.21 0.49 0.50 0.52 0.53 0.68 0.68 0.70 0.73

Zinc oxide 0.31 0.32 0.33 0.34 0.31 0.32 0.33 0.34 1.28 1.33 1.36 1.40

Palatability agent 0.39 0.40 0.41 0.42 0.39 0.40 0.41 0.43 0.54 0.56 0.59 0.61

Acidifier 0.58 0.60 0.62 0.64 0.51 0.53 0.54 0.55 0.00 0.00 0.00 0.00

Mycotoxin Adsorbent 0.29 0.30 0.31 0.32 0.32 0.30 0.31 0.32 0.00 0.00 0.00 0.00

Micromineral Premixa 0.15 0.15 0.16 0.16 0.15 0.15 0.16 0.16 0.09 0.10 0.10 0.11

Vitamin Premixb 0.12 0.13 0.13 0.14 0.12 0.13 0.13 0.14 0.09 0.10 0.10 0.11

Calculated Composition

ME (Mcal.kg-1) 3.30 3.40 3.50 3.60 3.30 3.40 3.50 3.60 3.30 3.40 3.50 3.60

Digestible CP (%) 18.91 19.48 20.06 20.64 18.10 18.65 19.20 19.74 17.88 18.34 18.89 19.40

Calcium (%) 0.83 0.86 0.88 0.91 0.75 0.79 0.82 0.85 0.68 0.70 0.72 0.74

Standardized 
Phosphorus (%)

0.44 0.46 0.47 0.48 0.39 0.41 0.42 0.43 0.32 0.32 0.33 0.34

Sodium (%) 0.35 0.37 0.38 0.39 0.34 0.35 0.36 0.37 0.26 0.27 0.28 0.29

Lysine (%) 1.41 1.46 1.50 1.54 1.31 1.35 1.39 1.43 1.32 1.35 1.39 1.43

Methionine (%) 0.46 0.47 0.49 0.50 0.45 0.46 0.47 0.49 0.45 0.46 0.48 0.50

Methionine+Cystine 
(%)

0.78 0.80 0.82 0.84 0.72 0.75 0.77 0.79 0.72 0.74 0.76 0.79

Threonine (%) 0.82 0.85 0.88 0.91 0.77 0.79 0.82 0.84 0.78 0.80 0.83 0.85

Tryptophan (%) 0.24 0.25 0.26 0.26 0.22 0.23 0.24 0.25 0.20 0.21 0.22 0.22
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Average daily feed intake (ADFI) 
was obtained by subtracting the leftovers 
collected weekly from feeders from total 
amount of offered feed. The average daily 
gain (ADG) was measured weekly, weighing 
piglets after 12-hour fasting, and calculating 
the difference between initial BW and the 
weekly finish BW divided by seven days. Feed 
intake and weight gain were expressed as 
grams per day. Feed conversion ratio (FCR) 
was calculated by dividing ADFI by ADG. The 
values obtained for metabolizable energy 
intake (MEI, Mcal.kg.d-1) were expressed 
concerning the average body weight (BW, 
kg.d-1) (Ndou et al., 2013). 

Eight animals of each treatment were 
monitored with cameras, to evaluate feed 
intake behavior in the pre-initial I and pre-
initial II phases; the analyzed variables were 
the number of individual visits to the feeders 
(NVF) and duration of visits to the feeder (DVF) 
in seconds. The analysis consisted of 10 daily 
observations, eight minutes each, between 6 
and 18 h by a single observer (Weiler et al., 
2013).

Statistical analysis

The digestibility test data were tested 
by analysis of variance (ANOVA) using a cross-
over experimental design with piglets as 
covariable.When differences were detected 
(P <0.05), treatment means were compared 
by Tukey’s test (using 5% significance 
level). Animal performance and feed intake 
behavior data were ananalised by a ANOVA 
using completely randomized block design. 
Subsequently, regression procedures were 
used to fit models explaining the behavior of 
variables as a function of dietary ME levels.

Results and Discussion

Diet digestibility

In the digestibility test, it was 
considered a basis pre-initial II diet data 
because support a similar assumption 
regarding the calculated energy values in pre-
initial and initial diets. Dry matter digestibility 
coefficient (DMDC) and gross energy 
digestibility coefficient (GEDC) showed no 
difference in ME levels (P> 0.05), with an 
average digestibility of 87.8% and 88.8%, 
respectively (Table 2). Digestibility coefficient 
(DC) and energy values of the pre-initial II 
diets, which were supplied between days 8 
and 21 after weaning, were experimentally 
determined to verify if their energy levels 
were similar to those calculated. Higher ME 
levels on the diet affected the crude protein 
digestibility coefficient (CPDC ) (P <0.05) Yu et 
al. (2017) and Adebowale et al. (2019) observed 
similar results, explained by a decrease in the 
amino acids blood serum levels, indicating 
that increasing the diet energy density may 
reduce protein digestibility and affect amino 
acid absorption.

Performance

The hypothesis of this study is that 
weaned piglets, similarly to growing and 
finishing pigs, regulate feed intake within 
certain limits to meet energy requirements. 
This implies that, if necessary, the energy 
level in diets for piglets can be manipulated 
with no influence on animal performance if 
nutrient/energy ratio is maintained constant. 
In the first 7 days after weaning (pre-initial 
phase I), ME level had no effect (P >0.05) 
on performance (Table 3). The fact that DFI 
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was not influenced by dietary ME levels in 
the first week of the experiment (pre-initial I) 
may have been due to the variability in feed 
intake data (Kim et al., 2020). In the first days 
after weaning, piglets go through a delicate 

period, in which their physiological and 
immunological aspects are affected (Li & 
Patience, 2017). Each animal reacts uniquely 
to this situation, which increases variability in 
performance responses during this period.

Table 2
Digestibility coefficients of pre-initial II phase (8-21 days post-weaning)

Metabolizable Energy Level (Mcal.kg-1)

3.30 3.40 3.50 3.60 SEM p-value

Piglets, n 6 6 6 6

DMDC (%) 88.5 88.5 87.2 86.9 0.51 0.093

CPDC (%) 90.0a 89.9ab 89.1ab 88.8b 0.11 0.022

GEDC (%) 88.9 89.0 88.7 88.6 0.03 0.110

DE (Mcal.kg-1) 3.42d 3.52c 3.65b 3.73a 0.02 <0.001

ME* (Mcal.kg-1) 3.29d 3.38c 3.49b 3.58a 0.02 <0.001

DMDC = dry matter digestibility coefficient, CPDC = crude protein digestibility coefficient,
GEDC = gross energy digestibility coefficient, DE = digestible energy, ME = metabolizable energy.
a,b,c,d Means, on the same line, followed by different letters, differ by Tukey’s test (5%).
*Calculated according to methodology Matterson et al. (1965).

