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ABSTRACT 

The purpose of this study was to investigate the predictability of the consistency of blended porridges based on the 
volume fractions of separate porridges made from orange-fleshed sweet potato, cowpea, dehulled soybean, dehulled 
sorghum and maize flour (dehulled, commercial and germinated). Accurate predictions could be made for 13 of the 21 
blends investigated. The consistency of porridge consisting of mixtures of cowpea with orange-fleshed sweet potato, 
and cowpea with dehulled soybean was lower than expected, and was attributed to the different size distributions of the 
swollen flour particles. Blends containing germinated maize showed significantly lower consistency than expected in 
both porridges with starchy continuous phase and porridges with proteinaceous continuous phase. It was thus concluded 
that both amylolytic and proteolytic activity are of importance in the ameliorating effects of germinated maize. 
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1. Introduction 

Supplementary foods for malnourished children must 
contain several ingredients in order to provide a nutri- 
tionally balanced meal. One of the problems of formu- 
lating porridge lies in providing sufficient energy density 
in a porridge of acceptable consistency. In heated starch 
dispersions the viscosity is governed by the swollen 
volume of the starch granules [1]. It can thus be assumed 
that the swollen volume of flour particles dispersed in 
water at a certain temperature would be correlated with 
the amount of flour necessary to achieve a specific por- 
ridge viscosity. In our previous study [2] porridge was 
made from individual flours, and a conservative estimate 
of the maximum flour concentration providing porridge of 
acceptable consistency was obtained, based on measure- 
ments of the swelling volume. For a given flour, i, it is 
necessary to use the concentration Ci,acceptable to achieve a 
volume fraction leading to an acceptable porridge con- 
sistency.  

Blending flours appears promising to improve the nu- 
tritional quality and energy density of porridge, the ef- 
fects of blending on the structure and consistency of a 
food product remain to be investigated.  

For blends, can be assumed to a first approximation 

that the volume fraction contributions from different 
flours are additive, for example, if 14% orange-fleshed 
sweet potato flour or 26% dehulled soybean flour, sepa- 
rately, both give an acceptable consistency, then a blend 
of 7% orange-fleshed sweet potato and 13% dehulled 
soybean should give the same consistency. This can be 
formulated as a criterion when choosing the concentra- 
tions of flours in a blend required to achieve an accept- 
able consistency, according to the equation:  

 ,acceptable. 1;i iC C           (1) 

To check the validity of this simple non-interacting 
model, were tested all possible binary flour combinations 
at Ci/Ci,acceptable.= 0.5. 

While blending flours appears promising to improve 
the nutritional quality and energy density of porridge, the 
effects of blending on the structure and consistency of a 
food product remain to be investigated. The purpose of 
this study was, therefore, to measure and predict the con- 
sistency of cooked children’s porridges prepared from 
two-flour blends.  

2. Materials and Methods  

The raw materials studied were orange-fleshed sweet 
potato (Ipomoea batatas), cowpea (Vigna unguiculata), *Corresponding author. 
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soybean (Glycine max), sorghum (Sorghum bicolor) and 
maize (Zea mays), that were chosen because they are 
widely grown in developing countries and partly because 
they are among the cheapest sources of carbohydrate, 
protein and fat. These raw materials were purchased in 
local markets in Mozambique and Tanzania and prepared 
according to common practice in rural areas in Africa.  

Flours were prepared from the raw materials as de- 
scribed in our previous study [2]. Orange-fleshed sweet 
potato flour (OFSP) was preparing according to Kidmose 
et al. [3] and dried according to Bengtsson et al. [4]. The 
cowpea was cleaned by hand to remove stones, chaff and 
damaged seeds and grains, steeped in water for 10 min, 
dried outdoors for 24 hours, and then ground to make 
cowpea flour (CP). The soybeans were boiled according 
to Dakwa et al. [5], dehulled using a manually operated 
machine (Mwakimomi, made in Morogoro, Tanzania), 
and then dried outdoors and ground to give dehulled 
soybean (DS) flour. Dehulled sorghum (DSo) flour was 
produced using a modification of a traditional method 
described by Bolade and Buraimoh [6]. The cleaned 
sorghum was first tempered with 4% (v/w) water fol- 
lowed by decortication using a traditional dehulling ma- 
chine. The grains were dried outdoors for 24 hours and 
ground as described above. 

