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ABSTRACT 
 

Aims: To investigate the effect of Moringa oleifera leave and cocoa powder on the quality 
characteristics and antioxidant properties of biscuits. 
Study Design:  Two-way ANOVA.  
Place and Duration of Study: Department of Food Science and Technology, Federal University of 
Technology, Akure, Ondo State, Nigeria, between March 2014 and December 2014. 
Methodology: Biscuits were prepared from different blends of whole-wheat flour, Moringa oleifera 
leaves (MLP) and cocoa powder (CCP) in the ratios of 100:0:0, 95:5:0, 90:10:0, 90:5:5 and 85:10:5 
w/w respectively. The choice of these levels was made on the initial acceptability trials of the baked 
product. The effect of MLP and CCP on the physical, nutritional and antioxidant properties of the 
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biscuits were evaluated.  
Results: The replacement of whole wheat flour with increasing level of MLP from 0 to 10% 
decreased the spread ratio of biscuits (from 9.83 to 7.35) while addition of 5% CCP to the moringa-
supplemented biscuit increased the spread ratio of the biscuits (from 7.35 to 9.91). The protein 
content ranged from 10.99 to 14.73% while the fat content varied from 13.19 to 14 .46%. The ash, 
fibre and carbohydrate contents ranged from 2.23 to 2.63%; 2.45 to 4.35% and 64.77 to 69.86% 
respectively. The iron and calcium contents ranged from 1.57 mg% to 6.23 mg% and 29.17 mg% to 
52.47 mg% respectively. The protein, crude fibre, iron, and calcium of the biscuits increased with 
increasing quantity of MLP and CCP. Sensory evaluation showed that biscuits incorporated with 
10% MLP were acceptable and addition of 5% CCP to the moringa-supplemented biscuit produced 
biscuits with more acceptable colour and taste. Antioxidant properties of biscuits increased with 
increasing quantity of MLP and CCP. 
Conclusion: The results have shown the possibility of incorporating 10% Moringa oleifera leaves 
and 5% cocoa powder in biscuits production in order to improve the nutritional and antioxidant 
properties of biscuits. 
 

 
Keywords: Whole-wheat flour; Moringa oleifera; cocoa powder; spread ratio; nutritional properties; 

antioxidant properties; biscuits. 
 
1. INTRODUCTION 
 
Moringa oleifera is the most known and widely 
cultivated variety of the genus Moringa, family 
Morigaceae [1]. Moringa oleifera, also known as 
drumstick, is a tree native to India but has been 
planted and domesticated in many other 
countries including Nigeria and is gaining wide 
acceptance as medicine and food [2-4]. The 
leaves are highly nutritious, being a significant 
source of β-carotene, vitamin A and C, protein, 
iron, calcium and potassium [5-7]. The growing 
popularity of the crop is not only attributable to its 
high nutritional quality but more importantly 
acclaimed medicinal value of nearly every part of 
the tree [8]. The medicinal properties of the plant 
have been attributed to high concentrations of 
phytochemicals found in different parts of the 
plant [9]. Phytochemical screening of various 
solvent extracts of Moringa oleifera leaves 
showed that the leaves contained high 
polyphenolic content and acts as a good source 
of natural antioxidants [6,7]. 
 

Cocoa (Theobroma cacao L) is an important crop 
in the economics of several countries such as 
Nigeria, Ghana, Ivory Coast, Indonesia and 
Malaysia [10]. Cocoa powder and its derivatives 
have been reported to contain significant amount 
of dietary flavonoids and exhibit greater 
antioxidant capacity than many other flavanol-
rich foods and food extracts, such as green and 
black tea, red wine, blueberry, garlic, and 
strawberry [11,12]. The health benefits 
associated with cocoa consumption have been 
related to their capacity to improve the lipid 
profile and insulin sensitivity, diminish blood 

pressure, reduce platelet activity and function, 
ameliorate endothelial dysfunction and act as 
antioxidants [13-16]. These health benefits of 
cocoa have been attributed to their high 
polyphenol compounds, mainly flavanols. 
Flavanols are found in the non-fat cocoa solids 
portion of the cocoa bean, which comprises 
about 47% of the bean, the remainder being 
cocoa butter [17]. During processing, cocoa 
beans are usually separated into two major 
products; namely, cocoa powder and cocoa 
butter. Cocoa powder is made from finely milled 
cocoa beans, which are pressed to remove most 
of the cocoa butter, resulting in powder that is 
typically 88% to 90% non-fat solid and 10% to 
12% cocoa butter [17]. Hence, the concentration 
of the non-fat cocoa solids material makes 
natural cocoa powder one of the richest sources 
of procyanidins in the diet [18]. Natural cocoa 
powder has been reported to contain threefold or 
more flavanol-monomers, procyanidins and 
antioxidant activity than dark chocolate on equal 
weight basis [19-21]. Cocoa powder is used in 
confectionery products and also in non-
confectionery products such as flavoured milks, 
cereals, ice cream, cookies, biscuits, cakes, and 
other dessert. 
 
