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Abstract: The effects of dietary Mucuna pruriens leaf meal (MLM) supplementation on rabbits’ performance,
haemato-biochemical indices and antioxidant status outside their thermal neutrality zone (21 to 25°C) were
evaluated. One hundred and twenty 35-d old crossbreed (ChinchillaxNew Zealand) rabbits weighing 694+5 g
were allotted to 4 treatments (30 rabbits/treatment; 3 rabbits/replicate). A basal diet (crude protein: 16.9%,
crude fibre: 17.6%, digestible energy: 2671 kcal/kg) was divided into 4 equal portions i.e. diets 1, 2, 3 and 4,
supplemented with 0, 4, 8 and 12 g MLM/kg, respectively, and pelleted. The average body weight in rabbits
fed on diets 3 and 4 was higher compared to those fed on diet 1 (control) at 91 d of age (+228 and +262
g, respectively; P=0.01). Within 35 to 91 d, the average daily weight gain in rabbits fed on diets 3 and 4 was
higher compared to those fed on the control diet (+4.1and +4.8 g/d, respectively; P=0.01). The dressing-out
percentage of rabbits fed on diets 3 and 4 increased (P=0.05) compared to those fed the control diet. At 63 d
and 91 d of age, the white blood cell level of rabbits fed on diet 4 increased significantly compared to those
fed the control diet (+5.05x10° and +5.32x10%L, respectively). At 63 and 91 d of age, the cholesterol level
of rabbits fed on diets 3 (1.0 and —1.16 mmol/L, respectively) and 4 (-1.10 and —1.21 mmol/L, respectively),
were significantly lower compared to those fed on the control diet. The aspartate aminotransferase (AST)
concentration in rabbits fed on diet 4 was reduced compared to those on control diet at 63 d of age
(-33.68 IU/L; P=0.02). At 63 d and 91 d of age, compared to control, the activities of glutathione peroxidase
in rabbits fed on diets 3 (+35.77 and +49.09 mg protein, respectively) and 4 (+54.52 and +55.02 mg protein,
respectively) increased significantly, while catalase activities in rabbits fed diet 4 (+217.7 and +209.5 mg/g,
respectively) also increased significantly. It could be concluded that dietary MLM supplementation enhanced
the rabbits’ performance, reduced serum AST and cholesterol and improved the antioxidant status.
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INTRODUCTION

Changes in climate and rising ambient temperatures in various African and sub-Saharan regions have been reported
as one of the causes of economic losses to livestock farmers (Tawfeek et al., 2014). Ambient temperature outside
the thermal neutrality zone (21 to 25°C) for rabbits represents a heat-stress condition and high heat stress could
cause a reduction in growth performance, reproductive rates and meat quality (Marai et al., 2002; Attia et al., 2017;
El-Desoky et al., 2017 , Marco-Jiménez et al., 2017). Heat stress also promotes increased free radical generation,
which leads to the formation of reactive oxygen species (ROS) and induced cellular oxidative stress (Tawfeek et al.,
2014). Excessive free radical production in the animal’s body can produce a negative effect on biological activities
(Halliwell and Gutteridge, 1989). Dietary manipulation has been identified as the most affordable method of alleviating
the negative effect of high ambient temperature in the tropics, as the high cost of cooling animal pens is unaffordable
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for farmers (Konca et al., 2009). Therefore, the use of diets rich in natural antioxidants as a means of removing
excessive free radicals from the animal’s body and consequent alleviation of high-temperature negative effects on
animal production is becoming popular (Liu et al., 2010; Kone et al., 2016; Zeweil and Elgindy, 2016; Li et al., 2018).

Mucuna pruriens belongs to the family Fabaceae. The plant is among the under-utilised wild legumes and is widespread
in the world’s tropical and subtropical regions. Mucuna has bioactive compounds which make it useful for activity
against bacteria (Kumar et al., 2009). Mucuna pruriens has been reported to have antivenom, antidiabetic, antioxidant
and neuroprotective properties (Kumar and Muthu, 2010; Suresh et al., 2013; Yadav et al., 2017). However, Mucuna
pruriens leaf meal (MLM), like most other leaf meals, contains some phytochemicals (Duke, 1995; Yadav et al., 2017)
which may alter blood profiles of animals fed diets containing MLM (Ansari et al., 2012, EI-Gindy and Zeweil, 2017).

