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Abstract   

Recently, the hemp seeds, a by-product of the manufacture of hemp fibers, became more and more 
interesting because of their composition. Cannabis sativa L., non-drug varieties and its seeds (hemp seeds), 
has an important functional potential, being a significant source of omega 3 and omega 6 (in an optimum 
ratio), fibers and amino acids (lysine, alanine, and arginine). Currently, hemp seeds have a niche market 
based particularly on functional food products and animal feed. 

In this study, partially defatted hemp seeds flour have been used for enrichment of wheat flour with 
functional ingredients, such as: bioactive carbohydrates (dietary fibers), bioactive proteins, unsaturated 
fatty acids and minerals. The analysis of the composition of partially defatted hemp seeds flour has been 
done in order to demonstrate their functionality in bakery products based especially on wheat flour. 

The objective of the present study was to investigate the physico-chemical and rheological properties of 
the samples of wheat flour enriched with different levels of defatted hemp seed (5%, 10%, 15% and 20%). 
Baking tests were performed in order to determine the optimal level of partially defatted hemp seeds flour 
to be added in bread. 
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1. Introduction   

At least two thousand years ago, in Asia, Europe, and Africa, Cannabis sativa has been 
an important source of textile fibers, medicine, dietary oil and food (Callaway[1]). In the 20th 
century, its cultivation has been prohibited in many countries, due to the presence of the 
phytochemical drug component delta-9-tetrahydrocannabinol (THC) (Oomah et al. [2]).  

Cannabis sativa L. non-drug varieties, with a low level of d-9-tetrahydrocannabinol 
(THC), are important agricultural commodities in Canada (Callaway [1], Oomah et al. [2]), 
USA (Alden, Proops, & Gay [3]) and China (Tang, Ten, Wang, & Yang [4]). The hemp fiber 
is widely used in the modern production of paper and fabrics in these countries. In the 
commercial utilization of hemp fiber, the seed becomes an interesting byproduct. So, hemp 
seed food products have become available to the consumers. In China the toasted hemp seeds 
are sold in the markets, although most seeds are exported (untoasted) as bird seeds. In the 
Eastern European countries, the hemp seeds oil has been used as a butter substitute, typically 
by those who could not afford dairy products. As a consequence, hemp seeds “butter” was 
developed as a delicacy in those regions (Callaway[1]). 

Hemp seeds contain 30% oil, 25% proteins, dietary fibers, vitamins and minerals. Hemp 
seeds oil is recognized as an important source of essential fatty acids and is used as an 
ingredient for light body creams, detergents and soaps. Recent clinical trials have identified 
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hempseeds oil as a functional food, and animal feeding studies demonstrate utility of 
hempseeds as an important food resource (Callaway [1]; Oomah et al. [2]). 

The hemp seeds oil contains very high amounts (90%) of unsaturated fatty acids that are 
essential to human health, and 10% saturated fatty acids (Callaway [5]). When is fresh, this 
oil is green because of the chlorophyll that is naturally found within the mature seed.  

Unsaturated fatty acids are necessary for human body to form membranes for nerve cells, 
in addition to serve as biochemical substrates for short-lived chemical messengers, such as 
prostaglandins, leukotrienes and eicosanoids (Horrobin, [6]). Because they cannot be 
manufactured by the human body, unsaturated fatty acids are considered essential to human 
nutrition, and must be consumed on a daily basis for optimal health. For nutritional purposes, 
it is important to know that the only fatty acids that are essential for human health are linoleic 
acid (LN), an omega-6 fatty acid, and alpha-linolenic acid (LNA), an omega-3 fatty acid and 
there must be a balance in the daily intake of these fatty acids (Callaway, [5]). The optimal 
ratio of LA to LNA is presently considered to be approximately 2:1, according to the 
nutritional studies (Simopoulus et al. [7]), and this ratio is similar to that of hemp seed oil. 

In his studies, Wirtschafter [8] concluded that hemp seeds protein is complete, meaning 
that all the essential amino acids are present in nutritionally significant amounts. 

The functional and bioactive properties of the proteins in hemp seeds are of high-quality 
and they are easily digested; they are rich in all essential amino acids and have exceptionally 
high levels of arginine and glutamic acid (Callaway[5]). Vitamins and minerals of biological 
importance are also found in hemp seeds, too. 

