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Abstract

from co-processed maize and carrot. TZE-YPOP-DT-STR-QPM and normal maize; SUWAN-ISR were selected for this study. Each 
variety was divided into two portions; a portion was co-milled with 20% carrot while the other portion was co-fermented with 20% 

oC for 12 hours.  Proximate composition, mineral content, 

it nutritional quality and pasting property. Co-milled samples particularly displayed better nutritional quality with acceptable physical 
and sensory characteristics than the co-fermented samples

Keywords:

Introduction

among infants and young children of six months to two years old [1]. Due to the fact that infants are very vulnerable nutritionally 
during complementary feeding therefore; introduction of semi-solid foods at the expense of breast milk must provide adequate 

physiological needs of the infant [2]. A complementary food must have a high calorie and micronutrient density, be in a “low bulk” 
or drinkable form, free of bacterial contamination, and must be of a quantity that can be consumed at one feeding. In Nigeria, the 

energy [3]. Cereals are the most important staple food being the major sources of carbohydrates. Compositionally, cereals consist 
of 12-14 % water, 65-75 % carbohydrates; 2-6%, lipids and 7-12% protein on dry weight basis. In their natural form whole grain 

but with low bio- availability. According to TASS the quality protein maize (QPM) has received special distinction among the 
cereals due to presence of high amount of two essential amino acids viz., lysine and tryptophan and low content of prolamins [4]. 

(infants, lactating mothers’ convalescing patients, Kwashiorkor diseased, old persons etc) to prevent malnutrition. Its green cob 
is very nutritious, tasty and liked by people. Carrots had been described as nutritional heroes because they store a goldmine of 
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Materials and Methods
Collection of Materials
Two blends of maize varieties were studied; a yellow coloured QPM variety was studied in comparison with yellow colored normal 

ISR was obtained from IAR and T, Ibadan. Intact whole seeds were picked manually and stored at refrigeration temperature for 
further investigations. 

ogi but with the inclusion of carrot on 

Production of Co-Fermented and Co-Milled Flour Blends

nutrients. Mateljan also stated that all varieties of carrots contain valuable amounts of antioxidant nutrients. Such antioxidants are 
traditional antioxidants like vitamin C, as well as phytonutrient antioxidants like beta-carotene, alpha-carotene, beta-carotene, and 

Emphasizes have been placed on the use of local food material for complementary food formulation by WHO/UNICEF since 1971. 
et al. conducted a 

Oreochromis 
niloticus) by Fasasi et al. and baobab fruit powder [9,10].  Ikujenola investigated the formulation of complementary foods from 

properties, nutritional qualities; organoleptic properties as well as the storage stability of the products [11]. However, little 
information is available in literature on co-processing of cereal and vegetables and also on utilization of carrot in complementary 

and co-milled with carrot to improve the protein quality of normal maize ogi

Proximate Composition 

was used to determine some elements (calcium, magnesium, manganese, copper, iron and zinc) on the Atomic Absorption 

Mineral Content Analysis

and 7 [15]. Bulk density was determined according to the method of Okezie and Bello [16]. While swelling power and solubility 
were determined on the blends at 60, 70, 80 and 90o

reconstitution index was estimated by the method of Akpapunam and Markakis [18]. 

Physicochemical and Functional Properties

blends were weighed into a dried empty canister; 25 ml of distilled water was dispensed into the canister containing the sample. 

to 95oC with a holding time of 2 mins followed by cooling to 50o

at constant rate of 11.25o

Measurement of Colour Indices Of Flour Blends
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et al.
et al. [21]. Crude fat contents 

et al. 
blends is an indication that all the samples will have relative storage stability as they are not likely to be susceptible to rancidity 

et al. for baobab ogi and close to 1.62 
et al.

composition which in turn may also have antioxidant advantage as some minerals notably; Selenium, Sodium  and so on have been 

Yield of Flour Products
Co-milled formulations recorded lower yields than their co-fermented counterparts in both varieties; 67.60%, 70.17% and 66.67%, 

high yield reported for QPM variety agreed with several studies; Cordova et al. observed that Quality Protein Maize is a special 
type of maize though with exactly the same qualities as normal maize in grain texture, taste and colour but possess almost double 
the levels of lysine and tryptophan with higher yield.  

