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ABSTRACT
Fresh oranges juice is an excellent source of vitamin C and contains powerful natural antioxidant, folate, dietary fibre

and other bioactive components. The effects of fresh orange juice on the microflora, haematology and histopathology

of selected organs of albino rats was evaluated using standard methods. Different volumes of the juice were fed to the

rats daily for 8 weeks. Their weight was taken every other day and a comprehensive assessment of their hematology,

gastrointestinal flora and histopathology of selected organs done. The juice did not cause any pathological

degeneration of the tissue or organs assessed. It caused increased in Packed Cell Volume (PCV) of the rats with the

highest increase observed in the rats given 1.0 ml of the juice daily. The PCV was 51.22 ± 1.24% for the group given

1.0 ml daily while the control group was 41.33 ± 0.67%. All the results for the PCV were significantly different at P ≤

0.05. None of the rats gut was sterile with 7 bacteria identified. The bacteria load ranges from 1.3 × 102 cfu/ml to 1.9

× 104 cfu/ml. The group fed with 0.5 ml of the juice had the highest weight gain. The results obtained has proof the

effect of fresh orange juice as a source of vitamin. The histopathological results of the selected organs showed that

they are pathologically fine without any degeneration of tissues thereby providing evidence that fresh orange juice has

prophylactic and therapeutic values. Conclusively, fresh orange juice has medicinal values, boost immunity, increase

blood volume, and restore normal gastrointestinal microflora.
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INTRODUCTION

Plants have anchored to the earth long before man began to
multiply on it. These plants as well as other materials were
present for the survival of man before his arrival on earth. The
World Health Organization (WHO) estimates that about 80% of
the world’s population still depends upon herbal medicines for
the treatment of various diseases due to easy availability,
economic reasons and lesser side effects than drugs [1]. Citrus is
widely grown in Nigeria and many other tropical and subtropical
regions [2]. In terms of volume in production, and with over 108
million tons, citrus is the world second fruit crop after banana.

Sweet orange (Citrus sinensis L. Osbeck) commonly called orange
is a member of this family and a major source of vitamins
(especially vitamin C), sufficient amount of folacin, calcium,
potassium, thiamine, niacin and magnesium [3]. Economically,
oranges are important fruit crops, with an estimated 60 million

metric tonnes produced worldwide as at 2005 for a total value of
9 billion dollars. Of this total, half came from Brazil and the
United States of America as reported by [4]. The global citrus
acreage according to FAO statistics in 2009 was nine million
hectares with production put at 122.3 million tons, putting
sweet oranges above all the fruit crops [5].

The human Gastrointestinal Tract (GIT) is colonized within the
first days of life by microbes that contribute the digestion and
immune system among others [6]. It is one of the most complex
ecosystems on earth and contains members of all tree domains:
Archaea, Eukarya and Bacteria, which predominate in this
environment. The vast arrays of bacterial cells in the human GIT
are ten times more numerous than number of the body cells in
total [7]. Intestinal microbiota includes microorganisms
colonizing such parts of gastrointestinal tract as the small
intestine (jejunum and ileum), colon and rectum. Microbiota of
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these parts of the digestive system is much more diverse and
larger than the population of upper parts of GIT. Guarner et al.
reported that the GIT ecosystem consists of 17 families, 45
genera and over 1,000 species of microorganisms but the
development of diverse biocenosis can be positively affected by
slower movement of gastric contents and increase in pH by a
significant amount (gastric pH is 1.0-2.0 unit while in the
mucosa of the small intestine may be even 8.0) [6,8].

Majority of gut bacteria is anaerobic (facultative or obligate),
however the intestinal mucus is a favorable environment for the
growth and existence of microaerophiles [9]. In the adult human
gut microbiota Bifidobacterium, Bacteroides, Clostridium and
Eubacterium dominate, less from the genus Lactobacillus,
Escherichia, Enterobacter, Streptococcus or Klebsiella. In the case of
breast-fed infants 60-90% of the bacteria belong to genus
Bifidobcterium, less to Bacteroides and Lactobacillus (below 1%).
Predominant bacterial species are only 30% of microorganisms
present in the gut of every human being; the remaining 70% are
unique micro-organisms [9].