The increase in ME level in the pre-
initial II diet (8 to 21 days PW) caused a 
quadratic decrease in ADFI (1.325 x ME2 - 
9.3855 x ME + 17.353, g.d-1, r² = 0.99), but did 
not influence ADG (P>0.05), with an average 
of 560 g.d-1. Resulting in FCR reduced linearly 
(-0.4 + 2.735 x ME, g.g-1, r² =0.98) due to ME 
levels, while ingested ME (IME) per kg BW did 
not differ between treatments (P >0.05), with 
an average of 187 kcal.kg.BW-1. Based on this 
information we can assume, piglets could 
regulate energy intake to meet a determined 
demand, regardless of the ME content of 

the evaluated diets (Schneider et al., 2010). 
The absence of differences in IME, not only 
corroborated the previous proposition, but 
also explained the quadratic effect of ADFI 
as a function of dietary ME levels reduction. 
This is because the intake of ME was similar 
between treatments, ranging from 0.185 to 
0.190 Mcal.kg-1. Applying the model cited 
by the NRC (2012), of energy partitioning 
to experimental data, were obtained a ME 
requirement of 200 Mcal.kg-1, which is slightly 
higher than those found in this study.
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Table 3
Performance of piglets subjected to different levels of metabolizable energy in the pre-initial I (1-7 
days), pre-initial II (8-21 days), and initial (22-35 days) post-weaning phases

Metabolizable Energy Level (Mcal.kg-1)

3.30 3.40 3.50 3.60 SEM p-value

Piglets, n 16 16 16 16

Pre-initial I (1-7 days)

Initial BW, kg 7.49 7.39 7.41 7.37 0.01 0.998

Final B, kg 10.20 10.10 9.88 10.03 0.03 0.963

ADG, g.d-1 387 387 353 380 25.3 0.751

ADFI, g.d-1 458 445 422 432 0.01 0.621

FCR, g.g-1 1.18 1.15 1.19 1.13 0.02 0.294

IME(Mcal.kg.d-1) 0.171 0.173 0.170 0.176 6.27 0.940

Pre-initial II (8-21 days)

Initial BW, kg 10.20 10.10 9.88 10.03 0.03 0.963

Final B, kg 18.23 17.83 17.52 18.00 0.53 0.805

ADG, g.d-1 573 552 546 569 13.7 0.401

2ADFI, g.d-1 810 761 734 738 0.01 0.002

1FCR, g.g-1 1.41 1.38 1.34 1.29 0.00 <0.001

IME (Mcal.kg.d-1) 0.190 0.186 0.185 0.189 2.42 0.427

Initial (22-35 days)

Initial BW, kg 18.23 17.83 17.52 18.00 0.53 0.805

Final B, kg 27.63 27.35 27.11 27.22 0.05 0.874

ADG, g.d-1 672 680 685 666 18.0 0.850

1ADFI, g.d-1 1113 1061 1035 990 0.02 0.036

2FCR, g.g-1 1.66 1.56 1.52 1.49 0.01 <0.001

IME (Mcal.kg.d-1) 0.160 0.160 0.162 0.157 3.80 0.785

BW = body weight, ADG = Average daily gain, ADFI = Average daily feed intake, FCR = feed conversion ratio, IME (Mcal.
kg.d-1) = metabolizable energy intake (kg) expressed concerning the average body weight (BW); 1Linear effect; 2Quadratic 
effect.

In the initial phase (22-35 days after 
weaning), dietary ME levels had no effect (P 
>0.05) on ADG, which averaged 675 g.d-1, and 
in IME with a daily calculated average of 0.160 
Mcal.kg-1 BW. However, ADFI decreased 
linearly (- 0.395 x ME + 2.4125, g.d-1, r² 0.99) 
with increasing ME levels. This means that 
increase in dietary energy levels reduce diet 
intake, but without any effect on BW gain 

(Vieira et al., 2015). Conversely, other studies 
in the literature have shown that increases 
in dietary ME intensify BW gain in weaned 
piglets (Quiniou & Noblet, 2012; Silva et al., 
2020). Differences found in these studies, are 
likely related to variations in the composition 
of dietary ingredients and manipulation of 
nutrient densities.
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Table 4
Feed intake behavior of piglets submitted to different pre-initial metabolic energy levels (1-7 days), and 
pre-initial (8-21 days) post-weaning

Metabolizable Energy Level (Mcal.kg-1)

3.30 3.40 3.50 3.60 SEM p-value

Piglets, n 8 8 8 8

Pre-initial I (1-7 days)

NVF 1 12 11 8 6 0.65 <0.001

DVF, s1 982 757 500 456 113 0.008

Pre-initial II (8-21 days)

NVF 1 15 14 12 12 0.64 0.001

DVF, s1 711 636 542 495 60 0.009

NVF = number of individual visits to the feeder; DVF = duration of visits to the feeder in seconds; 1Linear Effect.

FCR showed a quadratic response 
(1.8385 x ME2 - 13.247 x ME + 25.349, g.g-1, r²= 
0.99) to treatments. As this variable expresses 
the relationship between consumption unit 
per weight gain unit, were already expected 
this is results. Such findings indicate that 
high-energy diets are beneficial to piglets. 
However, a detailed economic analysis, 
which is beyond the scope of this study, 
should be conducted to determine the best 
cost-benefit ratio regarding the ideal dietary 
energy level. The expectation was that higher 
ME levels result in lower ADFI and FCR, which 
was detected in the initial phase (22 to 35 
days after weaning). The lack of differences 
in weight gain or IME between treatments 
demonstrates that piglets could adapt to the 
energy levels in diets (Fang et al., 2019).

Feed intake behavior

The number of individual visits to the 
feeder (NVF) in the first 7 days after weaning 
(Table 4) had a linear effect with increasing ME 
levels (- 0.021 x ME + 81.7, r² = 0.98), the same 
was observed for the duration of visits to the 

feeder in seconds (-1.491 x ME + 5848.7, r² 
= 0.98). In the pre-initial phase II, dietary ME 
levels influenced linearly NVF (0.011 x ME + 
51.2, r² = 0.89) and DVF in seconds (-0.742 
x ME + 3155.9, r²=0.98). These findings on 
the effect of dietary ME levels on feed intake 
behavior corroborate those of Noblet and 
van Milgen (2013), who evaluated growing 
pigs, and suggested that pigs tend to make 
a greater or lesser number of visits to the 
feeder as a function of diet energy density. 

Bruininx et al. (2001) analyzed 
the behavior of weaned piglets housed 
individually and fed a 3.0 Mcal.ME.kg-1 diet, 
and observed an average number of visits to 
the feeder of 12.5 day-1. This value support 
with this result found in this study, for the same 
evaluation period (1-7 days), at ME levels of 
3.30 and 3.40 Mcal.ME.kg-1. Based on this 
information, weaned piglets modulated their 
feeding behavior as a function of dietary ME 
levels. However, studies aimed at clarifying 
how ME influences the feed intake behavior of 
weaned piglets are scarce. Being necessary, 
more research to evaluate this variable that is 
directly linked to animal performance.
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Conclusion

Weaned piglets can regulate the feed 
intake according to dietary metabolizable 
energy levels, except in the first week after 
weaning. The performance of weaned piglets 
can be maintained using diets containing 
metabolizable energy levels between 3.30 at 
3.60 Mcal.ME.kg-1 if the ratio of nutrients to 
energy is maintained constant. The feed intake 
behavior of weaned piglets is influenced by 
increases in dietary metabolizable energy 
levels evaluated, resulting in fewer and 
shorter visits to the feeder.
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The Potential of Red Propolis to Improve the 
Quality of Quail Eggs

Author(s) ABSTRACT

This study investigated the effects of dietary aqueous extract of red 
propolis (AERP) on the performance, egg quality, antioxidant capacity, 
and fecal microbiota of laying quails. A total of 120 52-day-old laying 
quails were randomly divided into four dietary treatments, each 
consisting of six replicates of 5 animals. The dietary treatments were a 
control basal diet and basal diets with of 1g of AERP, 2g of AERP, and 
0.01g of enramycin per kg of feed for 63 days. Productive performance 
results such as percentage of egg production, feed intake per quail per 
day, average egg weight, egg mass, and feed conversion rate showed 
no significant difference between treatments. On the other hand, eggs 
from quails fed with red propolis showed darker yolk, higher intensity 
of red, and lower intensity of yellow (p<0.05); as well as lower pH 
in the yolk. Moreover, microbiological counts on the surface of eggs 
and feces from diets containing propolis were lower in comparison 
with other treatments. It is possible to conclude that 1 g of AERP 
showed promising results as a feed additive for laying quails, since it 
maintained the productive performance of these animals and caused 
qualitative enhancements in the physicochemical and microbiological 
characteristics of the eggs. Therefore, it could be used as a more natural 
way to improve quails’ egg production.

