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Toxicological Evaluation of Bacillus Species Associated with Cassava Products
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Abstract: In the present study pure strains of Bacillus subtilis, B. pumilus and B. sphaericus were used to
antagonized indigenous fungi of cassava products with the aim of evaluating their potentials in reducing the

toxicological and pathological consequences associated with the indigenous fungi. The protective effect was

studied using rat bicassay.

Toxicological data of rat plasma showed that Bacillus species had liver

improvement functions. There was a significant (p = 0.05) decrease in the plasma aspartate aminotransferase
of treated rats ndicating no possible damage to the liver (hepatotoxic), while there was non significant (p = 0.05)
rise 1 the plasma protemn. Moreover, the admimnistration of Bacillus sp. had no negative haematological (packed
cell volume, haemoglobin count and white blood cell counts) effect. Further pathological investigation
revealed that the kidney and pancreas were protected by the administration of the organism.
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INTRODUCTION

Cassava (Manihot esculenta, Crantz) 13 affected by
fungi, bacteria and mycoplasma agent !". It is now
considered that disease are among the major limiting
factors to the fortress of the development and bulk yield
of cassava. The color, taste, texture and consistency of
processed cassava food products have bemng the major
area of consideration among the consumers but little
consideration is made on microbial quality of cassava
products. The inside of a newly harvested plant usually
contains no microbes, but this may scon change from
effects of processing. Some of the microbes are
mntroduced into the food substance from outside surface
of the food while others come from equipment and other
human sources such as contaminated water during
processing. Several types of microorganisms have been
known to affect the quality of food, thereby constituting
health hazards when foods contammated with
these organisms.

Cassava products lose their quality by the action of
bacteria and fungi. Most of the bacteria and fungi isolated
from analyzed cassava products are common inhabitants
of soil, water, air and the body of humans and animals.
Aspergillus flavus and A. niger were among the mould
species isolated from cassava tubers™ Jalso reparted their
occurrence in ‘garl’, a product of cassava tuber. These
species together with 4. chevalier, Syncephalastrum
racemosum and Penicillium citrinum were isolated from
gari during storage in pelythene and Hessian bags . The
presence of moulds in any agricultural product 1s usually
undesirable. The role of most of the fimgi found i the
cassava products in the production of certain toxins
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generally called ‘mycotoxins’ have been established”™ *!.
The aerobic spore-forming bacteria have been enumerated
and used to investigate quality of cassava flour. These
organisms have been mnplicated in spoilage of bread and
starch-based foods and in food intoxication ™. The
production of antifungal antibiotics confirmed the
possibilities of bio competitive exclusion of pathogenic
organisms from food. Many species of Bacillus are
known to suppress fungal growth ir vitro by the
production of one or moere antifungal antibiotics™ *
reported on In vivo suppression of fungal growth by
some antibiotic producing strains of Bacillus. These
antibiotics produced in vitro however are generally
assumed to be the compound responsible for bio control
The potential of B. subtilis as a biological
control agent agamst fungal pathogen has been
reported”'? ! Some representatives of the genus such as
B subtilis and B. licheniformis are Generally Recognized
As Safe (GRAS) bacteria™. Bacillus species are a group
of bacteriocinogenic  microorganism — important in
alkaline- fermented foods and beverages"* . This study
therefore sought to investigate the potential inhibitory
effects of Bacillus species 1solated from grated cassava,
starch and flour. Furthermore, Bacillus species
administered in vivo were evaluated for their ability to
reduce the toxicological and pathological consequences
associated with mdigenous fungi experimentally used to
infect rats.

also

In vivo.

MATERIALS AND METHODS

were collected within Akure
and processed into grated

Cassava tubers
metropolis,  Nigeria
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cassava, starch and flowr wusing the methods of
Onabolu et al.(1998). The microorganisms used in this
mvestigation (Aspergillus niger, Fusarium nivale,
Penicillivm chrysogenum, Bacillus subtilis, B. pumilus
and B. sphaericus) were isolated from the products. Large
numbers of bacteria cells were prepared and preserved by
lyophilization. Prior to the in vive feeding trial, the
bacterial cells were reconstituted and the recovery rate
assessed by viable cultures. Fungi cells were harvested
by washing with sterile water into suitable receptacles.
The cell suspension was diluted and the cells counted
using Hawskley haemocytometer with Neubauer ruling.

