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Abstract

The aim of the study was to assess the effect of supplying propolis extract separately
and propolis extract together with probiotics based on Lactobacillus fermentum on
fatty acids (FA) composition of the most valuable parts of chicken carcass. Diets
enriched with 400 mg propolis extract per 1 kg of feed mixture and 400 mg propolis
extract per 1 kg of feed mixture plus 3.3 g probiotic preparation added to drinking
water (E1 and E2 groups, respectively) were given to broiler chickens throughout a
42-d growth period. After slaughter, the FA profiles of breast and thigh samples were
determined. Both supplemented diets decreased the total amount of saturated FA
(SFA), mainly because of the myristic (C14:0) and stearic (C18:0) acid contents in
both breast and thigh muscles. However, a significant decrease (P < 0.05) in SFA
was confirmed only in thigh muscle. Supplementation with propolis together with
probiotics (E2) significantly increased (P < 0.05) monounsaturated FA (MUFA)
contents in breast muscle. Particularly oleic acid (C18:1 cis) contributed to an overall
increase in MUFA. A rise (P < 0.05) in polyunsaturated FA (PUFA) in breast muscle
was, however, associated with the dietary supplementation of propolis extract
separately (E1). A similar trend (P > 0.05) for MUFA and PUFA levels was also
observed in thigh muscle. Of all PUFAs detected in breast and thigh muscles, linoleic
acid (C18:2 cis) was found at the highest levels. Its levels varied from 11.34 to

12.02 g*100 g and from 11.05 to 11.82 g*100 g in breast and thigh muscles,
respectively. The highest level (P < 0.05) of linoleic acid was observed in group E1.
Comparing breast with thigh muscle, the breast was demonstrated to contain more
SFA and PUFA, but less MUFA proportions. Although the n-3 PUFA:n-6 PUFA ratio
was similar among the treatments in both breast and thigh muscles, n-6 PUFA:n-3
PUFA ratio has been showed to be a significantly lower (P < 0.05) in thigh muscle,
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with the lowest ratio found in E2 group. Differences in n-6 PUFA:n-3 PUFA ratio in
breast were, however, not significant (P > 0.05) between the treatments. On the
whole, the present study indicated that propolis applied through the feed either
separately or together with probiotics applied through the water had favourable effect
on fatty acids profile in the most valuable parts of chicken carcass and could be thus
added to diets for broiler chickens.
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Abstrakt

Ciefom studie bolo posudit vplyv propolisového extraktu aplikovaného samostatne
alebo v kombinacii s probiotikom na baze Lactobacillus fermentum na obsah
mastnych kyselin v najcennejSich €astiach jatoCného tela kurciat. PoCas 42 dni
vykrmu bol kur€atam podavany propolisovy extrakt v mnozstve 400 mg na 1 kg
kfmnej zmesi (skupina E1) a propolisovy extrakt v mnozstve 400 mg na 1 kg kimne;j
zmesi spolu s 3,3 g probiotického preparatu pridavaného do pitnej vody (skupina E2).
Po porazke kurciat bol stanoveny obsah mastnych kyselin vo vzorkach prsnej

a stehennej svaloviny. Aplikaciou preverovanych doplnkov doslo k znizeniu
celkového mnoZstva nasytenych mastnych kyselin (SFA), a to hlavne pre zniZenie
obsahu kyseliny myristovej (C14:0) a stearovej (C18:0) v prsnej aj v stehennej
svalovine. Statisticky preukazny rozdiel (P < 0,05) bol v8ak zaznamenany len

v stehennej svalovine. Obsah mononenasytenych mastnych kyselin (MUFA) bol
zvySeny (P < 0,05) po aplikacii propolisového extraktu spolu s probiotikami (E2), a to
v prsnej svalovine. K celkovému zvySeniu MUFA prispel najma vysoky obsah
kyseliny olejovej (C18:1 cis). Obsah polynenasytenych mastnych kyselin (PUFA)

v prsnej svalovine bol najvyssi (P < 0,05) v skupine s pridavkom propolisového
extraktu aplikovaného samostatne (E1). V stehennej svalovine bol v obsahu MUFA
a PUFA pozorovany podobny trend ako v prsnej svalovine, ale bez vyznamnych
rozdielov medzi skupinami (P > 0,05). V ramci PUFA detegovanych v prsnej

