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Abstract

In this study, the effect of the halved dosage of RRR-d-a-tocopherol (with respect to dl-o-to-
copherol acetate) in diets containing oil rich in linoleic or a-linolenic acid (soybean or linseed oil,
respectively) on the quality characteristics and fatty acid (FA) profile of turkey meat was studied.
The experiment was conducted using 480 one-week-old turkey hens Big 6 line reared until the
16th week of life. The hens in Groups I and II received soybean oil added to their feed mixture,
in Groups III and IV linseed oil was the source of supplementary fat. Turkeys in Groups I and
III received dl-a-tocopherol acetate, whereas those in Groups II and IV RRR-d-a-tocopherol. No
influence of dietary manipulation was observed on the chemical composition of turkey meat. The
combined effect of the type of dietary fat and vitamin E source added to the feed was assessed us-
ing the color parameters. The addition of natural vitamin E to the feed mixture with linseed oil
significantly increased the proportion of PUFA in breast muscle lipids compared with the group
receiving soybean oil with this form of vitamin E. The inclusion of linseed oil increased the content
of a-linolenic acid and total n-3 FA concentration in both muscles, compared with the diet that
contained soybean oil. This modification of FA composition led to lower n-6/n-3 ratio in both the
breast and thigh muscles regardless of the dietary vitamin E source. The use of natural form of
tocopherol in diets containing linseed oil may help to improve the nutritional quality of turkey
meat, especially by enhancing n-3 PUFA levels with no detrimental effect of lipid addition on the
chemical composition and quality of meat.
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Since poultry meat is consumed widely, modification of its lipid profile could
help to improve the nutritional quality of the human diet, especially by enhancing
n-3 PUFA levels, due to their presumed role in the prevention and therapy of car-
diovascular diseases, cancer, and obesity (Lorente-Cebrian et al., 2013; Grasso et al.,
2014; McNeill, 2014). Among other possible strategies used to customize FA compo-
sition of poultry meat, dietary manipulation has been demonstrated to be very effec-
tive (Bou et al., 2009; Zdunczyk and Jankowski, 2013). As the lipid profile of poultry
reflects the composition of the bird’s diet, alteration to the diet can modify the FA pro-
portion in turkey meat in response to the dietary requirements of consumers (Lessire,
2001; Rymer and Givens, 2005). Also, variation in FA composition has a direct effect
on several aspects of meat quality (Wood et al., 2003; Carmona et al., 2008).

The main source of supplementary fat in turkey diets is usually soybean oil; how-
ever, the use of linseed oil, which is rich in n-3 PUFA (about 60% a-linolenic acid)
also shows great promise (Hassan et al., 2011). With a more favorable FA composi-
tion: 9% SFA, 19% MUFA, and 72% PUFA, it is expected to be more beneficial than
soybean oil (Nuernberg et al., 2005).

However, increasing the degree of polyunsaturation in the animal’s diet may ac-
celerate the oxidative deterioration of the meat. Therefore, not only the oil source
and their level of inclusion but also adequate inclusion of antioxidants must be con-
sidered when formulating PUFA-rich diets for turkeys to be slaughtered for meat.
Synthetic dl-a-tocopherol, in practice applied in its acetate form, is commonly used
in livestock feeding as a vitamin E supplement to serve as an antioxidant (Rey et al.,
2004; Koreleski and Swiqtkiewicz, 2008; Yu et al., 2008). Nowadays, several pre-
cursor forms of tocopherol are used as feed additives in poultry diets. They are ac-
tive in cells (systemic), but their biological activity varies substantially that results
from the isomeric structure and from the chemical form of the compound (Ognik and
Wertelecki, 2012). Koreleski and Swigtkiewicz (2008) proved that the activity of the
RRR-stereoisomer is almost 2 times higher than that of the synthetic form of vitamin E,
which suggests that it can be used in half the amount recommended by the NRC (1994)
in mixtures for turkey hens. Ognik and Czech (2014), showed that it may be possible to
use the natural form of RRR-d-a-tocopherol for diets rich in linoleic and a-linolenic acid
(soybean or linseed oil, respectively) as it stimulated the antioxidant defense mechanisms
of turkey more effectively than dl-a-tocopherol acetate added to these oils.

Results of previous research indicate that linseed oil is a good candidate for en-
riching turkey meat with n-3 FA (Jankowski et al., 2012). However, to the best of our
knowledge, the effects of addition of different forms of vitamin E, into feed contain-
ing different dietary oils, on the physicochemical properties of turkey meat remain
unexplored.

Therefore, the objective of this study was to compare the effect of the halved
dosage of RRR-d-a-tocopherol (with respect to dl-a-tocopherol acetate) in diets con-
taining oil rich in linoleic or a-linolenic acid (soybean or linseed oil, respectively)
on the quality characteristics and FA profile of turkey meat. The halved dosage was
in accordance with research by Mahan et al. (2000), who suggested that the activity
of the natural form of tocopherol in animal tissues is significantly higher than the
synthetic form.
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Material and methods

