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Abstract: In this study, the effect of orange juices and cola soft drinks on the viability of Bifidobacterium

bifidum  and Lactobacillus acidophilus also the mutagenic effect of orange juices and cola soft drinks on

the histological and the histochemical features of testis in albino male mice were studied. Twenty adult

male  albino  mice  aged  8-12  weeks (at the beginning of the work) with an average body weight of

21± 3 gm were used. The animals were divided into four groups: control group (A) and groups (B, C&D)

received a daily dose of a commercial natural orange juice, a commercial artificial orange juice and a

commercial cola soft drink respectively. The present results showed that the Bif . bifidum  and Lac.

acidophilus were inhibited when grown in artificial juice but the same strains grew well in the natural

juice, also, we noticed that Bif. bifidum  and  Lac. acidophilus strains were died when present in cola. In

vivo, the level of log count of Lac. spp and Bif. spp in group A was approximately constant as a normal

flora while the level count of Lac. spp and Bif. spp was significantly increased in group (B). The results

indicated that both artificial juice and cola have harmful effect on benefit normal flora in the intestinal

tract (group C &D). The mice testis of the experimental group (B) showed a marked tissue improvement.

The  results  of  the  histological  analysis confirmed the beneficial effect of the natural orange juice.

They showed an increase in the spermatogonia, spermatocytes and the spermatozoa. On the other hand,

the artificial orange juice and cola soft drinks have got many toxic effects on the mice testis of groups

C&D. Also, the histochemical results indicated inactive metabolic functions of carbohydrates caused by

the internal toxic damage in the testicular tissues from these groups.  From these results it may be

concluded that there is erosive potential of certain food and drinks that public should be aware of.

Although many of the artificial juice and soft drinks components have already been evaluated individually

for their genotoxicity, further research studies should be make in order to cover the effect of the whole

artificial juice and soft drink on the body.
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INTRODUCTION

The increase in incidence in both ulcerative colitis

and  Crohn's disease during the 20th century has led to

an abundance of different hypotheses on what  sort  of

exposures are responsible. There has been a special

focus on dietary factors, as well as on other  exposures

introduced on a population-based level, including fast

food, cola drinks, toothpaste, antibiotics and oral

contraceptives. Cola soft drinks and juices are

described as primarily thirst-quenching liquids,  juices

are said to be liquid foods. The three  beverages  are

of equal energy value and acidic drinks . Many[1 ,2]

scientific data reported beneficial properties derived

from juice consumption (for example, anti-mutagenic or

anti-carcinogenic effects) . [3]

Cola is one of the most recognized and widely

dispersed soft drinks in all countries. It contains flavor

constituents which were proved to induce hepatic DNA

adducts . Abd-Allah et al.  reported that the synthetic[4] [5]

Apricot flavor has harmful effects on the human body,

while the natural Apricot flavor is safe to be used and

has no harmful effects. Moreover, one of the soft drink

components is caffeine. Keast and Riddel  reported[6]

that over 60% of soft-drinks sold in the United States

contain caffeine, a mildly additive psycho-active

chemical, as a flavor additive. Using sweeteners as

controls, the authors proved that caffeine has no flavor

activity in soft-drinks yet will induce a physiological

and psychological desire to consume the drink. 

The aim of this study was to investigate the effect

of natural and artificial orange juices and soft cola
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drinks with low pH on the intestinal flora and the

histological and the histochemical structure of the

mammalian testis.

MATERIALS AND METHODS

The present study was conducted to test the effect

of three widely consumed drinks on the level count of

Lactobacillus and Bifidobacterium  strains as benefit

normal flora in the intestinal tract also, the effect on

histological and histochemical structure of testis of

albino mice. Twenty adult male albino mice aged 8-12

weeks (at the beginning of the work) with an average

body weight of 21± 3 gm were used for this study.

The animals were divided into four groups: 

C Control group (A): consisted of 5 adult male mice

received the normal basal diets and drank tap

water for a month.

C Group (B): consisted of 5 male mice received a

daily dose of a commercial natural orange juice

(provided from the supermarkets in Makkah, their

ingredients are: Purified water, Orange juice

concentrate and the Nutrition facts are (average \

100 ml): Energy 54 K cal, Fat 0.07, Protein 0.75,

Carbohydrate   13 gm, no added sugar, no

preservatives, no artificial colors, no artificial

flavors, natural source of vitamin C). The natural

juice was given to the mice (30 ml daily). 

