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ABSTRACT The aim of the study was to determine
slaughter yield andmeat quality of native Zatorska (ZG)
goose and compare them to those of commercial hybrid
White Koluda� goose (WKG) after fattening in an
intensive production system. The experiment was carried
out on 500 birds of each group and lasted up to 10 wk of
age. The birds were kept on deep litter with access to free
range and were fed with the same complete feed mix-
tures, according to dietary requirements for broiler geese.
Body weight, carcass composition, and technological
properties of breast and thigh muscles were evaluated
(pH24, L*a*b* color, water holding capacity, thermal
loss, drip loss, and shear force). In addition, chemical
composition of breast and thigh muscles, fatty acid
profile of muscle lipids, and amino acids of proteins were
determined. The body weight, weight of eviscerated
carcass, and dressing percentage of ZG were lower
(P , 0.05) than those in WKG. However, breast and
thigh muscles of both groups of geese were characterized
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by similar technological and nutritive values. The dif-
ferences in meat quality traits concerned only the shear
force of breast muscles, with higher values (P, 0.05) for
WKG.Moreover, drymatter content in breast muscles of
ZG was higher than that in WKG. The effect of goose
genotype on the level of oleic acid and monounsaturated
fatty acids in breast muscles was shown. Also, the amino
acid proportion of meat protein depended on goose
breed. Breast muscles of ZGwere characterized by higher
(P , 0.05) content of some nonessential (Glu, Asp, Ala)
and essential amino acids (Val, Thr), and thigh muscles
contained less (P, 0.05)Gly, Lys, and Leu andmore Pro
and Ile than WKG. The present results indicate that the
meat of both ZG and WKG broilers showed good tech-
nological properties and basic chemical composition and
fatty acid profile, and the protein was characterized by
high nutritional value. Moreover, the smaller carcasses
produced from ZG can better meet the needs of the
current market.
Key words: geese, broilers, slaughter
 yield, meat quality, amino acid profile
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INTRODUCTION

Currently, consumers of poultry meat expect high-
quality products obtained from birds kept under
controlled environmental conditions. They also increas-
ingly ask for products with health-promoting properties
and original taste, which come from less popular species
of poultry. Meat obtained from geese can meet these ex-
pectations. Health benefits of goose meat and its consis-
tent growth in consumption (FAO, 2016; Utnik-Bana�s
and _Zmija, 2018) fully warrant research into the
dressing percentage and meat quality of this poultry
species.

In goose meat production, there are 2 alternatives for
fattening the birds. One is to produce young geese with
slaughter age of 8–10 wk and the other is to produce
geese slaughtered after 16 wk of age (Tilki et al.,
2005), which also applies to obtaining a specific product
known as the oat goose. Geese reared under intensive
conditions are called broilers. This type of production
is practiced in Turkey (Isguzar and Pingel, 2003; Tilki
et al., 2005, 2009; Saatci et al., 2009), China (Liu
et al., 2011), and the Czech Republic (T�umov�a and
Uhli�rov�a, 2013; Uhlí�rov�a and T�umov�a, 2014; Uhlí�rov�a
et al., 2018, 2019). In Poland, production of goose
meat based on intensive rearing is not widespread,
with one reason being the lack of tradition for farming
broiler geese. A Polish specialty is production of
oat-fed geese, which combines semi-intensive system
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of rearing with fattening by feeding whole oat grain
(Buza1a et al. 2014).

The ever-changing poultry meat market has made
producers of goose increasingly interested in broiler
fattening. Geese have a relatively rapid growth rate dur-
ing the first wk of life. At 9 wk of age, they already reach
70–80% of adult weight (Tilki et al. 2005). Moreover, up
to 10 wk of age, there is a very rapid growth in muscle
weight (Bochno et al. 2006). According to the study by
Tilki et al. (2005), the best fattening duration for native
Turkish geese, in terms of fat content and meat quantity,
was 10–12 wk. Moreover, Biesiada-Drzazga (2006a)
showed that both the meat and fat of White Koluda�

goose (WKG) broilers were characterized by a rela-
tively good nutritive and processing value and could
diversify the range of poultry products on the market.

The goose carcass traits are affected by many different
factors including rearing system (Liu et al., 2011), geno-
type (Isguzar and Pingel, 2003; Kapkowska et al., 2011;
T�umov�a and Uhli�rov�a, 2013; Uhlí�rov�a and T�umov�a,
2014; Uhlí�rov�a et al., 2018, 2019), and variety (Boz
et al., 2019). Also values of some physicochemical pa-
rameters of breast and leg muscles change differently
during postmortem aging depending on goose breed
(Okruszek et al., 2008; Okruszek, 2012a; T�umov�a and
Uhli�rov�a, 2013) and variety (Boz et al., 2019). Moreover,
Okruszek (2011, 2012b) and Haraf et al. (2014) have
shown the effect of goose breed on fatty acid profile in
muscles and abdominal fat lipids. Most recently,
Uhlí�rov�a et al. (2019) confirmed the effect of goose geno-
type on fatty acid composition of meat, and Boz et al.
(2019) found differences in fatty acid composition among
the studied goose varieties. Also nutritive value of meat
determined by amino acid composition depends on the
genetic origin of geese (Okruszek et al., 2013). Moreover,
amino acid content of meat differs in locally raised Turk-
ish goose varieties (Boz et al. 2019).

