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Abstract

Background: Fermented gruel (Ogi) has been reported to havelagiic acid bacteria (LAB)
with proven probiotic properties. This fermentedddas also has different therapeutic usages.
Objective: The activities of fermented sorghuy@gi) on induced hypercholesterolemia in albino

rats were investigated.

Materials and Methods: The LAB strains were isolated from traditionallyrfeented sorghum
gruel Ogi. Also the ability of the isolates to tolerate biledaproduced bile salt hydrolase was
also determined. The hypolipidemic activity of femmed gruel dgi) with and without LAB
strains in hypercholesterolemic rats was determusgag standard methods

Results: The lactic acid bacteria (LAB) count in sorghigi ranged between 5. 0792 lgg
CFU/g and 5.6990 lggwhile the average values of pH and titratableiac{d@ TA) were 3.8 and
0.38 respectively. There was no significant diffexe between the weights of the animals in the
control group (Basal Diet) and the experimentalgso(at p<0.05). The mean values of the low
density lipoproteins cholesterol (LDLC) in the ratsre 188.60+7.27 mg/dl in the animals fed
with HLF while the least value was recorded in Basal diet supplanted with Ogi (BD+Ogi)
(110.80+26.93mg/dl). The mean high density lipogireg cholesterol in the serum of the rats in
cholesterol free feed supplemented with BD+Ogi dreup was the highest (52.600 mg/dl). The
amount of the total lipid in the animal fed withghilipid diet (HLF) was significantly higher
than the amount in the organs of the animals vadddiets containing BD+Ogi, HLFt. lactis
and HLF+L. brevis(ata = 0.05). In decreasing order, the amount of tlyeegides in high lipid
feed diets supplemented witbgi, Lactobacillus lactisand L. brevis The mean value of the
Aspartate transaminase in the animals in Basal @mip was higher at the commencement of
the experiment (275.45+34.43 IU/L).while the leval the alanine transaminase was not
significantly different (at p< 0.05). The histo-patogical micrograph of the various organs
revealed the hypolipidemic potential activity ofrfeented sorghum.

Conclusion: The diets supplemented with the fermented food slowetter activity against
hypercholesterolemia in the rat groups than théorabial isolates. It would therefore be safe to
recommend these foods to individuals with this @ssesituation and those with incidence of
coronary heart disease in Nigeria.
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Introduction

Some African fermented food products have beenrtepdo have therapeutic values
[1]. These food products have been used in thentiesattof diarrhoea or dysentery. Ogi is a major
indigenous traditional weaning food in West Afriégdso one of the most frequently consumed
fermented foods in southwestern Nigeria [1]. Thecpssing of Ogi involves either soaking the
whole grain in water contained in a fermenting feaita length of time or an initial reduction of
the grain size by milling in the wet form befordrgpallowed to ferment at room temperature for
2-3 days [2,3]Lactobacillusspecies are the predominant bacteria isolated gn[4,5]. The
major lactic acid bacteria (LAB) responsible foe throduction of lactic acid ale plantarum.
Teniola and Odunfa [6] isolated the following sgscof lactic acid bacteria from fermentedi;

L. plantarum, L. brevis, PediococcaadPentococcuspp

Lactic acid bacteria (LAB) are a broad group of i@raositive, non-motile catalase
negative rods and cocci that ferment carbohydatelsform lactic acid as the major end product
[7]. Strains ofLactobacillushave been reported to be involved in the fermamtadf Ogi and
most other foods consumed in Africa [3,6,8ufficient numbers of viable LAB alter the
intestine microbiota by implantation or colonizatilm a compartment of the host. They are
generally regarded as safe due to their long hisibsafe use in foods [3,5,6].

High serum cholesterol level has been linked taeased consumption of dairy and
animal fats. Hypercholesterolemia is consideredéoone of the major factors predisposing
atherosclerotic heart disease, and has been waelgpted that diet can play a significant role
[9]. The hypercholesterolemic effect of probiotes lbeen reported by many authors. Lin and
Chen (10) reported the cholesterol lowering agtioit L. acidophiluswhile Tabuchiet al.[11]
showed the hypercholesterolemic effect.attobacillusin hypercholesterolemic rats.

Cholesterol found in plasma membranes can be ésttdcom the body by the High
Density Lipoproteins (HDL). By esterification HDlaies cholesterol away from the arteries
back to the liver, where it is passed out of théybdlypercholesterolemia refers to high levels of
cholesterol in the blood. A normal or desirablelebterol level in man is described as less than
200mg of cholesterol per deciliter of blood (mg/dl)s considered to be at borderline when it is
in the range of 200 to 239mg/dl and elevated whe&n240mg/dl or above in humans. de Rodas
et al [12] showed that dietary supplementation witkctobacillus acidophiluseduced serum
cholesterol and low density lipoprotein (LDL) chstlerol in pigs previously fed high cholesterol
diet more than in pigs not receiving acidophilus The colonization of the intestine by
Lactobacilluswas concluded to be responsible for this the cetel lowering effects of LAB
[11,13]. Gillilandet al [14] referred to this phenomenon as cholestessinailation.

Fermented sorghum gruel (Ogi) contains high le¥dlAB and has been used for the
treatment of different ailments in the south wastétigeria [1]. Despite this acclaimed
therapeutic usage for the treatment of microbidkdtions, there is dearth of scientific
information on the empirical proofs on its hypatipmic activity. This study therefore aimed at



investigating the ability of fermented sorghum dramd LAB isolated from it to treat
(reverse/reduce) the level of cholesterol in hypelesterolemic rat and to detect the enzymatic
changes in the rat.

