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Abstract
The aim of the study is to examine the performance and carcass characteristics and some behavioral
parameters of geese reared in the areas created by using some objects for environmental enrichment (EE)
purpose. For this purpose, a total of 72 one-day-old goose goslings of both sexes were used. Geese were
accommodated collectively for the �rst four weeks, then they were divided in three groups in 3 repetitions
according to the EE applications and these were expressed as control (C), broom (B), and mirror (M). At
the end of 14th week, live weight (LW), beak length (BL), wing length (WL), head diameter (HD), foot width
(FW), body temperature (BT), warm carcass (WC), and cold carcass (CC) weights as well as warm and
cold pH values (WpH&CpH), and tonic immobility duration (TID) of the groups were measured. Responses
presented during the TI test were expressed as non-responses (NR), medium responses (MR), and high
responses (HR). Among the groups, group M had the lowest value (110.08±10.69 s) in terms of TID (P >
0.05). Differences in terms of NR, MR, and HR were signi�cant (P > 0.05). The differences between the
groups were not statistically signi�cant in terms of the other characteristics (P < 0.05). As a result, it was
determined that geese reared by using the EE objects were affected by such environments, however, there
were differences between the groups in terms of fear and stress parameters without having any negative
effects on yield. 

Introduction
Geese are herbivorous animals having an important role in Anatidae family (Taskin et al., 2020a; Taskin
et al., 2020b). Their feed conversion ratios, resistance to diseases, and adaptation skills are high
(Karadavut and Taskin 2014). Geese are generally reared for their eggs, livers, and feathers (Boz et al.,
2017). In addition, goose meat is a quali�ed protein source that is rich in unsaturated fatty acids and
essential fatty acids (Schmid, 2011; Ergun et al., 2020).

Morphological, physiological, and behavioral changes occur in living beings during growth and
development. Genotype and environment are the most important factors affecting growth and
development (Fanatico et al., 2007; Karadavut et al., 2017). Various changes are observed during growth
and development of geese. For example, while the live weight increase, one of these changes, is rapid in
the �rst 4 weeks, it slows down in the subsequent weeks (Saatci et al., 2011; Kokoszynski et al., 2014).
Environmental factors affect both the yield and behavioral properties of geese in growth and
development stages (Schmidt-Nielsen, 1997). In addition, it is reported that increase of behaviors and
wealth in poultry have contributed to the improvement of biological functions (Regmi et al., 2016;
Gebhardt-Henrich et al., 2017). Environmental enrichment methods can be used to reduce the effect of
environmental factors or turn them into an advantage, especially in intensive goose rearing. In this way,
geese both have an increased quality of life and showed normal behaviors.

Environmental enrichment can be de�ned as the rearrangement of the home range of living beings by
using various objects (Belz et al., 2003). For this purpose, various visuals, sounds, structures, plastic
materials, and odor are used as essential enrichment instruments in the coops (Branch et al., 2015;
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Fernandes et al., 2015; Yildirim and Taskin., 2017; Taskin and Karadavut, 2017). In the new environments
established by using these instruments, it is provided to have the animals feel as if they are in their own
nature and show species-speci�c behaviors freely. This also increases the wealth level of the animals
(Van de Weerd and Day, 2009).

In the present study, the objects broom and mirror were used for environmental enrichment (EE). Thus, its
aim is to investigate the possible effects of environmentally enriched media on the live weight (LW), wing
length (WL), head diameter (HD), beak length (BL), foot width (FW), tonic immobility durations (TID), tonic
immobility responses (TIR), body temperature (BT), cold carcass (CC), warm carcass (WC), cold pH (CpH),
and warm pH (WpH) of geese.

Material And Methods

Experimental site, animals, and management
The study was conducted at Poultry Research Unit of Kirsehir Ahi Evran University Faculty of Agriculture
Department of Animal Science (39°8'45" N and 34°9'34" E) upon the approval of Kirsehir Ahi Evran
University Animal Experiments Local Ethics Committee (dated 27.01.2016 and numbered 01/12).

