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ABSTRACT

Male and female mixed 200 pheasants were reared in intensive and
outdoor conditions to assess the meat quality and some digestive tract
traits. Color, pH, cooking loss, water holding capacity and drip loss
were determined as meat quality traits. Production system did not have
significant effect on most of meat quality traits. Conversely, most of

these traits were affected by slaughter age. Water holding capacity
significantly decreased but cooking loss increased by slaughter age.
Total digestive system weight rate to body weight was decreased by
slaughter age but did not differ between production systems. Small and
large intestine lengths were significantly longer in indoor system and
significantly decreased by slaughter age.
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1. Introduction

Chicken and turkey meat have reached the 93.5% of total poultry meat consumption in the World (Faostat 2017). Similar
rearing conditions and same feed formulas have made the tastes of both turkey and chicken meat similar to each other. This
prompted consumers to seek alternative poultry tastes. Game birds are good sources for the consumers and pheasants have
highest rate in total consumed game meat (Bodnar et al. 2010). But it is also hard for people to reach these products. Therefore,
it is important to produce game birds in intensive or semi intensive conditions. Poultry meat consumers are mostly interested in
the production conditions of birds (Adamski et al. 2017) and animal welfare becomes more important in years. On the other
hand, consumers’ demands have to be met in these animal friendly production systems.

Pheasants are bred in intensive conditions for releasing to hunting areas. Farming of pheasants is also done for slaughter
and meat production (Golze 2010). Meat quality of captured/ hunted (Hofbauer et al. 2010) or intensively reared (Kokoszynski
et al. 2012) pheasants was investigated in previous studies. On the other hand, it was reported that by raising game birds under
free-range systems, they could have a taste more similar to game-bird meat (Yamak et al. 2018). Meat quality of pheasants
reared in extensive system was given by Franco & Lorenzo (2013). There is a need of detailed information on the comparison
of meat quality of pheasants reared in outdoor and indoor systems. Also, the effect of production system on digestive traits of
poultry species was shown before (Bartlett et al. 2015). Therefore, the effects of production system (indoor & outdoor) on
some meat quality and digestive traits of pheasants were investigated in the current study.

2. Material and Methods

This study was performed at the Ondokuz Mayis University Agriculture Faculty Research Farm during May-August 2015.
Experimental Animals Ethical Committee of the university approved the study. Eggs were collected from a flock of pheasants
obtained from the Turkish Ministry of Forests and Water Affairs’ Samsun Breeding Station. All eggs were transferred to the
farm’s hatchery on the same day which they were collected. Eggs were incubated for 25 days. After hatching, 200 day-old
chicks were randomly selected and used in the experiment.
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Chicks were randomly allocated to pens belonging to either an indoor or outdoor-access (‘free range’) production system
that were interspersed within windowed houses, with 4 pens per system and 25 chicks per pen. The pens were in dimensions of
3.5 x 3.5 m. Wire mesh was used to keep birds from flying between pens. One round feeder and 1 round drinker was placed in
each pen. Wood shavings used as litter in the pens. Infra-red heaters were used for heating of the house, while lighting was
applied with economic white bulbs. During first three days, 24-h lighting was applied and incrementally decreased to 20 hours
over Days 3-14 and then remained constant until 6 weeks, after which natural lighting (app.14 h day?) was applied until
slaughter. Each replicate had its own outdoor area measuring 14x3.5 m separated by an exit door. The doors of pens were
opened when pheasants reached 6 weeks of age and kept opened until the end of study. The floor of outdoor area was soil and
some tree branches were placed on floor area for perching of birds. Pens were divided by wire mesh walls with height of 2
meters. Also, the top of outdoor area was covered with wire mesh for preventing birds flying.

Corn and soybean meal based feed and water were provided ad libidum. Until 12 weeks of age feed with given ingredients
was supplied (190 g CP and 11.72 MJ ME, 10.0 g lysine, 4.0 g methionine, 11.0 g Ca, 7.0 g P, 120 mg Mn, 15 mg Cu, 100 mg
Zn per kg). After 12 weeks to slaughter feed as given were provided (160 g CP, 11.30 MJ ME, 3.50 g methionine, 7.20 ¢
lysine, 10.0 g Ca, 4.00 g P per kg).