One fraction of the cleaned maize grains was dehulled 
using the rural industries machine (Morogoro, Tanzania), 
dried outdoors and ground to give dehulled maize (DM) 
flour. The other fraction was used to make germinated 
maize (GM) flour.  

Commercial products (maize (CM) flour, Fioretto, 
Favero Antonio S.r.l, Padua, Italy), ready-to-use whole 
oat grain porridge mix (Semper AB, Espoo, Finland) and 
a whole oat and wheat grain porridge mix (Nestlé Sve- 
rige AB, Helsingborg, Sweden)) for children were pur-
chased in Sweden.  

2.1. Porridge Preparation  

In the present study, porridges were made from blends of 
two of the following flours: OFSP, CP, DS, DSo, DM, 
GM and CM using the same heating and testing proce- 
dures as previously, [2]. Forty ml of boiling water was 
added to different amounts of each flour in a 50 ml 
beaker and stirred with a glass stick. The samples were 
kept in a boiling-water bath for 8 min, with gentle but 
constant stirring. The porridge was then cooled to a tem- 
perature of ~43˚C (simulating feeding temperature), prior 
to analysis in a texture analyser. All samples were pre- 
pared and measured in duplicate. 

The ready-to-use porridges were prepared according to 
each manufacturer’s instructions. The results from the 
two products were used to define a reference interval for 
the acceptable level of consistency. All samples were 
prepared and measured in duplicate. 

2.2. Consistency Measurements  

The consistency of porridges was measured according to 
our previous study [2]. A Stable Micro Systems Texture 
Analyser (TA.XT2i, Stable Micro Systems, Godalming, 
UK) was used to analyse the consistency of the blends 
porridge samples, using the back-extrusion method. 
Samples were measured in the beaker in which they were 
cooked, and cooled to feeding temperature. All meas- 
urements were performed in duplicate on separately pre- 
pared samples.  

2.3. Particle Size 

The particle sizes were determined using a light micro- 
scope (Olympus, model BX50F4, Olympus Optical Co., 
Ltd., Tokyo, Japan) connected to a colour video camera 
(model DFK41AF02, The Imaging Source Europe GmbH, 
Bremen, Germany). Samples of each diluted porridge 
were placed on slides and viewed at 2× magnification. 
The particle sizes of each diluted porridge were also deter- 
mined using a Mastersizer (Mastersizer 2000, Malvern 
Instruments Ltd., Enigma Business Park, Malvern, and 
Worcestershire WR14 1XZ, UK) with a pump speed of 
2500 rpm, and compared with those obtained using light 
microscopy.  

2.4. Continuous Phase of Porridges 

To analyse the character of the continuous phase of the 
porridges, samples of porridge made from individual 
flours, prepared according to our previous study [2], were 
placed on slides and stained with one drop of Lugol’s 
solution, a standard stain for starch. The sample was 
viewed at 5× magnification using the microscope de- 
scribed above.  

2.5. Amylolytic Activity of Flours 

Forty ml distilled water was added to 2.0 g potato starch 
and stirred with a glass rod. The samples were heated in 
a boiling-water bath (100˚C) for 8 min, with gentle, con- 
stant stirring. The suspension of gelatinised potato starch 
was then cooled to a temperature of ~43˚C and appropri- 
ate amount of tested flour was added to assess amylolytic 
activity. The viscosity of samples were measured using a 
Bohlin Rotavisco model 88 BV (Bohlin Reologi AB, 
Ideon Science Park, Lund, Sweden) at a shear rate of 160 
rpm, every 2 min for 20 min. All samples were prepared 
and measured in duplicate.  

2.6. Swelling Method 

Gravity sedimentation method [2] was used to measure 
the swelling of individual flours or blends. All samples 
were prepared and measured in duplicate. 
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3. Results and Discussion  

Ready-to-use porridges were used to define a reference 
of acceptable level of maximum consistency. When pre- 
pared according to the manufacturer’s instructions, these 
porridges showed back-extrusion forces in the range of 
0.29 to 0.37 N at the consumption temperature [2]. 