Biscuit, a popular example of bakery product is a 
ready-to-eat snack that possesses several 
attractive features including wide consumption 
base, relatively cheap, more convenient with long 
shelf-life and have ability to serve as vehicles for 
important nutrients [22,23]. They are usually 
available in different forms, taste and shape. The 
major ingredients are flour, fat, sugar and water 
while other ingredients such as milk, salt and 
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aerating agent can be included. They can also be 
enriched or fortified with other ingredients in 
order to meet specific nutritional or therapeutic 
needs of consumers. In recent years, numerous 
studies have shown the potential of utilizing 
natural plant such as green leafy vegetable in 
cookies and biscuits production; Singh and 
Kawatra [24] showed the potential of amaranthus 
leaves as a source of iron and β-carotene in 
pakora, vada, namakpal, kurmure, biscuit and 
cake. Extract of amla, Moringa oleifera leaves 
and raisins were used as natural antioxidants in 
biscuits [25]. Mint leaves [26] and cauliflower 
leaves [27] have been incorporated in biscuits as 
sources of natural antioxidant. Dachana et al. 
[28] showed the potential of Moringa oleifera 
leaves as a source of protein, minerals, fiber and 
β-carotene in cookies. They reported that 
incorporation of Moringa oleifera leaves in 
cookies improved its nutritional qualities but as 
the level increased from 0 to 15% the colour of 
the cookies became green. The present work is 
carried out to study the effect of Moringa oleifera 
leaves (MLP) and cocoa powder (CCP) on the 
nutritional qualities and antioxidant properties of 
biscuit. Addition of cocoa powder to moringa-
substituted biscuit could improve the colour and 
enhance the nutritional and antioxidant 
properties of such biscuit. 
 

2. MATERIALS AND METHODS  
 
2.1 Materials 
 
Fresh Moringa oleifera leaves were purchased 
from Oba market in Akure, Nigeria. 
Authentication of the leaves was carried out in 
the Department of Crop, Soil and Pest 
Management, Federal University of Technology, 
Akure, Nigeria. Cocoa powder (CCP) was 
obtained from COOP Cocoa Limited, Akure-Owo 
Expressway, Akure, Nigeria. Whole-wheat flour, 
margarine (fat), sugar powder, skimmed milk 
powder, baking powder and sodium chloride 
were purchased from Oba market in Akure, Ondo 
State. DPPH (2, 2-diphenyl-1-picrylhydrazyl) and 
other antioxidant reagents were purchased from 
Sigma (Sigma Chemicals, St. Louis, MO). All 
chemicals used were of analytical grade. 
 

2.2 Preparation of Moringa Leaf Powder 
(MLP) 

 
The Moringa oleifera leaves powder was 
prepared by cleaning and washing with distilled 
water after which it was subjected to shade 

drying for 3 weeks. The dried moringa leaves 
were blended and sieved through a 2 mm sieve. 
It was then packed in a plastic bag, sealed and 
stored at room temperature (27°C) prior to use.     
 

2.3 Preparation of Flour Blends 
 
Preliminary investigation was carried out by 
preparing biscuits with 100:0:0, 95:5:0, 90:10:0, 
85:15:0, 90:5:5, 85:10:5 and 80:15:5 of whole-
wheat flour, MLP and CCP respectively. These 
samples were evaluated for sensory attributes in 
comparison with the control. The following blend 
were selected and used for further analysis 
based on the sensory evaluation result; 95:5:0, 
90:10:0, 90:5:5 and 85:10:5. 
 

2.4 Production of Biscuits 
 
The biscuits were prepared according to the 
methods reported by Omoba and Omogbemile 
[29] with the following formulations- 100g 
composite flour, 60 g sugar powder, 30 g 
margarine, 3 g skimmed milk powder, 1.0 g 
baking powder, and 1.0 g sodium chloride. 
Briefly, margarine and sugar were creamed at 
low speed for 3 mins, using a Kenwood Chef 
Food mixer Model A901. The dried ingredients, 
which composed of composite flour, skimmed 
milk powder, baking powder and sodium 
chloride, were added and mixed with the cream 
for 2 mins at low speed, to obtain firm dough. 
The dough was manually rolled out to a height of 
5 mm and cut into circular shapes using a 4.3 cm 
diameter cutter. The dough pieces were 
transferred onto a baking tray lined with 
aluminum foil. Biscuit dough were baked in a pre-
heated Unox steam convection oven at 160±2ºC 
for 20 mins and cooled for 30 mins at ambient 
temperature. Biscuits were vacuum-packed in a 
thick low-density polyethylene bags and stored at 
4ºC. 
 
2.5 Determination of the Physical 

Characteristics of Biscuits 
 
The diameter was measured with a calibrated 
ruler as described by Ayo et al. [30]. The 
thickness (T, mm) of biscuits was measured by 
stacking six biscuits on top of one another and 
taking the average value. The weight of the 
biscuits was measured by weighing on a Mettler 
model weighing balance. The spread ratio of 
biscuits was calculated by dividing values of the 
diameter by the thickness values [31]. 
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2.6 Determination of Proximate 
Composition of Biscuits 

 
Biscuit samples were analyzed for moisture 
content, crude fat, ash, crude protein, crude fibre, 
carbohydrate as previously described [32]. The 
iron and calcium contents of biscuits were 
determined by Atomic Absorption Spectrometry 
and flame photometry methods described in the 
AOAC method 965.09 [32].  
 
2.7 Sensory Evaluation of Biscuits 
 
Sensory evaluation of the samples was carried 
out for consumer acceptance and preference 
using ten (10) untrained panelists selected at 
random from the Federal University of 
Technology, Akure campus, Nigeria. The biscuit 
samples were evaluated for taste, aroma, 
crispiness, colour and general acceptability using 
9-point hedonic scale where 9 and 1 represent 
extremely like and extremely dislike respectively. 
 

2.8 Preparation of Aqueous Extract of the 
Biscuits 

 
Aqueous extracts of the biscuits were prepared 
by soaking 10 g of the milled biscuits in 100 ml of 
distilled water for 24 h at 37°C; the mixtures were 
filtered, centrifuged and supernatants were 
stored in the refrigerator for subsequent analysis 
[33].  
 

