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Impact of transport distance on some stress
biomarkers levels in camel meat
Abstract
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Animals intended for slaughter are subjected to several stress factors which can induce
harmful effects on physiological functions as well as the quality of their meat. Road
transport is one of the major stressors that affect the well being of the animal. The
intensity of the stress depends on several factors, namely the density of the load, the
ambient temperature, relative humidity, topography and the distance of transportation.
The aim of this investigation was to study the effect of transport distance on some
physicochemical parameters and stress biomarkers in the meat of camel (Camelus
dromedarius). Fourteen camels were selected and divided into 2 groups of 7 individuals,
depending on distance traveled during transport from Settat (short distance of 72Km)
or Beni-Mellal (long distance of 160km). The water content, dry matter, ash and
proteins in 3 muscles (triceps, oblique and diaphragm) showed no significant variation
with distance transportation. While the rate of glycogen decreases and pHu increased
significantly in these muscles, when the distance of travel increases. The level of
malondialdehyde increases while the catalase activity decreases significantly in all
three muscles when the transport distance increases. Our findings could be explained
at least partly by the effect of preslaughter stress induced by transport resulting in
stress oxidant activity in camel meat rising much with road distance.
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Introduction
Domestic animals destined for meat production are usually
exposed to preslaughter stress-full conditions such as handling,
loading and unloading, transportation time and distance, stocking
densities, passing through livestock markets, fasting and lairage that
affect their welfare and meat quality.1 During environmental stress,
marked changes in the levels of reactive oxygen species (ROS)
scavengers occurred in the serum of camels.2 As a very stressful
factor, road transport of camels to the slaughterhouse is able to
induce a significant increase of circulating levels of cortisol and
oxidant stress (OS) indicators3,4 resulting in an increase of free radical
generation5 and showing a significant correlation with road transport
distance.6 Furthermore, the reaction to transport stress may have an
impact on the quality of slaughtered animal meat and depends on the
duration and intensity of this stressor.7,8 The objective of the study was
to investigate the effect of transport distance on the ultimate pH (pHu:
24h postmortem pH), and the levels of water, ash, glycogen, protein
and OS indicators (MDA and CAT)in meat of dromedary camels.

Tissues collection
After veterinary inspection, samples of muscles (150-200g)
(Triceps brachii, Musculus obliquus and Diaphragma) were collected
to the left side in municipal slaughter house of Casablanca at about
10am using a sharp knife at a depth of 2 to 3cm. The tissue samples
were taken aseptically at 4°C in a cooler to the laboratory of Molecular
Genetic and physiopathology in faculty of Sciences Ben M’Sik in
Casablanca. The tissues were divided into 3 parts: one to measure the
pHu, the other to analyze water and ash, and the last to determine the
levels of glycogen, protein and OS indicators (MDA and CAT).

pH Measure
The extent of muscle pH was performed directly using a calibrated
pH meter on the extracted meat samples crushed and homogenized
using a porcelain mortar.

Humidity and Ash

Materials and methods
Animals
The effect of travel distance on some OS indicaotrs in meat was
assessed in fourteen 4-5-year old male Moroccan dromedary camels
(Camelus dromedarius) weighing 290-320kg. The animals were
divided in two groups I and II of seven camels according to the
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preslaughter road transport distance (72km or 160Km respectively)
to Casablanca Municipality slaughterhouse in Morocco. All animals
were clinically healthy and feed deprived overnight and was
transported at average temperature of around 25-30°C and relative
humidity of around 55-65%.
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Moisture tissue was determined by desiccation of a test sample in
an oven at 105°C for 24h until a constant weight. The rates of solids
(S%) and moisture (Water%) were determined by the difference of
weight as follows:
S%=(sample mass/dry mass of fresh sample)x100,
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and Water %=100-S%.
The rate of total ash was obtained by incineration. After baking at
105°C for 24h the meat samples were incinerated in a muffle furnace
(1h at 600°C). The ashes were evaluated by the difference in weight.
Total ash%=(ash mass/mass of dry sample)x100.

Preparation of the homogenate
Each tissue were placed in the presence of a phosphate buffer
solution (0.1M, pH 7.4) (500mg/5ml), then were ground in cold (4°C)
using an ultra shredder for 30seconds to obtain a homogenate, it is
centrifuged at 5000rpm for 15minutes. Homegenates were stored at80°C until analysis of MDA and CAT activity.