The human diet contains vitamins C and E, carotenoids and
flavonoids which are important micronutrients that are essential
for maintenance of human health. These dietary sources and
many more of these compounds are present in all plant material.
The nutritional importance of foods is due to the presence of
these functional food ingredients and antioxidant nutraceuticals
or phytochemicals. Phytochemicals are present in edible fruits
and vegetables and when eaten potentially modulate human
metabolism in a favourable manner, thereby prevent chronic
and degenerative diseases [10]. Citrus fruits are the main source
of important phytochemical nutrients and for long have been
valued for their wholesome nutritious and antioxidant
properties. It is scientifically proven that oranges being rich in
vitamins and minerals have many health benefits. Moreover, it is
now appreciated that other biologically active, non-nutrient
compounds found in citrus fruits such as phytochemical
antioxidants, soluble and insoluble dietary fibres are known to
be helpful in reducing the risk for cancers, many chronic
diseases like arthritis, obesity and coronary heart diseases [11].

The human diet contains important micronutrients namely
vitamins C and E, carotenoids and flavonoids, essential for
maintenance of human health and there are many dietary
sources of these compounds which are present virtually in all
plant material [12]. These functional food ingredients and
antioxidant nutraceuticals or phytochemicals account for the
nutritional importance of food. Tripoli et al. stated that
phytochemicals are present in edible fruits and vegetables and
when eaten potentially modulate human metabolism in a
favorable manner, thereby prevent chronic and degenerative
diseases [10]. Thus, citrus fruits are the main source of
important phytochemical nutrients and for long have been
valued for their nutritious and antioxidant properties. It is
scientifically proven that oranges are being rich in vitamins and
minerals have many health benefits. Moreover, it is now an
appreciable fact to science and the world at large that other,
non-nutrient compounds (however still active), are found in
citrus fruits. Examples are phytochemicals antioxidants, soluble
and insoluble dietary fibers. These are known to be helpful in

reducing the risk of cancers, many chronic diseases like arthritis,
obesity and coronary heart disease.

Oranges as excellent source of vitamin C, contain powerful
natural antioxidant, folate, dietary fibre and other bioactive
components, like carotenoids and flavonoids that prevent cancer
and degenerative diseases. Consumption of foods rich in
vitamin C improves body immunity against infectious agents
and scavenging harmful, pro-inflammatory free radicals from the
blood. Sweet orange contains a variety of phytochemicals like
hesperetin and narigenin. Naringenin has a bioactive effect on
human health as antioxidant, free radical scavenger, anti-
inflammatory, and immune system modulator [13].

Oranges are popular due to their natural sweetness, the many
different types available, and the diversity of uses. The reality of
the situation is that yes, a glass of orange juice does indeed
contain vitamin C which generally improve the immune system,
but that fact hardly outweighs the fact that Orange juice is high
in sugar and calories, which may contribute to weight gain and
high blood sugar. Despite its high sugar content, it is preferable
to take orange juice than soft drinks because of its high nutrient
content. Unlike fruit juices, soda contains nothing but empty
calories. Fruit juices, on the contrary, are loaded with
antioxidants and micronutrients. The key is to enjoy them in
moderation. The need to evaluate the effect on animals cannot
be over emphasized. This prompted the need to evaluate the
effect of orange juice microbiologically as it affects the
gastrointestinal tract flora and also organs specifically the liver
and kidney.

MATERIALS AND METHODS

Collection of experimental rats

The experimental albino rats used for this research were young
adults Whister albino rats of six (6) weeks old. They were
obtained from the animal house of the Obafemi Awolowo
University (OAU) research farm. They were confirmed to be
apparently healthy by the veterinary doctors of the research farm
before they were purchased.

Sources of orange juice

Fresh orange juice was obtained by purchasing fresh oranges
from Ilara-Mokin central market and squeezing the juice out
into a clean container every other day. It is from this container
that the juice was then dished out for the animals.

Experimental design

The experimental design was done by grouping the rats into
four groups (A, B, C and D). Each group consists of three (3)
rats that were fed with the same volume of orange juice daily.
They were fed for eight (8) weeks before terminating the
experiment. The layout of the experiment was done according to
the method of Omoya and Momoh [14].
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Feeding of experimental rats

The experimental rats were allowed to acclimatize for a period of
two weeks (14 days) before dividing them into their various
groups. Group A was given 0.25 ml daily, Group B was given
0.50 ml daily, Group C was given 1.00 ml daily and group D
served as the control.

