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Abstract
Background: Genetics and rearing system are important for meat quality. However, few studies were
conducted on genetics and housing system and their relationship with chemical composition and oxidation
processes in Pekin duck meat. In order to investigate the effect of different strains and housing systems on
chemical composition, fatty acid pro�le and the content of lipid and protein oxidation products in breasts
and thighs of Pekin ducks, we used a total of 40 49-day-old Pekin ducks of two strains (STAR 53 medium
hybrid and SM3 heavy hybrid) reared in two housing systems (intensive vs. semi-intensive).

Results: Duck strain affected the contents of moisture and protein in breasts and fatty acid composition in
breasts and thighs. STAR 53 ducks had a lower polyunsaturated fatty acids (PUFA) to saturated fatty acids
(SFA) ratio and level of lipid peroxidation measured in frozen thighs than SM3 ducks. Chemical
composition of meat was not affected by housing system. Rearing conditions in�uenced fatty acid
composition of breasts and thighs. In intensively reared ducks, higher total n-3 PUFA content and PUFA to
SFA ratio, and lower n-6 to n-3 PUFA ratio and atherogenicity index were found in thighs than in ducks that
had access to land outside. Moreover, rearing conditions had signi�cant effects on lipid peroxidation level
and protein carbonyl content in meat. In intensively reared birds, fresh samples of thigh meat and frozen
samples of breasts and thighs had higher level of lipid peroxidation than in semi-intensively reared ducks.
Contents of protein carbonyls in fresh samples of breasts and thighs were higher in birds reared in the
intensive system than in ducks reared in the semi-intensive housing system.

Conclusions: These results suggest that duck strain affects fatty acid composition of meat, where SM3
ducks had more favorable fatty acid pro�les than STAR 53 ducks. Moreover, housing system in�uenced
meat quality. Intensively reared ducks had a more desirable fatty acid pro�le of meat, but it was more prone
to lipid and protein oxidation than meat from ducks that had open access to land. 

Background
Consumer concerns on the quality and healthfulness of meat and meat products have greatly increased
during past decades [1]. Nutritional value of meat depends on many factors, but mostly on protein and
vitamin content, as well as on content and composition of fat [2]. Lipids are important for human nutrition,
since they provide energy and contain essential fatty acids involved in biological processes of the body [2]
and in a balanced ratio in diet, minimize adverse health issues [3]. It was proved that diets rich in
monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) can decrease the risks of
cardiovascular disease and diabetes in humans [4]. Furthermore, fatty acids are gaining increasing
importance in animal nutrition, not only for improving the health, but also the productivity of animals [3]. On
the other hand, PUFA provide the substrate for the formation of lipid oxidation products, usually measured
by the content of 2-thiobarbituric acid reactive substances (TBARS) [4]. Furthermore, meat proteins can
undergo oxidation resulting in the formation of protein carbonyl compounds (PCC). Protein oxidation can
occur directly by the reaction of proteins with reactive oxygen species, or indirectly by reaction with lipid
oxidation products [4]. Both lipid and protein oxidation products are accompanied by off-�avors and odors
in meat that decrease meat quality, nutritional value, and consumer acceptance of meat [3, 5].
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In recent decades duck meat consumption has increased worldwide due to its high nutritive value, in
particular due to high percentage of proteins and lipids, and high content of red muscle �bers in meat [4, 6].
Moreover, duck meat is a good source of polyunsaturated fatty acids, especially n-6 PUFA, has a favorable
amino acid pro�le, and, compared to other species, contains high level of Heme-Fe [6, 7]. However, these
characteristics of duck meat provide favorable conditions for lipid and protein oxidation, measured by
higher contents TBARS and PCC than in other species [7]. Since the extent of oxidation processes are
dependent on the fatty acid pro�le of meat [7], many studies investigated fatty acid pro�les of different
genotypes of duck, suggesting that genetic factors could in�uence fatty acid composition of meat [4, 8, 9,
10, 11]. Considering that Pekin duck has many desirable characteristics, such as extraordinary body size,
excellent muscle yield performance, and high intramuscular fat content [4], it is the preferred breed for
commercial meat production. However, Pekin duck has a high susceptibility to environmental stress, as
affected by housing conditions [12]. Many studies indicated that housing system is one of the numerous
non-genetic factors that can greatly affect animal health and welfare, and meat and carcass quality [13].
Since production of Pekin duck meat has become more intensive in recent decades, it is necessary to
investigate how various duck production systems affect meat quality. To the best of our knowledge, there
are few data regarding effects of different Pekin strains and rearing systems on fatty acid pro�le and the
level of lipid and protein oxidation in duck meat. Therefore, the objective of this study was to determine the
impacts of different Pekin strains (STAR 53 medium hybrid vs. SM3 heavy hybrid) and rearing systems
(intensive vs. semi-intensive) on chemical composition, fatty acid pro�le, and the extent of lipid and protein
oxidation in meat.

Methods
Animals, housing, experimental diets, and study duration

A total of 40 one-day-old Pekin ducklings of two strains (20 ducklings of STAR 53 medium hybrid hatched
from parents imported from the French company, Grimaud Frères, and 20 ducklings of SM3 heavy hybrid
hatched from parents imported from Cherry Valley Farms Ltd (Great Britain)) were used in the study over 49
days. The ducklings from both strains were divided randomly in two groups that were split between the two
housing systems (intensive vs. semi-intensive), so each system contained 10 STAR 53 medium hybrid
ducklings and 10 SM3 heavy hybrid ducklings. In the intensive system, birds were reared in a complete
con�nement system on a �oor (stocking density = 0.15 m2/head), while in the semi-intensive system, ducks
had access to land outside (stocking density = 0.38 m2/head). The study was conducted during April and
May, when the average daily temperature was 14.7 °C. From the beginning of the study, ducklings were
housed at 33 °C, and then room temperature was gradually decreased by 3 °C each week until the �nal
temperature of 22 °C was reached in the complete con�nement housing system. In the semi-intensive
housing system that enabled access to land outside, birds were kept enclosed in a barn during the night.
Ducklings were not identi�ed by sex at any time during the study, so we assumed an approximately equal
ratio of males and females was distributed in the experimental groups. Considering the differences in duck
strain (STAR 53 medium hybrid vs. SM3 heavy hybrid) and rearing system (intensive vs. semi-intensive),
four experimental groups were formed, each containing 10 animals. Pen �oors were covered with straw,
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and birds were provided with fresh drinking water and feed ad libitum. Uneaten feed was removed at the
end of each day and replaced with fresh feed.