Glycogen analysis
Glycogen assay was performed by colorimetric method.9 The
iodine contained in the reactive iodine water is adsorbed on the
polysaccharides formed glucopyranose associated by α1-4 linkages,
at 2 iodine molecules per spiral turn. Ten grams of muscle were cut
into small pieces, ground and then boiled in 50ml of distilled water for
2min. The tissue fragments were drained using a sieve and milled with
mortar. 25ml of distilled water were added to the homogenate and the
suspension was boiled for 5min. The bouillonnât was filtered and the
filtrate was recovered with 3drops of HCl and was filtered again. The
filtrate was treated with 4times its volume of alcohol 95%, filtered and
the final filtrate was taken up with 2ml of distilled water then stored
at -80°C until analysis. For the determination of glycogen, a drop of
iodine water was added to 1ml of extract of glycogen and the optical
density of the mahogany-brown color was read at 470nm. Glycogen
concentration was deduced from a standard range established with the
pure glycogen as standard.
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Statistical analysis
The data were expressed in SI. All values were expressed as
Mean±standard error (ET) and analyzed by the Mann-Whitney U test
for comparison between groups. The degree to which variables were
related is measured with Pearson’s correlation. P values greater than
0.05 were considered insignificant.

Results
In the work reported here, transport distances showed no significant
differences of water, solids, ashes and protein contents in all studied
muscles (Triceps brachii, Musculus obliquus and Diaphragma) (Table
1).These muscles showed a significant (P<0.05) increase of pHu
at 160Km compared with 72Km (respectively 6.4±0.2 vs 5.7±0.2;
6.5±0.2 vs 5.6±0.1 and 6.3±0.1vs 5.6±0.2) (Figure 1) and a significant
increase of MDA levels (µMoles/Kg) at high distance compared with
short one (respectively 0.181±0.014 vs 0.124±0.011; 0.175±0.014 vs
0.133±0.013 and 0.179±0.011 vs 0.131±0.012) (Table 2). However,
in the muscles (Triceps brachii, Musculus obliquus and Diaphragma)
the glycogen levels (mg/100g) decreased significantly (P<0.05)
at high distance compared with short one (respectively 170±20 vs
226±25; 191±21 vs± 241±27 and 180±23 vs 237±25) (Figure 2), and
a significant (P<0.05) decrease of the CAT activity (UI/g) at the same
conditions and with the same way in these muscles was observed
(respectively 337±37 vs 440±44; 326±31 vs 410±41 and 330±33 vs
432±50) (Table 2).

Protein dosage
The assay was performed by the biuret method.10 Proteins form a
colored complex in the presence of copper salts in alkaline medium
according to the reaction of biuret. The intensity of the resulting color
is proportional to the protein concentration.

Malondialdehyde dosage
The assay was performed by the method of Ohkawa et al.11 The
assay based on the formation of acid and heat medium (100°C)
between MDA and thiobarbituric acid (TBA) an absorbent colored
pigment at 530nm, extractable by organic solvents such as butanol.
0.5mL of the homogenate was mixed with 0.5ml of trichloroacetic
acid (TCA) 20% and 1ml of thiobarbituric acid (TBA) 0.67%, then
incubated in a water bath at a temperature of 100°C for 15minutes.
After cooling, 4ml of n-butanol was added to the mixture and then
centrifuged for 15minutes at 3000rpm. And finally the optical density
of the supernatant was measured at a wavelength equal to 530nm
against the blank.

Figure 1 Effects of road transport distance on ultimate pH (24h postmortem)
in camel meat. (M±ET, *P<0.05, comparison between long-distance and shortdistance).

Catalase activity analysis
The CAT activity was measured using the method of Aebi.12
The disappearance of hydrogen peroxide was monitored
spectrophotometrically at 240nm for 5min. A molar extinction
coefficient of 0.041/mM/cm was used to determine the CAT activity.
The activity was defined as the µmol decreased H2O2/min/mg protein.

Figure 2 Effects of road transport distance on glycogen in camel meat. (M±ET,
*P<0.05, comparison between long-distance and short-distance).
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Table 1 Effect of preslaughter transport distance on content of water (%), solids (%) and ashes (%), and proteins (g/100g) in camel meat. (M±ET, no significant
difference was observed between long-distance and short-distance)
Muscles

Water

Solids

Ashes

Proteins

72 Km

73.43±1.45

26.57±1.37

1.16±0.03

19.54±3.54

160 Km

71.35±1.33

28.65±1.65

1.16±0.03

20.13±3.23

72 Km

73.22±1.45

26.78±1.68

1.15±0.03

18.42±2.67

160 Km

70.65±1.41

29.35±1.48

1.16±0.04

19.76±3.13

72 Km

74.56±1.47

25.44±1.64

1.16±0.04

20.32±3.22

160 Km

72.06±1.37

27.94±1.67

1.15±0.03

18.54±3.65

Triceps brachii
Musculus obliquus
Diaphragma

Table 2 Effect of preslaughter transport distance on Malendialdehyde (MDA) levels (µMoles/Kg) and catalase activity (UI/g) in camel meat. (M±ET, *P<0.05
comparison between long-distance and short-distance)
72 Km