Blood collection

Anaesthetization method as described by Adebolu et al. was
used for the collection of blood from the rats used in this
experiment [15]. The blood collected was carefully transferred
into EDTA bottles for haematological assays and liver
functioning tests respectively. Cardiovascular puncture was used
to withdraw blood from rats whose organs were not needed for
histopathology analysis.

Organ collection

For histopathological assays, organs such as the liver and kidneys
were dissected out using a clean set of dissecting tools from
apparently healthy albino rats. These organs were collected into
specimen bottles containing 10% formalin according to
standard method by Baker et al. [16].

Haematological tests

Haematological tests such as Packed Cell Volume (PCV),
Hemoglobin Concentration (HB), Red Blood Cell Count
(RBC), Erythrocyte Sedimentation Rate (ESR), White Blood
Cell Count (WBC) and White Blood Cell differential count
were done according to Cheesbrough using the following
materials: Blood samples [17]. Microscope, slides, Giesma stain,
capillary tube, spectrophotometer, Leishman stain, EDTA
bottles, haematocrit centrifuge were used for this assay as
follows:

Erythrocyte Sedimentation Rate (ESR): A wintrobe tube was
filled to the top 0 mark and one end of it blocked with
plastacine. It was stand in an upright position undisturbed for 1
hr. The distance of the fall of red cells in it was read and
expressed as the mm fall per hour as the ESR.

Packed Cell volume (PCV): Blood collected into an
anticoagulant bottle was mixed and a capillary tube was filled up
to 75% (3/4) of its length and placed in the micro-haematocrit
centrifuge with the sealant at the outer end and centrifuged at
12,000 rpm for 5 minutes. The result was read as a percentage
of packed red cells to total volume of whole blood using a
haematocrit reader.

Red Blood cell count (RBC): The blood sample was diluted
1:200 and mixed properly. A portion (0.02 ml) of the blood was
pipetted into 4 ml of diluting fluid in a bijou bottle and washed
thoroughly by alternately drawing up and expelling the diluting
fluid. A fine Pasteur pipette was used to fill the counting
chamber and the RBC counted using a counter under × 40
objectives.

White Blood Cell count (WBC): The blood was first diluted in
ratio 1:20 and 0.05 ml of the blood was pipetted into 0.95 ml of

diluting fluid. A little portion (0.2 ml) was introduced into the
counting chamber and observed using × 10 objective to count
the white cells/cubic mm.

Haemoglobin (Hb): Using mouthpiece sucker and a 0.02 ml
pipette, blood was withdrawn and introduced into 4 ml
Drabkin’s solution in a tube. The tube was stoppered, mixed
and allowed to stand for 5 minutes for full colour development.
A standard blood sample of known haemoglobin concentration
was prepared. Using a green (624) filter, the colorimeter was set
to zero using plain Drabkin’s solution as a blank. The readings
of the sample and the standard were taken and the result
calculated as follows:

Sample haemoglobin concentration=Reading of test × standard
haemoglobin concentration/Reading of standard

White Blood Cell Differential (WBC Differential) count:
Twenty microlitre (0.20 ml) of whole blood was placed on clean
grease-free slide and made into a thin film using a glass rod. The
film was allowed to air dry before staining with Giesma stain.
The stained slides were air dried and observed under immersion
using × 100 objective under the microscope. The cells were
counted and their numbers recorded individually in terms of
neutrophils, eosinophils, basophils, lymphocytes and monocytes
based on their shapes as documented by Yamada [18].

Histopathological tests

Histopathological test on the pancreas was performed according
to the methods of Baker et al. and Cheesbrough in the following
process:

Fixation: Fixation of the tissue was done to prevent further
enzymatic activity that usually leads to post-mortem autolysis. It
also hardens tissue as well as kills microbes and keeps the tissue
in its original form. The organs of the animals were collected
and fixed in 10% buffered formalin.

Trimming: After fixation, the organs were trimmed to about 1-2
cm before dehydration.

Dehydration: Dehydration was done by passing the tissue
through different concentrations of ethanol. It was done by the
use of automatic tissue processor. They were dehydrated in
graded percentages (50%, 70%, 80% and 100%) of ethanol for
1 ½ hours each at 30 ± 2°C.

Clearing: Clearing of dehydrated tissue was done using 100%
xylene. The tissues were left for 2 hours to remove any remnant
alcohol completely.