From the start of the study, animals were fed with the same diets that were formulated to meet the
maintenance and growth requirements of animals [14] (Table 1). Diets fed from days 1 to 49 were starter
(days 1-21), grower (days 22-35) and �nisher (days 36-49). All components of the diets were analyzed for
dry matter [15], crude protein [16], crude fat [17], crude �ber [18], calcium [19], and phosphorus [20] (Table
1). Percentages of lysine, methionine, and methionine+cysteine in diets presented in Table 1 were
calculated based on their contents in feed materials and contents of supplemented DL-methionine and L-
lysine [21]. Fatty acid composition of the three diets (starter, grower, and �nisher) was determined according
to the procedure described below and is presented in Table 2.

At the end of the study, animals were transported in plastic cages to the slaughterhouse. In the
slaughterhouse, ducks were electrically stunned and immediately slaughtered by severance of the jugular
veins. Animals were processed following standard industrial techniques. After slaughter, carcasses were
dissected into basic parts in order to determine chemical composition, fatty acid pro�le, and the extent of
lipid and protein oxidation in breast and thigh meat.

Chemical composition of meat

Chemical analysis was performed on six breast (M. pectoralis super�cialis) and six thigh (M. iliotibialis)
meat samples from each experimental group. At 24 h post mortem, meat samples were dissected from
breasts and thighs, packed in polyethylene bags, and kept at -18 °C until analyses of moisture [22], lipid
[23], protein [24] and collagen contents [25].

Fatty acid composition of diets and meat samples

Determination of fatty acid pro�le was performed on all three diets and six breast (M. pectoralis
super�cialis) and six thigh (M. iliotibialis) meat samples from each experimental group. All samples were
homogenized, collected in plastic bags and frozen at -18 °C. The day before lipid extraction, samples were
defrosted overnight at 4 °C. All analyses were performed in duplicate. Extraction of total lipids from
homogenized samples for determination of fatty acid pro�le was carried out by accelerated solvent
extraction (ASE 200, Dionex, GmbH, Idstein, Germany) with a mixture of n-hexane and isopropanol (60:40,
v/v) at 100 °C and nitrogen pressure of 10.3 Mpa [26]. Before extraction, two glass �ber cellulose �lter
papers 19.8 mm (Dionex) were placed at the bottom of each 33 mL Dionex extraction cell before the cell
was consecutively loaded with 2 g of diatomaceous earth, 2.5 g of homogenized sample, and 2 g
diatomaceous earth up to the cell top. The loaded cells were then mounted in the carousel of the ASE 200
and subsequently extracted. The extracts were collected and solvent was removed under a stream of
nitrogen (Dionex Solvent evaporator 500) at 50 °C until dryness. The fat extracts were kept overnight in a
desiccator and weighed. Еxtracted lipids were converted to fatty acid methyl esters (FAMEs) by using
trimethylsulfonium hydroxide [27]. FAMEs were determined by capillary gas chromatography on a
Shimadzu 2010 gas chromatograph (Kyoto, Japan) equipped with �ame ionization detector and capillary
HP-88 column (100 m × 0.25 mm × 0.20 μm, J&W Scienti�c, USA). The analysis was performed under
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temperature gradient: 125 °C, rate 10 °C/min to 175 °C, hold 10 min, rate 5 °C/min to 210 °C, hold 5 min,
and rate 2 °C/min to �nal temperature of 230 °C. Temperature of the injector and detector were 250 °C and
280 °C, respectively. The carrier gas was nitrogen at a �ow rate of 1.33 mL/min, and injector split ratio was
1:50. Nitrogen was used as a make-up gas at 30mL/min �ow rate. Injected volume was 1μL and total
analysis lasted 50.5 min. The chromatographic peaks in the samples were identi�ed by comparing relative
retention times of FAME peaks with peaks in Supelco 37 Component FAME mix standard (Supelco,
Bellefonte, USA). Quanti�cation of fatty acids was determined relative to an internal standard,
heneicosanoic acid methyl ester. The level of fatty acids was expressed as a percentage (%) of the total
identi�ed fatty acids. After determination of fatty acid pro�le of breasts and thighs, the following ratios of
fatty acid classes were calculated: MUFA to saturated fatty acids (SFA), PUFA to SFA, unsaturated fatty
acids (UFA) to SFA, and n-6 to n-3 PUFA.

Lipid oxidation

The extent of lipid peroxidation was evaluated as 2-thiobarbituric acid reactive substances (TBARS) by the
modi�ed method of Botsoglou et al. [28] on 10 fresh and 10 frozen samples of breast (M. pectoralis
super�cialis) and thigh (M. iliotibialis) meat of each experimental group. 2-Thiobarbituric acid (TBA)
reacted with malondialdehyde (MDA), as a product of lipid oxidation, which resulted in a color compound
measured spectrophotometrically. TBARS values of fresh samples were determined at 24 h post mortem,
while frozen samples were stored at -20 °C for 6 weeks and after defrosting at 4 °C, TBARS values were
measured. For TBARS determination, 2.0 g of sample was stirred with TRIS buffer (100 mM TRIS; 0.1 mM
EDTA; 0.1% triton X-100; pH 7.8) in a 1:5 (sample:TRIS buffer) ratio and then homogenized at 3500 g for 10
min at 2 °C. Subsequently, the homogenized sample (0.5 mL) was stirred with 1 mL of 20% (w/v)
trichloroacetic acid (TCA) and then homogenized at 3500 g for 10 min. The precipitated fraction was used
for determination of protein carbonyl content. Equal amounts (0.5 mL) of supernatant and TBA reagent
were mixed. TBA reagent was fresh prepared every day and contained 0.5% (w/v) TBA dissolved in 0.33 M
HCl. To prevent further peroxidation during heating, 5 μL of 2% (w/v) butylated hydroxytoluene (BHT)
dissolved in absolute ethanol was added to the mixture. The mixture was heated at 95 °C for 60 min and
cooled by placing on ice. Equal amounts of butanol and previously prepared mixture were mixed and then
centrifuged at 3,500 g for 10 min. Absorbance of the upper butanol layer was read at 532 nm against a
sample blank (containing all components excluding TBA) and a reagent blank (containing all components
excluding sample). All tests and controls were prepared in triplicate. The results were quanti�ed as
malondialdehyde equivalents (mg MDA/kg sample).