Materials and Methods

Source ofOgi

Fermented sorghum gruédgi samples were purchased from a single producer smren
consistency in the quality of the product. The sempwvere carried in the ice pack and
transferred within two hours to the Microbiologydaaatory of the Adekunle Ajasin University
Akungba-Akoko for analyses. The pH and the titregadxidity of the sample were determined
by the method of AOAC [14].

Isolation and identification of lactic acid bactera (LAB)

The Ogi samples were serially diluted and one ml of appabde dilution was aseptically
plated, using pour plate technique, on Plate Céwgar (PCA) for total viable bacterial count.
The method of Harrigan and McCance [20] was useddlate LAB. Discrete colonies on de
Man Rogosa Sharpe (MRS) agar (Oxoid) plates wdeeteel and the method of Savadagal.
[17] was used to identify the isolates. The reswise interpreted according to Heltal [18].

The LAB strains were harvested by centrifuging @@ rpm for 30 min at 18C after
washing the cells three times in physiological realior 10 min. The washing of the bacterial
cells was done to remove slime layer and nutriemhfthe growth medium. The cells were re-
suspended in sterile normal saline solution (0.88%CI). The absorbance of the bacteria
suspensions at 600 nm was adjusted to a readiddp0® with an average cell count of 1.5 X 10
CFU/mL. Standardized identified LAB strains werdgultured on MRS broth supplemented
with 0.5 % taurodeoxycholic acid (TCDA) (Sigma) aridcubated for 24h at 3C.
Representative tubes with growth was inoculated tmé MRS agar supplemented with 0.5 %
(TCDA) and incubated for 24h at%7.

Acid and Bile Tolerance Test

The ability of the isolates to tolerate bile wasedmined according to Liong and Shah
[19]. The pH of MRS broth was adjusted by 1 M HBDH) to achieve pH values of 3.0, 4.0
and 5.0 and the standardized LAB strains were iladed. The broth was incubated for 90 min at
37°C. The optical density of the broth was read d@n® before and after the incubation by a
spectrophotometer (Jenway 6505, England). All tkegegments were conducted in triplicates
and repeated twice. The effects of bile on the ¢nosf probiotic LAB strains were examined
using method of Meei-Yn and Tseng-Wei [20]. Eaclihef standardized isolates was inoculated
into MRS broth and supplemented with 0.5 ml (% véterile fresh bovine bile. The culture was
incubated at 3 for 18h. The optical density of the broth wasdred 650nm before and after
the incubation.



Bile Salt Hydrolase (BSH) Assay

According to Moser and Savage [21] was used tocti¢be isolates that produced bile
salt hydrolase (BSH). Briefly, MRS agar was supmated with 0.5 % taurodeoxycholic acid
(TDCA) and the isolates were inoculated onto thar amd incubated anaerobically afG7or 5
days and the plates observed for precipitationemfxgicholic acid around the colony. Isolates
with pronounced activity were selected for furtbtrdies (Table 1).

Formulation of diets for the animal feed experiment

Albino rats of Wister strains were induced by fegdon a high lipid cholesterol diet
(HLF) for two weeks. Following hypercholesterolemibe feeds were supplemented with the
fermented foods and later fed to the rats for agrotight weeks. As shown in Table 2 below, the
diets were composed of four test groups and onéradpnhe basal diet (BD). The four diet
groups comprised high lipid feed (HLF), high ligieed with Ogi (HLF+Ogi), high lipid feed
with different LAB strains (containing 5.6 x T0CFU/ml) (HLF+LAB) and the basal diet with
Ogi (BD+Ogi). Diets HLF, HLF+Ogi and HLF+LAB wereaupplemented with 20g/100g lard
(sourced from fatback) and 1.0g/100g cholesterol.

The pre-mixed vitamin and pre-mixed mineral wereppared as follows: vitamin mixture
(g/kg per diet) contained thiamine (0.02), ribofta\{0.03), pyridoxine (0.10), vitamin B12
(0.00003), niacin (0.001), calcium pantothenatd@). p-aminobenzoic acid (0.01) Vitamin A
acetate (0.04), ergocalciferol (0.4) and choline-KIZ0). The mineral mixture (g/kg per diet)
contained CaC® (15.56) CaGl.6H,O (0.001), CuS@5H,0 (0.019), FeS©O7H,O (1.078),
MgSOy (2.292), and MnSE2H,O (0.025). The weight of each of the rats in theugs was
taken twice a week and recorded. The differencevdsst the initial and the final weights was
taken to be the weight gained by the rat. The nvegight gained by the rats in each diet group
was determined.

Source and Feeding of the Experimental Animals

Seventy post weaning healthy albino rats of Wistexins Rattus nervegicQswith initial
average body weight of 83.83+3.34g were obtaineamnfrthe Preclinical Animal House,
University of Ibadan, Nigeria. The experimental mais were managed according to the
National Research Council’'s Guide for the Care &ls# of Laboratory Animals (22). The
animals were acclimatized for five days, fed witbwer's mash (TopFeed®) and supplemented
diets (Table 1) and adequately supplied with distilwaterad libitum The animals were
randomly assigned to each of the diet groups aeyl @h=5/group) were maintained at’€7with
about 13:11 h of light and dark respectively. Tharals were randomly assigned (in cages) into
five groups. They were fed for 8 wk and the weitdgiten weekly throughout the experiment.
Food and water were withdrawn from the animals @br to the termination of the experiment.