Animals and diets

The experiment was conducted using 480 one-week-old turkey hens Big 6 line
randomly assigned to 4 experimental groups of 120 turkeys, with 5 replications of 24
birds each. Until the 16th week of life, the birds were kept in cages, 2.5 x 2.5 x4 m
in size, under hygienic conditions recommended for turkeys fattening. The birds in
Groups I (control) and II received soybean oil added to their feed mixture. Linseed
oil was the source of supplementary fat for Groups III and IV. Turkeys from Group
I and III received synthetic dl-a-tocopherol acetate (E 307, according to the Euro-
pean Union Register of Feed Additives EC 1831/2003) at dietary levels of 50 mg/kg
(1-9 weeks of life) and 45 mg/kg (10-16 weeks of life), which is consistent with the
tocopherol content recommended for turkey hens by the Poultry Feeding Standards
(NRC, 1994). Groups II and IV were given another form of tocopherol, i.e., natural
form of vitamin E, RRR-d-a-tocopherol (100% activity) in a dose equivalent to the
synthetic form, dl-a-tocopherol (i.e. 2.5 mg of the synthetic form = 1 mg of the
natural form of tocopherol) at a rate concentration two times lower than in Groups
I and I1I, i.e., 25 mg/kg (1-9 weeks of life) and 22.5 mg/kg (1016 weeks of life).
The turkey hens from all the groups were fed ad /ibitum and had free access to water.
The feed mixtures were composed of wheat, corn meal, soybean meal, soybean/lin-
seed oil and maintained isonitrogenous and isoenergetic balances. The diet formula-
tion has been previously described by Czech and Ognik (2014). The feed mixtures
were prepared once a week at the farm and kept in a cool and dark place to prevent
oxidation. The experiment was conducted with the approval of the Local Ethical
Committee (Second Local Ethical Committee for Animal Experiments, 2009). On
completion of the rearing period (16 weeks of life), 10 birds from each experimental
group (all of the birds from a group were weighed and then chosen for analysis based
on mean body weight) were slaughtered by decapitation following the euthanasia
protocol of the Local Ethical Committee. During the partial dissection, breast (M.
pectoralis major) and thigh (M. iliotibialis lateralis) muscles were collected and
stored at 4°C until examined 48 h postmortem. The influence of soybean or linseed
oil combined with RRR-d-a-tocopherol or dl-a-tocopherol acetate on chemical com-
position, physicochemical properties, color, and FA profile of turkey breast and thigh
muscles were examined.

Chemical composition
The chemical composition (dry matter, protein, fat and ash) of breast and thigh
muscles was determined according to AOAC methods (2000).

Fatty acid analysis

Lipids from breast and thigh muscles were extracted according to the method of
Folch et al. (1957). The FA composition was determined by gas chromatography af-
ter conversion of the fats to fatty acid methyl esters (FAME) according to the AOAC
method (AOAC, 1990). A gas chromatograph (Varian 450-GC, Varian, CA, USA)
with a split-splitless injector, a flame ionization detector, and a 30-m fused silica
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capillary column (0.32 mm internal diameter) was used; helium was the carrier gas;
injector and detector temperatures were 250°C and 300°C, respectively. After injec-
tion, the column temperature was programmed to rise to 200°C, be maintained for
10 min and subsequently increased to 240°C at the rate of 3°C/min and held at
this final temperature for 4 min. The amounts of the FA were calculated from the
chromatograms and from an external standard containing FAME (F.A.M.E. Mix,
C4-C24, No. 18919-1AMP, Sigma-Aldrich Poznan, Poland).

Instrumental color

Breast and thigh muscles were evaluated for instrumental color by using a bench-
top spectrophotometer (Color® Premiere 8200, X-Rite Inc., Grand Rapids, MI, USA)
following the recommendations of American Meat Science Association (2012).
The instrumental parameters were an 8 mm view aperture, D65 illuminant and 10°
standard observer. Samples taken for color measurements were 5 cm thick and were
covered with a single layer of colorless food wrap before color determination and
allowed to bloom for 30 min at 4 = 1°C. Color measurement followed the Commis-
sion Internationale de 1’Eclairage (CIE) color convention (1978), with outputs of L *
(lightness), a* (redness) and b * (yellowness).

Physicochemical properties

The pH was measured in a slurry made by mixing 10 g of meat sample with
100 mL of distilled water for 1 min using a disperser (125 Basic ULTRA-TURRAX,
IKA, Staufen, Germany). The pH of the resulting suspension was measured by us-
ing a digital pH-meter with temperature compensation (CPC-501, Elmetron, Zabrze,
Poland) equipped with a combined pH glass electrode (ERH-111, Hydromet, Gli-
wice, Poland). Water holding capacity (WHC) was measured using centrifugation
method (Wierbicki et al., 1962). Drip loss was determined from meat weight loss
after 24-h cold storage at 4°C (Honikel, 1998). Cooking loss was determined from
percentage loss of meat weight after cooking samples (80 g = 2 g) in plastic bags
immersed in a water bath (PolyScience, Niles, IL, USA) at 80°C for 30 min. For
the Warner-Bratzler shear force (WBSF) measurements, cylindrical cores (@ 1.25
cm), minimum 30 mm long were removed from each cooked sample parallel to the
longitudinal orientation of the muscle fibers. Peak force (N) to cut across each piece
was determined with a texture analyzer TA-XT plus (Stable Micro Systems Ltd. Sur-
rey, UK) equipped with a V-shaped Warner-Bratzler blade (thickness: 0.9 mm) with
a triangular aperture of 60° at a crosshead speed of 100 mm/min. Data were collected
with Texture Expert Exceed software (Stable Micro Systems).

Statistical analysis

The experiment was arranged as 2 x 2 factorial randomized block designs with
the tocopherol and oil source and their interaction as the main effects. All measure-
ments were made in triplicate. Obtained data were analyzed using Statistica soft-
ware, version 6.1 (StatSoft, Krakéw, Poland). Results were expressed as treatment
means and SEM. Compatibility of characteristics distribution with normal distribu-
tion was examined with Shapiro-Wilk’s test. Significance of the difference between
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mean values was estimated by using one-way analysis of variance (ANOVA) assum-
ing the significance level at P<0.05 and P<0.01.

Results

Chemical composition
Data from Table 1 shows that there were no significant differences between ex-
perimental groups with regards to their chemical composition.