In Poland, goose meat production is based almost
exclusively on commercial hybrids (W31) of 2 breeding
lines of WKG (_W-33 ! \W-11), which are typically
kept in accordance with oat feeding technology. Irrespec-
tive of this, research is also being conducted on the utili-
zation of geese kept in flocks covered by the program for
the conservation of genetic resources of waterfowl
(Okruszek et al., 2008; Okruszek, 2011; Okruszek,
2012a,b; Okruszek et al., 2013). In Poland, 14 breeds of
these birds are currently raised. In recent years,
interest in the use of native, noncommercial breeds of
geese for meat production has increased (Tilki et al.,
2005; Saatci et al., 2009; Kapkowska et al., 2011;
Kirmizibayrak et al., 2011; T�umov�a and Uhli�rov�a,
2013; Uhlí�rov�a and T�umov�a, 2014; Uhlí�rov�a et al.,
2018, 2019; Boz et al., 2019). Moreover, traditional
goose breeds can be used to produce crosses with
increased meatiness and reduced carcass fat (Isguzar
and Pingel, 2003).

Zatorska goose (ZG) is a native Polish breed kept as a
part of poultry genetic resources conservation program
(Rabsztyn, 2006) and registered in the FAO World
Watch List (2000). This native breed has been already
the subject of comprehensive oat fattening research
(Szado et al., 1991; Gumu1ka et al., 2009; Kapkowska
et al., 2011). To date, the results of broiler production
based on this breed have been presented only in one
publication (Szado et al., 1991). It was shown that ZG
broilers supplied more dietetic product because of the
lower fat content in the carcass than the values obtained
after oat fattening.
As already noted, there are not many studies

describing the use of geese for broiler production. In
particular, there are no recent studies on dressing per-
centage and meat quality of young fattening geese from
local populations from Polish genetic resource flocks.
Therefore, it seems important to supplement research
on indigenous breeds reared in intensive conditions as a
potential source of new products for the poultry market.
Theaimof the studywas todetermine the slaughter yield

and meat quality of native ZG compared with WKG com-
mercial hybrid after fattening up to 10 wk of age.
MATERIALS AND METHODS

Birds, Diets, and Management

The experiment was carried out on ZG and WKG.
The birds were kept in the Research and Education Cen-
ter of the Faculty of Animal Sciences of the University of
Agriculture in Krak�ow. Geese were raised in 2 groups
(n 5 500), with the same number of female and male
birds. One genetic group was kept in 2 pens on deep litter
in a light-proof building with access to free range. The
birds used the free range from the second wk of age
from 08:00 to 14:00 if the weather conditions were favor-
able. The lighting program and temperature were as
specified by universally accepted standards for geese in
Poland (Puchajda-Skowro�nska, 2012). The fattening
was carried out up to the 10th wk of age. The density
of birds in pens was 2 geese/m2 and in free range 0.5
geese/m2 at the end of the fattening period. Geese
were fed ad libitum complete concentrated diets in accor-
dance with the requirements of the Poultry Feeding
Standards (Smulikowska and Rutkowski, 2018). The
broiler growing period was divided into 2 feeding phases:
0–4 and 5–10 wk of age. According to the data provided
by the producer, mixture used in the period of 0–4 wk
contained 12 MJ MEN/kg and 195 CP/kg, and after
this period, the mixture contained 11.5 MJ MEN/kg
and 165 CP/kg. Results of chemical analysis of commer-
cial mixtures are given in Table 1.
Slaughter and Dissection Procedures

At 10 wk of age, 10 male and 10 female birds from each
group were selected. The birds had a body weight close
to the average value of the group. Birds were slaughtered
in a local slaughterhouse according to the relevant regu-
lations applied in the poultry industry. After 24 h of
cooling, the carcasses were subjected to slaughter anal-
ysis in accordance with the methodology of Zio1ecki
and Doruchowski (1989). Dressing percentage was



Table 1. Chemical composition and major fatty acids of lipids
diets.

