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ABSTRACT

This study was designed to assess the effect of Infectious Bursal Disease Virus (IBDV) on oxidative stress biomarkers in broiler
chickens fed Moringa oleifera leat (MOL)supplemented feed. Two hundred- and forty-day-old Ross 308 hybrid broiler chicks
were randomly assigned into groups A, B, C and D of 60 chicks each. The chicks were raised on deep litter housing. Broiler
starter (BS) and broiler finisher (BF) mash were formulated for broilers in groups A and B each with 5% MOL supplemented
as part of the feed. while BS and BF were formulated without MOL for broilers in groups C and D. Broiler chickens in groups
A, B and C were challenged with 0.05 ml of a live vvIBDV at 35 days of age, whereas those in group D served as controls. At
days 35, 38, 42 and 49 of age, blood was collected from 10 broilers in each group via the wing vein to determine serum
concentration of Catalase (CAT), Glutathione peroxidase (GPx), Superoxidase dismutase (SOD) and Malondialdehyde (MDA)
using an Audio comb Serum Auto-analyser. There was a significant increase in the concentration of CAT (P=0.0125) and GPx
(P=0.0190), in broilers of group A at 38 days of age when compared with the control (group D). While the concentration of
MDA increased significantly in broilers of group A (P=0.0004) at 42 days of age when compared with the control. Moringa
oleifera leaf supplementation in the feed of broilers is shown to potentiate the antioxidant activities of CAT, GPx and MDA
during infection with infectious bursal disease virus.
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INTRODUCTION Oxidative stress occurs when there is an imbalance between
free radical generation/reactive oxygen species (ROS) and
antioxidant defence systems (Ames et al., 1993; Sandhu and
Kaur, 2002). This free radicals/ROS cause damage to the
DNA, biomembrane lipids, proteins and other
macromolecules (Lu et al., 2010). Antioxidant enzymes such
as superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) are the first line defence
antioxidants (Ray and Husain, 2002), while malondialdehyde
(MDA) is the main oxidation product of peroxidized
polyunsaturated fatty acids. The infectious bursal disease
virus affects domestic chicken, thereby causing damage that
is irreversible to different body tissues (Peterhens ez al., 2009;
Reshi et al., 2014).

Commercial poultry production has been experiencing a
tremendous increase in Nigeria, thereby increasing the
opportunity for the Nigerian poultry industry to strive
effectively (Onu and Aniebo, 2011). Infectious diseases such
as Infectious bursal diseases (IBD, also known as Gumboro
disease), which is caused by an infectious bursal disease virus
(IBDV), have been causing great economic loss due to
mortality that ranges between 80 -100% during outbreaks
(Aracibasi et al., 2010; Rehman et al., 2016). Infectious
bursal diseases virus causes a prolong immunosuppression
that leads to increased susceptibility in the affected birds to
various bacterial and viral diseases, poor immune response to
other vaccines, reduced antioxidant capacity, lipid
peroxidation etc, thereby rendering investment in the poultry  Moringa oleifera (MO) is indigenous to Northwest India, but
at present, it is widely distributed in the tropics, throughout
the pacific region, central America, the Caribbean as well as
West Africa (Ramachandran et al., 1980; Makker and

industry to be fearful and uncertain (Okoye, 1983; Abdu,
1986; Niki, 1996; Min et al., 2008; Aricibasi ef al., 2010).



Becker, 1999; Aregheore, 2002). Though, MO is known by
most ethnic groups in Nigeria, it is commonly and widely
cultivated in the Northern region of the country (Anjorin et
al., 2010). The different parts of MO have for long been
consumed for nutritional purpose or used as medicine (Jahn,
1984, Bukar ef al., 2010). Among the several medicinal uses
of MO, the antioxidant properties of Moringa oleifera leaf
(MOL) has also been reported by several authors (Vyas et al.,
2015; Falowo et al., 2017; Wright et al., 2017). Though,
IBDV has been shown to cause oxidative stress in chickens
(Ertekin et al., 2016), and the antioxidant capacity of Soya
bean Isoflavones in broiler chickens during IBD infection
(Azzam et al., 2019), the use of MOL supplemented diet as a
source of antioxidant during IBD infection has not been
reported, therefore, this study was designed to assess the
effect of IBDV on oxidative stress biomarkers in broiler
chickens fed MOL supplemented feed.