Studies on the effect of dietary Mucuna pruriens leaf meal on performance, blood profile and anti-oxidative status of
growing rabbits are rare. Therefore, this work investigated the performance, blood indices and antioxidant status of
growing rabbits fed on diets supplemented with 0, 4, 8 or 12 g of MLM/kg.

MATERIALS AND METHODS

Experimental site

The experiment was carried out at the Rabbit Unit, Agricultural Technology Department Teaching and Research Farm
(ATDT&RF), The Federal Polytechnic, Ado Ekiti, Nigeria from October to December in 2017. The rabbit house had a
mean temperature and mean relative humidity of 29.6°C and 77.5%, respectively.

Feeds, chemical analyses, animals and experimental design

Mucuna pruriens leaves harvested fresh within the premises of ATDT&RF, The Federal Polytechnic, Ado Ekiti,
Nigeria were chopped, air-dried under the shed for 7 d, milled with @ 2 mm hammer mill to MLM and analysed
for tannin (Van-Burden and Robinson, 1981), terpenoid (Ferguson, 1956), cardiac glycoside (Ferguson, 1956),
saponin (Shad et al., 2013), steroid (Edeoga et al., 2005), alkaloid (Harborne, 1973), flavonoid (Shad et al.,
2013), Ferric reducing antioxidant property (FRAP) (Pulido et al., 2002) and 2, 2-diphenyl-1-picrylhydrazyl hydrate
(DPPH) (Gyamfi et al., 1999) (Table 1). A basal diet was formulated to support optimal rabbit growth (de Blas and
Mateos, 2010) (Table 2). The basal diet was divided into 4 equal portions and designated diets 1, 2, 3 and 4.
Diets 1 to 4 contained 0, 4, 8 and 12 g MLM/kg, respectively. The diets were pelleted to 4 mm diameter and
8 mm in length and then analysed for chemical composition. AOAC (1990) procedures were used to determine
crude protein (988.05), crude fibre (962.09) and acid detergent fibre (973.18) in diets. Neutral detergent fibre
and acid detergent lignin level were determined as described by Mertens (2002) and Robertson and Van Soest

(1981), respectively. Gross energy was determined
Table 1: Chemical constituents of Mucuna pruriens ~ using a combustion calorimeter (Model: e2k combustion

leaf meal. calorimeter, www.cal2k.com). Digestible energy was
Parameters (mg/g) Quantity estimated at 0.65 of the gross energy (Xiccato and
Phytochemicals Trocino, 2010). The recommendations and guidelines
Tannin 3.08+0.01 for applied nutrition and experiments in rabbits were
Terpenoid 12.40+0.04 followed in management of the rabbits (Ferndndez-
Cardiac glycoside 9.91+0.01 Carmona et al., 2005). One hundred and twenty 35-d
Saponin 30.72+0.52 old crossbreed (ChinchillaxNew Zealand) weaner rabbits
Steroid 9.51+0.01 of equal sexes and weighing 964+5 g were allotted to
Alkaloid 12.12+0.38 4 dietary treatments on (30 rabbits/treatment; 3 rabbits/
Flavonoid 91.15+0.33 replicate). The rabbits were housed in wire meshed
Antioxidant parameters cages, accommodated in a well-ventilated pen, offered
FRAP 38.35+0.04 water and experimental diet ad /ibitum and the pen was
DPPH (%) 21.17+0.52 cleaned and disinfected daily for 56 d of the experiment.

