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Abstract 

The study evaluated the haematological and serum biochemical indices of rabbits fed diets 

supplemented with mashed lime fruit juice (MLFJ) as an alternative to antibiotics. The 

experiment was conducted with 30 rabbits with an average age of 11 weeks old and were 

assignedto 6 dietary treatments in a completely randomised design with five replicates each. A 

basal diet was formulated containing 0, 500, 1000, 1500 and 2000 ml of MLFJ per 100kg 

representing treatments T1-T5 respectively while T6 contain 55 g/100kg Oxytetracycline. The 

treatments T1 and T6 served as controls. All data generated were subjected to analysis of 

variance using General Linear Model procedure of the Statistical Analysis System (SAS) 

software. Significant differences between treatment means were separated using Duncan 

Multiple Range Test of the same software. Result showed significant differences (P<0.05) in 

all blood parameters considered except alkaline phosphatase. Pack cell volume was lowest 

with rabbits fed 500 ml MLFJ while other levels were higher and similar. Total protein was 

significantly (P<0.05) higher at 2000 ml but was similar to 0 ml and Oxyt. It was concluded 

that growing rabbits could tolerate dietary MLFJ up to 2000 ml/100kg without negative effect 

on haematological and serum biochemical indices. 
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Description of Problem specific feed additives (1). Antibiotic growth 

High level of production, least cost feed and ~ promoters (AGPs) such as Zinc bacitracin 

efficient feed conversion are the needs of the  among others is among the most used AGP in 

modern rabbit production and thistoa certain  rabbit feed (2). They stabilised the intestinal 

extent could be achieved by the use of microflora and prevented some specific 
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intestinal pathogens leading to better gain 

and feed conversion (3). However, despite 

these good qualities, it has been observed that 

antibiotics have their negative impact 

because of their residual effect in both 

animals and humans leading to public health 

concern (4, 5). This had necessitated the 

search for alternatives to AGPs. As 

alternative to AGPs, organic acids among 

others have been reported to be efficacious 

by modifying intestinal pH, improving 

digestion and absorption of nutrients (6). 

However, organic acids currently in use are 

synthetic types which are very expensive. 

Additionally, farmers may not have access to 

them, hence the need to explore and exploit 

natural sources which can compare 

favourably with AGPs (7). 

Fruits are major sources of organic acids 

especially Citrus spp (lime, lemon and grape) 

which contain citric and ascorbic acids and 

could serve these purposes. It is reported by 

(1) that lime fruit juice contains 0.6% 

ascorbic and 8.02% citric acids. 

Haematological parameters yield 

information about the red blood cell 

population and leucocytes response to stress 

and pathogens (8). The blood in an animal 

serves as a transport medium. It transports 

food materials such as glucose, fatty acids, 

vitamins and electrolytes from the 

gastrointestinal tract to body tissues where 

they are utilised for body building and 

energy. Increase or decrease in body weight 

from the previous weight for a specific period 

is the principal measure of productivity in 

meat animal and this depends on the quality 

and to a lesser extent the quantity of feed 

given (9). This means that the weight, feed 

and blood are related (10). It has been 

established that feed components affect 

blood constituents (11). Haematological 
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parameters can thus be used to assess the 

effects of the test ingredient. There is dearth 

of information on haematological and serum 

biochemical parameters of rabbits fed diets 

supplemented with mashed lime fruit juice. 

Therefore, the study assessed the impact of 

mashed lime fruit juice on haematological 

and serum biochemical parameters of 

growing rabbits to ascertain its safety as an 

alternative to antibiotics. 

Materials and Methods 

Study location 

The study was conducted at the Rabbit 

Research Unit of Swine and Rabbit Research 

Programme of the National Animal 

Production Research Institute, Shika-Zaria, 

Kaduna state, Nigeria. Zaria is located in the 

Northern Guinea Savannah ecological zone. 

The area lies between latitude 10°11' N and 

longitude 7°8' E, and 650 m above sea level 

(12). The dry season begins in the middle of 

October, with dry cold weather that ends in 

February. This is followed by relatively hot 

dry weather from March to May, when the 

rain begins. The mean minimum and 

maximum daily temperatures are from 14 to 

24°C during the cool season and from about 

19 to 38.3°C during the hot season. The 
relative humidity varies between 19 and 35% 

in the dry season and between 63 and 85% in 

the wet season. The wet periods are between 

May and October characterised by annual 

rainfall ranging from 700 to 1400 mm, (13). 