Because hemp seeds have a pleasant nutty flavor and can be easily incorporated into 
nutritional food, in Western Europe has been recently developed a trend of obtaining food 
derived from hemp seeds. For a few years, they have been published and in depth studies 
recognized on the nutritional benefits of hemp seeds. Because of such research results, 
consumers in Europe and North America who are concerned about the quality of their diet 
and health, have already created significant demand for hemp seeds (Callaway[5]). 

The objective of this study was to evaluate the rheological properties of dough made of 
mixtures of flours obtained from addition of defatted hemp seed flour in wheat flour. In 
addition, the bioactive compounds from hemp seed were investigated. Rheological properties 
were performed using Mixolab method. The identification of minerals compounds was 
evaluated using inductively coupled plasma-mass spectrometer equipment.  

 
2. Materials and Methods 

2.1. Materials 
Defatted hemp seeds flour, a byproduct obtained during manufacture of the hemp seeds oil, 

was kindly supplied by SC Hofigal Export Import SA (Bucharest, Romania). This product has 
been obtained from hemp (Cannabis sativa L.) seeds on a large scale through hulling, grinding 
and degreasing at low temperatures, less than 450C. The degradation of the components of this 
material may be considered to be low because all steps were performed at low temperature. 

Wheat flour used in the study was of 550 type (ash, d.m. – 0.55%) and was provided by 
Titan S.A. (Bucharest, Romania). 

 
2.2. Preparation of wheat flour enriched in bioactive compounds types  
Four samples of mixtures from 550 type wheat flour, (ash, d.m. - 0.55%), and different 

proportions of partially defatted hemp seeds flour in the following ratios: 95:5, 90:10, 85:15 
and 80:20 (w/w) were obtained. The types of flour mixtures used in this study are presented in 
Table 2.1. 
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Table 2.1. Types of flours obtained by addition of partially defatted hemp seeds flour 

 

P1 100% wheat flour type 550 
P2 95% wheat flour type 550+5% partially defatted hemp seed 
P3 90% wheat flour type 550+10% partially defatted hemp seed 
P4 85% wheat flour type 550+15% partially defatted hemp seed 
P5 80% wheat flour type 550+20% partially defatted hemp seed 
P6 100% partially defatted hemp seed 

 
2.3. Chemical analysis 
Moisture content was determined at 103 0C (±2 0C) (2 g test samples) until constant weight 

(ICC Standard No. 110/1). The ash content was determined by incineration at 525 ± 250C (ICC 
No 104/1). Total fat content was determined by extracting 10 g of sample with petroleum ether 
40-650C, using a semi-automatic Soxhlet Foss Extraction System 2055 (Foss, Sweden). Total 
nitrogen (N) and crude protein content (N · 6.50, conversion factor) was determined by the 
Macro Kjeldahl Method (Kjeltec System, FOSS, Sweden). Total fiber content was measured 
using the enzymatic gravimetric method, Mes-Tris buffer, AOAC method 991.43. The 
determination was performed using Fibertec 1023 system (FOSS Sweden).Carbohydrate 
contents were calculated as the difference of 100 - (ash content + protein content + fat content + 
moisture content). All experiments were performed in triplicate. 

2.4. Fatty acids profile 
Using ¹H-NMR spectral technique, fatty acids composition was determined, especially 

the concentrations of short-chain saturated fatty acids (C4-C8), di-unsaturated fatty acids, 
mono-unsaturated fatty acids and long-chain saturated fatty acids (>C8).

1
H-NMR spectra were 

recorded on a Bruker Ascend 400 MHz spectrometer, operating at 9.4 Tesla corresponding to 
the resonance frequency of 400.13 MHz for the 

1
H nucleus. Samples were analyzed in 5 mm 

NMR tubes (Wilmad 507). The NMR samples were prepared by dissolving 0.2 mL oil in 0.8 
mL CDCl3. The chemical shifts are reported in ppm, using the TMS as internal standard. 

2.5. Minerals content analysis 
The minerals content were determined with inductively coupled plasma-mass 

spectrometer equipment (ICP-MS; Perkin Elmer NexION 300Q). 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 all calibration curves were obtained at 6 
different concentrations. The total mineral content was measured using their most abundant 
isotopes. The dried samples were digested in a mixture of concentrated HCl.  