2.9 Determination of Total Phenol 
Content 

 
The total phenol content of the extracts was 
determined using the method reported by 
Singleton et al. [34]. Appropriate dilutions of 
extract were oxidized with 2.5 ml of 10% Folin-
ciocalteau’s reagent and neutralised by 2.0 ml of 
7.5% sodium carbonate. The reaction mixture 
was incubated at 45°C for 40 mins, and the 
absorbance was measured at 765 nm with the 
JENWAY Model 6305 UV-Visible 
spectrophometer (Barlworld Scientific, Dunmow, 
United Kingdom). The total phenol content was 
calculated using Gallic acid as standard. 
 

2.10 Determination of Total Flavonoid 
 
The total flavonoid content of the extracts was 
determined using a slightly modified method 
reported by Meda et al. [35]. An aliquot of 0.5 ml 
of the extract was mixed with 0.5 ml methanol, 
50 µl of 10% AlCl3, 50 µl of 1 mol/L potassium 

acetate and 1.4 ml of distilled water, and allowed 
to incubate at room temperature for 30 min. 
Thereafter the absorbance of the mixture was 
measured at 415 nm with the JENWAY Model 
6305 UV-Visible spectrophometer (Barlworld 
Scientific, Dunmow, United Kingdom). The total 
flavonoid content was calculated using quercetin 
as standard. 
 

2.11 DPPH Free Radical Scavenging 
Ability 

 
The free radical scavenging ability of the extracts 
against DPPH (1, 1- diphenyl-2-picryhydrazyl) 
free radical was evaluated as described by Aluko 
and Monu [36]. An appropriate dilution of the 
extract (1 ml) was mixed with 1 ml of the 0.4 mM 
methanolic solution containing DPPH radicals. 
The mixture was left in the dark for 30 min before 
measuring the absorbance at 516 nm. The 
DPPH free radical scavenging ability was 
calculated with the respect to the reference 
(which contains all the reagents without test 
sample). Free radicals scavenging ability was 
expressed as percentage (%) inhibition. 
 

2.12 Determination of 2, 2’-azinobis (3-
ethylbenzo-thiazoline-6-sulphonic 
acid) ABTS Scavenging Ability  

 
The ABTS scavenging ability of the extracts was 
determined according to the method described 
by Re et al. [37]. ABTS was generated by 
reacting ABTS aqueous solution (7 mM) with 
K2S2O8 (2.45 mM, final concentration) in the dark 
for 16 h and adjusting the absorbance at 734 nm 
to 0.700 with ethanol. An aliquot of 0.2 ml of the 
extract was then added to 2.0 ml of ABTS 
solution and the absorbance was measured at 
734 nm after 15 mins. The total antioxidant 
capacity was calculated and expressed as trolox 
equivalent.  
 

2.13 Determination of Ferric Reducing 
Antioxidant Power (FRAP) 

 
The reducing power of the aqueous extract of the 
biscuit was determined by assessing the ability of 
the extract to reduce FeCl3 solution as described 
by Zhang et al. [38]. Briefly, biscuit extracts (2.5 
ml) were mixed with 2.5 ml of 200 mM of sodium 
phosphate buffer (pH 6.6) and 2.5 ml of 1% 
potassium ferricyanide. The mixture was 
incubated at 50°C for 20 min. Thereafter 2.5 ml 
of 10% Trichloroacetic acid was also added and 
centrifuge at 2000 rpm for 10 min. An aliquot of 
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5.0 ml of the supernatant was mixed with 5.0 ml 
of distilled water and 1.0 ml of 0.1% FeCl3. The 
absorbance was measured at 700 nm against a 
reagent blank. The reducing property was 
calculated and expressed as Gallic acid 
equivalent. 
 
2.14 Statistical Analysis 
 
Data were collected as means of three separate 
determinations and subjected to two-way 
analysis of variance using Statistical Package for 
Social Statistics (SPSS 15.0). The significant 
differences (p≤0.05) between the mean values 
were determined using the Duncan's Multiple 
Range Test. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Effect of MLP and CCP on the 

Physical Properties of Biscuits 
 
The results of the effect of MLP and CCP on the 
physical properties of biscuits are presented in 
Table 1. The replacement of whole-wheat flour 
with increasing level of MLP from 0 to 10% 
decreased the spread ratio from 9.83 to 7.35 due 
to the decrease and increase in diameter and 
thickness, respectively. Similar results had been 
reported for cookies prepared from composite 
flour [39,28,40]. The observed decrease in 
spread ratio has been attributed to dilution of 
gluten and less water available for gluten 
hydration [39]. McWatters [41] reported that use 
of composite flour increases dough viscosity and 
forms aggregates by competing with limited free 
water available in cookie dough. In contrast, 
addition of 5% CCP increases the spread ratio of 
moringa-supplemented biscuits as evident in 
biscuits containing 5% MLP and 5% CCP 
(sample D) and those containing 10% MLP and 
5% CCP (sample E). 
 

