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Abstract Given the importance of functional food ingredients for healthy food choices, the 

challenge for food manufacturers is to find suitable and -convenient functional ingredients 

for the nutritional improvement of bakery products. 

In this study, the partially defatted flaxseed, by-product from oil extraction  by cold 

pressing and the alfalfa concentrate, a by-product obtained resulting from  dietary supplement 

“Alfalfa Complex” processing were used as functional ingredients for the enrichment of 

wheat flour with bioactive carbohydrates (dietary fibers), bioactive proteins, unsaturated fatty 

acids and minerals. The analysis of the mixtures of wheat flour enriched with different levels 

of partially defatted flax seeds and alfalfa concentrate has been done in order to demonstrate 

their functionality in bakery products based especially on wheat flour. 

The objective of the present work was to investigate the physicochemical and 

technological properties of the samples of breads enriched with different levels of partially 

defatted flax seeds and alfalfa concentrate (5% alfalfa concentrate, 10% partially defatted 

flax seeds and 7% partially defatted flax seeds with 3% alfalfa concentrate). 
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Introduction 

The big challenges of the world, increasing the 

number of people over 9 billion by 2050 and the limited 

resources lead to the need of sustainable production while 

assuring the nutritional security 

The bakery products are the basic, most important 

food for people, for this reason, nowadays, the nutritional 

values of these products could be enriched using different 

bioactive compounds  such as vitamins, enzymes, minerals, 

fiber, antioxidants, phytochemicals and so on. (L. APOSTOL 

et al [2], KIANOUSH KHOSRAVI-DARANI et al [14]; 

PÎRVULESCU P. et al [16]). 

Flaxseed is the seed of the flax plant (Linum 

usitatissimum L.) (YALÇIN COŞKUNER et al [20]). The 

production of flaxseed, all over the world, grew rapidly, 

over the past years. The request for flaxseed refers to oil 

content, with multiple destinations, including, edible oil 

with human health benefits. The increasing demand for the 

flaxseed oil leads to increased oil yield and the quantity of by 

products ramained after oil processing. (ALAA EL-DIN A. 

[1]; BEKHIT & al [3]). The extraction consists in cold 

pressing the flaxseed and oil extraction. After removing 

oil, an important quantity of protein and fibres rich 

defatted flaxseed remains which usually is used in feeding 

animals and fertilize the ground. 

Different authors showed that the composition of the 

flaxseed is consisting in: 30-41% fat, 20-35% dietary fiber, 

20-30% proteins, 3-4% ash, and 1% sugars, depending on 

the external variations from the flaxseed growth location 

(CARTER [4]; DAUN et al, 2003 [5]). Therefore, in 2013, 

Bekhit et al [3], have highlighted the potential of impro-

vement of nutritional and functional properties of food 

products using flaxseed. 

Alfalfa (Medicago sativa L.) is primarily used in 

animal feed, however in recent years it started to be used 

more often for food, as it is a rich source of easily assimi-

lated minerals (calcium, phosphorus, iron, magnesium, 

potassium, zinc, copper, selenium, manganese), vitamins 

(C, K, D, E, U, provitamin A, B1, B2, B6, B12, folic 

acid/B9, biotin, niacin) and eight essential amino acids 

(alanine, lysine, arginine, histidine, cysteine, proline, 

methionine, tyrosine) (E. GAWEŁ et al, 2017 [10]; 

GAWEL and GRZELAK, 2014 [11]; DAY, 2013 [7]; 

DAVYS et al, 2011 [6];). 

Regarding the alfalfa concentrate, it is another 

valuable by-product obtained during dietary supplement 

“Alfalfa complex” processing, by Hofigal Export-Import 

SA (Bucharest, Romania). 

The aim of the present study is to mix the partially 

defatted flaxseed, by-product from obtained by cold 

pressing extraction oil, by Hofigal Export-Import SA 

(Bucharest, Romania), with an alfalfa concentrate, in 

different proportions, and add them to wheat flour in order 

to study the improvement of the nutritional and functional 

values of resulting bread. 
 

