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ABSTRACT Supplementation of broiler chicken diets
with resin rich in bioactive components, such as different
boswellic acids, can improve the productivity, fatty acid
composition, and technological parameters of produced
meat. The aim of the study was to assess the effect of
different levels of Boswellia serrata resin (BSR) supple-
mentation in broiler chicken diet on fatty acid profiles in
tissues and meat quality (physicochemical properties).
The experimental Ross 308 broiler chickens were
randomly assigned to 4 dietary treatments with 5 cages
per treatment. The dietary treatments applied for 6 wk
consisted of the control (C) and supplementation with
1.5 (BSR1.5), 2 (BSR2), or 2.5% (BSR2.5) of BSR resin.
All the diets were isoenergetic and isonitrogenous. The

BSR supplementation had a positive effect (P < 0.05) on
the share of polyunsaturated fatty acid in the sum of
total fatty acids in breast and drumstick muscles and
abdominal fat. In addition, the following dietary pa-
rameters of the meat were improved: n-3/n-6, saturation,
atherogenic and thrombogenic indices, and hypo-
cholesterolemic/hypercholesterolemic ratio. The addi-
tion of BSR to the broiler chicken diets increased linearly
(C vs. BSR, P < 0.05) the physicochemical properties of
the breast and drumstick muscles: water-holding capac-
ity and cooking losses. The color parameter a* decreased
linearly (P = 0.033) in the breast muscles of the BSR-
treated broiler chickens (8.6 and 7.8% C vs. BSR2 and
BSR 2.5).
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INTRODUCTION

Dietary methods are mainly used for enhancement of
poultry performance and production of high-quality
meat with high nutritional and dietary values. Appro-
priate optimization of feed mixtures based on local feed
resources (Apperson and Cherian, 2017; Grela et al.,
2017), application of processed feed components in
diets (Kiczorowska et al., 2016¢), or addition of oil-
bearing plant raw materials or their oils provides good
effects (Decker and Park, 2010; Hong et al., 2012;
Chowdhury et al., 2018). Still, the most popular plant
supplements of feed mixtures include herbs and
essential oils whose beneficial impact on the
effectiveness of poultry production has already been
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comprehensively described in literature (Kirkpinar
et al, 2014; Kiczorowska et al, 2017). New
phytobiotics used in poultry production include plant
raw materials that have been so far used by local
communities, often for therapeutic purposes, for
example, resins, bark, or leaves from locally growing
trees (Nkukwana et al., 2014; Mpofu et al., 2016).

One of such plants is Boswellia serrata. This is a tree,
native to the Arabian Peninsula and India, from the
Burseraceae family. Several studies have shown that
boswellic acids, which are the major constituents of Bos-
wellia serrataresin (BSR), have anti-inflammatory, anti-
cancerous, antioxidative, and  hepatoprotective
activities (Al-Yasiry and Kiczorowska, 2016). The avail-
able literature reports that there is a relationship be-
tween lipid metabolism in chicken organism and
dietary phytobiotic supplementation (Kiczorowska
et al., 2016a). However, no studies have been reported
on hypolipidemic effects of BSR and its effect on the
quality of poultry meat. Currently, high-quality meat
is in the center of attention of poultry production. The
principal focus is placed on not only the nutritional value
but also on dietary value of meat, which is determined by
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Table 1. Dietary ingredients and the nutrient content of the experimental diets (as-fed basis).

Diets’
Grower (22-35 D)

Starter (1-21 D) Finisher (36-42 D)

Item C BSR1.5 BSR2 BSR2.5 C BSR1.5 BSR2 BSR25 C BSR1.5 BSR2 BSR2.5

Ingredients, %
Maize 30.0 30.0 30.0 30.0 29.0 29.0 29.0 29.0 30.0 30.0 30.0 30.0
Wheat 20.0 20.0 20.0 20.0 23.0 23.0 23.0 23.0 26.0 26.0 26.0 26.0
Soybean meal (46% crude protein) — 39.47 39.47 3897 3847  36.76 37.26 36.76 36.26 32.13 32.13 31.63 31.13
Boswellia serrata resin - 1.5 2.0 2.5 - 1.5 2.0 2.5 - 1.5 2.0 2.5
Soybean oil 6.0 4.5 4.5 4.5 7.0 5.0 5.0 5.0 8 6.5 6.5 6.5
Dicalcium phosphate 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Limestone 1.2 1.2 1.2 1.2 1.0 1.0 1.0 1.0 0.7 0.7 0.7 0.7
NaCl ) 0.33 0.33 0.33 0.33 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
DL-Methionine” 0.36 0.36 0.36 0.36 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
L-Lysine® 0.34 0.34 0.34 0.34 0.36 0.36 0.36 0.36 0.34 0.34 0.34 0.34
Vitamin-mineral premix’ 0.5 0.5 0.5 0.5 0.25 0.25 0.25 0.25 0.2 0.2 0.2 0.2

Chemical composition, g/kg
Me,’, MJ/kg 12.55 12.43 12.43 12.44 12.97 12.90 12.93 12.95 13.39 13.33 13.36 13.37
Crude protein 212.0 211.0 212.0 212.0 192.0 192.0 193.0 193.0 185.0 185.0 185.0 185.0
Lys 13.8 13.8 13.8 13.8 12.9 12.9 12.9 12.9 11.3 11.3 11.3 11.3
Met + Cys 10.5 10.5 10.5 10.5 9.8 9.8 9.8 9.8 9.0 9.0 9.0 9.0
Na 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Total calcium® ‘ 9.77 9.77 9.76 9.74 8.97 8.99 8.97 8.95 7.75 7.75 7.73 7.72
Total phospohorus’ 7.31 7.31 7.29 7.26 7.24 7.27 7.24 7.22 7.14 7.14 7.11 7.08
Total magnesium’ 1.85 1.85 1.84 1.83 1.79 1.80 1.79 1.77 1.69 1.69 1.68 1.67
Total iron’, mg/kg 424.34 42434 42341 42248 413.35 414.28 413.35 41242 395.7  395.7  394.77 393.84
Total zinc’, mg/kg 130.86 130.86 130.61 130.36 130.01 130.26 130.01 129.76 128.48 128.48 128.23 127.98
Total copper’, mg/kg 18.05 18.05 17.97 17.89 17.65 17.73 17.65 17.57 17.00 17.00 16.92 16.84

ITreatments: C = control diet without Boswellia serrata reisn (BSR) supplementation; BSR1.5 = diet with 1.5% BSR supplementation; BSR2 = diet
with 2.0% BSR supplementation; BSR2.5 = diet with 2.5% BSR supplementation.

