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 The protective effects of ‘ofada’ rice koji (ORK, fermented ofada rice) and ascorbic acid 

(AA) against lead (Pb)-induced toxicity in the blood, liver and kidney tissues of male 

Wistar rats was investigated. The animals were divided into four treatment groups (A – 

D, n = 5). Groups B, C and D were intoxified by intra-peritoneal injection of 75 mg lead 

acetate/kg body weight. Groups C and D only had their feed mixed with ORK and AA, 

respectively. The results showed no significant difference in % packed cell volume 

(PCV) and Pb concentrations. Feeding with ORK and AA significantly decreased alanine 

aminotransferase activities (36.50 ± 3.54 and 34.02 ± 0.05 UL-1 respectively) compared 

to Pb-only treated group (85.50 ± 3.25 UL-1). The ferric reducing antioxidant power 

(FRAP) for organs increased significantly following intake of feeds mixed with ORK and 

AA; increases in FRAP was higher for ORK-treated group possibly due to increased total 

flavonoids concentration following fermentation. Furthermore, Pb-induced high plasma 

creatinine levels decreased upon treatment with feeds mixed with ORK and ascorbic acid.  

These findings strongly indicated that feed supplementation with ORK by 45% may be 

more effective at ameliorating the effects of Pb-induced toxicity in tissues compared to 

supplementation with AA by 2%. 
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Introduction 

Lead (Pb) is among the most common naturally 

occurring heavy metals known with a wide range of 

industrial applications; the metal has found use in a 

variety of anthropogenic processes such as coal and 

mineral oil combustion, lead-battery manufacturing, paint 

industries, smelting, mining and alloy processing 

(Ademuyiwa et al., 2010; Patra et al., 2011). Lead has 

been described as one of the most toxic metal in the 

environment (Chatterjee and Rana, 2002; Patra et al., 

2011). It also forms part of a group of metals described as 

carcinogenic to humans and whose carcinogenic 

potentials is considered to be dependent on metal 

oxidation state, solubility and complex formation 

(Koedrith and Seo, 2011). Due to increasing 

anthropogenic activities and vehicular emissions, studies 

have indicated that the amount of lead available in the 

environment for potential consumption via food chains 

and drinking water supplies is on the rise. As a toxin, lead 

induces a wide range of physiological, biochemical and 

behavioral dysfunctions; in particular the kidney, liver, 

spleen and testes have been identified as key target organs 

for lead toxicity (Suradkar et al., 2010; Ademuyiwa et al., 

2010; Ishiaq et al., 2011; Bandyopadhyay et al., 2014). 

Previous U.S. blood lead levels (BLLs) of concern for 

lead exposure were initially set at 10 µg dl
-1

 and 30 µgdl
-1

 

for children and adults respectively; however blood lead 

concentrations as low as 5 µg dl
-1 

 have been reported to 

cause adverse health effects in both children and adults 

(ATSDR, 2007). In general, toxic metals such as lead 

have been known to increase the production of free 

radicals such as reactive oxygen species (ROS) and 

reactive nitrogen species (RNS) in biological systems. 

This in turn decreases the availability of antioxidant 

reserves needed to detoxify reactive intermediates leading 

to oxidative stress and subsequent cell/tissue damage 

(Ishiaq et al., 2011; Patra et al., 2011; Flora et al, 2012; 

Ebrahimzadeh-Bideskan et al., 2015). The induction of 

oxidative stress resulting in damage to key cellular 

components such as deoxyribonucleic acid (DNA), has 

been suggested as one of the possible mechanisms of 

metal-induced carcinogenicity and toxicity (Koedrith and 

Seo, 2011, Flora et al., 2012; Bandyopadhyay et al., 

2014). Several studies have described the ameliorative 

effects of natural or synthetic antioxidants on metal-

induced toxicity. For example, Ishiaq et al. (2011) 

investigated the effects of the tomato-rich natural 

antioxidant lycopene as a potent nephro-protective agent 

in lead induced nephrotoxicity in rats and reported an 

*
 Corresponding Author: 