Sensory test of the product was carried out by using sensory evaluation process as described by Larmond [19]. Test was performed 
on all the blends. A twenty member untrained panelists consisting of lecturers, technologists and students of Food Science and 
Technology Department of Obafemi Awolowo University, Ile-Ife, Nigeria were engaged to evaluate the sensory characteristic of the 

volume of water, coded  and rated for colour, taste, aroma, consistency, thickness and overall acceptability. Blends were evaluated 

represents the degree of redness (-a*) or greenness (+a*); and b*-value represents the degree of yellowness (-b*) or blueness (+b*). 

sheet, 80g/m2). 

Sensory Evaluation

Proximate Composition of Flour Blends

Results and Discussion

 
Parameters

SAMPLES

20CFNM 20CFQPM 20CMNM 20CMQPM

%Yield 67.6 70.17 66.67 69.33

Protein  (g/100g) 7.11±0.20a 6.09±0.15c 5.68±0.02d 6.87±0.01b

Moisture (g/100g) 4.99±0.52ab 5.05±0.26a 3.74±0.28c 5.11±0.11a

Fat (g/100g) 3.76±0.06a 4.14±0.12a 3.80±0.04a 3.74±0.03a

Ash (g/100g) 1.37±0.23b 1.83±0.12a 1.89±0.15a 1.44±0.12b

0.93±0.23a 0.67±0.12ab 0.67±0.15ab 0.57±0.12b

Carbohydrate (g/100g) 81.34a 81.72a 83.72c 81.77b

Mg (mg/100g) 0.38a 0.36c 0.27d 0.24b

Na (mg/100g) 0.53a 0.32a 0.56a 1.09a

K (mg/100g) 10.42b 6.74c 14.17a 15.00a

Ca (mg/100g) 20.83c 35.00b 35.83b 50.00a

Fe (mg/100g) 5.07c 17.92a 4.78d 9.89b

Cu (mg/100g) 0.11a 0.07b 0.05c 0.03d

Mn (mg/100g) 0.36ab 0.03b 0.03b 0.01b

Zn (mg/100g) 2.02c 3.36b 3.95a 3.38b
Table 1: 

Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.
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the macro-element contents notably calcium from 12.42 to 15.00 mg/100g to the range of 20.83 to 50.00 mg/100g obtained in this 

of baobab pulp [10]. However, Adeola et al. reported lower value (0.02 mg/100g) of zinc for 20% carrot pomace with fermented 

Mineral Contents of the Flour Blends

better digestibility tendency and consequently will be more available for body utilization compared to normal maize blends. 

complex starch and simple sugar of both maize and carrot during fermentation. Ikujenlola et al. observed the same reduction in 

had the highest reconstitution index of 97.7% closely followed by 20CMNM (96.3%). 

Physico-Chemical Properties of the Flour Blends

 
Parameter

Samples

20CFNM 20CFQPM 20CMNM 20CMQPM

pH 3.47±0.1a 3.40±0bc 3.43±0.1abc 3.37±0.1c

Bulk Density 0.45±0.03cd 0.42±0.01d 0.47±0.01bc 0.50±0.01a

Flour Dispersibility 70.5±0.5a 69.5±0.5b 69.7±0.3b 68.3±0.3c

Reconstitution index 93.0±1b 91.3±1.2b 96.3±1.5a 97.7±0.3a

Particle size     

150 µm 2.12 2.03 2.59 2.86

315 µm 6.38 4.69 5.49 4.69

630 µm 91.5 93.28 91.92 92.45

63 mm - - - -
Table 2: 

Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.

