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AbstrAct

The aim of the study was to assess the effect of different levels of Boswellia serrata supplemen-
tation in broiler chicken diet on the basic chemical composition and the Ca, Mg, Cu, Fe, and Zn 
content in breast and drumstick muscles. The analyses involved 200 Ross 308 chickens divided 
into 4 groups. The broiler chickens were fed diets containing 0 (C), 3 (BSR3), 4 (BSR4), and 5% 
(BSR5) of Boswellia serrata resin. In the chicken breast and drumstick muscles, the contents of 
dry mass, total protein, crude fat, and crude ash were determined and their energy value (net 
Atwater equivalents) was calculated. Additionally, the Ca, Mg, P, Fe, Zn, and Cu levels were 
determined. In the present study, there were no differences in the proportion of the breast and 
drumstick muscles in the carcass or in their dry mass, total protein, and crude ash content.  
The supplementation of broiler chicken diets with 3% (BSR3) and 4% (BSR4) of Boswellia  
serrata resin decreased quadratically (P < 0.05) the content of crude fat and the calorific value 
of the breast and drumstick muscles. An increased level of Ca (control vs. BSR diets, and linear, 
P < 0.05) in the breast muscles and P (control vs. BSR diets, and quadratic, P < 0.05) in  
the drumstick muscles was noted in the BSR3 and BSR4 chicken groups. The Mg content in the 
muscles of the examined broiler chickens remained at a similar level, irrespective of the amount 
of the supplement added. The BSR supplementation reduced Cu (in the breast and drumstick 
muscles) (P < 0.05) and Fe retention (in the drumstick muscles) (C vs. BSR, linear, P < 0.05). 
Further investigations are necessary to elucidate the mechanisms associated with the effect of 
Boswellia serrata on the level of microelement retention in muscles. In summary, Boswellia 
serrata can be considered a good feed additive with a positive impact on the dietary value of 
poultry meat.
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INTRODUCTION

Phytobiotics are being increasingly used in modern poultry production. 
With their content of bioactive compounds, they have a beneficial impact on 
the breeding efficiency and health status of poultry as well as the nutritional 
properties and meat flavor values (Cho et al. 2014). Herbs, e.g. oregano, thyme, 
garlic, basil, or mint are the most common additives (AlfAig et al. 2013,  
KirKpinAr et al. 2014, Zeng et al. 2015). 

Currently, this group of supplements also comprises resins, e.g. from 
Boswellia serrata, which are exotic additives on the European market.  
The resin is a botanical feed additive approved for use in poultry production 
by the European Union Register of Feed Additives pursuant to Regulation 
(EC) No 1831/2003 (EURFA 2016). Boswellia serrata resin is widely used in 
Ayurvedic medicine, as it exerts a multidirectional impact on the organism, 
i.e. anti-inflammatory, antiseptic, analgesic, antibacterial, anticancer, hepa-
toprotective, hypolipidemic, hypocholesterolaemic, immunomodulatory, and 
antiproliferative action, which is associated with its favorable chemical com-
position (Ammon 2010). Its potential to be applied in poultry production has 
been still insufficiently explored; however, this issue has already been partly 
investigated and preliminary results confirm the beneficial impact of diet 
supplementation with Boswellia serrata resin on the efficiency of broiler chic-
ken breeding (KiCZorowsKA et al. 2016a,b, TAbATAbAei 2016).

Therefore, the aim of the study was to determine the effect of different 
levels of Boswellia serrata resin supplementation in diets for broiler chickens 
on the content of basic nutrients and selected minerals in breast and drum-
sticks muscles.

MATERIALS AND METHODS

Two-hundred 1-day-old broiler chickens (Ross 308, Aviagen, Cracow, 
Malopolskie province, Poland) were randomly assigned to 4 dietary treat-
ments with 5 cages per treatment and 5 females and 5 males per cage.  
The experiment lasted 6 weeks. The experiment was carried out after an 
approval issued by the Second Local Ethics Committee at the University of 
Life Sciences in Lublin (No. 27/2014).