FRAP: Ferric reducing antioxidant property; DPPH: 2,
2-diphenyl-1-picrylhydrazyl hydrate.
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Experimental procedure Table 2: Ingredients and chemical composition (%) of
The rabbits and feed were weighed at 7-d intervals the ba'sal diet.
after the beginning of the experiment and the average  ndredients
daily weight gain (ADWG), average daily feed intake Maize 8.00
(ADFl) and the feed conversion ratio (FCR) were \é\/hiat offal | ?60?
calculated, respectively, for post-weaning period (35- Mozilizeeinugnkea 22'0
63 d), finishing period (64-91 d) and whole fattening Cassava pesls 22'0
period (35-91 d). Blood samples were collected from B . . '

X . rewers dried grain 21.7
10 rabbits/experimental group at 63 and 91 d of age from Bone meal 110
overnight fasted selected rabbits, for determination of Premix 0:25
haematological indices, serum biochemical indices and Methionine 0.20
serum concentration of lipid peroxidase (LPx), superoxide Lysine 010
dismutase (SOD), glutathione peroxidase (GPx) and Salt 025
catalase (CAT). The method described by Burnett ef al. Vegetable ol 0.30
(2003) was used for the blood collection. The dorsal  ppemical composition
surface of the pinna was swabbed with cotton wool Crude protein 16.88
impregnated into 70% isopropanol and then rubbed with Crude fibre 1759
petroleum jelly. A brooding bulb was placed at a height Neutral detergent fibre 3917
of approximately 45 cm above the ear to supply heat to Acid detergent fibre 17.54
enhance the ear vein dilation. Thereafter, about 10 mL of Acid detergent lignin 3.68
blood were collected from the prominent ear vein of the Gross energy (kcal/kg) 4108
rabbits using a nineteen gauge 3.8 cm needle. The blood Digestible energy (kcal/kg) 2671

samples meant for serum antioxidant enzymes/serum

biochemical and haematological indices determination

were dispensed into plain (no anticoagulant) and anticoagulant (ethylenediaminetetra-acetic acid) bottles, respectively.
At 91 d, after the blood sample collection, one rabbit was selected from each replicate, weighed, tagged, stunned and
euthanised as described by Blasco et al. (1993). The skin, legs, head, and intestines were removed and the dressing-
out percentage (DP) was then calculated. The weights of major internal organs (liver, heart, lung, kidney, and spleen)
were determined separately and expressed as the percentage of slaughter weight.

Blood analysis

The haematological indices (WBC, white blood cells; RBC, red blood cells; Hbc, haemoglobin concentration; and
PCV, packed cell volume) were determined on the day of collection by Shenzhen Mindray Auto Haematology Analyzer
(Model Bc-3200, Shenzhen Mindray Biomedical Electronics Co. Hamburg 20537, Germany). The serum biochemical
(TP, total protein; creatinine; cholesterol; AST, aspartate aminotransferase; and bilirubin) were determined with a
Reflectron® Plus 8C79 (Roche Diagnostic, GonbH Mannheim, Germany), using Reflectron kits. Concentrations of
serum GPx and SOD activity were determined as described by Rotruck et al. (1973) and Misra and Fridovich (1972),
respectively. The method described by Aebi (1974) was used to determine CAT activity, while lipid peroxidase was
determined with the Ohkawa et al. (1979) method.

Statistical analysis

A completely randomised design with the following model: X,_ui+a+€, was adopted in this study. Where X“:any of the
response variables; p=the overall mean; a=effect of the /™ treatment (/=diets 1, 2, 3 and 4) and € =random error
due to experimentation. All data collected in this study were subjected to analysis of variance using SPSS statistical
software package 2011, version 20. The differences between treatment groups were determined by Duncan’s
multiple range, while statistical significance was assessed at P<0.05.
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RESULTS

Growth performance and carcass traits of rabbits

The effects of dietary MLM supplementation on growth performance of growing rabbits are shown in Table 3. At post-
weaning period (days 35 to 63), MLM supplementation did not significantly (P>0.05) influence the rabbits’ average
body weight (ABW), ADWG, ADFI, and FCR. At the finishing period (days 64 to 91), only the ABW at 91 d was affected
by the MLM supplementation, such that ABW in rabbits fed on diets 3 and 4 was significantly higher (+228 and
+262 g, respectively; P=0.01) when compared to ABW recorded for rabbits fed on diet 1 (control). Over the entire
feeding trial (days 35 to 91), compared to control, the average body weight gain (ABWG) was higher in the rabbits fed
diet 3 and diet 4 (+231 and +267 g, respectively; P<0.01). Similarly, the ADWG in rabbits fed on diets 3 and diet 4
was significantly higher when compared to those fed on the control diet (+4.1 and +4.8 g/d, respectively; P=0.01).
The ADFI were not affected by the MLM supplementation, while FCR values tend (P=0.09) to be reduced with MLM
supplementation.

