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Abstract: Quality protein maize (QPM) is a type of biofortified maize, and contains lysine and tryptophan which are the 
essential amino acids for growth and development. Increasing the consumption of food products prepared from quality protein 
maize is the ideal solution to tackle protein deficiency related problems. Teff is a staple food crops in Ethiopia. It is gluten free 
cereal grains, and has great potential to be formulated into a range of food and beverage products. Flour pasting properties are 
one of the most important quality parameter and its affects texture, digestibility, and end use of the food products. The study 
was aimed to evaluate the effect of blending ratio and varieties on pasting properties of QPM-teff composite flours. Quality 
protein maize flours from two varieties were blended with teff flour at the ratio of 70:30, 60:40, and 100% (QPM) was taken as 
a control sample. Peak viscosity, trough viscosity, breakdown viscosity, final viscosity, setback viscosity, and pasting time of 
the composite flour samples ranged from 520.50 to 1068.50 cP, 491.50 to 802.00 cP, 29.00 to 266.50 cP, 1232.00 to 2358.50 
cP, 740.50 to 1556.50 cP, and 5.04 to 5.70 mins due to blending ratio, and from 598.17 to 956.00 cP, 519.83 to 774.83 cP, 
78.33 to 181.17 cP, 1391.67 to 2297.00 cP, 871.83 to 1522.17 cP, and 5.15 to 5.28 mins due to varieties, respectively. 
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1. Introduction 

Quality protein maize (QPM) can be used as a replacement of 
conventional maize in communities where maize is used as a 
source of protein [30], and have the potential to reduce the 
protein and essential amino acid inadequacy gaps in most 
developing cereal dependent countries [15, 27]. It contains 
nearly twice the quantity of lysine (>4.0%) and tryptophan 
(>0.8%) present in the conventional maize [11, 13]. The 
higher lysine and tryptophan contents of quality protein 
maize varieties compared to the conventional maize provide 
a more balanced protein for humans and other monogastric 
animals [1]. Quality protein maize also contains higher 
amounts of histidine, arginine, aspartic acid and glycine, and 
reduced levels of glutamic acid, alanine and leucine [22]. The 
lower levels of leucine are an added advantage as it results in 
a more balance leucine-isoleucine ratio that helps to liberate 
more tryptophan [18]. 

Quality protein maize varieties have higher biological value 
than the common maize types. The biological value of QPM is 

about 80% whereas that of conventional maize is 45%. This 
means that in conventional maize a protein intake of only 37% 
is being utilized when compared to 74% of the same amount in 
QPM [12]. Quality protein maize varieties are particularly 
impactful in rural areas with limited access to dietary 
supplements and fortified foods. Therefore, the conversion of 
conventional maize into QPM significantly improves its 
nutritional value for humans and animals [22, 7]. 

Teff is a cereal crop and its use as human food is mostly 
confined to its origin, Ethiopia [6]. It is mainly used to make a 
traditional fermented-circular soft bread called injera or flat 
bread [23]. Teff can also be used to prepare porridge, kitta 
(unleavened breads), atmit (gruel) and traditional alcoholic 
beverages like tella (opaque beer), arake and shameta. In 
recent years, teff is gaining popularity around the world mostly 
due to its attractive nutritional properties. It is gluten free and 
has great potential to be formulated into a range of food and 
beverage products to aid people with celiac disease [14]. 

Pasting properties of flour is one of the most important 
properties influencing the quality and aesthetic consideration 
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of food that affects the texture, digestibility and end use of 
starch-based food commodities. It includes peak viscosity, 
trough viscosity, setback viscosity, breakdown viscosity, final 
viscosity, peak time and pasting temperature [4, 16, 33]. The 
use of composite flours in preparation of starchy meals often 
alter their compositions, and may therefore change the 
functional and pasting characteristics of the final product [3]. 
The objective of the study was to determine the pasting 
properties of flours from two quality protein maize varieties 
blended with teff flour. Both QPM and teff varieties were 
released by Ethiopian Institute of Agricultural Research. 