Protein oxidation

Protein oxidation was measured by estimating the protein carbonyl content. Precipitated fractions obtained
from the previously described TBARS analysis were used to measure protein carbonyl content on 10 fresh
and 10 frozen samples of breast (M. pectoralis super�cialis) and thigh (M. iliotibialis) meat of each
experimental group by a modi�ed method of Dalle-Donne et al. [29]. Precipitated fractions were stirred with
a solution of 10 mM 2,4-dinitrophenylhydrazine (DNPH) dissolved in 2 M HCl to form a stable 2,4-
dinitrophenyl (DNP) hydrazone product, while sample blanks contained 2 M HCl without DNPH. Mixtures
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were intensively stirred and then incubated in the dark at room temperature for 60 min with vortexing every
10 min. Thereafter, mixtures were centrifuged at 3,500 g for 10 min to obtain precipitate. The supernatants
were discarded and precipitated fractions were washed with 20% TCA, and then washed three times with 2
mL of ethanol:ethyl acetate (1:1, v/v). Between each washing, precipitates were centrifuged at 3,500 g for
10 min. Precipitated fractions were resuspended in 1 mL of 6 M guanidine hydrochloride dissolved in 2 M
HCl (pH 2.3) and incubated in a water bath at 37 °C for 15 min with occasional vortexing. Carbonyl content
was determined from the absorbance at 375 nm (e= 22000 M-1 cm-1) against a sample blank (containing
all components excluding DNPH). Due to protein loss (10-20%) during washing, the protein content was
measured in each sample blank by reading absorbance at 280 nm. The protein content was determined by
comparing the absorbance of the samples to the absorption coe�cient from a standard curve (0.25-2.0
mg/mL) using bovine serum albumin dissolved in 6 M guanidine hydrochloride and 2 M HCl (pH 2.3). The
carbonyl content was expressed as nmol/mg of proteins.

Determination of atherogenicity index (AI), thrombogenicity index (TI) and hypocholesterolemic to
hypercholesterolemic fatty acids ratio (H/H)

The atherogenicity index (AI) was calculated from the ratio of the sum of the main saturated fatty acids
(considered as pro-atherogenic) and that of the main classes of unsaturated fatty acids (considered as
anti-atherogenic) according to the following equation [30]:

AI = (C12:0 + (4 × C14:0) + C16:0) / (∑n-3 PUFA + ∑n-6 PUFA + ∑MUFA)

The thrombogenicity index (TI) indicates a tendency for clots to form in the blood vessels and was
calculated from the ratio of pro-thrombogenetic (saturated) and the anti-thrombogenetic fatty acids (MUFA,
PUFA n-6 and PUFA n-3) according to the following equation [30]:

TI = (C14:0 + C16:0 + C18:0) / (0.5 × ∑MUFA + 0.5 × ∑n-6 PUFA + 3 × ∑n-3 PUFA + ∑n-3 PUFA/∑n-6
PUFA)

The hypocholesterolemic to hypercholesterolemic fatty acid ratio (H/H) indicates functional activity of fatty
acids in the metabolism of lipoprotein regarding plasma cholesterol transport and the risk of
cardiovascular disease. The ratio of hypocholesterolemic to hypercholesterolemic fatty acids (H/H) was
calculated according to Paszczyk et al. [31]:

H/H = (C18:1n-9c + C18:2n-6 + C18:3n-3) / (C12:0 + C14:0 + C16:0)

Statistical analysis

Statistical analysis of the results was conducted with GraphPad Prism software version 6.00 for Windows
(GraphPad Software, San Diego, CA, USA, www.graphpad.com). Two-way analysis of variance (ANOVA)
with Tukey’s multiple comparison test was performed to test the effect of duck strain (STAR 53 medium
hybrid vs. SM3 heavy hybrid) and housing system (intensive vs. semi-intensive) as the main effects, and
their interactions on chemical composition, TBARS and protein carbonyl values, fatty acid composition, and
AI, TI, and H/H of breasts and thighs of Pekin ducks. The means of the breasts and thighs within the same
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duck strain and housing system were subjected to t-test to determine signi�cant differences between
compared muscles. All parameters were described by means and standard error of means (SEM). Values of
P<0.05 were considered signi�cant.

Results
Chemical characteristics, TBARS and protein carbonyl values of meat

The effects of duck strain and housing system, as well as their interactions on chemical composition,
TBARS, and protein carbonyl values in meat are presented in Table 3. Duck strain affected chemical
composition of breasts, as higher moisture content (P<0.05) and lower protein content (P<0.05) were
determined in breasts of STAR 53 ducks than in SM3 ducks. Chemical composition was not affected by
rearing conditions. Furthermore, in all experimental groups, higher protein content (P<0.01) and lower lipid
content (P<0.01) were determined in breasts than in thighs.

Duck strain affected TBARS values of frozen thigh meat, where higher TBARS values were determined in
SM3 ducks than in STAR 53 ducks (P<0.01). Rearing conditions had signi�cant effects on TBARS values. In
fresh samples of thigh meat and frozen samples of breasts and thighs, TBARS values were higher (P<0.01)
in intensively reared birds than in ducks reared in the semi-intensive housing system. Higher contents of
TBARS values were found in fresh breast meat of all experimental groups than in thigh meat (P<0.01). The
content of protein carbonyls in fresh breast and thigh meats was affected by rearing conditions, where
higher values of protein carbonyls were found in birds reared in intensive system than in ducks reared in
semi-intensive housing system (P<0.05). Furthermore, fresh breast meat of SM3 ducks reared in semi-
intensive system had a higher content of protein carbonyls than fresh thigh meat (P<0.05). There were no
signi�cant interactions between duck strain and housing system on the examined parameters.

Fatty acid pro�le of meat

The effects of duck strain and rearing system on fatty acid composition, AI, TI, and H/H ratio in breasts and
thighs are presented in Tables 4 and 5, respectively. Duck strain had no in�uence on fatty acid composition
of breasts, except for eicosenoic acid (C20:1n9), where higher contents wеre found in breasts of STAR 53
hybrid than in SM3 hybrid Pekin ducks (P<0.05). The analysis revealed that rearing conditions affected
contents of lauric (C12:0) and linoleic acid (C18:2n6c). Higher percentages of the aforementioned fatty
acids were found in birds kept indoors than in ducks reared in the housing system with open access to land
(P<0.05). On the contrary, contents of elaidic (C18:1n9t) and cis vaccenic acid (C18:1n11c) were lower in
ducks reared in intensive housing than in ducks reared in semi-intensive housing (P<0.05). Signi�cant
interactions were found between duck strain and housing system on contents of myristoleic (C14:1), cis
vaccenic (C18:1n11c), trans octadecadienoic acid (C18:2n6), MUFA to SFA ratio, UFA to SFA ratio, TI, and
H/H ratio of breasts (P<0.05).

Duck strain affected composition of fatty acids in thighs. STAR 53 hybrid duck thighs had higher contents
of elaidic (C18:1n9t), trans vaccenic (C18:1n11t), and trans octadecadienoic acid (C18:2n6) than did thighs
of SM3 hybrids (P<0.01). Percentages of pentadecanoic (C15:0), eicosenoic (C20:1n9), linoleic acid



Page 8/28

(C18:2n6c), and alpha-linolenic acid (C18:3 n-3), and the PUFA to SFA ratio were higher (P<0.05) in thighs of
SM3 ducks than in STAR 53 ducks. Regarding housing conditions, in ducks reared in the intensive housing
system, percentages of heptadecanoic (C17:0) and trans vaccenic acid (C18:1n11t), the total n-3 PUFA
content, PUFA to SFA ratio, and H/H ratio were higher than in semi-intensively reared ducks (P<0.05). The
contents of palmitic (C16:0) and palmitoleic (C16:1) acids, ratio of n-6 to n-3 PUFA, and AI were higher
(P<0.05) in ducks housed in the semi-intensive system than in those reared intensively. Signi�cant
interactions were found between duck strain and housing system on elaidic acid content (C18:1n9t) and
PUFA to SFA ratio (P<0.05).

