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SUMMARY
Experiment was done to investigate the
effect of administration of vitamin e + E
and vitamin
e alone on serum
malondialdehyde concentration, rectal
temperature and excitability score in
road transported rams. On experimental
day, 7 rams (Group 1) were administered
with vitamin e at the dose of 250 rug/kg
dissolved in 10 ml of water and also
vitamin E at the dose of 75 mg/kg, per os
while another 7 rams (Group 2) was
administered
with vitamin C (250
rug/kg) only. The 3rd groups (7 rams),
the control, were administered with 10
ml of sterile water. The RT was taken at
07:00,13:00 and 18:00 h, a total offive
times, twice in a week and during the
journey, at 1h, 4 hand 8 h, and also three
consecutive day's post-transportation.
Blood samples were taken a day before
tra~sportation,
immediately after, on
arrival and a 3 days after transportation
in which the serum was harvested for
MDA determination. Excitability scores
was recorded before loading into the
vehicle,
and immediately
after
unloading. The results indicated that the
rectal temperature (RT) value was lowest
at 07:00 hr in the Group 1, and even
maintained
13:00 h r which was
Significantly (P < 0,05) different. The RT
value fluctuates during the journey
however this values in group 1 and group

2. was not significantly
(P > 0.05)
different. The serum malondialdehyde
concentration value rose in the first
hour (2.13 ± 0.51 ng/ml) of the journey
to 2-43 ± 0.22 ug/ml in the 8th hour in
control group, which was significantly
(P < 0.05) higher than the values in the
other groups.
In conclusion, road transportation of
ram is stressful but this was reduced 3days post-transportation
and also
administration of antioxidants vitamins
VE +VC, and ve, alleviated adverse
effect of road transportation stress in
rams.
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INTRODUCTION
Road transportation of livestock is a critical
phase in animal production and utilization
and often considered as one of the main
causes of stress raising considerable
interest, both in economic and animal
welfare terms (MORMEDE et al., 1982).
TranspOl:tation of sm~ll ruminants' sheep
and goat IS fast expanding worldwide due to
demand for their meat and skin used in
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leather work, and most of the studies done
were in the temperate regions of the world
(KANNAN et aI., 2002) which has
contradicting climatic conditions to the
tropical
world.
During
road
transportation, animals are exposed to a
variety of potential stressors such as
motion of the vehicle, poor road condition,
noise, vibrations, poor air quality, and lack
of water and feed (BROOM, 2000,
HARTUNG, 2003). The combined effect of
these stressor have been reported to impair
the homeostatic control mechanism of the
animal; thus resulting in metabolic shift
and altered
bodily
physiological
measurements (BARRIO et al., 1993) and
stress to animals. This stress is directly
related
to lipid
peroxidation
(McCLELLAND,
2004) and reactive
oxygen species (ROS) which are produced
faster than they can be safely neutralized by
antioxidant mechanism hence oxidative
stress results (TREVISAN et al., 2001). An
imbalance between the generation and
neutralization of ROS due to altered redox
homoestasis
within the cell leads to
oxidative stress (TREVISAN et al., 2001;
POWERS and JACKSON 2008,). This
imbalance
may be either due to an
overproduction of ROS or deficiency of the
antioxidant
system and this oxidative
stress is highly deleterious to cell as it
causes
damage
to cell membrane
(HALLIWELL, 2000). Stress factors have
been demonstrated to impair the activity of
antioxidant in vivo (SARIN et al., 2001).