3.2 Nutritional Characteristics of Biscuits 
 
The moisture content of biscuits ranged from 
3.05 to 3.76% (Table 2). The protein and fat 
contents varied from 10.99 to 14.73% and 13.19 
to 15.00%, respectively. The ash, fibre and 
carbohydrate contents ranged from 2.23 to    
2.63%, 2.45 to 4.35% and 64.77 to 69.86%, 
respectively. There was significant increase in 
protein and fibre content of biscuits with addition 
of MLP and CCP with the highest protein and 
fibre contents observed in sample E. The iron 
content of whole wheat flour biscuit (sample A) 

was 1.57 mg%, which increased significantly 
when incorporated with MLP and CCP. The 
calcium content of biscuits increased from 29.17 
mg% to 52.47 mg% when MLP and CCP were 
added to the biscuits. The significant increase in 
the calcium content could be due to the presence 
of higher calcium content in MLP [6,7]. The 
results indicate that MLP and CCP-
supplemented biscuits possess higher nutritive 
profile than the control with significant increase in 
protein, fibre, iron and calcium. Similar 
improvements in the nutritional characteristics, 
such as dietary fibre, protein, iron and calcium 
have been reported for green leafy vegetables-
supplemented cookies and biscuits 
[26,28,40,39,42]. 
 

3.3 Effect of MLP and CCP on Sensory 
Characteristics of Biscuits 

 

The sensory characteristics of biscuits 
supplemented with MLP and CCP are presented 
in Table 3. The sensory scores for colour, aroma 
and taste of all the supplemented biscuits were 
lower when compared to those of control (sample 
A). The colour and taste of Sample D and E 
(biscuits containing MLP and CCP) were more 
acceptable than those of Sample B and C 
(biscuits containing MLP). This could be 
attributed to the addition of 5% CCP which 
helped to mask the greenish colour of MLP and 
improved the taste of the biscuit. Past studies 
had reported the changes in colour of green leafy 
vegetables-supplemented cookies from golden 
brown to green [28,40]. The overall acceptability 
scores were 8.0, 5.7, 5.7, 6.1 and 6.5 for sample 
A, B, C, D and E, respectively. The results show 
that acceptable biscuits could be prepared using 
5% and 10% MLP. Moreover, addition of 5% 
CCP to the MLP biscuits produced biscuits with 
more acceptable colour and taste. Gyedu-Akoto 
and Laryea [43] reported that addition of cocoa 
powder to biscuits supplemented with cassava 
flour enhanced the flavour and colour of the 
biscuits. 
 

3.4 Phenolic Contents of Aqueous 
Extracts of Biscuits Supplemented 
with MLP and CCP 

 

Polyphenols are plant secondary metabolites, 
which are able to reduce reactive oxygen species 
(ROS) by donating hydrogen atoms of phenolic 
hydroxyls and by transferring electrons from such 
phenolic hydroxyls or phenoxide anions [44]. 
Among the dietary constituents, polyphenolics 
have been reported to play a significant role as 
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antioxidants in the protective effect of plant-
derived foods and contribute immensely to the 
sensory quality such as color, taste and flavor of 
foods [45,46]. In the present study, total 
polyphenolic content of aqueous extracts of the 
biscuits are presented in Table 4. Total phenolic 
content (TPC) was expressed as milligrams of 
Gallic acid equivalent (GAE) per gram (mg/g) of 
dry biscuit samples. Sample A (control) had the 
lowest total phenol content of 1.01 mg/g GAE 
while sample E had the highest total phenol 
content of 5.42 mg/g GAE. The total phenol 
content in cocoa powder-containing biscuits is 
similar to the total phenol value of 4.01 mg/g 

reported for chocolate cookies [17]. The 
flavonoid content of the biscuits ranged from 0.22 
to 1.39 mg/g QE. The control sample (A) also 
had the least flavonoid content when compared 
to the supplemented biscuits. Moringa leaves 
and cocoa powder have been known as rich 
sources of polyphenols [6,7,12,18]. Hence, the 
observed increase in phenolic compounds of the 
supplemented biscuits could be attributed to MLP 
and CCP that were added to them. Similar 
increase in polyphenolic compounds was 
observed in biscuits supplemented with bambara 
groundnut and orange peel when compared to 
100% whole wheat biscuits [47]. 

 
Table 1. Effect of MLP and CP on the physical characteristic of biscuit 

 
Samples Diameter (cm) Weight (g) Thickness (cm) Spread Ratio 
A 5.53±0.06

a
 12.22±1.30

a
 0.57±0.06

ab
 9.83±1.01

a
 

B 5.10±0.17
bc

 11.63±1.98
a
 0.67±0.12

a
 7.81±1.37

b
 

C 4.87±0.07c 11.03±1.94a 0.66±0.02a 7.35±0.27b 
D 5.20±0.10

b
 12.06±1.61

a
 0.53±0.06

b
 9.83±1.16

a
 

E 5.30±0.17b 10.41±0.00a 0.54±0.03b 9.91±0.95a 
Values in the same column with different superscript are significantly different (P ≤ 0.05). Means ± standard 

deviations of triplicate samples. Key: A= 100% whole-wheat flour biscuit; B = 95% whole-wheat flour + 5% MLP; 
C = 90% whole-wheat flour + 10% MLP; D = 90% whole-wheat flour + 5% MLP + 5% CCP; E = 85% whole-wheat 

flour + 10% MLP + 5% CCP 
 

Table 2. Effect of MLP and CCP on nutritional characteristics of biscuits 
 

Parameters/ 
Samples  

A B C D E 

Moisture (g %) 3.65
ab

±0.05 3.05
c
±0.01 3.19

c
±0.23 3.76

a
±0.12 3.37

bc
±0.24 

Protein (g %) 10.99d±0.07 12.70c±0.44 13.37b±0.23 13.99b±0.09 14.73a±0.41 
Fat (g %) 14.39

b
±0.11 14.46

b
±0.09 13.19

d
±0.33 15.00

a
±0.14 13.83

c
±0.43 

Ash (g %) 2.31a±0.25 2.45a ±0.08 2.23a±0.61 2.63a±0.15 2.31a ±0.07 
Fibre (g %) 2.45