a stehennej svalovine bol zisteny najvyssi obsah kyseliny linolovej (C18:2 cis), a to
od 11,34 do 12,02 g*100 g™ v prsnej a od 11,05 do 11,82 g*100 g™ v stehennej
svalovine. Najvy$Sie mnozstvo (P < 0,05) kyseliny linolovej bolo v oboch svaloch
zistené v skupine E1. Celkovo sa prsna svalovina vyznacovala vy$§Sim zastupenim
SFA a PUFA, a naopak niz§im podielom MUFA v porovnani so stehennou
svalovinou. Pomer n-3 PUFA:n-6 PUFA bol vo vSetkych skupinach priblizne na
rovnakej urovni v prsnej aj v stehennej svalovine. Pomer n-6 PUFA:n-3 PUFA bol
vSak niz8i (P < 0,05) v stehennej svalovine kurciat z pokusnych skupin, priCom
vyznamne rozdiely (P > 0,05) v pomere n-6 PUFA:n-3 PUFA. Na zaver mozno
konStatovat, Ze pridavok propolisového extraktu do krmiva samostatne alebo v
kombinacii s probiotikom aplikovanym cez vodny zdroj mal priaznivy vplyv na profil
mastnych kyselin v najcennejSich svaloch kuracieho masa, a preto je vhodnym
kfmnym dopinkom vo vyZive brojlerovych kurciat.

JOURNAL

Central European Agriculture 1180
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1828

Trembecka et al.: Fatty Acids Profile Of Breast And Thigh Muscles Of Broiler Chickens F...

Krucové slova: brojlerové kurca, mastna kyselina, probiotikum, propolis, prsia,
stehna

Detailny abstrakt

Ciefom experimentu bolo skumanie vplyvu propolisového extraktu a jeho kombinacie
s probiotikom na baze Lactobacillus fermentum (1*10° KTJ v 1 g nosného média) na
obsah mastnych kyselin v najcennejSich €astiach jatocného tela kurciat. Do
experimentu bolo zahrnutych 180 ks jednodnovych kurciat hybridnej kombinacie
Ross 308, ktoré boli rozdelené na tri skupiny: 1. kontrolna skupina — bez pridavku
propolisového extraktu a probiotika (C), 2. pokusna skupina — pridavok
propolisového extraktu v mnoZstve 400 mg*kg™ kfmnej zmesi (E1) a 3. pokusna
skupina — pridavok propolisového extraktu v mnozstve 400 mg*kg™ kfmnej zmesi

a probiotického preparatu v mnozstve 3,3 g pridavaného denne do pitnej vody (E2).
Vykrm kurciat trval 42 dni a bol realizovany na hlbokej podstielke. Kfimenie bolo
rozdelené na dve fazy: 1. Startérova (vek 1 az 21 dni, kimna zmes HYD-01 v sypkej
forme) a 2. rastova (vek 22 az 42 dni, kimna zmes HYD-02 v sypkej forme). Kimne
zmesi neobsahovali antibiotika ani kokcidiostatika. Prijem krmiva a vody bol
zabezpecCeny systémom ad libitum. Po skon€eni vykrmu bol v prsnej a stehennej
svalovine stanoveny obsah mastnych kyselin. Prsna (P > 0,05) aj stehenna svalovina
(P = 0,05) kurciat z pokusnych skupin obsahovala nizSie mnozstvo nasytenych
mastnych kyselin (SFA), na ¢om sa podielal najma nizZsi obsah kyseliny myristove;j
(C14:0) a stearovej (C18:0). Vyznamné zvysSenie (P < 0,05) sa prejavilo v obsahu
mononenasytenych mastnych kyselin (MUFA) v prsnej svalovine v skupine E2.