The basal feed diets were made from cereal meal middlings (wheat and 
corn) and post-extraction soybean meal as recommended (AviAgen 2014).  
The broiler chickens were fed 3 types of diets: starter (0 to 21 day), grower 
(21 to 35 day), and finisher (35 to 42 day), the detailed composition of the 
diets in each stage of animal feeding was presented in our previous research 
(KiCZorowsKA et al. 2016a) – Table 1. The starter diet was fed to the broiler 
chickens in a crumbled form, and the grower and finisher diets were delive-
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red 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 Boswellia serrata 
resin (BSR) was obtained commercially (Baghdad, Iraq). The resin added to 
the mixtures contained 95.34% of dry matter, 1.59% d.m. of ash, 2.65% d.m. 
of protein, 63.88% d.m. of fat. Dietary treatments consisted of the control (C) 
and the control supplemented with 3% (BSR3), 4% (BSR4), or 5% (BSR5) of 
Boswellia serrata resin. All the diets were iso-energetic and iso-nitrogenous.

One female and 1 male broiler chickens with the body weight close to 
the average were selected from each cage for dissection, which was carried 
out according to the method described by Ziołecki, Doruchowski (1989).  
For slaughter analysis, breast and drumstick muscles were sampled and the 
basic nutrients and selected mineral elements were determined. 

The contents of dry matter, total protein, ether extract, and crude ash 
were determined in the experimental material according to standard proce-
dures (AACC 2000). The energy value was estimated using net Atwater 
equivalents (considering protein and fat).

The contents of Ca, Mg, Cu, and Zn were measured using flame atomic 
absorption spectrophotometry (FAAS) (Unicam 939/959AA-6300, Shimadzu 
Corp., Tokyo, Japan), according to the Polish Standard (PN-EN ISO 6869:2002), 
and the total P content was determined colorimetrically (PN-76/R-64781:1976) 
with a Helios Alpha UV-VIS apparatus (Spectronic Unicam, Leeds, United 
Kingdom).

Each cage was used as a statistical unit. The data obtained were elabo-
rated with the ANOVA method using one-way analysis of variance (α = 95;  
P < 0.05) and calculating the mean values for the treatments ( x ) and the 
standard error of the mean (SEM). Linear and quadratic polynomial con-
trasts were used to evaluate the effects of different dietary levels of Boswel-
lia serrata resin. The direction and intensity of the relationships between the 
level of Boswellia seratta resin addition and the basic nutrients and mineral 
elements (r1, in text only), and between each basic nutrient and mineral con-
tent in the broiler chickens meat were determined using the Pearson corre-
lation coefficients (r2, in Table 2). The significance of differences was determi-
ned with Statistica 10.0 software (StatSoft Inc. 2011).

RESULTS AND DISCUSSION

The contents of nutrients in chicken meats differed, depending mainly 
on the type of meat (Tables 1, 3). Similar concentrations of the basic 
nutrients, macroelements and trace elements in the muscles of broiler chic-
kens were reported in the available literature (kunachowicZ et al. 2015, 
USDA 2016). The Boswellia serrata resin (BSR) supplementation in the  
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broiler chicken diets quadratically decreased the ether extract in the breast 
and drumstick muscles (P < 0.05); also there was a noted decrease in this 
nutrient contained in muscles compared to the control group (C), (P < 0.05 
– Tables 3, 4). The other nutrients determined in the muscles of chickens 
from all the treatment groups were on similar levels. There was no effect of 
the BSR supplementation on the proportion of the breast and drumstick 
muscles in the carcass (Tables 3, 4).

The improvement of the dietary value of the poultry meat observed upon 
the BSR supplementation can be ascribed to the properties of boswellic acid, 
which is the major constituent of the resin (Al-YAsirY, KiCZorowsKA 2016). 
The acid has potent antibacterial and immunostimulatory activity, which 
optimally stabilizes the intestinal microbiota (hamiDpour et al. 2015). Previo-
us investigations conducted by the authors of the present paper confirmed 
the favorable effect of BSR on the structure of intestinal villi, gastrointesti-
nal microflora and chicken health status, which was reflected in improved 
breeding performance and feed nutrient intake (KiCZorowsKA et al. 2016a,b). 
Change in the fat content resulted in a quadratically decreased calorific  
value of the breast muscles (P = 0.041) and drumstick muscles (P = 0.038)  
in the broiler chickens from the BSR3 and BSR4 treatments. 