d
±0.20 3.22

c
±0.27 4.06

ab
±0.32 3.47

bc
±0.35 4.35

a
±0.26 

Carbohydrate (g%) 69.86
a
±0.45 67.17

b
±0.67 67.15

b
±1.13 64.91

c
±0.44 64.77

c
±0.59 

Iron (mg %) 1.57d±0.14 1.77d±0.13  4.83b±0.09 2.80c±0.08 6.23a±0.13 
Calcium (mg %) 29.17

e
±0.25 36.63

d
±0.42 43.73

b
±1.07 41.17

c
±0.53 52.47

a
±0.58 

Values in the same row with different superscript are significantly different (P ≤ 0.05). Means ± standard 
deviations of triplicate samples. Key: A= 100% whole-wheat flour biscuit; B = 95% whole-wheat flour + 5% MLP; 

C = 90% whole-wheat flour + 10% MLP; D = 90% whole-wheat flour + 5% MLP + 5% CCP; E = 85% whole-wheat 
flour + 10% MLP + 5% CCP 

 
Table 3. Effect of MLP and CCP on the sensory characteristics of biscuits 

 
Parameters/ Samples A B C D E 
Colour 8.1

a
 5.7

c
 5.9

c
 6.6

b
 6.9

b
 

Aroma 7.5a 5.4b 5.6b 5.6b 5.9b 
Taste 7.8

a
 4.8

c
 5.7

c
 6.5

b
 6.6

b
 

Crispiness 6.7a 6.9a 5.6b 5.6b 6.3ab 
Overall acceptability 8.00

a
 5.7

bc
 5.7

bc
 6.1

b
 6.5

b
 

Values in the same row with different superscript are significantly different (P ≤ 0.05). Key: A= 100% whole-wheat 
flour biscuit; B = 95% whole-wheat flour + 5% MLP; C = 90% whole-wheat flour + 10% MLP; D = 90% whole-

wheat flour + 5% MLP + 5% CCP; E = 85% whole-wheat flour + 10% MLP + 5% CCP 
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3.5 Antioxidant Properties of Aqueous 
Extracts of Biscuits Incorporated with 
MLP and CCP 

 
Since the response of antioxidants depends on 
many factors in a given test, the antioxidant 
activity of a system can be better characterized 
by using different assays based on different 
mechanisms [48]. Hence, several methods are 
used to evaluate antioxidant activities of natural 
compounds in foods or biological systems. 
Among these methods are DPPH and ABTS 
procedures, which uses 2, 2-Diphenyl-1-
picrylhydrazyl (DPPH) and 2, 2-Azinobis (3- 
ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) as 
free radical generators, respectively and ferric 
reducing antioxidant power. 
 

3.5.1 DPPH radical scavenging activities of 
aqueous extracts of biscuits 
incorporated with mlp and ccp 

 

DPPH radical is an oil-soluble free radical that 
becomes a stable product after accepting an 
electron or hydrogen from an antioxidant. DPPH 

radical is stable in methanol and show maximum 
absorbance at 517 nm. When DPPH encounters 
a proton-donating substance such as an 
antioxidant, the radical would be scavenged and 
the absorbance is reduced. Hence the 
antioxidant activity of the substance can be 
expressed as its ability in scavenging the DPPH 
radical [49]. The DPPH radical scavenging 
activities of aqueous extracts of biscuits are 
shown in Fig 1. The supplemented biscuits 
exhibited better DPPH radical scavenging activity 
than the control (sample A) while the highest 
DPPH radical scavenging activity was observed 
in sample E. This trend is consistent with the 
total phenolic content results presented for both 
non-supplemented and supplemented samples 
(Table 4). For instance, sample E with highest 
polyphenol content exhibited the highest DPPH 
radical scavenging activity whereas; lowest 
DPPH radical scavenging activity was recorded 
for sample A with lowest polyphenol content. The 
results show that there is positive relationship 
between the polyphenolic content and DPPH 
radical scavenging activity of the biscuit extracts. 

 
Fig. 1. DPPH radical scavenging activity of aqueous extracts of biscuits incorporated with 

Moringa oleifera leave and cocoa powder 
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3.5.2 ABTS radical scavenging activities of 
aqueous extracts of biscuits 
incorporated with MLP and CCP 

 
ABTS is soluble in both aqueous and organic 
solvents, and it reacts relatively rapidly compared 
to DPPH, which normally takes several hours for 
the reaction to be completed. Although the 
mechanisms of DPPH and ABTS methods are 
similar, ABTS model was developed to assay for 
free radical scavenging ability because of some 
limitation of DPPH associated with color 
interference and sample solubility [47]. The 
results of ABTS radical scavenging activities of 
biscuits’ extracts, expressed as Trolox equivalent 
antioxidant capacity (TEAC) are shown in Fig. 2. 

The ABTS radical scavenging activities of the 
supplemented biscuits are significantly (p≤0.05) 
stronger than the control biscuit. This trend is 
similar to the trend observed in DPPH radical 
scavenging activities of the biscuit’s extracts   
(Fig. 1), although there is no significant 
difference between the ABTS scavenging activity 
of Sample C and D. 
 