Commercial mixtures fed in period

Item 1–4 wks 5–10 wks

Chemical composition (%)
Dry matter 85.55 87.88
Crude protein 18.31 15.75
Crude fat 2.12 2.94
Crude fiber 4.01 5.13
Crude ash 6.24 8.09

Fatty acid (% of total fatty acid)
C14:0 0.11 0.15
C16:0 14.18 13.09
C18:0 3.47 2.00
C20:0 0.22 0.43
C16:1 n-7 0.53 0.22
C18:1 n-9 34.53 30.01
C20:1 0.34 0.63
C18:2 n-6 44.18 51.21
C18:3 n-3 2.15 2.05
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estimated as the ratio of chilled carcass with neck to live
body weight. Dressing percentage with giblets was calcu-
lated as the ratio of chilled carcass with neck, edible
giblets (heart, liver, gizzard), and abdominal fat to live
body weight. The percentages of breast muscle and leg
muscle (thigh and drumstick) were calculated as a per-
centage of the cold carcass weight.
Meat Technological Analyses

Breast and thigh muscles (n 5 20 samples/group)
were evaluated in terms of selected technological param-
eters, including pH, color (CIE L*a*b*), water holding
capacity defined as expressible juice, drip loss, thermal
loss, and Warner-Bratzler shear force.
The pH values of the breast (pectoral major) and

thigh muscles were determined 24 h postmortem after
air-chilling at 4�C, using a portable CyberScan10 pHme-
ter (Eutech Instruments Pte Ltd, Singapore) equipped
with a glass electrode and a temperature probe for auto-
matic temperature adjustments. The pH meter had been
calibrated at 4�C using 2 calibration buffers (pH 4.01
and pH 7.00), and then, measurements were taken by
placing the electrode at a 45� angle midway through
the body of the muscle.
The color of the inner surface of each breast and thigh

muscle was determined immediately after dissection us-
ing the reflectance spectrophotometer Minolta CR 310
Chroma Meter (Konica Minolta Sensing Business Unit,
Osaka, Japan) equipped with a 50-mm reading head.
The Chroma Meter was calibrated to the white calibra-
tion plate CR-A44 (Y 5 93.50, x 5 0.3114, y 5 0.3190).
Four consecutive measurements were taken to analyze
entire surface area of the muscle and calculate the
mean values for muscle lightness (L*), redness (a posi-
tive a* value), and yellowness (a positive b* value), ac-
cording to the CIE 1976 L*a*b* color space
(Colorimetry–Part 4, 2007). However, special care was
taken to avoid areas containing visible bruises, hemor-
rhages, or superficial blood vessels (Fletcher, 2002).
Water holding capacity, defined as expressible juice,
was determined based on the volume of free water
squeezed from a ground meat sample by measuring the
surface area of the squeezed meat juice using the filter
paper method (Grau and Hamm, 1953). Small samples
of ground meat (weighing about 300 mg) were placed
on a filter paper between 2 glass tiles. A force of 2 kg
was applied on each sample for 5 min. At the end of
squeezing, the areas of the meat sample were outlined,
and the areas of the pressed sample and expressed mois-
ture were planimetered. Water holding capacity was
calculated according to the following formula:

Water holding capacity ð%Þ5
½expressed moisture area ðcm2Þ
2 sample area ðcm2Þ���sample mass ðmgÞ�
! 1000

Drip loss was measured 48 h postmortem, after 24-h
cold storage of samples at 4�C. Meat samples (weighing
about 80 g) were placed in tightly sealed containers and
stored in a refrigerator. Drip loss was expressed as the
percentage of sample weight loss in relation to its weight
recorded before refrigeration.

The cooking loss was defined as the percentage loss of
meat weight after cooking in a water bath at 100�C until
the attainment of a core temperature of 78�C (measured
in the thickest portion of the sample). All samples (about
80 g each) were cooked individually in small plastic bags,
then chilled at room temperature for 30 min, and finally
kept at 4�C for 45 min before determining the relative
thermal loss (expressed as the percentage of initial, pre-
cooking weight).

After weighing for the determination of thermal loss,
the chilled breast meat samples were prepared for shear
force measurements. Three cores measuring 1.27 cm in
diameter and about 3 cm in length were removed from
each sample parallel to the fiber orientation through
the thickest portion of the cooked muscle. The
Warner-Bratzler shear force was determined using an
Instron 5,542 system (Instron, HighWycombe, Bucking-
hamshire, UK) as the maximum force (N) perpendicular
to the fibers.
Chemical Analysis, Fatty Acid and Amino
Acid Profiles

The basic chemical composition of the diets and mus-
cles was analyzed in duplicate based on Association of
Official Analytical Chemists International procedures
(Latimer, 2016).

The content of fatty acids in breast and thigh muscles
(n 5 20 samples/group) and diets was analyzed using
gas chromatography by determining the acids as methyl
esters. Samples were prepared based on a method
described by Folch et al. (1957). Separation and quanti-
tative determination of individual fatty acids were per-
formed using a gas chromatograph Varian Star 3,400
Cx (Varian Medical Systems, Palo Alto, CA) with flame



Table 2. Body weight, dressing percentage, and dissecting data (mean, SEM)
of Zatorska goose (ZG) (n 5 20) and White Koluda goose (WKG) (n 5 20) at
the age of 10 wk.