C Group (C): consisted of 5 male mice received a

daily dose (30 ml) of                a commercial

artificial orange juice (provided from the

supermarkets in Makkah). 

C Group (D): consisted of 5 male mice received a

daily dose (30 ml) of a commercial cola drink

(provided from the supermarkets in Makkah).

The animals placed in individual metabolic cages

and housed in a room temperature of 22 ± 2 C°, a

relative humidity of 60 ± 5 %. Mice were housed on

a 12 hrs light : dark schedule. And mouse standard diet

containing (g / 100g) 64 starch; 23 protein; 3.5 fat; 5

fiber; one vitamin and 3 salt mixtures. Animals of all

groups were scarified after 4 weeks.

Bacterial Strains: Lactobacillus acidophilus and

Bifidobacterium bifidum were obtained from Chr.

Hansen's Lab., Denmark. 

Analytical Procedures: Juice and cola samples were

inoculated by 25x10  and 10x10  Lac.  acidophilus and6 6

Bif.  bifidum  respectively and were taken periodically

when fresh and after 1, 4, 7 and 15 days during

storage period. 

Microbiological Analysis for Drinks: The count of

Lac. acidophilus was determined on lactobacillus

selective agar plus 0.2% oxgall (LBSO) . Plates were[7]

incubated at 37 C for 4 days. Enumeration of Bif.o

bifidum  was done according to Blanchette et al. ,[8]

using modified MRS agar (Oxoid) supplemented with

0.05% L-cysteine HCl (Merck, Germany). Plates were

incubated at 37 C for 48 hrs, in both cases the plateso

were incubated in anaerobic environment (BBL Gas

Pak, Becton Dickinson, Cockeysville AM, USA).

Triplicate plates were made of each sample.

Fecal Microbial Analysis: All fecal samples were

collected fresh by squeezing gently the rectal area of

the mice. The fecal pellets were immediately placed in

tubes kept in anaerobic jars and the analysis was

carried out within 30 to 60 min of collection.

Anaerobic conditions were maintained as far as

possible during the analysis. Following homogenization,

series of 10-fold dilutions of the specimens was made

in sterile phosphate buffer.

Triplicate plates were made of each sample. MRS

agar De Man et al.  or MRS Blanchette et al.  with[9] [8]

0.05 L-cysteine HCI agar was used for Lactobacillus

and  Bifidobac terium .  P la tes  were  incubated

anaerobically in an anaerobic chamber (Gen Kits in

Oxoid jar) for 3 days at 37° C. 

Histopathological Study: For histological and

histochemical studies routine paraffin sections 7mm

thick and blood films were prepared and stained by:

heamatoxylin and eosin for the histological

investigations, PAS periodic acid Schiff for

polysaccharides (D rury and  wilington ) and1 0

bromophenol blue procedure for general proteins . [11]

Statistical Analyses: Results obtained were subjected

to Student’s t-test using SPSS  version 6.0. Standard[12]

error and level of significance were calculated. 

RESULTS AND DISCUSSIONS

Results: Fig (1) showing the growth of Bif. bifidum in

natural, artificial juices and cola. The results indicated

that the Bif. bifidum was inhibited by artificial juice

where the log count dramatically decreased about 3 log

cycles after one day. In the same fig the log counts of

Bif. bifidum  was significantly decreased during storage

period while the same strain grew well in the natural

juice after one day and the log count of Bif. bifidum

didn’t change after that. Also, we noticed that Bif.

bifidum  strain was died when present in cola.The same

trend  was  noticed in Fig (2) where the log count of
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Fig. 1: Effect of natural juice, artificial juice and cola drink on the viability of Bif.  bifidum

Fig. 2: Effect of natural juice, artificial juice and cola drink on the viability of Lac. acidophilus.

