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Abstract 
 

The present experiment aimed to perform histopathological, muscle and liver glycogen and muscle pH analyses of 
cows dead during transportation, and submitted to necropsy in slaughterhouses inspected by Federal Agencies, in Araguaína 
– TO, Brazil, from January to July 2013. Six affected animals dead during transportation and submitted to necropsy 
constituted the Experimental Group (EG); a Control Group (CG), was composed by 6 cows slaughtered ordinarily following 
the slaughter flow. Gross and histopathological evaluations were accomplished only on EG. The main gross lesions 
observed at necropsy were extensive subcutaneous and muscle hemorrhage and hematomas, interstitial (83.3% of cases) and 
alveolar (66.6% of cases) lung emphysema, lung congestion (66.6% of cases) and edema (16.6% of cases), kidney (83.3% 
of cases) and liver congestion (16.6% of cases). On histopathological evaluation, the lungs showed interstitial (100% of 
cases) and alveolar emphysema (66.6% of cases), congestion (66.6% of cases), edema (16.6% of cases) and blood aspiration 
(16.6% of cases). Renal congestion (83.3% of cases), hyaline casts (50% of cases) and tubular degeneration were the 
kidneys changes (16.6% of cases). Rarefaction of the white pulp (66.6% of cases), red pulp (66.6% of cases) and 
hemosiderin (16.6% of cases) were detected on spleen. The hepatocytes showed turve and finely vacuolyzed cytoplasm 
(lace-like aspect) possibly caused by a reduction on glycogen (50% of cases) and congestion (16.6% of cases). Autholysis 
was observed on 50% of the livers and 16.6% of the spleens and kidneys. The animals from the EG presented higher mean 
of degenerate muscle fibers. The intercostal muscle was more affected when compared with other muscles on the same 
group. Muscle pH values were higher on EG than on CG. Differently, glycogen average values were similar between groups 
(EG 58.97 µmol/g and CG 57.05 µmol/g). The results obtained in the present study allow to confirm that the cows, 
transported through long distances, and exposed to intense stress and water and food deprivation, show an homeostasis fall. 
Thus, stress and time of transportation affect glycogen concentrations and muscle pH. Bruises caused miofibrillar 
degeneration and hemorrhages that, when associated with loss of fluids through dehydration, lead to a clinical picture of 
hypovolemic shock evidenced by irreversible gross and microscopic changes causing death.      
Key Words: hypovolemic shock, glycogen and pH changes, stress, transportation, cattle. 
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Introduction 
Meat cattle are commonly conducted to 

slaughterhouses through highway transportation (35) 
although this is the most important cause of stress among 
animals, causing somatic and welfare injuries (26).  

Transport stress is a very complex situation in 
which a number of factors, such as pretransportation 
problems, noises, vibrations, agglomeration, social 
reorganization and climate factors (temperature, humidity 
and vapors), restraint, load and unload, duration of the 
travel, food and water deprivation are involved (34). These 
factors alter homeostasis as an attempt to a body 
adaptation, aiming to restore the physiologic balance (11). 

Cattle transportation to the abattoir may induce 
subclinical and clinical manifestations, even death (22), 
since stress has a direct impact on animal health (39). 
Thus, the number of dead animals in association with 
transportation to slaughterhouses can be an indication of 
their welfare (39). Transport deaths are more common 
among chickens and pigs than among ruminants and the 
affected animals have emaciation, salmonellosis, trauma 
(14), asphyxiation, and heart failure (7) as main causes. 
Some researchers report mortality rates during transport in 
different places and periods: South Africa in 1980: 0.01%; 
in 1990: 0% (16); USA: 1% (17); Australia [Victoria] 
from 1998 to 2000: 0.64% (6); Hungary: 0.01%; Australia 
[Queensland]: 0.25% (7). 

Cattle necropsy in abattoirs is performed at the 
“Necropsy Department”, being recommended always 
when animals are found dead in trucks, wagons, corrals or 
within factories dependencies (5).  

The present experiment aimed to perform 
histopathological evaluation of a number of tissues, 
muscle and liver glycogen analysis and muscle pH 
measurement in cows that died during transportation, 
submitted to necropsy in slaughterhouses inspected by 
Federal Agencies in Araguaína-TO, Brazil, from January 
to June 2013. Since data on evaluation of changes that 
cause death on such a category are scarce, our data 
constitute important informations, from a productive, 
technologic, and scientific point of view. The research was 
approved by the Ethics Committee -CEUA-UFT (Process 
number: 23101.003943/2012-01). 
 