MATERIALS AND METHODS
Study Location

The study was carried out at the Faculty of Veterinary
Medicine's Poultry Research Center, Ahmadu Bello
University Samaru, Zaria, Nigeria.

Ethical Statement

The Ethics Committee of Ahmadu Bello University, Zaria,
gave approval for this research and standards for the
treatment and humane handling of animals were strictly
adhered to during the study (FASS, 2010).

Collection and Processing of Moringa oleifera Leaf

At an early stage of blooming (between the months of August
and September), the MOL was collected from an orchard.
The stem and branches were cut from the Moringa trees and
spread at room temperature for five days to dry out under
shade. The MOL was then manually processed into powder
by hand and ground using a locally made milling machine.

Mineral analysis of Moringa oleifera Leaf

Mineral analysis of MOL was carried out using the
Association of Official Analytical Chemist (AOAC, 1990)
technique and was found to contain calcium, phosphorus,

Sahel J. Vet. Sci. Vol. 18, No. 3, Pp. 19-26

magnesium, iron, sodium, zinc, copper, selenium, potassium
and manganese (Balami ef al., 2016) (Table 1).

Phytochemical Analysis of Moringa oleifera Leaf

According to the method specified by Sofowora (1993),
quantitative analysis of MOL was performed and the
presence of tannins, phytates, saponins, oxalates and
cyanides were determined (Balami ez al., 2016) (Table 2).

Proximate Analysis of Moringa oleifera Leaf

The Association of Official Analytical Chemists (AOAC,
1990) standard methods for the proximate MOL analysis was
used and the estimated percentage of carbohydrates, crude
protein, fats, fibre, ash, moisture, and metabolizable energy
were known (Balami ef al., 2016) (Table 3).

Feed Formulation and Analyses

To acquire a Moringa oleifera leaf meal, the dried MOL was
milled with a hammer mill and sewn with 3 mm mesh sieve.
Broiler starters (22% crude protein) and broiler finishers
(20% crude protein) were formulated on the basis of the
recommended levels for broilers as stated by McDonald ef al.
(1995), which set protein requirements for tropical broilers at
20-22% for starters and 18-20% for finishers. Five percent
MOL was included in the feed as defined using Pearson
square by the Olugbemi ef al. (2010) methods. Proximate and
mineral analysis of the feed was carried out on the basis of
the method clearly defined by the AOAC (1990) in the Feed
Analysis Laboratory of the Department of Animal Science,
Ahmadu Bello University, Zaria, to determine the level of
metabolizable energy, moisture, ash content, dry matter,
crude protein and crude fiber (Table 4).

Experimental Chicks and Housing

A total of 240-day old Ross 308 hybrid broiler chicks from a
commercial hatchery located in Yola, Nigeria, were
purchased. The chicks were brooded in a deep litter house.
Before the arrival of the chicks, the pens were thoroughly
washed and disinfected. Wood shavings used as litter
material. The chicks were weighed individually and
randomly distributed to contain 60 chicks each into four
groups A, B, C and D. A 100-watt bulb was installed in each
of the compartments to supply light and heat during brooding.

Table 1: Mineral composition of Moringa oleifera leaf

Element Concentration
Ca 2.26%

P 0.35%
Mg 0.45%
K 1.9%
Na 0.11%
Zn 34 ppm
Cu 7.5 ppm
Mn 40.5 ppm
Fe 116.5 ppm
Se 0.85 ppm

ppm = parts per million (Img/kg = 1ppm)
Source; Balami ef al., 2016
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Table 2: Quantitative phytochemical composition of Moringa oleifera leaf

Phytochemical Concentration (%)
Phytates 2.57
Tannins 2.19
Saponins 1.06
Oxalates 0.45
Cyanides 0.1

Source; Balami ef al.,2016

Table 3: Proximate composition of Moringa oleifera leaf

Metabolite % composition
Carbohydrate 55.14

Crude protein 25.9

Crude fibre 13.91

Moisture 7.94

Fat 5.85

Ash 3.72

Energy 2930.63 (KCal/Kg)