?Evonik Degussa GmbH, Essen, Germany (per kilogram of 990 g Met).

3Ajinomoto Eurolysine S.A.S., Amiens. France (per kilogram of 780 g Lys).

4Added minerals and vitamins per kg of starter diet: Mn, 100 mg; I, 1 mg; Fe, 40 mg; Zn, 100 mg; Se, 0.15 mg; Cu, 10 mg; vitamin A, 15,000 IU; vitamin
D3, 5,000 UT; vitamin E, 75 mg; vitamin Kz, 4 mg; vitamin By, 3 mg; vitamin B,, 8 mg; vitamin Bg, 5 mg; vitamin B12, 0.016 mg; biotin, 0.2 mg; folic acid,
2 mg; nicotic acid, 60 mg; pantothenic acid, 18 mg; choline, 1,800 mg. Added minerals and vitamins per kg of grower diet: Mn, 100 mg; I, 1 mg; Fe, 40 mg; Zn,
100 mg; Se, 0.15 mg; Cu, 10 mg; vitamin A, 12,000 IU; vitamin D3, 5,000 UT; vitamin E, 50 mg; vitamin K3, 3 mg; vitamin By, 2 mg; vitamin B,, 6 mg; vitamin
Bg, 4 mg; vitamin By,, 0.016 mg; biotin, 0.2 mg; folic acid, 1.75 mg; nicotic acid, 60 mg; pantothenic acid, 18 mg; choline, 1,600 mg. Added minerals and
vitamins per kg of finisher diet: Mn, 100 mg; I, 1 mg; Fe, 40 mg; Zn, 100 mg; Se, 0.15 mg; Cu, 10 mg; vitamin A,12,000 IU; vitamin D3, 5,000 UT; vitamin E,
50 mg; vitamin K3, 2 mg; vitamin By, 2 mg; vitamin Bs, 5 mg; vitamin Bg, 3 mg; vitamin By, 0.011 mg; biotin, 0.05 mg; folic acid, 1.5 mg; nicotic acid, 35 mg;

pantothenic acid, 18 mg; choline, 1,600 mg.

‘?ME,] = metabolizable energy (ME) in the diets corrected to zero nitrogen balance.

6Analyzed values. Each value based on triplicate determinations.

fatty acid profiles in tissues (Apperson and Cherian,
2017; Chowdhury et al., 2018). Equally important are
the physicochemical properties of poultry meat, which
determine its potential to be used in the processing
industry (Decker and Park, 2010). Therefore, the pre-
sent study was performed to evaluate the effect of
different levels of BSR supplementation in broiler
chicken diet on fatty acid profiles in tissues and meat
quality (physicochemical properties).

MATERIALS AND METHODS

The experiment was carried out after obtaining
approval from the second Local Ethics Committee at
the University of Life Sciences in Lublin (No. 27/2014).

Birds, Diets, and Experimental Design

Two hundred 1-day-old broiler chickens (Ross 308;
Aviagen, Cracow, Malopolskie province, Poland) were
randomly assigned to 4 dietary treatments with 5 cages
per treatment and 5 female and 5 male birds per cage to
obtain optimally averaged results. The gender was not
included in the experimental observations. The

experiment lasted 6 wk. The basal feed diets were
made from cereal meal middlings (wheat and corn) and
postextraction soybean meal as recommended
(Aviagen, 2014). The broiler chickens were fed 3 types
of diets: starter (0 to 21 D), grower (22 to 35 D), and
finisher (36 to 42 D); the detailed composition of the di-
ets in each stage of animal feeding is presented in
Table 1. The starter diet was fed to the broiler chickens
in a crumbled form and the grower and finisher diets in a
granulated form. The resin was obtained from Boswellia
serrata trees by incision of a bark-less trunk and left to
dry in natural conditions (direct information from the
seller). Fragmented natural BSR was obtained commer-
cially (Baghdad, Iraq). The chemical composition of the
resin comprised 95.34% dry matter, ash 1.59% dry mat-
ter, protein 2.65% dry matter, fat 63.88% dry matter,
and 2.38% gum resin acetyl-11-keto-B-boswellic acid
(Kiczorowska et al., 2016a). The dietary treatments con-
sisted of the control (C) and the control supplemented
with 1.5 (BSR1.5), 2 (BSR2), or 2.5% (BSR2.5) of
BSR. All the diets were isoenergetic and isonitrogenous.
The growth performance effects of the experimental
birds are presented in Table 2 (Kiczorowska et al.
2016b).
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Table 2. The effects of experimental broiler chicken growth performance in the whole fattening period (1-42 D)

(Kiczorowska et al., 2016b).

Treatment' Statistical parameters
Ttem C BSR1.5 BSR2 BSR2.5 SEM  Pvalue, C vs. BSR  Linear Quadratic
Total feed intake, g kg ™" 4,221 4,195 4,128 4,174 19.45 0.078 0.278 0.231
Daily BWG, g bird ™+ 56 53 54 55 0.18 0.278 0.167 0.184
Final BW, g 2,526 2,515 2,547 2,560 15.47 0.128 0.063 0.109
FCR, kg/kg 1.73* 1.67*P 1.62%P 1.63*  0.03 0.038 0.164 0.122
Mortality of chicken, heads 0 1 0 0 - - - -

Data represent the mean of 50 broiler chickens per treatment.
» b ¢Significantly different at P < 0.05.