3.5.3 Ferric reducing antioxidant power of 

aqueous extracts of biscuits 
incorporated with MLP and CCP 

 
The reducing capacity of a given compound may 
serve as a significant indicator of its potential 
antioxidant activity [49]. 
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Fig. 2. ABTS radical scavenging activity of aqueous extracts of biscuits incorporated with 
Moringa oleifera leave and cocoa powder 
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The reducing properties of antioxidants are 
generally associated with the presence of 
reductones, which has antioxidant activity by 
breaking the free radical chain through electron 
transfer reactions [50]. In this study, the ability of 
biscuits’ extracts to act as a reducing agent by 
transforming the Fe+3/ferricyanide complex to the 
ferrous state (Fe

+2
) was measured at 700 nm. An 

increase in absorbance indicates better reducing 
power of the biscuits’ extracts as shown in Fig. 3. 
The results show that the reducing power activity 
of extracts from sample A (control) was 

significantly lower (p≤ 0.05) than the 
supplemented biscuit extracts. The observed 
trend in reducing power activity of biscuit extracts 
is consistent with those observed in DPPH     
(Fig. 1) and ABTS (Fig. 2) radicals scavenging 
activity, which show a strong (p≤0.05) 
relationship between the phenolic content    
(Table 4) and overall antioxidant activities of the 
biscuit extracts. The correlations between the 
phenolic contents and overall antioxidant 
activities of various food samples have been 
reported [47,51,52]. 

 

Table 4. Phenolic distribution of aqueous extracts of biscuits incorporated with Moringa 
oleifera leaves and cocoa powder 

 

Extracts/ Parameters Total phenols (mg/g GAE) Total flavonoids (mg/g QE) 
A 1.01

e
±0.03 0.22

e
±0.02 

B 2.72d±0.04 0.52d±0.02 
C 4.99

b
±0.02 1.27

b
±0.05 

D 3.66c±0.04 1.01c±0.04 
E 5.42

a
±0.01 1.39

a
±0.02 

Values in the same column with different superscript are significantly different (P ≤ 0.05). Means ± standard 
deviations of triplicate samples. Key: A= 100% whole-wheat flour biscuit; B = 95% whole-wheat flour + 5% MLP; 

C = 90% whole-wheat flour + 10% MLP; D = 90% whole-wheat flour + 5% MLP + 5% CCP; E = 85% whole-wheat 
flour + 10% MLP + 5% CCP 

 

 
 

Fig. 3. Ferric reducing antioxidant power of aqueous extracts of biscuits incorporated with 
Moringa oleifera leave and cocoa powder 
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4. CONCLUSION 
 
The replacement of whole wheat flour with 
increasing level of MLP from 0 to 10% decreased 
the spread ratio of biscuits while addition of 5% 
CCP to the moringa-supplemented biscuits 
increased its spread ratio. Sensory evaluation 
showed that biscuits incorporated with 10% MLP 
were acceptable and addition of 5% CCP to the 
MLP biscuit produced biscuits with more 
acceptable colour and taste. Protein, crude fibre, 
iron, calcium and antioxidant activity of biscuits 
increased with increasing amount of MLP and 
CCP. The results have shown the possibility of 
utilizing dried moringa oleifera leaves and cocoa 
powder to improve the nutritional and antioxidant 
properties of biscuits. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Fugile LJ. The Miracle Tree: The multiple 

attributes of Moringa, West African 
Regional Office, Dakar, Senegal: Church 
World Service. 2001;103-136. 

2. Ijarotimi OS, Oluwalana IB. Chemical 
compositions and nutritional properties of 
popcorn-based complementary foods 
supplemented with Moringa oleifera leaves 
flour. Journal of Food Research. 
2013;2(6):78-86. 

3. Bamishaiye EI, Olayemi FF, Awagu EF, 
Bamshaiye OM. Proximate and 
phytochemical composition of Moringa 
oleifera leaves at three stages of 
maturation.  Advance Journal of Food 
Science and Technology. 2011;3(4):233-
237.  

4. Ijeomah AU, Ugwuona FU, Abdullahi H. 
Phytochemical composition and 
antioxidant properties of hibiscus 
sabdariffa and Moringa oleifera. Nigerian 
Journal of Agriculture, Food and 
Environment. 2012;8(1):10-16. 

5. Dillard CJ, German JB. Phytochemicals: 
nutraceuticals and human health. Journal 
of The Science of Food and Agriculture. 
2000;80(12):1744–1756. 

6. Siddhuraju P, Becker K. Antioxidant 
properties of various solvent extracts of 
total phenolic constituents from three 
different agroclimatic origins of drumstick 
tree (Moringa oleifera Lam.) leaves. 

Journal of Agricultural and Food 
Chemistry. 2003;51(8):2144-2155. 

7. Anwar F, Latif S, Ashraf M, Gilani AH.  
Moringa oleifera: A food plant with multiple 
medicinal uses. Phytotherapy Research. 
2007;21(1):17–25. 

8. Fahey JW. Moringa oleifera: A Review of 
the medical evidence for its nutritional, 
therapeutic, and prophylactic properties, 
Part 1. Trees for Life Journal. 2005;1(5):  
1-17. 

9. Foidl N, Makkar HPS, Becker K. The 
potential of Moringa oleifera for agricultural 
and industrial uses. In: “The miracle tree,” 
L.J. Fuglie, (ed.), 2, CTA, USA. 2001;57– 
66. 

10. Othman A, Ismail A, Ghani NA, Adenan I.  
Antioxidant capacity and phenolic content 
of cocoa beans. Food Chemistry. 
2007;100(4):1523–1530. 

11. Bearden MM, Pearson DA, Rein D, 
Chevaux KA, Carpenter DR, Keen CL, 
Schmitz H. Potential cardiovascular health 
benefits of procyanidins present in 
chocolate and cocoa. In: Parliament TH, 
Ho C-T, Schieberle P, eds. Caffeinated 
beverages: health benefits, physiological 
effects, and chemistry. Washington, DC: 
American Chemical Society. 2000;177–
186. 