All birds were wing-banded to identify individually. Live weights were recorded individually by an electronic bascule with
the precision of 0.01 g (Hassas electronic scales, TEM TPG, Istanbul, Turkey) at hatch, 2, 4, 6, 8, 10, 12, 14, 16 and 18 weeks
of age. Two males and two females per pen were slaughtered at 14, 16 and 18 weeks of age. Live weights were recorded prior
to slaughter. Scalding (1 min. at 56 °C), picking, cold-water chilling, vent opening, evisceration and air-chilling were
performed using semi-automated equipment. Hot-carcass weights were recorded; carcasses were then chilled for 12 hours at 4
°C, and cold-carcass weights recorded.

pH values of meat were measured on left breast and legs after carcasses chilled 12 hours at 4 °C. On each body part,
measurements were repeated at three different points using a pH meter (Model PC 510, Cyber scan, Singapore). Similarly to
pH, meat color (L* a* b*) was measured on left breast and legs, but measurements were repeated two different points of each
part (Fanatico et al. 2007; Sarica et al. 2011) using a colorimeter (Konica Minolta CR-400 colorimeter). Mean values for both
color and pH values were calculated and recorded.

Drip loss was evaluated by suspending 1 intact fillet in a sealed glass box for 48 h at 2-4 °C and expressed as percentage of
weight loss during storage (Bianchi et al. 2007). Whole samples of both breast and leg muscles (20 g) were placed in
uncovered aluminum pans and roasted in an electric oven pre-heated to 200 °C for 15 min until meat samples reached an
internal temperature of 80 °C. Samples were cooled for 30 min to about 15 °C and dried on the surface with paper towels, and
cooking loss was estimated as the percentage of the weight of the roasted samples with respect to the raw ones (Castellini et al.
2002). Meat water-holding capacity (WHC) was determined by calculating the weight-loss of a 1-g sample after centrifuging it
for 4 min at 1500xg and drying it overnight at 70 °C (Castellini et al. 2002). Total digestive tract was weighed with an
electronic bascule in precision of 0.01 g. Spleen, pancreas and craw was carefully separated from digestive tract and
individually weighed with same bascule. an electronic bascule with precision of 0.01 g. Digestive tract was laid on a flat
surface and total length was measured with a ruler with accuracy of 1 mm. Intestines were also measured with same method.
The data about digestive tract organs was expressed as the percentage to body weight.

2.1. Statistical analysis

SPSS Software was used in the analysis. Analysis of variance with a factorial arrangement was used to test the effects of
production system, age, sex and the interactions among these factors. Data was subjected to arc-sine transformation, and
genotype and slaughter-age means were separated using Duncan’s multiple range test. A level of P<0.05 was considered
statistically significant.

3. Results and Discussion

Color and pH values measured at different slaughter ages were given in Table 1. Lightness (L*) values of breast meat were
ranged between 50.18 and 57.95 while these values were between 46.69 and 54.32 for thigh meat. Production system only
affected the thigh-meat yellowness and birds reared in outdoor had higher b* values (1.33 vs 0.53; P<0.01), whereas gender
only affected thigh-meat redness and females had higher a* values (8.65 vs 7.74; P<0.05). All meat color traits were affected
by slaughter age (P<0.01; P<0.05). Neither production system nor gender affected meat pH. Slaughter age had a significant
effect on thigh meat pH (P<0.01).