Abbreviations: BW, body weight; BWG, body weight grain; FCR, feed conversion ratio; SEM, standard error of the mean.
!Treatments: C = control diet without Boswellia serrata supplementation; BSR1.5 = diet with 1.5% Boswellia serrata supple-
mentation; BSR2 = diet with 2% Boswellia serrata supplementation; BSR2.5 = diet with 2.5% Boswellia serrata supplementation.

Ten clinically healthy birds (1 hen and 1 cock per pen)
were chosen at random from each treatment, and their
blood was sampled for biochemical analyses. Blood was
sampled in the morning before the slaughter from the ul-
nar vein (vena cutanea ulnaris) using 6-mL Vacutest
tubes containing lithium heparin as an anticoagulant
(transported at a temperature from 2 to 8°C).

Twenty birds (2 hens and 2 cocks per pen) with body
weight close to the average body weight in the group
were selected from every group for slaughter by decapi-
tation. A simplified dissecting analysis was carried out,
during which breast muscles, drumstick muscles,
and abdominal fat were sampled (Ziotecki and
Doruchowski, 1989). The tissues were weighed, and
some of them were frozen at a temperature of —80°C un-
til chemical analyses. The meat intended for quality
analysis was stored at a temperature of 4°C (to 24 h)
to avoid drying out.

Fatty Acid Composition and Cholesterol in
Broiler Chicken Tissues

The composition of fatty acids in breast muscles,
drumstick muscles, and abdominal fat was determined
by means of gaseous chromatography using an INCO
505 apparatus (Prague, Czech Republic) (PN-EN ISO
5508 [Polish Standard 1996]), capillary column (length
60 m/dia. 0.25 mm), temperature of the column 220°C,
injector 260°C, detector 260°C, and gas-helium
(14 mL-min~"); dose per column 2 pl. The contents of
fatty acids were determined using the same apparatus
with an SPTM-2560 capillary column (Supelco Inc., Bel-
lefonte, PA), length 100 m/ID 0.25 mm. The tempera-
ture of the column was 200°C, that of the injector
220°C, and of the detector 250°C, and the flow of gas
(helium) was 20 cm-s~ " and dose per column 1 pl. The
determinations were based on templates such as Supelco
37-Component FAME MIX and Linolenic Acid Methyl
Ester Isomer Mix (Sigma-Aldrich, Poznani, Poland).
Fatty acids were expressed as a percentage of total fatty
acids identified (Wu et al., 2007) and grouped as satu-
rated fatty acids (SFA) and unsaturated fatty acids
(UFA): monounsaturated fatty acids (MUFA) and poly-
unsaturated fatty acids (PUFA).

The saturation (S/P), atherogenic (AI), and thrombo-
genic (TI) indices (Ulbricht and Southgate, 1991) and
hypocholesterolemic/hypercholesterolemic ratio (HH)
(Santos-Silva et al., 2002) were calculated as follows:

S/P = (C14:0 + C16:0 + C18:0)/ Y MUFA
+> PUFA

AT = (C12:0 + 4 x C14:0 + C16:0)/[ Y MUFA

~I—Z(n—6) + Z(H—S)]

TI = (C14:0 + C16:0 + C18:0)/[(0.5 x Y MUFA
+05x > (m—=6)+3x Y (n-3))
+(Y_ m=3)/ ) (n-6))

HH = (C18&1n—-9 + C182n—-6 + C20:4dn—6
+ Cl83n—-3+ C205n—3 + C22:5n—3
+ C22:6 n — 3)/(C14:0 + C16:0)

The cholesterol content in breast and drumstick mus-
cles (Chol) was assessed with the colorimetric method
using an EPOLL 20 colorimeter (Rhee et al., 1982).

Physicochemical Properties of Breast and
Drumstick Muscle

Chicken carcasses were chilled with the air-blast method
at a temperature of 4°C. Twenty-four hr after slaughter,
pH was determined in the breast muscles and drumsticks
at the depth of 0.5 cm by means of a glass electrode (Xero-
lyt-type, Mettler Toledo, Urdorf, Switzerland) (PN-ISO
2917 [Polish Standard 2001]). The water-holding capacity
(WHC) of sampled breast and drumstick tissues was deter-
mined immediately after the slaughter according to the
procedure specified by Pohja and Niinivaara (1957). Three
300-mg samples were taken from each group of muscles
and placed on a 125-mm Whatman filter paper under a
constant pressure of 2 kg for 5 min. The percentage share
of free water in the meat was calculated based on the drip
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Table 3. The fatty acids in the breast muscle of broiler chickens.

