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Abstract
The composite bread was prepared from cassava flour (CF) and wheat flour (WF) in various proportion of 100:0 (100% CF), 
50:50 (50% CF: 50% WF), 20:80 (20% CF: 80% WF), 10:90 (10% CF: 90% WF) and 0:100 (100% WF) and flavored with 
2 g of cocoa powder (FL). Forty male Wistar rats, weighing 170–200 g were divided into eight groups of five animals each. 
They were subsequently placed on different formulated bread including control (100% WF Bread without cocoa powder) 
and the commercial bread for two weeks. The rats were sacrificed by cervical dislocation, blood was rapidly collected by 
direct heart puncture and the liver was excised. The results of the lipid profile revealed that there were significant (p < 0.05) 
decrease in plasma total cholesterol, triglycerides, LDL of the normal rats fed with composite bread as compared to the 100% 
WF bread control. However, a significant (p < 0.05) increase was revealed in HDL-C level in the plasma of the rats fed with 
composite bread with 100% CF bread + FL as compared with the control. In addition, significant increases (p < 0.05) by 
superoxide dismutase and catalase activities in the liver of the rats fed with composite bread of 100% CF bread + FL showed 
the highest antioxidant properties. Moreso, no significant (p > 0.05) difference in the activities of plasma ALP, AST, ALT 
was observed in rats fed with composite bread as compared to that of the control rats. The results suggest that cassava flour 
bread blends could serve as cheap functional food recipe with high antioxidant qualities.
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Introduction

Coronary Heart Disease is among of the largest contributors 
to morbidity and mortality worldwide. Globally, Coronary 
Heart Disease accounts for 17.5 million deaths in 2012, with 
over 75% of the deaths occurring in developing countries 
[1–3]. By 2015, 16% of all deaths were caused by Coronary 
Heart Disease [2, 4]. Broadly speaking, the cause of this dis-
ease is multifactorial in which some of them can be modified 
[5]. One of the risk factors is dyslipidemia. Dyslipidemia is 
therefore defined as a metabolic disorder of lipid character-
ized by an elevation and reduction in lipid fraction in plasma 

[6]. Low-density lipoprotein cholesterol (LDL- Cholesterol), 
triglyceride, and low level of high-density of lipoprotein 
cholesterol (HDL- Cholesterol) are the major risk factors of 
atherosclerosis affecting large and medium side arteries and 
consequently causing ischemia in the heart [7]. Dyslipidemia 
is thought to be a primary risk factor considered for Coro-
nary Heart Disease which may play a role before other risk 
factors appear [8, 9]. Cholesterol is a risk factor that can be 
changed from hypertension, so the higher the total choles-
terol level, the higher the likelihood of hypertension [10].

Free radicals or oxidative stress have been implicated in 
all the incidences and progressions of several health condi-
tions such as neurodegenerative disorder, diabetes, cancer, 
atherosclerosis, cardiovascular disorders and other chronic 
pathologies [11]. Oxidative stress is a cellular disorder which 
normally occur as a result of the imbalances in physiology 
between the level of antioxidants and oxidants [11, 12]. For-
tunately, organisms with antioxidant enzymes can salvage 
or slow down the deleterious effects of Reactive Oxygen 
Species (ROS) which results to cells injury [13]. Under nor-
mal physiological conditions, cell protect themselves against 
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ROS damage through antioxidants that scavenge free inter-
mediate radicals and inhibit oxidases [12, 13]

Antioxidants play a very crucial role in the body against 
ROS [14, 15]. Antioxidants are the first line of defence 
mechanism against free radical damage, and are important 
for maintenance of optimum health and overall well-being 
[14, 15]. Regular consumption of anti-oxidative vegetables 
and fruits has been recognised as reducing the risk of chronic 
diseases [16]. Studies have demonstrated that diets rich in 
antioxidant have positive health impact in the long run 
[17, 18]. Antioxidant are potent inhibitors of the oxidative 
process even at relatively small concentration and thus 
have several physiological functions the body [19, 20]. The 
dietary antioxidant such as polyphenols, vitamin-A, ascorbic 
acid, glutathione, beta-carotenoids, alpha-tocopherols, 
coenzyme Q, as well as antioxidant enzymes include 
superoxide dismutase, catalase, glutathione-peroxidases, 
glutathione-s-transferases and glutathione reductases 
have been investigated for the prevention and treatment of 
pathologies resulting from oxidative damages [21–23]. The 
use of plant extracts as natural antioxidants has developed a 
fast interest as a result of concerns of synthetic antioxidants 
that have developed negative health effect [24, 25].

Cassava being major source of carbohydrate in local diets, 
and when biofortified with increased levels of carotenoids, 
provides many other nutritional health benefits, such as 
improvement of visual ability and immune system [26]. 
The new variety of vitamin-A cassava was introduced by the 
Federal government of Nigeria under Harvest plus which is 
25% richer in β-carotene (a pro-vitamin A) than those earlier 
released in 2011 [27, 28]. The characteristic yellow colour 
associated with vitamin-A cassava variety is due to its higher 
vitamin A content [29]. Vitamin A deficiency is a major 
public health challenges in sub-Saharan countries [30].