L. acidophilus was grown well in the natural juice but

it was inhibited by the artificial juice and died by

cola.Results in Fig (3) illustrate the log count of Bif.

spp which is present in mice feaces. We noticed that

no change in the level of log count of group A through

four weeks, while the level increased in group (B). On

the contrary the level of log count of Bif. spp

significantly decreased in groups (C & D) .The same

trend  was  noticed  in  fig (4) where log count of

Lac.  spp  in  mice  feaces  was approximately

constant  in  group  A,  significantly increased in

group  (B) (more  than one log cycle) and dramatically

deceased in groups (C & D) with high significance

(about three log cycles). 

Histological Observations:

The Histological Observations of the Control Group

(GPA): The testis appeared formed of many rounded

or  oval  seminiferous tubules. The testis is surrounded

by  a  fibrous  capsule  formed of two layers; tunica Fig. 3:
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Fig. 4:

Fig. 5: A photomicrograph of a section in the testis

of a control mouse showing thickened capsule

(C ) (tunica albuginea ) , seminiferous tubules

and the interstitial tissues . (HX-E ) X 400 .

albuginea consisted of an outer parietal collagenous

layer and an inner visceral layer (tunica vasculosa) that

is consisted of a delicate loose connective tissue layer

that contains blood vessels.

The outer layer of the seminiferous tubules

appeared surrounded by a well-defined basal lamina

and a fibrous connective tissue consisting of several

layers of fibroblasts (Fig 5). The inner most layers,

adhering to the basal lamina, consisted of flattened

myoid cells which have characteristics of smooth

muscle. The seminiferous tubules appeared lined with

Fig. 6: A photomicrograph of a section in the testis

of a control mouse showing Sertoli cells (l)

peritubular myoid cells (short arrows),

spermatogonia (Sg), primary spermatocytes

(SI) and spermatozoa (Sp).  (HX-E) X1000.

Fig. 7: A photomicrograph of a section in the testis

of a control mouse showing normal

seminiferous tubules separated by the

interstitial Leydig cells (L). The spermatogenic

cells appeared arranged normally in successive

layers and Sertoli cells (S) are lying

peripendicular on the basal lamina (B.l.). (HX-

E) X400 .

spermatogenic layer which is formed of spermatogonia

which appeared relatively small situated next to the

basal lamina of the epithelium. Spermatogonia appeared

followed  by  the primary spermatocytes which

appeared the largest cells of the spermatogenic layer

and  containing chromosomes in various stages of the
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Fig. 8: A photomicrograph of a section in the testis

of an experimental mouse (gpB) showing an
enlarged seminiferous tubule lined with

different stages of spermatogenic cells, Sertoli
cells (S) and a large number of spermatozoa

(Sp). ( HX-E )X 400 .

Fig. 9: A photomicrograph section in testis of an

experimental mouse (gpB) showing the
spermatogenic cells lining an enlarged part of

a seminiferous tubule .Sertoli cells appeared
triangular in shape (S). ( HX-E ) X1000 .

prophase in their nuclei containing the haploid set of

chromosomes (Fig 6).
The secondary spermatocytes are difficult to

observe in sections because they are short lived cells,
They quickly enter into the second meiotic division

resulting in spermatids (Fig 7) which appeared
supporting on Sertoli cells.

Fig. 10: A photomicrograph of a section in the testis
of an experimental mouse (gpB) illustrating

several raws of spermatogenic cells. Large
number of sperms (Sp) appeared released to

the central lumen . The seminiferous tubule
appeared surrounded by a basal lamina (B.l),

spermatogonia ,myoid cells (Mc) and Sertoli
cells (S)  are also vesible. (HX- E ) X1000.

The spermatids were distinguished by their small

size and by their nuclei with areas of condensed
chromatin. Large numbers were transformed into

spermatozoa they were released into the lumen of the
seminifirous tubule. 

Sertoli cells appeared triangular in shape with
vesicular nuclei (Figs 6&7). The space between the

tubules contained connective tissue, blood and
lymphatic vessels and leydig cells that are arranged

into small clumps (Fig 7). 

Histological Investigation of the Testis from Mice of
the Experimental Group (B): Examination of the

different sections of the testis of mice from (gp B)
revealed a marked increase in the spermatogonia and

spermatocytes which formed several layers to the inner
side of the spermatogonia cells .The germ cells showed

the normal cellular arrangement within the tubules
(Fig8) .

