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Abstract
Basic carcass characteristics, the quality traits of meat and internal organs from 10 fallow deer 
bucks and 10 does aged from 31 to 32 months were investigated. No sex effects on the bled body 
weight, meat yield and carcass composition were found. A significantly higher weight of mesen-
teric and omental fat (by 0.44 kg) was found for does. The combined share of muscle and fat in 
the carcass parts ranged from 77.9 to 78.5%, and the share of bones from 21.5 to 22.1%. No sex 
effects were found for the pH and water holding capacity measurements. Venison from males was 
characterized by a significantly higher thermal drip value (P=0.043) and higher L* (P=0.026), a* 
(P=0.010) and b* (P=0.036) values compared to does. The extracted fat content was significantly 
higher for females compared to males (P=0.009). The chemical analysis of deer edible by-products 
indicated the highest level of protein for the liver (17%), and the highest level of dry matter and fat 
for the tongue (33–34% and 15–18%, respectively).
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Diseases characteristic of modern Western civilization are very common. One 
of the deciding factors influencing the development of cardiovascular diseases and 
causing overweight in people, is a diet rich in saturated fatty acids (Hu and Wil-
lett, 2002). Today, the modern consumer has become more conscious about the in-
fluence of food on human health. In the meat industry, this awareness has caused  
a growth in the consumption of nutritionally valuable venison (Volpelli et al., 2002). 
Deer is a species which, compared to traditional livestock breeds, was skipped in 
the intensive breeding system typical of today’s meat industry. Animals kept on deer 
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farms eat vegetation. For these deer, food concentrates are used mainly to improve 
the condition of the animals during the winter period (Bovolenta et al., 2013). The 
pasture-based, extensive system, though, does not always assure the proper slaughter 
traits of animals. For this reason, some venison producers incorporate activities like 
castration and the use of feed concentrate, which are typical, intensive meat produc-
tion activities. These activities are meant to increase the profitability of deer farm-
ing (Hudson, 2000). There is a risk that such procedures may decrease the venison 
quality. That is why all efforts should be made to retain healthy aspects of venison. 
Both the positive and negative impact of deer farming procedures on the deer indus-
try must be studied. Research carried out in the field of meat science could help to 
balance the nutritional and sensory qualities of venison with the economical profit-
ability of deer farming. The deer meat market is quite a new branch in the meat 
industry. Venison is not as commonly available in meat marketing as pork or beef. 
The physicochemical traits of venison have not been as thoroughly studied as the 
characteristics of the traditionally-farmed animal meat. Therefore, the main focus 
of the presented research is to increase the existing information available on fallow 
deer meat and some physical and chemical characteristics of the edible by-products. 
We also analysed differences in the meat performance of fallow bucks and does. The 
research hypothesis was that both fallow deer meat and internal organs have a high 
technological and nutritional quality.

Material and methods

Fallow deer pre-slaughter management
The study was conducted on a group of 20 farmed fallow deer (Dama dama) 

including 10 males and 10 females, aged from 31 to 32 months. The animals were 
assigned to two very similar paddocks (the same botanical composition) of one pas-
ture. The summer forage was based on the pasture vegetation. The winter diet was 
based on grass haylage (ad libitum) and grain (oats, barley, maize in equal propor-
tions). Each animal was provided 0.5 kg grain per day, irrespective of sex. In the 
summer and winter periods, the fallow deer had constant access to water and mineral 
salts (salt lick). The slaughter took place in the first week of February, in subzero 
temperatures, in order to prevent meat spoilage during the post-slaughter transport. 
The slaughter involved shooting the animals (Polish Law Gazette 2005, No 33.298). 
Directly after shooting the animals were bled-out and transported to the slaughter-
house, weighed (to within an accuracy of 0.1 kg), and eviscerated (all within three 
hours from slaughter). The body weight of fallows after bleeding-out has been des-
ignated as the bled body weight (BBW).

Characteristics of the carcass and non-carcass parts 
After dressing (removal of hide, and internal organs) the carcasses were weighed. 

The following non-carcass products were weighed separately: the head (without ant-
ler, cut between the base of skull and the first cervical vertebrae), the tongue, skin, 
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front feet (cut between the carpal and metacarpal bones), hind feet (cut between the 
tarsal and metatarsal bones), full gastro-intestinal tract, fat depots (omental, mes-
enteric, and perinephric fat depots), and internal organs (diaphragm, spleen, lungs, 
heart, liver, kidneys). All the non-carcass products were weighed to an accuracy of 
0.1 kg. The dressing percentage was calculated on the basis of the hot carcass weight 
and the bled body weight. 

The carcasses were cut into half-carcasses. The left side of each carcass was 
split into the following commercial cuts: shoulder, scrag end, loin, ribs together with 
flank, and leg. First the shoulder was separated with a curved cut in accordance with 
the shape of the scapula bone, along the anterior part of the lateral wall of the thorax 
(from the sternal end of the first rib to the level of the fourth thoracic vertebrae). The 
scrag (the cranial end) was separated between the occipital bone and the first cervical 
vertebra. The flank was separated from the ribs with a cut made ventrally along the 
line of ribs. The second cut was made caudally between the second and third thoracic 
vertebra. The loin was cut cranially between the second and third thoracic vertebra. 
The cut was made caudally between the last lumbar vertebra and the first sacral ver-
tebra, towards the hip bone. Then, a cut was made detaching the muscles from the 
hip bone. These half-carcass parts were weighed to within a 1 g accuracy, and their 
percentages in the cold carcass weight were calculated. All the commercial cuts were 
dissected by separating the bones (together with sinews) from the combined muscle 
and fat tissues. 

