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Abstract
Unlike other poultry species, geese can benefit from roughage to some extent due to the histomorphology and
physicochemical characteristics of their digestive systems. The narrowing of goose habitats due to agriculture and
other reasons emphasizes the provision of a food chain in the protection of the goose population. During the winter
months, the supply of roughage becomes very difficult and the cost of goose diets increases. The research was carried
out to determine the possibilities for geese to spend the winter season more economically by adding roughage instead
of some of the concentrated feed. Therefore, in this study, corn silage was substituted at the level of 10% (S10), 20%
(S20), 30% (S30) and 40% (S40) corn soy-based mixed feed (control group: S00). The experiment was carried out in
local Turkish goose variety male geese at the age of 19 weeks (for 12 weeks) in the winter season. The result showed
that substitution of corn silage instead of concentrated feed at 30 weeks did not adversely affect the investigated
parameters (growth performance, carcass characteristics and yield, edible internal organ weights, digestive system
length and weight, chemical composition of meat, physical and organoleptic quality characteristics). On the other
hand, it was determined that it affected meat quality (hardness etc.) positively. It concluded that corn silage can be
used up to 40% of the mixed feed, especially in winter feeding where roughage is not sufficiently supplied. Thus, it can
be said that by using roughage instead of a portion of concentrated feed in goose diets, feed cost savings can be
achieved and geese can be produced more economically.

Introduction
Geese are popular with their meat, eggs, oil, feathers, weed control, alarm, aesthetic beauties and are also grown for
hobby purposes. However, goose production is not popular and they are produced in an extensive or semi-intensive
system, which is generally associated with feed costs (Kuzniacka et al. 2020). Extensive family business is common in
Turkey, similar to countries such as China (94.9%), Poland, Egypt and Hungary, which lead the world in goose
production (2.5 million tons) (FAO, 2016; Abou-Kassem et al. 2019). Goose meat is a beneficial and healthy food due to
its high quality protein, low cholesterol (52-76 mg / 100 g) and high concentrations of polyunsaturated fatty acids
(PUFA) (Liu and Zhou, 2013; Cui et al. 2015; Wang, 2017; Boz et al. 2019; Tang et al. 2020; Haraf et al. 2021).

Geese can digest fibrous feeds at a higher rate (15-30%) because they have a well-developed caeca and large intestine
that provide microbial fragmentation, and a well-muscled gizzard that can develop a pressure around twice that of
chickens and even ducks (Zhang et al. 2013; Li et al. 2019; 2020; Yan et al. 2019). Therefore, geese can easily fit into
sustainable farming systems when combined with their ability to utilize high-fiber forage from the many green plant
species in pastures and meadows, their ability to forage and their aquatic nature. These special physiological digestive
features of the geese allow the use of fiber, which can be called excellent, and the use of green roughage in their diets
instead of some of the concentrated feeds (Zhang et al. 2013; Kokoszynski, 2014; Li et al. 2017; Song et al. 2017; Li et
al. 2017) and other inexpensive products (Arslan, 2013). However, elucidating the genes and gene network regulation
mechanisms (Tang et al. 2020) that underlie the growth and development of the still unknown geese may contribute
significantly to the more economical production of goose meat.

In addition, it is known that in many countries, there are no habitats where geese can graze all the time, or that there
are difficulties in supplying green fodder, especially in winter, and arid climates regions (Clausen et al. 2018; Uher-Koch
et al. 2021). In cases where the pasture conditions do not meet the need, green fodder that has been cut and finely
chopped can be used or artificial pastures can be created with a mixture of grasses and legumes (Clausen et al. 2018).
Considering the low digestibility of corn silage in geese during the winter months, it has been stated that it can be
added to the diet up to 30% (Arslan, 2013). One of the important characteristics of geese is their ability to consume
green fodder and maintain their productivity on low protein diets. It also often enables the efficient use of new local
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feed resources (Wang et al. 2017; Li et al. 2019; 2020). The seasonal habitat quality of the environment where the
geese are raised also significantly affects their performance, reproduction and viability. By taking advantage of
agricultural products in their wintering habitats, their food needs are met by the catabolism of the lipid reserves they
accumulate and they contribute to an increase in survival rates (Wilson et al. 2016; Fowler et al. 2020). Stored
endogenous nutrients are critical to the life cycle of arctic geese as they are used to supplement essential nutrients for
long-distance migration, surviving harsh winters, and breeding (Massey et al. 2020).

On the other hand, economic feeding of geese is one of the main issues in goose production. Geese are usually bred
for 13 weeks and are lubricated in oats for the last 3 weeks before slaughter. There is a possibility of breeding younger
geese for slaughter covering 10-11 weeks without oat feeding (Buzala et al. 2014; Smulikowska and Rutkowski, 2019).
Two methods are widely used in the feeding of geese for meat production in Turkey (Tilki et al. 2005; 2009; Saatçi et
al. 2009), China (Liu et al. 2011) and Czech Republic (Uhlirova et al. 2018). One of which is the production of young
geese whose slaughter age is 8-10 weeks, and the other one is slaughtered after 16 weeks of age (Tilki et al. 2005).
These production patterns are the feeding practices of the producers, consumers and geese in those countries
(Gumulka and Poltowicz, 2009). In line with the information given above, in our research, it is aimed to determine the
most appropriate amount of silage for the successful management of the overwintering of geese in the winter months
after 16 weeks old. Since there will be a decrease in the amount of concentrated feed consumed with silage
application, it is expected that the production cost will decrease. In this study, the effects of corn silage substituted in
different amounts instead of concentrated feed on the growth performance, carcass characteristics and yield, edible
internal organ weights, digestive system length and weight, chemical composition and organoleptic characteristics of
goose meat were investigated.