Table 1. Chemical composition (%) of turkey breast (M. pectoralis major) and thigh (M. iliotibialis
lateralis) muscles

Feeding groups Significance
Parameters Soybean oil Linseed oil SEM ) )
| 1 . | v oil E oil xE
Breast muscles
dry matter 26.06 27.41 26.34 26.87  0.102 ns ns ns
ash 1.11 1.11 1.09 1.10 0.126 ns ns ns
protein 24.19 25.39 24.47 24.89  0.100 ns ns ns
fat 0.74 0.88 0.73 0.82 0.007 ns ns ns
Thigh muscles
dry matter 26.32 26.72 26.58 26.63 0.177 ns ns ns
ash 0.95 1.05 0.98 0.87 0.108 ns ns ns
protein 19.57 20.32 20.08 20.27 0.231 ns ns ns
fat 5.73 5.33 5.49 547  0.199 ns ns ns

Abbreviations: ns — not significant; Groups I and III: turkey hens fed diet supplemented with synthetic dl-
a-tocopherol acetate; Groups II and IV: turkey hens fed diet supplemented with natural RRR-d-a-tocopherol.

Fatty acid analysis

The FA profiles are shown in Tables 2 and 3 for breast (M. pectoralis major) and
thigh (M. iliotibialis lateralis) muscles, respectively. The FA found at highest con-
centration in turkey breast muscle were linoleic acid (C18:2r-6) and palmitic acid
(C16:0), followed by oleic acid (C18:11-9) and stearic acid (C18:0) (Table 2). For
thigh muscle, these FA were C18:1x1-9 and C18:2n-6, followed by C16:0 and C18:0
(Table 3).

In this study, the SFA were approximately 40% in the breast muscle and 35%
in the thigh muscle. The breast muscles of birds that were fed with linseed oil and
natural RRR-d-a-tocopherol (Group IV) had a higher percentage of total SFA than
birds fed with its synthetic counterpart (Table 2). The type of oil administered in the
feed mixtures affected the total concentration of SFA in thigh muscles (Table 3).The
linseed oil diet led to a significant reduction of SFA level in thigh muscle in compari-
son with the control (Group I).
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Table 2. Fatty acid profile (% methyl esters) of turkey breast (M. pectoralis major) muscles

Feeding groups Significance
Fatty acids Soybean oil Linseed oil SEM
oil | E |oil X E
I 11 I v

SFA (saturated fatty acids)
C14:0 0.96 0.94 0.96 0.86 0.011 ns * *
C15:0 0.19a 02la 0.18a 0.15b 0.006 * ns *
C16:0 27.50a 2476b 21.08c  2456b 0.674 ** ns *
C17:0 0.24 0.18 0.25 0.22 0.008 ns * *
C18:0 11.73b 16.25a 16.15a 16.84a 0.559 * * %
C20:0 0.10b  0.10b 0.15a 0.09b 0.008 ns ns *
C21:0 0.05b 0.15a 0.04b 0.03b 0012 * ns *
>'SFA 40.77 ab 42.59a 3881b  42.75a 0.515 ns ** *

MUFA (monounsaturated fatty acids)
Cl4:1 0.11a 0.12a 0.16b 0.16b 0.006 * ns *
Cl15:1 1.27 1.22 1.29 1.40 0.018 * ns *
Cl6:1n-7 021b 026ab 0.23b 0.40a 0.019 * =* *
C17:1 0.11 0.15 0.13 0.14 0.005 ns * *
C18:1n-7 224a 1.63¢ 2.06b 1.59¢ 0.075 ns ** *
C18:1n-9 2629a 2329a 20.20b  18.05b 0917 ** ns *
C20:1n-5 0.01 0.01 0.01 0.02 0.001 ns ns ns
C20:1n-7 0.13 0.16 0.14 0.14 0.004 ns ns *
C20:1n-9 0.14 0.17 0.15 0.14 0.005 ns ns ns
YMUFA 30.51a 27.01b 2437bc 22.04c 0931 ** ns *

PUFA (polyunsaturated fatty acids)
C16:3n-3 0.04b 0.04b 0.04b 0.08a 0.005 ** ns *
Cl18:2n-6 28.25a 27.16ab 24.62c  26.16 bc 0.445 ** ns *
C18:3n-3 0.85b 0.80b 347a 3.0la 0324 ** ng *
C20:2 031b 038a 0.29b 031b 0.009 * =* *
C20:3n-3 0.02 0.04 0.05 0.05 0.003 ns ns *
C20:3n-6 0.01 0.01 0.01 0.01 0.006 ns ns ns
C20:3n-9 0.27 0.30 0.27 0.28 0.005 ns ns ns
C20:4n-6 227b 231b 4.18a 398a 0246 ** ns *
C20:5 0.17b  020ab 0.23a 0.18b 0.008 ns ns *
C22:5 0.16a 0.18a 0.03b 0.16a 0.015 * =* *
> PUFA 32.35ab 31.42b 33.19ab 3422a 0908 ** ns *
> UFA 62.86a 5843b 57.56b 5626b 0515 ns ** *
>n-3 091b 088b 3.56a 3.14a 0333 ** pg  *
>n-6 30.53a 29.48b 28.81bc 30.15ab 0.051 ns ns ns
n-6/n-3 33.55a 33.50a 8.09b 9.60b 0.547 ** ns *

Abbreviations: Groups I and III: turkey hens fed diet supplemented with synthetic dl-a-tocopherol acetate;
Groups II and IV: turkey hens fed diet supplemented with natural RRR-d-a-tocopherol; ns — not significant;
UFA — unsaturated fatty acids.

a, b, ¢ — values in rows with different letters differ significantly at P<0.05 (compared to group I — control).

*P<0.05.