Materials and methods 
Animals and Treatment  

The present experiment was developed on 
slaughterhouses under Federal Inspection, in Araguaína, 
North of Tocantins State (coordinates 7º11’28” latitude, 
48º12’26” longitude), Brazil, from January to July 2013. 
The autopsies were routinely proceeded according to rules 
of inspection services including examinations for 
surveillance of bovine spongiform encephalopathy (BSE). 
The collection of data for this work did not affect the 
inspection service. The experiment consisted on 
necropsies of six cows that died during transportation- 
constituting the Experimental Group (EG)- proceeding 

from farms located in Mato Grosso-MT and Pará-PA 
States, submitted to necropsy immediately after their 
entrance in the slaughterhouse. The Control Group (CG) 
consisted of six cows arising from Tocantins (TO) farms, 
slaughtered according to the normal flow of slaughter, 
being randomly selected. All cows used in this research 
were transported to the slaughterhouse in trucks or 
wagons, obeying the load capacity; therefore EG animals 
were transported through a distance of approximately 800 
km with a 12-hour duration. The animals from CG went 
through about 150 km for a 2-hour period. 
Histopatologycal Analysis 

Samples of heart, lung, liver, spleen, kidney, 
small intestine, and intercostal, psoas major, abdominal 
internal oblique, and semitendinosus muscles were 
collected during necropsy. The procedure took place in the 
necropsy room, in different days, considering the specific 
cases mentioned in the text above. Healthy cows did not 
show damage of tissues proper for consumption, thus CG 
animals were submitted only to muscle fragment 
collections, in order to avoid any economic loss to the 
slaughterhouses.  

Soon after collection, the samples were sent to the 
Veterinary Pathology Laboratory of the School of 
Veterinary Medicine and Animal Sciences of the 
Universidade Federal do Tocantins (UFT), Araguaína 
Campus, placed in flasks containing 10% neutral formalin, 
properly identified, fixed for 72 hours, routinely 
processed, prepared on glass slides, and stained with the 
hematoxylin/eosin (HE) method for light microscopy 
observation. 

Morphometric evaluation of muscles was 
performed on transversal cuts through a 300-fibers count 
per muscle, following a classification on normal or 
degenerate. The images were directly captured for a 
monitor through a computer program and an optical 
microscope with a 40X objective. The quantification of 
fibers was accomplished on different fields of the muscle 
section, initiating on the left lower field, following 
diagonally in a ladder shape, until the count of 300 fibers 
was reached. 
Muscle and Liver Glycogen Analysis  

Twelve liver samples (CG= 6; EG= 6) measuring 
4 x 4 cm and 48 muscle samples (psoas major, semi-
tendinosus, abdominal internal oblique, and intercostal; 
CG= 24; EG= 24) measuring 4 x 4 cm were collected 
immediately after necropsy of EG animals, wrapped in 
plastic bags, properly identified and refrigerated at 
collection, followed by freezing at -20C, and sent to the 
Biochemistry and Morphology Laboratory for glycogen 
measurement. Fragments of 0.1g of liver and 0.2g from 
each muscle were removed from the frozen samples, 
placed in individual centrifuge tubes containing 2 mL 30% 
KOH in order to analyze glycogen concentrations (9). 
pH Measurements  

The freezed muscle samples (CG= 24; EG= 24) 
were placed in the refrigerator during 36 hours in order to 
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promote a slow and complete thawing, following by the 
pH determination of each muscle, using a meat pHmeter 
Statistical analysis 

Data on glycogen concentration, pH, and 
percentage of muscle fibers degeneration were arranged 
and analyzed through an entirely randomized design, 
arranged as subdivided parcels, the treatments being 
considered as parcels (CG and EG) while the different 
muscles collected (intercostal, psoas major, abdominal 
internal oblique, and semitendinosus) were considered as 
subparcels. The means of the referred factors were 
compared through Student’s t test with a 5% error 
probability. Histological data were analyzed considering 
percentage rates of abnormality changes only on EG 
animals. 
 