K zvySeniu celkového obsahu MUFA v skupine E2 prispel najma vyssi obsah
kyseliny olejovej (C18:1 cis). Celkovy obsah polynenasytenych mastnych kyselin
(PUFA) bol v prsnej svalovine najvyssi (P < 0,05) v skupine E1. MnozZstvo MUFA

a PUFA malo v skupinach experimentu podobnu tendenciu aj v stehennej svalovine
(P > 0,05). Z PUFA bol detegovany najvy3si obsah kyseliny linolovej (C18:2 cis)

v prsnej (11,34 — 12,02 g*100 g™*) a v stehennej svalovine (11,05 — 11,82*100 g™).
Najvyssi obsah (P < 0,05) kyseliny linolovej v oboch svaloch bol v skupine E1.
Vysledky potvrdili, Ze v prsnej svalovine boli SFA a PUFA obsiahnuté vo vySSom

a MUFA v nizS8om mnozstve ako v stehennej svalovine. Pomer n-3 PUFA:n-6 PUFA
bol vo vSetkych skupinach experimentu na priblizne rovnakej urovni. AvSak, pomer
n-6 PUFA:n-3 PUFA bol v stehennej svalovine nizsi (P < 0,05) v pokusnych
svalovine neboli vyznamné rozdiely (P > 0,05) v pomere n-6 PUFA:n-3 PUFA.
Ziskané vysledky preukazali pozitivny vplyv propolisového extraktu aplikovaného vo
vyzive brojlerovych kurcCiat cez kimne zmesi samostatne alebo v kombinacii

s probiotikom aplikovanym cez vodny zdroj na zloZzenie mastnych kyselin v prsnej

a stehennej svalovine, vzhladom na priaznivy obsah viacerych mastnych kyselin
nevyhnutnych pre spravnu vyzivu ludi. Uginky preverovanych doplnkov v§ak neboli
jednoznacne potvrdené vo vSetkych mastnych kyselinach, preto odporu¢ame ich
dalSie preskumanie s cielom overit’ ich u€innost.
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Introduction

Poultry meat has many desirable nutritional characteristics, such as high protein
content, low lipid content and relatively high concentrations of essential fatty acids
(Gallardo et al., 2012; Nkukwana et al., 2014). In recent years, there has been
interest in the role of poultry meat as a dietary source of long chain n-3
polyunsaturated fatty acids (PUFA), including alpha-linolenic acid (ALA, 18:3),
eicosapentaenoic acid (EPA, 20:3) and docosahexaenoic acid (DHA, 22:6) (Dalziel et
al., 2015).

Adequate intake of n-3 fatty acids (FA), a balanced n-3 PUFA/n-6 PUFA ratio, even
a proper polyunsaturated FA/saturated FA ratio (PUFA/SFA), may reduce the risk of
life-style diseases such as coronary artery disease, hypertension, diabetes, and
inflammatory and immune disorders (Zhou et al., 2012). There is evidence
suggesting that saturated fatty acids (SFA) have negative consequences on human
health whereas polyunsaturated fatty acids (PUFA) have beneficial effects (Gibbs et
al. 2013); PUFA should constitute 7% of total energy consumed (Soriano-Santos et
al., 2010).

Nutritionists have also focused on the type of PUFA and the balance in the diet
between n-3 PUFA formed from a-linolenic acid (18:3) and n-6 PUFA formed from
linoleic acid (18:2) (Wood et al., 2003), and recommend to increase the intake of n-3
PUFA at the expense of n-6 PUFA (Mapiye et al., 2011; Parunovic et al., 2012).

There are two reasons for the increasing level of FA polyunsaturation in chicken
meat. First, human nutritionists recommend reducing the intake of saturated fatty
acids (SFA) because of its relationship with the development of cardiovascular
diseases. Second, the use of animal fats has been reduced in Europe, in favour of
vegetable oils that are more polyunsaturated (Cortinas et al., 2004). According to
Morales-Barrera et al. (2013), fat in chicken breast meat contains 33.5% of saturated,
30.5% unsaturated and 32% polyunsaturated fatty acids, which encouraging human
consumption when these are compared with the low levels of PUFA and high levels
of SFA in red meats. The reported health benefits of PUFA on human health have
created a trend toward replacement of saturated fats with unsaturated fats in poultry
products through dietary manipulation (Ahmed et al., 2015). The manipulating the
ratio of these FAs could be an effective way to improve the consumer’s health and to
make chicken meat even more attractive to consumers (Taulescu et al., 2010).