Materials And Methods
Ethical Approval

All experimental procedures were approved by Ondokuz Mayıs University Animal Experiments Local Ethics Committee
with the decision dated 18.07.2019 and numbered 2019/32.

Animal and housing

A total of 35 male geese at 19 weeks of age used in the study were obtained from Yozgat Bozok University, Faculty of
Agriculture.  The research was carried out for 12 weeks in the windowed, naturally ventilated research cluster of
Ondokuz Mayıs University Faculty of Agriculture during November-February 2020. The geese were raised individually in
compartments with a floor area of 60 x190 cm2 ( 0.88 animals/m2). Wood shavings were laid in the compartments as
a substrate. Each compartment was equipped with a drinker and a feeder. Feeders were hung at a height of 25 cm to
minimize feed spillage.

Experimental design and treatments 

The geese were fed under semi-intensive conditions until the 16th week and were acclimatized for three weeks before
the trial. At 19 weeks of age, 35 geese of similar body weight (BW, 3646.40 ± 174.73 g) were selected and randomly
allocated to 5 treatment groups and 7 replications. Feed was presented each animal at a calculated levels according to
daily feed intake, and water was supplied as ad libitum. The treatments groups were: S00: Control group; S10: 10%
corn silage + 90% concentrate feed; S20: 20% corn silage + 80% concentrate feed; S30: 30% corn silage + 70%
concentrate feed; S40: 40% corn silage + 60% concentrate feed.  The basal diet contained 2913 kcal/kg of
metabolizable energy and 18% of crude protein (Table 1). 
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For each goose in each group, 250 g of concentrate and silage feed per day and 1750 g per week were given with the
same total weight. Geese were fed daily and excess feed in the animal's feeder weighed daily and also, feed
consumption was determined. The animals were also not taken to pasture. It was determined that approximately 1/3
of the silage given to the geese in the first week of the experiment, and they consumed the majority of the concentrate
feed and silage given from the second week. 

Data collection

Live weight gain, feed conversion and carcass characteristics were determined on a weekly basis. The feeders were
removed from the chambers at 12 o'clock the night before the live weight weighing, and the animals were weighed at 8
am the next day. Concentrated feed + corn silage in pellet form was weighed daily. By weighing the remaining feed in
the feeders at the same time the next day, it was ensured that there was no change in the dry matter of the corn silage.
Live weight and feed were weighed on a scale with a precision of 1 g. Considering the producer conditions in Turkey, all
geese in the trial at 30 weeks of age were slaughtered manually to determine their growth performance and meat
quality. After slaughter, the animals were kept in a hot water pool at 55 ºC for 2 minutes, then plucked using a plucking
machine and the feet were cut from the Articulatio tarsi joint and separated from the thigh. The abdominal regions of
the animals were opened along the midline and all internal organs in the abdominal and thoracic cavities were
manually removed. For meat quality analysis, samples were collected from carcass, pectoral muscle (including
pectoralis major and pectoralis minor), and thigh muscles. The carcass yield was determined by dividing the warm
carcass weight ( without internal organs) by the pre-slaughter live weight. Digestive system weight, digestive system
length, heart, liver, gizzard, abdominal fat weights and gizzard pH of slaughtered animals were taken. Abdominal fat
levels were determined by weighing the fat around the abdomen, gizzard, heart, reproductive tracts and intestines. After
the carcasses were kept at +4 ºC for 24 hours, they were weighed again and the cold carcass weight was determined.
The sensory properties of goose meat were determined by taking 200g breast meat in total from each treatment group
and cooking it in water for 2 hours. Carcass, edible visceral and abdominal fat weights and digestive tract length were
interpreted as % of live weight and carcass by proportioning the slaughter body weight and carcass weight.

Nutrient composition of meat

Skinless breast and thigh meat of slaughtered geese were stored at - 18◦C. The chemical composition of meat (dry
matter, crude protein, crude fat and ash) was determined according to the methods described by AOAC (1998).

L*, a*, b* and pH values of meat

L *, a *, b * values, color, brightness and pH value of meat play an important role in determining the quality of meat in
consumers' taste (Ozturk et al. 2012; Dogan and Ozturk. 2019). Whole breast and thigh muscles (without separating
parts) were used in the analysis after being stored 24 hours at + 4◦C. The color was measured on the surface of the
muscles by three times. The color of thigh (biceps femoris) and breast (pectoralis major) muscles was analyzed with a
colorimeter (Konica Minolta, model CR400, Tokyo, Japan). The color was graded according to the International
Commission on Illumination’ system for L* (lightness), a* (redness), and b* (yellowness) as previously described by
Ozturk et al. (2012). Color was measured for each breast and thigh muscle from group once (seven measurements per
group). Color (L ∗: lightness, a: redness and b ∗: jaundice) with a colorimeter (Konica -Minolta CR 400, Sensing Inc.,
Japan) and pH with a pH meter (Model PC 510, Cyber scan, Singapore) carried out. All determinations were performed
in triplicate.