Processing of lime juice 

Green lime fruits were harvested from a farm 

in Gboko Local Government Area of Benue 

State and some were purchased from Samaru 

market, Sabon Gari Local Government Area, 

Kaduna State, Nigeria. The lime fruits were 

mixed, washed and cut into pieces with a
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sharp knife and mashed (ground) using a 

grinding machine. Cheesecloth was used to 

extract the juice. The juice was stored in a 

refrigerator at a temperature of 4 degree 

Celsius to reduce oxidation of bioactive 

compounds in the juice. 

Experimental design and management of 

growing rabbits 

The experiment was conducted with 30 

apparently healthy mixed breed growing 

male rabbits with an average age of 11 weeks 

old. The rabbits were assigned to six dietary 

treatments (T1, T2, T3, T4, T5 and T6) in 

completely randomized design and T1 and 

T6 served as negative and positive controls, 

respectively. Five growing rabbits were 

assigned to each dietary treatment and each 

rabbit served as a replicate. The rabbits were 

treated for internal and external parasites by 

injecting /vermectin Super” at 0.2 ml/kg live 
weight and oral administration of 

coccidiostat (Amprolium” at 1 g to 1 L of 

drinking water) before the commencement of 

the trial. They were housed individually in 

galvanised wire cages of 60 x 60 x 40 cm ina 

well-ventilated building. The rabbits were 

fed weighed quantities of the dietary 

treatments daily in flat bottom earthen 

feeders at 09:00 hours. Feed leftover and/or 

wastage was collected, the fur removed, 

weighed and recorded daily before feeding. 

Routine management practices were carried 

outdaily. The trial lasted for 56 days. 

Experimental diets 

Abasal diet formulated as shown in Table 1 to 

which were added 0, 500, 1000, 1500 and 

2000 ml of MLFJ per 100 kg feed was added 

to the basal diet to form treatments T1 — T5. 

respectively while T6 was formed by the 

addition of 55 g/100 kg Oxytetracycline to 
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the basal diet as recommended by the 

manufacturer. Ten kilogrammes of the feeds 

were compounded for each treatment every 

10days. 

Blood sample collection and 

haematological study 

On the last day of the feeding trial, three 

rabbits per treatment were selected for the 

evaluation of haematological indices. The 

blood characteristics were used for 

evaluation of the health status of animals and 

the level of their metabolism. Blood samples 

were collected at 08:00 hours from the 

external ear veins of each rabbit by vein 

puncture using 2 ml disposable syringes and 

21 G needles. The areas punctured were 

sterilised with methylated spirit swab and 2 

ml of blood samples were collected into 

labelled universal sterile bottles containing 

Ethylene Di-amine Tetra Acetic Acid 

(EDTA) as anti-coagulant for the 

determination of haematological parameters 

as described by (14). Parameters that were 

determined include packed cell volume 

(PCV), red blood cell (RBC), haemoglobin 

concentration (Hb), mean corpuscular 

volume (MCV), mean corpuscular 

haemoglobin (MCH), mean corpuscular 

haemoglobin concentration (MCHC), white 

blood cells count, neutrophils, lymphocytes, 

monocytes, eosinophils and basophils. 

Blood sample collection and serum 

biochemical study 

Another 3 ml of blood samples was collected 

from the same rabbits into EDTA free bottles 

for serum biochemical analysis as described 

by (14). The blood was allowed to clot by 

allowing it to stand for 2 hours at room 

temperature and then centrifuge using 

Wintrobes Microhaematocrit for 10 minutes
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Tablel: Ingredients Composition and Calculated Nutrients Analysis of the 

Experimental Diet Fed to Growing Rabbits 

Ingredients Quantity (%) 

