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Abstract

The effect of gradually increasing supplemental levels of blueberry extract on growth performance, carcass characteristics, and
fatty acid composition of breast and thigh muscles of broiler chickens was investigated. One hundred ninety-two 7-day-old
chickens were randomly distributed into four groups having four replicates with 12 birds in each replicate. Basal diets were
prepared for starter (days 8 to 21) and finisher (days 22 to 42). Basal diets were offered to the control group only, whereas other
treatments received basal diets fortified with 0.5, 1, and 2% blueberry extract (BB0.5, BB1, and BB2 groups, respectively). The
duration of experiment was 35 days (days 8 to 42). During finisher and overall growth phases, broilers in the BB2 group had
greater body weight gain than those in the BB0.5 and control groups, whereas the BB1 group had higher body weight gain than
the control group (P < 0.001). Body weight gain remained unaffected during the starter phase. Feed intake was greater in the BB2
group than in the control group at days 8 to 21, 22 to 42, and 8 to 42 (P =0.002, P=0.035, and P =0.001, respectively). The
control group had poor FCR than the BB2 group in the starter phase (P =0.034). At days 22 to 42, feeding blueberry extract
(BBO0.5, BB1, and BB2) improved the FCR of broilers compared with the control group, whereas the BB2 group had better FCR
than the BB0.5 group (P < 0.001). At 8 to 42 days, broilers in the control group had poor FCR compared with the BB1 and BB2
groups, whereas the BB0.5 group had poor FCR than the BB2 group (P < 0.001). Slaughter weight was lower in the control group
than in the blueberry extract groups, whereas the BB2 group had greater slaughter weight than the BB0.5 group (P <0.001).
Dressing percentage of broilers in the control and BB0.5 groups was lower than that in other groups (P < 0.001). Gizzard yield
was higher in the BB0.5 and BB2 groups than in the control group (P=0.021). In addition, feeding 2% blueberry extract
increased the concentration of different fatty acids in breast and thigh meat of broiler chickens. Findings suggest that feeding
2% blueberry extract may improve growth performance, carcass characteristics, and fatty acid composition of breast and thigh
muscles of broilers.
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Introduction

Sustainable animal nutrition involves fulfilling the food re-
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phenomenon of resistance to antibiotics in microbes and in-
creased general public concerns towards antibiotic resistance
and drug residues. Consequently, the use of AGPs in animal
feeding engrossed the complete ban from the European Union
in 2006 (Directive 1831/2003/EC) that ushered a new era of
research and development of new feed additives in order to
replace the AGPs. Under practical conditions, the replacement
candidates should exhibit similar properties as AGPs. Over
the past decade or so, several feed additives belonging to
different classes including isolated nutrients, dietary supple-
ments, plant-based or herbal products (phytogenic feed addi-
tives; PFAs), and genetically modified foods have been used
to spare the use of AGPs in animal feeding. While some feed
additives like probiotic, prebiotic, and organic acids have
shown promising AGPs replacement properties, PFAs yield
other benefits in addition to being alternative to AGPs (Das
et al. 2012; Ahsan et al. 2016).

Polyphenolic compounds are common bioactive molecules
in PFAs usually that may differ in relation to the source.
Previous studies have reported the anti-tumor (Bomser et al.
1999), cardioprotective (Demirkaya et al. 2009),
antiatherosclerotic (Yamakoshi et al. 1999), immunomodula-
tory (Tong et al. 2011; Vaid et al. 2013), and antioxidative
(Brenes et al. 2010; Igbal et al. 2014; Igbal et al. 2015) effects
of polyphenols. Grape seed extract, grape pomace, black cur-
rant pomace, rosemary extract, green tea extract, and seedless
strawberry pomace are rich in polyphenols that have been
used in poultry diets (Brenes et al. 2010; Vossen et al. 2011,
Igbal et al. 2014; Igbal et al. 2015; Juskiewicz et al. 2017
Karadagoglu et al. 2020). There are contrasting reports in
terms of beneficial effects of polyphenols despite the useful-
ness of dietary polyphenols in poultry. In addition, source,
extraction method, and final concentration of polyphenols in
extracts/pomaces result in the variation of physiological re-
sponses of poultry to dietary polyphenols (Juskiewicz et al.
2017). Blueberry is a source of polyphenols particularly
proanthocyanidins (Krenn et al. 2007) that can be beneficial
in poultry. To date, no study has reported the use of blueberry,
blueberry extract, or proanthocyanidins extracted from blue-
berry in diets of broiler chickens. Therefore, the present study
was carried out to investigate the beneficial effects of blueber-
ry extract, if any, in terms of growth performance, carcass
characteristics, and fatty acid composition of breast and thigh
muscles of broiler chickens.