Bread is universally accepted as a very convenient form 
of food that is important to all populations. It is a good 
source of nutrients, such as macronutrients (carbohydrates, 
protein, and fat) and micronutrients (minerals and vitamins) 
that are essential for human health [31]. Efforts have been 
made to promote the use of flour from high protein seeds and 
locally grown crops to replace wheat flour used in baking 
bread, thereby decreasing the demand for imported wheat 
leading to the production of protein enriched bread [32]. 
Most tropical cereal grains and some tubers have been used 
to make composite flour for bread making [33].

The nutritional importance arising from cassava/wheat 
flour bread’s blends will be harnessed to promote well-
being and healthy living for the consumer with associated 
health challenges. The research may serve as an eye opener 
to possible solutions to ravaging effect of cardiovascular 
challenges, hyperlipidaemia, liver damage and other disease 
conditions that arise from daily consumed diets which pose 
threat to human wellness and life existence. Therefore, this 

research is designed to investigate the effect of the composite 
bread blend’s blend produced from cassava flour (CF)/wheat 
flour (WF) flavoured with cocoa powder on the Lipid profile 
(total cholesterol, HDL-Cholesterol, LDL-Cholesterol, 
triglyceride), liver function biomarkers (AST, ALP and 
ALT) in the plasma, endogenous antioxidant assay (SOD 
and Catalase), MDA level, total thiol, non-protein thiol and 
nitric oxide level in the liver homogenate of the normal rats.

Materials and methods

Materials

An improved variety cassava (Vitamin-A enriched 
Cassava) also known as Yellow Cassava was obtained from 
International Institute of Tropical Agriculture, IITA Ibadan, 
Oyo State, Nigeria. It was peeled, washed, cut into smaller 
pieces and oven dried in a cabinet dryer at 45 °C for 72 h 
before it was milled to flour while wheat flour (Golden 
penny), cocoa powder, yeast and eggs were purchased from 
Waso market, a major market in Ogbomoso city in Oyo 
State. Aspartame was purchased from a chemical supplier in 
Ilorin, Kwara State. All the chemicals used were analytical 
grade while the water was glass distilled.

Production of bread from vitamin‑A cassava/wheat 
composite flour

The improved variety cassava was peeled, washed clean, cut 
into smaller pieces, then dried in the cabinet dryer at 45 °C 
for 72 h. The dried cassava was milled to CF. The composite 
mixture of an improved variety CF and WF in the ratios 
of 100:0 (100% CF and 0% WF), 50:50 (50% CF and 50% 
WF), 20:80 (20% CF and 80% WF), 10:90 (10% CF and 
90% WF), and 0:100 (0% CF and 100% WF). Sweetening 
with Aspartame, Egg Albumin was used as emulsifier, cocoa 
powder as the flavouring agent (FL), also as additional 
phenolic source, yeast and water to taste in the production 
of composite breads. It was baked in a gas oven at 250 °C 
for 30 min or till it turned golden brown.

Effect of composite breads on biochemical indices 
in normal rats

Forty (40) rats weighing 170–200  g were randomly 
divided into eight groups of five albino rats each for 
two weeks of acclimatization. Group 1 to group 8 were 
placed on different formulated improved variety cassava/
wheat flour composite bread including the control (100% 
WF Bread without cocoa powder) and the available 
commercial bread. The experiment lasted fourteen days 
after which the animals were subjected to night fasting 
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prior the day of sacrifice. The rats were sacrificed using 
cervical dislocation and blood was collected rapidly by 
direct heart puncture. The liver was excised, rinsed in cold 
saline (0.9% Nacl) and homogenized in 0.1 M phosphate 
buffer (pH 7.4). The plasma was separated from the blood 
and used for assessing the liver function markers as well as 
the lipid profile using commercially available kits (Randox 
Laboratories Ltd, Crumlin, Dublin, Northern Ireland, 
UK). The liver homogenate was used for the assessment 
of antioxidant parameters.

Feed formulation and groups treatment

Group I: Normal rats fed with commercial bread.
Group II: Normal rats fed with 100% WF bread without 
cocoa powder.
Group III: Normal rats fed with 100% CF bread without 
cocoa powder.
Group IV: Normal rats fed with 100% CF bread + cocoa 
powder.
Group V: Normal rats fed with 50% CF + 50% WF 
bread + cocoa powder.
Group VI: Normal rats fed with 20% CF + 80% WF 
bread + cocoa powder.
Group VII: Normal rats fed with 10% CF + 90% WF 
bread + cocoa powder.
Group VIII: Normal rats fed with 100% WF bread + cocoa 
powder.