INTRODUCTION

Quail farming has become a profitable activity due to its relevant 
characteristics, including their resistance to heat and diseases, and low 
requirements for housing. Quail eggs and meat are also nutritious and 
tasty, representing an additional protein option for human consumption 
(Umigi et al., 2012). 

Propolis is a resin naturally produced by bees, with different 
colors and medicinal properties such as antimicrobial, antibacterial, 
antiviral, antifungal, antiprotozoal, anticarcinogenic, antioxidant, anti-
inflammatory and antiproliferative activities. Many studies have shown 
the antioxidative, cytostatic, antimutagenic and immunomodulatory 
properties of propolis to be based on its rich flavonoid, phenolic acid, 
terpenoid, pterocarpans, chalcones and phenylpropanoids contents 
(Righi et al., 2011; Cavendish, 2015; De Mendonça, 2015). Flavonoids 
and chrysin are the most important compounds of propolis, which 
has hepatoprotective and antioxidant activities (Seven et al., 2012). 
Nevertheless, there are only a few studies on red propolis as feed 
additive for laying quails. 

In this context, this study aimed to evaluate whether the addition 
of aqueous extract of red propolis (AERP) to the diet of laying quails 
could improve productive performance, as well as physicochemical and 
microbiological quality of eggs. 
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MATERIALS AND METHODS

The experiment was conducted at the Japanese 
quail (Coturnix japonica) egg production base of 
the Poultry Sector of Santa Catarina State University 
(UDESC) (Chapecó, SC, Brazil), from March 05 to May 
09, 2021.

Animal welfare statement

The animals used in this study and all experimental 
procedures were approved by the Committee of Ethics 
for Animal Use (CEUA) of Santa Catarina State University 
(Brazil), under protocol number 2307170920.

Experimental design and management

The experiment was conducted at the Poultry Sector, 
and the extraction of propolis and its analyzes were 
performed at the Laboratory of Molecular Biology, 
Immunology and Microbiology (LABMIM), both from 
the Animal Sciences Department of the Santa Catarina 
State University, in the city of Chapecó, Santa Catarina 
State, Brazil. One hundred twenty 52-days-old female 
Japanese quails were used as an experimental model. 
They were fed a diet without the addition of AERP 
for 17 days to make the animals accustomed to the 
experimental diets, with water provided ad libitum. 
They were randomly assigned into four treatments, 
with six replications of five animals per cage, totaling 
twenty-four experimental units. The study lasted sixty-
three days, divided into three cycles of twenty-one 
days each. The basal ration was formulated according 
to the nutritional values and requirements established 
in the Brazilian Table of Poultry and Swine (Rostagno, 
2017), with 2,750.00 kcal of metabolizable energy per 
kg of ration and 19.9% of protein (Table 1). 

The treatments were arranged as follows: control 
treatment (CT): basal diet without antimicrobials or 
red propolis; enramycin treatment (ET): 0.01 g/kg of 
feed; aqueous extract of red propolis (AERP1): 1g of 
aqueous extract of red propolis/kg of feed and aqueous 
extract of red propolis (AERP2): 2g of aqueous extract 
of red propolis/kg of feed. The aqueous extract of red 
propolis was mixed with the micro ingredients and 
subsequently added to the vertical mixer. The lighting 
program was of 16 hours/day.

Aqueous extract of red propolis

Red propolis was purchased from a commercial 
company located in the city of Canavieiras, Bahia State, 
Brazil. The extraction was performed according to a 
methodology adapted from Kubiliene et al. (2015). 
Crude propolis with macerated with pistil and liquid 

nitrogen inside a mortar until it became powder. In a 
beaker, 100 mL of distilled water, 10 g of propolis and 
20 g of polyethylene glycol (PEG 400 PA) were added 
and the mixture was subjected to high pressure at 
120°C for 5 minutes in an autoclave. After extraction, 
the extract was stored in an environment protected 
from light. The extract was homogenized and weighed 
for subsequent mixing with the feed. It is important 
to point out that the extraction was performed using 
water instead of alcohol.

Productive performance parameters

Daily mortality was observed and recorded to 
calculate animal viability, as well as feed intake (g/quail/
day). The number of eggs produced was recorded daily, 
and the average production and egg mass per quail were 
estimated (g/quail/day). Feed conversion was calculated 
as the amount of kg of feed consumed per kg of eggs 
produced, as well as per kg of dozens of eggs. Eggs 
were weighed in the last five days of each experimental 
period, and the average egg weight was determined.

Quality parameters of fresh eggs

To assess egg quality, a sample consisting of two 
eggs from each experimental plot was collected and 

Table 1 – Ingredients and nutrient composition of the 
basal diet.
Ingredients (mg.kg-1) Quantity

Corn 587.75

Soybean meal 317.67

Soybean oil 1.85

Dicalcium phosphate 12.27

Limestone 68.42

Sodium chloride (NaCl) 3.45

DL-Methionine (99%) 3.88

L-Lysine (78%) 2.45

L-Tryptophan (98%) 0.18

L-Threonine (98%) 0.08

Vitamin-mineral premix A 2.00

Total 1000

Nutrient composition (%) Quantity

Crude protein 19.9

Metabolizable energy (kcal/kg) 2,750.00

Calcium 3.00

Available phosphorus 0.32

Digestible lysine 1.11

Digestible methionine 0.66

Methionine + digestible cysteine 0.98

Digestible tryptophan 0.21

Digestible threonine 0.55

A Product composition (kg): vitamin (vit.) A 5,000,000 IU; vit. D3 1,000,000 IU; vit. E 
15,000 IU; vit. K3 1500 mg; vit. B1 1500 mg; vit. B2 3000 mg; vit. B6 2000 mg; vit. 
B12 7000 μg; folic acid 500 mg; nicotinic acid 15 g; pantothenic acid 7000 μg; choline 
80 g; biotin 100 mg; Cu 10 g; Fe 50 g; I 1000 mg; Mn 80 g; Selenium 300 mg; Zn 70 g.
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analyzed. Specific gravity was determined according 
to Barbosa et al. (2008). Texture analyzer equipment 
was used to measure egg shell strength, and results 
were expressed as kgf. After breaking the eggs, the 
following parameters were evaluated: height of the 
dense albumen measured with a tripod micrometer; 
Haugh unit (HU) according to Haugh (1937); yolk 
index, which was calculated by the ratio between 
the height and diameter of the yolk (mm), obtained 
with the micrometer and the caliper, respectively; yolk 
color, determined with the colorimetric fan (DSM) 
and with the colorimeter (Minolta CR-400), whereby 
the following universal colorimetric coordinates were 
observed: lightness (L*), red intensity (a*) and yellow 
intensity (b*); the shell weight and percentages of 
shell, yolk and albumen; egg shell thickness, obtained 
with a caliper at three, followed by the calculation of 
the arithmetic mean of the three measurements. The 
pH of the yolk and the albumen were measured with 
the digital pH meter (Testo 205).