The fatty acids profile of poultry meat is influenced by internal (age, gender, and
genotype) and external (temperature, feeding) factors (StarCevic et al., 2014),
therefore the dietary alterations can be used to modify the proportion of PUFA in
chicken meat (Rymer and Givens, 2005). Fatty acids are involved in technological
aspects of meat quality. The components of technological meat quality influenced by
FA are fat tissue firmness (hardness), shelf life (lipid and pigment oxidation) and
flavour. Owing to very different melting points of fatty acids, variation in their
composition has also an important effect on firmness or softness of the fat in meat,
especially the subcutaneous, intermuscular, and intramuscular fat (Wood et al., 2003;
Nieto and Ros, 2012). On the other hand, from a sensory point of view, FAs are
major precursors of meat flavour compounds which resulted from oxidation of FAs
during long-term storage or meat cooking process. Unsaturated FA undergo
autoxidation much more readily than those which are saturated. High levels of long
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chain PUFA or n-3 FA would thus significantly decrease the oxidative stability and
consequently negatively affect meat flavour and colour (Zhou et al., 2012) that may
then lead to lower consumer acceptability (Bou et al., 2004).

Nevertheless, FA composition of chicken meat is influenced by the diet provided to
chickens. Therefore, aim of the present study was to investigate how the diets for
broiler chickens supplemented with propolis separately and propolis together with
probiotics would affect the FA profile in breast and thigh muscles.

Material and methods
Animals and diet

The experiment was carried out in test poultry station of Slovak University of
Agriculture in Nitra. A total of 180 one day-old broiler chicks of mixed sex (Ross 308)
were randomly divided into 3 groups, namely, control (C) and experimental (E1, E2).

Table 1. Composition of basal diet
Tabulka 1. Zlozenie kfimnych zmesi

. Starter phase Grower phase
Ingredients (%) (1to 21 d) (22 t0 42 d)

Wheat 35 35

Maize 35 40

Soybean meal (48% CP) 21.3 18.7
Fish meal (71% CP) 3.8 2

Dried blood 1.25 1.25
Ground limestone 1 1.05
Monocalcium phosphate 1 0.7
Fodder salt 0.1 0.15
Sodium bicarbonate 0.15 0.2
Lysine 0.05 0.07
Methionine 0.15 0.22
Palm kernel oil Bergafat 0.7 0.16
Premix Euromix BR 0.5%" 0.5 0.5

CP — crude protein; 'active substances per kilogram of premix: vitamin A 2 500 000 IU; vitamin E

20 000 mg; vitamin D3 800 000 IU; niacin 12 000 mg; D-pantothenic acid 3 000 mg; riboflavin

1 800 mg; pyridoxine 1 200 mg; thiamine 600 mg; menadione 800 mg; ascorbic acid 20 000 mg; folic
acid 400 mg; biotin 40 mg; kobalamin 8.0 mg; choline 100 000 mg; betaine 50 000 mg; Mn 20 000 mg;
Zn 16 000 mg; Fe 14 000 mg; Cu 2 400 mg; Co 80 mg; |1 200 mg; Se 50 mg.

CP — dusikatée latky; obsah ucinnych latok v 1 kg premixu: vitamin A 2 500 000 m.j.; vitamin E

20 000 mg; vitamin D3 800 000 m.j.; niacin 12 000 mg; kyselina D-pantoténova 3 000 mg; riboflavin
1 800 mg; pyridoxin 1 200 mg; tiamin 600 mg; menadiéon 800 mg; kyselina askorbova 20 000 mg;
kyselina listova 400 mg; biotin 40 mg; kobalamin 8.0 mg; cholin 100 000 mg; betain 50 000 mg; Mn
20 000 mg; Zn 16 000 mg; Fe 14 000 mg; Cu 2 400 mg; Co 80 mg; | 200 mg; Se 50 mg.
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Each group consisted of 3 replicated pens with 20 broiler chickens per pen. The
experiment employed a randomized design, and dietary treatments were as follows:
1. basal diet as control (C group), 2. basal diet plus 400 mg propolis extract per 1 kg
of feed mixture (E1 group), 3. basal diet plus 400 mg propolis extract per 1 kg of feed
mixture and 3.3 g probiotic preparation added to drinking water (E2 group). Besides,
the groups were kept under the same conditions.

Table 2. Nutrient content of basal diet
Tabulka 2. Obsah Zivin v kimnych zmesiach

. R Starter phase Grower phase
Nutrient content (g*kg™) (1 to 21 d) (22 t0 42 d)
Crude protein (CP) 210.76 190.42
Fibre 30.19 29.93
Ash 24.24 19.94
Ca 8.16 7.28
P 6.76 5.71
Mg 1.41 1.36
Linoleic acid 13.51 14.19
MEy (MJ*kg™) 12.02 12.03

CP - crude protein; MEy — nitrogen-corrected metabolizable energy; MJ — megajoule.