*#P<0.01.
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Table 3. Fatty acid profile (% methyl esters) of turkey thigh (M. iliotibialis lateralis) muscles

Feeding groups Significance
Fatty acids Soybean oil Linseed oil SEM
oil | E |oilxE
I 1I 111 v

SFA (saturated fatty acids)
C14:0 1.00a 0.77b 097a 092ab 0.035 ns * *
C15:0 0.19 020  0.16 0.20 0.005 * * ns
C16:0 27.0la 2692a 21.87b 2296b 0.685 ** ns *
C17:0 0.24 020 020 0.20 0.005 ns ns ns
C18:0 922ab 791b 9.66a 10.56a 0324 * ns *
C20:0 0.12ab 0.12ab 0.16a 0.10b 0.006 ns * *
C21:0 0.02 0.02  0.01 0.01 0.002 * ns ns
C22:0 0.03 0.00  0.03 0.02 0.003 ns * ns
C23:0 02la 0.0lb 000b 0.00b 0.023 * * *
> SFA 38.04a 36.15ab33.06c¢ 34.97bc 0.578 ** ns *

MUFA (monounsaturated fatty acids)
Cl4:1 0.13b 0.14b 0.10b 0.19a 0.009 ns ** *
Cls5:1 0.18a 020a 0.14b 0.20a 0.007 ns ** *
Cle:l 0.02 0.02  0.06 0.06 0.005 ** ns  ns
Cl17:1 0.13 0.15  0.13 0.15 0.004 ns ns ns
Cl18:1n-7 317a  239b 1.76¢c 2.03bc 0.160 ** ns *
Cl18:1n-9 31.07b 31.15b 33.94a 33.27ab 0.467 ** ns *
C20:1n-7 032b 036b 042a 04la 0011 * ns *
C22:1 0.02 0.01 0.03 0.05 0.004 * ns ns
>MUFA 35.04 3442 36.58 36.36 0426 * ns  ns

PUFA (polyunsaturated fatty acids)
Cl16:3n-3 0.08 0.09  0.11 0.08 0.003 ns ns ns
Cl18:2n-6 2454  27.12 2475 2394 0.634 ns ns ns
C18:3n-3 1.50b 1.59b 4.79a 4.02a 0393 * ns *
C20:2 0.18b 020a 0.16¢ 0.18b 0.004 * * *
C20:3n-3 0.20 0.19  0.24 0.23 0.007 * ns ns
C20:4n-6 0.08b 0.10b 0.16a 0.10b 0009 * ns *
C20:5 0.14 0.15 0.15 0.14 0.004 ns ns ns
C22:2 0.02 0.00  0.00 0.00 0.003 * * ns
C22:4n-6 0.04a 0.00b 000b 000b 0.004 * * *
C22:5 0.14a 0.00b 000b 000b 0.016 * * *
> PUFA 2692 2944 3036 28.69 0.613 ns ns ns
>'UFA 61.96¢c 63.86b 66.94a 65.05b 0575 ** ns *
>n-3 1.78b  1.87b 5.14a 433a 0769 ** ns *
>n-6 24.66 2722 2491 24.04 0.052 ns ns ns
n-6/n-3 13.85a 14.56a 4.85b 555b 0321 ** ns *

Abbreviations: Groups I and III: turkey hens fed diet supplemented with synthetic dl-a-tocopherol acetate;
Groups II and IV: turkey hens fed diet supplemented with natural RRR-d-a-tocopherol; ns — not significant;

UFA — unsaturated fatty acids.

a, b, ¢ — values in rows with different letters differ significantly at P<0.05 (compared to group I — control).

*P<0.05.
**P<0.01.
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Feeding linseed oil to turkeys caused a significantly lower proportion of MUFA
in breast muscle lipids compared with groups receiving soybean oil (Table 2). No
significant differences were observed for the total MUFA content in thigh muscles
between the feeding groups (Table 3). The dietary influence on the concentration of
oleic acid was not as strong in thigh muscles as it was in breast muscles. There were
no significant differences between the total MUFA content of turkey thigh meat with
respect to the form of vitamin E and interaction between fat source and tocopherol
form (Table 3).

The addition of natural RRR-d-a-tocopherol to the feed mixture with linseed oil
(Group IV) significantly increased the proportion of PUFA in breast muscle lipids
compared with group receiving soybean oil with this form of vitamin E (Group II),
which was primarily due to the increase in C18:3x-3 and C20:4n-6 (Table 2). Statis-
tically significant differences in the content of PUFA in thigh muscles between the
groups fed either soybean or linseed oil-enriched diet were not established (P>0.05).

The effect of dietary linseed oil on increased a-linolenic acid and total n-3 FA
concentration in both muscles examined is statistically significant. This modification
of FA composition led to lower n-6/n-3 ratio in both the breast (from 33.55 to 8.09)
and thigh (from 13.85 to 4.85) muscles. C18:3n-3 was preferentially incorporated
into breast and thigh muscles of turkeys fed with linseed oil (P<0.05) compared to
groups receiving soybean oil-enriched diet.

Instrumental color

The results of statistical analysis displayed that CIE L*a*b* color parameters of
both muscles were significantly (P<0.01) influenced by the fat source and its com-
bined effect with the form of vitamin E (Table 4).

Table 4. Color coordinates of turkey breast (M. pectoralis major) and thigh (M. iliotibialis lateralis)

muscles
Feeding groups Significance
Parameters Soybean oil Linseed oil SEM . )
N I = v oil E oil xE
Breast muscles
L* 4829 a 4741a  4858a 49.81b 0.178 ok ns ok
a* 0.18ab —035a 0.50 be 0.77 ¢ 0.086 *x ns K
b* 7.53¢ 6.47 a 7.32be 6.76 ab  0.089 ns o ok
Thigh muscles
L* 4491 a 4382a  4637b 46.66 b 0.177 o ns ok
a* 436a 452a 4.68a 6.14b 0.140 o o ok
b* 9.70bc  10.14c¢ 9.13 ab 8.58a 0.128 ok ns ok

Abbreviations: Groups I and IIT: turkey hens fed diet supplemented with synthetic dl-a-tocopherol acetate;
Groups II and IV: turkey hens fed diet supplemented with natural RRR-d-a-tocopherol; ns — not significant.

a, b, ¢ — values in rows with different letters differ significantly at P<0.05 (compared to group I — control).

* P<0.05.