Bioassays: The toxicological quality was determined
using Wistar albino rats divided into three groups. Each
of the animals m each group was housed m ndividual
wire cages in a room maintained at room temperature.
Animals were subjected to three treatments using the
modified method oft”!;  fungus-infected  and
bacterium-treated rats + basal diet (group A); uninfected
animals given only bacterium + basal diet(group B);
appropriate control group (C) of uninfected, untreated rats
fed with basal diet only Animals were orogastrically
dosed with 0.3mL ™" each of 10° spere mL of the fungus
and 10° cfu g of the bacterium, respectively. The
treatments repeated the second day. A
post-ingestion period of 14 days was observed after the
admimstration of the cultures.

were

Haematology and blood chemistry tests: The
haematological tests namely Packed Cell Volume (PCV),
While Blood Cell (WBC) counts, Haemoglobm (Hb)
counts, lymphocytes, monocytes, neutrophils and
eosinophils counts were conducted according to the
conventional methods reported by The biochemical
tests namely albumin, globulin, protein, Aspartate
aminontransferease (AST), Alanine aminotransferease
(ALT) and Alkaline Phosphatase (ALP) were determined
by the conventional methods reported by Aning!™.

Histopathological tests: At autopsy the internal organs
were inspected for morphological lesions. For the
histopathological study, samples of the following organs:
Pancreas, liver, kidney, stomach and small intestine from
each animal were fixed in buffered 10% formalin-saline.
After dehydration and embedding in paraffin wax, Sum
sections were cut and stamned for examination in
the microscope.

Analysis of data: The results were pooled and expressed
as mean + standard deviation. The data were analysed by
one way analysis of variance (ANOVA) SPSS10.0.
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RESULTS AND DISCUSSION

The species of Bacillus used in this study mhibited the
growth of Aspergillus niger, Fusarium moniliforme and
Penicillium  chrysogenum as reported by Mokady™.
The relationship between diet and disease can be
ascertamned by biomarkers since they provide a link
between the consumption of specific foods and biological
outcome "*. Major biomarkers such as plasma enzymes
changes in disease are related in many ways to cell
pathalogy™. There was a significant difference (p = 0.05)
between the AST of the control and that of the Bacillus
species administered as microbial antagonists (Table 1).
The rise in AST in rats fed with Aspergillus niger and
Fusarium nivale could be attributed to possible secretion
of mycotoxins. Increase in blood AST values may be
attributed to both liver damage and possible damage to
the heart™!,
rats admimstered Bacillus species separately; showing
that the bacteria reduced the mfection on the host. This
result implies that the organisms possess antimycotic
properties capable of reducing the severity of attack of
the pathogen on the host. In chrome liver diseases such

Reduction of AST values was observed in

as Hepatitis C and curhosis, the ALT correlate moderately
well with liver inflammation™. In affected liver, both the
ALT and ALP levels are increased™. Mild elevation of
the ALP laws i the blood of rats treated with
Bacillus subtilis and B. sphaericus are non-specific and
may be caused by a wide range of liver diseases™™ 1. No
significant change (p = 0.05) in plasma ALT contents of
albmo rats fed with Bacillus spp. compared with that of
the control diet. The implication of these results 1s that,
there is no pronounced toxicological effect in rats treated
with  these orgamisms. Previous studies have
demonstrated that some stramns of Bacillus have the
ability to suppress the growth of fungi ™ M,

Changes in plasma proteins occur in chronic hepatitis
and cirrhosis, due to the prolonged or extensive liver cell
impairment. The obtamed plasma protein levels were
significantly not different (p = 0.05) to the control. The
result indicate d that the Bacillus isolates administered
to the rats are not likely to cause liver damages.
Furthermore, significant improvement was observed in
the Packed Cell Volume (PCV) and Haemoglobin (Hb) of
rats administered the bacteria treatment compared to the
control. The WBC counts were however significantly
lower for B. pumilus and B. sphaericus treated rats. The
low WBC count 1s an added advantage since increased
numbers are associated with infections and leukamias.
The basophils neutrophils, eosinophils and lymphocytes
1n rats maintained on the treated diets were sigmficantly
different from the control (Table 2). The results compared
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Table 1: Plasma chemistry evaluation of albino rats administered microorganisms, Bacillus Sp., as antagonists

