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ABSTRACT 

Fourteen male yearling red deer from the same cohort were included in this study. Seven of these animals 
were fast growing and reached slaughter live weight in late June (fast growing group), while the second group 
of seven deer did not reach slaughter live weight until early December (slower growing group). All animals 
were slaughtered according to standard protocol. Carcass composition was determined by computed 
tomography scanning. Water-holding capacity, meat pH, tenderness and sarcomere length were measured in 
samples (M. longissimus) at 1 day post slaughter and in samples kept in chilled storage at -1.5 °C for three 
weeks. Eating quality of the meat was evaluated in consumer preference tests. Slower growing deer were 
heavier (P = 0.02) and had more fat in the shoulder (P = 0.01) and loin (P = 0.001) cuts than fast growing deer. 
Meat from fast growing deer had lower pH values (P = 0.01), lower cooking loss (P = 0.04) and longer 
sarcomere lengths (P = 0.002) than slower growing deer. Consumers judged the flavour of venison from fast 
growing deer to be best (P = 0.005), although interactions between the sensory attributes and the consumer’s 
experience of venison affected their assessment. 

Key words: venison quality; shear force; sarcomere length; purge; cooking loss; ultimate pH; consumer 
preference test. 

 

INTRODUCTION 

The New Zealand deer industry aims to meet 
market demand for deer meat (venison) by 
slaughtering deer in early spring, when animals are 
9 to 11 months old. A major strategy is to calve as 
early as possible and to maximise growth rates in 
the first seven months of life before first winter. 
Currently a small proportion of animals achieve target 
slaughter weight pre-winter. 

Deer are typically found in areas with marked 
seasonal variation with different species having 
adapted to this seasonality in climate and feed 
supply (Suttie & Webster, 1998). Therefore, deer 
have a seasonal pattern of growth, with maximum 
accretion of body tissue occurring in spring and 
summer. Weight may be lost during autumn with 
little or no weight gain taking place over the winter - 
a natural system of “built-in” compensatory growth. 
The growth rate of animals is related to muscle 
protein turnover which is essentially the balance 
between protein synthesis and protein degradation. 
During compensatory growth both the rate of 
protein synthesis and degradation are elevated. The 
strategy to induce compensatory growth with a 
period of feed restriction has been shown to improve 
tenderness in beef from steers (Allingham et al., 
1998) and pork from female pigs although not from 
castrates (Kristensen et al., 2004). 

Several studies have been performed to further 
understand the underlying physiological 
mechanisms responsible for the seasonal control of 

growth and how they might be practically 
manipulated for productive advantages (Suttie et al., 
1983). No results are currently available on the 
possible differential effects of this seasonal variation 
on protein deposition on venison quality. 

MATERIALS AND METHODS 

Animals 
Fourteen male yearling red deer were selected 

from the same cohort for slaughter from the same 
deer farm at Wairuna, South Otago, New Zealand. 
Seven of these animals were fast growing and 
reached slaughter live weight at a mean live weight 
of 95.4 kg in late June (Fast growing group), while 
the second group of seven deer  did not reach their 
mean slaughter live weight of 97.9 kg until 5 months 
later in early December (Slower growing group). 
This design meant that the animal group was 
confounded with animal age and slaughter season. 
All animals were transported to the abattoir the day 
prior to slaughter by deer trailer (125 km, 1.5 h). 
They were slaughtered at Otago Venison, Mosgiel, 
New Zealand according to standard protocol 
including electrical stimulation of all carcasses 
(rectangular pulses, with 7.5 ms duration positive 
pulses only and an out put of 90-95V) using a 
MIRINZ low voltage stimulator (Petch & Peach, 
1994). At 1 day post slaughter, carcasses were split 
into two halves with the left side being wrapped in 
plastic film and frozen at -20°C. Frozen samples of 
M. longissimus (LD), on the bone, were transported 
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TABLE 1: Mean values and standard errors of
difference (SED) for carcass characteristics and
composition of red deer carcasses from seven young
fast growing and seven slow growing deer. 