Treatment' Statistical parameters
Item,% sum of total fatty acids C BSR1.5 BSR2 BSR2.5 SEM PvalueCvs. BSR Linear Quadratic
SFA
C12:0 0.04 0.04 0.05 0.05 <0.01 0.219 0.114 0.178
C14:0 0.64 0.62 0.52 0.55 0.03 0.089 0.059 0.094
C15:0 0.12* 0.08" 0.09" 0.07 <0.01 0.016 0.023 0.316
C16:0 25.23 24.24 24.14 24.09 0.68 0.164 0.109 0.217
C17:0 0.14 0.13 0.14 0.15 0.03 0.128 0.241 0.431
C18:0 8.11% 751" 778 7.14 0.05 0.041 0.038 0.153
C20:0 0.07 0.06 0.07 0.05 <0.01 0.148 0.421 0.369
SSFA 3432  32.68 32.79 32.73 0.87 0.073 0.134 0.196
MUFA
Cl4:1 0.11 0.10 0.09 0.13 <0.01 0.157 0.074 0.298
C16:1. n-9 4.86 4.70 4.60 4.49 0.08 0.213 0.159 0.076
C18:1.n-7 2.34 2.18 2.37 2.44 0.03 0.109 0.138 0.247
C18:1. n-9 3354  34.18 34.14 34.24 0.48 0.324 0.389 0.315
C20:1 n-9 2.29 2.33 2.37 2.14 0.09 0.064 0.073 0.092
> MUFA 4314 43.49 4357 43.44 0.78 0.267 0.097 0.245
PUFA
(18:2. n-6 19.98 21.06 20.75 21.09 0.64 0.164 0.119 0.217
C18:3. n-6 1.09 1.11 1.23 1.09 0.06 0.128 0.236 0.431
C20:2. n-3 0.06° 0.08"¢  0.10" 0.23*  <0.01 0.021 0.048 0.178
20:3. n-3 0.24° 0.35" 0.47" 0.51*  <0.01 0.048 0.037 0.169
C20:4. n-6 1.15* 1.20* 1.07° 0.88° 0.07 0.019 0.114 0.043
(22:4. n-6 0.02 0.03 0.02 0.03 <0.01 0.187 0.245 0.324
n-3 0.30¢ 0.43° 0.57" 0.74* 0.05 0.023 0.034 0.187
n-6 2224 234 23.07 23.09 0.45 0.216 0.053 0.214
> PUFA 22.54 23.83 23.64 23.83 0.54 0.264 0.119 0.367
= UFA 65.68  67.32 67.21 67.27 0.76 0.123 0.258 0.232
UFA/SFA 1.91 2.06 2.05 2.06 0.04 0.071 0.078 0.143
MUFA /SFA 1.26 1.33 1.33 1.33 0.07 0.148 0.437 0.369
PUFA/SFA 0.66 0.73 0.72 0.73 <0.01 0.073 0.064 0.176
n-3/n-6 0.013¢  0.018  0.025>  0.032* <0.01 0.019 0.014 0.178
S/P 0.52" 0.48*"  0.48"  0.46" 0.03 0.034 0.048 0.097
TI 1.03* 0.96*°  0.96>  0.93° 0.05 0.016 0.023 0.216
Al 0.42 0.40 0.39 0.39 <0.01 0.164 0.119 0.361
HH 2.12 2.27 2.27 2.28 0.03 0.123 0.245 0.431

Data represent the mean of 10 broiler chickens per treatment.

2 b eSignificantly different at P < 0.05.

Abbreviations: Al, atherogenic indices; HH, hypocholesterolemic/hypercholesterolemic ratio; MUF A, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; SEM, standard error of the mean; SFA, saturated fatty acids; S/P, saturation indices;

TT, thrombogenic indices; UFA, unsaturated fatty acids.

'Treatments: C = control diet without Boswellia serrata supplementation; BSR1.5 = diet with 1.5% Boswellia serrata sup-
plementation; BSR2 = diet with 2% Boswellia serrata supplementation; BSR2.5 = diet with 2.5% Boswellia serrata

supplementation.

index. It was assumed that 1 cm® of the drip corresponds to
10 mg of water.

The color of the breast and drumstick muscles was
determined using a Minolta CM-2600d reflective color-
imeter—light source D65, observer 10° (Konica Minolta,
Japan) (Honikel, 1998).

To determine losses caused by the thermal treatment,
the second part of the chicken breast muscle was heated
in a water bath (temp. 90°C, for ca. 30 min until a tem-
perature of 75 £ 2°C was achieved in the geometric cen-
ter). The meat temperature was measured using a HI
98804 bayonet thermometer (Hanna Instruments,
Woonsocket, RI).

To measure the shearing force, the breast muscles were
cooled in air (temp. 18 to 22°C) and placed in a cold store
(temp. 4 = 2°C). After 24 h, 5 samples (1 X 1 X 5 cm)
were dissected from each muscle along muscle fibers.
The measurements were carried out using a strength-
testing device Wick 1,120 (Zwick, Germany) equipped
with a Warner-Bratzler shear element. The mean value
of 5 measurements was the result of the determination.

Statistical Analysis

Each cage was used as a statistical unit. The data ob-
tained were elaborated with the ANOVA method using
one-way ANOVA (a = 0.05; P < 0.05) and calculating
the mean values for the treatments (Z) and the standard
error of the mean. Linear and quadratic polynomial con-
trasts were used to evaluate the effects of different dietary
levels of BSR. The significance of differences was deter-
mined with Statistica 13.3 software (StatSoft Inc. 2013).

RESULTS

Fatty Acid Composition and Cholesterol in
Broiler Chicken Tissues

In the pool of SFA, the breast muscle of broiler
chickens in the BSR1.5, BSR2, and BSR2.5 treatments
exhibited a decline in the stearic acid content (C vs.
BSR diets, linear, P = 0.041) (Table 3). Among
PUFA, there was an increase in the level of C20:2 acids
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Table 4. The fatty acids in the drumstick muscle of broiler chickens (% sum of total fatty acids).