Embedding: This was the placing of the cleared tissue in melted
paraffin and allowed to harden. The tissues were left in the
molten paraffin wax for 2 hours to embed properly.

Sectioning: This was done using a microtome. The tissues were
sectioned to about 3-10 µ and floated in water bath at 37°C.

Hydration: This is the process of passing the tissue through
water by passing it through different concentrations of alcohol.
It was passed through xylene, 100%, 90%, 80%, 70% and 50%
of ethanol for 11/2 hours at each concentration.
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Staining: This was done using Haematoxylin and Eosin (H and
E) stains. Haematoxylin stains the nucleus blue while eosin
stains the cytoplasm acidophilic.

Dehydration, fixing and microscopy of stained slides:

Dehydration was done again by passing the tissue through
different concentrations of ethanol. It was done by the use of
automatic tissue processor. The tissues were dehydrated in
different percentage (50%, 70%, 80% and 100%) of ethanol for
1 ½ hours each and cleared with xylene. The method of
Cheesbrough was used to remove excess stain under tap water
[17]. After clearing in xylene, the fixed tissue on a glass slide was
fixed with canada balsam and covered with cover slips. The
preparations were left in the oven at 40°C and then placed
under the photo-microscope for examination [19].

Bacterial isolation

The small intestine of the albino rats was aseptically dissected
out into a sterile specimen bottle containing 9 ml sterile distilled
water. It was vigorously shaken and one ml of it taken for
microbial load analysis and microbial type evaluation
respectively using the method of Omoya and Momoh [14]. Each
analysis was done in triplicates. The stepwise isolation of the
microflora from the intestine of the experimental rats was done
using prepared differential and enrichment media as described
by Cheesbrough [17].

Statistical analysis

Data obtained were subjected to descriptive one way analyses of
variance using SPSS version 22 and Duncan New multiple range
tests was used as follow up test.

RESULTS

The histopathological analysis of the kidney of the experimental
rats showed features that are pathologically fine without any
degeneration of tissues. These include features such as mild
interstitial mononuclear cell infiltrations, complete tubular
generation of Bowman’s capsules, absence of necrosis and
glomerular shrinkage. There is no form of glomerular basement
collapse neither is there any form of glomerular shrinkage. No
haemorrhage seen and no collapse of any of the nephrotic vein
or renal arteries. There are some with the presence of increased
hyaline casts with cell infiltrations. Few inflammatory cell
infiltrations are common in mature nephrotic areas.

Therefore, throughout the histopathology of the kidneys of the
rats, there was no negative pathology sighted both in the control
and in the experimental groups. However, the group fed with
0.5 ml of the orange juice daily had the best kidney nephron
architectural formation as seen in plates 1-12.

The results of the histopathology of the liver of the albino rats
showed no pathologically deformed features that could be of
health concern but distinct well-formed hepatocytes. There was
no hepatocelullar drainage or carbuncle, no wide spread
vascular damage of hepatocytes or blood artries and veins seen,
aggregation of lymphatic cells was adequately closed and
separation of sinusoids was not noticed. Equally, no necrosis or

necrotic apoptosis was seen and hemorrhage was not traced
along any of the blood vessels. No cellular degeneration of
hepatocytes and micro-vesicular fatty infiltrations. The fatty cyst
formation of the hepatocytes are adequate with the portal and
central venous not congested. In all the liver hepatocytes
analyzed, no inflammatory cell infiltrations and no disappearing
sinusoids due to karyolysis of any form. The hepatocytes of the
control groups tend to be more rigid with distinct formation, an
indication of lack of some essential vitamins. These results are
shown in plates 1-24.

Plate 1: Kidney nephrone of rat fed with 0.25 ml of orange
juice.

Plate 2: Kidney nephrone of rat fed with 0.25 ml of orange
juice.

Plate 3: Kidney nephrone of rat fed with 0.25 ml of orange
juice.

Plate 4: Kidney nephrone of rat fed with 0.50 ml of orange
juice.

Plate 5: Kidney nephrone of rat fed with 0.50 ml of orange
juice.
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Plate 6: Kidney nephrone of rat fed with 0.50 ml of orange
juice.

Plate 7: Kidney nephrone of rat fed with 1.00 ml of orange
juice.

Plate 8: Kidney nephrone of rat fed with 1.00 ml of orange
juice.

Plate 9: Kidney nephrone of rat fed with 1.00 ml of orange
juice.