Quality parameters of stored eggs

The eggs were weighed on a precision scale and 
stored under controlled temperature and air humidity. 
Room temperature (maximum and minimum) and air 
humidity (maximum and minimum) were registered 
twice a day during 21 days. After this period, the eggs 
were weighed and the weight loss after storage was 
calculated. The levels of lipid peroxidation in the yolk of 
these eggs were determined according to Giampietro 
et al. (2008), with the measurement of thiobarbituric 
acid reactive substances (TBARS), which are formed 
during the decomposition of lipid peroxides. The 
compound 1,1,3,3 tetramethoxypropane (TMP) was 
used as TBARS standard. The results were expressed in 
mg TMP/kg of yolk.

Microbiological analysis

Microbiological analyses were performed on the 
surface of eggs produced at the end of the second and 
third cycles. Each sample consisted of a group of five 
eggs per repetition. Egg surfaces were washed with 
peptone water, according to a methodology adapted 
from Gentry & Quarles (1972). Fecal samples were 
collected from four points of each experimental cage. 
Both types of samples were diluted and plated for 
total mesophilic aerobics using the Plate Count Agar 
(PCA), as well as for total coliforms and Escherichia 
coli (Petrifilm® 6404, 3M). Incubation was carried out 
at 37 ºC for 48 hours, and the number of bacterial 
colonies present were expressed in colony-forming 
units per mL (CFU/mL).

Statistical analysis

The data obtained were subjected to the analysis of 
normal distribution, and then to analysis of variance. 
In cases of significant differences, the means were 
compared using the Tukey test (5%). These statistical 
procedures were performed using the Statistical 
Analysis System (SAS) software.

RESULTS AND DISCUSSION
Productive performance 

The results show that the AERP did not influence 
productive performance (p>0.05), since no differences 
were observed for egg production, feed intake, average 
egg weight, egg mass, or feed conversion (kg/kg and 
kg/dz) (Table 2). 

Table 2 – Effects of aqueous extract of red propolis feed on 
the quail productive performance.
Parameters CT ET AERP1 AERP2 p-Value

Egg production (%) 95.83 94.72 94.30 92.73 0.63

Feed consumption  
(g/bird/day)

27.29 26.54 26.50 26.09 0.32

Average egg weight (g) 11.09 10.88 11.08 10.93 0.43

Eggs mass (g/bird/day) 10.65 10.34 10.47 10.16 0.45

Feed conversion (kg/kg) 2.56 2.58 2.54 2.58 0.78

Feed conversion (kg/dz) 0.34 0.33 0.33 0.33 0.83

Viability (%) 100.00 100.00 100.00 100.00 -

CT: control treatment; ET: enramycin treatment; AERP1: treatment with aqueous 
extract of red propolis (1 g/kg of feed); AERP2: treatment with aqueous extract of red 
propolis (2 g/kg of feed). p-Value: p<0.05 indicating significance level by Tukey test 
at 95% confidence.

These findings are similar to those found by Zeweil 
et al. (2016) when studying the effect of AERP (250 
and 500 mg/kg) in the diet of quails, since it influenced 
neither performance (body weight, laying rate, egg 
weight and egg mass), nor egg quality (egg weight, 
yolk and albumen percentage, albumen height, shell 
percentage and thickness, specific gravity and yolk 
color). Similar results were also reported by Petrolli et 
al. (2014) while using 1% of green propolis extract for 
chicken broilers from 1 to 21 days of age.

Due to the small amount of studies on red propolis, 
it is possible that results vary between studies due to 
the variability and complexity of the composition of 
propolis, which changes according to the flora of each 
location, the genetics of queen bees, and even the time 
of year of its collection (Buriol et al., 2009). Another 
hypothesis to explain why the addition of propolis 
showed no differences in the analyzed variables is that 
the environment did not cause a sanitary challenge, 
since the birds were raised in cages and did not have 
direct contact with their feces; and birds were also 
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under an ideal density to develop their full potential. 
Herbal medicines (propolis), probiotics, symbiotics and 
organic acids are classified as performance-enhancing 
additives (Brasil, 2004), which are notorious for not 
expressing positive results in different experimental 
variables due to a lack of sanitary challenge in poultry 
studies (Bueno et al., 2012; Silva et al., 2012; Bastos-
Leite et al., 2016). That happens because good 
prophylactic conditions for raising animals and a 
minimum of stress (which is usually associated with 
nutritional, environmental, or behavioral factors) do 
not present a sufficient increase in bacteria load to 
cause an imbalance in intestinal health, compromising 
productive performance (Fukayama et al., 2005).

Trusheva et al. (2006) identified new propolis 
constituents in red Brazilian propolis, most of which 
have antibacterial, antimycotic and antiradical activities, 
which further confirms the fact that propolis has 
antimicrobial and antioxidant activities, regardless of its 
plant source and chemical composition. Propolis plays 
a major role in the hive, acting as a ‘chemical weapon’ 
of bees against pathogenic microorganisms. However, 
different chemical constituents are responsible for 
several different activities in different propolis type 
(Bankova et al., 2005). Furthermore, as this experiment 
shows, the inclusion of red propolis aqueous extract 
in the diet did not cause any negative effects such as 
mortality or poor performance. In fact, another study 
using a very high dosage of red propolis in order to 
address its safety found that red propolis was unable 
to cause side effects (Reis et al., 2000). Beretta (2017) 
also reported future perspectives for propolis in the 
Brazilian and international market, especially because 
of its important biological activities and safety.

Feeding animals with 1 g of red propolis aqueous 
extract showed a better feed conversion (kg of 
feed/kg of eggs) of 2.54 kg, despite the difference 
not being statistically significant compared to the 
other treatments. Marieke et al. (2005) stated that 
improvements in feed conversion rate could be 
caused by the ability of propolis to improve nutrient 
digestibility and absorption as a result of the activity 
of sucrase, amylase and phosphatase. Further studies 
under higher sanitary challenges are recommended in 
order to better test the efficiency of red propolis as an 
antimicrobial agent.

Quality of fresh eggs

A significant difference (p<0.05) was observed in 
egg results for the following parameters: lightness (L*), 
red intensity (a*), yellow intensity (b*) and yolk pH. 
No statistical differences were observed for the other 
analyzed parameters, namely shell strength, specific 
gravity, Haugh unit, yolk index, colorimetric fan, yolk 
percentage, shell percentage, albumen percentage, 
shell thickness and albumen pH (Table 3).

Our results showed significant differences 
regarding the yolk color of the quail eggs fed with 
aqueous extract of red propolis. They were darker, 
with greater intensity of red and lower intensity of 
yellow when compared to the control treatment, i.e., 
the eggs of quails fed diets without any additive had 
yolks of lighter color. As a sensory attribute, yolk color 
is considered an indicator of quality, and plays an 
important role in the acceptance of eggs by consumers, 
who associate intense pigmentations of the yolk with 
higher nutritional values of the egg (Silva et al., 2000; 
Tocchini & Mercadante, 2001). Yolk color intensity 

Table 3 – Effects of aqueous extract of red propolis on the quality of quail eggs.
Parameter CT ET AERP1 AERP2 p-Value

Eggshell strength (kgf) 1.424 1.444 1.424 1.464 0.99

Specific gravity 1.064 1.067 1.067 1.067 0.64

Haugh unit 87.82 85.99 85.56 86.29 0.16

Yolk index 0.47 0.45 0.48 0.46 0.13

Colorimetric fan 5.75 5.96 5.92 5.69 0.86

Luminosity (L*) 65.63a 60.88b 59.43b 57.11b <0.0001

Intensity of red (a*) -9.96a -9.33ab -8.07b -7.92b 0.0095

Intensity of yellow (b*) 53.76a 49.07b 46.93b 46.43b <0.0001

Yolk % 31.49 31.86 32.12 32.63 0.69

Shell % 8.59 8.71 8.60 8.50 0.95

Albumen % 59.93 59.42 59.27 58.86 0.69

Shell thickness (mm) 0.17 0.18 0.18 0.19 0.10

Yolk pH 6.21a 6.05ab 5.88b 5.90b 0.0125

Albumen pH 8.58 8.59 8.59 8.60 0.90

CT: control treatment; ET: enramycin treatment; AERP1: treatment with aqueous extract of red propolis (1 g/kg of feed); AERP2: treatment with aqueous extract of red propolis (2 g/
kg of feed). p-Value: p< 0.05 indicating significance level by Tukey test at 95% confidence. Means followed by different letters on the same line indicate a difference by Tukey’s test 
at 5% significance (p<0.05).
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is determined by the incorporation of xanthophylls 
(a group of carotenoid pigments) present in corn, 
particularly lutein and zeaxanthin, and depends on 
their levels of inclusion in the diet. However, other 
foods can change yolk color depending on their level 
of inclusion (Silva et al., 2000).