ROS in the aqueous part of the cell, whereas
VE is the major scavenger of ROS iu the
lipid
phase
of cell membrane
(HALLIWELL, 2006, NAZIROGLU, 2007
Therefore the aim of this present work is to
determine the ameliorative effect of coadministration of VC and VE and singly
administration
of VC on serum
rnalondialdehyde concentration on rectal
temperature (RT) and excitability score
(ES) in ram transported for 8 hours. Serum
malondialdeyde (MDA) concentration was
measured because MDA is one of the endproducts oflipid peroxidation (LATA et al.,
2004)·

Livestock and human body system is
equipped with a complete armory of
defenses against external and internal
aggressions such as ROS (SIES, 1993,
SHARMA et aI., 2009). The concentrations
of ROS are kept under strict control by the
activity of a complex defense system
including enzyme and nonenzymatic
species such as ascorbic acid or vitamin C
(VC) and vitamin E (VE) (KOVACIC and
SOMANATHAN, (2008). VC scavenges

MATERIALS and METHODS
Experimental
site and meteorological
conditions
The study was conducted
at Small
Ruminant
Unit of the University
of
Agriculture, Teaching and Research Farm
Makurdi (070 41/ N, 080 37/ E) in the
Southern
Guinea Savannah
Zone of
Nigeria. The area has a very warm weather
with daily mean temperature ranging from
26.5 - 42.00 C, with an annual rainfall of
1,317- 1,323 mrn which span between 6-7
months (ADENKOLAet aI., 2010).
Experimental design
On each experimental day, 7 rams (Group
1) were orally
and individually
administered
with VC (JUHEL@
NIGERIA LTD.) at the dose of 250 mg/kg
(CHERVYAKOV et aI., 1977) dissolved in
10 ml of water and also VE (100 mg DL-atocopherol) (PATTERSON ZOOCHNIST
LTD. NIGERIA) at the dose of 75 rug/kg,
per os while another 7 rams (Group 2) was
administered orally and individually with
VC (250 rug/kg) only. The 3rd group (7
rams) was the control, and they were
administered orally and individually with
only 10 ml of sterile water. Prior to
transportation the RT'were taken at OTOO,
13:00 and 18:00 h for a total of five times,
twice ill a week, during the journey, at 1h, 4
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hand 8 h, and also for three consecutive
day's post-transportation.
On the day of
transportation, the rams were treated (all
the groups) as done earlier before the
journey. The administrations were made
immediately before loading the ram into
the vehicle.
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Vehicle design, loading, and thejoumey
A standard Peugeot bus (J5), popularly
used in the middle belt region of Nigeria for
transportation
of livestock was used to
transport
the rams.
The inner
compartment of the vehicle measured 3.63
x 1.35 x 1.7 m high. The side walls of the
vehicle 'from the floor to the roof were
completely
covered with corrugated
aluminium sheets, which were smooth
with no protrusion of sharp edge and 'with a
window, which provided for adequate
ventilation. Each window measured 1.02
by 0.51 m on both sides of the vehicle and
was at the height of about o.zim from the
floor. A door which measured 1.3 m by 1.59
III was provided at the rear end of the
vehicle. Other transportation procedures
were carried out in accordance with the
standard guidelines governing the welfare
of livestock during road transportation
(WARRIS, 1996). They were made to stand
inside the vehicle in rows without any form
of restraint. The journey commenced at
8 :00 am on the day of transportation.

Blood samples were taken early in the
morning a day before transportation,
immediately
after transportation,
on
arrival and a 3 days after transportation.
Two millimeters
of blood was taken
aseptically from the jugular vein using a 2
ml syringe and 18 gauge x 11/2 inch sterile
needle from each animal without an
anticoagulant.
The sample
was
immediately transferred to Physiology
laboratory,
University of Agriculture,
Makurdi where the blood was immediately
centrifuged 1,500 x g for 15 minutes and the
resultant
serum harvested
for MDA
determination.

Food and water were withdrawn 12 how's
before and throughout the journey period,
which lasted 8 hours. The vehicle travelled
to and fro University of Agriculture,
covering a total distance of 300 km,
respectively. The speed of the vehicle was at
a range of 40 - 50 km/h. The journey
duration included stop-overs, to measure
RT, very briefly (about 20 minutes) and for
police-checking.
After completing the
journey, the rams were unloaded at the
spot where they were originally loaded. The
animals were given feed and water as they
had been prior to the journey.