Results and Discussion 
Gross and Histopathological Evaluations 

During necropsy the main alterations observed 
were extensive subcutaneous and muscular hemorrhages 
and hematomas (Figure 1), mainly on the lateral areas of 
all animals, interstitial lung emphysema in 83.3% (5/6 
cows) and alveolar emphysema in 66.6% (4/6 cows), lung 
congestion in 66.6% (4/6 cows) and edema in 16.6% (1/6 
cows; Figure 2), renal congestion in 83.3% (5/6 cows) and 
liver congestion in 16.6% (1/6 cows), all confirmed  
histologically (Figures 3 and 4). The most important 
histopathological changes were found in lungs, kidneys, 
spleen, and liver. Autolysis was observed on 50% of livers 
and 16.6% of spleens and kidneys collected during 
necropsy, being one of the major problems for diagnosis 
determination (21). 

 
Figure 1. Bovine, subcutaneous tissue, extensive hemorrhages on lateral 
thoracic region. 
 

Interstitial emphysema is a very common lesion 
in cattle (20). These animals could have been submitted to 
very agonic situations with increase in cardiac frequency 
moments before death, leading to interstitial emphysema. 
Rupture and distension of alveoli with presence of air 
bubbles in lung parenchyma are seen in alveolar 
emphysema and may be caused by agonic situations as 
well (20). 

 
Figure 2. Bovine, lung with widespread congestion, edema (arrow) and 
emphysema (arrow head). 

 
Figure 3. Bovine, lung, congestion, interstitial (arrow) and alveolar 
emphysema (arrow head). HE, 10X. 

 
Figure 4. Bovine, lung, severe congestion and edema. HE, 20X. 

 
Lung congestion may occur by gravity action and 

circulatory deficit, causing hypostatic congestion (20). 
Dead cows were on lateral decubitus at arrival in the 
abattoir, which facilitated the development of hypostatic 
congestion. During transportation, the animals were kept 
under water deprivation; the dehydration verified in 
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animals submitted to long periods of transportation (10), 
leads to hypovolemia and hemoconcentration, with 
inadequate tissue perfusion (13) that cause pulmonary 
congestion and edema (20). 

The kidneys showed congestion in 83.3% of 
cases (5/6 cows), with findings of an irregular eosinophilic 
substance inside tubular lumens (hyaline casts) in 50% 
(3/6 cows), as well as tubular degeneration in 16.6% (1/6 
cows) (Figure 5). Renal congestion could have emerged as 
a consequence of the hypovolemia caused by dehydration, 
as discussed previously for pulmonary congestion. Hyaline 
casts are being caused by an increase in concentrations of 
albumin or other proteins (19). Animals submitted to long 
term transportation show high serum levels of albumin and 
total proteins, indicating dehydration (10) what may 
explain the presence of hyaline casts in the animals of the 
present study.  

 
Figure 5. Bovine, kidney, tubular degeneration, congestion and presence 
of hyaline casts inside tubular lumens. HE, 40X. 

 
Tubular hydropic degeneration, a reversible 

change, occurs due to alterations on mitochondrial 
membranes, with vacuoles formation (23), having 
hypovolemia as a possible cause, with implications on 
renal perfusion and acute kidney failure (28). 

Four out of six cows (66.6%) showed splenic 
white (lymphoid follicles) as well as red pulp rarefaction, 
while hemosiderin was detected in 16.6% (1/6 cows) of 
the tissues evaluated. Animals transported through long 
distances are submitted to high levels of severe stress that 
can cause degenerative spleen lesions, such as lympholysis 
and decrease of cells in germinal centers (38), as the 
observed in our investigation.  

Hepatocytes with cloudy cytoplasm and fine 
vacuolization (lace-like aspect) were observed on liver 
sections, possibly due to a reduction on glycogen in 50% 
(3/6 cows) and congestion in 16.6% (1/6 cows) of the 
investigated animals (Figure 6). The cows used in this 
study went through food deprivation during the way to the 
slaughterhouse, approximately 12 hours, which is possibly 
associated with decreased levels of liver glycogen (24, 
33), these animals submitted to transport stress show high 

levels of plasma glucose due to liver glycogen depletion 
(1) (Figure 7).  

 
Figure 6. Bovine dead during transportation, liver, lace-like aspect of 
hepatocytes cytoplasm due to glycogen depletion, and congestion. HE, 
40X. 

 
Figure 7. Bovine from slaughter line, liver, lace-like aspect of 
hepatocytes cytoplasm due to glycogen depletion, and congestion. HE, 
40X. 