Maize 34.85 

Groundnut cake 20.00 

Maize offal 22.00 

Rice offal 20.00 

Bone ash meal 2.00 

Common salt 0.30 

*Vitamin/mineral premix 0.25 

Lysine 0.30 

Methionine 0.30 

Total 100.00 

Calculated Nutrient Analysis 

Metabolisable energy, (kcal/kg) 251593 

Crude protein, % 16.00 

Crude fibre, % 12.74 

Ether extract, % 4.43 

Calcium, % 0.83 

Available phosphorus, % 0.41 

Lysine, % 0.71 

Methionine + cystine, % 0.53 

*Biomix broiler starter premix supplies the fol lowing per kg diet: vit. AI000 1U; Vit. D3, 2000 U ; Vit. E, 
5.0mg; Vit. K, 2mg; Vit. B1, 1.8mg; Vit B2, 5.5mg; Niacin, 27.5mg; Pantothenic acid, 0.5mg; Vit. B6, 0.30mg; 
Vit. B12, 0.015mg; Folic acid, 7. iotin, 0.06mg; Ch: 
lodine, Img; Iron, 20mg; Manganese, 40mg; Selenium, 0. 

at 2000 rpm to separate blood cells from 

serum. Samples were preserved at 4'C until 
analysed at Histology Preparation 

Laboratory, Department of Human Anatomy, 

Faculty of Medicine, Ahmadu Bello 

University, Zaria. Parameters that were 

determined include; total serum protein, 

albumin and globulin levels, glucose and 

cholesterol levels, total bilirubin, conjugated 

bilirubin, creatine, uric acid, aspartate 

aminotransferase, alanine aminotransferase 

and alkaline phosphatase. 

Statistical Analysis and Model 

Data generated in the study were subjected to 
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oline Chloride, 300mg; Cobalt, 0.2mg; Copper, 3mg; 
. 2mg; Zine, 30mg; Antioxidant, 1.25mg. 

Analysis of Variance as described by (15) 

using General Linear Model procedure of the 

Statistical Analysis System (16) software 

package. Significant differences between 

treatment means were separated using 

Duncan Multiple Range Test (17) of the same 

software. Below is the model for the analysis: 

Yi=n +Tite 

Where, 

Y;; = performance of " rabbit fed i diet 
[ he overall mean of observations of interest 

T; = the fixed effect of the i treatment 

¢;;= random error 
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Results 

Table 2 shows the haematological 

parameters of growing rabbits fed diets 

supplemented with mashed lime fruit juice. 

There were significant differences (P<0.05) 

in all parameters considered in this study. 

Pack cell volume (PCV) was lowest with 

rabbits fed 500 ml MLFJ while other levels 

were higher and similar. Red blood cell 

(RBC) was significantly (P<0.05) higher at 

1000 ml and was similar to 2000 ml and 

Oxyt. Rabbits fed 1500 ml had higher RBC 

compared to those fed 500 ml but were 

similar to 0, 2000 ml and Oxyt while 0 and 

500 ml were also similar (P>0.05). 

Haemoglobin (Hb) was significantly 

(P<0.05) higher at 0 ml compared to 500 ml 

etal 

and was similar to 1500 ml while others were 

similar. For mean corpuscular volume 

(MCYV), rabbits fed 0, 1000, 1500 and 2000 

ml of MLFJ were similar while Oxyt had 

similar values with 500, 1000, 1500 and 2000 

ml. For mean corpuscular haemoglobin 

(MCH), rabbits fed 0, 1500 and 2000 ml had 

significantly (P<0.05) higher values, while 

2000 ml was similar to 500, 1000 ml and 

Oxyt. For mean corpuscular haemoglobin 

concentration (MCHC), rabbits fed 500 ml 

were significantly (P<0.05) superior to 0, 

1000, 2000 ml and Oxyt. On the other hand, 

rabbits fed 1500 ml showed no significant 

difference (P>0.05) to all levels of MLFJ. 