In Table 6 presents the differences between breasts and thighs within the four experimental groups in the
sum of the major classes of fatty acids, MUFA to SFA ratio, PUFA to SFA ratio, UFA to SFA ratio, n-6 to n-3
PUFA ratio, AI, TI, and H/H ratio. Higher contents of total SFA of intensively reared SM3 ducks and n-3 PUFA
of semi-intensively housed STAR 53 ducks were measured in breasts than in thighs (P<0.01). In all
experimental groups, the MUFA to SFA and UFA to SFA ratios were lower in breasts than in thighs (P<0.01).
In breasts of ducks reared in the housing system with open access to the outdoors, PUFA to SFA ratios were
higher than in thighs (P<0.01). AIs were higher (P<0.01) in breasts of intensively reared ducks than in thighs
(P<0.01). Furthermore, TIs were higher in breasts of all experimental groups than in thighs (P<0.05), except
for STAR 53 ducks reared in the intensive system. In breasts of all experimental groups, lower H/H ratios
were determined than in thighs (P<0.01).

Discussion
Chemical characteristics of meat

In our study, chemical analysis of meat showed that STAR 53 ducks had higher moisture and lower protein
contents in breasts than did SM3 hybrid ducks. The compared strains of Pekin duck did not differ in
chemical composition of thighs. Other authors investigated chemical composition of different strains of
Pekin ducks and found that genetics in�uenced the contents of moisture, protein, lipid and collagen in
breasts and thighs [10, 33, 34, 35]. Moreover, in our study, housing system did not affect the chemical
composition of duck meat, as also was con�rmed by Michalczuk et al. [36] for Pekin duck and Michalczuk
et al. [37] for Muscovy duck. On the contrary, Bai et al. [38] found higher fat content in ducks reared in cages
than in those reared on net, and that in the group with a medium stocking density, contents of moisture, fat,
and collagen were higher than in groups with high or low stocking density. Similarly, Abo Ghanima et al.
[39] showed that meat of Pekin ducks reared in a housing system with swimming pool and yard had lower
triacylglycerol and cholesterol contents than those reared in housing systems without combined swimming
pool and yard. This reduction in fat content may be attributed to the increased physical activity in ducks
that had access to the yard and swimming pool [39]. Since in our study chemical composition of meat did
not differ between two housing systems, it seems the two rearing systems induced similar levels of
physical activity in the ducks.

Fatty acid pro�le of meat
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Fatty acid composition of meat affects meat quality and nutritional value of meat [4]. In our study, the fatty
acid composition of breasts and thighs was dominated by MUFA, followed by PUFA and SFA. Similarly,
other authors found that MUFA were the most abundant fatty acids in duck meat [4, 6, 11, 40]. However, the
highest PUFA content was determined by Aronal et al. [8], while other authors showed that SFA were the
predominant fatty acids in duck meat [10, 41, 42]. The differences between our study and the previously
cited ones in fatty acid composition of duck meat may be a result of different genetics, sex, age, diet, and
rearing conditions [4]. Diet is one of the most important factors in�uencing fatty acid composition of meat
[43]. In the current study, the predominant fatty acids in diets were PUFA (approximately 50% of total fatty
acids), due to the high linoleic acid contents (C18:2n6). Opposite to that, breasts and thighs of our ducks
contained the highest proportion of oleic acid (C18:1n9c), followed by linoleic (C18:2n6c), palmitic (C16:0),
and stearic (C18:0) acids. The most abundant fatty acids accounted for approximately 88% of total fatty
acids in both types of meat. These results were in agreement with those reported by Fan et al. [4] and Onk
et al. [11]. Higher contents of MUFA determined in our study and the study of Onk et al. [11] than were
reported by Banaszak et al. [41] could be a consequence of diet based mainly on maize (approximately
60%), as Onk et al. [11] have concluded. Overfeeding ducks with maize-based diet induces lipogenesis in
liver and accumulation of MUFA-rich triglycerides in muscles [44]. Thus, it seems that PUFA from our ducks’
diets were converted during duck metabolism into other fatty acids, mostly MUFA. Moreover, Fan et al. [4]
found that Pekin ducks have large capacities to accumulate MUFA (mainly palmitoleic and oleic acids) and
SFA (mainly palmitic acid) as storage fats, due to their high adipogenic potential. These fatty acids are
mainly products of de novo fatty acid biosynthesis [4]. Furthermore, the content of SFA and PUFA, the PUFA
to SFA ratio, n-6 to n-3 PUFA ratio, AI, TI, and H/H ratio are commonly used as indicators of nutritional value
of meat [30, 31]. With regard to human health, a ratio of n-6 to n-3 PUFA that is lower than 4 [3] and a ratio
of total PUFA to total SFA that is higher than 0.4 [32] are recommended. In our study, the recommended
PUFA to SFA ratio was achieved in breasts and thighs of all experimental groups (from 0.91 to 1.07).
However, in the current study, the ratio of n-6 to n-3 PUFA was several times greater than recommended (it
was from 19.70 to 20.71) and determined in other studies [7, 8, 10, 11, 41]. This imbalance in the n-6 to n-3
PUFA ratio determined in our study was a consequence of diet, based mainly on maize and soybean that
contained high levels of linoleic acid (n-6 fatty acid), and insu�cient quantities of feeds that were sources
of n-3 fatty acids. The importance of a balanced n-6 to n-3 fatty acid ratio is based on the fact that
consumption of high rates of n-6 fatty acids has been linked with a higher occurrence of health problems,
such as type 2 diabetes, obesity, and coronary artery diseases. On the other hand, n-3 fatty acids have
shown many health bene�ts, since they are important in fetal development, reduce risk of developing
cardiovascular diseases, prevent Alzheimer’s disease, and have anti-in�ammatory properties [3].