Lee et al. (2001) stated that changes in yolk color 
can be observed when supplemental sources of 
carotenoids are added to the diet, since carotenoid 
pigments are fat-soluble and therefore absorbed 
in the intestine along with the lipids. Reports also 
indicate that the inclusion of antioxidants in diets 
rich in unsaturated fatty acids, which are susceptible 
to oxidation, improves yolk pigmentation. Moreover, 
Faitarone et al. (2016) stated that when dietary 
lipids produce peroxides, yolk pigmentation can 
be negatively affected due to the oxidation of 
carotenoids. The discoloration (oxidation) of carotene 
is induced by the oxidative degradation products of 
linoleic acid (Kumazawa et al., 2003).

Beretta (2017) stated that the antioxidant property 
of propolis is one of the most studied biological 
activities worldwide. When analyzing Brazilian propolis, 
Wang et al. (2004) observed a strong inhibition of 
lipid peroxidation using rat liver homogenate at a 
concentration of 2 mg/mL, and this activity was related 
to the presence of flavonoids. However, it is known 
that, in addition to phenolic compounds, flavonoids are 
involved in the antioxidant activity of propolis. Thus, a 
number of phenolic compounds, including flavonoids, 
were evaluated against linoleic acid peroxidation in 
micellar solution. The results showed that polyphenols 
in general have greater activity than BHT (butylated 
hydroxytoluene), a well-known antioxidant (Bankosta 
et al., 2001). In a study using cell culture, artepillin C 
was proposed as a strong candidate responsible for 
the antilipoperoxidative activity of Brazilian propolis 
(Shimizu et al., 2004).

The pH of the yolk of fresh eggs is usually around 
6.0, and was significantly lower in the AERP treatments 
as compared to the control group. According to 
Sarcinelli et al. (2007), there is an increase in pH and 
connections between the molecules that make up 
the membrane surrounding the yolk lose selectivity, 
and the water moves from the albumen to the yolk, 
increasing the size of the already fragile membrane, 
and thus stretching it. Alkaline ions from the albumen 
can be exchanged with H+ ions present in the yolk with 
an increase in yolk pH. This pH variation could induce 
protein denaturation and increase yolk consistency 
(Shang et al., 2004). 

Egg quality after storage

In the storage room, the average temperature 
registered was 22.1ºC (maximum of 25.2ºC and 
minimum of 18.7ºC), and the average relative 
humidity of the air was 62.5% (maximum of 71% and 
minimum of 40%). Under these conditions, the lowest 
weight loss of eggs stored after 21 days was obtained 
in the group submitted to AERP 1g, and no significant 
differences (p>0.05) were observed in these variables 
compared to the control and enramycin treatments 
(Table 4). The lowest levels of lipid peroxidation were in 
the egg yolks subjected to treatment with enramycin 
and AERP 1g, although no significant differences 
(p>0.05) were observed between birds of the other 
treatments.

Table 4 – Effect of aqueous extract of red propolis for 
quails on egg weight and lipid peroxidation after 21 days 
of storage.
Parameter CT ET AERP1 AERP2 p-Value

AWL (g) 3.93ab 4.01ab 3.74b 4.14a 0.012

TMP (mg/kg of yolk) 0.32a 0.07b 0.12ab 0.29a 0.007

CT: control treatment; ET: enramycin treatment; AERP1: treatment with aqueous extract 
of red propolis (1 g/kg of feed); AERP2: treatment with aqueous extract of red propolis 
(2 g/kg of feed); AWL = average weight loss; TMP = tetramethoxypropane; p-Value: 
p<0.05 indicating significance level by Tukey test at 95% confidence. Means followed 
by different letters on the same line indicate a difference by Tukey’s test at 5% signi-
ficance (p<0.05).

Cabral et al. (2009) compared the antioxidant 
potential of different fractions obtained from a 
hydroethanolic extract of red propolis through DPPH 
radical scavenging methods and oxidation inhibition 
of the β-carotene/linoleic acid system. The first 
method showed that the hexane fraction had greater 
antioxidant activity (74.4%); while in the second 
method, the chloroform fraction showed greater 
activity (64.8%). The study concluded that there is a 
greater correlation between the content of phenolic 
compounds and antioxidant activity by the oxidation 
of the β-carotene/linoleic acid system.

According to Righi et al. (2011), active compounds 
such as isoflavones and chalcones have greater 
affinity for the organic phase. In a later study, the 
following compounds were isolated from the 
chloroform fraction: two isoflavonoids (vestitol and 
neovestitol) and a chalcone (isoliquiritigenin). Among 
these compounds, vestitol showed the greatest 
antioxidant activity through the β-carotene/linoleic 
acid model (Oldoni et al., 2011). Frozza (2013) 
analyzed a hydroethanolic extract of red propolis and 
obtained strong enzymatic activity, such as superoxide 
desmutase (SOD) and catalase (CAT), which are 
important in oxidative stress.
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Microbiological analysis

Considering 100% to be the presence of colonies in 
the second cycle, there was a representative decrease 
of mesophilic bacteria on the surface of the eggs of 
the group AERP 1g at the end of the third cycle and in 
the stored eggs (Table 5).

Table 5 – Effects of aqueous extract of red propolis on the 
total count of mesophilic aerobics on egg surfaces.
Treatment Second cycle Third cycle Stored

CFU/mL (%) CFU/mL (%) CFU/mL (%)

CT 29 100.00 12 41.38 29 100.00

ET 12 100.00 10 83.33 4 33.33

AERP1 42 100.00 4 9.50 4 9.52

AERP2 3 100.00 2 66.66 8 266.67

CT: control treatment; ET: enramycin treatment; AERP1: treatment with aqueous extract 
of red propolis (1 g/kg of feed); AERP2: treatment with aqueous extract of red propolis 
(2 g/kg of feed). (%): percentage of colony presence considering 100% presence in the 
second cycle. CFU/mL: colony forming units per mL of sample.

In addition, a significant decrease in mesophiles 
was also observed in the fecal samples submitted to 
four different treatments throughout the experiment 
(Table 6).

Table 6 – Effects of aqueous extract of red propolis on the 
total mesophilic aerobic counts in quail feces.
Treatment First cycle Second cycle Third cycle

CFU/mL (%) CFU/mL (%) CFU/mL (%)

CT 136 100 2 1.47 9 6.61

ET 92 100 0 0 8 8.69

AERP1 48 100 0 0 20 41.66

AERP2 338 100 2 0.59 4 1.18

CT: control treatment; ET: enramycin treatment; AERP1: treatment with aqueous extract 
of red propolis 1 g/kg of feed; AERP2: treatment with aqueous extract of red propolis 
2 g/kg of feed. (%): percentage of colony presence considering 100% presence in the 
first cycle. CFU/mL: colony forming units per mL of sample.