Table 2
The correlation coefficients between basic nutrients and mineral elements in the breast  

and drumstick muscles (r2
*)

D
ru

m
st

ic
k 

m
us

cl
es

Breast muscles

Ca Mg P Cu Fe Zn Dry 
matter

Crude 
protein

Ether 
extract

Crude 
ash

Ca 0.922 -0.454 -0.109 0.608 0.988 0.554 -0.067 0.740 -0.983 0.105
Mg -0.879 -0.129 0.652 -0.798 0.793 -0.728 -0.509 -0.892 0.914 0.475
P -0.670 0.784 -0.482 -0.323 -0.796 0.025 0.628 -0.220 0.699 -0.658

Cu -0.765 0.699 -0.192 -0.596 -0.789 -0.280 0.362 -0.506 0.884 -0.397
Fe 0.840 0.269 -0.754 0.793 0.625 0.671 0.626 0.917 -0.847 -0.596
Zn 0.765 0.435 -0.858 0.758 0.477 0.998 0.754 0.783 -0.740 -0.729

Dry 
matter -0.886 -0.093 0.625 -0.898 -0.754 -0.914 -0.478 -0.985 0.928 0.444

Crude 
protein 0.670 -0.791 0.325 0.481 0.959 0.146 -0.486 0.383 -0.811 0.519

Ether 
extract -0.905 0.492 0.066 -0.782 -0.994 -0.517 0.110 -0.711 0.974 -0.148

Crude 
ash 0.793 0.548 -0.917 -0.215 0.359 0.998 0.833 0.951 -0.647 -0.811

* the following scale was used in the interpretation of the correlation coefficient: 0 < r < 0.3 – a low 
degree of correlation; 0.3 ≤ r < 0.5 – moderate correlation; 0.5 ≤ r < 1 – a high degree of correlation. 
Significance values are in bold, P < 0.05.
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A beneficial effect of the Boswellia serrata resin on the Ca content in 
breast muscles (control vs. BSR diets, linear, P < 0.05) – Table 3 and P con-
tent in drumstick muscles (control vs. BSR diets, quadratic, P < 0.05) was 
noted in the BSR3 and BS4 treatment groups (Table 4). Additionally, a 
strong negative correlation was found between the Ca content in the breast 
muscle and the P content in the drumstick muscle (r2 = -0.670) – Table 2. 
Simultaneously, the P content was positively correlated with the level of 
BRS supplementation (r1 = 0.980). The Mg content in the muscles of the bro-
iler chickens remained at a similar level, regardless of the application and 
the amount of the supplement. Introduction of such additives as phytobiotics 
(herbs, essential oils, and oleoresins) to poultry diet may exert an effect on 
the level of element retention in tissues and their status in the organism. 
The favorable mechanisms of phytobiotics include alteration of the gastroin-
testinal functions, induction and inhibition of metabolic enzymes and trans-
port proteins, beneficial modification of the intestinal microbiota, increased 
digestibility and nutrient absorption, enhanced nitrogen absorption, histolo-
gical modifications of the gastrointestinal tract, and appetite stimulation 
(Fasinu et al. 2012, sTef, gergen 2012, irAnpArAsT et al. 2014, kumar et al. 
2014, Al-YAsirY, KiCZorowsKA 2016, KiCZorowsKA et al. 2016a,b). The presen-
ce of BSR in the chicken diets, in particular at the level of 3 and 4%, contri-
buted to the maintenance of normal proportions and relationships between 
Ca and P in the organisms of broiler chickens, which was reflected in the 
content of these elements in the muscles. Maintenance of an optimal Ca:P 
ratio determines proper homeostasis of these elements in broiler organisms 
and improves nutrient digestion and absorption (prosZkowiec-węglarZ,  
Angel 2013). On the other hand, supplementation of chicken diet with 
Boswellia serrata resin resulted in a higher Ca level accompanied by a redu-
ced fat content in the meat. This is desirable from the nutritional point of 
view, as calcium compounds in combination with fat contained in the gastro-
intestinal tract can form insoluble substances, thus reducing Ca availability 
and causing fat indigestibility (choi, Jeung 2008, Dolińska et al. 2009).