White blood cell (WBC) was significantly 

(P<0.05) higher at 1000 ml. Neutrophils 

Table 2: Haematological Parameters of Growing Rabbits Fed Diets Supplemented with 

Mashed Lime Fruit Juice 

Treatment Levels of Mashed Li me Fruit Juice (ml) 

Parameters TI(0)  T2(500) T3(1000) T4(1500) T5(2000) T6(Oxyt ~ SEM  Reference 
55g/100kg) values 

PCV (%) 35.60° 29977 3943 37.10% 3843° 38.80™ 113 30-50%%F 

RBC (x10°]) 518 4.76° 5.99" 5.46" 577 5.90™ 022 38790 

Hb (g/dl) 113" 9.60° 12.27" 1173 12.03* 12.13" 037 94-17.41 

MCV (f) 68.67" 6327 66.13" 68.07% 66.70" 6570 128 50-75™ 

MCH (pg) 2150°  2030°  2050° 21.50" 20.90™ 2057 045 18-24™ 

MCHC (g/dl) 3130° 3207 3097 31.60% 3130° 31.30° 033 27-34M 

WBC (x10*1) 5.70° 587° 12.17° 8.03" 7.07 5.70° 101 55-16.50" 

Neutrophils (%)~ 28.90™  30.83"  35.20" 35.67" 26.40° 38.03 173 18.846.47 

Lymphocytes (%) 58.90™  56.07 44.10° 5117 63.30" 46.10% 323 43-80™ 

Monocytes (%)~ 8.40° 937" 14.60° 10.37 7.13° 10.23 201 4127 

Eosinophils (%)~ 2.93%  3.37% 5.87 4.13% 267 5.00™ 0.7 0.5-3.50% 

Basophils (%) 087" 037° 0.23° 0.57" 0.50° 0.63" 005 0-0.84% 

abc...c Means with different superscript along rows are significantly different at (P<0.05); Oxyt = Oxytetracycline; 
SEM = Standard error of means; PCV = Packed cell volume; RBC = Red blood cell; Hb = Haemoglobin 
concentration ; MCV = Mean corpuscular volume; MCH = Mean corpuscular haemoglobin; MCHC = Mean 
corpuscular hacmoglobin concentration; WBC = White blood cell; M&M = Mitruka and Rawnsley, 1977; M = 
Medirabbit, 2011; H= Hewitt etal. 1989; Z= Zimmermanetal. 2010. 
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values were significantly (P<0.05) higher at 

the Oxyt group but similar to 1000 and 1500 

ml. Neutrophils were significantly (P<0.05) 

higher at 500 ml compared to 2000 ml but 

were similar to 0 ml. Lymphocytes values 

were significantly (P<0.05) highest at 2000 

ml but similar to 0 ml which was also similar 

to 500 ml. The lowest value of lymphocytes 

was obtained at 1000 ml but was similar to 

Oxyt which was similar to 1500 ml. Rabbits 

fed 500 ml and 1500 ml also had similar 

values of lymphocytes. Monocytes were 

significantly (P<0.05) higher at 1000 ml but 

were similar to 1500 ml while all others were 

similar. Eosinophils values of rabbits fed 

1000 ml were significantly (P<0.05) higher 

but were similar to Oxyt. The lowest value 

was recorded at 2000 ml which was similar to 

0and 500 ml while 1500 ml was also similar 

to 0 and 500 ml. Basophils values of rabbits 

fed 0 ml were significantly (P<0.05) higher 

while those fed 1000 ml had the lowest value. 

Rabbits fed 2000 ml had significantly 

(P<0.05) higher value compared to those fed 

500 ml but was lower than those fed Oxyt 

which was similar to those fed 1500 ml. 

Table 3 shows the serum biochemical indices 

of growing rabbits fed diets supplemented 

with mashed lime fruit juice. There were 

significant differences (P<0.05) in all 

parameters measured except ALP. Total 

protein (TP) of rabbits fed 2000 ml was 

significantly (P<0.05) higher but was similar 

to those fed 0 ml and Oxyt. Rabbits fed 0 and 

1000 ml had significantly (P<0.05) higher TP 

compared to those fed 1500 ml but were 

lower than those fed 0 ml which was similar 

to 2000 ml and Oxyt. Albumin was 

significantly (P<0.05) higher at 0 ml but was 

similar to 2000 ml while the lowest value was 

at 1500 ml which was similar to Oxyt. 

Rabbits fed 1000 ml had similar value with 
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500 ml and Oxyt while 500 and 2000 ml were 

also similar. Globulin was significantly 

(P<0.05) higher at Oxyt while 0 ml had the 

lowest value which was similar to 500 and 

1500 ml while others were similar. Glucose 

was significantly (P<0.05) higher at 0 ml. 