Treatment' Statistical parameters
Ttem, % sum of total fatty acids C BSR1.5 BSR2 BSR2.5 SEM Pvalue Cvs. BSR Linear Quadratic
SFA
C12:0 0.07 0.06 0.06 0.05 0.07 0.079 0.054 0.178
C14:0 0.79* 0.64° 0.55° 0.53° 0.04 0.034 0.025 0.164
C15:0 0.11 0.08 0.09 0.09 <0.01 0.076 0.083 0.316
C16:0 26.99°  24.08"  21.81°  21.15° 0.41 0.014 0.019 0.357
C17:0 0.17* 0.15" 0.13° 0.12° 0.06 0.028 0.043 0.431
C18:0 8.38" 7.26""  6.28 7.09° 0.08 0.041 0.038 0.147
€20:0 0.08 0.08 0.06 0.05 <0.01 0.153 0.341 0.269
> SFA 36.59°  32.35°  28.98°  29.08° 0.78 0.035 0.044 0.196
MUFA
C14:1 0.17 0.15" 0.16** 014>  <0.01 0.027 0.034 0.278
C16:1, n-9 6.65 6.53 6.34 6.12 0.05 0.168 0.215 0.164
C18:1, n-7 2.26 2.33 2.37 2.49 0.0 0.278 0.167 0.314
C18:1, n-9 37.20  39.65"  40.24*  39.32" 0.97 0.048 0.037 0.279
C20:1, n-9 0.35 0.41% 0.44 0.43*  <0.01 0.027 0.033 0.154
> MUFA 46.63  49.07* 4955  4850*"  0.68 0.039 0.078 0.241
PUFA
(18:2, n-6 16.08 17.34>  19.73*  20.14° 0.46 0.034 0.019 0.367
(18:3, n-6 0.22 0.54° 0.71" 1.12° 0.06 0.028 0.041 0.334
€20:2, n-3 0.03° 0.08" 0.12%" 017 <0.01 0.031 0.028 0.346
(20:3, n-3 0.15 0.19° 0.24" 0.33*  <0.01 0.045 0.017 0.169
€20:4, n-6 0.22 0.28° 0.46* 0.37° 0.07 0.019 0.044 0.373
(22:4, n-6 0.08 0.15° 0.21" 0.20*  <0.01 0.023 0.018 0.475
n-3 0.18 0.27° 0.36" 0.50" 0.03 0.019 0.037 0.321
n-6 16.60°  18.31>  21.11*  21.92* 0.45 0.016 0.023 0.516
S PUFA 16.78°  18.58"  21.47*  22.42° 0.04 0.023 0.019 0.367
= UFA 63.41 67.65 71.02 70.92 0.67 0.123 0.245 0.431
UFA/SFA 1.73 2.09 2.45 2.44% 0.03 0.041 0.028 0.272
MUFA/SFA 1.27 1.52 1.71 1.67 0.02 0.148 0.437 0.369
PUFA/SFA 0.46° 0.57" 0.74* 0.77*  <0.01 0.033 0.024 0.196
n-3/n-6 0.011°  0.015°  0.017°  0.023* <0.01 0.019 0.014 0.171
S/P 0.57 0.47%*  0.40° 041"  <0.01 0.043 0.038 0.137
TI 1.15% 0.97" 0.83° 0.85¢ 0.04 0.016 0.023 0.316
Al 0.48" 0.39%"  0.34° 0.33>  <0.01 0.024 0.019 0.265
HH 1.93° 2.33" 2.71% 2.79* 0.06 0.035 0.048 0.432

Data represent the mean of 10 broiler chickens per treatment.

& b eSignificantly different at P < 0.05.

Abbreviations: Al, atherogenic indices; HH, hypocholesterolemic/hypercholesterolemic ratio; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; SEM, standard error of the mean; SFA, saturated fatty acids; S/P, saturation indices;

TT, thrombogenic indices; UFA, unsaturated fatty acids.

ITreatments: C = control diet without Boswellia serrata supplementation; BSR1.5 = diet with 1.5% Boswellia serrata sup-
plementation; BSR2 = diet with 2% Boswellia serrata supplementation; BSR2.5 = diet with 2.5% Boswellia serrata

supplementation.

(C vs. BSR diets, linear, P = 0.021) and C20:3 acids
(C vs. BSR diets, quadratic, P = 0.048) as well as the
sum of n-3 acids (C vs. BSR diets, linear, P = 0.23).
These changes contributed (C vs. BSR diets, linear,
P =0.019) to improvement of the n-3/n-6 and S/P ratio.
Concurrently, there was linear decrease (P < 0.05) in
C20:4 in the breast muscle of BSR2 and BSR2.5 broiler
treatments (respectively: by approximately 7 and
23.5%).

The BSR supplementation of broiler chicken diets
modified significantly (P < 0.05) the profile of drumstick
muscle fatty acids (Table 4). The addition of 1.5, 2, and
2.5% of BSR to the broiler chicken diets decreased line-
arly (P = 0.035) the SFA sum (C14, C16, C17, and
C18) and simultaneously increased (P = 0.039) the con-
tent of the MUFA sum (C14:1; C18:1, and C20:1) and
PUFA sum (P = 0.023) (C18:2, C18:3, C20:2, C20:3,
C20:4, and C22:4) as well as the sum of n-3 and n-6 acids
(C vs. BSR diets, linear, respectively, P = 0.019 and
0.016). The changes in the levels of SFA and PUFA in
the total fatty acids of drumstick muscles improved the

UFA/SFA, PUFA/SFA, and n-3/n-6 ratios, which
was reflected by better dietary values of P/S, TI, Al
and HH (C vs. BSR diets, linear, P < 0.05).

The BRS addition in broiler chicken feeding induced
changes (P < 0.05) only in the UFA pool in the abdom-
inal fat (Table 5). In MUFA, there was a linear decrease
in C16:1 (C vs. BSR diets, P = 0.23, ca. 19.3% C vs.
BSR2.5), with a simultaneous linear increase in C20:1
(C vs. BSR diets, P = 0.034, approx. 33.3% C vs.
BSR2.5). Multidirectional changes were noted in the
PUFA pool as well. A higher level of C20:4 (C vs. BSR
diets, linear, P = 0.019) was determined in the abdom-
inal fat of the 2.5BSR-treated broiler chickens. The
increasing BSR levels led to an increase in C18:3,
C20:2, and C20:3 and the sum of n-3 fatty acids in the
abdominal fat (control vs. BSR diets, linear,
P < 0.05). The changes in the proportion of fatty acids
improved the PUFA/SFA and n-3/n-6 ratios (control
vs. BSR diets, linear, respectively, P = 0.033 and 0.019).

The Boswellia serrata addition to the broiler chicken
feed has a linear positive effect on the cholesterol content
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Table 5. The fatty acids in the abdominal fat of broiler chickens (% sum of total fatty acids).