Treatment 
Trait Fast 

growing
Slower 

growing 
SED P value 

Carcass characteristics     
Live weight (kg) 95.4 97.9 0.9 0.019 
Carcass weight (kg) 49.6 52.3 1.4 0.079 
Dressing % 52.0 53.4 1.3 0.284 
Carcass composition     

Hind leg lean (kg) 8.01 7.91 0.16 0.548 
Hind leg fat (kg) 0.31 0.35 0.03 0.135 
Hind leg bone (kg) 1.31 1.32 0.07 0.869 
Loin lean (kg) 1.91 1.99 0.18 0.678 
Loin fat (kg) 0.10 0.20 0.02 0.001 
Loin bone (kg) 0.26 0.45 0.10 0.082 
Oyster shoulder lean 
(kg) 3.44 3.43 0.22 0.959 

Oyster shoulder fat (kg) 0.39 0.76 0.12 0.007 
Oyster shoulder bone 
(kg) 1.13 0.81 0.09 0.001 

Square shoulder lean 
(kg) 5.34 4.87 0.39 0.256 

Square shoulder fat (kg) 0.66 1.28 0.14 0.001 
Square shoulder bone 
(kg) 1.55 1.43 0.13 0.377 

from AgResearch Invermay to AgResearch Ruakura 
for meat quality analysis. Two sections, each 
approximate 7 cm long, from the frozen LD were 
sawn from the cranial end, weighed and left to thaw 
overnight at 10°C. The caudal end of the LD was 
used for consumer taste tests. One sample (Day 1) 
was analysed directly, the second (3 weeks) was re-
packaged after thawing and stored for three weeks at 
-1.5°C. Thaw loss, purge, (only the 3 week sample), 
cooking loss, meat pH, tenderness (shear force) and 
sarcomere length were measured for all samples. 
Two meat cuts; strip loin (LD) and topside (M. 
semimembranosus (SM)) were also evaluated by 
consumers in preference tests. 
Computer tomography scanning of carcass 
composition 

Body composition was measured using 
computed tomography (CT) scanning (Jopson et al., 
1997) at AgResearch, Invermay. Cross-sectioned 
images were recorded on a Siemen Somatom AR.C 
X-ray CT scanner (Siemens Medical Systems, 
Erlangen, Germany) at 70 mm intervals along the 
length of the half carcass, from distal to the 
proximal hind limb muscles through to the first 
cervical vertebra. CT images were analysed using a 
semi-automated procedure. Images were divided 
into one of three primal regions, namely the hind 
leg, loin and shoulder. The hind leg was defined as 
all images caudal of the cranial tip of the ilium. The 
shoulder was defined as all images cranial of the 
caudal tip of the scapula. The loin/saddle region was 

all the remaining images, and represented the 
approximate region between thoracic vertebra 7 and 
lumbar vertebra 6. 

Two shoulder cuts were defined: an “oystered” 
shoulder, which is the scapula, humerus and 
associated muscles separated from the underlying 
thoracic vertebrae and ribs (Swatland, 2000) and a 
“square cut” shoulder which included scapula, humerus, 
vertebrae, ribs and associated muscles with only the 
sternum removed. Tissue areas from each scan were 
numerically integrated to estimate volume for that depot 
(Gundersen et al., 1988). Volumes were then corrected 
for differences in tissue density to give an estimate of 
tissue weight based on the relationship between 
Hounsfield units and density (Fullerton, 1980). 
Meat quality measurements 

Purge, thaw loss and cooking loss were 
determined by weighing the samples before and 
after storage/freezing/cooking and then expressing 
the moisture loss as a proportion (%) of the original 
weight of the meat.  

Meat pH was measured with a portable pH 
meter (Testo® 230, Germany) with automatic 
temperature compensation. The pH meter was 
calibrated at pH 7. 0 and pH 4.0 with buffers 
(Mallinckrodt Chemicals, USA) stored at room 
temperature (20°C). 