The spermatids were quite evident and spermatozoa
filled the lumen in some tubules (Fig 8,9&10) . Also

the interstitial Leydig cells appeared well developed
(Fig 7).  

Histopathological Investigation of the Testis from

Mice of the Experimental Group (C): Examination of
the testicular tissue of mice of this group revealed the

presence of shrinking seminiferous tubules .Some of
them  showed  depletion  of  the germinal cells while
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Fig. 11: A photomicrograph of a section in the testis

of an experimental mouse (gpC) showing two

shrinking and distorted seminiferous tubules

one of them is swallowed, showing acidophilic

hyalinization , vocuolation in some portions in

the spermatogenic cells and exfoliation of

germ cells in seminiferous tubule lumen. The

other tubule is showing vacuolation, atresia

fragmentation and necrosis in the germ cells.

Also the sperms are scanty and there is

deplation in the intenstitial Leydig cells (L). 

(HX-E ) X 400 .

Fig. 12: A photomicrograph of a section in the testis

of an experimental mouse (gpC) illustrating a

shrinking  seminferous tubule showing

degenerated spermatocytes , vacuolation (V),

pyknosis (P) , necrosis (N) and complete

diminishing of sperms and loss of the lining

basal lamina. . (HX-E ) X 400 .

Fig. A-13: A photomicrograph of a section in the

testis of an experimental mous (gp.C)

showing many vacuolations (V), two

multinucleaated  giant cells  (G), separation

of some cells in the interstitial Leydig cells

(L) and, appearance of spermatozoa. (HX-

E) X 400.

(Fig. 14: A photomicrograph of a section in the testis

of an experimental mouse (gp.D) showing

the lining spermatogenic cells of a

seminiferous tubule, marked exfoliation of

germ cells and a necrtic area (N) in the

central lumen are visible. (HX-E) X400.

other seminiferous tubules were distorted and had

acidophilic hyalinization in their lumina, vacuolations

in some portions , and necrosis (Figs 11 & 12 ). The

Sertoli and Leydig cells were also displaying atresia.

The sperms were also scanty (Fig 11).

Histopathological Investigation of the Testis from

Mice of the Experimental Group (D): Examination of

the  different sections of the testis of mice from this 
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Fig. 15: A photomicrograph of a section in the testis

of an experimental mouse (gp.D) showing

separation of the basal lamina from the

spermatogenic cells and vacuolation in many

parts. The left seminiferous tubule appeared

displaying pyknosis. Some tubules appeared

filled with sperms in their lamina while one

of the right tubules is showing an irregular

shape, vacuolations (V), fragmentation and

necrosis (N) in the germ cells. (HX-E) x

400.

Fig. 16: A photomicrograph of a section in the testis

of an experimental mouse (gp.D) illustrating

an enlarged part of an atretic seminiferous

tu b u le  sh o w in g  f r a g m e n ta t io n  a n d

dissociation in germ cell layers. Many of

these atretic cells are showing acidophilic

hyalinization  (Ah) and lost their nuclei.

(HX-E) x 1000.

group showed that some seminiferous tubules were

distorted in shape, displaying atresia, vacuolations,

fragmentation and necrosis in some parts (Figs 14,

15&16).  A marked depletion in the interstitial Leydig

Fig. 17: A photomicrograph of a section in the testis

of an experimental mouse (gp.D) showing

several seminiferous tubules lined by

spermatogenic cells displaying atresia and

vacuolations in many portionss of the

tubules. There is marked depletion in the

interstitial Leydig cells, consequently the

seminiferous tubules appeared almost very

near to each other. (HX-E) x 400. 

Fig. 18: A photomicrograph of a section in the testis

of an experimental mouse (gp.D) illustrating

some seminiferous tubules two of them

appeared more eosinophilic than the others

There is marked depletion in the number of

interstitial Leydig cells (L).   (HX-E) x 400.
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Fig. 19: A photomicrograph of a section in the testis

of a control mouse (gp.A) showing high

contents of total polysaconarides in the

tunica albuginea , the basal laminae,  the

interstilial tissue and the walls lining the

blood vessels. (PAS) X 400.