L* value ranges from 0 to 100 which gives the lightness from black to white (Papadakis et al. 2000). Mean L* values of
breast meat obtained in our study were found parallel with the findings of Hofbauer et al. (2010) and Kokoszynski et al. (2012)
who found L values of breast meat between 51.4 and 54.2. There are also studies found the breast meat lightness lower.
Fernye et al. (2017) and Dvortak et al. (2007) reported the breast meat lightness of pheasant breast meat to 49.27 and 41.19,
respectively. Different factors could have effect on this variation. Breed, age, sex, diet, breeding practices, pH, total haem and
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mygoblobin content are considered as factors affect meat colour. It is expected older birds to have higher myoglobin content
(Wideman et al. 2016). This has to result with lower L* values at older slaughter ages. Contrarily, L* values of breast and
thigh meat were decreased at 16 weeks of age and then increased to 14 week's level at 18 weeks. This could be related to
slaughter and post mortem processing. Evolution time postmortem (Culioli et al. 1990), the residual blood amount is among
the key factors which affect poultry meat color quality (Mohamed & Mohamed 2012). Also, it is reported that breast muscle
has significantly lower myoglobin content than the thigh muscle. The number of red muscle fibres are higher in thigh muscle,
while the breast meat is mostly composed of white fibres (Barbut 2001). Red fibres have high mygoglobin content than white
fibres (Wideman et al. 2016). The numerical values of a* and b* range from -120 to +120 with a* ranging from green if
negative to red if positive. Similarly, b* ranging from blue if negative to yellow if positive (Papadakis et al. 2000). According
to this, it is normal to thigh meat had higher a* values than breast meat. Breast and thigh meat redness determined in this study
found similar to the findings of Kokoszynski et al. (2012) who found a* value 3.8 for breast meat and Kotowicz et al. (2012)
who found it 10.5 for thigh meat. Also, thigh meat had lower L* values than breast meat in our study. This could be related to
pH levels of both breast and thigh meat. Fletcher (1999), reported that pH of meat has a strong effect on meat color with higher
pH values resulting in a darker meat. pH levels of both breast and thigh meat were found higher than reported values for
pheasant meat. Kotowicz et al. (2012) reported pH of breast and thigh meat 5.57 and 5.95 respectively, while, Kokoszynski et
al. (2012) found pH of breast and thigh meat as 5.74 and 6.57. It is thought that this is due to glycogen concentration in the
muscles which could be related to struggling during slaughter (Debut et al. 2003). Yellowness (b*) of breast and thigh meat
was found lower than the reported values of previous studies. Kotowicz et al. (2012) determined the breast meat b* value
between 12.7 and 15.3; and thigh meat yellowness between 6.34 and 9.98. Fernye et al. (2017) and Kokoszynski et al. (2012)
found the yellowness of pheasant breast meat between 4.8 and 7.59. This could also be related to pH. Allen et al. (1998)
showed that lightness (L*) and yellowness (b*) were found to correlate negatively to pH, whereas redness (a*) had a positive
correlation.

Table 1- Color and pH values of pheasant meat at different ages

Production Slaughter Gender Breast color Thigh color Breast Thigh
System Age(weeks) L a b L a b pH pH
14 M 56.18 2.90 2.88 53.90 7.85 1.33 6.75 7.22
F 55.12 2.84 2.88 49.07 7.31 1.09 6.82 7.23
Free-range 16 M 51.01 3.04 1.23 50.75 8.56 0.44 6.80 6.97
F 50.97 3.29 3.01 46.69 9.51 0.21 6.75 6.93
18 M 55.87 2.35 2.80 52.60 9.37 1.42 6.65 6.91
F 54.22 4.73 4.82 51.95 9.51 3.47 6.56 6.97
14 M 54.71 2.81 2.37 54.32 8.40 1.32 6.84 7.21
F 56.09 2.23 2.67 54.22 7.48 0.77 6.67 7.21
Indoor 16 M 50.18 3.25 0.66 49.70 7.47 1.57 6.79 7.02
F 51.71 3.23 1.36 48.41 7.35 0.72 6.68 7.03
18 M 57.95 4.43 4.75 51.76 10.27 1.85 6.71 6.91
F 53.82 3.26 3.12 50.53 8.56 1.52 6.77 7.16
SEM 0.615 0.154  0.270 0.518 0.123  0.172 0.021 0.020
Effects
Production system FR 53.89 3.19 2.93 51.32 8.13 1.33 6.72 7.04
IN 54.07 3.20 2.49 51.49 8.25 0.53 6.75 7.09
14 55.52a  2.69b  2.69b 52.88a 7.76b  1.13b 6.77 7.22a
Slaughter age 16 50.96b  3.20ab  1.56c 4963b  7.40b  0.41c 6.76 6.99b
18 55.46a 3.69a 3.87a 51.71ab 9.43a 2.07a 6.68 6.99b
Gender M 54.32 3.13 2.97 52.17 8.65 0.80 6.76 7.04
F 53.65 3.26 2.44 50.64 7.74 1.06 6.71 7.09
Production system NS NS NS NS NS * NS NS
Slaughter age ** * ** * ** ** NS **
Gender NS NS NS NS *x NS NS NS

G; Gender, *; P<0.05, **; P<0.01, SEM; Standard Error of Means, NS; Insignificant, FR; Free-range, IN; Indoor, M; Male, F; Female, a, b, ¢; Means
within columns with no common superscript letter differ significantly