Analysis of deer meat physicochemical traits 
The analysis of fallow deer meat included: pH, colour (L*, a*, b*), water holding 

capacity measured with the pressure method (WHC), thermal drip (TD) and chemi-
cal composition (dry matter, fat and total protein content). The analysis of internal 
organs included: pH and chemical composition (dry matter, fat and total protein con-
tent).

The characteristics of fallow venison were analysed using the samples of m. semi-
membranosus collected from the carcasses after a 24-hour chilling period at 1 to 2°C. 
The evaluation of organ quality was made on samples from the heart (after removal 
of the epicardial adipose tissue), the tongue, and the kidneys. Acidity (pH) was mea-
sured in the m. semimembranosus, and four by-products: the tongue, liver, heart, and 
kidneys, at 6 hours (pH6), and 24 hours (pH24) after slaughter. Acidity was evaluated 
using a combination glass calomel electrode. For the duration of the research, all 
the collected samples were kept at 1 to 2°C. Twenty-four hours after slaughter, the 
meat colour was expressed by the CIE tristimulus system which measures L* (light-
ness), a* (redness), and b* (yellowness) values. The colour space parameters were 
measured by the reflectance method using a Minolta Colorimeter CR-200b, with an 
illuminant C, a 10° observer, and a 30 mm-diameter aperture size at one point (the 
samples had a uniform appearance) of m. semimembranosus cross-section (in the 
widest part), after a bloom period of 10 min. The chemical composition of meat was 
analysed to determine water content – the samples were dried at 105°C to a constant 
weight (PN-ISO 1442. 2000), crude fat was determined according to Soxhlet (PN-
ISO 1444, 2000), and crude protein according to Kjeldahl (PN-A-04018, 1975). The 
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thermal drip (TD) was measured after Honikel (1998). The 2.5 cm thick, transverse 
slices of m. semimembranosus (about 50–70 g) were placed in polyethylene bags 
with the bag’s wall firmly adhering to the meat sample. The bags with meat were 
placed in the water bath at 75°C for 30 min, and then cooled to the room temperature 
and weighed in order to calculate the change in the weight of the sample (%). The 
water holding capacity (WHC) was measured using a pressure method, after Grau 
and Hamm (1953) in modification of Pohja and Niinivaara (1957). Small samples of 
ground meat (0.2–0.4 g) were placed on a filter paper between two glass tiles. A force 
of 2 kg was applied on each sample for 5 min, and the samples were weighed straight 
after in order to calculate the change in the weight of the sample (%). 

Statistical analysis
The effects of sex on the bled body weight, hot carcass weight, dressing percent-

age, the weights of carcass parts, selected internal organs, mesenteric and omental 
fat, perinephric fat, the tissue composition of carcass parts, the water holding capac-
ity (pressure method), thermal drip and colour (L*, a*, b*) of meat, were calculated 
using the ANOVA of SAS ver. 9.1 software package (SAS, 2001):

Yij = µ + αi + eij 

where:
µ – the overall mean of analysed trait,
αi – the fixed effect of ith sex (i=1, 2),
eij – the random error.

The effects of sex and the point of measurement (five points: m. semimembrano-
sus, tongue, heart, liver and kidneys) on the pH (pH6, pH24) and chemical composi-
tion (dry matter, total protein, extracted fat) were calculated with the linear mixed 
model given below. Tukey-Kramer adjustment was made for multiple comparisons 
of LS-mean differences. The analyses were done with SAS ver. 9.1 software package 
(SAS, 2001):

Yijkl = µ + αi + πj(i) + βk + αβik + eijkl

where:
µ – the overall mean of analysed trait,
αi – the fixed effect of ith sex (i=1, 2),
πj(i) – the random effect due to the jth individual in the ith sex (j=1, 2, …, 10),
βk – the effect of kth point of measurement as the repeated measures factor (k = 1, 

2, 3, 4, 5),
αβik – the effect of interaction between factors,
eijkl – the random error.

The Pearson correlation coefficients were calculated (SAS, 2001) from among 
the carcass quality traits when data for males and females were combined.
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Results

No significant differences were found between male and female fallow deer for 
the bled body weight, dressing percentage and most of the analysed carcass items 
(Table 1). However, does had a higher weight of mesenteric and omental fat (by  
0.44 kg, P=0.029). The weight of the kidneys, heart, and tongue and hot carcass 
weight (HCW) did not vary between the sexes (Table 2). The fallow bucks had  
a significantly higher liver weight (by 0.239 kg, P=0.049) compared to females. 