Methods

Preparation of plasma

At the expiration of the feeding trial, the rats were sacrificed 
and the whole blood was collected into EDTA bottle. The 
blood sample was centrifuged at 3000 rpm for 10 min to 
separate the plasma. The plasma was decanted into plain 
sample bottle and stored at 4 °C for further analysis.

Preparation of liver homogenate

The rats were sacrificed, their livers were rapidly isolated 
placed on ice and weighed. These tissues were subsequently 
rinsed in cold 0.9% normal saline and homogenized in 
0.1 M phosphate buffer (pH 7.4). The homogenates were 
centrifuged at 3000  rpm for 10  min, and a low-speed 
supernatant (SI) were kept for lipid peroxidation assay [34] 
and total protein determination.

Determination of plasma total cholesterol

Plasma total cholesterol was determined according to the 
method of Allain et al., [35]. About 1.0 ml of the mixture 
containing 4-aminoantipyrine, cholesterol esterase, 
cholesterol oxidase, phenol, peroxidase and 80 mM pipes 
buffer pH 6.8 was incubated with 10 µl of plasma for 5 min 
at 37 °C. The absorbance was then taken against the reagent 
blank within 60  min at 546  nm. The concentration of 
cholesterol in sample was subsequently calculated against 
a standard.

Determination plasma triacylglycerides

Plasma triglyceride was determined by the method of 
Tietz, [36]. About 10 µl of the sample was mixed with 
1.0 ml of pipes reagent (40 mM phosphate buffer, 5.5 mM 
4-chlorophenol and 1.75 mM  Mg2+) and enzyme reagent 
(phosphate oxidase and peroxidase). Thereafter, the reaction 
mixture was incubated at 37 °C for 5 min and the absorbance 
was taken against blank within 60 min at 546 nm. The 
triglyceride concentration was subsequently calculated.

Determination of LDL‑cholesterol

The LDL-cholesterol concentrated of the plasma samples 
was determined according to the equation of Friedewald 
et al., [37], expressed as.

LDL = TC-HDL-TG/2.2 mmol/L where
LDL = Low density lipoprotein
TC = Total Cholesterol
HDL = High density lipoprotein, and
TG = Triglycerides.

Determination of HDL‑cholesterol

The precipitation was carried out according to the method of 
Lopes-Virella et al., [38] as described in kit’s manufacturer 
(Randox Laboratories Ltd) manual. Briefly, 200  µl of 
plasma was mixed with 500 µl of the precipitant (0.55 mM 
phosphotungstic chloride) and allowed to sit for 10 min at 
room temperature. Then, the mixture was centrifuged for 
10 min at 800 × g. Thereafter, the clear supernatant was 
separated off and subjected to the same procedure for the 
determination of cholesterol described above. The HDL-
cholesterol was thus calculated using a standard.

Determination of aspartate aminotransferase (AST) activity 
in plasma

The quantity of AST in plasma was determined as described 
in the manufacturer manual (Randox Laboratories Ltd). 
Briefly, 0.1 ml of the sample (plasma) was mixed with 
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0.5 ml of Buffer R1 comprising of 100 mmol/l, pH 7.4 
phosphate buffer, 100 mmol/Ll l-aspartate and 2 mmol/l 
α-oxoglutarate. Then, the mixture was incubated for 30 min 
at 37  °C. Thereafter, 0.5  ml of reagent 2 (2  mmol/l 2, 
4-dinitrophenylhydrazine) was added and allowed to stand 
for 20 min at 25 °C, after which 5 ml of 0.4 mol/l sodium 
hydroxide was added and thoroughly mixed. The absorbance 
of sample  (Asample) was read against the reagent blank after 
5 min at 546 nm using spectrophotometer. The activity of 
AST in the plasma was subsequently calculated.

Determination of alanine aminotransferase (ALT) activity 
in plasma

The quantity of ALT in plasma was determined as described 
in the manufacturer manual (Randox Laboratories Ltd). 
Briefly, 0.1 ml of the sample (plasma) was mixed with 
0.5 ml of Buffer R1 comprising of 100 mmol/l, pH 7.4 
phosphate buffer, 200 mmol/l l-alanine and 2.0 mmol/l 
α-oxoglutarate. Then, the mixture was incubated for 30 min 
at 37 °C. Thereafter, 0.5 ml of solution R2 (2.0 mmol/ 2, 
4-dinitrophenylhydrazine) was added and allowed to stand 
for 20 min at 25 °C, after which 5 ml of 0.4 mol/l sodium 
hydroxide was added and thoroughly mixed. The absorbance 
of sample  (Asample) was read against the reagent blank after 
5 min at 546 nm using spectrophotometer. The activity of 
ALT in the plasma was subsequently calculated.

Determination of alkaline phosphatase (ALP) activity 
in plasma

The quantity of ALP in plasma was determined using 
colourimetry method according to the recommendations 
of Deutsche Gessellschaft fur Klinische Chemie (1972). 
Briefly, 0.02  ml of the sample (plasma) was mixed 
with 1  ml of reagent R1 comprising 1  mol/l, pH 9.8 
Diethanolamine buffer, 0.5 mmol/l  MgCl2 and 10 mmol/l 
p-nitrophenylphosphate (substrate). After mixing the sample 
and the reagent, the initial absorbance was read after 1, 2 and 
3 min at 405 nm using spectrophotometer. The ALP activity 
was subsequently calculated.