E-mail: eaganbi@gmail.com 

 



Aganbi et al.,/ Turkish Journal of Agriculture - Food Science and Technology, 3(9): 754-759, 2015 

755 

 

increase in levels of reduced glutathione (GSH) (5.95 ± 

2.1 to 8.2 ± 0.57µM) in experimental groups following 

tomato supplementation. In another study, the co-

administration of lead and vitamin C (ascorbic acid) to 

experimental animals resulted in significant elevation of 

serum activities of aspartate aminotransferase (AST), 

alanine aminotransferase (ALT) and alkaline phosphatase 

(ALP) (Suleiman et al., 2013). The increased activity of 

GSH and elevated levels of the hepatic enzymes is 

indicative of increased antioxidant activities (in this case 

lycopene and ascorbic acid); which resulted in the 

prevention of oxidative cellular damage. Another natural 

product reported with the potential to ameliorate lead-

induced toxicity in hepatic tissues is ginger (Zingiber 

officinale Roscoe) (Attia et al. 2013). Rice (Oryzae 

sativa) is a popular cereal consumed by many people 

around the world, and could be regarded as a staple diet 

for people in Africa and Asia. The Nigerian-locally 

produced ofada rice that has been reported as being more 

nutritious than the popular imported rice 

(parboiled/polished rice, bagged rice, or also known 

locally as ‘aroso’ rice). In terms of nutritional benefits, 

one study reported higher protein, fat and fiber content in 

ofada rice compared to parboiled foreign rice (Ebuehi and 

Oyewole, 2007). Despite strides taken to date in the 

search for more easily accessible food-derived 

antioxidants for the control of metal-induced toxicity, no 

study to date has demonstrated the use of fermented ofada 

rice (ofada rice koji - ORK) with improved antioxidant 

properties in the treatment of lead-induced toxicity. In this 

study, we investigated the efficacy of microbe-fermented 

ofada rice (ORK) with enhanced antioxidant properties 

and ascorbic acid as protective agents against lead-

induced toxicity in experimental animals.  

Materials and methods 

Experimental Animals 

Twenty healthy adult male Wistar rats with weights 

ranging from 130-220 g were procured from Akure, Ondo 

State, Nigeria and used for the experiments. Animals were 

kept in cages and housed in the animal house unit of 

African Research Laboratory, Isiokolo, Delta state, 

Nigeria to acclimatize in their new environment for a 

period of ten days prior to administration of treatments.  

Preparation of fermented ofada rice powder (‘ofada 

rice koji’ – ORK) 

Ofada rice was purchased from a local market in Ogun 

State. 800 g of pebbles/debris-free ofada rice grains was 

steeped in distilled water (80°C – 85°C) in a large beaker 

for 1 hour. This was followed by steaming at 121°C for 

15 min to sterilize. Freshly prepared suspension of yeast 

cells (Saccharomyces cerevisae) was introduced as 

inocula into the sterilized ORK and the culture flask 

incubated for 15 days at 30°C. Subsequent procedures as 

described by Yen et al. (2003) were followed and the 

resultant fermented ORK was heated to dryness for 10 

min using a microwave oven (L.G. Model) set to 

‘medium-high’ Watt calibration icon. This procedure was 

performed to remove moisture totally from the samples as 

well as to terminate further microbial activity and 

fermentation. Dried ORK was later blended into powder 

form for feed formulation. Following the same procedure 

above, a separate beaker was prepared for the 

determination of flavonoid content. After initial 

introduction of yeast cells, the preparation was stirred and 

left for 2 hours prior to collection of the first subsample (2 

g of mixture) for day 0. Further subsamples were 

collected at day 3, 5, 7, 11 and 15.  Collected subsamples 

were frozen immediately until required for analysis. 