All the measurements were done in triplicates. 
2.6. Rheological properties testing 
The rheological behavior of dough were analyzed using predefined “Chopin +” protocol on 

Mixolab, a new equipment of the CHOPIN Technologies, (Labo.application@chopin.fr.[9]). It 
uses the international standard ICC-Standard Method No. 173/2011 protocol for a complete 
characterization of flours and produces a simplified graphic interpretation of the results. The 
Mixolab is an apparatus used to characterize the rheological behavior of doughs subjected to a 
dual mixing and temperature constraint. It measures in real time the torque (expressed in Nm) 
produced by passage of the dough between the two kneading arms, thus allowing study of 
rheological and enzymatic parameters: dough rheological  characteristics development time 
(hydration capacity, etc.), protein reduction, enzymatic activity, gelatinization and gelling of 
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starch. The Mixolab can work with a constant dough weight to eliminate the influence of the 
mixer filling ratio. 

The procedure parameters used for the analysis of the rheological behavior of the 
Mixolab is the following: tank temperature 30°C, mixing speed 80 min–1, heating rate 
2°C/min, total analysis time 45 minutes.  

 
Table. 2.2.  Mixolab curves interpretation 

 

Point Significance Associated parameters 
C1 Used to calculate water absorption T°C 1 and T1  

Dough temperature 
and the time taken 
for different types 
of torque to appear 

C2 Measures protein weakening as a function of mechanical 
work and temperature 

T°C 2 and T2 

C3 Measures starch gelatinization T°C 3 and T3 
C4 Measures the stability of the hot-formed gel T°C 4 and T4 
C5 Measures starch retrogradation during the cooling period T°C 5 and T5 

 
Mixolab curves recorded (see Table 2.2.) are basically characterized by torque in five 

defined points (C1-C5, N·m), temperatures and processing times corresponding to that points. 
The correlation between parameters (Table 2.3.) is tested during mixing and heating of dough 
by Mixolab. 

 
Table  2.3.  Mixolab parameters correlation and significance 

 

Parameter Calculation method Significance 
Water 

Absorption 
(%) 

Quantity of water required 
to obtain C1 = 1.1 Nm +/- 0.05 

Quantity of water that the flour can absorb to 
achieve a given consistency during the constant 

temperature phase 
Time for C1 

(min) 
Time required to obtain C1 Dough formation time: The stronger the flour, the 

longer it takes. 
Stability 

(min) 
Time during which torque is > 
C1 – 11% (constant T° phase) 

Dough resistance to kneading: The longer it takes 
the "stronger" the dough. 

Amplitude 
(Nm) 

Curve width at C1 Dough elasticity: The higher the value, the greater 
the flour elasticity. 

 
The obtained parameters from the recorded curves involve the following parameters: 

water absorption (%) or percentage of water required for the dough to produce a torque (C1) 
of 1.1 N·m, mixing stability (min) or elapsed time at which the torque produced is kept at 1.1 
N·m, protein weakening (C2, N·m and difference of the points C1-2, N·m), starch 
gelatinisation (C3, N·m and difference of the points C3-2, N·m), amylolytic activity (C4, N·m 
and difference of the points C3-4, N·m), starch gelling (C5, N·m and the difference between 
the points C5-4, N·m). 

Mixolab “Chopin +” transforms the standard curve into six quality indicators, expressed 
on a scale of 0-9 (Mixolab index) regarding:  

- Water Absorption Index (a function of the composition of the flour (protein, starch, 
fiber). It affects dough yield. The higher value, the more water absorbed by flour. 

- Mixing Index represents the behavior of the dough during mixing at 30°C (stability, 
development time and weakening). A high value corresponds to high dough stability in 
mixing. 

- Gluten+ Index represents the behavior of the gluten when heating the dough.  A high 
value corresponds to high gluten resistance to heating. 
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- Viscosity Index represents the increase in viscosity during heating. It depends on both 
amylase activity and starch quality. A high value corresponds to high dough viscosity 
during heating. 

- Amylolysis Index, the starch's ability to withstand amylolysis. A high value corresponds 
to low amylase activity. 

- Retrogradation Index represents the characteristics of the starch and its hydrolysis 
during the test.  A high value corresponds to a low shelf life of the end product.  

 
2.7. Bread quality  
2.7.1. Specific volume measurement  
To determine the bread specific volume, each loaf was weighed and its volume was 

determined by the rapeseed displacement method (AACC, 2000). Data were reported as the 
mean of three measurements of fresh-made loaf bread. 

2.7.2. Porosity measurement content consists in determining the total hole’s volume of 
a known volume of core bread, knowing its mass and density. It is expressed in % volume. 

2.7.3. Elasticity content measurement consists in pressing a piece of crumb bread, 
determined by measuring 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. 