Generally, increase in temperature favoured increase in swelling power till 80o

temperature increases thermodynamic mobility thereby enhances penetration of water into the starch granules. However, co-
oC; 6.17, 5.00 and 4.1, 4.02 was obtained for 20CFNM, 

might have been bound tightly to maize as a result of uniformity better than the co-milled blends so as to allow the granules of 
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co-fermented blends to absorb water better than the co-milled blends.  Swelling power is an indication of the water absorption 

oC when 

be more soluble at 60o

oC and 80oC where it reached the maximum solubility.  

Figure 1: 
Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.

Figure 2: 
Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.

Percentage Means Particle Size of the Flour Blends

oC, while the peak viscosity 

et al. [28]. While the range of breakdown 
viscosity obtained for 20CFQPM and 20CMQPM (127.30 and 100.41 RVU) are close to the range 120.00 to 179.83 RVU reported 

Pasting Properties of the Flour Blends 
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o 

a colour change from red to yellow. Meaning that all the sample were between red and yellow zone and are closer to yellow than 

ogi and corn starch while yellow or creamy colour is most preferred. 

tuwo

of varying lightness indices; which may be attributed to inherent genetic attributes of each maize type.

Colour Indices Characteristics of the Flour Blends 

is also in agreement with earlier reports [9,28]. Set back values ranged between 37.91 and 88.83 RVU (Table 3) and are higher than 
the reports of Fasai et al. and Adegunwa et al. [9,28].  Setback has been correlated with texture of various products; high setback is 
also associated with syneresis during freeze thaw cycles for example.

Sample
 

Parameter

Peak 1 (RVU) Trough 1 (RVU) Breakdown (RVU) Final Viscosity (RVU) Setback Peak Time (mins) (oC) Pasting Temp

20CFNM 189.83 158.92 30.92 245.67 86.75 5.44 93.25

20CFQPM 235.88 108.58 127.30 183.42 74.84 5.78 93.55

20CMNM 194.25 148.75 45.50 237.58 88.83 5.55 93.54

20CMQPM 184.08 83.67 100.41 121.58 37.91 5.69 93.18
Table 3: 

Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.

20CFQPM in terms of colour, taste, aroma and overall acceptability while in term of consistency; 20CFNM was more preferred 

products demonstrate superiority over normal maize products. Generally, Sample 20CMQPM is most preferred in term of colour, 
taste aroma, consistency and overall acceptability. 

Sensory Score of the Flour Blends

Blends a* b* L Chroma (C ) h (O)

20CFNM 1.30c 15.50c 88.30b 15.56c 85.23a

20CFQPM 1.66b 18.47a 82.29c 18.54a 84.88b

20CMNM 1.28c 15.15d 88.42b 15.19c 85.19a

20CMQPM 1.88a 17.58b 90.18ab 17.58b 83.91c
Table 4:  

Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.

Blends Colour Taste Aroma Consistency Overall Acceptability

20CFNM 5.17d 4.83c 4.83c 3.83b 4.25bc

20CFQPM 4.00b 3.58ab 3.67ab 4.50dc 2.83a

20CMNM 5.58c 3.67ab 3.83ab 4.92d 4.83c

20CMQPM 3.17a 2.75a 2.92a 2.83ab 2.50a
Table 5:  

Key: 20CFNM-20% carrot co-fermented with normal maize, 20CFQPM-20% carrot co-fermented with quality protein 
maize, 20CMNM-20% carrot co-milled with normal maize, 20CMQPM-20% carrot co-milled with quality protein maize.
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carrot.  It is obvious from the study that co-milling of carrot with fermented maize is better than co-fermentation of carrot with 
quality protein maize as co-milled blend came up with better physico-chemical properties, nutritional contents and sensory 
attributes.  Sensory score showed that sample 20% of carrot co-milled with 80% QPM is the most preferred in terms of colour, 

complementary food. Nigeria is suitable for adequate quantity of QPM and carrot and expansion of its utilization would stimulate 
its production and improvement on the agro business in the country. 

Conclusion
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