Water holding capacity (WHC), Drip Loss (DL) and Cooking Loss (CL) of pheasant meat at different ages were given in
Table 2. Breast meat WHC was ranged between 72.61% and 74.41% and was not affected by production system, slaughter and
gender. Thigh meat WHC values were found higher than breast WHC and only significantly affected by slaughter age (P<0.01)
and decreased by maturation. Production system and gender did not significantly affect DL or CL of breast and thigh meat.
These traits were significantly affected by slaughter age. Drip loss increased at 16 weeks of age and then decreased at 18
weeks of age. But cooking loss increased at older ages. The water binding properties of meat was evaluated by measuring drip
loss, WHC and cook loss (Allen et al. 1998). The WHC of meat is an important trait in terms of eating quality and has an
influence on product yield (Cheng & Sun, 2008). Breast meat WHC was found around 73% and was not affected by
production system, slaughter and gender in our study. Our finding was in parallel with the result of Kokoszynski et al. (2014)
who found the breast meat WHC of pheasants 72% at 17 weeks of age. Contrary to our finding they found that WHC increased
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by delayed slaughter age. Thigh meat had higher WHC than breast meat and found around 75%. Kokoszynski et al. (2012)
reported that protein hydration, which is higher in leg muscles, causes increased water binding Also, the WHC was decreased
at older slaughter ages. Kokoszynski et al. (2014) reported same decreasing tendency for leg muscle WHC of pheasants at
different slaughter ages.

Table 2- Water holding capacity, drip loss and cooking loss of pheasant meat at different ages

Production Slaughter Gender WHC (%) Drip Loss (%) Cooking Loss (%)
System Age Breast Thigh Breast Thigh Breast Thigh
14 M 73.19 77.12 3.88 3.30 10.89 13.10
F 74.38 76.22 4.18 3.50 10.28 11.87
16 M 73.67 75.47 4.62 3.90 10.43 13.85
Free-range F 73.54 75.14 4.82 4.25 12.37 14.40
18 M 74.03 73.98 3.55 2.49 13.89 17.16
F 72.61 74.51 3.36 1.95 17.62 17.00
14 M 73.58 78.19 2.72 3.74 10.34 12.64
F 74.41 75.67 4.19 3.17 12.58 13.77
16 M 73.77 76.53 4.67 4.53 11.64 12.47
Indoor F 73.44 76.91 4.67 3.85 10.81 12.18
18 M 73.44 75.28 3.19 1.88 14.14 16.73
F 74.08 72.28 2.88 1.60 12.18 14.21
SEM 0.147 0.281 0.121 0.119 0.356 0.259
Effects
Production system FR 7357 75.41 4.07 3.23 12.58 14.56
IN 73.79 75.89 3.72 3.13 11.95 13.67
14 73.89 76.80a 3.74a 3.43b 11.02b 12.84b
Slaughter age 16  73.60 76.01a 4.69 4.13a 11.31b 13.22b
18 73.54 74.17b 3.25b 1.98c 14.46a 16.28a
Gender M 73.61 76.10 3.77 3.31 11.89 14.32
F 73.74 75.21 4.02 3.05 12.64 13.91
Production system NS NS NS NS NS NS
Slaughter age NS faled el el faled folad
Gender NS NS NS NS NS NS

WHC; Water holding capacity, FR; Free-range, IN; Indoor, NS; Insignificant, M; Male, F; Female, **; P<0.01, SEM; Standard Error of Means, a, b, ¢; Means
within columns with no common superscript letter differ significantly (P<0.05)

Water loss is s problem during processing of meat. It is frequently expressed as drip loss, expressible water, cook loss, and
cooling loss depending upon the stage during processing in which it was measured Cheng & Sun (2008). Poor WHC caused
more drip loss (Warriss 2000). In line with this, drip loss of breast meat was found higher than thigh meat, because breast meat
had lower WHC. Cooking loss was significantly increased by slaughter age both for breast and thigh meat. Cooking of meat
denatures different meat proteins and this denaturation causes changes which results in cooking loss (Honikel 1998). High
WHC results in less water loss during cooking and good juiciness when chewing (TIhong 2008).