In our study, duck strain mainly had no signi�cant effect on the fatty acid pro�le in breasts, but signi�cantly
affected fatty acid composition in thighs. Thighs of SM3 ducks contained higher contents of desirable
fatty acids (linoleic and alpha-linolenic acid) and lower percentages of trans fatty acids (total of trans
octadecadienoic acid isomers) that are associated with cardiovascular disease, cancer, or diabetes [45]
than did thighs of STAR 53 ducks. Therefore, higher a PUFA to SFA ratio was determined in thighs of SM3
ducks than in STAR 53 ducks, indicating the more favorable chemical composition of SM3 duck meat.
Other authors have found signi�cant differences in fatty acid composition of meat of different duck
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genotypes: Pekin vs. Muscovy duck [8], Korean native duck vs. Pekin duck [9], Cherry Valley vs. Spent Layer
vs. Crossbred duck [10], Pekin vs. Native duck [11] and Pekin vs. Mallard [4]. Most of the studies showed the
meat of Pekin duck had lower nutritional value due to lower proportions of total n-3 PUFA content, total n-6
PUFA content, lower PUFA to SFA ratio, and higher AI or TI than meat of Native duck [11], Korean native
duck [9] and Mallard [4]. Genetics does in�uence the fatty acid composition of duck meat, as shown by
these previous studies, and in the current study, differences in fatty acid pro�le could be ascribed to genetic
variations between our two strains of Pekin duck.

Rearing conditions affected fatty acid composition of thighs, and a more favorable fatty acid pro�le was
determined in intensively reared ducks than in ducks reared in the semi-intensive housing system. Thighs of
ducks reared in the semi-intensive system were characterized by a higher n-6 to n-3 PUFA ratio, lower PUFA
to SFA ratio and H/H ratio, and higher AI than ducks reared in the intensive system. Regarding the different
fatty acid pro�les of intensively and semi-intensively reared ducks, it could be assumed that ducks reared in
the housing system with open access to land had prolonged exposure to lower ambient temperatures,
which could have led to greater oxidative metabolism in skeletal muscles and higher deposition of SFA as
intramuscular storage fats [46]. Although we did not �nd signi�cant differences in SFA contents of thighs
between the two housing groups, the SFA contents in thighs of semi-intensively reared ducks were higher
than in ducks from the intensive system, which probably contributed to lower nutritional value of meat.

Comparing fatty acid composition of breasts and thighs we found better meat quality of thighs than
breasts, expressed through lower content of SFA in one experimental group, and higher MUFA to SFA ratio,
and UFA to SFA ratio of all our experimental groups than in breasts. Better meat quality of thighs than
breasts was also determined in other studies [8, 10], while Suci et al. [40] found the opposite. Moreover,
thighs had lower AI in intensively reared ducks, lower TI in three experimental groups, and higher H/H ratio
in all experimental groups of ducks than in breasts. Fatty acid pro�le predominantly depends on animal
species, muscle type, anatomical location of muscle, and content, composition, and quality of dietary fats
in feed [1]. Differences between breasts and thighs with regard to fatty acid composition of all our
experimental groups could be ascribed to different tendencies of examined muscles (M. pectoralis
super�cialis vs. M. iliotibialis) to store different fatty acids into membrane phospholipids [1].

Lipid and protein oxidation of meat

The extent of lipid oxidation in fresh breasts and thighs of our ducks ranged from 0.47 to 1.08 mg of MDA
per kg of meat. Other authors found lower TBARS values in duck meat than we did [6, 47]. The high TBARS
values determined in our study could be a consequence of very high content of n-6 PUFA, low content of n-3
PUFA, high n-6 to n-3 ratio, and high PUFA to SFA ratio, since PUFA provide the substrate for the formation
of lipid oxidation products [7]. A moderate intake of n-3 PUFA enhances anti-oxidative properties of tissues
through inducing higher activity of glutathione peroxidase, glutathione S transferase, and superoxide
dismutase, and consequently, decreases the extent of lipid peroxidation [3]. Moreover, reducing the ratio of
n-6 to n-3 PUFA was found to be linked to lower content of lipid oxidation products, since n-3 PUFA, due to
their higher number of bis-allylic positions, protect n-6 PUFA from oxidation [7]. After storage of frozen meat
for 6 weeks, TBARS values increased (from 0.96 to 1.24 mg of MDA/kg sample). Similarly, other authors
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observed higher TBARS values with increasing storage time [6, 47]. Oxygen availability is one of the most
important factors for the development of the lipid peroxidation in meat during storage [1]. 

In our study, duck strain did not affect lipid oxidation, except in frozen thighs, where higher TBARS values
were determined in SM3 hybrid ducks than in STAR 53 ducks. Those differences could be explained by the
different fatty acid pro�les of thighs of the two hybrids. SM3 hybrid Pekin ducks contained a higher level of
linoleic acid (n-6) than STAR 53 ducks, producing favorable conditions for lipid peroxidation. Moreover,
rearing conditions affected TBARS values in fresh thighs and frozen breasts and thighs. In intensively
reared ducks, TBARS values were higher than in ducks that had access to land. In breasts and thighs of
intensively reared ducks, higher percentages of total n-6 PUFA and higher PUFA to SFA ratios were found
than in ducks from the semi-intensive housing system. Similarly, differences in MDA content between fresh
samples of breasts and thighs depended on fatty acid composition of the meat. Higher TBARS values in
breasts than in thighs resulted from their higher n-6 PUFA content and higher PUFA to SFA ratio. Although
those differences were not signi�cant in all compared groups, apparently they contributed to different
extent of lipid oxidation. On the contrary, Van Hecke et al. [7] concluded the n-6 to n-3 ratio correlated more
with PUFA oxidation than did the absolute content of PUFA, which was not con�rmed in our study.
Moreover, rearing conditions affect animal welfare and, consequently, the level of preslaughter stress and
meat quality [13]. Preslaughter stress induces glycogenolysis and pH decline. After slaughter, the in vivo
antioxidant mechanisms partially collapse, while postmortal biochemical changes, such as increasing the
level of H+, favor oxidation of both lipids and proteins [5]. Our results, where higher TBARS values were
determined in ducks reared in the intensive system than in ducks from housing system that had open
access to land, accorded with this. Similarly, Abo Ghanima et al. [39] found that housing system with an
open yard provided lower MDA levels than housing systems without yards. Moreover, Zhu et al. [48] found
that higher preslaughter stress induced higher TBARS values in ducks.

In our study, protein carbonyl content ranged from 3.10 to 6.70 nmol/mg of protein and was in accordance
with results of other authors [7, 48]. Protein carbonyl content measured in breasts and thighs of our ducks
correlated with products of lipid peroxidation, since they contribute to protein carbonylation [5]. Therefore,
protein carbonyl values were higher in fresh breasts and thighs of intensively reared ducks than in ducks
reared in semi-intensive housing system. Furthermore, the protein carbonyl content was higher in breasts
than in thighs, as was also observed with TBARS values. In our study, frozen duck meat had higher protein
carbonyl contents than fresh duck meat, since meat proteins undergo carbonylation during frozen storage,
and signi�cant increase was found in the �rst two months of storage at -18 °C [5].