Source; Balami et al., 2016

Table 4: Composition of experimental diets of broilers starter and finisher diets per 100 kg of feed

Broiler starter Broiler finisher (A Broiler starter Broiler finisher
(A and B) (%) and B) (%) (Cand D) (%) (C and D) (%)
Maize 50.14 52 50.14 52
Maize offal 9.2 10 9.2 10
Soybean cake 11.69 8.49 14.19 10.18
Groundnut cake 11.69 13.98 14.19 17.29
MOLM 5 5 0 0
Fish meal 5 5 5 5
Salt 0.3 0.3 0.3 0.3
Limestone 1.5 0.5 L5 0.5
Bone meal 3.5 3.5 35 3.5
Lysine 0.85 0.5 0.85 0.5
Methionine 0.85 0.375 0.85 0.375
Premix (B/S, B/F) 0.25 0.25 0.25 0.25
Enzyme 0.025 0.1 0.025 0.1
Total: 100 100 100 100
Proximate analysis
ME Kcal/Kg DM 2798.45 2752.55 2687.88 2664.83
Crude protein (%) 22.50 20.69 22.31 20.63
Crude fibre (%) 5.53 5.15 5.06 5.24
Ether extract (%) 16.45 16.69 16.01 15.93

Key: MOLM: Moringa oleifera leaf meal. ME: Metabolizable energy, B/S: Broiler starter, B/F: Broiler finisher

Experimental Chicks and Housing

A total of 240-day old Ross 308 hybrid broiler chicks from a
commercial hatchery located in Yola, Nigeria, were
purchased. The chicks were brooded in a deep litter house.
Before the arrival of the chicks, the pens were thoroughly
washed and disinfected. Wood shavings used as litter
material. The chicks were weighed individually and
randomly distributed to contain 60 chicks each into four
groups A, B, C and D. A 100-watt bulb was installed in each
of the compartments to supply light and heat during brooding.

Feeds and Feeding

All the broilers were fed 28 days (0 to 4 weeks old) with
broiler starter and 21 days broiler finisher (5 weeks to 7
weeks old). Feed was given ad libitum.
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Experimental Design

Broilers in groups A and B were fed with broiler starters and
finisher diets each containing 5% MOL, while broilers in
groups C and D were fed without MOL with broiler starters
and finisher feeds. Groups A, B and C were challenged with
a vvIBDV when they were 35 days old. All the groups were
fed for 49 days (7 weeks).

Challenge with Infectious Bursal Disease Virus

All the broilers in groups A, B and C were challenged
intraocularly with 0.05 ml of a live vvIBD virus at 35 days of
age. The IBD virus used for the challenge was a vvIBDV
field strain collected from previously vaccinated layers that
died from natural IBD outbreaks. Sixty five percent of
commercial cockerels inoculated with 50 pl bursal



suspension (v / w) in PBS at 30 days of age (pH 7.4) died. In
PBS (pH 7.4) one millilitre of bursal suspension (v / w)
contained 107 CIDs of IBDV.

Blood Sample Collection and Processing
Blood Sample Collection

Blood samples were obtained for serum biochemical tests
when the broilers were aged 35, 38, 42 and 49 days. Using a
25-gauge sterile needle on a 5 ml syringe, 10 birds from each
group were selected and bled through the brachial vein on
each blood collection day. Each collected blood sample was
emptied into plain (without anticoagulant) test tubes, and
coagulated to produce sera using the methods described by
Okeudo et al. (2003). Serum was separated at 447.2 g for 10
min by centrifugation, and preserved at -20° C before
analysis. Using a permanent marker, each of the sample
bottles was properly labelled.

Biochemical Analyses

The serum activity of antioxidant enzymes such as Catalase
(CAT), Glutathione peroxidase (GPx) and Superoxidase
dismutase (SOD)was evaluated using commercial test kits for
SOD, CAT, and GPx obtained from LLC, Vancouver,
WA98662, Canada, North West Life Science and the
manufacturer’s instruction were fully followed in performing
the test.