In the study, a total of 72 goose goslings of both sexes (native Turkish geese) which were obtained from
Breeding Goose Facility of Yozgat Bozok University were used. Natural photoperiod was applied for the
geese. Geese were fed ad libitum. They were fed with a feed containing 28% HP and 2800 kcal/kg ME for
the �rst two weeks and a feed containing 20% HP and 3000 kcal/kg ME between 4th and 14th weeks
(NRC, 1994). Geese were kept in a climate-controlled environment (37 oC and 60% humidity) for the �rst
week. Then, the temperature was gradually reduced to room temperature. The geese were kept together
until the end of 4th week. Then, the goose goslings were identi�ed individually by attaching numbered
anklets to their feet, and all processes were carried out over these numbers. In the study, biosafety rules
were followed. Wood shavings was used as the litter material. The litters in the pens were cleaned weekly
and replaced with a new one.

Environmental enrichment
Objects used for environmental enrichment were specially designed by considering previous studies
conducted on poultry (Yildirim and Taskin, 2017). In the study, broom and mirror were used to promote
the pecking behaviors and locomotor activities of geese. These objects were 20x10cm tetrahedral mirrors
(Flotal EN 1036) and green (Uctem LUX004) brooms with red sticks. Except control group, two of each
object were placed in each cage. The objects were hung with ropes hanging down the cage ceiling as to
have a ground clearance of 30 cm. Considering the growth of the geese and their interaction with the
objects, the height of the objects was gradually increased by 5 cm every two weeks.



Page 4/18

Geese were randomly divided in three groups having similar mean live weights at the end of 4th week.
They were placed in nine partitions in the sizes of 1 × 2.5 m, with eight geese in each. Control (C), broom
(B), and mirror (M) groups were developed to have three replications (8 per replication, the group total of
24 geese, and general total of 72 geese).

Data collection
Morphological traits were determined every 7 days between 4th and 14th weeks. The tarits were
determined individually and evaluated in group. Geese were allowed to feed and water until 12 hours
before weighing. Live weight (LW) was determined individually by using an electronic balance with
precision of 0.01 g and evaluated in group. Beak Length (BL) was de�ned as the upper beak length and
the length between the tip of the beak and the head length was measured. Wing length (WL) was found
by measuring the distance between the 3rd carpal bone and caput humeri (Szabone Willin et al.,1997).
Head diameter (HD) was determined by using a tape measure (Saatci and Tilki 2007). Goose feet have
four toes (one back short toe, front three long toes). The three toes facing forward are palmately webbed.
Measurement of the foot width (FW) was calculated by measuring the width between the lateral toes
through a digital caliper after they were opened wide on the ground. Body temperature (BT) was
measured by using a digital thermometer. Thermocouple of digital thermometer was placed in the cloak
and the value measured was read after 30 s.

Geese were laid on the back on the table by keeping their heads down. The observer slightly applied
pressure on the chest of the goose for 15 s with his hand, then removed his hand and observed from a
distance of 1 m. The application was repeated for geese that stood up or turned aside within 10 s. Tonic
immobility durations (TID) of the geese, which did not stand up within 10 s, were measured by using a
chronometer. If no TI reaction occurred after 5 repeated interventions, the relevant goose was scored as 0.
In addition, geese were evaluated in three groups according to their responses for TI stimulation. Of the
geese, those that only showed TI reaction, those that showed TI+ sound, and those that TI+ defecation
were grouped as non-response (NR), medium-response (MR), and high-response (HR), respectively and
they were expressed as percent (Taskin et al., 2018).

In the study, four geese with a body weight close to the mean were randomly selected from each
replication (36 geese in total). A 12-hr fasting period was applied before slaughtering and water was
given ad libitum. Their live weights before slaughtering were determined. Geese slaughtered by using a
knife were kept in 55-60°C water for 5 minutes and their feather was plucked by using a plucking
machine. Their warm carcass (WC), cold carcass (CC), warm pH (WpH), and cold pH (CpH) values were
measured. While warm measurements were conducted during slaughtering, cold measurements were
done after the carcasses were waited at 4°C for 24 hours. Measurements were performed from the chest
(musculus pectoralis major) and thigh areas (biceps femoris) by using a pH meter and their mean values
were recorded (Tůmová and Uhlířová 2013) .
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Statistical analysis
In the study, F test was applied in order to determine whether the change among the characters was
statistically signi�cant. Duncan’s multiple range test was applied to determine which variable(s) caused
the difference in statistically signi�cant groups. Thus, the differences were sensitively evaluated. In
addition, regression analysis showing the effects of the emphasized characters on live weight and
correlation analysis showing the relations between the characters were performed. In the study, SPSS 24
V statistical package program was used.