Sensory evaluation of meat
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Evaluation of the sensory properties of meat was carried out on the pectoral muscles of 5 geese from each group at a
date after slaughter. For sensory analysis, samples were vacuum packed and stored at approximately 4°C for 5 days
after dissection. After storage, the samples were boiled in water in closed containers for 150 minutes without salt or
other seasonings (Dogan and Ozturk, 2019). Sensory characteristics were evaluated by 10 staff and graduate student
panelists trained in methods according to ISO 8586-1 at Ondokuz Mayis University, Samsun, Turkey. Sensory
characteristics were evaluated by 10 staff and graduate student panelists at Ondokuz Mayis University, Samsun,
Turkey, who were trained with methods according to ISO 8586-1. The meats were presented to the panelists in a room
under the light of fluorescent lamps at room temperature immediately after cooking. As the panelists moved from one
meat to another, they were given water and fresh bread to counteract their sensory perceptions. Panelists rated
appearance, hardness, flavor, tenderness, juiciness, chewiness, and overall acceptability using a 9-point hedonic scale
(1; dislike extremely, 9; like extremely). The sensory analysis methodology with modifications for poultry meat was
developed by Uhlirova et al. (2018) 

Instrumental analysis for meat quality

Mechanical properties

Tissue profile analysis (TPA) was performed using a Texture Analyzer (TA-XT Plus, Stable Micro Systems, UK) with a
50 mm aluminum cylindrical probe (model P/50R) and a maximum 2 kg load cell (Öztürk and Turhan, 2020). The pre-
test speed was considered as 2 mm/s with 5 mm/s of test and post-test speed. An adapter with a 36 mm diameter
cylinder was used. The goose meat was placed in a cylindrical bowl 15 mm in height and 30 mm in diameter. The
adapter was 20 mm above the sample and then dropped at a rate of 30 mm / min. The adapter returned to its original
position after entering a depth of 10 mm. A 60% compression rate was applied with double compression. The motion
of the adapter was repeated once to complete the measurements. The parameters of TPA, namely hardness,
adhesiveness, springiness, cohesion, chewing and resilience were determined using software provided by Stable Micro
Systems Ltd (Anonymous, 2005).

Statistical Analysis

Arcsin transformation was applied to the percent values of the examined traits. Statistical analysis was evaluated with
SPSS 21.0 (SPSS Inc., Chicago, IL, USA). Carcass characteristics and meat physical properties were analyzed by one-
way analysis of variance. Sensory characteristics were analyzed with the Kruskal Wallis test. Statistical differences
between the means in parametric methods were analyzed with Tukey test and in non-parametric methods with Dunn
test (P <0.05).

Results And Discussion
Live weight gain, feed consumption and feed conversion ratio

The treatment groups consisting of different amounts of corn silage and concentrated feed had no significant effect
on body weight gain, feed consumption and feed conversion rates of domestic geese (P>005, Table 2 and Table
3). During the trial period covering 19-30 weeks, the total feed consumption was 14925.1, 15736.8, 13940.9, 17006.4,
17304.2 kg in the trial groups, respectively. The treatments did not affect weight gain, feed consumption, and FCR
because roughage and concentrate were not fed ad libitum to the geese. It has been determined that corn silage up to
40% can be used in goose compound feed without any negative effect on performance. The use of silage at this level
will of course lead to a decrease in feed costs.

Table 2
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Table 3

In previous study by Wang et al. (2017) reported that dried citrus pulp can be used at a level of 12% in geese without
adverse effects on growth performance and carcass yield. Also, Chen et al. (2020) suggested that 75% of broken rice
could be used to replace corn in goose (28 to 70 days) diets. In addition, a large number of researchers have
investigated the effect of different feed ingredients on the performance of geese such as broken rice (Chen et al.2020),
citrus pulp (Wang et al. 2017), rygrass-forage (Song et al.  2017; Guo et al. 2020), lupine (Kuzniacka et al. 2020),
cassava foilage (Li et al. 2019; 2020), silage (Kokoszynski et al. 2014; Yin and Huang, 2016). Song et al. (2017)
suggested that the BW of geese fed with grain fortified grass during the 70-day trial was 3647 g, and an ideal fattening
performance could be obtained due to the well-balanced diet of geese fed with a grass and grain supplement diet. In
addition, higher feed consumption was found in the group that consumed more grass (54.74 kg) from pasture,
confirming that geese were able to digest fiber in feed and ultimately had good growth performance (Song et al.
2017). However, the weight gains and final BWs of feed-only geese did not reach the market standard weight (3500 g)
until day 70 due to the lack of crude protein and energy in the diet. Thus, it was emphasized that a grazing regime
supported with grain is not only a method that can reach the standard weight of the market at 70 days of age, but also
saves on grain feed. It was determined that 5% alfalfa substitution at the beginning and 10% during the growing period
did not affect the live weight and feed consumption of the geese (Arslan, 2003).