** P<0.01.
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Higher L* values were found in muscles from turkeys fed the mixture with lin-
seed oil. Same was true with regard to a* values. The addition of the synthetic form
of vitamin E caused an increase of b* value of breast muscles of turkeys fed with
soybean oil (Group I).

Physicochemical properties
The physicochemical parameters of breast (M. pectoralis major) and thigh
(M. iliotibialis lateralis) turkey muscles are shown in Table 5.

Table 5. Physicochemical properties of turkey breast (M. pectoralis major) and thigh (M. iliotibialis
lateralis) muscles

Feeding groups Significance
Parameters Soybean oil Linseed oil SEM . .
I i m | o ot | B jollxE
Breast muscles
pH 5.64a 6.01c 595¢ 580b  0.025 ns * ns
WHC (%) 7.12 791 4.38 6.60 0.748 ns  ns ns
drip loss (%) 1.76 1.53 2.07 1.04 0.147 ns * ns
cooking loss (%)  14.78 ab 14.66 ab 1553 b 12.65a 0330 ns * *

shear force (N) 53.97b 36.10a 43.84ab  32.58a 1.340 * ** *E
Thigh muscles

pH 5.89a 5.93 ab 6.11b 6.09b 0015 ** ns ns
WHC (%) 9.441b 11.19b 7.44 b 273a  1.040 * ns *
drip loss (%) 1.22 1.12 1.10 0.94 0.085 ns ns ns
cooking loss (%)  22.61 22.47 23.84 19.41 0.537 ns * *

shear force (N) 60.77 ¢ 41.47 ab 51.10bc  37.65a 1530 * ** *E

Abbreviations: Groups I and III: turkey hens fed diet supplemented with synthetic dl-a-tocopherol acetate;
Groups II and IV: turkey hens fed diet supplemented with natural RRR-d-a-tocopherol; ns — not significant.

a, b, ¢ — values in rows with different letters differ significantly at P<0.05 (compared to group I — control).

* P<0.05.

** P<0.01.

The addition of different forms of vitamin E (dl-a-tocopherol or RRR-d-a-
tocopherol) significantly affected (P<0.05) the pH values of breast muscles. The
highest pH was recorded in muscles from Groups II (soybean oil + RRR-d-a-
tocopherol) and III (linseed oil + dl-a-tocopherol acetate). The administration of
synthetic vitamin E (Group I) contributed to a significant decrease of this parameter.
In contrast, the addition of dl-a-tocopherol to a feed mixture with linseed oil (Group
IIT) caused a significant increase in pH, compared with Group IV. Groups III and IV
of thigh muscles were characterized by higher (P<0.05) pH values than the control
(Group I). Thus in these two groups (Groups III and I'V) this effect resulted from the
application of linseed oil, but not from different forms of tocopherol.

In this study, dietary treatment did not affect WHC of M. pectoralis major
(P>0.05). Unlike in breast muscles, certain influence was observed in thigh muscles.
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The thigh muscles of birds fed with soybean oil were found to have the highest water
holding capacity of 9.44% in Group I and 11.19% in Group II and also did not differ
from Group III.

There was no significant effect of dietary treatment on drip loss of breast and
thigh muscles. The addition of different forms of vitamin E (dl-a-tocopherol or
RRR-d-a-tocopherol) did not also affect cooking loss of thigh muscles. The admin-
istration of natural vitamin E (Group IV) contributed to a significant decrease of this
parameter in comparison with Group III of breast muscles.

Higher shear force values were noted in muscles from turkeys fed the mixture
with the addition of synthetic vitamin E, the differences were the most pronounced
for groups fed soybean oil (Groups I and II).

Discussion

In the current experiment, there were no significant differences between experi-
mental groups with regards to the chemical composition of the meat that determine
its nutritional value. This is consistent with the results of previous studies which did
not show any influence of dietary lipid source on chemical composition of poultry
meat (Bianchi et al., 2009; Schiavone et al., 2010). The average concentrations of
dry matter, ash, protein, and fat in turkey breast and thigh muscles are similar to
those reported by other authors (Sarica et al., 2011; Rusinek-Prystupa et al., 2014).
Proximate content data are also in agreement with National Nutrient Database for
Standard Reference (USDA, 2016).

This investigation showed that whatever the diet, turkey thigh muscles compared
with breast muscles contain less SFA and more unsaturated fatty acids (UFA) due to
higher MUFA percentage. Similar results were obtained by Komprda et al. (2002).
The proportion of palmitic acid (C16:0) increased in meat from turkey fed with soy-
bean oil in comparison with those fed diets supplemented with linseed oil. These re-
sults are in agreement with the findings of Jankowski et al. (2012), who reported that
the levels of palmitic acid decreased significantly in broiler breast muscle supple-
mented with linseed oil compared with groups supplemented with soybean oil. The
major MUFA detected in breast muscle and affected by the dietary oil was C18:17-9.
The concentration of oleic acid in the breast meat of turkey fed with soybean oil diet
was significantly higher than of those groups fed with linseed oil. This observation
is similar to the findings of Abdulla et al. (2015), which indicated that breast meat
from broilers fed a diet containing linseed oil had lower levels of C18:11-9 compared
with birds fed soybean oil. Thigh deposition of PUFA varied from 26.7% to 30.4%
and breast deposition ranged from 31.4% to 34.2% in groups fed with different oil
sources and had not been significantly affected by the form of vitamin E adminis-
tered. These results are similar to observations of Nam et al. (1997) who indicated
that breast muscles contained more total PUFA than the thigh muscle.