Immune system of birds develops after hatch by develop of digestive tract. Development of digestive system in poultry
species could be at different rates due to many factors (Lilja 1983). The species of the bird, gender, age and physiological
status of the birds are the most important factors on this rate (Wasilewski et al. 2015). Feed has also an effect on development
of digestive tract (Gille et al. 1999). Production system did not significantly affect total digestive tract weight ratio to body
weight and length in our study (Table 3). This could be related to feed formula because birds fed with same feed formula in
both systems. Similarly, the rate of digestive tract weight to body weight did not differ between males and females. But males
had longer digestive tract than females (Table 3, P<0.01). Digestive tract length significantly increased at older ages, but the
rate of weight to body weight was significantly decreased (P<0.01). These were expected results related to body weight.
Digestive organs grow more rapidly than body weight at younger ages (Sell et al. 1991). Therefore the rate of digestive tract
decreases at older ages. Rates of other digestive organs (spleen, pancreas and craw) to body weight were similarly affected by
only slaughter age. They were affected by neither production system nor gender. Findings of Yovchev et al. (2012) were in
parallel with our results. Small and large intestine lengths of birds reared in free-range system were significantly longer than
indoor. Bartlett et al. (2015) reported that birds reared in free-range system or on pasture had access to consume forage, insects
etc., and this could cause intestines to develop better. The differences of intestine lengths between both sexes were not found
significant. Both small and large intestine lengths significantly decreased at older ages. These results were parallel with the
findings of Yovchev et al. (2012) who found small intestine lengths 11.6 cm, 11.2 cm and 10.5 cm at 15, 17 and 19 weeks of
ages, respectively.
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Table 3- Effect of production system and slaughter age on some digestive tract traits of pheasants at different ages

. TDT TGT Spleen Pancreas Craw
POduction g6 BY g Lengn  aw  ew o ML OL gy
BW (%)  (cm) (%) (%) IBW (%)
. M 10083 2.67 12488 0.06 0.19 96.92 9.32 1375 027
F 806.9 2.43 11863  0.06 0.21 94.80 9.27 1255  0.25
M 11608 2.35 14170 0.06 0.18 103.35 9.87 1650 031
Free-Range 16 8734 2.27 127.70  0.08 0.17 102.60 9.35 1552 0.33
M 12581 2.39 14733 0.05 0.15 94.20 8.75 1372 0.23
18 9535 2.21 12325  0.05 0.17 92 9.02 1287 034
M 9671 2.40 12330 0.0 0.19 11607 1012 1352 0.24
14 785.8 2.49 12085  0.05 0.18 122.60 9.82 1360 0.8
door s M 11105 2.30 13593 0.07 0.15 98.27 10.60 1645 0.24
F 867.1 2.46 127.68  0.06 0.16 99.80 10.10 1642 033
M 12056 1.03 13593 0.06 0.13 99.70 9.90 1540 033
18 ¢ 962.9 2.01 12088 0.05 0.15 88.70 8.70 1277 0.29
SEM 8.803 0.031 1124 002 0.005 1315 0.143 0272 0.009
Effects
Production NS NS NS NS NS * * NS NS
System
FR 1010.0 2.39 13057  0.06 0.19 97.31 9.27 1415 028
Indoor 983.2 2.7 12743 0.06 0.17 102.52 9.87 1470 0.28
14 892¢ 250a  12191b 006ab 0192  10510a  9.64ab  13.36b 0.25b
16 1003b 235a  13325a  0.07a 0.6b  101.0la  9.98a 16222 0.30a
18 1095a 214b  131.84a 005ab  0.15b 93650  9.09b 13.69b  0.29ab
Gender = NS = NS NS NS NS NS NS
M 11183 2.34 13484 0.06 0.16 101.42 9.76 1489 027
F 874.9 2.31 12316 0.06 0.17 98.42 9.38 13.96  0.30

*; P<0.05, **; P<0.01, BW; Body weight, TDT; Total digestive tract, SIL; Small intestine length, LIL; Large intestine length, CL; Cecum length, SEM;
Standard Error of Means, NS; Insignificant, M; Male, F;Female, a, b, c; Means within columns with no common superscript letter differ significantly

Pheasants are game birds and preferred for niche markets. Rearing them in indoor systems became popular to meet the
demand. On the other hand, the reason of consumers’ preference is their gamey taste. Also, they are still not fully domesticated
birds. Therefore, free-range systems could be more suitable for pheasant rearing in overall terms. This could be related to
increased welfare conditions in free-range area for these non-domesticated birds. In conclusion, non-domesticated birds like
pheasants have to be reared in animal friendly or organic production systems. This production model could have advantages
both for consumers and producers.
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