Item Zatorska White Koluda� SEM

Body weight before slaughter (g) 4,775.5a 5,340.0b 74.2
Weight of eviscerated carcass with neck (g) 3,155.5a 3,700.5b 67.6
Dressing percentage without giblets (%) 66.1a 69.3b 0.6
Dressing percentage with giblets (%) 73.3a 76.3b 0.6
Breast muscles in carcass (%) 15.8 15.6 0.1
Thigh muscles in carcass (%) 7.9 7.5 0.2
Drumstick muscles in carcass (%) 7.7 7.7 0.1
Leg muscles (thigh and drumstick) in
carcass (%)

15.6 15.3 0.1

Means in the same row with different superscripts are different (P , 0.05).
Abbreviation: SEM, standard error of mean.
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ionization detector FID and fused capillary column DB-
23 (30-m long, 0.53 mm in diameter). Working condi-
tions were as follows: argon was used as a carrier gas,
injector temperature 200�C, and detector temperature
240�C. The operating temperature for the column was
90–205�C at a rate of 25�C/min.

The amino acid composition of breast and thighmuscles
was determined using an automatic amino acid analyzer
AAA400 (INGOSLtd,Prague,CzechRepublic) equipped
with an Ostion LG ANB (370 mm) column. The acid hy-
drolysis of meat samples was made with 6 Mol HCl
(INGOS Ltd, Prague, Czech Republic) at 110�C for 24 h.
Amino acids were separated by stepwise gradient elution
using a Na/K-citric buffer system and post-column deriv-
atization with (amine-)ninhydrin reagent followed by a
photometric detection (at 570 and 440 nm). The resultant
valuesof aminoacidswere recalculated to100%drymatter
for the purpose of comparison.
Statistical Analysis

All variables were examined for normality and homo-
geneity of variance using the Shapiro-Wilk test of
normality and Levene test. Data obtained were sub-
jected to one-way ANOVA. The mathematical model
was as follows: Yij5 m1GEi1 Ɛij, where Yij represents
slaughter and carcass traits, meat technological parame-
ters, chemical composition, and fatty acid and amino
acid parameters; m overall mean; GEi genotype
(i 5 ZG, WKG); Ɛij residual effect. Significant differ-
ences between means were assessed by Duncan’s multi-
ple range test. Values were expressed as mean and
standard error of mean. Differences were considered sig-
nificant at the level of P , 0.05. For statistical analyses,
the individual bird was the experimental unit. The sta-
tistical analyses were processed using the Statistica
data analysis software system, version 9.0 (TIBCO Soft-
ware Inc., Palo Alto, CA).
RESULTS AND DISCUSSION

Slaughter and Carcass Parameters

The results for body weight and carcass traits of the ZG
and WKG are presented in Table 2. The intensively fed
10-week-old ZG weighed an average of 4,776 g and were
lighter (P , 0.05) than the WKG (5,340 g). Both the
body weight and slaughter yield of the ZG obtained in
the present study were higher than those previously re-
ported by Szado et al. (1991). The differences could be
a result of different feeding levels as well as the environ-
mental conditions and preslaughter handling of the birds.
In turn, the WKG body weight was similar to that ob-
tained for broilers by Biesiada-Drzazga et al. (2006) and
higher than those reported by Biesiada-Drzazga et al.
(2007) and Murawska (2013). It is worth noting that
the body weight of both groups of broiler geese conformed
to Polish industry standards for broiler geese.
In our study, the effect of the goose genotype on body

weight, weight of the eviscerated carcass, and dressing
percentage was shown. As expected, based on previous
oat fattening studies (Gumu1ka et al., 2009; Kapkowska
et al., 2011), lower values were noted for the ZG. Both
the body weight and weight of the eviscerated carcass of
the ZG were about 565 g (12%) and 545 g (17.5%)
lower (P , 0.05), respectively, than those of the WKG.
Similarly, lower body and carcass weights of the
traditional Czech Goose compared with those of
Eskildsen Schwer and Novohradsk�a goose hybrids were
noted by Uhlí�rov�a and T�umov�a (2014), T�umov�a and
Uhli�rov�a (2013), and Uhlí�rov�a et al. (2018, 2019). The
dressing percentage with and without giblets for the ZG
ranged from 66.1 to 73.3% respectively, and was about
3 percentage points lower (P , 0.05) than that for the
WKG. In contrast, in studies with the Czech goose and
commercial hybrids (T�umov�a and Uhli�rov�a, 2013;
Uhlí�rov�a and T�umov�a, 2014; Uhlí�rov�a et al., 2018,
2019), the dressing percentage was not dependent on
goose genotype and was similar to the results for the
ZG obtained in our study. In studies on Turkish native
geese, the dressing percentage ranged from 69% to 71%
(Isguzar and Pingel, 2003) and from 66% to 67% (Tilki
et al., 2005; Saatci et al., 2009). Higher values for
eviscerated carcass yield of approximately 72% were
noted by Liu et al. (2011) and Liu and Zhou (2013) for
Yangzhou goose and Dongbei White goose, respectively,
which were maintained in different rearing systems. In
addition, Boz et al. (2019) reported that in local Turkish
goose varieties, dressing percentage ranged from 63% to
67%, but birds were reared in an extensive production



Table 3. Chemical composition (%) of breast and thigh muscles (mean, SEM) of Zatorska
goose (ZG) (n 5 20) and White Koluda goose (WKG) (n 5 20) at the age of 10 wk.

