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Abstract Quinoa is recently gaining more interest from many countries as a nutritious 

substitute and food addition. Proximate chemical analysis of quinoa flour (QF) was 

estimated. Additionally, the rheological properties of balady bread dough fortified with 

QF were evaluated. It was found that QF was an ideal source of minerals especially 

potassium (808.7 mg/100 g) and essential amino acids compared with wheat flour. 

Moreover, the protein content of bread substituted with QF increased by increasing QF 

content. Also, the sensory properties of bread were acceptable. There was no noticeable 

difference (P≤ 0.05) between bread fortified with 10% and control sample. The gluten 

levels went down by raising the levels of QF from 10 to 40% whilst; the protein content 

increased from 10 to 40% by rising QF replacement levels. The obtained date suggested 

that QF could be utilized as fortifying source of protein and nutrients especially, in  

bakery products. 
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Introduction 

Quinoa (Chenopodium quinoa Willd.) is a pseudo 

cereal which had been cultivated in South America as an 

essential food item for thousands of years. Recently, quinoa 

attracted attention of the world, because of its great flexi-

bility of different cultivation conditions and its multiple 

uses, also the high nutritional values (ABDERRAHIM & 

al, [1]; JAMES [2]; WANG & ZHU [3]). 

Many countries now having more production of 

quinoa seed with a great technological and commercial 

interest for human. It has good nutritional alternatives for 

animals as well as in pharmaceuticals (REPO-CARRASCO 

& al, [4]; BHARGAVA & al, [5]; GELY & SANTALLA, 

[6]). 

Quinoa has high protein content and excellent 

essential amino acid profile, because of a wider amino acid 

spectrum than that of cereal and legumes, with higher 

lysine and methionine contents. As quinoa seeds have 

high quality proteins and higher levels of energy, calcium, 

phosphorus, magnesium, iron, fiber, and B-vitamins than 

barley, oats, rice, corn or wheat (DINI & al, [7]; COMAI 

& al, [8]). 

In comparison of most cereals, quinoa seeds have  

a higher nutritional value (MATIACEVICH & al, [9]). 

The protein content of quinoa seeds varies from 8% to 

22%, which is higher than that in common cereals but it 

contains less than 50% of the protein content found in most 

legumes. Most of Quinoa protein is located in the embryo. 

Moreover, quinoa is an ideal source with albumins and 

globulins are the major protein content (44-77% of total 

protein), while prolamins are (0.5-7.0%), which is greater 

than that of prolamins (0.5-7.0%). Quinoa is considered  

to be a gluten-free grain because it contains very little or  

no prolamin. It provides a nutritional, economical, easy-

to-prepare, flavorful food source which is of particular 

relevance for people with gluten intolerance, such as those 

with celiac disease (FAIRWEATHER-TAIT & al, [10]). 

The seeds are used to make different food products 

including bread, biscuits, cookies, crepes, muffins,  

pancakes, and tortillas. More recently attention, has been 

given to quinoa for people suffering celiac disease (allergy 

to gluten), as an alternative to wheat, rye and barley, which 

all contain gluten (JACOBSEN [11]; JACOBSEN [12]). 

Quinoa flour (QF) can be mixed with maize or 

wheat flour. Several levels of QF substitution have been 

reported, for instance, in bread (10-13% QF), noodles 

and pasta (30-40% QF), and sweet biscuits (60% QF) 

(FAIRWEATHER-TAIT & al, [10]; BHARGAVA &  

al, [5]). 

Balady bread as a main food provides about 78% 

calories and 60% protein of the total intake. In addition, 

among the poor classes about 90% of the total calories are 

derived from bread and cereals (CAPMS, [13]). Also, in 

Egypt bread is the major food which consumed by people 

in all socioeconomic levels, it resembles nearly two third  

of the protein available and about 70% of calories 

(IBRAHIM & al, [14]). 