Negative effects of low fiber diet (2.5%) on growth performance, slaughter performance, serum biochemical
parameters and food use (6.1% and 4.3 % according to fiber level) were found in geese up to 70 days (Li et al. 2017).
This finding supports that geese, which are herbivorous poultry, need dietary fiber for normal performance. In contrast,
Guo et al. (2020) attributed the gradual decrease in the BW of Yangzhou geese with increasing grass intake in the diet,
which may be due to the low energy content of the grass, which decreased BW gain in proportion to the increased
amount of grass in the diet. Li et al. (2019) 28-70. It has been reported that the addition of cassava foliage (5%) to the
goose diets improved carcass characteristics such as body weight gain, feed consumption, abdominal fat content and
relative meat content. On the other hand, numerous studies on the use of roughage in Goose production have shown
that moderate supplementation of roughage can improve growth performance, gastrointestinal tract development,
nutrient digestibility, meat quality and microbial diversity (Wang et al. 2014; Jin et al. 2014; Liu and Zhou, 2013; He et
al. 2015; Li et al. 2017; Li et al. 2020). It has been reported that fermented feeds have a significant effect on the caecal
microflora composition of geese and can affect host growth, nutritional status and gut health (Yan et al. 2019).
Similarly, Yin and Huang (2016) found that supplementing the basal goose diet with 8% fermented alfalfa grass had
no significant adverse effects on growth performance, serum antioxidant enzyme activities and digestive parameters,
and beneficial microbiota. It was determined that the use of cotton seed meal (>6.73%) decreased the growth
performance of the geese at an early age (28-42 days), and increased the growth performance of 6.73% to 26.91%
CSM, 28 to 70 days of age (Yu et al. 2019). Liu et al. (2019), who investigated the feeding of wet feed, determined that
wet feed had no effect on weight gain, but because it increased feed consumption and feed efficiency, dry feed was
more suitable for 28-70-day-old geese. It was determined that the digestibility of DM, CP and NDF in the groups with
high crude cellulose content was higher than the control group (Li et al. 2020). In contrast, Borin et al. (2006) reported
lower apparent digestibility in chickens and ducks fed a diet supplemented with crude fiber. Geese have a more
developed digestive system compared to chickens and ducks (Li et al. 2020). Positive findings in nutrient digestibility
reported with rice husk, whole corn, whole wheat, barley or oat supplementation (Vetési et al. 2000; Hetland et al. 2003;
Amerah et al. 2009; Lu et al. 2011; Yang et al. 2016). Li et al. (2020) reported that the results obtained in their study can
be explained by the fact that birds fed a high fiber diet probably have larger and more developed gizzard sizes. The
larger gizzard may increase the grinding of feed, lead to greater exposure of nutrients to digestive juices and better
food digestion (Wang et al. 2014; She et al. 2015). This shows that crude fiber may have beneficial effects on food
digestibility in goose diets (Li et al. 2020).
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Carcass characteristics

There was no significant effect on slaughter weight and carcass yield, liver, gizzard and abdominal fat weights and
ratios of the treatment groups (Table 4, P>0.05). The lack of effect of treatments on performance was due to the
animals not being free fed. The fact that S20 had a higher heart weight percentage than the others was thought to be
due to trial measurement error. The fact that the maize silage substituted at the highest level (40%) in the diet had
similar carcass weight to the control group fed with fully concentrated feed confirms the hypothesis of this study.

Table 4

Kokoszyński et al. (2014) reported that dilution of the commercial diet alone with whole-crop maize silage for young
fattening geese had a positive effect on production economy and carcass composition. In this study, 17-week-old
geese carcasses contained more chest and thigh muscles and less skin and subcutaneous fat compared to the control
group. Considering the decrease of nearly 50% in the consumption of commercial feed mixture in favor of cheaper
corn silage, the fact that the production profitability of geese increased in this diet is parallel to our research. At 21.97
kg of silage consumption per goose (55% of feed consumption), at the end of oat feeding (17 weeks), geese receiving
silage had significantly longer bodies and drumsticks compared to fed geese (Kokoszyński et al. 2014). Geese fed
diets containing 4.3% and 6.1% fiber had larger body sizes, heavier internal organs (heart, gizzard, proventricle,
duodenum, jejunum, ileum, and cecum), compared to the 2.5% fiber group, with hot and cold carcass yield and breast
yield was found to be greater (Li et al. 2017).

In contrast, Song et al. (2017) found that geese grazing reduces carcass yield, although the BW of geese with grain-
fortified grazing is similar to grain-only indoor geese. Similarly, carcass yield, breast yield and thigh yield of grass fed
geese with supplemental grain were significantly higher than those of grass fed geese only. In contrast, Guo et al.
(2020) when fed under intensive feeding conditions with ryegrass in a ratio of 1.5:1 or 2:1, will contribute to good
growth performance and increase in meat essential amino acids, essential fatty acids, total amino acids, n-3 fatty acid,
Zn, and SFA content, it has reported that it will provide high quality goose production. He et al. (2015) found that four
different fiber sources (corn straw silage, steam-popped corn straw, wheat straw and rice straw) had no effect on CAA
and carcass properties. These differences observed between studies may be related to the composition and
consumption of different roughages.

Findings that roughage consumption increases the amount of abdominal fat and breast and thigh meat because it
causes more energy intake (Liu and Zhou, 2013; Wang et al. 2014, Li et al. 2019) differed from our research. On the
other hand, the finding of Arslan (2003) that the addition of alfalfa grass to the diet in the initial (5%) and growing
(10%) periods leads to a better quality carcass by reducing the fat ratio of goose carcasses contradicts the results of
these researchers. However, the above research findings that roughage consumption does not change slaughter weight
and carcass yield are consistent with our research.

