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Abstract
The objective of this study was to assess the physicochemical properties of breast and thigh mus-
cles and fatty acid composition of abdominal fat of geese reared at a distance of 50 metres from the 
wind turbine compared to those reared 460 metres from the wind turbine. The study was carried 
out on 40 Kołuda White® geese (Anser anser f. domestica) divided into two groups: Treatment 1 – 
reared at a distance of 50 metres and Treatment 2 – reared at a distance of 460 metres from the 
wind turbine (Vestas V90 wind turbine). The muscles were analysed for pH, thermal loss, shear 
force, TBARS values and colour parameters (L* a* b*). The fatty acids composition of abdominal 
fat was also analysed. The results of the present study suggest that noise generated by the wind 
turbine affected the quality of muscles and the fatty acid profile of abdominal fat of geese. The 
results showed that the muscles of geese reared at a distance of 50 metres from the wind turbine 
were characterized by higher pH and TBARS values compared to those reared at a longer distance 
from the wind turbine. The significantly lower content of C 18:3 n-3 fatty acid in abdominal fat was 
observed for geese reared 50 metres from the wind turbine. Further studies should be undertaken 
to establish the safe distance of a wind turbine from livestock buildings.
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Consumers have recently shown an increasing interest in safer and more nutri-
tious food products which improve health. Products with a higher ratio of unsatu-
rated fatty acids, especially n-3 fatty acids are desired because these lipids can help 
prevent the development of cardiovascular and inflammatory pathologies (Bou et al., 
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2009). In this regard, goose meat and fat are very valuable food due to the fact that 
it is rich in unsaturated fatty acids and low in cholesterol (Schmid, 2011; Yanovych 
et al., 2013). 

Goose fat is rich in oleic acid which can lower blood cholesterol levels (Wood et 
al., 2003) as well as vitamins and minerals. Due to the considerable content of oleic, 
linoleic, linolenic and arachidonic acids goose fat is considered the safest animal fat 
(Wężyk et al., 2003). The results of many studies have proved that polyenic fatty 
acids stimulate the cardiovascular system, as well as playing a key role in the devel-
opment of nervous system during intrauterine life and in early childhood (Marciniak-
Łukasiak, 2011).

The chemical composition of goose muscles depends on many factors, includ-
ing, among others, rearing conditions, nutrition, handling and slaughter related pro-
cesses. It is well documented that stress caused by feed and water deprivation or 
environmental conditions affect the quality of meat (Kowalska et al., 2011). The 
changes in meat caused by stress depend on both duration and intensity of the stress 
period (Okruszek et al., 2008). Based on the literature, intense and long-lasting stress 
induces disorders of the daily rhythm of hormones secretion, physiological and mor-
phological changes resulting in changes of blood composition, muscle tissue and for-
mation of meat defects (Ognik and Sembratowicz, 2012) affecting its usefulness for 
processing. The environmental stress, including heat stress, has been associated with 
increased lipid peroxidation in serum and the liver and decreased concentrations of 
antioxidant vitamins in poultry (Sahin et al., 2005). Stress leads to the generation 
of free radicals which can damage cell membranes by inducing lipid peroxidation 
of polyunsaturated fatty acids in the cell membrane, destroying membrane integrity 
(Ognik and Sembratowicz, 2012).

Wind turbines are among environmental factors that generate noise, infrasound 
or shadow flicker which could adversely affect animals living in their neighbour-
hood. There are many reports in the world literature providing the relationship be-
tween wind turbines and health effects (Knopper and Ollson, 2011; Leventhall et al., 
2003; Saidur et al., 2011). The energy derived from wind has played a vital role in the 
history of mankind and is again receiving considerable attention. It has become the 
fastest growing energy source, because of its free and non-polluting character. An-
nual installations of wind power have increased steadily over the last 17 years from 
814 MW in 1995 to 9,616 MW in 2011, an average annual growth rate of 15.6%. 
During 2011, 10,281 MW of wind power was installed across Europe, of which  
436 MW was in Poland (EWEA, 2011). As the number of wind turbines in Poland 
has been increasing, the problem of the impact of wind turbines on living organisms 
also increased.