Table 4 shows the effect of dietary MLM supplementation on carcass and relative internal organs of growing rabbits
at day 91 of age. The slaughter weight (SW) of rabbits fed on diets 3 and 4, significantly increased compared to the
rabbits fed on the control diet (+228 and +262 g, respectively; P=0.04). Similarly, the DP of rabbits fed on diets
3 and 4 was higher compared to the rabbits fed on the control diet (+4.4 and +5.0 percentage points, respectively;
P=0.05). MLM supplementation did not significantly (P>0.05) influence the relative weights of the liver, heart, lung,
kidney, and spleen.

Haematological indices

The effect of including MLM in rabbit diets on haematological indices is presented in Table 5. At 63 d of age, the WBC
level of rabbits fed on diet 4 was significantly higher compared with the rabbits fed on the control diet (+5.05x10%L;
P=0.05). At 91 d of age, the WBC level of rabbits fed on diet 4 significantly higher when compared to those rabbits
fed on the control diet (+5.32x10%L; P=0.05). However, the RBC, Hbc, and PCV were not (P>0.05) influenced by
the MLM supplementation at 63 d and 91 d of age.

Table 3: Effects of Mucuna pruriens leaf meal (MLM) supplementation on performance of growing rabbits.

Diet 1 Diet 2 Diet 3 Diet 4
0gMLM/Kkg 4gMLM/Kkg 8gMLM/Kkg 12gMLM/Kkg SEM  P-value
No. of rabbits 30 30 30 30
Post-weaning period (35-63 d)
Average body weight at 35 d (g) 697 694 694 691 5 0.99
Average body weight at 63 d (g) 1346 1438 1489 1536 29 0.09
Average daily weight gain (g/d) 23.2 26.6 28.4 30.1 1.0 0.07
Average daily feed intake (g/d) 62.2 64.7 63.5 63.6 15 096
Feed conversion ratio 2.70 2.44 2.24 212 0.09 011
Finishing period (64-91 d)
Average body weight at 91 d (g) 20932 21512 2321° 23540 37 0.01
Average daily weight gain (g/d) 26.7 25.5 29.7 29.2 1.0 045
Average daily feed intake (g/d) 751 75.8 76.8 78.0 05 0.26
Feed conversion ratio 2.89 2.99 2.58 2.70 010 0.52
Whole fattening period (35-91 d)
Average body weight gain (g) 13967 14587 1627° 1663° 39 0.01
Average daily weight gain (g/d) 24.9° 26.0° 29.1° 29.7° 07 0.01
Average daily feed intake (g/d) 68.7 70.3 70.2 70.8 08 0.83
Feed conversion ratio 2.76 2.70 2.41 2.38 0.06  0.09

Means within a row with different letters are significantly different (P<0.05); SEM: Standard error of the mean.
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Table 4: Effects of Mucuna pruriens leaf meal (MLM) supplementation on carcass and relative internal organs
(% slaughter weight) of growing rabbits at 91 d of age.

Diet 1 Diet 2 Diet 3 Diet 4
0gMLM/Kkg 4gMLMKkg 8gMLM/kg 12gMLM/kg  SEM  P-value

No. of rabbits 10 10 10 10

Slaughter weight (g) 19772 2036° 2206° 2239 37 0.04
Dressing-out percentage 57.5 58.72 61.9° 62.5° 0.7 0.05
Liver 2.69 2.69 2.72 2.58 0.14 0.96
Heart 0.25 0.23 0.24 0.24 0.02 0.98
Lung 0.42 0.42 0.42 0.42 0.02 0.97
Kidney 0.45 0.46 0.44 0.44 0.02 0.99
Spleen 0.03 0.03 0.04 0.04 0.01 0.98

Means within a row with different letters are significantly different (P<0.05); SEM: Standard error of the mean; Dressing-out
percentage=Hot carcass weight/slaughter weightx100.