The effects of roughage on carcass characteristics and particularly relative meat production vary as they are
influenced by bird species and digestive physiology. Normally, as the fiber content in the diet increases, these feeds
with a lower digestible energy content but occupying more space in volume cause an increase in the volume of the
digestive tract of the animal, thereby making the digestive tract volume and the weight of the digestive organs more
compatible (Wang et al. 2014). ). Moreover, poultry fed a roughage diet have shorter intestinal components, a larger
diameter, and higher intestinal surface area than those fed whole grain diets (Jin et al. 2014; Wang et al. 2014). In
general, poultry with a higher relative weight or relatively longer length by different gastrointestinal tracts are
considered more beneficial in terms of fiber source utilization. As a matter of fact, Li et al. (2019) stated that the
roughage (Cassava foliage) diet increases the relative length and weight of the small intestine in geese, while more
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cellulose and less nutrient content in the same volume causes the digestive organs to grow and the frequency of
contractions due to the physically enlarged gizzard wall. Jin et al. (2014), Wang et al. (2014), She et al. (2015) also
reported that roughage supplementation had similar effects on geese. Song et al., (2017) claimed that geese would
reach their full potential when allowed to consume grass from pasture fortified with grain, protein, collagen, Mg and Cu
content, and that this feeding regimen is an ideal model for goose production. 

Nutrient content of meat

Table 5 shows that there was no significant effect (P>0.05) of treatments on crude protein, dry matter and ash values
of goose breast meat. However, crude fat percentages were higher in S10, S20, S40 groups compared to S30 meats
(P<0.05). This situation shows that since the geese were not fed in ad libitum diets, the physiological
environment was not provided for excessive fattening of all groups. 

Table 5

Goose is an important grass-fed poultry for meat. Thus, goose meat products are low-fat, low-cholesterol and high-
protein (Fowler et al. 2018; Li et al. 2020). Tang et al. (2020) reported that the protein content of goose meat is 22.3%,
the fat content is 11%, and more than 99% of the total fat consists of unsaturated fatty acids. The composition of the
meat, especially the amount of fat, can vary according to the diet of geese (Boz et al. 2019). The nutritional
composition of meat muscle (including protein, fat and collagen) is an important indicator of meat quality (Kuzniacka
et al. 2020) and their amount constitutes nutritional value. As a matter of fact, consumers associate the smell, taste
and flavor of a poultry product with its quality (Matyba et al. 2021; Karasu and Öztürk, 2018; Oğul and Öztürk, 2018;
Doğan and Öztürk, 2019). Therefore, the nutrient content of meat is an important criterion in determining meat quality
(Ozturk et al. 2010; 2014; Erener et al. 2011; Sarıca et al. 2014; Dogan and Ozturk, 2019). Marbling, known as
intramuscular fat distribution, is considered as an element that improves meat quality, apart from other fats, as it
positively affects the aroma and flavor of meat. Indeed, Lebret and Guillard (2005) and Arslan et al. (2003) reported
that more protein and collagen and less fat accumulated in muscle in grazing geese, which may be due to the lower
energy content of the feed. Kuzniacka et al. (2020) determined that protein and intramuscular fat content and water
content in breast or thigh muscles were higher in the substituted lupine (30-35%) groups than in the soybean meal
group. Li et al. (2020), using cassava foliage (5% and 10%) as roughage, reported that there was no difference between
the treatments in terms of dry matter, crude protein and crude oil ratios. On the other hand, Arslan (2013) showed that
the growth rate in pasture-based feeding was slower than in intensive and semi-intensive feeding, but low-fat carcass
was obtained. The protein content and muscle collagen in breast and thigh meats were higher and the fat content was
lower in the grazing treatment compared to the control (Song et al. 2017). 

Physiological studies on how nutrient content changes in goose meat tissue are limited. One of the rare studies on this
subject showed that differentially expressed genes related to the insulin signaling pathway can increase protein
synthesis and fat production, and that the interaction network of these genes is mainly related to the endocrine
system. The differentially expressed genes related to the growth and function of the pituitary organs can regulate the
growth and development of the body by affecting the synthesis and secretion of pituitary hormones, which will help to
understand the regulatory mechanism of goose growth and development (Tang et al. 2020). Due to the complexity of
the processes involved in the synthesis and catabolization of proteins, waterfowl typically use their protein stores as
an energy source in extreme situations where lipid stores are depleted (Blem, 1990). It has been observed that the
nutrients in goose meat can also change seasonally, protein stores are more stable than lipids and slightly increase as
winter progresses, lipid stores are highest in November and lowest in February. It has been determined that there is an
increase in endogenous lipid stores of geese at the beginning of winter, when high-energy food sources are most
abundant, and a decrease as winter progresses (Massey et al. 2020). Fat ratio in meat may vary depending on the
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animal's breed, age, energy/protein ratio in feed, balance of nutrients in the diet and production system (Ozturk et al.
2012; Hughes et al. 2014; Boz et al. 2017; Uhlirova et al. 2018; Haraf et al. 2021).

Physicochemical Traits

Feeding domestic geese with different amounts of corn silage and concentrate had no effect on a*, b* and pH values
of breast and thigh meats (P>0.05). On the other hand, while S00 and S10 had the highest value in breast meat L*
value, S20 and S30 groups followed these groups, while S40 was at the lowest level (Table 6). The L* value of thigh
meat was lower in the S40 group than all other groups (P<0.05), and there was no difference among the other groups.