Materials and methods

We conducted the present study at Katkas University, Kars,
Turkey. Local committee for ethical use of animals granted
the approval of all the procedures involved in the study (No.
KAU-HADYEK/2019-149).
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Study design and experimental groups

The present study was conducted as a completely randomized
design involving four groups. One hundred ninety-two 7-day-
old Ross 308 male chicks, weighing 161.73+0.11 g on an
average, were randomly distributed to 4 treatments. Chicks
were sourced from a commercial hatchery (Garanti Inc.,
Turkey). Each group comprised of 4 replicate pens with 12
chickens/pen. One group was allocated as the control group
whereas other groups received diets with supplemental blue-
berry extract at gradually increasing inclusion levels of 0.5
(BB0.5), 1 (BB1), and 2% (BB2).

Diets

Basal diets were formulated for starter (days 8 to 21) and
finisher (days 22 to 42) phases in line with the recommenda-
tion of NRC (1994). The composition of basal diets is present-
ed in Table 1. Feed ingredients were thoroughly mixed in a
mixer to prepare the basal diets in mash form. The control
group was fed basal diets only. Basal diets were supplemented

Table 1 Composition of basal diets for starter (days 8 to 21) and
finisher phases (days 22 to 42)

Item (%) Starter Finisher
Com 50.00 55.00
Soybean meal (44% CP) 25.00 20.73
Rice bran 1.00 2.40
Wheat 4.12 4.00
Bonkalite 3.90 3.73
Corn gluten 10.40 7.00
Vegetable oil 0.95 3.42
Dicalcium phosphate 2.10 1.50
Limestone 1.03 0.90
Salt 0.42 0.42
DL-Methionine 0.30 0.12
L-Lysine HCI 0.48 0.48
Vitamin and mineral premix' 0.30 0.30
Nutrient content
Crude protein 23.50 20.00
Metabolizable energy (kcal/kg) 2999 3200
Crude fiber 332 3.24
Crude fat 3.10 5.63
Crude ash 6.33 5.45
Calcium 0.99 0.78
Phosphorus 0.49 0.39

'Vit A, 1.000.000 1U; Vit D3, 400.000 IU. Minerals: Fe (iron sulfate
monohydrate), 30 mg; I (calcium iodide anhy-dride), 1.5 mg; Co (cobalt
carbonate monohydrate), 0.5 mg; Cu (coppersulfate pentahydrate), 5 mg;
Mn (manganese oxide), 80 mg; Zn (zincoxide), 80 mg; Se (sodium sel-
enite), 0.3 mg (Vitamin-mineral mixture was provided per kg of diet)
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with blueberry extract (Talya Herbal Products, Antalya,
Turkey) at appropriate levels and mixed well to ensure homo-
geneous mixing. Blueberry extract was characterized by 25%
proanthocyanidins according to the prescribed information
from the manufacturer.

Rearing of birds

Experimental house was prepared by thorough cleaning
followed by disinfection. A total of sixteen floor pens, each
measuring 1 m?, were installed. Approximately 6-cm-deep
layer of wood shavings was spread in each floor pen as a
bedding material. One bell feeder and three nipple drinkers
were installed in each pen. One-day-old chicks were raised
for 1 week in the brooding cages (brooding temperature
32 °C) using a commercial pre-starter diet. At day 8, broiler
chickens were randomly assigned to the already installed floor
pens. The temperature was reduced by 0.5 °C per day until
day 21 and maintained between 24 and 26 °C thereafter. A
23L:1D lighting program was followed from day 8 onwards
until the end of the experiment. Ad libitum feed and water
were available throughout the study. The duration of experi-
ment was 35 days (days 8 to 42).