Serum metabolites

The effect of dietary MLM supplementation on serum metabolites of growing rabbits is shown in Table 6. At 63 d, the
cholesterol level of rabbits fed on diets 3 and 4, was lower compared to those rabbits fed on the control diet (—1.0 and
—1.1 mmol/L, respectively; P=0.05). The AST concentration in rabbits fed on diet 4 was significantly lower compared
to those rabbits on the control diet (-33.68 IU/L; P=0.02). At 91 d, the serum cholesterol level was lower in rabbits
fed on diets 3 and 4 when compared to those rabbits fed the control diet (—1.16 and —1.21 mmol/L, respectively;
P=0.03). The TP, creatinine, and bilirubin were not significantly (P>0.05) affected by MLM supplementation at 63 d
and 91 d of age.

Activities of antioxidant enzymes

The effect of including MLM in rabbit diets on activities of antioxidant enzymes are presented in Table 7. At 63 d,
compared with the control, the activities of GPx in rabbits fed on diets 3 (+35.77 mg protein) and 4 (+54.52 mg
protein) significantly (P=0.01) increased, while CAT activities in rabbits fed diet 4 (+217.66 mg/g) increased
significantly (P=0.02). At 91 d of age, compared with the control, GPx activities in rabbits fed diets 3 (+49.09 mg
protein) and 4 (+55.02 mg protein) increased significantly (P=0.03). The lipid peroxidase and superoxide dismutase
were not (P>0.05) influenced by MLM supplementation at 63 d and 91 d of age. The CAT activities in rabbits fed diet
4 (+209.46 mg/g) significantly (P=0.03) increased compared with the control.

Table 5: Effects of Mucuna pruriens leaf meal (MLM) supplementation on haematological indices of growing rabbits.

Diet 1 Diet 2 Diet 3 Diet 4
0gMLM/Kkg 4 g MLM/kg 8 g MLM/kg 12gMLM/kg  SEM  P-value
No. of rabbits 10 10 10 10
Observations at 63 d old
White blood cells (x10%L) 7.042 9.71% 9.24% 12.09° 0.70  0.05
Red blood cells (x10'%/L) 3.88 4.98 5.29 5.83 0.42 0.5
Haemoglobin conc. (g/dL) 14.52 13.98 14.20 13.38 060 0.95
Packed cell volume (%) 45.00 44.00 46.33 43.00 1.67 0.93
Observations at 91 d old
White blood cells (x10%L) 7107 9.98%® 9.84%® 12.42° 0.69 0.02
Red blood cells (x10'%/L) 411 5.49 5.69 6.28 042 037
Haemoglobin conc. (g/dL) 14.67 15.00 15.20 15.38 0.48 097
Packed cell volume (%) 44,33 46.67 49.33 50.68 1.44  0.46

Means within a row with different letters are significantly different (P<0.05); SEM: Standard error of the mean.
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Table 6: Effects of Mucuna pruriens leaf meal (MLM) supplementation on serum metabolites of growing rabbits.

Diet 1 Diet 2 Diet 3 Diet 4
OgMLM/kg 4gMLM/Kg 8gMLM/kg 12gMLM/Kkg SEM  P-value
No. of rabbits 10 10 10 10
Observations at 63 d old
Total protein (g/dL) 7.09 7.79 7.85 7.80 053  0.96
Creatinine (umol/L) 100.40 95.85 93.87 99.01 6.14 099
Cholesterol (mmol/L) 2.21° 1.51® 1,19 1.112 017  0.05
Aspertate aminotransferase (IU/L) 95.27° 84.09 67.32%® 61.59° 490 0.02
Bilirubin total (umol/L) 9.20 9.35 9.19 9.06 0.74 094
Observations at 91 d old
Total protein (g/dL) 6.89 7.84 8.08 8.10 056  0.89
Creatinine (umol/L) 98.24 93.17 96.47 100.01 6.88 099
Cholesterol (mmol/L) 2.24° 1.47% 1.08 1.03 018 0.03
Aspertate aminotransferase (IU/L) 91.34 90.09 80.68 82.21 3.01 0.54
Bilirubin total (umol/L) 9.69 9.46 8.92 9.01 0.79 0.98

Means within a row with different letters are significantly different (P<0.05); SEM: Standard error of the mean.