12. Lee KW, Kim YJ, Lee HJ, Lee CY. Cocoa 
has more phenolic phytochemicals and a 
higher antioxidant capacity than teas and 
red wine. Journal of Agricultural and Food 
Chemistry. 2003;51(25):7292–7295. 

13. Lamuela-Ravento´s RM, Romero-Pe´rez 
AI, Andre´s-Lacueva C, Tornero A. (2006). 
Review: health effects of cocoa flavonoids. 
Food Science and Technology 
International. 2006;11(3):159–176. 

14. Ding EL, Hutfless SM, Ding X, Girotra S. 
Chocolate and prevention of 
cardiovascular disease: a systematic 
review. Nutrition Metabolism. 2006;3(2):1–
12. 

15. Cooper KA, Donovan JL, Waterhouse AL, 
Williamson G. Cocoa and health: a decade 
of research. British Journal of Nutrition. 
2008;99(1):1–11.  

16. Monagas M, Khan N, Andres-Lacueva C, 
Casas R, Urpı´-Sarda` M, Llorach R, 
Lamuela-Ravento´s RM,  Estruc R. Effect 
of cocoa powder on the modulation of 
inflammatory biomarkers in patients at high 
risk of cardiovascular disease. American 
Journal of Clinical Nutrition, 2009;90(5): 
1144–1150.  



 
 
 
 

Ajibola et al.; JSRR, 7(3): 195-206, 2015; Article no.JSRR.2015.201 
 
 

 
205 

 

17. Stahl L, Miller KB, Apgar J, Sweigart DS, 
Stuart DA, Mchale N, Ou B, Kondo M, 
Hurst WJ. Preservation of cocoa 
antioxidant activity, total polyphenols, 
flavan-3-ols, and procyanidin content in 
foods prepared with cocoa powder. Journal 
of Food Science. 2009;74(6):456-461. 

18. Gu L, Kelm MA, Hammerstone JF, 
Beecher G, Holden J, Haytowitz D, 
Gebhardt S, Prior RL. Concentrations of 
proanthocyanidins in common foods and 
estimations of normal consumption. 
Journal of Nutrition. 2004;134(3):613–617. 

19. USDA. USDA database for the 
proanthocyanidin content of selected 
foods—2004. 
Available:http://www.nal.usda.gov/fnic/food
comp/Data/PA/PA.pdf 

20. Gu L, House SE, Wu X, Ou B, Prior RL. 
Procyanidin and catechin contents and 
antioxidant capacity of cocoa and 
chocolate products. Journal Agriculture 
and Food Chemistry. 2006;54(11):4057– 
4061. 

21. Miller KB, Stuart DA, Smith NL, Lee CY, 
McHale NL, Flanagan JA, Ou B, Hurst WJ. 
Antioxidant activity and polyphenol and 
procyanidin contents of selected 
commercially available cocoa-containing 
and chocolate products in the United 
States. Journal of Agriculture and Food 
Chemistry. 2006;54(11):4062–4068. 

22. Akubor P. Functional properties and 
performance of cowpea/ plantain/ wheat 
flour blends in biscuits. Plant Foods for 
Human Nutrition. 2003;58(3):1-8. 

23. Hooda S, Jood S. Organoleptic and 
nutritional evaluation of wheat biscuits 
supplemented with untreated and treated 
fenugreek flour. Food Chemistry. 
2005;90(3):427-35. 

24. Singh G, Kawatra A. Development and 
nutritional evaluation of recipes prepared 
using fresh and dried amaranthus leaves. 
Journal of Food Science and Technology. 
2006;43(5):509–511. 

25. Reddy V, Urooj A, Kumar A. Evaluation of 
antioxidant activity of some plant extracts 
and their application in biscuits. Food 
Chemistry. 2005;90(2):317–321. 

26. Shivani B, Asna U, Prabhasankar P. Effect 
of incorporation of mint on texture, colour 
and sensory parameters of biscuits. 
International Journal of Food Properties.  
2006;9(4):691–700. 

27. Jood S, Yadav SK, Gupta M, Khetarpaul 
N. Effect of storage on organoleptic 

characteristics and nutritional evaluation of 
β carotene and iron-rich products. Journal 
of Food Composition and Analysis. 
2001;14(6):591–600. 

28. Dachana KB, Jyotsna R, Indrani D, 
Prakash J. Effect of dried Moringa 
(Moringa oleifera Lam.) leaves on 
rheological, microstructural, nutritional, 
textural and organoleptic characteristics of 
cookies. Journal of Food Quality. 
2010;33(5):60–67 

29. Omoba OS, Omogbemile A. 
Physicochemical properties of sorghum 
biscuits enriched with defatted soy flour. 
British Journal of Applied Science and 
Technology. 2013;3(4):1246-1256. 

30. Ayo JA, Ayo VA, Nkama I, Adewori R. 
Physiochemical, In-vitro Digestibility and 
Organoleptic Evaluation of “Acha” Wheat 
Biscuit Supplemented with Soybean Flour. 
Nigerian Food Journal. 2007;25(1):77-89. 

31. Sylwia MS, Joanna B, Renata ZW, Danuta 
G. White Grape Pomace as a Source of 
Dietary fibre and Polyphenols and its effect 
on physical and nutraceutical 
characteristics of wheat biscuits. Journal of 
the SCIENCE of Food and Agriculture. 
2013;93(2)389–395. 