Experimental design 

The twenty male Wistar rats were divided into four 

groups (A-D) of five rats each (n = 5). Group A contained 

healthy rats (negative control) while rats in Groups B, C 

and D were intoxified by intra-peritoneal injection of 75 

mg lead acetate/kg body weight to induce Pb-toxicity. 

Groups A and B were fed with 100% normal standard 

feed diet and served as negative and positive controls, 

respectively; whereas Groups C and D were fed with 

normal standard feed mixed with fermented Ofada rice 

(ORK) powder and ascorbic acid (AA), respectively. The 

feeds fed to animals in Groups C and D contained 

approximately 55 g of standard feed mixed with 45 g of 

fermented ORK powder (45% w/w) and 98 g of standard 

feed mixed with 2 g of ascorbic acid (2% w/w) by 

compositions, respectively. Biochemical assays were 

carried out on the blood, plasma, liver and kidney 

homogenates of the rats after 15 days of treatment 

(feeding).  

Preparation of ORK extracts and total flavonoid 

determination  

Subsamples of ORK (0.5 g each) collected within the 

15-day incubation period were homogenized using 

methanol (5 mL) in an ice-cold homogenizer; 2 mL of 

distilled water was added to the homogenates in order to 

stabilize the mixture. The homogenate-methanol mixture 

was filtered using filter paper (Whatman No. 2) to obtain 

filtrate with extract, this was collected into labelled test 

tubes and covered with aluminum foil paper for 

spectrophotometric analysis. The determination of total 

flavonoid concentration was carried out using the method 

described by Jia et al., (1999) with modifications. 250 µL 

of the extract was added to 1.25 mL  of distilled water and 

75 µL of 5% NaNO3. After 5 min, 150 µL of 10% 

AlCl3H2O was added, followed by the addition of 500 µL 

of 1 M NaOH and 275 µL of distilled water after 6 min. 

The final reaction volume was 2.5 mL, solution was 

properly mixed and absorbance measured against standard 

at 510 nm with a spectrophotometer (80-2 Techmel & 

Techmel, U.S.A). Standard solution was prepared using 

25 μL ascorbic acid (0.5 g /10 mL of solution). Flavonoid 

content was calculated using the relationship: 

Total flavonoids = Asample /Astandard X Concentration of 

standard 

Where Asample is the absorbance of the sample; Astandard 

is the absorbance of the standard 

Determination of Pb concentration, ALT activity, PCV 

and creatinine levels 

The concentrations of lead (Pb) was determined in 

blood, kidney and liver homogenates using Atomic 
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Absorption Spectroscopy (AAS) method as described by 

Beaty et al. (1993). Plasma alanine aminotransferase 

(ALT) activity and plasma creatinine level were 

determined using commercial kits from Randox 

Laboratories Ltd, UK. Packed cell volume (PCV) was 

determined using a micro-haematocrit reader (Medisiens 

Scientific Co. Ltd).  

Determination of ferric ion reducing power (FRAP 

assay)  

The ferric ion reducing antioxidant power (FRAP 

assay) of the samples (plasma, liver and kidney 

homogenates) was measured spectrophotometrically 

according to the modified method of Oyaizu (1986). 

Briefly, 2.5 mL of 200 mM phosphate buffer (pH 7.0) and 

2.5 mL 1% potassium ferricyanide (K3FeCN) were added 

to 0.5 mL of sample. Mixture was incubated at 50°C for 2 

min then centrifuged at 2000 x g for 4 min; 2.5 mL of the 

resultant supernatant was mixed with equal volume of 

distilled water and 0.5 mL 0.1% FeCl3. Absorbance of 

mixture was measured at a wavelength of 700 nm, 

catechine (C15H14O6) (0.001 g/5 mL; Sigma-Aldrich) was 

used as a standard antioxidant. The larger the absorbance 

the higher the reducing power of the sample.  