2.7.4. 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.  

 
Table 2.4. 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 

 
2.7.5. Moisture content measurement 
Moisture content of the bread crumb was determined at 103 0C (±2 0C) 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 fresh-
made loaf. 

2.7.6. Acidity content measurement consists of aqueous extract of bread titration with 
0.1 NNaOH solutions in the presence of phenolphthalein as indicator. The acidity was 
expressed in degree of acidity. 

2.8. Statistical analysis 
All the measurements were performed at least in triplicate. The values of different 

parameters are expressed as the mean ± standard deviation (sr), to a confidence interval of 
95%. Data were analyzed using Microsoft Excel 2010.  

 



LIVIA APOSTOL, MONA POPA, 
GABRIEL MUSTATEA 

 

Romanian Biotechnological Letters, Vol. 20, No. 5, 2015 
 

10840

3. Results and discussion 
3.1. Chemical analysis of flour partially defatted hemp seed, wheat flour and 

mixtures of the two flours. 
Partially defatted hemp seeds flour was chemical analyzed for its content in proteins, ash, 

total fat, and total fiber (Table 3.1.). The composition of wheat flour, partially defatted hemp 
seeds flour, and mixtures of those two flours are shown in Table 3.1. Flour hemp seeds which 
were incorporated at different levels in wheat flour are shown in Table 2.1. Therefore, wheat 
flour enrichment with nutritionally rich partially defatted hemp seeds will enhance the 
nutritional quality of the bakery products. 

 
Table 3.1. Physico-chemical characterization of samples 

 
Composition, 

% d.m. 
Sample 

P1 P2 P3 P4 P5 P6 

Protein  12.9±0.20 13.79 ±0.21 14.58 ±0.21 15.59±0.20 16.51±0.21 31.26±0.21 

Ash  0.55±0.01 0.90±0.02 1.26±0.02 1.63±0.03 1.89±0.03 7.840±.04 
Total Fat  1.03±0.05 1.54±0.05 2.02±0.06 2.59±0.07 3.11±0.07 11.63±0.06 

Carbohydrates 85.52±0.4 83.67±0.04 81.63±0.3 79.97±0.4 77.97±0.5 49.27±0.6 
Total fiber   1.9±0.12 4.02±0.19 6.21±0.25 8.39±0.31 10.59±0.38 45.87±0.45 

 
According to the data obtained and presented above, it can be confirmed that partially 

defatted hemp seeds is a good source of bio-compounds, especially the total fiber (45.87%, 
d.m). Partially defatted hemp seeds should be considered a source of interesting added value 
carbohydrate compounds with potential prebiotic known properties, useful to formulate 
functional foods as well as nutraceuticals (I.A. Rubel et al., [10]).  

The high nutritional value of partially defatted hemp seeds, their complex physiological 
effect and the wide range of possible uses can be attributed to their substantial oil contents 
and to their favorable fatty acid compositions. The addition of partially defatted hemp seeds 
in mixtures flours modifies the total unsaturated fatty acids profile compared to the control 
sample P1 (Table 3.2). 

 
Table 3.2. Fatty acids profile using NMR spectroscopy 

 

Sample 

Short-chain 
saturated fatty 

acids  
% 

Mono- 
unsaturated 
fatty acids  

% 

Di-
unsaturated 
fatty acids 

% 

Long-chain 
fatty acids 

% 

Total 
unsaturated 
fatty acids 

% 
P1 18.75 27.76 43.85 9.64 81.25 
P2 16.4 17.59 55.83 10.18 83.6 
P3 15.17 15.12 57.43 12.28 84.83 
P4 14.68 14.96 56.32 14.04 85.32 
P5 14.85 13.3 58.06 13.79 85.15 
P6 15.23 12.05 57.41 15.31 84.77 

 
It is observed that with increasing addition the partially defatted hemp seeds flour 

increases fatty acid content total unsaturated of up to 85.15 (P5). 
The mineral content of the samples are given in Table 3.3. Their profiles in the samples 

of wheat flour and partially defatted hemp seed were typical for these types of plants. 
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Table 3.3. Minerals content of wheat flour, partially defatted hemp seed flour and thereof mixtures 
 