DISCUSSION

The consequences of exposure of rabbits to ambient temperature outside their thermal neutrality zone (21 to 25°C) are
impaired growth, feed intake and utilisation (Brewer and Cruise, 1994; Marai et al., 2002), and heat stress is also one
of the factors causing oxidative stress in the tropics (Kumar et al., 2011). Previous studies had identified the intestinal
mucosa damage and increased muscle protein hydrolysis being caused by temperature-induced free radicals as the
possible cause of thermal stress-induced impaired growth performance (Yuan et al., 2007; Jimoh et al., 2017, Li et al.,
2018). In this study, dietary supplementation of rabbit diets with MLM at 8 or 12 g/kg caused increased average body
weight gain and average daily weight gain of the rabbits when compared to the control. This suggests that dietary
MLM supplementation of diets could serve as a growth performance enhancer in rabbits raised under tropical high
ambient temperature. The phenolic compounds present in MLM as detected in this study might have demonstrated
high antioxidant and free radical scavenging activities, which help to maintain the intestinal mucosa integrity, thereby
promoting growth performance (Yuan et al., 2007). Furthermore, the use of leaf meal as the phytogenic growth promoter
in the animal is on the increase (Valenzuela-Grijalva et al,, 2017); in particular, the antioxidant and anti-inflammatory
activity of some phytochemicals in the leaf meal is of great interest due to their ability to suppress the metabolism of
inflammatory prostaglandins. Some of the phytochemicals (e.g. flavonoids and terpenoids) detected in MLM in this study

Table 7: Effects of Mucuna pruriens leaf meal (MLM) supplementation on antioxidant enzyme activities of growing

rabbits.
Diet 1 Diet 2 Diet 3 Diet 4
0gMLM/kg 4gMLM/Kkg 8gMLM/Kkg 12gMLM/Kkg SEM  P-value
No. of rabbits 10 10 10 10
Observations at 63 d old
Lipid peroxidase (nmol/mol x106) 15.18 16.93 16.64 16.06 1.08 0.96
Superoxide dismutase (m/mg) 81.33 92.00 91.33 94.66 273 037
Glutathione peroxidase (mg protein) 84.82 99.6% 120.6™ 139.3¢ 72 001
Catalase (mg/g) 379.8° 500.3® 499.7%® 597.5 279 0.02
Observations at 91 d old
Lipid peroxidase (nmol/mol x106) 14.88 16.36 15.94 15.68 090 0.96
Superoxide dismutase (m/mg) 84.33 92.00 92.67 94.33 264  0.61
Glutathione peroxidase (mg protein) 90.3? 105.3%® 139.4%¢ 145.4¢ 8.5 0.03
Catalase (mg/g) 388.8° 506.0% 515.1% 598.2° 27.8  0.03

Means within a row with different letters are significantly different (P<0.05); SEM: Standard error of the mean.
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possess anti-inflammatory activity (Muanda et al., 2011). These phytochemicals may over-express antioxidant enzyme,
thereby down-regulating the inflammatory process. The reactive oxygen radicals produced during the process of food
digestion in the digestive tract can attack the intestinal mucosa surface and thereby affect the normal process of nutrient
absorption. Therefore, the anti-inflammatory and antioxidant activities in the intestinal mucosa may result in maintenance
of healthy gut morphology (Kamel, 2000), improved increased nutrient absorption and enhanced growth (Cardoso et al.,
2012) as recorded in this study. Previously, Li et al. (2018) reported improved daily weight gain, average feed intake
in rabbits” whose diets were supplemented with 1 or 5 g/kg Eucommia ulmoides leaves, while Ayodele et al. (2016)
reported improved feed conversion ratio in rabbits fed on 5 or 10% alchornea leaf meal inclusion diets. However, further
studies are required to study the effect of MLM on the morphology of the rabbits’ intestinal mucosa.