Evaluation
of serum malonaldehyde
concentration
Serum
malonaldehyde
(MDA)
concentration
a marker
of lipid
peroxidation was
determined by the
double heating method of DRAPER and
HADLEY (1990)
as modified
by
ALTUNTAS et al., (2002). The principle of
the method was spectrophotometric
measurement
of the colour produced
during the reaction of thiobarbituric acid
(TBA) with MDA. Briefly, 2.5 ml of tOO giL
of trichloroacetic acid was added to 0.5 ml
of serum in a centrifuge tube and placed in
a boiling water bath for 15 min. After
cooling in tap water, the mixture was
centrifuged at 1000 x g for 10 min, and zml
of the supernatant was added to 1 ml of 6.7
g/L TBA solution in a test tube and placed
in a boiling water bath for 15 min. The
solution was then cooled in tap water and
its absorbance
measured using a UV
spectrophotometer
(JEN\oV AY, 6405
MODEL, JAPAN) at 532 urn. The
concentration of MDA was calculated by
the absorbance coefficient of MDA-TBA
complex (1.56 x 10 5 cm-t), and expressed
inumol/ml
Measurement of rectal temperature
The RT was measured using a standard
clinical
thermometer
(HARTMAN
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DIGITAL
THERMOMETER®,
GERMANY), inserted approximately 5 - 6
em through the anus into the rectum of
each ram (ZAYTSEVet al., 1971); and left
until an alarm was heard, indicating the
end of the reading usually after 30-40s.
The rams were caught easily and restrained
lightly for measurements,
which were
completed 'within 20 minutes.
Weighing procedure
The rams were weighed
using
a
conventional weighing scale (PHILLIP
HARRIS® COMPANY, ENGLAND). An
individual
whose weight was earlier
recorded by the scale remained on the
scale, while another person restrained the
ram and handed it to the person on the
weighing scale whose weight has already
been determined. A reading on tile scale of
the person was subtracted from the second
weight of the person and the ram to give the
weight of each animal.

ISSN 0331 ·3026

are presented as percentiles. Data were
subjected to Analysis of Variance (ANOVA)
Minitab version 16.00 and the data are
expressed as Mean ± standard error of the
mean (mean ± SEM). Values of P < 0.05
were considered significant.

RESULTS
Rectal temperature of the ram at the study
site
The RT value was lowest at 07:00 hr in the
Group 1 with a value of 38.57 ± 0.580 C,
while that of tile control (group Ill) was
38.67 ± 0.580 C, the RT however rose to
39.05 ± 0·530 C in the group 111 animals
while the value of 38.67 ± 0.530 C was
maintained in the group 1at 13:00 hr which
was significantly (P < 0.05) different
(Figure 1).

).,,~
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Measurement
of excitability scores of
transported rams
Excitability scores were recorded during
weighing of each ram before loading into
the vehicle, and immediately
after
unloading.
They were measured
as
described by VOISINET et a!. (1997) and
MARIA et a!. (2004). While weighing, a
score of one to four was allocated to each
ram by a single observer; a higher score
representing a greater level of excitability.
A score of one was allocated to a ram that
was calm, and made little movement
during the handling. 1\"0 was allocated to
an animal that occasionally shook itself in
an attempt to escape, while three was
assigned to an animal that continuously
attempted to free itself. A score of four was
given to an animal that struggled violently
throughout the entire weighing period.
Statistical analysis
Excitability
score for each period of
measurement were summed and results
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Figure 1: Rectal Temperature of the Rams at the
Study Site
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Figure

2: Fluctuation in Rectal Temperature of
the Rams during the 8·h Road Transportation
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Fluctuation in rectal temperature of the
rum dtll"ing the B-b road transportation

Fluctuation
in malondialdehyde
concentration before, during and 3 days
after thejourneu

The RT value obtained in group 3 shortly
before the commencement of the journey
was 39,21 :I: 0.360 C and this value rose to
40.86:1: 0.340 C in the eighth hour of the
journey (P < 0.05), RT value rose with
duration of the journey, whereas the RT
value decreased in group 1 from initial
38.89 :I: 0.550 Cbefore the journey to 38.34
:I: 0-460 C in the eighth hour of the journey,
while in the group 11 the value fluctuates
from 39.21 :I: 0.350 C at the beginning of
thejourneyto 39-40:1: 0.280 C in the eighth
hour, this values in group 1 and group 2 was
not significantly
(P > 0.05) different
(Figure 2).
Rectal temperature
post-u'aTL.'portation