This was followed by 500, 2000 ml and Oxyt 

which were similar. The least values were 

recorded at 500 ml which was similar to 0 ml, 

and 1500ml was similar to 0 and 2000 ml. 

Aspartate amino transferase (AST) was 

significantly (P<0.05) highest in the blood of 

rabbits fed 1500 ml while the lowest value 

was recorded in the blood of rabbit fed 1000 

ml. AST was significantly (P<0.05) higherin 

the blood of rabbits fed 2000 ml compared to 

those fed 0 ml but was significantly (P<0.05) 

lower in the blood of those fed 500 ml and at 

Oxyt. Alanine amino transferase (ALT) was 

significantly (P<0.05) higher in the blood of 

rabbits fed 1500 ml diet while the lowest 

value was obtained in the blood of rabbits fed 

0 ml diet. ALT was significantly (P<0.05) 

higher in the blood of rabbits fed 1000 ml 

compared to those fed 500 ml and Oxyt but 

was significantly (P<0.05) lower in the blood 

of rabbits fed 2000 ml diet. 

Discussion 

Haematological indices are indices and 

reflections of the effects of dietary treatments 

on the animal in terms of the type, quality and 

amounts of the feed ingested and available 

for the animal to meet its physiological, 

biochemical and metabolic necessities (18). 

In this study it was observed that the MLFJ 

treated groups had better PCV than the 

negative control except for the 500 ml group 

and were comparable to the positive control. 

Meanwhile, all the values were within the 

normal range (30-50%) for healthy rabbits 

(19). PCV is an index of toxicity and
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Table 3: Biochemical Indices of Growing Rabbits Fed Diets Containing Graded Levels of 

Mashed Lime Fruit Juice 

Treatment Levels of Mashed Lime Fruit Juice (ml) 
Parameters  T1(0) T2(500)  T3(1000) T4(1500)  T5(2000) T6(Oxyt SEM  Reference 

55g/100kg) values 

TP, g/dl 7.94% 747° 7.58% 6.737 832" 814 029 5.0-8.0"F 
ALB,g/dl 577°  4.99% 473 4220 5.39% 456 025 2.7-50M 
GLB,g/dl  217°  2.50* 2.94® 2.5% 2.92° 3.58° 028  2.5-450° 
GLC,mg/dl  98.26°  83.72°  67.43° 68.07° 86.44" 83.94" 528  8.10-183.0" 
CHO,mg/dl 70.08  64.59°  83.82" 74.06" 78.22% 82.30° 314 10.0-80M 
AST (W) 56.33%  7067°  48.33° 85.67" 68.33¢ 71.67° 0.53 10.0-98.0M 
ALT (ufl) 13727 181.30° 187.30° 216.43" 190.83" 180.40° 0.73 55.0-260.0M 
ALP (u/l) 52.00 82.67 65.67 80.00 76.67 95.00 2535 10.0-96.0M 

abc...c Means with different superscript along rows are significantly different at (P<0.05); SEM = Standard error of 
means; TP = Total protein; AL 
Aspartate aminotransferase; ALT = 

Albumin; GLB = Globulin; GLC = Glucose; CHO = Cholesterol; AST = 

lanine aminotransferase; ALP=Alkaline phosphatise; M&M = Mitruka and 

Rawnsley, 1977; B=Burke, 1994; H=Hewitt etal. 1989; Medirabbit, 2011. 

reduction in the blood usually suggest the 

presence of a toxic factor which has adverse 

effect on blood formation (20). The high 

PCV observed in this study indicated that 

mashed lime fruit juice was suitable for use 

as a feed additive in rabbit production. The 

results obtained from this research was not in 

agreement with the work of (21) and (22) 

where DLP was supplemented in broiler 

chicken diets and no significant effects were 

observed in PCV. RBC differed significantly 

(P<0.05) among treatments and all values 

were within the normal range (3.8-7.90) for 

healthy rabbits (23). The RBC counts 

according to (24) are influenced among other 

factors by nutrition, physical activities and 

volume. Its reduction indicates anaemia. In 

this study, there were no clinical signs of 

anaemic condition. This result was an 

indication that MLFJ had no negative effect 

on the RBC instead the test ingredient 

showed ability to improve this parameter. Hb 

values for all the MLFJ treated groups except 

the 500 ml group were superior to the 

negative control and similar to the positive 

control. All fell within the normal range (9.4- 
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17.4 g/dl) for healthy rabbits (23). The lowest 

values recorded by the 1500 ml group in most 

of the parameters considered as mentioned 

earlier could not be attributed to the effect of 

dietary MLFJ because even the groups that 

received higher doses of the juice were 

within the normal range for healthy rabbits. 