Materials and Methods 

1. Materials 
The materials used in the experiments are: partially 

defatted flaxseed flour, a by-product obtained during 

processing the flaxseed oil extraction, alfalfa concentrate 

flour, a by-product resulted from the processing of the 

dietary supplement “Alfalfa Complex”, whole wheat flour 

provided by Hofigal Export – Import SA (Bucharest, 

Romania) (Fig. 1) and Pakmaya Yeast. 
 

2. Preparation of wheat flour enriched in bioactive 

compounds types  
Three samples of mixtures from wheat flour, with 

different proportions of partially defatted flaxseed flour  

and alfalfa concentrate were obtained. The types of flour 

mixtures used in this study are presented in Table 1. 
 

 

 

Figure 1. Whole wheat flour, alfalfa concentrate flour and defatted flaxseed flour. 
 
 

Table 1. Types of flours obtained by addition of partially defatted flaxseed and alfalfa flour 

M 100% whole wheat flour 

1 90% whole wheat flour +10% partially defatted flaxseed 

II 95% whole wheat flour +5% alfalfa concentrate 

III 90% whole wheat flour +7% partially defatted flaxseed+3% alfalfa concentrate 
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3. Chemical analysis 
Moisture content was determined at 103°C (±2°C)  

(2 g test samples) until constant weight was attained (SR 

90:2007). The ash content was determined by sample 

incineration at 525 ± 25°C (SR 90:2007). Total fat content 

was determined by extracting 5 g of sample with petroleum 

ether at 40-65°C, using a semi-automatic Soxhlet Foss 

Extraction System 2055 (Foss, Sweden). Total nitrogen (N) 

and crude protein content (Nx6.25, conversion factor) was 

determined by the Kjeldahl Method (KjelMaster K-375, 

Buchi, Germany). The total carbohydrate content was 

calculated by difference: 100 - (ash content + protein 

content + fat content + moisture content). The crude fiber 

content of the samples was determined using a Fibretherm-

Gerhardt apparatus. Crude fibers include cellulose, hemi-

celluloses, and lignin. All experiments were performed  

in triplicate.  

 

4. Mineral content analysis 
Mineral content was determined using an atomic 

absorption spectrophotometer (ContrAA 700; Analitykjena). 
Total ash was determined by incineration at 550°C, in an 
oven. Analysis was performed using an external standard 
(Merck, multi element standard solution) and calibration 
curves for all minerals were obtained using 6 different 
concentrations. Dried samples were digested in a mixture 
of concentrated HCl. 

 

5. Amino acid content analysis 
For the analysis of amino acid content, samples were 

hydrolyzed at 100-120°C in 6N hydrochloric acid for  
22-24 hours under vaccuum.  

After evaporation to dryness of hydrochloric acid,  
the dried residue was diluted using 4 mM stock solution  
of Norleucine. 

The chemical score of alfalfa concentrate flour was 
calculated according to FAO/WHO (1985) as follows: 

 

Chemical Score  =   
𝒎𝒈⁄𝒈 𝒐𝒇 𝒆𝒔𝒔𝒆𝒏𝒕𝒊𝒂𝒍 𝒂𝒎𝒊𝒏𝒐 𝒂𝒄𝒊𝒅 𝒊𝒏 𝒕𝒆𝒔𝒕 𝒑𝒓𝒐𝒕𝒆𝒊𝒏

    𝒎𝒈⁄𝒈 𝒐𝒇 𝒆𝒔𝒔𝒆𝒏𝒕𝒊𝒂𝒍 𝒂𝒎𝒊𝒏𝒐 𝒂𝒄𝒊𝒅 𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆 𝒑𝒓𝒐𝒕𝒆𝒊𝒏
  x  100 

 

 

6. Bread quality 
6.1. Specific volume measurement 

To determine the bread specific volume, each loaf 

was weighed and its volume was determined by the 

rapeseed displacement method (SR 91:2007 [18]). Data 

were reported as the mean of three measurements of fresh-

made loaf bread. It is expressed in g/cm3. 