Growth performance

Birds and feeds (leftover in the feeders) were weighed weekly
on per pen basis. Body weight gain (BWG) was calculated by
difference method for starter (days 8 to 21) and finisher (days
22 to 42) phases. Feed intake (FI) was calculated by difference
between feed offered and feed not consumed. Feed conversion
ratio (FCR) was calculated by division method: FI was divid-
ed by BWG. Adjustment was made in FCR in case of any
mortality.

Carcass characteristics

Atday 42, two birds were randomly selected from each pen (8
chickens per group; 32 birds in total), weighed, and
slaughtered by decapitation, and feathers were plucked after
scalding. Carcass, heart, liver, and gizzard were weighed.
Dressing percentage, heart, liver, and gizzard yields were
calculated.

Measurement of fatty acids in breast and thigh
muscles

At day 42, breast (pectoralis major) and thigh muscle samples
were collected from each slaughtered chicken (2 birds/repli-
cate, 8 birds/group, and 32 birds in total). Lipids from each
sample were extracted using Soxhlet apparatus. Fatty acid
concentrations in lipids from breast and thigh muscle samples
were measured by preparing fatty acid methyl esters followed

by analysis using GC-MS (Hewlett Packard 6890/5972
GCMS system, Santa Clara, CA, USA) with capillary column
100 m x 0.25 mm x 0.2 pm (HP88 capillary column, Agilent
J&W, Santa Clara, CA, USA) according to the procedure
outlined by Sari et al. (2015).

Statistical analysis

One-way ANOVA with Duncan’s multiple range test and
polynomial contrasts was applied in order to assess the effect
of treatments on measured traits of broiler chickens. P value
less than 0.05 was assumed as significant. Results were pre-
sented as mean = SEM. All the analyses were carried out in a
computer-based statistical software package (SPSS version
22.0, IBM Corp., Armonk, NY, USA).

Results
Growth performance

The growth performance of broiler chickens is presented in
Table 2. No difference was observed in the BWG among the
groups at days 8 to 21. However, at day 22s to 42 and days 8
to 42, broiler chickens fed BB2 diets had greater BWG than
the BB0.5 and control groups, whereas the BB1 group had
better BWG than the control group (P < 0.001). During starter,
finisher, and overall growth phases, the control group exhib-
ited greater FI compared with the BB2 group (P =0.002, P =

0.035, and P =0.001, respectively); however, FI was not dif-
ferent among broilers fed different levels of blueberry extract.
Feeding 2% dietary blueberry extract improved the FCR of
broilers in starter phase in comparison with the control group
(P=0.034). In finisher phase, while the broiler chickens fed
blueberry extract (BB0.5, BB1, and BB2) had better FCR than
the control group, FCR of the BB2 group was lower than that
of'the BB0.5 group (P < 0.001). FCR of broilers in the control
group was poor in overall growth period compared with the
BBI1 and BB2 groups, whereas birds fed BB0.5 diets showed
greater FCR than those fed BB2 diets (P < 0.001).