Determination of liver superoxide dismutase (SOD) activity

Superoxide dismutase was carried out as described by the 
method of Misra and Fridovich [39]. Briefly, 0.1 ml of the 
sample was diluted in 0.9 ml of distilled water. An aliquot of 
0.2 ml of the diluted sample was added to 2.5 ml of 0.05 M 
carbonate buffer pH 10.2 to equilibrate in a cuvette and 
0.3 ml of 0.3 M of adrenaline was added. The reference 
cuvette contained 2.5 ml of carbonate buffer, 0.3 ml of 
substrate (adrenaline) and 0.2 ml of distilled water. The 

increase in absorbance at 480 nm was monitored every 30 s 
for 150 s.

Determination of liver catalase activity

The liver homogenate was assessed for catalase activity 
according to the method of Asru, [40]. Briefly, 0.1 mL of 
sample was mixed with 4.9 mL of distilled water to give 
1:50 dilution of samples. The assay mixture contained 2 mL 
of  H2O2 solution and 2.5 mL of phosphate buffer in test 
tubes (arranged in duplicates). Then, 0.5 mL of properly 
diluted samples was rapidly added to the reaction mixture 
by a gentle swirling and the reaction proceeded at room 
temperature. A 1 mL portion of the reaction mixture was 
withdrawn and blown into 2 mL dichromate/acetic acid 
reagent at 60 s intervals for 3 min. the  H2O2 contents of the 
withdrawn solution were subsequently determined.

Determination of tissues’ Lipid peroxidation content

Lipid peroxidation assay was carried out using the 
modified method of Ohkawa et al., [41]. Briefly, 300 µl of 
tissue homogenates (liver), 300 µl of 8.1% SDS (Sodium 
dodecyl sulphate), 500 µl of Acetic acid/HCl pH 3.4 and 
0.6% TBA (Thiobarbituric acid) were added together and 
the mixture was placed in the water bath at 100 °C for 1 h. 
Thereafter, the thiobarbituric acid reactive species produced 
was measured at 532 nm using a spectrophotometer. MDA 
(Malonaldehyde) level was calculated from the absorbance 
according to the method of Adam-Vizi & Seregi, [42] and 
Lipid peroxidation was expressed as units/mg protein or 
gram tissue was computed with a molar extinction (Molar 
absorptivity) of 1.56 ×  105  M−1Cm−1 for MDA equivalent.

Determination of total thiol content

Determination of the of the total thiol content in the tissue 
homogenate was done following the method of Ellman, 
[43]. The reaction mixture was made up of 270 µL of 0.1 M 
potassium phosphate buffer (pH 7.4), 20 µL of homogenate, 
and 10 µL of 10 mM DTNB. This was followed by 30-min 
incubation at room temperature, and absorbance was 
measured at 412 nm using a spectrophotometer. The total 
thiol content was subsequently calculated and expressed as 
(µmol/mg protein).

Determination of non‑protein thiol content

Determination of the Non-protein thiol content in the liver 
homogenate was done following the method of Ellman, [43]. 
The reaction mixture containing 270 µL of 0.1 M potassium 
phosphate buffer (pH 7.4), 20 µL of homogenate, thereafter, 
10% TCA was added. The mixture was centrifuged or 
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allowed to settle after which 100 µL was taken from the 
supernatant and 300 µL of 10 mM DTNB was added. This 
was followed by 30-min incubation at room temperature, 
and absorbance was measured at 412  nm using a 
spectrophotometer. The total thiol content was subsequently 
calculated and expressed as (µmol/mg protein).

Determination of nitric oxide (NO) level

NO content of the liver was estimated in a medium 
containing 400  µL of 2% vanadium chloride  (VCl3) in 
5% HCl, 200 µL of 0.1% N-(l-naphthyl) ethylenediamine 
dihydrochloride, 200 µL of 2% sulphanilamide (in 5% HCl). 
After incubating at 37 °C for 60 min, nitrite levels were 
determined spectrophotometrically at 540 nm, based on 
the reduction of nitrate to nitrite by  VCl3 [44]. Serum and 
kidney nitrite and nitrate levels were expressed as nanomole 
of NO/milligram of protein.

Data analysis

The results of replicate readings were pooled and expressed 
as mean ± standard deviation. One-way analysis of variance 
was used to analyse the results and Duncan’s New Multiple 
Range Test was used for the post hoc [45]. Statistical 
package for Social Science (SPSS) 15.0 for Windows was 
used for the analysis.