6.2. Porosity measurement content consists in deter-

mining the total hole’s volume of a known volume of core 

bread, knowing its mass and density. It is expressed in %. 

6.3. Elasticity content measurement consists in 

pressing a standardized piece of crumb bread, determined 

by measuring it at a given time and return to its original 

shape after removing the pressing force. Crumb elasticity is 

expressed in percent meaning the ratio between the height 

expressed in% by pressing and return, and the initial height 

of the cylinder crumb bread. 

6.4. Determination of organoleptic characteristics 

It was determined the “Bread score” based on the 

quantification of a set of organoleptic characteristics, 

reported to a standard volume of 400 cm3/100g and 85% 

porosity, method validated by IBA Bucharest. 

Samples of bread were subjected to analyzes by the 

“Score Bread” method two hours after processing and cooling. 
 

 

Table 2. Organoleptic characteristics and theirs scores for calculating the bread marks 

Indicator Scores 

Volume 24 

Marginal crack height 7 

Crust color 7 

Crumb appearance 10 

Porosity 20 

Elasticity 20 

Aroma 12 

Total 100 
 

 

6.5. Moisture content measurement 

Moisture content of the bread crumb was determined at 

103°C (±2°C) until constant weight for each measurement. 

Approximately 5 g of crumb were taken from central slices 

of the loaf. Data are reported as the mean of three 

measurements, each one performed on a freshmade loaf. 

6.6. Acidity content measurement consists of 

aqueous extract of bread titration with 0.1 N NaOH 

solutions in the presence of phenolphthalein, as indicator. 

The acidity was expressed in degree of acidity. 

 

7. Statistical Analysis 

All analyses were performed in triplicate and the 

mean values with the standard deviations were reported. 

Microsoft Excel 2003 Program was used for statistical 

analysis of the data with a level of significance set at 

95%. Analysis of variance (ANOVA) followed by Tukey’s 

test was used to assess statistical differences between 

samples.  
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Results and Discussion 

1. Chemical analysis of the wheat flour and 
partially defatted flexseed mixture 

Partially defatted flaxseed flour enriched with alfalfa 
concentrate, for the obtaining of a value-added wheat flour 
is an interesting source of enrich the nutritional compo-
sition of bread, compared with those obtained from the 

simple wheat flour. In addition, flaxseed is a rich source of 
oil: 38-45% (Daun et al [5]), of α-linolenic acid, lignans  
and phenolic compounds, providing beneficial effects on 
human’s health. (Hall et al [12]) 

The chemical composition of wheat flour and mixtures 

wheat flour with partially defatted flaxseed flour and alfalfa 

concentrate flour are shown in Table 3. The ratios of the 

different flours incorporated in, are shown in Table 1. 

 

Table 3. Chemical composition of wheat flour and mixtures wheat flour with partially  

defatted flaxseed and alfalfa concentrate flours 

Sample 
g/100 g, based on dry weight 

Total proteins  Ash Total lipids Crude fibers Total carbohydrates 

M 11.60 ± 0.11 0.95 ± 0.08 1.16 ± 0.11 2.48 ± 0.11 86.29 ± 0.16 

I 13.92 ± 0.16 1.46 ± 0.09 2.81 ± 0.14 3.32 ± 0.16 81.81 ± 0.11 

II 12.07 ± 0.13 1.47 ± 0.09 1.18 ± 0.11 3.19 ± 0.14 85.28 ± 0.15 

III 13.50 ± 0.15 1.62 ± 0.10 2.32 ± 0.12 3.50± 0.18 82.55 ± 0.12 

* Results given as: M ± SD (mean ± standard deviation) of triplicate trials. 
 