Blood Collection and Determination of Serum Cholegrol Types



Blood was collected from the rats by cardiac purectfter a deep anesthesia. One-ml
syringe using 22 gauge needle was inserted 5mm fr@mcenter of the thorax towards the
animal’s chin, 5 to 10mm deep; the syringe was la¢l@d5 to 30° away from the chest. Serum
total cholesterol and high-density lipoprotein (HDLcholesterol were determined according to
Grove [23] while low-density lipoprotein (LDLC) chesterol, and triacylglycerol were measured
enzymatically by the methods of Meiattini [24] dddccolo and David [25] respectively.

Determination of Lipid and Marker Enzymes in the Organs of the Rats

The different organs (heart, kidney and liver) wemmoved and separately homogenized
before lipid and enzyme analyses. Total lipids wastermined using the method of Folch [26].
The fat contents were extracted with chloroformthmaaol mixture (2:1 v/v). The aliquots of the
organic phase were analyzed for total cholesteabbrenetrically using glacial acetic acid-
FeSQ-H,SO, while the remainder of the organic phase was ewpo to dryness and weighed
to give the amount of liver total lipids. Aspartatansaminase (AST) and alanine transaminase
(ALT) were determined using the Randox® enzyme Kkits

Histopathological Processes

The animals were sacrificed eight weeks after trarnencement of the experiment and
the organs (kidney, heart and liver) were extractedl processed for histopathological
assessment according to the method of Gentry-Weeld [27]. The slides were examined
under the microscope and the microphotographs takenmagnification of X 400 as described
by Baker and Silverton [27].

Statistical Analysis

Statistical analysis was performed using SPSS dafivare. Data are expressed as mean + SD.
Data were analyzed using one-way ANOVA, followed the Turkey Test. The result was
considered significantly different at level of @<05.

Results

Eight LAB strains which grew well on fresh bovingehbwere isolated from sorghum Ogji;
six Lactobacillus species and twolLactococcusspp. Only two of these LAB strains
((Lactobacillussp. (JBI 1) and.actococcusp. (JBI 2)) could not deconjugate TCDA. However,
all the isolates are acid tolerant, with at leastierate growth at pH 3 (Table 2) but the strains of
Lactobacillussp. (JBI 1, JBI 4: 60%, 68.75%) ah@ctococcussp. (JBI 9) grew very poorly
even at pH 4 (Table 3).

The total bacterial count in ogi ranged betweervG27logo CFU/g and 7.9631 lag
CFU/g while the LAB count in the samples were betw&.0792 log, CFU/g and 5.6990 lag
LAB was dominant in the fermented gruel. The numblenon-lactic acid bacteria that could
survive in the sample ranged from 28.43% to 34.48%e total bacterial load in the ogi sample



(Table 4). The average values of pH and totaltéible acidity (TTA) in all the ogi samples were
3.8 and 0.38 respectively (data not shown).

The weight of the animals increased with the daratf feeding. At the end of the
feeding experiment animals in HLF group had théh&gy average weight followed by those in
the Basal Diet group (Fig 1). The animals in theFHL. lactis diet group had the least mean
weight at the end of the experiment. There wasar@tion between the weights of the animals
in the control group (Basal Diet) and the experitakgroups (at 0.05 level of significance).

The amount of the total lipid in the animals fedthwhigh lipid diet (HLF) was
significantly lower than those obtained in the eorgaf the animals fed with diets containing
BD+Ogi, HLF+L. lactisand HLF+L. brevis(ata = 0.05) (Fig. 2). At the probability of 0.001
the cholesterol concentration in the organs ofréite fed on HLF diet differs significantly from
those fed with Basal diet, BD+Ogi and HLE+lactis While the levels in HLF +Ogi and HLF+
L. brevisdiet groups were statistically lower than thosamimals in the HLF group as shown in
Fig. 3. The mean values of the LDLC in the ratsen88.60+7.27 mg/dl in the animals fed with
HLF while the least value was recorded in the 10626.93mg/dl. The values of LDLC in the
animals fed Basal Diets were significantly differémmom those fed on HLF diet (P<0.01) while
the difference in the serum LDLC of the animals fld= was significantly different from those
on HLF+Ogi and BD+Ogi diets (at P<0.05 and P<0.0@%pectively (Fig. 4).

The mean high density lipoprotein cholesterol (HDL@ the serum of the rats in
BD+Ogi diet was the highest (52.600 mg/dl) comparethe Basal Diet (49.400 mg/dl) while
the HLF group had the least (24.800 mg/ml). HDL@a=ntration in HLF differed significantly
from the basal diet, HLFt. brevisand BD+Ogiat P<0.001 and was also significantly different
from HLF +Ogi and HLFHL. lactisat P<0.01 (Fig. 5). As shown in Fig. 6 the highesbunt of
glycerides was recorded in the HLF group (100.4@1+29mg/dl) while the least amount of
triglyceride was observed in the animals in theaBd3iet group (31.200 £ 7.190mg/dl). The
levels of glycerides in the Basal and HLF dietsenggnificantly different (P<0.001). Glyceride
level in the HLF group was higher than the HILFF-tactisand BD+Ogi groups (at P<0.05).