Item

Zatorska White Koluda� SEM Zatorska White Koluda� SEM

Breast muscles Thigh muscles

Dry matter (%) 26.33a 24.98b 1.14 24.99 25.31 0.22
Ash (%) 1.27 1.31 0.03 1.08 1.13 0.02
Crude protein (%) 22.03 21.21 0.26 20.91 21.07 0.23
Crude fat (%) 2.66 2.23 0.60 3.35 3.15 0.17

Means in the same row with different superscripts are different (P , 0.05).
Abbreviation: SEM, standard error of mean.
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system. Notably, the white goose variety exhibited the
highest dressing percentage, as well as slaughter and
carcass weight. The obtained results provide clear proof
of the high slaughter value and suitability of the ZG for
intensive fattening, especially because the proportion of
breast and leg muscles, the most valuable component of
the bird carcass, did not differ from that observed in
WKG hybrids. The total proportion of both muscle types
in the carcasses of the ZG and WKG investigated in our
study was 31.4% and 30.9%, respectively. In the ZG,
the proportion of breast muscle was higher than that re-
ported by Tilki et al. (2005) for native Turkish geese
(15.4%) but lower in the case of leg muscles (16%). In
turn, the proportion of leg muscle in the carcasses of the
ZG was lower than that in intensively fed geese of 6 other
Polish breeds of geese included in the genetic resources
conservation program, which were maintained until
12 wk of age (Haraf, 2014). Furthermore, the proportion
of breast muscle varied according to breed from 16.2%
(Suwalska goose) to 19.7% (Kielecka goose), with 15.8%
breast muscle in the ZG. The observed differences may
arise from both the genetic origin of the birds and their
age at slaughter. Murawska (2013) reported that the
weight of lean meat increased until the 10th week of
age, but the muscle growth rate in different body parts
of the birds varied widely. According to the study by
Bochno et al. (2006), after 10 wk of age, the breast and
leg muscles continue to grow in geese, but there is a redis-
tribution of muscle from the leg to the breast, whereas the
study by Biesiada-Drzazga (2014) holds that breast mus-
cles show the most intensive development between 8 and
10 or 11 wk of age. Similar to the present study, T�umov�a
and Uhli�rov�a (2013) and Uhlí�rov�a et al. (2018) showed a
similar proportion of breast muscles in geese of different
genotypes. However, differences were noted concerning
the percentage of leg muscles, in favor of the traditional
Czech goose breed compared with the Novohradsk�a
(T�umov�a and Uhli�rov�a, 2013) and Eskildsen Schwer com-
mercial hybrid (Uhlí�rov�a et al. 2018). Moreover, Boz et al.
(2019) noted differences in breast and thigh
percentage between local Turkish goose varieties reared
until 28 wk of age.
Chemical Composition of Meat

The chemical composition of breast and leg muscles in
the ZG and WKG is shown in Table 3. It is evident that
the birds did not differ in this respect. The data obtained
for the WKG support the findings of Biesiada-Drzazga
(2006b), but its comparison with another study by the
same author (Biesiada-Drzazga, 2006a) indicates a
more beneficial crude protein and crude fat proportion
in the thigh muscles of the WKG evaluated in the pre-
sent study. Furthermore, in both the ZG and WKG,
the proportion of crude protein and crude fat in the
breast muscles was higher than that in the muscles of
Yangzhou goose (Liu et al., 2011). Moreover, the level
of crude protein determined in the present study was
similar to that reported by Isguzar and Pingel (2003),
Okruszek et al. (2013), Uhlí�rov�a et al. (2018), and Boz
et al. (2019).

The present study showed no effect of goose genotype
on the chemical composition of the muscles, except for a
1.35 percentage point higher (P, 0.05) dry matter con-
tent in the breast muscles of the ZG than in those of the
WKG. The content of the other nutrients (crude protein,
crude fat, and ash) was similar. Likewise, Okruszek et al.
(2013) demonstrated no differences in the content of
crude protein in the breast and thigh muscles of Rypi�n-
ska and Garbonosa goose from Polish genetic resource
flocks, but they found differences in the proportions of
crude fat and moisture. On the contrary, an effect of
goose genotype on protein content in thigh meat, with
higher values in the traditional breed of the Czech goose
compared with a commercial hybrid, was observed by
Uhlí�rov�a and T�umov�a (2014). However, these results
were not confirmed for breast muscle in a subsequent
study with the Czech goose (Uhlí�rov�a et al. 2018).
Although the level of fat in the muscles of this traditional
goose breed, compared with a commercial hybrid, tended
to be lower, the analyses were performed with older (16
wk old) birds than those in the present study. On the
other hand, in a recent study by Uhlí�rov�a et al. (2019),
there was no effect of the goose genotype on fat content.
However, in the study conducted on local Turkish goose
varieties, Boz et al. (2019) showed that the crude fat
value of thigh meat differs in geese.
Technological Parameters of Meat

The parameters of the technological quality of breast
and thigh muscles for the ZG and WKG are presented
in Table 4. Our results are slightly different from the
values of the indicators that had been determined for
the same genetic groups of geese subjected to oat
fattening (Kapkowska et al. 2011). In the present study,



Table 4. Technological properties of breast and thigh muscles (mean, SEM) of Zatorska goose
(ZG) (n 5 20) and White Koluda goose (WKG) (n 5 20) at the age of 10 wk.