Plate 10: Kidney nephrone of rat fed with normal feed (control).

Plate 11: Kidney nephrone of rat fed with normal feed (control).

Plate 12: Kidney nephrone of rat fed with normal feed (control).

Plate 13: Liver hepatocytes of rat fed with 0.25 ml of orange
juice.

Plate 14: Liver hepatocytes of rat fed with 0.25 ml of orange
juice.

Plate 15: Liver hepatocytes of rat fed with 0.25 ml of orange
juice.

Plate 16: Liver hepatocytes of rat fed with 0.50 ml of orange
juice.

Plate 17: Liver hepatocytes of rat fed with 0.50 ml of orange
juice.

Plate 18: Liver hepatocytes of rat fed with 0.50 ml of orange
juice.

Plate 19: Liver hepatocytes of rat fed with 1.00 ml of orange
juice.

Plate 20: Liver hepatocytes of rat fed with 1.00 ml of orange
juice.

Plate 21: Liver hepatocytes of rat fed with 1.00 ml of orange
juice.
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Plate 22: Liver hepatocytes of rat fed with normal feed (control).

Plate 23: Liver hepatocytes of rat fed with normal feed (control).

Plate 24: Liver hepatocytes of rat fed with normal feed (control).

The effect of the treatments on the haematological parameters
of the rats showed that constant intake of orange juice actually
caused increased in the Packed Cell Volume (PCV) of the rats
with the highest increase observed in the rats given 1.0 ml of the
juice daily. The PCV was 51.22 ± 1.24% for the group given 1.0
ml daily while the control group was 41.33 ± 0.67%. All the
results for the PCV were significantly different at P ≤ 0.05. This
pattern was observed for the other parameters except for
Erythrocyte Sedimentation Rate (ESR) in which the control
group had the highest value of 4.00 mm/hr while the
experimental ranges from 1.00-3.00 mm/hr. This result is
presented in Figure 1.

Figure 1: Haematological parameters of albino rats fed with
orange juice.

The WBC differential count result showed significant
differences in the values obtained for neutrophils, lymphocytes
and monocytes respectively. There were no significant
differences in value obtained for the neutrophils in the group
given 0.25 ml and the control at P ≤ 0.05. There is however
significant differences in the group given 0.5 ml and 1.00 ml of
orange juice and the control group at P ≤ 0.05. There was also
no significant differences at P ≤ 0.05 in the values obtained for
the all the groups for eosinophils and basophils respectively. The
result of the WBC differential count is presented in Figure 2.

Figure 2: WBC differential parameters of albino rats fed with
orange juice.

The results of the microbial analysis of the gut of the
experimental rats revealed that none of the rats gut was sterile.
The bacteria load ranges from 1.3 × 102 cfu/ml to 1.9 × 104
cfu/ml. The microbiological analysis of twelve samples of gut
specimen showed that seven (7) bacteria were isolated and
identified using standard microbiological procedures. These
bacteria are Enterobacter aerogenes, Escherichia coli, Bacillus cereus,
Klebsiella pneumonia, Citrobacter freundii, Lactobacillus spp and
Pseudomonas aeruginosa. The results of the bacteria load and
identification of types of the bacteria isolated is presented in
Tables 1-3 respectively.

Table 1: Bacteria load and types isolated from samples.

Sample no Sample identity Bacterial load
(cfu/ml)

Bacterial type

1 A1 1.5 × 103 Enterobacter
aerogenes,
Lactobacillus sp,
Citrobacter
freundii and
Pseudomonas
aeruginosa

2 A2 1.3 × 103 Escherichia coli,
Pseudomonas
aeruginosa,
Enterobacter
aerogenes,
Lactobacillus sp,
Bacillus subtilis
and Citrobacter
freundii

3 A3 2.5 × 103 Enterobacter
aerogenes,
Lactobacillus sp
and
Pseudomonas
aeruginosa

4 B1 3.0 × 102 Enterobacter
aerogenes,
Lactobacillus sp
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and Citrobacter
freundii