The BSR supplementation altered muscular (breast and drumstick musc-
les) Cu and Fe accumulations in 42-day-old broilers (Tables 3 and 4). Com-
pared with the control treatment, the addition of BSR significantly decreased 
Cu accumulation in the breast and drumstick muscles (P < 0.05; r1 = -0.718; 
r1 = -0.502, respectively). In turn, the content of Fe decreased only in the 
breast muscles with the increasing BSR level (control vs. BSR diets, linear, 
P < 0.05; r1 = -0.637). The BSR treatments did not have a significant effect on 
muscular zinc retention. The presented result is partly consistent with the 
findings reported by wójCiK et al. (2012), who found that application of an 
aqueous extract of herbs (galega [Herb. Galegae], stinging nettle [Herb. Utri-
cae], lemon balm [Fol. Melissae] and sage [Fol. Salviae]) in broiler chickens 
seven days prior slaughter resulted in a reduced iron content in chicken 
breast muscles. In contrast, YilmAZ et al. (2014) obtained different results 
upon addition of carvacrol to diets of juvenile rainbow trout. The muscle Cu 
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levels in the fish were significantly increased at 1 g carvacrol per kg diet 
supplementation, whereas addition of 1 and 5 g kg-1 significantly reduced the 
muscle Zn content. Similarly, ahmeD et al. (2016) found that addition of a 
dietary herb combination (pomegranate, Ginkgo biloba, licorice) in a natural 
or fermented form to the diet of grower-finisher pigs increased the Fe content 
in longissimus dorsi muscle, and the effect was more pronounced in the case 
of the fermented herb. The authors explained that this might be related to 
the increased availability of minerals associated with the concentration of 
total polyphenols, flavonoids and tannins in fermented herb that was redu-
ced by microbial fermentation (mohiTe et al. 2013). Such discrepant results 
concerning the effect of phytobiotics on retention of trace element in muscles 
in production animals are probably related to the different content of phyto-
chemicals. The active compounds of phytobiotics include terpenoids (mono- 
and sesquiterpenes, steroids, etc.), alkaloids (alcohols, aldehydes, ketones, 
esters, ethers, lactones, etc.), glycosides and phenolics (tannins), which can 
differ in their effect on the availability of mineral compounds (AfsAnA et al. 
2004, grAshorn 2010, Fasinu et al. 2012, sTef, gergen 2012, kumar et al. 
2014).

The values of the correlation coefficients (r2) between basic nutrients and 
some elements in the breast and drumstick muscles of broiler chickens sup-
plemented with BSR are presented in Table 2. Strong correlations were ma-
inly found between the content of the basic nutrients and elements of musc-
les. A similar direction and intensity of the correlation (r2 > 0.6) was 
observed for the following nutrients pairs: Ca – ether extract (-), Mg – crude 
protein (-), P – crude ash (-), Fe – crude protein (+), ether extract (-)  
(P < 0.05). The values of the correlation coefficients and the trends obtained 
for the components may be related to their similar physico-chemical proper-
ties, antagonistic or synergistic interactions, bioavailability, and co-existence 
and co-participation with other components in physiological and metabolic 
processes.

CONCLUSIONS

The use of the 3 and 4% addition of the Boswellia serrata resin in the 
diets decreased the ether extract in the breast and drumstick muscles, as 
well as their calorific value. The BSR contributed to the increase in the Ca 
content in the breast muscles and the P content in the drumstick muscles, 
but decreased the muscular Cu and Fe retention. There is a need for further 
investigations to elucidate the mechanisms associated with the ability of 
Boswellia serrata resin to potentiate the element retention. To sum up, the 
resin of Boswellia serrata can be considered as a good feed additive, which 
can have positive effects on the nutritional value of chicken meat.
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