Results and discussion

Determination of HDL, total cholesterol, triglyceride 
and LDL in the plasma

The biochemical effect of cassava/ wheat flour composite 
bread on the Lipid profile (HDL, total cholesterol, triglycer-
ide and LDL) of the plasma of the normal rats are indicated 
in Table 1. From the result, it was discovered that there was 
a significant (p < 0.05) increase in the value of high density 
lipoprotein (HDL-C) in the plasma content of the normal 
rats fed with 100% CF bread + FL (165.96 h ± 0.70 mg/dl), 
100% CF bread (158.65 g ± 0.98 mg/dl), 50% CF + 50% 
WF bread + FL (156.87f ± 2.55 mg/dl), 20% CF + 80% WF 
bread + FL (151.34e ± 1.79 mg/dl) and commercial bread 
(150.35d ± 2.17 mg/dl) as compared with the control bread, 
100% WF bread (148.18c ± 1.17 mg/dl). It was also discov-
ered from the result that, an increased substitution of cas-
sava in composite bread fed by the normal rats contributed 
to the increase the HDL-C value in the plasma. However, 
total cholesterol (100% CF bread + FL = 17.98a ± 2.31 mg/
dl), triglycerides (100% CF bread + FL = 69.71a ± 0.91 mg/
dl) and Low density lipoprotein cholesterol (LDL-C) 
(100% CF bread + FL = 3.10a ± 0.07 mg/dl) revealed sig-
nificant (p < 0.05) reduction in their values in all the com-
posite bread viz-a-viz their values with normal rats fed 
with 100% WF bread control; [total cholesterol (100% 
WF bread = 25.88d ± 0.00 mg/dl) = 43.94%, triglycerides 
(100% WF bread FL = 112.27g ± 0.20  mg/dl) = 61.05% 
and Low density lipoprotein cholesterol (LDL-C) (100% 
WF bread = 15.28f ± 0.16 mg/dl) = 392.90%. Similarly, an 
increase in the content of the cassava flour supplementa-
tion in the composite bread fed with normal rats led to 
the significant decrease in the value of total cholesterol, 

Table 1  HDL, total cholesterol, 
triglyceride and LDL of a 
normal rats on a composite 
bread

Values carrying the same superscripts in the same column are not significantly different (p > 0.05). Values 
represent mean ± Standard deviation (n = 5)
Group I—Normal rats fed with commercial bread; Group II—Normal rats fed with 100% WF Bread; 
Group III—Normal rats fed with 100% CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF bread + FL; Group VI—Normal rats 
fed with 20% CF + 80% WF bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF bread + FL; 
Group VIII—Normal rats fed with 100% WF bread

GROUP HDL mg/dl Total choles mg/dl Triglyceride mg/dl LDL mg/dl

I 150.35d ± 2.17 25.29d ± 1.10 114.24 h ± 1.89 14.13e ± 0.37
II 148.18c ± 1.75 25.88d ± 0.00 112.27 g ± 2.02 15.28f ± 0.16
III 158.65 g ± 0.98 22.92c ± 1.75 91.34c ± 1.34 6.43c ± 1.12
IV 165.96 h ± 0.70 17.98a ± 2.31 69.71a ± 0.91 3.10a ± 0.07
V 156.87f ± 2.55 21.54b ± 1.82 89.63b ± 1.01 5.75b ± 0.33
VI 151.34e ± 1.79 22.52c ± 1.25 98.93d ± 0.72 12.57d ± 0.65
VII 146.00b ± 1.51 22.52c ± 0.87 99.86e ± 0.54 15.01e ± 0.62
VIII 137.71a ± 1.26 25.49d ± 0.47 109.86f ± 1.35 15.81e ± 0.98



283Hypolipidemic effect and antioxidant properties of cassava‑wheat flour composite bread in…

1 3

triglycerides and low-density lipoprotein cholesterol (LDL-
C) contents of the plasma in the normal rats. The per-
centage increase in the level of high-density lipoprotein 
(HDL-C) as compared to the control is as follows; 100% 
CF bread + FL = 10%, 10% CF bread alone = 7.07%, 50% 
CF + 50% WF bread + FL = 5.86%, 20% CF + 80% WF 
bread + FL = 2.13% and commercial bread = 1.5% increases.

According to other studies, HDL and LDL are impor-
tant for assessment of lipid profile. Hypercholesterolemia 
is usually characterized by both increase leading to abnor-
mal serum, hepatic triglyceride and cholesterol levels [46]. 
All the composite bread produced have good lipid profile 
which may alleviate the risk of developing coronary heart 
disease. It is worth noting that 100% CF bread + FL had an 
outstanding hypolipidemic action on the plasma lipid level 
of the rats. The result was in agreement with the one earlier 
reported by Alsoodeeri et al. [47] on cinnamon extract con-
sumption of serum lipid profiles in Albino rats and Vadivel, 

et al. [48] where phenolic contents with high antioxidant 
activities could function against oxidative stress could be a 
precursor to cholesterol dysfunction [Fig. 1].