Treatment' Statistical parameters
Item, % sum of total fatty acids C BSR1.5 BSR2 BSR25 SEM  Pvalue, Cvs. BSR Linear Quadratic
SFA
C12:0 0.06 0.06 0.05 0.04 <0.01 0.119 0.234 0.378
C14:0 0.64 0.61 0.58 0.56 0.04 0.218 0.109 0.197
C15:0 0.08 0.07 0.07 0.05 <0.01 0.186 0.083 0.316
C16:0 23.2 23.08 22.8 22.64 0.51 0.264 0.119 0.467
C17:0 0.08 0.08 0.09 0.07 <0.01 0.068 0.148 0.132
C18:0 6.19 6.04 5.77 5.81 0.06 0.091 0.072 0.247
C20:0 0.04 0.04 0.05 0.06 <0.01 0.148 0.457 0.162
> SFA 30.29 29.98 29.41 29.23 0.48 0.233 0.124 0.195
MUFA
Cl14:1 0.17 0.16 0.17 0.18 <0.01 0.245 0.187 0.206
C16:1, n-9 6.10" 6.07" 5.02° 4.92° 0.05 0.023 0.048 0.187
C18:1, n-7 2.06 2.01 1.95 1.97 0.02 0.187 0.089 0.263
C18:1, n-9 37.19 37.25 38.08 37.95 0.37 0.108 0.112 0.309
€20:1, n-9 0.24° 0.26"¢  0.28" 0.32°  <0.01 0.034 0.044 0.218
= MUFA 45.76 45.75 45.5 45.34 0.67 0.137 0.248 0.197
PUFA
C18:2, n-6 22.33 22.63 234 23.66 0.34 0.264 0.119 0.367
C18:3, n-6 1.37 1.38 1.37 1.41 0.06 0.128 0.243 0.451
C20:2, n-3 0.03¢ 0.06° 0.12" 0.14* <0.01 0.041 0.028 0.244
C20:3, n-6 0.03¢ 0.05" 0.08P 0.09* <0.01 0.048 0.017 0.569
C20:4, n-6 0.19* 0.15° 0.12* 0.135¢ 0.03 0.019 0.014 0.378
n-3 0.03¢ 0.06° 0.12° 0.14* <0.01 0.034 0.046 0.193
n-6 23.92 24.21 24.97 25.29 0.43 0.116 0.223 0.516
> PUFA 23.95 24.27 25.09 25.43 0.53 0.264 0.119 0.367
> UFA 69.71 70.02 70.59 70.77 0.76 0.128 0.241 0.332
UFA/SFA 2.30 2.34 2.40 2.42 0.03 0.091 0.075 0.255
MUFA/SFA 1.51 1.53 1.55 1.55 0.02 0.148 0.487 0.531
PUFA/SFA 0.79¢ 0.81P¢ 0.85P 0.87* <0.01 0.033 0.024 0.196
n-3/n-6 0.001° 0.002 0.005" 0.006* <0.01 0.019 0.014 0.377
S/P 0.43 0.42 0.41 0.41 <0.01 0.145 0.267 0.315
TI 0.64 0.63 0.61 0.61 <0.01 0.216 0.183 0.116
Al 0.37 0.37 0.36 0.35 0.45 0.264 0.119 0.367
HH 2.50 2.53 2.63 2.66 0.06 0.121 0.243 0.259

Data represent the mean of 10 broiler chickens per treatment.

b cSignificantly different at P < 0.05.

Abbreviations: Al, atherogenic indices; HH, hypocholesterolemic/hypercholesterolemic ratio; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; SEM, standard error of the mean; SFA, saturated fatty acids; S/P, saturation indices; T1,

thrombogenic indices; UFA, unsaturated fatty acids.

!Treatments: C = control diet without Boswellia serrata supplementation; BSR1.5 = diet with 1.5% Boswellia serrata supple-
mentation; BSR2 = diet with 2% Boswellia serrata supplementation; BSR2.5 = diet with 2.5% Boswellia serrata supplementation.

in the breast (P = 0.019) and drumstick (P = 0.035)
muscles (decrease respectively by ca. 19.6% C vs.
BSR2 and 9.5% C vs. BRS 2.5) (Figure 1).

Technological and Physical Parameters of
Breast and Drumstick Muscles

The BSR supplementation of chicken diets had a pos-
itive effect (control vs. BSR diets, linear, P < 0.05) on
the proportion of the drumstick muscle in the chilled
carcass from 17.44% in C to average 19.34% in the
BSR2 and BSR2.5 treatments. There were no significant
changes in the proportion of breast muscles in the chilled
carcass (Table 6).

The addition of BSR in chicken diets contributed to
significant linear changes in the WHC value in the breast
and drumstick muscles (respectively: P = 0.016 and
0.029; an increase to 29% BSR2.5 and 21% BSR2 vs.
C) and cooking losses (respectively: P = 0.024 and
0.031; a decrease to 31.5% BSR2.5 and 15.4% BSR1.5
vs. C) (Table 6). The color parameter a* decreased line-
arly (P = 0.033) in the breast muscles of the BSR-

treated broiler chickens (average 8.1% C vs. BSR2,
BSR 2.5). No statistically significant differences were
identified between the respective treatments in other
physical and technological parameters (shear force and
color parameters: L*, b*).

DISCUSSION

Phytobiotics are products of plant origin extracted
from medicinal plants, spices, or even mushrooms.
They exert a wide impact on the organism because of
their high content of bioactive compounds provided by
secondary metabolism. Numerous investigations carried
out on a variety of livestock animals have confirmed the
multidirectional effects of application of phytobiotics in
animal nutrition on improvement of health and produc-
tivity. In addition, a positive impact on the nutritional
and dietary value of animal-derived products has been
revealed (Al-Yasiry et al., 2017b; Kiczorowska et al.,
2017). Comprehensive animal and human research has
proved that BSR has antihyperglycemic and lipid-
lowering effects (Zutshi et al., 1986; Singh et al., 2012).
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Table 6. Physicochemical properties of broiler chicken meat.