Statistical analysis 

The results were expressed as Mean ± Standard 

Deviation. A one-way analysis of variance (ANOVA) was 

used to analyze data. A P-value ≤ 0.05 was considered as 

statistically significant. Where a significant difference 

was observed, data were further analyzed using Tukey’s 

significant difference (TSD) test to know the groups that 

caused the significant differences. The analyses were 

computed using SigmaStat software (version 10). 

Results and discussion 

Biochemical analyses 

The protective effects of ‘ofada’ rice koji (ORK, 

fermented ofada rice) and ascorbic acid against Pb-

induced toxicity in blood, liver and kidney tissues of male 

Wistar rats was investigated. Mean blood lead 

concentrations observed among the groups ranged from 

60.6 ± 0.07 to 69.2 ± 0.11 μg dL
-1

; there was no 

significant difference (P˃0.05) between blood lead 

concentrations for Group A (control) and concentrations 

for lead-exposed groups. The detected baseline blood lead 

level (60.6 ± 0.07 μg dL
-1

) for the negative control group 

is suggestive of prior exposure to lead possibly via diet. 

The lack of significant difference between blood lead 

concentrations for control group and Pb-exposed groups 

could be as a result of short period of lead intoxication (7 

days of intoxication prior to 8 days of treatment of 

relevant groups with ORK and ascorbic acid 

respectively). Studies using longer exposure periods have 

reported significant variations in blood lead levels 

between control and Pb-exposed groups (Fioresi et al., 

2014; Tocchini de Figueiredo et al., 2014). Nevertheless, 

the highest mean blood lead concentration of 69.2 ± 0.11 

μg dL
-1

 was detected for Group B (Pb treated, no ORK 

and no AA); this amount was slightly reduced on 

treatment with both ORK and ascorbic acid (see Table 1). 

Higher amounts of lead (at least 5 times more) have been 

found in the bone of experimental animals, even in 

situations where whole blood lead levels remained 

unchanged (Tocchini de Figueiredo et al., 2014). Based 

on their findings, these workers reaffirmed the importance 

of using bone concentration of Pb as a more reliable 

biomarker for exposure rather than whole blood lead 

concentrations. Similarly, mean lead concentrations in 

kidney homogenates did not differ significantly (P>0.05) 

for the control group (Group A) compared with Pb-

exposed groups (Groups B – D) (Table 1). There was a 

significant increase in lead concentrations in liver 

homogenates for Group B (Pb treated only; 69.8 ± 0.06 

μg dL
-1

) compared to control group (44.4 ± 0.09 μg dL
-1

) 

(P<0.05). Treatment with ORK resulted in a significant 

decrease in liver lead concentrations to 48.4 ± 0.19 μg dL
-

1
 while the decrease for ascorbic acid (59.2 ± 0.08 μg dL

-

1
) was not significant (P>0.05).  

Table 1 PCV (%) and concentrations of lead (µg dl
-1

) in 

blood and organs of rats induced with Pb toxicity. Values 

not sharing a common alphabet (a - c) differed 

significantly (P<0.05). 

Treatments 
Lead concentration (µg dl-1 ) 

PCV (%) 
Blood Kidney Liver 

Group A 60.6±0.07a 42.4±0.10a 44.4±0.09a 54.0±4.7a 

Group B 69.2±0.11a 51.4±0.08a 69.8±0.06b 42.0±4.7a 

Group C 63.2±0.03a 40.0±0.09a,b 48.4±0.19a, c 50.0±9.42a 

Group D 64.0±0.08a 51.2±0.05a,c 59.2±0.08b 49.5±7.07a 

Despite many identified limitations (e.g. influences by 

non-renal factors such as muscle mass, dietary meat 

intake, etc. and unreliability), serum creatinine remains 

the most commonly used marker for measuring 

glomerular filtration rate (GFR) as an indicator of acute 

kidney injury (AKI) (Arici, 2014). Estimating GFR based 

on a filtration marker such as serum creatinine, has 

become a widely accepted routine clinical practice as an 

initial test for kidney filtration function or capability (Wu 

and Parikh, 2008; Arici, 2014). In terms of its use 

diagnostically, a normal result for creatinine blood test is 

0.7 - 1.3 mg dL
-1

 for men and 0.6 - 1.1 mg dL
-1

 for 

women (MedlinePlus, 2013). However, there is no 

standardized ‘normal’ levels of blood (serum/plasma) 