2. Materials and Methods 

2.1. Sample Preparation 

Quality protein maize varieties, Melkassa-1Q (color: 
yellow and texture: flint) and Melkassa-6Q (color: white and 
texture: semi-flint) were collected from Melkassa 
Agricultural Research Center and teff variety Magna (DZ-01-
196) was obtained from Debre Zeit Agricultural Research 
Center, Ethiopian Institute of Agricultural Research. The 
QPM grains were winnowed and pounded to remove the 
husk (tip-cap) and the teff grains were cleaned through 
sieving. Then, separately milled to a sieve size of 0.50 mm 
(ASTM, Model-E11, USA) using cyclone miller (UDY3010-
019, USA). Flour from two QPM varieties was blended with 
30% and 40% teff flour, respectively [25]. 

2.2. Determination of Flour Pasting Properties 

The pasting properties of flour samples were determined 
using Rapid Visco-Analyzer (Model 3C, Newport Scientific, 
Sydney, NSW, Australia). About 3.50 g of flour sample (14% 
moisture basis) was dispersed in 25 ml distilled water. Then, 
the analysis was carried out at a programmed heating and 
cooling cycle where the samples held at 50°C for 1 min, 
heated at 95°C for 3.8 mins and held at 50°C for 1.4 mins 
and the pasting performance of the flour samples; the peak 
viscosity (PV), trough viscosity (TV), breakdown viscosity 
(BV), final viscosity (FV), setback viscosity (SBV), and 
pasting time (Pt) were calculated from the pasting curve 
using Thermocline for Windows Software Newport [8, 31]. 

2.3. Experimental Design and Analysis 

The pasting properties of the flour samples were studied 
using Complete Randomized Design (CRD) and factorial 
design in CRD arrangement. The experimental data was 
statistically analyzed using SAS software (version 9.4) 
following PROC ANOVA procedures. The results were 
expressed as mean ± standard deviation. Statistical 
differences between the means (p<0.05) were tested by 
Fischer’s least significant differences (LSD). 

3. Results and Discussions 

3.1. Pasting Properties of Quality Protein Maize and Teff 

Flours 

The pasting properties of quality protein maize and teff 
flours are listed in Table 1 and significant differences (p<0.05) 
were observed between the results. The peak viscosity (PV), 
trough viscosity (TV), breakdown viscosity (BV), final 
viscosity (FV), setback viscosity (SBV), and pasting time (Pt) 
of the samples ranged from 520.50 – 1721.50 cP, 491.50 – 
969.50 cP, 29.00 – 752.00 cP, 1232.00 – 2808.50 cP, 740.50 – 
1839.00 cP, and 5.20 – 5.70 mins, respectively. Results 
recorded for pasting properties of QPM flour was lower than 
the values reported by Sangeeta and Grewal (2018) [20]: PV 
(1389 – 1409 cP), TV (1263 – 1275 cP), BV (126 – 134 cP), 
FV (3847 – 3869 cP), and SBV (2584 – 2593 cP) but in 
agreement with Pt (5.73 – 5.82 mins) results. Sagbo et al. 
(2017) [19] also reported that the pasting properties of QPM 
flour; PV (823.5 to 992.50 cP), TV (820.0 to 916.50 cP), BV 
(3.50 to 76.0 cP), FV (2016.50 to 3048.0 cP), SBV (1196. 50 
to 2131.50 cP), and Pt (5.40 to 6.90 mins). 

Pasting properties result recorded for teff flour was in line 
with the findings reported by Workineh and Ronda (2014) 
[26]: PV (1304.0 – 1676.0 cP), TV (744.0 – 883.0 cP), BV 
(478.0 – 853.0 cP), and higher than FV (1690.0 – 1957.0 cP) 
and SBV (861.0 – 1113.0 cP) values. Pasting time (8.33 – 8.73 
mins) also found slightly higher than the values obtained in 
this study. Teshome (2017) [24] also reported pasting 
properties of teff flour in some ranges: PV (759.5 to 1434.5 
cP), TV (736.5 to 947.5 cP), BV (23 to 487 cP), FV (1490.5 to 
1897.5 cP), SBV (754.5 to 950 cP), and Pt (5.13 to 5.53 mins). 