The objective of this study is to evaluate the 

nutritional value of quinoa seeds which are being grown  

in Egypt. Moreover, to evaluate the sensory properties of 

balady bread prepared using different levels of quinoa 

flour as an alternative of wheat flour (WF). Additionally, 

the characteristics of the fortified dough were evaluated  

by rheological tests. 

 

Materials and Methods 

1. Materials and reagents 
Quinoa seeds were taken from Desert Research 

Center in Cairo, Egypt in 2015 season at the recommended 

conditions of time of culture, fertilization, harvesting time 

and irrigation. WF (82% extraction) was taken from the 

North Cairo Flour Mills Company, Egypt. All chemical 

used in this investigation were obtained from Gomhoria 

company for chemicals, Egypt. 
 

2. Methods 

2.1. Preparation of QF 

Quinoa seeds were washed many times by cold 

water to eliminate saponins until disappearing of foam in 

the washing water, and then dried at 50°C. The quinoa 

seeds were ground to fine powder in stainless steel electric 

grinder using a Laboratorial disc mill into flour to get  

QF which can go through a 60-80 mesh screen (ABOU-

ZAID & al, [15]). 

2.1.1. Chemical composition of samples 

Moisture, crude protein (N x 6.25), fat content, ash 

and crude fibers of samples were determined according to 

the method described in ASSOCIATION OF OFFICIAL 

ANALYTICAL CHEMISTRY, [16]. Total carbohydrates 

were calculated by differences. 

2.1.2. Minerals content 

Calcium (Ca), magnesium (Mg), iron (Fe), copper 

(Cu), zink (Zn) and manganese (Mn) of quinoa flour and 

balady bread were calculated by the method stated by 

PEARSON [17] using atomic absorption spectrophoto-

meter (Perkin Elmer Model 4100 ZL), while sodium  

(Na) and potassium (K) were determined using flame 

photometer. As for phosphorus (P) we determine it by 

ascorbic acid technique using the colorimetric method 

(MURPHY & RILEY, [18]). 

2.1.3. Amino acids content of QF and WF 

The amino acids contents were determined using 

Beackman amino acid analyzer according to the method  

of SADASIVAM & MANICKAM, [19]. Tryptophan cont-

ent has been determined colorimetrically after going through 

to alkaline hydrolysis as outlined by MILLER, [20]. 
 

2.2. Preparation of flour blends 

WF was blended well with the QF and gum Arabic as 

enhancer for gluten network at different replacement levels. 

Whilst, the control sample was prepared without gum 

Arabic as seen in Table 1. 
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Table 1. Flour blends used in balady bread making 

Sample blends 

number 

WF QF Gum Arabic 

1 

2 

3 

4 

5 

100 

89 

79 

69 

59 

- 

10 

20 

30 

40 

- 

1 

1 

1 

1 

 

 

2.2.1. Rheological and extensograph properties 

The rheological properties of dough blends were 

analyzed by using farinograph and extensograph accor-

ding to AMERICAN ASSOCIATION OF CEREAL 

CHEMISTRY, [21]. 

2.2.2. Preparation of balady bread 

Balady bread was made using the method stated in 

EL-FARRA & al, [22]. Balady bread blends were 

developed by replacing a part of WF with different levels 

(10, 20, 30 and 40%) of QF and 1% gum Arabic. 

2.2.3. Organoleptic properties of balady bread 

The sensory evaluation was done by 24 panelists 

according to EL-FARRA & al, [22] with slight modi-

fications. The judges were told to give a score from 0 to  

10 for color, taste, odor and texture for prepared samples. 

The overall acceptability was estimated depending on all 

parameters values. 

2.2.4. Gluten content of the dough 

Gluten was obtained from the dough using gluten 

washing apparatus using AMERICAN ASSOCIATION 

OF CEREAL CHEMISTRY, [21].