Penicillium
Aspergillus niger Fusarium nivale chrysogenum

Parameters Control and B. subtilis Bacillus subtifis and B. pumilus B. pumilus and B. sphaericus B sphaericus
AST (IU/L) 9,422 281 1.1T*£1.57 8.572.06 20.770+20.69 0.7845.38 8.6943.20 4.46°+1.38
ALP (TU/L) 21.09°+3.89 28.77%+3.64 21.31%+2.51 29.40%+5.63 28.97°4+3.87 32.600+2.24 24.93%+4.47
ALT(IU/L) 3.3840.96 5.435:2 06 3.38%1.24 2.41°+1.26 4.46+3.96 2.17%1.44 2.77%1.49
Albumin (g/dL) 11.70+0.82 12.37-0.10 12.36°+0.03 12.400.05 12.00°+0.17 12.5240.48 11.27°+0.00
Globulin (g/dL) 29934475 53.36°:1.80 46.99+7.32 25.484+3 .95 27.4542.31 18.1545.17 35.2542.50
Total Protein (g/dL) 47.41%9.04 57.422+15.20 45.33%+13.06 40.28+5.75 4.24%+6.24 34.3144.71 41.90%+1.81

Values are mean of four replicates + standard deviation. Means followed by similar superscript letter(s) along same row are not significantly different at 0.035

Table 2: Heamatological Evaluation of Albino Rats Administered Basal Diet with Microorganisms

Penicillium
Aspergilfus niger Fusawivm nivade chrysogenum

Parameters Control and B. subtilis Bacillus subltilis and B. pumilus B. pumilus and B. sphaericus B sphaericus
PCV (%) 47.25+2.06° 48.00£3 46° 52.5045.56™ 54.00+2.44° 50.00£2.44° 53.75£2.87° 55.50+3.31®
Hbig/T.) 16.00+0.81* 16.25+1.25% 17.75+1.70% 18.25+1.258° 17.00+0.81* 18.25+0.95° 18.75+0.05
WBC0/L) 7.05£2.75 6.37+2.98 8.97+3.98 5.25£1.33® 6.87£1.65% 5.07£2.01° 5.95£1.97
Neutrophils (%6) 55.75+6.34* 50.75+£5.91® 46.75+12.95% 43.50+13.77% 52.00+13.11® 55.00+13.68% 60.75+0.42°
Lymphocytes(®o) 42.25£7.27° 48.25+6.23% 52.00412.83% 54.754£13.02° 46.00+£15.01% 44.50£14.24° 37.2547.3¢°
Monocytes(%o) 2.50+0.57 1.50+0.57 0.00+0.00 3.00+1.41% 3.00+1.41° 0.00+0.00 3,751,502
Eosinophils (¢9) 0.0040.00 1.7540.5¢° 3.50£1.73° 0.00+0.00 1.754£0.5Q° 2.5041.00° 1.7540.95*

Values are mean + 8.1 (n =4) Values followed with similar alphabets along same row are not significantly different (p<0.05)

favourably with the results reported on albino rats fed
sorghum and brewer’s grains!'? and albino rats fed
Saccharomyces cerevisiae fermented cassava flour diet®.
The mprovement m blood composition followed by the
treatment indicated an immunological security for the
group of animals given such treatment.

The result of the histological analysis confirmed that
the administration of Bacillus sp. did not cause any
damage to the kidney and pancreas. However, it causes
disorientation of the muscular layer of the stomach and
small mntestine. The pathological studies had reveled that
metabolites produced from Bacillus sp. initiated a broad
range of biological effects by protecting the internal
organs of the animals, liver function (enzyme activity) and
haematological improvement.
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