Determination of AST, ALT and ALP in the plasma

The biochemical effect of the cassava/ wheat flour com-
posite bread on the Liver function biomarkers; aspar-
tate aminotransferase (AST), alanine aminotransferase 
(ALT) and alkaline phosphatase (ALP) were assessed in 
Table 2. The results showed a significant (p < 0.05) reduc-
tions in the values of AST in the plasma of the normal rats 
fed with 50% CF + 50% WF bread + FL (97.19a ± 0.73 
U/L) < 100% CF bread + FL (97.54a ± 0.82 U/L) < 100% 
WF bread (98.88b ± 0.35U/L) < 20% CF + 80% WF 
bread + FL (99.12c ± 1.12 U/L) < 10% CF + 90% WF 
bread + FL (99.30c ± 0.65) < 100% CF bread + FL 
(101.58d ± 1.37U/L) < commercial bread (105.79e ± 1.57U/L) 

Fig. 1  a Flow Chart represent-
ing the production of cassava-
wheat flour composite bread 
and Plate 1 b Cassava-wheat 
composite bread

FLOW CHART REPRESENTING THE PRODUCTION OF 
CASSAVA/WHEAT FLOUR BREAD.
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as compared to the control, [100% WF bread + FL 
(105.09e ± 0.59U/L)]. More so, the result in Table 2 revealed 
that there were significant (p < 0.05) decrease in the value of 
the ALT showing that 10% CF 90% WF bread + FL < 100% 
WF bread + FL < 20% CF + 80% WF bread + FL < 100% 
CF bread + FL < 50% CF + 50% WF bread + FL < 100% 
CF bread + FL < commercial bread as compared to the con-
trol 100% WF bread, with these corresponding values: 
326.32a ± 0.47 U/L, 329.12b ± 0.07 U/L, 333.68c ± 1.27 U/L, 
336.32d ± 1.42 U/L, 338.42e ± 2.33 U/L, 346.14f ± 0.89 U/L, 
351.05 g ± 2.01 U/L. However, there were no significant 
(p > 0.05) difference in the values of the ALP in the plasma 
of the normal rats fed with composite bread as compared to 
the control.

Increase in these marker enzymes in the serum/plasma 
had been reported to be leakage from the liver to the blood 
stream indicating hepatopathy [49]. Normally, AST and 
ALP are enzyme located in the liver cells and leak out, 
making their way into general circulation as liver cells are 
damaged [50]. The results showed that cassava/wheat flour 
composite bread has hepatoprotective effect and this may not 
be farfetched from its antioxidant properties which was in 
agreement with the previous findings of Adefegha et al., [51] 
on the ability of spices to restore the level of liver biomarker 
enzymes in diabetic rat models.

Determination of superoxide dismutase and catalase 
in the liver

The effect of cassava/ wheat flour composite bread on 
the liver endogenous antioxidant enzymes [superoxide 

dismutase (SOD) and catalase (CAT)] are represented in 
Fig. 2 and Fig. 3. Figure 2 shows that there was a signifi-
cant (p < 0.05) increase in SOD enzyme activity in the liver 
of the normal rats fed 100% CF bread + FL, 50% CF + 50% 
WF bread + FL and 100% CF bread when compared with 
the control. The trend of increase in the SOD enzymes 

Table 2  AST, ALT, ALP of the normal rats fed with the composite 
bread

Values carrying the same superscripts in the same column are not 
significantly different (p > 0.05), Values represent mean ± Standard 
deviation (n = 5)
Group I—Normal rats fed with commercial bread; Group II—Normal 
rats fed with 100% WF Bread; Group III—Normal rats fed with 100% 
CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF 
bread + FL; Group VI—Normal rats fed with 20% CF + 80% WF 
bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF 
bread + FL; Group VIII—Normal rats fed with 100% WF bread + FL