Conclusions
In conclusion, this study revealed that duck strain affects the fatty acid pro�le of duck meat. SM3 ducks
had more favorable fatty acid composition of thigh meat than STAR 53 ducks and those differences could
be ascribed to genetic variations. Furthermore, we found the housing system in�uenced the nutritional
value of meat. Although intensively reared ducks had a more desirable fatty acid pro�le of meat than ducks
from the semi-intensive housing system, they were more prone to lipid and protein oxidation than ducks
that had open access to land. We concluded that total n-6 PUFA content and PUFA to SFA ratio were linked
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with both lipid and protein oxidation products, since the main substrate for oxidation processes is PUFA. In
addition, the higher level of lipid and protein oxidation products in intensively reared birds could indicate
those ducks were exposed to higher preslaughter stress and increased postmortal biochemical processes
than ducks from the semi-intensive housing system.
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Table 1 Ingredients and chemical composition of diets
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Ingredient (g/kg as-fed) Starter

(1–21 days)

Grower

(22-35 days)

Finisher

(36-49 days)

Maize 606 608.3 633.3

Soybean meal 46% 310 180 170

Sun�ower meal 30 60 50

Yeast 20 30 20

Mono-calcium phosphate 21.5 20 20

Wheat feed �our - 50 35

Full-fat soybean meal - 40 60

Vitamin-mineral premixa 10.0 10.0 10.0

DL-methionine 1.2 0.8 0.8

L-lysine 1.3 0.9 0.9

Chemical composition (g/kg as-fed)

Dry matter 895.00 886.00 882.00

Crude protein 214.10 196.00 190.00

Crude fat 25.00 43.00 37.00

Crude �ber 39.00 47.00 46.00

Calcium 11.70 10.10 9.60

Phosphorus 4.90 5.20 4.50

Calculated composition (g/kg as-fed)

Lysine 13.50 11.70 9.90

Methionine 5.70 5.60 4.20

Methionine + cysteine 9.00 8.50 7.10

aVitamin-mineral premix (per kg of diet): vitamin A (retinyl acetate), 10 000 IU; vitamin D3 (cholecalciferol),
4000 IU; vitamin E (a-tocopherol), 20 mg; vitamin K3 (menadione), 3 mg; vitamin B1 (thiamine), 2.2 mg;
vitamin B2 (ribo�avin), 8 mg; vitamin B3 (niacin), 65 mg; vitamin B5 (calcium pantotenate), 25 mg; vitamin
B6 (pyridoxine), 5 mg; vitamin B7 (biotin), 0.3 mg; vitamin B9 (folic acid), 1.5 mg; vitamin B12
(cyanocobalamin), 0.02 mg; iron (FeSO4), 80 mg; copper (CuSO4), 8 mg; manganese (MnSO4), 60 mg; zinc
(ZnSO4), 40 mg; iodine (KI), 0.33 mg.

Table 2 Fatty acid composition (% of total fatty acids) of diets
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Fatty acids Starter

(1–21 days)

Grower

(22-35 days)

Finisher

(36-49 days)

Lauric acid (C12:0) 0.02 0.02 0.02

Myristic acid (C14:0) 0.11 0.1 0.08

Pentadecanoic acid (C15:0) 0.04 0.04 0.03

Palmitic acid (C16:0) 17.31 15.74 14.82

Heptadecanoic acid (C17:0) 0.09 0.09 0.09

Stearic acid (C18:0) 2.93 3.59 3.99

Arachidic acid (C20:0) 0.38 0.37 0.42

Behenic acid (C22:0) 0.19 0.21 0.23

Lignoceric acid (C24:0) 0.2 0.14 0.18

∑SFA 21.27 20.30 19.86

Palmitoleic acid (C16:1) 0.08 0.09 0.08

Elaidic acid (C18:1n9t) 0.5 0.43 0.46

Oleic acid (C18:1n9c) 22.47 24.27 23.36

trans Vaccenic acid  (C18:1n11t ) 0.81 0.87 0.89

cis Vaccenic acid (C18:1n11c ) 2.8 3.01 2.78

Eicosenoic acid (C20:1n9) 0.21 0.23 0.18

∑MUFA 26.87 28.9 27.75

Linoleic acid (C18:2n6) 42.84 42.33 43.29

total trans Octadecadienoic acid (C18:2n6) 7.48 6.89 7.19

∑n-6 PUFA 50.33 49.22 50.48

Alpha-linolenic acid (C18:3n3) 1.52 1.61 1.9

∑n-6 PUFA/∑n-3 PUFA 33.11 30.57 26.57

Table 3 The effect of Pekin duck strain and housing system on chemical characteristics, TBARS and
protein carbonyl values of meat
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Parameter Tissue   Duck strain (S) - Housing system (H)        

  STAR 53 SM3 SEM P value

n Intensive
system

Semi-
intensive
system

Intensive
system

Semi-
intensive
system

S H SxH

Moisture
(%)

Breast 6 74.61ab 74.81a 73.86b 74.43ab 0.47 * ns ns

Thigh 6 73.72 73.91 73.72 73.88 0.65 ns ns ns

Protein
(%)

Breast 6 22.22abX 21.97aX 23.01bX 22.50abX 0.50 * ns ns

Thigh 6 20.04Y 19.91Y 20.21Y 19.51Y 0.40 ns ns ns

Lipid (%) Breast 6 2.17X 2.22 X 2.14 X 2.07 X 0.26 ns ns ns

Thigh 6 5.11Y 5.02Y 4.93Y 5.48Y 0.72 ns ns ns

Collagen
(%)

Breast 6 1.60 1.39 1.29 1.38 0.19 ns ns ns

Thigh 6 1.34 1.24 1.22 1.29 0.12 ns ns ns

TBARS in
fresh
sample

(mg
MDA/kg)

Breast 10 0.94 X 1.08X 0.92X 0.95X 0.10 ns ns ns

Thigh 10 0.57abY 0.47aY 0.61bY 0.47aY 0.06 ns *** ns

TBARS in
frozen
sample

(mg
MDA/kg)

Breast 10 1.24 1.10 1.31 1.10 0.11 ns ** ns

Thigh 10 0.96AB 0.82A 1.12B 0.97AB 0.10 ** ** ns

Protein
carbonyls
in fresh
sample
(nmol/mg
of
protein)

Breast 10 5.71 4.35 6.45 5.41x 1.17 ns * ns

Thigh 10 4.68A 3.30B 5.52A 3.10By 0.74 ns *** ns

Protein
carbonyls
in frozen
sample
(nmol/mg
of
protein)

Breast 10 5.53 6.70 4.53 6.44 1.52 ns ns ns

Thigh 10 5.02 6.48 5.53 6.22 1.82 ns ns ns

Data are means and standard error of means (SEM). Within a row, means with a different superscript letter
differ (a, b - P < 0.05; A, B - P < 0.01); Within a column of each parameter, means with a different superscript
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letter differ (x, y - P < 0.05; X, Y - P < 0.01).