Table 1. The effect of sex on the mean bled body weight, carcass weight, dressing percentage (relative 
to bled body weight), and weights of carcass parts and non-carcass sub-products

Items Male
n = 10

Female
n = 10

Effect of sex 
(P-value)

BBWc  (kg) LSM ± SE 51.4±5.2 47.8±3.8 0.589
HCWc  (kg) LSM ± SE 33.0±3.7 30.3±2.7 0.565
Dressing percentage (hot) (%b) LSM ± SE 63.3±1.1 63.3±0.8 0.984
Front feet (kg) LSM ± SE 0.66±0.05 0.57±0.04 0.165
Hind feet (kg) LSM ± SE 0.78±0.06 0.66±0.04 0.135
Head (kg) LSM ± SE 2.41±0.27 1.87±0.20 0.131
Skin (kg) LSM ± SE 4.31±0.48 3.93±0.35 0.531
Other organsa (kg) LSM ± SE 2.92±0.27 2.50±0.19 0.218
Gastro-intestinal tract (full) (kg) LSM ± SE 5.79±0.44 6.01±0.32 0.698
Mesenteric and omental fat (kg) LSM ± SE 0.65±0.14 1.09±0.10 0.029*
Perinephric fat (kg) LSM ± SE 0.35±0.05 0.46±0.04 0.121

* P≤0.05.
a other organs: trachea, lung, heart, liver, diaphragm, kidneys, spleen. 
b % bled body weight.
c BBW – bled body weight ; HCW – hot carcass weight.

Table 2. The effect of sex on the weight of the internal organs

Items Male Female Effect of sex 
(P-value)

Liver (kg) LSM ± SE 0.951±0.107 0.712±0.079 0.049*
Kidneys (kg) LSM ± SE 0.115±0.011 0.103±0.007 0.405
Heart (kg) LSM ± SE 0.408±0.035 0.358±0.026 0.275
Tongue (kg) LSM ± SE 0.157±0.011 0.144±0.008 0.311

* P≤0.05.

Table 3. The effect of sex on the proportion (%) of carcass parts in the carcass weight

Items Male Female Effect of sex 
(P-value)

Leg (%) LSM ± SE 35.2 ± 0.7 35.5 ± 0.6 0.747
Loin (%) LSM ± SE 17.7 ± 0.5 17.9 ± 0.4 0.746
Shoulder (%) LSM ± SE 16.7 ± 0.3 16.7 ± 0.2 0.952
Ribs with flank (%) LSM ± SE 16.6 ± 0.5 16.7 ± 0.4 0.824
Scrag (%) LSM ± SE 13.7 ± 0.8 13.1 ± 0.6 0.557
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There were no effects of sex on the percentage of carcass parts (Table 3). No dif-
ferences between males and females were found for the combined portions of muscle 
and fat tissue and the bone portion in the carcass. The combined amount of muscle 
and fat in particular carcass parts ranged from 72.3 to 81.4%, and the share of bones 
from 18.6 to 27.7% (Table 4).

Table 4. The effect of sex on the composition (%) of the whole carcass and carcass parts in terms of 
dissected components

Items

Male Female Effect of sex (P-value)
meat and fat 

(%)
LSM ± SE

bone 
(%)

LSM ± SE

meat and fat 
(%)

LSM ± SE

bone 
(%)

LSM ± SE

meat and 
fat bone

Carcass composition 77.9±0.3 22.1±0.3 78.5±0.3 21.5±0.3 0.149 0.146
Leg 80.0±0.5 20.0±053 80.1±0.4 19.9±0.4 0.908 0.907
Loin 75.5±0.6 24.5±0.6 76.2±0.5 23.8±0.5 0.429 0.428
Shoulder 80.8±0.6 19.2±0.6 81.7±0.4 18.3±0.4 0.257 0.253
Ribs with flank 77.7±0.8 22.3±0.8 79.3±0.6 20.7±0.6 0.157 0.156
Scrag 72.1±0.8 27.9±0.8 72.5±0.6 27.5±0.6 0.746 0.732

Table 5. The effect of sex and the point of measurement on the pH values

Points of 
measurement

Male Female Effect of sex 
(P-value)

pH6
LSM ± SE

pH24
LSM ± SE

pH6
LSM ± SE

pH24
LSM ± SE pH6 pH24

M. semimembranosus 5.43 A±0.02 5.54 A±0.12 5.42 A±0.02 5.52 A±0.12 0.841 0.241
Liver 5.93 B±0.02 5.95 BC±0.12 5.93 B±0.02 5.96 B±0.12 0.999 0.998
Kidneys 6.43 C±0.02 6.22 B±0.12 6.43 C±0.02 6.52 BC±0.12 0.998 0.608
Heart 6.37 C±0.02 6.33 B±0.12 6.45 C±0.02 6.44  BC±0.12 0.574 0.999
Tongue 5.77 D±0.02 5.74 AC±0.12 5.77 D±0.02 5.79 AB±0.12 0.883 0.999

Means for the points of measurements within the same column with different alphabetical letters (A, B, C, 
D) were significantly different (P≤0.01).

There were no effects of sex on the pH value of the analysed measurement points, 
considering both pH measurements: 6 (pH6, P=0.435) and 24 (pH24, P=0.217) hours 
after slaughter. The pH6 value of the kidneys and the heart did not vary significantly 
in both sexes. While in the case of other points of measurement significant differ-
ences were found in the pH6 value of both sexes (P≤0.01). No significant differences 
were found between the pH24 of tongue and the pH24 of m. semimembranosus and 
liver, as well as between the pH24 of kidneys and heart, in both sexes (Table 5). 