As the importance of goose meat and fat increased, it is necessary to pay more 
attention to the conditions of goose meat and fat production. Based on the litera-
ture describing the impact of wind turbines on health we hypothesized that goose 
muscles and fat derived from birds reared near a wind turbine can be characterized 
by altered properties determining its suitability for processing and hence the quality 
of products. The objective of this study was to assess and compare selected quality 
parameters of breast and thigh muscles and fatty acid composition of abdominal fat 
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of White Kołuda® geese reared at a distance of 50 and 460 metres from the wind 
turbine. To our knowledge, the scientific literature does not contain information re-
garding the impact of wind turbines on farm animals in terms of the quality of meat 
for processing. The investigation is part of a study on the impact of wind turbines on 
the organisms living in their vicinity.

Material and methods

Animals and breeding conditions
The study was carried out on 40 White Kołuda geese (Anser anser  

f. domestica). The geese were purchased from the National Research In-
stitute of Animal Production in Kołuda Wielka. The experiment lasted  
17 weeks. During the test period geese were reared up to 5 weeks of age in  
a brooder house in controlled air temperature and in conditions free from the impact 
of noise from a wind turbine. Next, experimental geese were randomly divided into 
two groups of 20 birds (with sex ratio of 1:1) and were placed in two identical pens. 
Pen I (Treatment 1) was placed in the close distance (50 m) to the wind turbine to 
ensure the most adverse conditions for birds. Pen II (Treatment 2) was placed in 
the farm, 460 m from the wind turbine. This distance is generally accepted in the 
Kujawsko-Pomorskie province and considered to be safe. The birds were kept in 
roofed pens with access to free range. The geese from two treatments were fed on 
the same complete feeds. The commercial mixtures contained: 12 MJ metabolizable 
energy (1–4 weeks of age), 11.5 MJ metabolizable energy (5–8 weeks of age), and 
11.3 MJ metabolizable energy (9–14 weeks of age). In order to prepare the geese for 
oat fattening, daily rations were diminished at 14 weeks of age. At the end of rearing 
(15–17 weeks), geese were fed only with oat grains provided ad libitum. Water was 
provided ad libitum.

At 17 weeks of age, geese were weighed and slaughtered. Body weight of geese 
at 17 weeks of age is given in Table 1. Twelve hours before slaughter birds were 
only allowed access to water. Birds were slaughtered in a local slaughterhouse in 
Świniarzewo according to relevant regulations applied in the poultry industry. The 
Local Ethics Committee for Experiments with Animals approved all of the experi-
mental procedures relating to the use of live animals.

Table 1. Pre-slaughter body weight of 17-week-old geese (kg)

Treatment group Body weight (kg)
Treatment 1 7.45±0.59
Treatment 2 8.31±0.84

Measurements of noise generated by wind turbine 
For the purposes of the experiment, noise generated by the wind turbine was 

measured. Vestas V90 wind turbine with rated power of 2 MW was the source of 
noise. Two different scales were used to weigh all frequencies that are emitted by the 
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wind turbine. Most audible noises in the range of 200–20,000 Hz weighed with the  
A scale, dB (A). Infrasound weighed with the G scale, dB (G). The noise was mea-
sured in pens I and II in 5 replicates. The results are presented in Figure 1. The 
average noise values obtained near the wind turbine (pen I) were higher than those 
obtained at the distance of 460 m from the turbine (pen II).

Figure 1. The mean values obtained during the noise measurement, A – in the A scale, B – in the G 
scale

Muscles and abdominal fat preparation
The carcasses were cooled and stored at a temperature of about 8–10°C for  

48 hours until further analysis. The samples of breast, thigh muscles and abdominal 
fat were separated from carcasses. Breast and thigh muscles were analysed for pH, 
TBARS values and colour parameters (L* a* b*). Abdominal fat was packed indi-
vidually into HDPE bags and stored at –24°C until analysis of fatty acids composi-
tion (7–8 days).