Results
In the 14th week of the study, LW values of geese were measured by using a precision balance (Fig. 1).
The difference between the groups was statistically insigni�cant (P < 0.05). According to the treatment
groups, LW was found as 4.211±0.21 kg, 4.216±0.24 kg, and 4.210±0.22 kg, respectively for C, B, and M.

According to the regression analysis, HD had the highest effect on LW for group C (1.93). While HD value
had the highest negative value in group B, it had the highest positive value for group M. It can be asserted
that HD was the character that affected the live weight at the highest rate.

C for the regression equation is LW = 15.20 + 1.93 HD + 0.61 BL - 1.38 FW - 0.30 BT + 0.059 WL

B for the regression equation is LW = 39.01 - 4.80 HD + 0.75 BL - 1.45 FW - 0.34 BT + 0.16 WL

M for the regression equation is LW = - 41.10 + 4.26 HD + 0.23 BL 2 - 0.18 FW + 0.65 BT + 0.027 WL

At the end of 14th week, the difference between BL values of the groups was statistically insigni�cant (P
< 0.05). According to the treatment groups, BL measurements were found as 7.38±0.22 cm, 7.35±0.19
cm, and 7.36±0.23 cm, respectively for C, B, and M (Fig. 2).

At the end of 14th week, WL values were found (Fig. 3). The difference between the groups was
statistically not signi�cant (P < 0.05). The highest value was found in group B (61.39±2.49 cm) and the
lowest value in group M (58.71±2.96 cm).

HD values of the groups were determined (Fig. 4). The differences between the groups were statistically
insigni�cant (P < 0.05).

Waterfowl are generally totipalmate. Palmates can be morphologically classi�ed in four groups as
palmate, semipalmate, totipalmate, and lobate. Foot structure of geese is palmate, which is mostly
common (Tokita et al., 2020). The FW of the geese were measured with the help of calipers at the end of
the 14th week (Fig. 5). However, the difference between the groups was statistically insigni�cant (P <
0.05). According to the treatment groups, FW was measured as 10.91±0.09 cm, 10.90±0.19 cm, and
10.90±0.09 cm, respectively for C, B, and M.
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BT values of the groups were determined. The difference between the groups was statistically
insigni�cant (P < 0.05). According to the treatment groups, body temperature values were measured as
40.21±0.29 oC, 40.93±0.19 oC, and 40.20±0.44 oC, respectively for C, B, and M. However, according to the
clustering analysis, BT showed a signi�cant difference from other characters in all applications (Fig. 6).
While BL and FW established a group in group C; LW, WL, and HD formed a separate group. For group B,
BT and HD formed separate groups, while other properties took place in the similar group. Similarity was
also observed in group M.

According to the results of the correlation analysis, signi�cant and positive correlations were found
between HD and LW, between BL and LW and HD, between FW and LW, HD and BL, and between WL and
LW, HD BL and FW according to 0.01 for group C (Table 1). It can be seen that similar results with group C
were obtained based on the correlation analyses performed for groups B and M. Accordingly, in the study,
it was seen that the correlations between the variables in the Table 1 did not cause a serious change
according to the treatments.

Table 1
Correlations among some body measurements

  LW HD BL FW BT

HD C 0.95**        

B 0.88**        

M 0.95**        

BL C 0.95** 0.93**      

B 0.96** 0.85**      

M 0.97** 0.89**      

FW C 0.92** 0.92** 0.99**    

B 0.97** 0.83** 0.98**    

M 0.94** 0.88** 0.99**    

BT C -0.64 -0.53 -0.48 -0.44  

B 0.86* 0.70 0.75 0.75*  

M -0.22 -0.46 -0.25 -0.29  

WL C 0.99** 0.94** 0.97** 0.94** -0.62

B 0.99** 0.91** 0.95** 0.96** 0.86*

M 0.98** 0.91** 0.98** 0.96** -0.20

*: P < 0.05, **: P < 0.01
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WC and CC weights of the groups were weighed and pH measurements were done (Fig. 7). According to
the treatment groups, WC values were found as 2.30±0.34 kg, 2.29±0.41 kg, and 2.31±0.38 kg,
respectively for C, B, and M. According to the treatment groups, CC values were found as 2.25±0.63 kg,
2.26±0.53 kg, and 2.25±0.74 kg, respectively for C, B, and M. In a study, WC and CC values were stated as
1.96 ± 0.45 and 1.95± 0.45 (Akbas et al., 2020). Additionally, no statistical difference was found between
the pH values.