Item

Zatorska White Koluda� SEM Zatorska White Koluda� SEM

Breast muscles Thigh muscles

pH24 6.15 6.09 0.04 6.18 6.12 0.04
L* 46.61 46.49 0.61 44.28 43.54 0.52
a* 15.35 14.44 0.21 16.21 15.36 0.31
b* 3.19 3.00 0.27 3.81 3.62 0.28
WHC (%) 18.17 18.07 1.00 17.21 18.42 0.91
Drip loss 24 h (%) 0.84 0.89 0.10 0.68 0.72 0.90
Thermal loss (%) 35.08 34.13 0.79 29.61 30.12 0.75
WB shear force (N) 50.22a 55.57b 1.31 – – –

Means in the same row with different superscripts are different (P , 0.05).
Abbreviations: SEM, standard error of mean; WHC, water holding capacity.
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we noted higher L* and a* values, especially with regard
to breast muscles, which suggests that the meat from
younger, intensively raised geese was lighter and more
red. This may indicate that younger, intensively raised
birds were probably more susceptible to preslaughter
stress which may affect bleeding results. The discussed
differences also applied to drip loss values, which were
higher and less favorable for broilers. These differences
could be due to both the age of the geese and the
different fattening system, despite the fact that
Kirmizibayrak et al. (2011) and Liu et al. (2011) re-
ported no effect of age or rearing system on the techno-
logical parameters of goose meat. In contrast, Uhlí�rov�a
et al. (2018) observed that the age of geese had an effect
on the L* value, which was higher in 8-week-old
compared with 16-week-old geese. Sari et al. (2015)
demonstrated that different fattening systems had ef-
fects on the pH15, drip loss, and the cooking loss of goose
muscle.
Table 5.Major fatty acids composition (% of t
(mean, SEM) in Zatorska goose (ZG) (n5 20)
at the age of 10 wk.

Item

Zatorska White Koluda�

Breast muscles

C 14:0 0.43 0.41
C 16:0 21.74 21.72
C 18:0 9.38 10.53
C 20:0 0.10 0.09P

SFA 31.65 32.75
C 14:1 0.36 0.41
C 16:1n–7 2.56 2.44
C 18:1n–9 43.02a 41.08b

C 20:1 0.41 0.46P
MUFA 46.35a 44.39b

C18:2n–6 14.12 14.27
C18:3n–3 0.93 0.99
C 20:4n–6 3.75 4.08
C 20:5n–3 1.15 1.07
C 22:4n–6 0.29 0.32
C 22:6n–3 0.44 0.58P

PUFA 20.68 21.31P
PUFA n–6 18.16 18.67P
PUFA n–3 2.52 2.64P
n–6/

P
n–3 7.21 7.07

Means in the same row with different superscript
Abbreviations: FA, fatty acids; MUFA, monoun

fatty acids; SEM, standard error of mean; SFA, satu
With regard to most of the evaluated technological
parameters of the meat, no differences were found be-
tween the ZG and WKG. The similar pH values of the
breast and leg muscles in both genetic groups of geese
possibly suggest that glycolysis in the muscles after
slaughter followed a similar pathway. The evaluated
muscles also did not differ in color and water-holding ca-
pacity. Only the shear force of the cooked breast muscle
from the WKG was higher (P , 0.05) by 5.35 N than
that in the ZG. This confirms the results of an earlier
study which showed a higher tenderness of ZG meat,
although it was unrelated to the greater cross-section
area of muscle fiber, compared with WKG meat
(Kapkowska et al. 2011). Contrary to our results,
Okruszek et al. (2008) observed that the genetic origin
of geese had a significant effect on postmortem changes
and showed differences in pH values measured at
different time points postmortem between Kartuska
goose and 3 other breeds (Suwalska, Podkarpacka, and
otal FA) of breast and thigh muscles lipids
and White Koluda goose (WKG) (n5 20)

SEM Zatorska White Koluda� SEM

Thigh muscles

0.04 0.50 0.46 0.04
0.20 20.24 19.81 0.20
0.70 7.98 8.85 0.20
0.03 0.10 0.08 0.03
0.31 28.82 29.20 0.30
0.10 0.31 0.27 0.10
0.07 3.34 2.94 0.07
0.55 44.22 45.21 0.51
0.02 0.56 0.65 0.02
0.47 48.43 49.07 0.41
0.27 15.02 15.05 0.31
0.07 1.21 1.08 0.08
0.20 3.20 2.49 0.12
0.10 0.98 0.89 0.09
0.04 0.28 0.33 0.05
0.01 0.45 0.52 0.01
0.45 21.14 20.36 0.52
0.25 18.50 17.87 0.20
0.01 2.64 2.49 0.03
0.19 7.01 7.18 0.17

s are different (P , 0.05).
saturated fatty acids; PUFA, polyunsaturated
rated fatty acids.