The research indicates the effects of sex on the content of dry matter (P=0.035) 
and extractable fat (P=0.009) in the investigated points of measurement. Sex did not 
affect the content of protein in the analysed points of measurement (P=0.284). From 
among the five analysed points of measurement, the tongue of females was found to 
have a higher level of dry matter (P=0.003) and extractable fat (P=0.001) compared 
to males. For both sexes the tongue had a significantly higher content of dry matter 
(P≤0.01) and extractable fat (P≤0.01) compared to m. semimembranosus, liver, kid-
neys and heart. For both sexes the protein content in m. semimembranosus (P≤0.01) 
was higher compared to liver, kidneys, heart and tongue (Table 6).
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Table 7. The effect of sex on the water holding capacity (WHC) measured with the pressure method, 
thermal drip (TD), and the colour space parameters of the semimembranosus muscle

Items Male Female Effect of sex (P-value)
WHC (%) LSM ± SE 32.4±0.6 33.4±0.6 0.257
TD (%) LSM ± SE 27.4±0.4 26.4±0.4 0.043*
L* LSM ± SE 40.1±0.7 37.8±0.7 0.026*
a* LSM ± SE 13.4±0.4 11.9±0.4 0.010**
b* LSM ± SE 7.5±0.4 6.2±0.4 0.036*

* P≤0.05; ** P≤0.01.

Table 8. The coefficients of the Pearson correlation for carcass quality indicators. (P-value)
pH24 WHC TD L* a* b* DM CP

WHC –0.067 
(0.778)

TD 0.285 
(0.224)

–0.174 
(0.464)

L* 0.448 
(0.041*)

–0.248 
(0.291)

0.177 
(0.456)

a* 0.085 
(0.723)

0.117 
(0.622)

0.078 
(0.743)

0.512 
(0.021*)

b* 0.630 
(0.001***)

0.395 
(0.048*)

0.314 
(0.177)

0.473 
(0.034*)

0.405 
(0.047*)

DM –0.554 
(0,010**)

0.210 
(0.373)

0.010 
(0.763)

–0,174 
(0.465)

–0.065 
(0.784)

–0.264 
(0.322)

CP 0.062 
(0.796)

0.347 
(0.133)

–0.047 
(0.764)

–0.331 
(0.153)

–0.111 
(0.642)

0.431 
(0.043*)

–0.136 
(0.568)

EF –0.343 
(0.342)

0.209 
(0.375)

0.072 
(0.764)

–0.369 
(0.109)

–0.441 
(0.040*)

–0.318 
(0.216)

0.731 
(0.0004***)

–0.179 
(0,448)

* P≤0.05; ** P≤0.01; *** P≤0.001.
WHC – water holding capacity measured with the pressure method, TD – thermal drip, DM – dry matter, 

CP – crude protein, EF – extractable fat.

 There were no differences between the WHC of bucks and does (P=0.257). 
While a higher TD was noted for the venison of males (P=0.043) compared to fe-
males (Table 7). The meat colour analysis indicated that fallow buck venison had  
a higher L* (P=0.026), a* (P=0.010) and b* (P=0.036) values compared to those 
of the does (Table 7). The Pearson correlation coefficients for the analysed veni-
son physicochemical traits were calculated (Table 8). A significant correlation was 
observed between pH24 and the dry matter content in the m. semimembranosus 
(r=–0.554, P≤0.01), between pH24 and L* (r=0.448, P≤0.05), pH24 and b* (r=0.630, 
P≤0.001). The WHC showed a moderate correlation with b* (r=0.396, P≤0.05). 
Moderate (from r=0.405 to 0.512, P≤0.05) correlations were observed between the 
meat colour indicators (L*, a*, and b*). Among the relations between meat colour 
indicators and other meat characteristics, a moderate negative correlation was re-
corded between a* and the muscle fat content (r=–0.441, P≤0.05), as well as for b* 
and muscle protein content (r=0.431, P≤0.05).
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Discussion

The characteristics obtained in the presented study on fallow deer carcasses of 
males are in agreement with those obtained by Volpelli et al. (2002) for 30-month-
old fallow bucks with a body weight of 53.3 kg. The animals showed similar val-
ues of hot carcass weight (32,6 kg) and dressing percentage (60.9%), head weight  
(2.42 kg), skin weight (3.66 kg), and other organs weight (2.56 kg) to the fallow 
males analysed in the current study. The analysis of fallow deer BBW, HCW, and 
dressing percentage showed no differences between sexes. The analysis of non-car-
cass fat depots revealed a higher mesenteric and omental fat weights in female fal-
low deer when compared to the males. Mojto and Kartusek (1993) reported a lower 
weight and percentage of liver, heart, and perinephric fat, and a lower weight and 
percentage of the kidneys for fallow deer aged from 22 to 23 months. The aforemen-
tioned differences were probably due to the younger age of the animals analysed by 
Mojto and Kartusek (1993). Fallow bucks in the present research had significantly 
higher weight of the liver (P≤0.05). Most of the research on other species of rumi-
nants, like sheep and goats, indicate no effects of sex on the liver weight (Mioč et 
al., 2013), and on the weight of visceral organs in general (Bonvillani et al., 2010). 
However Peña et al. (2005) found that sex affected the weight of the visceral organs 
of sheep, and that males were characterized by a significantly higher weight of the 
red offals (P≤0.05) and white offals (P≤0.01) compared to females, with no indica-
tion of specific internal organs responsible for that difference. No significant sex 
effects on the percentage contribution of commercial cuts were found in the present 
investigation. The percentage of anatomical joints reported in the present study dif-
fered from the results obtained by Volpelli et al. (2002), though in both cases the age 
and the slaughter weight of the animals were much alike. The difference may be due 
to a different way of jointing the deer carcasses. 