Though the erythrocyte constants (MCV, 

MCH, and MCHC) were significantly 

(P<0.05) different among treatments, they 

were within the normal range (50-75 fl; 18.7- 

24 pg; 27-34 g/dl respectively) for healthy 
rabbits (23). These results were indications 

that MLFJ had no negative effect on the 

blood indices. WBC values obtained were 

within normal range (5.5-16x10"/1) for 

healthy rabbits (25). An increase in WBC 

count above normal as reported by (26) is an 

indication of the presence of exogenous 

substances and or foreign bodies in the blood. 

Since the values were all within the normal 

range, it indicated that the MLFJ did not 

negatively affect WBC and was safe to be 

used as a feed additive in rabbit production. 

The values of neutrophils obtained in this 

study were higher than those reported by
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(22). They were however within the normal 

range (18.8-46.4%) for healthy rabbits 

(Hewitt, e al., 1989). This is an indication of 

the safety of MLFJ in the diet of rabbits. This 

result is in consonance with the work of (22) 

when they orally administered lime fruit 

juice to broiler chickens. Lymphocytes 

values were within the normal range (43- 

80%) for healthy rabbits (23); signifying that 

MLFJ did not pose a threat to the heath of 

rabbits. This result agreed with the result of. 

(27) and (22) who reported significant 

(P<0.05) differences in their studies with 

lemon juice in broiler chickens. Monocytes 

were within the normal range (4-12%) for 

healthy rabbits (28). This result disagreed 

with (27) who observed no significant 

differences in their study with lemon juice in 

broiler chickens' diets. Eosinophils were 

above the normal range (0.5-3.5%) for 

rabbits (28) at 1000 and 1500 ml and the 

positive control. Eosinophilia in rabbits can 

occur when tissues rich in mast cells, such as 

the skin, lungs, gastrointestinal tract or 

uterus, are involved in disease. Eosinophilia 

can indicate the presence of an abscess and 

may be found during wound healing. In other 

species, eosinophilia is linked to parasitic 

diseases, especially when larvae are moving 

through the tissues, but this is rare in 

domestic rabbits (8). However, the 

significantly higher values recorded at 1000 

could not be attributed to the dietary MLFJ 

because even the 2000 ml that received 

higher dose and the 500 ml that received 

lower dose of the juice were within the 

normal range for healthy rabbits. Basophils 

differed significantly (P<0.05) among 

treatment means with the MLFJ having 

lower values which were all within the 

normal range (0-0.84%) for rabbits (23). The 

higher value recorded at the negative control 

was above the normal range, an indication 

that they might have been fighting against 

some foreign agents in the diet. On the other 

hand, the lower values obtained from the 

mashed lime fruit juice treated groups were 

indications that there were no foreign agents 

in the diets. This result was in agreement with 

the values reported by (27) which was a 

demonstration of the antibacterial effect of 

MLEF]J. 

Serum protein according to (29) is mainly 

synthesised in the liver and played important 

functions including but not limited to 

maintenance of blood volume through the 

colloidal osmotic effect, buffer blood pH, 

transport hormones and drugs, participate in 

cell coagulations and in the body defence 

against foreign agents, catalyse chemical 

reactions (enzymes) and regulate the 

metabolism (hormones). The differences 

observed in TP, albumin and globulin due to 

the effect of MLFJ had no particular 

sequence; however, values were comparable 

to the controls. TP values were within the 

normal range (5-8.0 g/dl) reported by (19) for 

healthy rabbits except 2000 ml and Oxyt that 

were slightly above the normal range. 

According to (8) the main cause of 

hyperproteinemia in rabbits is dehydration. 