The level of thiobarbituric acid reactive material (TBA),
malondialdehyde (MDA), as a lipid peroxidation index, was
measured in the serum using Draper and Hadley's (1990)
double heating method, which was revised by Yavuz et al
(2004). The MDA concentration in the samples was
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determined using the MDA-TBA complex absorbance
coefficient of 1.56 x 105/cm/M and reported as nmol/mg
protein.

Statistical Analyses

All the data were analyzed using JMP 11 software (SAS
Institute Inc., Cary, NC). Analysis of variance (ANOVA) and
Tukey’s Kramer honest significant difference were used to
compare the various groups; nominal logistic regression was
used to test for changes and effects of IBDV on oxidative
stress biomarkers. The data were considered significant at
p<0.05.

RESULTS

The results of the study showed a significant increase in the
concentration of CAT (P=0.0125) (Table 5) and GPx
(P=0.0190) (Table 6), in broilers of group A at 38 days of age
when compared with the control (group D). Also, the
concentration of MDA increased significantly in broilers of
group A (P=0.0004) at 42 days of age when compared with
the control (Table 7). However, no significant change was
observed in the concentration of SOD in broilers of all the
groups throughout the study period (Table 8).

The effect of infectious bursal disease virus on the oxidative
stress biomarkers showed that MDA significantly (P=0.0006)
increased by 0.68 x 107 and GPx (P=0.0445) by 0.056 x 10
976 for every one unit increase in IBDV load in the broilers of
group A at 35 days of age. Also, for every one unit increase
in IBDV load, the concentration of MDA significantly
(P=0.0473) increased by 0.36 x 10°7°at 35 days of age and
still increased significantly (P=0.0035) by 0.55 x 107% at 38
days of age in the broilers of group B (Table 9).

Table 5: Changes in the serum concentration of Catalase (IU) in broilers fed Moringa oleifera supplemented diet and

inoculated with vvIBDV from 35 to 49 days of age

Groups
Age M. oleifera + Vaccine M. oleifera + No Vaccine + Control Feed + Vaccine Control Feed +
(days) + Challenge Challenge + Challenge NoVaccine + No
@ (2 @ Challenge
(8
35 52.60°+1.01 49.40°+1.01 48.50°+1.01 49.70°+1.01
38 50.80%£1.01 49.70°+1.01 48.10°:1.01 46.00°+:1.01
42 50.30°£1.01 52.20°¢1.01 48.90°+1.01 49.80°+1.01
49 52.20%+1.01 50.00°+1.01 50.80%+1.01 48.80°+1.01

All values are expressed as Means + SEM, values with different superscript *® within rows differ significantly at p< 0.05

Table 6: Changes in the serum concentration of Glutathione peroxidase (IU™!) in broilers fed Moringa oleifera supplemented

diet and inoculated with vvIBDV from 35 to 49 days of age

Groups
M. oleifera + Vaccine M. oleifera + No Control Feed + Vaccine Control Feed + No
Age + Challenge Vaccine + Challenge + Challenge Vaccine + No Challenge
(days) (4] (4] (2 2
35 48.30%+0.95 46.10*+£0.95 45.082+£0.95 45.80%+0.95
38 47.40°+0.95 46.10+0.95 45.082+0.95 43.10%+0.95
42 46.30°+0.95 47.60°+0.95 46.80°+0.95 46.80%+0.95
49 48.20°+0.95 46.20°+0.95 46.50°+£0.95 44.50°+0.95

All values are expressed as Means = SEM, values with different superscript *® within rows differ significantly at p< 0.05
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unit increase in IBDV load in broilers of group C at 38 days
of age. At 42 days of age, the concentration of CAT
significantly (P=0.0127) decreased by -0.06 x 10°7°and GPx
significantly (P= 0.0019) increase by 0.09 x 107 for every
one unit increase in IBDV load in the broilers of group C. By
49 days of age, only the concentration of MDA significantly
(P=0.0068) increased by 0.5 x 10°7% for every one unit
increase in IBDV load in the broilers of group C at (Table 9).