 

As the data from the previous table shows, the 
enrichment of wheat flour with partially defatted flaxseed 
flour and alfalfa concentrate enhances the nutritional values 
of bakery products, especially in crude fibers. Therefore, 
all three mixtures of flours contain more than 3 grams of 
crude fibers per 100 g total. 

In this study, the content of some minerals were 

analysed: calcium (Ca), magnesium (Mg), sodium (Na), 

potassium (K), iron (Fe) and manganese (Mn), as well as 

an additional two essential traces of  zinc (Zn) and copper 

(Cu) (Table 4). 

 

 

Table 4. Mineral content of wheat flour and mixtures wheat flour with partially  

defatted flaxseed flour and alfalfa concentrate flour 

Sample 
Constitutes (mg/100g): 

Ca Mg Na K Fe Mn Zn Cu 

M 41.50±0.65 87.20±0.70 19.50±1.35 305.30±1.07 4,78±0.41 2.52±0.45 2.10±0.52 0.45±0.09 

I 45.78±0.68 99.68±0.78 26.85±1.70 335,27±1.11 13,73±0.61 2.66±0.48 2.41±0.54 0.95±0.14 

II 145.43±0.79 122.69±0.80 18.95±1.15 405,54±1.54 5,38±0.47 2.59±0.45 2.13±0.53 0.43±0.08 

III 106.85±0.90 117.23±0.90 24.32±1.55 386.42±1.18 11.40±0.56 2.66±0.48 2.34±0.48 0.78±0.11 
 

 

Thereby, samples I and III fit into the category of iron 
source raw materials. (The recommended daily iron dose 
according to Regulation 1924/2006[17], FDA, 2011[9] is 
18 mg/100 g product). The calcium content of samples II 
and III increased more than the double from 41.2 mg/100 g 
to 145.43 mg/100 g, respectively 106.85 mg and the 

magnesium content increased considerably, compared to 
flour of wheat. 

Figure 2 presents the influence of the addition of 
partially defatted flaxseed flour and alfalfa concentrate on 
wheat flour mineral content in regards to iron, potassium, 
magnesium and calcium. 

 

 

 

Figure 2. the influence of the addition of partially defatted flaxseed flour 

 and alfalfa concentrate on wheat flour mineral content. 
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The calcium, magnesium and potassium content of  

the partially defatted flaxseed flour is lower than that  

of the alfalfa concentrate and  the sample consisting of the 

mixture of these 2 ingredients has not a high mineral 

content. However, the mineral content increases considerably 

in the three variants of flour mixtures by addition of these 

ingredients. 

The contents of the essential amino acids of the 

experimental variants studied are presented in Table 5 

below. 
 

 

Table 5. The essential amino acids content of the experimental variants studied  

Sample 
Lysine Isoleucine Leucine Phenylalanine Histidine Valine Threonine Methionine 

mg/100 g 

M  2.58 3.16 6.71 4.65 2.42 4.48 2.75 1.67 

I  2.56 3.31 6.76 4.75 2.38 4.63 2.89 1.72 

II  2.62 3.16 6.69 4.62 2.37 4.47 2.79 1.67 

III  2.59 3.27 6.74 4.71 2.37 4.58 2.87 1.71 

 

 

In the case of sample I, consisting of a mixture  
of wheat flour with partially defatted flaxseed flour, the 
content of some essential amino acids such as isoleucine, 
leucine, phenylalanine, valine, threonine and methionine is 
higher than the content of  wheat flour. No improvements 
in the content of  lysine and histidine is seen. 

For the sample II consisting of 5% alfalfa flour  
and 95% whole wheat flour it could be seen that no 
improvements in aminoacids content. 

Sample III is more valuable in terms of the content of 

essential amino acids in comparison with  wheat flour. 

In case of amino acids deficiencies, produced by 

various diseases or by a protein-poor diet, needed for the 

synthesis of the body's proteins, essential and non-essential 

amino acids are needed in certain ratios.  