For shear force measurements, meat samples 
(150 - 200 g) were cooked to an internal temperature 
of 75 °C, cooled on ice, cut into sub-samples along 
the muscle fibre direction and the peak shear force 
measured by a MIRINZ Tenderometer (Salmon 
Smith Biolab, Christchurch, New Zealand; 
Frazerhurst & Macfarlane, 1983). 

Sarcomere lengths were determined accoding to 
Wiklund et al. (2001).  
Consumer preference tests 

Two consumer tests using the LD and two 
consumer tests using the SM from the two groups of 
deer were performed at AgResearch Ruakura and 
Invermay campuses including a total of 221 
consumers recruited through different groups; staff 
at the two campuses, deer farmers during a field day 
and meat industry people. The consumer tests were 
set up as four paired comparisons using one-sided 
directional difference tests (Mielgaard et al., 1999). 
The meat was roasted in a conventional oven at 
150°C to an end temperature of 70°C. All preparation 
of the meat samples took place on the day of each test 
and immediately prior to the tasting sessions. 

At each of the test sessions the consumers were 
presented with a single sample of meat from each 
deer group, coded with a random three digit number. 
Together with the meat samples, a questionnaire 
including three questions was presented as which 
one of the two samples was the most tender, most 
juicy, and which had the best flavour. 
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TABLE 2: Mean values and standard errors of 
difference (SED) for meat quality attributes 
measured at 1 day (1d) and 3 weeks (3w) post 
slaughter in venison M. longissimus from seven 
young fast growing and seven slow growing deer. 

Treatment 
Trait 

Time 
post 

slaughter 
Fast 

growing
Slower 

growing 
SED P value 

Meat pH 1d 5.49 5.68 0.04 0.001 
Meat pH 3w 5.70 5.87 0.06 0.012 
Thaw loss (%) 1d 3.42 2.58 0.64 0.219 
Cooking loss(%) 1d 22.1 26.0 1.6 0.035 
Purge(%) 3w 4.87 5.01 0.47 0.768 
Cooking loss (%) 3w 22.1 22.1 1.9 0.988 
Shear force 
(kg/cm2) 

1d 3.22 5.79 1.29 0.071 

Shear force 
(kg/cm2) 

3w 2.45 2.77 0.17 0.091 

Sarcomere length (µm) 1.80 1.52 0.07 0.002 

TABLE 3: The number of consumers responding to 
questions about sensory quality attributes included in 
the study. 
 Which sample is the most tender?
 Fast growing Slower growing 
Which sample is the most juicy?   

Fast growing 72 40 
Slower growing 28 69 

Which sample has the best flavour?   
Fast growing 72 54 
Slower growing 28 55 

 How often do you eat venison?
 Rarely Sometimes Often 
Which sample is the most juicy?    

Fast growing 40 52 19 
Slower growing 54 36 5 

Which sample is the most tender?    
Strip loin fast growing 21 26 5 
Strip loin slower growing 35 18 5 
Topside fast growing 19 19 1 
Topside slower growing 18 25 14 

Statistical analysis 
The experiment had a completely randomized 

design. Carcass and meat quality data were analysed 
by ANOVA, fitting treatment group. For the 
consumer preference tests, the frequency table for 
muscle type by tenderness, juiciness and flavour 
scores was analysed as a Poisson generalized linear 
model. All consumers were also asked “How often 
do you eat venison?” Their answers were used to 
define an ordinal variable, with levels of “rarely” 
(no more than once a year), “sometimes” (between 
weekly and yearly), and “often” (at least once a 
week). Responses were analysed by proportional 
hazards ordinal regression, fitting muscle type, 
tenderness, juiciness and flavour scores, and all 
interactions. All analyses were carried out in 
Genstat (Payne et al., 2007). 

RESULTS 

Carcass characteristics and composition 
Animals in the slower growing group had slightly 

higher live weights (P = 0.02) but no differences were 
found in carcass weights and dressing percentages 
between the two groups (Table 1). 

The fat content was significantly higher in the 
two shoulder cuts (P = 0.002) and in the loin (P = 
0.005) from the slower growing animals. However, 
the fast growing animals had higher bone content in 
the Oyster shoulder cut (P = 0.001) (Table 1). 