160 Km

Muscles

MDA

Catalase

MDA

Triceps brachii

0.124±0.011

440±44

0.181±0.014* 337±37*

Musculus obliquus

0.133±0.013

410±41

0.175±0.014* 326±31*

Diaphragma

0.131±0.012

432±50

0.179±0.011* 330±33*

Discussion
In our work, we studied the effect of distance road transport on
certain physicochemical parameters (pHu, moisture, dry matter,
ash, protein and glycogen) and oxidative stress biomarkers (MDA
and CAT) in meat of camels. The meat of the camel is rich in water
compared to that of sheep13 and beef.14 In addition, Elkady et al.15
reported that the camel meat contains more water than the buffalo.
This content depends on race, gender, individual, age, health, food,
slaughter conditions16 and the amount of water the animal before
slaughter.17 The rate of ash in the muscle of our animals is comparable
to that reported by Ould El Hadj et al.18 and El Khasmi et al.4 in the
same species. According to these authors, the solids content depends
on the water content of the meat, which is inversely proportional to
the dry matter. In chickens, it was demonstrated that the transportation
decreases the water content and increases significantly the proteins of
the meat of the animal.19,20
The increased pHu and glycogen depletion observed when
the transport distance increases, could be explained by a depletion
of muscle glycogen due to emotional and physical stress during
transport, reducing the postmortem muscle acidification then causing
a high pHu.21–24 Indeed, studies have shown that rabbits which had
been transported over a long distance (250km), had a significant high
pHu compared with that in rabbits transported over a short distance
(30km).25 Furthermore, fasting and loading densities during transport
are other stressfull factors resulting in a mobilization of fat and
carbohydrate reserves which reduces the preslaughter concentration of
glycogen then increases the postpartum pHu in muscle.26 An increase
of transportation distance and lairage induces a significant elevation
of plasma levels of heat shock protein 70 (HSPA1A), cortisol and
glucose in cattle,27 posptpartum pH in meat of turkey,28 chickens29 and
pigs30,31 resulting in a significant alteration of meat quality.
In our study, the significant increase of MDA levels and the
significant decrease of CAT activity in camel meat when travel
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distance increases, could indicate a high production of free radicals
resulting an OS in muscle. Free radical production would have adverse
effects on meat causing its lipid peroxidation and alteration of basic
and aromatic aminoacids such as cystein.32,33 In ducks34 and pigs,35
a transport for 2hours induced a significant high circulating levels
of MDA compared to those observed in non transported animals.
In camel, transportation stress can induce an increase of circulating
levels of cortisol, lactate, glucose and MDA which is positively
correlated with travel distance.4,6 This response may be mediated
by an activation of the hypothalamo-hypophyso-adrenal axis during
transport stress and may reduce the preslaughter amount of glycogen
then affect the postmortem biochemical evolution in muscle. The high
impact of road transport distance on the intensity of OS responses has
been reported by other research in domestic animals.5,7,8
The high ambiant temperature and loading density during
transportation of our camels, may have an amplifying action on the
stress responses. Indeed, it has been demonstrated that pigs which
were carried at an ambient temperature of 30°C had a significantly
higher MDA levels, and an activity of significantly lower catalase
compared to pigs having carried at ambient temperature (25°C).36 The
same effects of the T° transport on the same biomarkers of OS in
muscle were observed in chickens.37,38

Conclusion
As conclusion, the results taken together underline a significant
gradual increase of meat pHu and MDA levels and a significant
decrease of meat glycogen levels and CAT activity with road transport
distance, and could be explained by an antemortem OS activity during
travel rising much with distance. Thus, the maximum care should
be taken during this situation like the use of vitamins C and E as
antioxidants. To confirm our hypothesis, other factors must be taken
in consideration such as the use of animals handled differently and
the differences of trucks, drivers, days travel and road topographies.

Citation: Kaoutar B, Mohamed F, Fouad R, et al. Impact of transport distance on some stress biomarkers levels in camel meat. MOJ Food Process Technol.
2016;2(4):130‒134. DOI: 10.15406/mojfpt.2016.02.00043

Copyright:
©2016 Kaoutar et al.