CP - dusikaté latky; MEy — metabolizovatelna energia upravena na dusikovu rovnovahu;
MJ — megajoul.

The broilers were reared on breed litter (wood shavings) up to 42 days of age. Room
temperature was adjusted at 33 °C in the first week and gradually decreased by 2 °C,
and finally fixed at 19 °C thereafter. Broilers had ad libitum access to feed and water,
and lighting was provided continuously.

Tables 1 and 2 lists the ingredients and nutrient content of the basal diet, formulated
to provide the nutrient requirements of broilers according to the recommended
reference levels. The diets were offered in two phases: starter from 1 to 21 days
(HYD-01, powder form) and grower from 22 to 42 days (HYD-02, powder form). The
feed mixtures both starter and grower were produced without any antibiotics and
coccidiostats.

In the experiment, the probiotic preparation based on Lactobacillus fermentum
(1*10° CFU in 1 g of bearing medium) was used.

Propolis had origin in the Slovak Republic. The extract was prepared from minced
propolis in the conditions of the 80% ethanol in the 500 cm?® flasks, according to Krell
(1996).

Slaughter and measurements

At the end of the 42-d feeding period, broilers were weighed and slaughtered at the
slaughterhouse of Slovak University of Agriculture in Nitra. After evisceration, the
carcasses were kept at approximately 18 °C for 1 h post mortem and thereafter
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longitudinally divided into two parts. After that, the half-carcasses and giblets were
weighed and stored at 4 °C until 24 h post mortem. The right half-carcasses were
used in order to determinate the FA composition, whereas the left half-carcasses
were assigned to different analysis. The breast and thigh muscles were separated
from each half-carcass for the determination the FA composition. The FA
compositions of breast and thigh meats were determined by a direct method for fatty
acid methyl ester (FAME) synthesis. The FA composition of the FAME was
determined using a Gas Chromatograph (Agilent, 7890A series, USA) equipped with
a flame ionization detector and a chiral capillary column (J&W Scientific, USA).

Statistical analysis

All statistical analyses were computed using the ANOVA procedures of SAS software
(version 9.3, SAS Institute Inc., USA, 2008). Mean values and standard deviation
(SD) are reported in tables. Statistical significance was calculated using t-test.
Differences between the treatments were considered significant at P < 0.05.

Results and discussion

As shown in Table 3, 6 out of 15 fatty acids that were detected in broiler breast meat
differed (P < 0.05) in proportion among the treatments. Breast meat from the control
treatment had a higher (P < 0.05) concentration of stearic acid than did breast meat
from the propolis and propolis + probiotic-supplemented groups (E2).

The highest (P > 0.05) concentration of palmitoleic acid was found in propolis +
probiotic-supplemented group (E2). In addition, breast meat from this treatment had
the lowest (P < 0.05) concentration of stearic, linoleic, eicosadienoic, and arachidonic
acids. The highest (P < 0.05) linoleic and arachidonic content was found in breast
meat from chickens fed propolis (E1). The higher linoleic and arachidonic acid
contents of breast meat can be an attractive nutritional quality trait for health-
conscious consumers. The propolis + probiotic-supplemented group (E2) also
showed the lowest (P < 0.05) proportion of PUFA. On the contrary, this treatment
showed the highest (P < 0.05) proportion of MUFA. No significant difference

(P > 0.05) was found in n-3:n-6 PUFA and n-6:n-3 PUFA ratio.

As shown in Table 4, only 4 of 15 fatty acids that were detected in broiler thigh meat
differed (P < 0.05) in proportion among the treatments. The addition of both
supplements (propolis separately and propolis together with probiotics) had a
significant effect on two saturated FA, namely the myristic and palmitic acids, due to
the highest (P < 0.05) concentration in control.