Considering 100% to be the presence of colonies 
in the first cycle, there was a decrease in CFU in the 
analyzed feces. The total count of coliforms in the 
feces submitted to different treatments at the end of 
the first cycle showed the presence of CFU (Table 7).

The highest amount of CFU/mL was observed in the 
enramycin group, and the lowest counts in the feces in 
the AERP 1g, i.e. 83.18% less when compared to the 
enramycin group. There were 70% fewer Escherichia 
coli colonies in the AERP 1g group when compared to 
the enramycin group.

Bueno-Silva et al. (2016) analyzed Brazilian red 
propolis that had Dalbergia ecastophyllum as its 
primary plant source. They studied the effect of the 
propolis collection period, its chemical composition, 
and antibacterial activity. Seasonal variability was 
observed in the concentration of vestitol, neovestitol 
and isoliquiritigenin. The highest content of these 

ingredients and levels of antibacterial activity were 
recorded during the rainy season (January to May). 
In terms of antibacterial activity, the content of 
substances such as flavonoids and phenolic compounds 
is important (Inui et al., 2014; Górniak et al., 2019). 
However, different biological activities are found 
depending on the solvent used (Przybyłek & Karpiski, 
2019).

Table 7 – Counts of total and fecal coliforms in quail feces 
after the first cycle.
Treatment TC (CFU/mL) EC (CFU/mL)

CT 105 70

ET 327 110

AERP1 55 33

AERP2 196 102

CT: control treatment; ET: enramycin treatment; AERP1: treatment with aqueous extract 
of red propolis 1 g/kg of feed; AERP2: treatment with aqueous extract of red propolis 
2 g/kg of feed. TC: total coliforms; EC: Escherichia coli; CFU/mL: colony forming units 
per mL.

Kubiliene et al. (2015) compared the composition 
and biological activities of propolis extracts prepared 
with an alternative non-alcoholic solvent mixture 
such as polyethylene glycol (PEG 400 PA), water 
and olive oil, and concluded that propolis extraction 
with non-alcoholic solvents and the effects the high 
temperatures allow for the most effective extraction 
of active compounds from propolis, and that the non-
ethanolic extracts of propolis have anti-radical and 
antimicrobial action.

In terms of antibacterial activity, the content 
of substances such as flavonoids and phenolic 
compounds is important (Inui et al., 2014; Górniak et 
al., 2019). However, depending on the solvent used, 
different biological activities are found (Przybyłek & 
Karpiski, 2019). Kubiliene et al. (2015) compared 
the composition and biological activities of propolis 
extracts prepared with an alternative non-alcoholic 
solvent mixture such as polyethylene glycol (PEG 400 
PA), water and olive oil and concluded that propolis 
extraction with non-alcoholic solvents and the effects 
the high temperatures allow the most effective 
extraction of active compounds from propolis and that 
the non-ethanolic extracts of propolis have anti-radical 
and antimicrobial action.

Flavonoids and phenolic compounds with 
antimicrobial activity effectively modified the integrity 
of the bacterial cell membrane, in addition to interfering 
with the synthesis of DNA and RNA (Kacániová et al., 
2012). The inhibition of enzymes essential for bacterial 
metabolism contributed to these results, and caused a 
reduction of the bacterial load on the surface of eggs 
and quail feces. More studies considering the propolis 
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collection period and extraction method should be 
conducted, since these factors can influence the 
chemical composition and, consequently, the biological 
activity of propolis.

CONCLUSIONS

The use of aqueous extract of red propolis as a feed 
additive in the diet of laying quails resulted in eggs with 
darker yolks, which is a desired characteristic among 
consumers. Furthermore, it caused an acidic effect on 
the yolks that could enhance egg shelf life. Moreover, 
red propolis showed antimicrobial effects, and led 
to both lower weight loss in eggs stored for 21 days 
and lower lipid peroxidation in the yolk, indicating a 
potent antioxidant effect, without affecting productive 
performance. In general, it is concluded that adding 
red propolis aqueous extract to quail feed could be an 
useful method to maintain the productive performance 
and improve the physicochemical and microbiological 
quality of eggs.
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RESUMO 

O objetivo deste estudo foi avaliar o efeito de três tipos comerciais de aviários usados na produção de 

frangos de corte sobre parâmetros fisiológicos, bioclimatológicos e comportamentais. Utilizaram-se 900 

aves comerciais com 22 dias de idade, distribuídas em três tratamentos com dez repetições por grupo 

(n=30). Os tratamentos se dividiram em: aviário convencional (GC), dark house (DH) e blue house (BH). 

Foram avaliados os parâmetros temperatura, umidade relativa do ar, velocidade do vento, temperatura retal 

e superficial das aves, frequência respiratória e a atividade comportamental das aves. A menor frequência 

respiratória foi verificada nas aves criadas nos aviáriso DH e BH, que foram mais eficientes em 

proporcionar conforto térmico para frangos de corte aos 22 dias de idade. Além disso, as aves criadas no 

aviário DH apresentaram menores frequências de atividades comportamentais como comer, beber e 

permanecer em pé. 

 

Palavras-chave: Avicultura; Bioclimatologia; Etologia; Temperatura retal  

 

 

ABSTRACT 

The objective of this study was to evaluate the effect of three different commercial types of aviaries used 

in the production of broiler chickens on physiological, bioclimatological and behavioral parameters. Nine 

hundred commercial 22-day old broiler chickens were distributed in a completely randomized design with 

three treatments with ten replications per treatment (n=30). The treatments were divided into conventional 

poultry house (GC), dark house (DH) and blue house (BH). The parameters temperature, relative humidity, 

wind speed, rectal and surface temperature of the birds, respiratory rate and behavioral activity of the birds 

were evaluated. The lowest respiratory rate was observed in birds reared in DH and BH aviaries, which 

were more efficient in providing thermal comfort for broilers at 22 days of age. In addition, birds reared in 

the DH poultry house showed lower frequencies of behavioral activities such as eating, drinking and 

standing. 
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INTRODUÇÃO  

O Brasil é o maior exportador de carne de frango do mundo, no ano de 2020 a 

produção brasileira de carne foi de 13.845 milhões, sendo destes 31% destinados a 

exportação e o consumo per capita de carne de frango foi de 45,27 kg/hab no país (ABPA, 

2020). Neste contexto, o aumento do consumo de carne de frango traz consigo uma 

preocupação dos consumidores em relação ao bem-estar e sistemas de criação no qual as 

aves são submetidas. Diante disso, a avicultura industrial tem feito alterações favoráveis 

nas instalações que visem atender as necessidades fisiológicas das aves, e assim 

proporcionar maior conforto térmico, desempenho zootécnico e bem-estar animal (Caires 

et al., 2008). 

A produção avícola brasileira é bem distribuída em todo o território nacional, e 

possui diferentes sistemas de criação, por exemplo: convencional, dark house e blue 

house. O sistema convencional se caracteriza pela utilização do manejo de cortinas 

laterais, ventiladores e nebulizadores, o que se denomina sistema de ventilação tipo 

pressão positiva. Outras possibilidades de galpões são os do tipo pressão negativa, onde 

as cortinas laterais permanecem fechadas ou se utiliza fechamento permanente das 

laterais, e são utilizados exaustores em uma das extremidades com a possibilidade de 

placas evaporativas na outra extremidade, dessa forma ocorre a formação de vácuo no 

interior do aviário. Conforme a coloração do cortinado pode-se ter a iluminação interna 

predominante na cor azul, que classifica esses aviários como blue house. Já o aviário tipo 

dark house se caracteriza por ser geralmente tipo pressão negativa e possuir cortinas 

internas escuras, o que proporciona ambiente com luminosidade baixa, possível de ser 

regulada com a intensidade de luz gerada pelas lâmpadas.   