Phytogenetic additives can produce antioxidant effects, which may result in health conditions for the animals and
improved growth of target tissues (Valenzuela-Grijalva et al., 2017). In addition, relative weights of the internal organ
of animals may increase abnormally in response to the presence of toxins in their diet (Ayodele et al., 2016). In this
study, the increased SW and DP observed in rabbits fed on 8 and 12 g/kg MLM supplemented diets suggests that
MLM promoted the growth of edible portion of the rabbits more than offal, and that some of the phytochemicals
present in MLM exert direct or indirect effects on animal metabolism, probably by modulating animal metabolism
in favour of increasing the development of edible portions of the rabbits (Jiang et al., 2007; Devi et al., 2015;
Valenzuela-Grijalva et al., 2017). The stability of the rabbits’ relative weight of internal organs (liver, heart, lung,
kidney, and spleen) across the varying levels of dietary MLM supplementation as observed in this study also suggests
the uncompromised health status of the rabbits.

Oxidative stress caused as a result of high ambient temperature could result in pathological changes such as tissue
damage and adverse effects on blood indices (Avellini et al., 1995; Adekonla and Ayo 2009). The stability of blood
indices such as RBC, Hbc, and PCV in rabbits across the various dietary treatments in this study is an indication that
MLM supplementation supports or does not interfere with normal haemopoiesis processes. However, the observed
rise in WBC in rabbits fed MLM supplemented diets, especially 12 g/kg supplemented diet in this study, may be the
product of immunostimulatory activities of MLM. The WBC counts possess phagocytic function and biomarkers for
immune functions. An immunostimulatory activity in animals is one of the biological activities being associated with
phytogenic feed additives (Valenzuela-Grijalva et al., 2017). Similar results were reported in broiler chickens fed
2.5 g/kg Azadirachta indica leaf meal (Ansari et al., 2012) and in rabbits fed 1 g/kg alchornea leaf meal (Oloruntola
etal., 2016a).

The reduction of serum cholesterol levels in rabbits fed on 8 and 12 g/kg in this study suggests that MLM
supplementation interferes with the uptake and catabolism of cholesterol in the rabbits. According to Lording and
Friend (1991), decreased uptake of cholesterol or increased loss or cholesterol catabolism is among the causes of
hypocholesterolaemia. Phytochemicals in the phytogenic feed additives were reported to exhibit various biological
activities that can influence the functions of the intestinal tract (Valenzuela-Grijalva et al., 2017). In particular, saponin,
one of the detected phytochemicals in MLM, was linked to the reduction of cholesterol uptake in the gut (Yilkal, 2015).
Recently, Oloruntola et al. (2016a,b) recorded reduction of serum cholesterol level in rabbits and broiler chickens
fed on diets containing 50 or 100 g/kg alchornea leaf meal. The reduction of serum AST in this study suggests that
MLM has protective and therapeutic properties, as abnormally rising AST concentration indicates liver and biliary
system disease, skeletal muscle disease, myocardial injury/diseases, haemolytic disorder and haemolysis (Lording
and Friend, 1991). This is further supported by the stability of the TP, creatinine and bilirubin concentration in the
rabbits fed the various experimental diets supplemented with varying levels of MLM. The antioxidant property of MLM
and the presence of some phytochemicals at the therapeutic level (Sies, 1997; Yadav et al., 2017) may be responsible
for these observations in this study.

High ambient temperature and, consequently, heat stress promote increased free radical generation and lipid
oxidation. This condition enhances the generation of free radicals, which if not adequately removed could cause
irreversible damage to cells (Tawfeek et al., 2014; Meineri et al., 2017). The importance of antioxidant enzymes,
particularly in animals being raised under high ambient temperature, in eliminating the oxygen free radicals being
induced by excessive heat has been reported (Masella et al., 2005; Li et al., 2018). Results from this study showed
that dietary MLM supplementation could increase the levels of blood GPx and CAT in rabbits, implying that heat
stress-induced oxidative destruction could be reduced in rabbits by dietary MLM supplementation. This observation
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suggests that dietary MLM is rich in antioxidant and could play a significant role in improving the health of rabbits. The
antioxidant potential of this supplement used in this study may be related to the concentration of phenolic substances
(tannin, flavonoids), ferric reducing antioxidant property and 2,2-diphenyl-1-1-picrylhydrazyl hydrate in MLM.

CONCLUSION

The dietary MLM supplementation increased the final live weight of rabbits, average daily weight gain and dressing-
out percentage, exerted the immunomodulatory effect by increasing white blood cells, reduced the serum aspartate
aminotransferase and cholesterol and increased serum glutathione peroxidase and catalase.
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