The serum IMDA concentration
before
transportation was 2.13 :I: 0.43 um/ml in
qroup 3 while 1.95:1: 0.72 um/ml and 1.85
:I: 0.71 utn/ml was obtained in group 2 and
1 respectively which was not significantly
(P> 0.05) different. The value rosefrom to
2.13 :I: OSl pm/ml in the first hour of the
journey and 2.43:1: 0.22 um/ml in the Btli
hour in the control group, this value was
significantly (P < 0.05) higher than the
obtained values in the other groups.

of the ram 3-days
.\Ie.

The overall RT value 3 days after the
journey in the group 3 was 38.25:1: 0.190 C
at 07:00 h and rose to a value of 39.37:1:
0.290 C by 18:00 h, this values was not
significantly (P > 0.05) different from the
remaining treatments (Figure g).
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Figure
4: Fluctuation
in Malondialdehyde
Concentration before, during and 3 Days after the
Journey
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Figure 3: Rectal Temperature of the Ram 3·days
Post-Transportation

Figure 5: Excitability Score of Experimental and
Control Rams before Transportation
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Fluctuation in excitability score of
experimental and control rams before,
immediately after and 3 days after' the
journey

m
10

..,

The results of the excitability scores in both
experimental
and control rams pretransportation are shown in Figure 5. An
excitability score of one was recorded in
14.29 ± 5.29 % in all the treatments before
the journey, while a value of 57.14:1:7.50 %
and 42.86 :I: 5.86 % was recorded in
control, AA + E and AA respectively for an
excitability score of foul', which was not
significantly
(P < 0.05) different.
Immediately
after transportation,
the
highest excitability score of foul' was
recorded with a value of 57.14 :I: 7.50 % in
the group 2, and the highest excitability
score was obtained in group 2 also with a
value of 85.71 :I: 8.51 % while the lowest
value of 14.29 was recorded in the control
group (Figure 6). These value was
significantly (P < 0.05) higher than the
control group. However, there is no
significant (P < 0.05) different in the
obtained values for the scores 3 days post
transportation (Figure-r).
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Figure 7: Excitability Score of Experimental and
Control Rams 3 days Transportation
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Figure 6: Excitability Score of Experimental and
Control Rams AfterTransportation

Figure 8: Fluctuation in Weight of Transported
Rams, Before, After and 3 Days after tbeJ ourney