Table 6 shows the content of non-essential amino 

acids that can be synthesized by the human body. 

 

 

Table 6. The non-essential amino acid content of the experimental variants studied 

Sample 
Glutamic ac. Glycine Serine Proline Aspartic ac. Alanine Tyrosine Cysteine Arginine 

mg/100g 

M  26.25 4.26 4.67 10.52 3.35 3.37 1.61 2.36 4.34 

I  25.88 4.53 4.54 9.90 3.97 3.57 1.73 2.32 4.91 

II  25.31 4.26 4.61 10.23 3.47 3.44 1.64 2.27 4.32 

III  25.42 4.45 4.54 9.91 3.85 3.56 1.72 2.28 4.73 
 

 

Whitaker & Tannenbaum [20] have developed the 
chemical score procedure to evaluate the ability of a protein 
source to cover human amino acid needs. The procedure 
consists in calculating the percent oft each amino acid from 
tested protein egg protein beeing initially set as standard  
for evaluation of food proteins.  

Related to protein quality, a strong correlation was 

reported between chemical scores determined in this 

manner and values obtained through biological assays 

(Hegsted D.M. [13]).  

Below, in Table 7, the chemical scores of selected 

amino acids from sample I (90% wheat flour + 10% 

partially flaxseed flour) are presented compared to the 

standard protein (FAO/WHO/UNU, 1985) [8]. 

 

 

Table 7. Chemical scores of amino acids in the sample I  

Amino acids Sample I FAO Chemical scores 

Leucine 6.76 6.6 102.41 

Threonine 2.89 3.4 85.06 

Valine 4.63 3.5 132.31 

Phenylalanine 4.75 6.3 75.44 

Isoleucine 3.31 2.8 118.25 

Lysine 2.56 5.8 44.07 

Methionine 1.72 2.2 78.36 

Histidine 2.37 1.9 124.74 
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Data from table 7 indicates that protein from sample I 

is a rich source of valine with a chemical score of 132.31, 

histidine with 124.74, isoleucine with 118.25 and leucine 

with 102.41. There are also considerable scores for 

threonine (85.06) and methionine (78.36). However, it can 

be seen that lysine is the most limited amino acid (44.07). 

So,  the mixture consisting in 90% whole wheat flour +10% 

partially defatted flaxseed, is a rich source of valine, 

histidine and isoleucine, whereas phenylalanine and 

methionine have the lowest scores. 

Table 8 shows the chemical score of amino acids 

contained in protein from sample II (whole wheat flour  

and alfalfa concentrate). 

 
 

Table 8. Chemical scores of amino acids in the sample II 

Amino acids Sample II FAO 
Chemical 

scores 

Leucine 6.69 6.60 101.43 

Threonine 2.79 3.40 82.09 

Valine 4.47 3.50 127.64 

Phenylalanine 4.62 6.30 73.40 

Isoleucine 3.16 2.80 112.95 

Lysine 2.65 5.80 45.21 

Methionine 1.67 2.20 75.80 

Histidine 2.45 1.90 128.95 
 

 

Data in Table 8 indicates that the protein from sample II 

is a rich source of histidine with a chemical score of 

128.95, valine with 127.64, isoleucine with 112.95 and 

leucine with a score of 101.43. Lysine is the most limited 

amino acid, followed by methionine and phenylalanine. 

From the calculation of the chemical score of protein 

from sample III, consisting of the wheat flour mixture with 

both ingredients, it can be seen that the protein of this 

sample is an important source of valine with a score of 

130.81, followed by histidine, isoleucine and leucine.  

The sample is deficient in lysine (Table 9). 

 

2. Bread properties 
Table 10 presents the results of experimental bread 

samples analysis. 

The porosity values of the bread samples obtained 

from the three variants of mixtures are within limits of  

SR 878/1996 (minimum 66%) (Fig. 3). 
 