3. Statistical analysis 

Most of that received data were analyzed statisti-

cally using the analysis of variances and the means which 

were tested using the least significant difference test 

(LSD) as outlined by STEELL & TORRIE, [23]. 

 

Results and Discussions 

1. Proximate chemical composition of quinoa  

and WF 
The obtained results in Figure 1 indicate that, QF had 

significantly higher contents of crude protein, fat content, 

ash and crude fiber (13.49%, 4.62%, 7.81% and 2.43% 

respectively) in comparison of WF. The results were in the 

same trend of those obtained by JANCUROVÁ & al, [24] 

who stated that QF contains high amount of crude protein, 

fat content, ash and all dietary fiber in comparison to WF. 

Whilst, WF contains higher amount of total carbohydrate 

84.79% than QF which has 71.65%. The obtained results 

were in the agreement with those reported by BLASCO 

LAMENCA, [25]; HAREEDYLOBNA & al, [26]. 

 

 

 

Figure 1. Chemical composition of QF and WF. Each value was an average of three determinations. 

Values followed by the same letter in column are not significantly different at p < 0.05. 
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2. Minerals content 
Minerals and elements are essential for human 

nutrition, some are important as a component in producing 

hemoglobin in blood. Magnesium and manganese are for 

activation of enzymes and stimulating insulin a. Calcium 

and phosphorus are crucial for bones and some of those are 

very important for supporting vitamins action. Potassium  

is very important for cardiovascular function and zinc helps 

control blood sugar levels (NATIONAL ACADEMY OF 

SCIENCES, [27]). 

Results of minerals composition of QF and WF are 

reported in Table 2, the data showed that QF contained 

higher values in all mentioned elements except of  

Mn which was higher in WF. Also, QF is very rich in  

K (881 mg/100 g). The Fe content of QF is higher eight 

times than that of WF. The Fe is important for children  

to avoid anemia especially in developing countries. The 

results indicated that QF was a great source of minerals. 

The results were in the same trend of those reported by 

Hareedylobna & al, [26]; Bhargava & al, [5]. 

 
 

Table 2. Minerals content of QF and WF (mg/100 g). 

 

Samples 
Minerals (mg/100 g) 

P K Na Ca Mg Fe Mn Cu Zn 

QF 414 881 85.7 130.4 198.6 13.2 0.26 1.86 0.95 

WF 141.8 130.2 33.2 36.2 130.6b 1.56 0.90 0.37 0.77 

 

 

3. Amino acids composition 
The essential and non-essential amino acids profile 

for quinoa and WF are cleared in Tables 3. The results 

revealed that the essential amino acids of QF were 4.20%, 

1.95%, 4.80%, 3.20% and 1.14% for valine, methionine, 

lysine, threonine and tryptophan, respectively. These 

values were higher than those of WF. Results in this 

respect were recorded by GESINSKI & NOWAK, [28].  

On the other hand, QF contained higher amount of non-

essential amino acids except of proline which was higher in 

WF. Also, from the same Table; found that amino acids 

content of QF were higher than those of WF. These results 

are matches with those obtained by HAREEDYLOBNA 

& al, [26]; JAMES, [2] who indicated that, histidine 

content of quinoa proteins was higher than barley, soy,  

or wheat proteins. 

 

 

Table 3. Amino acids composition of QF and WF protein (g/100 g protein) 

Essential amino acids QF 

(%) 

WF  

(%) 

Non-essential amino acids QF 

(%) 

WF 

(%)  

Valine 4.20 3.90 Arginine 8.1 4.1 

Methionine 1.95 1.35 Aspartic 7.42 4.38 

Isoleucine 3.20 3.60 Serine 5.0 4.38 

Leucine 5.0 6.0 Glutamic 11.9 11.87 

Tyrosine 2.6 2.94 Proline 4.1 9.31 

Phenylalanine 3.20 4.50 Glycine 4.9 4.50 

Lysine 4.80 2.1 Alanine 3.90 3.10 

Cystine 1.73 2.78 ND ND ND 

Hisitidine 3.5 2.10 ND ND ND 

Therionine 3.2 2.3 ND ND ND 

Tryptophan 1.14 1.13 ND ND ND 

Total essential amino 

acids 

34.66 32.7 Total non-essential amino 

acids 

45.32 41.64 

Tryptophan was determined colorimetrically                                 ND: Not detected 