The muscle acidity measured 24 hours after slaughter (females pH24=5.52, males 
pH24=5.54) was in accordance with the results of other research concerning fallow 
deer meat quality (Wilkund et al., 2004, 2005). Wilkund et al. (2004) reported a wide 
range of pH (5.56–6.63) for the fallow deer. Hutchison et al. (2012) observed higher 
pH values (5.69–5.80), however the measurement was taken on a different muscle 
(m. longissimus dorsi). There were no sex effects on the pH24 measured on the semi-
membranosus muscle and internal organs. This is in accordance with the results of 
investigations dealing with the meat quality of roe deer (Daszkiewicz et al., 2012; 
Purchas et al., 2010). As for the internal organs, the kidneys had the highest pH6 
(6.43) and the tongue had the lowest pH6 (5.77). After 24 hours from the slaughter 
the pH value of the kidneys was still higher compared to other analysed internal 
organs, and the pH for the tongue was the lowest. Significant differences were found 
for the pH measurements (pH6 and pH24) between the analysed points of measure-
ment (semimembranosus muscle and organs), mainly due to the differences in their 
histological structure. Similar effects of the points of measurement (muscles and 
internal organs) on pH value were reported by Stanisz et al. (2015) in the research 
on goats. The value of TD recorded for fallow deer males was similar to the results 
obtained by Volpelli et al. (2003) for 30-month-old fallow males (TD=27.35%), and 
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it was within a range (25.65–30.19%) presented by Cifuni et al. (2014). The TD of 
venison analysed in the current study was slightly higher for males compared to 
females (P=0.043), which is in accordance with the findings of Purchas et al. (2010) 
concerning red deer (29.62% vs. 28.26%). The studies on roe deer showed no effects 
of gender on the venison TD (Daszkiewicz et al., 2012). The results of TD measure-
ment presented in the current study may be considered as an indicator of the higher 
physicochemical quality of the meat produced by females. Lower TD is an indicator 
of greater meat capacity to hold water during thermal processing. The loss of mois-
ture negatively affects the meat juiciness and nutritional value, because the solution 
that is lost from postmortem muscle contains a significant amount of protein (Savage 
et al., 1990).

The research conducted by Mulley et al. (2006) on the consumer liking of deer 
venison showed that the meat from does (36 months old) was scored significantly 
higher compared to the venison from fallow bucks (18–24 months old), although the 
doe meat was darker. Translating this observation into instrumental measurements, 
the survey indicates that the colour parameters of venison produced by does: L* 
ranging from 21.91 to 22.37, a* ranging from 12.93 to 13.98, and b* ranging from 
1.43 to 1.84, were preferred by consumers to the colour parameters of the venison 
produced by bucks with lower a* (from 11.58 to 12.28) and b* (0.084 to 0.122). The 
L* and b* values reported in our study were much higher compared to colour pa-
rameters of the fallow venison highly rated by consumers in the research conducted 
by Mulley et al. (2006). This may lead to a conclusion about too bright colour of the 
venison analysed in the present study which may not meet the consumer expecta-
tions. Moreover the semimembranosus muscle from bucks had slightly higher val-
ues of the colour space parameters: L* (P=0.026), a* (P=0.010), and b* (P=0.036), 
compared to semimembranosus muscle from does. Higher muscle brightness of the 
meat from fallow bucks found in this study should not be connected with the content 
of intramuscular fat, since a higher level of this fat was found in the meat from does 
(P=0.009). Purchas et al. (2010) reported higher L* parameter for the meat from red 
deer stags compared to meat from hinds (39.7 vs 38.6; P=0.013) with no difference 
in a* and b* colour parameters. Conversely, Daszkiewicz et al. (2012) reported no 
effects of sex on the colour of roe deer meat. The extracted fat content in the venison 
from fallow deer was generally low in the present study which is in accordance with 
the results of similar investigations of deer meat (Daszkiewicz et al., 2012; Purchas et 
al., 2010; Polak et al., 2008) and confirms the high dietetic value of fallow deer meat. 
A higher fat content for fallow deer meat was observed by Dahlan and Norfarizan 
Hanoon (2008), most probably due to different age of animals (30–38 months), and 
different types of analysed muscles (m. longissimus and biceps femoris) compared 
to our study. The presented analysis of the proximal composition of meat shows that 
fallow bucks have a lower extracted fat content (P=0.009), and consequently less 
DM (P=0.041) compared to does. A significantly lower fat level in male venison was 
also reported in roe deer by Daszkiewicz et al. (2012) (0.83% in males vs. 1.46% in 
females) and in red deer by Purchas et al. (2010) (0.63% vs. 1.12%). While Polak et 
al. (2008) found that sex affected the fat content in m. semitendinosus with no differ-
ence between sexes for m. triceps brachii. Since the amount of intramuscular fat has 
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been proven to influence meat tenderness and flavour (Schwab et al., 2006; Wood 
et al., 1999), venison from fallow females has a chance to gain higher consumer ac-
ceptance than meat produced by males. Daszkiewicz et al. (2012) reported that in roe 
deer, sex also influenced the total protein content (21.84% in males vs. 22.79% in 
females) in venison. However, sex did not influence the protein level in fallow meat 
analysed in the current study (P=0.620). From among the analysed internal organs 
the highest amount of fat was found in the tongue. For females the fat level in the 
tongue was significantly higher compared to males (18.16 vs. 15.03%, P=0.010). 
Simultaneously the tongue was characterized by the highest content of dry matter, 
significantly higher for females compared to males (34.5 vs. 31.2%, P=0.048). The 
highest content of protein was found in the liver (above 17%), with no difference 
between sexes (P=0.443). Considering the relations between physical and chemi-
cal traits of fallow deer venison, no significant correlation (r=0.072, P=0.764) was 
found between the percentage of extracted fat and the thermal drip of the analysed 
muscle. This is in accordance with Stevenson et al. (1992), who reported a similar 
result for the m. semimembranosus of red deer stags. A slight correlation was re-
corded between a* and fat (r=–0.441, P=0.040). Significant correlations between 
the pH24 and L* (r=0.448, P=0.041), pH24 and b* (r=0.630, P=0.001) value of the 
semimembranosus muscle are promising, as the pH measured 24 hours after slaugh-
ter may be used as the venison colour indicator. The research on the post-slaughter 
biochemical changes in muscles indicates a strong influence of pH changes on the 
level of myoglobin oxygenation, which is related with the meat colour space param-
eters (Ledward, 1992; Price and Schweigert, 1987). As the colour of meat strongly 
influences the consumer acceptance of culinary meat (Faustman and Cassens, 1990), 
this observation is considered as important. 