GROUP AST U/L ALT U/L ALP U/L

I 105.79e ± 1.57 351.05 h ± 2.01 0.35a ± 0.21
II 105.09e ± 0.59 345.09f ± 1.79 0.38a ± 0.10
III 101.58d ± 1.37 346.14 g ± 0.89 0.33a ± 0.11
IV 97.54a ± 0.82 336.32d ± 1.42 0.31a ± 0.00
V 97.19a ± 0.73 338.42e ± 2.33 0.32a ± 0.04
VI 99.12c ± 1.12 333.68c ± 1.27 0.34a ± 0.21
VII 99.30c ± 0.65 326.32a ± 0.47 0.34a ± 0.11
VIII 98.88b ± 0.37 329.12b ± 0.71 0.36b ± 0.02
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Fig. 2  SOD activity of liver in normal rats fed with composite breads. 
Values represent mean ± standard deviation (n = 5). *Value are sig-
nificantly (p < 0.05) different from normal and control group. Group 
I—Normal rats fed with commercial bread; Group II—Normal rats 
fed with 100% WF Bread; Group III—Normal rats fed with 100% 
CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF 
bread + FL; Group VI—Normal rats fed with 20% CF + 80% WF 
bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF 
bread + FL; Group VIII—Normal rats fed with 100% WF bread + FL
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Fig. 3  Catalase activity of liver in normal rats fed with composite 
breads. Values represent mean ± standard deviation (n = 5). *Value 
are significantly (p < 0.05) different from normal and control group, 
Group I—Normal rats fed with commercial bread; Group II—Normal 
rats fed with 100% WF Bread; Group III—Normal rats fed with 100% 
CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF 
bread + FL; Group VI—Normal rats fed with 20% CF + 80% WF 
bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF 
bread + FL; Group VIII—Normal rats fed with 100% WF bread + FL
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activity is as follows for all the composite bread, 100% 
CF bread + FL > 50% CF + 50% WF bread + FL > 100% 
CF bread > commercial bread > 20% CF + 80% WF 
bread + FL > 10% CF + 90% bread + FL > 100% WF 
bread + FL. Similarly, catalase activity in the liver of the 
normal rats fed with composite bread was significantly 
(p < 0.05) higher in 100% CF bread + FL, 50% CF + 50% 
WF bread + FL, 100% CF bread as compared with the 
100% WF bread control. The trend of increment in the 
catalase activity in the liver of the normal rats fed with 
composite bread is as follows; 100% CF bread + FL > 50% 
CF + 50% WF bread + FL > 100% CF bread > 20% 
CF + 80% WF bread + FL > commercial bread > 10% 
CF + 90% WF bread + FL + 100% WF bread + FL.

Endogenous antioxidant enzymes [SOD and CAT] are 
equipped to prevent oxidative stress promotion cause by 
the free radical by various mechanism such as scavenging 
oxygen and nitrogen species, transition metal ion chelation 
and breaking free radical chain reaction [52]. Results showed 
the outstanding increase of these endogenous enzymes (SOD 
and CAT) in the liver of the normal rats resulted from 100% 
CF bread + FL which was in agreement with an earlier report 
by Cohen and Heikkila [53] where an abrupt reduction in 
the activities of these enzymes was reported in numerous 
pathophysiological process and diseases.

Determination of lipid peroxidation in the liver

Figure 4 presented the effect of cassava/ wheat flour com-
posite bread on the MDA level of the liver in the normal 
rats. The result reveals that the boiling of the isolated rat’s 
liver in the boiling water bath in the presence of  Fe2+ cause 
a significant (p < 0.05) decrease in the MDA levels in 
the liver of the normal rats fed with 100% CF bread + FL 
which was the highest while that of the commercial bread 
was the lowest. The result of the MDA level order of 
lipid peroxidation follows this order of decrease: 100 CF 
bread + FL < 50% CF + 50% WF bread + FL < 20% CF + 80% 
WF bread + FL < 10% CF + 90% WF bread + FL < 100% CF 
bread < 100% WF bread + FL < commercial bread.

Malondialdehyde (MDA) is a stable and critical end 
product of lipid peroxidation. Excess free radicals, resultant 
effect of oxidative stress couple with an elevation of MDA 
result to the long-term vascular complication in coronary 
heart disease [54]. In this study, the ability of the composite 
bread to significantly (p < 0.05) reduce the MDA level in 
the liver of the normal rats as compared to the control may 
be attributed to the high phenolic and antioxidant activities 
earlier reported by Ajani et al. [55] on the free phenolic 
contents and antioxidant activity of bread produced from an 
improved variety cassava-wheat composite flour.

Determination of total thiol and non‑protein thiol 
in the Liver

The effect of cassava/ wheat flour composite bread on the 
total thiols and non-protein thiols of the liver of the nor-
mal rats are revealed in Fig. 5 and 6. Results showed that 
there was a significant (p < 0.05) increase in the total thiol 
value in the liver of the normal rats fed with composite bread 
while 100% CF bread + FL had the highest and the rat fed 
with 100% WF bread + FL had the least value. The trend 
of the increment of the total thiol in the liver of the nor-
mal rats is as follow: 100% CF bread + FL > 50% CF + 50% 
WF bread + FL > 20% CF + 80% WF bread + FL 100% CF 
bread + FL > 10% CF + 90% WF bread + FL > commer-
cial bread > 100% WF bread + FL. Similarly, the results 
revealed a significant (p < 0.05) increase in the level of 
the non-protein thiol in the liver of the experimental rats 
fed with the cassava/ wheat flour composite bread as com-
pared to the rats fed with 100% WF bread control. The 
sequential increase in the level of non- protein thiol in the 
liver of the normal rats fed with composite bread is in this 
order; commercial bread < 100% CF bread < 100% WF 
bread + FL < 10% CF + 90% WF bread + FL < 20% CF + 80% 
WF bread + FL < 50% CF + 50% WF bread + FL < 100% CF 
bread + FL.