 

 

4. Rheological and Extensograph properties of 

different flour blends 

4.1. Farinograph properties 

The Farinogram recognized the flour behavior during 

the bread making process. It shows the elasticity and 

plasticity of dough while undergoing continuous mixing at 

constant temperature (STIKIC & al, [29]). The results in 

Figure 2 show the replacement impact of WF by various 

levels of 10, 20, 30 and 40% of QF with a stable amount 

from gum Arabic on Farinograph parameters. The obtained 

data proved that, water absorption percentage increases 

from 66.80% for the control sample (100% WF) to 67.60, 

68.10, 69.30 and 70.0% at 10, 20, 30 and 40% replacement, 
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respectively. Arrival time and dough development time 

are stable at all ratios of replacement but they are higher 

than control. Results are matching with CHAUHAN & al, 

[30]. Dough stability is dependent on the quantity and 

quality of dough gluten. The stability went down (4.0, 4.5, 

4.0 and 3.5 min for 10, 20, 30 and 40% respectively) 

compared to control (5.0 min). Results match with STIKIC 

& al, [29]; WAFAA & SHAMS, [31] who reported that,  

the addition of QF did not change rheological properties  

of the dough and addition of 20% QF had an acceptable 

effect on the rheological characteristic of dough. Weake-

ning value (BU) was increased as a result of adding of  

QF compared with control. This might be because of the 

higher fiber content of quinoa. 

 
 

    
 

 

Figure 2. Effect of QF and gum Arabic partial replacement of WF on farinograph parameters: 

(A) arrival time, developing time and stability time. (B) water absorption. (C) stability time. 

 

 
4.2. Extensograph properties 

Extensograph gives information about dough’s 

viscoelastic behavior. This equipment studies extensibility 

and extension resistance of the dough. A combination of 

good extensibility and good resistance results is required  

to dough property (WALKER & HAZELTON, [32]). Data 

in Figure 3 showed the influence of QF at replacement 

levels 10, 20, 30 and 40% to WF on extensograph para-

meters. The amount of gluten in dough affects on the 

resistance of extension (elasticity). The elasticity decrea-

sed significantly with the percentage increase of added QF. 

The resistance to extension (elasticity) of blends decrea-

sed from 500 B.U. in control sample to 460, 320, 270 and 

250 B.U. at replacement levels of QF 10, 20, 30 and 40%, 

respectively. In contrast, due to gluten lake in QF (as 

gluten free) the elasticity decreased with an increase in QF. 

The extensibility of blends decreased from control to 

40% of QF. No significant differences in the control 

(wheat dough), 10 and 20% QF dough (120, 115 and  

115 respectively) were observed, which gave higher 

extensibility values than other blends of QF, whereas the 

blends containing 30 and 40% QF showed the lowest 
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values of the extensibility (110 and 105 mm), respec-

tively. The obtained results agreed with earlier study of 

ENRIQUEZ & al, [33] who stated that addition of QF  

at ratio 5, 10, and 15% to WF reduced the extensibility 

significantly. They also observed a significant reduction in 

the extensibility due to the lack of gluten-like protein  

in QF. Proportional number of blends decreased from 

control (4.16) to (2.38) 40% of QF. In the same way, 

energy of blends decreased from control (68.0) to (36.0) 

40% QF. 

 

 

  

 

  

Figure 3. Effect of QF and gum Arabic addition as partial substitute to WF on the extensograph parameters:  

(A) resistance to extension. (B) extensibility. (C) Energy. (D) proportional number. 