 
Dehydrated animals may manifest circulatory 

failure (36) and a decreased blood flow through hepatic 
veins may cause congestion (18, 33). Some cases may 
have implications on liver venous circulation because of 
lung emphysema, resulting in congestion (18). The causes 
of liver congestion on EG animals may be related to 
dehydration, what is confirmed by elevations in total 
protein, hyperalbuminemia and high levels of creatinine 
on these animals, as well as by the lung emphysema that 
was verified in all animals with congested liver, what may 
have favored such tissue alteration.  

According with the results obtained from gross 
and histological evaluations, one can infer that the most 
significant changes (lung, liver, and kidney congestion; 
and lung edema and emphysema) underlie hypovolemic 
shock. The loss of circulatory homeostasis that can emerge 
with a reduction of circulating blood volume caused by 
hemorrhage or loss of fluids from dehydration, 
characterizes hypovolemic shock (27). The extended 
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subcutaneous and muscle hemorrhages associated with a 
probable state of dehydration could have acted as factors 
on the establishment of hypovolemic shock and tissue low 
perfusion. A series of chained events resulted in EG cows 
death. Among them, we can point out initially the stress 
due to a long time of transportation (overloaded trucks, 
social reorganization, high temperatures, noises, curves, 
and water and food deprivation), falls and extended 
bruises, and dehydration, crucial factors on the 
establishment of irreversible hypovolemic shock and death 
(Figure 8).  

Figure 8. Bovine dead inside the truck during transportation showing 
dark marks of treading by other animals. 

 
When the percentage of fibers degeneration 

between CG and EG were compared, a significant 
difference was found (P=0.0001), the higher mean of 
degenerated fibers being observed on EG animals (Figures 
9 and 10). The individual comparison of muscles between 
groups (EG intercostal x CG intercostal; EG psoas major x 
CG psoas major; EG abdominal internal oblique x CG 
abdominal internal oblique; EG semitendinosus x CG 
semitendinosus) revealed a significant difference and the 
higher means of fiber degeneration were identified on EG 
animals. On the comparison between means of percentage 
of degenerate fibers of EG muscles, semitendinosus 
muscle differed from all others, with lower values. No 
difference was detected on CG (Table 1). Although 
intercostal muscle did not differ significantly from psoas 
major and abdominal internal oblique, it was the one that 
presented higher amounts of degenerate muscle fibers. The 
most frequently reported lesions during transport are 
bruises and lacerations, mainly on thoracic and abdominal 
regions (25), coinciding with the places of bruises 
observed in this research. 

During the necropsy, extensive subcutaneous and 
muscle hemorrhages were found, mainly on the lateral 
areas of the body, due to bruises caused by treading during 
transportation. As a consequence, hemorrhages and 
vasculitis may lead to muscle ischemia and anoxia, and the 
fall on blood supply causes myofibrillar alterations, since 
muscle fibers are extremely sensitive to lack of oxygen. 

Ischemia may occur due to prolonged decubitus as well, 
causing blood vessels to compress and thus decrease blood 
flow, leading to myofibrillar degeneration (37), as the 
observed in the present study.  

 
Figure 9. Bovine from slaughter line, intercostal muscle, normal aspect 
of fibers. HE, 40X. 

 
Figure 10. Bovine dead during transportation, intercostal muscle, fiber 
degeneration showing discoloration and round profiles. HE, 40X. 
 
Muscle pH and Glycogen Analysis  

The results regarding muscle pH and glycogen 
are described on Table 1. There was significant difference 
on pH values between EG and CG (P=0.0014), the highest 
mean being observed on EG. When the muscles were 
individually compared between groups, only psoas major 
was significantly different (P=0.0370) with the highest 
mean on EG compared with CG, while muscle glycogen 
measurement was similar between groups (P=0.4908). 

Muscular glycogen concentration varies 
according to species, nutritional status, type of muscle 
fiber, stress previously to slaughter (15), distance crossed 
and time of transportation, time of remaining on waiting 
corrals (12) and gender (32). Muscle pH is associated with 
lactic acid synthesis from glycolysis (30) and deposition of 
lactic acid leads to a reduction on pH after death, which is 
not uniform among animals from the same species (29). 
Transport stress may cause postmortem biochemical 
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changes on muscles from glycogen depletion and 
consequently decrease of muscle pH (3). Nevertheless, 
such change was not observed in the present study, once 
EG had a glycogen general mean of 19.54 µmol/g and pH 
of 6.16. The present study found muscle glycogen 
concentrations lower than the values found in resting 
cattle, which is 45 µmol/g (4), possibly by the action of 
transport stress and food restriction, promoting the 
consumption and thus reduction on the stored glycogen, 

although not enough to cause a reduction on EG pH. At 
early postmortem, ATP used on muscle metabolism 
originates from phosphocreatine breakdown and only after 
its depletion, glycogen reserves are degraded, that could 
be one of the causes of non-acidifying muscle pH 
observed on EG (2). Besides, the glycolysis occurs slowly 
in cattle and pH, which soon after death is 7.0, will suffer 
an initial decrease only after 5 hours (31). 