STAR 53 = STAR 53 medium hybrid of Pekin duck; SM3 = SM3 heavy hybrid of Pekin duck; S = duck strain
factor; H = housing factor; SxH = interaction between duck strain and housing factor; ns = no signi�cance
(P > 0.05); *P < 0.05; **P < 0.01; ***P < 0.001.

Table 4 The effect of Pekin duck strain and housing system on  fatty acid pro�le of breasts (n=6)
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Fatty acid Duck strain (S) - Housing system (H)        

STAR 53 SM3 SEM P value

Intensive
system

Semi-
intensive
system

Intensive
system

Semi-
intensive
system

S H SxH

Lauric acid (C12:0) 0.014ab 0.01a 0.016b 0.01a 0.00 ns ** ns

Myristic acid (C14:0) 0.31 0.25 0.31 0.30 0.04 ns ns ns

Pentadecanoic acid
(C15:0)

0.04 0.04 0.04 0.04 0.00 ns ns ns

Palmitic acid (C16:0) 20.87 20.80 21.33 20.97 0.61 ns ns ns

Heptadecanoic acid
(C17:0)

0.10 0.10 0.12 0.11 0.01 ns ns ns

Stearic acid (C18:0) 7.13 8.57 7.96 7.54 1.35 ns ns ns

Arachidic acid
(C20:0)

0.18 0.21 0.19 0.17 0.06 ns ns ns

Heneicosanoic acid
(C21:0)

0.01 0.02 0.01 0.01 0.00 ns ns ns

Behenic acid (C22:0) 0.11 0.13 0.11 0.09 0.05 ns ns ns

Lignoceric acid
(C24:0)

0.07 0.08 0.07 0.05 0.03 ns ns ns

∑ SFA 28.83 30.19 30.16 29.29 1.34 ns ns ns

Myristoleic acid
(C14:1)

0.03 0.03 0.02 0.03 0.01 ns ns *

Palmitoleic acid
(C16:1)

2.24 2.04 1.83 2.27 0.34 ns ns ns

Elaidic acid
(C18:1n9t)

0.13a 0.17b 0.13a 0.16ab 0.02 ns ** ns

Oleic acid
(C18:1n9c)

35.94 34.08 33.93 35.92 4.51 ns ns ns

trans Vaccenic acid 
(C18:1n11t)

1.66 1.90 1.63 1.67 0.27 ns ns ns

cis Vaccenic acid
(C18:1n11c)

0.08a 0.32b 0.17ab 0.15ab 0.10 ns * *

Eicosenoic acid
(C20:1n9)

0.24 0.23 0.22 0.21 0.01 * ns ns

Erucic acid (C22:1n-
9)

0.02 0.02 0.02 0.02 0.01 ns ns ns
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∑MUFA 40.34 38.79 37.94 40.43 4.56 ns ns ns

Linoleic acid
(C18:2n6c)

23.33 21.39 23.81 22.65 1.34 ns * ns

trans
Octadecadienoic
acid (C18:2n6)

0.92 1.39 1.12 1.01 0.25 ns ns *

γ-linolenic acid
(C18:3n-6)

0.08 0.07 0.09 0.08 0.01 ns ns ns

Eicosadienoic acid
(C20:2n-6)

0.25 0.30 0.29 0.28 0.09 ns ns ns

Dihomo-γ-linolenic
acid (C20:3 n-6)

0.37 0.55 0.42 0.34 0.15 ns ns ns

Arachidonic acid
(C20:4 n-6)

4.47 5.84 4.68 4.48 2.35 ns ns ns

∑n-6 PUFA 29.41 29.55 30.40 28.84 3.17 ns ns ns

Alpha-linolenic acid
(C18:3 n-3)

0.98 0.84 1.00 0.99 0.10 ns ns ns

Eicosatrienoic acid
(C20:3 n-3)

0.01 0.02 0.01 0.02 0.01 ns ns ns

Eicosapentaenoic
acid (C20:5n-3)

0.09 0.11 0.08 0.09 0.03 ns ns ns

Docosapentaenoic
acid (C22:5n-3)

0.24 0.32 0.27 0.24 0.11 ns ns ns

Docosahexaenoic
acid (C22:6n-3)

0.11 0.19 0.14 0.11 0.07 ns ns ns

∑n-3 PUFA 1.42 1.47 1.50 1.44 0.14 ns ns ns

∑n-6/∑n-3 PUFA 20.71 20.10 20.27 20.03 0.51 ns ns ns

MUFA/SFA 1.40a 1.28b 1.26b 1.38a 0.05 ns ns ***

PUFA/SFA 1.07 1.03 1.06 1.03 0.04 ns ns ns

UFA/SFA 2.47A 2.31B 2.31B 2.41AB 0.06 ns ns ***

AI 0.31 0.31 0.32 0.31 0.01 ns ns ns

TI 0.72a 0.77b 0.76b 0.74ab 0.02 ns ns *

H/H 2.84 2.67 2.71 2.80 0.10 ns ns *

Data are means and standard error of means (SEM). Within a row, means with a different superscript letter
differ (a, b - P < 0.05).
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STAR 53 = STAR 53 medium hybrid of Pekin duck; SM3 = SM3 heavy hybrid of Pekin duck; S = duck strain
factor; H = housing factor; SxH = interaction between duck strain and housing factor; ns = no signi�cance
(P > 0.05); *P < 0.05; **P < 0.01; SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA =
polyunsaturated fatty acids; UFA = unsaturated fatty acids; AI = atherogenicity index; TI = thrombogenicity
index; H/H = hypocholesterolemic to hypercholesterolemic fatty acids ratio.

Table 5 The effect of Pekin duck strain and housing system on fatty acid pro�le of thighs (n=6)
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Fatty acid Duck strain (S) - Housing system (H)        

STAR 53 SM3 SEM P value

Intensive
system

Semi-
intensive
system

Intensive
system

Semi-
intensive
system

S H SxH

Lauric acid (C12:0) 0.01 0.01 0.01 0.01 0.00 ns ns ns

Myristic acid (C14:0) 0.28 0.28 0.28 0.32 0.03 ns ns ns

Pentadecanoic acid
(C15:0)

0.03 0.03 0.03 0.04 0.00 * ns ns

Palmitic acid (C16:0) 18.92 19.47 18.89 20.15 0.70 ns * ns

Heptadecanoic acid
(C17:0)

0.09 0.09 0.10 0.09 0.01 ns * ns

Stearic acid (C18:0) 7.91 8.19 7.63 6.59 0.91 ns ns ns

Arachidic acid
(C20:0)

0.15 0.16 0.14 0.11 0.03 ns ns ns

Heneicosanoic acid
(C21:0)