The high TP value might be as a result of 

dehydration due to cases of coccidiosis and 

diarrhoea. According to (30), coccidiosis in 

rabbits has two forms, namely hepatic and 

intestinal form. The affected animals show 

symptoms of diarrhoea, reduced appetite, 

dehydration, and weight loss as well as liver 

and intestinal lesions. Similarly, albumin 

values for MLFJ and the positive control 

were within the normal range (2.7-5.0 g/dl) 

reported by (19) for healthy rabbits except at 

2000 and 0 ml. A high serum albumin 

concentration according to (31) is not a 
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failure of any specific disease. Although an 

increased albumin level in conjunction witha 

high PCV is indicative of dehydration. 

Globulin values fell within the range of 1.5 to 

3.3 g/dl and 2.5-4.50 g/dl reported by (32) 

and (33) respectively, for healthy rabbits. 

(34) reported this to be indications of 

nutritional adequacy of the dietary proteins 

since serum protein synthesis is related to the 

amount of available protein in the diet. The 

finding of this study corroborated the report 

of (35) that there was no alteration in the 

normal systemic protein utilisation as well as 

the proper functioning of the liver and that 

the experimental animals had good 

resistance to disease and corresponding high 

immunity. Glucose was significantly 

(P<0.05) influence by the levels of MLFJ and 

values were within the normal range (8.10- 

183.0 mg/dl) as reported by (25). The slight 

decreased in serum glucose observed in the 

MLFJ groups was an indication of normal 

energy metabolism. Cholesterol was 

significantly affected by MLFJ. However, 

the treated groups compared favourably with 

both controls and values obtained were 

within the normal range (10-80 mg/dl) for 

healthy rabbits as reported by (23) except 

1000 ml and the positive control. The result 

of this study is contrary to the findings of (36) 

who reported significant reduction in 

cholesterol when they studied the effect of C. 

aurantifolia peel essential oil on serum 

triglyceride and cholesterol in Wister rats. 

The significant proliferation in the 1000 ml 

group could not be attributed to the effect of 

the MLFJ because even the negative control 

that received no MLFJ and those that 

received higher doses were within the normal 

range reported by (23). However, in this 

study it was not clear what could have been 

responsible for the occurrence. It might be as 
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a result of human error since the animals 

were offered the same basal diet and hepatic 

enzymes values were within normal range for 

healthy rabbits. The dietary MLFJ caused 

significant variation (P<0.05) in the levels of 

two hepatic enzymes: AST and ALT across 

the treatment groups. Although the 

differences observed in these enzymes had 

no particular sequence, the significant 

variation in the concentration of these 

enzymes is an indication that the nature of the 

experimental diets was influence by the 

MLFJ which affected their synthesis. The 

AST and ALT values for the MLFJ treated 

groups were significantly (P<0.05) higher 

than 0 ml and were comparable to Oxyt 

except 1000 and 2000 ml for AST, but all the 

values were within the normal range (10-98 

u/l and 55.0-260.0 u/l respectively) for 

healthy rabbits (23). The ALP values were 

not significantly (P>0.05) different across 

the treatments and were within the normal 

range (10.0-96.0 u/l) for healthy rabbits (23). 

Biochemical indices provide useful 

information about the health of the visceral 

organs especially the liver and the kidney 

(37). According (38), increase in serum AST, 

ALT and ALP were an indication of damage 

caused to the liver and kidney by toxins, 

which involved cellular destruction. It is 

important to note that AST, ALT and ALP 

levels did not reflect the function of the liver; 

they are only used to detect inflammation due 

to injury or damage to the liver from other 

sources (39). Even in conditions where AST, 

ALT and ALP were highly elevated, the liver 

was still functioning properly (39). The 

findings of this study indicated that MLFJ 

had no negative effect on the liver and kidney 

of the rabbits. This study agreed with the 

report of (40) that dietary lime fruit juice had 

no detrimental effect on the biochemical
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functions of growing rabbits. 

Conclusion and Application 

It was concluded that dietary MLFJ up to 

2000 ml/100 kg did not negatively affect 

haematological and serum biochemical 

functions of growing rabbits. Therefore, 

inclusion level up to 2000 m1/100 kg could be 

incorporated in the diet of rabbits. 
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