Measurement of pH
The pH was measured in a water homogenate made by comminuted 10 g of 

minced sample with 100 ml of distilled water for 1 min, using a homogenizer (IKA 
ULTRA-TURRAX T25 Basic, Germany). The resulting suspension was allowed to 
stand for 5 min before the pH was measured with a digital pH-meter CPC-501 (El-
metron, Poland) equipped with a pH electrode (ERH-111, Hydromet, Poland). The 
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pH-meter was standardized with buffer solutions at pH 4.0, 7.0 and 9.0, before pH 
measurements.

Thermal loss determination
The breast and thigh muscle samples (about 80±2 g) were cured using 2.0% cur-

ing mixture (99.5% NaCl, 0.05% sodium nitrite) at 4°C for 24 hours. The samples 
were individually wrapped in the aluminium sheet and placed in the oven for roast-
ing at 180°C to an internal temperature of 72°C. The temperature was monitored 
by the chromium-aluminium thermocouples. The muscle samples were cooled and 
blotted dry. Total thermal loss was estimated by weighing samples before and after 
thermal treatment. Total thermal loss was expressed as a percentage of the initial raw 
mass. The weight of each sample was recorded before and after thermal treatment. 
Thermal loss was expressed as the percentage of the weight difference after thermal 
treatment.

Shear force measurements
Heat-treated muscle samples were used for shear force measurements. Prepara-

tion of heat-treated muscle samples for Warner-Bratzler shear force was similar to 
the procedure for thermal loss. Four cylindrical cores (1.25 cm diameter) were cut 
from the muscle, parallel to the longitudinal orientation of the muscle fibres. Warner-
Bratzler shear force was determined using a texture analyser TA-XT plus (Stable 
Micro Systems Ltd. Surrey, UK) equipped with a V-shaped Warner-Bratzler device 
(0.9 mm thick). Samples were shorn at a crosshead speed of 100 mm min–1. Data 
were collected with Texture Expert Exceed Software (Stable Micro Systems).

Measurements of thiobarbituric acid reactive substances (TBARS)
The extent of lipid oxidation was determined in muscles by measuring the TBA-

reactive substances according to the procedure proposed by Pikul et al. (1989). Val-
ues were expressed as mg of malondialdehyde per kilogram of sample. 

Colour measurements
Colour (L* a* b*) was assessed on the freshly cut surface of muscles using an X-

Rite Color® Premiere 8200 colorimeter (X-Rite Incorporated, Michigan, USA) with 
a D65 illuminant and a 10° standard observer (AMSA, 1991). Samples for colour 
measurements were 5 cm thick and excited at the depth of 20 mm. Before colour 
determination, muscle samples were wrapped in an oxygen permeable polyethylene 
film. Every time before use, the instrument was standardized against a white ceramic 
calibration tile with the specification of L* = 95.87, a* = –0.49, b* = 2.39 that was 
wrapped in the same polyethylene film used for the muscle samples, and a light 
trap.

Fatty acid analysis
The Folch method (Folch et al., 1956) was used for the extraction of lipids from 