Inclusion of dietary linseed oil resulted in increasing the content of a-linolenic
acid and total n-3 FA concentration in both muscles examined. This modification
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of FA composition led to lower #n-6/n-3 ratio in both the breast and thigh muscles.
C18:3n-3 was preferentially incorporated into thigh muscles of turkey fed linseed
oil compared to groups receiving soybean oil-enriched diet. Delezie et al. (2010)
and Jankowski et al. (2012) also observed a significant increase in a-linolenic acid
and total PUFA levels in muscles of turkey fed with linseed oil when compared with
soybean oil. Although C18:3x-3 may be used in metabolic processes of elongation
and desaturation, no significant effect of dietary treatment was observed on long
chain n-3 PUFA. As arachidonic acid (C20:41-6) content in breast muscles was sig-
nificantly higher in groups receiving linseed oil, it seems that in turkeys fed linseed
oil, the desaturase and elongase activities seem to be more focused on the synthesis
of C20:4n-6 but not long chain n-3 PUFA (Nuernberg et al., 2005). Concentration of
long-chain PUFA (C20:4n-6, C20:5, and C22:5) was greater in breast muscles than
in thigh muscles. These results are in agreement with those reported by other authors
who found a higher deposition of long-chain PUFA in breast muscle compared with
thigh (Gonzalez-Esquerra and Leeson, 2000; Crespo and Esteve-Garcia, 2001). Dif-
ferences in tissue FA profile may result from different roles of FA in these tissues
or from their different phospholipid contents. The PUFA are mainly incorporated
into phospholipids, which are in a higher proportion in breast than in thigh muscles
(Cortinas et al., 2004). In this study, docosahexaenoic acid (C22:6n-3) was detected
neither in the breast nor in the thigh muscles.

Color is an important characteristic of poultry meat which influences consumers’
purchasing decision as well as provides final product satisfaction (Fletcher, 2002).
Previous studies have also indicated that dietary lipid sources may modify the meat
color parameters (Bianchi et al., 2009). In the study by Mercier et al. (1998), meat
from birds fed soybean oil was redder than meat fed tallow or rapeseed oil. No sig-
nificant influence of the vitamin E form on a* values suggests that both the synthetic
and the natural forms of tocopherol are equally effective in protecting oxymyoglobin
against oxidation in breast muscles.

The pH value reflects the rate of postmortem glycolysis and is a key indicator of
meat quality. The different fat sources in the diet did not affect the meat pH values
of breast muscle, and these results are in agreement with those from previous studies
(Mercier et al., 1998; Bianchi et al., 2009). Results of pH measurements for thigh
muscles were higher than those of breast muscles which corresponded with results
reported by other researchers for turkey meat (Mercier et al., 1998; Voutila et al.,
2009; Karwowska et al., 2010).

Drip loss is an important quality trait for the meat processing industry and also
the consumer. In this study, the drip loss of turkey breast and thigh muscles was not
affected, and indicated that soybean or linseed oil with RRR-d-a-tocopherol or dl-
a-tocopherol had no detrimental effect on this quality (Table 5). WHC and drip loss
values observed for thigh muscles corresponded to the higher pH values in these
samples. Moisture loss is significantly affected by pH (Huff-Lonergan and Lonergan,
2005). The higher the pH, the stronger the water holding capacity of the meat and
lower the drip loss that occurs, which has been confirmed by this study. In relation to
drip loss, the results obtained in this work are similar to those reported by Jankowski
et al. (2015) who observed no significant effect of dietary fat on drip loss.
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In this study, there was no effect of fat source on cooking loss (Table 5). Moreo-
ver, whatever the composition of the experimental diet, the cooking loss in thigh
muscles was higher than in breast muscles, which is in line with the results of Dama-
ziak et al. (2013). Cooking loss values observed in our study for breast muscles were
lower than reported by Mikulski et al. (2012). This is beneficial for the consumer
as the meat was able to retain water during the cooking, and also tended not to be
withdrawn.

An increase in cooking loss was accompanied by an increase in WBS values
which is used as an indicator of meat tenderness (Table 5). These results are in agree-
ment with those of Zhuang and Savage (2013) who observed that muscles with
higher cooking loss have higher WBSF values than muscles with low cooking loss.
Whatever the muscle type, there was a significant effect of fat source and form of to-
copherol as well as their combined effect on WBSF values. The inclusion of linseed
oil and RRR-d-a-tocopherol in a feed mixture contributed to a decrease in WBSF
value (Table 5). According to Wood et al. (2003) the possible explanations for a
positive effect of lipid on tenderness include the presence of neutral lipid in fat cells
within the perimysium, which could have a physical effect of separating muscle
fiber bundles thus beginning the process of tenderization by “opening up the muscle
structure”.

The results of this study suggested that the replacement of soybean oil with lin-
seed oil in turkey diets allows maintaining comparable physicochemical properties
of breast and thigh muscles. No effect of dietary manipulation was observed in the
fat, protein, and ash concentration in meat from any of the groups. A combined ef-
fect of dietary fat and vitamin E source was observed on the color parameters. Vi-
tamin E form did not affect PUFA content in breast and thigh muscle which proved
that both the synthetic (dl-a-tocopherol) and natural (RRR-d-a-tocopherol) variables
evaluated in this study were equally effective in inhibiting the peroxidation of the
oxidative-labile PUFA. Groups fed with linseed oil had significantly lower levels of
SFA in thigh muscles (Group III), especially palmitic acid (C16:0). The inclusion of
linseed oil increased the content of a-linolenic acid and total n-3 FA concentration in
both muscles, compared with the diet that contained soybean oil. The modification of
FA profile was also reflected in the n-6/n-3 FA ratio which in the muscles of birds fed
with linseed oil was significantly lower than in turkey hens receiving soybean oil in
their feed mixture regardless of the vitamin E form. The use of RRR-d-a-tocopherol
in diets containing linseed oil may help to improve the nutritional quality of turkey
meat, especially by enhancing n-3 PUFA levels with no detrimental effect of lipid
addition on the chemical composition and quality of meat.