The mean value of alanine transaminase (ALT) inahienals in the Basal Diet group
was higher at the commencement of the experiméiit.48+34.43 |U/L) compared to the value
obtained after 8wks (144.27+38.63 IU/L). MeanwhileT activity (340.99+45.83 IU/L) was
highest in the rats fed with the Basal diet suppleted with Ogi after 8wks of feeding.
Compared to the ALT activity in rats fed on higpidi diet (HLF), the AST activity in rats fed on
the Basal Diet +Ogi, HLF + Ogi, HLFk. lactisand HLF+L. breviswere lower (at p<0.05). The
level of AST activity in the animals in all the gnms was not significantly different at 0.05
probability level (Table 5).

The histo-pathological micrographs of the variougaos (heart, kidney and liver) of
hypercholesterolemic and the non-induced rat graupspresented in Plates 1A to J. The heart
of rats fed on the normal feed and those on HLREsdgth or without Ogi showed no visible
lesion (Plate 1). In rats fed on HLCF and Ogi npidtinecrotic tissues of the heart muscles were
observed while those on HLCF supplemented with €lggwed some multiple foci of fibre



necrosis and haemorrhage with mild cellular irdiiton by macrophages. Plates 1E and F
showed the tissues of normal and afflicted kidridl/the rats fed on the different diet regimes
showed no visible lesion in the kidneys except ¢hiesl on HLF and.. breviswhere the lumen
of the tubules was distended (Plate 1F). The lissues of most of the rats showed no visible
lesions but in some rat groups there were observedllular changes in the central vein and
portal triad of the organ while those fed on HLFR&vappreciably affected.

Discussion

Lactic acid fermented foods have made up a sigmifiportion of food intake by humans
for a long time and are still available in the depéng countries [1,2,6]. Ogi which is an
example of lactic acid bacteria fermented food pobdn Nigeria was investigated for its ability
to reduce the serum cholesterol level in inducegokehsholesterolemic rats. The total lactic acid
bacteria counts ranged between 7.77630l6@FU/g and 7.9631 lag CFU/g. This high lactic
acid bacteria count observed@gi may be as a result of the growth of the associatietbbiota
on the grains and their low pH range of between &8 4.5. This confirms the reports of
Hounhouigaret al [29], Teniola and Odunfa [6], and Adebayo and W\ae[5], which showed
the dominance of lactic acid bacteria in fermemntemize for Ogi production. Also the viable
count of LAB inOgi may be due to their known complex nutritional iegments: substrate rich
in carbohydrate [30,31].

The low pH and the TTA of 3.8 and 0.38 respectivadgerved irOgi may be attributed
to the secondary metabolites (lactic acid) produogdhe lactic acid bacteria involved in the
fermentation of the foods. Teniola and Odunfa fjarted that metabolites produced during the
fermentation of maize(d(gi) are usually responsible for the changes in theiphlyand chemical
parameters. They concluded that the changes mawcimipoth desirable and undesirable
characteristics on the products.

In all, six different lactic acid bacteria isolategre selected and used in the study. The
bacteria are all catalase negative and fermentecbgé with or without the production of gas.
The rod-shaped isolates were identified leactobacillus spp. while the cocci were the
Lactococcusspp. The identification of these isolates Lastobacillusspecies is in line with
Tannock [32] definition of lactobacilli as membesk the Lactic acid bacteria group that are
characterized by the formation of Lactic acid dge &md product and are Gram positive, catalase
negative, non-spore-forming rods or coccobacillie Hiescribed them as been strictly
fermentative with complex nutritional requirement.

Bile tolerance is an important criterion for thelestion of probiotes [33]. A bile
concentration of 0.2% (w/v) in MRS medium has besgorted to prevent growth of lactobacilli
for at least 4 hrs, but the cells remained vialiteradh incubation [34]. In this study..
plantarum, L. bulgaricus, L. brevandL. lactisshowed considerable growth when the medium
was supplemented with bovine bile. This medium #red survival of these four organisms at
different pHs had been employed to simulate comastiin the upper intestinal tract of man [35].
These conditions (i.e. the acid and bile tolerandazh are required for an efficacious probiote



and variability in the survival rates may help tplkain some beneficial propensities of these
organisms [36].

The growth of these organisms at pH 3, 4, and &isndication that they are likely to
survive the acidity of the stomach when ingestedhwoods. The proliferation of these
organisms at these pH values and the ability ter&té bile are important indices to categorize
them as probiotes. Their tolerance to high acidigy be attributed to the presence of a constant
gradient between extracellular and cytoplasmic pH.[

For these organisms to be used as probiotes inmsjriveoser and Savage [21] postulated
that they must be able to overcome the conjugailedabids of the duodenum. Bile acids are
synthesized from cholesterol and conjugated taeeuhycine or taurine in the liver [38]. Isolates
from the fermented foods used in this study dispdayvarying growth abilities in
taurodeoxycholic acid (TCDA) supplemented mediurne Thability of some of the isolates to
precipitate TCDA may be that they cannot express ¢alt hydrolase activity as suggested by
Savageet al (38) and Tanakat al [39].