5 B2 2.3 × 102 Enterobacter
aerogenes,
Lactobacillus sp,
Klebsiella
pneumoniae and
Bacillus subtilis

6 B3 3.0 × 102 Enterobacter
aerogenes

7 C1 1.6 × 102 Enterobacter
aerogenes,
Lactobacillus sp,
Klebsiella
pneumoniae and
Citrobacter
freundii

8 C2 1.9 × 102 Enterobacter
aerogenes and
Lactobacillus sp

9 C3 1.3 × 102 Enterobacter
aerogenes,
Lactobacillus sp,
Klebsiella
pneumoniae and
Escherichia coli

10 D1 1.0 × 103 Enterobacter
aerogenes,
Escherichia coli
Lactobacillus sp
and
Pseudomonas
aeruginosa

11 D2 1.9 × 104 Citrobacter
freundii,
Enterobacter
aerogenes,
Escherichia coli,
and
Pseudomonas
aeruginosa

12 D3 2.0 × 104 Enterobacter
aerogenes,
Pseudomonas
aeruginosa and
Escherichia coli

Table 2: Morphological characteristics of bacterial isolates.
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Table 3: Biochemical characteristics of bacterial isolates.
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The effect of the treatments with orange juice on the weight of
the rats showed that the group fed with 0.5 ml of the juice
caused the highest weight gain in the rats. However, all the
groups fed with the different volumes of the orange juice
recorded a higher weight increase than the control group. The
group fed with 0.25 ml of the juice daily had an initial weight of
42.33 ± 0.58 g and ended at the eight week with 65.00 ± 1.45 g
with significant increase at P ≤ 0.05. Comparatively, the control
group started with 46.33 ± 0.33 g and ended at the eight week
with 63.33 ± 1.45 g with significant increase at P ≤ 0.05. The

group fed with 0.50 ml of the juice which had the highest
impact on the weight started with 43.33 ± 0.58 g and ended at
the eight week with 79.33 ± 3.18 g with significant increase at P
≤ 0.05. This result is presented in Figure 3.

Figure 3: Effect of the orange juice on the weight of the albino
rats per week.

DISCUSSION

From the results obtained in this research, the effect of fresh
orange juice as a source of vitamins cannot be overemphasized.
Although, no comparative study was performed to assess the
effect of processed orange juice, it has been known from time
immemorial that fresh fruits are more valuable than processed
ones [20]. The histopathological results on the vital organs
analyzed showed that they are pathologically fine without any
degeneration of tissues is an evidence. According to Omoya and
Momoh, for an animal to be fed for a period of four (4) weeks
constantly on daily basis without pathological deformation of
organs such as liver and kidneys is a sign of no toxic content or
portion in such substance [14]. The features seen in the kidneys
such as mild interstitial mononuclear cell infiltrations, complete
tubular generation of Bowman’s capsules, absence of necrosis
and glomerular shrinkage are further evidence of the
nutraceutical nature of the juice. In simple terms, Pagana puts it
as having medicinal values that can boost the fast recuperative
nature of injured organs [19].

Furthermore, the presences of features that depict the high
biological and metabolic activities of the kidney nephrons were
largely seen. There is no form of glomerular basement collapse
neither is there any form of glomerular shrinkage of all the
kidneys of rats fed with the juice. This result is similar to the
result obtained by Berkeley et al. as evidence of active kidney
nephron [21]. The fact that no haemorrhage was seen and no
collapse of any of the nephrotic vein or renal arteries is a clear
indication of the non-toxic nature of the orange juice. In a
related study with similar results to corroborate these results,
Omoya and Momoh, reported that the first evidence of toxic
substances in food for animals is the collapse of renal arteries
[14].

There are some of the kidney nephrons with the presence of
increased hyaline casts with cell infiltrations. According to
Alfaraj, this is a sign of actively multiplying or reproducing
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kidney nephrons with the intake of balance diet; especially
vitamins in the meal of animals. The few inflammatory cell
infiltrations that were common in some of the kidney nephrons
are indications that are known only in mature nephrotic areas.
This result is corroborated with the results obtained by Adebolu,
when she used ogi liqour to feed animals and the kidney
nephrons showed inflammatory cells infiltrations [15].

Therefore, since throughout the histopathology of the kidneys of
the rats, there was no negative pathology sighted for both the
control and in the experimental groups, the orange juices were
not in high dosage. However, the group fed with 0.5 ml of the
orange juice daily had the best kidney nephron architectural
formation. This showed that this volume was the most adequate
for the rats based on their weight Adebolu et al. [15].