Impact of transport distance on some stress biomarkers levels in camel meat

Acknowledgements
The authors thank the President of urban municipalities of
Casablanca and the Director and the responsible for veterinary of
Casablanca slaughterhouse, to carry out this work.

Conflict of interest
The authors have non-financial competing interests in an exclusive
academic way.

References
1. Gallo CB, Huertas SM. Main animal welfare problems in ruminant
livestock during preslaughter operations: a South American view. Animal.
2016;10(2):357–364.
2. Kataria N, Kataria AK, Pandey N, et al. Serum biomarkers of physiological
defenseagainst reactive oxygen species during environmental stress in
Indian dromedaries. HVM Bioflux. 2010;2:55–60.
3. Saeb M, Baghshani H, Nazifi S, et al. Physiological response of dromedary
camels to road transportation in relation to circulating levels of cortisol,
thyroid hormones and some serum biochemical parameters. Trop Anim
Health and Prod. 2010;42(1):55–63.
4. El Khasmi M, Bargaâ R, Riad F, et al. Meat levels of 25-hydroxyvitamin
D3 in Moroccan one-humped dromedary camels (Camelus dromedarius).
Emirates Journal of Food and Agriculture. 2013;25(4):267–273.
5. Nazifi S, Mahdi S, Hasan B, et al. Influence of road transportation during
hot summer conditions on oxidative status biomarkers in Iranian dromedary
camels (Camelus dromedarius). African Journal of Biochemistry Research.
2009;3(7):282–287.
6. El Khasmi M, Chakir Y, Bargaâ R, et al. Impact of transport distance on
stress biomarkers levels in dromedary camel (Camelus dromedarius).
Emirates Journal of Food and Agriculture. 2015;27(6):507–512.
7. Malena M, Voslárová E, Tomanová P, et al. Influence of travel distance
and the season upon transport-induced mortality in fattened cattle. Acta Vet
BRNO. 2006;75:619–624.
8. De Silva PHGJ, Kalubowila A. Relationship of transport distance, sex
on live weight loss of pigs during transit to slaughter house. Vet World.
2012;5:150–154.
9. Dedier Pol. Travaux pratiques de biologie. Bordas Eds ; 1994. p. 54–83.
10. Gornall AG, Bardawill CJ, David MM. Determination of serum proteins by
means of the biureto reaction. J Biol Chem. 1949;177(2):751–766.
11. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues
by thiobarbituric acid reaction. Anal Biochem. 1979;95(2):351–358.
12. Aebi H. Catalase. In: Bergmeyer HU editor. Method of Enzymatic Analysis.
2nd ed. New York, USA: Academic Press; 1974. p. 673–684.
13. Sen AR, Santra A, Karim SA. Carcass yield, composition and meat
quality attribute of sheep and goat under semiarid conditions. Meat Sci.
2004;66(4):757–763.
14. Mills EW, Comerford JW, Hollender R, et al. Meat composition and
palatability of Holstein and beef steers as influenced by forage type and
protein source. J Anim Sci. 1992;70(8):2446–2451.
15. Elkady SA, Fahmy AA. Some physical and chemical studies on Buffalo
and Camel meat during cold storage. 30th Eur Meet Meat Res, Workers,
Bristol, UK; 1984. 34 p.
16. Craplet C. La viande de bovins. Tome VIII, livre l, Ed. Vigot frères
Editeurs, Paris ; 1966. 486 p.