Table 6

Kuzniacka et al., (2020) determined that the addition of lupine instead of soybean meal to the diet did not have a
negative effect on goose meat color and water holding capacity and meat characteristics, but negatively affected
growth performance. On the other hand, Song et al. (2017), Wang et al. (2009) and Liu et al. (2011)'s findings on
different feeding regimes did not change the pH values of goose meat are similar to our study. Also, the findings of
Kuzniacka et al. (2020), who reported that the pH value of the meat was higher (7.9-8.2) in the soybean meal group,
differs from our study. While consumers primarily consider issues such as the price, appearance and color of meat
when purchasing meat, the most determining factor as a quality criterion is actually color (Sarıca and Yamak, 2010;
Karasu and Öztürk, 2018; Ogul and Ozturk, 2018; Dogan and Ozturk, 2019; Li et al., 2020). The surface colors of meat
are largely controlled by pigments composed of myoglobin, hemoglobin and cytochrome C. There is a positive
correlation between total pigment concentration and Fe and a* value, and a negative correlation with L* value. In
particular, meat with a high a* value has a darker color (Boulianne and King, 1998). It has been shown that roughage
or high level fiber content increases the L* value in geese (Castellini et al., 2002) and broilers (Liu et al., 2013) and
lowers the final pH of the goose or broiler. Using cassava foliage (5% and 10%) as roughage, Li et al. (2020) reported
that there was no difference between the treatments in a* and b* values. They found an increase the pH and shear
force of the breast muscle and a decrease in L* values in the control group. Shrinkage caused by low pH; It can be
explained by the shrinkage of the fibers, decreasing the water binding ability and increasing the light scattering
(Warriss, 2000). pH value, which is an important index of meat quality, is one of the factors affecting shelf life. The pH
determined in our study was similar to the pH level found in thigh or breast meat of Yakan et al. (2012) and Sarıca et
al. (2014) who experimented under extensive conditions in Turkish geese (32-36 weeks old), Boz et al. ( 2019) was
found to be higher the pH values (5.74 to 7.02) reported in other studies with local Turkish geese (Kirmizibayrak et al.
2011; Boz et al. 2017) were similar to or lower than those in this study. PH values may vary depending on age,
production system and nutrition (Hughes et al.2014; Boz et al. 2019).

Breast meat consists of white, thigh meat consists of red fibers. Red fibrils contain more myoglobin, less glycogen and
glycolytic enzymes than white fibrils (Aberle et al. 2001). Therefore, although it has been reported that the pH in thigh
meat is higher than breast meat (Oz and Çelik, 2015; Boz et al. 2019), in our study, a relatively higher pH was found in
breast meat, which is close to each other. Properties such as pH value, water holding capacity, cooking loss, hardness,
springiness, stickiness, cohesion, chewiness, color and shelf life are effective features in determining meat quality
(Ozturk et al. 2012; Dogan and Ozturk, 2019; Kuzniacka et al. 2020). While the decrease in the pH of the meat
decreases the bacterial load, the increase in the pH shortens the shelf life of the meat as it increases the pathogenic
microbial load (Şekeroğlu and Diktaş, 2012; Ozturk et al. 2012; Dogan and Ozturk, 2019). In addition, high pH causes
an undesirable appearance (dry, firm and darker color) in meat and a firmer appearance by preventing intramuscular
protein degradation (Sarica et al. 2014). A pH below 5.7 in meat is considered an indicator of low meat quality
(Alvarado et al. 2007). Boz et al. (2019) reported that the differences between meat color of geese and commercial
lines may be related to late slaughter age (28 weeks) and pasture feeding. Boz et al. (2019) attributed the color and pH
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differences to the body weight difference in domestic goose varieties, while Liu et al. 2011; Yalçın et al. 2014; Boz et al.
(2017) attributed meat quality characteristics such as pH, color and dry matter to growth characteristics, growth rate
and body weight. Hughes et al. (2014) reported that the color and pH of meat may change depending on age,
production system and feeding. Li et al. (2020) found that the pH of breast meat was higher in the control group than
in the groups with high crude cellulose content. Similar results were obtained by Liu et al. (2013) in geese and by
Castellini et al. (2002) in broilers by Mourӑo et al. (2008). This finding could possibly be attributed to the fact that feed
intake improves the carbohydrate level and thus decreases glycogen metabolism, which can maintain the acid-base
balance in the animal (Castellini et al. 2002; Foulkes and Cohen, 2010; Li et al.2020).

Texture profile analysis and organoleptic quality characteristics of meat

Since the determination of meat quality made by organoleptic methods is subjective, the quality characteristics of
goose meat were also determined objectively by analyzing the texture profile (Öztürk and Turhan, 2020) (Figure
1). There was no difference between the treatment groups in terms of springiness, cohesiveness, chewiness and
resilience characteristics (P>0.05, Figure 1). Hardness (N) values decreased with the addition of silage (P<0.05), except
for the S20 group. This observed trend can be interpreted as a general decrease in the firmness of goose meat with the
addition of silage to the diet. On the other hand, in terms of adhesiveness, which is an indicator of unhealthy meat, S00
was found to be higher than the other groups (P<0.05).   The decrease in adhesiveness and hardness in meat as the
silage substitution in diet increases is a very good development in terms of increasing consumer appreciation for
meat.

Figure 1 

It is desirable that fresh meat be firm, brightly colored, with no broth separated and with little binding texture. In
contrast, hardness may result from increased connective tissue in the meat or from rigor motility after slaughter. On
the other hand, the fact that the meat is softer indicates that the intramuscular fat tissue increases, in other words, the
amount of marbling increases. On the other hand, the concentration of fat in other parts of the body, such as shell fat,
rather than in the form of marbling, causes a decrease in fat between the muscles and further hardening of the meat
(Öztürk and Turhan, 2020). Although no results were obtained in our study to support this finding in meat fat analysis,
the decrease in hardness in texture profile analysis can be interpreted as an increase in meat marbling. This shows
that the addition of corn silage instead of concentrated feed to the diet of domestic geese reduces the hardness of the
meat and provides soft meat that is more suitable for consumers. According to the organoleptic meat quality test,
there was no difference between the treatment groups in terms of sensory quality characteristics (appearance, flavour,
hardness, tenderness, juiciness, chewiness and overall acceptability) of goose meat (Table 7, P>0.05).