Carcass characteristics

Carcass characteristics of broiler chickens fed gradually in-
creasing supplemental level of blueberry extract are shown
in Table 3. Broilers fed diets supplemented with blueberry
extract were heavier at slaughter than those fed control diets
only (P<0.001). Slaughter weight of birds in the BB0.5
group was lower than that in the BB2 group (P <0.001).
The dressing percentage of broilers fed 1 or 2% blueberry
extract was greater than that of other groups (P <0.001).
Dietary supplementation of gradually increasing levels of
blueberry extract increased the gizzard yield of broiler
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Table 2  Growth performance of broiler chickens fed gradually increasing supplemental levels of blueberry extract
Item Groups' Contrasts
Control BBO0.5 BBI1 BB2 Linear Quadratic Cubic
BWG (g)
d8to2l 758.25 £ 19.97 765.25 + 10.98 765.67 + 5.44 769.42 + 12.79 0.678 0.898 0.904
d22to42 2004.00 + 45.61° 2086.25 + 28.43% 2131.08 + 26.66™ 2225.33 + 28.63% <0.001 0.858 0.562
d8to42 2762.25 + 44.28° 2851.50 + 33.03" 2896.75 + 27.72% 2993.75 + 29.9* <0.001 0911 0.536
FI(g)
d8to2l 1247.10 + 15.17* 1160.06 + 13.19% 1163.77 + 15.79% 1073.71 + 28.05° 0.002 0.967 0.264
d22to42 3697.10 + 27.65% 3610.06 + 24.04 3613.77 + 28.78% 3523.71 £ 39.36° 0.035 0.977 0.441
d8to42 494421 + 35.13° 4770.13 + 30.54™ 4777.54 + 36.57% 4597.42 + 46.23° 0.001 0.942 0.049
FCR
d8to2l 1.67 + 0.08° 1.53 +0.07% 1.52 + 0.05% 1.40 £ 0.12° 0.034 0942 0.557
d22to42 1.86 + 0.05° 1.73 +0.03° 1.70 + 0.03*° 1.59 + 0.05* <0.001  0.900 0387
d8to42 1.80 + 0.04° 1.68 + 0.04> 1.65 + 0.03* 1.54 £ 0.07* <0.001 0.929 0.384

a b ¢ Djifferent superscript lowercase letters indicate significant differences among the means
' BB0.5 = 0.5% blueberry extract; BBI = 1% blueberry extract; BB2 = 2% blueberry extract

chickens compared with the control group except those fed
1% blueberry extract (P =0.021). Heart and liver yields were
not different among the groups.

Fatty acid composition of breast meat

The concentrations of lauric acid (C12:0) and myristic acid
(C14:0) were greater in broilers in the BB2 group (P =0.004).
Supplementation of blueberry extract in broiler chickens re-
duced the palmitic acid (C16:0) content of breast meat (P =
0.032) (Table 4). Oleic acid (C18:1) concentration of breast
meat of the BB2 group was higher than that of the control
group (P = 0.005). Eicosenoic acid (C20:1) increased cubical-
ly in breast meat of the BB0.5 and BB2 groups in comparison
with other groups (P =0.038). The control and BB0.5 groups
had greater breast meat eicosadienoic acid (C20:2 n-6) content
compared to other groups (P 0.003). Erucic acid (C22:1)

levels in breast meat increased quadratically in response to
dietary supplementation of 0.5 and 1% blueberry extract
(P<0.001). While there was a quadratic increase in dihomo-
gamma-linoleic acid (C20:3 n-6; DGLA) in the BB1 group
compared with the control and BB2 groups, BB0.5 had qua-
dratically higher DGLA content than the control group
(P<0.001). A quadratic response was witnessed in arachidon-
ic acid (C20:4 n-6; AA) concentration due to increasing sup-
plemental levels of blueberry extract in which the BB2 group
had greater AA content than the BB0.5 and BB1 groups,
whereas AA concentration increased quadratically in the con-
trol group compared to the BB0.5 and BB1 groups (P=
0.002). Eicosapentaenoic acid (C20:5 n-3; EPA) content in
breast meat of the control and BB0.5 groups was cubically
higher than that of the BB1 group (P =0.013). Broilers in the
BBO0.5 group exhibited elevated docosahexaenoic acid (C22:6
n-3; DHA) concentration in breast meat in comparison with

Table 3  Carcass characteristics of broiler chickens fed gradually increasing supplemental levels of blueberry extract
Item Groups' Contrasts

