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Abstract: This study was conducted to evaluate the susceptibility of the Dorper and Merino breeds 
to pre-slaughter conditions stress at a commercial abattoir and how it affects the quality of the meat 
produced. The objective of this study was to investigate differences in post-mortem energy 
metabolites, glycolytic potential and meat quality attributes from Muscularis longimissius thoracis 
et lumborum (LTL) between Dorper and Merino lambs slaughtered at a commercial abattoir. Meat 
samples (~50 grams of LTL) harvested from 100 female eight-month old of the Dorper (n=50) and 
Merino (n=50) lambs were used in this study. For measuring post-mortem energy metabolites 
(glycogen, lactate, glucose-6-phosphate and glucose content) sampling was done on each carcass ~ 
30 minutes post-slaughter and the samples were immediately frozen (-196 °C) in liquid nitrogen to 
prevent further glycolysis. The pH and temperature were measured 45 minutes, 6 and 24 hours 
post-slaughter, and carcass measurements were taken. Colour coordinates (lightness (L*), redness 
(a*), yellowness (b*)) were measured at 24 hours after slaughter and hue angle (H*) and chroma (C*) 
were calculated. Furthermore, thawing loss (TL), cooking loss (CL) and Warner Braztler Shear Force 
(WBSF) were measured after 7 days post-slaughter storage (-20 ºC). The Dorper had lower glycogen 
levels thus produced meat with a high ultimate pH and tougher meat compared to the Merino 
breed. The relationships observed between post-mortem muscle metabolites, glycolytic potential 
and meat quality attributes indicate that meat quality is affected by glycogen levels at slaughter. 
The results indicate that the Dorper breed was more susceptible to pre-slaughter stress and thus 
produced meat with reduced quality compared to the Merino breed. 
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 1. Introduction 

During the conversion of muscle to meat, the amount and degree of pH drop (from 7.4 in live 
muscle to 5.5 at 24 hours post-mortem) has a considerable bearing on the overall meat quality [1]. 
Post-mortem pH decline is reported to depend mostly on glycolysis, which is the breakdown down 
of glycogen (a muscle energy reserve) into lactate [2]. The anaerobic muscle conditions post-mortem 
favour glycolysis as a driver of lactate accumulation in muscles, thus lowering the pH [3]. 
Furthermore, ultimate pH (pHu) significantly affects the meat quality due to its impact on the nature 
of muscle proteins [4]. The levels of high muscle glycogen at slaughter have a significant role in 
preventing the quality defect known as dark cutting [5]. Dark, firm, dry (DFD) meat results when the 
normal pHu (~5.5) at 24 hours post-moterm  is not reached, and the meat will have a high pH (>6.0), 
with a dark colour and reduced tenderness [6]. In order to prevent producing meat with a pHu and 
avoid DFD meat, there is still a need to fully apprehend the underlying mechanisms of glycolytic 
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metabolism [4,7]. Therefore, the objective of the study was to investigate breed effects on post-
mortem energy metabolites, glycolytic potential and meat quality attributes from the Muscularis 
longmissius thoracis et lumborum between Dorper and Merino lambs slaughtered at a commercial 
abattoir. 

2. Materials and Methods 

2.1 Animals description and slaughter procedure 

A hundred 8-month old female lambs from the Dorper (n=50) and Merino (n=50) breeds were 
humanely slaughtered at a commercial abattoir. Upon arrival at the abattoir, the lambs were placed 
at the lairages and were given ad-libitum access to water, while feed was withdrawn. 

2.2 Meat sample harvesting 

Meat samples (~50 grams) for the measurement of post-mortem energy metabolites (glycogen, lactate, 
glucose-6-phosphate and glucose content) were collected from Muscularis longmissius thoracis et 
lumborum (LTL) of each carcass ~30 minutes after slaughter. After collection, visible fat was removed 
and samples were wrapped in foil and immediately frozen in liquid nitrogen (-196 °C) to prevent 
further glycolysis. After transportation, the samples were stored at –80 °C until enzymatic analysis. 

2.3. Determination of muscle glycogen, lactate, glucose-6-phosphate and glucose 

The colorimetric assay method (Sigma Aldrich, MAK016) were used to determine the level of 
glycogen in the muscles. The colorimetric assay method (Sigma Aldrich, MAK064) was used to 
determine the level of lactate in the muscles. The colorimetric assay method (Sigma Aldrich, 
MAK014) was used to determine the level of Glucose-6-phosphate in the muscles.The levels of 
glucose were determined using the Nelson-Somogyi method [8] . 