The results of the histopathology of the liver of the albino rats
showed no pathologically deformed features that could be of
health concern; rather there were distinct and well-formed
hepatocytes. This is usually rare according to Alfaraj because
even most foods and food substances are toxic to the liver;
especially when taken in excess. Since there was no
hepatocellular drainage or carbuncle, then the juice are relatively
safe and the quantity administered adequate. According to
Adebolu et al., this may be due to the nature of oranges which
are rich in vitamin C [15]. Vitamin C on the other hand are
water soluble and excess of it are often passed out in urine
thereby preventing any damage it could have caused the body as
emphasized in Stedman’s medical dictionar.

Cuttings differ in saying that although, excess of vitamin C may
not harm the body, the effect will always be seen in organs that
it has to pass through during ultrafiltration’s and circulation.
These organs include the kidneys, liver and sometimes the heart.
According to Baker et al., since there is no wide spread of
vascular damage of hepatocytes or blood arteries and veins seen,
the feed alongside the orange juice (substance of treatment in
this research) has therapeutic value [16]. The aggregation of
lymphatic cells which were adequately closed and the separation
of sinusoids were signs that the liver hepatocytes are actively
involved in metabolic activities of detoxification.

Equally, the fact that no necrosis or necrotic apoptosis was seen
and hemorrhage was not traced along any of the blood vessels
showed that no toxic substances ingested as that would have led
to hepatocellular karyiolysis and anterior or posterior or both
showing degeration. No cellular degeneration of hepatocytes
and micro-vesicular fatty infiltrations. The fatty cyst formation of
the hepatocytes are adequate with the portal and central venous
not congested. In all the liver hepatocytes analysed, no
inflammatory cell infiltrations and no disappearing sinusoids
due to karyolysis of any form. All these features according to
Stedman’s medical dictionary can only be when essential
vitamins are adequately supplied. This was in contrast with the
hepatocytes of the control groups that showed tendency to be
more rigid with distinct formation which according to Akparie is
an indication of lack of some essential vitamins and organo-
sinusoidal scurvy of the liver hepatocytes.

The results obtained for the effects of the treatments on the
haematological indices of the rats assayed for has shown that

orange juice can help to increase blood volume of animals when
taken constantly. However, from the results, it could be seen
that as the volume of the juice given daily increases, the blood
volume also increases. Hence, the group given 1 ml of orange
juice had an average PCV of 51.22 ± 1.24% which is almost
more than 10% volume than the blood PCV of the control
group which was 41.33 ± 0.67%. This couldn’t have been a
coincidence. According to Crowell and Tsuda et al., orange juice
can improve blood quality and prevent cancer [11,22]. In a
related study by Cha et al., fresh orange juice can cause an
increase in blood volume and neutralize orotic acid in the blood
[23]. According to Mosele et al., orange juice has a purifying
strength on blood which frees the blood from impurity that
could obstruct the free flow of blood through the heart and
blood vessels thereby giving the chance to the blood to increase
[24]. This purifying ability consequently helps the blood
overcome infection and prevent infection thereby endowing
orange juice with therapeutic properties.

The ability of orange juice to prevent diseases by purifying the
blood stream and the blood vessels may be responsible for the
low value of lymphocytes and monocytes in the white blood cell
differential count analysis. This is evident in the values obtained
for the results in which there was no significant differences at P
≤ 0.05 in the values obtained for the two parameters between
the experimental and he control group. There was also no
significant differences at P ≤ 0.05 in the values obtained for the
control and experimental groups for eosinophils and basophils.
This result is expected as according to Stedman’s dictionary,
significant differences in these values can only occur when or if
there is parasitic infection and hypersensitivity reaction in the
experimental animals.

The effect of the orange juice treatment on the guts of the
animals can best be described as salient. The bacteria load as
seen in Table 1 was reducing as the volume of the orange juice
given was increasing. According to Prescott et al., any food or
drink capable of reducing the bacteria load of the gut, especially
eliminating pathogenic gut flora will have therapeutic or
medicinal value [25]. One common trend on the results
obtained in the identity of the isolates in Table 1 is that there is
significant reduction in the bacteria load of the rats as the
volume of the juice increases. Also worthy of note is in the types
of bacteria identified from the gut of the animals. Bacteria like
Pseudomonas aeruginosa was gradually eliminated from the gut
flora as the volume of juice increases while Lactobacillus sp was
gradually introduced. This bacteria which is a probiotic probably
was introduced into the animals by the juice. According to
Oyetayo however, stated that Lactobacillus sp will always be
present in the gut of animals but may be suppressed by the other
gut microflora based on the diet of the animal which may
support the growth of other gut flora.