Alguns indicadores de bem-estar para frangos de corte foram descritos por 

protocolos e recomendações que são avaliados conforme a fase de vida do animal (OIE 

2019). Normalmente a falta de bem-estar está relacionada com a taxa de crescimento 

rápido ou condições internas inadequadas das instalações, em termos de amônia, poeira, 

umidade relativa, temperatura, densidade de alojamento, e privação de luz (Souza et al. 

2018; OIE 2019). 

No entanto, deve haver um equilíbrio entre os aspectos financeiros, bem-estar 

animal e produção sustentável (Lima et al., 2020). O ambiente quente afeta a qualidade 

do ar e da cama, no qual está entre os fatores que mais afetam o desempenho das aves 

(Menegali et al., 2012). Além disso, quando a ventilação é inadequada um excesso de 
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contaminantes, como por exemplo, poeira, gases nocivos e vapor d'água podem causar 

problemas respiratórios aos frangos de corte (Vigoderis et al., 2010). Assim, novas 

tecnologias estão sendo aderidas aos sistemas de criação que visam diminuir a 

necessidade das aves de acionar mecanismos homeostáticos de controle da temperatura 

corporal. Deste modo, entre os principais mecanismo pode se citar a radiação, a 

convecção e a evaporação (quase que exclusivamente pela respiração, visto que esses 

animais não possuem glândulas sudoríparas) (Brossi et al., 2009). Portanto, objetivou se 

na presente pesquisa avaliar três tipos comerciais de sistemas de criação usados na 

produção de frangos de corte aos 22 dias idade sob parâmetros fisiológicos, 

bioclimatológicos e comportamentais. 

 

MATERIAL E MÉTODOS 

Instalações, animais e delineamento experimental  

O presente estudo foi realizado em duas granjas de produção de frangos de corte 

no município de Chapecó/SC, sendo essas vizinhas e pertencentes à mesma agroindústria. 

Uma das granjas possuía dois aviários tipo pressão negativa, ambos com 120 x 12 m e 

equipados com exaustores, placas evaporativas e sistema de nebulização, a única 

diferença é que um era tipo dark house (cortinado interno preto e vedado contra entrada 

de luz externa) e o outro possuía cortinado de coloração azul, denominado de blue house. 

A aviário tipo convencional (120 x 12 m, tipo pressão positiva) estava localizado na 

segunda propriedade, a 400 metros dos demais aviários utilizados. Era equipado com 15 

ventiladores, nebulizadores e uso do cortinado para controle do fluxo de troca de ar com 

o meio externo. 

Foram utilizadas 900 aves da linhagem Cobb 500 com 22 dias de idade, de 

mesma origem, que foram alojadas no mesmo dia e receberam a mesma dieta. As aves 

foram distribuídas em um delineamento inteiramente casualizado (DIC), composto por 

três tratamentos com dez repetições de 30 aves cada (densidade de 12 aves/m2). As 

repetições consistiram em boxes circulares de 3 m2, que foram alocados aleatoriamente 

dentro dos aviários, e confeccionados com chapas de compensado flexível de 40 cm de 

altura. Os tratamentos foram definidos conforme os sistemas de criação: GC- galpão 

convencional; DH- Dark House e BH - Blue House. As aves foram manejadas de acordo 

com os manejos das granjas comerciais e do manual de linhagem. Tanto a alimentação 

quanto a água foram fornecidas ad libitum durante o experimento. A intensidade luminosa 
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no momento da verificação comportamental foi de 110, 05 e 70 lux para o sistema 

convencional, DH e BH respectivamente. A luminosidade foi medida com um termo-

higroanemômetro-luxímetro Digital Akso (Mod. LM8000). 

 

Variáveis bioclimatológicas, fisiológicas e comportamentais  

A temperatura e o teor de umidade do ar foram monitorados por meio de 

termohigrômetro digital (Akso, modelo AK28). Já a temperatura da cama foi medida em 

três pontos de cada box por meio de termômetro infravermelho (Akso, modelo Simpla 

TI55). A velocidade do vento foi mensurada com o uso de um anemômetro digital (Knup, 

modelo 8016) na altura das aves. As variáveis bioclimáticas externas aos sistemas de 

criação foram registradas com o uso de termo-higroanemômetro-luxímetros digitais Akso 

(Mod. LM8000) expostos ao sol a uma altura de 1,5 metros. Todas as variáveis citadas 

acima foram mensuradas por oito horas seguidas e a cada 30 minutos, com início às 12:00 

horas. 

Foram avaliados os parâmetros fisiológicos de temperatura retal (TR) por meio 

de um termômetro clínico digital, no qual foi inserido na cloaca das aves até estabilização 

da temperatura. Para mensurar a temperatura superficial das aves (TS), foi utilizado um 

termômetro de infravermelho focado aproximadamente a 20 cm do dorso. A frequência 

respiratória (FR) foi medida pela contagem de movimentos de ofegação por minuto 

conforme metodologia adaptada de Harrison e Biellier (1968).  

A avalição comportamental foi realizada por contagens visuais, ou seja, quantas 

aves expressaram determinado comportamento. Portanto, foram analisados os seguintes 

comportamentos: comer, beber, ciscar, andar, ócio, correr, desconforto térmico, 

exploração de penas, bicar de objetos, banho de "areia" e parada em pé. Neste cenário, a 

coleta dos comportamentos foi realizada pelo método de varredura em intervalo de 10 

minutos, pela observação de 30 aves de cada box durante o período das 12:00 horas às 

20:00 horas. 

 

Análise Estatística  

Todas as variáveis foram submetidas ao teste de normalidade (Shapiro-Wilk). 

Em seguida, os dados foram submetidos à análise de variância (ANOVA) e ao teste de 

Tukey (5%).  

 



 
122 

 

RESULTADOS  

Foi observado menor temperatura no sistema DH em relação ao convencional e 

BH (P<0,001). A maior velocidade do vento foi verificada no galpão DH, seguido do BH 

em comparação ao galpão convencional (P<0,001). A maior temperatura da cama foi 

constatada no galpão BH em relação aos demais (P<0,001; Tabela 1). Em relação aos 

dados bioclimatológicos externos, verificou se valores médios de 30ºC de temperatura e 

53% umidade relativa do ar. 

 

Tabela 1.  Médias obtidas para temperatura interna TI(ºC), velocidade do vento (VV, 

m/s), umidade relativa (UR, %), temperatura da cama (TC, ºC), temperatura retal (TR, 

ºC), temperatura superficial (TS, ºC) e frequência respiratória (FR, m-1) nos diferentes 

tratamentos. 

Galpão TI VV UR TC  TR  TS  FR 

GC 29,09 A      0,74 C 37,64 C 26,19 B 40,84 A 34,05 A 64,32 A 

BH 28,86 A  2,72 B 56,98 B 27,05 A 40,69 A 33,30 AB 53,77 C 

DH 27,04 B  3,20 A 72,08 A 26,20 B 41,29 A 32,06 B 57,88 B 

P valor <0,001 <0,001 <0,001 <0,001 0,400 0,027 <0,001 

CV (%) 0,46 0,70 4,25 0,50 1,47 2,28 1,92 

A,B,C Médias seguidas de letras diferentes na mesma coluna indicam diferença significativa (P<0,05) pelo 

teste de Tukey. CV = coeficiente de variação. GC = galpão convencional; BH = Blue House; DH = Dark 

House. 