2.4. Glycolytic potential calculation  

The glycolytic potential calculation was done according to [9] where, Glycolytic Potential = [lactate] 
+ 2 ([glycogen] + [glucose-6-phosphate] + [glucose]). The results were expressed in mmol/g. 

2.5. pH and temperature measurements 

Carcass pH and temperature were measured on the right side of each carcass by inserting the piercing 
probe in the LTL muscle between the 12th and 13th ribs at 45 minutes (pH45mins, Tm45mins), 6 
hours (pH6hours, Tm6hours) and 24 hours (pHu, Tm24hours) after slaughter using a portable pH 
meter (Hach HQ11d).  

2.6. Meat colour measurements 

Meat samples were further processed from 100 mm thick into 20 mm steaks using a band saw for 
Commission International De L‘Éclairage Laboratory [10] colour measurements at 24 hours post-
mortem. The sample’s surface was exposed to air for 30 minutes to facilitate ‘blooming’ before 
measurements were taken. Colour variables (lightness (L*), redness (a*), yellowness (b*)) were 
measured using a BYK-Gardner 6692 Colour-guide 45/0 glass sealed, with a 20 mm diameter 
measurement area and illuminant D65-daylight, 10º observation angle. 

2.7. Thawing loss, cooking loss and Warner Bratzler shear force 

At day seven the frozen samples were weighed (Nimbus Precision Balance NBL 214i) and allowed to 
thaw for 10 hours at room temperature, after thawing the samples were reweighed. The recorded 



Proceedings 2020, 4, x FOR PEER REVIEW 3 of 6 

 

weight differences were expressed as thawing loss % (TL%). After cooking, meat samples were cooled 
to room temperature (±20°C). The samples were then re-weighed to calculate the amount of water 
lost during cooking. Following the thawing and cooking loss measurements, Warner–Bratzler Shear 
Force (WBSF) test was done. From each sample, three subsamples of approximately 12.7 mm core 
diameter were extracted parallel to the long axis of the muscle fibres [11]. Each core was sheared once 
through the centre at an angle perpendicular to the direction of the fibre using the Warner-Bratzler 
shear device attached to the Universal Instron apparatus (Model 3344, crosshead speed = 400 
mm/min). The WBSF was measured as the peak force (Newtons) average for three cores per sample. 

2.8 Statistical analysis 

The effect of breed on muscle glycogen, lactate, glucose-6-phosphate, glucose, glycolytic potential, 
WCW, CCW, CF, pH(45min, 6hours, u), Tm(45min, 6hours, u) L*, a*, b*, H*, C* and WBSF from 
Dorper and Merino lambs was analysed using the PROC GLM procedure of SAS [12]. The following 
statistical model was used: Yij = μ + αi +εij  where: Yij = response variables (muscle glycogen, lactate, 
glucose-6-phosphate, glucose, glycolytic potential, WCW, CCW, CF, pH (45min, 6hours, u), 
Tm(45min, 6hours, u) (, L*, a*, b*, H*, C* and WBSF); μ = overall mean ; αi = ith effect of breed (Dorper 
and Merino); εijk = Random error. 

3. Results and Discussion  

3.1. Effect of breed on post-mortem energy metabolites and glycolytic potential  

    In Table 1 differences (P < 0.001) were observed for the effect of breed on the levels of muscle 
glycogen where, the Merino breed had higher levels of muscle glycogen compared to Dorper. Breed 
differences on the levels of glycogen could be attributed to differences in muscle fiber types (oxidative 
or glycolytic between breeds [1]. Glycogen concentration is affected by metabolic pathways of muscle 
fibres where oxidative muscle fiber (white) types contain less glycogen compared to predominantly 
Type I fibers (red) [13]. Furthermore, fasting might also influence on the levels of glycogen, as feed 
was not provided while the lambs were at the lairages [14]. 