Fig. 20: A photomicrograph of a section in the testis

of a control mouse (gp.B) showing a staining

quality nearly similar to that in control

sections.  (PAS) X400.

cells was observed. Consequently many tubules

appeared adjacent to each other and more eonsinophilic

(Figs 17& 18).

However, in spite of the above changes, the

different stages of meiotic division, formation of

sperms (Fig 17), and exfoliation of germ cells in the

seminiferous tubule lumen was also observed (Fig 18).

Histochemical investigations of testis from the Control

Fig. 21: A photomicrograph of a section in the testis

of a control mouse (gp. C) showing the total

polysaccharides contents slightly lower than

that observed in case of controls . The tunica

albuginea and the basal laminae appeared

more intensely stained than the germ cells.

(PAS) X 400. 

Fig. 22: A photomicrograph of a section in the testis

of a control mouse (gp.D) showing the total

polysaccharides contents. The tunica

albuginea and the basal laminae showed

higher total polysaccharides contents than the

spermatogenic cells but slightly lower than

that observed in the testicular preparations in

case of the control mice. (PAS) X400.
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Fig. 23: A  photomicrograph  of a section in the

testis of a control mouse (gp.A) showing

strong  stainability in the basal laminae

lining the seminferous tubules and the

interstitial Leydig cells (L). They appeared

m o r e  i n t e n s e l y  s t a i n e d  t h a n  t h e

spermatocytes and the Leydig cells . Also

the tails of the spermatozoa appeared darkly

stained. (B ph. B) X400 .

and experimental mice of groups B, C &D: In the

testicular sections from the control mice the testis

showed the normal density and distribution of the PAS

positive material. The PAS stain demonstrated that the

tunica  albuginea,  the tunica vasculosa and the basal

lamina were thickened and exhibited strong PAS

reaction in sections from the control mice. The

interstitial tissue, spermatids and sperms appeared

moderately stained, while primary spermatocytes were

faintly stained (Fig.19). 

On the other hand, in the sections from the

experimental group (B), the interstitial Leydig cells and

all stages of spermatogenic cells appeared moderately

stained with stain quality nearly equal to that of the

control group (Fig 20). The polysaccharides contents in

the testicular tissues of mice from groups (C&D) were

slightly lower than that observed in the testicular

preparations in case of the control mice (Figs 21&22).

With bromophenol blue stain the testicular sections

from the control mice showed the normal distribution

of total general proteins (Fig 23). The total general

protein content in sections from group (B) was nearly

similar to that in case of the control group . The tunica

albuginea, the interstitial tissue and the basal laminae

surrounding the seminiferous tubules appeared more

intensely stained while the spermatogenic cells

appeared faintly stained (Fig 24).

Fig. 24: A photomicrograph of a section in the testis

of an experimental mouse (gp.B) illustrating

the total contents of the general proteins.

The sections showed the same staining

quality as that observed in control sections.

An obvious increase in stainability was

exhibited by the interstitial Leydig cells

which displayed hypertrophy led to an

increase in the amount of the interstitial

tissues.  (B ph. B) X400. 

In testicular sections from groups C&D the

degenerated and fragmented germ cells, the

degenerating spermatids which showed nuclear

pyknosis, ghost nuclei and those which formed

multicellular aggregates with fused nuclear acrosomes

(multinucleate giant cells ) were more intensely stained

than the normal spermatids (Figs 25 & 26). 

Discussion: The scientific data reported beneficial

properties derived from juice consumption (for

example, anti-mutagenic or anti-carcinogenic effects).

The present results showed that the Bif. bifidum  and

Lac. acidophilus were inhibited by artificial juice where

the log count dramatically decreased about 3 log cycles

after one day and significantly decreased during the

storage  period  while the same strains grew well in

the natural juice and didn’t change after that. This may

be due to that the natural juice contains some factors

that enhance the growth of these strains as fibers and

fruit sugar.

These results agree with previous reports on the

ability of FOS (fractoligosaccharied) and other

oligosaccharides beside other sweeteners - to stimulate

the proliferation of Bifidobacteria relative to other

intestinal microflora in vitro culture models stimulating

the colon .[13]
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While artificial juice contains some preservative

substances that have lethal effect on bacteria
consequently this substance affected and decreased the

log count of both strains. Also, we noticed that Bif.
bifidum  and Lac. acidophilus strains died on exposure

to cola, this means that cola has a harmful effect on
probiotic bacteria.