The concentrations of the flours in the two-flour 
blends were chosen according to Equation (1), based on 
the results of the individual porridges consistency re- 
ported in our previous study [2]. The ration of each flour 
and total amount of mixed flour used to give 100 g of 
each porridge is given in Table 1. Given the simplicity of 
the approach, and the steep dependence of consistency on 
concentration, the predictions were fairly accurate, as 
seen in Figure 1 where the consistency of porridges 
made from two-flour blends is shown. The ration of 
each flour contributes to half of the consistency of the 
porridge. For the blends containing OFSP, DS, DSo, DM 
and CM flours respectively, the values obtained using 
the additive approach agreed with the measured blend 
consistencies; being in the range of acceptable consis- 
tency defined by the ready-to-use porridges. However 
this was not the case for some of CP blends and all GM 
blends. 

It is well known that hydrated proteins and carbohy- 
drates often phase separate [7] and the properties of the 
suspension are mainly determined by the properties of the 
continuous phase. The results of simple Lugol staining of 
samples of the porridges made with one flour are shown in 
Figure 2. As expected, the continuous phase is related to 
the dominant compositional component of the flour, with 

the starchy OFSP, DSo, DM and CM flours staining 
predominantly blue, and the high-protein flours, CP and 
DS, and low starch flour GM showing little staining apart 
from a contour leached amylose.  

All blends with GM flour had a lower consistency than 
that predicted (0.29 - 0.37 N) by the additive model. This 
low consistency is in agreement with results from other 
studies [8-12], all of which studied GM in an attempt to 
find an effective method of reducing the viscosity of por- 
ridges for infants and small children. According to 
Mosha and Svanberg [9], the reduction in viscosity could 
be attributed to the amylolytic activity of the germinated 
flour. In this study, the protein-continuous porridges 
phase also showed lower viscosity than predicted. Even 
if the dispersed starchy phase of the protein-continuous 
porridges phase had been degraded by the maize amy- 
lases, it is unlikely that the viscosity of the blend would 
have been significantly reduced, as the continuous phase 
determines the viscosity of the dispersion. Therefore, 
may be assumed that proteases, which are known to be 
present in germinated maize [13], contribute significantly 
to the decreased viscosity of the blends of proteinaceous 
flours containing GM flour. The viscosity-reducing effect 
of GM on CP and DS flour was also observed by Obatolu 
and Cole [14]. 

Some porridge blends containing CP flour (CP-OFSP 
and CP-DS) showed lower viscosity that expected, see 
Figure 1. The amylolytic activity of CP flour by adding 
CP flour to a suspension of gelatinised potato starch was 
investigated. The amylolytic activity was found to be 
weak, about 100 times lower than that of GM flour (Fig- 
ure 3). It can be seen that 0.2 g of CP gave approxi- 

 

 
Figure 1. Consistency of porridges made from blended flours, measured by back-extrusion method: orange-fleshed sweet 
potato (OFSP); cowpea (CP); dehulled soybean (DS); dehulled sorghum (DSo); dehulled maize (DM); CM, commercial maize 
(CM); and germinated maize (GM). 



Predictability of the Consistency of Porridges Using Mixtures of Different Flours 936 

(a) 

 

(b) 

    

(c) 

 

(d) 

    

(e) 

 

(f) 

    

(g) 

 

Figure 2. Lugol staining of single flour porridges (5× magnification) made from: (a) orange fleshed sweet potato (OFSP); (b) 
cowpea (CP); (c) dehulled soybean (DS); (d) dehulled sorghum (DSo); (e) dehulled maize (DM); (f) commercial maize (CM), 
and g) germinated maize (GM). 
 
mately the same decrease in viscosity as 0.002 g of GM 
with time. Thereby, was concluded that the enzymatic 
activity of the CP flour could not explain the anomaly.  