References

Abdulla NR.,Loh T.C, Akit H.,,Sazili AQ.,, Foo HL, Mohamad R, Rahim R.A.,
Ebrahimi M.,Sabow A.B.(2015). Fatty acid profile, cholesterol and oxidative status in broiler
chicken breast muscle fed different dietary oil sources and calcium levels. S. Aft. J. Anim. Sci., 45:
153-163.



Effect of soybean or linseed oil with tocopherol on turkey meat 1003

American Meat Science Association (2012). Meat Color Measurements Guidelines. Champaign, IL,
USA: AMSA.

AOAC (1990). Official method 969.33. Fatty acids in oils and fats. Preparation of methyl esters. Boron
trifluoride. In: Official Methods of Analysis of the Association of Official Analytical Chemists, 15th
edn, (edited by K. Helrich). Arlington, VA: AOAC International, pp. 963-964.

AOAC International (2000). Official methods of analysis of AOAC International. 17th edition. Gaithers-
burg, MD, USA, Association of Analytical Communities.

Bianchi M, Ferioli F,Petracci M.,,Caboni M.F, Cavani C. (2009). The influence of
dietary lipid source on quality characteristics of raw and processed chicken meat. Eur. Food Res.
Technol., 229: 339-348.

Bou R, Codony R.,Tres A,Decker EA,, Guardiola F. (2009). Dietary strategies to im-
prove nutritional value, oxidative stability, and sensory properties of poultry products. Crit. Rev.
Food Sci., 49: 800-822.

Carmona JM.,Rey AIL,Lopez-Bote C.J. (2008). Effect of the administration time of dietary
sunflower oil on fatty acid profile and quality characteristics in chicken fat and breast muscle. Arch.
Geflugelkd., 72: 25-34.

Commission Internationale de 1°Eclairage (CIE) (1978). Supplement No. 2 to CIE Publication No. 15
Colorimetry. Paris, France: Bureau Central de la CIE.

Cortinas L.,Villaverde C.,GalobartJ.,Baucells M.D.,,Codony R.,Barroeta A.C.
(2004). Fatty acid content in chicken thigh and breast as affected by dietary polyunsaturation level.
Poultry Sci., 83: 1155-1164.

Crespo N.,Esteve-Garcia E. (2001). Dietary fatty acid profile modifies abdominal fat deposi-
tion in broiler chickens. Poultry Sci., 80: 71-78.

Czech A.,Ognik K. (2014). The effect of using soyabean or linseed oil with RRR-d-o-tocopherol
or dl-o-tocopherol acetate on haematological parameters and rearing performance of young turkey
hens. J. Anim. Feed Sci., 23: 37-44.

Damaziak K. Pietrzak D., Michalczuk M. Mroczek J, Niemiec J. (2013).
Effect of genotype and sex on selected quality attributes of turkey meat. Arch. Geflugelkd., 77:
206-214.

Delezie E,Aerts JM.,Maertens L.,Huyghebaert G.(2010). The efficiency of long chain
n-3 fatty acid deposition of different dietary oils in turkeys at different ages. Arch. Geflugelkd., 74:
51-57.

Fletcher D.L. (2002). Poultry meat quality. World’s Poultry Sci. J., 58: 131-145.

Folch J,Lees M.,Sloane Stanley G.H. (1957). A simple method for the isolation and purifi-
cation of total lipids from animal tissues. J. Biol. Chem., 226: 497-509.

Gonzalez-Esquerra R, Leeson S. (2000). Effects of menhaden oil and flaxseed in broiler
diets on sensory quality and lipid composition of poultry meat. Brit. Poultry Sci., 41: 481-488.

Grasso S, Brunton N.P,Lyng J.G, Lalor F, Monahan FJ. (2014). Healthy processed
meat products — Regulatory, reformulation and consumer challenges. Trends Food Sci. Tech., 39:
4-17.

Hassan M.S.H,Nadia L., Radwan AM., Khalek A, Abd El-Samad M.H. (2011). Ef-
fect of different dietary linoleic acid to linolenic acid ratios on some productive, immunological and
physiological traits of Dandarawy chicks. Egypt. Poultry Sci., 31: 149-160.

Honikel K.O.(1998). Reference methods for the assessment of physical characteristics of meat. Meat
Sci., 49: 447-457.

Huff-Lonergan E., Lonergan S.M. (2005). Mechanisms of water-holding capacity of meat:
The role of postmortem biochemical and structural changes. Meat Sci., 71: 194-204.

Jankowski J, Zdunczyk P, Mikulski D, Juskiewicz J, Mikulska M., Zdun-
czyk Z.(2012). Effects of dietary soyabean, rapeseed and linseed oils on performance, slaughter
yield and fatty acid profile of breast meat in turkeys. J. Anim. Feed Sci., 21: 143-156.

Jankowski J, Zdunczyk Z, Mikulski D, Naczmanski J., Juskiewicz J.,, Tro-
szynska A, Slominski B.A. (2015). Inclusion of flaxseed in turkey diets decreases the
n-6/n-3 PUFA ratio and increases the proportion of biologically active EPA and DHA without affect-
ing meat quality. Eur. J. Lipid Sci. Tech., 117: 797-809.

Karwowska M,Stadnik J,Dolatowski Z.J.,Grela E.R. (2010). Effect of protein-xantho-



1004 J. Stadnik et al.

phylls (PX) concentrate of alfalfa supplementation on physico—chemical properties of turkey breast
and thigh muscles during ageing. Meat Sci., 86: 486—490.

Komprda T, Zelenka J, Bakaj P, Kladroba D., Blazkova E, Fajmonova E.
(2002). Cholesterol and fatty acid content in meat of turkeys fed diets with sunflower, linseed or fish
oil. Arch. Geflugelkd., 67: 65-75.

Koreleski J,Swigtkiewicz S.(2008). Enrichment of vitamin E in breast meat by adding to-
copheryl acetate to the feed of broiler chickens. Med. Weter., 64: 348-350.