Fluctuation in weight of transported rams,
before, after and 3 days after the journey
The recorded weight of 20-43 ± 4.50 kg,
21.57 ± 2·50 kgand 21.83:1:1.50 kg in group
1, 2 and 3 respectively was not significantly
(P > 0.05) different before the journey,
however, immediately after transportation
a weight of 15.83 ± 0.85 kg which was
significantly lower (P < 0.05) than the
obtained values in the remaining 2 groups.
Three days post-transportation, the values
1000
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showed no significant (P > 0.05) different
in the weight of the rams in all the groups.
DISCUSSION
The concentration of MDAhas been widely
applied as the most common biomarker for
the assessment of lipid peroxidation in
biological
and medical
sciences
(SU1TNAR et al., 2001) because MDA is
one of the end-products
of lipid
peroxidation,
and the extent of lipid
peroxidation is most frequently measured
by estimating MDA levels (LATA et al.,
2004). The higher concentration of MDA
seen in this study during transportation
especially in group 3 (control) which was
not administered any antioxidant could be
due to higher levels of gJucocorticoids and
adrenaline-induced
pathways of aerobic
energy production associated with stress,
which generate
reactive
oxygen
metabolites due to excessive oxidative
damage and thus lipid peroxidation
(FREEMAN and CRAPO, 1982; MOHAN
and PRlYAV, 2010). These oxygen species
in turn can oxidize many other important
bio-molecules including membrane lipids
(AKINW ALE and ADEBULE, 2003).
However this process was modulated
possibly by the antioxidant vitamins (VC +
VE) which have been demonstrated to
prevent or reduce considerably the ROSinduced damage to body cells (TAULER et
al., 2003; PREGEL et al., 2005) because
this ROS have been shown to induce
lipoperoxidation
of cytomembrane
resulting in cell damage and destruction
(ALTAN et al., 2003; SOLICHOVA et al.,
2003). Also reduction of MDA in group 1 &
2 may be due to the enhancement of the
fatty acid transport by antioxidants evC
&VE) into mitochondria
for energy
production,
thereby
lowering
the
availability of lipid for peroxidation. This
result of this present study agrees with tha t
of TOKARZEWSKI et al. (2004) who
demonstrated
a high level of MDA
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concentration in transported birds.
The RT values recorded were 'within the
established
normal
range
value
documented
for sheep in tropical
environment (ADENKOLA et al., 2004).
The results obtained indicate variations in
RT of the Tams at different hours of
recordings
as evidenced
by gradual
increase in R'I'from 06:00 to 18: 00 h in all
the groups. The fact that the highest RT
values recorded were at the hottest hour of
the day (13:00 h) in group 3 animals agrees
with the results of previous studies that RT
fluctuates with ambient temperature in
agreement with the established pattern of
diurnal variations in RT values classical of
most mammals. The classical fluctuations
in RT values were in agreement with the
findings of PICCIONE and CAOLA (2002)
that RTvalues Vat')' with the hour of the day
and ambient temperature. The RT is a true
reflection of internal body temperature and
a reliable index of thermal
balance
(OZCAN et al., 2003; ZHAO et aI., 2010).
The result of this study demonstrated that
body temperature was modulated in group
1 and 2 and that administration ofVC and
VE exerted hypothermia on the rams and
that its administration
attenuated the
negative effect of the environmental stress
apparently
due to generation
of free
radicals that could have inhibited the
hypothalamic
thermostat
(CHARKRABORTI et al., 2008) in this
group of animals. Co- administration ofVC
and VE reduced
the impact
of
meteorological stress and this reduction
was stronger than when any of these
vitamins was administered singly. This
finding
collaborates
the with the
observation ofNOCKELS (1996) that chain
breaking antioxidants such as lipid soluble
vitamins are of value in controlling
oxidants
produced
cells
under
environmental stress.
The RT values recorded in all the groups
just before transportation fell within the
1001

Adenkola and Okoro

ISSN 0331 ·3026

established normal range of temperature
documented for sheep (ADENKOLAet al.,
2004). This indicated that the animals
were healthy and, therefore, fit for the
journey. This agrees with the findings of
GRANDIN (2001) that physically fit
animals should be transported. However,
the RT values obtained 1 hour into the
journey increased even to the 8th hour
significantly (P < o.OS) and this effect is
more in this group which was not
administered any antioxidants. The effect
seen could be attributed to the high
concentration of free radicals generated as
this free radical generation increases with
the hour ofjourney and the effect is more in
the group 3 in which an antioxidant was not
administered, while the effect was less in
the group in which the antioxidants was
combined. Free radical generation has
been known to inhibit the hypothalamic
thermostat (CHARKRABORTI et aI.,
2008) ill modulating the RT in animal
subjected to environmental stress, and this
environmental
stress
has been
demonstrated to cause oxidative stress and
impairs antioxidants in vivo (SARIN et a1.,
2001) and therefore
antioxidants
supplementation has been shown to be
beneficial in attenuating the adverse effect
of environmental stress (KAFRI and
CHERRY,1984) and stress induced tissue
damage (SEN, 20(n). The finding in this
study agrees with the earlier work of
ADENKOLA
et al. (2011)
who
administered VC,and transported pigs for
eight hours. The modulating effects of the
vitamins are well manifested when the
body VC and VE is either overwhelmed or
exhausted as a result of stress factors that
overtax the animal control systems
(MCKEE and HARRISON, 1995) and
transported animals are often exposed to a
variety of environmental extraneous
stimuli, which are called stress factors
(FRAZER and BROvVN,1990) and thus
road transportation of livestock is very
stressful to animals (CHANDRAand DAS,