On the other hand, in vivo, the level of log counts
of Lac. spp and Bif. spp in feaces of group A was

approximately constant as a normal flora, this is due to
that the meal of mice was constant during the

experiment time. While the level count of Lac. spp and
Bif.spp was significantly increased in group (B) this

may be due to the meal of mice contain natural juice
which contain some factors that cause enhancement of

the growth of these strains as fiber and fruit sugar .[13 ,14]

On the contrary, the level of log counts of Lac.

spp Bif. spp in groups (C & D) was significantly
decreased because in the case of group (C) the meal

contain artificial juice which contain some preservative
substances that has lethal effect on bacteria so  this

substance affected and decreased the normal flora as
Lac. spp and Bif. spp. Also, the artificial juice contain

artificial flavor and color which may has lethal effect
on bacteria.

The same effect was noticed in the case of group
(D) which their meal contained cola, the levels of log

counts of Lac. spp and Bif. spp was dramatically
decreased from the beginning of experiment to the end

of the period. This means that the cola has a lethal
effect on the beneficial normal flora as the artificial

juice. These results indicate that both artificial juice
and cola have harmful effects on the beneficial normal

flora in the intestinal tract.  
In  the  testis of mice from (gpB) which were

given the natural orange juice increased number of
spermatogonia  and  spermatocytes  was  observed.

The spermatids were quite evident and spermatozoa
filled the lumen in some  tubules. Also the interstitial

Leydig cells appeared well developed. These results
confirmed the beneficial effects of the orange juice.

Furthermore, the mice of group (C) were given one of
the artificial orange juices which are sold in a wide

range in the Saudian supermarkets. The testicular tissue
of group (C) mice revealed some lesions in the form of

shrinking,  distortion, acidophilic hyalinization,
depletion of the germinal cells, and atresia in the

spermatogenic cells, vacuolation and necrosis in some
seminiferous tubules. Also a marked depletion in the

interstitial Leydig cells and the sperms was observed.
The testicular sections of  group (D) mice which were

given one of  the regular cola drinks which  are sold
in a wide range in the Saudian supermarkets, showed

that some seminiferous tubules were distorted in shape,
displaying atresia, vacuolation, fragmentation and

showed some necrotic areas. A marked depletion in the
interistial Leydig cells was observed. Consequently

many tubules appeared adjacent to each other and more

eonsinophilic. These defects observed in groups (C&D)
mice have been attributed mainly to the additive

compounds present in the artificial orange juice and
cola soft drinks. The toxic effect of the food additives

was further corroborated by the work done on the
reproductive organs which reported that food additives

may contribute  to some extent to the cause of female
infertility , induction of histopathological lesions in[16]

testis causing oligozoospermia and infertility in  male
wistar rats . However, in spite of the above[17 ,18]

changes, the different stages of meiotic division were
very prominent in many tubules with the formation of

sperms.
Keast and Riddel  reported that over 60% of soft-6

drinks sold in the United States contain caffeine, a
mildly addictive psycho-active chemical, as a flavor

additive. Using sweeteners as controls, the authors
proved that caffeine has no flavor activity in soft-drinks

yet will induce a physiologic and psychological desire
to consume the drink Wongkhantee et al.  reported[2]

that cola soft drinks significantly reduced surface
hardness of enamel, dentine, microfilled composite, and

resin. Most of the observed lesions can be attributed to
several components of the artificial juices and the soft

cola drink as well as to its acidity (pH . 3.5). It is
possible that low pH can reduce metabolic rate and

thus depress antioxidant defenses.
The histochemical results revealed that the

polysaccharides contents in the testicular tissues of
mice from groups (C &D) were slightly lower than that

observed in the testicular preparations in case of the
control mice. These results indicate inactive metabolic

functions of carbohydrates caused by the internal toxic
damage in the testicular tissue from these groups. 

Conclusion: This in vivo study confirms the erosive

potential of certain acidic food and drinks that public
should be aware of. Although many of the juice and

soft drinks components have already been evaluated
individually for their genotoxicity, it is important to

test the effect of the whole juice and soft drink.