Conclusions
The results indicate a high physical and chemical quality of both the fallow deer 

meat and edible by-products. The differences found in the colour space parameters, 
thermal drip and fat content in the meat of fallow bucks and does, may result in dif-
ferent processing properties and technological usefulness of products obtained from 
the different sexes. The meat yield and the portion of commercial carcass parts did 
not differ between sexes so that similar levels of venison production from fallow 
males and females can be expected. However the growth rates and the efficiencies of 
growth may influence the profitability of farming fallow males and females, and their 
effect on venison production should be taken into consideration in further research.

References

B o n v i l l a n i  A., P e ñ a  F., d e  G e a  G., G ó m e z  G., P e t r y n a  A., Perea J. (2010). Carcass char-
acteristics of Criollo Cordobés kid goats under an extensive management system: effects of gender 
and liveweight at slaughter. Meat Sci., 86: 651–659. 

B o v o l e n t a  S., C o r a z z i n  M., F o c a r d i  S., P i a s e n t i e r  E. (2013). Supplementary feeding of 
farmed fallow deer: effect on milk composition and fawn performance. Ital. J. Anim. Sci., 12, p. e98.



M. Stanisz et al.1066

C i f u n i  G.F., A m i i c i  A., C o n t o  M., V i o l a  P., F a i l l a  S. (2014). Effects of the hunting method 
on meat quality from fallow deer and wild boar – preliminary studies for predicting lipid oxidation 
using visible reflectance spectra. Eur. J. Wildlife Res., 60: 519–529.

D a h l a n  I., N o r f a r i z a n  H a n o o n  N.A. (2008). Characteristics and cutability of farmed rusa deer 
(Cervus timorensis) carcasses for marketing of venison. Asian Austral. J. Anim., 22: 740–746.

D a s z k i e w i c z  T., K u b i a k  D., W i n i a r s k i  R., K o b a - K o w a l c z y k  M. (2012). The effect 
of gender on the quality of roe deer (Capreolus capreolus L.) meat. Small Ruminant Res., 103: 
169–175.

F a u s t m a n  C., C a s s e n s  R.G. (1990). The biochemical basis for discoloration in fresh meat.  
A review. J. Muscle Foods, 1: 217–243.

G r a u  R., H a m m  G. (1953). Eine einfache Metode zur Bestimmung die Wasserbindung in Muskel. 
Die Naturwissenschaften, 40: 277–279.

H o n i k e l  K.O. (1998). Reference methods for the assessment of physical characteristics of meat. Meat 
Sci., 49: 447–457.

H u  F.B., W i l l e t t  W.C. (2002). Optimal diets for prevention of coronary heart disease. JAMA, 288: 
2569–2578.

H u d s o n  R.J. (2000). Nutrition of farmed deer. http://www.deer.rr.ualberta.ca/library/deernutr/nutri-
tion.html.

H u t c h i s o n  C.L., M u l l e y  R.C., W i l k u n d  E., F l e s h  J.S. (2012). Effect of concentrate feed-
ing on instrumental meat quality and sensory characteristics of fallow deer venison. Meat Sci., 90: 
801–806.