The concentration of CAT significantly (P=0.0414)
decreased by -0.05 x 107, while MDA significantly
(P=0.0001) increased by 0.91 x 107, and GPx (P=0.0376)
by 0.05 x 10”7 for every one unit increase in IBDV load in
the broilers of group C at 35 days of age. Still, the
concentration of CAT significantly (P=0.0117) decreased by
-0.06 x 10”7, MDA significantly (P=0.0058) increased by
0.52 x 107 and GPx (P= 0.0109) by 0.07 x 10°7® with one

Table 7: Changes in the serum concentration of Malondialdehyde (IU™!) in broilers fed Moringa oleifera supplemented diet
and inoculated with vvIBDV from 35 to 49 days of age

Groups
M. oleifera + Vaccine M. oleifera + No Vaccine Control Feed + Vaccine Control Feed + No
+ Challenge + Challenge + Challenge Vaccine + No Challenge
Age (8 (8 (® (8
(days)
35 1.61°+0.09 1.37°+0.09 1.76°+0.09 1.48%+0.09
38 1.27°+0.09 1.51°+0.09 1.45°+0.09 1.65°£0.09
42 1.34°£0.09 1.13%£0.09 1.232+0.09 0.80°+£0.09
49 1.23%+0.09 1.27°+0.09 1.46°+0.09 1.13%+£0.09

All values are expressed as Means + SEM, values with different superscript *® within rows differ significantly at p< 0.05

Table 8: Changes in the serum concentration of Superoxidase dismutase (IU™) in broilers fed Moringa oleifera supplemented
diet and inoculated with vvIBDv from 35 to 49 days of age

Groups
Age M. oleifera + Vaccine + M. oleifera + No Vaccine Control Feed + Vaccine Control Feed +
(days) Challenge + + Challenge NoVaccine + No
(2 Challenge (g Challenge
2 (2
35 2.36a+0.07 2.28a+0.07 2.39a+0.07 2.37a+0.07
38 2.32a+0.07 2.29a+0.07 2.34a+0.07 2.34a+0.07
42 2.47a+0.07 2.44a+0.07 2.22a+0.07 2.49a+0.07
49 2.32a+0.07 2.33a+0.07 2.39a+0.07 2.34a+0.07

All values are expressed as Means + SEM, values with different superscript a,b within rows differ significantly at p< 0.05

Table 9: Change in some oxidative stress biomarkers for a unit loading of vvIBDV in broilers fed with Moringa oleifera
supplemented diet and inoculated with vvIBDV.

A35/D49
Parameter Estimates Std. Error Chi.sq P value
Intercept -36.22 11.38 10.14 0.0015
MDA 6.82 1.98 11.85 0.0006
A38/D49
Intercept -16.50 9.36 3.10 0.078
GPx 0.56 0.28 4.04 0.0445
B35/D49
Intercept -9.00 9.2 0.96 0.33
MDA 3.64 1.83 3.94 0.0473
B38/D49
Intercept -12.75 9.54 1.79 0.18
MDA 547 1.88 8.51 0.0035
C35/D49
Intercept -18.52 10.19 3.30 0.0692
CAT -0.54 0.26 4.16 0.0414
MDA 9.05 2.06 19.28 0.0001
GPx 0.60 0.29 4.32 0.0376
C38/D49
Intercept -10.14 9.37 1.17 0.2794
CAT -0.66 0.26 6.35 0.0117
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MDA 5.17 1.87 7.60 0.0058

GPx 0.73 0.29 6.49 0.0109
C42/D49

Intercept -7.00 8.97 0.61 0.4344

CAT -0.64 0.26 6.21 0.0127

GPx 0.97 0.31 9.65 0.0019
C49/D49

Intercept -19.26 9.68 3.96 0.0467

MDA 5.05 1.87 7.34 0.0068

R?=0.1797 (17.97%)

Table 10: Effect likelihood ratio test for some oxidative stress biomarkers in broilers fed Moringa oleifera supplemented feed

and inoculated with vwvIBDV

Parameter Chi Square P value
Catalase 27.88 0.0223
Malondialdehyde 89.11 0.0001
Superoxidase dismutase 14.04 0.5225
Glutathione peroxidase 16.66 0.3394

The result of the effect likelihood ratio test showed the R? is
equal to 0.01797, and CAT (y>= 27.88, P=0.0223) and MDA
(> = 89.11; P=0.0001) concentration were significantly
increased when compared to other oxidative biomarkers
(Table 10).