0.01 0.01 0.01 0.01 0.00 ns ns ns

Behenic acid (C22:0) 0.06 0.07 0.06 0.11 0.07 ns ns ns

Lignoceric acid
(C24:0)

0.03 0.04 0.03 0.02 0.01 ns ns ns

∑ SFA 27.49 28.35 27.19 27.45 0.70 ns ns ns

Myristoleic acid
(C14:1)

0.04 0.04 0.03 0.04 0.00 ns ns ns

Palmitoleic acid
(C16:1)

2.47 2.72 2.41 2.72 0.23 ns * ns

Elaidic acid
(C18:1n9t)

0.19a 0.22a 0.18ab 0.13b 0.03 ** ns **

Oleic acid (C18:1n9c) 39.28 40.79 40.53 42.24 2.50 ns ns ns

trans Vaccenic acid 
(C18:1n11t)

1.62A 1.19A 1.08A 0.22B 0.38 *** ** ns

cis Vaccenic acid
(C18:1n11c)

0.32 0.51 0.35 0.31 0.26 ns ns ns

Eicosenoic acid
(C20:1n9)

0.23 0.24 0.25 0.25 0.01 ** ns ns

Erucic acid (C22:1n-
9)

0.01 0.01 0.01 0.01 0.00 ns ns ns

∑MUFA 44.17 45.73 44.86 45.93 2.20 ns ns ns
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Linoleic acid
(C18:2n6c)

22.22ab 20.12a 22.44b 22.44b 1.07 * ns ns

total trans
Octadecadienoic acid
(C18:2n6)

1.03A 1.03A 0.90AB 0.65B 0.15 ** ns ns

γ-linolenic acid
(C18:3n-6)

0.07 0.06 0.07 0.07 0.01 ns ns ns

Eicosadienoic acid
(C20:2n-6)

0.18 0.17 0.18 0.15 0.03 ns ns ns

Dihomo- γ -linolenic
acid (C20:3 n-6)

0.26 0.29 0.25 0.19 0.06 ns ns ns

Arachidonic acid
(C20:4 n-6)

3.26 3.08 2.77 1.90 0.82 ns ns ns

∑n-6 PUFA 27.03 24.74 26.60 25.39 1.77 ns ns ns

Alpha-linolenic acid
(C18:3 n-3)

0.89AB 0.81A 0.98B 0.96B 0.06 *** ns ns

Eicosatrienoic acid
(C20:3 n-3)

0.01 0.01 0.01 0.01 0.00 ns ns ns

Eicosapentaenoic
acid (C20:5n-3)

0.07 0.06 0.06 0.06 0.01 ns ns ns

Docosapentaenoic
acid (C22:5n-3)

0.24 0.19 0.20 0.14 0.05 ns ns ns

Docosahexaenoic
acid (C22:6n-3)

0.11 0.11 0.11 0.07 0.03 ns ns ns

∑n-3 PUFA 1.31 1.18 1.35 1.23 0.10 ns * ns

∑n-6/∑n-3 PUFA 20.63ab 20.96a 19.70b 20.64ab 0.61 ns * ns

MUFA/SFA 1.61 1.61 1.65 1.67 0.06 ns ns ns

PUFA/SFA 1.03a 0.91b 1.03a 0.97c 0.02 * *** *

UFA/SFA 2.64 2.53 2.68 2.64 0.08 ns ns ns

AI 0.28 0.29 0.28 0.30 0.01 ns ** ns

TI 0.69 0.72 0.67 0.69 0.03 ns ns ns

H/H 3.25 3.12 3.33 3.21 0.11 ns * ns

Data are means and standard error of means (SEM). Within a row, means with a different superscript letter
differ (a, b, c - P < 0.05; A, B - P < 0.01). STAR 53 = STAR 53 medium hybrid of Pekin duck; SM3 = SM3
heavy hybrid of Pekin duck; S = duck strain factor; H = housing factor; SxH = interaction between duck
strain and housing factor; ns = no signi�cance (P > 0.05); *P < 0.05; **P < 0.01; ***P < 0.001; SFA =
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saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; UFA =
unsaturated fatty acids; AI = atherogenicity index; TI = thrombogenicity index; H/H = hypocholesterolemic to
hypercholesterolemic fatty acids ratio.

Table 6 The effect of Pekin duck strain and housing system on fatty acid pro�le of breasts and thighs (n=6)
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Fatty acid   Duck strain (S) - Housing system (H)  

  STAR 53 SM3  

Muscle Intensive
system

Semi-intensive
system

Intensive
system

Semi-intensive
system

SEM

∑ SFA Breast 28.83 30.19 30.16X 29.29 1.34

Thigh 27.49 28.35 27.19Y 27.45 0.70

∑MUFA Breast 40.34 38.79 37.94 40.43 4.56

Thigh 44.17 45.73 44.86 45.93 2.20

∑n-6 PUFA Breast 29.41 29.55 30.40 28.84 3.17

Thigh 27.03 24.74 26.60 25.39 1.77

∑n-3 PUFA Breast 1.42 1.47X 1.50 1.44 0.14

Thigh 1.31 1.18Y 1.35 1.23 0.10

∑n-6/∑n-3
PUFA

Breast 20.71 20.10 20.27 20.03 0.51

Thigh 20.63 20.96 19.70 20.64 0.61

MUFA/SFA Breast 1.40X 1.28 X 1.26 X 1.38 X 0.05

Thigh 1.61Y 1.61Y 1.65Y 1.67Y 0.06

PUFA/SFA Breast 1.07 1.03X 1.06 1.03X 0.04

Thigh 1.03 0.91Y 1.03 0.97Y 0.02

UFA/SFA Breast 2.47X 2.31X 2.31X 2.41X 0.06

Thigh 2.64Y 2.53Y 2.68Y 2.64Y 0.08

AI Breast 0.31X 0.31 0.32X 0.31 0.01

Thigh 0.28Y 0.29 0.28Y 0.30 0.01

TI Breast 0.72 0.77X 0.76X 0.74x 0.02

Thigh 0.69 0.72Y 0.67Y 0.69y 0.03

H/H Breast 2.84 X 2.67 X 2.71X 2.80X 0.10

Thigh 3.25Y 3.12 Y 3.33Y 3.21Y 0.11

Data are means and standard error of means (SEM). Within a column of each parameter, means with a
different superscript letter differ (x, y – P < 0.05; X, Y – P < 0.01).
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STAR 53 = STAR 53 medium hybrid of Pekin duck; SM3 = SM3 heavy hybrid of Pekin duck; SFA = saturated
fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; UFA = unsaturated
fatty acids; AI = atherogenicity index; TI = thrombogenicity index; H/H = hypocholesterolemic to
hypercholesterolemic fatty acids ratio.