Table 7

Physical properties such as meat color and water holding capacity play an important role in the quality assessment of
meat and meat products (Barbera et al. 2019; Oğul and Öztürk, 2018; Doğan and Ozturk, 2019). These properties also
affect the suitability of raw meat for further processing and the economy of meat production. The quality of meat
obtained from broiler geese depends on genotype, age and management system, especially diet (Uhlirova et al., 2018).
The quality and quantity of muscle tissue in the carcass depends on the composition of the feed used in their diet
(Ozturk et al. 2010; 2012; 2014; Kuzniacka et al. 2020).

Numerous studies on the use of roughage in goose production have shown that moderate supplementation of
roughage can improve growth performance, gastrointestinal tract (GIT) development, nutrient digestibility, meat quality
and microbial diversity (Liu and Zhou, 2013; Wang et al. 2014; Jin et al. 2014; He et al. 2015; Li et al. 2017). Supporting
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the findings of these researchers, Kuzniacka et al. (2020) reported that the inclusion of broad beans in the goose diet
had a positive effect on meat quality. Geese can reach their full potential when allowed to consume grass from pasture
fortified with grain, protein, collagen. Indeed, Song et al. (2017) found that leg yields were lower in the grain fed
regimen compared to the grazing groups. This result shows that geese can produce a higher thigh yield with the
grazing model (Castellini et al. 2002), indicating that this roughage replacement feeding regimen is an ideal model for
goose production. Shearing force is an index to evaluate the tenderness of meat, and meat with lower cutting force is
softer. Li et al. (2020) stated that the shear force in control geese was higher than in those fed diets with higher crude
fiber diets. On the other hand, Liu and Zhou (2013) found that the consumption of meadow grass had no effect on
shear force in goose meat. This inconsistency in results may be related to forage composition and consumption.

Conclusion And Recommendations
It was determined that up to 40% of corn silage mixed feed could be used especially in winter feeding where roughage
could not be supplied sufficiently. Thus, it was concluded that the cost of local breed goose diets will be reduced and a
contribution to sustainable goose production will be provided. On the other hand, it was determined that the stickiness
and hardness values of goose meat improved with the addition of roughage. These findings, which contribute
positively to the taste of meat, will contribute positively to the increase in the taste of meat in consumers and the
evaluation of goose meat in the food industry.
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Tables
Table 1  Nutrient composition of basal diet and corn silage used in the experiment
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Diet Corn silage4

(in DM)

Chemical Analysis    

Protein, % 18.00 8.8

Fat, % 4.65 3.2

Fiber, % 4.58 23.4

Ash, % 5.19 4.3

Calculated Values    

Metabolizable Energy, kcal/kg 2913 25633

Lisine, % 0.93 2.22

Methionine, % 0.43 1.12

Methionine+Cystine, % 0.79 2.22

Threonine, % 0.75 2.72

Tryptophan, % 0.21 1.52

Calcium, % 0.93 3.42

Total phosphorus, % 0.65 2.12

Available phosphorus, % 0.43  

Sodium, % 0.18 0.12

1Vitamins and minerals contained in each kg diet; 12 000 IU of Vitamin A; 2 400 IU of vitamin D3; 40 mg of vitamin E; 4
mg of vitamin K3; 3 mg of vitamin B1; 6 mg of vitamin B2; 25 mg of niacin; 10 mg of calcium-D-pantothenate; 5 mg of
vitamin B6; 0.03 mg of vitamin B12; 0.05 mg of D-biotin; 1 mg of folic acid; 80 mg of Mn; 60 mg of Zn; 60 mg of Fe; 5
mg Cu; 0.2 mg Co; 1 mg of I; 0.15 mg Se, 200 mg choline chloride, 

2 g/kg DM, 

3ME (Mcal/kg DM) = 3019 – 10.66 %CP + 37.33 %AF – 26.90 % Ash – 23.29 %CF calculated with the formula

4Nutrient of corn silage (dry matter, crude protein and ash) was determined by the methods described by AOAC (1998).
Crude fiber was determined using Ankom cellulose analyzer, Van Soest et al., 1991; Kutlu, 2008)

Table 2 The effects of different amounts of corn silage and concentrated feed on body weight and body weight gain in
geese
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Treatment Live weight (g, week) Live weight gain  (g, week)

  19 23 27 30 19-22 19-26 19-30

S00 3678.2 3998.4 4318.8 4452.2 320.2 640.6 774.0

S10 3646.4 3862.6 4179.0 4425.8 340.0 645.8 779.4

S20 3515.6 3679.8 3928.8 4019.0 164.2 413.2 503.4

S30 3560.2 3761.0 4094.0 4296.8 252.3 533.8 736.6

S40 3708.8 3871.8 4075.0 4200.0 228.3 457.5 584.0

SEM 74.73 64.06 74.21 83.09 27.71 46.88 58.29

P value 0.932 0.619 0.594 0.486 0.238 0.431 0.476

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage + 80% concentrate feed; S30:
30% corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean.

Table 3 The effects of different amounts of corn silage and concentrated feed on feed consumption and feed
efficiency in geese.