TI is a good method for the measurement of stress, fear, and welfare levels in poultry. In addition, it is the
best indicator of passive fear response in poultry. In the current study, according to the treatment groups,
TI was measured as 122.03±11.27 s, 124.05± 15,18 s, and 110.08± 10,69 s, respectively for C, B, and M
(Fig. 8). The difference between the groups was statistically signi�cant (P > 0.05). Group M showed a TI
reaction for a shorter period when compared to groups C and B. This may be due to the fact that the
mirror creates a crowd simulation without increasing the placement frequency. In addition, the mirror may
have functioned for the geese to adapt to unexpected situations.

Of the geese, those that were only formed by TI without any additional response, those making sound,
and those defecating, were grouped as NR, MR, and HR, respectively, and expressed as % (Fig. 9). The
difference between the groups was statistically signi�cant (P > 0.05). Accordingly, B treatment was the
highest in group NR. In MR group, C treatment that did not consist of an enrichment object was the
highest. This may be caused by the fact that geese were unaccustomed to the unexpected conditions.
While M treatment had relatively the highest rate in HR group, its low TI duration (Fig. 9) may be a
phenomenon that should be emphasized.

Discussion
In a study conducted with geese having similar genotypes under free-range conditions, an average of
3.780 kg LW was achieved in the 28th week (Boz et al., 2019). In a study conducted 32-week-old white
and multicolor geese reared in family enterprises, this value was reported to be 3.840 kg and 3.220 kg in
white and multicolor geese (Yakan et al., 2012). In another study conducted with native geese that were
grouped according to their feather color, it was reported that brown multicolor geese reached the highest
live weight (3.797 kg) at the end of 32nd week (Kirmizibayrak and Boga, 2018). The higher results of the
current study may be due to the fact that geese were reared in an intensive environment with a diet
containing high protein and energy.

In a study, it was reported that the average BL of 10-12-week-old domestic geese was between 6.70±0.26
cm and 7.24±0.02 cm (Saatci and Tilki 2007). This may mean that there is a variation within the native
goose genotype. In addition, average beak length was found as 8.88±0.10cm in a study conducted on
native geese in Bangladesh (Islam et al., 2016). This situation may be caused by the difference in the
goose breeds. However, it can be speci�ed that the values are approximate.

The WL values found were higher than the values stated in 10-12-week-old native geese under breeder
conditions (46.10±1.63- 48.80±0.37 cm) (Saatci and Tilki 2007). This can be explained by the fact that
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geese in the present study had higher live weights.

In a study, average HD in geese was speci�ed as 6.42±0.02 cm (Islam et al., 2016). In the current study,
according to the treatment groups, this value was found as 4.21±0.03cm, 4.19±0.03 cm, and 4.20±0.03
cm, respectively for C, B, and M. These values were lower than the values of Islam et al., (2016). This
situation may be caused by the genotype difference in the studies.

According to Fig. 6 BT was evaluated as a character to which special attention should be shown and has
a determining feature in the studies.

Group M showed a TI reaction for a shorter period when compared to groups C and B (P > 0.05). This
may be due to the fact that the mirror creates a crowd simulation without increasing the placement
frequency. In addition, the mirror may have functioned for the geese to adapt to unexpected situations.

The productivity in poultry production has extraordinarily increased in the course of time. However, this
increase in productivity has brought some hesitations. Today, consumers have questioned the trust on
these foods. Factors such as food safety, environmental enrichment, and animal welfare in poultry
production take place among the best methods for the elimination of such hesitations. Among them,
environmental enrichment increases animal wealth, while it does not cause any negative effects on yield.
These methods can also be bene�ted in goose breeding. In the current study, the effects of some objects
used for environmental enrichment on Turkish native geese were investigated. The behavior of Turkish
native geese changed positively without affecting negatively their yield levels. As a result, it can be
expressed that geese are affected by environmental factors like other poultry and further studies for
determining the environmental enrichment methods and objects that are required for goose breeding are
required.
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Figure 1

14th week LW and descriptive statistics of the groups.
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Figure 2

14th week BL and descriptive statistics of the groups.
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Figure 3

14th week WL and descriptive statistics of the groups.
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Figure 4

14th week HD and descriptive statistics of the groups.
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Figure 5

14th week FW and descriptive statistics of the groups.

Figure 6

Cluster analysis of groups.
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Figure 7

WC, CC, W Ph and C pH values of groups.

Figure 8

14th week TI durations of the groups
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Figure 9

14th week TI reaction (NR), (MR) and (HR) values of the groups.