 

 
 

5. Sensory evaluation of balady bread 
Figure 4 shows organoleptic characteristics of 

balady bread with different blends of WF, QF and gum 

Arabic at different levels (10, 20, 30 and 40%) which 

states that balady bread produced from WF and blends  

of QF and gum Arabic at levels (10 and 20%) had good 

values for (color, taste, odor, texture and overall accep-

tability). These results are matches with STIKIC & al, 

[29] who stated that sensory characteristic of breads (10, 15 

and 20% QF) were acceptable even at 20% level, which 

was the highest level tested and also studied new form  

of quinoa presentation such as bread supplemented with 

quinoa can lead to development of a range of new baking 

products with enhanced nutritive value. Also results show 

that, balady bread prepared from blends 30 and 40% of 

QF causes a decrease in the previous parameters com-

pared to control as they show that QF can be involved  

in producing balady bread which match with the reports  

by LORENZ & COULTER, [34] who evaluated the 

performance of QF / WF blends (5 / 95, 10 / 90, 20 / 80 

and 30 / 70%) in breads, cakes and cookies. Bread baked 

with 5% and 10% of QF was of good quality. Loaf volume 

is less, crumb become more open and texture slightly 

harsh when we use more of QF. A better after taste was 

noticed at the 30% level. 
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Figure 4. Hedonic sensory evaluation fortified Balady bread with QF at different levels. 
 
 

6. Gluten and protein content of balady bread 
In Figure 5 gluten and protein contents of balady 

bread which contains QF which show that gluten content 

went down when we increase the substitution levels of  

QF from 10 to 40%. Therefore, quinoa contains very 

little to no prolamin, and is known to be a gluten-free 

grain and also, the protein content increased gradually 

with an improvement in the amount of the replacement 

levels for QF which matches with findings by STIKIC 

& al, [29]. 

 

 

 

Figure 5. Influence of QF addition on gluten and protein contents of balady bread. 

 

 
 

7. Minerals content of balady bread processed 

with QF 

Table 4 shows that adding QF increased all mine-

rals compared to control. Minerals content of balady 

bread increased by increasing replacement ratio, as a 

result addition of QF to WF ensures obtaining a satisfied 

balady bread rich in some important minerals such as 

phosphorus and potassium which somewhat in agreement 

with those reported by STIKIC & al, [29]. 
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Table 4. Influence of QF addition on minerals content of balady bread 

 

Samples 

Minerals (mg/L) 

Fe Mn Na Ca K Mg Zn P 

Control 2.12 0.42 75.02 11.00 64.5 29.00 1.79 46.08 

10 % 2.69 0.56 77.75 11.70 64.78 30.45 2.41 48.03 

20 % 2.95 0.71 79.0 12.48 68.35 32.63 3.07 50.14 

30 % 3.10 0.78 81.96 14.98 72.85 33.05 3.85 52.34 

40 % 3.25 0.81 83.75 16.87 74.55 33.95 4.06 53.77 

 

 

Conclusion 

As shown in this research, the fortification of baked 

products like balady bread with QF by adding it to WF 

resulted in increased protein, ash, crude fiber and overall 

nutrients contents compared to WF alone. Higher protein 

content is because of most of essential amino acids of  

QF clearly were higher than that of WF and as was shown 

that protein content of balady bread fortified with QF 

increased by increasing the replacement levels from 10  

to 40%. In addition, an increasement in trace minerals 

content by increasing of QF percentage was observed. 

Additionally, more favorable results found that the gluten 

content decreased by rising the replacement levels of QF 

from 10 to 40% which is considered as healthier. On the 

other hand, the farinograph and extensograph parameters  

of dough improved which has favorable industrial 

applications. Furthermore, an improvement in taste, 

odor, color and texture were noticed which can have a 

satisfying commercial impact. Finally, it is concluded that 

QF is a better option as an addition to baked products 

from all perspectives. 
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