The supplements had not significant (P > 0.05) effect on stearic acid content, which
was, however, lower in both supplemented group. The lowest (P < 0.05) SFA
proportion was found in propolis-supplemented group (E1). Feeding with
propolis+probiotics (E2) had a tendency to decrease SFA (P < 0.05), as well as
PUFA (P > 0.05) proportion. In addition, thigh muscle from this treatment (E2) had
relatively high (P > 0.05) MUFA level when compared with the other treatments. The
significant changes (P < 0.05) were also found in the n-3:n-6 PUFA and n-6:n-3
PUFA ratios.
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Table 3. The fatty acids profile (g*100 g™) of chicken breast muscle (mean+SD)
Tabulka 3. Profil mastnych kyselin (g*100 g™*) v prsnej svalovine kuréiat (mean+SD)

Fatty acid C E1l E2
Myristic (C14:0) 0.7+0.022 0.68+0.011 0.67+0.039
Pentadecanoic £ A3
(C15:0) 0.07+0.058 0.09+0.047 0.11£3.64*10
Palmitic (C16:0) 26.72+0.512 26.61+0.384 26.8410.55

Heptadecanoic
(C17:0)

0.11+0.052%

0.12+6.933*1032

0.11+6.911*103"

Stearic (C18:0) 6.85+0.2472 6.6+0.341%" 6.35+0.256"
Myristoleic (C14:1) 0.2+0.012 0.19+0.014 0.21+0.03
Palmitoleic (C16:1) 6.51+0.274 6.45+0.397 7.01+0.658
Oleic (C18:1 cis) 40.35+1 40.18+0.681 40.99+1.362
Linoleic (C18:2 cis) 11.57+0.695%" 12.02+0.518% 11.34+0.548"
Linolenic (C18:3 n-6) 0.11+0.044 0.13+0.021 0.12+0.01
Linolenic (C18:3 n-3) 0.74%0.027 0.77+0.034 0.74+0.034
Eicosenoic (C20:1) 0.49+0.028 0.47+0.016 0.46+0.025
Eicosadienoic a a b
(C20-2) 0.27+0.031 0.27+0.025 0.22+0.019
(EC":Z%Sgg”e”O'C 0.22+0.029° 0.22+0.029° 0.18+0.017"
Arachidonic (C20:4) 0.54+0.104% 0.56+0.072 0.37+0.073"
¥ SFA 34.45+0.693 34.1+0.378 34.07+0.418
¥ MUFA 48.12+0.962% 47 .84+0.563% 49.09+0.887"
¥ PUFA 13.64+0.848%" 14.15+0.5492 13.11+0.696"
n-3 PUFA:n-6 PUFA  0.07+2.115*10°3 0.07+1.847*10°3 0.074+9.607*10°3
n-6 PUFA:n-3 PUFA 13.77+0.409 14.01+0.362 13.92+0.183

C — control group; E1, E2 — experimental groups; SD — standard deviation; a, b — means with different
superscripts within a row differ significantly (P < 0.05).

C — kontrolnd skupina; E1, E2 — pokusné skupiny; SD — smerodajna odchylka; priemerné hodnoty
oznacené rozdielnymi pismenami (a, b) v riadku su preukazné na hladine vyznamnosti P < 0.05.

Milicevi¢ et al. (2014) investigated the impact of chicken meat consumption on
cardiovascular risk in the general population and reported main FA in chicken meat
as follows: oleic (C18:1 cis), linoleic (C18:2 cis), palmitic (C16:0), stearic (C18:0), and
palmitoleic (C16:1). Oleic acid was observed at highest level (42.85%) in both breast
and thigh muscles. In breast muscles, the major SFA was palmitic acid and ranged
from 21.35% to 28.53%; and the major PUFA was linoleic acid and varied from
10.26% to 24.85%. The fatty acids profile of thigh muscle showed a slightly higher
fraction of PUFA (C18:2 cis) in comparison to SFA (16:0). In accordance with these
data, it was determined in the present study the similar FA profile of chicken meat.
Oleic acid was detected at level of 40.18 — 40.99% and 41.12 — 41.85% in breast
muscle and thigh muscles, respectively, which is slightly lower value as compared to
study of Milicevic et al. (2014).

JOURNAL

Central European Agriculture 1186
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1828

Trembecka et al.: Fatty Acids Profile Of Breast And Thigh Muscles Of Broiler Chickens F...