Hypercholesterolemia refers to levels of cholesterdhe blood that are higher than the
normal levels in animals. Cholesterol circulategha blood streams and it is a major building
block of cell membranes. It is essential in tharfation of bile, vitamin D, other steroids and
hormones [40]. All the groups of rats fed on highid cholesterol diet (HLCF) showed high
level of serum cholesterol after 2 weeks of feedifigis may be as a result of the addition of
pork fat which increased the lipid content of tleed to 20% and also the incorporation of
cholesterol in the diet. Diets rich in saturatets fand contain high level of cholesterol raises
serum cholesterol [41].

When compared to the control group which are fethemormal feed and took waisul
libitum, all the hypercholesterolemic rats were active ughmut the period of the experiment.
This indicates that hypercholesterolemia does awvelany noticeable visible symptom(s), unless
those diagnosed through blood analysis or whert a#arck or stroke eventually occurred [42].

There were noticeable changes in the body of the ma the groups in which
hypercholesterolemia was induced (HLF and Ogi) wbempared to those fed on the normal
feed and Ogi. Rats fed on HLF supplemented with &gi lactobacilli had lower body weights
compared to those fed with the Basal and HLF dfe¢eding the rats with the fermented foods
did not show much difference in their body weightscould be deduced that Ogi could be an
antidote for the reduction of body weight. This ntlagrefore mean that the consumption of Ogi
had a way of enhancing the conversion/removal efetkcess lipid in the body of the rats. This
may also probably be attributed to the activitytte# organisms contained in the fermented food
which reflected on their body weight values (Fijy. 1

The cholesterol profile in the various groups shiwe decline as a result of the
supplementation of the diet. The animals whosesdietre supplemented with the bacterial
isolates also had significant reduction in thenuse cholesterol concentration at the end of the
feeding period. The decrease in the serum chotdstencentration may be attributed to the
ability of these organisms to take up cholestertd their cellular membrane [13,14,36].



Rats fed on normal feed or HLF supplemented Wth showed decrease in the serum
cholesterol level after thé"4veek, and this continued until th8 &:eek. This observation can be
attributed to the co-precipitation of cholesteralhwdeconjugated bile acids. Klaver and van der
Meer [43] showed that the solubility of cholestasotiependent on the bile salts present.

The low density lipoprotein cholesterol (LDLC) vakiwere low in all the rat groups fed
on diets supplemented withgi andLactobacillusisolates. Low density lipoprotein cholesterol
is a product of the liver through the packagingrajlycerides with cholesterol, phospholipids
and apoprotein [44]. Very high LDLC tend to stickthe lining of the blood vessels, leading to
the hardening of the arteries. The lowering effgas more pronounced in the groups fed with
HLF and Ogi This finding confirmed an earlier report of Fletclet al [45] that the principal
strategy for lowering LDLC levels was to replaceolgsterol raising fatty acids (FA) with
dietary carbohydrates. Aderiye and David [46] ré&gab that probiotics from African fermented
foodiru increased the concentration of the HDL and redticed DL.

The serum triglyceride content of the rats was kg@r in all the animal groups fed with
diets supplemented with the fermented foods andoattganisms. This was expected since
triglyceride determines LDLC composition, physiqaioperties and cell specific binding in
culture cells of organism [47]. The reduction mdgoabe as a result of the fact that the
supplements (Ogi and the lactobacilli) did notiiry avay increase the saturated fat content of the
diet.

There was an increase in the high density lipopratieolesterol (HDLC) values in all the
rat groups. High HDLC levels in the animal and hanidood protect against heart attack [19].
The high values reported are in agreement witHititegngs of Minelli et al. [48] who observed
that the administration oLactobacillussp. in animal models induced a cholagogic effect,
favouring an easier bile flux and improvement imgometabolic indices of hepatic and lipidic
functionality. HDLC have also been reported to @ase triglyceride catabolism [49].

Alanine and Aspartate aminotransferase are nornfaliynd in diversity of tissues
including the liver, heart, kidney, and brain [5They are found in the cells of these organs and
may leak out to the blood when the cells are ijuiiéhe results from this work showed an initial
increase and then a decrease in the values oivtherizymes. The reduction in activity of these
enzymes over the supplementation period may ingliaatimprovement in the recovery of the
organ injury. This may be as a result of the apitif the lactic acid bacteria present in the
fermented foods to produce polyamines from amindsa51]. Our findings agree with the
report of Adawiet al. [52] that supplementation of the diet with plantarumand arginine
reduced the hepatocellular necrosis and the inflarom cell infiltration in the liver, which was
reflected in the low concentrations of the enzymedsased.

The lesions observed in the histopathologic platekte different organs of the animals
may probably be as a result of the hypercholestaral situation created by the HLF diet. The
degree of the severity of the lesions could expthaimpact the supplements had on arrest of
the situation of the disease condition. This isher confirmed by the fact that the group fed on
the normal diet only had no noticeable lesion(slithe organs.



Conclusion

In this study, one can attribute the reductionestie cholesterol to the assimilation and binding

of the cholesterol by the different organisms thatvived the passage through the stomach and
finally colonized the intestine. The organisms r@ed the reabsorption of the cholesterol in the
diet and thereby resulting in low values in theuserOther ailments such as Diabetes mellitus
may be challenged with these fermented foods tertesn if there will be any effect.

Acknowledgements

The authors acknowledge the contribution of thenhezal staff of the Department of
Microbiology, Adekunle Ajasin University. Akungbakako, Ondo State, Nigeria. The authors
declared no conflict of interests.