REFERENCES

1. Almiron-Roig, E. and A.Drewnowski,  2003.
Hunger, thirst, and energy intakes following

consumption of caloric beverages . Physiology &
Behavior, 79(4-5): 767-773. 

2. Wongkhantee, S., V. Patanapiradej, C. Maneenut
and D. Tantbirojn, 2006. Effect of acidic  food and

drinks on surface hardness of enamel, dentine, and
tooth coloured  filling  materials. Journal of

Dentistry, 34(3): 214-220.  
3. Franke, S.I.R. K. Ckless, J.D. Silveira, G.

Rubensam, M. Brendel, B. Erdtmann and J.A.P.
Henriques, 2004.  Study of antioxidant and



J. Appl. Sci. Res., 4(7): 803-813, 2008

813

mutagenic activity of different orange juices, Food

Chem., 88: 45-55.
4. Randerath, K., K.L. Putman and B. Randerath,

1993. Flavour Constituents in Cola Drinks Induce
Hepatic DNA Adducts in Adult and Fetal

Mice Article Biochemical and Biophysical
Research Communications, 192(1):  61-68. 

5. Abd-Allah, N.M., W.G. Nicola and A.S. Helmy,
1998. Comparative study on the biological

evaluation, safty tests for some natural and
synthetic Apricot flavours used in food in Egypt.

Thesis for MSc. ,department of  biochemistry
collage of science, Ain Shams University, pp: 117.

6. Keast, R.S. and  L.J. Riddell, 2007. Caffeine as a
flavour additive in soft-drinks. Appetite, Volume,

49(1): 255-259.
7. Gilliland, S.E. and K. Walker, 1990. Factors to

consider when selecting a culture of L. acidophilus
a s  a  d i e t a r y  a d j u n c t  t o  p r o d u c e  a

h yp o c ho le s te ra m ic  j u n c t  to  p r o d u c e  a
hyocholesteramic effect in humans. J. Dairy Sci.,

73: 905.
8. Blanchette, L., D. Roy, G. Belanger and S.F.

Guathier, 1996. Production of cottage cheese using
dressing fermented by Bifidobacteria. J Dairy Sci.,

79: 8-15.
9. De Man, J.C., M. Rogosa and M.E. Sharpe, 1960.

A medium for the cultivation of lactobacilli, Int. J.
Appl. Bacteriol., 23: 130-135.

10. Drury, R.A. and E.A. Wallington, 1980. Carleton's
Histological technique" 5th Edition published by

Oxford University press. London, New York,
Toronto, 234-240.

11. Mazai, D., P. Brewe and M. Affert, 1953. The

cytochemical staining and measurement of protein
with mercuric bromophenol blue. J. Biol. Bull.,

104: 57-64.
12. SPSS for Windows, User’s Guide: Basic System,

release 6.0. 1993. SPSS Inc., Chicago, IL. 
13. Gibson, G.R. and X. Wang, 1994. Enhancement of

bifidobacteria from human gut contents by
oligofructose using continuous culture. FEMS

Microbiol. Lett.; 118: 121-128.
14. Gibson, G.R., 1999. Dietary Modulation of the

Human Gut Microflora Using the Prebiotics
Oligofructose and Inulin. Journal of Nutrition.;

129: 1438S-1441S. 
15. Hidaka, H., T. Eida, T. Takiwaza, T. Tokunga and

Y. Tashiro, 1986. Effects of fructooligosaccharides
on intestinal flora and human health. Bifid.

Microflora; 5: 37-50. 
16. Eweka, A.O., 2007. Histological studies of the

effects of Monosodiumglutamate on the ovaries of
adult Wistar rats. The Internet J. Gynacology

Obsttrics, 8(2): 1528-8439.
17. Offorofo, I.A.O., J.U.E. Onakewhor and P.E.

Idaewar, 1997. The effect of chronicadministration
of MSG on the histology of the adult witer rat

testis. Bioscience Research communications., 9(2).
18. Onakewhor, J.U.E., I.A.O. Qforofura and S.P.

Singh, 1998. Chronicadminstration of monosodium
glutamate  induces oligozoospermia and glycogen

accumulation.in wistar rat testis.Africa J. Reprod
health., 2(2): 190-197. 