Treatment' Statistical parameters
Item C BSR1.5 BSR2 BSR2.5 SEM Pvalue, Cvs. BSR Linear Quadratic
Breast muscle
Proportion in the chilled carcass, %  20.2 21.9 22.1 22.4 0.11 0.134 0.145 0.201
pH24 6.02 6.15 6.18 6.23 0.07 0.287 0.109 0.217
WHC, % 13.3¢ 15.7¢ 16.5 17.2* 0.05 0.016 0.023 0.326
Cooking losses, % 22.5% 18.6" 15.4° 15.9¢ 0.27 0.024 0.019 0.132
Shear force, N 324 31.8 32.6 31.9 0.46 0.128 0.243 0.147
Color parameters
L* 54.3 54.9 55.6 57.1 0.48 0.148 0.457 0.261
a* 10.4* 9.9™*  95P 9.6"  0.07 0.033 0.024 0.196
b* 11.7 11.9 12.3 12.7 0.11 0.089 0.078 0.154
Drumstick muscle
Proportion in the chilled carcass, %  17.44" 17.42° 1941 19.28*  0.21 0.037 0.042 0.138
pH24 6.54 6.61 6.72 6.68 0.05 0.264 0.217 0.315
WHC, % 12.7° 13.5°¢  15.4° 14.6" 0.09 0.029 0.043 0.229
Cooking losses, % 20.8*  17.6" 184> 17.9" 0.21 0.031 0.025 0.278
Shear force, N 30.1 29.8 29.9 30.6 0.34 0.287 0.145 0.098
Color parameters
L* 47.8 47.5 48.3 48.6 3.18 0.264 0.119 0.367
a* 15.6 15.4 15.9 16.2 1.24 0.128 0.248 0.438
b* 9.51 9.78 9.67 9.93 0.07 0.091 0.078 0.248

Data represent the mean of 10 broiler chickens per treatment.
» b eSignificantly different at P < 0.05.

Abbreviations: pH24, pH at 24 h postmortem; SEM, standard error of the mean; WHC, water-holding capacity.
"Treatments: C = control diet without Boswellia serrata supplementation; BSR1.5 = diet with 1.5% Boswellia serrata supple-
mentation; BSR2 = diet with 2% Boswellia serrata supplementation; BSR2.5 = diet with 2.5% Boswellia serrata supplementation.

However, no such effect of Boswellia serrata on the lipid
profile in the broiler blood was noted in the present
study, which may be related to the form of the
additive, that is, unpurified and unprocessed resin.

The article presented previously (Al-Yasiry et al.,
2017a) demonstrated no effect of BSR supplementation
(1.5, 2, and 2.5%) of broiler chickens diets on the dry
matter content in the breast and drumstick muscle
(average 26.08 and 25.96 g 100 g ! respectively), crude
ash (average 1.12 and 1.0 g 100 g, respectively), and
crude protein (average 23.36 and 18.83 g 100 g~ !, respec-
tively). Only the supplementation with 2.5% of BSR in

124.5a 120.4ab

140
120
100 76.8a 71.5b
80
60
40
20

0

C BSR1.5

H Breast muscle

broiler chicken diets decreased (P < 0.05) the ether
extract content by approximately 7.8% in breast muscles
and by even 15% in drumstick muscle, compared with
the control group. The authors emphasize that although
there were no statistically significant differences in the
content of nutrients in breast muscles, a negative corre-
lation was found between their content and the level of
BSR supplementation (AL-Yasiry et al., 2017a). The
improvement of the dietary value of poultry meat
observed in the present study resulting from the BSR
supplementation can be associated with the high, more
than 60% fat content in the resin. The major compound

115.3b 112.6b
61.7¢ l 62.3¢ l
BSR2 BSR2.5

Drumstick muscle

Figure 1. Cholesterol content in broiler meat, mg 100 g™*. ®  “Significantly different at P < 0.05. Abbreviations: BSR, Boswellia serrata resin;

C, control.
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of Boswella serrata resin oil is boswellic acid (Al-Yasiry
and Kiczorowska, 2016). It has strong antibacterial
and immunostimulatory properties, which optimally
stabilize the microbiological environment of the gastro-
intestinal tract (Hamidpour et al., 2015). The previous
investigations reported by the authors confirmed the
positive effect of BSR on the structure of intestinal villi,
gastrointestinal microflora, and the health status in
broiler chickens, which was reflected in improved effi-
ciency of rearing and utilization of feed nutrients
(Kiczorowska et al., 2016a). Al-Yasiry et al. (2017b)
found that 3 to 4% BSR supplementation in broiler
chicken diets also decreased the ether extract in breast
and drumstick muscles. This resulted in reduced caloric
value of breast (P < 0.041) and drumstick muscles
(P < 0.038). The levels of other nutrients determined
in the chicken muscles were similar to those in the con-
trol treatment. As in the present study, the authors
did not observe an effect of BSR supplementation on
the proportion of breast and thigh muscles in the carcass.

The addition of Boswellia serrata to the broiler
chicken diets resulted in reduction (P < 0.05) of the con-
tent of SFA in chicken tissues. Compared with the con-
trol group, the biggest changes were observed in the
content of C14:0, C16:0, C17:0, and C18:0 (breast mus-
cles) and C18:0 (drumstick muscles). The literature does
not provide reports on the effect of BSR on the fatty acid
profile in poultry muscles. However, investigations of
other phytobiotics (herbs, aromatic oils, and so forth)
confirm that the bioactive compounds contained therein,
including terpenes, can reduce the SFA content in the
fatty acid profile (Modiry et al., 2010; Hong et al.,
2012; Kirkpinar et al., 2014).

The 2% of BSR supplementation in chicken diets
resulted in a 6.2% increase (P < 0.05) in the level of
MUFA in the crude fat of drumstick muscles. The
changes in the share of MUFA in the pool of fatty acids
were mostly induced by the content of C18:1 (n-9).
Similar results were obtained by Mypofu et al. (2016),
who reported an increase in the oleic acid level in the
drumstick muscle of broiler chickens fed with mixtures
supplemented with Lippia javanica, which is very rich
in terpenes. However, the improvement of the fatty
acid profile observed by the authors was accompanied
by an unfavorable phenomenon of an increase in the
fat content in the entire broiler carcass. The use of
BSR in broiler chicken mixtures, especially at the dose
of 2.5%, reduced the content of crude fat from 1.03 (con-
trol) to 0.95 g 100 g~ ! in the breast muscle and from 5.69
(control) to 4.84 ¢ 100 g~ ' in the drumstick muscle in the
BSR treatment (Al-Yasiry et al., 2017a)