References

1. Aderiye Bl, Laleye SA: Relevance of Fermented Fpaomtucts in southwest Nigeria. Plant
Food Hum Nutr. 2003;56:1-16.

2. Odunfa SA, Adeyele SA: Microbiological changes dgrthe traditional production of ogi-
baba, a West African fermented Sorghum gruel. J3€er1985,3:173-180.

3. Adebolu TT, Olodun AO, Ihunweze BC: Evaluationagfi liquor from different grains for
antibacterial activities against some common pahegAfr J Biotechn2007,6(9):1140-
1143.

4. Fields ML, Hamad AM, Smith DK: Natural lactic aciedrmentation of corn meal. J Food
Sci. 1981,46:900-902.

5. Adebayo CO, Aderiye Bl: Ecology and antibacteriatgmtial of lactic acid bacteria
associated with fermented cereals and cassaval Resobiol. 20072(5):426-435.

6. Teniola OD, Odunfa SA: Microbial assessment of iguatvaluation of ogi during
spoilage. World J Microbiol Biotechnd200318(8):731-736.

7. Aguirre M, Collins MD: Lactic acid bacteria and hamclinical infection: a review. J Appl
Bacteriol. 1993,75:95-107.

8. Odunfa SA, Oyewole OB: African fermented foods Microbiology of Fermented Foods
Wood, B. (Ed). Elsevier Applied Science Publishemdon. p. 1995,712-751.

9. American Heart Foundation (AHA). Cholesterol: AHA ciéntific position.

http://www.americanheart.org/present2005.

10.Lin M, Chen T: Reduction of cholesterol hgactobacillus acidophilusn culture broth. J

Food Drug Anal2000,8:97-102.

11.Tabuchi M, Tamura A, Yamada N, Ishida T, HosodaHdsono A: Hypocholesterolemic

effect of LactobacillusGG in hypercholesterolemic rat. Milchwissenchafi02,58(5/6):
246-249.

12.de Rodas BZ, Gilliland SE, Maxwell CV: Hypocholesiemic action ofLactobacillus

acidophilus ATCC 43124nd calcium to swine with hypercholesterolemia oetuby Diet.
J Dairy Sci. 1996,79:2121-2128.

10



13.Tahri F, Grill JP, Schneider RBifidobacteriastrain behaviour toward cholesterol: co-
precipitation with bile salts and assimilation. CMticrobiol. 1996,33:187-193.

14.Gillland SE, Nelson CR, Maxwell C: Assimilation afholesterol byLactobacillus
acidophilus Appl Environ Microbiol 1985,49:377-381.

15.A0AC: Official Methods ofAnalysis.15th Edition, Agsiation of Official Analytical
Chemists Washington DC, 1990.

16.Harrigan WF, McCance MELaboratory methods in food Dairy Microbiologiondon
Academic Press.

17.Savadogo A, Quattatara CAT, Savadogo PW, QuattaBa Barro N, Traore AS:
Microorganisms involved in Fulani traditional fermed milk in Burkina Faso. Pak J Nutr
2005,3:134-139.

18.Holt JG, Krieg NR, Sneath PHA, Staley JT, Willian®T: Bergey’'s Manual of
Determinative Bacteriology"” Edn. Williams and Wilkins, Baltimore, 1994.

19.Liong MT Shah NP: Acid and bile tolerance and th®lesterol removal ability of
bifidobacteria strains. Biosci Microflora005,24:1-10.

20.Meei-Yn L, Tseng—Wei C: Reduction of Cholesterol bgctobacillus acidophilusn
Culture. J Food Drug Analy000,8:97-102.

21.Moser SA, Savage DC: Bile salt hydrolase activitg aesistance to toxicity of conjugated
bile salts are unrelated properties in lactobadlipl Environ Microbiol 2001;67(8):3476-
3480.

22.National Research Council (NRC): Guide for the carmel use of laboratory animals.
Publication No. 85-23 (rev). National Institutetééalth, Bethesda, MD. 1985

23.Grove TH: Effect of reagent pH on determinatiorhigfh density lipoprotein cholesterol by
precipitation with sodium phosphotungstate-magmasilin Chem197925:560-564.

24.Meiattini F, Prencipe L, Bardelli F, Giannini G, fliaP: The 4-hydroxybenzoate/ 4-
aminophenazone chromogenic system used in the etyrdetermination of serum
cholesterol. Clin Chen197824:2161-2165.

25.Buccolo G, David H: Quantitative determination efuam triglycerides by use of enzymes.
Clin Chem. 19731a19(5):476-482.

26.Folch J, Lees M, Sloanestanley GH: A simple metfuwdhe isolation and purification of
total lipids from animal tissues. J Biolog Chem51226:497-509.
27.Gentry-Weeks C, Hutcheson HJ, Kim LM, Bolte D, TweDargatz J, Morley P, Powers B,

Jessen M: Identification of two phylogeneticallyated organisms from feces by PCR for
detection ofSalmonellaspp. J Clin Microbial2002,40:1487-1492.

28.Baker JF, Silverton REBaker and Silverton's Introduction to Medical Ladtory
Technology. 7™ Edition. Butterworth-Heinemann. pp. 448, 2005.

29.Hounhouigan DJ, Nout MJR, Nago CM, Honben JH, Ramdbd-M: Microbiological
changes in maize during natural fermentation. WalldVicrobiol Biotechnal 1994,
10:410-413.