Control BBO0.5 BBI1 BB2 Linear Quadratic Cubic
Slaughter weight (g) 2903.88 + 16.29° 3014.50 + 25.91° 3028.13 + 34.55% 3105.63 + 30.79* <0.001 0.555 0.205
Dressing (%) 7242 +0.33° 73.04 +0.19° 7391 £ 0.27° 74.00 + 0.13% <0.001 0.279 0.343
Heart (%) 0.52 = 0.04 0.47 +0.02 0.48 +0.04 0.49 + 0.02 0.552 0.476 0.681
Liver (%) 1.62 + 0.09 1.37 £ 0.09 1.51 £0.12 1.54 £ 0.06 0.858 0.150 0.240
Gizzard (%) 1.01 + 0.04° 1.20 + 0.06" 1.11 £ 0.06™ 1.24 £ 0.06* 0.021 0.559 0.059

& ¢ Djifferent superscript lowercase letters indicate significant differences among the means
' BB0.5 = 0.5% blueberry extract; BBI = 1% blueberry extract; BB2 = 2% blueberry extract
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Table 4 Fatty acid composition of breast meat of broiler chickens fed gradually increasing supplemental levels of blueberry extract

Fatty acid (%) Groups' Contrasts
Control BB0.5 BBI1 BB2 Linear Quadratic Cubic

C12:0 0.034 + 0.00° 0.034 + 0.00° 0.038 + 0.00° 0.046 + 0.00° 0.004 0.146 0.924
C14:0 0.524 + 0.00° 0.543 + 0.02° 0.559 + 0.03° 0.628 + 0.03° 0.004 0.291 0.601
Cl4:1 0.104 + 0.02 0.100 + 0.01 0.109 + 0.01 0.119 + 0.01 0.354 0.554 0.828
C16:0 22.92 + 0.38% 21.62 + 0.43° 21.32 + 0.26° 21.84 + 0.28° 0.032 0.015 0.917
Cl16:1 4.17+0.16 3.88 +0.22 3.58 +0.28 3.88+021 0.264 0.191 0.537
C18:1 33.51 +0.39° 34.15 + 0.54% 34.86 + 0.49% 35.66 + 0.47° 0.005 0.881 0.997
C18:2 (n-6) 28.56 + 0.62 26.98 + 0.73 26.92 + 0.90 27.76 + 0.56 0.452 0.103 0.846
C20:0 0.207 £ 0.01 0.269 + 0.02 0.224 + 0.02 0.236 + 0.02 0.650 0.227 0.086
C20:1 0.361 + 0.02° 0.428 + 0.03° 0.371 £ 0.01° 0.410 + 0.02° 0.376 0.544 0.038
C18:3 (n-3) 0.084 + 0.01 0.072 + 0.00 0.092 + 0.01 0.090 + 0.01 0.190 0.432 0.069
C20:2 0.075 + 0.01° 0.075 + 0.01° 0.050 + 0.01° 0.051 +0.01° 0.003 0.926 0.096
c22:1 2.11+0.13° 322 +0.20° 3.66 + 0.22° 228 +0.17° 0.265 <0.001 0.188
C20:3 (n-6) 2.16 + 0.09° 2.74 + 0.17% 3.10 £ 0.18% 237 +0.12% 0.154 <0.001 0.203
C20:4 (n-6) 0.032 + 0.00° 0.026 + 0.00> 0.019 + 0.00° 0.043 + 0.01° 0.254 0.002 0.103
Cc22:2 0.379 + 0.09 0.321 + 0.05 0.257 + 0.05 0.219 + 0.02 0.244 0.874 0.900
C20:5 (n-3) 0.106 + 0.01° 0.106 + 0.01° 0.063 + 0.01° 0.093 + 0.02% 0.119 0.664 0.013
C22:6 (n-3) 0.315 = 0.02° 0.425 + 0.03 0.230 + 0.02° 0.246 + 0.04% 0.003 0.099 <0.001
YSFA 2637 + 1.05 2835 + 1.17 26.01 + 1.49 28.66 + 1.05 0.406 0.781 0.096
YUFA 73.63 £ 1.05 71.65 £ 1.17 73.99 + 1.49 7134 £ 1.05 0.406 0.781 0.096
YMUFA 4139 +0.56 41.56 + 0.98 41.66 + 0.75 42.63 +0.82 0.290 0.615 0.795
YPUFA 30.56 + 0.70 28.69 + 3.17 30.18 + 0.60 30.94 + 0.63 0.727 0.441 0.591
n-3 2.63+0.17° 3.50 + 0.16° 437 +0.24° 2.78 +0.14° 0.113 <0.001 0.007
n-6 27.16 + 0.68 23.96 + 0.47 27.72 £ 0.59 28.63 + 0.71 0.352 0.271 0.238
n-6/n-3 0.076 + 0.01° 0.118 £ 0.01° 0.164 + 0.02° 0.085 + 0.01° 0.124 <0.001 0.010
MCFA 0.059 + 0.005" 0.061 + 0.005° 0.066 + 0.004° 0.086 + 0.007* 0.001 0.111 0.604
LCFA 94.96 + 0.40 90.40 + 3.90 96.26 + 0.24 96.25 + 0.31 0.279 0.257 0.075