 

Table 9. Chemical scores of aminoacids in the sample III 

Amino acids Sample III FAO 
Chemical 

scores 

Leucine 6.74 6.60 102.05 

Threonine 2.87 3.40 84.53 

Valine 4.58 3.50 130.81 

Phenylalanine 4.71 6.30 74.71 

Isoleucine 3.27 2.80 116.69 

Lysine 2.59 5.80 44.63 

Methionine 1.71 2.20 77.56 

Histidine 2.37 1.90 124.55 
 

 

Table 10. Physicochemical results for the experimental bread samples 

Sample 

Mass 

(kg) 

 

Volume 

(cm3) 

 

Porosity 

(%) 

 

Elasticity 

(%) 

 

Humidity 

(%) 

 

Acidity 

(grades) 

 

M 0.512 299 78.44 95 44.11 1.2 

I (10% flaxseed) 0.518 245 71.6 92 43.59 1.6 

II (5% alfalfa ) 0.517 268 76.3 92 45.61 1.2 

III (7% flax + 3% alfalfa) 0.532 233 68.1 85 45.69 1.4 
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Figure 3. Bread samples 
 

 

The elasticity of bread samples I and II is also 

according standard  (minimum 92). 

The acidity of the bread samples, does not exceed  

1.6 degrees of acidity which is a value within the normal 

limits for wheat bread (max. 3.3%, SR 878-1996 [19]). 

According to Table 10 the three experimental bread 

samples obtained from wheat flour mixtures with the two 

functional ingredients are acceptable from the point of view 

of the physic-chemical indicators analyzed. 

The method of assessing organoleptic characteristics 

through “Bread score” is a method used on this study 

developed by IBA Bucharest. 

In the experiments carried out, the score were based 

on the quantification of a set of characteristics, compared 

to a standard volume of 400 cm3/100 g and 85% porosity. 

Table 11 shows the organoleptic characteristics for 

determining the bread score. 

 
 

Table 11. Scores obtained by the organoleptic evaluation of bread samples with the “Bread Score” 

Sample/ 

Score 
Volume 

Marginal 

crack height 

Crust 

color 

Crumb 

appearance 
Porosity Elasticity Aroma Total 

M 18 5 7 10 18 18 12 88 

I 15 4 5 7 15 15 10 71 

II 16 5 6 8 16 16 8 75 

III 14 4 5 6 14 14 7 64 

 

 

Based on the experimental results obtained by the 

“Bread Score”, it confirms the results obtained from the 

evaluation of the physic-chemical indicators of the bread 

samples. Thus, almost all bread samples obtained from 

wheat flour mixed with the two ingredients obtained an 

acceptable score from this evaluation, except the Sample III 

which has the lowest score, 64. 
 

Conclusion 

Alfalfa and flaxseed, as natural ingredients, due to 

well-balanced nutritional proteins, amino acids, lipids, 

vitamins, minerals and carbohydrates have been used as  

a dietary supplement. 

In this study the effect of adding these ingredients to 

the quality of the bread was studied. 

The chemical characterization performed in this study 

proved that the alfalfa concentrate and partially defatted 

flaxseed is a valuable source of nutritional components, 

mainly brute fiber content, amino-acids and minerals content. 

The experimental bread samples obtained from wheat 

flour mixtures with the two functional ingredients are 

acceptable from the point of view of the physic-chemical 

indicators analyzed. So it can be concluded that bread  

can be healthy and very attractive when it’s enriched with 

these two ingredients with a functional potential.  

Related to the addition of flaxseed and alfa alfa flours, 

there was used only 5% of alfa alfa flour instead of 10% of 

flaxseed flour, taking into account the previous experi-

ments that demonstrated negative effects on organoleptic 

characterisctics of bread at over 5% addition of alfa alfa. 

It also can be seen that the mixture between the two 

ingredients, alfa alfa and flaxseed flours, leads to a lower 

organoleptic quality than addition of separate ingredients in 

even higher amount. 
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