30. Saloff-Coste CJ. Lactic Acid Bacteria. Danone Walelvsletter1994,5.

11



31.Hammes WP, Vogel RF: The genus LactobacillusBrd.B. Woods and W.H. Holzapfel
(Ed). The Genera Lactic Acid Bacteriavol. 2, Blackie Academic and Professional,
London, United Kingdom. 1995,19-54.

32.Tannock GW: A special fondness for lactobacilli. pAp Environ Microbiol
2004,70(6):3189-3194.

33.Salminen S, Playne M, Lee YK: Successful probid#ctobacilli: human studies on
probiotic efficacy. In: Short, C. (EdRunctional dairy productsTechnomic, Lancaster
United Kingdom, 2004;13-32.

34.Lee YK, Low CS, Arvilommi H, Salminen S. Permaneaionization bylLactobacillus
caseiis hindered by the low rate of cell division in nseugut. Appl Environ Microbiol.
2004,70(2):670-674.

35.Chou L, Weimer B: Isolation and characterizatiorAcfd and Bile Tolerant Isolates from
Strains ofLactobacillus acidophilus] Dairy Sci199982:23-31.

36.Pereira DIA, Gibson GB: Cholesterol Assimilation Hyactic acid Bacteria and
Bifidobacteria isolated from the human gut. Apphvigon Microbiol.2002,68(9): 4689-
4693.

37.Corcoran BM, Stanton C, Fitzgerald GF, Ross RPvi8al of probiotic lactobacilli in
acidic environments enhanced in the presence otbubtable sugars. Appl Environ
Microbiol. 2005,71(6):3060-3067.

38.Savage DC, Lundenn SG, O’Connor LT: Mechanism by icwh Indigenous
Microorganisms colonize epithelial surfaces assemeir of the luminal microflora in the
gastrointestinal tract. Microecol Therafd@95,21:27-36.

39.Tanaka H, Hashiba H, Kok J, Mierau |: Bile salt roldse ofBifidobacterium longum
biochemical and genetic characterization. Appl EsviMicrobiol.2000,66(6):2502—2512.

40. Cardiology channel: High cholesterol.
http://www.cardiologychannel.com/hypercholestroln#a06.

41.American Heart Foundation (AHA). Cholesterol: AHA ciéntific position.
http://www.americanheart.org/present2005.

42.Healthatoz. Hypercholesterolemi&ncyclopedia index Hhttp://www.healthatoz.com.
2006.
43.Klaver AMF, van der Meer R: The Assumed assimilatd cholesterol by Lactobacilli and

Bifidobacterium bifidumis due to their Bile salt-deconjugating activitgppl Environ
Microbiol. 1993,59:1120-1124.

44.Worobetz RJ, Hilsden EA, Shaffer JB, Simon P, R&&m Ma M, Wong F, Blandis L,
Adams P, Heathcote J, Lee SS, Lilly LB, Hemming AMéyy GA: The Liver In:First
principle of Gastroenterology: The Basis of Disesaaad Aspproach to Manageme@GiT
Textbooks 2005,462-475.

45.Fletcher B, Berra K, Ades P, Burke LE, DurstineHajir JM, Guff D, Miller NH, Kris-
Etherton P, Wilterdink J: Managing abnormal bloapidis- a collaboration approach.
Circulation 2005,112:3184-3209.

12



46.Aderiye Bl, David OM:In vivo evaluation of hypolipidemic potentials Bicillus species
isolated from fermented locust bedPackia fillicoides Welw) SeedsIfu). Br Microbiol
Res J2013,3(4):574-584

47.Castelli WP: Triglycerides: a risk factor for Coeog Heart Diseases. Artherosclerosis.
1996124:557-564.

48.Minelli EB, Benini A, Marzotto M, Sbarbati A, Ruzzente O, Ferrario R, Hendriks H,
Dellaglio F: Assessment of novel probiotlcgctobacillus casestrain for the production of
functional dairy foods. Inter Dairy 2004,14:723-736.

49.Tietz NM: Textbook of Clinical Chemistrg® Ed. W.B. Saunders Company, Philadelphia,
London and Toronto. 1986,510.

50.MedicineNet. Liver Blood Enzymes. http://www.medienet.com2006.

51.McCormack SA, Johanson LR: Role of polyamines istigentestinal mucosal growth,
Amer J Physiol1991;260 (Gastrointestinal Physiology 23):G795-G806

52.Adawi D, Kasravi FB, Molin G, Jeppsson B: EffectlaictobacillusSupplementation with
or without arginine on liver damage and bacterahslocation in acute liver injury model
in the rat. Hepatology1997,25(3):642-647.