Table 4. The fatty acids profile (g*100 g™) of chicken thigh muscle (mean+SD)

Tabulka 4. Profil mastnych kyselin (g*100 g™*) v stehennej svalovine kur&iat
(meanzSD)

Fatty acid

C

El

E2

Myristic (C14:0)
Pentadecanoic
(C15:0)

Palmitic (C16:0)
Heptadecanoic
(C17:0)

0.69+0.025%
0.1+5.55*1073

27.05+0.4972
0.1+4.952*107°

0.66+0.011°
0.1+4.29*10°3

26.42+0.376°
0.11+6.76*10°

0.65+0.047%°
0.1+4.103*10°

26.83+0.916%
0.1+7.166*10°

Stearic (C18:0) 5.94+0.25 5.63+0.264 5.85+0.208
Myristoleic (C14:1) 0.22+0.015 0.22+0.015 0.22+0.037
Palmitoleic (C16:1) 7.52+0.426 7.47+0.44 7.65+0.866
Oleic (C18:1 cis) 41.12+0.58 41.47+0.827 41.85+1.826
Linoleic (C18:2 cis) 11.4140.347%° 11.82+0.436° 11.05+0.686"
Linolenic (C18:3 n-6) 0.13+0.012 0.13+0.013 0.12+0.014
Linolenic (C18:3 n-3) 0.76+0.015 0.79+0.026 0.77+0.037
Eicosenoic (C20:1) 0.42+0.015 0.42+0.015 0.4310.028
Eicosadienoic 0.15+0.0112 0.16+5.023*103" 0.16+0.0182"
(C20:2)

(E(';(:Z%nggr'eno'c 0.149.594*10°  0.11%6.525¢10° 0.11£0.015
Arachidonic (C20:4) 0.2+0.03 0.25+0.029 0.24+0.048

¥ SFA 33.89+0.5822 32.92+0.389° 33.53+0.835%
s MUFA 49.57+0.316 49.87+0.572 50.46+1.1

s PUFA 12.87+0.411 13.38+0.469 12.56+0.809
n-3 PUFA:n-6 PUFA  0.07+1.17*1032 0.07+1.692*10°2  0.08+1.226*103"
n-6 PUFA:n-3 PUFA 13.7+0.2172 13.57+0.3182 13.22+0.217°

C - control group; E1, E2 — experimental groups; SD — standard deviation; a, b — means with different

superscripts within a row differ significantly (P < 0.05).

C — kontrolna skupina; E1, E2 — pokusné skupiny; SD — smerodajna odchylka; priemerné hodnoty
oznacené rozdielnymi pismenami (a, b) v riadku su preukazné na hladine vyznamnosti P < 0.05.

In the present study, there was found much higher palmitic acid content in breast
muscle that varied from 26.6 — 26.84%, as well as in thigh muscle (26.42 — 27.05%).
The major PUFA was linoleic acid in breast and thigh muscles (11.34 — 12.02% and
11.05 — 11.82%, respectively). Although the n-3:n-6 FA ratio (0.07 — 0.08%) was
similar in breast and thigh muscles for dietary groups, n-6:n-3 ratio of meat

(13.77 — 14.01% in breast; 13.22 — 13.7% in thigh) were different between the

samples analyzed. The high n-6:n-3 ratio may be due to the predominance of wheat,
maize, and soy in feed mixtures given to broilers, which is relatively high in n-6 fatty
acids when compared with n-3 fatty acids.

There has been much debate over the practical utility of the dietary ratio of n-6 to n-3
PUFA in optimizing the benefits of n-3 PUFA on cardiovascular health. According to
Simopolous (2002), excessive amounts of n-6 PUFA and a very high n-6 PUFA:n-3
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PUFA ratio promote the pathogenesis of many diseases, including cardiovascular
disease, cancer, and inflammatory and autoimmune diseases, whereas increased
levels of n-3 PUFA (a low n-6:n-3 ratio) exert suppressive effects. The study
indicated that the optimal ratio may vary with the disease under consideration.

Similar arguments were reported by Deckelbaum (2010), who noticed that for both
n-3 and n-6 FA, adequate intake amounts for each are likely to be of higher utility
than consideration of the n-6:n-3 ratio. The ratio can disguise extremely low or high
intakes of n-6 and/or n-3 FA.15 Moreover, the specific n-6 and n-3 FA that are
represented in calculating an n-6:n-3 ratio are not always clearly defined.