32. AOAC International. Official Methods of 
Analysis of AOAC International, 16th ed. 
Arlington, VA: USA; 1995. 

33. Oboh G, Akinyemi AJ, Ademiluyi AO, 
Adefegha SA. Inhibitory effects of aqueous 
extract of two varieties of ginger on some 
key enzymes linked to type-2 diabetes – in 
vitro. Journal of Food and Nutrition 
Research.  2010;49(1):14–20. 

34. Singleton VL, Orthofer R, Lamuela-
Raventos RM. Analysis of total phenols 
and other oxidation substrates and 
antioxidants by means of Folin-Ciocalteu 
reagent. Method in Enzymolgy. 
1999;299(1):152–178. 

35. Meda A, Lamien CE, Romito M, Millogo J, 
Nacoulma OG. Determination of the total 
phenolic, flavonoid and praline contents in 
Burkina Fasan honey, as well as their 
radical scavenging activity. Food 
Chemistry.  2005;91(3):571–577. 

36. Aluko RE, Monu E. Functional and 
bioactive properties of quinoa seed protein 
hydrolysates. Journal of Food Science. 
2003;68(4):1254−1258. 

37. Re R, Pellegrini N, Proteggente A, Pannala 
A, Yang M, Rice- Evans C. Antioxidant 
activity applying an improved ABTS radical 



 
 
 
 

Ajibola et al.; JSRR, 7(3): 195-206, 2015; Article no.JSRR.2015.201 
 
 

 
206 

 

cationdecolorisation assay. Free Radical 
Biol Med. 1999;26:1231–1237. 

38. Zhang SB, Wang Z, Xu SY. Antioxidant 
and antithrombotic activities of rapeseed 
peptides. Journal of the American Oil 
Chemists' Society. 2008;85(6):521−527. 

39. Sharma P, Velu V, Indrani D, Singh RP. 
Effect of dried guduchi (Tinospora 
cordifolia) leaf powder on rheological, 
organoleptic and nutritional characteristics 
of cookies. Food Research International. 
2013;50(2):704–709. 

40. Drisya CR, Swetha BG, Velu V, Indrani D, 
Singh RP. Effect of dried Murraya koenigii 
leaves on nutritional, textural and 
organoleptic characteristics of cookies.  
Journal of Food Science and Technoloy. 
2015;52(1):500–506. 

41. McWatters KH. Cookie baking properties 
of defatted peanut, soybean and field pea 
flours. Cereal Chemistry. 1978;55(6):853–
863. 

42. Emmanuel GO, Omolara OF, Michael OA. 
Effect of curry spice (Murraya Koenigii) on 
the shelf life of cookies (biscuit) produce 
from sorghum flour blends with wheat flour. 
Global Journal of Science Frontier 
Research. 2012;12(6)1-6. 

43. Gyedu-Akoto E, Laryea D. "Evaluation of 
cassava flour in the production of cocoa 
powder-based biscuits". Nutrition and Food 
Science. 2013;43(1):55–59. 

44. Villaño D, Fernández-Pachón MS, Moyá 
ML, Troncoso AM, García-Parrilla MC. 
Radical scavenging ability of polyphenolic 
compounds towards DPPH free radical. 
Talanta.  2007;71(1):230-235. 

45. Saxena R, Venkaiah K, Anitha P, Venu L, 
Raghunath M. Antioxidant activity of 
commonly consumed plant foods of India: 
contribution of their phenolic content. 
International Journal of Food Science and 
Nutrition. 2007;58(4):250–260. 

46. Oboh G, Adefegha SA. Inhibitory 
properties of phenolic- enriched plantain- 

wheat biscuits on Fe2+ -induced Lipid 
peroxidation in Rat’s brain–in vitro. 
Advanced Food Science.  2010;32(3):162–
169. 

47. Adefegha SA, Oboh G.  Sensory Qualities, 
Antioxidant Activities and in vitro Inhibition 
of Enzymes Relevant to Type-2 Diabetes 
by Biscuits Produced from 5 Wheat-
Bambara Groundnut Flour Blends. 
International Journal of Food Engineering.  
2013; 9(1):17–28. 

48. Moure A, Dominguez H, Parajo JC.  
Antioxidant properties of ultrafiltration-
recovered soy protein fractions from 
industrial effluents and their hydrolysates. 
Process Biochemistry. 2006;41(2):447–
456. 

49. Ajibola CF, Fashakin JB, Fagbemi TN, 
Aluko RE. Effect of Peptide Size on 
Antioxidant Properties of African Yam 
Bean Seed (Sphenostylis stenocarpa) 
Protein Hydrolysate Fractions. 
International Journal of Molecular Science. 
2011;12(10):6685-6702. 

50. Roginsky V.  Chain breaking antioxidant 
activity of natural polyphenols as 
determined during the chain oxidation of 
methyl linoleate in Triton X-100 micelles. 
Archives of Biochemistry and Biophysics. 
2003;414(2):261−270. 

51. Thaipong K, Boonprakob U, Crosby K, 
Cisneros-Zevallos L, Byrne DH. 
Comparison of ABTS, DPPH, FRAP, and 
ORAC assays for estimating antioxidant 
activity from guava fruit extracts. Journal of 
Food Composition and Analysis.  
2006;19(6-7):669–675. 

52. Oboh G, Raddatz H, Henle T. Antioxidant 
properties of polar and non-polar extracts 
of some tropical green leafy vegetables. 
Journal of the Science of Food and 
Agriculture.  2008;88(14):2486–2492. 
 

_______________________________________________________________________________ 
© 2015 Ajibola et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1127&id=22&aid=9062 
 