& b ¢ Different superscript lowercase letters indicate significant differences among the means
' BB0.5 = 0.5% blueberry extract; BB1 = 1% blueberry extract; BB2 = 2% blueberry extract

other groups (P = 0.003). In addition, a higher content of DHA
was noted in breast meat of broilers in the control group than in
that in the BB1 group (P =0.003). Dietary supplementation of
1% blueberry extract quadratically and cubically increased
(P<0.001 and P =0.007, respectively) the total n-3 polyunsat-
urated fatty acid (PUFA) composition of breast meat of broilers
compared with other groups, whereas BB0.5 had greater n-3
PUFA than other groups. Similarly, n-6/n-3 ratio increased
quadratically and cubically (P <0.001 and P=0.010, respec-
tively) in the BB1 group in comparison with other dietary treat-
ments, whereas BB0.5 had greater n-6/n-3 ratio than other
groups. Broiler chickens fed diets supplemented with 2% blue-
berry extract exhibited higher total medium-chain fatty acid
(MCFA) than those in other groups (P =0.001).

Fatty acid composition of thigh meat

Thigh meat of broilers fed supplemental 2% blueberry
extract showed greater C12:0 content (P=0.033)
(Table 5). Oleic acid (C18:1) increased quadratically in
thigh meat of broiler chickens in response to dietary 0.5
and 1% Dblueberry extract compared with those fed 2%
blueberry extract (P =0.004). A cubic decrease was noted

in erucic acid (C22:1) and DGLA (C20:3 n-6) in thigh
meat of broilers in the BB1 group compared with other
groups (P=0.039 and P=0.042, respectively). Feeding
2% blueberry extract quadratically reduced the total
monounsaturated fatty acids (Y MUFA) content in thigh
meat in comparison with the BB0.5 group (P =0.048).

Discussion

This is the first study evaluating the use of blueberry extract in
poultry diets. Blueberry extract consists of proanthocyanidins
polyphenolic compounds. Inclusion of additives, rich in poly-
phenolic compounds, in poultry diets improves the digestibil-
ity of dietary amino acids, protein, and energy (Goni et al.
2007; Brenes et al. 2010; Lichovnikova et al. 2015) essential
for protein accretion, muscle formation, and growth of birds.
Consequently, BWG and FI are increased and better FCR is
noted as seen in this study. In addition, polyphenols have
known to possess antimicrobial properties and thus can stabi-
lize the gut microbiota by inhibiting the colonization of path-
ogenic microbes, by activating the endogenous defense mech-
anisms, and by modulating the signaling pathways in the cells
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Table 5 Fatty acid composition of thigh meat of broiler chickens fed gradually increasing supplemental levels of blueberry extract
Fatty acid (%) Groups' Contrasts