Looking for alternative explanation, measurements 
were performed of the swelling volume of the three indi- 

vidual flours (CP, OFSP and DS) and the blends 
CP-OFSP and CP-DS. The results are given in Table 2. 
It can clearly be seen that the volume fraction of the mix- 
tures was lower than the sum of the volume fractions of 
the individual components according to Equation (1). It  
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Figure 3. Comparison of amylolytic activity of 0.002 g of 
germinated maize (GM); and 0.2 g of cowpea (CP), meas- 
ured as change of viscosity of a suspension of gelatinised 
potato starch (SPS). 

is known from particle packing theory that the individual 
distribution widths and the ratio of the components 
strongly affect the packing density in mixtures of differ- 
ent particles, as a fraction of the smaller particles can be 
accommodated in the voids between the larger particles 
[15]. The size distributions of diluted porridges made 
from OFSP, CP, or DS flour are shown in Figure 4, and 
the corresponding light microscope images in Figure 5. 
The size distributions of the separate flours are very dif- 
ferent, and thus there is the possibility that the particle 
size distribution in the two-component porridge is re- 
sponsible for the lower viscosity. 

4. Conclusions  

The results of the study show that the additive model is 
conservative, i.e. the consistency of the blends can be as 

 
Table 1. Two-flour blends giving Ci/Ci, adeq. = 0.5 when mixed with 40 ml water. 

Flour Ratio of flours (g:g) Total amount of flour (g/100g porridge) 

Orange-fleshed sweet potato:cowpea (OFSP:CP) 3.3:2.7 14.0 

Orange-fleshed sweet potato:germinated maize (OFSP:GM) 3.3:11.0 29.0 

Orange-fleshed sweet potato:dehulled maize (OFSP:DM) 3.3:2.3 13.0 

Orange-fleshed sweet potato:dehulled soybean (OFSP:DS) 3.3:6.3 21.0 

Cowpea:germinated maize (CP:GM) 2.7:11.0 28.0 

Cowpea:dehulled maize (CP:DM) 2.7:2.3 12.0 

Cowpea:dehulled soybean (CP.DS) 2.7:6.3 20.0 

Germinated maize:dehulled maize (GM:DM) 11.0:2.3 27.0 

Germinated maize:dehulled soybean (GM:DS) 11.0:6.3 34.0 

Dehulled maize:dehulled soybean (DM:DS) 2.3:6.3 19.0 

Orange-fleshed sweet potato:dehulled sorghum (OFS:DSo) 3.3:2.4 13.0 

Cowpea:dehulled sorghum (CP:DSo) 2.7:2.4 12.0 

Germinated maize:dehulled sorghum (GM:DSo) 11.0:2.4 27.0 

Dehulled maize:dehulled sorghum (DM:DSo) 2.3:2.4 11.0 

Dehulled soybean:dehulled sorghum (DS:DSo) 6.3:2.4 19.0 

 
Table 2. Swelling of the three individual flours (CP, OFSP and DS) and the two-flour blends CP-OFSP and CP-DS (giving 
Ci/Ci,adeq. = 0.5). 

Parameter Flour Two-flour blends (Expected) 

Cowpea (CP)
Orange-fleshed sweet 
potato (OFSP) 

Dehulled  
soybean (DS) 

Cowpea:Orange-fleshed 
sweet potato (CP:OFSP) 

Cowpea:Dehulled soybean 
(CP:DS) 

Swelling (ml/g) 

15.0 16.7 5.0 13.0 (15.9) 6.0 (10.0) 
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Figure 4. Mastersizer particle size distribution of single 
flour porridges made from: orange-fleshed sweet potato 
(OFSP); cowpea (CP); and dehulled soybean (DS). 
 

(a) 

 

(b) 

 

(c) 

 

Figure 5. Light microscope images (2× magnification) of 
single flour porridges made from: (a) Orange-fleshed sweet 
potato (OFSP); (b) Cowpea (CP); and (c) Dehulled soybean 
(DS). 
 
predicted from the consistency of the individual flours or 
lower. The underestimation of consistency for some of 
the blends containing CP flour is not a serious disadvan- 
tage. However, for blends containing GM flour, a quan- 
titative model, allowing the prediction of the effect of the 
amylolytic and proteolytic activities on blend consistency, 
is necessary to make proper use of the beneficial effects 
of the enzymes.  

This study laid the foundation for our future work us- 
ing mathematical optimization to design nutritious sup- 
plementary foods for small children from blends of easily 
available local foodstuffs, while maintaining both a high 
energy density and an acceptable consistency. 
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