Table 6. Amino acids composition of breast and thigh muscles (mean, SEM) of Zatorska goose
(ZG) (n 5 20) and White Koluda goose (WKG) (n 5 20) at the age of 10 wk (mg/g dry matter).

Item

Zatorska White Koluda� SEM Zatorska White Koluda� SEM

Breast muscles Thigh muscles

Nonessential amino acid (N–EAA)
Glutamic acid (Glu) 104.41a 100.21b 1.80 97.52 94.41 2.71
Aspartic acid (Asp) 68.83a 63.46b 1.41 60.51 59.72 1.46
Arginine (Arg) 53.86 51.62 1.38 59.35 60.18 1.81
Alanine (Ala) 39.72a 37.67b 1.01 42.0 1 41.26 0.88
Glycine (Gly) 32.58 30.05 0.75 33.91a 36.21b 0.70
Proline (Pro) 30.91 28.13 0.78 37.48a 30.91b 0.72
Serine (Ser) 26.17 25.19 0.61 24.46 23.64 0.71

Essential amino acid (EAA)
Lysine (Lys) 61.47 65.03 1.61 68.23a 72.03b 1.93
Leucine (Leu) 60.62 57.37 1.20 54.36a 65.44b 1.40
Valine (Val) 38.52a 36.52b 0.77 44.78 44.71 0.57
Isoleucine (Ile) 35.33 33.01 0.72 27.61a 25.82b 0.68
Phenylalanine (Phe) 31.35 29.67 0.80 36.84 36.84 0.84
Tyrosine (Tyr) 25.78 24.35 0.79 38.15 37.05 0.89
Threonine (Thr) 32.12a 29.61b 0.77 25.47 26.25 0.72
Histidine (His) 26.91 25.42 0.95 32.21 30.02 0.95
Methionine (Met) 14.82 15.71 1.05 15.90 14.24 1.15
Cystine (Cys) 5.20a 6.11b 0.31 6.63 5.46 0.40
Ʃ EAA 332.12 322.80 350.18 357.86

Means in the same row with different superscripts are different (P , 0.05).
Abbreviation: SEM, standard error of mean.

CARCASS TRAITS AND GOOSE MEAT QUALITY 845
Kielecka) from Polish genetic resource flocks. However,
the authors did not observe differences in the pH values
of the muscles between the 3 breeds. Much greater differ-
ences between the genotypes occurred for the rate of pH
changes at different postmortem times. In another
study, Okruszek (2012a) confirmed that the genotype
of geese from genetic resource flocks (Suwalska vs. Kar-
tuska) had an effect on pH values, on color parameters
(a*, b*), and also on the rate of postmortem changes
in meat quality parameters. Moreover, T�umov�a and
Uhli�rov�a (2013) demonstrated that goose genotype had
an effect on meat color parameters in the thigh muscles,
with the higher values for a* and b* found in the com-
mercial hybrid Novohradsk�a goose than in the Czech
goose breed. However, consistent with our findings,
Uhlí�rov�a et al. (2018) showed no significant differences
in the pH values and color parameters. Neither did
they observe any differences in the shear force of breast
muscles between a traditional Czech goose breed and a
commercial hybrid. The only differences between these
breeds occurred for cooking loss and could result from
different protein solubility and fat content. Contrary
to our results Boz et al. (2019) noted that varieties of
geese had an effect on color (L, a*, b*) and pH values
in breast and thigh meat.
Fatty Acid Content of Meat