abdominal fat. The fatty acid composition was determined by capillary gas chroma-
tography. For the determination of FA profile the lipid samples were converted to 
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their corresponding methyl esters by the AOAC official method Ce 2–66 (AOCS, 
1997). The FA methyl esters (FAME) were quantified by gas chromatography using  
a fused silica capillary column (SelectTM Biodiesel for FAME, Varian, USA)  
(30 m × 0.32 mm × 0.25 µm film thickness) and flame-ionization detector in Var-
ian 450-GC (Varian, USA) at injection volume of 1 mL/min and split ratio of 1/50, 
respectively. Helium was used as the carrier gas at a head pressure of 2.5 mL/min 
constant flow. Air, hydrogen and helium make-up gas flow rates by flame-ionization 
detector were: 300, 30 and 28 mL/min, respectively. The detector and injector tem-
peratures were chosen as 300°C and 250°C, respectively. The initial column tem-
perature of 150ºC was held for 1 min, increased to 200ºC at 3ºC/min and held for 
10 min. Then, it was increased to 240ºC at the rate of 3ºC/min and maintained for 
4 min. Quantification of adipose lipid FAMEs was carried out using nonadecanoic 
acid (C 19:0) as an internal standard. Fatty acid identification was done by compar-
ing retention time of the peaks with those known for the standard (Supelco 37 FAME 
Mix C 4-C 24 Component, Sigma-Aldrich, St. Luis, USA). Peak identification was 
performed using the Galaxie Chromatography Data System (Varian, Palo Alto, Ca-
lif., USA).

Statistical analysis
The data were analysed by one-way ANOVA with two levels of experimental fac-

tor (Treatment I and Treatment II, respectively) according to the linear model:

Yij = µ + Aj + eij

where:
Yij – is the value of trait, 
µ – is the overall mean, 
Aj – is the effect of treatments (Treatment I and Treatment II),
eij – is the random observation error.

The results were presented in tables as mean values (x) and standard deviations 
(SD) of the means. The significance of differences between means for the investi-
gated parameter were determined (at the significance level P<0.05) by T-Tukey’s 
multiple range test. Measurements were carried out in three replications for each 
sample.

Results

The examination of the pH values of breast muscles indicated statistically signifi-
cant differences between treatments (Table 2). Breast muscles of geese reared at the 
distance of 50 metres from the wind turbine were characterized by higher pH values 
compared to those reared 460 metres from the wind turbine. As far as results of mea-
surements of thigh muscles are concerned, no statistical differences were observed 
in pH values across treatments.
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Table 2. pH values of breast and thigh muscles of geese

Treatment group Breast muscles Thigh muscles
Treatment 1 6.14*±0.10 6.60±0.05
Treatment 2 5.78*±0.12 6.50±0.10

*statistically significant differences in columns between treatment groups (P<0.05).

Table 3. Thermal loss (%) of breast and thigh muscles of geese

Treatment group
Thermal loss (%)

breast muscles thigh muscles
Treatment 1 27.48±1.72 25.59±3.91
Treatment 2 26.87±3.34 23.83±2.61

A statistically significant difference between treatment groups was not detected (P<0.05).

Table 3 gives results for the thermal loss of thigh and breast muscles. Statistical 
analysis showed no significant differences (P<0.05) in thermal loss in the meat of 
geese from different treatments. Results of shear force measurements revealed that 
breast muscle of geese reared 50 metres from the wind turbine was characterized 
by higher shear force compared to those reared at a longer distance from the wind 
turbine (Table 4). For the thigh muscles, no statistical differences were observed in 
shear force values across treatments.

Table 4. Shear force (N) of breast and thigh muscles of geese

Treatment group
Shear force (N)

breast muscles thigh muscles
Treatment 1 57.6*±3.7 64.8±3.1
Treatment 2 49.8*±3.3 62.2±4.1

*statistically significant differences in columns between treatment groups (P<0.05).

The extent of lipid oxidation in breast muscles varied depending on rearing 
conditions (Table 5). The results showed that the breast muscles of geese reared  
50 metres from the wind turbine were characterized by higher TBARS values com-
pared to those reared at a longer distance from the wind turbine. As far as measure-
ments of thigh muscles are concerned, similar results were obtained for Treatment 1 
and Treatment 2. 