Table 1. Pasting properties of QPM and teff flours. 

Flours PV (cP) TV (cP) BV (cP) FV (cP) SBV (cP) Pt (mins) 

Melkassa-1Q 844.50±34.65b 749.50±27.58b 95.00±7.07b 2204.50±166.17b 1455.00±138.59b 5.20±0.18b 

Melkassa-6Q 520.50±20.51c 491.50±16.26c 29.00±4.24b 1232.00±39.60c 740.50±23.33c 5.70±0.04a 

Teff 1721.50±23.33a 969.50±6.36a 752.00 ±16.97a 2808.50±16.26a 1839.00±9.90a 5.57±0.05a 

CV (%) 0.73 1.44 2.29 3.87 5.26 1.45 

LSD 32.20 45.67 28.76 347.06 304.38 0.34 

Data: mean ± SD, means with the same letter in the column are not significantly different (p<0.05), PV=Peak Viscosity, TV=Trough Viscosity, 
BV=Breakdown Viscosity, FV=Final Viscosity, SBV=Setback Viscosity, Pt=Pasting time, and centipoise (cP). 

3.2. Pasting Properties of Quality Protein Maize and Teff 

Composite Flours 

The pasting properties of QPM-teff composite flour are 

summarized in Table 2. The peak viscosity values ranged 
between 520.50 to 1068.50 cP, and significant variations 
(p<0.05) were observed due to blending ratio and varieties. 
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The highest value was recorded for composite flour of 
Melkassa-1Q (60%) and teff (40%), and the lowest value was 
recorded for Melkassa-6Q (100%) flour. Peak viscosity is the 
highest viscosity attained during heating at 95°C and it has 
been reported to be closely associated with the degree of 
starch damage and high starch damage results in high peak 
viscosity [21, 32]. Damaged starch may negatively impact on 
the quality of food products [5, 29]. 

Trough viscosity sometimes referred to as shear thinning, 
holding strength or hot paste viscosity is a period when the 
samples were subjected to a period of constant temperature 
and mechanical shear stress [10]. Trough viscosity results of 
QPM-teff composite flour samples ranged between 491.50 – 

802.00 cP. The highest value was recorded for QPM-teff 
composite flour ratio of 60:40 (Melkassa-1Q: teff) and the 
lowest value was recorded Melkassa-6Q (100%) flour. 

Breakdown viscosity is the difference between peak and 
tough viscosity, and it is an indication of the rate of gelling 
stability which is dependent on the nature of the product [2, 
28]. The breakdown viscosity of the flour samples were 
significantly influenced (p<0.05) by blending ratio and 
varieties. The highest value was recorded for 60:40 
(Melkassa-1Q: teff) blends and the lowest value was 
recorded for Melkassa-6Q (100%) flour. As teff flour 
increased in the composite increment in breakdown viscosity 
values were observed. 

Table 2. Effect of blending ratio and varieties on pasting properties of QPM-teff composite flour. 

Blending ratio (%) PV (cP) TV (cP) BV (cP) FV (cP) SBV (cP) Pt (mins) 

B1 844.50±34.65c 749.50±27.58b 95.00±7.07d 2204.50±166.17a 1455.00±138.59a 5.20±0.18b 

B2 955.00±11.01b 773.00±12.00b 182.00±2.10b 2328.00±45.25a 1555.00±45.25a 5.07±0.00b 

B3 1068.50±12.02a 802.00±4.24a 266.50±7.78a 2358.50±26.16a 1556.50±21.92a 5.17±0.05b 

B4 520.50±20.51f 491.50±16.26d 29.00±4.24f 1232.00±39.60c 740.50±23.33c 5.70±0.04a 

B5 603.00±26.87e 533.00±22.63c 70.00±4.23e 1415.50±19.09b 882.50±3.54bc 5.04±0.05b 