creatinine for male Wistar rats.  Studies have reported 

values for healthy animals /control group as low as 0.20 ± 

0.08 mg dL
-1

 (Nwangwu et al. 2011) and as high as 10.0 ± 

2.3 mg dL
-1

 (Ishiaq et al. 2011). Detected mean plasma 

creatinine levels for the groups (Figure 1) showed the 

trend: Group B (16.94 ± 3.34 mg dL
-1

) > Group D (14.65 

± 1.10 mg dL
-1

) > Group C (9.50 ± 2.86 mg dL
-1

) > Group 

A (2.06 ± 0.34 mg dL
-1

). There was a significant 

difference in measured creatinine levels for Group B (Pb-

only) when compared to Group A (control group) 

(P˂0.05). A reduction in creatinine levels was observed 

on treatment with ORK and ascorbic acid. The difference 

in plasma creatinine concentration for the two groups 

(Group B, Pb-only and Group C, Pb/ORK treated) was 

statistically significant (P<0.05) while there was no 
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significant difference in creatinine levels for Group B 

when compared with Group D (Pb/AA treated) (P>0.05). 

The results indicated the following: (i) Pb intoxication 

resulted in some level of kidney damage as implied by 

elevated plasma creatinine levels and (ii) by implication 

of reduced blood creatinine levels, treatment with 

fermented ofada rice (ORK) was more effective than 

ascorbic acid (AA) at ameliorating resultant renal 

dysfunction. Similarly, plasma ALT levels were elevated 

upon Pb administration indicating liver damage (Figure 

2); treatment with both ORK and AA resulted in 

significant decrease in ALT levels (P<0.05) (Figure 2). 

Determination of total flavonoids concentration 

Flavonoids are one of the most characterized groups 

of polyphenolic compounds found occurring naturally in 

plants and plant products. The mechanism of antioxidant 

action has been the focus of a large number of 

publications, common mechanisms identified include: 

their ability to act as free radical scavengers, hydrogen 

donating compounds, singlet oxygen quenchers, and 

metal ion chelators (Stefek, 2011). The concentration of 

total flavonoids in methanol-extracts of fermented ofada 

rice koji samples was determined from day 0 – 15 of the 

fermentation period. The results showed that flavonoid 

levels increased significantly (P<0.05) with increasing 

fermentation duration, probably as part of fermentation-

induced structural changes. By acting on several 

lignocellulosic materials which form the major structural 

components of a plant cell, microorganisms release 

important metabolites including enzymes and bioactive 

compounds which could be harvested for 

industrial/commercial purposes. With respect to bioactive 

compounds, a number of studies have demonstrated the 

enhancement of antioxidant properties of different 

agricultural produces and wastes via the use of solid state 

fermentation (SSF) processes (Martínez-Ávila et al., 

2012; Mussatto et al.; 2012). The highest total flavonoid 

concentration of 76.15 ± 0.08 mg mL
-1

 was detected at 

day 15, while the lowest concentration was 55.92 ± 0.06 

mg mL
-1

 at day 0 (Table 2). 

Antioxidant activities as determined by FRAP assay 

The adverse health conditions associated with lead 

toxicity as revealed by studies is mainly due to its ability 

to increase the generation of reactive oxygen species 

(ROS) in different tissues and organs (Ebrahimzadeh-

Bideskan et al., 2015; Bandyopadhyay et al., 2014; 

Fioresi et al., 2014). The ferric ion reducing antioxidant 

power, commonly referred to as the FRAP assay is one of 

several methods widely employed for the determination 

of the antioxidant properties of many natural products 

(Müller et al., 2011; Sudan et al., 2014; Tan et al., 2014).  