DISCUSSION

In this study, the increase in the concentration of CAT and
GPx at the peak of viremia (3 days post infection) in the
broilers of group A, which was not observed in the broilers
of the control group and that of group C (that were equally
challenged with IBDV but not fed with MOL supplemented
diet), could be attributed the excellent antioxidant capacity of
MOL as reported by several authors (Siddhuraju and Becker
2003; Sreelatha and Padma 2009; Khalafalla et al., 2010;
Balami ef al., 2016). Based on stoichiometric studies, every
disease was shown to have the capacity to cause oxidative
stress in the host system through the production of free
radicals (Niki 1996). Catalase and glutathione peroxidase
have been reported as best-known defence systems (Valko et
al., 2007), that is involved in the scavenging of free radicals
that results from oxidative stress. Though, the effect of MOL
supplemented diet on biomarkers of oxidative stress in
broilers during infection has not been reported, Ertekin et al.
(2016) reported a significant decrease in the concentration of
CAT and SOD during IBD infection.

The significant increase observed in the concentration of
MDA in broilers of group A when compared to those in the
control group is as a result of lipid peroxidation. The level of
lipid peroxidation and the concentration of the MDA in the
blood is usually used as a biomarker of damage caused by
free radicals caused by Reactive oxygen species (ROS)
(Kuun and Borchert 2002; Sehirli et al., 2008; Yousef et al.,
2009; Ding et al., 2011). One of the clinical signs of IBD
infection is pyrexia (Abdu 2000). During the period of IBD
infection, the infected bird would want to maintain an optimal
temperature by increasing evaporative cooling, which in turn
increases their metabolism and energy consumption (Gomez
et al., 2002). This process is usually complicated by
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inappetence which that is usually associated with IBD
infection. This increase need for energy is met by the
metabolism of lipids from the stored fats, thereby degrading
it causing peroxidation. Moringa oleifera leaf have been
reported to have excellent antioxidant properties by several
authors (Siddhuraju and Becker 2003; Sreelatha and Padma
2009; Khalafalla ez al., 2010; Balami et al., 2016). This could
be the reason observed in the significant increase in the
concentration of MDA observed in the broilers of group A.

It was observed that three of the four oxidative stress
biomarkers (CAT, GPx and MDA) evaluated in the present
study were expressed significantly for every one unit increase
in IBD viral load in broilers that were not fed with MOL
supplemented diet. This implies that IBDV causes more
oxidative stress in broilers as was reported by Ertekin et al.
(2016). It was further affirmed the antioxidant capability of
MOL especially during IBD infection. This is shown in the
fewer number of the oxidative stress biomarkers expressed in
broilers that were fed with MOL supplemented diet and
challenged with IBDV. This also implied that for every one
unit of IBD viral load in broilers, the antioxidants contained
in MOL (Sreelatha and Padma 2009; Khalafalla et al., 2010;
Balami ef al., 2016) has the potential of scavenging the free
radicals released due to IBD virus. The IBD virus was able to
cause 17.97% change on the oxidative stress biomarkers.
Similarly, this implies that, the antioxidants present in the
MOL confers about 82.03% of the ameliorating effect
(Fugile, 2005; Moyo et al, 2011) of the IBD virus by
scavenging the free radical due to oxidative stress.

The effect of CAT and MDA were significantly expressed
during the experimental challenge with the IBD virus in all
the groups. This shows the importance of CAT and MDA
during infection with IBDV. The concentration of MDA has
been reported to significantly increase during infection with
IBDV in broilers fed with Soybean Isoflavones supplemented
diet (Azzam et al., 2019). Catalase have also been reported as
one of the best-known defence systems that scavenges ROS
(Valko et al., 2007) and CAT equally plays a role in the



protection of the cell against lipid peroxidation (Yang et al.,
2010).

Conclusion

Moringa oleifera leaf supplementation in the feed of broilers
is shown to potentiate the antioxidant activities of CAT, GPx
and MDA during infection with infectious bursal disease
virus.
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