The fatty acid compositions of the breast and thigh
muscles of the ZG and WKG are summarized in
Table 5. In both genetic groups of geese, saturated
(SFA) and monounsaturated fatty acids (MUFA)
were the predominant components, whereas the level
of polyunsaturated fatty acids (PUFA) was relatively
lower. The major SFA were palmitic (C16:0) and stearic
acids (C18:0), the major MUFA was oleic acid (18:1n-9),
and the major PUFA was linoleic acid (C18:2 n-6).
Similar results for goose meat were obtained by
Okruszek (2011), Okruszek et al. (2012 b), Haraf et al.
(2014), Sari et al. (2015), Boz et al. (2019), and
Uhlí�rov�a et al. (2019). In the present study, the level of
PUFA, which is crucial for human health, was higher
than that reported by Biesiada-Drzazga (2006a) in
WKG broilers. Similar PUFA values were noted in
studies with the meat of geese from Polish genetic
resource flocks (Haraf et al. 2014) and in native Turkish
geese (Sari et al. 2015; Boz et al. (2019). Higher and more
beneficial PUFA levels than in the present study were
noted by Okruszek (2011) and Okruszek et al. (2012b)
for other breeds of geese in Polish genetic resource flocks
and by Uhlí�rov�a et al. (2019) in the Czech Goose and a
commercial hybrid. The ratio of n-6/n-3 PUFA is
considered to be a risk factor in cancers and coronary
heart disease, and it is recommended that this ratio be
less than 4.0 (Simopoulos, 2002). In the present study,
the n-6/n-3 PUFA ratio was higher than recommended
and ranged from 7.01 in thigh muscle to 7.21 in breast
muscle. Our values were similar to those reported by
Haraf et al. (2014) for the meat of the Kartuska goose.
However, our values were lower than those reported
for other goose genotypes from Polish genetic resource
flocks (Okruszek, 2011; Okruszek et al. 2012b; Haraf
et al. 2014), for geese raised in the Czech Republic
(Uhlí�rov�a et al. 2019), and for different Turkish goose
varieties (Boz et al. 2019), so they can be considered
more beneficial than these breeds. Lower n-6/n-3
PUFA ratios than those in the present study were re-
ported by Sari et al. (2015) for native Turkish geese.
These differences might be due to variations in feeding
methods, fattening duration, and the breed of goose.

The present study demonstrated the effect of goose ge-
notype on the level of MUFA. The obtained results
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indicate that the lipids of the breast muscles of the ZG
contained about 2% (P , 0.05) more MUFA than those
of the WKG. This contradicts an earlier study
(Gumu1ka et al. 2006) in which the ZG had a higher
PUFA content than the WKG. However, in the cited
study, birds were fattened with oats under semi-
intensive conditions. In turn, Okruszek (2011) and
Okruszek et al. (2012b) demonstrated differences in
SFA and PUFA between the muscle lipids of native Pol-
ish Rypi�nska and Garbonosa geese. Similar to our study,
Haraf et al. (2014) observed differences in the level of
MUFA in geese of different genotypes. In addition, their
study found that the lipids of Kartuska goose muscles
were characterized by a more favorable n-6/n-3 ratio
compared with those from Lubelska goose. Also,
Uhlí�rov�a et al. (2019) observed the effect of goose geno-
type on PUFA content and the n-6/n-3 ratio. Surpris-
ingly, the latter indicator was higher for the traditional
Czech goose than for commercial hybrids. Furthermore,
Boz et al. (2019) stated that local Turkish goose varieties
reared in extensive conditions differ in SFA, MUFA, and
PUFA content of breast and thigh meat. Some dispar-
ities observed between our findings and those of other
authors may be due to the age, rearing system, and
diet differences between the birds.
Amino Acid Content of Meat

The amino acid compositions of the breast and thigh
muscles of the ZG and WKG are presented in Table 6.
The protein of the breast and thigh muscles from both
goose genetic groups was characterized by Glu and
Asp having the highest occurrence among the nonessen-
tial amino acids and Lys and Leu among the essential
amino acids (EAA). Moreover, among the EAAs, the
amino acids with the lowest occurrence were Met and
Cys. Similar results for goose meat were noted by
Okruszek et al. (2013), except for the low values of
Trp, which was not determined in the present study.
Contrary to our results, Boz et al. (2019) showed Tyr
to be the most abundant amino acid in breast and thigh
meat in geese.

The amino acid proportions of the meat proteins
depended on the goose genetic group. The proteins of
the ZG breast muscle contained more Glu, Asp, Ala,
and Val (P , 0.05) than those of the WKG. Further-
more, a higher (P, 0.05) content of Thr was also found,
which is very favorable nutritionally. However, in the
proteins of the thigh muscles of the ZG, less Gly, Lys,
and Leu (P , 0.05) were noted than in the WKG.
Okruszek et al. (2013) also showed differences in the
amino acid profiles in the breast and thigh muscles of 2
(Rypi�nska and Garbonosa) native Polish goose breeds.
The authors suggested that probably different physio-
logical mechanisms associated with the synthesis of
amino acids resulted in these differences. However, the
values of the EAA index of the breast muscle proteins
were similar in both flocks. Furthermore, Boz et al.
(2019) demonstrated differences in the same
nonessential amino acids and most of EAA in the breast
and thigh muscles of 4 Turkish goose varieties.
In conclusion, the goose genotype affected the carcass

weight and yield. The lower body weight of the ZG
compared with that of the WKG after 10 wk of fattening
shows that it is less efficient and likely to be less profit-
able. However, a comparison of all the results describing
the carcass traits and the technological meat quality pa-
rameters of ZG andWKG reveals that both goose breeds
exhibited similar values. Moreover, the lower carcass
weight of ZG with similar meat quality parameters
may be an advantage, considering the current expecta-
tions of the consumers. It is also relevant that the fat
and protein of meat from both intensively reared goose
breeds were characterized by high nutritional values.
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