Table 5. TBARS values of breast and thigh muscles of geese

Treatment group
TBARS (mg/kg)

breast muscles thigh muscles
Treatment 1 1.96*±0.09 1.35±0.13
Treatment 2 1.65*±0.16 1.17±0.11

*statistically significant differences in columns between treatment groups (P<0.05).
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Table 6. Colour parameters of breast and thigh muscles of geese

Treatment group Breast muscles Thigh muscles
L* colour parameter Treatment 1 37.44±2.88 39.98±2.48

Treatment 2 37.95±2.38 38.55±2.66
a* colour parameter Treatment 1 12.46±1.68 8.78±1.98

Treatment 2 11.94±1.14 9.11±1.46
b* colour parameter Treatment 1 7.96±2.02 7.42±1.23

Treatment 2 7.36±1.18 7.45±1.26

A statistically significant difference between treatment groups was not detected (P<0.05).

The meat colour parameters L* a* b* are presented in Table 6. Rearing geese 
near the wind turbine did not cause significant changes in lightness (L*), redness (a*) 
and yellowness (b*) of meat. Both breast and thigh muscles were characterized by 
similar results of colour parameters between treatments. 

Table 7. Fatty acid composition of abdominal fat of geese (%)

Treatment I Treatment II
Σ SFA

14:0 0.27±0.07 0.37±0.04
16:0 20.86±3.10 22.89±0.93
17:0 0.08±0.01 0.09±0.01
total 21.24±3.23 23.42±0.98

Σ MUFA
16:1 2.46±0.57 2.48±0.27
18:1 64.53±3.88 62.33±2.23
20:1 0.33±0.03 0.38±0.04
total 67.32±3.78 65.17±1.99

Σ PUFA
18:2 10.74±0.52 9.62±1.03
18:3 0.52*±0.04 1.59*±0.02
total 11.32±0.56 11.27±1.00

*statistically significant differences in rows between treatment groups (P<0.05).

The fatty acids composition of abdominal fat of geese is summarized in Table 7. 
In both treatment groups of geese, SFA and MUFA were the predominant compo-
nents in lipids of abdominal fat, whereas the concentration of PUFA was relatively 
lower. No significant differences were noted in SFA, MUFA as well as total PUFA 
values between abdominal fat from Treatment 1 and 2. The significantly lower con-
tent of C 18:3 fatty acid in abdominal fat was observed in the case of geese reared 
50 metres from the wind turbine. In abdominal fat of experimental geese, long-chain 
polyunsaturated fatty acids (PUFAs), including C 20:3 n-3 – EPA and C 22:6 n-3 – 
DHA were not observed.
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Discussion

The wind turbines undoubtedly provide many benefits to man but they are not 
free from negative effects (Saidur et al., 2011). There is a close relationship between 
the impact of wind farms and health, because wind turbines can generate stressors. 
According to Leventhall (2009), any persistent and unwanted sound (both low fre-
quency and high frequency) is a stressor. The low-frequency noise generated by pub-
lic infrastructure including wind turbines may have serious health effects like ver-
tigo, disturbed sleep, stress, hypertension, and heart rhythm disorders (Leventhall et 
al., 2003). The measurements of wind turbine noise in the current research revealed 
that level of audible noise as well as infrasound is higher in pen I situated 50 m away 
from the wind turbine compared to pen II located 460 m from wind turbine. 

Due to the lack of regulations in Poland, wind turbines are often built in close 
proximity to residential areas and livestock buildings. The distance of 500 m is 
generally accepted in the Kujawsko-Pomorskie province and considered to be safe. 
Thus, animals are exposed to long-lasting stressors generated by wind turbines. In 
consequence, various questions arise related to animal metabolism that affect the 
quality of meat. To our knowledge, the scientific literature does not contain informa-
tion regarding the impact of noise generated by wind turbines on the quality of meat 
from animals that are exposed to noise. A few studies have discussed the effect of 
other stressors on poultry meat quality (Dadgar et al., 2011, 2012).