R-SH may serve as an important buffer for ROS and may 
thereby contribute to protect against the detrimental effects 
of reduced insulin signaling [56]. Various experimental 
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Fig. 4  MDA level of liver in normal rats fed with composite breads, 
Values represent mean ± standard deviation (n = 5), *Value are sig-
nificantly (p < 0.05) different from normal and control group. Group 
I—Normal rats fed with commercial bread; Group II—Normal rats 
fed with 100% WF Bread; Group III—Normal rats fed with 100% 
CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF 
bread + FL; Group VI—Normal rats fed with 20% CF + 80% WF 
bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF 
bread + FL; Group VIII—Normal rats fed with 100% WF bread + FL
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studies reported that alteration of the thiol/disulphide ratio 
leads to changes in cellular status. It has been shown that the 
increase in the GSH/GSSG redox state leads to proliferation 

while the decrease in the GSH/GSSG redox state leads to 
apoptosis [57, 58]. The results in this study revealed that 
the sequential increase in the values of total thiol and non-
protein thiol in the liver of the normal rats suggest the anti-
oxidative ability of the composite bread.

Determination of no level in the liver

The effect of cassava/wheat flour composite bread on the 
NO level in the liver of the normal rats is observed in Fig. 7. 
Results showed that 100% CF bread + FL had the high-
est value of NO level while 100% WF bread had the least 
value. The values obtained for each composite bread fol-
low this order: 100% CF bread + FL > 50% CF + 50% WF 
bread + FL > 20% CF + 80% WF + FL > 10% CF + 90% WF 
bread + FL > commercial bread > 100% CF bread > 100% 
WF bread + FL. Acetylcholine enhances endothelial nitric 
oxide synthase activities for NO production [59]. Different 
studies have suggested that reduced NO content is associ-
ated with impairment of endothelial function which has 
been indicted in development of vascular disease [60, 61]. 
The significant (p < 0.05) increase in NO level in this study 
revealed that interaction of compound constituents of cas-
sava/ wheat flour composite bread enhanced NO production 
therefore promote vasodilation in the rats fed with composite 
bread.

Coronary Heart disease (CHDs) are the frontline cause 
of morbidity and mortality globally [2, 3]. High LDL-C is 
of long-standing clinical and research interest as it is an 

I II III IV V VI VI
I

VI
II

0

2

4

6

8
*

*

loihtlatoT
reviL

)nietorpg
m/.lo

mµ(

Groups

Fig. 5  Total thiol level of liver in normal rats fed with composite 
breads, Values represent mean ± standard deviation (n = 5). *Value 
are significantly (p < 0.05) different from normal and control group. 
Group I—Normal rats fed with commercial bread; Group II—Normal 
rats fed with 100% WF Bread; Group III—Normal rats fed with 100% 
CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF 
bread + FL; Group VI—Normal rats fed with 20% CF + 80% WF 
bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF 
bread + FL; Group VIII—Normal rats fed with 100% WF bread + FL
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Fig. 6  Non-protein thiol level of liver in normal rats fed with com-
posite breads. Values represent mean ± standard deviation (n = 5). 
*Value are significantly (p < 0.05) different from normal and control 
group. Group I—Normal rats fed with commercial bread; Group 
II—Normal rats fed with 100% WF Bread; Group III—Normal rats 
fed with 100% CF bread; Group IV—Normal rats fed with 100% CF 
bread + FL (cocoa powder); Group V—Normal rats fed with 50% 
CF + 50% WF bread + FL; Group VI—Normal rats fed with 20% 
CF + 80% WF bread + FL; Group VII—Normal rats fed with 10% 
CF + 90% WF bread + FL; Group VIII: Normal rats fed with 100% 
WF bread + FL
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Fig. 7  NO level of liver in normal rats fed with composite breads, 
Values represent mean ± standard deviation (n = 5). *Value are sig-
nificantly (p < 0.05) different from normal and control group. Group 
I—Normal rats fed with commercial bread; Group II—Normal rats 
fed with 100% WF Bread; Group III—Normal rats fed with 100% 
CF bread; Group IV—Normal rats fed with 100% CF bread + FL 
(cocoa powder); Group V—Normal rats fed with 50% CF + 50% WF 
bread + FL; Group VI—Normal rats fed with 20% CF + 80% WF 
bread + FL; Group VII—Normal rats fed with 10% CF + 90% WF 
bread + FL; Group VIII—Normal rats fed with 100% WF bread + FL
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independent risk factor for the occurrence of cardiovascular 
event and CHDs [62, 63]. Previous studies have clearly indi-
cated high levels of LDL-C as atherogenic and have affirmed 
a connection between elevated level of LDL-C and cardio-
vascular events [64, 65].

Conclusion

In this study, supplementation of wheat flour with cassava 
in composite bread production showed high hypolipidemic 
effect and antioxidant potentials in rats. These products 
may serve as functional foods and provide good health 
benefits against oxidative stress, hyperlipidemia and related 
complications which pose threat to life. However, 100CF 
bread + FL had highest HDL-cholesterol level as well as the 
best antioxidant potentials. Further studies are needed from 
clinical trials of the composite bread in humans, to validate 
the effect of the composite bread.
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