In a related research by Davila et al., citrus fruit, especially fresh
orange juice contain some active biological antioxidants and
antibacterial components that is able to get rid of some of the
enteric bacteria that are yet colonize the gut properly [26].
According to Omoya and Momoh, orange juice can increase the
rate of proliferation of Lactobacillus sp in vivo when tested on
rabbits and guinea pigs [14]. All the bacteria isolated from the
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gut are all enteric bacteria. According to Brooks et al., the seven
(7) bacteria were isolated and identified using standard
microbiological procedures are all enterobacteriaceae with the
exception of Lactobacillus sp and Bacillus cereus [27]. These
bacteria are Enterobacter aerogenes, Escherichia coli, Bacillus cereus,
Klebsiella pneumonia, Citrobacter freundii, Lactobacillus sp and
Pseudomonas aeruginosa.

According to Prescott et al., Enterobacter aerogenes and Escherichia
coli are enterobacteriaceae that are classified as faecal coliforms
because they are always present in the faeces of mammals [25].
Likewise, the presence of Klebsiella pneumonia and Citrobacter
freundii. Therefore, their presence may have being from the fact
that they are normal flora of the gut. The presence of Bacillus on
the other hand may be from the soil or foods picked from the
floor by the animals. These animals do not have special hands
like man with which to handle their food. Lactobacillus is a genus
of Gram-positive, facultative anaerobic or microaerophilic, rod-
shaped, non-spore-forming bacteria Makarova et al. Lactobacillus
species are normally a major part of the vaginal microbiota.
They form biofilms in the vaginal and gut microbiota, allowing
them to persist during harsh environmental conditions and
maintain ample populations [28]. Lactobacillus exhibits a
mutualistic relationship with the human body as it protects the
host against potential invasions by pathogens, and in turn, the
host provides a source of nutrients Martin et al. Some species
commonly used in yogurt production includes; L. bulgaricus, L.
acidophilus, L. casei, L. animalis. Therefore, orange juice could
support their proliferation in the gut and some may have even
entered through the juice fed to the rats [29,30].

The effect of the treatments with orange juice on the weight of
the rats which showed that the group fed with 0.5 ml of the
juice caused the highest weight gain in the rats has proof beyond
reasonable doubt that orange juices were very medicinal.
However, all the groups fed with the different volumes of the
orange juice recorded a higher weight increase than the control
group. The group fed with 0.25 ml of the juice daily had an
initial weight of 42.33 ± 0.58 g and ended at the eight week with
65.00 ± 1.45 g with significant increase at P ≤ 0.05.
Comparatively, the control group started with 46.33 ± 0.33 g
and ended at the eight week with 63.33 ± 1.45 g with significant
increase at P ≤ 0.05. The group fed with 0.50 ml of the juice
which had the highest impact on the weight started with 43.33 ±
0.58 g and ended at the eight week with 79.33 ± 3.18 g with
significant increase at P ≤ 0.05. These results corroborate the
effectiveness of the orange juice as antibacterial and effective for
man animals respectively [30-50].

From the results obtained in this research, orange juice is a good
immunity booster, aid proliferation of normal microbiota of the
guts, help with introduction and increase presence of probiotics
as well as increase in the weight of animals when taken
constantly on regular basis. Therefore, constant consumption of
orange juice on a regular basis is highly recommended.

The results obtained in this research has proof the effect of fresh
orange juice as a source of vitamins which cannot be
overemphasized. The histopathological results on the vital
organs analyzed showed that they are pathologically fine without
any degeneration of tissues thereby providing an evidence that

fresh orange juice has prophylactic and therapeutic values; since
they were fed to animals for a period of more than four weeks
which is the maximum duration a substance fed to animals takes
to deform the vital organs directly involved in the metabolic
processes of such substance. In simple terms, fresh orange juice
have medicinal values that can boost immunity and cause
significantly fast recuperation of injured organs. It can help to
increase blood volume of animals when taken constantly as well
as restore normal gastrointestinal microflora as seen in this
research.

CONCLUSION

Therefore, regular intake of fresh orange juice is recommended
for immunity boost, restoration of normal gastrointestinal
microflora, weight increase and efficiently healthy working vital
organs such as kidney and liver.
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