Table 1: Diet composition (g/Kg) of animal feed t@valuate the hypolipidemic activity of
ogl’

Group Diets

Basal BD+'OGI' HLF HLF HLF+ L. HLF+ L.

diet +'0GI’ lactis brevis
Corn starch 64.50 -- 48.5 -- 48.5 48.5
‘Ogi’ -- 65.5 -- 48.5 -- --
Soybean 21.0 21.0 21.0 21.0 21.0 21.0
Fish meal 6.50 6.50 6.50 6.50 6.50 6.50
Vegetable oil 5.0 5.0 -- - - -
Lard -- -- 20.0 20.0 20.0 20.0
Mineral mix* 15 15 15 15 15 15
Cholesterol -- -- 1.0 1.0 1.0 1.0
Vitamin mix* 1.0 1.0 1.0 1.0 1.0 1.0
Methionine 0.3 0.3 0.3 0.3 0.3 0.3
Choline Chl. 0.2 0.2 0.2 0.2 0.2 0.2
~10 logo -- -- -- -- L. lactis L. brevis
CFU/ml
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*Premix,

Chl: chloride

Table 2: Growth characteristics of lactic ad bacteria isolates with probiotic attributes

Organisms Cell morphology  Growth at Growth at Ability to
acidic pH Fresh bovine deconjugate

(3.0) bile TCDA
Lactobacillus bulgaricus Rod ++ +++ ++
Lactobacillus plantarium Rod +++ +++ +++
Lactobacillussp. (JBI 1) Rod +4++ +++ NG
Lactobacilluslactis Rod ++ +++ +++
Lactobacillussp. (JBI 4) Rod + +++ ++
Lactobacillus brevis Rod +++ +++ +++
Lactococcusp. (JBI 9) Coccus +++ +++ +
Lactococcussp. (JBI 12) Coccus +++ +++ NG
+++: Dense growth, ++: Moderate growth, +: Poor growth, NG: No growth
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Table 3: The percentage survival of LAB isolates fsim ‘ogi’ at different pH*

LAB isolates pH 3 pH 4 pH 5

L. bulgaricus 92.59 94.74 96.08

L. plantarum 95.38 95.00 96.00

Lactobacillussp. (JBI'1)  50.43 60.00 73.33
L. lacti 94.00 96.51 96.88

Lactobacillussp. (JB14)  37.75 68.75 92.42
Lactobacillus brevis 93.33 93.75 93.82

Lactococcussp. (JBI 9) 42.86 16.67 28.57
Lactococcusp. (JBI 12) 44.44 80.00 89.36

* Microbial growth at 37C for 24h

Table 4: Lactic acid bacterial growth on taurodeoxgholic acid supplemented media

Organisms Growth in Viable count on TCDA
TCDAsupplemented supplemented MRS Agar
MRS broth (CEFU/mI)
Lactobacillus bulgaricus +++ 25X 10
Lactobacillus plantarium +++ 5.0 X 16
Lactobacillussp (JBI 1)  +* 1.5 X 16
Lactobacillus lactis +H+ 25X 10
Lactobacillussp. (JBI 4)  ++* 25X 10
Lactobacillus brevis -+ 2.0 X 16
Lactococcusp. (JBI 9) NG NG
Lactococcusp. (JBI 12)  + 1.0 X 10
*Showed growth indicated by turbidity but there wessign of precipitation.
+: slightly turbid, ++: turbid, +++idhly turbid, NG: no growth.

Data are the mean of three determinations.
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Table 5: The concentration of serum Aspartate tranaminase (AST) and alanine
transaminase (ALT) in the experimental rats

Diets
Weeks Basal diet Basal Diet+ HLF HLF + HLF+ HLF+

Enzymes ‘oGr ‘oGr L. lactis L. brevis

ALT 275.45+34.43  270.42+72.49  90.39+17.45 90.4532 94.44. +19.35 90.34x23.41

AST 80.78 +12.32 90.27%18.42 95.78+14.59 90.34386. 93.51+28.34 105.33+41.32
ALT 195.27+28.39  190.44455.27  73.52%26.49 95.2243 73.23£24.31 72.34 £22.17
AST 60.30+£11.11 250.39+59.23  150.35+48.29 152.2483 103.32+32.33  242.32+34.59
ALT 164.49+19.15 100.35%+19.46 80.69+29.43 92.3114 140.12+34.22  140.42+34.11
AST 140.49+27.38  410.34+83.42 230.00+45.81 135.8632 125.23%¥41.12 250.39+41.39
ALT 100.38+28.55 176.84+17.49 121.32+39.10 12625433 120.33+31.51 110.33+51.93
AST 150.39£51.53 180.11+45.28 250 .34+34.25 19018439 220.33%x13.42 175.27+31.52
ALT 144.27+38.63 340.99+45.83 125.56+42.14 1025P221 110.54+31.65 90.46+25.77

AST 163.19+48.24 178.33+19.46 264.34+24.62 165.83532 245.23+43.34 150.36+18.36
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Plate 1: Histopathologic examinations of differenbrgans of animals showing lesions due to
hypercholesterolemic situation created by the HLF @bt

A:
B.
C
D
E:
F.
G.
H
I:
J:
X

125).

Heart tissues of animals fed with Basal Dietwo visible lesion (Mag. X250),

Heart of animal in diet group HLF+‘ogi’ (Mag.250),

Multiple necroses into the heart muscles fts cm HLF+bgi' (Mag. X125),

Kidney of rat on Basal Diet showing no visildsion (Mag. X250),

Kidney of rat in HLF+. breviswith lumen of the tubules distendédag. X125),

Liver-mild congestion of central vein of raesifHLF+_. brevis(Mag. X250),

Distended central vein of the liver of ratskbioF diet group (Mag. X250),

Mild fibroplasia of portal triad in liver of ta on high lipid cholesterol (Mag. X125),

Liver of rat on HLF+OGlI with normal morpholodivag. X125)

Liver of rat on HLF+. lacticshaving moderate cellular infiltrations of portabtt by macrophages (Mag.
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