The antioxidant capacities of plasma, liver and kidney 

homogenates were evaluated for the four treatment groups 

(A – D) using FRAP assay. Among the groups, and for 

the three-sample categories, ORK-treated samples (Group 

C) showed significantly higher antioxidant activity than 

Pb-treated and negative control samples (Figure 3). 

 

 

 
Figure 1 Concentration of plasma creatinine (mg dL

-1
) in 

rats induced with Pb toxicity. Significant increase in 

Group B compared to Group A indicated by letters b and 

a, significant decrease in Group C compared to Group B 

indicated by letters c and b (P<0.05); Values with the 

same letter did not differ significantly (P>0.05). 

 

 
Figure 2. Plasma alanine aminotransferase (ALT) 

activity (UL
-1

) in rats induced with Pb toxicity. 

Significant increase in Group B compared to Group A 

indicated by letters b and a, significant decrease in 

Groups C and D compared to Group B indicated by 

letters c and b (P<0.05); Values with the same letter did 

not differ significantly (P>0.05). 

 

 

Figure 3. Ferric reducing antioxidant power in plasma, 

kidney, and liver of rats induced with Pb toxicity. 

Antioxidant activity significantly higher for Group C 

compared to Groups A and B (P<0.05); Activity also 

significantly high for Group D compared to Groups A 

and B (P<0.05); Differences in activity for Group C and 

D not significant for plasma but significant for kidney 

and liver homogenate samples.  
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Table 2 Total flavonoids concentration (mg mL
-1

) in 

methanol-extracts of fermented ofada rice koji (ORK) 

over a 15-day fermentation period. Values not sharing a 

common alphabet (a - b) differed significantly (P<0.05). 

Time (days) Total flavonoids (mg mL-1) 

0 55.92±0.06a 

3 56.10±0.12a 

5 62.48±0.08a 

7 64.25±0.05b 

11 68.95±0.11b 

13 72.69±0.09b 

15 76.15±0.08b 

 

The FRAP values displayed by samples in this group 

followed the trend: kidney > liver > plasma and indicated 

that the ameliorative effect of ORK was more pronounced 

in kidney tissues. The ascorbic acid-treated group (Group 

D) also showed significant ferric reducing power but 

values were slightly lower than those of Group C (ORK-

treated group). Antioxidant studies based on the FRAP 

assay indicated that fermented ofada rice (ofada rice koji , 

ORK) has promising ferric ion antioxidant reducing 

power and may indeed,  be more effective than 2% w/w 

ascorbic acid in combating the stresses of lead-induced 

toxicity in kidney, liver and blood tissues. The finding 

that the total flavonoid levels of methanol extracts of 

ORK increased with the duration of fermentation (Table 

2) provides empirical evidence for the observed high 

antioxidant activity of ORK.  

Conclusion 

The results presented revealed that ORK (45% w/w in 

animal feed) haboured considerable antioxidant potential 

possibly surpassing that of 2% w/w ascorbic acid. If this 

were the case, then the consumption of ofada rice 

fermented as part of a staple diet has the added advantage 

of reducing reliance on synthetic drugs with their 

associated harmful side effects. The results obtained in 

this work provide a basis for designing future experiments 

on ofada rice (ORK) for better understanding of its 

nutritional composition and biological importance; in 

particular, its antioxidant properties with a focus on 

characterization of the phytochemicals responsible for 

these properties. The exact chemical composition of the 

ORK powder, in terms of active phytochemicals is 

currently unknown, it would be interesting to conduct 

further studies to identify and quantify important 

metabolites /bioactive compounds responsible for the 

observed antioxidant effects. Nevertheless, the fact that 

ofada rice is locally produced makes it a ready raw 

material for obtaining ORK, which according to findings 

from this study could serve as a cheap and accessible 

source of natural antioxidants needed to improve the 

body’s defense against oxidative stress and other related 

diseases.  
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