Drumstick muscles were the ones most susceptible
to modification of the fatty acid profile by the BRS
supplementation. The share of PUFA in total fatty
acids significantly increased (P < 0.05) in these tissues
of broilers fed diets with BSR supplementation. Lino-
leic acid is considered the main component of PUFA
susceptible to growth in the muscles of poultry fed
with BSR supplementation. However, the trend to-
ward increased synthesis of PUFA in the muscle
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tissues of animals fed with a ration containing phyto-
biotics is not explicit. In the presented studies, a trend
at synthesizing lower amounts of C20:4 1n-6
(P = 0.019) was observed in the abdominal fat of
the BSR-treated chicks. A similar effect on the fatty
acid profile in poultry meat was reported by
Nkukwana et al. (2014), who applied supplementation
with Moringa oleifera leaves in broiler chicken mix-
tures at a level from 1 to 5% of dry matter intake.
These leaves are characterized by strong anti-
inflammatory, antioxidant, and antibacterial proper-
ties associated with the high content of terpenoids,
flavonoids, and polyphenols. In addition, the authors
found that the supplementation improved oxidative
stability in meat.

The supplementation of BRS in broiler diets, espe-
cially at the levels of 2 and 2.5% resulted in a decrease
in the n-3/n-6 ratio, on average by 11% in the breast
muscles, 2.5- and almost 4-fold in the drumsticks, and
5- to 6-fold in the abdominal fat (P < 0.05). This was pri-
marily caused by the higher level of health-enhancing n-3
fatty acids, that is, C20:2. Studies of the effect of
terpene-rich phytobiotics applied in poultry diets
emphasize the favorable dietary modification of meat
lipid parameters. These changes are mainly found in
C20 acids with a slight modification in the linolenic
acid content, which can be explained by the role of
(C18:3 in the metabolism of longer chain n-3 fatty acid
(Nkukwana et al., 2014; Mypofu et al., 2016;
Chowdhury et al., 2018).

The proportion of n-6 in the n-3 and n-6 acid ratio in
poultry meat is normally high. This is undesirable in hu-
man nutrition, as fatty acids from the n-6 family that are
metabolized to arachidonic acid and then to eicosanoids
can be intermediaries in transformations that are
adverse to health (Decker and Park, 2010). There are
many reports on the possibility of increasing the n-3/n-
6 ratio in fat deposits, in particular by the nutritional
use of various sources of plant fats, which are rich in
UFA (Ciurescu et al., 2016; Apperson and Cherian,
2017). The introduction of BSR into feed mixes makes
it possible to control the fatty acid composition of
muscles and improve the PUFA to SFA ratio. The
tissues of broiler chickens from the BSR2 and BSR2.5
treatments were characterized by lower Al and TI and
a higher HH ratio, which indicates reduced
atherogenicity of the meat and fat. A beneficial effect
of the application of BSR in broiler chicken nutrition
was reflected in the reduction of cholesterol level,
especially in the breast muscles. Prabakar et al. (2016)
confirm that the antioxidant activity and hypolipidemic
properties of phytobiotics could be involved in improve-
ment of poultry meat. The hypolipidemic properties of
natural additives in broiler nutrition can be used for pro-
duction of lean meat with a lower cholesterol level (Hong
et al., 2012; Kirkpinar et al., 2014; Mpofu et al., 2016). In
the previous work, the authors showed a positive effect
of 2 and 2.5% BSR supplementation of broiler chicken
diets on the proportion of the analyzed muscles in the
carcass. Significantly higher content was noted in the
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case of the drumstick muscle, that is, even up to 10.5% in
comparison with the control treatment. The full
slaughter analysis presented in the previous
publication (Al-Yasiry et al. 2018) did not confirm the
effect of this factor on the total slaughter performance,
which was estimated at a mean level of 73.68% (for the
BSR treatments and control). In turn, the addition of
2 and 2.5% BSR in chicken diets (P < 0.05) resulted in
an increase in the content of total muscle (41.51 and
41.68%, respectively) and a decrease in the abdominal
fat content (BSR 2.26 and 2.30%, respectively)
compared with the control treatment (C 37.64 and
2.81%, respectively).

The breast and drumstick muscles of the BSR-treated
broiler chicken exhibited an increase in WHC and a
decrease in cooking losses. These results are supported
by studies conducted on broiler chickens receiving sup-
plementation with phytobiotics (Kirkpinar et al., 2014;
Nkukwana et al., 2014). Contrasting results were
reported by Sukoco et al. (2015) on their investigations
on broiler chicken fed with a mixture with noni leaf
extract (Morinda citrifolia L.). Besides beneficial pro-
duction effects, there was no influence of the phytobiotic
addition on the technological parameters of meat. WHC
is a criterion of the technological quality of meat referred
to as forced leakage of meat juice. WHC, tenderness, and
color largely depend on acidity. At a higher pH, meat
usually has a greater capacity to bind and retain water
during thermal processing (Fanatico et al., 2007). In
the present study, a tendency toward increasing the
pH value was only observed, which may have contrib-
uted to the improvement of WHC. High WHC accompa-
nied by lower thermal losses makes the meat a good raw
material not just for culinary purposes. The color is one
of the most important indicators of the quality of poultry
meat with high relevance for consumers. It is also an
important determinant of the technological suitability
of meat as a raw material intended directly for sale.
The breast muscles of the chickens fed with Boswellia
serrata were characterized by a lighter color than that
in the control chickens, as shown by the higher values
of the L * color component and the lower values of the
a * component. Meat with pale pink or even white color
is more readily chosen by consumers who consider it
fresh, tender, and juicy (Wideman et al., 2016).

CONCLUSIONS

The PUFA share in the sum of total fatty acids in the
breast and drumstick muscles and abdominal fat were
positively influenced by the 2 and 2.5% Boswellia serrata
supplementation, improving the dietary meat parame-
ters (n-3/n-6, S/P, TI, Al, and HH). The addition of
BSR to the broiler chicken diets increased linearly the
technological breast and drumstick parameters (WHC,
cooking losses). The results obtained indicate the valid-
ity of further investigations using the 2 and 2.5 of BSR,
which is likely to enhance its favorable effect.

KICZOROWSKA ET AL.
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