L e d w a r d  D.A. (1992). Colour of raw and cooked meat. In: The chemistry of muscle based foods,  
Johnston D.E., Knight M., Ledward D.A. (eds), Royal Society of Chemistry, London, pp. 128–144.

M i o č  B., D r ž a i ć  V., V n u č e c  I., P r p i ć  Z., A n t u n o v i ć  Z., B a r a ć  Z. (2013). Some slaughter 
and meat traits of lambs and kids from an extensive production system. Vet. Archiv., 83: 263–274.

M o j t o  J., K a r t u s e k  V. (1993). Carcass quality of fallow deer raised on a farm at various ages. 
Zivočisna Vỳroba, 38: 1101–1107.

M u l l e y  R., H u t c h i s o n  C., F l e s c h  J., W i l k u n d  E., N i c e t i c  O. (2006). The relationship 
of body condition score with consumer perception of venison quality. A report for the Rural Indus-
tries Research and Development Corporation, available online:  https://rirdc.infoservices.com.au/
items/06-043 

P e ñ a  F., C a n o  T., D o m e n e c h  V., A l c a d e  M a  J., M a r t o s  J., G a r c i a - M a r t i n e z  A., 
H e r r e r a  M., R o d e r o  E. (2005). Influence of sex, slaughter weight and carcass weight on “non-
carcass” and carcass quality in Segureña lambs. Small Ruminant Res., 60: 247–254.

P o h j a  M.S., N i i n i v a a r a  F.P. (1957). Die Bestimmung der Wasserbindung des Fleisches mittels 
der Konstantdrückmethode. Fleischwirtschaft, 9: 193–195.

P o l a k  T., R a j a r  A., G a š p e r l i n  L., Ž l e n d e r  B. (2008). Cholesterol concentration and fatty acid 
profile in red deer (Cervus elaphus) meat. Meat Sci., 80: 864–869.

P r i c e  J.F., S c h w i e g e r t  B.S. (1987). The Science of Meat and Meat Products. 3rd ed. Food and 
Nutrition Press, Westport, CT.

P u r c h a s  R.W., T r i u m f  E.C., E g e l a n d s d a l  B. (2010). Quality characteristics and composition 
of the longissimus muscle in the short-loin from male and female farmed red deer in New Zealand. 
Meat Sci., 86: 505–510.

Regulations of Minister of Agriculture and Rural Development, Polish Law Gazette no. 33.298 (2005). 
Internet System of Legal Documents, http://isap.sejm.gov.pl/DetailsServlet?id=WDU20050330298 
(in Polish). 

S a v a g e  A.W.J., Wa r r i s s  P.D., J o l l e y  P.D. (1990). The amount and composition of the proteins 
in drip from stored pig meat. Meat Sci., 27: 289–303. 

S c h w a b  C.R., B a a s  T.J., S t a l d e r  K.J., M a b r y  J.W. (2006). Effect of long-term selection  
for increased leanness on meat and eating quality traits in Duroc swine. J. Anim. Sci., 84:  
1577–1583. 

S t a n i s z  M., L u d w i c z a k  A., P i e t r z a k  M., Ś l ó s a r z  P. (2015). The quality of meat and edible 
by-products from kids with different inheritance of Boer goat. Small Ruminant Res., 125: 81–87. 

S t e v e n s o n  J.M., S e m a n  D.L., L i t t l e j o h n  R.R. (1992). Seasonal variation in venison quality 
of mature, farmed red deer stags in New Zealand. J. Anim. Sci., 70: 1389–1396.



Effect of sex on fallow deer meat 1067

T e š a n o v i ć  D . ,  K a l e n j u k  B., T e š a n o v i ć  D., P s o d o r o v  D., R i s t i ć  Z., M a r k o - 
v i ć  V. (2011). Changes of biochemical and sensory characteristics in the musculus longissimus 
dorsi of the fallow deer in the early phase post-mortem and during maturation. Af. J. Biotechnol., 
10: 11668–11675.

Vo l p e l l i  L.A., Va l u s s o  R., P i a s e n t i e r  E. (2002). Carcass quality in male fallow deer (Dama 
dama): effects of age and supplementary feeding. Meat Sci., 60: 427–432.

Vo l p e l l i  L.A., Va l u s s o  R., M o r g a n t e  M., P i t t i a  P., P i a s e n t i e r  E. (2003). Meat qual-
ity in male fallow deer (Dama dama): effects of age and supplementary feeding. Meat Sci., 65: 
555–562.

W i l k u n d  E., M a n l e y  T.R., L i t t l e j o h n  R.P. (2004). Glycolytic potential and ultimate muscle 
pH values in red deer (Cervus elaphus) and fallow deer (Dama dama). Rangifer, 24: 87–94.

W i l k u n d  E., H u t c h i s o n  C., F l e s c h  J., M u l l e y  R., L i t t l e j o h n  R.P. (2005). Colour stabil-
ity and water-holding capacity of m. longissimus and carcass characteristics in fallow deer (Dama 
dama) grazed on natural pasture or fed barley. Rangifer, 25: 97–105.