Control BB0.5 BB1 BB2 Linear Quadratic Cubic
C12:0 0.04 £ 0.00" 0.03 £ 0.00° 0.04 + 0.00° 0.05 + 0.00" 0.033 0.007 0.417
C14:.0 0.60 + 0.02 0.59 + 0.05 0.63 + 0.04 0.64 + 0.02 0.286 0.707 0.591
Cl4:1 0.19 + 0.04 0.13 £0.01 0.14 +0.01 0.13 £0.01 0.105 0.337 0.300
C16:0 21.77 + 0.38 22.33 +0.79 21.80 £ 0.27 21.53 +£0.32 0.567 0.402 0.545
Cl16:1 5.10 £ 0.35 4.60 £ 0.16 5.16 £ 0.26 449 +0.23 0.281 0.742 0.054
C18:1 34.82 + 0.72% 35.65 +0.51° 35.95 + 0.34* 33.55 + 0.44° 0.142 0.004 0.357
C18:2 (n-6) 27.24 + 0.60 27.95 + 0.54 28.34 + 0.58 28.95 +0.73 0.056 0.938 0.847
C20:0 0.20 + 0.02 0.28 £ 0.02 0.21 £ 0.01 0.25 +0.03 0.238 0.955 0.177
C20:1 0.40 + 0.02 0.38 £ 0.02 0.43 +0.03 0.43 +0.03 0.164 0.563 0.293
C18:3 (n-3) 0.15+0.08 0.19 £ 0.10 0.10 £ 0.01 0.10 £ 0.01 0.380 0.773 0.422
C20:2 0.07 + 0.00 0.07 £ 0.02 0.05 + 0.04 0.07 £ 0.04 0.550 0.622 0.080
C22:1 227 +0.21° 2.62 + 0.45* 1.83 +0.08° 244 +0.15* 0.807 0.619 0.039
C20:3 (n-6) 223 +0.21° 2.56 + 0.44° 1.79 + 0.08° 2.37 £0.15* 0.773 0.641 0.042
C20:4 (n-6) 0.03 + 0.01 0.02 £ 0.00 0.06 = 0.02 0.041 + 0.00 0.330 0.889 0.146
C22:2 0.32 £ 0.07 0.28 +0.03 0.31 £0.03 0.39 £ 0.07 0.281 0.282 0.963
C20:5 (n-3) 0.08 + 0.01 0.08 = 0.01 0.09 = 0.01 0.08 = 0.00 0.601 0.945 0.519
C22:6 (n-3) 0.25 +0.03 0.29 + 0.06 0.24 +0.03 0.24 +0.02 0.651 0.678 0.364
Y SFA 26.26 + 1.06 2591 + 1.14 25.15 +0.85 26.35 + 1.10 0.916 0.464 0.614
>UFA 73.74 + 1.06 74.09 + 1.14 74.85 + 0.85 73.65 + 1.10 0.916 0.464 0.614
>MUFA 43.14 + 0.90° 4539 + 1.94* 43.85 + 041 4141 + 0.65° 0.196 0.048 0.575
YPUFA 30.56 + 0.38 28.69 +2.55 30.99 + 0.68 32.25 +£0.76 0.251 0.263 0.404
n-3 2.92 £ 0.36 2.79 £ 047 221+0.11 277 £0.18 0.458 0.276 0.271
n-6 27.67 £ 0.58 2831 + 0.56 28.78 + 0.58 29.48 +0.70 0.214 0.958 0.889
n-6/n-3 0.11 +0.02 0.10 £ 0.02 0.08 + 0.00 0.09 + 0.01 0.244 0.317 0.288
MCFA 0.06 £ 0.01 0.06 + 0.01 0.06 + 0.00 0.07 = 0.00 0.430 0.343 0.504
LCFA 96.04 + 0.33 95.73 + 0.64 96.68 + 0.16 95.77 + 0.24 0.942 0.452 0.084

a b ¢ Djifferent superscript lowercase letters indicate significant differences among the means
' BB0.5 = 0.5% blueberry extract; BBI = 1% blueberry extract; BB2 = 2% blueberry extract