Lessire M. (2001). Matieres grasses alimentaires et composition lipidique des volailles. INRA Pro-
ductions Animales, 14: 365-370.

Lorente-Cebrian S.,,Costa A.G.,,Navas-Carretero S.,Zabala M.,,Martinez J.A.,
Moreno-Aliaga M.J.(2013). Role of omega-3 fatty acids in obesity, metabolic syndrome, and
cardiovascular diseases: a review of the evidence. J. Physiol. Biochem., 69: 633-651.

Mahan D.C, Kim Y, Stuart R.L. (2000). Effect of vitamin E sources (RRR-or all-rac-a-
tocopheryl acetate) and levels on sow reproductive performance, serum, tissue, and milk a—tocoph-
erol contents over a five—parity period, and the effects on the progeny. J. Anim. Sci., 78: 110-119.

McNeill S.H.(2014). Inclusion of red meat in healthful dietary patterns. Meat Sci., 98: 452-460.

Mercier Y.,Gatellier P,Viau M,,Remignon H.,,Renerre M. (1998). Effect of dietary fat
and vitamin E on colour stability and on lipid and protein oxidation in turkey meat during storage.
Meat Sci., 48: 301-318.

Mikulski D.,Jankowski J., Zdunczyk Z., Juskiewicz J, Slominski B.A. (2012).
The effect of different dietary levels of rapeseed meal on growth performance, carcass traits, and
meat quality in turkeys. Poultry Sci., 91: 215-223.

Nam K.T.,Lee HA.,Min B.S.,Kang C.W. (1997). Influence of dietary supplementation with lin-
seed and vitamin E on fatty acids, a-tocopherol and lipid peroxidation in muscles of broiler chicks.
Anim. Feed Sci. Tech., 66: 149-158.

NRC (1994). Nutrient Requirements of Poultry. Ninth Revised Edition. National Research Council,
National Academy Press, Washington, D.C., USA.

Nuernberg K, Fischer K., Nuernberg G, Kuechenmeister U, Klosowska D,
Eliminowska-Wenda G.,,Fiedler I, Ender K. (2005). Effects of dietary olive and lin-
seed oil on lipid composition, meat quality, sensory characteristics and muscle structure in pigs.
Meat Sci., 70: 63-74.

Ognik K.,,Czech A.(2014). Effect of feeding soybean, linseed oil and different forms of tocopherol
on the redox and immune profiles of turkey hens. S. Afr. J. Anim. Sci., 44: 322-334.

Ognik K., Wertelecki T.(2012). Effect of different vitamin E sources and levels on selected oxi-
dative status indices in blood and tissues as well as on rearing performance of slaughter turkey hens.
J. Appl. Poultry Res., 21: 259-271.

Rey AL, Lopez-Bote CJ., Kerry JP, Lynch PB, Buckley D.J., Morrissey PA.
(2004). Modification of lipid composition and oxidation in porcine muscle and muscle microsomes
as affected by dietary supplementation of n-3 with either n-9 or n-6 fatty acids and a-tocopheryl
acetate. Anim. Feed Sci. Tech., 113: 223-238.

Rusinek-Prystupa E., Szkucik K., Pisarski R, Gondek M. (2014). Effect of extract
of grapefruit seeds and baikal skullcap root on chemical composition and sensory traits of female
turkey meat. EJPAU, 17: #03.

Rymer C, Givens D.L (2005). n-3 fatty acid enrichment of edible tissue of poultry: a review.
Lipids, 40: 121-130.

Sarica M.,Ocak N.,Turhan S.,,Kop C.,Yamak U.S. (2011). Evaluation of meat quality from
3 turkey genotypes reared with or without outdoor access. Poultry Sci., 90: 1313-1323.

Schiavone A,Marzoni M.,Castillo A,Nery J,Romboli L. (2010). Dietary lipid sourc-
es and vitamin E affect fatty acid composition or lipid stability of breast meat from Muscovy duck.
Can. J. Anim. Sci., 90: 371-378.

Second Local Ethical Committee for Animal Experiments in Lublin, 2009. Resolution Number 11/2009
of 20 January 2009. University of Life Sciences, Akademicka 13, Lublin, Poland.

USDA (2016). National nutrient database for standard reference — Release 28. United States Department
of Agriculture, Agricultural Research Service, Washington, DC, USA.

Voutila L., Ruusunen M., Jouppila K., Puolanne E. (2009). Thermal properties of con-
nective tissue in breast and leg muscles of chickens and turkeys. J. Sci. Food Agri., 89: 890-896.



Effect of soybean or linseed oil with tocopherol on turkey meat 1005

Wierbicki E., Tiede M.G, Burrell R.C. (1962). Die Bestimmung der Fleischquellung als
Methode zur Untersuchung der Wasserbindungskapazitdt von Muskelproteinen mit geringem
Salthaltevermogen. Fleischwirtschaft, 10: 948-951.

Wood J.D,Richardson R.I, Nute GR., Fisher AV, Campo MM, Kasapidou E.,
Sheard PR, Enser M. (2003). Effects of fatty acids on meat quality: a review. Meat Sci., 66:
21-32.

Yu L.L, Wang RL., Zhang Y.Z, Kleemann D.O., Zhu X.P, Jia Z.H. (2008). Effects of
selenium supplementation on polyunsaturated fatty acid concentrations and antioxidant status in
plasma and liver of lambs fed linseed oil or sunflower oil diets. Anim. Feed Sci. Tech., 140: 39-51.

Zdunczyk Z.,Jankowski J. (2013). Poultry meat as functional food: Modification of the fatty
acid profile — a review. Ann. Anim. Sci., 13: 463-480.

Zhuang H, Savage E.M. (2013). Comparison of cook loss, shear force, and sensory descriptive
profiles of boneless skinless white meat cooked from a frozen or thawed state. Poultry Sci., 92:
3003-3009.

Received: 3 X12017
Accepted: 19 VII 2018