Wo o d  J.D., E n s e r  M., F i s h e r  A.V., N u t e  G.R., R i c h a r d s o n  R.I., S h e a r d  P.R. (1999). 
Manipulating meat quality and composition. P. Nutr. Soc., 58: 363–370.

Received: 17 XII 2014
Accepted: 23 VI 2015





CONTENTS

Review
1.	Z. Litwińczuk, J. Król, A. Brodziak – Factors determining the susceptibility of cows to mastitis and 
losses incurred by producers due to the disease – a review .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	819

2.	A. Józefiak, M. Woźniak, J.M. Jaśkowski – The Middle East Respiratory Syndrome Coronavirus 
(MERS-CoV) – what is the risk? A review of recent studies      .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	833

3.	E. Molik, M. Błasiak – The role of melatonin and bromocriptine in the regulation of prolactin secre-
tion in animals – a review .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	849

Animal genetics and breeding
4.	W.P. Świderek, K. Fiszdon, N. Kacprzak – Inbreeding in Pembroke Welsh Corgi population in Po-
land . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	861

5.	M. Oczkowicz, A. Piestrzyńska-Kajtoch, K. Ropka-Molik – Guanine nucleotide binding protein 
(GNAS complex locus ) gene produces biallelically expressed and paternally expressed transcripts 
in pigs   . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	867

6.	T. Próchniak, I. Rozempolska-Rucińska, G. Zięba, M. Łukaszewicz – Evaluation of the breeding 
value based on scores achieved in the Polish Championships for Young Horses .  .  .  .  .  .  .  .  .  .  .  	879

7.	K. Kasperek, B. Horecka, A. Jakubczak, B. Ślaska, M. Gryzińska, M. Bugno-Poniewierska,  
M. Piórkowska, G. Jeżewska-Witkowska – Analysis of genetic variability in farmed and wild popu-
lations of raccoon dog (Nyctereutes procyonoides) using microsatellite sequences .  .  .  .  .  .  .  .  .  . 	889

8.	M. Bohlouli, S. Alijani, M.R. Varposhti – Genetic relationships among linear type traits and milk 
production traits of Holstein dairy cattle    .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	903

The biology, physiology, reproduction, and health
9.	S. Dobosz, M. Dębowska, J. Krom, M. Jankun, T. Zalewski, K. Ocalewicz – Application of the UV-
irradiated homologous and heterologous sperm for activation of the rainbow trout (Oncorhynchus 
mykiss) eggs and production of the gynogenetic stocks  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	919

Animal nutrition, and feedstuffs
10.	M. Pieszka, M. Kamyczek, B. Rudzki, M. Łopuszańska-Rusek, M. Pieszka – Evaluation of the 

usefulness of hybrid rye in feeding Polish Holstein-Friesian dairy cows in early lactation .  .  . 	 929
11.	A. Kashani, B.W.B. Holman, P.D. Nichols, A.E.O. Malau-Aduli – Effect of level of Spirulina 

supplementation on the fatty acid compositions of adipose, muscle, heart, kidney and liver 
tissues in Australian dual-purpose lambs . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 945

12.	F. Brzóska, B. Śliwiński, O. Michalik-Rutkowska, J. Śliwa – The effect of garlic (Allium sati-
vum L.) on growth performance, mortality rate, meat and blood parameters in broilers . .  .  .  . 	 961

Quality and safety of animal origin products
13.	Z. Litwińczuk, P. Domaradzki, M. Florek, P. Żółkiewski, A. Staszowska – Content of macro- 

and microelements in the meat of young bulls of three native breeds (Polish Red, White-
Backed and Polish Black-and-White) in comparison with Simmental and Polish Holstein-
Friesian    .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 977

14.	D. Lisiak, K. Borzuta, P. Janiszewski, E. Grześkowiak, K. Powałowski, Ł. Samardakiewicz, 
B. Lisiak – Development of ZP method for SEUROP pig carcass grading in Poland    . .  .  .  . 	 987

15.	M. Tabaszewska, T. Grega, D. Najgebauer-Lejko, G. Jaworska – The influence of WPC 80 
additive on  the stability of water-in-oil emulsions   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	 997

16.	J. Čítek, R. Stupka, M. Okrouhlá, K. Vehovský, L. Stádník, D. Němečková, M. Šprysl – Pre-
diction of pork belly composition using the computer vision method on transverse cross secti-
ons  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	1009

17.	K. Połtowicz, J. Nowak, D. Wojtysiak – Effect of feed restriction on performance, carcass 
composition and physicochemical properties of the m. pectoralis superficialis of broiler chick-
ens  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	1019

18.	A. Pietruszka, E. Jacyno, M. Kawęcka, W. Biel – The relation between intramuscular fat level 
in the longissimus muscle and the quality of pig carcasses and meat  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	1031

19.	M. Karwowska, J. Mikołajczak, Z.J. Dolatowski, S. Borowski – The effect of varying dis-
tances from the wind turbine on meat quality of growing-finishing pigs .  .  .  .  .  .  .  .  .  .  .  . 	1043

20.	M. Stanisz, A. Ludwiczak, P. Buda, M. Pietrzak, M. Bykowska, A. Kryza, P. Ślósarz – The 
effect of sex on the dressing percentage, carcass, and organ quality in the fallow deer (Dama 
dama)   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 	1055