(Abdel-Moneim et al. 2020). Moreover, polyphenols confer
protection against oxidative damage through free radical scav-
enging activity, lowering lipid peroxidation, and activation of
antioxidant pathways (Igbal et al. 2014; Farahat et al. 2017).
Polyphenols also improve the liver functions and lipid profile
evident from levels of enzymes and lipoproteins in serum
(Karadagoglu et al. 2020) in addition to immunomodulation
(Abdel-Moneim et al. 2020). All these effects help the birds to
grow fast, healthier, and heavier yielding heavier parts. In the
present study, broilers in the BB2 group showed improved
growth performance and carcass characteristics in terms of
BWG, FI, FCR, slaughter weight, dressing percentage, and
gizzard yield. Improvement in growth performance, slaughter
weight, and dressing percentage of broiler chickens in the
present study might be attributed to these reasons. There are
contrasting reports concerning the effect of polyphenol-rich
extracts on the growth performance and carcass yield and
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characteristics of broiler chickens. Some studies have reported
improved growth performance of broiler chickens fed grape
proanthocyanidins (Wang et al. 2008; Yang et al. 2014, 2017)
and polyphenol-rich grape seed extract (Chamorro et al.
2013). On the contrary, growth performance remained unaf-
fected in response to sources of polyphenolic compounds such
as dietary grape seed extract (McDougald et al. 2008; Brenes
et al. 2010), grape pomace concentrate (Goiii et al. 2007,
Brenes et al. 2008), and grape polyphenols (Igbal et al.
2014). Even though depression in growth performance has
been noted in broiler chickens fed higher levels of polyphe-
nolic compounds (Lau and King 2003; Hughes et al. 2005;
Viveros et al. 2011; Chamorro et al. 2013), most studies have
reported no effect of sources of polyphenolic compounds on
the carcass yield and characteristics of broilers (Brenes et al.
2008, 2010; Hajati et al. 2015; Abu and Ibrahim 2018).
Differences in results might be attributed to the differences
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in the extracts, type and source of polyphenolic compounds,
level of supplementation, composition of diets, genetic make-
up of birds, and environmental conditions.

Broiler meat has become accessible due to cheap availability
and shorter life cycle or faster growth of broiler chickens. Over
the past two decades, there are increased concerns towards
healthy lifestyle which has impacted the general preference of
public to animal proteins or meat. As a consequence, nutritional
allowance of broiler chickens and fatty acid composition of diets
has played a greater role to provide meat with lower fat content
that contains healthy fats. Lipids in broiler meat are vulnerable to
peroxidation due to oxidative insults by free radicals or reactive
oxygen and nitrogen species that affect the meat quality by alter-
ing the color, aroma and flavor, texture, and nutritive value
(Sohaib et al. 2015). Polyphenolic compounds possess antioxi-
dant properties. Polyphenols are absorbed through the intestine
of broilers and transported to different body tissues as they are
expressed in different tissues (Brenes et al. 2010). It has been
reported that polyphenols show increased free radical scavenging
activity by inhibiting the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
in thigh and breast muscles of broilers (Igbal et al. 2014) and
increased liver glutathione levels (Farahat et al. 2017).
Polyphenols also reduce the lipid peroxidation by lowering the
liver malondialdehyde levels in broiler chickens (Brenes et al.
2008; Farahat et al. 2017). Further improvement in antioxidant
activity and lipid stability was observed in breast and thigh mus-
cle of broiler chicken fed polyphenolic compounds extracted
from grapes (Igbal et al. 2015). Therefore, fatty acid content in
the breast and thigh muscles can be improved in broiler chickens
by feeding the naturally occurring antioxidants like polyphenolic
compounds. Blueberry extract used in this study was rich in
proanthocyanidins. It has been reported that antioxidant proper-
ties of proanthocyanidins are 50 times more potent than vitamin
E (Konowalchuk and Speirs 2009). Consequently, the concen-
trations of different fatty acids increased in the breast and thigh
muscle of broilers. Similarly, in our previous study, an improve-
ment in concentration of different fatty acids was noted in breast
muscle of broiler chickens fed increasing levels of polyphenolic-
rich grape seed extract (Karadagoglu et al. 2020).

It has not been found any study evaluating the effect of
gradually increasing inclusion levels of blueberry extract on
growth performance, carcass characteristics, and fatty acid
composition of breast and thigh muscle of broiler chickens.
The study revealed that supplemental 2% blueberry extract in
broiler diets may improve growth performance, slaughter
weight, dressing percentage, and concentrations of various
fatty acids in the breast and thigh meat of broilers.
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