Treatment Feed Intake (g, week) Feed Conversion Ratio

  19-22 19-26 19-30 19-22 19-26 19-30

S00 5201.5 10361.5 14925.1 17.74 19.17 24.37

S10 5235.2 10434.0 15736.8 19.61 16.68 26.81

S20 4687.1 9504.7 13940.9 35.24 24.74 30.36

S30 5459.6 11323.6 17006.4 23.11 22.75 23.63

S40 5855.2 11873.6 17304.2 40.05 39.32 38.53

SEM 145.79 300.07 444.55 3.893 3.099 3.066

P value  0.137 0.097 0.074 0.279 0.216 0.624

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage +80 % concentrate feed; S30:
30% corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean.

Table 4 Effects of different amounts of corn silage and concentrated feed on carcass characteristics, digestive system
weight and edible visceral weights in geese
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Treatment Slaughter
weight
(g)

Dressing
percentage
(%)

Digestive
system
length(cm)

DSL/LW

(%)*

Heart

(%)

Liver
(%)

Gizzard
(%)

AF/CW
(%)**

AF/LW
(%)***

S00 4452.2 69.64 233.6 7.72 0.95ab 1.43 3.02 8.15 5.70

S10 4425.8 67.07 229.0 9.18 1.02ab 1.86 3.53 8.95 6.13

S20 4019.0 67.47 225.8 9.15 1.19 c 1.64 3.87 8.21 5.72

S30 4296.8 67.49 235.2 9.89 1.02ab 1.86 4.27 8.58 5.74

S40 4200.0 68.34 226.8 8.80 1.03ab 1.58 3.59 6.68 4.54

SEM 83.09 7.776 2.66 0.252 0.024 0.057 0.148 0.410 0.361

Pvalue  0.486 0.989 0.777 0.077 0.022 0.056 0.086 0.499 0.729

* DSL/LW (Digestive system length /Live weight x 100) ** AF/CW (Abdominal fat/Carcass weight x 100) *** AF/LW
(Abdominal fat / Live weight x 100), 

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage +80% concentrate feed; S30:
30% corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean.

Table 5 The effect of different amounts of corn silage and concentrated feed on the nutrient content of goose breast
meat 

Treatment Dry matter

(%)

Protein

(%)

Fat

(%)

Ash

(%)

S00 28.14 23.64 3.60ab 0.90

S10 29.63 24.10 4.50a 1.03

S20 29.64 23.65 4.84a 1.16

S30 28.15 24.62 2.40b 1.13

S40 29.68 23.84 4.64a 1.20

SEM 0.268 0.145 0.311 0.054

P value 0.075 0.153 0.041 0.435

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage +% concentrate feed; S30: 30%
corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean.

Table 6 Effects of different amounts of corn silage and concentrated feed on pH and color characteristics of breast
and thigh meat of geese 
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Treatment Breast meat thigh meat

  L* a b pH L* a b pH

S00 72.81a 3.53 7.70 6.85 70.47a 4.23 1.59 7.17

S10 72.70a 3.77 6.74 6.82 70.91a 2.83 2.73 7.09

S20 70.03b 3.90 7.47 6.91 69.98a 3.22 2.50 7.25

S30 70.16b 3.99 7.25 6.79 68.92a 3.75 4.05 7.19

S40 68.41c 3.92 7.72 6.78 65.79b 4.97 3.57 7.15

SEM 0.41 0.21 0.26 0.04 0.51 0.26 0.45 0.03

P value  0.000 0.973 0.788 0.839 0.002 0.065 0.482 0.507

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage +80 % concentrate feed; S30:
30% corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean. L
*: Lightness; a: Redness; b: Yellowness.

Table 7 Effects of different amounts of corn silage and concentrated feed on the sensory properties of meat in Turkish
native goose (Mean, minimum and maximum values)

Treatment Appearance Flavour Hardness  Tenderness Juijeness  Chewiness Overall
impression

S00 7.1(7:5-8) 7.1(7:4-
9)

6.9(7:5-8) 6.9(8:4-9) 6.3(7:3-9) 7.2(8:3-9) 7.3(8:5-9)

S10 7.4(8:5-9) 6.9(7:4-
9)

6.7(7:4-8) 6.6(7:3-9) 6.3(7:3-9) 7.2(8:4-9) 7.2(8:5-9)

S20 7.4(8:5-9) 7.2(8:4-
9)

7.4(8:5-9) 7.4(8:4-9) 6.9(7:3-9) 7.8(8:5-9) 7.5(8:5-9)

S30 7.3(8:5-9) 7.2(8:3-
9)

7.2(8:4-9) 7.2(8:4-9) 6.8(7:4-9) 7.3(8:5-9) 7.4(8:4-9)

S40 7.4(7:5-9) 6.9(7:4-
9)

7.1(7:5-9) 6.9(7:3-9) 6.6(7:3-9) 7.2(8:5-9) 7.3(8:5-9)

SEM 0.11 0.14 0.14 0.16 0.18 0.14 0.13

Pvalue 0,833 0,853 0.334 0.601 0.746 0.497 0.893

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage + 80% concentrate feed; S30:
30% corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean.

Figures
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Figure 1

The effect of different amounts of corn silage and concentrated feed on the texture profile analysis of Turkish goose
variety

S00: Control group; S10: 10% corn silage + 90% concentrate feed; S20: 20% corn silage + 80% concentrate feed; S30:
30% corn silage + 70% concentrate feed; S40: 40% corn silage + 60% concentrate feed; SEM: standard error of mean.