Meat quality measurements 
The fast growing deer produced meat with lower 

cooking loss (P = 0.035) at 1 day post slaughter, 
lower pH values both at 1 day post slaughter and after 
3 weeks of storage (P = 0.002 and P = 0.023, 
respectively).The sarcomeres in the meat from fast 
growing deer were significantly longer (P = 0.003) 
compared with the slower growing group (Table 2). 
No other differences in meat quality attributes were 
found comparing the two groups. 

Consumer preference tests 
Consumer scores showed a tenderness by 

juiciness interaction (P <0.001), which meant that 
these attributes were chosen together irrespective of 
whether the venison came from fast or slower 
growing deer, which was evenly distributed 
(Table 3). An interaction between tenderness and 
flavour (P <0.001), demonstrated that consumers 
who favoured venison from fast growing deer were 
considerably more likely to also favour them for 
flavour, while those who preferred meat from slower 
growing deer for tenderness were equally distributed 
in their flavour preferences (Table 3). 

Consumers who rarely ate venison found the 
slower growing deer produced more juicy venison 
(P <0.001), while the opposite was found for those 
who ate venison more often (Table 3). Comparing 
the two different meat cuts, it was shown for the 
striploin that consumers who rarely ate venison judged 
slower growing deer to give the most tender meat 
(P <0.001), while the opposite was found for those 
who ate venison more often. No such significant 
relationships were found for the topside (Table 3). 

DISCUSSION 

Most valuable cuts from a carcass originate 
from the strip loin, tenderloin and hindquarter. 
Studies of carcass composition in deer have 
demonstrated clear between-species variation in 
meat content and yield of high value cuts (Goosen et 
al., 1999; Wiklund et al., 2000; Wiklund et al., 
2008) and seasonal effects in reindeer (Rangifer 
tarandus tarandus) carcass composition have been 
demonstrated (Wiklund et al., 2005). The present 
results from carcass imaging of young red deer have 
also shown a difference in composition between fast 
growing and slower growing deer was mainly a 
variation in fat content and not lean meat. In 
addition, no significant difference in lean yield of 
high value primal cuts was found when the two age 
groups were compared. 
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High ultimate pH values in meat from reindeer, 
red deer and fallow deer (Dama dama) have been 
related to pre-slaughter handling stress (Wiklund et 
al., 1996; Pollard et al, 1999) and poor nutritional 
status of the animals (Gregory, 1996; Wiklund et 
al., 1996; Pollard et al., 2002). The slightly elevated 
meat pH values in the slower growing group of deer in 
the present study was probably associated with a 
different/more stressful handling of that group of 
animals before slaughter. Similar values to those of the 
present study for thaw loss, purge, cooking loss and 
sarcomere lengths for red deer venison have 
previously been reported by Wiklund et al (2001). 
However, the present shear force values were lower 
both at 1 day (4.5 vs. 11.4) and 3 weeks (2.6 vs. 5.2) 
compared with the earlier study (Wiklund et al., 2001). 

A few consumer preference studies of venison 
have previously been carried out where factors like 
various feeding regimens (Wiklund et al., 2003; 
Mulley et al., 2006), meat processing techniques 
(Wiklund et al., 2008) and animal gender and body 
condition score (Mulley et al., 2006) have been 
evaluated. In the present study, the consumers’ 
experience of venison affected the results, but 
generally the flavour of venison from the younger 
animals was preferred which is an interesting 
outcome especially since those carcasses had lower 
fat content, a parameter often described as positively 
correlated with meat flavour. 

Overall, this pilot study has highlighted 
relatively minor differences in quality attributes of 
venison from fast and slow growing red deer stags, 
indicating that as the deer farming industry heads 
towards more efficient venison production systems 
there are unlikely to be any major negative impacts 
on product quality. However, further studies of the 
impact of growth rate on venison processing, 
packaging and storage techniques should be 
conducted before making recommendations to the 
venison industry. 
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