133

17. Vogel KD, Claus JR, Grandin T, et al. Effect of water and feed withdrawal
and health status on blood and serum components, body weight loss, and
meat and carcass characteristics of Holstein slaughter cows. J Anim Sci.
2011;89:538–548.
18. Ould El Hadj MD, Bouzgag B, Bouras A, et al. Etude comparative de
quelques caractéristiques chimiques et physicochimiques de la viande
du dromadaire chez des individus du type Sahraoui, différents âges.
Recherche agronomique. Institut National de la Recherche Agronomique
d’Algérie. 2002;10:95–102.
19. Zanetti E, Yalçın S, Guler C, et al. A note on the effect of pre-slaughter
transport duration on nutrient composition and fatty acid profile of broiler
breast meat. Journal of Animal and Feed Sciences. 2011;20(3):412–419.
20. Sowiñska J, Wójcik A, Pomianowski JF, et al. Effects of different variants
of pre-slaughter transport on body weight loss and meat quality in broiler
chickens. Med Weter. 2013;69(7):420–423.
21. Knowles TG, Warriss PD, Brown SN, et al. Effects of stocking density on
lambs being transported by rosd. Vet Rec. 1988;142(19):503–509.
22. Warriss PD, Knowles TG, Brown SN, et al. Effects of lairage time on body
temperature and glycogen reserves of broiler chickens held in transport
modules. Vet Rec. 1999;145(8):218–222.
23. Terlouw EMC, Rybarczyk P. Explaining and predicting differences in meat
quality through stress reactions at slaughter: The case of Large White and
Duroc pigs. Meat Science. 2008;79(4):795–805.
1.
24. Kadim IT, Mahgoub O, Al-Marzooqi W, et al. Effects of transportation
during the hot season and low voltage electrical stimulation on histochemical
and meat quality characteristics of sheep longissimus muscle. Livest Sci.
2009;126(1-3):154–161.
25. Ouhayoun J, Lebas F. Abattage du lapin effets de la diète hydrique, du
transport et de l’attente avant l’abattage sur les composantes du rendement
et sur les caractéristiques physico-chimiques musculaires. INRA, station
de Recherches Cunicoles BP 27, 31326 Castanet Tolosan Cedex; 1994. p.
443–448.
26. Lambooij E, Engel B. Transport of slaughter pigs by truck over a long
distance: some aspects of loading density and ventilation. Livestock
Production Science. 1991;28(2):163–174.
27. Chulayo AY, Bradley G, Muchenje V. Effects of transport distance, lairage
time and stunning efficiency on cortisol, glucose, HSPA1A and how they
relate with meat quality in cattle. Meat Sci. 2016;117:89–96.
28. Owens CM, Sams AR (2000) The Influence of Transportation on Turkey
Meat Quality. Poult Sci 79(8): 1204-1207.
29. Ehinger F. The Influence of Starvation and Transportation on the Carcass
Quality of Broilers. In: Scholtyssek S editor. The Quality of Poultry Meat.
European Poultry Federation, Munich, Germany ; 1977. p. 117–124.
30. Perez MP, Palacio J, Santolaria MP, et al. Influence of lairage time on some
welfare and meat quality parameters in pigs. Vet Res. 2002;33(3):239–250.
31. Gajana CS, Nkukwana TT, Marume U, et al. Effects of transportation
time, distance, stocking density, temperature and lairage time on incidences
of pale soft exudative (PSE) and the physico-chemical characteristics of
pork. Meat Sci. 2013;95(3):520–525.
32. Santé-Lhoutellier V, Astruc T, Marinova P, et al. Effect of meat cooking on
physicochemical state and in vitro digestibility of myofibrillar proteins. J
Agric Food Chem. 2008;56(4):1488–1494.
33. Gatellier P, Kondjoyan A, Portanguen S, et al. Determination of aromatic
amino acid content in cooked meat by derivative spectrophotometry:
Implications for nutritional quality of meat. Food Chemistry.
2009;114(3):1074–1078.

Citation: Kaoutar B, Mohamed F, Fouad R, et al. Impact of transport distance on some stress biomarkers levels in camel meat. MOJ Food Process Technol.
2016;2(4):130‒134. DOI: 10.15406/mojfpt.2016.02.00043

Impact of transport distance on some stress biomarkers levels in camel meat

34. Zhu Z, Chen Y, Huang Z, et al. Effects of transport stress and rest before
slaughter on blood parameters and meat quality of ducks. Can J Anim Sci.
2014;94(4):595–600.
35. Shao B. The influence of transportation on piglet antioxidant function.
M.Sc. thesis, Nanjing, China : Nanjing Agricultural University; 2007. 68 p.
36. Azad MAK, Kikusato M, Maekawa T, et al. Metabolic characteristics
and oxidative damage to skeletal muscle in broiler chickens exposed
to chronic heat stress. Comp Biochem Physiol A Mol Integr Physiol.
2010;155(3):401–406.

Copyright:
©2016 Kaoutar et al.

134

37. Mahmoud KZ, Edens FW. Influence of selenium sources on age-related
and mild heat stress-related changes of blood and liver glutathione redox
cycle in broiler chickens (Gallus domesticus). Comp Biochem Physiol B
Biochem Mol Biol. 2003;136(4):921–934.
38. Zhang WH, Gao F, Zhu QF, et al. Dietary sodium butyrate alleviates the
oxidative stress induced by corticosterone exposure and improves meat
quality in broiler chickens. Poultry Science. 2011;90(11):2592–2599.

Citation: Kaoutar B, Mohamed F, Fouad R, et al. Impact of transport distance on some stress biomarkers levels in camel meat. MOJ Food Process Technol.
2016;2(4):130‒134. DOI: 10.15406/mojfpt.2016.02.00043