On the basis of the results obtained, it can be concluded that raising geese in 
close proximity to a wind turbine impacts on pH, shear force and TBARS values of 
breast muscle. In the case of thigh muscles no statistical differences were observed 
in these properties across treatments. In poultry, meat is classified as either white or 
dark, based on the overall colour of the muscle. Dark muscle has a high proportion 
of red fibres, compared with white muscle that is almost entirely composed of white 
fibres (Barbut, 2002). Red fibres have more and larger mitochondria, have more 
myoglobin, but are low in glycogen content in comparison to white fibres. The differ-
ences in muscle fibre type between the breast and thigh muscles of geese could result 
in differences in combating stress and result in alterations in postmortem metabolism 
between two fibre types and affect the muscles quality. In geese, breast muscles 
are darker and more red than thigh muscles as is evident from the results obtained 
from the measurements of colour parameters. The more pronounced effect of noise 
exposure on quality attributes of breast muscles in comparison to thigh muscles was 
speculated to be the result of differences in muscle fibre type.

The results of the present study indicated that breast muscle of geese exposed to 
higher levels of noise was characterized by significantly higher pH value. In the case 
of thigh muscles the effect of noise was not observed. The results obtained are in 
agreement with the findings of Dadgar et al. (2011), who indicated that extreme cold 
temperature before slaughter resulted in higher pH value of breast muscles. 

Lipid oxidation is one of the major deteriorative processes which occur in meat 
during storage. Lipid oxidation products are known to interact in complex food sys-
tems and share a wide variety of undesirable reactions responsible for nutritional 
and sensory value changes as well as the formation of potentially toxic compounds 
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(Morisey et al., 1998). It is believed that oxidative reactions affect the digestibility 
and water holding capacity of muscle proteins as well as the post-mortem tenderiza-
tion (Bertram et al., 2007; Estévez, 2011). The present study showed that the muscles 
of geese reared at the distance of 50 metres from the wind turbine were characterized 
by significantly higher lipid oxidation as reflected by TBARS value and higher shear 
force compared to those reared further away from the wind turbine. The results re-
ported by Sahin et al. (2005) also indicated that environmental stress including heat 
stress has been associated with increased lipid peroxidation in serum and liver and 
decreased concentrations of antioxidant vitamins in poultry.

The fatty acid composition of abdominal fat is important for two main reasons: 
it determines nutritional value and it affects many aspects of meat quality, including 
shelf life and oxidative stability (Wood et al., 2003). Generally, rearing geese in close 
proximity to a wind turbine impacts C 18:3 n-3 fatty acid content of abdominal fat. 
In the present study, birds reared at the distance of 50 metres from the wind turbine 
were characterized by a lower content of n-3 fatty acids in abdominal fat. The con-
centration of C 18:3 n-3 fatty acid in abdominal fat of geese from Treatment II was 
higher than that reported by Okruszek (2011) for Rypińska and swan geese.

From the nutritional and physiological points of view it is very important to keep 
the high level of n-3 polyunsaturated fatty acids. n-3 PUFAs have been reported to 
have positive effects on human health including the potential to reduce the risk of 
cardiovascular disease, Alzheimer disease, atherosclerosis, obesity, type II diabetes, 
osteoporosis, dry eye syndrome (McAfee et al., 2010), and depression in adolescents 
with eating disorders (Swenne et al., 2011). 

The increasing number of wind farms in Poland seems to be inevitable given the 
international legal responsibility to reduce CO2 emissions. However, this gives rise 
to many concerns over the impacts on the health of livestock and thus the quality of 
meat. It is crucial for wind turbines to be designed and planned carefully. The results 
of the present study suggest that noise generated by wind turbine affects the qual-
ity of muscles and fat of geese. It can generally be stated that raising geese in close 
proximity to the wind turbine resulted in higher pH, shear force and TBARS values 
of breast muscle as well as lower content of C 18:3 n-3 fatty acid of abdominal fat. 
In this sense, it is crucial to reduce the impact of noise generated by wind turbines on 
the quality of meat from animals that are exposed to noise. Therefore, further studies 
should be undertaken to establish the safe distance of a wind turbine from livestock 
buildings.
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