B6 671.00±21.21d 535.00±5.66c 136.00±15.56c 1527.50±48.79b 992.50±43.13b 5.10±0.04b 

CV (%) 1.55 1.71 4.03 3.75 5.13 1.49 

LSD 30.92 28.51 13.43 177.57 157.88 0.20 

 

Variety PV (cP) TV (cP) BV (cP) FV (cP) SBV (cP) Pt (mins) 

Melkassa-1Q 956.00±12.01a 774.83±2.79a 181.17±2.81a 2297.00±4.17a 1522.17±3.39a 5.28±0.04a 

Melkassa-6Q 598.17±10.44b 519.83±2.71b 78.33±1.43b 1391.67±1.77b 871.83±2.24b 5.15±0.03b 

CV (%) 1.55 1.71 4.03 3.75 5.13 1.49 

LSD 17.85 16.46 7.75 102.52 91.16 0.12 

Data: mean ± SD, means with the same letter in the column are not significantly different (p>0.05), PV=Peak Viscosity, TV=Trough Viscosity, 
BV=Breakdown Viscosity, FV=Final Viscosity, SBV=Setback Viscosity, Pt=Pasting time, and centipoise (cP). 
Melkassa-1Q (B1=100% QPM, B2= 70% QPM + 30% Teff, B3= 60% QPM + 40% Teff) 
Melkassa-6Q (B4=100% QPM, B5= 70% QPM + 30% Teff, B6= 60% QPM + 40% Teff) 

 

Figure 1. B1 (100% Melkassa-1Q) pasting curve. 
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Figure 2. B2 (70% Melkassa-1Q + 30% Teff) pasting curve, 

 

Figure 3. B3 (60% Melkassa-1Q + 40% Teff) pasting curve. 

 

Figure 4. B4 (100% Melkassa-6Q) pasting curve. 
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Figure 5. B5 (70% Melkassa-6Q + 30% Teff) pasting curve. 

 

Figure 6. B6 (60% Melkassa-6Q + 40% Teff) pasting curve. 

 

Figure 7. Teff pasting curve. 

Final viscosity results ranged from 1232.00 to 2358.50 cP, 
and significant differences (p>0.05) were not found between 
100:0, 70:30, and 60:40% (Melkassa-1Q: teff) flour samples. 

Similarly, significant differences (p>0.05) were not observed 
between 70:30 and 60:40 (Melkassa-6Q: teff) flour samples. 
The final viscosity gives an idea of the ability of a material to 
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gel after cooking [17]. The difference between final viscosity 
and trough viscosity give rise to a pasting property known as 
setback viscosity. It is the phase of pasting curve after 
cooling the starches to 50°C [9]. Setback viscosity values 
varied from 740.50 to 1556.50 cP. Statistically, significant 
differences (p>0.05) were not found between the composite 
flour samples of 70:30 and 60:40% (Melkassa-1Q: teff), and 
Melkassa-1Q (100%) flour. The lowest setback viscosity 
value was recorded for Melkassa-6Q (100%) flour. 

Peak time indicates the time at which the peak viscosity 
occurred in the pasting profile [9, 34]. The pasting time of the 
flour samples varied from 5.04 to 5.70 mins, and the highest 
value was recorded for Melkassa-6Q (100%) flour. The rest 
of the flour samples did not have statistically, significant 
difference (p>0.05). 

4. Conclusions 

Quality protein maize and teff are important food crops in 
Ethiopia. Mixed flour from both crops are used to prepared 
injera, dabo, kitta, anebabero and porridge. Blending 
different flours in an appropriate ratio improves nutritional 
and product qualities. The current study showed that 
blending ratio and varieties had significant effect (p<0.05) on 
the pasting properties of QPM-teff composite flours. Higher 
values of peak viscosity (844.50 cP), trough viscosity 
(749.50 cP), breakdown viscosity (95.00 cP), final viscosity 
(2204.50 cP), and setback viscosity (1455.00 cP) were also 
recorded for Melkassa-1Q variety compared to Melkassa-6Q. 
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