Mineral 
content  

(mg/100g)  
P1 P2 P3 P4 P5 P6 

Ca 43.80± 0.68 67.79± 0.99 75.82±1.02 79.80±1.01 92.01±1.05 286.42± 0.95 
Mg 47.70±1.05 75.91±1.11 104.07±1.15 127.20±1.15 131.60±1.11 612.4±1.34 
Na 29.77±0.29 31.25±0.29 31.91±0.30 32.65±0.30 33.36±0.29 44.70±0.29 
K 187.78±0.34 243.15±0.34 298.68±0.34 354.11±0.33 409.42±0.34 1300±0.32 
Cu 0.76±0.01 0.79±0.01 0.85±0.02 0.90±0.01 0.97±0.01 1.93±0.01 
Zn 5.43±0.36 5.47±0.36 5.53±0.35 5.60±0.37 5.68±0.37 6.90±0.37 

 
It is noticed that, compared to the low mineral content of wheat flour sample(P1), 

mixtures of wheat flour and partially defatted hemp seeds have a higher content of minerals 
proportionally with hemp seeds flour percentage increase in the flour mixtures. 

 
3.2. Rheological properties of flours mixtures 
Rheological behavior of wheat flour dough, (P1), and of all four mixtures during the 

Mixolab test is illustrated in Table 3.4.  
 

Table 3.4. Influence of partially defatted hemp seed added to wheat flour in different proportions on 
Mixolab characteristics (rheological behavior). 

Parameter 
Abbrev. 

name 
P1 P2 P3 P4 P5 

Water absorption (%) CH 61 60.5  59.4 57 56 

Stability (min) ST 8.97 8.9 8.3 7.68 7.77 

Amplitude (Nm)  0.08 0.09 0.10 0.09 0.08 
Maximum consistency during:   

– phase 1 (N·m) 
C1 1.11 1.1 1.12 1.14 1.1 

TC1 4.66 4.67  4.85 4.98 5.03 

– phase 2 (N·m) 
C2 0.47 0.45 0.46 0.48 0.48 

TC2 16.27 16.7 16.75 16.8 17.13 

– phase 3 (N·m) 
C3 1.79 1.76 1.74 1.69 1.68 

TC3 22.72 22.8 22.62 22.58 22.8 

– phase 4 (N·m) 
C4 1.35 1.32 1.29 1.28 1.25 

TC4 33 32.97 32.27 31.65 32 

– phase 5 (N·m) 
C5 2.05 2.01 1.91 1.93 1.9 

TC5 45 45 45 45 45.02 

 
Mixolab C1-C5 values of pure wheat dough, (P1), were 1.11 N·m, 0.47 N·m, 1,79 N·m, 

1,35 N·m, and 2,05 N·m, respectively. Similar Mixolab behavior was mentioned by 
Papouskova et al. [11] for three wheat varieties, there was shown a small difference (C1-C5 
averages 1.12 N·m, 0.46 N·m, 2.04 N·m, 1.76 N·m, 2.44 N·m, respectively). 

As the percentage of the partially defatted hemp seeds flour increases, the water 
absorption capacity and dough formation time (TC1), increase (Table 3.4.). A bigger 
resistance of dough to mixing is noticed. 

A small decrease of consistency (C2), shows a higher softening of dough under the effect of 
temperature. That means some small negative qualitative changes in flour protein composition, 
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i.e. dilution of gluten content and changes of gluten structures are possible to happen. Dough 
stability times ranged between 7.77 to 8.97 minutes shows normal values for wheat bread dough. 

The lowest C3 was found in P5 (Table 3.4). The difference of C3 results between P1 and 
P5 samples was 0.11 N·m, so the influence of dough recipe was low, similarly to the C2.  

As mentioned above, C4 parameter corresponds to stability of starch gel formed. In this 
regard, a dependence of determined values on dough formula was proved. For P1 and P2, the 
difference C4 parameter values (1.35 N·m, and, respectively, 1.32) is insignificant. For other 
samples a gradual decreasing of C4 parameter was noticed (1.29 for P3; 1.28 for P4 and 1.25 
for P5). 

Retrogradation stage of starch, (C5), in tested wheat flour and wheat-partially defatted 
hemp seeds mixtures, demonstrated similar differences as for starch gel stability. It can be 
seen that differences of C5 between consecutive samples are not significant but a high 
difference between P1 and P5 is registered (2.05 and 1.90 N·m, respectively). 

 

 
 

Fig. 1. Mixolab torque curves (N.m) of wheat-hemp mixtures. 
 

Mixolab curves of P1 wheat sample and all four wheat/hemp flour mixtures are 
presented in Fig. 1. It can be observed a sharp approximation of the five curves.   