 

Table1. Effect of long distances transportation of cows on muscle degeneration, pH, and glycogen values between animals 
dead during transport (EG) and animals from the slaughter line (CG). 

 
Groups 

Intercostal Psoas Major Abdominal 
Internal 
Oblique 

Semitendinosus Means 

Degenerate fibers (%) 
EG 35.26 Aa 31.67 Aa 31.26 Aa 16.33 Ab 28.21A 
CG 7.40 Ba 2.72 Ba 3.20 Ba 2.72 Ba 3.89B 

MPM* 21.33 a 17.20 ab 17.23 ab 9.52 b 16.05 

pH 
EG 6.17 Aa 6.16 Aa 6.17 Aa 6.08 Aa 6.14 A 
CG 5.80 Aa 5.54 Ba 5.70 Aa 5.53 Aa 5.65 B 

MPM* 5.99 a 5.86 a 5.92 a 5.81 a 5.89 

Glycogen (µmol/g) 
EG 20.21 Aa 18.69 Aa 19.44 Aa 19.63 Aa 19.53 A 
CG 20.22 Aa 20.31 Aa 16.92 Aa 17.05 Aa 18.62 A 

MPM* 20.21 a 19.58 a 17.92 a 18.23 a 19.04 
Means followed by minuscule letters on different lines and capital letters on different columns differ 5% probability of type 
1 error by Student’s t-test; *Mean per muscle 
 

Another relevant fact is that rigor mortis, a 
muscle alteration characterized by ATP and glycogen 
depletion that begins after 1 to 6 hours after death (24), 
was not observed during necropsy. Its absence may 
explain those increased values of pH on EG. It is 
important to emphasize that, due to early death of EG 
animals, muscle pH measurements were performed before 
conversion of muscle into meat, also contributing for pH 
raise.  Lower values of pH were observed on CG animals, 
possibly because of their maintenance in waiting corrals 
under hydric diet for 12 hours and, during this period, 
there was a slow consumption of glycogen, with pH 
reduction. Since muscle collections on these animals were 
performed immediately after slaughter, there was not 
enough time to convert muscle into meat. Both EG and 
CG did not have significant depletion of muscle glycogen 
storages with reduction of pH, expected to be caused by 
stress, distance, and transport time.  

Liver Glycogen Analysis  
Liver glycogen was similar between groups 

(P=0.8618) (Table 2). Aspects related with liver 
carbohydrates and nutritional factors influence liver 
glycogen concentrations (31). Both EG, with values of 
58.98 µmol/g, and CG (57.06 µmol/g) showed lower 
levels of glycogen than the results found on studies 
performed previously, on the effects of supplementation in 
dairy cows, which varied from 86.8 to 168.4 µmol/g (8). 
Such fact emphasizes the effect of food restriction and 
transport stress on lower concentrations of liver glycogen. 
An early death, still during the transport, occurred on EG 
animals, while CG animals traveled for a short period, in 
addition of being maintained under resting conditions 
before the slaughter. This proves that glycogen 
consumption was accelerated on EG if compared to CG, 
although no significant difference was found between 
groups. 

 

Table2. Effect of long distances transportation of cows on liver glycogen concentrations between animals dead during 
transport (EG) and animals from the slaughter line (CG). 

Variable 
Groups 

EG CG 
Glycogen (µmol/g) 58.97 57.05 

Probability of type 1 error by F-test. 
 

Conclusion 
The results suggest that some animals, when 

transported through long distances, are submitted to 
intense stress, as well as water and food deprivation, 

leading to homeostatic changes, thus affecting glycogen 
concentrations and muscle pH. Bruises cause myofibrillar 
degeneration and hemorrhages that, in association with 
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fluid loss from dehydration, determine a picture of 
irreversible hypovolemic shock.  
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