2001; VOSLAROVA et aI., 2007;
ADENKOLA et aI., 2011). Antioxidants
vitamins have been showu to prevent or
reduce considerably the free radicalsinduced damages to body cells (TAULERet
al., 2003). VE is a biological antioxidant
soluble
fat (HALLIWELL
and
GUTTERIDGE, 1991), which inhibits the
oxidation oflong chained fatty acids of the
cell membrane (MCDO\oVELL, t989;
HENNKENS, 1986). Unsaturated fatty
acids react with oxygen, and form
superoxide
and hydro peroxide
(COLLACCHIO,1989). These free radicals
cause cell damage by disturbing the
metabolism and structure of the biological
membranes of those organs that contain
excessive amount of unsaturated fatty
acids (BIESALSKl,1992). VE inhibits the
effects of hydrogen protons and free
radicals by saturating them, and so inhibits
autooxidation (MCDOWELL, 1989). VC
has been demonstrated
to enhance
antioxidant activity of VE by reducing the
tocopheroxyl radicals back to their active
form ofVE (\'VEIet al., 200S) or by sparing
available VE (RETSKY and FREI, 1995)
and thatVE is located in the membrane in
such a way the phenolic hydroxyl group, an
active site for radical scavenging, is placed
at or near the surface and the phytyl side
chain, is embedded like an anchor into.
interior of the membrane (TSUCHIHASHI
et al., 1995).
The results obtained on the excitability
scores demonstrated that transportation of
rams, apparently, has adverse effects on
the nervous system of the animals as
evidenced by a decrease in the values of
excitability scores in group 3. This
progressive decrease in excitability score in
tile group 3 (control animals) reflected the
state ofphysical and mental alertness of the
animals, indicating sensorimotor reflex
and neuromuscular coordination. This
decrease may be due to generation of free
radical
which possibly
induced
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lipoperoxidative
damage to the brain
(BROCARDO et al., 2007) and impairs the
activity of the cerebral cortex, because
brain is highly vulnerable to oxidative
damage due to high utilization of inspired
oxygen and the large amount of easily
oxidized polyunsaturated fatty acid (BALU
et al., 2005). Free radicals play an
important
role in neurodegenerative
disorders by oxidizing the macromolecules
like protein, deoxyribonucleic acid and
lipids leading to the common final
pathways for cell death (Hannan, 1992;
Sohal et al., 1995). However, group 1 and
group 2 has an improved excitability score
especially after road transportation,
possibly because VC and VE has the ability
to scavenge the enormous free radical
generated
and thereby
aiding the
restoration of neuromuscular function. VC
bas been demonstrated to be involved in
the synthesis of neurotransmitter such as
norepinephrine
which may increase
excitability score (BALZ, 2003). The result
of the present study agrees with that
obtained by ADENKOLA et al. (2009) who
demonstrated the ability of ascorbic acid to
mitigate low excitability score induced by
road transportation stress in pigs.
There was a drastic reduction in the weight
of all transported animals, possibly due to
the fact the animals were not fed prior to
transportation,
and this may likely
stimulate adrenocortical trophic hormone
to produce glucocoticoids which causes
glycogenolysis, this coupled with increase
free radicals leads to oxidative stress and
lipid peroxidation,
all these may be
involved in weight loss. The reverse is the
case with those animals administered with
antioxidants,
possibly
because the
antioxidant
prevent
circulating
glucocorticoid, and also because of their
antioxidants activity by inhibiting free
radical generation
or scavenging the
initiating free radical and terminating the
radical propagation reaction.

In conclusion, road transportation of ram
is stressful as indicated by increase in
serum MDA, RT and ES; however this
effect
was reduced
3-days
posttransportation and also administration of
antioxidants vitamins VB + VC, and VC,
alleviated
adverse
effect of road
transportation
stress in rams, coadministration of VE + VC in ram is not
better than singly administration of VC
alone.
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