 
3.3. Bread properties 
The final moisture content of bread depends on absorption of water during dough 

formation and water loss during baking. In Table 3.5. is observed that adding flour partially 
defatted hemp seeds has a moderate effect on moisture samples. P5 sample had the lowest 
moisture content (43.48%) compared with the control (P1=45.4%). Final bread volume 
depends on dough expansion during fermentation and baking, and ability of the matrix to 
stabilize the retained gases. In this sense the sample mixture of wheat flour with 20% partially 
defatted hemp seeds, (P5) decreased bread volume to 243 cm3, compared to P1 sample 
volume that was 397 cm3.  This decrease is due to the dilution effect: soluble fiber affects gas 
retention due to the interaction with gluten network, while do not increase gas production, 
resulting in a disrupted structure (Mandala et al., 2009 [12]; Morris & Morris, 2012 [13]).  

Moreover, these results seem to be correlated with the dough rheological data (Table 3.4.) 
because of the specific volume decrease coincides with decreased consistency of the dough bread 
(C2).That it means some negative qualitative changes in protein flour composition are developed, 
such as dilution of gluten content and some changes of gluten structures. Moreover, these results 
are correlating with the rheological behavior of the dough (see Table 3.4) namely, the decrease of 
specific volume is correlated with the dough consistency C2 decreasing. According to Table 3.5., 
major changes could be noticed in the case of the bread with maximum concentration of partially 
defatted hemp seeds (P5), which it is in total contraposition with the sample containing the 
minimum concentration in partially defatted hemp seeds (P2). 
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Table 3.5. Physicochemical results for the experimental bread samples 
 

Sample Mass, 
(kg) 

Volume, 
(cm3) 

Porosity, 
(%) 

Elasticity, 
(%) 

Humidity, 
(%) 

Acidity, 
grades 

P1 0.532 397 84.73 97 45.4 1.4 
P2 0.538 359 82.75 97 44.82 1.8 
P3 0.548 318 78.36 97 43.81 1.8 
P4 0.554 289 76.30 97 43.09 1.8 
P5 0.556 243 72.50 95 43.48 2.0 

 
In terms of acidity of the bread samples, no differences were observed, except the P5 

sample, when it was found a small increase, up to 2 degrees of acidity, which is also a 
common value obtained from some wheat bread type.  

According to the results obtained to the porosity, it is noticed that, the high percentage of 
flour partially defatted hemp seeds allows a lesser gas formation and their retention during 
baking, with consequences on the porosity and volume of bread. However, all samples 
showed an acceptable porosity and volume. The same remark is also for the elasticity index.  

 
Table 3.6. Scores obtained by the organoleptic evaluation of bread samples with the "Bread Score". 

 
Sample/ 

Score 
Volume Marginal 

crack 
height 

Peel 
color 

Core 
color 

Porosity Elasticity Aroma Total 

P1 24 7 6 10 18 19 12 96 
P2 22 6 6 10 19 19 12 94 
P3 19 6 6 9 18 19 11 88 
P4 17 5 5 8 16 16 8 75 
P5 15 4 4 7 15 15 7 67 

 
It can be concluded that the mixtures of wheat flour with 5% and 10% partially defatted 

hemp seeds flour are acceptable for bread making, and the quality is similar to wheat  bread. 
However, for an improvement of the quality of bread obtained from the flour mixtures with 
15% and 20% partially defatted hempseeds, it is necessary to establish a technology that 
improves both the formation and retention of the gases and the bread elasticity. 

 
4. Conclusion 

The chemical characterization performed in this study proved that the partially defatted 
hemp seeds flour is a valuable source of nutritional components, mainly fiber content, total 
unsaturated fatty acids and minerals content.   

The main conclusion in our study concerning the rheological properties of dough (pure 
wheat flour and mixtures of wheat flour with partially defatted hemp seeds flour), underlined 
that P2 and P3 samples (5 % and 10 % partially defatted hemp seeds flour added to wheat 
flour) maintained the rheological parameters in limits that could ensure good technological 
behavior in order to obtain a good quality of the bakery products.  

After performing the baking test, it was observed that the best sensory and 
physicochemical values were obtained using  the addition of 5% and 10% partially defatted 
hemp seed flour, comparable to the white wheat bread. Quality of bread obtained from 
samples P4 and P5 mixture (15% and 20% partially defatted hemp seed flour) was similar to 
the whole wheat bread. 
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