 

A menor temperatura superficial do dorso das aves foi observada no DH em 

referencia ao galpão convencional (P=0,027). A menor frequência respiratória foi 

verificada no sistema DH, seguido do BH em relação ao sistema convencional (P<0,001). 

Não houve diferença para a temperatura retal (P>0,05).  

Foi verificado uma diminuição no comportamento comer no galpão DH (Tabela 

2) em relação aos demais (P<0,001), este mesmo resultado foi verificado para o 

comportamento beber (P<0,001). As aves do galpão DH apresentaram menor incidência 

do comportamento de ciscar em comparação aos galpões BH e convencional (P<0,001). 

Foi observado uma redução no comportamento de andar nas aves do DH, seguido do BH 

em contrapartida ao galpão convencional (P<0,001). Foi constatado uma redução no 

comportamento bicar no galpão DH em relação ao BH e convencional (P<0,001).  
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Tabela 2. Valores médios obtidos para o número de observações relacionados às variáveis 

comportamentais das aves nos diferentes tipos de aviários. 

 Comer Beber Ciscar Andar Ago Bicar Banho 

GC 12,40 A 5,8 A 1,92 A 2,7 A 0,4 A 0,75 A 1,92 A 

BH 13 A 5:00 A 2A 2 B 0,14B 0,61 A 1,16 B 

DH 6,25 B 3,53B 0,75 B 0,48 C 0,2 B 0,2 B 0,54 C 

P valor <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 

CV% 18,02 16.31 33,62 25,1 38,04 40,7 35,25 

A,B,C Médias seguidas de letras diferentes na mesma coluna indicam diferença significativa (P<0,05) pelo 

teste de Tukey. CV = coeficiente de variação. GC = galpão convencional; BH = Blue House; DH = Dark 

House. 

 

Observou-se um aumento no comportamento agonístico nas aves do galpão 

convencional em relação aos demais (P<0,001). As aves do galpão DH apresentaram 

menor incidência do comportamento de banho de areia, seguido do galpão BH em 

comparação ao convencional (P<0,001). 

 

DISCUSSÃO 

As agroindústrias avícolas têm buscado melhorar o bem estar animal de frangos 

de corte devido ser uma exigência do novo mercado consumidor. Assim, Furtado et al. 

(2003) recomendam uma velocidade mínima de 2,0 m/s como ideal para frangos de corte 

aos 22 dias de idade, com o intuito de dissipar calor, poeira e gases nocivos, como amônia. 

Desta forma, os galpões DH e DB atenderam o parâmetro mínimo para esta variável. 

Além disso, a ventilação reduzida pode diminuir a qualidade da cama e aumentar a 

umidade relativa do ar, o que pode causar um aumento nas lesões de pododermatite 

(Meluzzi et al., 2008). Já sobre os valores aceitáveis de umidade relativa devem estar 

entre 50 a 80% para evitar problemas de desidratação excessiva (Jácome et al., 2007). 

Abreu e Abreu (2011) relataram que a umidade relativa tem correlação negativa com a 

temperatura do ar, ou seja, em dias mais quentes a umidade é reduzida. Nos galpões DH 

e DB foram vistos valores entre a faixa ideal, no entanto, o sistema do galpão DH 

mostrou-se mais eficiente provavelmente devido à presença do Pad Cooling, que além de 

resfriar o ar, o umidifica. 
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A maior temperatura de cama pode ocorrer devido um maior número de aves 

alojadas ou até mesmo maior peso corporal destas aves, o que gera maior produção de 

calor (Fiorentin, 2005), deste modo, este fato pode ter ocorrido no galpão BH. No entanto, 

Resende (2010) relata que a temperatura de camas reusadas pode variar de 23,8 a 32,1°C, 

conforme a idade das aves. A temperatura retal não diferiu entre os três sistemas de 

produção. Porém, os valores encontrados estão de acordo com a temperatura retal normal 

das aves que se enquadra na faixa de 40 a 42°C. Deste modo, os frangos de corte foram 

capazes de manter sua temperatura corporal dentro dos limites por meio de mecanismos 

fisiológicos e comportamentais.  

No galpão convencional as aves apresentaram maior temperatura superficial no 

dorso, isto pode ter ocorrido devido a menor eficiência do sistema em manter a 

temperatura interna do galpão na zona de conforto das aves. Assim, as aves aumentam o 

fluxo sanguíneo para dissipar calor e, com isso, pode se observar um aumento na 

temperatura superficial. No entanto, aves submetidas há um ambiente térmico fora do seu 

limite de conforto, desviam sua energia usada para produção de carne para processos 

termo regulatórios, e isso diminui a o desempenho zootécnico (Santos et al., 2014; Boiago 

et al., 2013), o que é indesejável para os produtores e as agroindústrias.  

O aumento na frequência respiratória observada no galpão convencional é 

indicativo de estresse por calor. Assim, as aves aumentam a ofegação (bico aberto) para 

promover a perda evaporativa por calor com o objetivo de manter o equilíbrio térmico 

corporal (Silva et al., 2001; Carvalho et al., 2013). As aves abrem as asas e eriçam as 

penas para permitir que o ar (mais frio) entre em contato com a sua pele para facilitar a 

dissipação de calor sensível e, também ciscam a cama para jogar o material da cama em 

sua superfície corporal, esse comportamento é caracterizado como o "banho de areia" 

(Pereira 2005). Esse comportamento foi intensificado no galpão convencional seguido do 

BH, este comportamento pode caracterizar desconforto, pois as aves possuem o objetivo 

de aumentar a área corporal para trocar calor com o ambiente (Carvalho et al., 2013). 

Deste modo, o aumento na frequência desse comportamento está positivamente 

correlacionado com a temperatura ambiente, como observado no presente estudo. Em 

relação ao comportamento agonístico, este foi mais frequente no galpão convencional, e 

representa um ato agressivo, observado especialmente em aves estressadas (Carvalho et 

al., 2013) neste caso devido ao estresse por calor. Os frangos de corte andaram mais nos 
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galpões GC e DB isso pode ter ocorrido devido a maior luminosidade natural e artificial 

destes galpões, o que resulta no estimulo das aves em explorar o ambiente.  

Abeyesinghe et al., (2021) relataram que o ato de bicar objetos é um indicador 

primário de melhor saúde das aves. Ademais, é um comportamento natural das aves, no 

entanto, este comportamento foi menor no galpão DH e isso pode ter ocorrido devido a 

influência da luminosidade do galpão. O menor consumo de água e de alimento pode estar 

relacionado com um ambiente estático e com baixa iluminação, o que levar as aves 

apresentarem uma maior frequência do comportamento inativo (Sans et al., 2021). Além 

disso, pode estar relacionado também com um aumento na densidade de aves alojadas 

(Bailie et al. 2018). Ainda neste cenário, redução no consumo de água, reduz o consumo 

de ração que pode diminuir o desempenho zootécnico das aves, fato este indesejável pelos 

produtores e agroindústrias avícolas. 

 

CONCLUSÕES 

Conclui-se que os galpões tipo Dark House e Blue House foram eficientes em 

proporcionar conforto térmico para frangos de corte aos 22 dias de idade, diferente do 

galpão convencional, onde as aves apresentavam comportamento típico de estresse por 

calor.  

O comportamento das aves foi influenciado pelos tipos de aviários, com maior 

frequência dos comportamentos avaliados e portanto, maior movimentação das aves no 

aviário tipo convencional. 
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