Table 1: Least square means (±SE) of post-mortem energy metabolites and  glycolytic potential from 

Dorper and Merino lambs 

Parameters Dorper Merino P-value 

Muscle glycogen (μmol/g) 31.60 ± 4.228 54.90 ± 4.228 0.0002*** 

Muscle Lactate (μmol/g) 99.00 ± 11.708 90.38 ± 11.708 0.6034 

Muscle Glucose-6-phosphate (μmol/g) 6.73 ± 0.821 5.03 ± 0.821 0.1467 

Muscle glucose (μmol/g) 0.41 ± 0.066 0.43 ± 0.066 0.7901 

Glycolytic potential (μmol/g) 179 ± 14.855 211.09 ± 14.855 0.1026 

Significant differences at P< 0.05*, P< 0.01**, P< 0.001***, μmol/g – micro mole/ gram 

3.2. Carcass and meat quality attributes of Dorper and Merino lambs   
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    Breed had an effect (P<0.001) on meat temperature at 45 minutes post-mortem, where Dorper 
breed had a higher meat temperature compared to the Merino breed. The Dorper had a higher 
(P<0.05) pHu compared to the Merino breed. These results can be linked to the levels of muscle 
glycogen shown in Table 1, where the Dorper had lower levels of muscle glycogen compared to 
Merino breed. These results indicate that the Dorper breed had tougher meat compared to the 
Merino.  

Table 1: Least square means (±SE) of meat quality attributes from the Muscularis longimissius thoracis et 

lumborum of Dorper and Merino lambs 

Parameters Dorper Merino P-Value 

pH45min  6.68 ± 0.034 6.68 ± 0.034 0.9569 

Tm45min (ºC) 34.13 ± 0.174 29.31 ± 0.174 <0.0001*** 

pH6hours 6.09 ± 0.021 6.04 ± 0.021 0.0966 

Tm6hours (ºC) 14.60 ± 0.154 16.12 ± 0.154 <0.0001*** 

pHu 6.05 ± 0.022 5.98 ± 0.022 0.0412* 

Tm24hours (ºC)   15.21 ± 0.165 16.79 ± 0.165 <0.0001*** 

L* 38.32 ± 0.479 38.80 ± 0.479 0.4828 

a* 14.97 ± 0.291 15.09 ± 0.291 0.7686 

b* 6.56 ± 0.388 7.38 ± 0.388 0.1382 

C* 16.49 ± 0.387 16.90 ± 0.387 0.4603 

H* 0.40 ± 0.017 0.45 ± 0.017 0.0349* 

TL% 11.92±0.826 14.51 ± 0.826 0.0291* 

CL% 28.63 ± 1.301 26.90 ± 1.301 0.3495 

WBSF (N) 37.35 ± 1.232 31.78 ± 1.232 0.0019** 

Significant differences at P< 0.05*, P< 0.01**, P< 0.001***,WCW= warm carcass weight, CCW = cold carcass weight, CF-carcass 

fatness,  pH45min – pH at 45 minutes, Tm45= meat temperature at 45 minutes, pH24 hours –pH at 24 hours, Tm 24 hours –meat 

temperature at 24 hours,  L* = Lightness, a*= Yellowness, b*= Redness, C*= Chroma,  H*= Hue angle, TL= thawing loss, CL - 

cooking loss, WBSF= Warner Braztler shear force, kg- kilogram, % = percentage,  N - Newtons, mm= millimetre, ºC = Degrees 

Celsius  

     Meat with a high ultimate pH is deemed unacceptable to consumers as it is associated with dark, 
firm and dry meat which is prone to microbial spoilage [15]. In this study Merino breed produced 
meat of better quality compared to the Dorper. The Merino might have had a better stress response 
compared to the Doper, which might have been more susceptible to the pre-slaughter stress 
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environment. Stempa et al.[16] reported that pre-slaughter stress response differs owing to breed 
differences. Tenderness can be linked to the rate of pH decline after slaughter, if the pH at 45 min is 
very high and carcass temperature is rapidly lowered a condition known as cold shortening can result 
resulting in tough meat [17].  

4. Conclusion 

These results indicate that breed does have an effect on post-mortem muscle metabolites and 
glycolytic potential expect of muscle glycogen. The Dorper breed had lower glycogen levels thus 
produced meat with a high ultimate pH and tougher meat compared to the Merino breed. The 
relationships observed between post-mortem muscle metabolites, glycolytic potential and meat 
quality attributes indicate that meat quality is affected by glycogen levels at slaughter. Hence care 
should be taken during the pre-slaughter period to avoid excessive loss of muscle glucose since it 
will have a negative impact on the meat quality of lambs. Further research on how to avoid excessive 
loss of muscle glycogen prior to slaughter is needed to avoid economic losses due to dark cutting 
meat. 
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