Results of the present study indicated that supplementation of chicken diet with the
feed additives had slight effect on fatty acids profile of breast and thigh muscles.
More obvious results were achieved in breast muscle, in total MUFA and PUFA
content in particular. It is noteworthy that the highest (P < 0.05) linoleic and
arachidonic acid proportions in breast meat of chickens that were fed with propolis
extract (E1) may be due to high essential fatty acids content in the propolis (Zhang et
al., 2005; Wang et al., 2014; Li et al., 2016).

The effect of propolis in diet of broilers on the total PUFA content was shown to be
favourable (P < 0.05) when the propolis was administered singly (E1), but rather
adverse (P > 0.05) when administered together with probiotics (E2). Regarding this
fact it can be assumed that after inclusion of propolis in diet of broilers it would be
possible to produce chicken meat with a high content of n-3 PUFA as a functional
food.

However, the impact cannot be so obvious like after dietary supplementation of
additives that are typically high in n-3 PUFA content such is linseed oil. The effect of
dietary linseed oil on content of fatty acids in chicken meat was investigated in many
studies (Lépez-Ferrer et al., 2001; Zelenka et al., 2008; Taulescu et al., 2010;
Mandal et al., 2014; Masek et al., 2014;), where linseed oil supplementation
significantly (P < 0.05) increased linolenic acid content and total PUFA n-3 content,
and decreased arachidonic acid and total PUFA n-6, and n-6 PUFA:n-3 PUFA ratio.

The effect of propolis extract on fatty acids profile in crossbred bulls was objective of
the study of Valero et al. (2011). The inclusion of propolis extract in diet has only little
impact (P > 0.05) on FA composition of the Longissimus muscle of crossbred bulls. In
the study, PUFA, MUFA, SFA, n-6, n-3 FA or the ratio of PUFA:SFA and n-6:n-3
PUFA were not changed. The effect was observed only for two FA of the 20
analyzed, namely an increase in linoleic acid and decrease in docosahexaenoic acid.
Another study (Valero et al., 2014) also showed a minimal effect on Longissimus
muscle FA composition when propolis was included in the diet of crossbred bulls.

Similarly, there was the effect of other honey bee products on FA composition
investigated. Seven et al. (2014) reported improved unsaturated FA ratios after royal
jelly supplementation in quails. In the study of Tath Seven et al. (2016), bee pollen
supplementation in Japanese quails increased PUFA levels in tissues, especially n-6
PUFA.

In another study (Schilling et al., 2010), effects of feeding various levels of distillers
dried grains with soluble (DDGS) were evaluated. Thigh meat was evaluated for FA
composition. Feeding DDGS had a tendency to increase linoleic and linolenic acid,
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and decrease the proportions of palmitic and oleic acid when compared with the
control.

Also, Min et al. (2012) evaluated the effects of DDGS on FA profiles of breast and
thigh muscles. Dietary addition of DDGS led to significant increase (P < 0.05) in the
ratio of PUFA:SFA ratio in both breast and thigh muscles.

Zdunczyk et al. (2011) reported that diet containing the addition of selenium and
vitamin E in broilers had no significant effect (P > 0.05) on FA profile of breast
muscle.

In the study of Strakova et al. (2010), lupin meal in chicken diet resulted in decrease
of SFA in breast and thigh muscles. Slight decrease was also observed in n-6 PUFA.
On the other hand, diets containing lupin meal showed an increase in MUFA and n-3
PUFA.

Gallardo et al. (2012) found an increase in oleic acid (P < 0.05), and a decrease in
linoleic acid (P < 0.05), together with a slight increase in a-linolenic acid (P < 0.05) in
broiler chickens fed canola oil, which is high in MUFA.

Ahmed et al. (2015) detected lower SFA, higher MUFA and n-3 FA in breast and
thigh muscles after dietary supplementation with pomegranate by-product (PB) in
chickens. They also found lower (P < 0.05) n-6:n-3 ratio in the 1.0% and 2.0%
PB-supplemented group.

Conclusions

The results of this study showed that the supplementation of chicken diet with
propolis separately and propolis together with probiotics affect the fatty acids profile
of breast and thigh muscles. The most changes in FA profiles of breast and thigh
muscles were observed after propolis supplementation (administered separately),
which is probably related to a high proportion of FAs (oleic, palmitic, linoleic, and
stearic) identified as a part of propolis chemical composition. The findings offered
important evidence for further research on the addition of propolis into chicken diet so
as to improve the meat quality.
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